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IV MEXXAYHAPOAHAS HAYYHASl KOH®EPEHLIUA
«PACTEHUA N MUKPOOPIrAHU3MbI:
BUMOTEXHOJION'NA BYAYLUIEIO>»

Cekuusa 1
FEHETUKA, ®DUSNONOTIndA
U BUOTEXHOINOIMMNA PACTEHUA

POJIb COBMECTHOTI'O JIEVNCTBHUSI ®UTOIOPMOHOB
ABCIIU30BOM M UTHJIOJUIYKCYCHOM KUCJIOT
IIPU MPOPACTAHUU CEMSH NIIEHUIBI 1 AJAIITAIIUA
K CTPECCY

JI. U. ApaGosa, JI. B. Yymukuna, A. ®@. TonyHo

Wucturyt ouoxumun uM. A. H. baxa, ®UL] «DyHaameHTanbHbIE OCHOBBI
o6uorexnonorun» PAH, Mocksa, l.arabova@gmail.com

K xi04eBbIM acmekTaM poCTa PAacTeHUN OTHOCATCA pa3BUTHE CEMSH,
IpopacTaHme, a TakKe BBDKMBAHUE PACTEHUH B HEOIArONMpPUATHBIX YCIOBHAX
OKpYy’KaroIeH cpensl. Pa3BuTre m pocT pacTeHHI HAXOIATCS O] OCTOSHHBIM
KOHTPOJIEM Pa3JIMYHBIX (DUTOTOPMOHOB, KOTOPHIC HAXOJSITCS B TCCHOM B3au-
MOJCHCTBUM APYT ¢ ApYyroMm. JIBymsl BaXXHBIMH (DHTOTOPMOHAMH SIBIISIOTCS
abermm3onas kucnorta (ABK, ropMoH mokos) W MHIOIHI-3-yKCyCHAs KHCIOTa
(MVYK, ropmon pocta). ABK TOPMO3HT pOCTOBBIC U METaOOJUYECKHE TPOIIeC-
CBI, COCOOCTBYET (POPMUPOBAHUIO CEMSH U UX TOKOIO, a TaK)Ke BBIIOJIHSACT
Ba)XKHYIO POJIb B YCTOHYMBOCTH K abnotmaeckomy crpeccy. MYK — aykenn, oT-
HOCHTCS K BEIIECTBaM HHIOJBHOW HPHUPOJBI, BBHIOIHSACT KIIOYEBYIO POJIb B
Pa3BUTHH pacTEeHHH W HEOOXOAMM UI pocTa MOJOIBIX MPopocTKoB [Kymaesa,
2004]. Panaue sTansl MpopacTaHusi CEMSTH — 9TO MEPEXOJI U3 COCTOSIHUS TTOKOS
K aKTHBHOMY MeTaboim3My. UToOBI MpOpacTH, ceMeHa JOJKHBI MPOTHBOCTO-
STh Pa3JIMIHBIM SKOJIOTHYECKIM CTpPEeccaM, B TOM YHCIIC W BBICOKHM TeMIIepa-
TypaMm. M3BecTHO, 4TO B CyXOM CEMEHH COJEpPKUTCS BCe HEOOXOAMMOEe At
npopactanusi ceMssH. OCOOEHHO Ba)KHO OBLIO MCCIENOBATh YPOBEHBb (PUTOTOP-
MOHOB B 3apOJbIIlie, TOCKOIBKY FIMEHHO B HEM IPOUCXOJUT OCTAaHOBKA M BO3-
o0OHOBJIEHHE pocTa. B cBoeli paboTe MBI yCTaHOBHIIM B3aHMOCBSI3b MEKAY JH-
norenHsiMu ypoBHAMU YK u ABK Ha pannux cragusx npopacranus (0—48 1)
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CeMsH TIIeHUIB pu HopManbHO# (22 °C) m moseimenHol (40 °C) temmepa-
typax. Conepkanue (PUTOrOPMOHOB OIIPEICIISUIA METOJIOM BBICOKOI((EKTUB-
HoW xunkoctHOH xpoMaTorpaduu (BOXKX) [Kucnun, 2004]. [Tokazano, 4To B
cyxux 3apojsimax npucytctyeT ABK u UYK kak B cBOOOAHOMH, Tak ¥ KOHB-
FOTUPOBAHHOH (popMax, HO MpeodITagain KoHporaTsl (puc. 1, Tabdm. 1).

Taoauna 1
W3menenne coaepxanus cB0OOIHOM u cBsi3aHHOH Gpopm MYK
B 3apOIbIIIAX MIIEHUIbI BO BpeMs Habyxanus npu 22° u 40 °C
[+~
§ Bpemst NVYK cBob6., NVYK cBs3., HI/T CBIP. Be-
e Habyx., HI/T CHIp. Beca ca
2 q 22°C 40 °C 22°C 40 °C
3 0 2341 - 21341107 -
& 4 103+5 680+34 53434267 | 7168+358
o 12 150+8 670+33 205+10 2124+106
2 24 240+12 724436 933+47 1976499
48 418421 100+5 1463473 706+35

Puc. 1. Usmenenue coaeprkanus ceoboanoi (1 u 3) u cesizanHoi popm (2 u 4) ABK B
3apojblmax, HabyxaBmux npu 22 °C u 4 1 ipu 40 °C

B mponecce HaOyxanus cemsiH obmiee coaepxkanne MYK HemHoro ysenu-
YMBAJIOCh K HAYATy POCTa IIPOPOCTKA, U IIPU 3TOM BO30OHOBIISIINCH BCE METa-
Gonueckue MpoIEecCchl, MOATOTABINBAOIINE ITPOPACTaHUE, U TIPOHCXOIUIIO
MIPOKJIEBBIBAHUE CEMSH (puC. 2, a).

100
0 -
80 -

70

WIVK, 1r/r chiporo Beca x 102
ABK, HI/T chIporoBeca

|

0 4 12 24 484

Puc. 2. Uzmenenue oduero conepkanus UYK (a) Puc. 3. Cootnomrenne MYK k ABK
ABK (6) B 3apopbIax MIICHALBI B 3apO/IbIIIAX ITIICHHUIBI
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VBenuuenue ypoBHs cBoOOoaHOH MYK COMpoBOXIAIOCH CHIKEHUEM
YPOBHSI CBSI3aHHOW KHCIJIOTBHI, YTO MOTJIO OBITH PE3yJbTaTOM BBICBOOOKICHUS
NYK 13 KOHBIOTHPOBAaHHOW (DOPMBI MM YCHIEHHEM OMOCHHTE3a TOrO rop-
MOHA Ha MPOTSHKEHUH BCETO Meproja A0 MpokieBsiBaHus (Tabmd. 1). Hecmotps
Ha TO YTO XapakTep M3MeHeHus oOmiero coaepkanuss ABK (puc. 2, 6) Obut
cxoneH ¢ muHamukoid UYK (puc. 2, a), 6buto ycraHoBieHo, 4to mpu 22 °C B
caMoM Hadaje HaOyXaHMs CEeMsIH U3MEHeHHUe ypoBHs cBsa3aHHOI! ABK naer na-
paIeNbHO YBETHUEHUIO CBOOOIHOM ee dopmbl (puc. 1). CrnemoBaTensHO, H3-
MeHeHHue ypoBHI ABK mpomcxomut He 3a c4eT peakiiuu B CHCTeMe CBOOOIHAs-
cBsi3aHHas (popma, a OCYIIECTBISIIOCH 3a CUeT cuHTe3a (huroropmoHa de novo.
Bo BpeMst cBOETO pa3BHUTHS PACTCHHSA MOMICPKUBAIOT OATAHC MEXKIY YPOBHS-
mu ABK 1 UYK kak mipu HOpMaJIbHBIX, TaK U CTPECCOBBIX YCIOBHUSIX OKpY’Ka-
fomIell cpenbl, XapaKTepHOH OCOOCHHOCTHIO KOTOPOTO SIBIISICTCS BHICOKAsl TyB-
CTBHUTEJIBHOCTh K BHEIIHUM BO3/AEHCTBUAM. braromapst 3ToMy MpOHCXOAUT Iie-
PEKITIOYEeHNE KJICTOK ¢ POrpaMM HOPMAJIFHOTO Pa3BUTHA Ha ajanTuBHBE. Kak
BUIHO M3 puc. 3, cootHomenne MYK k ABK mocne HeGompmoro maaeHus
MPaKTUYCCKH HE MCHSJIOCHh IO TOYKH POCTa, a B TOYKE POCTA BO3PACTAIO. DTO
03HAYaeT, 9TO KOIEeOAHUS COOTHOMICHUS CBSI3aHBI C HAKOIUICHHEM (hHUTOTOPMO-
HOB FUTH UX TIEPEX0J0M M3 HEaKTHBHOTO COCTOSIHHS B aKTHBHOE M 00paTHO. A
pe3KOoe TOBBIIICHHE TeMIIepaTyphl HHIYIIUPOBATIO OBICTPHIC U3MEHECHHUS B TOP-
MOHaNIBHOH cucteMe (cM. puc. 2). IIpu xoporkom TemnoBoM moke (4 1 40 °C)
poucxonuio ysenudeHue conepxanus kak ABK, rak u MYK, npu atom coot-
HOIIIEHHE 3THX TOPMOHOB ITOJAEPKUBAJIOCH Ha YPOBHE, OJIM3KOM K YpPOBHIO
Py HOPMaJIbHOI TemrepaTtype (cM. puc. 3). BeposiTHO, 3TO cocoOCTBYET TO-
My, 4TO CE€MEHa MOTyT IIPEoJ0JeTh HENPOAOJIKUTENBHBIN TEIIOBOM cTpecc.
O06HapyKeHa 3aBUCUMOCTh POCTOBBIX TporieccoB oT cootHomeHus MYK/ABK
IpU KOPOTKOM TEIUIOBOM ImOKe. [loka3aHO, YTO MpOIECCH, CBS3aHHBIC C
MIPOKJICBBIBAHUEM, 00JICe TEPMOUYBCTBUTEIBHEI 10 CPABHCHHIO C MPOICCCAMHU
B (hazax ¢usmueckoro HaOyXxaHUs M pocTa MpopocTka. Takum o0pa3om, HaMU
ycranoBiieHa B3auMocBsasb UYK u ABK u onpeznenensl KOHKpeTHbIE BpEMEH-
HBIC TOYKH B3aUMOJCHCTBHS STHX TOPMOHOB Ha pPaHHUX CTAJUAX Pa3BUTHS
IUICHULB] IPY HOPMAJIHOM U IOBBILICHHOW TeMieparypax. M3yuenue Bius-
HUS TEIJIOBOTO CTpecca Ha Pa3IMYHbIC PEryIATOPHBIE CHCTEMBI PAHHETO IPO-
pacTaHHs ceMsH HeOOXOIMMO /ISl IOHMMAaHHsI MEXaHU3MOB aJIalTAIliH pacTe-
HUH K HEOIArONPHSITHBIM YCIIOBHSAM OKPYIKAIOIICH CPEIIBI.

Jlutepatypa

Kucnun E. H. Onpenenenue npupoaHbIX (pUTOTOPMOHOB C TOMOIIBIO XPOMATOrpadpuuecKux
metonoB. CII6. : Uzn-Bo C.-Ilerepb. yn-ta, 2004. C. 8-9.

Kynaesa O. H., IIpoxonesa O. C. Hogeiimme gocTIKeHUs B M3yYeHUH MEXaHU3Ma AeHCTBHsA
¢uroropmonos. O630p // Buoxumus. 2004. T. 69, Ne 3. C. 293-310.
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MOJIYYEHUE JIMHUM JIIOLEPHBI (MEDICAGO TRUNCATULA)
C MOTEPE# ®YHKIMUA TEHA MTWOX2

A. M. Apremmwok, B. E TBoporosa, JI. A JlyroBa

Cankr-IletepOyprekuii rocynapcTBeHHslid yHuBepeutet, Cankr-IletepOypr,
nastyaart2004@gmail.com, krubaza@mail.ru, la.lutova@gmail.com

WOX2 — TtpaHckpuniuoHHblii  (akTop pacrenuit u3 cemeiictea WOX
(WUSCHEL-related homeobox), reHbl KOTOPOTO OTBEYAIOT 3 PETYJISIINIO IPO-
madepann 1 quddepenuuposku kiaerok. Y Arabidopsis thaliana WOX2 ske-
NpecCUpyeTcss BO BpeMsi AIMOpHOTreHe3a, IJie OH PEeryjupyeT JejeHHe KIIETOK
[Differential expression ... , 2008], a ero opTOJIOTH y HEKOTOPHIX BUJIOB pacTe-
HUH — Ha PaHHHUX CTaJusAX (OPMUPOBAHMS COMATHUYECKUX 3MOPHOHOB (3MOpHO-
HOB, (DOPMHUPYIOIIHXCS MPH KyJIbTUBUPOBAHHUH iN VItr0 W3 COMaTHYECKHX TKAaHEH).

[MonyueHne coMaTHuecKux dMOPHOHOB IIUPOKO MCIOJIB3YETCsI B OMOTEX-
HOJIOTHHM JUT PA3MHOKEHHUSI PACTEHUH M MX TpaHc(OpMaryuu, OJHAKO IJIs He-
KOTOPBIX COPTOB M BHIOB YCJIOBHSI MHIYKIIMM COMAaTHYECKOro SMOpHoreHesa
(C3) He HaiineHsl, TO3TOMY MOUCK M M3yYCHHE BO3MOXKHBIX perymaropoB CO
SIBIISIETCS BAXXHOU 3a1aueit Juist OMOTEXHOIOTHH.

Hust Medicago truncatula (monepha yceu€nnast) ObUIO MOKa3aHO, YTO
cBepxakcnpeccus MIWOX2 He BiusieT Ha KOJTMYESCTBO COMATUUECKUX IMOPHO-
HOB Yy 3KCIUIAaHTOB, OJHAKO BIIMSIET HA KaJUTycOOOpa30BaHUE; KPOME TOTO, H3-
MEHEHUS TPaHCKPHUIITOMA Kayutyca rpu cBepxakcnpeccun MtWOX2 Bo MHOrOM
MIPOTHBOIIONIOXKHBI H3MEHEHHSIM, CBSI3aHHBIM cO cBepXxakcrnpeccueir MEWOX9-1,
cramynsaTopa CO [MtWOX2 and MIWOX9-1 ... , 2023].

Hnsa mameHedniero niyuenns Brusauss MtWOX2 wa CD y JronepHBI MBI
MOJTy4aeM JIMHHIO C ToTepeil (YHKIIMU 3TOrO I'eHa, C UCIIOIb30BAHMEM TEXHO-
JIOTHH TEHOMHOTO penakTupoBanus Ha ocHoBe CRISPR/Cas.

B HacTOsIIMIT MOMEHT NOTY4€HbI PACTEHHUA-TETEPO3UTOTHI TTOKoseHns T1.

Kpowme toro, aist ynpormeHus OLIeHKU BIUSHUS pa3IUYHbIX TeHoB Ha CO u
MONTyYICHAST TPAHCTEHHBIX pacTeHnit y M. truncatula msr paspabarteiBaem cu-
CTeMy KyJIbTHBAIMM KCIUIAHTOB B XKUAKOH cpene Uit TpaHcdopmanuu u 00-
pa3oBaHUs COMaTHYECKUX SMOPHOHOB. B TO Bpemst Kak TBEpIast cpesia UCIOJIb-
3yeTcs 4alle, IPUMEHEHNE JKUJIKON Cpe/ibl UMEET Psijl TPEHUMYIIECTB: M03BOJIs-
€T HCIOJIb30BaTh B KAueCTBE HKCIUIAHTOB (pparMeHThI YEPEIIKOB BMECTO JIH-
CTBEB, YIPOIIACT MPOIIECC 3aMEHbI IIUTATEILHON CPEbl U JIEJIaeT BO3MOKHBIM
UCIIOJIb30BAHUE MHOTOPA30BbIX KOHTEHHEPOB ISl KYJIbTHBHUPOBAHUSL.

K HacrositieMy BpEMEHH MbI OIIEHHIA BO3MOXKHOCTH MCIIOJIb30BAHUS TUT-
poMHIIMHA U 1e(pOTaKCUMa B TAKOH CpeJie I CEJICKIIMU TPAHCTCHHBIX KIIETOK
pacTeHMi U JUIs 2IMMUHALUY arpo0aKTepuil, COOTBETCTBEHHO.

Jlutepatypa
Differential expression of WOX genes mediates apical-basal axis formation in the Arabidopsis
embryo / H. Breuninger, E. Rikirsch, M. Hermann [et al.] // Developmental cell. 2008. Vol. 14, N 6.
P. 867-876. DOI: 10.1016/j.devcel.2008.03.008
MtWOX2 and MtWOX9-1 Effects on the Embryogenic Callus Transcriptome. Medicago trun-
catula/ E. Y. Krasnoperova, V. E. Tvorogova, K. V. Smirnov [et al.] // Plants (Basel). 2023. 28 Dec.
Vol. 13, N 1. Art. 102. DOI: 10.3390/plants13010102
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CO3JIAHUE TEHHO-UHXXEHEPHBIX KOHCTPYKIIUI
JJIA CRISPR/CAS PEJAKTUPOBAHUSA
I'EHA 1-FEH CICHORIUM INTYBUS L.

3. A. Baiimyxametosa', X. I'. Mycun!, JI. JO. llIzen’?, B. P. Kyayes!

"MncturyT 6noxumun u renetuxu YOUL] PAH, Va, elvina.baimuhametova@yandex.ru
2BaukupcKuil rocy1apCTBEHHbII MEANIMHCKHIT yHHBEpCHTET, Y da

Cichorium intybus siBiastercst ogHMM W3 BaKHEHIINX KOMMEDPYECKHX HC-
TOYHHKOB WHYJNWHA. VIHYJIHMH — MOJHMcaXapui, COCTOSAIINN U3 OCTaTKOB (pyK-
T03bI B hopMe QypaHO3bI, SIBISIONIUICS MEPCICKTUBHBIM KOMIIOHEHTOM (DYHK-
[HOHAILHOTO MUTAHHSI U IIHUPOKO HCIOJIb3YeMblll B Ka4eCTBE MCTOYHHKA ITH-
IIEBHIX BOJOKOH. B IIMKOpUY cpeHss ITHHA e HHYJINHA BapbUPYeT B 3aBU-
CHUMOCTH OT CE30Ha. B KOHIIC BEreTallMOHHOT0 NEPHOAa HHYJIMH THIPOIU3YeT-
Csl, 9TO MOMOTaeT PACTEHHIO MPOTHBOCTOSTH 3UMHHM XOJIO/aM U TPHBOIUT K
YBEITUUCHHUIO COJIEPKAHUS CBOOOIHBIX caXxapoB (caxapo3bl, TIFOKO3BI M (PPyK-
T03bI). CUMTACTCS, YTO YMCHBIICHHE CPEIHEW JJIMHBI [[CTH MUHYJIHHA U Mapa-
JIETTbHOE yBEITMYEHHE KOJIMYIECTBA CBOOOIHBIX CaXapoB IMPOMCXOIUT B PE3YIIbTA-
Te cHIKeHus dKcnpeccnu reHa 1-SST (1-sucrose: sucrose fructosyltransferase) u
MapaJIeIbHOM TOBBIIICHUN YPOBHS JKCIPECCHU T'€HOB, KOAUPYIOIIUX (ep-
MEHTBI, Tuapoiu3yronme uayauH (van Arkel et al., 2012), a umenno 1-FEH
(fructan 1-exohydrolase). Takum 00pa3oM, MOKHO TIPETIONOKHT, YTO HOKAYT
rera 1-FEH mwmkopus meromom CRISPR/Cas MoxeT mpUBECTH K CHIDKCHHIO
Jierpajanuy uayiuaa B Kopasx C. intybus, npoucxosiiero moja Bo3aeicTBueM
JTAHHOTO (hepMEeHTA.

Jns co3manus reHHO-WHKeHepHO# koHcTpykmmu it CRISPR/Cas pe-
JMAKTHPOBAHHS MocieaoBaTeabHOCTh TeHa 1-FEH Opuia B3sita w3 GenBank
(AJ242538.1). Janee nocnenoBatensHocTh JJTHK 3TOrO0 rena 3arpysxanu B mpo-
rpammy st mogoopa runoBeix PHK «CRISPOR». Bxomnas mocienoBaTelib-
HocTh UMena JuuHy 1870 m. H. u coaepxkana 190 BO3MOXKHBIX THAOBBIX HOCIE-
JoBaTeNbHOCTEH. Jlasee MOTydeHHBIE ITOCIEJOBATEIPHOCTH MPOBEPSITH Ha
caiite RNAfold Webserver it Toro, 9To0bI BEISICHATE OyI€T JTU UMETH TOJY-
YeHHasl ¢ MOMOIIBIO JaHHOM TUA0BOH mocienoBareiabHoctd PHK HOpManbHyIO
cTpyxtypy. Ctpykrypa rugosoit PHK nomxHa nMeTs ABymmmiedHyo Gopmy,
vHade B3aumojeiictBue ¢ OenkoM Cas Oyzer 3aTpynHeHa. Jlamee mpoBepsuin
MeCTa HeIeIeBOro MPHUKPEIUICHUS THAOBBIX ITOCIICIOBATEIIFHOCTEN B Oa3e 1aH-
HbeIX Ensembl, uto6s! n3bexarts off-target pemaktuposanus. B urore 6su10 mo-
nobpano 5 mocnenoBarensHocTed ruaoBoi PHK mmst obpasoBanms nenennu B
reae 1-FEH mukopus. Coopky rumoBeix PHK ocymiecTBisiin B MOAyJbHYIO
reHeruueckyro koHcTpykuumio pTRANS 230 ¢ nomomsto peakuuu Golden
Gate. [onyueHHYI0 KOHCTPYKIUIO KJIOHMpoBaiu B Gakrepuu Escherichia coli
mramMma XL1-blue n ¢ momomsio IMI[P-ananm3a mpoBepsu MPAaBHIBLHOCTH
cOOpKM KOHCTPYKIMU U OTOMPAJIH MOIX0AsIne KomoHuu. LleneByro renermye-
CKYIO KOHCTPYKIIHIO JJaJee METOIOM 3JIEKTPONOpPAIy BCTPaUBaIM B KIETKH Oak-
tepuii Agrobacterium tumefaciens mrrammos EHA 105 u AGLO st nansHeiimero
WCIIOJIb30BaHMs UX JUTS TpaHc(hOpMALUK IIUKOPHs U HOKayTa rera 1-FEH.
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BJUSHUE YTJIEBOJHOI'O COCTABA ITATATEJIbHOM CPEJIbBI
HA COJIEP)KAHUE ®EHOJIbHBIX COEJJMHEHUI B KAJLTYCHOM
U CYCITEH3UMOHHOWM KYJIbTYPAX VACCINIUM CORYMBOSUM L.

E. B. bepe3una, M. B. Jlapuna, I'. A. Boasbinen, A. A. Cémum,
A. A. bpuikuna

Huxeroponckuii rocynapcrBennslii yausepcurer uM. H. 1. Jlo6auesckoro, Huxnuit
Hogropon, berezina. kat@gmail.com

[pencraBurenu cemeiictBa Ericaceae, B WacTHOCTH, TONyOWKa IMIUTKOBAs
(Vaccinium corymbosum L.), xapakTepu3yrTCs 3HAYUTEIBbHBIM HAKOIUICHUEM
¢denonpHBIX coenuHennii [OcobeHHocTH Hakormuenus ... , 2014; Yavorska,
Vorobets, Vishchur, 2021]. Pactutensable GpeHOTBHBIE COSTMHEHHS (0COOCHHO
KaTeXHWHBI U NIPOAHTOLNAHUINHEI) 00JIaIal0T BHICOKON OMOJIOTHUECKON aKTHB-
HOCTBIO, OJIHAKO MX OMOCHHTE3 OrpaHHYEH CE30HHOCTBIO PAa3BUTHSI PACTCHUI.
B cBsI3M € 3THM Jyisi KPYTJIOTOJMYHOTO ITOJY4eHHsI (pEHONBHBIX COCAMHEHHI
MOKHO MCHOJIb30BaTh KAJUTyCHBIE U CYCIICH3HOHHBIE KYJIBTYPBI.

Jnst pacTUTENBHBIX KJIETOYHBIX KYJIbTYpP, HE MMEIONIUX XJIOpohHILIa 1 He
CHOCOOHBIX K aBTOTPO(HOMY NUTAHUIO, HEOOXOTUMBIM KOMIIOHEHTOM IIHTa-
TENIBHBIX CPEeJl SBJISIOTCS YIiieBojbl. KileToyHbIe KyJIbTYphl MOTYT PacTd Ha
cpezax ¢ pa3IUYHBIMH YIJIEBOJAMH, U B OMOTEXHOJIOTHUH PACTCHHUN B KadeCTBE
MCTOYHHMKA yTJIEpO/ia Yallle BCEro HCIOJIB3YIOT caxapo3y, IIII0K03Y U (ppPyKTO3y.
[MocTymieHue B KJIETKY YITIEBOJOB MOYKET CHOCOOCTBOBATH MHJYKIMU I'€HOB
(eHOIPHOTO OMOCHHTE3a, HAPUMEp, TEHOB XaJKOHCHHTA3bl H TUTHAPO(IaBO-
HoJpeaykTa3el [Sucrose-specific induction ..., 2006], u, Kak CcleICTBUE,
HAKOIUTICHUIO (hEHONTBHBIX COCANHEHNHT B KieTke [Long-term in vitro ..., 2014].
V3MeHeHne KOHIIGHTPAINK U COCTaBa YIJICBOJOB B MUTATEIBHBIX Cpeax Jerna-
€T BO3MOXKHBIM HE TOJBKO YBEIMYEHHE B KIJICTKaX CyMMapHOTO COJCp)KaHUS
(eHOIBHBIX COCAMHEHUH, HO U U3MEHEHHE UX COCTaBa B CTOPOHY HAKOILUICHHUS
OTIpeJICJICHHBIX BEIECTB.

Ienbio paboThl OBUTO OLIEHHUTH BIUSHHE YTICBOJHOTO COCTAaBA IHTATENb-
HOHM cpefibl Ha cojiepskaHne (PeHONIBHBIX COCMHEHUH B KAJUTyCHOM M CyCIICH-
3MOHHOH KyJbTypax V. corymbosum.

Kamnycer nrMnnrpoBany u3 srox V. corymbosum, cycrieH3HOHHBIC KIeT-
K1 — U3 MOJTyYCHHBIX KaJuTycoB. KynbTHBHpOBaHNE OCYIECTBIISUIN HA CBETY Ha
TBEpIOU W KHUIKOW mHTaTeibHOM cpene Woody Plant Medium (WPM) ¢ rop-
monamu 2,4-J1 u BATII (o 0,5 mr/i) u ¢ 30 r/n caxapo3ssl (cTaHIapTHAS CPeia).
JInst BISIBIICHUS BJMSIHHSL YTJIEBOJIOB KAJTyCHBIC U CYCIICH3MOHHBIE KYJIbTYPBI
MePECAKUBAIN Ha MUTATEIBHBIE CPEAbl C CaXapo30H, IIIOKO30H Wil (PpyKTO-
30i B koHueHtpamuu 30, 50 wm 70 r/n. KoHTporneMm ciyxuina craHmapTHas
cpera WPM. Ilo okoHYaHNM Taccaka pacTUTEIBHBIA MaTeprai (pUKCHpOBAIH
xumsnM 80 % pacTBOPOM STaHONA M B MOJYYEHHBIX SKCTPaKTaxX (OTOMETPHU-
YECKH OIPEJIEIIIN COIep)KaHNue PacTBOPUMBIX (peHoNbHBIX coequnenuii (POC),
KaTexuHoB [3anpomeTos, 1971] u npoanTtormannanHoB [ Xuiosa, bysyk, 2006].
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B xozme paboThl BBIBHIIM, YTO CyCIEH3HOHHAs KyJibTypa V. corymbosum
HaKaIuIMBaeT (pEHOJIbHbIC COSIMHEHHMS B IBA-TPH pa3a OOJIbILe, YeM KaJulyCHast
KyIbTypa. Hanbosiee MHTEHCHBHO 3TH KyJIBTYpbl HaKalUIMBalOT (DEHOJIBHBIC
coeMHeHHs B MpHUCcyTcTBUU B cpeae S0—70 r/a yrimeBonoB: copepxkanue POC
nocturaeT 89 u 14—16 Mr/T chIpoil Macchl, KaTeXUHOB — 4—5 1 9—13 Mr/T ChI-
Ppoit Macchl (3HaYCHUS IPUBEACHBI JUTS KAJUTYCHBIX M CYyCHEH3HOHHBIX KYJIBTYP
COOTBETCTBEHHO). JT0 B 1,3-3 pa3a Gombure, ueM B koHTpone. CoaeprkaHue
MIPOAHTOIMAHNANHOB y CYCHEH3MOHHBIX KYIBTYp B MPUCYTCTBUH B cpene 50—
70 r/n yrieBosoB Takxke OONbIIE, YeM B KOHTpOJE, a Y KAUIyCHBIX KYJIBTYP
OHO OT KOHTpOJISI HE OTJIMYaeTcsi. BeposiTHO, TMOBBINICHHOE HaKOIUICHUE (e-
HOJIBHBIX COCIMHCHUII B OOBEKTAX MCCICAOBAHMSA NPH YBEINYCHHH KOHIICH-
TPaIMU YTJIEBOAOB B CPEIE CBA3AHO C TEM, YTO YIJIEBOABI SABIISIOTCS, C OJTHOH
CTOPOHBI, CUTHAJIbHBIMH MOJICKYJIAMH, PEryJUPYIOIIUMI SKCIPECCHIO0 T€HOB
(eHonpHOrO OMOCHHTE3a, a ¢ APYToi CTOPOHBI, — CyOCcTpaTaMu Il GMOCHHTE-
3a (CHONBHBIX coeqUHEHUH. [IprumHOM ke Oojee HM3KOTO cofep:KaHus (e-
HOJIBHBIX COEIMHEHWH Yy KaUIyCHOW, 4eM Yy CYCHEH3MOHHOH, KYJIbTYphl H
MEHbIIEH (B Cllydae MPOAHTOLMAHUIMHOB) OT3bIBUMBOCTH KAJUTyCHOH KyJIbTY-
PBI HAa U3MEHEHHUE YTJIEBOJHOTO COCTAaBa MUTATEIBHON CPE/bl SIBISECTCS HEpaB-
HOMEpHast JOCTYITHOCTh KOMIIOHEHTOB CPEIBI TS BCEX KICTOK KaylTyca.

Takum 0OpaszoM, Ha cozepkaHue (EHONBHBIX COCIMHCHUH Yy KAJUTyCHOM 1
CYCIIEH3HOHHOI KynbTyp V. COrymbosum BiumsieT KOHLIEHTpALHs YriieBoaa, HO
He ero mpupona. C yBenMYeHHEM KOHIIEHTPAIlMH YTJIEBOJA B IHTATEIBHOM
cpefe y KaJUTyCHOH WM CYCIEH3MOHHOW KyJIBTYpP YBEIHUHBACTCS COJEpIKaHHe
P®C u KaTexwHOB; y CyCIICH3MOHHOH KyJBbTYPbl — TaKKe MPOAHTOLMAHHIH-
HOB. Pe3ynbTaTsl pabOTHl MOTYT OBITH UCIIOJIB30BAHBI IPU ONTUMH3ALNHU YCIIO-
BHIi KyJTbTHBHPOBAHHS PACTHTEIBHBIX KIETOK IN VItro ayIst momy9YeHns IeHHBIX
BTOPUYHBIX META0OJHNTOB.

Jlutepatypa
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BJUSHUE UMITYJIbCHOI'O MATHUTHOTI'O ITOJIS
BBICOKOM HAINIPSIDKEHHOCTHU HA OBPA3OBAHUE
CYHNEPOKCUI-AHUOHA YTUOJUPOBAHHBIMU
M HEDTHOJHUPOBAHHBIMHU PACTEHUSIMHA MIUEHUL{BI
MSATKOU

O. B. baeanbix, H. A. Pogenko, B. A. I'nymenkos, 0. B. [lerreBa

Camapckuii henepanbHblil nccienoBarensckuii neHtp PAH
Camapa, helgv@blednykh.ru

B Hacrosmiee Bpemsi HakOIUIEH OOJBIION 00BEM JaHHBIX MOCBSIIIEHHBIX
BO3CHCTBHIO HAa PACTEHHS IMOCTOSHHBIX, MEPEMEHHBIX M HMMITYJIbCHBIX Mar-
HuTHBIX nojel (MMIT) uskoi Hanpsoxénnoctd H < 0,08-10° A/M unm uHIyK-

mun B < 0,1 Tn [Massimo, 2014]. OcoOeHHO BBLACISIOTCS PEe3yIbTaThl UCCIIe-
JIOBAaHWH MO BO3JCHCTBHIO MAarHUTHOTO ITOJISI HA MEXAaHM3MBI T€HEpaIun aK-
TUBHBIX (hopMm kucnoposa [[Tonomapes, HoBukos, 2009], Ha aKTHBHOCTb aHTH-
okcugaHTHBIX (epmeHToB [CepmiokoB, Howmikmit, 2013], Ha mnepexucHoe
okucieHne nunuaos [M3menenue ypoBHs ... , 2011], Ha okucnuTeabHOE TO-
BpeKAeHNE HYKJIEMHOBEIX KHCIOT [ Texynkas, bapsimes, 2020], a Takxke Ha pe-
30HAHCHEIE SIBJICHUS, IPOUCXOAIINE B BakHBIX HoHax: Ca'?, K, Mg'? Na'u
ap. [Walleczek, Budinger, 1992]. Bo3aeiicTBre nMITyJIbCHOrO MarHMTHOT'O T10-
JIS1 BBICOKOW HANpPsHKEHHOCTH (MHAYKIMH) C BPEMEHEM BO3ICHCTBHS HA pacTe-
HUS OT 2 10 5 MCEK IIPAKTUYECKH HE U3YUYEHO.

Llenbro paboThI SBISUIOCH — U3YYNTh BO3JCHCTBUE UMITYJIBCHOTO MAarHUT-
HOTO MOJIsI BBICOKOH HANpsDKEHHOCTU (MHAYKIMM) Ha MEXaHH3M 00pa30BaHUS
aKTHBHBIX ()OPM KHCIIOPOJa B BHJE TCHEPALINH CYTIEPOKCH-aHHOHA HEATHOIIH-
POBaHHBIMH (3€NIEHBIMA) U STHOJIMPOBAHHBIMU PACTEHHUSAMH TIIEHUIIB MATKOH
(Triticum aestivum L.). DkcriepuMeHT HpPOBOJMJICS Ha SKCIEPUMEHTATIbHON
ycraHoBke MHO-BHO-5, pa3paboTraHHOIl HaydHBIM KOJUIEKTHBOM JlabopaTo-
pun «buonmkenepus» Camapckoro ¢enepalbHOrO HUCCIe0BAaTeIbCKOTO IICH-
Tpa Poccuiickoli akajemMun HayK, C MCIIOJIb30BaHUEM CIICIHAIBLHO CKOHCTPYH-
POBAaHHOTO MHOTOBUTKOBOTO IMIMHAPHUYECKOTO MHAYKTOpA Ul BO3JEHCTBUS
Ha OMOOOBEKTHI B MPOOUpPKax 00bEMOM 25 Mit. OOBbEKTaMU MCCIEIOBAHUS SIB-
JSUTHCH JICBATHCYTOYHBIE 3€JEHBIC U STHOIMPOBAHHBIC POCTKH IIIICHUIIBI MSIT-
koit Triticum aestivum L., mony4eHHble B 1a0OpaTOPHBIX YCIOBUSIX. BHOXUME-
4eCKUEe HCCIEIOBaHHs MPOBOAMINCH METOJOM (POTOMETPUUECKOrO aHanu3a
9KCTPaAKTOB pacTeHHH Ha criekTpodoTomerpe Anbranp KOK-300YD (Poccus)
npu 480 HM TOCIIe TPOBEAEHHOM PeakuK OKHCICHHS aipeHaHA 10 aJJpeHO-
xpoma [CaxabyranHoBa, ParxyauHosa, [llakuposa, 2004].

IIpu ocymiecTBiICHNN aHANM3a OBUIM TONYYEHBI CICAYIONINE PEe3yIbTaThI
YPOBHS TECHEPAIlMH CYTEPOKCHI-aHNOHA HEITHOJIMPOBAHHBIMH (3IEHBIMHU) U
STHOJMPOBAHHBIMU PACTEHMSAMH 4epe3 60 MHH MOciie BO3IAECHCTBUSI MMITYJIbC-
HbIM MarHUTHBIM I0JIEM BbICOKOM HampspkénHocTH (MMII) ¢ unaykumsaMu
B=0,53 Tn, B=2,21Tn, B=3,71 Tnu B =5,21 Tn (puc.)
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Puc. YpoBHU TeHepalny CyNepPOKCH/I-AHHOHA HEITHONMPOBAHHBIMH (3CTIEHBIMH) U
STHOJIMPOBAHHBIME pocTKamu Triticum aestivum L. yepe3 60 mun nocie BoszaeiicTeust UMIT
[pumeuanue: * — OTINYKE YPOBHEH TCHEPAIINH CYIIEPOKCU/I-AHHOHA OT KOHTPOIbHBIX
3HAYeHUH I0CTOBEPHBI C ypOBHEM 3HaunMocTH P < 0,05

AHanusupys NpeJCTaBIeHHbIE JaHHBIE HA PHC. 1 BUIHO, 9YTO YPOBEHb T'e-
Hepaluu CyNepoKCHI-aHUOHA HEITHONMPOBAHHBIMU POCTKAMU IIPU 3HAYEHUSX
uanyknuit B = 0,53 Tn, B=3,71 Tn u B =5,21 Tn paBHbl KOHTPOJILHOMY 3Ha-
genuto (2,1740,14 uM/r), a npn nagykun B = 2,21 Tn cHmkaercs B 1,3 pasza
(1,69£0,14 uM/r), a ypoBeHb T'eHEepaIlHi THOJMPOBAHHBIMHA POCTKAMH HIKE
koHTposnbHOrO (1,53+£0,21 uM/r) B 1,3 pasa npu wmHaykmusx B =0,53 Tn
(1,21£0,14 uM/r) u B = 3,71 Tn (1,21£0,24 uM/r) u B 1,4 pa3a npu HHIYKIHIX
B=221Tn(1,12+0,16 uM/r) n B = 5,21 T (1,13+0,08 uM/r).

Takum 00pa3oM yCTaHOBJEHO, YTO YPOBEHb T'€HEPALMH CYIEPOKCH]I-
aHnoHa nociue BosaelcTBus MMII HeITHOMUPOBAHHBIME (3€IEHBIMU) POCTKA-
MH BBIIIE, YeM ypOBEHb T'€HEpaluy ITHOJIMPOBAHHBIMH PACTCHHAMH B 2 pas3a
ripu 3HaYeHusX nHayknuid B =0,53 Tn u B = 3,71 Tx, B 1,5 pa3a npu uHayk-
uuu B =221 Tnu B 1,7 pa3a npu ungykuuu B = 5,21 To.

BBIIBUHYTO NPEANONIOKEHUE, YTO CHMKEHHE YPOBHS TE€HEepaluu cyTie-
pokcu-anuoHa uepe3 60 MmuH nociue Bozaeictsus UMII cBsizaHo ¢ ycunenueMm
CIIOHTaHHOTO MPEBPAIIEHUs B MEPOKCH] BOJOPOAA U yBEIUYEHHEM aKTHBHO-
ctu cynepoxcuaaucmyTassl (COM), uto TpeOyeT MpoBeAEHHs JOMOTHUTEIb-
HBIX MCCIEI0BaHUM.

Jlutepatypa

M3menenne ypoBHS NEPEKHCHOTO OKHMCIIEHHMS JIUMUAOB U aKTUBHOCTH KOMIIOHEHTOB aHTHOK-
CHJIAHTHOT'O KOMILJIEKCA B XJIOPOILIACTaX ropoxa MpH BO3JCHCTBUH CIIA0bIX UMITYJIbCHBIX MAarHUTHBIX
noneit / E. O. IlonoBunkuna, E. A. KacesroBa, 0. B. Cununeina, A. I1. Becenos // ®wusmonorus
pacrennii. 2011. T. 58, Ne 6. C. 930-934.

Tlonomapes B. O., Hosukos B. B. BinsiHne HU3KO9aCTOTHBIX EPEMEHHBIX MAarHUTHBIX TTOJICH
Ha CKOPOCTh OMOXMMHYECKUX PEaKIHii, MPOTEKAIOMIMX ¢ 00pa30BaHWEM aKTHBHBIX (OPM KHCIOPO-
na // buodusuka. 2009. T. 54, Ne 2. C. 235-241.

CaxabyraunoBa A. P., ®arxymuHosa /1. P., [llakupoa ®. M. BiusiHue caauiuioBoi KHCIIO-
ThI HA AKTUBHOCTh AHTHOKCH/JAHTHBIX (DEPMEHTOB Yy IILIEHUIIBI B YCJIOBUSIX 3acoieHus // [IpukianHas
ouoxumust 1 Mukpobduomnorus. 2004. T. 40, Ne 5. C. 579-583.

CepatoxoB 10. A., Hosuukwuii 0. 1. [leiictBre cnaboro moCTOSIHHOIO MarHHUTHOIO TIOJIST HA
AKTUBHOCTh AaHTHOKCHJIAHTHBIX ()EPMEHTOB y NMPOPOCTKOB peauca // dusnonorus pacrenuii. 2013.
T. 60, Ne 1. C. 66-74.
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AHK-MAPKEPBI UIs1 ONPEAEJEHUA ITOJIA Y TONOJIEN
CEKILIMU AIGEIROS DUBY U TACAMAHACA SPACH

E. B. Bopxept!, E. H. ITymkosa', 5I. B. Boapos!?, A. C. Ma3zuna'?,
T. 10. Puidaxosa'”, H. B. Meabnukosa', A. A. JImutpues’
"MncTuTyT MonekyspHoit 6uonoruu uM. B. A. Durensrapara PAH
Mocksa, sashai@inbox.ru
2MHCTHTYT TOHKHMX XMMHYECKUX TeXHOIoruit uM. M. B. JlomonocoBa
OI'bOY BO «MUPDA — Poccuiickuii TeXHOJIOIMUECKUH YHUBEPCUTETY», MockBa

3Poccuifckuii ToCYIapCTBEHHBIH arpapHEIi YHUBEPCUTET —
MCXA um. K. A. Tumupssesa, Mocksa

Tomone (Populus) — omHO U3 caMbIX OOCYKIAEMBIX JIEPEBbEB, HCIIOIb3Y-
eMbIX B o3esieHeHHH. C OHOH CTOPOHBI, €T0 HEMPUXOTINBOCTD, BEICOKAS CKO-
POCTB pocTa W OOJNBIIAs JIUCTOBAS TIOBEPXHOCTH, BBIIEISIONIAs MHOTO KHCIIO-
pona, IenaeT ero He3aMEHHUMBIM PAacTCHHEM JUIS TOPOAOB CPEAHEH MOIOCHI
Poccuu, rie B OCHOBHOM HCIIOJNB3YIOTCS BUABI M THOpHIBI cekimii Aigeiros
Duby u Tacamahaca Spach. C apyroii cropoHsl, myx (OIyIICHHBIE CEMEHA)
©KEroIHO HAHOCST yIepd >KUTEIIM W KOMMYHAJIBHBIM CITy’kO0aMm. Pactenms
TOMOJIS PA3JENIAIOTCS 10 MOy Ha MY’KCKUE U JKEHCKHE, U ITyX 00pa3yIoT TONb-
KO XEHCKHE JIePEeBbs, IO3TOMY PEIICHHEM NPOOJIEMbI SBISIETCS BBIPAIIUBAHNUE
TOJIBKO HE 00pa3yoNINX ITyXa MY>XCKHX T€HOTHIOB. 3a TIOCIIEHNE HECKOIBKO
JIET COBEPIICH IPOPHIB B MOJICKYJISIPHO-TEHETUYCCKUX HCCICIOBAHUAX MOTa Y
poma Populus: umeHTHGHUIMPOBAH MOJOBOH JIOKYC, OMPEAENcHa ero HyKJIeo-
THUAHAS TOCIEI0BATEIFHOCTD, HAICHBI ClIeU(UYHBIC UIT MYKCKHX U XKCH-
ckux  pacrenuit  JAHK-mommmopdus3Mbl,  yCTaHOBIEH  MOJEKYISAPHO-
TFCHETHYCCKUI MEXaHHM3M JeTepMuHanuu nona [A single gene ... , 2020;
Evidences for a role ... , 2020; Sequencing and Analysis ... , 2020; Genome
Assembly ..., 2021; Geraldes et al., 2015]. braromaps 3Tomy crana BO3MOKHA
paspabotka JJHK-TecT-cucTeM Uit onpeneneHrs moja TOMOoJs M BhIOOpa s
03€JICHEHUsI TOJIBKO MY)KCKHX, He 00pa3yIoNyX Myxa, pacTeHHH.

Panee Hamu BbisIBIeHAa mosocnenuduunas skcrnpeccusi rema CLC
(Chloride channel protein CLC-c) y Ttomons cubupckoro [Genome and
Transcriptome ... , 2021]. [lony4eHHBIC JaHHBIC U JOMOJHUTEIBHBIA aHAIH3
TeHOMHBIX cOOpOK APYrux BUIOB cekuuii Aigeiros m Tacamahaca mosBomiin
naeHTudUIIpoBaTh KOpoTKyto nHcepmmio B reae CLC, mpucyrcTBytomyro B Y
XpOMOCOMaX, HO OTCYTCTBYIOHIyI0 B X Xpomocomax. s HICHTH(pHUKAIIUH
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9TON MHCepIuK pazpadbotan nmoaxox, ocHoBaHHbIH Ha CAPS (cleaved amplified
polymorphic sequences)-aHaim3e, KOTOPBIA 3aKIFOYACTCS B aMIUTU(QHKALUU
ydacTKa F€HOMa, COJAepKallero cailT ¢ MCKOMOI MHcepIuel, IPOBEACHUH pe-
crpukuuu [1IP-npoaykToB U BU3yalu3aluu IPOAYKTOB PECTPUKIUU METOAOM
anekTpodopesa B arapo3HOM Telle.

MLP npoBogmmn Ha ammmadukatope MiniAmp Thermal Cycler (Thermo
Fisher Scientific, CIIIA) B 15 MKI peakiMOHHOH CMeCH, COACpIKaIlei
2 emqunaunbl nomumepasbl HS (EBporen, Poccust), omnokpatasiii 0ydep Turbo
st monmuMepassl HS (EBporen), 300 HM kaxmoro mpaiimepa (EBporen),
250 mxkM dNTP (Eporen) u 6 ur JIHK. Mcnonp3oBamu cienyromyw mpo-
rpammy amrumdukamuu: 95 °C — 3 mun; 40 ukios: 95 °C—15¢, 58 °C—-30 ¢
nu 72°C—- 30c; 72°C— 3 mun. [lamee npoomunu pectpukiuio [IL[P-
npoxykToB. [lomoOpaHa sHIOHYKIIea3a PECTPUKIUK, UMEIOIIas CalT y3HaBa-
HUS, KOTOPBII IIPUCYTCTBYET TOJIBKO B Y XpoMocomax. PecTpuknuio nposoau-
mm Ha ammumngukarope MiniAmp Thermal Cycler (Thermo Fisher Scientific) B
15 MKJI peakIMOHHOM cMecH, coaepskamied 10 emuHUIl SHIOHYKIIEa3bl pe-
CTpUKIHH, ogHOKpaTHEIA SE-Oydpep B s pecrpukuuu, 100 mxr/mn BSA u
8 Mk ITHP-npoaykra. Mcnonp3oBanu cienymomy nporpammy: 4 1 — 37 °C;
20 mun — 65 °C. Jlns aHanu3a pe3ysibTaTOB PECTPUKIIMN TPOBOAMIN 3JIEKTPO-
¢dope3 B 2 % arapo3Hom rene. JnuHBI (hparMeHTOB cocTaBisud 293 I H.,
109 n. H. u 184 . H. A myxckoro (XY) reHotuna (st X XpOMOCOMBI aM-
IUTMKOH HE MOJBEPraeTcs pa3pe3aHuio, MO3TOMy ocTaeTcs gparment 293 m. H.,
a it Y XpOMOCOMBI aMIUIMKOH paspe3aercs Ha aBe yacTu: 109m H. u
184 . u.) u 293 . H. ans keHckoro (XX) reHotuna (Uit X XpOMOCOM CalT
PECTPUKLIUN OTCYTCTBYET, MOITOMY BHU3YaIM3UPYETCs HCXOIHBIM aMIIIHKOH
JUTHHOM 293 1. H.).

[IpoBepka >pPeKTHBHOCTH PaOOTHI CO3JAHHOW TECT-CHCTEMBI JJIS OIpe-
JICNICHHsT TI0JIa TOMOJs MpOBeAcHAa Ha 96 oOpas3lax BUIOB/THOPHIOB CEKLUI
Aigeiros u Tacamahaca, it KOTOpbIX Ha OCHOBE MOP(OJIOrUH paHee orpejie-
JIeHa TIPUHAICKHOCTD K MYKCKOMY WM KCHCKOMY TOJy. [l BCeX My»KCKHUX
TCHOTHUIIOB Ha 3JEeKTpodoperpaMme BU3yann3upoBaiuchk Tpu ¢parmenta JJTHK
maiHor 293 m. H., 184 m H. u 109 0. H., a I JKEHCKUX T€HOTHUIIOB — OJIHMH
¢parment JIHK mnuroit 293 n. H. Pesynerater JIHK-ananmsa moigHOCTBIO co-
OTBETCTBOBAJIM MOP(OIIOTHUSCKIM TaHHBIM O MTOJIOBOW MPHHAIICKHOCTH HU3Y-
YCHHBIX PACTCHUH.

Taxum oOpas3om, pa3paboTaHa TecT-cucTeMa, ocHoBaHHass Ha CAPS-
aHaim3e, Mo3BoJITIomas AUQPEepeHITMPOBATh MYKCKHE W YKEHCKHE PacTCHUS
tomnoss cexiuii Aigeiros u Tacamahaca. Tect-cuctema Mo3BOJIsSET UICHTH(H-
LUPOBATh MYKCKHE PACTCHUs, KOTOPBIC HE OyayT 00pa30BBIBATh ITyXa, H TOJIb-
KO MX HCIIOJIB30BAaTh B O3€JICHEHHH ropojaoB. 1o Mopdomornyeckum mpu3Ha-
KaM MO)KHO OTJIIMYHTH MY’KCKO€ JIEPEBO TOIIOJIS OT JKCHCKOTO JIMIIH BO BPEMS
LBETCHUS, T. €. HC paHee JOCTIKCHHU BoO3pacrta 5—7 JeT, H, KpOMe TOro, IBe-
TEHHE HEeTIPOAOJDKUTENIFHO, a B OCTAIBHOE BPEMsI OTIMYUTH MYXKCKHE PACTCHUS
0T JKCHCKHX Mopdoyormdeckn KpaifHe cioxkHo. VcmomszoBanne JIHK-tect-
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CHCTEMBI TTO3BOJISIET ONPEIEIATh MOJ JIaKE Yy COBCEM MOJIOJBIX Ca’KCHIIEB, a
TAK)KE MPOBOJUTH MPOBEPKY IMOJIOBOIO COOTBETCTBUSI MaTOYHBIX PACTCHHH B
MUTOMHHUKaX. B pe3ynbrare reHeTH4ecKUe TEXHOIOTUH MOMOTYT PELIUTh Mpo-
671eMy TIOTONHMHOTO MyXa U 3 (PEKTUBHO UCIONB30BaTh 3TH 00JIaJaIONIHEe MHO-
THMH IPEUMYIIECTBAMH JIEPEBbS B 03CTICHEHHUH.

Hccnedosanue vlnonneno 3a cuem cpanma Poccuiickozo HAY4YHO2cO ¢0H'

0a Ne 24-24-20122, https://rscf.ru/project/24-24-20122/.
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POJIb TEHA TPAHCKPUIILIUOHHOT'O ®AKTOPA FUS3
B HAKOIIVIEHNH 3AITACHBIX BEJIKOB CEMSIH ¥ TOPOXA

K. IL. Iaiinyanuna'?, E. A. 3auxuna', B. P. Kyayes!

"MncturyT 6uoxumun u renetukn Y®OULL PAH, Va, evisheva@yandex.ru
2OnpitHas cranmus «Y gumckasy YOUI] PAH, Ya, karina28021985@yandex.ru

I'opox — ocHOBHast 3epHOOOOOBast KyJIbTypa B Hallled CTpaHe, KOTOpas
BO3/IEIBIBACTCS HA NPOJOBOJIBCTBEHHBIC, 36PHOQYPAXKHBIE M KOPMOBBIC IICITH
[Tattnynnuna, Kynyes, daneto, 2022]. OCHOBHBIM MOKa3aTelieM KadecTBa
3epHa ropoxa sIBISIeTCSl cojep)kaHne Oelka, KOTOpOe y COPTOB M JIMHUH 3TOH
KYJBTYPBI U3 KOJIJIEKIIMHM MHUPOBBIX IeHeTHYeckux pecypcoB BUP konebnercs
ot 18,6 1o 35,7 % [Bummnsikosa, 2005]. 3BecTHO, 4TO MHTEHCUBHOE HAKOTLIIE-
HHE 3aIIaCHbIX NUTATEIbHBIX BEIIECTB B CEMEHAX TOpoXa B IPOLECCE UX CO3pe-
BaHMsI pEryupyercs TpaHCKpuniuoHHbIMH (aktopamu FUS3, ABI3, LECI,
LEC2 [Transcriptomic insights ... , 2020]. Llenpro HaIero nccaexoBaHus CTal
CPaBHMTEIBHBIN aHAIM3 HYKJICOTHAHBIX IOCIENOBATEIBHOCTEH M ypOBHEH
9KCIIPECCHH TeHa TpaHcKpunuoHHoro ¢akropa FUS3 y coproobpasuos ropo-
Xa, KOHTPACTHO PA3IHYAIOIIUXCS 110 COACPKAHUIO Oellka B CEMEHaX.
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OmnbiTel ipoBOAMIIMCH B 2023 1. MarepuaioM Jj1sl UCCIIE0BAHUS TTOCITYKH-
s 50 COPTOB U JIMHUIA TOPOXa MOCEBHOTO PA3IMYIHOTO KOJIOr0-TeorpadhuuecKoro
MPOUCXOKICHUS U3 Koyuiekuuu BUP, xoTopsie BBIPAIIMBAINCH HA OIBITHOM
yuactke YOUI[ PAH B r. Ye. Konnentparnuio Oenka B ceMEHaX OMpPeAesTN
mo wmerony bpandopna Ha 1utaHmetHoMm  criektpodortomerpe LS 55
Luminescence Spectrometer (PerkinElmer, CIIIA) B TpexkpaTHOH MOBTOPHO-
cru. [lpaiiMepsl mondupasu K NOCIEI0BATENFHOCTH HYKJICOTHIOB KOJHMPYIO-
Iero0 ydJacTKa reHa TpaHcKpumnmuoHHoOro ¢akrtopa FUS3(XM 051055759.1,
mRNA) ¢ nomompto mporpammsl PrimerSelect (DNAStar, CIIIA). [lns Bbiie-
nenust MPHK ucnonszoBanu Habop ExtractRNA («Esporen», Poccus). ITLP
(mocne kouBepcun B K IHK) mpoBoauinn B ammmuduxarope «T-100» (Bio-Rad
Laboratories, CIIIA). Pasmep amrummkona coctaBwi 1208 m. H. CekBeHHpOBa-
HUE BBITIONHSIN 10 MeToay CaHrepa C HCHOJIh30BAHHEM T'€HETHYECKOTO aHa-
nuzaropa ABI Prism 3500 (Applied Biosystems, CIIIA) B Tpex OHOIOTHYSCKUX
U JBYX TEXHHYECKHX MOBTOPHOCTSX. CpaBHUTEIBHBIN aHAIN3 HYKICOTHIHBIX
mocIieIoBaTeNIbHOCTEH Komupyromiero ydactka rema FUS3y coprooOpasmon
ropoxa ¢ BBICOKMM H HH3KHM COZICPKaHHEM Oellka B CEMCHAX IPOBOJIWIHU C
nomotrsio nmporpamMel MegAlign (DNAStar, CIIIA). KonnuecTBeHHOE ompe-
nenenne conepxannss MPHK (mocne xousepcun B k/IHK) rena FUS3 B ceme-
Hax ropoxa Ha 5, 8 u 12-¢ cyT. mocje OIMBIICHUS OCYIIECTBILSUTH METOIOM KO-
mnuectBeHHOIT OT-IIIP B pexxume peanbHOoro Bpemenu. IlocnenoBarenbHOCTH
npaiimepoB g OT-IIIIP Opmmmr momoOpaHBl € MOMOIIBIO MPOTPAMMEI
PrimerSelect (DNAStar, CIIIA). B kagectBe cranmapra ncronb3oBanun MPHK
reHa B-TyOyinHa, ypoBEHb dKCIIPECCHH KOTOporo npuHuMaiu 3a 100 %.

B pesynbraTe MPOBEICHHOTO WCCICIOBAHUS HaMU OBUIM BBIICICHBI
copToobpa3ipl ropoxa ¢ Hambomee BbICOKHM (23,5-26,1 %) conep:kaHueM
Oenmka B cemeHax — AaHc, barpak, Open-326, Open-332, Ceepsuun, Cren-
Hsk, IlltamOoBerit Manbnesa, Dddextabiii, K-6109 (Hunepnanasr), K-9457
(Tromenckast obnacts), K-9524 (®pannus), K-10224 (Cupusi), u ¢ naubonee
Hm3kuM (18,0-19,7 %) — dperar, K-3196 (Typums), K-7503 (CILA), K-8613
(Benmukobputanus), K-8902 (Hunepnaumsr), K-8972 (bonrapus), K-9392 (As-
crpanust), K-9393 (ABcrpanus), K-9479 (I'epmanus), K-9950 (IlIBerms).
CpaBHUTENIBHBIN aHANN3 HYKICOTHUAHBIX MOCieaoBaTeabHOoCTeil rena FUS3
CpeaH TPYII BBICOKOOCITKOBBIX M HHU3KOOEIKOBBIX COPTOOOPA3IOB MO3BOJIAII
BBISIBUTh HECKOJIBKO HYKIICOTHIHBIX 3aMEH H JICNCINI, U3 KOTOPBIX C HAKOTLIC-
HUEeM OeJika B CeMEHAaX MOTYT OBITh CBSI3aHBI TPH OJHOHYKIJICOTH/IHBIC 3aMEHBI:
G/T (669 1. 1.), C/T (681 m. un.), C/A (996 1. H.).

Amnanmu3 skcnpeccnd reHa FUS3 'y BBICOKO- M HH3KOOGIKOBBIX COPTOB U
JIMHUHN TOpOXa MoKa3all, YTO Ha 5-¢ CYT. [OCJIe OMBUICHHS OTHOCUTEIBHO BBICO-
KAM YpPOBHEM JKCIIPECCHH XapaKTEepPH30BaIUCh 5 BeICOK0OenkoBwX (barpak,
Open-332, IlItam6oBeiii ManbueBa, K-6109 (Hunepmannsi), K-9524 (®dpan-
must)) u 4 HuskoOenkoBbix (K-8613 (BenmukoOpuranwms), K-8972 (bonrapus),
K-9950 (IlIBennms), K-9393 (ABcTpanus)) coproobpasua (puc.).
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Puc. Pe3ynbrars! ananuza sxcrpeccuu reda FUS3 Ha pasHbIX cTausX pa3BUTUS CEMSH Y
COpTOOOPA3I0B ropoXa ¢ KOHTPACTHBIM COJEPIKaHHEM Oellka B CeMEHax:
1 — Crennsik, 2 — K-10224 (Cupus), 3 — llltam60Bb1it Manbuesa, 4 — ABaHc,
5 — Db dexrusrii, 6 — K-9457 (Tromenckast obnacts), 7 — K-9524 (Opanmust), 8 — Open-326,
9 — Open-332, 10 — CeBepsiaut, 11 — Barpak, 12 — K-6109 (Hunepnaausr),
13 — K-8613 (Benukobpuranus), 14 — K-8972 (boarapus), 15 — K-9950 (Ilseunst), 16 —
Operar, 17 — K-3196 (Typuns), 18 — K-7503 (CILA), 19 — K-8902 (Hunepnanmpr),
20 — K-9392 (ABctpanus), 21 — K-9393 (ABcrpamus), 22 — K-9479 (I'epmanust). bykBeHHbIC
0003Ha4YeHHUsI COOTBETCTBYIOT JJOCTOBEPHBIM H3MEHEHHMSIM TTIOKA3aTels 110 pe3yibTaTaM
MHOJKECTBEHHOTO CpaBHEHHS CpeaHuX 1o tecty [ynkana (p < 0,05).

Ha 8-e cyT. mocie onbuieHHs ZOCTATOYHO BBICOKHM YPOBHEM JKCIIPEC-
cun reHa FUS3 xapakrepusoBanuck coproodpasiel @peratr u K-8902 (Hunep-
JIAaH/IBI) C HU3KUM coJiepKkaHueM Oenka B ceMeHax (cM. puc.). Ha 12-e cyr. mo-
CJIe OTBIJICHNSI OTHOCHTEIBHO BBICOKHMH ypoBeHB 3Kcmpeccun reHa FUS3 Opin
BbIsIBIICH y 4 BbIcOK0OEKOBEIX (CeBepsinuH, K-6109 (Hunepmanuer), K-9457
(Tromenckas ob6mnacte), K-9524 (Opanums)) u 6 Hu3K0OenKkoBbIX (Dperar,
K-750 (CHIA), K-8902 (Hunepnauner), K-8972 (bonrapus), K-9392 (Ascrpa-
must), K-9950 (LIBeunst)) coproodpasuoB (cM. puc.). B memom y Bcex u3ydeH-
HBIX HaMM COpPTOB W JMHHH ropoxa ren FUS3 skcrpeccupoBancsi Ha Makcu-
MaJbHOM ypOBHE Ha 8-¢ u 12-e cyT. nocie onslieHus. Ha panneid craguu pas-
BUTHS CEMSH TOpoXa y OOJIBIIMHCTBA COPTOOOPA3IIOB YPOBEHB HKCIIPECCUH Te-
Ha FUS3 6bLT B HECKOIIBKO pa3 HIKE.

Jlutepatypa

Bumninskosa M. A. Komutekuus 3epHOBBIX 6000BbIX KyabTyp BUP kak MCTOYHHK MCXOIHOTO
MaTepuaia Juls akTyaJlbHbIX U NMePCHeKTUBHBIX HanpasieHuil cenexkuuu // Celexiis 1 HACIHHULITBO:
MDKBIJOMYHI TeMAaTHYHUI HayKoBHH 30ipHUK. XapkiB. 2005. C. 75-83.

Taitnyunna K. I1., Kynyes B. P., [TaBneroB ®@. A. Co3aanie HCXOAHOTO MaTepHana s ce-
JIEKIUH TOPOXa METOAOM XHMHYECKOTO MyTarcHe3a M OLGHKa ero FeHETHYECKOro pasHooOpasus ¢
ucronp3oBaHueM SSR-mapkepos // Tpyzasl 1o NpUKIaIHON GOTaHHMKe, TeHeTHKe U cesekiun. 2022.
T. 183, Ne3.C. 111-112.

Transcriptomic insights into mechanisms of early seed maturation in the garden pea (Pisum
sativum L.)/ Y. V. Malovichko, O. Y. Shtark, E. N. Vasileva [et al.]// Cells. 2020. Vol. 9, N 3.
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TEHETUYECKAS COJIEYCTOMYUBOCThH
MHNEPCHEKTUBHbBIX 1 MECTHBIX COPTOB OBCA
CEJIEKIIUM HUUCX CEBEPHOI'O 3AYPAJIbS

J. U. Epémun A. B. JIrooumoBa

OUI Tromenckuit Hayunsiit nentp CO PAH, HUMCX C3 —
¢unman TromHL CO PAH, Tromens, soil-tyumen@yandex.ru

OnHUM W3 TTOCENCTBUI TII00ANEHOTO TOTEIJICHNS Ha TUTAHETE SBISCTCS
TIOCTETIEHHOEe HAKOIICHHE BOAOPACTBOPHUMBIX COJIEH B MOYBE. JTO aKTyaIbHO
HE TOJIBKO IJISl FO’KHBIX PETHOHOB, HO W Ut 3amanHod Cubupu. Hammuwme pe-
JIUKTOBOTO U COBPEMEHHOTO 3aCOJICHHS ITOYB MPUBENO K HEOOXOJMMOCTH CO-
3aHMS HOBBIX COPTOB OBCa, OONAAfONINX TEHETHYECKOW yCTOWYMBOCTBIO K
TaKUM COJISIM KaK CyIb(aThl, KapOOHATH U XJIOPUIBI HATPHsL. BEIOOP KyIBTYpHI
OTpeAeNsieTcss TeM, YTO CpPeAH 3EPHOBBIX KYJIBTYpP, OBEC SBISETCS CaMbIM
YCTOHYMBBIM K HU3KOMY TIOJIOPOJIMIO TIOYB.

Iens nccnenoBanmii — M3y4eHHe yCTOMYMBOCTH COPTOB OBCA MECTHOM ce-
JIEKIIMM K BO3PACTAIOIIUM KOHIICHTPAIMSIM BOIOPACTBOPUMBIX COJICH HATpH,
BCTpedaromuxcs Ha 1ore TroMeHcKoll 001acTH.

B kauecTBe 00BeKTa MCCIIETOBAHNI OBIIM B3ATHI 4 copTa oBca: MeTrHoH;
Tamuceman; Otpaga m doma, KOoTOphIe OBITH CO3MaHBI C yYETOM ITOYBEHHO-
KIIMMaTHYeCKUX ocoOeHHocTel 3aypanbs. B Hactosiee Bpems 90 % miomanu,
3aceBacMON OBCOM 3aHATO MMEHHO ITUMH copTaMu. COPTOBYIO PEaKIUIO OBCA
Ha COJM Pa3TUYHON KOHIEHTPAINH M3YYaIH B JJAOOPAaTOPUH TEHOMHBIX HCCIIe-
JIOBaHWI B PAacCTEHUEBOJCTBe HaydHO-HMCCIIeIOBATEIbCKOTO HMHCTHTYTA CEllb-
ckoro xo3siictBa CeBepHOro 3aypaibsi METOJIOM OLIEHKH MPOPOCTKOBOM coiie-
ycToiunBocTH coriacHo mertonuku BUP [Cemymmuna, 1980].

3a OCHOBY OBLT B3ST METO]] IPOPALIMBAHUS CEMSH Ha TUCTHILIMPOBAHHOM
BOJIC C MapajuIeNIbHBIM OINPEICICHUEM YHEPTUU MPOpPACTAHHS U JTa00OPaTOPHOM
BcxoxecTd B colieBbix pactBopax NaCl, Na;COsu NaxSOs. Iy BbIsIBICHUS
COJICBOTO CTpecca Ha PaHHHUX dTalax OHTOTEHe3a HCIIOJIB30BAJH CIICTYOIIIEC
KoHIeHTpanuu: 1, 3,5, 7 u 10 r/m.

B xo/1¢ MpoBeICHHBIX HCCIICAOBAHUI OBLIO YCTAHOBJICHO, YTO IIPU HE3HA-
YUTEJIFHON KOHLEHTpauuu (0 3 I/1) XJIOpHUJ HaTpUs OKa3bIBal JOCTOBEPHOE
CTUMYJIMpYIOIIee JAeicTBHe Ha TpopacTanne oBca (p<0,05). Pasznuma madopa-
TOPHOH BCXOXKECTH H3YYaEMBIX COPTOB MEKAY KOHTPOJIEM H BapHaHTAMH C
koHuenTpauue 1,0 u 3,0 r/murp cocraBmia 3—5 % npu HCPOS pasrom 1,2 %.
AHayoTn4Hasi peakius OblIa U Ha BapHaHTax c cyibdarom HaTpus. [Ipu HU3-
KX KOHIICHTpAIIAX KapOOHaTa HATPHS OTMEYAJICS CTPECC Ha dTarle IpopacTa-
Hus. Hanbonee cmiibHO OH MposiBIIICS Ha copTax MerwoH u TanucmaH — CHU-
KEHHE 1a00opaTOPHOI BCXOXKECTH OTHOCHTEIBHO KOHTPOJS COCTaBHIO 5—8 %.
Copra Otpana n ®oma npu KOHIIEHTpAITUN KapOoHaTa HaTpus 10 3,0 r/nutp He
MOKa3aJIi IPU3HAKOB YTHETCHUS.
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[ToBrIIeHHE KOHIICHTPAIlMK XJIOpUAa W cynbdaTta HATpUs A0 5 I/IUTP
o0ecreynsio JOCTOBEpHOE CHIKEHUE BexoxecTH Mernona u Tanncmana Ha 7—
10 %; y coptoB Otpana u doma cHIKEHHE COCTaBUIO 3—5 % OTHOCHTENBHO
KOHTpons. [Ipy TOBBIMIEHHM KOHIIGHTpPAIMM 3THX COJIeH a0 7 I/IUTp BCXO-
’kecTh yMeHbmmiach Ha 10—12 %, Ttoraa kak y Meruona u Tanucmana — Ha
30 %. MakcumaneHas koHreHTparms NaCl u Na;SO4B onbite (10 r/mutp), co-
OTBETCTBYIOIIAsl BOJIHOW BBITSIKKE COJIOHUYAKOBOW MOYBE, SBUJIACH MOLIHBIM
CTPEeCCOBBIM  (haKTOpOM — JabOpaTOpHasi BCXOXKECTh H3YYaeMbIX COPTOB
YMCHBIIWIACH B MOJOBUHY. HeraTWBHBIN 3 QeKT OBLT BUACH yXKE HA TPETHU
cyTku npopactanus. Cpenu U3y4aeMbIX COPTOB BBLACIHICS JIHIIb OJMH COPT
doma, KOTOPBIII MMEN TPHEMIEMOe CHHXXECHHE BCXOKeCTH — 37 % OTHOCH-
TEIBHO KOHTPOJIS.

Haubonee BpeJOHOCHO B IMOYBE COJBIO SIBIISICTCS KapOOHAT HATPHs, KO-
TOPBI CYIIECTBEHHO MO/IIENIAYNBAET MOUYBEHHBINH PACTBOP M MOBBIIIAET OCMO-
TH4YecKoe jaaBneHue. MIMeHHo 3ta cosb B 3amamgHoit Culupu sSBIsETCS Cliel-
CTBHEM COBPEMEHHOTO 3aCOJICHHS MaXOTHBIX 3eMelb. [loaToMy mpH cemexim
HaunboJiee BayKHO, YTO ObI HOBBIE COpPTa, 00JIalalli BEICOKON PE3UCTCHTHOCTHIO
k Heil. KoHuenTparus 5 r/n (MMuTanms 1moceBa B 3aCylUIMBYIO BECHY Ha CO-
JIOHYAaKOBAThIX MOYBAX) MPHUBEA K PE3KOMY CHIKCHHUIO YHEPTHH IIPOPACTAHUSL
1 1a00opaTOpHON BCXOXECTH M3y4aeMbIX copToB. ¥ Merunona u Tamucmana
BCXO0XKeCThb yMeHbImnachk ¢ 90 (koutpoins) 1o 45 %; Otpansl — 10 50 % u Do-
MbI — 63 %. JlanpHeliee MOBBIIEHHE KOHIIEHTpanuu (10 7 1/11) obecnednio
rudens 70-75 % mpopoctkoB y coproB Mernon, Tamncman n Otpaga. Bexo-
xecth @ombl nocturia 45 %. Co3naHue MaKCHMATbHOW KOHIICHTpAIMU Kap-
6onata Hatpust (10 r/i1) MpUBENO K MPAaKTHYECKU MOJHOW THOENH IpopacTaro-
IIUX CEMSH M3ydaeMbIX COPTOB OBCA. JIMCIEPCUOHHBIN aHAIU3 I0Ka3all, 4To
nmabopaTopHasi BCX0KeCTh Ha 15 % 3aBHCHT 0T ocoOeHHOCTEH copTa; Ha 23 % —
OT XUMH3Ma 3acoJicHHs ¥ Ha 35 % OT KOHIIGHTpaIuu colicil. DPQeKT B3aumo-
JeicTBHs (PaKTOPOB XMMH3Ma M KOHLIEHTpauuu cocTaBui 12 %.

3akarouenne. B xoze mabopaTOPHBIX WCHBITaHUH OBUIO YCTaHOBJICHO:
MUHHMAIIBHBIH TOKCHYECKUH 3(P(eKT MposBIsieTCsS NMpH XJIOPUIHOM 3acolie-
HUM, MaKCHMaJlbHbIA — KapOoHaTHOM. KoHIEHTpamus cyiab(ara u XJIopHaa
HaTpus 10 3 T/11 He 00JIaaeT BHIPOKEHHBIM YTHETEHHEM MECTHBIX COPTOB OBCA.
Copra Otpajga u ®oma 00J1aJar0T TOCTOBEPHON YCTOWYMBOCTBIO K CYyIb(aTy U
XIIOpHUIY HaTpus A0 KoHIeHTpanwu 7 1/1. ComoBoe 3aconenue (NaxCOs) cro-
co0eH BbLAEpkKATh TOIbKO copT Poma. OH PEeKOMEHIOBaH KaK POAUTENIbCKas
(hopMa TIpH CEeNEKITUH COJICYCTOMUMBBIX COPTOB OBca B 3anaaHoi Cubupu.

Paboma ¢unancuposanace 3a cuém cocyoapcmeennozo 3adanus FWRZ-
2024-0004 u npu noooepaicke 3anaono-Cubupcrkozo mMencpecuonaibHo20 Hay'-
HO-00pA308AMENLHOC0 YeHMPA MUPOBO2O YPOBHS.
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TEHBI WOX COBPEMEHHOM KJIAJIBI M1 UX BJIUSHUE
HA PEI'EHEPAIIMIO IN VITRO

E. I1. E¢ppemona, B. E. TBoporosa, JI. A. JlyroBa

Cankr-IletepOyprekuii rocynapctBeHHbiil yauBepeureT, Cankr-IlerepOypr
efremova.bio@gmail.com

V pasHbIX BHIOB PacTeHHMil CIOCOOHOCTB K pereHepauuu in Vitro 3ametHo
pasnu4aeTcsa, U BO MHOTOM OIpejeNseTcs FeHOTUIOM pacTeHus. Ilpu sTom
MMOMHUMO T€HOTHIIA U (PU3HOIOTHIECKIX OCOOCHHOCTEH pacTeHusl, Ha 3TOT MPO-
IIeCC OKA3bIBAIOT BJIMSIHUE MHOTOYMCIICHHBIE (hAKTOPHI, TAKHE KaK CBET U TEM-
neparypa, peryJsiTopbl pocTa, olpeAeIeHHbINH YpoBeHb pH 1 ypoBeHb BiiaxHO-
CTH B KyJbTypaJIbHOH cpefie. B CBSA3M ¢ 3TUM IS KaKAOTO BHJA, COPTa UM
TeHEeTHYECKOH JIMHUHA He0OX0INMO TTO0NPATh CIEIU(PHIECKIE YCIOBUS KYyIIb-
THBUPOBAHUA iN Vitro, 4To OCIOXKHSIET pa3padOTKy MPOTOKOJIOB pereHepaluu
JUIS HIUPOKOTO pa3HOo0Opa3ust BUAOB. [loHMMaHNE MOJIEKYIIPHO-TeHETHUECKUX
MEXaHU3MOB, KOHTPOJHMPYIOMINX PETeHEPANNIO y PACTEHHH, SBIISIETCS HE TOJb-
KO Ba)KHBIM IIaroM TS H3Y9EHUS Pa3BUTHSA PACTCHHUH, HO M OTKPHIBACT HOBEIC
BO3MOYKHOCTH B OMOTEXHOJIOTHH M CEITbCKOM XO3SHCTBE.

I'ensr cemeiictea WOX (WUSCHEL-LIKE HOMEOBOX), xoaupyromme
TPAHCKPUIIMOHHBIE (aKTOPHI C TOMEOJOMCHOM, SIBISIOTCSI BAXHBIMU PEryJIsi-
TOpaMH KJIETOYHOU Tponudepanuu u auddepeHnnpoBkn y pacteHuit. Cemeit-
ctBO reHoB WOX (UIIOTeHETHYESCKH TTO/IPa3IeNsIeTCs Ha TP OOJIBIINE KIIaIbl:
cospemenHasa (WUS), npomexxyTounas u apeBHss. [IpeacraBurenu coBpeMeH-
Hoit kimamsl (WUS, WOX1-7) BcTpedatoTcst B TEeHOMaX CEMEHHBIX PacTEHHH, a
TaKKe Yy HEKOTOPHIX IAMOPOTHUKOB M MPEHMYIIECTBEHHO yJacTBYIOT B PEry-
JSIUK (GYHKIMOHUPOBAHUS PA3IMYHBIX TUIIOB MepucTeM. OJIHAKO poiib 00JIb-
IIMHCTBA U3 HUX B PereHepaluu 0CTaeTCs MaOU3yYeHHOM.

Panee B Hammx ucclenoBaHUSAX ObUIO MOKazaHo, uto reH MtWOX9-1,
MPE/ICTAaBUTENb IPOMEKYTOUHOH KJIA/bl, aKTUBHPYET COMAaTUYECKHH 3MOpHO-
reHe3 Kak y SMOpPHOTeHHOH, Tak U y HesmOpuoreHnou nmuuuii M. truncatula
[The WOX genes ... , 2024]. I3BeCTHO, 4TO MPEICTABUTEIb COBPEMEHHON KJIa-
11, TeH MtWUS, ctumynupyer comatndecknii SMOpHOTeHe3 Y SMOPHOTEHHOI
muaun  Medicago truncatula 6e3 nobGaBinenust (GUTOrOPMOHOB B Cpeny
[WUSCHEL overexpression ... , 2021]. MbI npeInon0oxuim, 4To U Apyrue re-
ae1 WOX y M. truncatula moryT okasbiBaTh BIMSHHE HA COMATHYCCKHI M-
Opuorene3. B pamMkax JaHHOTO HCCIIEAOBAHHSA MBI IIPOBENN arpoOaKTepuaib-
HYIO TpaHC(OPMALHUIO JINCTOBBIX SKCIUIAHTOB JIIOLEPHBI KOHCTPYKIUSIMH CO
cBepxakcnpeccueit reHoB MtWOX3, MtWOX6-like u ouennnu sddexr nx
CBEPXIKCIPECCHN HA MHIYKIMIO COMaTHYECKOTO dMOPHOTeHe3a M KaJlTycoo0-
pa3oBaHusl y SMOPHOTCHHOM U HeaMOpuorenHoi muaun M. truncatula.

Pe3ynbrathl, MOTyYCHHBIC B XO/I€ HALIIMX UCCIIEA0BAHUN, MOTYT OKa3aThCs
MOJIE3HBIMH KaK JUIsl pyHJaMEHTAIbHBIX UCCIECAOBAHMUM, TaK M ISl TOBBILICHHS
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9(h(HEeKTUBHOCTH CYIIECTBYIONIMX MPOTOKOJIOB TpaHCHOPMAIMH U Pa3MHOXKE-
HUS IN Vitro, 9T0 0COOCHHO BayKHO ISl PACTEHUH ¢ HU3KUM PereHeparOHHbIM
MTOTCHIIAAIOM U ITPH TIOTyYCHHN PACTEHHUH C peIaKTHPOBAHHBIM T€HOMOM.

Paboma evinoanena npu noodoepawcke epanma Munucmepcmea nayku u
svicuteco obpazosanusi PO na coszoanue HIIMY «Aepomexnonocuu Byoyue-
20», Homep coenawenusi — 075-15-2022-322 om 22.04.2022.

Jlutepatypa

The WOX genes from the intermediate clade: influence on the somatic embryogenesis in Medi-
cago truncatula/ D. Yakovleva, E. Efremova, K. Smirnov [et al.] // Plants. 2024. Vol. 13, N 2. Art.
223. DOI: 10.3390/plants13020223

WUSCHEL overexpression promotes callogenesis and somatic embryogenesis in Medicago
truncatula Gaertn/ A. Kadri, G. De March, G. Guerineau [et al.] // Plants. 2021. Vol. 10, N 4. Art.
715. DOI: 10.3390/plants10040715

UJIEHTUO®UKAIIAA TEHOB CEMEWCTBA CESA
C UCITOJIb30BAHUEM BBICOKOKAYECTBEHHBIX CBOPOK
I'EHOMOB JIbHA

JI. A. HKepnosa', A. A. Apxunos'?, E. H. [Tymxosa’, A. A. JImutpues’,
H. B. Meabuukosa'
' MucrutyT MonexynspHoii Guonoruu um. B. A. Durenbrapara PAH,
Mockga, zhernova.d@ya.ru
Tlepsriit MTMY um. 1. M. Ceuenoa Munszpasa Poccun
(CeuenoBckuii yHuBepcuTeT), MockBa

JIén (Linum usitatissimum L.) — neHHasi cenbCKOXO3SHCTBEHHAs! KYIBTYpPa
JIBOMHOTO Ha3HA4YeHHs, U3 KOTOPOMH IOy4aroT OoraThie JIMTHAHAMU U HEHAChI-
LICHHBIMHU JKMPHBIMH KHCIIOTAMH CEMEHa M IPOYHOE HATypajbHOE BOJIOKHO.
Hawnbonee 1ieHHOE M KaueCTBEHHOE JHHSIHOE BOJIOKHO ITOJYYarOT U3 BBICOKHX H
cJ1a00BETBSIINXCS JIbHOB-JOJITYHIIOB. Tak Kak MpoTo(iodMHBIE BOJIOKHA JIbHA
JIOJDKHBI OBITH MPOYHBIMH, HO MPU TOM COXPAHATb AIACTHYHOCTb, HAIMYHE
JUTHHHA B KJICTOYHBIX CTCHKAX BOJIOKOH SIBJISICTCS HEXKETATSIBHBIM IPH3HA-
koM. OCHOBHOHM KapKac KJIETOYHOW CTEHKH JIBHSHOTO BOJIOKHA COCTaBIISIOT
LEJUTION03HBIE MUKPOGHUOPUIIIBI, CHHTE3UPYEMbIe Ha TIOBEPXHOCTH MEMOpPaHEI
LEJUTIONI030-CHHTA3HBIM KOMILIEKCOM. [TOHMMaHHe TeHeTHYECKON MpUpOIbl U
PETYIALNI CHHTE3a IeJUTION03B! B BOJIOKHAX JIbHA Ha PAa3HBIX CTAIMSIX OHTOTE-
He3a U MPH Pa3InYHbIX YCIOBHUIX OKPYIKAIOIIECH CpeJibl MIpaeT KIIFOYEBYIO POIIb
B CEJCKIIMOHHOM IIpOIiecce, HANpaBJICHHOM Ha MOJYYEHHE CelIbCKOX03sIii-
CTBEHHO [[EHHBIX T€HOTHIIOB.

Harme uccnenoBanue HaleaeHO Ha OUCK TeHOB cemelicTBa CESA y kyib-
TypHOro JipHa. IlepBble mombiTkM Takoro nowcka [Mokshina, Gorshkova,
Deyholos, 2014] Ha ocHOBaHuM nepBoi cOopku reHoma jbpHa [The genome of
flax ..., 2012] comepkaiii HEKOTOPbIE HETOYHOCTH HM3-32 OIMHUOOK B COOpKE U
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agHoTaruu reioma CDC Bethune. Vike B 2015 1. mouck ObIT HECKOJIBKO OTI-
TUMH3HPOBaH, W Pe3yJbTaThl yTouHeHbI [Functional analyses ... , 2015], HO He-
JIOCTaTKH COOPKH TIO-TIPEKHEMY HE TO3BOJIMIIM PA3peIlUTh HEKOTOpBIE CIIOp-
HBIC MOMEHTEI.

Pa3BuTHE TEXHOJOTWI CEKBEHHPOBAHMS TPETHETO ITOKOJCHHUS ITO3BOJMIO
MOJYYUTh BBICOKOKAQYCCTBEHHBIC COOPKH TCHOMOB JIbHA [UISI COPTOB ATIAHT H
YYS5 [Genome sequencing ... , 2021; Chromosome-level genome ... , 2021],
KOTOPBIE OTKPBIBAIOT BO3MOYKHOCTH TS JaJBHEHINETO MTONCKA TCHOB M HCIIPaB-
JICHWsT HETOYHOCTEH, IMPHUCYTCTBYIONIMX B TCHOMHBIX COOpKax, CO3JaHHBIX
TOJIBKO C IPUMCHCHHEM JIaHHBIX CCKBCHUPOBAHUs BTOPOro mokojeHus. COopku
reHoMOB ATiaHTa U Y Y5 UCTIONBb30BaHbl HAMHU JIJISI UICHTU(UKAIIUN TEeHOB Ce-
MmetictBa CESA. 3a ocHOBY B3sii niocienoBarenbHOCTH O0eikoB AtCESA(1-10)
Arabidopsis thaliana, momyuennsie ¢ momornipio moprama The Arabidopsis
Information Resource mpu moucke MO TOMOJOTMH MOCpPeACTBOM blastp u mo
KITFOYEBBIM cJIOBaM. B Hamie mccienoBanme OBUIH TaxKe BKIIIOYEHBI TTOCIENO0-
BaTEeNLHOCTH MICHTHPHUIMPOBaHHBIX panee OenkoB LusCESA B xauecTBe KOH-
tpoust [Functional analyses ... , 2015]. [locnenoBarensrocts LusCESA7 momy-
4eHa u3 apyroif myomuxarun [Mokshina, Gorshkova, Deyholos, 2014].

[Tonck OENKOBBIX IMOCIEIOBATEIBHOCTEH-KAaHANAATOB B MPOIYKTH TCHOB
CESA nbHa ipoBen€H B reHoMax ATiaHTa U YYS IBYyMs crioco0aMu: Mocpe/-
CTBOM IIOMCKAa MO TOMOJOTMM IMpH IOMOLIM blastp M ¢ HCHONB30BaHUEM
hmmer 3.4 u 6a3bl JaHHBIX CKPBITBIX MapKOBCKUX MOJENCH KOHCEPBAaTHBHBIX
nomeHoB Pfam. Habop kaHAMIATHBIX MOCIEIOBATENFHOCTEH JbHA, COMepiKa-
IMA  33JaHHBI  CIIUCOK JOMEHOB, IIOJYYEH IIOCPEACTBOM IPOrPaAMMEI
hmmsearch. Pe3ynbrarsl mogkpemisum ¢ ucrnoib3oBanueM HHCTpymMeHTa NCBI
cd-batch search. HaGopsl KaHAMIATHBIX MOCIEA0BATEIBHOCTEH OOBEIUHIIIA U
MIPOBEPIUTH Ha MOBTOPHI. [IJIs1 9TOTO ¢ MCHONB30BaHKEM blastn mpoBenn moucK
UX KOIUPYOILIMX MMOCIICI0BATEIbHOCTEH NPOTHB camux ceds. [locienoBarens-
HOCTH C BBICOKUM 3Ha49CHUEM WCHTHYHOCTH YAAIWIN U3 aHaimu3a. Jlanee mpo-
BEIM MHO)KECTBCHHOE BBIPAaBHHBAaHHE BCEX OCNKOBBIX MOCIEAOBATEIFHOCTEH
nbHa 1 MozebHoro A. thaliana npu nmomorun nporpammer MAFFT u noctpou-
1 2 ¢punoreHeTnuyeckux apesa (uist Atiaanta 1 Y YS) OCpeacTBOM aJIroOpuTMa
RapidNJ ¢ ucnons3oBanuem Mmerozna neighbor joining (METON MPHUCOSTMHEHUS
cocezeit) ¢ bootstrap nomaeprkkoit 1000. Pe3ynbsrarsl BU3yaTU3UPOBAIN C UCITONb-
3oBanueM iTOL.

B pesynbTare yaanock MOMY4YUTh JOCTaTOUHO XOPOIIO pa3pelieHHble (u-
JIOTEHETUYECKHUE AE€PEBBS AJI1 AMUHOKHUCIIOTHBIX NocaenosaresnbHocTed CESA.
BricokokadecTBeHHBIE COOPKH T€HOMOB JIBHA MTO3BOJIMIIA YTOUHHUTE CTPYKTYPY
6enka CESA4, nonnas mnocieaoBareabHOCTh KOTOPOrO B MPEAbLAYIINX paboTax
cobupanach BpyuyHYIO M3 JIByX YKOPOUYEHHBIX (hparmMeHTOB. B o0omx reHOMax,
Atmantr w YYS5, HaMH HWICHTH(HIMPOBAHA TIIONHAS ITOCIEIOBATEIHHOCTD
CESAA4. Tlo cpaBHEHHUIO C IPEABLAYIIMMHU UCCIEAOBAHUAMU Y1aJ10Ch YTOUHUTh
ctpyxtypy CESAG6, Tak kak paHee HEKOTOpBIE TOCIEAOBATEILHOCTH 3TOT0 Oe-
Ka BKJIIOYAJH JIMIIb OTJACIBHBIC YacTH IIEUTIONI030-CHHTAa3HOTO JgoMmeHa. Obe
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UCTIOIb30BAHHBIE HAMU COOPKH TTO3BOJIMIIM ITOTYYHUTh MOJIHBIE TTOCIEOBATEIb-
Hoctu CESAG6 ¢ yrouHeHHOW 1OMEHHOH cTpykTypoil. HekoTtopbsle MOMEHTHI,
OJHAKO, BCE elle TPeOyIOT JOMOTHUTENbHBIX U3bICKaHUH. Tak, Mpu HCHOIb30-
BaHHU cOOpKH ATIaHTa MOCIeNoBaTeNIbHOCT TpaHckpunta H1233 022135-T1
(CESAO6) neronHast, 6€3 XapaKTEpHOTO JIOMEHA C IUHKOBBIMH IMajbI[aMH, 9TO
MOXET OBITh 00YCIIOBICHO HETOYHOCTSIMU B aHHOTAIMK TeHoMa AmiaHra. [lon-
HYI0 JIOMEHHYIO CTPYKTypy OSTOIl MOCJIEA0BATEIbHOCTH YAAIOCh MOIYyYUTH C
HCTIONB30BaHNEeM cOOpkr YY5.

Takum 00pa3oM, BEICOKOKa4eCTBEHHbBIE TEHOMHBIE COOPKH COPTOB ATIaHT
1 YY5 no3BoiuiIM yTOYHUTH COCTAB I'€HOB, IPUHUMAIOIINX y4acTHE B CHHTE3E
KOMIIOHEHTOB KJICTOYHOM CTEHKH, M UX JOMEHHYIO CTPYKTypy. 3HaHHE CTPYyK-
Typbl ¥ (DYHKINI TEHOB, JISKAIINX B OCHOBE WHINUBHUIYaJIbHBIX XapaKTEPUCTHUK
BOJIOKOH, HEOOXOMMO IS TAJIbHEHIIINX CEIEKIMOHHBIX Pa0oT, HallPpaBJICHHBIX
Ha TMOJyYeHHE ICHHBIX I'CHOTHUIIOB JIbHA-JONTYHIA C 33JaHHBIMH XapaKTepH-
ctukaMi. OHO3HAYHOE COOTBETCTBHE ITOCIEIOBATEILHOCTH B TCHOME M €€
(YHKIHMOHATBHON HArpy3KN OTKPHIBACT IIMPOKHE MEPCTIEKTHBBI JUIS CENCKIINU
Ha ocHoBe /IHK-mMapkepoB ¥ TeHOMHOTO pelaKTHPOBaHUSL.

Hccnedosanue svinonneno sa cuem epanma Poccutickoeo nayynozo ¢onoa
Ne 24-64-00033, https://rscf.ru/project/24-64-00033/.

Jlutepatypa

Chromosome-level genome assembly and annotation of the fiber flax (Linum usitatissimum)
genome / R. Sa, L. Yi, B. Siqin [et al.] // Frontiers in Genetics. 2021. Vol. 12. Art. 735690. DOI:
10.3389/fgene.2021.735690

Functional analyses of cellulose synthase genes in flax (Linum usitatissimum) by virus-induced
gene silencing / M. Chantreau, B. Chabbert, S. Billiard [et al.] // Plant Biotechnology Journal. 2015.
Vol. 13, N 9. P 1312-1324.

Genome sequencing of fiber flax cultivar Atlant using oxford nanopore and Illumina plat-
forms / A. A. Dmitriev, E. N. Pushkova, R. O. Novakovskiy [et al.] / Frontiers in Genetics. 2021.
Vol. 11. Art. 590282. DOI: 10.3389/fgene.2020.590282

Mokshina N., Gorshkova T., Deyholos M. K. Chitinase-like (CTL) and cellulose synthase
(CESA) gene expression in gelatinous-type cellulosic walls of flax (Linum usitatissimum L.) bast fi-
bers // PLoS One. 2014. Vol. 9, N 6. Art. €97949. DOI: 10.1371/journal.pone.0097949

The genome of flax (Linum usitatissimum) assembled de novo from short shotgun sequence
reads / Z. Wang, N. Hobson, L. Galindo [et al.] // The Plant Journal. 2012. Vol. 72, N. 3. P. 461-473.
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OYHKIIMOHAJIBHAA TEHOMUKA CUMBHUO30B 'OPOXA
ITOCEBHOI'O (PISUM SATIVUM L.)

B. A. Kykos"?*3, E. A. 3opun’, A. C. Cyauma', A. UI. Kepnakos',
I. 0. Kysbmuna', B. A. Pakosa'”, M. JI. Topaon'?, JI. A. Pomaniox!,
M. C. Kmokoa', I'. A. AxtemoBa', O. A. Kynaesa!, O. IO. IlITapxk’,

H. A. Tuxonopuy"*?
! Beepoceniickuii HayqHO-MCCIIEN0BATENbCKUil MHCTHTYT CElbCKOX03AHCTBEHHOI
mukpoouonorun, Caukr-IlerepOypr, vzhukov@arriam.ru
2 ®ULT «BcepoccHiickuit HHCTUTYT FeHETHIECKUX PECyPCOB pacTeHH i
um. H. W. BaBunosa», Canxr-IlerepOypr, Poccus
3 HayuHo-TexHonornueckuii yausepeurer «Cupuyc», Cupuyc, Kpacuonapekuii kpaii

T'opox mocesHo#t (Pisum sativum L.) — BakHast CEIbCKOXO3SIHCTBCHHAS
KYJIbTYpa ¥ MOJCIBHBIA OOBEKT TEHETHYCCKUX HCCiIeoBaHUU. ['opox, Kak H
npyrue npencrasurenu ceM. boboseie (Fabaceae), cmocoGeH BcTynarh B CHM-
6mo3sl ¢ kimybeHpkoBeIME OaxTepusmu (Kb) n apOycKymapHO-MUKOPH3HBIMH
(AM) rpubamu. [laHHBIE CHMOHMO3BI SIBIISIFOTCS B3aUMOBBITOIHBIME: KB dhrken-
PYIOT aTMOC(EepHBIil a30T, CHaOXasi paCTCHUE CBA3aHHBIM a30TOM, AM rpu0ObI
CIOCOOCTBYIOT MOCTYIUICHUIO TPYAHOPACTBOPUMBIX (hocdaroB B pacTeHue, a
TaKXKe YJIy4IIAlOT CHAO)KEHHE PACcTCHHs BOJIOW; B CBOIO O4Yepe/b, PACTCHUE
MPEAOCTaBISIET MUKPOCHMOMOHTAM IHTATENbHBIC BEIIECTBA WM 3alIHIICHHYIO
9KOJIOTMYECKYIO HUIIIY BHYTPH CBOUX KOPHEH.

Pa3nuunble TeHOTUIBI TOPOXa B PA3HOM CTENEHH aJanTHPOBAHBI K 00pa-
30BaHMIO0 CHMOMO30B: BBIICISIOT BRICOKOOT3BIBYMBEIC TCHOTHITHI, TSI KOTOPBIX
XapaKTepHa 3HaYHTelIbHast TIPHOaBKa POCTOBBIX IapaMETPOB U CEMEHHOH Ipo-
JIYKTUBHOCTH 1101 Bo3zaeiicTeueM uHoKyJsiimu Kb w/umun AM rpubamu, u Hu3-
KOOT3BIBYHBEIC, KOTOPBIC HE MPOSIBIAIOT MMOJOXKHUTEIFHON PEakMyi Ha WHOKY-
nsmuio [Mutually beneficial ... , 2012]. MosekyisipHO-TeHETHIECKHE OCHOBBI
JTAHHOTO MPU3HAKa MIPAKTUYECKU HE M3YYCHBI. PacmpocTpaHeHne COBPEMEHHBIX
TEXHOJIOTMN CEKBEHHUPOBAHUS NPUBEIO K Pa3BUTHIO TEHOMHUKH ropoxa, co3/a-
HUIO COOPKH pedepeHCHOr0 TeHOMa TOpoxa, SKCIPECCHOHHOTO aTilaca U CepuH
MOJICKYJIAPHBIX MapkepoB [Omics resources ... , 2021]. Mcnonabs3oBanue 3THX
HHCTPYMCHTOB JICJIaeT BO3MOXKHBIM KOMIUICKCHBIN aHAIN3 MPU3HAKA CHMOHO-
THYECKOH OT3BIBUMBOCTH C IPUMEHEHHEM «OMHUKCHBIX» MTOJIX0JI0B — FTCHOMHUKH,
TPAHCKPUITOMHUKH, IIPOTCOMHUKH U METaOOJIOMUKH.

B pabore B kauecTBE MOJECIBEHON CHCTEMBI UCIIONB3YIOTCS TEHOTHIIBI I'O-
poxa, KOHTPACTHBIE IO MPU3HAKY CHUMOMOTHYECKONW OT3BIBUMBOCTH: K-8274
(BBICOKOOT3BIBUMBEIN) U K-3358 (HU3KOOT3BIBUMBEIN). Y CTAHOBICHO, YTO HH3-
KOOT3BIBYHBEII TCHOTHIT HE IEMOHCTPUPYET OTBETAa HA YPOBHE TPAHCKPUTITOMA
KOpHEBOH cuctembl 1pu uHOKyssiu Kb u AM rpubamu B ycioBusix HecTe-
PHIBHOI TIOUBBI, B TO 7K€ BPeMsl BEICOKOOT3BIBUMBBIN I€HOTUI XapaKTepU3yeT-
sl 3HAUYNTETBHBIMU N3MEHEHUSAMH MTPOQIIICH SKCIPECCHN CepUH TeHOB. Takxke
JUT BBICOKOOT3BIBUMBOTO T'CHOTHIIA XaPaKTEPHO IOJABJICHHE Pa3BUTHS KIIy-
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OCHBKOB TIpH coBMeCTHOH HMHOKYJsuu Kb 1 AM rpubamu, 4T0 CBHIETEINb-
CTBYET O CTPOrOM KOHTPOJIC HaJl Pa3BUBAIOIIUMHUCS CHMOHO3aMH CO CTOPOHEI
pacrenus. Ha ¢oHe WHOKYJISIMHM Yy BBICOKOOT3BIBYMBOIO TI'EHOTHNA K-
8274 mpojuteBaetrcsi ¢daza HaIMBA CEMsH, a y HHU3KOOT3BIBUMBOTO, HANPOTHB,
HaOJIIOIaeTCsl OCTAHOBKA PAa3BUTHSI CEMSH M YCKOPEHHE MX co3peBanus [Profil-
ing of seed ..., 2019].

CorocTaBiieHle TPAHCKPUIITOMHBIX Mpoduiieil TpeX BbICOKOOT3bIBYMBBIX
TCHOTHIIOB M TPEX HU3KOOT3BIBUMBBIX MO3BOJIMIIO BEISIBUTH TPAHCKPHUITOMHEIC
MapKepbl CHMOMOTHYECKOH oT3bIBUMBOCTH [Unique transcriptome ... , 2021]. K
UX YUCITy OTHOCSITCS I¢HbI OHMOCHHTE3a (DJIIABOHOMIIOB, YTO yYKa3bIBACT HA BaXK-
HYIO poJib (hJTABOHOMTHOTO CHTHAJIMHTA B OTIPEACICHUN CHUMOMOTHIECKOH OT-
3BIBUUBOCTH IOPOXa.

CekBeHHpPOBaHNE TEHOMOB U TPAHCKPHUIITOMOB BBICOKOOT3BIBUMBOTO COP-
Ta ropoxa Tpuymd u ero poautensckux coproB Vendevil (BBICOKOOT3bIBUH-
BoIif) U Classic (HM3KOOT3BIBYMBEIN) MO3BOJNMIO BBIIBUTH HECKOJBKO T'€HOB,
yHacienoBaHHEIX Tpuymdom ot Vendevil, koTopsie 1eMOHCTPUPYIOT H3MEHE-
HHUE JKcrpeccud B oTBeT Ha MHOKYisuuio Kb u AM rpubamu [Genomic and
transcriptomic ... , 2023]. OauH W3 3THX T€HOB, KOIUPYIOUIMH T'€PMUH-
nofo0HbIA Oenok, Obul HazBan Hamu PSGLP2 (Pisum sativum Germin-Like
Protein 2). JlaHHblii TeH AEMOHCTPUPYET MOBBIIICHUE YKCIPECCHU B OTBET HA
MHOKYJISILIMIO y BBICOKOOT3BIBUMBBIX copToB Tpuymd u Vendevil, Ho He y HU3-
K0OT3bIBUMBOTO copTa Classic. DTOT 3KCIPECCHOHHBIN MPOQHITH aCCOITMUPOBAH
¢ 9-HyKICOTHIHON WHCEPIHEe B MPOMOTOPHOM 001acTH JaHHOTO T'eHa, O1aro-
Japsi YeMy JaHHbII reH ObuT KoHBepTupoBaH B JIHK-mapkep, KOTOpBIA MOKET
OBITH HCIIOJIB30BAaH B CEJIEKIMOHHBIX MpOrpaMMax AJs CO3MaHUs BBICOKOOT-
3BIBUMBBIX COPTOB TOPOXa MPH IMTOMOIIN MapKep-aCCOITMUPOBAHHON CETIECKIINH.

[IpumMeHeHne NOAX00B (YHKIIHOHATHHOW TEHOMHUKH TO3BOJIMIIO C/ICIATh
BBIBOJ O TOM, YTO OT3BIBYMBOCTh HA MHOKYJISILUIO CKIIAIBIBACTCS U3 CICAYIO-
IIUX KOMIIOHEHTOB: 1) KOHTPOJIb CO CTOPOHBI PACTEHUS HAJ PAaCIpPOCTPAHECHU-
€M MHUKPOCHMOWOHTOB B TKaHSIX KOPHS, 2) TPUBJICYCHHE PACTCHUEM KITyOeHbB-
KOBBIX OakTepuil 3a CUET BBIICJICHHUS MOJCKYN (DIaBOHOMIHOW HPHUPOIHI, 3)
3¢ PeKTUBHOCTh (hUKCALUK a30Ta B KIyOCHbKaX, 4) MmpojajicHUe (a3bl HATUBA
CeMSIH TI0J] BO3A€HCTBHEM MUKPOCHUMONOHTOB.

Paboma noodepacana epanmom PH® 22-16-00109.

JlnTeparypa

Genomic and transcriptomic analysis of pea (Pisum sativum L.) breeding line ‘Triumph’with
high symbiotic responsivity / E. A. Zorin, A.S. Sulima, A.I. Zhernakov [et al.]// Plants. 2023.
Vol. 13, N 1. Art. 78. DOI: 10.3390/plants13010078

Mutually beneficial legume symbioses with soil microbes and their potential for plant produc-
tion/ O.Y. Shtark, A.Y. Borisov, V. A. Zhukov, I. A. Tikhonovich // Symbiosis. 2012. Vol. 58.
P. 51-62.

Omics resources and omics-enabled approaches for achieving high productivity and improved
quality in pea (Pisum sativum L.)/ A. K. Pandey, D. Rubiales, Y. Wang [et al.] / Theoretical and
Applied Genetics. 2021. Vol. 134. P. 755-776.
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Profiling of seed proteome in pea (Pisum sativum L.) lines characterized with high and low re-
sponsivity to combined inoculation with nodule bacteria and arbuscular mycorrhizal fungi/
T. Mamontova, A. M. Afonin, C. Ihling [et al.] // Molecules. 2019. Vol. 24, N 8. Art. 1603. DOI:
10.3390/molecules24081603

Unique transcriptome features of pea (Pisum sativum L.) lines with differing responses to ben-
eficial soil microorganisms / A. M. Afonin, E. S. Gribchenko, E. A. Zorin [et al.] / Ecological genet-
ics. 2021. Vol. 19. P 131-141.

CTEPUJIN3ALIUA CEMSH COU U JIBHA
IIPU BBEJJEHHUU B KYJIBTYPY IN VITRO

10. A. 35100uHa, O. E. Kononona

DenepanbHbli arpapHblit HayuHslit nentp Cesepo-Bocroka um. H. B. Pyanunxoro,
Kupos, ylechkaaaa@mail.ru, oksana.kononova.98@mail.ru

B coBpeMEHHOM PacTEHHEBOICTBE aKTUBHO MCIIOJIB3YETCs KYJIbTypa H30-
JMPOBAHHBIX TKaHei. [Ipu BBeIeHUH pacTeHHi B yCIOBHS IN Vitr0 BasKHOE 3Ha-
YEeHHE MMEET BHIOOP ONTHUMAIBHOTO PEXHUMa CTEPHIM3AINU HKCIUIAHTOB, HC-
KJTIOYAIOIIETro 0aKTepHaIbHyIO ¥ IPHOKOBYIO HH(EKIMN PACTUTEIBHBIX TKAaHEH
IpU COXPAaHEHUH JOCTATOUYHOTO YPOBHS KHU3HECHOCOOHOCTH PACTUTENBHBIX
kieTok. [Ipu mombope CTepHIIM3YIONIero areHTa HeoOXOIUMO YUHTHIBATh Kak
BUJIOBBIE, TaK M COPTOBBIE OCOOCHHOCTH PACTEHHH, THIIA HKCIUIAHTA, a TAKXKe
WHIUBUIYaJIbHYI0 YyBCTBUTEJIBHOCTh IKCIUIAHTA K XMMHYECKHM BEIIECTBAM
[Mutpodanosa, 1995]. Kak u3zBecTHO, CTEpMIM3YIONINE areHTHl OBIBAIOT pa3-
JMYHOW TPHUPOJBI, OAHUMHU M3 HanOoJee paclpoCTPaHEHHBIX SIBIISIOTCS XJIOP-
cozepxaiue pactBOpbl. {11 0OpaboTKM MOBEPXHOCTH CEMSIH 4Yalle APYTUX
UCTIONIB3YIOTCS CIIUPT (ITAHOI M W30MPOMAHOI), IIEPEKUCh BOAOPOIA U HUTPAT
cepedpa. 3a9acTyro CTepHIN3aNUs MPOBOJUTCSA B HECKOJIIBKO ATAIIOB TPH KOM-
OMHALNK JABYX BU/IOB CTEPUIIN3ATOPOB B PA3INYHBIX KOHIICHTPALHAX.

Kak u3BecTHO, MacIHUYHbIE KyJIbTYPhl HIMEIOT 3HAUUTEIbHYIO HIKOHOMUYE-
CKYI0 M TUIIeBYyto 1neHHocth [[Tomoposa, OBcersin, Ceposa, 2023; [Tomoposa,
[TaroBckuit, Ceposa, 2023]. llenpio TaHHOTO HWCCASIOBaHMS ObUT aHATU3 d(-
(EKTHBHOCTH PEKMMOB CTEPUIIM3ALMH CEMSH NPH BBEIACHHH B KYJIbTYpy in
vitro: cou (Glycine max L.), a tarxoke napna (Linum usitatissimum L.). Ouenka
Pa3IMYHBIX BAPHAHTOB OCHOBBIBANACh HA COOMIOCHUE OanaHca JKU3HECII0c00-
HOCTH 3KCIUIAHTOB M OCBOOOXCHHEM PACTUTEIBHON TKaHH OT MHKPOOMOIIO-
TMYECKUX UH(EKIUI.

Oo6wexramu uccnenoBanus cirysxmm 2 copta (L{usuns u Jlromapust) con
3 copra (Cunens, ®2102 u ®2111) npHa. KyapTUBHpOBaHUE MPOBOIIIIN Ha
6esropmoHanbHOl cpene Mypacure — Ckyra [Murashige, Skoog, 1962]. Tlepen
CTEepIIIM3aNneii ceMeHa MPOMBIBAIN MBUIBHBIM PacTBOPOM B TedeHue 10 MuH,
nanee 15 MuH 1moj mpoToyHOM BOJOM, 10 MUH MUCTHWIITUPOBaHHOW BoaoOW. B
KauecTBE CTEPUIN3YIOIMIMX areHTOB HCIONB30BaM OeIU3Hy TOProBOH MapKH
Saniterra 6e3 pasBeICHNS U B PA3BEICHUH /2, @ TaKkKe xIopamMut 5 %. K kaxmomy
CTEePWIIM3YIOIIEMY areHTy ObLIO IO00paHO ONTHMAIBHOE BPeMs IIPHMEHEHHSL.
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B skcnepumenrte ¢ xnopamuHoM 100 % BcxoxecTb IOKa3zald CeMeHa
JIbHa, 00paboTaHHBIC B TEYCHUE 8 MUH, yBenn4yeHUe BpeMeHu a0 10 u 15 MuH
MIPHUBENIO K CHIDKEHHIO BcxoxkecTH ceMsH Ha 10 u 30 % coorBercTBenHo. Orn-
TUMaJbHOE BpPEMSI CTEPUJIM3AIMHM CEMSIH COM B XJOpPaMUHE COCTaBHIO 12 m
15 MUH B 3aBUCHMOCTH OT COPTA.

IIpu 06paboTKe CeMsH JIbHA U COM OEIU3HON B pa3BeICHUH /2 BCX0KECTh
nocturana 100 % (8—11 mun ans npHa, 14-16 MUH A7 COM B 3aBUCUMOCTH OT
copta). [Ipy yBenmMueHUN KOHIIEHTPAIMU OCIU3HBI JKU3HECTIOCOOHOCTh CeMSTH
cHmXKanach Ha 42-56 %.

[onTBepkaeHO, YTO KOHIICHTPAIMS CTCPUIIN3ATOPa U BPEMsI €ro IpUMe-
HEHUS yBEIMYMBACTCS U CEMsIH C KPYIHBIMH pa3Mepamu u OoJiee MIOTHON
000JI0YKOH.

Jlutepatypa

Mutpodanosa O. B. Hcnonb30BaHHe METOIOB OHOTEXHOJOIWH B COXPaHEHHH TreHO(OHIa
pactennii / Ceccust coBera OortaH. canoB YKpauHbl «boTaHMueckue cajibl — LEHTPbl COXPAHEHHS
OUOTOrHYEeCcKOro pa3Hoo0Opasus MUpoBOi (uiopb». Snra, 13—16 uronst 1995 r. Snta. 1995. C. 146-147.

TTomopoga 1O. 0., Oscemnsiz C. K., Ceposa 0. M. Xumnko-0nonornyeckiue CBOHCTBa U TO-
TEHIMaIbHAask [ICHHOCTh CEMSIH MAaCIM4HOTO JibHa (0030p) / Macinunsie KyabTypbl. 2023. Ne 1 (193).
C. 73-84.

TTomoposa 0. 10., ITarosckuii B. B., Ceposa 0. M. buoxumudeckuii coctaB ceMsiH COPTOB
COH, BO3JCIbIBAEMBIX B PA3JINYHBIX PETHOHAX POCC[/IM, M aCIIEeKThI €ro GI/IOHOFI/I‘ICCKOI‘;I LOEHHOCTH
(0030p) // Macanunsie kynbTypsl. 2023. Ne 4 (196). C. 84-96.

Murashige T., Skoog F. A revised medium for rapid growth and bioassays with tobacco tissue
cultures // Physiologia plantarum. 1962. Vol. 15, N 3. P. 473-497.

COIIOCTABJIEHUE PAJIMOYYBCTBUTEJIBHOCTH
OU3NOJOTNMYECKUX U MOPOOMETPUYECKHUX MTPONECCOB
Y PACTEHUM IMIITEHUALBI

A. B. UBanoBa, 10. A. HemuoBa, I1. A. ITuporosa,
B. A. Bonenees, M. A. I'punéepr

Hinxeropockuit rocynapctBennuslit yuusepeurer um. H. W. Jlobauesckoro,
Hwxuuit Horopon, zelenkaeee@gmail.com

Pactennst Bo BpeMst pocTa M pa3BHUTHS ITOJIBEPTarOTCs JCHCTBUIO Pa3iny-
HBIX cTpeccopos. Monusupyromee nznydenue (W) sBasercs kak HeoTbeMIIe-
MO COCTaBIISIOIIEH cpebl OOMTAaHHS BCETO KUBOTO, TaK U CTPECCOPOM, B CITy-
Yae MPEeBBIMICHNS ()OHOBBIX 3HAUCHUH B MECTaX paJMaIllMOHHBIX aBapHi, 30HaX
BBIX0/1a PaINOaKTUBHBIX MUHEPAIOB U B YCIOBUSIX KOCMHYECKUX cTaHui [Ef-
fect of ionizing ... , 2019]. Dddexrs, oka3piBaembie 11 Ha pacreHus, HOCAT
JI0303aBHCHMBII XapakTep. M3BecTHO, 4To 00MydeHne B OONBIINX 03aX yTrHE-
TaeT aKTUBHOCTH PAJa (PM3MOJIOTUUECKHUX MPOIECCOB, & B MAJIbIX IPOHCXOIUT
CTUMYJISILMS MOP(QOMETPHUYECKUX ITOKA3aTeNeil M yBEIMUMBACTCS AKTHBHOCTb
¢du3nonornueckux npoueccos [Genome-wide transcriptome ... , 2012; Effect of
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chronic ... , 2021]. OgHaKo I CUTHAIBHBIX CHCTEM PaHOYyBCTBUTEIHLHOCTh
U XapakTep J030BOH 3aBHCHMOCTH, OCTAIOTCS HEM3YUYEHHbIMH. B Hacrosiem
9KCTIepUMEHTE HccieoBano BiusiHue VI Ha Mopdomerpuueckne moxkasarTei,
AKTUBHOCTh (DU3MOJOTUYECKUX IPOIeccoB ((OTOCHHTE3) M MapaMeTphl u-
CTaHLIMOHHBIX IEKTPUUYECKUX CUTHAJIOB.

HccnenoBanust MpOBOANIUCH HA MPOPOCTKAX mieHuIpl Msirkoi (Triticum
aestivum L.). O6nydeHne CyXux CeMsH dIEKTPOHaMH ¢ dHepruei 3 MaB mpo-
BOJWJIOCH Ha JIMHEWHOM ycKoputese B auanazone 103 25-100 I'p, momHOCTh
10361 coctaBisa 10 I'p/muH. B paboTte MCmonb30Baiiich CIeayIOMAE METOIbL:
ornpeescHre MoppoMeTpHICCKUX TToKa3aTesned, PAM-duyopumerpus u peru-
CTparys 3JIEKTPUYCCKUX CHTHAIOB. DJIEKTPUYECKHI CHTHAT MHIYIIMPOBAJICS
HarpeBOM KOHUYHMKA JIUCTA B KIOBETE C BOOM.

Beuto oOHapykeHO, 4To MoOpdoMeTpudyecKkrue MOKa3aTeld, aKTHBHOCTh
¢doTocuHTE3a U CUTHAIBHBIE CHCTEMBI PACTEHHUH OTIMYAIOTCSA B CBOCH paano-
qyBCTBUTENFHOCTH. Hanbosnee pagrnodyBCTBUTETFHBIM MTOKA3aTENIEM OKa3aliCh
9JIEKTPUYECKUE CUTHAJIBI, TAK KaK U3MEHEHUS aMIUINTY/Ibl pEaKLUKU U BpeMs ee
BO3HUKHOBEHMSI HAYMHAJIOCh C MEHbLIEH Hu3 uccieayembix n03 (25 I'p). UU
BBI3BIBACT J[0303aBUCHMOE II0/IaBICHHE AKTHBHOCTH (DOTOCHHTE3a, KOTOPOE
MIPOSIBIISIETCS B CHIDKEHHH KBAHTOBOTO BBIXo1a GortocucTeMsbl 2 (Dpsi), mprod-
perasi CTAaTUCTUYECKYF0 3HaYMMOCTh HauuHas ¢ 50 ['p, npu sToM HepoTOXMMU-
yeckoe Tyienue ¢ayopecueHunu (NPQ) npu ncciejoBaHHBIX 032X HE U3Me-
HseTcsi. MopdoMeTprueckue mokazarenu o01aJaloT MEHbIIeH paiouyBCTBU-
TENBHOCTBIO, B CPAaBHCHUH C OCTAJBHBIMH ITapaMeTpaMH, TaK KaK W3MEHEHHUS
IoKa3aTteJiell pocTa JIUCThEB U KopHel HaunHarotes ¢ 75 I'p.

Paboma evinonnena npu noodepoicke npoepammor 10 Dxcnepumenmains-
nas Jlabopamopnas Acmpoguzura u I'eogpuzuxa HIJDM.

Jlutepatypa

Effect of chronic B-radiation on long-distance electrical signals in wheat and their role in adap-
tation to heat stress. / M. Grinberg, S. Gudkov, I. Balalaeva [et al.] / Environmental and Experi-
mental Botany. 2021. Vol. 184, N 2. DOI:10.1016/j.envexpbot.2021.104378

Effect of ionizing radiation on physiological and molecular processes in plants/ S. Gudkov,
M. Grinberg, V. Sukhov [et al.] // J Environ Radioact. 2019. Vol. 202. P. 8§-24.

Genome-wide transcriptome profiling of ROS scavenging and signal transduction pathways in
rice (Oryza sativa L.) in response to different types of ionizing radiation / S. Kim, M. Song, K. Lee
[et al.] // Mol Biol Rep. 2012. Vol. 39, N 12. Art. 11231-48. DOI: 10.1007/511033-012-2034-9
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HACJIEJJOBAHHUE 3ACYXOYCTOMYABOCTH Y TUBPUJIOB
F1 COPT'O HA OCHOBE A2, A3, AS TUIIOB IUTOIIJIA3M

O. I1. Ku6aabHuk

Poccuiickuii HayuyHO-HCCAEI0BATENbCKUN U TPOSKTHO-TEXHOJIOTUUECKUI HHCTUTYT
copro u Kykypy3si», Caparos, kibalnik79@yandex.ru

HecmoTpst Ha 3HAYUTENBHYIO aJaNTHPOBAHHOCTH COPTrO K MpOHM3pacTa-
HUIO B YCIIOBHAX HEJOCTATKA BIATH, Pa3HBIMH HCCIICIOBATEISIMUA OOHAPYKCHBI
TCHOTHUIIBI, KOTOPBIC MPOSBIISUIN CI1a0y0 yCTOWYHBOCTE K 3acyxe [Reddy, Patil,
2015]. CormacHo nUTEpaTYpHBIM JaHHBIM, PeaklUs Ha aOMOTHUECKHH cTpec-
COp OTIIMYAach B 3aBUCUMOCTH OT (ha3bl BereTanuu pactenuit [Drought stress-
es ..., 2019] m moxeT mepenaBathcs 1O HacieAcTBY [ Recent Advances ...
2011]. CnenyeT OTMETUTbH, UTO JUISI CO3/1aHUSI T€TEPO3UCHBIX THOPUIOB BAXKHO
OI0MPATh POAUTETHCKUE (POPMBI, XapPaKTEPUIYIOIIUECS PATUIHBIMU T€HOTH-
MMUYECKUMH U (PCHOTUIHYSCKIMH OCOOCHHOCTSIMH. Tak, B CENEKIIMOHHYIO pa-
60Ty BoBiekaroTcs LIMC-uHHUHM, MOTYYEeHHBIC C HUCIOIB30BAaHUEM T'CHETHYC-
CKH Pa3INYHBIX TUIIOB CTEPUIIBHBIX ITUTOIUIA3M. VccrieoBaHusT IPOBEIEHHBIS
paHee TOKa3alv, 4TO HUTOIUIa3Mbl A2 B A5 criocOOCTBOBAIIM yBEINICHUIO
OBOJHEHHOCTH TKaHEH JINCTHEB IO cpaBHEHHIO ¢ muroruiasmoii A3 [Kibalnik,
2023]. B 3T0i1 CBSI3H LETbIO UCCIEAOBAHUN SBIAIOCH H3Yy4EHHE OBOJHEHHOCTH
TKaHeW JIMCThEeB y THOPHIOB copro Ha ocHoBe A2, A3, A5 THUIIOB CTEPUITHHBIX
LUTOIIa3M B 3aBUCHMOCTH OT (ha3bl Pa3BUTHUS PACTCHUH.

B kauecTtBe 00bekTOB HccaenoBanuii (Bcero 7) B 2023 r. HCMONB30BaIH
IMC-nunnn — A2 Kapnuk 4B, A3 Kapnuk 48, AS Kapnuk 4B; cenekunoHHas
mans J1-65/14; tudbpuner F1. Cnenyer otmetuts, uro auHUsS JI-65/14 xapak-
TEPHU3YETCsl BBICOKOM 3aCyXO0YCTOMYMBOCTHIO MO TAaKOMY MOKa3aTeN0 BOIHOTO
peXuMa JHCThEB, Kak OBOJIHEHHOCTH TKaHei [Influence of Abiotic ..., 2023].
BomHbI pekuM JIMCTBEB Y THOPUIOB U POJUTEIHCKUX (DOPM H3YUallH B CIIEIyIO-
e ¢as3bl pa3BUTHSI — BBIMETHIBAHUE, LIBETEHUE, MOJIOYHO-BOCKOBASI CIIETIOCTb.

CpaBHUTEIBHBIN aHATN3 THOPUA HA OCHOBE IIUTOIIa3Mbl A2 ¢ TEHOMOM
Kapmuka 4B ¢ pomutenbckuMu (OpMaMH BBISSBUII CYIIECTBEHHBIC DPa3THUHS
Mexay LIMC-nuauert 1 tHOpUIoM B KakAyro (asy. Y CTaHOBICHO, YTO OBO/I-
HEHHOCTh TKaHEeH BbIle y rudpuna. 3HauyeHne npu3Haka y ruOpuia Ha OCHOBE
IUTOTIIa3MBI A3 0Ka3alioch 3HAYMMO BBIIIE MaTepUHCKON (OpMEI B (hasy BEHI-
METBIBAaHUE U MOJIOYHO-BOCKOBYIO cestocTs — 72,96—73,32 % u 70,29-70,60 %
COOTBETCTBEHHO. Y THOpHWIa Ha HuTorazMe AS oBogHeHHOCTH Bbime [IMC-
JUHUA B a3y MOJIOYHO-BOCKOBOH crenocth — 74,26 m 68,25 %, cooTBeT-
cTBeHHO. CieyeT OTMETHTh, 4To THOpUIBI Ha uToruiasmax A2, A3 u A5 3Ha-
YUMO HE OTJIMYAJIUCh MO OBOJHEHHOCTU OT OTIIOBCKOH (HhOpMBI B M3y4daeMble
(azpr Bereraruu. [Ipu 3TOM TOIBKO y THOpWAA HA IIUTOIUIA3ME AS TIOKa3areb
MpU3HaKa B I[BETCHHE OKa3ajcs HWXKE, 4eM y OTIOBCKOW ¢opmbl — 70,91 n
74,46 % cootBeTcTBeHHO. Tak, JOMHUHHPOBaHWE THOPUIOB 10 OBOIHEHHOCTU
OTMEUYEHO TOJBbKO B (ha3y BhIMEThIBaHHWE HAa OCHOBE muTomiasM A2 u AS5. B
ocranbHbIe (ha3el y THOPHUIOB Ha OcHOBe m3y4aeMbIX TunoB [[MC Habmrona-
JIOCh MIPOMEKYTOYHOE HACIICIOBAHUE MTPU3HAKA (PHLC.).
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JlnTeparypa

Drought stresses on seed germination and early growth of maize and sorghum / M. S. Quei-
roz, C. E. Oliveira, F. Steiner // Journal Agricultural Science. 2019. Vol. 11, N 2. P. 310-318.

Influence of Abiotic Stresses on Morphophysiological Characteristics and Biological Value
of Grain Sorghum bicolor (L.) Moench / O. P. Kibalnik, I. A. Sazonova, Yu. V. Bochkareva [et al.] //
International Journal of Plant Biology. 2023. Vol. 14. P. 150-161.

Kibalnik O. P. The influence of meteorological conditions on the parameters of the water re-
gime of cms-lines sorghum leaves // Polythematic Online Scientific Journal of Kuban State Agrarian
University. 2023. N 190. P. 21-27.

Recent Advances in Sorghum Genetic Enhancement Research at ICRISAT / A. A. Kumar,
D. V.S. Reddy, H. C. Sharma [et al.] / American Journal of Plant Sciences. 2011. Vol. 2. P. 589—-600.

Reddy P. S., Patil J. V. Genetic enhancement of Rabi Sorghum: Adapting the Indian Durras.
London: Academic Press, 2015. 248 p.

COBEPIIEHCTBOBAHUE TEXHOJIOT MU MOJYYEHUS
YJIBOEHHBIX TAIIJIOUIOB MACJIUYHOI'O PATICA
C HEJIBIO MMOJIYYEHUS T'EPBULAIOLCTOMYNBBIX
DH-JIUHUM

E. B. Ko3aps, E. A. Jlom01uaec

DezepalibHbIl HAYYHBIH [EHTpP OBOIIEBOACTBA, OMHI[OBO
koz.lenodek@gmail.com

Paric — 370 TpaBsiHHCTOE pacTeHHe ceMeiicTBa KamycTHble (Brassicaceae L.),
OH SIBJIACTCS AIOTeTparutonaoM (2n = 38) ¢ aByms reromamu A u C, u mpo-
M30IIeT OT MEKBHIOBOIO CKpeluuBaHus Brassica campestris L., moHopa rexo-
Mma A, u Brassica oleracea L., nonopa resoma C. I'eHOM A uMeeT AecsITh Xpo-
MocoM, a TeHoM C — neBarthb [Imidazolinone-Tolerant Crops ... , 2005]. Parc
SIBISIETCS BAKHOM MAcCIMYHON KyJIBTYpOH BO BCEM MHpE, €r0 IPOHM3BOJICTBO
pacteT rof ot roja.

OnHuM W3 BaXHEHIINX MapaMeTpoB, OMPEACIIONINX PEHTAOCIBFHOCTD
BBIPAIIMBAHUS parca, SBISETCS ero ypoxaiHocTh. Ha ypoxaiiHOCTh JaHHON
KyJIbTYPBI BIMSIET MHOXKECTBO (DAaKTOB, B TOM UHCIIE 3aCOPEHHOCTbH TOJICH cop-
HSIKAMH, KOTOPbIe KOHKYPHPYIOT C PAlicOM 3a COJIHEYHBIH CBET, BOJIY, IHTa-
TEJIbHBIEC BELIECTBA B MOYBE U (PU3MUECKOE IMPOCTPAHCTBO B IMOJIEBBIX YCIOBHU-
SIX, 4TO TIPEJCTaBISIET COOOH Cephe3HyI0 MPOOJIEMy M OTPAaHMYMBACT YpOXKai-
HOCTh JJAHHOW KYJBTYpPHI, CHIDKas ee Ha 23—64 % 1o CpaBHEHHUIO ¢ KOHTPOJIS-
mu ©Oe3 copHskoB [Bijanzadeh, Naderi, Behpoori, 2010; Synergistic
Mutations ... , 2020]. C apyroi cTOpOHBI, HATNYHE COPHAKOB YXYIIIACT Kade-
CTBO CBIPbSI, TaK KaK HAJIMYHME CEMSIH COPHSIKOB CPE/IN parca CHHKaeT KauecTBO
Macia W 3aTpyaHseT ero nepepaboTky. Co3gaHne yCTOMYUBBIX K TepOUIiIaM
COPTOB M 'MOPHIOB parica SBISETCS] IPHOPUTETHBIM HANPABICHUEM CEJICKIIUH,
KakK oauH u3 HambOoiee 3(P(PEeKTUBHBIX MHCTPYMEHTOB OOPBOBI C COpHSKAMH
[Imidazolinone-Tolerant Crops ... , 2005]. ['epOuiuabl, K KOTOPHIM BBIBE/ICHEI
ycToituuBbie (JOPMBI parca MOXKHO Pa3JeIuTh Ha LIECTh IPYIIL: TIIIO()OCHHATEI,
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rudocatel, OpOMOKCHHHIIBI, UMHUIA30JIMHOHBI, TPHA3HHUHBI U CYIIb()OHUIMO-
gyepuHB! [Goncharov, Gorlova 2018]. Pamc ycToiumBeId K UMHIa30IHHOHAM,
TpUa3WHUHAM H CYJb(OHIIMOYECBUHAM OBUI BBIBEJCH MYTEM TPaIHIIUOHHOMN
CEJICKIIMM PACTEHHM, YTO MPUBIEKATEIBHO /Ul CTpaH, TJe 3alpelicHO BhIpa-
mmBanne MO kyneTyp. IMua3onnHOHOBas TpyIIa TepONINI0B IIPHBIICKa-
TeJNbHA HE TOJBKO TOTOMY, YTO YCTOHYMBOCTh K HEW MOSBHIACH 0€3 pelaKTu-
pOBaHUs TE€HOMA, HO M BBUY HU3KOH TOKCHUYHOCTHU 3TOW TPYMIIbI TepOULINIIOB
JUT MJICKOTIMTAONINX W HU3KUX HOPM BHeceHWs. VMuaa301nHOHOBEIE repOn-
IUABl ObLTH pa3padoTaHbl B 1980-X IT., yCTOHYMBEBIC cOpTa U THOPHIBI K HMH-
JIa30JINHOHOHAM KOMMEPIHMAIU3UPYIOT MOl TOPrOBOM MapKOil MpOU3BOJICTBEH-
Hoii cuctembr Clearfield® («uuctoe mone») [Goncharov, Gorlova, 2018], B
Ha3BaHMUAX COPTOB WM THOPHIOB yKas3bIBaeTcs abOpeBmarypy «CLy». Mmnmazo-
JIMHOHBI OTHOCSITCSA K OJHHUM H3 IISTH XUMUYECKAX CEMEHCTB repOUIIIOB, HH-
rubupyronmmx AHAS. Aneronakrarcuarasza (ALS unun AHAS) sBisiercst kiro-
9eBBIM (PEPMEHTOM I OMOCHHTE3a aMHHOKHCIIOT C PAa3BETBICHHOH IEMbio0. Y
MaCJIMIHOTO parica ObIIO 3aperHCTPUPOBAHO MATH JIOKycoB AHAS. Tpu noky-
ca: AHAS2, AHAS3 u AHAS4 mpoucxoasar u3 reHoma A, 1Ba JOKyca:
AHAS1 u AHASS npoucxonsat u3 reroma C [Molecular Characterization ...,
1991]. 3 uux rensr AHAS] u AHAS3 KOHCTUTYTHBHO JKCIPECCUPYIOTCS U
KOJUPYIOT OCHOBHBIC akTUBHOCTH AHAS, HeoOXomumble UIS pocTa W pa3BH-
tus B. napus. MyTauuu UMEHHO B 3THUX I'€HaX U ONPEACIAIOT yCTOMYUBOCTH
MaciuyHoro pamnca k umunazonmHonaMm  (BnAHASIR  (Ser653Asp),
BnAHAS3R(Trp574Leu)) [Kozar, Domblides 2024]. Hammume naxke omHOH
MyTallM{ y’Ke 00eCleunBacT HEKOTOPYIO CTEICHb YCTOHYMBOCTH parca K UMU-
JTA30JIMHOHAM, OJHAKO Ui MPOMBIIUIEHHOTO MPOU3BOACTBA BAKHO UTOOBI
YCTOMYMBOCTH OBLTa OYEHb BHICOKOH, YTOOBI NMPH BapbHPOBAHMH O0PaOOTKH
repOuIIamMu ObLTA TIOJNHAs YBEPEHHOCTh, YTO PAIlC HE MOBpPEIUTCSA. BBuIy
3TOTO, I KOMMEPYECKOTO UCIIOIB30BAHUS MPEANOYTUTEIbHBI (HOPMEI ¢ 00e-
UMH MYTalUsIMH OJHOBPEMEHHO, TaK KaK OHM OKAa3bIBAIOT CHHEPTEeTHYECKHUH
3 PEKT B OTHOIICHUH YCTOWYMBOCTH, B TOM YHCIIE, OBUIO MMOKA3aHO, YTO JIaH-
HBIC MYTallMd MaKCHMAJIbHO 3((EKTHBHBI B TOMO3UTOTHOM COCTOSHHH ajlie-
Jei. BBy 3TUX acreKkToB BeJEHUE CEJIEKIIMU Ha yCTOMYMBOCTh K UMUA30JIH-
HOHOB 0e3 npumeneHus: DH-TexHomoruii 3aTpyiHeHo.

OpHako pamnc XOpouo OT3bIBUMBas KyibTypa kK DH-texnomorusim, uro
MTO3BOJISICT MOIYYUTh C 5 OYyTOHOB COTHH, & HHOTAA U THICSYH YMOPHOHIOB, YTO
IPUBOIUT K TOMY, YTO HEBO3MOXKHO BECTH pabOTy MO BCEM MOIyUUBIIUMCS
TEeHOTHIIAaM W €Ile Ha 3TOM dTare OoJbIlas 4YacTh IEHHOTO MaTepHaia He
BKITIOYAeTCS B JAIbHEHIIy0 padoty. C Apyroil CTOpPOHBI, MaTepual, KOTOPBIH
mouies B paboTy He ObUT 0TOOpaH IO MPU3HAKY YCTOWYUBOCTH U IaHHBIA 0TOOD
MIPEACTOUT MPOBECTH JHOO C TIOMOIIBI0O MapKEPHOH CEIEeKINH, KOT/1a SMOPHO-
UABI TOPACTYT IO TAKOTO COCTOSHHMSA, YTO OyAeT BO3ZMOXKHBIM OTOOpATh MaTe-
puai, Jubo, €CIM HET TEXHUYECKOW BO3MOMKHOCTH 110 MapKEPHOW CEJICKIINH,
0TOOp IO MPU3HAKY YCTOMYMBOCTH HMPOBOAAT HA MO3JHHUX 3TAlax OHTOTEHE3a
pacTeHus, 4TO BIEUeT 3a cOOOM OOJbIINE BPEeMEHHBIC M TPYMOBBIC 3aTPATHI.
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[TosTOMY OYeHB Ba)KHO HAWTH CIIOCOO 0TOOpa IMOPHUONIOB TaIIONIHOTO MPO-
HCXOXKICHUS HA CaMBIX PaHHUX ATalax, HalpuMep, Ha CTaIHd MHIYKIUH M-
OpuoreHesa.

Hamu ObuT MpOBEAEH OMBIT MO TMOUCKY JKUAKHX WHIYKIIMOHHBIX CENEeK-
TUBHBIX CpeJ I MHKpoctiop. Beuto mokaszaHo, 94To mo0aBiieHHe repOnnnia B
KHUIKYI0 THTATCIbHYIO CpeAy JUIi HHAYKIHMH 3MOpPHOTreHe3a CYIIECTBCHHO
BIMSET Ha YPOKafHOCTh IMOPUOUIOB, TaK AOJS BIUSHUA (aKTopa 100aBICHHS
repOuIIIa B MUTATEIBHYIO CPeTy Ha YPOKaiHOCTh IMOPHONIOB COCTABHIA OT
33 1o 43 % B 3aBUCHUMOCTH OT I'€HOTHIIA, AOJISI BIUSHUS I€HOTUIIA COCTaBUJIA
49 1 20 %, a 107 BIVMSIHUS B3aUMOJICHCTBUS TeHOTHIT* 00padOTKa repOHIUIOM
coctaBmia 15 u 35 % B 3aBHCHMOCTH OT JIMHEHHOTO pa3Mepa OyToHOB. Jlo0OaB-
nenre 50 Mr/m umo3amokca (TepOuIUa WANIA30JIMHOHOBOM TPYIIITBI) ITOJHO-
CThIO HHTHOHMPOBAIIO pa3BUTHE SMOPHOHUIOB JaKe Yy CEICKIIMOHHOTO 00pasiia,
B3STOrO B KauecTBE CTaHIApTa YCTOWYMBOCTH. DTU JIaHHBIE JIEMOHCTPUPYIOT
BBICOKHI TTOTSHIIMAT MCITIONB30BAHMUS CEJICKTHBHBIX HHIYKIIMOHHBIX CPEJ ISt
paHHero orbopa TCHOTHIIOB Ha NPU3HAK YCTOHYMBOCTH K repourmmam. B
Hacrosiiee Bpemst DH-pacTeHus, moirydeHHbBIC Ha CEJICKTHBHBIX Cpelax, JAopa-
[IUBAIOTCSI B KOHTPOJUPYEMBIX YCIOBUSAX Sl TOMYYEHHs] MX CEMEHHOTO
ITOTOMCTBA, JJIS €0 JaTbHEHIIEro TeCTHPOBAHMS Ha YCTOHYMUBOCTH K TepOHIH-
JIaM C [EJIBI0 BaJTHIAINH MOTyYeHHBIX (DCHOTUITHICSCKUX JTAHHBIX C JTAaHHBIMH I10
CEJIGKTHBHBIM CPEJIaM M Olpe/iesieHnIo Hanbosee 3()(eKTHBHOTO COCTaBa CeJIeK-
THBHOMW CpeJIpl UTA 1eneii 0T00pa pacTeHUH Ha YCTOMYMBOCTD K TepOHIIHIAM.

Hccnedosanue gvinonneno 3a cuem epanma Poccuiickoco nayunoeo ¢omu-
0a Me 23-76-01070, https://rscf.ru/project/23-76-01070/.
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CEKBEHUPOBAHUE U AHHOTUPOBAHHUE
XJIOPOIINTACTHOI'O TEHOMA PEJIKUX U MAJION3YUYEHHBIX
BUJOB NINEHUI PAJA TURGIDUM-AESTIVUM

A. P. Kyayes, P. T. MaTauszos, A. B. YUemepuc

Wncrntyt 6noxumun u reHetukn Y OUL[ PAH, Yda
kuluev.azat91@yandex.ru

Bo MHOTHX 9acTsAX 3eMHOTO ITapa OJHOW M3 OCHOBHBIX XJICOHBIX KYJIBTYpP
SIBJIIETCS MILEHULIA, IPUYEM PAa3HbIE €€ BUJbI, HEKOTOPBIE U3 KOTOPBIX Mallo-
n3ydeHsl. [103ToMy BHONHE OOBSICHUM HENPEXOISIIHA HHTEPEC K ITHM BaX-
HbIM JJI NPONUTAHMs 4YeJoBeuecTBa 31akaM. Jloiaroe BpeMs UCCIEAOBaHUS
MIICHUIEBBIX OTPAHUYHUBAINCH TONBKO OOTAHWYECKUMH ONHCAHHUSMH BHUJIOB.
JIuwp croneTre Haza] MUTOJIOTMYECKHE UCCIIEI0BAHUS [T03BOJIMIIA YCTAHOBUTD
YPOBHH IIJIOMIHOCTH Pa3HBIX BUJOB, UTO MPHUBENO K JIydyllleMy TOHUMAHUIO UX
CHCTEMAaTHKHU U TIEPEBEII0 NCCIICOBAHUS MIICHUICBBIX HA HOBYIO CTYTICHb. 3a-
TeM J00aBMINCh OMOXMMUYECKHE M MMMYHOXHMHUYECKHAE METOJIBI, TTO3BOJINB-
IIMe MPUOIU3UTHCS K BBIACHCHUIO POJCTBA M CHCTEMATHYCCKOTO TOJIOKCHHS
MIIEHUIl ¥ UX JUKUX coponmuei. Hactynusmmii XXI B. Gmaromaps mosBUB-
LIMMCS BBICOKOIIPOU3BOJUTEIBHBIM METOAAM IOJHOI€HOMHOI'O CEKBEHHUPOBA-
HUS M03BOJIMJI OTBETUThH HA PAJl BaKHBIX BOIIPOCOB IPOMCXOKACHUS U BOJIIO-
LY MIIEHUII, OJJHAKO YTOOBI YBEPEHHO F'OBOPUTH O JIOHOPAX BCEX CyOreHOMOB
MOJHUIUIONIHBIX (DOPM MIICHUI] TPEACTOUT NMPOUTH emie Hemamblil myTs. Ceil-
4ac CYMTACTCS OOLICHIPUHSATHIM, YTO MOJHIUIOUAHBIC MIICHUIBI poaa Triticum
UMCIOT TU(PHUICTUICCKOE MPOUCXOKICHHE U (POPMHUPYIOT OO0 JIBA MOIHILIO-
UAHBIX psga — turgidum-aestivum u timopheevii-zhukovskyi, B KOTOpBIX €CTb
KaK TeTparIouIHbIe, TaK M rekcartonaHsie Buas! [Konapes, I'aBpuirox, Mu-
rymoBa, 1974]. OIHUM W3 OCHOBHBIX OTIMYHMI MEXIy dTUMHU PSAaMH HA TET-
PAIIOUIHOM YPOBHE CITY)KHT MAaTCPHHCKUI 3THIIONCHBIA cyOreHoM, 0003Haya-
MBIl JUII HUX COOTBETCTBEHHO, Kak B um G, ¢ HamOoibliell BEpOSTHOCTHIO
npuHamiexanmii Ae. speltoides nim 6nmM3koMy K HeMy BHIY — JIMOO 10 CHX
mop He 00HapyKEHHOMY, JIN00 yxKe BeIMepiieMy. OIHAKO B HACTOSIICE BpeMs
CJIOXHJIACh CUTYals, YTO BEKOBOW CIOp O MPOUCXOKJICHUHM MAaTEPUHCKOTO
cyOreHOMa TETPAIUIOMIHBIX MIIEHUIl U (PUIOTEHETHUYECKOrO POACTBA Pa3IHd-
HBIX BHJIOB TETpPa- U I€KCAIUIOUAHBIX MILEHUI] 10 MAaTEPUHCKON JINHUU MOXKET
OBITh pa3pelieH C MOMOMIbIO BBICOKOIPOU3BOIUTEIBHOTO CEKBCHUPOBAHUS,
[IO3BOJIAIOLIET0 OTHOCUTENBHO JIETKO OIPEIEIATh IOJIHBIE [OCICN0BATEIbHO-
CTH XJIOPOIIACTHBIX '€HOMOB, IIOCKOJIBKY OHHU KaK Pa3 HacJIeAyOTCs 110 MaTe-
puHCKON JUHUHU. [TpH 5TOM IPOU3BOAMBILEECS paHEE CEKBEHUPOBAHUE OTEIb-
HBIX XJIOPOIUIACTHBIX T'CHOB HIJIM TOJIKO MX HEOOJBIINX yYacTKOB HE aBalio
HEOOXOMMYIO HCUEPIIBIBAIOIIYI0 MWH(POPMAIHIO W HE MOXKET 10 TOYHOCTU H
[IOJIHOTE aHaJIM3a CPABHUTHCS C JAaHHBIMH ITOJIHOTEHOMHOI'O CEKBEHHPOBAHUSI.
[TosToMy Li€NbI0 HALIETO MCCAEA0BAHUS SIBUIOCH CEKBEHUPOBAHME U aHHOTHU-
POBaHHE MOTHBIX XJIOPOMIACTHBIX TEHOMOB MAJIOU3Y4EHHBIX U CIIOPHBIX BUIOB
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MIIeHNIEBLIX. JlaHHas paboTa BBITIONHIETCS B pamkax npoekrta PH® «dwumo-
TCHETHYCCKHE B3aMMOOTHOIICHUS OTICIBHBIX BUIOB IMIICHHYHO-3THIONCHOTO
KOMIUIEKCA pa3HbIX ypOBHEH IUIOMAHOCTH 4epe3 MPU3MY HX IIOJHBIX XJIOPO-
IUIACTHBIX TEHOMOB C NPHIETIOM Ha mpoucxoxaeHne B- u G-cyOreHoMoB 1o-
JUTUTONIHBIX  (opM mmeHwun JuHWE turgidum-aestivum wu timopheevii-
zhukovskyi». B pe3ynbprate BBIIONHEHHS POEKTA BO BTOPOH r'oJ MCCIIEIOBA-
HUsI OBUIM CEKBEHHMPOBAHBI B OOIIEH CJIOXXHOCTHU IIOJIHBIE XJIOPOILJIACTHBIC Te-
HOMBI 5 BHJIOB MIIIEHUYHOTO-3THIIONICHOTO KOMIUIEKca psijia turgidum-aestivum —
T. polonicum, T. turanicum, T. aethiopicum, T. persicum, T. vavilovii. B nepsbrii
roJ1 Uccie0BanHust OblIa BhIsBIeHa Onu3ocTh T. militinae mo xmopormiacTaomy
reHomy K T.turgidum u T. aestivum. ITo momy<YeHHBIM TaHHBIM MOXKHO TPE/I-
MoJI0kKTh, uto T. Militinae seisercst rubpumom T. persicum u T. timopheevii,
MIpUYEM TIePBBIH BUJI SBUJICS MaTEPHHCKOW (OPMOI. DTOT BBIBOJ MOXKHO Clie-
naTh, HCXOMs U3 OoJee GIM3KOr0 POICTBA XJIOPOILTACTHOTO TeHoMa T. militinae
¢ BUAamHu psiia turgidum-aestivum, K KOTOpOMy OTHOCHTCS T. Persicum u mo
JMaHHBIM CKpemuBanus 1. persicum c T.timopheevii. C BbICOKOI BEepOSTHO-
CTBIO 3TH CBEIICHHS YKa3bIBAIOT Ha €¢ pPyKoTBOpHOe co3nanue A. P. Kebpakom
B 1930-1940-x rr., mpOBOAUBIINM pA3IUYHBIE CKPCIIUBAHHUS C Yy4acTHEM
nmeHunbl TumodeeBa, B TOM 4HUCle ¢ OSIOKOIOCOM, KPaCHOKOJIIOCOU U 4ep-
HOKOJIOCOW (hopMaMu MIeHHIBI T. PErSICUM, KaK B KayecTBE MaTEPUHCKOIA,
TaK M OTHOBCKOH ¢opm — T.persicum v. Stramineum x T.timopheevii;
T. Timopheevii x T. persicum v.rubiginosum; T. persicum v. fuliginosum [Xe-
Opak, 1944]. IIpu 3TOM celdac CyIIeCTBYIOT O€IOKOI0cas U YepHOKoIocast Gop-
Mol T. militinae, mo Bceii BUANMOCTH, SIBISFOLIMECS UMEHHO TEMU THOpUIaMu.

B HacTosmuil MOMEHT MBI IPOBOAUM OHOMH(GOPMATHUECKUH aHATU3 U
AQHHOTHPOBAHUE HYKJICOTUIHBIX MOCIEI0BATENLHOCTEH XJIOPOIJIACTHBIX TEHO-
MOB 5 MaJIOM3y4YeHHBIX BHIOB psja turgidum-aestivum. /laHHBIC, TOTyYCHHBIC
B XOJIC BBIMOJHEHUsI MPOEKTA, MO3BOJISAT BOCCO3MAaTh 00Jice MOJHYI KapTHHY
(UIOreHeTHYECKUX B3aUMOOTHOUICHUH B IMIIEHUYHO-OIMIIONICHOM KOMILIEKCE
1 JagyT BO3MOKHOCTH TPOSICHHUTH IIETIBIH PSAI CIIOPHBIX MOMEHTOB X CHCTE-
MaTHKH.
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BBEJIEHUE SHIEMHUKA IEHTPAJIbHOM SAKYTUA
THERMOPSIS LANCEOLATA R. BR. SUBSP. JACUTICA (CZEFR.)
SCHRETER B KYJIbTYPY IN VITRO

E. B. Kyuaposa, 10. A. Eropos, /I. E. Kcenopounros,
A. II. 3a6oaonukasn, K. M. Ox;10nkoBa
CeBepo-Bocrounslii ¢enepalbHblil yHUBEpCUTET, SIKYTCK,
oleneek@mail.ru, egorov.y.a@s-vfu.ru, darkhan2001@list.ru
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CoxpaHeHue Onopa3sHOOOpa3ust SIBISETCSA OJHOM U3 TIABHBIX MPOOIEM CO-
BPEMEHHOTO MHUpA B BUY HAPACTaHWS M3MEHCHHH KINMATHIECKUX (DPaKTOPOB H
AQHTPOIIOTEHHOTO BO3/eicTBHA. B 0000 OIMacHOM MOJI0KEHUU HAXOIATCS pell-
KM€ U HCUE3alole PACTeHHsl CeBEPHBIX U apKTUYECKUX TEPPUTOPHH, IIe UIAET
aKTHBHOE TNPOMBIIUICHHOE OCBOCHHEC U BHEAPECHHE HOBBIX BHUJOB JOOBIYM H
npou3BocTBa. OIHUM M3 pelKuX BUIOB pactennii PecryOmuku Caxa (SIkyTwst)
sBisiercst sHAemMuk Llenrpansroit Skytum — Thermopsis lanceolata jacutica.
Tepmoncuc AKyTCKUI IMpeACTaBIsAeT cOO0M MHOTrOJETHEEe pacTeHHE, 3aHECEH-
Hoe B KpacHyto KHUTY SIKyTHH IO KaTETOPHH M CTATyCy PEIKOCTH «2 a» Kak
MOJBHJI, YACIEHHOCTh KOTOPOrO COKpAIaeTCs B Pe3yJbTaTe paspyLICHUs Me-
crooburanmii [KpacHas kuwra ... , 2017]. Bun pacnpoctpanen Ha JleHo-
AMTUHCKOM MEXAypeubd, Tpou3pacTaeT B OONBIIMHCTBE CIy4aeB Ha
OCTCTTHEHHBIX JIyTaX 1 CKIOHAX, CEMEHA 3aBs3bIBACT B HEOOJIBIIOM KOJIMYECTBE
[Bopucosa, Janunosa, MBanosa, 2011]. TpaBa Tepmorncuca sIKyTCKOro akTHB-
HO coOupaercs Ha JICKApCTBEHHOE CBIPbE, COAEPKHUT ankaiouasl 1o 2,7 %
[Maxkapog, 2002].

Heapr u 3agaum. llensio pabGoThl sABIAETCS BBeAeHHE dHAeMuKa LleH-
tpanbHO#t Skytum Thermopsis lanceolata jacutica B kymsrypy in vitro. [lis
3TOTO HAMH PEHIATHCH CIEAYIOIINE 3a1auu: pa3paboTaTh MPOTOKOJ CTEPHIIH-
3aI[MK CeMsH, BBIIIOJHUTh MHUIHALMIO 1100eroodpa3oBanus in Vitro Ha ocHoBe
OTOOpaHHBIX AKCIUIAHTOB, BBIIOJIHUTh MHUINALHUIO KaJUTyCOr€HE3a, BBIICIUTH
u npoananusupoBats kauecTBo JIHK u3 00pa3noB kamtyCHOM TkaHU Tep-
MOIICHCA SIKYTCKOTO K MOCJICAYIOIEMY H3Y9IeHUIO TeHETHUCCKOH CTaOMIbHOCTH
MPU BBE/ICHUH 00BEKTa UCCIIEIOBAHMs B KyIbTYpY iN Vitro.

Marepuas u metobl. CeMeHa TepMoIcrca IKyTCKOTO ObIIIM COOpaHbI Ha
teppuropuu 6oranndeckoro caga MBIIK CO PAH B asrycte 2023 r. Pa3pa6o-
TaH U anpobupoBaH >PPEKTUBHBII MPOTOKOT CTEPHIIN3AIMN CEMSH: MEPBOHA-
JajibHO CeMeHa 00pabaThiBasl 5%-HBIM PAacTBOPOM THIOXJIOpHIA HATPHUS B
TedyeHue 10 MUH ¢ MPOMBIBKON JTUCTWIIMPOBAHHOM BOJON TPUMKIBL, 3aTe€M 00-
pabortanu 70%-HBIM 3TUJIOBBIM CIHPTOM B TEUCHHE 3 MUH C HOCIEAyHOIIEit
TPEXPAa30BOH IPOMBIBKON NPOCTEPUIM30BAHHON IUCTHIIMPOBAHHOM BOJIOM.
OOpaboTaHHBIC CeMEHA BBHICA)KMBAIM B CTCPHIBHBIX YCIOBHSX Ha IOArOTOB-
nenuble yaiky [lerpu ¢ nurarensHoii cpenoit MC 6e3 GuToropMoHOB, 1O MSTh
CeMsIH Ha 4amky. [IpopaniuBanue ceMsiH MPOBOAMIN B TEMHOTE NPHU KOMHAT-
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Holt TemriepaType. [Tociie mpoxIeBBIBaHNS CEMSIH YaIIKU MTEPESHOCHIIN B YCIIOBHS
¢urocTemIaxka co CBETOANOIHBIM OCBellleHHeM Ha (otonepuon 16/8. Ha 60-¢
CYT. IPOpPAIIMBAHUS HA IPOPOCTKAX MOSABIISINUCH 70 4—5 HACTOSIIUX JHCTHEB.

YacTs IPOPOCTKOB TEPMOIICHCA SKYTCKOTO ObljIa MCTIOIB30BaHA JIST HHH-
nuanuu moderoodpa3oBaHMs C Iepecagkoi Ha mUTaTensHyio cpexy MC ¢ mo-
6aBnenuem | mr/n 6-6ensmnamunonypuHa (BAIT). Ha nucToBBIX 3KCIIIaHTax
13 BTOPOH MOJOBUHBI MPOPOCTKOB OBUT MHUIIMUPOBAH MEPBUUHBIN KaJuTycore-
He3 Ha mHTaTenbHoi cpexe MC ¢ nobasnennem mo 1 mr/m BAIT u 1 mr/n 2,4-
TUXJI0OpPEHOKCUYKCYcHOM KucaoThl (2,4-J1). Ilpu stom B kaxnayro 4. Iletpu
MOMEINANU I10 ISATh JHCTOBBIX JKCIUIAHTOB. KyNbTHBHpOBaHUE MPOBOIMIN B
TEMHOTE IIPU KOMHATHOH TeMIeparype.

Brinenenune renomuoit JIHK mpowsBonunm w3 KalulyCHOM TKaHW Tep-
MOIICHCa SIKYTCKOTO HaBeckoil B 150 Mr ¢ momombto Habopa Hi Pure HP Plant
DNA Kit. KayecTBeHHBIN W KOJIMYECTBEHHBIM aHAIM3 BBIACICHHBIX 00pa3iioB
JHK mpoogumun Ha cnektpodoromerpe SPECTROstar Omega (BMG
LABTECH, T'epmanusi) ¢ mukporutanmierom LVsplate m Ha doyopumerpe
Qubit 2.0 (Invitrogen, CILA). Beigenennsie o0pasisl JJHK xpassatcs mpu
—38 °C B 1a00paTOPHOM MOPO3HUIIBLHHKE.

Pe3yabTaTsl uccienoBanus. Pazpaboran u anpobupoBan 3¢(deKkTHBHBIHA
MIPOTOKON 00PabOTKH CEMSH PEIKOr0 BHIA PACTCHHS TEPMOIICHCA SKYTCKOTO
JUISL BBEJICHUS B KyJbTypy llomydueHsl cTepuibHbIe IPOPOCTKUA 0OBEKTA UCCIIe-
JIOBaHMS C M3yUYCHWEM JHHAMHUKH POCTa B YCIOBHsX iN Vitro. ITomyueHs! mep-
BHYHBIC KaJUTyCHBIE KYJBTYPHI KJIETOK TEPMOIICHCA SIKYTCKOTO Ha 14-ble CyTKH
IIOCJIe MOCAJKH JIMCTOBBIX IKCIUIAHTOB Ha MUTaTeNbHYI0 cpeay MC ¢ mobasiie-
HueM ¢uroropmonoB BAII u 2,4-J1. IlepBuuHble KawIychl 00Jagaadl CBETIO-
JKEJITOM OKPACKOW U UMENN PBIXJIYIO MATKYIO CTpyKTypy. IlosyuenHsle Bapu-
AHTHI TIEPBUYHBIX KaJUTyCOB TEPMOIICHCA SKYTCKOTO OBLIH IepecakeHbl Ha ITH-
TatenbHbie cpensl MC ¢ no0aBiIeHUEM pa3inYHbIX KoHueHTpanuil 2,4-/1, BAIL
U 0-HAQTUIYKCYCHON KHCIOTHI AT HM3Y4EHHUs TUHAMUKH pOCTa OHOMAcCHI
KaJUTyCOB M O0TOOpA ONTHMAJIFHOTO COCTaBa IUTATEIBHOW CPEMbl Ul TOTyde-
HUS CTaOMIIBHO PAacTYUIMX KaJUTyCHBIX KyJbTyp. 3 BOCbMH BapHaHTOB 00pas3-
L[OB KaJUTyCHOM TKaHU TEpMOIICHCa SKYyTCKOro BeliAeneHsl reHoMHsle JJHK c
COOTHOIIIEHHEM ONTHUYECKHUX TUIOTHOCTEH, MmoiydeHHbIX mpu 260/280 uwm, 1,8—
2,1 1o 460 ur/mir.

3aka0oyeHne W MePCHEeKTUBBI McciaenoBanmus. HacTosiee uccnemopa-
HUE T03BOJIIJIO BIIEPBbIE BBIIIOIHUTH BBEJCHUE PEIKOTO BUA PACTEHUs, JH/IE-
muka Llenrpanproit SAxytum Thermopsis lanceolata jacutica, npencraisito-
IIET0 WHTEPEC B KAYECTBE PACTUTEIHHOTO JICKAPCTBEHHOTO CHIPHS, B KYIbTYPY
in vitro. B HacTtosiiee Bpemsl BBIMOJIHSIOTCS dKCIIEPUMEHTHI M0 pa3paboTKe
ONTHMAJIBHONW MUTATEIBHON Cpeabl K MOMYUCHHUIO CTAOMIBHO pacTyIInX Kaj-
JMYCHBIX KYJIBTYP, W 3aJ0KEHBI Pa0OTHI K MOCIEAYIONIEMY H3YYEHUIO TeHETH-
YEeCKOH CTaOMJIBHOCTH TEPMOIICHCA SKYTCKOTO MPU MHUKPOKIOHAJIBFHOM pas3-
MHOKCHHU.
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Hccneoosanue svinoaneno ¢ Ceeepo-Bocmounom ¢edepanvrom yHueep-
cumeme 3a cuem epawma Poccuiickoeo Hayunozco gonoa Ne 22-14-20031,
https://rscf.ru/project/22-14-20031/.

Jlutepatypa

Bopucosa C. 3., lanunosa H. C., Banosa H. C. CocTosiHue neHonomysinuii saaemMuka Len-
tpasisHoit SkyTnn Thermopsis lanceolata subsp. jacutica (Czeft.) Schreter B okpectHOCTSIX T. SIKyT-
cka // Becrank CBOY um. M. K. Ammocosa. 2011. T. 8, Ne 4. C. 14-23.

Kpachas xuura Pecniy6nuku Caxa (Skyrus). T. 1: Peaxue u Haxonsiuuecs moj yrpo3oit uc-
4e3HOBEHUs! BU/bI pacTeHuil 1 rpu6os / o1B. pex. H. C. lanunosa. M. : Peapt, 2017. 412 c.

Makapos A. A. JlekapcTBeHHbIC pacTeHHs SIKyTUM M HEpCreKTHBbI X ocBoeHus. Hosocu-
6upck : M3n-so CO PAH, 2002. 263 c.

TEXHOJIOI'USI U3BJIEYEHUSA
BUOJIOTUYECKHU AKTUBHBIX BEIIIECTB
W3 JUCTHEB CMOPOIUHBI YEPHO

Bb. K. Jlamaxanosa, I'. I1. Jlama:xkanmoBa, J. B. CbIHreeBa

Bocrouno-Cubupckuii rocy 1apCTBEHHBIN YHUBEPCUTET TEXHOIOTHI U YIIPABICHHS
VYnan-Y 13, lamakhanova02@mail.ru

Pabora HanpapieHa Ha pa3pabOTKy 3((EKTUBHON TEXHOJIOTHH H3BIEYe-
HUS OMOJIOTHYECKH aKTUBHBIX BemecTB (BAB) u3 miucTeeB cMOPOIHHEI YEPHOI.
JI71st 3TOro MCIONIB30BAJICSI METOA 0OPAOOTKH PACTUTEILHOTO CHIPbS 3TAHOJIOM
[JTamaxanoBa, 2023; JlamaxaHoBa, CeiHreesa, Jlamaxkarnona, 2023].

Cwmopoauna yepras Ribes nigrum, u3sectHa CBOMMH MHOTOYMCIIEHHBIME
MIPEUMYIIECTBAMH JUTS 3I0POBBS UEIOBEKa, OOYCIOBICHHBIE NX (DPUTOXUMIYE-
CKUM cOCTaBOM. JIMCTBSI 3TOr0 PAacTEHMSI COAEPKAT MHOKECTBO OMOJIOTMYCCKU
AKTHBHBIX BELIECTB, TAKUX KaK BUTAMHHBI M OJIU(EHOIbI, KOTOPBIE BKIIOYAIOT
¢aBoHOUBI U NyOMIBHBIC BellecTBa. JJ0ka3aHO, 9TO BCE ITH COCTUHEHUS 00-
JAal0T aHTHOKCHIAHTHBIM JEHCTBHEM, KOTOPOE OTBEYAeT 3a MHOTOYHCICH-
HBIE TIPEUMYIIEeCTBA I 310poBbs [Phenolic compounds ... , 2015].

O0beKTOM HCCJIeI0OBAHMST OBbLIM B3SITHI JIMCTbS YEPHOH CMOPOAWHBI —
CHOMPCKHI TIPEJCTABUTEb CEMECTBAa KaMHEIIOMKOBBIX — Ribes nigrum L, co-
OpaHHBIC B KOHIIE aBrycTa — Hadajio ceHTs0ps 2023 1. Ha Tepputopun Peciry0-
nmuku bypsitus, UBonrunckoro paiiona B ¢. Hyp-Cenenue.

JIucThs IpeABapUTENIBHO CYyIIAT NMPU KOMHATHOH Temmepartype t=25+2 °C
0e3 TocTyma K COTHEYHOMY CBETY JIO OCTaTOYHOW BIAXHOCTH 5 %. Jlanee BbI-
CYLLECHHBIC JIUCThS YePHOW CMOPOANHEI M3MEIBYAIOT 10 yacTul d = 241 Mm.

CornacHO HEKOTOPHIM HCCIIEAOBAHMSAM, TeMIlepaTypa Hpolecca KCTpa-
THPOBaHMA BIMSAET HAa COJEpXKAHUE OHOJIOTHUECKH AaKTUBHBIX BEIECTB B H3-
BJICUCHUAX PACTUTEIHHOTO CHIPhsL. [I0CKONBKY TOBBIIICHHE TEMITEPATYPHOTO
BO3JICHCTBHUS CIIOCOOCTBYET pa3pymeHuio BuTamuHa C, Jrydie W3BJIEKaTh €ro
IPU KOMHATHOW TeMIepaTtype, a AyOWIbHbIC BElecTBA U (JIAaBOHOM/BI — MPU
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100 °C [JlamaxanoBa, 2023; JlamaxanoBa, CriareeBa, Jlamaxkamosa, 2023].
CrnenoBatenbHO, s u3BiiedeHnss bAB ObIIO MCMONB30BaHUE HECKOJIBKO pe-
KMMOB Mallepanuu. PacTBopsl TaHona ¢ pasnu4yHoi KoHUeHTpauuen (40 %,
50 %, 60 %, 70 %) UCHOAB30BAIUCH B KaUECTBE 3KCTPAreHTOB. MeTos IKCTpa-
rupoBanus — Matepanus. COOTHOIIEHNE ChIPhsI K KCTpareHTy coctaBmio 1:10.
INocne 3aBeprieHust mpomecca 3KCTPAKIUM SKCTPAKTHl (DHIBTPOBAINCH LIS
yJlJICHHS] HEPACTBOPHMBIX YACTHII, YTO TPUBEJIO K CO3JaHUIO YUCTOH BBITSK-
kH. B mosryueHHBIX BBITSDKKaxX ompenensnu sutamuH C Ha 3-e, 5-¢, 7-e u 10-¢
CyT. THTPHUMETPHYECKHIM METOJOM C 2,6-TuXI0p(heHONNHI0(DEHOIITOM
HaTpus. YCTAHOBIICHO, YTO B SKCTPAKTaxX HAaMOOIBIIMH BBIXOJ BHTamMuHa C
MIPOUCXOAUNT Ha 5-¢ cyT. mpu 50%-HOl KOHIIEHTpalUU ITaHOIA.

UToOB! BBIACHUTH BpPeMs KUIISTUCHHUS, IPH KOTOPOM M3BIEKAeTCsl OOJIbILE
SKCTPAKTHBHBIX BEIECTB, OCTABIINICS MIPOT MOCJIC W3BJICYCHNS BUTAMUHA 3a-
JIMBAJIN 3TAHOJIOM TEX € KOHIEHTPAIUi B COOTHOIICHHUH 1:15, ¥ KUNATHIN B
teuenne 30, 45 u 60 mun npu temneparype 100 °C. HanGousbinmii BEIXOA 9KC-
TPAKTHUBHBIX BEIIECTB COCTABIJI MPH KHUISTYCHUH B TedeHHe 60 MuH. DTOT pe-
KUM OBUI IIPUHAT JUTS IPOBEICHNS JaTbHEHIINX HCCIIEI0BAHNH.

Jst panpHeHINX nccaeoBaHui ObUIN B3STHI OCTAaBIIMECS IIPOTHI MOCIIE
9KCTpakiuu BUTaMuHAa C MPH PaslIUUHBIX PEKHMaX, 4TOOBI OMPEAETUThH CO-
Jep>KaHue JTyOMITBHBIX BEIIECTB M (DITaBOHOMIOB. AHANINW3 MCCIECIOBAHUS IY-
OWIJIBHBIX BEIIECTB IIOCIIE BTOPUYHOM SKCTPaKIUK MOKa3all, YTO HanOoJbIIee 13-
BJICUCHHE TIPUXOANTCS Ha 5-€ CyT. NpH 3KCTparupoBanuu 40%-HbIM 3TAHOJIOM, a
coziepkanue (h1aBOHOMIOB Ha 3-¢ cyT. ipu 70%-HOi 00pabOTKE CIMPTOM.

Tak Kaxk B IOJyYCHHBIX SKCTPAKTaX, B 3aBHCHUMOCTH OT PEXHMMOB, KOJIU-
4eCTBO M3BJIeUYeHHBIX BAB pa3nuuHbl, MO3TOMYy Ha 3aBEpIIAIOIIEM 3Tare
ocraBmvecs (QUIBTPATHI, MOJTYYCHHBIC XOJOIHOIM SKCTpakUUeHd IpH pa3iud-
HBIX PeKUMaxX U (GUIBTPAT MOCIE KUIITICHUS B TeueHne 60 MUH 00BbEIUHAIH, U
MIPOBOVIIN aHAIN3 TI0 OTPENICICHHIO CYMMAapHOTO COJCP)KAaHMI aHTHOKCH/IaH-
TOB B 00BbeMHEHHBIX Npobax. Hanbombiiee cymMMmapHOe copepKaHue aHTHOK-
CHJIAaHTOB MPOSBIIsAETCA HA 5-¢ cyT. mpu 50%-HOl KOHIIEHTPAILUK CIIUpTA.

ITo pesynpraTtam uccienoBaHUN OBUTH MOJOOPAHBI TAPAMETPHI H PEKUMBI
9KCTPAKINH, TP KOTOPHIX HAOIIONAINCH HAMOOJBIIee COepKaHNe BUTAMIHA
C u apyrux BAB [JlamaxanoBa, 2023], Takxe Obuta pa3padoTaHa TEXHOJIOTH-
yeckast cxema M3BiedeHus BAB W3 nHMCTbEB CMOPOIMHBI YEpHOH, MpejcTaB-
JICHHAS Ha PUCYHKE.

Pa3zpaborana TexHOIOTHS, KOTOpas Mo3BOJseT 3(PPEKTHBHO M3BIEKATh U
coxpaHaTth bAB u3 nucteeB cMOPOAMHBI YEPHOU. DTO OTKPBHIBAET HOBBIE IEP-
CHEeKTUBBI JUI CO3/aHMA (DyHKIMOHANBHBIX NMPOAYKTOB HAa OCHOBE YEpHOU
CMOPOJANHBL.
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JIncresa
CSMOpPOANHBL

HndpakpacHas cyka
l T ‘ ©=25+2°C, w=5%
N2
TIT 2 H3menbuenne (MEJILHUIIA)
d=1 mm
g I BP 1 ‘ IToaroroska 50% pacTBopa >TaHoja
DKeTparupoBaHne
TIT 3 (ruapomosty s 1:10)
T=120 1, t°=25+2°C
N3
DunsTpanus
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I TILS (rmapomoaye 1:15)

Dunbrpar

Kunsiaerme

TIT 5.1
t°=100°C , =60 mun
N2

OxnakaeHne

I BP 2 ‘ (n 54200

N2

I TI1 6 DusibTpanms

S

Boano-
crnupToBoii
sKCTPaKT

1BP3 ‘

CMmemmmBanue }“

Puc. TexHonmoruueckast cxema M3BJICUCHUs OMOJOTHYCCKH aKTHBHBIX BCIIECTB

U3 JIMCTHEB CMOPOJIMHBI UEPHOIL

Jlurepatypa

JlamaxanoBa b. XK., Csiareesa D. B., Jlamaxkanosa I'. I1. [Tog6op napamMeTpoB U pexUMOB IKC-
TpakOuy, AAar0mux MaKCHMaJTbHbIA BbIXO 6HOJ’IOFI/I‘ICCK[/I AKTHUBHBIX BCIICCTB M3 JIMCTHCB RibCS
mgrum // (DyHlIaMCHTaJ'IBHBIC 1 NIPUKIIAIHBIC HAYYHBIC UCCIICAOBAHUA: aKTyaJIbHBIC BOIIPOCHI COBPC-
MEHHOW HayKH, TOCTH)XCHUs M MHHOBAIMHM : €O. Hayd. cT. o matepuanam XIII MexmyHap. Hayd.-
npakT. KoH(., 15 nek. 2023 r., B 3 4. Y. 1. Va : HALL Becthuk nayku, 2023. C. 159-163.

Jlamaxanosa b. K. [Tosyuenue sxctpakra u3 uctbeB Ribes nigrum // IHHOBallMOHHbBIC HAYyY-
HbIE MCCIICIOBAHUS B COBPEMEHHOM Mupe : ¢0. Tp. Hayd.-HCCIEA0BATEIbCKUX PaboT 10 MaTepuaniaM
XV Bceepoc. konkypcea (25 nek.). Yda : HUL] Becthuk nayku, 2023. C. 28-33.

Phenolic compounds in blackcurrant (Ribes nigrum L.) leaves relative to leaf position and har-
vest date / M. Vagiri, S. Conner, D. Stewart [et al.] / Food Chem. 2015. Vol. 172. P. 135-142.
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CBsA3b UMMYHOTI'EHHOCTHU ABEHMHOB OBCA IOCEBHOT'O
C AJVIEJIBHBIM COCTABOM ABEHUWH-KOJIWPYIOIUX
JIOKYCOB

A. B. JIio6umosa, /I. U. Epémun, A. K. TayrekenoBa, M. H. ®omuna

HHUUCX CesepHoro 3aypanbs — pumman TromHL] CO PAH, TromeHb
ostapenkoav88@yandex.ru

OBec — eHHast CeIbCKOXO3SHCTBEHHAS KYJIBTYpa, IIMPOKO HCIOTIb3yeMast
KaK Ha KOPMOBBIE IIEJIM, TaK U JJIs MUTAaHUs YeIoBeKa. 3epHO OBca OoraTo He-
3aMCHHMBIMH aMHUHOKHUCIIOTAMH, BUTAMHHAMU TPYMIBL B, comep ut OobIiioe
KOJINYECTBO [-IMIIOKAaHOB. Bce 3TO TMO3BOMSET YCHEIIHO HCIOIB30BaTh 3Ty
KYJIBTYpY B LENAX AUETHYCCKOTO M (QYHKIIOHATIHHOTO MHTaHuA. B HacTosmee
BpeMsI HMHTEpEC K OBCY 3HAUUTEJIBHO BO3POC M3-3a €r0 TUIOAIEPreHHbIX
CBOWCTB — MPOIYKTHI U3 OBCSIHOTO 3€pHA CUUTAIOTCS OE€30MacHBIMHU IS YIIO-
TpeOyieHNs B MUYy I OOJBIIMHCTBA JIOJCH, CTpajaromux neinnakueil. Ile-
JIMaKus — MULIEBas aJIEprisl, BBIPAKAIOLIAsICs B HEIEPEHOCUMOCTHU IIFOTEHA —
3amacHoro Oelka IMIICHUIIBI ¥ POICTBEHHBIX el 37MakoB. OBEC OTIIMYAETCs OT
JPYTUX 37aKOBBIX KyNbTYp 3HAYHTEIBHO MEHBIIMM COJICP)KAHHEM 3alacHBIX
0eJKOB — aBEHWHOB M X CTPOCHHEM, TOM YHCJIE T€M, UTO B COCTAB 3THX Oel-
KOB BXOJUT 3HAYMTEIbHO MEHbLIE NPOJIMHA — AMUHOKHUCIIOThI, KOTOPAasl BbI3bI-
BaeT UIMMYHHBII OTBET B opranusme. OHaKo MoKa3aHo, YTO UMMYHOT€HHOCTb
oBca 3aBucHT 0T copta [Identification of Perspective ..., 2020]. ABeHUHBI OBca
HaCIIeTyIoTCsl OIOKaMH M KOHTPOJIMPYIOTCS TpeMs KIacTepaMH TeHOB, HMCHY-
eMBIMH aBeHUH-Koxupyrome Jokycsl (AKJI) Avn A, Avn B, Avn C. B aroii
CBS3U NMPHOOPETaeT BaKHOE 3HAYCHUE TOHUMAHUE 3aBUCHMOCTHU CBSA3HU TOKCH-
YEeCKUX CBOMCTB aBEHWHOB C KOHTPOJIMPYIOIUMH uX cuHTe3 amensmu AKJL
Lempro Harmeidt pabOTHI SBISUIOCH OINPECIICHUE CBS3W MMMYHOTCHHOCTH aBe-
HUHOB COPTOB OBCa IOCEBHOI'0, palloHUpOBaHHBIX B TroMeHCKOW oOusacTH, ¢
aJIIeTbHBIM COCTAaBOM aBEHUH-KOAUPYIOIIUX JIOKYCOB.

MarepuaJjibl M1 MeTOAbl. MarepuanoM A UCCIENOBAHUS IOCITYKUIU
copTa OBCa MOCEBHOr0, BKJIIOUEHHBIE B TOCYIAPCTBEHHBIN PEECTp CENIEKLNOH-
HBIX JOCTHKeHHH 1Mo TroMeHckoit obmactu B epuoj ¢ 1929 o 2024 r., a tak-
xe copt Pamyxsbni cenexmmn TromMHI[ CO PAH. Copra BelpammBanu Ha
onbiTHOM TIo7ie HUMCX CeBepnoro 3aypanbs — ¢pwman TromHI] CO PAH B
2022 m 2023 rr. [louBa omBITHOrO MOJISi — TeMHO-cepasi JjecHas. I[loromubie
ycnoBust 2022 u 2023 rr. cymiecTBeHHO OoTau4anuch: 2022 r. ObLI TEIUIBIM U
YMEPEHHO BIIaXXHBIM, a 2023 XapakTepu30BaJICsl CyXOU U )KapKOH oroaoi Bce-
ro BereTalMoOHHOro mnepuozaa. OnpenesieHue KOJIMYECTBA IUIIOTEHA B 3€pHE
MIPOBOJMIIM IO paHee OmMHCaHHOW Meroauke [JlroOmumosa, Epemun, ®ommuHa,
2023], ucnomp3oBann TecT-cucteMbl AgraQuant rimrotren G12 (Romer Labs,
Asctpust) ¢ aatutenoM G12. TecHOTY CBSI3M MEXIy 4acTOTOH BCTPEIaeMOCTH
amneneit AKJI u cogepkanneM IioTeHa B COPTAaX OLEHMBAIM C IPUMEHEHUEM
ko3¢ ureHTa panroBoii koppessiiyu CrimpMeHa.
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PesyabTaThbl. B pesyibrare mcciieJoBaHUH yCTaHOBIEHO, YTO COpTa OT-
JIMYAIIUCh TIO0 COJICPYKAHMUIO IIIOTEHA B 3¢pHE KaK JPYr OT Ipyra, Tak U B mpe-
Jienax OAHOTO copTa Mo rojaam (Ttad.).

Tabmuma 1
CopepixaHue ritoTeHa (MI/Kr) B copTax oBca 0ceBHOro ypoxas 2022-2023 rr.

CozeprxaHue IIIOTEHA B 3€pHE,
Ne
wa Copr MI/KT dopMyia aBeHHHa
2022 1 2023 r
1 [oGena 3,27 <LOD A2+11 B11 C2
2 30JI0TOM JOKIb 2,58 2,32 A2 B8 C2
3 Open <LOD <LOD All1B11C2
4 VY napuuk Y-883 2,78 <LOD A9 Bnew C3
5 Hupap 2,14 <LOD A2 B8 C2
6 CeBepsiHUH 2,69 <LOD A9+new B11+1 C3
7 Ckopocrneblii 5,73 2,53 Anew Bnew2 C3
8 Hapsimckuii 943 3,78 2,27 A5+2 B1+4 C1+2
9 TaexkHUK 3,56 <LOD A2+1 B8 C2
10 Actop 3,32 <LOD A2 B4 C2
11 Cenbma 2,26 <LOD A4 B4+1 C2
12 Meruon 4,79 2,50 A2+9 B7 C5
13 HoBocubupckuii 88 2,84 <LOD A2 B4 C2
14 TrOMEHCKHI roJI03epHBbIit 2,39 3,80 A2 B7 C3
15 Tanucman 3,38 10,50 All B4 C2
16 Otpana 6,01 3,11 A10+11 B4 C8
17 doma 5,02 2,91 Al1B11C8
18 Tobossik 7,48 <LOD A4 B8 C2
19 ParyxHblii 3,60 2,55 A2 B2 C6

[Mpumeuanue: < LOD — coneprkanue III0TEHA B 3epHE MEHbIIE TIpejea o0HapykeHus (Me-
Hee 2 MI/KT).

B 3epne ypoxkas 2022 r. MakcUMaJbHOE COAEpKAHUE TIIOTEHa OTMEUYEHO
B copre TobGomsak— 7,48 mr/kr, a B 2023-Mm— B 3epHe copra Tammucman
(10,50 mr/xr). B 2023 1. KOJTHYECTBO COPTOB, COMEPKAHUE TIIOTEHA B KOTOPHIX
OBIJIO HIDKE TIpejiesia oOHapyskeHusl, coctaBuiao 10 mT., Torna kak B 2022-m
1o100HOe OBbIII0 OTMEYEHO TOJIBKO Juisi copTa Opelt. BeposTHO, 3TO cBs3aHO ¢
Gonee GmarompusATHBIMHU MorogHbIMHU ycnoBusamu 2023 r. XKapkue u 3acymnumm-
Bble ycioBus 2022 r. MOTJIM TIOBIHATH HA OMOCHHTE3 PA3TUYHBIX (QpPaKIHiA
ABEHMHOB U NPUBECTH K MOBBIIIEHUIO COEPKAHUS UIMMYHOTEHHBIX OEIIKOB.

Jns Toro 4toOBl OMpPEAEIUTh B3aHMMOCBA3b MEXKAY HMMYHOTEHHOCTBIO
coproB u amiensmu AKJI npumennmm ko3¢ GHUINEHT PaHTOBOH KOPPENAINH
Crnmpmena. [[yist Bceli BBIOOPKH COPTOB OIpEieNieHa YMEPEHHas! TOJIOKUTEIb-
Hasl CBSI3b MEXJly COJIEpXKaHHEM IJIIOTeHa M ajutensamu jiokyca Avn C — xoad-
(unment koppensuun coctasui 0,50 u 0,57 8 2022 u 2023 TT. COOTBETCTBEHHO
(p <0,05). Bo3MOXHO, MPOJIAMHUHBI, CHHTE3 KOTOPBIX KOHTPOJHPYETCS IaH-
HBIM JIOKYCOM, B HauOOJbILICH CTENICHN pearupyroT Ha U3MEHEHUs MOYBEHHO-
KIIMMAaTHUYECKUX YCJIOBUU BO3JeNbIBaHUS pacTeHui. i ompeleseHust KOH-
kpetHbIX aienei AKJI, ¢ koTopeiMH CBsi3aHA UMMYHOTE€HHOCTh COPTOB B pa3-
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HBIE TOZIBI, BCE N3yUCHHbIC 00pa3Ilbl ObUIN pa3/IelICHbl Ha TPYIIIHI 1I0 COJepIKa-
HMIO TJIFOTeHa: 10 2 Mr/kr, 2—3 mr/kr, 3—4 mr/kr ... 10—11 Mr/kr riaroresa.

B pesynbraTe TONbKO B 3epHE ypoxkas 2023 r. ompeneneHa CBA3b MEKIY
coaepxkanueM riaroreHa u amutenamu AKJL Koagdoumuent koppemsiunu cocra-
Bt A2 - 0,68, 411 - 0,99, B4 - 0,99, B7 - 0,62, C2—- 0,77, C3—- 0,69 u C8 —
0,62 (p < 0,05). Heobxoaumo oT™MeTHTh, uTO ayutenu 411, B4 u C2 BcTpeyaroT-
Csl KaK B COpTax C COJepKaHMEM IIIIOTeHa HIKE Ipejiesia 00HapyKeHHs, TaK U
C CaMBIMH BBICOKUMH ero 3HaueHmssMHU B 2023 r. (Tamucman). Takum obpazom,
HaJIMYMe 3TUX aJUIeJICH B IE€HOTHIIC MOXKET yKa3bIBaTh JIMIIb Ha BEPOSTHOCTH
BBICOKO QJUIEPI€HHOCTH €r0 IPOJIAMHUHOB. YUNTHIBAsI, YTO NP aHAIN3E 3epHA
ypoxkass 2022 1. cBs3M MeXAy cojepaHueM ritoreHa u ayutensimu AKJT He
YCTaHOBJIEHO, MOXKHO CJIETaTh BBIBOA O TOM, YTO MPOLECCHl OMOCHHTE3a U
HaKOIUICHHUSI TIPOJIAMHHOB OBCOM M B TOM YHCJIE€ MX MMMYHOTEHHBIX (DpaKIui,
KOHTPOJIMPYIOTCSI HE TOJILKO HENOCPEJCTBEHHO aBEHWH-KOJMPYIOIIMMH JIOKY-
caMu, HO M 3aBUCAT OT (M3MOJOTHUECKUX MTPOLIECCOB, MPOTEKAOIINX B TKAHIX
PacTeHUH U CBSI3aHHBIX, B TOM YHUCIIE, C TIPUPOIHO-KIMMATHIECKIMH (aKkTopa-
M. M3ydeHne 1 MOHMMaHUE ITUX MPOLECCOB UMEET BaXKHEHIIee 3HaYCHHE JUTs
BBIOOpA THIOAJIEPIEHHBIX TEHOTUIIOB U JAJIbHEHINCH CeJIeKIHHU Oe3rIIoTeHO-
BBIX COPTOB OBCA.

Jlutepatypa

Jlrobumosa A. B., Epemun /1. 1., ®omuna M. H. AHani3 UMMYHOPEaKTUBHOCTH aBEHHHOB
COpTOB OBca MoceBHOro (Avena sativa L.), Bo3zenbiBaembIx B 3ananHoit Cubupu // U3sectus Tumu-
PSI3EBCKOM CeNbCKOX03s1CTBEeHHOM akanemun. 2023. Ne 5. C. 75-87.

Identification of Perspective Oat Cultivars with a Minimum Content of Gluten Homologous
Peptides / V. Dvoracek, A. Kotrbova-Kozak, J. Kozova-Dolezalova [et al.] // Preprints. 2020. DOI
10.20944/preprints202010.0596.vl. URL: https://www.researchgate.net/publication/346476726
Identification_of Perspective Oat_Cultivars_with _a_Minimum_Content of Gluten_Homologous
Peptides (nara obpamenus: 25.12.2023).

AHTHOKCHJAHTHAA AKTUBHOCTb ®EHOJIBHBIX
9KCTPAKTOB MAKPOBOJOPOCJIEN

J. U. ManbkoB, A. X. Baxtusiposa, O. O. baduu

Banruiickuii Gpenepanbubiit ynusepcuter uMm. Mimmanyuna Kanra
Kanununrpan, bakhtiarova.allina@yandex.ru

Bypsie Bomopocn SBISIOTCS YHUKATBHBIM CHIPEEM IUIS MTOMYYCHUS pa3-
JINYHBIX OMOJIOTMYECKH aKTHBHBIX BemiecTB [Bioactive potential ... , 2022].
HawnGounpinii MHTEpEC NPEICTABISIOT TOJU(EHOBI — COSIMHEHUS, Ope/Iess-
OIIMe aHTHOKCHJIAHTHBIE CBOWCTBA OYpBIX Bojiopociieli [Antioxidant capacities ... ,
2012]. Ha maHHBI MOMEHT OOJBIIMHCTBO MPEACTABICHHBIX B JIUTEPAType TEX-
HOJIOTHI HAINPaBJICHBI HA MOJYYCHHUE MMOIUCcaxapuIoB [A review on ... , 2022].
OTKpBITBIM OCTaeTcsi BOMpoc 00 ONTHUMAIBHBIX MapaMeTpax H3BiIeYeHHs (e-
HOJIBHBIX KOMITOHEHTOB M3 OMOMAacchl BOAOpociel. B ¢Bs3m ¢ 3THM mensio pa-
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0OTHI cTal MOAOOp MapaMeTpOB IKCTPAKIUHU (PEHONBHBIX COCTUHEHUH 3 Oy-
pbix Bogopocieit Fucus vesiculosus u Ascophyllum nodosum meromom mare-
MaTHYECKOTO MJIaHUPOBAHUSI.

Jlnst ompeneneHus ONTUMAIBHBIX yCIOBHI BEJICHHUS MPOIIEcca HKCTpPaK-
IO M3MEEYEHHOTO CHIPhS MMPOBOAN PA3IMYHBIMU PACTBOPHUTEISIME (BOJA, Me-
taHoi, meranon 70 %, aueron, aueron 70 %, stunanerar). BappupoBanu Takue
napaMeTpsl Kak MPOJOKUTENBHOCTh 3KCTpakiuu (0T 14 1o 24 4u) u temmnepa-
Typa skctpakiuu (o1 20 °C 1o TemrepaTypsl KHIICHHS pacTBoputens). [lomy-
YEHHBIEC U3BJICUEHUSI OLIEHUBAJIM 10 TOTAJIbHOMY BBIXOAY SKCTPAKLMHU, OIpEe-
JICHHOMY TPaBHUMETPHYCCKHU, U OOILIEMY COACPKAHUIO (PCHOJBHBIX COCITUHCHHI,
onpeneneHHoMy 1o merony Pommna-Yokanprey. s BCeX DKCTPAKTOB ObLIA
HCCIIEIOBaHa AaHTUOKCHJAHTAasi aKTUBHOCTb OTHOCHUTENBHO panukanoB ABTS,
DPPH u BoccTaHaBiMBaromas CriocOOHOCTh IPH B3aUMOJICHCTBHH C KOMILICK-
com Fe** (FRAP). B kauecTBe cTanaapra UCIIONB30BANICS PACTBOP TPOJIOKCA.

ITpn amanm3e MaTeMaTHYECKOH MOJENH, MOJTYYEeHHOHN B pe3yipTare 00-
pabOTKM IKCTIEPUMEHTABHBIX JaHHBIX, OBIIO YCTAHOBIICHO, YTO HAWOOIBIINI
TOTANIBHBIA BBIXOJ dKCTpakuuu F. vesiculosus mocruraercss BOIO# mpu mpo-
JIOJDKUTEIBHOCTH Tpoliecca 249 W TeMmIepaType KHIICHUS DPAacTBOPUTENS
(32,94£3,1 %). A HanbombIiero u3BJIcUeHUs] (EHOJBHBIX COCAMHEHUH MOXKHO
JIOOMTHCS BOTHOM AKCTPAKIHEH TOH ke MPOIOKUTEIIFHOCTH, HO ITPH KOMHAT-
HOU Temmepatype (62,37 mr/r). Ilpu skcrpakiuu Bogopociu A. nodosum
HauOONBIINI TOTAJHHBIA BBIXOJ HAOMIONANCS MPHU TEX K€ TEXHOIOTUYECKHX
nmapamerpax, uto u st F. vesiculosus (29,9+2,1 %). MakcumaiibHOE HU3BJICUC-
HHe (DCHOJBHBIX KOMIIOHEHTOB U3 BOgopociu A. N0dOSUM TakKe JOCTUTHYTO
BOJIOI ITpM KOMHATHOM TeMrieparype U IpoaobKuTesibHocTH 24 4 (32,89 Mr/r).
Ilpn amanm3e ypaBHEHHH perpeccHy OBUIO yCTAHOBJIEHO, YTO HaWOOJbBIIEe
BIIMSIHUE Ha COJEp)KaHUE (PCHOJBHBIX KOMIIOHCHTOB B JKCTPaKTaX OKa3bIBacT
MIPOAOIKUTENILHOCTD Tpoliecca.

DKCTpaKkThl, COJAEpKaIIHe HauOOIbIIee KOJMUYECTBO (EHONBHBIX Be-
IIeCTB, OBUTH MCCIICIOBAHEI HA aHTHOKCHIAHTHYIO aKTHBHOCTH (TallI.).

Tabanua
AHTHOKCHIAaHTHAsI aKTHBHOCTB 9KCTpakToB F. vesiculosus u A. nodosum
AHTHOKCHH&HTH&H AKTUBHOCTB, MKMOJIb-3KB Tponoxca/r
DKCTpaKT
ABTS DPPH FRAP
F. vesiculosus 192,98 268,30 33,68
A. nodosum 89,69 221,62 17,02

Taxnm o6pa3om B xoxe paboThI ObUIH TO00pPaHBl ONTUMANIBHBIE TTapaMeT-
PBI IS SKCTPAKINK (DEHOJBHBIX BEMIECTB M3 OYypBIX BOmopocieil BUIOB Fucus
vesiculosus u Ascophyllum nodosum. Onpe/eneHsl TOTaIbHBIE BHIXOIBI H COIEP-
ykaHHe (DEHOJIBHBIX BEIIECTB B MOJYYEHHBIX HKCTPAKTAX. YCTaHOBJIEHA BBICOKAs
AQHTHOKCHAAHTHAS aKTHBHOCTH BOJIHBIX SKCTPAKTOB yYKAa3aHHBIX BOIOPOCIEH, MO-
nydeHHbIX 1pu Temiepatype 20 °C ¥ mpooDKUTENBHOCTH 24 4, 4TO COOTHOCHT-
Csl C BBICOKOU KOHIICHTpAIMEH 00X (PEHOIBHBIX COCTMHCHHUN B HX COCTaBE.

57



Jlutepatypa

A review on fucoidan structure, extraction techniques, and its role as an immunomodulatory
agent/ T. U. Jayawardena [et al.] / Marine drugs. 2022. Vol. 20, N 12. Art. 755. DOIL: 10.3390/md20120755

Bioactive potential of brown algae / R. R. Remya [et al.] // Adsorption Science & Technology.
2022. Vol. 2022. DOI: 10.1155/2022/8422414

Antioxidant capacities of phlorotannins extracted from the brown algae Fucus vesiculosus/
T. Wang, R. Jonsdottir, H. Liu [et al.] // Agricultural and food chemistry. 2012. Vol. 60. P. 5874-5883.

BUOBBIIIEJAYNBAHUE CIIOAYMEHA ABYMS IITAMMAMUM
ASPERGILLUS NIGER

A. 3. Munay6aes', C. B. Kinementnes!, M. FO. Cugopos?,

3. JI. Toronamsuan’®, A. H. Tocresa*
'Kasauckuii HaHMOHAIBHBIIN MCCIIE0BATEBCKHIT TEXHONOrHYECKHiT yHUBEpcuTeT, Kazanb
Teonormueckuii uacturyt ' KHI] PAH, AnaTuts!

SUHCTUTYT Opranudeckoit u gusndeckoit xumun um. A. E. Ap6y3osa

Kazanckoro nayunoro nearpa PAH, Kazauns
“MHCTUTYT XUMHM ¥ TEXHOIOTHH PE/IKMX SIEMEHTOB H MUHEPAILHOTO CHIPbS
um. M. B. Tananaesa Konbckoro nayunoro nuentpa PAH, Anaturst

OMHMM M3 BaXXHBIX NPUMEHEHHH OMOTreOTEeXHOJOIMYECKHX pPa3paboTOK
SIBIISICTCSl OMOBBIIIETIAYMBAHNE — N3BJICUCHNE JIEMEHTOB U3 Py, IPU ITOMOIIN
MHUKpPOOPTaHM3MOB. VIccrenyloTess SKCTPEMOTONICpaHTHBIE KyIbTYyphl Tpuda
Aspergillus niger AM1 BKM F-4815D u AM2 BKM F-4816D. A. niger
F-4815D BbIeNeH U3 eMKOCTH ¢ KYCKOBBIM OenbiM dochopom, XpaHSiumcst B
Tomme BOAbL. I'pnb okasaincs crmocobeH 00e3BpeKMBaTh OCNBIA W KPacHBII
(dochop, oxuciss ero 1o pocdara [Biological Degradation ... , 2021], a Taxxke
MeTaboIM3UPOBaTh coeMHEHUs pocdopa U pacTBOPSTH HEPACTBOPUMBIE B BO-
ne ¢ochaTHbIE COeANHEHNUS, BKITIOUas TpuKanbimiidocdat [Tam xe].

A. niger F-4816D — nouepHuii mTaMM, BO3HUKIIUKA TPH KyJIbTHBHPOBA-
auu F-4815D. B Hacrosmiee BpeMs oba mraMMa 3aJIelOHMPOBaHbl Bo Beepoc-
CUICKOM KOJUIEKLIMA MUKPOOPraHu3mMoB. DUIOreHETUUECKOE AEPEBO IITAMMOB
IIOKa3aJI0, 9TO OHM OTHOCATCS K KJacTepy BHYTPH BHJA, CIICIHATH3UPYIOIIE-
Mycst Ha comoOmmmzanun (ochaTHbIX MHUHEpanoB. [lo3TomMy 3aKOHOMEPHO
BO3HHUKJIA HJI€s UCIIOIb30BATh MCCIIEyeMbIe IITaMMbI IPHOOB 1715l BHIOOPOYHO-
ro OMOBBILIETAYMBAHNUS SJIEMEHTOB U3 MUHEPAJIOB.

BriepBbie [U1si OMOBBIIIEIAYUBAHKS JIUTHSI IPUMEHEHBI KYJIbTYpbl TPHOOB
comoOmm3aTopoB pocdara. Takxke cpaBHUBAIUCH 3PHEKTHBHOCTH OUOBBIIIE-
JIaYMBaHMS B ITOJHOLIEHHON KYJIbTYpaIbHOI cpese, conepskanielt pocdatol, U B
cpene 0e3 MCTOUYHHKOB Qochopa — HEOOXOAUMOTO Ui pOCTa MHUKPOOHBIX
KyIbTyp a1eMenTa. [Ipeanonaranock, 9To B yCIOBHSX HEXBATKH OMOTEHHOTO
9JIeMEHTa rpUOBl HAYHYT OOJiee MHTEHCUBHO PAacTBOPSITH MUHEPA /IS U3BIIC-
4yeHHs1 MUKponpuMeceil GpochaToB, U 320HO EPEBOUTH B BOJAOPACTBOPUMYIO
(hopMmy comeprKaImiicss B HeM JIMTHH.
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HK-creKTpsl CriogyMeHa COOTBETCTBYIOT TAKOBBIM M3 JIMTEPATYPHBIX HC-
tounukoB [Chukanov N. V., Chervonnyi, 2016]. DT pe3ynbTaTbl CBUACTEIIb-
CTBYIOT O TOM, YTO HCCIEIyeMblii MUHEpan AeHCTBUTENBHO SABISETCS CIOAY-
MeHOM. [IpoBeneHHBIN peHTreHO(IYOPECHeHTHBINH aHaMN3 MOKa3al HaJudHe
0,013404 % docdopa (B mepecuere Ha okcua P2Os) B cocTaBe HCClieTyeMoro
muHepana. Mccnemyemblii MUHepan He ObUT IPOKaJeH Mepe]] HadyaJloM dKCIe-
pHUMEHTa.

Poct acrieprmuioB HabIrIO1ANICS BO BCEX BapHaHTaX KyJIbTYPaTbHBIX CPE],
HO B ITOJHOLIEHHON ¢ UCTOYHUKOM (ocdopa, Kak CIE0BaJIO 0KHIATh, HAMHO-
ro MHTEHCHBHEE. bblIo npenonoxkeHue, 4To UCX0AHash KyJIbTypalbHas cpeaa
3arpsi3HeHa Qocdaramu, OJHAKO aHATU3 3TO He moarBepamwi. Cpena 6e3 mc-
TouHHKOB (ocdopa comepxut Beero 0,96+0,13 Mr pocdar-noHOB/aM?, 3Ta
KOHIIGHTpalUsl Ha YPOBHE MOTPEMIHOCTH. 3HAYUT, OCHOBHBIM HCTOYHHKOM
docdara 115t pocTa CIIyKuJI MUHEpaJ.

UYepes 14 cyT. KyITbTHBHPOBAHHUSA KyJIBTYpPHI YK€ JOCTHININ CTAIHH BO3-
JIYIITHOTO MHLEIHSI U CHOPMHUPOBAIH CIIOPHI.

Ompeznenenue auTHs B OMoMacce rpudOB M KyJIbTYPaJIbHOH cpezie MpoBo-
JIJT METOJIOM TIIaMEHHO-OMUCCHOHHOM criektpometpru [ITH]] @ 14.1:2:4.138-98].

Pesynbrar OnoBblnienadnBanus mrammamu A. niger F-4815D u F-4816D
CBHJIETEIILCTBYET O CIEAYIOMEM. ACIIEPTHIUIBI B IPEICTABICHHOM HCCIIEI0Ba-
HHUHU CPAaBHUTEIBHO 3(Q(HEKTUBHO U3BICKAIM JUTHI B BUAC HOHOB Li" 13 MuHe-
pama crnogymeHa JloBozépckoro MectopoxaeHusi (MypMmaHCKas 00JIacTh).
[IprdyeM, OCHOBHOE KOJWYECTBO HM3BJICYEHHOTO 3JEMEHTa HAKAIUITMBAIOCH B
6uomacce rpu6oB. Uro kacaercs BiausHus GochaTHON TOAKOPMKH, TO PE3yilb-
TaThl MOJYYMIIUCH MIPOTUBOpeUnBLIMU. PocT B cpene 6e3 docharoB monoxu-
TENBHO CKa3aJCsl Ha SKCTPaKIuK JUTHs B ciaydae A. niger F-4816D, oanako B
ciyyae ¢ A. niger F-4815D 3aBucumocts mpuoOperaeT oOpaTHbIH XapakTep.
B03M0O3KHO, 3TO CBSI3aHO ¢ TeM, 4To JouepHuil mramm A. niger F-4816D umeer
Gonee BBIpAKEHHBIE afanTanuu K aehunuty docdopa u 6omnee 3hGHeKTUBHO
U3BJICKACT €r0 W3 MHHEPAJIOB IO CPAaBHEHHWIO C POAUTEIBCKUM IITaMMOM
A. niger F-4815D.

PesynbpTaTh! uccie10BaHuUs MO3BOIMIN C(HOPMYIUPOBATH CIEAYIOIIUE BbI-
BOJBI. broBhIIeTaunBaHne ACHCTBUTENIBHO SIBISACTCSA MOTCHIIMATIBHBIM METO-
qoM mo6bun satws. IlIrammer Aspergillus niger AM1 BKM F-4815D u
AM2 BKM F-4816D B mepcrieKTHBE MOTYT MPUMEHSTHCS [UIsl OWOBBIIIECIIAYH-
BaHMSI MUHEPAJIOB U KOHLIEHTPATOB.

JluTeparypa

TTH/T @ 14.1:2:4.138-98. KonuuecTBEeHHBIH XUMHYIECKHHA aHanu3 BojJ. MeToanka M3MepeHuii
MAacCOBBIX KOHIICHTPALMH HATPUsl, KalMsi, JUTUS, CTPOHLMS B MPOOAX MHUTHEBBIX, HPHPOJHBIX U
CTOYHBIX BOJI METOJIOM IIJIAMEHHO-IMUCCHOHHOH criekTpomerpun. M. : ®LIAO, 2017. 22 c.

Biological Degradation of Yellow (White) Phosporus, a Compound of First Class Hazard /
A.Z. Mindubaev, E. V. Babynin, E. K. Bedeeva [et al.] / Russian Journal of Inorganic Chemistry.
2021. Vol. 66, N 8. P. 1239-1244. DOI: 10.1134/S0036023621080155

Chukanov N. V., Chervonnyi A. D. Infrared Spectroscopy of Minerals and Related Com-
pounds // Springer Cham. 2016. 1109 p.
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AKTUBHOCTbD JIEKTUHOB ASPERGILLUS NIGER

A. 3. Munay6aes!, C. B. Kiementnes!, A. B. KoGenesn!,
C. T. Mun3anopa’
'KazaHCKHiT HAMOHAIBHBIN HCCIIEIOBATENBCKII TEXHOIOTHYECKUIT yHuBepcuret, Kazanp

2MuctutyT opranudeckoil u pusnueckoii xumun um. A. E. ApGy3osa
OUI] KasHILI PAH, Kazaub, a.mindubaev@knc.ru; mindubaev-az@yandex.ru

Hamwu BniepBele B MUpe HaOMIOHANICS POCT MHUKPOOPTAHHU3MOB B KYJBTY-
pallbHBIX cpejiax, ComepKalmx Oenblii pochop B KauecTBe eAMHCTBEHHOTO HC-
ToyHnKa (ocdopa. B mporecce nccnemoBaHMil ObITM OOHAPYKCHBI HOBBIC
ITaMMBI Tpu0a, HICHTU(UINPOBAHHOTO KaK YePHBIH acniepruwiul. McTouHuKOM
9THX YHUKAJIBHBIX OPraHU3MOB CTalla EMKOCTh C KYCKOBBIM OelbiM (ochopom,
MIOTPY>KEHHBIM B TOJIIITY BOJIBL.

Ho nmst BHEpEHNS B IPaKTHKY METOIOB MPHMEHEHHS IITaMMa HEOOXOIMMO
3HAaTh €T0 BO3ICHCTBHE Ha OKPYXKAIOIIYIO CPEIy M OpraHW3M JKUBOTHBIX — CTe-
MIeHb PUCKA JUIS 4eJIOBEKa. A TOKCUYHOCTb, TAaTOT€HHOCTh U aJNIEPreHHOCTh MHUK-
POOPraHM3MOB BO MHOTOM CBSI3aHBI C JIGKTHHAMH — KJIACCOM TIMKOTIPOTEHHOB,
CIOCOOHBIX K BBICOKOCHEIIH(DIIHOMY CBS3BIBAHHIO C MOJICKYJIAMU OHOTIONIIMEPOB.

B nanHo¥ paboTe kak pa3 v ObUIM HAyaThl 3TH UCCICIOBAHMUS, B YaCTHO-
CTH HCCIEAOBaJach ArrIOTHHAIMA SPUTPOIMTOB Kpoiuka. Ho akTHBHOCTH
JIEKTWHOB HE CBOJAWTCS TONBKO K OMACHOCTH IITaMMa. JISKTHHBI MOTYT TPOSIB-
JISTh CHEUU(PUYHOCTh K OHOTomMepaM OaKkTepuil, BUPYCOB, HU3IINX dYKAPHUOT,
PaKoBBIX KJIETOK. TO €CThb cTaTh KJIIOUOM K MOHUMAHUIO HOBBIX CBOMCTB IITaM-
Ma, He CBSI3aHHBIX ¢ Ononerpanamnueii. [lITaMm MOXKeT CTaTh OCHOBOW CO3/IaHUs
HOBBIX JICKAPCTBEHHBIX W BETCPUHAPHBIX IPENaparoB, OHOMpeEnaparoB JUIs
0OpBOBI ¢ BPSAUTEIISIME CEIBCKOTO X03siiCTBA. DTO HIIPABICHUE UCCIICIOBAHUIA,
0e3yCII0BHO, HHTEPECHO W UMEET MPAKTHUECKYIO 3HAYMMOCTb.

Crenyer Takke UMEThb BBHAY, YTO DPAJ JICKTHHOB BBITIOJIHSCT B OpraHU3-
Max peryisatopHbie GpyHknun. COOTBETCTBEHHO, TOJDKHBI BIHATH Ha Onoaerpa-
JalMIo — IVIaBHBIM mpeameT Hammx wucciaepoBaHuid. K mpumepy, BblneauB
CHEKTp JICKTHHOB, BhIpaOaThIBaEMBIX acleprWiIlaMd B OTBET Ha BO3ICHCTBUC
oenoro docdopa u H00aBIAL UX B KYIBTYpaJbHBIC CPEIbI, HE COIEpIKaIIHe
JTAHHOE BEIECTBO, MOXKHO MCKYCCTBEHHO BBI3BaTh y KYIBTYP IpHOOB peakunuu
OTBeTa Ha MpUCYTCTBUE Oenmoro gocdopa (MO0 APYrUx 3arps3HUTENEH) B cpe-
ne. OT1o OyIeT Moe3HO MPU MPOMBIIIICHHOM KyJTETHBHPOBAHHUH IITAMMOB U CO-
3[JaHUM MUKPOOHBIX ((pepMEHTHBIX) MPENapaToB s TMKBUAANHY 3arpsA3HEHUIL.

Hus  xyneruBupoBanust  Aspergillus niger AMI1 BKM F-4815D wu
AM?2 BKM F-4816D wucnons3oBanack cpena Cadypo. MccnenoBanue Ha dpHT-
POLIUTAaX KPOJIMKA IOKA3aJi0, YTO JICKTHHBI HAIIMX TIPUOOB OONIANAIOT BBIpA-
KEHHOH TeMOJIUTHUECKOIl aKTUBHOCTBIO. DTO CBHJIETEIBCTBYET O TOKCHYHOCTH
JUIST MJIEKOIIUTAOIINX, B TOM 4uncie jronei. Hanboiblel akTHBHOCTBIO 00JIa-
JlaeT KyJIbTypalibHasl cpela, OYMIICHHAs OT B3BEIICHHBIX YacTUI] (yroBaHUEM.
JIeKTHHBI HaIINX IPUOOB AEMOHCTPUPYIOT reMoiu3 A0 6—9 psaaoB JIYHOK, a
pa3pymuIeHne KIETOK XJIOPEIIIb, TIOKPHITHIX KJIETOYHBIMU CTCHKAMH, 110 2 psija.
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B xaxxgom mocieayromemM psay TyHOK KOHIICHTPALUs CPeIbl H, COOTBETCTBEH-
HO, JICKTHHOB, NagacT BaBoe. [loydeHHbIe pe3yabTaTbl MOXKHO YBUICTh B Ta0-
JIUIIEe U Ha PUCYHKE.

Ta0nuuna
Yareka Cabypo
(30-35 nueit) (5 nueit)
THIIBI KJIETOK Bust buomacca | Hatus. p | Buomacca | Hatus. p
Knerkn F-4815D 0* 1 0 1 Caexue

Chlorella sp. F-4816D 1 2 1 2 KyJIBTYPBI
OpUTPOLUTHI F-4815D HETH# 1 6 8 3amopo3ska
F-4816D HET 1 7 9 (10 nueit)

0* — KOJIMYECTBO JYHOK B KOTOPBIX HAOIONAETCS ArTIIFOTHHALHS (CKICHBAHIIE) OPUTPOLUTOB / Kile-
TOK BOJOPOCIIEii. HeT# — peakiys arrIIoTHHALMS He IIPpoBoAMiIack. Temieparypa 3aMopo3ku —16...
—18 °C.

) @ @
IRE L

e

)/

Puc. I'eMonu3 5puTpOUUTOB KponuKa. Paspymienne MeMOpaH SpUTPOLUTOB JICKTHHAMU
MPUBOAHT K OKHCICHHUIO BXOSIIETO B COCTAB reMa JKeJie3a H M3MEHEHHIO OKPACKH C
KpOBaBO-KpacHOH 110 Oypoii

VY F-4816D akTHBHOCTB JICKTHHOB BbIIIE, ueM y F-4815D. B cpene Caly-
PO aKTHBHOCTH JIEKTHHOB uepe3 5 cyT. Obuta B 8-9 pa3 BbIle, 4YeM B Cpene
Yanexka gepe3 30-35 cyT. DT0 cBA3aHO HE TOJNBKO C MPUPOCTOM OHOMACCHI, HO
U, MO-BUJMMOMY, C YCHJIEHHEM BBIPAOOTKH JIEKTHHOB. BbIcOKas remonnTude-
CKasi aKTUBHOCTh CBHJETENIBCTBYET O TOKCHYHOCTH JUIS YEIOBEKa. JTO MOXKET
CTaTh MOMEXOH B WCIONB30BAHUH IS OMOJETPamallii. 3aTo OTKPBIBACT TIEp-
CIICKTUBBI CO3JIaHMsI HA OCHOBE INTAaMMOB JICKAPCTBEHHBIX IpenaparoB (aHTH-
OakTepHaNbHBIX, TPOTHBOIPHOKOBBIX), CEJIbCKOXO3SHCTBEHHBIX IIPENapaTtoB
JUTst OOPBOBI C BPEIUTEISIMHU.

Jlutepatypa

AKTHBHOCTB JIeKTHHOB Aspergillus niger AM1 u AM2 / A. 3. Munny6aes, C. B. Kiiemenrses,
A.B.KobGenes [u nap.]// Byrneposckue coobmenus. 2022. T.72, Nel12. C.117-129. DOI:
10.37952/ROl-jbc-01/22-72-12-117
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KYJbTYPbI BOJIOCOBUIHBIX KOPHEN PACTEHUM
POJIA WITHANIA - ICTOYHHUK BHOJIOTTYECKHA AKTUBHBIX
BEIIECTB JUISI ®PAPMALIEBTUYECKOM U IMAIIEBOM
MPOMBIIIJIEHHOCTH

E. B. Muxaiinosa', P. P. Fapagyraunos’, A. A. Ciunkun’

"Mucturyt 6uoxumun u reneruxu YOUL] PAH, Vda, mikhele@list.ru
2BamKupCcKuii TOCYIapCTBEHHBIH arpapHEIi yHuBepeuTeT, Yda

K poay Withania (cemeiictBo IlacieHOBbIE) OTHOCSTCS ABa LEHHBIX Jie-
kapcTBeHHbIX pacteHus — W. coagulans u W. somnifera. Jluctest u KOpHH BU-
TaHUU COJIEPKAT OOJIBIIIOE KOJMUECTBO OMONOTUYECKH aKTHBHBIX BEIECTB CO-
eJIMHEHUI Ki1acca BUTAHOJIHIIOB, Y KOTOPBIX OOHapY»XEHBI MPOTHBOOITYXOJIe-
Basi, MPOTHBOBOCHAJMTEIbHAS M aHTHOAKTepHATbHAS aKTHBHOCTH [ MHXaiioBa,
2022]. Inoxsr W. coagulans Takxe comepikaTt acapTHIBHYIO MPOTeasy, KOTO-
past MCTOJIb3YeTCsl UTsl KOATryJISIIUK MOJIOKAa W TIPUTOTOBIEHUsI chipa [Ahmadi,
Salehi, Ausi, 2021]. Pactenus pacrnpoctpaneHsl Ha Tepputopun oT Cpeausem-
HOMOpBs 10 BocTouHO A3WH, M IMUPOKO MPUMEHSFOTCS B TPaIUIIMOHHON Me-
JUIIMHE, YTO MPHUBEIO K CYIIECTBEHHOMY COKPAIICHUIO MPUPOIHBIX IOIMYJIs-
Ui, AJBTEPHATHBON SIBJSIETCS KYJIBTHBHPOBAHHE KYJIBTYD BOJIOCOBHIHBIX
KOpHEH BUTAaHUH, TOJyYCHHBIX C MCIOJIb30BaHreM Agrobacterium rhizogenes.
DTOT METOJ TAaKXKe MO3BOJISIET MOIYy4aTh CHIPhE BHE 3aBHCUMOCTH OT KIIMMATH-
YECKUX YCIOBUU.

Hamu ObLTO TIPOBEICHO TOMYyYeHHE U KOMIUIEKCHOE HMCCIICIOBAHNE TaKUX
KYJIBTYp KOpHEH, a MMEHHO ONTHMAIBHBIX YCIOBUH KYJIbTHBHUPOBAHUS, JKC-
TPaKIMU BUTAHOJUIOB U acHapTHIBHON mporeasbl. [Toka3aHo, 4TO M3MEHCHUE
B mHTaTeNbHBIX cpenax cogepxkanus KNOsz, KH2PO4, MgSOs, CaClza Taxke
coJieil koOalbTa HE OKa3bIBaJO JOCTOBEPHOTO ITOJIOKHTEIHFHOTO BIUSHHS Ha
POCT BOJIOCOBUIHBIX KOPHEH, BOIPEKH JaHHBIM JInTeparypsl [Praveen, Murthy,
2013]. DKCTpakuuio BUTAHONUIOB MPOBOAWIM METAaHOJIOM, BOAHBIM METaHO-
JIOM, STaHOJIOM, XJIOPO(OPMOM, ITHIIALETATOM, TUCTHLIMPOBAHHON BOMOW U
CMECBI0 MeTaHOI-XJ10podopM-Boia. Hanbonemmmii BEIXOX BUTAaHONNAA A U BU-
TadepuHa A HAOIONANCS MPH UCIIOJIF30BAHUU BOJHOIO METAHOIA.

B nuTepaType OTCYTCTBYIOT AaHHBIE O COACPIKAHNUU NPOTEa3 B KOPHSIX BU-
TaHNH. B Hamel paboTe SKCTpakIio (EepMEHTOB M3 BOJIOCOBHIHBIX KOPHEH
npoBouan ¢ ucnonb3oBaareM NaCl, KHoPOsu TrisHCI. Bruta mokasana cro-
COOHOCTB BCEX TPEX DKCTPAKTOB KOArYJIHMPOBATH MOJIOKO KaK LIEIBHOE, TaK H
BoccTaHoBIIeHHOe. Hanbombiryto agdexTuBHOCTD mokazan skcTpakt TrisHCL.

Taxum 00pa3om, OBLTH BBISBICHBI ONTUMAIBHBIC YCIOBUS KyJIbTHBHPOBA-
HUS BOJIOCOBUIHBIX KOPHEH BHTAHUU WM SKCTPAKIIUH M3 HUX OMOJIOTHYCCKH aK-
THUBHBIX BCIICCTB, KOTOPHIC MOT'YT OBITh HCIIOJIb30BaHbI B (hapMaIleBTHUCCKON 1
MTUTIIEBOH MPOMBIIIIIICHHOCTH.
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Jlutepatypa

MuxaiinoBa E. B. IlepcriekTuBbl  HCIOIb30BaHUsS  JIEKAPCTBEHHOro pactenus Withania
somnifera as Mpou3BOACTBAa (hapMaleBTHYECKUX TIPENapaToB OHOTEXHOJIOIMYECKHM CIOCOOOM //
Biomics. 2022. T. 14 (3). C. 192-208. DOI: 10.31301/2221-6197.bmcs.2022-14

Ahmadi S., Salehi M., Ausi S. Kinetic and Thermodynamic Study of Aspartic Protease Ex-
tracted from Withania Coagulans// International Dairy Journal. 2021. Vol. 116. DOLI:
10.1016/j.idairy;j.2020.104960

Praveen N., Murthy H. N. Withanolide A Production from Withania Somnifera Hairy Root
Cultures with Improved Growth by Altering the Concentrations of Macro Elements and Nitrogen
Source in the Medium // Acta Physiol Plant. 2013. Vol. 35, N 3. P. 811-816. DOI: 10.1007/s11738—
012-1125-5

BO3MOXHOCTH NPUMEHEHUWSA BEKTOPOB
HA OCHOBE PACTUTEJIBHbBIX BUPYCOB
JJIsI TEHOMHOI'O PEJAKTHPOBAHUS IN PLANTA

E. B. Muxaiinosa'?, 3. A. Xycnytaunos', M. A. Ilanduiosa'?

MucruryT 6uoxumuu u renetuku YOUL] PAH, Y a, mikhele@list.ru
2V pumMckmii rocyaapcTBEHHBIH He(TAHON TeXHIUECKHiT yHHBEpCHTET, Y ha

OnHOM M3 aKTyalbHBIX MPOOJIEM B TEHOMHOM PEAAKTHPOBAHUM PACTCHUH
SIBJISIETCS] HU3KUH ypoBeHb dKcipeccuu snieMeHToB CRISPR-cuctembl n HU3Kas
3 PeKTUBHOCTD peaKTHPOBAHMS, KOTOPAsi MOKET OBITh pelleHa C MCIOIb30-
BaHHMEM BHPYCHBIX BEKTOPOB [JlOCTyMHBIN apceHan cucteM ... , 2022].

PexoMOMHaHTHBIE BHPYCBHI HCIIONB3YIOTCS B OMOMH)KCHEPUH PACTEHUH C
1990-X rooB 1711 pa3IUYHbIX LeNel, B TOM YUCIe CalIeHCUHIa F€HOB U TpaH-
3UEHTHOM dKcTpeccun 0enkoB. [IpenMyIecTBOM TeXHOJIOTHH SBISETCS TO, UTO
I[EJICBBIC, CEIEKTUBHBIC U PETIOPTEPHBIC TCHBI HE BCTPAWBAIOTCA B TEHOM pac-
tenust [Mikhaylova, 2023]. IMEHHO 3TO SBISIETCS OCHOBHBIM TpeOOBaHHEM
JUISl KOMMEpLHAIN3alU CEeIbCKOX035HCTBEHHBIX KYJIBTYP C pPElaKTHPOBaH-
HBIM TeHOMOM. Bo MHOTHX cTpaHax KyJIbTHBHPOBAHNE COPTOB, B KOTOPHIX OBI-
T BHECEHBI MYTAIlM{, KOTOPBIE MOTJIM OBl MOSBUTHCS €CTECTBEHHBIM ITyTEM,
He perymupyercs [Mikhaylova, 2024]. OgHako W3BECTHBI JUIIb CIUHHYHEIC
Cllydau, KOT/1a TAKHE COpTa JEHCTBUTENBHO BBIXOAUIN Ha PHIHOK.

3710 0oTYacTH 00YCIOBIEHO TEM, UTO IS OONBIIMHCTBA COPTOB CEITHCKO-
XO3SIUCTBEHHBIX KyJIBTYp pereHepalys U3 SKCIUIAHTOB iN Vitro mpencrasiser
OOJIBILIYIO CIIOXKHOCTB. AJIbTEPHATHUBOH MOXET CIIY)KUThb HCIIOJIb30BaHUE pe-
KOMOMHAHTHBIX BHUPYCOB /U peAakTupoBanus in planta u momydenus otpe-
JTAKTHPOBAHHBIX ceMsH. OHAKO OOIBIIMHCTBO PAaCTUTEIBHBIX BUPYCOB IIIOXO
COXPAHSETCS B CEMEHAX M MPAKTHYECKU HE NEPEIacTCs HOTOMCTBY.

Tpauchopmarus in planta TpaauiOHHO TPUMEHSIETCS s PACTCHUI ce-
MmeiictBa KamycTHbIX, B TOM yncie apabugoncuca. Hamu ObIT mocTaBieH dKC-
MEPUMEHT TI0 ONpeJeNeHUuI0 3(P(PEKTUBHOCTH T'€HHO-WHKCHEPHOH KOHCTPYK-
UMM Ul HOK-MHa TeHa bhar Ha OCHOBE TeMHHHBHPYCHOTO BEKTOpa
pTRANS 321 [A multipurpose toolkit ... , 2017] st penakTupoBaHus reHoma
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A. thaliana, B. rapa u B. napus. Ilpu TpaHcdopMaIu METOAOM IOTPYKEHUS
[[BETKOB, aKTUBHOCTh peroprepHoro rena GFP o0HapyxuBanach B cems3adar-
Kax, a CpeIH IOTOMCTBa MMEIUCh PACTCHUS, JCMOHCTPUPOBABIINE YCTONYH-
BOCTh K rimrodocuHaty. Tem He MeHee HH3Kas d()(HEKTHBHOCTh peAaKTHPOBA-
HUS JINIaeT ero Helenecoo0pa3HbIM MPH HEBO3MOXKHOCTH BECTH CENICKTHBHbIN
ot6op. TakuM 00pa3oM, BEKTOPbI HA OCHOBE TEMHUHHBHUPYCOB MOTYT OBITH YCO-
BEPIICHCTBOBAHBI M HCIIOJIB30BAHBI JJIsI OCCCICIHOTO PEIaKTUPOBAHUS TCHO-
MOB pacTteHuii cemeiictBa Kamycrasix in planta.

Hccreoosanue svinonneno sa cuem epanma Poccutickoeo nayunoeo gon-
O0a Ne 24-76-10065, https://rscf.ru/project/24-76-10065/

Jluteparypa

Jocrynnblid apcenan cucreM CRISPR/CAS 11 reHOMHOro peiakTHpOBaHUsSI pPAacTEHUi /
E. B. Muxaiinoa, 3. A. Xychnytaunos, A.B.UYemepuc, b.P.Kynyes// ®usnonorus pacreHUi.
2022.T. 69, Ne 1. C. 38-53. DOI: 10.31857/S0015330322010134

A multipurpose toolkit to enable advanced genome engineering in plants/ T. Cermak,
S. J. Curtin, J. Gil-Humanes [et al.]// The Plant Cell. 2017. Vol.29, N 6. P. 1196-1217. DOI:
10.1105/tpc.16.00922

Mikhaylova E. V. Crop genome editing—regulations and policies / In Genome Editing and
Global Food Security. 2024. P. 212-235. DOI: 10.4324/9781003382102

Mikhaylova E. V. Transgene-free genome editing of plants// Ecological genetics. 2023.
Vol. 21. P. 63. DOI: 10.17816/ecogen567964

BJIMAHUE HU3KO/J030BOI'O HOHU3UPYIOIIETO U3JITYUYEHUSA
HA CUTHAJIBHBIE CUCTEMBbI U BBI3BIBAEMBIE UM
PEAKIIAUU ®OTOCUHTE3A Y PACTEHUI TABAKA

IO. A. HemuoBa, A. B. UBanoBa, A. A. Ileuépuna, M. H. AreeBa,
B. A. Bonenees, M. A. I'punéepr

Huxeroponckuii rocynapcrsennslii yausepeurer um. H. 1. Jlobauesckoro
Hwxuuit Horopon, julnemtcova@yandex.ru

AmanTanus pacTeHHH K M3MEHSIONINMCS YCIOBHSM OKPYIKArOIIEH Cpezbl
U JICHCTBHIO CTPECCOPOB OCYIIECTBISCTCS MOCPEACTBOM PabOTHI CHTHAIBHBIX
cucteM. OnuH U3 Haubosee OBICTPBIX CTPECCOBBIX CHTHAIIOB PACTEHUH OCHO-
BaH Ha casurax pH, yposHs aktuBHBIX (opm kmciopoma (ADPK) m Ca**
[Hilleary, Gilroy, 2018]. PacnpocTpaHssich W3 30HBI TOBPEKICHUS, TaKHE
CTPECCOBBIC CUTHABI BBI3BIBAIOT U3MCHCHUS B (DU3HOJIOrMYCCKUX MPOIIECCax, B
YaCTHOCTH, B aKTUBHOCTH (DOTOCHHTE3a, 4TO 0OECIIeUMBACT pa3BUTHE ajarTa-
MU Ha ypoBHE Bcero opranusma [Sukhov, Sukhova, Vodeneev, 2019]. IToBbI-
IICHHBI YPOBEHb MOHU3UPYIOIIETO U3TyYCHHS B 30HE MPOM3PACTAHUS PACTCHUI
MOXET MOAU(DUIPOBATH CTATYC CUTHAJBHBIX CHCTEM, YTO BIHSCT HA (HOPMHUPO-
BaHHE aJanTallui U yCTOWIUBOCTH K cTpeccopam [Effect of low-dose ... , 2023].
Mexanm3mbl BrustHAs MU Ha cUTHANTBHBIE CHCTEMBI H PETYJIHPYEMble HMU (H-
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3MOJIOTHYECKNE MPOLECCHl B PACTCHUH TPEOYIOT W3Y4EHMs Ul MOHUMAaHMS
crenuduky GOPMUPOBAHUS ATANTALMN Y OOIyUEHHBIX PACTCHUH.

B nammx uccnenoBaHUAX UCTIONB30BAICh TPAHCTEHHBIE pacTeHHs Tabaka
Nicotiana  tabacum L.,  TpanchopmupoBaHHBIC  (IIYOPECICHTHBIM
pH-uyBcTBHTENBHBIM 30HA0M Pt-GFP 1 Ca’'-uyBCTBUTENIBEHEIM GHOCEHCOPOM
Casel2. DxcriepuMeHThI IPOBOAMIMCH HAa PacTEHUsIX Bo3pacToM 6 Henenb. s
00JIy4eHHsl HCIONB30BaiCcAd 3aKpbiThll ucTounuk *°Sr-""Y,  sBisiommuiics
B-m3myuaTteneM. AKTHBHOCTHh HCTOUHHUKA cocTaBmsiia 0,1 MBK, MOIIHOCTE 110-
361 — mpuMepHo 31,3 MK 'p/4. CymMMapHasi HaKOIJICHHAS 1033 COCTaBIIsIa OKO-
10 31,55 mI'p. KoHTponbHBIE pacTeHHs! BBIPALMBAINCH B AHAJIOTUYHBIX yCIIO-
BUsX B orcytcrBue ucrounuka WMW. JleiicTBue crpeccopa MOAEINpPOBAIOCH
HAarpeBOM Y4YacTKa JHucTa. B paGoTe HMCHONB30BANNCH CIEAYIOIIHE METOJBI:
BHEKJICTOYHAS] PETUCTpPAIMs JJICKTPUIECKON AKTHBHOCTH; (hIIyOpEeCICHTHBIN
aHaIM3 W3MEHEHWH BHyTpHKJIeTouHoro pH; perucrpaius akTMBHOCTH (OTO-
cuHTe3a MeTozoM PAM-dayopumeTpum.

PesynpTaThl S5KCIIEPMMEHTOB MOKA3aIM yCUIEHUE CTPECCOBBIX CHIHAJIOB U
BBI3BIBAEMBIX UMH OTBETOB (DOTOCHHTE3a Y OOJYUYCHHBIX PACTCHHUIL:

1. MU crnocoOCTBOBAIO MEHBIIEMY 3aTyXaHHIO CTPECCOBOTO AIICKTpUYE-
CKOTO CHTHaJla TIPH PaclpOCTPAHEHUH B COCEIHHE JHCThS IO CPABHEHHIO C
KOHTPOJIEHBIMHU.

2. 'V o0iyueHHBIX pacTeHUH YBENWYMBAINUCh AMIUIUTYABI cABUroB pH u
Ca’", cOnmpOBOKIAIOIINX TEHEPAIUIO IIEKTPUIECKOTO CHTHAIIA.

3. BruBrneHO yBeNWYECHHE AMIUIATYABI OTBETOB (POTOCHHTE3a, BHI3BAH-
HBIX IEKTPUUECKUM CTPECCOBBIM CUTHAIOM

Paboma evinonnena npu noodepoicke npoepammur 10 Dxcnepumenmains-
nas nabopamopnasn acmpogpuzuxa u ceogpusuxa HI[DOM.

Jlutepatypa

Effect of low-dose ionizing radiation on spatiotemporal parameters of functional responses in-
duced by electrical signals in tobacco plants / M. Grinberg, Y. Nemtsova, M. Ageyeva [et al.] / Pho-
tosynthesis Research. 2023. Vol. 157. P. 119-132.

Hilleary R., Gilroy S. Systemic Signaling in Response to Wounding and Pathogens // Current
Opinion in Plant Biology. 2018. Vol. 43. P. 57-62.

Sukhov V. S., Sukhova E., Vodeneev V. A. Long-distance electrical signals as a link between
the local action of stressors and the systemic physiological responses in higher plants // Progress in
Biophysics and Molecular Biology. 2019. Vol. 146. P. 63-84.
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U3MEHEHUE COJIEYCTOMUYMUBOCTHU TOMOJIA
B PE3VJBTATE ATPOBAKTEPHAJIBHOM TPAHC®OPMAIINA
I'EHAMM HVDHNS 1 TAWCS120

B. B. IlaBauuyenko, M. B. IIporononosa

Cubupckuii HHCTHTYT (u3nonoruu u 6uoxumun pacrenunit CO PAH
UpkyTck, vpavlichenko@gmail.com

[ToBbIeHNE YCTOMYMBOCTH PACTEHHH K TOBPEKIAIONINM (aKTopam sB-
JsieTcs BaXKHOW 3a7adeil coBpeMeHHOH OmotexHomornn. Cpemu Takux (hakTo-
POB 0coboe 3HAYCHUE UMEIOT XOJIOJ, 3aCyXa, 3aCOJICHHE M 3arpsi3HCHUE TSKe-
JBIMH MeTaJUTaMH. Bce 3TH cTpeccoBble BO3AEHCTBHS MPUBOJAAT K MOTEpe
BHYTPHKJICTOYHOH BOJBI M, KaK CIEJCTBHE, K BOSMOXKHOI THOGNH IIeTIoro opra-
HU3Ma. B mporecce SBoONMN pacTeHHS BHIPA0OTAN MEXaHU3MBI 3aIIUTHI OT
JICTUIpATAIINU, KOTOPBIC BKIFOUAOT aIalITUBHBIC U3MCHEHUsI KaK Ha ()U3UOJIO-
THYECKOM, TaK M Ha MOJEKYJIIpHOM ypoBHE. OCHOBOH 3amIUTHI KJIETOK OT
00e3BOKUBAHNUS ABISECTCS (DYHKIMOHUPOBAHUE CIICIIUATIM3HPOBAHHBIX OCITKOB-
JETUJPUHOB, KOTOpPHIE aKTHBHO CHUHTE3UPYIOTCS B PACTUTEIbHBIX KIIETKaX B
pe3ysibTaTe BO3AEHCTBHS HU3KHX MOJOXKHUTEIBHBIX TEMIEPATyp, 3aCyXH, 3aC0-
JICHUS W 3aTPS3HEHUS TSDKENBIMU MeTalIaMH. 3a CYeT BBICOKOH THAPO(DIIEHO-
CTH JCTHIIPUHBI CIIOCOOCTBYIOT 3aIlUTE OT 00E3BOKMBAHHA M CTAOMIN3UPYIOT
KJICTOUHBIC OCIIKH, 8 TAKIKE BBIMOJHIIOT KPHOIPOTESKTOPHBIC (DYHKITHH.

JlpeBecHbIe pacTeHUs, a TaKXKe MPOAYKTHI UX NMEePepadOTKH, UMEIOT BaXK-
HOE XO35ICTBEeHHOE 3HaueHue. /IpeBecHa SBIICTCS CHIPhEM JJIS TIPOM3BOCTBA
CTPOUTEIBHBIX MaTCPHAIOB, MEOCIN, CIIOPTUBHOTO MHBEHTAPs, TPAHCIIOPTHBIX
CPEICTB, AJIIEMEHTOB JIEKOpa, JOMAIIHEH YTBapu U JAPYTHX XO3SMCTBEHHBIX U
MIPOMBIIIICHHBIX M3/CNUH. J[peBecHBIC pacTeHUs TaKKe MIMPOKO HCIIOIB3YIOT
JUTSL 03€TICHEHHST TOPOJIOB, (PUTOPEMEINAIINH 3arPSI3HEHHBIX 3eMellb, B BETPO3a-
LIMTHBIX MEPONPUATHAX U JaHAAa)THOM au3aitHe. BaxxHbIM acmekToM riay0o-
KOH TiepepabOTKK IPEBECUHBI SBISIETCS €€ MCTIOIb30BaHUE Il TPOU3BOICTBA
JKUJIKOTO M TBEPIOr0 OWOTOIIMBA, KOTOPOE CIYXXHT HCTOYHHKOM TEIUlAa H
9JIEKTPOIHEPTUH KaK Ul MPOMBILUIEHHBIX NPEANPUATHHA, TaK U Ul YaCTHBIX
JoMoBiIaaeHuH. [1moibl MHOTHX JIepEeBbEB YNOTPEOISIOTCS B MUILLY, a MPOILYK-
THl MX TEePEpadOTKU SIBISIOTCS KOMIIOHEHTAMH MPOIYKTOB MHUTAHWS WA HUC-
II0JIB3YIOTCSl Ul MPOMU3BOJCTBA KOCMETHYECKMX M JIEKAPCTBEHHBIX CPEICTB.
[TosTOoMy pa3paboTka yCTOMYHMBBIX K IMOBPEKIAOMMM (DaKTOpaM BHEIIHEH
Cpelbl IepPEBbEB SIBISICTCS BaKHOW 3a/1auell coBpeMeHHOM ouotexnonoruu. Co-
TJIACHO JIMTEPATYPHBIM JaHHBIM, OJHUMH M3 HanboJiee W MEPCHEKTHBHBIX YIS
TCHETUYECKON TpaHCPOPMALINH PACTCHUH SBISIOTCS HyKJICOTHIHBIC TIOCIEI0Ba-
TENBHOCTH, KOJMPYIOIIWE OENKH NEerHApUHbI U3 IIICHHUIBI MArKou Triticum
aestivum (WCS120) u stumenst oosikHoBeHHOT0 Hordeum vulgare (DHNS).

B kagecTtBe 00bekTa reHeTHIeCKON TpaHchopManuu ObIT BEIOPaH TOMOIH
6epmunckuii (Populus berolinensis K. Koch) — rubpu Tommosist 1aBpOBOJIMCT-
Horo (P. laurifolia Ledeb.) u tomons ueproro (P. nigra L.). Tomons Gepaus-
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CKHUIl SIBIACTCA yIOOHBIM OOBEKTOM U M3YyYeHHS S(PPEKTOB T'€HETHICCKOH
TpaHC(OPMAIMH JPEBECHBIX pacTeHui. JlaHHbII BHI OBICTPO pacTeT B J1abopa-
TOPHOHI KyJbType, JIETKO Pa3MHOXKAETCS CPe3aHHeM U yYKOPEHEHHEM BepXy-
IIEYHOM YacTH pacTeHus, a TaKXKe JaeT MHOTO OOKOBBIX ITOOETOB TTOCIE cpe3a-
HUS allIKAITbHON MEPHUCTEMBI.

ATpO0aKTEepHANEHYI0 TEHETHYECKYI0 TPAHC(POPMAIHIO OCYIECTBIISLTH
[Pavlichenko, Protopopova, 2024] ¢ ucnosb3oBaHneM OHMHAPHBIX BEKTOPHBIX
cucteM Ha ocHoBe muasmuabl pBI121, Hecymmx KoIupyrolIue IOcienoBa-
tenpHocTH TeHoB HVDhnS 1 TaWCS120 u comepskaiux celeKTHBHBIN I'eH He-
omutH pocdorpanchepassr 11— nptll, onpenensirouyii yCTOHYUBOCTh K Ka-
HaMHIMHY. B KauecTBe pacTHTENBHBIX HKCIUIAHTOB JUIS KOKYJIBTHUBAIMU C ar-
pobakTeprer HCIOIB30BAIA CETMEHTHI MEXI0Y3JIMi (0e3 Ma3ylIHbIX TOYeK).
Jlis pereHepanvyi 1 MAUKPOKJIOHAIEHOTO Pa3MHOKEHHSI TOTOJS UCTIOTE30BAITH
TBEP/IYIO MMUTATEIBHYIO CPEy Ha OCHOBE CMECH 0a30BBIX COJICH KITacCHYeCKOit
cpeast Mypacure — Ckyra (MC) ¢ no6asnennem tramuHa (1 Mr/im), mTHpHIOK-
cuna (0,5 mr/i), HHKOTHHOBOU KHCIO0THI (0,5 Mr/1), caxapossl (20 /1) U arapa
(7 v/1). Kucnornocts cpenbl moBommnu go pH 5,7. Jlns pereHepammu TpaHc-
TCHHBIX PACTCHUI HCIOIB30BANIN MUTATEIBHYIO Cpey C Jo0aBiIeHHEM OeH3H-
nagennHa (0,2 mr/m), Tummazypona (0,02 mr/m), HaAQTHIYKCYCHOW KHCIOTHI
(0,01 mr/m). B pe3yabTare pereHepaluy Ha CEJICKTUBHOW MUTATENBHOM cpene,
cozpepxaeit kanamuuut (50 mr/im) u nedoraxcum (250 Mr/i), ObUTH NOITYYESHBI
pacTeHust TOoJsE OEPAMHCKOro TpaHcreHHsie mo resam HvDhn5 u TaWCS120.
OTtcyTcTBHE arpobakTepnanbHONH KOHTaMHHAINHM y PACTEHHH HpPOBEPSUTH WH-
KyOarieli cerMeHTOB JIUCTheB Ha mutarenbHoi cpene YEB 0e3 aHTHOMOTHKA.
Tpancrenes ObLT MOATBEPXKJICH YKOPEHEHHEM PETCHEPAHTOB B IPHCYTCTBUU
KaHaMUIIMHA B TUTATeNbHON cpene (25, 50, 75 u 100 MT/1) ¥ OTOKUTETHHBIM
pesyibpratoM [IL[P ¢ wmcmomp3oBaHueM mNpaiiMepoB, cHeNU(UIHBIX K TeHAM
nptll, HYDhn5 u TaWCS120.

ITomy4eHHBbIe TPAaHCTEHHBIE PACTEHHS TOMOJIS OEPIMHCKOro He 00afanu
SIPKO BBIPAKEHHBIMH (PEHOTHUITHYCCKUMH OTINYHAMH OT KOHTPOJIBHBIX pacTe-
Huid. C TONYYEHHBIMH TPAHCTEHHBIMU JiMHHsAMEH 10 reHamM HvDhnb u
TaWCS120 6buia mpoBeieHa cepusi SKCHEPUMEHTOB 10 U3YYEHHIO UX YCTOM-
YUBOCTH K 3acojeHnio. OLEHKY CTEeNeHH YCTOMYMBOCTH K 3aCOJICHUIO MPOBO-
JIATH TI0 COXPAHEHHIO CITIOCOOHOCTH K YKOPCHEHHUIO TPAHCTCHHBIX PACTCHUIN Ha
cpefie ¢ pa3IMYHBIMH KOHIICHTPALUSMHE XJIOPHIA HATPUS TI0 CPAaBHEHHUIO C KOH-
TPOJIbHBIMHU. B aKcrneprMeHTax MCHOJIb30BalIM 110 OJHON TPAHCTEHHOW JIMHUU
pacTeHHit 1Mo KaXIOMy M3 TeHOB. JIJI1 3TOTO B BBIIICONMMCAHHYIO 0A30BYIO ITH-
TaTenbHyI0 cpexy MC noGaBisi MHAOIHIMACIIHY0 kucioty (0,15 mr/m), a
Tak)Ke XJOPHJ HATpHsl B pa3nuyHbIX KoHHeHtpauusx (0, 25, 50, 75, 100, 125,
150 n 200 MM). KncrmoTHOCTB BceX MUTATENBHBIX CPEJ] MPUBOAMIN K OJTHHAKO-
BoMy 3HadeHuto pH 5,7. Ha momydeHHBIC MUTATENBHBIC CPEIbl BHICAKHBAIH
Cpe3aHHbBIC AlUKAIBHBIC YaCTH TPAHCTCHHBIX W KOHTPOJIBHBIX PACTCHUU JUIS
ykopeHeHust. KoHIeHTpanus xjaopuaa HaTpust 25 MM He BBI3bIBaTa BUIAMMBIX
M3MEHEHUH B YKOPEHEHWHN M POCTE KaK KOHTPOJIBHBIX, TaK M TPAHCTEHHBIX pac-
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TeHUH TOmousl. XJIOpUA HaTpus B KoHIEHTpauuu 50 MM yraertan pocT kak
KOHTPOJIBHBIX, TaK M TpaHchopmupoBaHHEIX TeHoM 1aWCS120 pacrenuii To-
moJst. OTa ke KOHIEHTpAIUs XJIOpHUJa HATPHUsl He OKasbiBaja BO3AEHCTBUS Ha
pactenust, TpaHcrenubix mo HvDhn5. Jluaus TOmojst, TpaHCreHHAs [0
HvDhN5 u yxopenenHast B mpucyTcTBHH Xjopuaa Hatpus (50 MM), denoturmm-
YecKH HE OTJIHMYajiach OT KOHTPOJBbHOH rpymmbl. [locnemyrolnee MOBBIICHHE
KOHLEHTpALMK XJIOpUJA HATPUs B IUTATEIbHOMU cpefe 10 75 MM pUBOJUIIO K
HEKpo3aM JIMCTHEB B KOHTPOJIEC M Yy JIMHHH TOMOJNA, TPaHC(HOPMHPOBAHHOM
TaWCS120. Hamporus, jmHHs TOIOIIs, TpaHcopmuposanHas HvDhnb, me-
MOHCTPHUPOBaJa YCTOHYMBOCTD K Xiopuay Hatpus (75 MM), coxpaHss croco0-
HOCTh HOPMAJIbHO BETeTHPOBATh 0€3 HEKPOTHYECKHUX MpOsBIeHWH. JlambHeii-
Iiee MOBBINICHNE KOHICHTPALUH XJIOPWAa HATPHS B IHTATEIBHOW Cperie o
100 MM TpHBOAMIO K TIOJTHOMY TOJABJICHUIO KOPHEOOPA30BaHUS y KOHTPOIIb-
HBIX pacTeHuH. [Ipu 3TOM Bce pacTeHns 00eux TPAHCTEHHBIX JIMHHUHA MPOIOII-
JKaJI YKOPEHATHCS TPH JAaHHBIX 3HAYCHUAX 3aconeHus. KoHIeHTparum Xio-
puma Hatpus 125 u 150 MM BBI3BIBANIU MOJIHOE TIOJABJICHHE KOpHEOOpa3oBa-
HUS KaK B KOHTPOJIC, TaK M y TPAHCTCHHBIX JIMHUHA. JlanpHelIee MOBBINICHUE
KOHIIEHTpaIu xyopuaa Hatpus 10 200 MM mpUBOAMIIO K THOETH KOHTPOJIBHBIX
1 TPAHCT'€HHBIX PACTEHUM.

Pe3ynbTaThl 3KCIEPUMEHTOB MTOKA3aJH, YTO TeHETHYeCKash TpaHchopMarms
tononst Gepnunckoro renamu 1aWCS120 u HvDhnS mpuBoauT K MOBBIIICHHTO
€ro yCTOMYMBOCTH K 3aCOJICHHIO XJIOPHIOM HATPHsL, PH 3TOM 3()(HEKT TreHeTH-
yeckoit Tpanchopmanun renom HVDhNS Hocut Oosiee BhIpakeHHBIH XapakTep.

Hccnedosanue evinonneno npu gunancogou noddepicke Poccutickozo
HayuHo2o ¢honoa (npoexm Ne 24-24-00418, https://rscf.ru/project/24-24-00418)).

Aemoput 6nazooapam LIKII «buoanarumuxa» CUPUBP CO PAH 3a oo-
CMyn K aHaaumu4eckoMmy 060py008aHuio.

JlnTeparypa

Pavlichenko V. V., Protopopova M. V. Simplified Method for Agrobacterium-Mediated Ge-
netic Transformation of Populus x berolinensis K. Koch // Methods and protocols. 2024. Vol. 7, N 1.
P. 1-13.
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BJIMAHUE T'OMOJIOT'A LEC1 U ETO TAPTHEPOB
Y MEDICAGO TRUNCATULA HA PABBUTHE
COMATHUYECKHUX SOMBPUOHOB

J. A. Ilonenkosekas', B. E. Teoporosa®, A. B. Bpbinuukosa’,
JI. A. JIyroBa®
"Hayuno-rexnonoruueckuii yausepcurer «Cupuyc», Cupuyc
potsenkovskaya.ea@talantiuspeh.ru

2Cauxkr-Tlerep6yprekuii rocynapetsennblii yuusepcuter, Cankt-TlerepOypr
krubaza@mail.ru

Comatuueckuit smoprorenes (C3D) — 3To cocod pereHeparyu, B Xoae Ko-
TOPOTO pacTeHus (GOPMUPYIOT U3 COMATHYECKHUX KJIETOK OMIOJISIPHBIE HIMOpHO-
HOIIO00HBIE CTPYKTYphl. Kak 1 0ObIYHBIC SMOPHOHBI, 3TH CTPYKTYPHI CIOCO0-
HBI Pa3BUBATHCS B HOBBIE pacTeHnsA. CO mmeer Oonplnoe 3HaYCHWE Ui OHO-
TEXHOJIOTHU PACTEHHH, TJIe UCHOJIB3YETCs JUIsl MOTyUeHUSI HCKYCCTBEHHBIX Ce-
MsIH, B Ka4eCcTBe MOJENN B (DyHIaMEHTAJIbHBIX HCCIIEJOBAHMSX, @ TaK JKE KakK
crocob pereHepariy pacTeHnit in Vitro, HCrmomb3yeMblii He TOIBKO JUTsE MHKPO-
KJIOHAJIBHOTO Pa3MHOXCHHS, HO U JJISI TTOJy9IeHHs CTaOMIBHBIX TpaHC(HOpMaH-
ToB pacrenuil. Medicago truncatula, monensHOe 6000BO€ pacTeHHe, LIHPOKO
ucnons3yercss s u3ydenus CO [lantcheva, Revalska, 2018]. TIpumenenue
OOBIYHBIX MTPOTOKOJIOB TPaHC(HOPMAIMN PACTCHUH I OONBIIMHCTBA 36pPHOO0-
0OBBIX 3aTPYAHEHO, YTO OOBSCHSCTCS HU3KOW CIIOCOOHOCTBIO K PEreHeparun
[Potential, constraints ... , 2018]. it MHULMALWK WIH YIIy4IIEHUsS] pereHepa-
uu ¢ ToMotbio CD MOKHO UCTIOIB30BATh MOPPOTEHETUIECKHIE PETYISTOPHI.
[Monck MomuduKanmii, CrToCOOHBIX TOBBICUTH CITOCOOHOCTH K pPETreHEpaliy Yy
0000BBIX, SABJISECTCS AKTYaJIbHBIM HAIIPABICHUEM HUCCIIC0BAHHH.

Tpauckpunuonssii paktop LEAFY COTYLEDON 1 (LEC1), a takxe
ero Gmuskuit romonor LEC1-LIKE (L1L), urpafor BaXHy!O pOJb B PETYIISIIIHA
CD. Dxronmyeckas skcrpeccus LEC1 wmm ero opTonoroB mHAyIMpyet hop-
MHPOBaHUE COMATHYECKUX SMOPHOHOB, a crenuuyeckass dKCIPEcCHsi ITHUX
TCHOB WJIM MX OPTOJIOTOB BO BpeMsa CO HaOmogaeTcst y MHOTHX BUAOB pacTe-
Hu#t [Arabidopsis LEC1 and ... , 2019; Arabidopsis LEAFY ..., 1998; Identi-
fication of putative ... , 2016].

Llenbro Hamteil paboTsl ObLIO OLleHUTH BiusiHUE Ha CO oprosnoros LEC1 n
L1L y M. truncatula, MtNF-YB10 u MtNF-YB3, cooTBeTcTBEHHO.

B xoze paboTel MBI BriepBbie mostyunian penaktupoBanabeie CRISPR/Cas9
pactenust smbOpuorennoit nmuauu R108 M. truncatula ¢ morepeit ¢ynxuuu
MtNF-YB10. Panee myrantsl ¢ norepeil gpynkuuu rena LEC1 u 6am3kux k
HEeMy I'eHOB ObLIH MOJyUYeHbI TOJBKO JUist ABYX BH0B — Arabidopsis thaliana u
Oryza sativa [Rice LEAFY ..., 2022; Arabidopsis LEAFY ..., 1998; The rice
LECI-like ... , 2021]. Iloka3sarensHo, 4To cpeau TpancopmantoB TO Obum
TOJILKO HEpPEeaKTHPOBAHHBIC U TETEPO3UTOTHEIC TI0 TOTepe (DYHKIIUH PACTCHUS.
['OMO3HMTOTHBIE TIOTOMKH CMOTJIM AaTh (PEPTHIBHOE MOTOMCTBO C TOMO3MIOT-
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HOM MyTtanueit. [Tpu kynbTUBUpOBaHHM MyTaHToB minf-yb10-5-2 B kamrycax
T1 6buto BeIIBICHO, 4TO moTeps (GyHkuuu MINF-YB10 3sHauntensHO ymeHb-
IIAET CIIOCOOHOCTh PACTEHHUI K COMATHYECKOMY 3MOpHOTreHe3y in Vitro.

Kpome Toro, Obutn 1oy4eHbl JMHUK co cBepxdkcnpeccueit MINF-YB10 u
oreHeHa crocoOHocTh kK COD B kamrycax T1. MoXHO 3aKJIIOYUTh, YTO CBEPX-
skcrpeccust rea MtNF-YB10 B kammycax T1 B TBepmod cpene yBEIHYHBACT
crocoOHOCTh pacteHuil k CO U KalTycoreHesy.

[TomydyeHnHsle pe3ynbTaThl TO3BOJSAIOT PACIIMPUTH MPEACTaBICHUE O
¢yukmusix renoB MINF-YB10, MINF-YB3 B CD.

Jlutepatypa

Arabidopsis LEAFY COTYLEDONI Is Sufficient to Induce Embryo Development in Vege-
tative Cells / T. Lotan, M. Ohto, K. M. Yee [et al.] // Cell. 1998. Vol. 93. P. 1195-1205.

Arabidopsis LEC1 and LEC2 Orthologous Genes Are Key Regulators of Somatic Embryo-
genesis in Cassava/ A. Brand, M. Quimbaya, J. Tohme, P. Chavarriaga-Aguirre [et al.] // Front.
Plant Sci. 2019. Vol. 10. DOI: 10.3389/fpls.2019.00673

Iantcheva A., Revalska M. Early events during the induction of somatic embryogenesis in
genera Medicago // Bulg. J. Agric. Sci. 2018. Vol. 24, N 6. P. 1042-1052.

Identification of putative homologs of Larix decidua to BABYBOOM (BBM), LEAFY
COTYLEDONI (LEC1), WUSCHEL-related HOMEOBOX2 (WOX2) and SOMATIC EMBRYO-
GENESIS RECEPTOR-like KINASE (SERK) during somatic embryogenesis/ A. Rupps,
J. Raschke, M. Riimmler [et al.] // Planta. 2016. Vol. 243. P. 473-488.

Potential, constraints and applications of in vitro methods in improving grain legumes /
A. Pratap, U. Prajapati, C. M. Singh [et al.] / Plant Breeding. 2018. Vol. 137, N 3. P. 235-249.

Rice LEAFY COTYLEDONI Hinders Embryo Greening During the Seed Development /
F. Guo, P. Zhang, Y. Wu [et al.] // Front. Plant Sci. 2022. Vol. 13. P. 887-980.

The rice LECI-like transcription factor OsNF-YB9 interacts with SPK, an endo-
sperm-specific sucrose synthase protein kinase, and functions in seed development / Niu B., Zhang
Z.,Zhang J. [et al.] // Plant J. 2021. Vol. 106. P. 1233-1246.

OCOBEHHOCTH BBEJIEHUS B KYJBTYPY IN VITRO
N MHAYKIUU OPTTAHOI'EHE3A CAITIO’)KHUKOBUH
PACTONBIPEHHOM

N. ®. Paxmaryianuna, b. P. Kyayes

Huctutyt 6noxumun u reneruxku Y OUILL PAH, Vda, rakhmif@anrb.ru
VY dumckuii yHUBEPCUTET HAYKU U TEXHOJIOTHi, Y ha

B nociexnue necATWICTHs BO BCEM MHpE HAaOIIONACTCSl aKTHBHBIH POCT
HHTEpeca K TePaleBTUYECKOMY MOTCHLHANY PACTCHHMIL, MPOIOIDKACT YBEINYH-
BaThCsA U 00BbEM MUPOBOTI'0 pPhIHKA JICKAPCTBEHHBIX MPETIapaTOB PACTUTCIBHOTO
MIPOUCXOXKICHUSI. AKTHBHO PACTYILIHUH CIPOC HA KAYECTBEHHOE JIEKAPCTBEHHOE
PACTUTEIIBHOE ChIPhE KaK Y HAaC B CTpaHe, TaK U 3a pyOeKOM OTKphIBacT 00JIb-
ure NepCreKTUBLI I Pa3BUTUA ﬂaHHOﬁ OoTpaciiu. OﬂHaKO JJIsL YIOBJIETBOPE-
HHS TaKOTo cIpoca TpeOyeTcss OrpOMHOE KOJIHUYECTBO OMOJIOTHYECKHX Pecyp-
COB, KOTOPBIE, KaK U3BECTHO, OIrPaHUYCHBI.
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CanoxHukoBus pactonbipeHnas (Saposhnikovia divaricata (Turcz.)
Schischk) — MHOTOJICTHEE TPAaBSIHUCTOE PAacTCHUE, 00IaJaronIee BHIPaKCHHBIM
dbapmakonoruyeckum moteHuuaizoM [Kim, Seo, Yun, 2018]. Kopuu S. divari-
caata, B KOTOPBIX COJEPKATCsl MOTU(PEHONbHBIE COCTUHEHUS, OCHOBHBIMH W3
KOTOPBIX SIBJISIFOTCSI XPOMOHBI, ITUPOKO HUCIIONIB3YIOTCS B TPAJUIUOHHOW MEIH-
IIMHE MHOTHMX a3MaTCKUX CTpPaH JUIS JICYCHMs] TOJIOBHOM OO0JH, BOCHAJICHUN M
aptpura [Saposhnikovia divaricata ... , 2017]. B Hameii ctpane B mociennue
TOZBI TaKKe BEIETCSI MHTCHCHBHAS T00BIYa KOpHEH 3Toro pacteHus B Pecrry6-
ke bypsarus, 3abaiikanbckom kpae 1 AMypckoi obiactu. B ¢Bsi3u ¢ Heparu-
OHAJIbHBIM HCIIONIB30BaHHEM ChIpbeBOi 0asbl S. divaricata BosHukma yrposa
KPUTUYECKOTO COKPAIICHHUS MPUPOAHBIX NOMYJSIIKi JaHHOTO BHAa. [Ipennpu-
HUMaeMble Mepbl, B TOM 4mciie Biiodenue S. divaricata B crimcku KpacHbix
kHUT PecnyOmmku Bypsitus, 3abaiikansckoro U [IprMopcKkoro Kpaes, OCTaIOTCS
HepocTarouHbiMu [banmukoBa, Baxuuna, XKenubo, 2020; Pesynbrarhl mep-
BUYHOH ... , 2021]. B cBS3M ¢ 3THM aKTyaJbHBIMH SBISIOTCS HCCIIETOBAHUS,
HaIpaBJICHHBIC HAa Pa3padOTKy CIIOCOOOB PA3MHOKEHUSI CATIO)KHIKOBHHU PACTO-
HBIPEHHOW B yCIIOBUAX iN Vitro. Lenbto faHHO# paboThI ABISIETCS ONPEACIICHIE
ONTUMAJBHBIX YCIOBUH Ui TIOJNyYCHHS ACENTHYECKOH XOpOIIO pacTylien
KyJIbTYypBI IN VItro u ueayKuums opraHorenesa S. divaricata.

[MocnenoBatensHass 00pabOTKA CEMSIH CANOXHHUKOBHH PacTONBIPEHHOMN
75%-ubiM TanonoM (1 MuH) u 10%-Hol O6enu3HOl (5 MUH) MPHUBENO K MOIY-
YEHHMI0O HAauOOJBIIETO YHUCIAa CTEPHIIBHBIX TMPOPOCTKOB (BcxoxkecTh — 80 %),
KOTOpBIE XapaKTepHU30BAINCh MHTEHCUBHBIM pocToM. [IpenBapuTensHas cTpa-
tudukanms cemsH npu +5 °C B TeueHne 2 HeleNb YBEJIMUHMIA BCXOKECTh Ce-
MsH 710 86 %. [l MHIyKIUU OpraHoTeHe3a B KaueCcTBE HKCIIJIAHTOB UCTIOJNIB30-
BallM CEMsIIONH, TUIIOKOTHIH | HCThs S. divaricata, KoTopble KyIbTHBHPOBa-
qu Ha cpene Mypacure — Ckyra conepskaiieid perynaropsl pocra— 2.4-
TUXJI0p(HEHOKCUYKCYCHYIO KHCIOTY (2,4-D), HHIONMMIYKCYCHYIO KHCIOTY
(MYK), 6-6ensunamunonyput (BAII) u 3eaTuH B pa3THYHBIX KOHIIEHTPAIHAX.
CeMsJ0/IbHBIC JINCTBSI OKa3allCh HAaNMEHEE CIIOCOOHBIMH K OpPraHOTCHE3Y B
UCCIIEYEMBIX YCIIOBUSIX KyJIBTHBHUPOBAHHMS. | MI/JI 3eaTHMHa B COYCTAHHH C
I,5mr/n YK He cTuMynMpoBal KallIyCOI€He3 HH Ha OJHOM M3 BHJIOB
skcrutantoB. Coderanue 1 mr/nm 2,4-D u 1,5 Mr/n 3eaTuHa HMHIYIUPOBAIO
KaJUTyCOTeHe3 Ha JIMCTOBBIX dKciutaHtax S. divaricata. ¥ 65 % skcruiantoB
Ha0JII0/1a710¢h (JOPMHUPOBAHUE CBETIIO-3€JICHOTO KAJUTyca Ha TOBEPXHOCTH JIH-
CTOBOI1 IUIACTUHKM Tocsie 3 Helenb KyiabruBupoBanus. Coderanue ¢ 1,5 mr/n
BAIT u 1 mr/nm 2,4-D uHAYIUPOBAIO KaUTycOOOpa3oBaHHE HA TTOBEPXHOCTH
runokoruieii (40 %). Janpueitmeii perenepaiuu noderos S. divaricata B 06o-
UX Cily4asx He HaOJII0aJIoCh, TI03TOMY HCCIIEA0BAHMS 110 1T0J00PY ONTHMAb-
HOTO COCTaBa PETYIATOPOB POCTA MPOIOTKAIOTCS.

Jlurepatypa

banmmkosa E. A., Baxauna U. JI., enu6o T. B. Saposhnikovia divaricata (Turcz.) Schiskin B
crernsix FOro-Bocrounoro 3a6aiikanbs // IIpo6nemsl 6otannku HOxuoit Cubupu u Monroauu. 2020.
T.19,Ne 1. C. 87-92.
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Pesynbrarel mepBuuHOM MHTpoayKuuK Saposhnikovia divaricata (Turcz.) Schischk. B Ilen-
TpaigpHOM cubupckoM Ootanmdeckom caxy CO PAH/ T.B. Emucapenko, E. A. Kopoirok,
I1. H. FOrpuna [u np.] // Pactutensusiit Mup Asuarckoit Poccun (Becthuk LleHTpanbHOTO crbHp-
ckoro 6orannueckoro caga CO PAH). 2021. T. 14, Ne 4. C. 293-302.

Kim M., Seo K.-S., Yun K. W. Antimicrobial and antioxidant activity of Saposhnikovia divar-
icata, Peucedanum japonicum and Glehnia littoralis / Indian Journal of Pharmaceutical Sciences.
2018. Vol. 3. P. 560-565.

Saposhnikovia divaricata: a phytochemical, pharmacological, and pharmacokinetic review /
J. Kreiner, E. Pang, G. B. Lenon, A. W. H. Yang// Chinese Journal of Natural Medicines. 2017.
Vol. 15. P. 255-264.

AHAJIN3 DOPEKTUBHOCTHU PABOTBI RUBY
KAK PEIIOPTEPA B CUCTEME TPAHC®OPMALIUHN
PISUM SATIVUM

B. 0. CumonoBa', 3. A. ITouenxosckasn', B. E. Teoporosa'?,
JI. A. JIyroBa'?

"Hayuno-texnonoruueckuit yansepcuter «Cupuycy, Cupuyc
simonova.vy@talantiuspeh.ru, potsenkovskaya.ea@talantiuspeh.ru
2Cankr-Iletep6yprekuii TocyaapcTBeHHbIH yanBepeuteT, Cankt-IletepSypr
krubaza@mail.ru, la.lutova@gmail.com

B cucremax Tpancdopmanuu pacTeHHH HEOOXOIUMO MPUCYTCTBUE Map-
Kepa, KOTOPBIi MO3BOJIICT OTOMPATh YCICIIHO TPAHC(HOPMUPOBAHHBIC KIICTKH.
J1J1st 3TOT0 COBMECTHO C IEJICBBIM T€HOM JIOCTABIIACTCS MO0 TeH PEe3UCTEHTHO-
CTH K aHTHOWOTHUKY (IUIsl CENEKIIMHM HA MHUTATEIBHOHN cpele), 00 pernopTep,
KOTOPBI MOXKET BU3YaIU3UPOBATh TPAHCTCHHYIO TKaHb. BOJBIIMHCTBO perop-
TEPHBIX CUCTEM TPEOYIOT JIOPOTOTO O0OPYHAOBaHUS WM peakTHBOB. OTHOCH-
TeIbHO HeNaBHO OblIa co3maHa pernoptepHas cuctemMa RUBY, conmepikarias
HaOop (hepMeHTOB, IPEOOPA3YIOMIMX AMHHOKHICIOTY TUPO3HH B SPKO-KPACHBIH
OerananH [A reporter for ... , 2020]. JlanHast cucTemMa TO3BOJISIET HEMHBA3UBHO
BH3YaJIM3MPOBATh TPAHCTCHHYIO TKaHb 0€3 JOMOIHUTEIHLHOTO 000pyIOBaHUS H
JIOPOTOCTOSIINX XUMAYECKUX PEAreHTOB.

BoboBbIe, B TOM YHCIIE U TOPOX, BOCIIPHUUMYUBBI K UHOHUIIMPOBAHUIO ar-
pobakTepusMu, HO pereHepaIusi OJHOIEHHOTO PACTEHUS U3 TPaHC(HOPMHUPO-
BaHHBIX KJIETOK B JIAOOPATOPHBIX YCIOBHSX TPYTHOAOCTHKHMA TIO CPAaBHEHHIO
¢ JIpyrumu BuiaMu. PerieHreM JaHHO# MpoOIeMbl MOXKET CTaTh UCIOJIB30Ba-
HHE PEryJIITOPOB COMATHYECKOro sMOpuorenesa. st moucka MopdoreHeTu-
YECKHX PEryJITOPOB HEOOXOIUMO pa3paboTaTh CHCTEMY, KOTOpas IO3BOJUT
MOJIy4aTh TPAHCTCHHBIC KAaJUTyChl ropoxa. Takas cucTeMa JacT BO3MOXKHOCTb
TpaHCHOPMUPOBATh IKCILIAHTHI TOPOXA PA3INYHBIMU PETYISATOPHBIMU TCHAMHU
M WCKaTh T€H, KOTOPBIA MOT OBl CTUMYJIMPOBATH COMATHYCCKUI dMOpHOTEHE3
P CBEPXIKCIPECCHU B TPAHCTCHHOM KayuTyce. B paMmkax JaHHOTO HCCIeno-
BaHMsl OblIa m3ydeHa s¢dekruBHOCTh cucteMbl RUBY st Tpancdopmarmn
9KCIUIAHTOB rOPOXa.

Hccneoosanue svinonnero 6 pamkax epanma PH® Ne 24-26-20117
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Jlurepatypa

A reporter for noninvasively monitoring gene expression and plant transformation/ Y. He,
T. Zhang, H. Sun [et al.] // Horticulture Research. 2020. Vol. 7, N 152. DOIL: 10.1038/s41438-020-00390- 1

IOJIEBASI OIEHKA KOJIJIEKIIMA OBCA HA YCTOMYHUBOCTH
K KOPOHYATOW U CTEBJIEBOM PXJKABUNHAM
B YCJIOBUAX CEBEPHOI'O 3AYPAJIbS

A. K. Tayrekenosa, /{. U. Epémun

Tromenckuii Hay4nsiii nentp CO PAH, HUMCX C3 — ¢unuan TromHL] CO PAH
Tromens, atautekenova@gmail.com

Beenenne. Ha tepputopun CeBepHoro 3aypaibsl pacIpoCTpaHEHbI TaKue
pKaBuMHHBIE 0OJE3HH OBCa, Kak KopoHuartas pxaBumHa (Puccinia coronata
Cda. f. sp. avenae Fraser et Led.) u crebnesast pskasumna (Puccinia graminis
Pers. f. sp. avenae Eriks.). [TopaxxeHre oBca BBI3BIBACT PAaHHEE YCBIXAQHUE JIH-
CTbEB, UTO HETaTHBHO OTPa)kaeTCs Ha ypOXKAMHOCTH U KadyecTBe 3epHa. B oT-
JIEBHBIC TOMIBI TIOTEPH YpOskasi OT cTeOIeBOH M KOPOHUATOH PIKABIMHBI MOTYT
jpocturatb 40 %, 4TO CyIIECTBEHHO BBIIE YKOHOMHYECKOTO IIOPOra BpeJOHOC-
HocTu. Boprba ¢ Takumu GonesHsmu — KpaiiHe 3aTpyaHuTesnbHa. OHU MPOSIB-
JISIFOTCSI JIMIIb BO BTOPOHW MOJIOBUHE BEreTallM OBca, Korjaa o0padboTka (yHru-
II1JaMH HEBO3MOXKHA. B CBS3M ¢ 3TUM €CTh HEOOXOANMOCTh B CO3JJAHIH HOBBIX
COpTOB, 00JI1a/1aI0NIIEe TCHETHIECKOH YCTOHYMBOCTBIO K JAHHBIM ITATOTCHAM.

Lesb ncciie0BaHMIi: MOUCK NEPCIIEKTUBHBIX B CENIEKIIMOHHOM OTHOIIIE-
HUH TEHOTUIIOB OBCA, 00JAJafONINX YCTOHYMBOCTHIO K KOPOHUYATOH U cTebie-
BOH prkaBurMHaM B ycioBusax CeBepHOTO 3aypalibs.

MatepnaJbl u MeToAbl. VMcciaenoBaHus NpOBOAMIM HA OMNBITHOM IOJIE
HUUCX CesepHoro 3aypanbs. MatepuanoMm Al UCCIEIOBAHUS MOCITY KU
31 copt oBca moceBHOr0. Marepuan st ucciaeaoBanus npenoctasieH dene-
panbpHBIM HccnenoBaTenbckuM LlenTpom Beepoccriickoro MHCTHTYTa T€HETH-
yeckux pecypcoB pacteHuil um. H. WM. BaBunosa. IlopaxeHHOCTh pacTeHuit
KOPOHYATOW PrKaBUMHON ONPEeIIsUTH TTIa30MepHO Ha (IaroBOBOM M Iperdia-
TOBBIX JIUCTBSX BCEX PACTEHHH, CTCONIEBON — Ha JABYX BEPXHHUX MEKIOY3IHIX,
Biaranui (aroBoro u npeaQraroBoro JUCTHEB U METENIKA PACTEHHH, pacTy-
IUX Ha AeJsHKe Mo mkaie [letepcona ¢ coaBropamu (1948 r.). Mereoposoru-
9YecKHe yCJIOBHUS B TOJBI NCCIIETOBAHUI OBUTH pa3HO0Opa3HbI. BereTaroHHbIH
neproa 2022 r. OBIT TEIUIBIM U YMEPEHHO YBIAKHEHHBIM. BTOpasi mojoBHHA
BereTanuu OblIa OJIaronpusTHa Ui pa3Butus Oonesnu. B 2023 r. ycioBus Be-
TeTaluy CyIIECTBEHHO OTJIMYAIHNCh — IOT0/1a OblIa OYEeHb JKapKasi IPU OTCYT-
CTBUH JIOKIEH.

PesyabTaTtel. MakcuMalnbHas CTENEHb MIPOSIBICHHS PKaBUMHBI HAa U3yda-
eMbIX reHotunax Osiaa B 2023 r. OToMy crocoOCTBOBANO 0OMINE TOATOHA, KO-
TOPBIN 3HAUNTEIIFHO OTCTaBaJ B Pa3BHUTUU OT OCHOBHOTO cTebis. MHTEHCHB-
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HOCTB TIOpaXXEHUs BapbupoBaia oT 5 1o 70 % y crebneBoit; u ot 60 mo 80 % y
KOpOHYATO! prkaBuMHBI. COpTa, HMCIOIIUE YCTOMYMBOCTE K CTCONCBOW piKaB-
ynHe, coctaBmwia 13 % ot xomrekiun: AC Goslin (k-15303), AC Francis (k-
15302), PC 58 (x-14220), T'mGpun (k-15020). [donst copToB, MOpaskeHHBIX
cteOeBoil pkaBUMHOM, coctaBmia 87 % oT komnekuuu. MuanmansHas (5 %)
CTEIICHb MMOPaKCHUSI OTMEUYCHA Y COpTOB: Y mapHUK Y-883 (k-8256), doma (k-
15451), Ceepsinun (k-11132), Ckopocnensrii (k-11717), Hapeimckuii 943 (k-
11122), Selma (x-11584), Tromenckuii rono3epusiii (k-14784), KamOymmHCckmit
(x-13911), Perona (x-13478), Meruon (k-14039), Hanpc (PC 39) (x-15319).
Mectabiii copt Otpana (k-15380) ObLT MOpakeH B MaKCHMAIbHOU CTCIICHH —
70 %. Copra, NIMEIOIINE YCTOWIMBOCTh K KOPOHYATON PrKaBUWHE, COCTABUIN
77 % ot xomnekunu: 3omoror Joxkmp (k-7947), Ymapauk VY-883 (x-8256),
Doma (x-15451), Tamucman (k-14785), Taéxauk (kx-12245), Opén (x-8494),
Hosocubupckmii 88 (x-14031), Hunap (x-2874), Hapemmckuit 943 (x-11122),
Astor (k-11379), Selma (k-11584), Tromenckuii rono3epuslii (k-14784), Perona
(x-13478), Merunon (k-14039), Tobomsk (k-15827); copra uUMeEromue TEHBI
ycroitauBoctu: PC 38 (k-12096), T'ubpun (x-15020), I'mopun (k-15021), AC
Goslin (x-15303), KamOynunacknit (x-13911), PC 68 (k-14398), AC Francis (k-
15302), PC 58 (x-14220), AC Medalion (x-14914). [lons reHOTHIIOB, KOTOPEIC
OBUTH TTOpa’KEHBI KOPOHYATOH prKaBYMHOMW, cocTaBmia 23 % oT KoJutekiun. B
MUHMMaNbHON cTemeHu mnopaxkeHus (60 %) mopaxancas copr Ortpaga
(x-15380), Torma xak Hanpc (PC 39) (x-15319) u CeBepstaun (x-11132) — mak-
cumanbsHOM crernenbio 80 %. B pesynbrare riccieoBaHUs HCXOAHOTO MaTepU-
ana, ObLIH BBIICJICHBI 4 copTa, 00IaaroNIe OJTHOBPEMEHHO YCTOHYNBOCTHIO K
crebneBoii u xoponyatoit pikaBumHam: AC Goslin (k-15303), AC Francis
(x-15302), PC 58 (x-14220), T'ubpuz (x-15020).

3akmiouenne. Takum 00pa3oM, B XOJI€ TIOJIEBOW OIIEHKH KOJUIEKIIMH OBCa
B ycnoBusix CeBepHOro 3aypaibs BBIICICHBI TCHOTHUIIBI C TPYIIOBON YCTONHYH-
BOCTBIO K cTeOneBoi u koponuatoi prkaBumHe: AC Goslin (k-15303), AC
Francis (k-15302), PC 58 (x-14220), I'ubpun (x-15020). Copra, obnanaromme
BBICOKOW yCTOWYHMBOCTBIO K KOPOHYATOW prkaBunHe: 3010T0H J{oxkap (k-7947),
VYaapuuk Y-883 (k-8256), ®oma (k-15451), Tanmucman (k-14785), Taé&xuuk
(x-12245), Opén (k-8494), Hoocubupckuii 88 (k-14031), Humap (k-2874),
Hapeiveknii 943 (k-11122), Astor (k-11379), Selma (k-11584), TromeHCKHiA TO-
no3epHbiil (k-14784), Perona (x-13478), Meruon (x-14039), ToGomsik (k-15827).
JlaHHBIE cOpTa PEKOMEHIYIOTCS IJIsI UCHIONB30BAHUS B CENEKIIMOHHBIX MPOrpaM-
Max 1 TJa00paTOPHBIX MCCIETOBAHUSX IO BBISBICHHUIO TEHOB YCTOHYMBOCTH.

Paboma punancuposanace 3a cuém cocydapcmsennozo sadanusi FWRZ -
2024-0004 u npu noooepaicke 3anaono-Cubupcrozo mMencpecuonaibHo20 Hay'-
HO-00pA308aAMETLHOC0 YEHMPA MUPOBO2O YPOBHS.
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WIEHTUOHUKALIAS U AHAJIN3 TEHOB SAD, ADS, FAD, FAT
W KAS, UTPAIOIIIAX KJIIOYEBYIO POJIb B BHOCUHTE3E
JKUPHBIX KUCJIOT IJI0JA0B HIPPOPHAE RHAMNOIDES L.

A. A. Typ6a', P. O. Hosakosckuii', JO. A. 3y6apes?,
H. B. Meabnukona', A. A. imutpues'
' UucruryTt Monexynspuoii 6uonoruu um. B. A. Durensrapara PAH
Mockga, anastas.turba@gmail.com
2 denepanbublii AnTaiickuil Hay4HbIi HEHTpP arpoGMOTEXHOIOT Uil
Bapnay, niilisavenko@yandex.ru

Oo6ienuxa (Hippophae rhamnoides L.) — npeBecHas Macim4Has KyJbTypa,
IUTOJIBI KOTOPOH 00JIaal0T YHUKAIBHBIM COCTABOM JKHPOB. B MSKOTH IUTIOI0B
npeobmagator nanemutuHOBas (C 16:0) m mamsmuTonenHoBas (C 16:1) xwup-
ueie kucnotel (KK), a B cemenax — onennoBas (C 18:1), muuonesas (C 18:2) u
mHoneHoBas (C 18:3). M3BecTHO, 4TO KIFOYEBYIO poib B cuHTe3e ATUX JKK
urparot reusl cemeiicte SAD, ADS, FAD, FAT u KAS [RNA-seq data ... ,
2019], mosToMy JJIs1 TOYEUHOTO | TieNieHanpasienHoro yiaydmenus XK cocra-
Ba IUIOZOB OOJEMXH HEOOXOJNMO TPOBECTH TOMCK I'€HOB ITHX CEMEWCTB B
renome Hippophae rhamnoides.

ITouck uccneayeMbIX TeHOB MPOBOAMIM C UCIOJIB30BAHUEM MPOTPAMMBbI
BLASTP ¢ mapametpamu E-value < 1¢7!°, B kauecTBe 6a3bl JaHHBIX UCTIONB30-
BaJIK TocienoBaresHocTr OenkoB Arabidopsis thaliana u ux oprosoru, B xa-
YeCTBE 3aMpoca UCHOIb30BAIN OETKOBBIE MOCIEA0BATENBHOCTH PehepeHCHOro
reHoma obnerixu. ['erom Hippophae rhamnoides, cTpykTypHyr aHHOTAIHIO B
dopmate GFF u cooTBeTcTBYIOMME OETKOBBIE TIOCIEIOBATEIHLHOCTH CKadUBa-
mu u3 0asel qanHeix CNGB Nucleotide Sequence Archive (ID CNP0001846)
[Genome of Hippophae ... , 2022]. B pe3ynsTate obnapyxeno 6onee 2000 xu-
ToB. I Gonee TOYHOTO IMOWMCKA MPOBOAMIM aHAIU3 C MOMOIIbI0 CKpPBITOI
Mapxkosckoit Mogenn (HMM) ¢ ucronb3oBaHnEM CTPYKTYPHBIX JOMEHOB HC-
cleyeMbIX ceMeicTB. JlanpHelimas nposepka ¢ momolipio 6a3 ganHeix NCBI-
CDD u Pfam noarsepauia, 4To B HallICHHBIX T'€HaX MPUCYTCTBYIOT BCE HCKO-
MBIE JOMEHBI. Bcero B reHoMe oONemuXy HaAMH HACHTH(QHINPOBAHO 9 TreHOB
SAD, 12 renoB FAD, 7 reroB FAT u 7 reroB KAS. YacTb 3THX TCHOB B pe3yJib-
Tare (UIOreHETHMYECKOro aHajiM3a M MOMCKa KOHCEPBAaTHBHBIX MOTHBOB ObliIa
pasneneHa Ha moArpynmbsl. Tak, B cemeiictBe reHoB FAD HalieHsl mojacemeit-
ctea FAD2, FAD3, FAD6 u FAD7. B cemeiictBe FAT oOHapyXeHBI T'eHbBI
FATA u FATB. Taxxe B cemelictBe KAS naentuduimpoBans! rensr KAS | u
KAS Il. BuyTpu cemeiicTB XapakTepUCTHKN OEJIKOB, TAKUE KaK JJIMHA, MOJICKY-
JSpHAs Macca M TEOpeTHYecKas M303JIeKTPHUECKas TOUKa, Pa3iIndanch, 9TO
MOYKET CBHJICTEIBCTBOBATH 00 X (PYHKIIHOHAIHHOM PACXOKICHUH.

HaiinenHble reHbl pacipe/ielieHbl Mo BceM 12 xpomocomam obienuxu. Mx
HanOOJbIIIee KONNIECTBO pacnonokeHo Ha 1 (7 reroB), 5 (6 renoB) u 11 (9 re-
HOB) XpoMocomax. Hammaune TyrrKariiy TeHOB MPOBEPSUTH ¢ UCTIONB30BaHUEM
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npuinoxeHuss MCScanX, 1 mocieayonyo BU3yaIn3alfio MMOJTy4eHHOTO pe-
3yJbTaTa MPOBOJIIN C TOMoIIbio nporpammbl TBtools. B xone anamusa my-
IUIMKAIlMd TeHOB OOHapykeHbl | mapa TtanaemHoil nymimkanun (FAD3
(ID 10700 cormacHo ucrosb3yemMoMmy reHomy obmaenuxu) u FAD3 (24174)) u
25 map cerMeHTHOW IyIUTMKAIWH. J[yIUIMKaIiiy 3THX TeHOB OOHAPYKUBAIOTCS
BO Bcex 12 xpomocoMax. DTO MOXKET yKa3bIBaTh Ha TO, YTO OHH CIIOCOOCTBYIOT
PacIIMPEHNIO CEMEWCTB I'CHOB, BOBJICUCHHBIX B PEIYJIILIMIO COCTABa OCHOBHBIX
KK mnonoB obnernuxu. Ctout oTMeTUTh, uto myrunkaiuun FATB u KAS 11, a
takke SAD n FAD3 rpynmupyroTcs BMECTe, 4TO MOXKET CBHJIETSIILCTBOBATD O
JIaBHEW COBMECTHOM JTyTUIMKAIUH.

[{yic-21eMeHThl UTPa0T BaXKHYIO POJIb B MHUIMAIMHN 3KCIPECCHH I'€HOB,
ITOSTOMY MBI IIPOBENM aHAIN3 B IIPOMOTOPHBIX 00JIACTSAX MCCIIETYyEMBIX TCHOB
(2000 H. OT cTAapTOBOrO KOJIOHA) C MIOMOIIBI0 OHIalH mporpamMMbl PlantCARE.
HailieHHbIE 1MC-2JIEMEHTHI BOBJEYEHBI B KIETOYHOE pa3BUTHE, BBIPAOOTKY
(DUTOTOPMOHOB, OTBET Ha CTPECCOPHI.

s BBIACHEHHS TOTO, KaKWe W3 WACHTH(UIMPOBAHHBIX T'€HOB, WTPAIOT
KITIFOUEBYFO poib B cuHTe3e JKK, MpoBeieHO CeKBCHUPOBAHHUE TPAHCKPHIITOMOB
ceMsiH U MSIKOTH 0o0Jenuxu copra SIHTapHas siroja Ha 4 KIFOYEeBBIX CTaAMsX
pasButns 1omoB. CekBeHHMpOBaHWE BBITOTHEHO Ha Iwiatdopme Illumina
Nextseq 2000 ¢ mmuHHOM pouTeHmid 50 + 50 H. OOpabOTKy MOTYYSHHBIX JTaH-
HBIX BBINOJHSIN ¢ roMolibio nporpammel PPLine [PPLine: an automated ... ,
2015]. Ouenky nuddepeHaIbHOi SKCIPECCHH TEHOB MPOBOAMWIN C TTOMO-
mpro iporpammel RTrans (https://github.com/gskrasnov/RTrans).

Pesynprarel moka3zanu, 4to 00IBIIMHCTBO reHOB SAD mposiBisuim qudde-
PEHIMANBHYIO IKCIIPECCUIO Ha BCEX JTarax pa3BUTHS IUIOJOB OOJIENHUXU. JKC-
npeccust reHa SAD (26748) Obima HanOobIEH M OKa3alach TKaHeCTeUpU-
HOW — BBICOKHH YpOBEHb OTMEYEH TOIBKO B MAKOTH IUTOJOB. M3BEeCTHO, 4TO
HeKoTopble npenacrasutenn ammi-Allb-necarypas, k KoTopbiM oTHOCUTCS SAD,
MOTYT NPOSBIIATH aKTUBHOCTH HA pa3HbIX cyocTparax. Tak, B pabore Cahoon et
al. mpuBomATCA maHHBIE, B KOTOphIX ammi-Allb-mecarypasa mposBiser oTuer-
JUBYIO cyOcTpaTHyIo crieninudHOCTh K nanemutaTHoMy (16:0)-Allb, a He K
creapatHomy (18:0)-AIlb [A Determinant of Substrate ... , 1998]. 310 MoxkeT
00yCIIOBJIMBATh TIOBBIIICHHOE COJCP)KAHUE MabMUTHHOBON KHCIIOTBI B MSIKO-
TH, OJJHAKO ITH JaHHEIC TPEOYIOT MOMOTHATENBHOTO U3ydeHus. Tpu rena SAD
(21192, 18803, 18832) BoBCEe HE IKCIPECCUPOBAIUCH B Arojgax. Takke OTCyT-
CTBHE DKCIIPECCHU HaOMIOAANoCh Yy 000X HailIeHHBIX TeHOB cemeiictBa ADS.
Bornee sipkyilo KapTHHY OSKCIpPECCHHM TOKa3amu TeHbl cemeiictBa FAD. T'en
FAD2 (21624) nmen HanOobIINI YPOBEHB SKCIIPECCHH KaK B CEMEHAX, TaK U B
MSKOTH ILUIOJIOB, HO Ha Pa3HbIX CTAIMAX Pa3BUTHUs. [[Ba U3 YCThIpEX HAWCHHBIX
renoB FAD3 (07426, 05528) BBICOKO SKCHPECCHPOBAINCH B CEMEHaX, MPHIEM
TOJIBKO Ha 2-# crajmuu pa3Buths. [Ipu 3ToM B Msikotn renbl FAD3 mpaktude-
CKH HE OKCIPECCHPOBAINCh, HO OblIa BBISIBICHA JKCIPECCHS T'CHOB
FADG6 (25786) u FAD7 (02511). Beicokuii ypoBens sxcnpeccun reHoB FAD2 u
FAD3 B cemeHax MOKET OOBSCHATH TOBBIIEHHOE COAECPKaHNE B HUX OJICHHO-
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Boii (C 18:1), muronesoii (C 18:2) u muHonenosoit (C 18:3) kucnor. [TarTepHb
skcrpeccuu reHoB FATA n KAS | B MSKOTH IIIOZOB OOJICIHXH OBUIA CXOXKH,
o0a mo/ceMeicTBa IKCIPECCUPOBAIMCH Ha BBICOKOM YpOBHE. B cemeHax kap-
THHA HECKOJIbKO oTiuuanach, reabl KAS | u KAS Il B ocHOBHOM 3KCcIpeccupo-
BQJIUCh TOJILKO HA MEPBBIX IBYX CTAAMAX PA3BUTHS, HA CPEJHEM ypOBHE. Y 4a-
ctu reHoB FAT (17924, 24276) u KAS (15320, 20437) skcripeccust MpaKTHYCCKH
OTCYTCTBOBAJIA.

[Tony4eHHbIC B HACTOSINEM HCCIICIOBAHNH JTAHHBIC TTO3BOJIST TIIyOXKe MO~
HiTh MexaHu3Mbl cunTe3a KK B miomax obnenuxu u OyayT crocoOCTBOBATh
co3aHuo copToB ¢ HeoOxoaumbIM JKK cocraBom.

Hccneoosanue svinonneno 3a cuem cpanma Poccuiicxozo HAYy4YHO2O0 d)OH-
da Ne 23-46-00026, https://rscf.ru/project/23-46-00026/.

Jlutepatypa

A Determinant of Substrate Specificity Predicted from the Acyl-Acyl Carrier Protein Desatu-
rase of Developing Cat's Claw Seed / E. B. Cahoon, S. Shah, J. Shanklin, J. Browse // Plant Physiol-
ogy. 1998. Vol. 117. P. 593-598.

RNA-seq data reveals a coordinated regulation mechanism of multigenes involved in the
high accumulation of palmitoleic acid and oil in sea buckthorn berry pulp / J. Ding, C. Ruan, W. Du,
Y. Guan // BMC Plant Biology. 2019. Vol. 19. P. 1-18.

PPLine: an automated pipeline for SNP, SAP, and splice variant detection in the context of
proteogenomics / G. S. Krasnov, A. A. Dmitriev, A. V. Kudryavtseva [et al.] // Journal of Proteome
Research. 2015. Vol. 14. P. 3729-3737.

Genome of Hippophae rhamnoides provides insights into a conserved molecular mechanism
in actinorhizal and rhizobial symbioses / Z. Wu, H. Chen, Y. Pan [et al.] // New Phytologist. 2022.
Vol. 235. P. 276-291.

ACIIEKTBI UCITIOJIb30BAHUSA HAHOYACTHUIl METAJIJIOB
B TEXHOJIOT'MH KJIOHAJIBHOT'O MUKPOPA3ZMHOXKEHU S
JAPEBECHBIX PACTEHUHA

0. A. ®enoposa’, T. A. 'poaenxas’, I1. M. Eaakos!,
A. A.T'yces?, O. B. 3axaposa’
"BopoHeskckuil rocy1apcTBEHHBIH JECOTEXHUUYECKUH YHUBEPCUTET
um. I'. @. Mopo3zoa, Boponex, fed-olga78@mail.ru
*TamboBckuii rocynapctBennblii yuuepeutet um. I'. P. lepxapuna, Tam6os
nanosecurity@mail.ru

Hcnonp3oBaHue KyJIbTYp PACTUTENBHBIX KIETOK SIBJISAETCS OJHUM U3 BaXK-
HBIX METOJIOB B OMOJIOTMH pacTeHHH. TpyJHOCTH IOJIYyYCHHUS acelnTHYECKOU
KyJBTYpPBl B YCIOBHAX iN VItr0 caep)kuBaeT MIHPOKOMACIITAOHOE BHEIPCHHE
JIaHHOM TEXHOJIOTUU AJISl APEBECHBIX U KyCTapHUKOBBIX pacteHuil. HanouacTtu-
11b1, Oarojapst CBOMM YHUKAJIbHBIM (PM3MKO-XUMHUYECKHM CBOMCTBAaM, a TAKXKe
UMEIOLIeNcsl aHTarOHUCTUYECKOM aKTUBHOCTU B OTHOIIEHHHM MHOTHX MUKPOOP-
TaHU3MOB TIPHOOPETAIOT BCe OONIBIIYIO MOIMYJSPHOCTH B COBPEMEHHOM CEIlb-
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CKOM U JIECHOM XO3SHCTBAaX M OMOTEXHOJIOTHUECKHUX MPHIOKECHUAX [J[pIkMaH,
IIérones, 2017]. B uccirenoBaHusAX KyJIbTyphl TKAaHEH HAKOIUICH OOJBINON Ma-
Tepual, JeMOHCTPUPYIOIIUI MOI0KUTEIBHOE BIUSIHIEC HAHOYACTHUIL HE TOIBKO
Ha CTaJ MU BBEJCHUs B KyJIbTYpy in Vitro, HO ¥ Ha BCex JTamax KJIOHAJIBHOTO
MHUKpopa3MHOKeHUs. [IpoBenieHa ceprsi SKCIIEPUMEHTOB TI0 OIICHKE BO3MOXK-
HOCTH HCITOJIb30BaHHSI HAHOYACTHI[ OKCHJIA MEIU U cepedpa B coCTaBe IHTa-
TEJBHBIX CPEJ] Ha Pa3HBIX dTalaX KIOHAJIHHOTO MHUKPOPA3MHOKEHHS TOIOJIS
Tupamudanvro-ocoxopesozo Kamviwuncroeo (I10K).

HanowacTuiel okcuaa Mequ MOJTydalnd 30Jb-redb MetomoM [Kshirsagar,
Shrivastava, Adwani, 2017], HaHOYACTHUIBI cepedpa — METOIOM XUMHYECKOTO
BoccTaHoBieHus [Synthesis of silver ... , 2014]. Aranu3 mMopdosoTuu Mmoiy-
YeHHBIX HaHOYacTUI] MeTogoM [IOM mokasam, 9To YacTHIBI OKCHIA MEAH H
cepedpa UMEIOT ONM3KyIo K cdeprueckoit ¢popmy. CpenHuii pasmep HaHOYA-
CTHII OKCHA MeJu cocTaBisgeT 5 — 20 HM, pa3Mep 4acThIl cepedpa HAXOAUTCS B
nuamnazone 10 — 30 um.

Pe3ynbeTatel, MpOBENEHHBIX HAMH HCCIICIOBAHUH, TOKA3aJld, 9TO TIPHMe-
HCHHME HAHOYACTHI] OKCHJIA MEIH B COCTaBE TPAAUIMOHHO HCIOJIb3YEMOH IUIs
JPEBECHBIX KynbTyp cpene WPM B xonnenTparusax 5 u 10 mr/a cnocobcTByer
CHW)KCHHUIO YHClia WHPHUIIMPOBAHHBIX JKCIUIAHTOB Tomois Ha 25 %. Bosmeii-
CTBHE HAHOYACTHI[ cepedpa Ha YHCIIO MHOUIMPOBAHHBIX JKCIDIAHTOB HOCHUT
no3o3aBucumbiii 3¢ dext. Tak, HanbobIICe ICUCTBIE HAOIIOJACTCS NP BHE-
CEHUM B COCTaB MUTATEIBHON cpepl 10 MI/m HAaHOYACTHUI, YUCIO WHPHUIHPO-
BaHHBIX JKCIUTAHTOB cocTamiseT 10 %, Toraa kak mMpu BHECEHWH 5 MT/T JaH-
HbIM nokazatesb nosbimaercss 10 20 % (kouTtposb 35 %). CHikeHue yucia
HHQPHUIUPOBAHHOCTH JKCILUIAHTOB TOMOJSI HA CPEAax ¢ HAHOYACTHIIAMH OKCHIA
Menu U cepedpa MOKET OBITh CBA3aHO C AaHTHOAKTEPHAIBHBIM M aHTH(YHTaTb-
HBIM JCUCTBHEM PAaCTBOPOB HCIOIB3YEMBIX HAHOYACTHII. [loj BIHMsSHUEM pas-
JINYHBIX KOHICHTPAIM HAHOYACTHUI] HanOoJiee aKTHBHO MPOILIECCHI Mopdore-
HE3a y 9KCIUIAaHTOB TOIOJISI IIPOUCXOIAT HAa CpeaX, COAEPHKAIIIX HAHOTACTHIIBI
B KOHIICHTPAIMH 5 MI/T — YHCIIO XH3HECHOCOOHBIX JKCIUIAHTOB COCTABIISET
701 45 % (xonTposs — 40 %). YBenWdeHHWE KOHICHTPAI[MH HAHOYACTHI[ B
2 pa3a cHocoOCTByeT MHTHOMpOBaHMIO pa3BuTHa mnobera. Takum oOpasom,
YCTAQHOBJIEHA KOHIIEHTPAIWs HAHOYACTHII B COCTaBE ITHTATEIBHOW CPEBI
WPM — 5 mr/n, ipy KOTOpo# HaO0aeTCs MOI0KUTEIbHBIE ()(DEKThI KaK Ha
CHIDKCHHC MH(DHUIMPOBAHHOCTH JKCIUIATOB, TAK M Ha MPOILECCH MOopdoreHesa
pacTeHus.

B npoBoAMMBIX HaMH SKCIIEPUMEHTAX TI0 OTICHKE BIUSHHS HAHOYACTHIT Ha
noberu Tonons ITupamudansro-ocokopesozo Kamviuunckozo” (IIOK) Ha sta-
e MyJIbTUIUIMKAIIMA M PU30TCHE3a B KOHIICHTPAIMU 5 MI/II HE YCTaHOBJICHO
MTOJIOXKHUTENIFHOTO ACHCTBHA HAa POCTOBBIC M PEreHAIIMOHHBIE ITpOIEccH. Pe-
3yNBTAaTHl TIOKA3aJId, YTO JOOABJICHUE B CPEAy HAHOYACTHI[ OKCHJAa MEIH U Cce-
pebpa Ha CTa Uy MyJIbTUILTUKAIUKE PACTEHHI TOmous IN Vitro yraeraer pocto-
BbIC M PEreHEepallMOHHBIC MPOIECCH: YMEHBINACTCS BBICOTA CTEOISI pacTeHUH
Ha 60 u 53 %, uncno auctbeB Ha 7 U 49 %, cooTBeTCTBeHHO. JloOaBiIcHHE Ha-
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HOYACTHIl B COCTaB MUTATEIBHOI Cpelbl TaK)Ke HETaTHBHO CKa3bIBACTCS M Ha
KOJIMYECTBE YKOPCHEHHBIX 1MO0EroB. BO3MOXKHO, 3TO CBSI3aHO C TOKCHYCCKHM
JICCTBUEM HAHOYACTHUI] MCCICAYSMBIX METAJUIOB M JHKTYEeT HEOOXOIMMOCTh
noxdopa APYruX KOHIEHTpAIMW Ui BEIEHUS JaHHBIX JTAloOB KIOHAIHHOTO
MHUKPOPa3MHOKEHHS.

HccnenoBanust 10 BIAMSHUIO HAHOYACTHIL HA TPOIIECC ajanTaruu in Vitro
pacTeHHil K TOYBEHHBIM YCIIOBHSIM MOKA3alu [eJICCO00Pa3HOCTh BHECCHHS Ha-
HOYACTHII OKCHIa MEIH U cepedpa B KOHIICHTPAIIMHA 5 MI/JI B COCTAaB ITOYBEH-
HOTO cyOcTpaTa, HCIOJIB3YeMOTO Ui BBICAIKH pacTeHnil. Kak mokasamm pe-
3yJIBTAaThl OIBITOB, IPH HCIOJIh30BAHHMA HAHOYACTHI[ OKCHIA MEAH U cepedpa
75 n 100 % pacTeHnit TONOIS MPIDKUBAIOTCS B YCIOBUAX OPAH)KEPEH U UMEIOT
Ooiee BBICOKHE OCHOBHBIC IOKA3aTEeNM POCTa W Pa3BUTUSA. Tak, Y OINBITHBIX
pacTeHHi MO BIUSHUEM PAaCcTBOPOB HAHOYACTHII YBEITHMUMBACTCS BRICOTA CTEO-
11 Ha 612 %, Ko/MuecTBO JUCThEB — 34—45 %, COOTBETCTBEHHO, IO OTHOIIIE-
HUIO K KOHTPOJILHBIM pacTeHHsM. [10JI0KUTENbHOE JAeWCTBUE HAHOYACTHUIl Ha
MIPOIIECC aJanTallii PAaCTeHUH K OpaHKePEHHBIM YCIOBHSM M TIOBBIIICHHE WX
aJanTAlMOHHBIX CBOMCTB CBHUACTEILCTBYET 00 MX CIIOCOOHOCTH CHIKATh (paK-
TOPBI CTpecca MPH TEPEBOJIE pacTeHuii X Vitro. [puMeHeHne HaHOYACTHIL CIIO-
COOCTBYET TaK)Ke CHIDKEHHIO KOJIUYECTBA MH(MUITMPOBAHHBIX (DUTONIATOTCHAMHU
pacreruit Ha 5—10 %. DT0 00BSACHSICTCS, HATMIUEM Y HCCIICIyEeMBIX PacCTBOPOB
HAHOYACTHIl AHTATOHUCTUYCCKONH aKTHMBHOCTH B OTHOILICHHUHM OCHOBHBIX BO30Y-
nuTenelt 0oe3He pacTeH A, HaXOAIIUXCS B CTAINHU MOKOSIIIUXCS CIIOp B ITOYBE.

TakuMm o0Opa3oM, aHAIHM3 PE3yIbTaTOB TPUMEHEHHS PAacTBOPOB HAaHOYA-
CTHII OKCHJIa MEJIU U cepedpa B TEXHOJIOTMH KIOHAJIBHOTO MUKPOPA3MHOKCHHS
tononst [lupamuodanvro-ocoxkopesoco Kamviuunckozco (II0OK) mokaszan BO3-
MOKHOCTh UX HCITOJIb30BaHMS B COCTaBe MHUTATENILHOW Cpellbl Ha CTaJUU BBE-
JICHUsI B KyIIbTYpY iN VItro, a Takxke B cocTaBe MOYBEHHOTO CyOcTpara Ha cra-
JTUH TICPEBO/Ia B HECTCPUIIBHBIC YCIOBUS TEILTUIIBI.

Jlutepatypa

Jpixman JI. A., Iérosnes C. FO. BzanmozeiicTBie pacTeHuii ¢ HAHOYACTUIIAMH OJIarOPOIHBIX
MmeTaiioB (0030p) // CenbckoxossiicTBenHas 6uonorus. 2017. T. 52, Ne 1. C. 13-24.

Kshirsagar J., Shrivastava R., Adwani P. Preparation and haracterization of copper oxide na-
noparticles and determination of enhancement in critical heat flux // Thermal science. 2017. Vol. 21.
Art. 233.

Synthesis of silver nanoparticles: chemical, physical and biological methods/ S. Iravani,
H. Korbekandi, S. V. Mirmohammadi, B. Zolfaghari / Research in Pharmaceutical sciences. 2014.
Vol. 9. P. 385-406.
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OILIEHKA BJIMSIHUSI COCTABA CPE/IbI
U ®U3UOJOTMYECKOIO COCTOSIHUSA DKCILJIAHTA
HA IIPOLIECCHI ®OPMHUPOBAHUS U PA3BUTHUS KAJLJIYCOB
Y O3UMOM 1 SIPOBOM NINEHULBI TRITICUM AESTIVUM L.

II. A. ®egoros'?, U. B. JIro6ymkuna'

'Cubupckuit uHCTHTYT BusHonoruy u Guoxumun pactennii CO PAH,
UpkyTck, ostrov1873@yandex.ru
MpkyTckuii rocynapcTsennslil yuusepeutet, UpkyTek, pavel.fedotov.17@mail.ru

KynbTypsl KI€TOK U TKaHEl pacTeHuil MHMPOKO U 3(H(HEKTHBHO MPUMEHS-
IOTCSI B COBPEMEHHON (pU3MOJIOTHH pacTeHHUH [UI M3YYEHHs KIETOYHOTO OTBe-
Ta Ha jeiictBue (hakTopoB BHEIIHEH cpesbl. MeTo KaJuTyCHBIX KyJIbTyp 3ape-
KOMEHIOBaJl ce0sl KaK HaJeKHBII MOAX0A K MOTY4YEHHIO CTaOMIBHON KIeToY-
HOU KynbTypsl. OH NMO3BOJISET B KpaTHalIIue CPOKH B JTAOOPATOPHBIX yCIOBHU-
SIX TOJyYUTh M30JIMPOBAHHYIO KYJIBTYPy KJIETOK M HaONIOAaTh BIMSIHHE pa3-
JUYHBIX (PaKTOPOB Ha ee pa3BuTHE. HecMOTpst HA TO YTO BO MHOTOM YCHEX
KyJIbTUBHPOBAHUS 3aBUCUT OT (PU3HOJIOTMYECKOTO COCTOSIHUSI DKCIUIAHTA, a He
0COOEHHOCTEH TeHOTHIA PACTCHHUS, HAa MPAKTHKE HCIOIb30BaHUE CTAHAAPTHBIX
IIPOTOKOJIOB IPY TOJIyYEHUN KAJIYCHBIX U CYCIIEHU30HHBIX KyJIBTYD 3a4acTylo
COIPSDKEHO C PSAZOM TPYIHOCTEH, 0OYCIIOBIEHHBIX BHIO- M COpPTOCICHU(pHY-
HOCTBIO, UTO OCOOCHHO SIPKO MpOSIBIsETCA Yy 37MakoB [3uHary/uinHa, 2023].
Kpome Toro, y n3HagansHO HEMOP(OTEHHBIX KAITYCOB B JabHEHIIEM MOKET
3aIyCTUTHCSI MOP(OTeHE3 M3-3a TIOCTETIEHHOTO CHIDKEHHUS COJICP)KaHUs B Cpesie
ayKcHHa Kak pocToBoro peryisitopa [Lazzeri, Shewry, 1993].

B cBs3U ¢ 3THM 1enbio TaHHOW paboThI OBIIO W3yUSHNE BIMSHHS COCTAaBA
cpenbl U KOHIEHTpaIuu 2,4-TuXJI0OpOPEHOKCHYKCYCHOW KHCIOTHI (2,4-]1) Ha
(opMHUpOBaHKE U PA3BUTHE NIEPBUYHBIX KAJUTycOB y 03UMOM (copT MpkyTckast)
u sipoBoii (copt HoBocubupckas 29) MArkoi MIeHUIs!.

OKCIUTAaHTHI MOJTYyYald M3 3PENBIX 3apOJBIIICH MIICHUIIB], KOTOPBIE H30-
JMPOBAIIM U3 CyXHX W HAOYXIIMX CEMSH B aCENTHYECKHX YCIOBHAX JaMHHap-
Horo 6okca. CeMeHa mepe U30JSILKEH 3apoblieil MOCIeA0BaTeNbHO CTEpU-
nm3oBanuch 1%-HBeIM pacTBopoM mepmanranara kamusa (KMnOsg) B TeueHne
20 mMuH u 5%-HBIM pactBOpoM rHmoxioputa Hatpus (NaOCl) B Tedenme
30 MuH. DKCIDIaHTHI MTOMeImanuch Ha cpeasl Mypacure-Ckyra (MS), Uy (Ne,
conepkalnyro Mukpoconu cpeast Blaydes), u ambopra (Bs). B xauectBe ctu-
MyJIATOpa pocta ucnoib3oBanu 2,4-J1 B koHumeHtpanuu 2,5 mr /. JlomomaHu-
TEIBHO TOTOBWIH cpeay MS ¢ kounenrpamusmu 2,4-J1 ot 0,5 mo 2,5 mMr /i ¢
marom 0,5 mr/n. Uepes 3 Hexenn mMpoBOAWIM yUET YacTOTHI KaJUTyco- M 1mo0e-
rooOpa3oBaHus. Taxke B 3TOT NMEPUOJ C UHTEPBAJIOM B | HEIEMIO MPOBOAUIH
H3MepeHne IPUPOCTa OOMACCH KAJLTyCOB.

Hawnbosee yHMBepcambHOW Cpemoil s MONydEeHHs KaJUTyCHBIX KYyJBTYP
cuutaercss MS B coueranuu ¢ 2,4-/1 B kauecTBe perynastopa pocra. 2,4-/1 B BbI-
COKOI KOHIIEHTpAIUX CIIOCOOCTBYET Mposndepanuy KalulyCHOH TKaHH U B TO
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e BpeMs HHTHOUpyeT anuddepeHInannio KIETOK, YTO BaXHO YUUTHIBATE MPH
MOJYYCHUH HEMOP(OTeHHBIX KaluTycoB. B naHHOW paboTe OBUIO Ba)KHO BBI-
SIBUTb NPUHIUIHATIBHBIEC OTJINYMS B KyJIbTUBUPOBAHUH KaJUTyCHOM TKaHU O3M-
MOH U IpoBOH (opM HIIeHHUITB! Ha cpeaax MS, Bsu N¢ 1 BIUsIHUE TPUCYTCTBUA
2,4-J1 B pa3inu4HON KOHIEHTPAIMM HA Pa3BUTHE KaJUTyCHBIX KYJIbTYp. bbuio
MOKA3aHO, YTO MEPBUYHBIC KAJUTyChl OBUIA TIEPBOHAYAIBHO PBIXJIBIMU, OBOJI-
HEHHBIMH, 1OCTaTOYHO OJHOPOIHBIMHU. Y CTAHOBJIEHO, YTO YacTOTa KaJLITyCO00-
pa3oBaHUs B KyJIbTYpE 3apOAbIIICH 03UMON M SPOBOM MIICHHIIBI, N30JIMPOBAH-
HBIX U3 CYXHX M HaOyXIIMX CeMsH, cocTaBmia okoio 70 % Ha cpemax MS u N,
a Taxoke Bs pu KyJbTUBUPOBAHUM CYXHX 3apojbliell. B KynbType 3apoablieit
HaOyXIMX ceMsH Ha cpefie BsaToT mokaszarens coctaBuin 40 %, B TO BpeMst Kak
y sipoBoi miueHuI sl oH npesbiman 70 %. [Ipu ucnons3zoBanuu cpeasl MS ya-
cToTa KaynrycoobpasoBanus He gocturaia 30 %. bomee cepresHble pazamyus
6bUTH OOHAPYXKEHBI B CKOPOCTH MPHPOCTa OMOMACChl MEPBUYHBIX KaIIyCOB B
3aBUCUMOCTH OT COCTaBa Cpe/ibl. Y O3MMOM MIIEHUIIBI 110 UCTEYEHUH 3 Helelb
KyJIbTHBHPOBaHUS Ha cpene MS npu HCHOIb30BAHUU 3apOJbILIENH CyXUX CEMSH
CpelHsIsl Macca Kajuryca cocTaBisuia okosio 40 Mr, Torjga Kak MmpH UCIoJb30Ba-
HUH 3apOIbIIIIEH, MOTYYSHHBIX U3 HAOYXIIINX CEMSH, CPEIHsI Macca Kajuryca B
ATOT ke Tieprot Obuta B 2 pa3a 6onbiie. Ha cpene Ne cpeare Macchl KauTycoB
cocTaBiisuin 25 Mr 1iocne 1-i Henenu u 60 Mr 1o ucreueHuu 3 Hexenb. Hanme-
Hee d((EeKTHBHOM ISl BBIpAIMBAHUS KaJUIyCOB O3UMOM IIIIEHHIBI OKa3allach
cpema Bs, rae mpupocT 6noMacchl peTHCTPUPOBAIICS JIUIIb B TCUCHHE TEPBBIX
2 Heyenb. Y SIPOBOII MIIEHHUIBI B KYJIBTYype 3apOJBIIICH CyXUX CeMsSH HeOOIb-
LIMEe pa3iinyus B mpupocte OuomMacchl Ha cpegax MS u Bs Obutn 0OHapyKeHBI
[0 UCTEYCHUM 2 HEZENb, HO OKOHYAHWU 3 HeJeNH CpeHss Macca Kajulyca Ha
BCEX TPEX cperax ObLIa MPUMEPHO OMHAKOBOH. [Ipn KyJIsTHBHPOBAHUH 3apo-
JIBITICH SIPOBOY TIICHUIIBI M3 HAOYXIIUX CEMSH MPHPOCT OMOMACCHI Ha MPOTS-
JKEHUH 3 HeAeNb MPOXOJUI MPUMEPHO OJMHAKOBO Ha BCEX HMCCIENYEMBIX Cpe-
Jlax, ¥ CPeAHAs Macca Kajuryca cocTaBisia okoso 50—60 Mr B KOHIIE H3y4aeMo-
ro nepuoaa. OTMETUM, YTO NPU AJUTEIBHOM KYyJBTUBHUPOBAHUM KaJIyCOB Ha
cpene Bs06omee yem B 50 % ciiy4acB MPOUCXOMNIA CIIOHTaHHAS OCTAaHOBKA POCTa
1 JJaJIbHEMIIIAs SNMMUHALMA KAJUTyCOB KaK Y O3UMOM, TaK U Y SPOBOM IIICHULIBL.

JanbHeiimas pabota ObUTa HAaIpaBlIeHA Ha BBISIBICHUE BIMSHUS KOHIICH-
Tpanun 2,4-J] Ha oOpa3oBaHHe HEMOP(HOTCHHBIX KAJUTyCOB B KYJIBTYPE CYXHX
3apoppinieii. B kauectBe cpenbl ucnosib3oBau MS kak HanOonee 3hdexTHB-
HYIO JUIsl KyJbTUBUPOBAHUS CyXHX 3apofbliieil. beulo ycranoBieHo, 4ro 6e3
2,4-J1 B KynbType 3apOoJbIIIel SpoOBOW IMIICHUIIBI 00pa3oBaHMsS HEMOP(OTeH-
HBIX KaJUTyCOB HE TPOUCXOIuT. [Ipu moOaBiIeHUN TOpMOHA HAOIIOACTCS MPsi-
Masi 3aBHCUMOCTBh MEXIY €ro KOHIICHTpAalWCHl W 4acTOTON 0Opa3oBaHHs He-
MOpP(OTreHHBIX KauTycoB. ONTUMYM KOHIeHTpanmu 2,4-J Haxoxmics B quarma-
30HE OT 2 70 2,5 Mr/n. B KynbType 3apofpliieil spoBOi MIIEHUIBI 9acTOTa 00-
pa3oBaHUsl HEMOP(OTEHHBIX KaTycoB cocTaBmia 65 %. Y 03UMON MIICHULIBI
9TOT MOKa3arenb Obi1 paBeH 80 %.
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Takum 00pa3om, coCTaB cpe/ibl KyIbTHBUPOBAHMS CYIIECTBEHHO BIIHST HA
CKOPOCTh IPHPOCTA OHOMAcChl KAJTyCOB, 0COOCHHO P MCIIOJIL30BAHUH B Ka-
YEeCTBE AKCIIJIAHTOB 3PEIIbIX 3apO/bIIIEH, U3BICUEHHBIX U3 CYXHX CEMsH, U MpH
JUINTETIPHOM KyJbTHBUpoBaHUH. Hambomnee 3¢ (GexkTUBHBIMU CpefaMu AJS TIO-
Jy4eHUs! KaJUTyCHOM KyJIbTYPBI y SIPOBOM M O3MMOM MINEHULBI SIBISIOTCS CPEIbI
MS u Ne. Cpena Bs He MoxeT ObITh peKOMEH/I0BaHA /ISl JUTUTEIILHOTO KyJIbTH-
BUPOBAHMS KaJUIyCOB O3UMOM M SIPOBOIi MIICHUIIBI B CBSI3H ¢ HHIMOMPOBaHUEM
npupocTta GuomMaccsl kamurycoB. Hammuue 2,4-J1 B KylbType CyXuX 3apoibIiiei
SIBIISIETCS KIIFOUEBBIM (haKTOPOM AJIsl 00pa30BaHUsI HEMOP(OTEHHBIX KaJITyCOB.
HaGuomaercst npsiMasi 3aBUCUMOCTb MEXIy KoHueHTpauuel 2,4-J1 u obpazo-
BaHHEM HEMOP(OTeHHBIX KaIIyCOB Ha cpexe MS.

Pabora BeImoNTHEHA ¢ ncnonb3oBanueM kosuteknuii LIKIT «bropecypcHbrit
ueHTp» u obopynoBanus LIKII «broanamntuka»y CrHOMpCKOro MHCTUTYTA (HU-
3uonoruu u 6noxumuu pacrenuit CO PAH.

Hccneoosanue 6binonineHo 6 pamkax 2ocyoapcmeenno2o 3adanus Muno-
opnayku Poccuu ons @edepanbnozo 20CyoapCcmeennoco 0100iCemno2o yupe-
arcoenust nayku Cubupcko2o unemumyma Gusuoso2uu u OUOXUMUU PACTEHULL
Cubupcrozo omodenenuss Poccutickoti axademuu nayk (Pee. Ne HHOKTP —
122041100049-0).

Jlutepatypa

Bunaryumna A. E. Cragust smOpuoreHesa in planta Biansier Ha peannsamuio MOpQoreHeTmde-
CKOTO MOTEHIHAIa 3apO/IbIIeil MIICHHIIBI in Vitro // Dxobuotex. 2023. Ne 1. C. 35-44.

Lazzeri P. A., Shewry P. R. Biotechnology of Cereals // Biotechnology and Genetic Engineer-
ing Reviews. 1993. Vol. 11. P. 122-146.

W3YYEHHUE HOBBIX KPEMHUMOPTAHUYECKHAX
CTUMYJISATOPOB POCTA PACTEHUM

H. B. ®uaunosa, M. A. AnekceeB
HpUX CO PAH, Upkyrck, filinova_nv@mail.ru

CoBpeMEHHBIM HAIpPaBICHHEM IOBBIIICHUS YPOKAilHOCTH M KadecTBa
MIPOAYKONN PACTCHUEBOACTBA SABJIACTCA BHCIAPCHUEC B CEIbCKOXO03SIMCTBEHHOE
MIPOHM3BOICTBO YHEPTrOCOCPETAIOIINX TEXHOIOTHH C IIPIMEHEHUEM PETYIISITOPOB
pocta pacTeHuld. Peryssius ropMOHaJIBHOTO CTaTyca B OHTOTEHe3e IMyTEM HUC-
MTOJIF30BAaHMSI CTUMYJISITOPOB poOcCTa SABISETCS (PPEKTUBHBIM CPEICTBOM IIO-
BBIIIEHUS! NPOLYKTHUBHOCTH M YCTOMUMBOCTU CEJIbCKOXO3SICTBEHHBIX pacTe-
HUM K HeONarompusATHBIM (aKTopaM Cpeabl. Perymsaropsl pocTa IO3BOJSIOT
YCHUJIMBATh WM OCIA0ISATh MPU3HAKH M CBOMCTBA PACTEHHUH B IIpeenax HOPMEI
peaKIuu, OnpeesieMO FTeHOTUIIOM.

B kauecTBe NOTEHUHATIBHBIX PETYJSATOPOB POCTA PACTEHUH NEPCIIEKTHBHbI
COCIIMHCHHS C MOYCBHHHBIMH M KapOaMaTHBIMU CTPYKTYPHBIMH 3JICMCHTaMHU.
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OT0 00BSICHACTCA TEM, YTO TaKWe COSAWHCHHS MOTYT B3aHMOJCHCTBOBATH C
peuentopamu, NpeJHa3Hau€HHBbIMU VIS CBSI3bIBAHMS C UTOKUHUHAMU — IIyPH-
HOBBIMH (PUTOTOPMOHAMH, OTBEYAIOIIMMH 3a KJIETOYHOE Jienenue, nuddepen-
[IIALUIO KJICTOK ¥ METaboNIn3M OeNKOB U MOIHCaXapuIoB.

B NpHUX CO PAH 06wl co31aHbl THOPUIHBIE COSAMHEHUS, COJICpIKAIINE
OCTaTOK MOJICKYJIBI MCXOJHOTO MOYEBHHHOTO (DUTOPETYyISTOpa W CHIIATpa-
HWIbHYIO Tpynmy. Ha OCHOBaHMM MHOTOUYWCIIEHHBIX JIUTEPATYpPHBIX JAAHHBIX
O’KHJTAIOCh, YTO BBEJICHHWE CIJIATPAHWIBHON TPYIIIBI MPUBEIET K M3MECHEHHIO
OHMOJIOTHUECKON aKTUBHOCTH UCXOJHBIX COCTMHCHUI.

Takum 00pa3om, LENBI0 UCCICIOBAaHMS ObUIO ONPEICICHUE U CPAaBHCHUE
Ouonornueckoir akTuBHOCTH N,N-mumernn-N’-u3onponwiModeBusl (1) u
N,N-numernn-N’-uzonponun-N’-cujaaTpaHuIMeTHIMOYEBUHBL (2) Ha pacTe-
HUSIX B KOHTPOJIMPYEMBIX YCIOBUSIX.

B skcnepumenT ObuH B3STHI ceMeHa parca (copT Jerome KWS) u mie-
Huns! (copt [pxekmnor). IIpoTpaBinBaHue CeMsSH HCCIEAYeMbIMU COSTUHEHUS-
MU TIPOU3BOIWIIH B 2X KoHIeHTparusax: 10 /T u 20 r/T. CeMeHa BBICEUBAINCH B
moyBOrpyHT (N200P100K300) ¢ mobaBneHmeM MuKposneMeHTOB. EjskeqHeBHO
OCYIIECTBIISUTH TONUB MOYBH! 10 BiIaxkHOCTH 60 %. Temmneparypy mommepxu-
Bamn 22-23° C guem u 19-20 °C HOUbIO IpH 16-gacoBoM QoTonepuoze. Jns
pacTeHui parca U3MepsIM JAJUHY M MacCcy KOpHEH, Maccy HaJ3eMHOM yacTu
pacTeHus, A PaCTCHUN IIICHULB] — JUIMHY, MAacCy KOPHEW U HAaI3€MHON Ya-
CTH PAaCTCHUS.

Hamwu 6BUTO TOKa3aHO, 9TO MPOTPABIMBAHUE CEMSH parca COeAWHCHHEM
1 yBenuuuBajao Maccy npopocTkKa U KOPHs, a TakKe JIMHY KOpHs Ha 10-e cyT.
IIOCJIE€ BCXOOB MO OTHOIICHUIO K KOHTPOJIBHOMY BapHaHTy (CEeMeHa, 3aMOYeH-
HBIE B Bozie) (Tabm. 1).

Taoauna 1
MopdomeTprueckne mapaMeTpsl pacTeHU parica mpu 00padboTke
HCCIIeAYEMbIMH BEILIECTBAMU
Bapuanr Macca Coen. 1/ | Maccakop- | Coen. 1/ Cpenusis Coen. 1/
mpopocTka, | coen. 2,% Hs1, % K coen. 2, % | mnmua xop- | coen. 2, %
% K KOH- KOHTPOJIIO HA, % K
TPOIIO KOHTPOJIIO
KonTpons kopHeBoii cuctems! (10 rHEl mocie BCXOI0B)
Konrpoan 100 100 100
110/t 124 100 160 100 129 100
1201/t 118 100 160 100 138 100
2101/t 145 117 196 123 126 97
2201/t 150 130 224 140 138 107
Wrorossie pesynbrathl (20 AHE#H nocie BCX010B)
KonTtpoib 100 100 100
1101/t 76 100 100 100 85 100
1201/t 85 100 97 100 85 100
2101/t 71 93 92 92 98 115
2201/t 73 85 103 106 99 116
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O06paboTka ceMsiH pacTBOpaMH COCTMHEHHS 2 Ha Ha9aJbHOM 3Tare pocTa
B OOJIBIICH CTEIICHU MOBJIHSIO HAa HCCIEAyeMbIC ITapaMeTphl, 4eM 00paboTKa
CeMsIH MCXOJIHBIM BEIIECTBOM: Macca KOpHs Obuia OOJblIe, YeM B KOHTPOIIE,
Oonee uem B 2 pasza B koHueHTpanuu 20 r/t. CpaBHenue 3ddexra coeqnnenuit
1u 2 CBHICTENBCTBYET O TOM, YTO HawWOOJbBIICe BO3ACHCTBHE COSAWHECHHE
2 oka3zasio Ha Maccy npopoctka (Ha 30 % B koHueHTpanuu 20 r/T) ¥ Ha Maccy
kopus (Ha 40 % B xoHuentpauuu 20 r/T).

IIpoTpaBnuBaHue CEeMSIH TIICHUIBI PACTBOPOM coeluHeHHs 1 B KOHIIEH-
tparuu 20 r/T, yepe3 10 THEH BereTamuu 1mociie BCXOJ0B, YBEINIHBAIO MAcCy
KopHs (Ha 74 %), Maccy credist ¢ ucTbsamu (Ha 24 %) 1Mo CpaBHEHHIO C KOH-
TPOJIEHBIM BapHAHTOM, HO IIPH 3TOM HE BIMSIIO HA UX JUTHHY (Ta0. 2).

Ta6auna 2
MopdomeTpruueckne napamMmeTpbl paCTeHUH MIISHUIIBI IPU 00padoTKe
HCCJICyEMbIMH BEIIECTBAMU

Bapuant Macca Coen. Macca Coen. Jlnuna Coen. Jnuna Coen.
xopust, % | 1/ coen. | crebns, | 1/co- KOPHSI, 1/co- cTeb- 1/ coen.
K KOHTP. 2,% % K en. 2, % % K en.2,% | s, %k 2,%
KOHTP. KOHTP. KOHTP.
KonTtpoub kopHeBoii cucremsl (10 gHei rmociie BCX0/10B)

KonTpoiub 100 100 100 100

1101/t 118 100 102 100 94 100 99 100

120/t 174 100 124 100 90 100 94 100

2101/t 143 122 129 126 100 106 96 96

2201/t 126 72 113 91 83 91 93 99

Wrorossie pe3ynbratsl (20 qHEH mOCIIE BCXO0B)

Kontpons 100 100 100 100

1101/t 109 100 109 100 99 100 95 100

1201/t 128 100 120 100 95 100 100 100

210r/T 103 94 117 108 112 113 96 101

2201/t 100 78 104 87 94 99 104 104

IIpu 0OpaboTke ceMsH PacTBOPOM COCAMHEHHUsS 2 HauOOJbIIUH dPQPEeKT
HaOIroaIICs TIpU KOHIeHTpauuu 10 T/T: Kak U B ciIy4ae ¢ MCXOIHBIM COCIHHE-
HueM 1 yBenuuuBanach Macca HaazeMHOH (Ha 29 %) u nmoazemuo# (Ha 43 %)
YacTU pacTeHMs MIIEHUIIBl, HO He ux JumHa. [Ipu cpaBHeHnu shdekra coenan-
HeHni 1 ¥ 2 TMOKa3aHo, YTO THOPHIHOE COCTMHEHNE 2 BIMSIIO CHIIbHEE Ha HC-
ciexyemble nmapamerpsl B koHteHTparmy 10 r/t (0,001 %), B Oomnbliei KOHIIEH-
tpauuu (0,002 %) HaOIOAaICS HEKOTOPBIH HHTHOUPY LT 3P PEKT.

K KxoHIly 3KCTIEpUMEHTa OTIHYHNS OOIBITHHCTBA MOP(POMETPUICCKHUX TIPH-
3HAKOB OBUTH HUBEINPOBAHBI, BEPOSATHO, ITO SBISCTCS CICACTBHEM OTpaHHUe-
HUS POCTA PACTCHUI 00BEMOM STYCHKH KaCcCETHI.

Takum 00pa3oM, co3aHue, UCIIBITAHUE HOBBIX KpeMHHIcoaepKax (hu-
TOTOPMOHONOIOOHBIX COSTUHEHUH, KOMITICKCHOE N3yUCHHE UX CBOUCTB C Iep-
CHEKTHBOW MPUMEHEHHSI B arpOTEXHOJIOTHUSIX SIBISACTCS JOCTATOYHO aKTyallb-
HOM ¥ BOCTpeOOBaHHOM 3a7aueil B HACTOSAIIEE BPEMsL.

Paboma evinoanena npu noooepaicke epanma PH® Ne 23-23-00278.
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BUOTEXHOJIOI'NMX HA OCHOBE MEXAHU3MOB
I'MHOT'EHE3A U ITAPTEHOT'EHE3A ¥ KYKYPYVY3bI:
AHAJIN3 'EHOB U BEJIKOB

M. U. Yymakos, B. B. ®ajees, 10. B. ®ageeBa, E. M. MouceeBa

WuctutyT Onoxumum 1 (PU3HOJIOTHN pacTeHuil 1 MUKpoopranmmos PAH
Caparos, chumakov_m@ibppm.ru

B noxmazne naH aHanM3 TEHOB M OEJIKOB THHOTEHE3a M MapTEHOTCHE3a Ky-
Kypy3bl. IIpy ruHOTEHE3e B pa3BUTHH 3apOJbIllIa YUacTBYET TOJIBKO SIpO Sii-
nekseTku. [Ipn MaTpOKIMHHOM MapTEHOTeHEe3e MPOMCXOJUT CIIOHTAHHOE pa3-
BUTHE SMOPHOHA U dHAOCTIepMa 0e3 OmbIIeHUs. J[11 COBPEMEHHOTO CeNbCKOTo
XO3SHCTBAa MOTYT OBITH CO3aHBI TEXHOJIOTHH Ha OCHOBE THHOTEHE3a (IIBOIHBIC
raIuIon/ibl, TaIFIONHAYKTOPBI) U MapTeHOTeHe3a (pa3MHOXKEHHE ceMeHaMu 0e3
OTBUICHHUS), HO JUIS 3TOTO TpeOyeTcsl UcCIeJOBaHHE TeHOB, KOHTPOIUPYIOMIUX
Ha4aJo CIOHTAHHOTO (6e3 OIBUICHHST) YMOPHO- B 3HAOCIEPMOTeHe3a Y KyKypy3bl.

CapaTOBCKUMH CEJICKIIMOHEPAMHU OKOJIO COPOKa JIET Ha3aJ ObLIM IOJTyde-
Hbl TamonHgynupytomue (I'M) m mapreHoreHeTHueckne JMHUM KyKYpy3bl
[OnunapHoe omnogoTBOpenue ... , 1997; Tripuos, Enaneena, 1983] y koTopbix
AQBTOHOMHBII SMOPHOTEHE3 U YHOCTIEPMOTeHe3 HaOI0AaeTC B AECATKH-COTHH
pa3 Jaie, 4eM y OOBIYHBIX JIMHHHA.

Hamu nokazano, yro I'M-muHnu kyKkypyssl capaToBckoit cenexiun 3MC-
8 u 3MCII umenu 14 ognHAKOBEIX OJHOHYKIeOTHAHBIX 3ameH (OH3) u oy
YeTBIPEX-HYKICOTHIHYIO BCTaBKy B reHe ruHorenesa MTL/NLD/PLAL, kak u
ux npenok — auHus Stock 6 [AHanm3 mytauuii ... , 2023]. B pe3yipraTe 3TOM
BcraBku 3D wmomens Oenka MTL/NLD/PLAly TI'M nunumit umeer 20 o-
cnmpaie, Torjaa kKak kKak y Oenka pedepeHcHol auHuM B73 — 24 a-crimpanm.
COOTBETCTBEHHO CTPYKTypa u pyHKIus 6enka dpochonumnaspl (PLA1) Hapya-
eTcsi, 1 MeMOpaHa CIIepMHsI MOXKET, BEPOSITHO, UMETh JPYroil cocraB M CIIO-
COOHOCTB K CIUSIHUIO ¢ MeMOpaHaMM SHIEKJIETKH U 00pa30BaHUIO TaIIOUIHO-
'O 3apOJIBIIIA U PACTCHHUS.

YcranosieHo, uto reH GEX2, koHTpommpyronmii aaresnto MemMOpaH ra-
mer Kykypy3bl y ' muaun 3MCII nmeer Bbicokuit momumopdusm: 27 OH3,
BCTAaBKY Pa3MepoM B 9 HyKJIECOTHIOB U OIHY JABYXHYKJICOTHIHYIO 3aMEHY, MO
cpaBHeHuIo ¢ JuHuMer B73 [CpaBHutenbHbIH aHamm3 ... , 2023]. YV Oenka
GEX2 rammomnayuupytomeit uann Kykypyssl 3MC-8 oOHapykeHbl 12 amu-
HOKHUCIOTHBIX 3aMeH (AK3) u 2 BCTaBKM 1O CpaBHEHHUIO ¢ OelkoM pedepeHc-
Hoit muamm B73, a y Oenka ramtomaayrmpyromeit muann 3MCIT - 11 AK3 u
2 BcraBku. Otinnuns mexay 3D monensvu 6enko GEX2 nuanii B73, 3MC-8
n 3MCII HaGmonaroTcsi BO BTOPUYHOM M TpeTHUUHOM cTpykType. Ilpm
CRISPR/Cas9-penaktupoBanun rena GEX2 kykypysbl PHII-komimiekcamu
3 PEeKTUBHOCTH Ha MPOTOIUIACTAaX KyKypy3bl gocturaeT 11 %, B 3aBHCHMOCTH
OT COOTHOIICHUS U KomuecTBa KoMoHeHToB B PHII-kommekcax [Analysis of
the effectiveness ..., 2024].
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ITokazano, uto 6emoxk HAP2/GCS1, obecrieunBaromui ciussHie MeMOpaH
ramer Kykypy3sbl, y 'l nuaun 3MCII siBasieTcss BHICOKOKOHCEPBATUBHBIM U
HMeeT TOJIbKO OJHY aMUHOKHCIIOTHYIO 3aMEHY, 10 CPaBHEHMIO C JIHHUSMHU
B73 u KM.

C momomrwio mporpammbl AlphaFold2 moctpoerst 3D moaenn xpomo-
Monenupyronmx oenkoB kykypy3sl CHR106 1 HDT104 u npoBeneHo cpaBHe-
nue 3D cTpykTypsl 5THX OeikoB y juHHH KyKypy3sl AT-3, AT-4u B73. ¥V
6enxoB CHR106 muamm AT-4 u HDT104 nmuanit AT-3 u AT-4 obnapyxeno 5
u 6 AK3, cOOTBETCTBEHHO, B HECTPYKTYPHUPOBAHHBIX y4acTKaX, HO H3MEHEHUH
B 3D crpykrypax monekyn 6enkoB CHR106 nuanun AT-4 u HDT104 nunuii
AT-3 u AT-4 o cpaBHeHHIO ¢ pedpepeHcHO muHueH B73 He 0OHapykeHO.

ITosrydensl naHHBIE MO MONMMOpPGU3MY TreHoB mapteHoreHe3a FIEL u
FIE2 kykypy3sl u noctpoensl 3D monmemn FIE GemkoB. CTpyKTypupoBaHHAsS
yacth Oenka FIE] nuaum AT-1 He nMeeT 3HAUNTEIbHBIX OTIHYHIA, B TO BpeMs
KaK HeCTPYKTypHPOBAHHBIC YACTH MUMEIOT OTIMYAIOIIHECS OPUCHTAINIO W KOH-
¢dopmaruro. Y nuamA Kykypy3sl AT-1u AT-4 B Genok KoAupyroimiei 4acta
FIE2 He oOHapyXKeHO HYKJICOTHIHBIX W3MEHEHUH, a y nuHuu AT-3 Habnrona-
etcst 1 OH3 B Genok koaupyromeit yactu. Y 6enka FIE2 aMmMHOKUCIIOTHBIE TTO-
CIIEZIOBATEIBHOCTH BCEX TPEX JHMHHUI IOJHOCTBHIO MICHTHYHBI ¢ pedepeHCHOH
MOCJIEeI0BAaTEIbHOCTIO JINHUU B73.

Okcmpeccus MEePEeHECEHHOro U3 mpoca B Kykypy3y reHa (PSASGR-BABY
BOOM, (BBM)) BBM BbI3BIBaCT HHAYKIUIO MAapTEHOTEHE3a y KyKYypYy3bl
[Conner, Podio, Ozias-Akins, 2017]. MsI ucciieoBaiu dkcrpeccuio rena BBM
B 3aBs35IX IMAPTEHONCHETUYECKOM JIMHUM KyKypy3bl Ha 20-i J€Hb MOCIIe OIIbI-
JICHUS1, HO HE OOHAPY KN TPAHCKPUITOB.

Hccnedosanue evinoaneno 3a cuem epamma Poccuticko2o HayuHo2o
¢onoa (npoexm Ne 23-26-00101).
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MPUPOIHBIN TPAHCI'EH TROLC JJ151 HOBBIIEHUA
MPOJYKTUBHOCTH Y CTPECCOYCTOMYUBOCTH PACTEHUI
NICOTIANA TABACUM L.

J. 0. lsen', A. JI. Mycrapuna’, X. I'. Mycun', B. P. Kyayes'?
"Mucruryt 6uoxumun u renetnku YOUIL] PAH, Yoa

2V puMCKMii yHUBEPCUTET HAyKH U TEXHONOTHit, Ya
shvetsdasha99@yandex.ru

B renome Nicotiana tabacum L. B pe3yibrare ropu3oHTaIBHOTO EPEHOCA
TCHOB B IPHPOJIHBIX YCIOBHUSIX 3aKPEMIIHCh roMooru rol-reros ot Agrobac-
terium rhizogenes. N3BecTHO, 9TO OMH M3 PACTUTEIBHBIX TOMOJIOTOB, & HMCH-
Ho reH trolC Tabaxa, 3KCIpeccupyeTcst B MOJIOABIX JIMUCThSIX U KOHYHKAX Mo0e-
TOB, TO/IABIAETCS AyKCUHOM U MHYLIUPYETCs] HIUTOKUHUHOM, a TaKyKe, BEpOsT-
HO, CTIOCOOEH OKa3bIBaTh MOJIOKHUTEIBHOE BIMSHUE HA POCT U CTPECCOYCTOM-
YMBOCTh PAcTeHUH. B pe3ynbrare MOpOMETPHUECKOrO aHAIN3a paHee IMOJy-
YEHHBIX HAMH TPAHCTCHHBIX PACTEHHH Tabaka, dKCIIPEecCHUpyIOmuX (GparMeHt
rena trolC B aHTHCMBICIIOBOH OpHeHTanuu noja KoHtposieMm 35S CaMV mpomo-
TOpa, OBIIO MPOAEMOHCTPHUPOBAHO, YTO MPOAYKT I'€HA YYACTBYET B PETYIIIIUU
pocTa KOpHEH, KaK IpU HOPMAJIbHBIX YCJIOBHUSIX, TaK U IPHU AEHCTBUU TSIKEIBIX
METaJJIOB M TUIIOTepMUH. BrisiieHo, uTo trolC okassiBaeT BeIpaXeHHOE BIIHsI-
HHE Ha KOMIIOHEHTHl aHTHOKCHUAAHTHOM CHUCTEMBI KOpHEHl MpH HOPMaJIbHBIX
YCJOBHSIX U MpHU 3acojieHuu. Ha cerogHsmHuil 1eHb 3acoyieHne, 3acyxa U 3a-
IPSI3HEHHE TIOUBBI TSKEIBIMU METAJUIAMH SIBIIAIOTCS OJHOM M3 BaKHBIX IPO-
651eM, ¢ KOTOPBIMU CTaJIKUBAIOTCA MPU BO3/EIBIBAHUU CEJIbCKOXO03AHCTBEHHBIX
KYJIBTYp, TIPH 3TOM JIaHHBIE CTPECCOBBIE (DaKTOPHI OKA3BIBAIOT OTPHIIATEIHHBIN
s¢dexT mpexne Bcero Ha pocT KopHEll. [109TOMy HepCcHEeKTUBHBIM SBIAETCS
MOUCK HOBBIX T'€HOB, ONPEAEISIONINX MOBBILEHHYIO YCTOHYMBOCTb U MPOAYK-
TUBHOCTH PAaCTEHHUH MPU NEHCTBUM JAHHBIX CTPECCOBBIX (hakTOpoB. Llenbro uc-
CJIe/IOBaHMs SIBISUIOCH ONPEACIICHHE poJn MpupoaHoro tpancrena trolC B pe-
TyJILUM POCTa U CTPECCOYCTOMYMBOCTU pacTeHuil. B kadecTBe Marepuaina uc-
MOJIB30BIN 4 JIMHUM TPAHCTEHHBIX pacTeHWil Tabaka copra Petit Havana c
KOHCTHTYTHBHOW 3Kcmpeccueil ¢parmenta rena trolC mox koutporem 35S
CaMV npomoTopa B aHTHUCMBICIIOBOH OpUEHTALMU, B KaUeCTBE KOHTPOJI He-
TpaHCTeHHbIE pacTeHHs Tabaka copTta Petit Havana muamm SR1. IpenBapu-
TeNBHO, ceMeHa crepmin3oBaan 70 % STHIOBBIM CIHUPTOM B TeueHHE | MuH,
15%-Ho¥i Genm3HOM B TeUeHWE 8 MHUH, 3aTeM IPOMBIBAIN 5 pa3 CTEPHIBHOU
JIMCTUJUIMPOBAHHOW BOJION, caxkayi Ha yamku [lerpu co cpemoit Mypacure-
Ckyra (MC) u BblpamumBaiy B kamepax pocra Binder (I'epmanust) npu temme-
patype +25 °C, ocBemeHHOCTH okojo 140 Mkmoib/(M2c) u QoTonepuosae
16/8 4 (cBeT/TeMHOTA) (HOpMAaJIbHBIEC YCIOBHA). 10-THEBHBIE TPOPOCTKU C OTH-
HaKOBBIMU  pa3MepaMH  KOpHEH  Iepeca)kuBalldi  Ha  BEPTHKAIbHO-
opueHnTupoBanHble yamku Iletpu co cpegoit MC mpu HOpMalbHBIX YCIIOBHSX,
neictBum 3aconenus B koHneHTpanusx 50 u 100 MM NaCl, arerata kagmust B

87



koHneHTparusax 100, 200 u 400 MxM, runiorepmun (+12 °C). Cryctst 10 gaeit
npoBouik ananu3 copepxanus MPHK nenesoro reuna trolC merogom konuue-
ctBenHoi OT-IILIP, a Takyke aHanM3 KOMIIOHEHTOB aHTUOKCHJIAHTHON CUCTEMBI
B HOopMe | mipu kagmueBoM ctpecce (100 MM CdAc). B pesynbrare ananmza
YPOBHS SKCIIPECCHH OBUIO BBIABICHO CHIKEHHUE COJICP)KAHMS TPAHCKPHUIITOB
rena trolC y HeTpaHCreHHBIX W TPAHCTEHHBIX PACTEHHU Tabaka ¢ KOHCTUTY-
TUBHOW 3KcrpeccHell ()parMeHTa 3TOro r'eHa B aHTHCMBICIOBOH OpHUEHTALUH
MIPY HOPMaJIBHBIX YCIOBHSX W TIPH JEHCTBUU 3aCOJICHUS, THTIOTEPMHH U arleTa-
Ta KagMmusl. B ycloBUsIX KaIMHEBOIO CTpecca yMEHbILEHUE YPOBHS 3KCIPECCUU
rena trolC B TpaHCreHHBIX PACTEHHSIX CIIOCOOCTBOBAIIO CHUYKEHUIO aKTHBHOCTH ac-
KopOaTmepoKCHaa3bl, TBAIKOIICPOKCHIA3hl, KaTanassl, TIIyaTHOH-S-TpaHCc(hepassl,
CYNEPOKCUIANCMYTAa3bl, YMEHBUIEHUIO COACPIKAHUS MIPOJIMHA U NEPEKUCH BO-
JI0poJia, a TaKKe MOBBIIICHUIO OOIICH aHTHOKCHIAHTHON CITOCOOHOCTH M yBe-
JIMYEHUIO COJIePIKaHUs B KJIIETKaxX OOIIEro pacTBOPUMOTO Oellka U BOJAOPACTBO-
PUMBIX caxapoB IPW HOPME M B HEKOTOPBIX CIIyYasx IMpH JCWCTBUU alerara
kaamus. [TomyueHHble pe3ynbTaThl TOBOPSAT O MEPCHEKTUBHOCTH MCIOIb30BaA-
nust reda trolC i co3maHust HOBBIX COPTOB M JIMHHN PACTEHUH C yJIydIlIeH-
HBIMH NTapaMeTPaMU pPOCTa KOPHEH U MOBBIIIEHHOH CTPECCOYCTOHUNBOCTBIO.

BJIMSTHUE COCTABA MIMTATEJBHOM CPE/IbI
HA COMATUYECKHI SMBPUOTI'EHE3
KEAPOBOI'O CTJIAHHUKA(PINUS PUMILA)

N. C. llleBeneBa

Cubupckuii (penepanbHblil YHUBEPCUTET
Kpacnospck, issheveleva@sfu-kras.ru

OCHOBHBIMH (paKTOpaMH, BIUSIONIMM Ha WHIYKIHUIO, TPOIH(EpaLuio M-
OpPHOHATIFHOTO KaJUTyca W CO3PEBAaHHE COMATHYECKUX 3apOJBIIICH, SBISIOTCS
MTUTATENBFHBIN ¥ TOPMOHAIIBHBIN COCTAaB CPEbl, TEMITEPaTypa M BIAXKHOCTH PO-
CTa, CyOKYJIBTYPHBIH IIUKJI ¥ TCHETHYSCKUN (OH YMOPHOHATBHOTO KaJTyca.

B xauecTBe 00BeKTa MCCIIEAOBAHUS OBLUTH MCIOIB30BaHBI CEMEHA KEAPO-
BOTO CTJIaHHUKA, COOpaHHEIE C IePEeBREB, Mpon3pacTaronux B VpkyTckoii oba-
ctu BonaiiOuHckoro paiioHa BOJM3M Toceinka ApPTEMOBCKOTO, B YyKOTCKOTO
ABTOHOMHOT'O OKpyra Ha MecTopokaeHuu baumka ([lecuanka).

JUtst vHAyKIHE SMOPHOTEHHOTO KajuTyca M3 3apoubimied P. pumila wc-
nosik3oBasiack 6azoBas cpena DCR [Gupta, Durzan, 1985], ee mogudukamnus ¢
Pa3IUYHBIMA KOMOWHAIIMSAMH PETYJSITOPOB POCTA PACTCHUI: AUXIOP(PEHOKCH-
ykcycHas kucnora (2,4-D)/ 1-madramunykcycHas kuciaota (NAA) u
6-6emsmnanennt (BAP), cpenst MS [Murasige, Scooge, 1962] u AU. Bce cpe-
JIbI OBLTH JTOTIOJTHEHBI Me30uHO3uTOM — 100 Mr/7, caxapo3oii 30 /i1 u arapom —
7 r/n, cpenst DCR n AU nonosnnens! ruaponnzatoM kazerna — 500—1000 mr/i,
L-rnyramuaom — 500 mr/n. B kadecTBe anTHOKcHIaHTOB B cpenax DCR u AU
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MIPUMEHSITH aCKOPOWHOBYIO KUCIOTY B KoHIeHTparuu 300 mr/i u 400 mr/a co-
oTBeTcTBEHHO. [lepen aBTOoKIaBHpoBaHHEeM pH Bcex MMTAaTENBLHBIX Cpej OblIn
nosenensl 10 5,8 ¢ momompsio NaOH wii HCL. [l npommdeparn smMopro-
TEHHOTO KaJUTyca UCIOIB30BATHCEH T€ K€ MUTATEIbHBIC CPEAbl, YTO U JUIS WH-
JTYKIUU, HO C MOHWKEHHBIM COJAEPKAHHEM DETyIATOPOB POCTa PACTEHHH B
2 pasza. KynpTypsl moMemanuch B TeMHOTY nipu Temrepatype 24+1 °C. Cyo6-
KyJIbTUBHPOBaHME Ha CBEXKME MUTATEIbHbBIE CPE/Ibl, OMUCAHUE KYJIbTYp U PErH-
CTpaIys 9aCTOTHI KaJUTycOo0Opa30BaHMs POBOIMINCH KaXble 14 mHeit.

[IpoBeneHHbIe HCCeNOBaHUS MOKA3allk, YTO MUTATENbHBIE cpeabl MS u
AU cozmepsxar Gosee Hu3KHEe KOHLUEHTpauuu Ca,” U UMEIOT Goliee BBICOKOE CO-
nepxanre NHs" 1 NOs™, 9T0 HeraTMBHBIM 00pa30M CKa3bIBACTCS HA KAILTYCO-
obpaszoBanuu. Kpome Toro, 1aHHBIE UCCIIEN0BAHNS TOKA3BIBAIOT ITOJIOKUTEIb-
HOEe BiIMsSHHME L-riioTamMuHa Ha CTUMYJHpPOBAaHHWE AaKTHBHOTO 0Opa3oBaHMs
OCM u panpHediee pa3BUTHE COMATHUECKHX 3apozpimeil. Ha murarensHOM
cpene MS, rme orcyrcrByer L-rmrotamuH, oOpasoBanne DCM mu3 3urOTHYE-
CKHX 3apOoJIbIIIEH HE MPOUCXOHIO0, (POPMUPOBAIICS HEIMOPHOTEHHBIN KalTyc,
obJaiaBIMii HU3KOH MposrdepannoHHOi cOCOOHOCTBIO, OBICTPO AETpaanpo-
Bal M cIycTs 4 Mecdna KyIbTHBHpOBaHUsA moruban. KynsTuBHpOBaHUE 3UTO-
TH4ecKuX 3apoasimiei Ha cpenax DCR u AU cogepxamux B cBoeM cocrase L-
TIIOTaMUH, TIPUBOJMIO K (DOPMHUPOBAHHIO HOPMAIBHO Pa3BUTHIX COMATHYE-
CKHX 3apOJBbIILIEH.

Taxoke 3HAYUTEIBHOE BIHMSIHHE HA POCT SMOPHOHAIBHO — CYCIIEH30PHOI
Macchl OKa3bIBAIOT PETYIATOPH pocTa pacTeHni. OOBIYHO XBOMHEIA SMOpHO-
TeHHBIH KaJutyc npoingepupyeT IpH NOCTOSIHHOM KOHLEHTPALUH PEryJIsiTOPOB
pocTa pacTeHUH WM ¢ YMEHbIIEHHOH KoHLeHTpauueii [Pullman, Bucalo, 2014;
Advances in conifer ... , 2016]. B cpemax Al u MS ucnons3oBancs aykcuH
2,4-D, B cpegax DCR- NAA B pa3in4HbIX KOHIIEHTPALUSIX.

Ha cpene AU n DCR1006pa3oBanue kamryca HabI01ano0ch TONbKO y 15 %
9KCIUTaHTOB, Ha cpeae DCR2 wacrora oOpa3oBanus kamryca obuta okoso 40 %,
Ha cpegax DCR3 u DCR4 — 80 u 87 % cootBercTBeHHO. Ha cpee MS o6pazo-
BaHME KaJTyca ObUIO KpaifHe HU3KUM U COCTABIISLIO Beero 5 % (Tadu.).

Taoauuna
WHayKIust KautycoB U GOpMIpOBaHIe SMOPHOTEHHBIX KyinbTyp Pinus pumila
Yucno CoXxpaHHOCTh Yacrora
DKCIUIAaHTOB TepBuunbIii KaJUTyCOB 4Yepe3 (dopmupoBanus
IurarensHas cpena
BBE/ICHHBIX B otkmuk (%) | 6 Mec. KylIbTHBH- 9MOPHOTEHHBIX
KyJIbTYpY, IIT. posanus (%) KYJIBTYp
DCRI 200 15 0 0
DCR 2 200 40 15 0
DCR 3 200 80 35 1
DCR 4 200 87 50 2
AU 200 15 10 0
MS 200 5 0 0
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ITosrydeHHble  pe3ynbTaThl IMOKA3alHM, 4YTO OSMOPHOTEHHBIH KaJUTyC
P. pumila moxer mponudepupoBaTth B TEUCHHE JUIUTEIBHOIO BPEMEHH IMPH
cHmxeHnn koHneHrpaiuu NAA u BAP. Hcnosnb3osanue 2,4-D nust P. pumila
OTPHUIATENFHO CKA3bIBAIIOCH HA MOIEPKAHUN YMOPHUOTEHHOTO KaJTyca.

Takum 00pa3oM, MOKHO 3aKITFOYUTh, YTO JUIS YCIEITHOTO COMAaTHIECKOTO
SMOpHOreHe3a KeIPOBOTro CTIaHUKA YPE3BBIYAfHO Ba)KECH COCTAB IMUTATEIBHBIX
cpell, KaKk MUHEPaJIbHBIH, TAK U TOPMOHAJIBHBIN COCTaB.

Jlutepatypa

Advances in conifer somatic embryogenesis since year 2000/ K. Klimaszewska, C. Har-
greaves, M. A. Lelu-Walter, J. F. Trontin / In vitro embryogenesis in higher plants. 2016. Vol. 59.
P. 131-161.

Gupta P. K., Durzan D. J. Shoot multiplication from mature trees of Douglas-fir (Pseudotsuga
menziesii) and sugar pine (Pinus lambertiana) // Plant Cell Reports. 1985. Vol. 4, N 4. P. 177-179.

Murashige T., Skoog F. A revised medium for rapid growth and bioassays with tobacco tissue
cultures // Physiol. Plant. 1962. Vol. 15, N 4. P. 473-497.

Pullman G. S., Bucalo K. Pine somatic embryogenesis: analyses of seed tissue and medium to
improve protocol development / New Forests. 2014. Vol. 45. P. 353-377.
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KPYLIMHOBUIHOMN

A. A. lllenapueesa, J. B. Coinreena, I'. I1. Jlamaxanoa

Bocrouno-Cubupckuii rocy1apcTBEHHBIH YHUBEPCUTET TEXHOIOTHI U yIIPaBICHUS
Vnan-Ym, anna.shenarsheeva@yandex.ru

[IpuMeHeHne pacTUTEIHHOTO CHIPHS B IHINEBOH IMPOMBIIIICHHOCTH Kak
OMONIOTMYECKH aKTHBHAs J00aBKAa HAOHMPArOT BCe OOJBIIYIO MOMYJISIPHOCTE.
JIuctes obnenuxy KPyIIMHOBHIHON COAEpKaT B ced0e MHOr00Opa3HOE KOoJrye-
CTBO BUTAMUHOB, (hTABOHOHJIOB, KAPOTHHOMIOB 1 TyOHIBHBIX BEIIECTB, A TaK-
Ke Makpo- u MukpodieMmeHnToB [Ckanmi, 2007]. JIuctes oOienuxu oOaamaroT
SIPKO BBIPKCHHBIM TPOTHBOBUPYCHBIMH, HPOTHBOOITYXOJICBBHIM JCHCTBHEM,
00JICY TOTISAIONNM, HaPKOTHYECKUM, >KapPOIIOHIKAIONIIM, CHIDKAIONIIIM KpPOBSI-
HOE JIaBJICHUE, JKEIYETOHHBIM W MHOTHMH JIpYTUMH CBoiicTBaMu [1OparnMos,
laiitoBa, 2016]. Tak, SKCTpaKT U3 JINCTHEB OOJICIUXH KPYIIHHOBUIHOM CIIOCO-
O€H BBIIEIUTH OOJIBIIOE COJIEPIKAHUE MTOJIE3HBIX BEIIECTB JUIsl YEJIOBEKa B exKe-
JTHEBHOM YIIOTPEOJICHUN KaK JOTOJHUTEIBHBINH HCTOYHHUK Ba)KHBIX JIEMEHTOB
JUIS OpraHnu3Ma.

[Ipu perynspHOM BKIIFOUCHHH B PAIlHOH SKCTPaKTa HA OCHOBE PACTHTEINb-
HOTO CBIPbsI JINCTEB OOJNEMUXU KPYIIMHOBUAHOW MOXKHO BOCIIOJHHUTBH CYTOY-
HYI0 HOTpeOHOCTH B3pocioro yenoseka B BuramuHe C — 50—-100 mr/cyT.

OKCTpakT 00J1a1aeT aHTHOKCUIAHTHBIMH, TIPOTHBOMHUKPOOHBIMA U TIPOTH-
BOBUpYCHBIMU JieicTBUsMU [JlakHaypoyn, 2011].
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Ha ocHOBe 3KCIIeprMEHTaIbHBIX JaHHBIX, IPOBEICHHBIX HAMH, ObliIa pas-
paboTaHa pUMepHasi TEXHOJIOTHYECKast OJIOK-cxema (PUC.) IPOU3BOCTBA IKC-
TpaKTa U3 TUCTheB obenuxu KpymuHoBuaHoi [[lenapmeesa, Crinreesa, Jla-
Makarnona, 2023].

Cywka
TM | 7= 25:2°C, w=5%

gpy | MpuroTosnenne 0%
Mamensuerne PacTBOpa 3TaHoNa
T2 | d=1mm

THCTRAMMPOBAHWE | MAQDOMOLY e

5 MpuroToanaHque TO%
ma 110 BP2
T=2522°C, v= 1204 pacTeopa atTaHona
PAnETRAUAR

T4 | 5-0,09 MMa

DunsTpAT IRCTRATHROBAHWE
UL (rupposmoayns 1:15)

Foo
1=

N5 | KunadeHwe
T =100°C, 1= 45 mun
+}

e

Oxnamgaerme
BP3 | 7. asizeg
[ (=
Cumewmsanue (rmapomoayns Bogpio-
m7 1:25) ™| enwproson
SKETPAKT

MAcOBKA W YNAKOBHA B
TeMHLIE CTeXTAHHBEIE
GyToutn

YMO

Puc. TexHomorndeckast 610K-cxeMa MPOM3BOACTBA BOJHO-CIIMPTOBOTO 3KCTPAKTa
U3 JINCTHEB O0JICIHXH KPYIIHHOBHUTHON

Ha nepsom stane (TII1) nucTtba o6nenuxu cymaT Ha CyIIMJIBHOM CTOJIE
(1) mpu xomHaTHOM Temnepartype t = 25+2 °C 6e3 mocTymna K COJTHEYHOMY CBE-
Ty 10 ocTaTogHOM BnaxHoCcTH 5 %. Jlanee (TI12) BeICyIIeHHBIE TUCTBS MOCTY-
HalT B U3MeNbuuTenb (2) 10 pasmepa yactun d = 1 mm. Ha BcriomoratensHOM
nponecce (BP1) roroBurcs sTuinoBeli ciuptT ¢ koHueHTparmeit 60 %. Creny-
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romuM atanoM siBisieTcst (TTI3) skcrparupoBanue (rumpomonyis 1:10). Bei-
CYIICHHBIC JINCThSI OOJIENUXH 3aJIMBAJIM BOJHO-CIIMPTOBONH CMECHIO C KOHIICH-
Tpanueit aTaHona 60 % 1 SKCTparupoBaH B IKCTpakTope (3) B TEUEHHE JIECATH
JHEH mpu KoMHaTHOU Temmeparype. Ha mponecce ¢umnsrparus (TI14) momy-
YEHHBIN SKCTPAKT OTIPABIAETCS B OapabaHHBIN BakyyM-GOuibTp (4). duirbTpar
HAaIpaBJISIOT HAa CMEIIMBaHKE, a MIPOT (5) MOBTOPHO HKCTPArupyroT. DKCTparu-
posanue (TIIS) npousBoautcs Ha ocraBuiemcs mwpote 70 % BOAHO-CIIUPTOBBIM
pactBopoM B cootHomeHnu 1:15. (TIIS.1) DOxcrpakt ¢ 70%-HBIM BOIHO-
CIHMPTOBBIM PAaCTBOPOM KHUIIATAT Ha POTAMOHHOM HcnapuTene (7) ¢ oOpaTHbIM
XOJNIOAWILHUKOM B TeueHue 45 muH, Temueparypa kunenus 100 “. ITocne ku-
IITYCHUST SKCTPAKT OXJIAKAAIOT 10 KOMHATHOH TEMIIepaTypsl B IIACTHHYATOM
teruioooMennuke (8) (BP3). (TT16) OxnaxkaeHHbIH 3KCTpakT GUIBTPYIOT B Oa-
pabanHOM BakyyM-OQmibTpe (9). OUIbTpaT HANpaBISIOT HAa CMCIIUBAHUE, a
ocraBuIniics mwpot codupaercsi B coopuuke (10) st ganbHeNIero uCnonb30-
BaHU B KopMoBBIe 100aBku. (TI17) @mibTpaT ¢ MEPBOTO SKCTPATUPOBAHUS H
€O BTOPOT'O CMEILIHMBAIOTCSA B KOHHYeckoM cmecurene (11).

YMO ®acoBka 1 ynakoBka. BogHO-CIUPTOBON KCTPaKT pa3iuBaceTcs B
OyTeuTs BB-1-1000 cTeknsHHas TeMHOTO sHTapHOTO 1Beta o, 'OCT P 51477-99.
Xpansar npu t = 22+3 °C B 3alLUILIEHHOM OT CBETa MECTE.

ITo mpexncTaBieHHON OJIOK-CXEME MPOM3BOACTBA BOJHO-CIIUPTOBOTO 3KC-
TpaKTa U3 JHUCThEB OOJICIMXU KPYIIMHOBHHOW BO3MOXKHO IOJYYUTH IPOIYKT
¢ HanOOJIBIIINM COJICPKAHUEM OMOIOTMYECKH aKTHBHBIX BEIIECTB.
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Cekuusa 2
FTEHETUKA, ®U3N0N0IrmMa n BUOTEXHOIIOIMUA
MUKPOOPIrAHU3MOB

BJIUSAHUE COJJEHOCTHU CPEJBI HA METABOJIN3M KJIETOK
HITAMMA GLUTAMICIBACTER SP. SMB32

JI. H. Ananbuna', A. A. Fopoynos?, E. A. lllecrakosa’

'MHCTHTYT 5KOJIOTHH M TeHeTHKH MUKpoopranusmoB YpO PAH —
¢dunuan [TOULL YpO PAH, Ilepms, ludaananyina@mail.ru, shestakova.e@iegm.ru
Muctutyt Texuuueckoit xumuu YpO PAH — dusnuan IIOUI] VpO PAH
[Mepms, agorbunof@mail.ru

IIpencrasurenu poxga Glutamicibacter ssasrores rereporpodHbIME OaK-
TEPUSAMH, HE TPEOYIOIIUME OCOOBIX YCIOBHH Il POCTA. BOMBIIUHCTBO M3 HUX
Me30pmIEl ¢ ontuMyMmoM pocta Hike 30°C [Busse, Wieser, 2014].  Otnenb-
Hble npezacraButenu poxa Glutamicibacter crioco6ubl BeigepkuBath 10 13 %
NaCl [Glutamicibacter halophytocola ... , 2017]. V3BecTHO, YTO B YCIOBHSIX
THIIEPOCMOTHYECKOTO CTpecca B KJIETKaX OaKTepUil MPOUCXOIAT Pas3IHUYHbIC
MOJICKYJISIPHBIC U MeTaboInueckue repectpoiiku [Metabolic rearrangements ... ,
2020]. Llenpio HACTOSIIETO MCCIEIOBAHUS SIBUJIOCH U3yUEHHE KOIUYECTB Me-
TabonuToB B KieTkax mramma Glutamicibacter sp. SMB32, kynbTHBHpOBaH-
HBIX [IPY Pa3HON COJICHOCTH CPEJIBL.

BnusiHHe COJICHOCTH Cpefibl Ha ICHTPAIbHBIA METa0ONU3M  IITaMMa
Glutamicibacter sp. SMB32 u3yuanu ¢ mMOMOIIBIO METO/A TMPOTOHHOTO Mar-
HuTHOTO pe3oHanca (IIMP). TIMP-crieKTpbl 9KCTPakTOB W3 KIETOK HCCIIENO-
BaHHOTO IITaMMa COJICPKaJIF CUTHAIIBI BEIIECTB IIEHTPAILHOIO MeTaboIu3Ma —
CyKnuHara, ageHosuHTpudocdara n aneHozuHaudpocdara. YCTaHOBIECHO, YTO
yBenmuueHne coneHocTu cpeabl ¢ 0 1o 8 % xJopuaa HaTpHS MPOBOIMPOBAIO
CHIDKCHHE YPOBHS CYKIIFHATa B KJIeTKax mrtamMa Ha 50 %. [Ipu sTom cymmap-
HOE KOJMYECTBO ajeHo3uHIonudocharoB ymeHbmuiaoch Ha 25 %. Jlononnu-
TEJIHO OICHWIM H3MEHCHHE BHYTPHKIICTOYHOTO KOJIMYECCTBA TAKHUX aMHHO-
KHCJIOT KaK aJlaHWH ¥ BAJIMH, IIOCKOJBKY STH BEIIECTBA CHHTE3UPYIOTCS IIPH
M30BITKE BOCCTAHOBJICHHBIX (hOpM KO(DAKTOPOB PEAKIUH UX CUHTE3a — HUKOTH-
HAMHIaICHUHANHYKICOTHIa ¥ HUKOTHHAMHIaICHUHANHYKIcoTHAbOoChara. C
YBEIUYEHUEM COJICHOCTH CpPebl KyTbTHBUPOBAHUS BHYTPHKICTOUYHOE KOJIMYe-
CTBO aJlaHMHA M BaJIMHA CHU3MWIOCH Ha 50 %.

Takum 00pa3oM, YCTaHOBJICHO BJIMSHHUE COJCHOCTH CPEIbl KYJIbTHBHPO-
BaHMs Ha MeTabosM3M Kiietok mramma Glutamicibacter sp. SMB32.

Hacmwm;ee UCCICO0BAHUE BbINOIHEHO 6 pamrKax eocydapcmeeHHoeo 3a-

oanusa 124020500028-4.
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Jlutepatypa

Busse H. J., Wieser M. F. The Genus Arthrobacter / The Prokaryotes / eds. E. Rosenberg,
E. F. DeLong, S. Lory, E. Stackebrandt. Berlin : Springer, 2014. P. 105-132

Glutamicibacter halophytocola sp. nov., an endophytic actinomycete isolated from the roots of
a coastal halophyte, Limonium sinense / W. W. Feng, T. T. Wang, J.-L. Bai [et al.] // Int. J. Syst.
Evol. Microbiol. 2017. Vol. 67. P. 1120-1125.

Metabolic rearrangements causing elevated proline and polyhydroxybutyrate accumulation
during the osmotic adaptation response of Bacillus megaterium / T. Godard, D. Ziihlke, G. Richter
[et al.] // Front. Bioeng. Biotechnol. 2020. Vol. 21. P. 8-47.

NIP-CKPUHUHI BAKTEPUI POJIA STREPTOMYCES
JIJISA LEJEH ATPOBUOTEXHOJIOT U

A. B. bakyjuHna, E. A. Beccosimnuna, U. I'. Illupoxux
OI'BHY ®AHI] Cesepo-Bocroka, Kupos, mol-biol@fanc-sv.ru

CrHocoOHOCTh CTPENTOMHUIIETOB BCTYINAaTh B aCCOLMALNHN C PACTCHUSIMH,
IIPH 3TOM CTUMYJIHPYS UX POCT M 3alIHIIAsl OT MaTOT'€HOB, IPUBJICKACT BHUMA-
HHUE HCclieioBareneii mo Bcemy Mupy [Sousa, Olivares, 2016] ¢ 1enbo UCTTONb-
30BaHMs [OTEHIMANA ITUX OAKTepUil ISl MOBBILICHHS TIPOJAYKTUBHOCTH CEJlb-
CKOXO3SWCTBEHHBIX KYJIbTYp. I arpoOMOTEXHOJOTHH IIEHHBIM CBONCTBOM
SIBIISICTCS TAKXKE TIPOAYKITHS CTPEITOMUIIETAMH SK30THAPOIIa3, yUaCTBYIOIINX B
polieccax pasyioKeHHs] PACTUTENBHBIX OCTAaTKOB, TPEK/IE BCETO, LEJUTION03bI U
JIUTHUHA.

B cBsi3u ¢ TeM, 4TO B yCJIOBHsX iN Vitr0 CHHTE3 CTPENTOMHIIETAMH BTO-
PUYHBIX METa0OJIHUTOB YacTO IMOJABIICH, a MPOIYKIUS (ESPMEHTOB 3aBHUCHUT OT
YCJIOBUH KyJIbTUBHUPOBAHUS, IPEUMYILECTBO JUIS CKPUHUHIA I[ITaMMOB-
MPOJYLIEHTOB TMPUOOPETAIOT MOJICKYJISIPHO-TEHETHYECKUE METO/Ibl aHAIIN3a.
HUccnenoanue ¢ momomrsio [1[P cTpenToOMHUIIETHBEIX TEeHOMOB HA HaJIWYHE Te-
HOB, CBSI3aHHBIX C CHHTE30M LIEJIEBBIX POYKTOB, I03BOJISIET OBICTPO BBISBUTH
MOTEHIMAILHO IEHHBIE ITAMMBI.

B pabore nccnemoBamm 49 mramMmoB poma Streptomyces, BBIIETCHHBIX
paHee U3 JepHOBO-TIOA30IHMCTHIX H CEPhIX JISCHBIX ITOYB U COMPSIKCHHBIX C HU-
Mu cyOcTparoB. CyMMapHbIe HYKJICHHOBBIE KHCIIOTBI BBIJIEISUTH COTJIACHO Me-
tonuke [Sambrook, Fritch, Maniatis, 1983] u3 KynbTyp, BEIpAIIEHHBIX B JKH/I-
Koit cpene ["ay3e 1. [ BBIABICHUS MHTEPECYIOMIUX T€HOB MPHUMEHSUTH METOJ
[LP ¢ ucnoip30BaHUEM CHEHU(PHUYCCKUX Tap MpaiMepoB, CHHTE3UPOBAHHBIX
komnanuend «CuHToi. [lJ1st BBISIBIICHUS] y CTPENTOMUIIETOB I'€HOB, CBSI3aHHBIX
¢ OMOKOHTPOJIBHBIMU QyHKIMsIMH (TonukeTHacuHTa3 trmna I (PKS I1), xutH-
nas (chiC, chiA) n xuruncss3biBaromiero 6eika (ChiBP)), 6butn paspaboransi
cledyroIue napsl nmpaiimepos (Tadm.).
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Tadauna
HOCJ’ICZLOBaTeHbHOCTl/I npal‘/’lmepos, HMCITIOJIb30BAHHBIX 1JI BBIABJIICHUSA I'CHOB, KO}:[I/Ipy}OHU/IX
(hepMeHTHI, CBsI3aHHBIC C OMOKOHTPOJIBHBIME CBOHCTBAMHU CTPEIITOMHUIIETOB

TIL[P-
Mumienu IMpaiimepsr CrpykTrypa npaiimepa, 5'-3' MIPOJTYKT,
1. H.
PKSIIF1 | f GC(C\G)TGCTTCGA(C\T)GC(C\G)ATC' 414
PKSIIR1 | r CAT(C\G)GA(C\T)TTGAT(G\C)GAGCTGA
PKS Toma 11 PKSIIF2 | f CCACATGAC(C\G)GG(A/T/C)CTGCG 220
PKSIHR2 | r GTCGTTCTGC(T/C)(T/G)GGTGCC
PKSIIF3 | f ACCCGCAACGGCTTCGTCC 15
PKSIHIR3 | r CGACTTGATGGAGCTGACGG
- Ch.it_ IF | CCAGCC(G/C)CTGCGCGGCAACTTCAACC 600
(chiA Chit_1R | CAGCCGCG(C/G)CCGTAGAAGCCGATGC
chi C)‘ ChitCF2 | CTACTTCACCAACTGGGGCGT(C/G)TACG 244
ChitCR2 | CAGCTTGCG(G/C)AGCTGGTTGAAGTTGC
XUTHH CBA3BI- . GGGAGCCGCAGAGCGT(G/C)GAGGGC
Barouii Oe- Ch.ltBPF 300
. ChitBPR | GTAGGGCAC(G/C)GTCAGGAACGGGGTG
1ok (ChiBP)

Jns neTeKuuu y CTPENTOMHICTOB TeHOB, KOAUPYIOIIUX (EPMEHTHI,
YYACTBYIOIIUE B Pa3JIOKCHUU IEIUTIOI03bI (SHIOMIIOKaHa3kl cemelictBa GH74)
Y JIMTHUHA (JIAKKa3bl, MApraHell- U JIMTHUH [IEPOKCHIa3bl) IPUMEHSIIH Mpaime-
pBI, TIpUBeNicHHBIE B paborax [Beissinenue reHos ... , 2024] u [LlleBuenko,
Bbecconunpbina, lapmos, 2013] cooTBeTCTBEHHO.

Peaknuro amruduKayu IpOBOAMINA HA TPOrPAMMUPYEMOM TEPMOCTATE
TII4-ITLP-01 «Tepuuk» («HIIO JHK-Texuomorus», Poccus). ITIP-npomyKTel
Pa3eIsII METOIOM TeNb-3JIeKTpoope3a B arapo3HOM U MOIHAKPHIAMHUTHOM
TersIX.

Cornacno I[P ananu3zy, nenessie ¢pparmentsl renoB PKS tuna II oOHa-
PYXHMBAJIHCH MTPEUMYIIECTBEHHO Y MITAMMOB CTPEITOMHUIICTOB C YK€ yCTAaHOB-
JICHHOM aHTaroHMCTUYECKON AaKTUBHOCTHIO. AMIUIMKOH pa3MepoMm 414 1. H.
npu amioudukanun ¢ napoi npaiimepos PKSIIF1/PKSIIR1 6bu1 00HapykeH y
mraMMoB Streptomyces sp. T1-3, 8-6, K8-11, K8-16, K8-9, IT113-9, I113-16,
H13-4, H13-7, H13-9, H16-6, H27-12. IIpu ucnons3oBanuu npaimepos PKSI-
IF2/PKSIIR2 neneBo#t ammmukoH (220 m. H.) ObUT BBISBIEH y 18 mTamMMoB.
IMpun ammmduxamuu ¢ npaiimepamn  PKSIIF3/PKSIIR3  uenesoii ITILIP-
mpoxykT (115 1. H.) BEIABIEH y 4YeTwIpex mTamMmoB (Streptomyces sp. T3-1,
I111-10, [114-8, H27-12). IlITammer Streptomyces sp. 8-6, T3-1, K8-16, I113-9,
H13-4, H13-7, H27-12 xapakTepH30BajIuCh HATMYHEM JBYX (parMeHTOB yKa-
3aHHOI'O F€HA KaXK/IbIi.

[Tonck reHOB XUTHHA3 B TEHOMaX CTPENTOMHUIIETOB ITOATBEPANI HATHMYHE
reHa ChiA'y 73,5 % u rena chiC —y 89,8 % uccienyempix mramMmmoB. [Ipu aTom
Ha 2J1eKTpodoperpaMmax 3aMETHbI Pa3iIM4Ms IO MHTEHCUBHOCTH (hiryopecieH-
U «II0JIOC» B ree mpu oguHakoBoM kommdectBe JJHK-matpuis, uto Tpedy-
©T KOJIMYECTBEHHON OIEHKH aMITUTH(HKAIK TeHOB XUTHHA3. [Ipn aMmrumdpuka-
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MU ¢ TIpaliMepaMu K TeHy, koaupytoniemy ChiBP, ycraHoBiieHo, 4TO 1eiIeBoi
amruiakoH (300 . H.) mpucyTcTByeT B TeHOMe 16 (32,7 %) mraMMoB.

Hamune ¢parmentoB renos nestronas cemericrsa GH74 0b110 ycranos-
JICHO C HCIoab3oBaHMeM mapel mpaitMepoB GH74F1/GH74R1 (ammnmukoH
890 1. H.) y 9 ITaMMOB CTPENTOMHMIIETOB; ¥ 33 MTAaMMOB BBISIBJICH aMILTUKOH
(216 . H.) mpu amIuHuKamu ¢ napoi npaiimepo GH74F2/GH74R2.

@parmeHT reHa nakkassl (130 . H.) BBIBICH TOJNBKO Yy TpeX ILTAMMOB
Streptomyces sp. 8Al3, T2-25, H16-6, ¢parMeHT reHa JIUTHUHIIEPOKCHIA3BI
(207 1. H.) ObUT AerekTHpoBaH y 10 mTaMMoOB, ()parMeHT T'eHa MapraHer| Iie-
poxcunassl (450 m. H.) — y 11 mrammoB. Cpean UCCIeTOBAHHBIX CTPENTOMUIIE-
TOB HaMOOJIBIINI MHTEpEC BbI3bIBaeT mraMM H16-6, y xotoporo Obutn oOHa-
PYXCHBI TPH T'€Ha JIUTHOJIUTHYECKOTO KOMITIEKCa, a TAKKe CTPEITOMHUICTHI 13
pusocheps! ne3en caduopoBunHoi 21s7, 41s6, 41s1, 41s2, y KOTOpBIX BBISBIIE-
HBI [CHBI MapraHell- U JUTHUHICPOKCHIa3bl, a Tarke Streptomyces sp. T2-25 ¢
TeHAMH JIAKKa3bl ¥ JINTHUHIIEPOKCH/IA3bI.

Jannbpie mosydenusie B xojae ITI[P-ckpunuHra, TakuM o0pa3oM, TO3BO-
JISTIOT HE TOJIKO BBISBHTH arpOOMOTEXHOJIOTHMYCCKH IICHHBIC IITAMMBI CTPEII-
TOMHIIETOB Ul MX JAJbHEHIIEero U3y4eHus, HO U MOCTyKaT OCHOBOH Ui CO-
3[IaHMS ACCOIMAIMN CTPETIITOMHUIIETOB, KOTOPBIE PA3IIMYArOTCs 10 MEXaHU3MaM,
JISKAIAM B OCHOBE MX OMOKOHTPOJBHBIX CBOWCTB, H COCTaBY (PepMCHTATHB-
HBIX KOMIIJIEKCOB THIPOJIUTHYECKUX (PEPMEHTOB.

Jlutepatypa
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Spring Harbor Laboratory Press, 1983. 545 p.

Sousa J. A.J., Olivares F.L.Plant growth promotion by streptomycetes: ecophysiology,
mechanisms and applications / Chemical and Biological Technologies in Agriculture. 2016. Vol. 3.
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BUOTEXHOJOI'MYECKHUE CBOMCTBA
N COCTAB BTOPUYHBIX METABOJIMTOB HEKOTOPBIX
IITAMMOB AKTUHOBAKTEPUI N IUAHOBAKTEPUIA

10. B. Baraesa’, JI. H. I'puropsin®

'TocynapcTBeH bl HayYHbIH IEHTP IPUKIATHON MUKPOOHOJIOTUH U GHOTEXHONOTHH
Pocnorpednanzopa, O6oneHck, aveatab@mail.ru
2AcTpaxaHckuii rocynapcTenubiii yuupepeuter uM. B. H. Tatuumesa, Actpaxab

B pesynbrate HpOBEACHHBIX HCCICIOBAHUI W3 IOYBEHHBIX IKOCHUCTEM
AcTpaxaHCKOW 00JIaCTH BBIIETICHB OMOTEXHOJIOTUYECKH BaXKHBIE ITAMMBI aK-
tuHoGakTepuit  Streptomyces carpaticus  RCAMO04697 (SCPM-0-B-9993),
Nocardiopsis umidischolae RCAMO04882, Nocardiopsis umidischolae RCAMO04883
u muaHobakrepuit Anabaena constricta IPPASB-2020, o6nanarorue (uro-
CTUMYJIMPYIOIIUMY, (QYHTULIUAHBIME, MTPOTHBOBUPYCHBIMU, HHCEKTOAKAPU-
IMIHBIMH cBOWicTBaMHu |buosnorndeckas aktuBHOCTS ... , 2023]. ltammer ne-
MOHUPOBaHbl B MexayHaponauele kojutekuuun: HY BHUUCXM, T'KIIM-
Oo6ounenck, IPPAS, GenBank NCBI.

W3yuenne cocraBa MeTabOJINTOB JAHHBIX IMITAMMOB OaKTEpPHH MOKA3asIo
MIPUCYTCTBHE Pa3sHOOOPA3HBIX XUMHUYCCKHX COCIMHEHHN, OTHOCAIIMXCA K aj-
Kajounam, (hraBoOHOMIAM, TEPIICHAM M APYTHM Tpymmam. MccienoBanue BOJ-
HO-CUpTOBBIX 3KcTpakToB (80/20, 20/80) xymerTyper Anabaena constricta
IPPAS B-2020 metomom BDXXX mokazamo Hamndre N30 IMMOHHON, MOJIOYHOM,
YKCYCHOH OpTaHMYECKHX KHCIIOT, KOTOpBIC SIBISIOTCS AKTUBHBIMH IPOTHBO-
MHUKPOOHBIMH ¥ aQHTHOKCHJIAHTHBIMH areHTaMu. B cocTaBe BTOPUYHBIX METa-
6ommToB mTamMma [PPAS B-2020 meTomoM XpomaTo-mMacc-CIeKTPOMETPHH 00-
HapyXXIIH 61 HU3KOMOJIEKYJISIpHOE coefnHeHne. B HanboupIieit KOHIEHTpa-
un npucyTcetBoBai (4R)-1-metmn-4-miporn-1-eH-2-mmmkiorekcer (D-JInMoHer)
(11,23 %). OOHapyxeHbI TaKKe O-MUHEH, CKBaJieH, OEH30iHass KUCIIOTa, TPU-
OyTtuindocdar, anKaHbl.

B cocraBe meTabomToB Tpex mrramMmmoB aktruHoOakTepuii N. umidischolae
RCAMO04882, N. umidischolae RCAMO04883 u S. carpaticus RCAM04697 06-
HapyXuiau (QIIaBOHOUIBI, ATKaJOWIbI, TIUKO3WIbI, OPTraHHMYECKUE KHUCIOTHI
(M30IMMOHHYTO0, YKCYCHYIO, (PyMapoByIO, MOJIOYHYIO, TTHPOBHHOTPAIHYIO, 510-
nounyto). CoctaB BTOpUYHBIX MeTabonuToB mramma S. carpaticus RCAMO04697
BKJIIOYAJT CITUPTHI, ANbJETUIBI, YTIIEBOAOPOIbI, dUPHI, Cynb(aThl, B TOM YUCIIE
3-0yTeHUNIIEHTHUIIOBEIN 3¢up u 1,2-TekcaHauosn, U ApyrHe TPYIIsl HU3KOMO-
JIEKYJISIPHBIX OPTaHWIECKUX coearHeHui [M3ydenne metabonuTos ... , 2021].

Pa3paboTaHbl TEXHOJOTMH TOJYYCHHs SKCICPHUMEHTAIBHBIX 00pa3IoB
OuompenapaToB Ha OCHOBE UCCIIEAYEMBIX IITAMMOB, KOTOPBIE MPOILIH Jabopa-
TOpHBIE U TIOJIEBBIE HCIIBITAHUS HA TOMAaTaX, Iepile, kaproderne, XIomIaTHUKE.

Just mosyuenusi 6uomaccs! rpaHodakrepun A. constricta IPPASB-2020
KyJIbTUBUpOBaJIM B BuXxpeBoM Ouopeakrope (BMOK-022) mpu temmeparype
28°C B Tewenne Scyr. mpu 60 00/MHH ¢ JIOMHUHECIEHTHOW JaMTION
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(4000 xemsBuH). [ToceBHO MaTepuan BHocwiIH B KommuectBe 20 % ot ee 00-
mero oobema. 3a 3TO BpeMsl IPOMCXOAMIO MaKCHMallbHOE HapaliBaHHe OHO-
maccel — 47 Mr/m?/4 cyxoro BemecTsa. [ToyueHHy0 GHOMacCy BHICYIIMBAIH B
TepMocTarte mpu temmeparype 37 °C 10 MOCTOSHHOTO Beca U M3Menbyainn. s
00pabOTKH CEMSIH M PACTEHHH MCIIOIb30BAIH CYCHEH3HUIO, TOTYUYEHHYIO ITyTeM
pa3BeieHHs CyXOW Ouomacchl B BOJIC. Pe3yabmamom om ucnoib308anus yua-
HOOaKmepuil AGNAEMCs Y6eaudeHue GCX0XHCeCmy CeMsAH, NOGbluleHue dHepeuu
pocma u ypoducatnocmu pacmenuil, 3auwuma om Qumonamozenos B yCioGUsx
apuoHo20 KIuMama.

KoMIuIeKCHY10 cXeMy M3rOTOBJICHHS SKCIIEPUMEHTAIBHBIX 00pa3LoB O1o-
IIpernapaToB Ha OCHOBE aKTHHOOAKTEPHIT MOKHO NPEJICTaBUTH CIICTYIOIINM 00-
pasom: mrammel RCAMO04882, RCAMO04883 1 RCAMO04697 (SCPM-O-B-
9993) (kakIgplif MO OTHENHFHOCTH) BEIPAIIUBAI B BHXPEBOM OHOpEaKTope
(BMOK-022) na xaprodensnoit cpene (pH =7,0) mpu Temmneparype Imioc
28 °C B TeueHWe 729 TpPU PAaBHOMEPHOM MEpPEMEIINBAHHUHM W TOCTOSHHOH
aspanuu. Jlanee B MOTydCHHBIE CYCIICH3UN (KUBBIC KJICTKHU, CIIOPBI U MPOIYK-
THI MeTabou3Ma) ¢ TuTpoM KiaeTok 10° KOE/MI B KauecTBe 3aryCTHTENs JI0-
0aBIsT KapOOKCHMETHIIIEIUTION03y B KoimuecTBe 1 %. Cxema monryueHHs
SKCIEPIMEHTAIBHBIX 00pa3IOoB Ha OCHOBE IITAMMOB aKTHHOOAKTEPHH MO3BO-
JSIeT MoNy4yaTh OaKTepHalbHBIC Npenaparsl B JIOOOH MHKPOOHOIOTHYECKOM
sa00paTopuy NpU MUHUMAIBHBIX IPOU3BOJCTBEHHBIX 3aTpaTax.

Takum 00pa3zom, ucclieyeMble ITHAaHOOAKTEPUH U 00pazyemMble UMHU CO-
00IIecTBa M MTaMMBI aKTHHOOAKTEPHH CHHTE3NPYIOT COCIMHEHHS C BBICOKOH
OMOJIOrNYEeCKON aKTHBHOCTBIO M MOT'YT OBITh HCIIOJIb30BAaHBI B KAYECTBE OCHO-
BBI JUIS CO3/1aHHsI OHOMpEnaparoB, yA00peH!H, OMOIOTHYECKUX CPEJICTB 3alll-
TbI paCTEHUM.

Paboma evinonnena 6 pamkax ompacnesoil HAYYHO-UCCAEO08AMENLCKOU
npoepammel Pocnompebraosopa.

Jlutepatypa
Bbuonornueckast akTHBHOCTb M COCTaB MeTaboNMTOB mmTamma Streptomyces carpaticus K-
11 RCAM04697 (SCPM-0-B-9993), nepcnekTHUBHOrO JUIs HCIOJb30BAaHUS B PACTEHHEBOJCTBE /
10. B. Bataesa, JI. H. I'puropss, A. I'. Borys [u ap.] // Muxpo6uomnorust. 2023. T. 92, Ne 3. C. 318-328.
W3yuenne merabonutoB Streptomyces carpaticus RCAMO04697 juist co3aanusi 9KOJIOTHYECKH
Ge3omacHbIX cpeactTs 3amuThl pactenuii / F0. B. Bataesa, JI. H. I'puropsn, E. A. Kypamos [u ap.] //
Teopernueckas u npukiagHas sxosorus. 2021. Ne 3. C. 172-178.
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TEXHOJIOTUA I'TYBUHHOI'O KYJIbTUBUPOBAHUA MULIEJIUS
BBICIHINX BABUINAJIBHBIX I'PUBOB

. C. Beaoycos, 0. A. Maakos, JI. A. beioBexen

Wpxyrtcknit unctutyT Xumuu uM. A. E. @aBopckoro CO PAH
HpkyTtck, belousov_off@mail.ru

DKOIOrHUYecKoe 3arps3HeHHe OT MPOM3BOJCTBEHHBIX NMPEANpPUITUIN Mpe]-
CTaBIISIET CEPhE3HYI0 MPoOIeMy COBpeMEeHHOCTH. HeKoHTpommpyeMoe HCIob-
30BaHHE TPHUPOJHBIX PECYPCOB TPHBOJUT K CEPHE3HBIM MOCIEICTBHUSIM JUIS
OKpY’KaloIlel cpesibl U 310pOBbs JTI0JeH. B yacTHOCTH, J1€CONPOMBIIUICHHBIMA
KOMITJIEKCAaMH U JiepeBorepepadaThIBAlOIMMU KoMOnHaTaMu Poccun exero-
HO 00pasyercst cBbme 22 MIH M ApeBecHBIX 0TX0710B [FAOSTAT, 2024]. Ilo-
CJICIHUE CO3/Jal0T BBICOKHH YPOBEHb HEIaTHBHOI'O BO3ICHCTBUS 3a CUET BBIJC-
neHus: (PeHONOB U KUCJIOT B TI0YBY U TPYHTOBBIE BOJIBI; BEICOKOH MOXKapoornac-
HOCTH B CIIEICTBHH CaMOBO3TOpaHMsa. TakuMm 00pa3oM, YyTHIH3AIHsA OTXOOB
JIECONMIICHUSI SIBJISIETCS] OJTHOM M3 Ba)KHBIX 9KOJIOIMYECKHX 3a/1ad.

HaGwuparommm 000poTHl B IOCJIEIHEE BPEMsl HATIPABICHHEM I10 YTHIIHN3a-
UK 1 00E3BPEKUBAHUIO IPEBECHBIX OTXOMOB SIBIISCTCS PA3BUTHE OMOTEXHOJO-
THH a3pOOHOTO M aHA3POOHOTO OMOTEPMUYECKOT0 KOMITOCTHpOBaHU:. JlaHHas
TEXHOJIOTHS TIO3BOJIAET IepepadaThiBaTh OTXOJbl OPraHUYECKOTO IPOHCXOXK-
JICHUsI B DKOJIOTHYECKH 4ucToe, 3(dexTnBHOEe ynoOpenne (OHOrymyc, KOM-
MIOCT), TEM CaMBIM pelasi MpoOIeMy 3arpsA3HEHUS OKPYIKAIOIIEH CpeIbl.

OpauMmu W3 Hamboee aKTHBHBIX JECTPYKTOPOB APEBECHHBI SBIISIOTCS
pa3IM4HbIe BHIBI TPUOOB, KOTOPBIE CIIOCOOHBI PACHICIUIATH OMONOIMMEPHI JI0
MPOCTBIX CaxapoB WU KUPHBIX KUCIOT. Hanbonpimuil npakTHueckuit UHTEpec
MIPEACTABIIAIOT TPHOBI OEJI0l THIIN, CTIOCOOHBIE N30UPATENIBbHO AeTUTrHIU(DHITHI-
poBaTh IpeBecuHy 10 98 %. BoIBIIMHCTBO 3THX TPHOOB — BEICIIHE Oa3HIHO-
murersl — Phanerochaete chrysosporium  (Sporotrichum  pulverulentum),
Trametes versicolor, crocoGHbIe pa3marath BCe KOMIOHEHTHI PaCTHTENbHOM
Macchl, 9TO 00yCIIOBICHO CHHTE30M UMM OOJBIIOT0 HabOpa THIPOTUTHICCKUX
U OKHCJINTEIbHBIX ()EPMEHTOB, a TaK)KEe BBICOKOW IPOHMKAIONIEH CIIOCOOHO-
CThIO Mulenus B cyocerpar [[Ipuxnannas skoOnorexnonorus ... , 2017].

B cBs13u ¢ 60IBIINM KOJTHYECTBOM HEHCIIONb3YEMbIX JPEBECHBIX OTXOI0B
TpeOyeTcs COM3MEpUMOE KOJINIECTBO OMOMAcChl BBICHINX Oa3UIUAIBHBIX TPU-
60B. Cotpynaukamu Mpkyrckoro nHCTHTYTa XUMHU HM. A. E. ®aBopckoro CO
PAH cosmectHo ¢ HOLJ «baiixam» Obl1a co3aHa YCTAHOBKA MEPHOANIECKOTO
TITyOWHHOTO KYJIbTUBUPOBAHUS MHULIETHS Oa3uINaIbHBIX TPHOOB (pHC.).

['myOuHHOE KyJIbTUBHPOBAHUE OCYIIECTBIISCTCS B (DEPMEHTAIL[IOHHOM arl-
napate 100 1 ¢ pabounm odvemoM 70 J1 Ha MUTATEIBHON Cpelle CIEAYIOMIEro
cocraBa: TIOKo3a (mekcrtposa)— 18-20 r/m, aposkxkeBod aBTomm3aT — 9,5—
10,0 /11, BOJ1a BOIOTIPOBOTHASI — OCTABHOE, B TeueHHe 6—7 cyT. [IutarenbHyro
Cpey MHOKYJUPYIOT MaTOYHOW KyJbTYpOH, BBIpAIIEHHOH Ha *KUAKOM HHTa-
TEJNBHON Cpejie aHAJOTMYHOro cocTaBa, B KomauuecTBe 10 % mo oobemy. Tem-
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reparypa mpoiecca KyiabTuBHpoBaHus 26—-37°C (B 3aBUCUMOCTH OT IITaMMa
rpuba), pH 4,2-5,6, nuHEitHas CKOPOCTh IEPEMEIINBAIOIICTO yCTPOHCTBA OT
0,3 10 0,5wm/c. B mporecce ¢epMeHTAIlMK TOIACPKUBACTCS CTyIIEHYATAs
aspalsi MUTATENIbHOM Cpelbl CTEPHIIBHBIM BO3IyXOoM. B mepuon nar-assl
pacxon Bo3myxa cocrasisieT 0,3 1/m/MuH, B haze SKCIIOHEHIIHAIFHOTO POCTa —
0,5-1,0 n/n/muH, B cranmoHapHOW ¢ase pocra— 1,0-1,5 m/m/mun [IlaT.
Ne 2821927, 2024]. Takast aspanus odecrieunBaeT KOHTPOJIb HaJl 00pa3oBaHuU-
€M TICHBI 1 YMCHBIITAET SHEPTeTHUCCKIE 3aTPaTHI.

Ha maHHBII MOMEHT yCTaHOBKa MO3BOJISIET Moxy4aTh 10 1000 r aGcomrot-
HO CYXOr'0 MHUIICIHs IPUOOB B MECSIII, YTO JAOCTATOYHO JUIi MHKPOOHOJIOTHYC-
ckoit mepepabotku 1000-1200 M onwmtok.

Puc. YcraHOBKa NEPHOJUYECKOr0 ITyOMHHOTO KyJIbTHBUPOBAHHS MHUIIEIIH
0a3unuanbHbIX IpUOOB

Jlureparypa

TMar. Ne 2821927 Poc. ®eneparmsi, MIIK CI2N 1/14 (2006.01). Crioco6 nepuoandeckoro
riyOMHHOTO ~ KYJIBTUBMPOBAHMs MHULEIHS OasuanaibHbix TpuboB: Ne 2024111672 : 3asBi.
27.04.2024 : omy61. 27.06.2024 / /1. C. benoycos, 10. A. Mainkos, JI. A. benosexer, /I. O. Camyib-
1es. 6 c.

TIpuknaanas sxobuorexnoorus : y4ue6. nocodue. B 2 1. T. 1/ A. E. Kysuenos, H. b. I'pa-
noBa, C. B. JlymnukoB [u ap.]. 2-e uza. M. : BUHOM. JlaGoparopust 3HaHuii, 2017. 629 c.

FAOSTAT. URL: https://www. fao.org/faostat/ru/#data/FO (nata obpamenus: 10.06.24).
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AHAJIN3 OCHOBHbBIX ®YHKIIUOHAJIBHBIX I'PYIIIIT
MHUKPOOPI'AHNU3MOB ITOYBbI ITPU BBIPAIIIUBAHUN
T'OJIYBUKH BBICOKOPOCJIOM

. B. bBoabsmakosa, A. M. Makcumosa, M. H. Manapuk-JIuTBUHKOBUY,
T. JI. CrenanoBa, T. A. [Inaunuyk, 3. . Konomuen

I'HITO «Xumunueckuii cuHTe3 ¥ OHMoTexHOIOruM», MuHCck, Pecnryonnka benapycn
bolshakova.d96@gmail.com

MUKpOOpraHN3MBI ITOYBHI IPUHUMAIOT yJacTHE B KPYTOBOPOTE a30Ta, yT-
Jepojia U APYTHX AJIEMEHTOB; 00CCIICYHBAIOT PACTCHHS MUTATCIHHBIME Bellle-
CTBaMH, MPEOTBPAIIAIOT 3apakeHHe (PUTONATOreHaMH, MOBBIIIAI0OT UMMYHH-
TeT u crpeccoycroitunBocthb [Effects of Soil ... , 2022; Comparison and inter-
pretation ..., 2021]. OgHaKko pa3auYHbIC AaHTPOTIOTEHHBIE (PAKTOPHI OKA3bIBAIOT
CYILIECTBEHHOE BIMSHUE HAa HMX KAueCTBEHHBI M KOIWYECTBEHHBIN COCTaB,
MIPUBOJA K HAPYIICHUIO PABHOBECHS B 9KOCHCTEME, CHIDKAs YUCICHHOCTH II0-
JIe3HOM MUKPOOHOTHI U TIOBBIIIAS JONIO (PUTOMATOTCHOB M TOKCHHOOPa3yIOMINX
rpudoB. M3ydeHne cocrtaBa U (GYHKIIMOHHPOBAHHUS MUKPOOHOMa ITOYBBI MOKET
OTKPBITH HOBBIE BO3MOKHOCTH TSI PALHOHAIBHOTO HCIIOJIB30BAHUS MOJIE3HBIX
B3aMMOJACHCTBUI MUKPOOPraHU3MOB U PAaCTEHUH B COBPEMEHHOM CEIIbCKOM
xo3siicTBe [A review on the ..., 2019].

Oco0eHHO aKTyalleH JaHHBIA BOMIPOC MPH BBIPAIIUBAHUU TOJYOHKH BBICO-
KOpOCJIOH, KoTopas HykaaeTcst B kucislx nousax (pH 3,5-4,5) ¢ BeIcOKHM co-
nepkaHueM rymyca (He Meree 3 %), XopomuM ApeHaxkeM. Vzydenne MUKpoO-
HOT'O COOOIIecTBA NTAHHOW KyJIbTYphI OYAET SIBISATHCS OCHOBOH pa3paboTKu
9KOJIOTHYECKUX CIIOCOOOB €€ 030pPOBICHHUS, TOBBIIIEHUSI CTPECCOYCTOHIUBO-
CTH ¥ IPOAYKTHBHOCTH.

Lempto naHHOW PaOOTHI SBISUICS aHAIHM3 YMUCICHHOCTH OCHOBHBIX (DYHK-
LUOHAIIBHBIX TPYIII MUKPOOPTaHM3MOB B 00pa3iax Mo4Bbl, OTOOPAHHBIX B pa3-
JUYHBIX pernoHax PecrmyOnuku Bemapyck B MecTax mpou3pacTaHHs TOJIyOHKH
BBICOKOPOCIIOH.

B xoje mpoBeseHHBIX HCCIEIOBAHUI BBISBICHO, YTO BO BCEX HCCIEIye-
MBIX 00pasuax mpeobnananu ammonudukaropst (1,1-10°-7,2-10° KOE/T). Ko-
JIMYECTBO AMHJIOIUTHKOB (MHUKPOOPTaHU3MOB, MOTPEOSIONNX MUHEPATbHBII
a30T) U aKTHHOMHIIETOB B 00pasiax cocTaBmwio 5,8-10%-6,9-10* KOE/r, uemmomno-
3apa3pylIalonuX MHKpoopranusmoB — 1,0-10-4,0-10°KOE/r, mutpudmkaro-
poB — 2,2:10*4,1-10*KOE/r u docharmodbunuzaropos — 1,0-10°-3,5-10°KOE/r.
MHUKpOMHIETHl BEIIBIECHEI B KomuuecTBe 1,5-10°-4,5-10°KOE/r. Ilpu sTom
0JIUTOTPOdBI (B TOM YHCIe a30T(HUKCATOPHI) B 00pa3iax He ObLIH OOHAPYIKEHBI
WIK OpUCYTCTBOBAIM B OYeHb HHM3KOM KommuecTse (< 1,0-102KOE/T). B coor-
BETCTBUM CO MIKAJOH Ui OIEHKH CTENEHH OOOTAIEHHOCTH IMOYB [3BATHHIICB,
1978] aMHIOMUTHKAMH ¥ aKTHHOMHMIIETaMH, aMMOHH(HUKATOPaMH, OJIMTOHUTPO-
¢mamu (B TOM 4HciIe a30TPUKCATOPAMH) H MHKPOMHIIETAMU aHAIU3UPyEMBbIe
MIOYBBI OBLIT OTHECEHBI K OSIHBIM U OYeHb O€THBIM.
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OnHUM U3 IPUEMOB BOCCTAHOBJICHUSI OMOJIOTUYECKOH aKTHBHOCTH MTOYBBI
SIBISIETCSL €€ WHOKYJISALHMS MHKPOOPraHU3MaMH C arpOHOMHYECKH [EHHBIMH
cBoiictBamu. Mcxozas M3 4ero, BTOPHIM 3TarioM HAIIUX HMCCIEIOBaHUI ObLIO
BhIZIEJIEHHE U OTOOp cropoolOpasyrommx Gakrepuii poma Bacillus, o6nanaro-
X aHTUMHKPOOHOM, a3oTduKkcupyomed u GochaTMoOMIN3yIomed akTHB-
HOCTSIMH U CO3/IaHH€ KOHCOPIIMYMa Ha UX OCHOBe. BHecenue 5%-Horo paboue-
r'0 pacTBOpa JaHHOIO KOHCOpLUYyMa ¢ HOpMOH pacxona 50 mi/pacteHue mos-
BOJIMJIO TMOBBICHTh COACPKAHHE MHKPOOPraHM3MOB OCHOBHBIX 9KOJOIO-
TpoduUecKux rpymi B nouse. BoisBieHo, 4ro koaudecTBo (ocharmodmnza-
TOPOB, AMUIIOJUTHKOB U AKTWHOMHIIETOB IMOC/IE OOpPabOTKH KOHCOPIUYMOM
yBenMumwiIoch B 4 paza, HuUTpupuKatopoB— B 20pa3 (mo oOpaboTkm
2,2-10*KOE/r, nocne 06pabotku — 5,0-10° KOE/r), nemnono3apaspyaromx
MHKPOOPraHU3MOB — B 58 pa3 (mo obpadotku 1,0-10° KOE/r, nocne 06pabot-
ki — 5,8°10*KOE/r). UncneHHOCTh MUKPOMHIIETOB YMEHBIIMIOCH B 3,4 pasa
(no o6pabotku 4,5-10°KOE/r, nocne o6paborku — 1,310 KOE/r), aMmMoHu-
(ukaTopoB ocTanock 0e3 m3MeHeHu# (puc.). OMUroTpodsl (B TOM YUCIIE a30T-
(uKcaTops!) mocie 06paboTKU BBIABIEHH B KoymdecTse 1-10° KOE/T.

KonHaecTBO MHEPOOPTaHH3MOB,
KOE/T abcomoTHO cyxoit moussl, 107

: . 0 odpaboTKH l-noc:[eoﬁpla‘rzm I : I

1 — aMMOHM(UKATOPBI, 2 — AMUIIONUTUKN U aKTHHOMHIIETBI, 3 — LEJUTIONIO30INTUKH, 4 — OJTUTO-
HUTPO(MIIBI, B T. 4. A30TOUKCATOPBI, 5 — HUTPHUYHUKATOPBI, 6 — MUKPOMHULIETHI, 7 — hocdaTMoOHIn-
3aTOPBI

Puc. CpaBHUTEIbHAS XapaKTEPUCTHKA OCHOBHBIX (DYHKIIMOHAIBHBIX IPYIIIT MUKPOOPTaHU3MOB
MOYBBI JI0 | TOCIIe 00paboTKH KoHCopImyMoM baktepmit Bacillus sp.

JlaHHBIC pe3ynabTaThl MOTYT CBUACTEIHLCTBOBATH O HEOOXOJMMOCTH Jailb-
HEHIIero u3y4eHusl MOYBEHHOT0 MUKPOOOILIEHO3a TOJTyOUKU BBICOKOPOCIION H
pa3paboTKH MOJXO/I0B HATIPABJIEHHOTO PETYIMPOBAHHS €ro COCTaBa, YTO I03-
BOJIUT TIOBBICUTH OMOJIOTHYECKYIO0 aKTUBHOCTH TIOYBHI U MTOYYHUTH SKOJIOTHYE-
CKHU YHCTYIO ATOAHYIO MIPOIYKIIHIO IPEMHyM-KJIacca.
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Jlutepatypa

3psrunnes /1. I'. Buonorndeckas akTHBHOCTD [0YB U IIKAJIBI UL OLICHKH HEKOTOPBIX €€ IMOKa-
3areneii // TlouBoBenenne. 1978. Ne 6. C. 48-54.

A review on the plant microbiome: Ecology, functions, and emerging trends in microbial ap-
plication : Special Issue on Plant Microbiome / S. Compant, A. Samad, H. Faist, A. Sessitsch // Jour-
nal of Advanced Research. 2019. Vol. 19. P. 29-37.

Comparison and interpretation of characteristics of Rhizosphere microbiomes of three blueber-
ry varieties/ Y. Zhang, W. Wang, Z. Shen [et al.]// BMC Microbiology. 2021. Vol. 21. DOI:
10.1186/s12866-021-02092—7

Effects of Soil Properties and Microbiome on Highbush Blueberry (Vaccinium corymbosum)
Growth / Y. Zhou, Y. Liu, X. Zhang [et al.] // Agronomy. 2022. Vol. 12, N 6. Art. 1263. DOI:
10.3390/agronomy 12061263

ONTUMMU3AIAA YCJIIOBUH KYJIbTUBUPOBAHUA
DESMODESMUS COMMUNIS

E. A. Bynenkosa, H. B. Koctiomuna, E. B. Kamupckux, O. O. baduu

Banruiickuii henepansubiit yausepcuter uM. U. Kanra, Kanuuunrpas,
KBudenkova@gmail.com

MukpoBOAOPOCIIN BOCIPUUMYUBBEI K U3MEHEHHUIO YCIOBUN OKpY KaroLei
cpenbl, B KOTOPOH OHM 0OMTAOT. B X0ze mpucrnocoOuTenbHBIX peakuuii B OT-
BET Ha BIMSHHE BHEIIHUX (aKTOPOB ((PU3HUECKNX M XUMHUYECKHUX) MOXKET Me-
HATBbCSA KAQUeCTBEHHBIN M KOJIMYECTBEHHBIM COCTAB MEPBUYHBIX U BTOPHUUYHBIX
MeTaboJMTOB MHUKPOBOJOpoCieil. Mukposogopocis Desmodesmus sp. Dto
MEePCIICKTUBHBIH OOBEKT JUIS MOJTYYCHHUS ChIPbs, CIYXKAIIEro cyocTpaToM Juis
npousBozcTBa buororumsa [Sarkar, Bhowmick T., Gayen, 2024]. HecmoTps Ha
9TO, IIPOMBIIIJICHHOE MCHOJIb30BAaHHUE IITAMMOB Desmodesmus SP. OrpaHU4YeHO
HEJJOCTATOYHO BBICOKMM BBIXOJIOM ILICHHBIX MeTaOoNMTOB. B cBs3M C dem, Ie-
JbIO TAaHHOH paOoTHI SABJISIETCS TTO100P PALMOHAIBHBIX MTAPAMETPOB KYJIbTHBH-
poBanusi Desmodesmus communis st yBelnHUYCHHS BBIXO/A IK30MOIHCAXapH-
JIOB C TIOMOIIBI0 (PAKTOPHOTO SKCIEPHUMEHTA.

Metoasl u Matepuayubl. OOBEKT HCCIEAOBAHUS: MHKPOBOZOPOCIH
Desmodesmus communis  S-313 (KOJIEKIHMH KyJIbTYp MHKPOBOAOPOCIEit
IPPAS, Uncturyt ¢usnonorun pacreanii PAH M. K. A. Tumupsizesa, Poc-
cus). [ns KynbTHBUPOBaHMS M TPOBENCHUSI (DAKTOPHOTO SKCIEPUMEHTA HC-
nmojp3oBaHa mutarenbHas cpena A+B (Sueoka) [IPPAS — xomrexmus ...
1991]. ®u3uKo-XUMUYECKUE YCIOBUS KyIbTUBUPOBAHUS BaAPbUPOBAIIU COTJIAC-
HO TIIaHy MATPHIBI JBYXYPOBHEBOTO MOITHOTO (haKTOPHOTO SKCHEPHUMEHTa
(ITdD-2). [TpoBeneHbI 1BE CEpUU IKCIIEPUMEHTOB: B OTHOIICHUN (U3NIESCKHUX
daxropos, [1OD I (aspamust, pH u Temneparypa), 1 B OTHOIICHHH XHMHUIECKUX
¢daxropos, [IOD I (konnentpanus NH4Cl, xonnenrpamus KoHPO4, xonIeH-
tparust MgSO4x7H20). Ilo pesymeratam nposenenus [1DD-2 ctponnn ypas-
HeHue perpeccur. KoHneHTpanmio Onomaccsl Onpenessuii rpaBUMETPUIECKH.
Konnenrpauuio sk3ononucaxapunos (D1IC) onpeaensuiv aHTPOHCEPHOKUCIBIM
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MeToJOM (TPagyHpOBOYHAsI KpHBas IIOCTPOEHA IO caxapose). DKCTPAKIHIO
XJI0porIIa IPOBOAMIN € UCHOJIB30BaHUEM dTaHoua 96 %.

PesynbTarel. B Tabu. 1 nokasan miaH moiHOro ()aKTOPHOTO SKCIEpH-
MeHTa I, a Taxoke pe3yIbTUPYIONIIE 3HAaUCHHUS OTKIHKOB.

Tabanna 1
Pesynprat IIOD 1
JlexoaupoBaHHEIE YPOBHH (pAKTOPOB OTKIIMKH, BBIXOJ IIPOTYKTa

(axrop (axrop 2 (akrop 3 OTKJINK OTKJIUK 2 OTKJIMK

1 (X)) (X2) (X3) 1Y) (Y2) 3(Ys)
Abdpanus pH Temneparypa Buomacca OI1C Ci/Cy

o °C T/n /T

1 D 5,5-6,0 20 0,173 0,433 1,78
2 11T 5,5-6,0 20 1,007 0,041 2,17
3 D 8,5-9,0 20 0,440 0,085 1,79
4 I1IT 8,5-9,0 20 1,453 0,021 1,58
5 D 5,5-6,0 30 0,267 0,184 1,88
6 I1IT 5,5-6,0 30 0,780 0,104 3,01
7 D 8,5-9,0 30 0,573 0,040 1,49
8 I1IT 8,5-9,0 30 0,880 0,064 1,62
K. 11 7,0-7,5 25 0,340 0,146 1,71

@O — KyJIbTUBHUpPOBaHHE B KOJIOe 3akpbiToi (onbroi, I1I1— KyJibTHBHpOBaHHE B KOJIOE C BaTHOM
npobkoit u npu nepememuBanuu 100 06/muH, IT— KynbTHBUpOBaHHE B KOJIOE ¢ BaTHOW HPOOKOIA,
OIIC — sK30m0IMCaXAPHUIBI

3HaunMble KOI(Q(UIIMEHTHl B COOTBETCTBYIOIINX JIMHEHHBIX YPaBHEHHUIX
perpeccur npescTaBieHsl B Ta0u. 2. 3HaK «+» mepes Kod(QGHUIMEHTOM KaKkoro-
1100 KOMITOHEHTA YPaBHEHHS YKa3bIBAeT HA TO, YTO (hAaKTOP HAXOJHUTCS B JIH-
MHUTHPYIOIIEH 001acTH, a 3HAK «—» Ha TO, YTO 3HAYCHUsI (PaKTOpa — B NHTHOH-
pyroLei.

Taoauna 2
VpaBHEHHE Perpeccu 1o pe3ysbTaTaM MoIHOro (GakTopHoro skcrnepumenta (IIOD)
II®D | Tlapametp YpaBHeHue perpeccun
Buomacca |y =0,69+0,33X,
1 OI1C y =0,12-0,06X:-0,06X>+0,05X1X2+0,05X1X3
Ca/Cp y =1,91-0,29X>
bromacca |y =0,55-0,035X:+0,043X2+0,036X3-0,033X1X2-0,029X1X3-
0,044X1X2X3
L 5 y=0,211+0,0138X:X5
Ca/Co -

1-TI®D no dusnueckum daxropam (X;— aspanus, Xo— pH, X3— temneparypa); I — IIOD no xu-
mudeckuM (akropam (X — konnenrpanus NH4Cl, Xo— konuenrpanus Ko;HPO4, X3 — koHIEHTparms
MgS04x7H>0), DIIC — sK301101MCaxapuIbl

IIposenenune [1DD mnozpomwio yeenuuuth Bbixon OIIC B cpennem B
3 pa3a 1o cpaBHEHHIO ¢ KOHTPOJBHBIM 3HaueHHeM. [lo pesynbraram Qakrop-
HBIX 9KCIEPUMEHTOB MOYKHO 3aK/IIOUHUTh, yTo Ha cuHTe3 DIIC Bnuser B 60ib-
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mei crerneHu ypoBeHb adparmmu (Oomnbime DIIC cuHTE3mpyercs mpu ciiaboi
aspanmu) u ypoBeHb pH (6ombrre DIIC cuHTE3MpyeTCcss B KHUCIOH cpere), a
taoke BbigeneHuo DIIC crocoOCTByeT yBennueHHE KOHLEHTpAluii THapo-
docdara kanus u cynpdata MarHusl B COCTaBe MUTATENbHON cpebl. [Ipu aTom
Ha MPUPOCT OMOMAcChl OKA3bIBAET ITOJIOKUTEIBHOE BIHMSHHE MHTCHCHBHOCTH
a’paliy, yBeJIn4eHHe cojepkanus ruapodocdara Kanus u cyiabdaTa Maruus B
COCTaBe MUTATENBHON CPelbl, HO OTPULATENbHOE BIIMSIHUEC OKA3bIBACT yBEIH-
YeHHe KOHIICHTPAINH XJIOpHIa aMMOHHA B cpexe. Ha cooTHommenme xmopo-
¢ua a 1 b cTaTHCTHYECKH 3HAYMMOE BIIMSIHUE OKa3bIBAET JIMIIL YpoBeHb pH
CpeJibl.

Cxoxne pe3yabpTaTsl ObIIM MOTyYeHBI B HccienoBanuu Sarkar u ap., Ko-
rra MoAN(UKAIMA XUMUIECKOTO COCTaBa MUTATEIBHON Cpe/ibl TO3BOJIMIIA T10-
BBICHTh HaKoIuleHue yrieBogoB B 1,3—1,5 pa3z [Sarkar, Bhowmick, Gayen,
2024]. B pabote Nagappan u ap. TakKe YIIOMHHAETCS UYTO B yCIOBHSIX aedu-
IIUTa MCTOYHHWKA a30Ta B NUTATEIBHON cpene HaOMomaeTcs yBEIWUYCHHE CO-
JiepskaHus yrieBogoB Ha 18,3 % 10 CpaBHEHHIO C IPOYMMH HCCIEAYEMBIMH
mTaMMaMu MUKpoBoJopocieit [Nagappan, Kumar, 2022].

IToxbop Hanboee ParOHATBHOTO PEKUMA KyJIBTHBUPOBAHUS MHUKPOBO-
mopociu S-313 MokeT OBITh WCHONB30BaH U ONTHMH3ALNH YCTOHIHMBOTO
MIPON3BO/ICTBA PA3JIMUHBIX TAKUX BTOPHUYHBIX METaOOJINTOB KaK SK30I0JHCaxa-
PHUIBI M MUTMEHTHI, UMEIOIUX OMOTEXHOIOTHYECKOe U OMOMEIUIIUHCKOE MpU-
MCHEHHE.

Jlutepatypa

IPPAS — koJuieKuusi KyJibTyp MHKpoOBojopocieil WHCTuTyTa (U3HOJIOTMM PACTCHHH WM.
K. A. TumupsizeBa AH CCCP / M. I'. Bnagumuposa, E. /1. Bapuesuy, U. A. XKongakos [u ap.] // Ka-
Tasor Kyabtyp komekiuit CCCP. 1991. C. 8-61.

Nagappan S., Kumar G. Investigation of four microalgae in nitrogen deficient synthetic
wastewater for biorefinery based biofuel production// Environ. Technol. Innov. 2021. Vol. 23.
Art. 101572.

Sarkar S., Bhowmick T. K., Gayen K. Enhancement for the synthesis of bio-energy molecules
(carbohydrates and lipids) in Desmodesmus subspicatus: experiments and optimization techniques
Moreira // Preparative Biochemistry & Biotechnology. 2024. Vol. 54, N 3. P. 343-357.
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POJIb BAKTEPUAJIBHBIX HITAMMOB PANTOEA BRENNERI
B ITIOBBIINEHUN BUOJOCTYITHOCTHU MOYBEHHOT'O ®OCP®OPA
M 3AIUTE PACTEHUM OT ®UTONMATOTEHOB

. C. Byaibmaxkosa, JI. B. CokonbHukoBa, A. /I. CyaeiimanoBa

"Kazanckuii (TTpusomikckuii) penepanbupiii yausepenret, Kazannb
daria_bulmakova@mail.ru

[TouBa urpaeT KIFOYEBYIO POJIH B IIPOMN3BOJICTBE MPOAYKTOB IuTaHus. On-
HAaKO CYIIECTBYIOIIME METObI BEIACHHS CEIBCKOTO XO3SIHCTBA, B YaCTHOCTH,
Ype3MEepHOe NMPUMEHEHHE MUHEPAIBHBIX YI0OPEHUH U XMMHUYECKUX MECTHIH-
JIOB, TIPUBOJUT K HETATHBHBIM IOCIEACTBUAM. AJBTEPHATHBHBIM pPEIICHHUEM
SBJSIETCSl BHEIPCHUE B CEIBCKOE XO3AHCTBO OHMOMpernapaToB Ha OCHOBE ITOY-
BEHHBIX IITAMMOB MHKPOOPIaHW3MOB, oTHOcsmuxcs k rpymmne PGPB (plant
growth-promoting bacteria, crumysupyromme poct pacrenuit Oaxrepuu). On-
HUMH W3 HUX SBISIOTCA MpeACcTaBUTENH pona Pantoea. Beinenennsie Hamu pa-
Hee mouBeHHbIe m30sAThI P. brenneri (3.1, 3.2, 3.5.2, 3.6.1) oGiamaroT pasimd-
HBIMHM MEXaHW3MaMH CTUMYJMPOBAHUS POCTa PACTCHUH, BKIIOYask CHHTE3 T'HI-
PONUTHYECKUX (PEPMEHTOB, IECTPYKLHS LIMAHUIOB, IPOAYKIHUS (GUTOrOPMOHOB
u cuaepodopos, GYHTUINIHAS AKTHBHOCTH MPOTUB (uTonaToreHos [MTkuHa,
CynetimanoBa, [1lapumioBa, 2021], B CBSI3U C 4eM SIBIISIOTCS 3PPEKTUBHON OC-
HOBOI! /71 co3AaHusI GHOMPEnapaToB.

Pa3paboTka MoaXoM0B K yBEIMUYCHUIO NOCTYHMHOCTH (hochopa B mouBe —
OJlHa M3 BOKHEHIINX 3a7ja4 COBPEMEHHOTO arpolpon3BOACTBa. Panee mis u3o-
nstoB P. brenneri Oputa mokasaHa cnocoOHOCTh K MOOMIHM3AlMH KaK Heopra-
HUYECKUX, TAK U OPraHMYECKUX TPYJHOPACTBOPUMBIX COeIUHEHHH (ocdopa B
ycioBusix in Vitro [Phosphate solubilization ... , 2023]. IIpeacrasisiio HHTEpPEC
U3Y4YHUTh JaHHbIC (DYHKIMM IITaMMOB B YCJIOBHSIX IOYBBEL [lo3TOMY II€ibIO
JanbHeiiel paboThl SIBUIACk OLIGHKA poju ITaMmoB P. brenneri B nossieHnu
OMOOCTYITHOCTH ITOYBEHHOTO (pochopa U 3aluTe pacTeHHH OT (PUTOMATOTCHOB.

Ha nepBoM 3Tane paboThl TOTOBHIIM YETHIPE BapHAHTa MHKPOKOCMOB, HC-
TOJTB3YsI MOYBY € HHM3KOM cojepxkaHueM Qocdopa, 0TOOpaHHYIO ¢ TOJICBBIX
yroauii mocnie cbopa yposkas: B IIEpBOM CIy4ae B MCXOAHYIO TOYBY BHOCHIIM
cycmensuro knerok P. brenneri (~1,5-10"8 KOE/min) (1) u ¢pusnomornaeckuii
pacTtBOp (2), B APYrOM HCIIOIB30BAIH CTEPUIBHYIO MIOUBY € J00aBICHUEM CYC-
nensuu P. brenneri (3) u dusuonoruyeckoro pacrsopa (4). MUKpOKOCMBI WH-
kyoupoBanu 15 cyr/ B unkybarope ¢ 15:9-uacoBBIM LMKIOM J€Hb:HOYb NPH
30 °C u BmaxxHoct 55 %. B 1HU Hadama ¥ OKOHYAHUS dKCIIEPUMEHTa OTOMpa-
a1 0o0pasibl IMOYBBI, KOTOPHIE HCIONB30BANM JUIS JAlbHEHIIETO aHaNu3a.
Omnpenensiin Konm4ecTBo jgoctymHoro (ochopa mo meromy [Estimation of
available ... , 1954]. B skcnepuMeHTax CO CTEPHUIBHOW M HECTEPUIBHOW IOY-
BOH KomuuecTBO (ocdopa MpH HCIOIH30BAHUU INTAMMOB YBEIUYHIOCH B
cpexaeM Ha 10-28 % 1o cpaBHeHHIO ¢ KOHTpojieM (0e3 mrammoB). Onpenens-
mu pocdaraszHyo U GpUTa3HYI0 aKTUBHOCTb, KOTOPYIO TaK)Ke BBIpaXKajiH B KO-
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JgecTBe CBOOOAHBIX (hocdaToB, ompeneIeHHOM B ITOYBEHHOM CYCIICH3HH, 110
MeronukaMm [Tabatabai, Bremner, 1969; Long-term addition ... , 2015; Priya,
Sahi, 2009]. HauGounbiee unciio pocharos B CyCrieH3NH CTEPUIIBHOM U HecTe-
PUIIBHOM MOYBBI MOKA3aHO uist Tamma P. brenneri 3.5.2 mpu aHammse akTuB-
HOCTH KHCI0H (ocdarassl. [Ipn 3ToM K KOHITY dKCTIEpUMEHTa HaOIOalH YBe-
JMYCHHE UX YHCcia B cpeHeM Ha 42 % 10 CpaBHEHHIO ¢ KOHTposeM. B cirydae
C aHaJIM30M aKTUBHOCTH IIEJIOYHOW (HTa3bl HaMOOJIbIIEE YUCIO CBOOOIHBIX
¢docharor HabIIOMANM B MOYBCHHOM CyCIeH3WH co mrammom P. brenneri 3.2:
10 CPAaBHEHUIO C KOHTPOJIEM MX YHUCIIO YBEJIUYMUIOCH B cpeaHeM Ha 35 %. Ilpu
CpPaBHCHHUHU PE3yJIbTATOB (pUTA3HOW aKTUBHOCTU ¢ (ochaTa3sHON HaOIIOmAIH
CXOXKYI0 KapTHHY B OTHONICHWH MITaMMOB. YHWCIO CBOOOAHBIX (ochaToB B
MTOYBCHHOW CYCTICH3WH TIPH aHAJM3€¢ aKTUBHOCTH KHCIIOW (DUTA3bl yBEIHYNBA-
J0ch B cpenHeM Ha 22-30 %, mpu aHanM3e akTHBHOCTHU MICNOYHONW (UTA3bl HA
13-18 %. Iloka3zaHO, YTO BCe HCCIEAyEeMbIe INTAMMBI HMOAKHCIISUIH IMOYBY —
ypoBeHb pH cHmkaics co 3Hadennii 6,5-6,7 no 5,3-5,5.

Takum oOpazoM, MBI TOKa3ald, YTO WHTPOAYKIHUS B IIOYBY IITAMMOB
P. brenneri oka3piBaer BiusiHue Ha Takhe (AKTOPbI, KAK COAEPKAHHUE JOCTYII-
Horo ¢ocdopa B mouse, ypoBeHb ee pH, akTuBHOCTH (uta3 u gocpara3. Cau-
KeHue ypoBHSA pH (IIPEamoNoXUTETBHO 3a CYET MPOAYKIIMH OPTraHWIECKHX
KHCJIOT) ¥ TTOBHIIICHHE aKTHBHOCTH (DEPMEHTOB NPHBOANT K YBEIUYCHHUIO CO-
JiepkaHusi cBOOOMHBIX (pocharoB B MOYBE, YTO IOATBEPIKAAET HAIMYUE pas-
JMYHBIX MEXaHN3MOB (hochaTMOOMIH3AINH y N3yYaeMBIX IIITAMMOB.

Jpyroii, He MeHee BaKHOH MpoOIeMol ABISAETCS BOMPOC 3AIIUTHI CEIlb-
CKOXO3SIICTBCHHBIX PACTEHHUI OT Bo30Oymurtenell Oonesneil. [lomumo ¢yHru-
LUJJHOW aKTMBHOCTU TPOTHMB MIMPOKOIO CIEKTpa (UTONATOT€HHBIX MHUKPO-
muneros (Fusarium sambucinum, F. oxysporum, F. solani, Rhizoctonia solani,
Alternaria sp., Ascochyta kamchatica, Colletotrichum coccodes), mrrammbr
P. brenneri o6nagatoT antiHOakTepUaIbHON AKTUBHOCTHIO B OTHOIIEHUHU (PUTO-
natoreHHo# Oaktepum Erwinia amylovora, BembiBaroreil GakTepHaTbHbIH
O’KOT TTOJIOBBIX JIepeBbeB. PaHee aHTaroHMCTHYECKast aKTHBHOCTH OBIIa TTOKa-
3aHa B yCJOBHSAX iN Vitr0 [AHtaroHucTudeckue mrammsl ... , 2023]. Oxnako
9TO MO3BOJMJIO OLEHUTH JIHIIb NOTCHIUAIbHBIE OHOTHYECKHUE B3aMMOOTHOILIE-
HUSI MEXy OaKTepHsMU B MOJICIBHOHN cucTeMe. J[Isi CKpHHHMHTA Ha TpeaMeT
WCIIOJIB30BAHUS IITAMMOB B Ka4eCTBE arcHTa OMOJIOTHYECKOTO KOHTPOIS MBI
MPOBOIMIM IKCIIEPUMEHTBI Ha TUIOJAaX rpymid. Tak, aHTarOHUCTUYECKUH (-
¢dexr Habmomancs HpH NpeaBapuTenbHON (mpoduiiakTHueckoit) o6padoTke
rpymr mrammamu P. brenneri. Tlpu stom TepaneBTrdeckas o0paboTka rpyir
IITaMMaMH CITyCTs 24 9 Mocie 3apaKeHHs TaTOTeHOM He TPUBOAMIIA K 3aIIUT-
HOMY JeiicTBHO. [IpoBOASATCS MalbHEUIINE SKCIICPUMEHTHI 110 H3YYCHUIO MO-
JeKYJTSAPHBIX ~ MEXaHW3MOB  AHTArOHUCTHYECKON  aKTHBHOCTH  INTAMMOB
P. brenneri B orHorrenuu E. amylovora.

Paboma sevinonnena npu guuancogoii nodoepcke epanma PH® Ne 23-

76-01078.
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Jlutepatypa

AnraronucTuueckue ImraMmbl  Pantoea brenneri kak cpeiactBa  3aliMThl  pacTeHuii /
J1. C. Bynbmakosa, I'. W. Ilaruesa, [1. JI. Utkuna, O. A. Jlenuna [u ap.] / Mukonorus u ¢puronaro-
norus. 2023. T. 57. C. 352-361.

Wrkuna JI. JI., CyneiimanoBa A. JI., llapumoBa M. P. Pantoea brenneri AS3 u Bacillus
ginsengihumi M2.11 kak TOTEHIHAIBHBIE ar€HThl OMOKOHTPOJSL U CTUMYJISATOPBI POCTA PACTEHMUIA //
Muxkpoo6uonorus. 2021. T. 90. C. 204-214.

Estimation of available phosphorus in soils by extraction with sodium bicarbonate /
S.R. Olsen, C.V.Cole, F.S. Watanabe, L. A. Dean // Washington : USDA Cir. 1954. Vol. 939.
19 p.

Long-term addition of organic fertilizers has little effect on soil organic phosphorus as charac-
terized by 31P NMR spectroscopy and enzyme additions/ K. E. Annaheim, A. L. Doolette,
R.J. Smernik [et al.] // Geoderma. 2015. Vol. 257. P. 67-77.

Phosphate solubilization and plant growth promotion by Pantoea brenneri soil solates / A. Su-
leimanova, D. Bulmakova, L. Sokolnikova [et al.] // Microorganisms. 2023. Vol. 11. Art. 1136. DOI:
10.3390/microorganisms11051136

Priya P., Sahi S. V. Influence of phosphorus nutrition on growth and metabolism of Duo grass
(Duo festulolium) // Plant Physiol Bioch. 2009. Vol. 47. P. 31-36.

Tabatabai M. A., Bremner J. M. Use of p-nitrophenyl phosphate for assay of soil phosphatase
activity // Soil Biol. Biochem. 1969. Vol. 1. P. 301-307.

O EHKA BJIUSIHUSI HAHOKJIACTEPOB
HA PE3UCTEHTHOCTb BAKTEPUM K TAXKEJIBIM METAJJIAM
N AHTUBUOTHUKAM

I'. JI. Bypsirun, A. C. AcrankoBa, 0. A. ®PuwinnbeyeBa

NHcTuTyT 6MOXUMIHN U (DU3HOTIOTHE PACTCHUH U MUKPOOPTaHH3MOB
Caparosckuii Hayunslit nentp PAH, Capatos, burygingl@gmail.com

[louBenHbIe U pHU3OC]epHbIC OaKTEpHH OOUTAIOT B YCIOBHUSIX MOCTOSHHO
MEHSIOIETOCsl XUMHYECKOI0 COCTaBa OKPYIXKAIOIICH cpelbl, 00yCIOBIEHHOTO
HEOJHOPOTHOCTHIO MMOYBEHHBIX YACTHI] W MPOIYKIHEH BTOPHYHBIX META0O0IH-
TOB MHOTOYHUCIICHHBIX JKHBBIX OPTaHM3MOB, B TOM YHCJIC aHTHOMOTHKOB pa3-
JIMYHBIX MUKPOOPTaHU3MOB M 3KCCYAAaTOB KopHel pactenuil. [lox neiictBuem
€CTEeCTBEHHOT0 0TOOpa y OakTepuit CHOPMHPOBATOCH HECKOJIBKO MEXaHU3MOB
YCTOMYMBOCTH K BBICOKMM KOHIICHTPAIMSIM HOHOB METAIJIOB, TOKCHHOB, aHTH-
OMOTHKOB M APYTHX OHMOJIOTHYCCKH aKTHBHBIX BEIIECTB, CIHIOCOOHBIX CHHU3HTH
AKTHBHOCTh META00JIM3Ma HIIH IIPUBECTH K THOeH KieTkr. OTHUM H3 IUPOKO
pactpoCTpaHEHHBIX MOJICKYIIPHBIX MEXaHN3MOB yAalIeHHE H30BITKA KATHOHOB
METAJIJIOB U, OJHOBPEMEHHO, IPOSBIEHUSI MHOKECTBEHHOM JeKapCTBEHHON
YCTOWYHBOCTH Y TPAMOTPHUIIATEILHBIX OAKTEPHUH SBIIsCTCS (DYHKIMOHUPOBAHUEC
cnennansHbIX RND a¢ddrrokcHbIx momn (aHri. «resistance-nodulation-division
efflux pump»), obecneunBarOMMX PE3UCTEHTHOCTh OAKTEPU K MOHAM MEIH,
cepebpa, KaaMus, XpoMma, KoOajabTa W JAPYTUX TDKENBIX MeTaiwioB. B cocras
Kax o u3 Takux RND momim BXOAUT HECKOJIBKO OCIKOBBIX CYOBCIUHUILL, Iic-
PCHOCSIIINX KATHOHBI M3 MEPUINIa3MBl 3a MpEAeNbl HapyXHOH MeMOpaHBI.
RND-cucteMs! pa3iaugaroTcs 0 CIeu(GUIHOCTH B HabOpy TOKCHKAHTOB, KO-

108



TOpPbIC OHHU YAQISAIOT U3 KJIETOK, OZHAKO OOIIHOCTD NX CTPOCHUSI NIPEATIOIAraeT
CXOJICTBO MX (DYHKIIHOHUPOBAHHSI.

Hapymenne ¢ynkunonupoanne RND-cucrem sddimtokca npuBomur x
CHIDKCHHUIO MITH JJayKe TTOJTHOM MOTEPU PEe3UCTEHTHOCTH OaKTepPHH K TOKCHKAHTY
(TspKENOMY MeTamTy WM aHTHOMOTHKY), YTO JeNaeT BeChbMa MEepCHEKTUBHBIM
MOMCK MHI'MOUTOPOB TAKUX CHCTEM JUISl JICUCHUsI MH()EKIIMOHHBIX 3a00JICBaHUM,
BBI3BAHHBIX OAKTEPHUSMH C MHOXXECTBEHHOW JIEKAPCTBEHHOH YCTOHYMBOCTBIO.
C pa3BuUTHEM HAaHOTEXHOJIOTHH CTal0 BO3MOXHBIM CO3JaHHE KIACTEpOB aTo-
MOB C 3a/IlaHHBIMH pa3Mepamu, Gpopmoii 1 cBoiictBamu. B nureparype nmeercs
nHdopmalys 0 BO3SMOKHOM B3aUMOJICHCTBUY HAHOKJIACTEPOB cepedpa ¢ Oei-
koM TolC, saprstommmcs HecTieruUIecKuM TPaHCMEMOPaHHBIM KOMIIOHEHTOM
RND-cucrem addurrokca.

B nmanHOIT paboTte OblIa M3ydeHa yCTOHYHBOCTH 20 pu3ocepHBIX mTaM-
MOB, OTHOCSIIIMXCS K pa3anuHbiM cemeiicTBam Alfaproteobacteria, Betaproteo-
bacteria u Gammaproteobacteria, B oTHOIIEHHN BBICOKHX KOHIIEHTpALUii CO-
Jel Menu, KaaMus, KoOanbTa, IIMHKA, CBUHIA U cepedpa, a TakKe TAKUX aHTH-
OMOTHKOB, KaK SPUTPOMHMLMH M KapOCHMIWIUIMH. [ KaXZOro TOKCHKAaHTa
PACCUMTHIBAINCH 3HAYCHUS MUHUMAIbHOW HWHTHOMpYIONEH KOHIEHTPaluu
(MUK), yraerenns pocta Ha 50 % (ECs0) m MakcuManbHas TOJIepaHTHAs KOH-
nenTpaius (MTK) oTHOCHTENHO KOHTPOIBHON KYJIbTYPHI (0€3 TOKCHKAHTOR).

AHanmu3 pe3yJbpTaToB IoKasal, 4yto mramms poaa Azospirillum B otorre-
HUHM BCEX TOKCHKAHTOB OKAa3allCh HamOOJee UyBCTBHTCIBHBIMH, a IITaMM
Achromobacter insolitus LCu2 mokasan crmocoOHOCTh K POCTY TIPH KOHIICHTpa-
nusax 6onee 1 MM comeit meau (1), uaka (I1), xagmust (1) u cunma (I1), B o1-
JMYMe OT BapuaHTa ¢ J00aBlIeHUEM B Cpelly KyJIbTHBHPOBAHUS HUTpaTa cepeo-
pa (I). Bce nccnenoBannble HaMH prU30oCc(epHBIC TaMMBI OBUTH TyBCTBHTEIb-
HBI K 9PUTPOMULIMHY M KapOCHUIMIUTHHY.

B renome mramma Achromobacter insolitus LCu2 (nomep B GenBank —
CP038034) Ob110 BBISIBICHO 8 FEHHBIX KIACTEPOB, KOAUPYIOIINE OCIKH IMIECTH
tunioB RND-cuctem. J[obaBienue B cpeay KyiabTHBHpoBaHMs Imtamma LCu2
HaAHOKJIACTEPOB cepedpa He NMPHBOIMIO K M3MEHEHHIO POCTOBBIX XapaKTepH-
CTHK OaKkTepuasbHOW KyJbTypbl. OHAKO NPUCYTCTBHE HAHOKJIACTEPOB 3HAUM-
tenpHO (B 4070 pa3) cHmwkana 3HaueHUs: ECsoB OTHOIIEHUE COJEH THKENBIX
METaJUIOB, K KOTOPHIM IITaMM OBLI YCTOWYMB, IO 3HAYCHHUH, JOCTOBEPHO HE
Pa3IMYAIOMINXCS CO ITaAMMaMH YyBCTBUTEJIBHBIMU K COOTBETCTBYIOLIEMY TOK-
cukaHTy. Takum 00pa3oM, Ha OCHOBAaHUHU MPOBEIEHHBIX IKCIIEPUMEHTOB MOXK-
HO cZIeaTh BeIBOJ 00 ycroiunBocTH mrtamMma Achromobacter insolitus LCu2
BBICOKMM KOHIIGHTPALMsIM MEJH, IIMHKA, KaJMHs W CBUHIA, OOYCIOBICHHYIO
(GYHKIIMOHMPOBaHUEM crenuduueckux cucteM 3ddurokca RND-Tuma, xoro-
pBie ONOKHMPYIOTCS HaAHOKIACTepaMH cepedpa, Tocie Yero OakTephalibHBIC
KJIETKH CTaHOBSITCS] 1yBCTBUTEJIBHBIMU K TOKCHKAHTaM.

Hccenedosanue svinonnerno 3a cuem epanma Poccutickozo Hayuno2o ¢how-

0a Ne 24-24-00520, https://rscf.ru/project/24-24-00520/.
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HITAMMBI HICEBAOMOHAJI, BBIPABATBIBAIOIIIUE
2-'EKCIJL, 5-ITPOITUJIPE3OPIINH, KAK ATEHTBI
BUOKOHTPOJIA I'PUBHbBIX ®PUTONNATOI'EHOB

3. P. Bepmununa'?, O. B. Uyoykosa ', JI. P. Xakumosa'?,
A. II1. Buraneena’
"MHCTHTYT 6MOXHMHH M TEHETHKM — 060COBIEHHOE CTPYKTYPHOE TTO/[pas/ieiicHue
VYoumckoro ®ULL PAH, Ya, zilyaver@mail.ru
2V pumckuii rocy napctBennblil HedTaHOl TexHuueckuii yuuepeutet, Vda

Bakrepuu poma PSeudomonas, sBisisiCh THUNHUYHBIMU TIPEICTABUTEISIMA
MTOYBEHHOTO OMOIIEHO3a, CITIOCOOHBI OBICTPO M YCIEITHO KOJIOHU3UPOBATH PH30-
cthepy pacreHus-xo3suHa. [IpecTaBuTens 3TOH TPyNITbl MUKPOOPTaHI3MOB HE
TOJILKO MOTYT OKa3bIBaTh CTUMYNHpYIOlIee ACHCTBUE HA PAa3BUTHE PAacTEHU,
Omarosapsi CHHTE3y PETYISATOPOB POCTa M YIIydIIeHHIO (ochOpPHOro MUTAHUS
pacTeHni, HO W SIBISIOTCS AHTAarOHUCTaMH (PHUTOIATOTEHOB 3a CUET CHHTE3a
IIMPOKOTO CIIEKTpa aHTUMHKPOOHBIX MeTaboiuToB. Hamboree U3BeCTHEIC aH-
THOMOTHKH,  mpomyuupyembie  Pseudomonas  spp.  Bkimrowaror  2,4-
JTUACTHI(GIOPOTTIONMHON, (eHA3NHBI, THPPOTHUTPHH, IIHAHUI BOAOPOAA, 2-
rekcui, S-nipormwipesopiua (HPR) m ap. HPR mpencrasnsier coboit HeOOIb-
LIYI0 MOJICKYJY, IPUHAUIC)KAIIYIO K TPYIIIC AIKUPE30PLUHOB, KOTOpasi CHHTE-
3UPYETCS Pa3IMYHBIMU OaKTepUSIMH U OOBIYHO CEKPETHPYETCS U3 KIETKH B
oKpykaromryto cpeny. ['enbl dar, oTBeTcTBeHHBIe 3a Tpomykiuio HPR, Opun
BrepBbie upentuduimposanst y P. chlororaphis subsp. aurantiaca BLI15.
Jannpiii wramMm cunresupyer HPR nis 3amuthel oT paznuyHbIX MOYBEHHBIX
(pUTOATOTEHHBIX TPHOOB, OTHAKO 3TA AKTUBHOCTH HE SBIACTCS CIMHCTBECHHOU
¢yuknmeri HPR. CymectBytor ganHbie 0 Bo3MokHOH pomu HPR B dopmupo-
BaHHH OHMOIUICHOK, aHAJOIWMYHO (peHA3WHAM, ICUCTBYS KaK CHTHAN JJIS «JyB-
CTBa KBOpyMa». Mex- U BHYTPHBH/IOBBIC B3aUMOJICHCTBUS HA OCHOBE KBOPYM
CEHCHHTa MOTYT CIocoOCTBOBaTh 3(h(heKTHBHOMY (POPMHPOBAHHUIO OMOTUIEHKH
U YCTAaHOBJCHUIO YCTOWYHMBEIX CHMOMOTHYCCKUX ACCOIMUALUN C pacTCHHEM-
x03ssHOM. Takum 00pa3zom, U3ydeHre reHoB dar y mceBIoOMOHA/ HE TONBKO aK-
TyaJIbHO B paMKax MPOEKTOB, IOCBSIICHHBIX 3aIUTE CETbCKOXO3IHCTBEHHBIX
pacteHuit oT Gose3Hel, HO W B (DyHAaMEHTAIBHBIX HCCIEAOBAHUAX (HAKTOPOB
(dopMHpOBaHUS OMOIUICHOK ICEBIOMOHAIAMH, KPUTHYHBIX I d((PEKTHBHON
KOJIOHU3ALIUU prU30Chephl.

Ienbio nccneoBaHMs SIBIISUICS TTOMCK THITOBBIX IITAMMOB TICEBIOMOHATT C
(yHTHCTaTHUECKOW aKTHBHOCTBIO, 00ycIOBIeHHOH BhIpaboTkoii HPR, a Takke
co3/1aHKe PEeKOMOMHAHTHBIX MITAMMOB CO CBEpXdKCIpeccueil reHa darA u usy-
YEHHE UX MPOTHUBOTPUOKOBBIX CBOMCTB.

OOBEKTOM HCCIIeIOBaHMsI CTajl MPOMbIIUIeHHbIH mTamm P. chlororaphis
BKIIM B-9444, unentudunmposannsiii kak P. chlororaphis subsp. chlororaphis,
OTHOCSIIIMICS K TUIIOBOMY ILITAMMY, 3aperucTpupoBaHHOMY B buopecypcHom
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neHTpe Beepoccuiickoi KOJUTEKIIMH MPOMBIIIIIICHHBIX MUKpoopranu3mMoB (BPL]
BKIIM).

C ucronb3oBaHUEM BhICOKOTOYHOW monmumepasbl Q5 (NEB, Bemukoopu-
tanus) red darA us P. chlororaphis BKIIM B-9444 6put amrutndunuapoBas ¢
MIOMOIIBIO NPAaMEPOB, B COCTaB KOTOPBIX OBUTH BBEAEHBI CANTBHI PECTPHUKIHN
BamHI u HindIIl. [{anee neneroii ren 0but BetpoeH B Bektop pTurboGFP mox
perymsinueit TS5 npomotopa, s yero ammindukar Obll pa3pe3aH pecTpUKTa-
3amn BamHI n Hindlll n knmoHmpoBaH mo yKa3aHHBIM calTaM B BEKTOpE
pTurboGFP Bmecto rena 3eneHoro duyopecrnientHoro Oenka GFP. Jlanee
¢bparmenT, BrIro4aronmii npomorop T5+darA, Obu1 BeIpe3aH U3 KOHCTPYKLHU
pTurbo+tdarA 1o caiitam pectpukimu Xhol u Nhel u mepeknoHnpoBaH B mias-
muay pJN105, koTopast B ganpHelmeM Obljia UCIOIb30BaHa JIIsl TpaHchopma-
muu mramma P. chlororaphis BKITM B-9444.

JU1ss MCXOAHBIX W peKoMOMHAHTHBIX mrTammoB P. chlororaphis BKIIM
B-9444 61 uccienoBan ypoBeHb dKcnpeccun rena dard mocpeacTBoM KO-
YECTBEHHOM OLICHKN OTHOCHTENIBHBIX YPOBHEH IKCIPECCHN TPAHCKPHUIITOB Me-
tomoMm IILIP B peanpHOM BpeMeHHU. {5 peKOMOMHAHTHBIX OakTepHil OBLIO TIO-
Ka3aHO TIOBBIIICHHE YPOBHS 3KCIIPECCHH II€JIEBOrO TeHa B 3 pa3a IO CpaBHe-
HUIO ¢ ICXOAHBIMHU IITAMMaMH.

B kauecTBe TecT-IITaMMOB ISl ONpE/eIeHHs (PYHTHCTAaTHUECKOH aKTHB-
HOCTH HCXOAHBIX U PEKOMOMHAHTHBIX INTaMMOB OBLTIM MCHOJb30BaHBI I'PHOBI
F. graminearum BKM 1668, F. culmorum BKM 844, M. nivale BKM 3106 u
B. sorokiniana u3 Komrekiun mukpoopranuzmo YU YOUIL[ PAH. Bsuio
MOKa3aHo, 4TO Y TPaHC(HOPMHUPOBAHHOTO reHOM JarA mrTaMma MOBBIIACTCS
¢byHrucTatuueckast akTUBHOCTh B cpeaHeM Ha 20-30 % mo cpaBHEHHIO C HC-
XOAHBIM IITaMMOM. [losTydeHHBIEe JaHHBIE TPOIEMOHCTPUPOBAIN BOZMOKHOCTb
UCIIOIb30BaHUSI PEKOMOMHAHTHBIX IICEBJIOMOHA] B COCTaBe OMOIpEnapaToB
JUISL 3aLIUTHI CEITLCKOXO03IHCTBEHHBIX KYJIBTYP OT (PUTONATOTCHOB.

Vcnionp3oBaHne OMOIOTHYECKHUX MPEMapaToB, CO3AaHHBIX HA OCHOBE Oak-
Tepuid, 00NaTaroNMX (YHTHCTATHUYECKUMHU CBOHMCTBAMH — 3TO d()()EKTUBHBIM,
9KOJIOTHYHBIH ¥ SKOHOMHUYHBINA CII0CO0 MpeJOTBpalleHus T'PHOHBIX 3a00JieBa-
Huil pactenuil. Co3naHue peKOMOMHAHTHBIX OHONpENapaTroB U3 OaKTepHallb-
HBIX IIITAMMOB, OTJIMYAIOMINXCS MOBBIIIIEHHON BBIPAOOTKON (hyHIMCTATHIECKUX
BEILECTB U CIOCOOHBIX JydIlle KOJIOHU3UPOBATH KOPHU PACTEHHUH B ITOUBE, SIB-
JSIeTCs  TIEPCIIEKTHBHBIM HAIpaBJICHUEM OHOTEXHOJOTHH W IPE/ICTABIISCT
60bI110}1 TEOPETHUECKUH U TPAKTUUECKUI HHTEpeC.
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PABPABOTKA CUHBUOTHYECKOI'O ITPEITAPATA
HA OCHOBE ITPOBMOTUYECKHNX JIAKTOBAKTEPUI

E. A. 'appuaoga', SI. M. Monnp', A. M. ExkopaZ, B. O. E:xkos?,
E. B. Hukutuna ', JI. P. Ipyaauna’, A. P. Kaomos'
! Kasanckwuit (Ipusoskckuit) Genepanbublii yansepcutet, Kasans, public.mail@kpfu.ru
2 KasaHckas rocy/JapcTBEHHAs aKaIeMUs BETEPUHAPHOH Me/THITUHBI
M. H. O. baymana, Kazans, kgavm_baumana@mail.ru

3 KasaHCKUi HAIMOHAIBHBIN HCCIIEI0BATEIbCKUI TEXHOIOTHYECKUi YHHBEPCHUTET
Kaszans, office@kstu.ru_Alalila@yandex.ru

B pamkax mepexoja K OpraHn4ecKoMYy CeIbCKOMY XO3SIHCTBY M (DYHKIIHO-
HAJIbHOMY NUTAHUIO BO BCEM MHUPE MHTEHCHUBHO pa3pabaThIBAIOTCSA HOBBIE DKO-
JIOTHYECKH YUCTHIE KOPMOBEIE T0OAaBKU-TIPOOHOTHKHU. [IpOOHOTHKY — 3TO «XKH-
BbI€ MUKPOOPT'aHU3MBI, KOTOPBIC ITPU TIPUMEHEHNH B a/ICKBaTHBIX KOJINYECTBAX
BBI3BIBAIOT YJIY4IICHHE 3/I0POBbsSl OpPraHmM3Ma-xo3suHay. [IpoOuoTukn yiyd-
IIAI0T COCTaB KUIIEYHOW MHUKPOOMOTHI; Onarojaps IMOBBIIMICHHOH aare3un K
CIIM3UCTBIM O0OJIOYKAM, a TAKXKe BBIPAOOTKE AHTHOAKTEPHAIBHBIX BEIIECTB
OHHU CIOCOOHBI MOAABIISITH POCT MaTOreHHoW Mukpoduopsl. Takxke oHM moa-
JIep>KUBAIOT OapbepHyro (YHKIUIO KUIMIEYHHKA 3a CUET MOAYJIAILUH 3KCIIpec-
CHH TCHOB JMWTENNSA, YTO TPEMATCTBYET MOMAJaHWI0 TOKCHYHBIX BEIIECTB B
OpTaHM3M XO35HHA.

[IpobuoTnueckne GakTEepuu MOTYT B3aUMOJICHCTBOBATh C ANUTEINAIBHBI-
MU U JICHIPUTHBIMH KJIETKaMH, KOTOPBIE UTPAIOT BAXKHYIO POJb BO BPOXKAEH-
HOM M aJaNTHBHOM HMMMYHHTETE, a TAKKe C MOHOLUTAMH M JUMQOonUTamH.
OHHN B3aMMOJCHCTBYIOT, HANPUMEp, C TOJUI-TIOJOOHBIMH pELENTOpaMu U 3a
CYET ITOr0 y4acTBYIOT B MOJYJIALMM UMMYHHOU CUCTEMBI X03suHa. Takke 10-
Ka3aHO, YTO NPHCYTCTBHE NMPOOMOTHYECKMUX OAKTEpHi B KHIIEYHHWKE BEIET K
YBEIMYCHHUIO JUIMHBI MHKPOBOPCHHOK. YBEIMYEHHE IUIOMIAAN BCACHIBAHUS
yJIydIlIaeT yCBOSIEMOCTb KOPMOB. MHOrne nmpoOHoTHYeCKHe OaKTepHH ydacT-
BYIOT B Pa3JIOKCHUHU CIIOKHBIX COCTUHEHHUH, CITIOCOOHBI BhIpaOaTHIBATh BHTA-
MHUHBI I aMHHOKHCIIOTEI, HEOOXOANMBIE OPTaHU3MY.

B kadecTBe MPOOMOTHKOB MOTYT NMPUMEHSTHCS MUKPOOPTAHU3MBI, B TOM
yucine poaa Lactiplantibacillus. JlakrobakTepuu mHUPOKO UCIIONB3YIOTCS B pas-
JUYHBIX OMOTEXHOJIOTHYECKUX IpOIleccax, HaIpUMEpP, B MOJIOYHOW MPOMBIII-
JICHHOCTH, TIPH TPOU3BOACTBE MsACA, CHIOCOBAHMM KOPMOB, HPOU3BOICTBE
poOHOTHKOB. JlaHHbIE MHMKPOOPIaHM3MBI 00JIaJal0T CHOCOOHOCTBIO IT0JIaB-
JISITh POCT JIPYrUX OakTepuil, B TOM YHCIIE U NATOI€HHBIX, 3a CUET MPOIYKIUH
OpPraHMYECKHUX KHCIOT, MEPEKUCH BOJOPOIa H OAKTEPHOLINHOB.

Panee B maboparopun «MornekysspHas T€HETHKa MHKPOOPTaHU3MOBY»
6buT monmyueH HoBblid mramm Lactiplantibacillus plantarum AG10 u3 kneBep-
Horo cmnoca. IlITaMM ncrmone3oBajicst B KadecTBe OAaKTEpUATBHON YacTH NPH
pa3paboTke CHHOMOTHUYECKOW KOPMOBOW JTOOABKH IS CEIbCKOXO3AHCTBEHHBIX
IITHI] B COYETaHUM C arpoMuHepanaMu (OEHTOHUTOM U IieonuToM). Llembio pa-
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OOTHI SBIIIOCH OXapaKTePHU30BaTh MPOOHOTHYECKHIE CBOMCTBA JAHHOTO IITAM-
Ma in Vitro, B MOJICIIbHBIX YCIOBHSX B KAUECTBE KOMIIOHEHTA 3aKBACKH JIJISI MO-
JIOYHOKHUCIIBIX MPOAYKTOB, & TAK)KE B KAYECTBE KOMIIOHCHTA CHHOMOTHYECKOTO
mperapata B OKCIEpUMEHTax IN ViVO Ha meperenax (paboTa BBITIOIHEHA C
0JIOOpeHHsT JIOKATLHOTO ATHYeckoro kKomureta KDY — mportokonm Ne 40 or
9 mapra 2023).

Ouennnu npobuotHyeckue cBoiicTea mramma Lactiplantibacillus planta-
rum AGI10 in vitro: kucioToo0pasyronyr0 aKTHBHOCTh, CKOPOCTh 3aKHCIICHUS
Cpeapl, YCTOMYMBOCTP K YKETYH M KUCIOTaM, aAre3Hi0 K AMUTEITHATBLHBIM KIICT-
KaM, AaHTarOHUCTUYECKYH aKTUBHOCTb B OTHOLICHUH psla YCIOBHO-
MATOTeHHBIX OakTepuii. BRISBHIN BBICOKHE TIOKA3aTEIH 110 BCEM UCCIIETYEMbIM
XapaKTePUCTUKAM, YTO JICNAeT JAHHBIA IITaMM IIEPCIEKTHBHBIM JUIS HCIIOJNb-
30BaHMS B IMUIIEBON M CEITbCKOX03IHCTBEHHOH MPOMBIIIICHHOCTH.

Jlanee oneHUIN CrIOCOOHOCTh HOBOTO IITaMMa MOJAABISATH POCT YCIOBHO-
MATOTe€HHBIX MUKPOOPTAHW3MOB B MOJIENBHBIX YCIOBUSX KOHTAMHHAIIUH MO-
noka. [Ipu xpanenun B TeueHne 21 CyT. HaOIIONANOCH CHIDKCHUE KOIUYECTBA
YCIIOBHO-TIATOTCHHBIX OaKTEPH M YBEIMUYCHHE JTOIH JTAKTOOAKTCPHI.

[Tocne wccnenoBaHusl MTAaMMOB Ha AHTATOHHUCTHYECKYIO aKTHBHOCTH U
COXpaHEHHE JXM3HECIOCOOHOCTH TPH J00ABICHUH arpOMHHEPAJIOB MPOBEITH
OLICHKY BIIHMsIHUS Tperiapara Ha repeneinos. [ltamm Lactiplantibacillus planta-
rum AG10 B nuTaTenbHOM cpeie Ha OCHOBE MOJIOYHOW CHIBOPOTKH J100aBIISUIIH
B PAIMOH TIEPEIICNIOB, TAK)KE MCIOIB30BATH KOMOMHAIIMIO IITAMMa C arpoOMU-
HepaJlaM¥ JUTS OIIeHKH 2P PEeKTHBHOCTH CHHOMOTHYECKOTo Tpemapara. Ha mpo-
TSHKCHUH SKCIICPUMEHTOB NTHI[ B3BEIIMBAIN U OLCHUBAIU PUPOCT OMOMACCHI.
[lo OKOHYaHUU OIBITOB OICHWIA MACCy pPa3IHYHBIX BHYTPCHHUX OPIraHOB
TITHII, IOKA3aTeNl OMOXUMHUUECKOTO U (DOPMEHHOTO aHAITN3a KPOBH, OTICHUITH T10-
Ka3aTesl KayecTBa SII[ M MsCa, COCTaB MHUKPOOMOTHI KHITIeYHHKa. B padoTe mpo-
BEJICH CPaBHHUTEIIBHBIN aHAIN3 JAHHBIX [TOKA3aTeNICH Y Pa3IMYHbIX TPYIIT ITHII.

Paboma evinonnena npu ghunancosoii noddepaicke Poccutickozo nayunozo
¢onoa (npoexm PHD-22-16-00040)
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3BOJIION M BEJIKOB, IOXOXKUX HA AKTUBATOPBL
TPAHCKPUIIIINU (TALES) Y ®PUTOINATOI'EHHbBIX BAKTEPUUA
U APYI'UX OPTAHU3MOB

3. M. I'aiicuna!, E. K. Kniposa?2, 10. JI. Opaos ', A. H. Urnartos !

'PYJIH um. Tarpuca Jlymym6b1, Mocksa, gaysina-em@rudn.ru
2UuctutyT 3amuThl pactenuii PAH, Cankr-IlerepOypr
3[epeoiiit MITMY nm. U. M. CeuenoBa Munsapasa Poccun (CedeHOBCKMI yHUBEPCHTET)
Mockaa, orlov-yul@rudn.ru

Benku-appexTopsl OakTepraIbHON CEKPETOPHOW CHCTEMBI TPETHETO THIIA
(Type 3 Secretion System — T3SS), cTpykTypHO IMOXOXXHE Ha aKTHBATOPbI
tpanckpunmu 3ykapuoT (Transcription Activator-Like Effectors — TALEs),
SIBIISTIOTCS. BAXKHBIMH (DaKTOPAMH BUPYJIIEHTHOCTH (DUTOMATOTEHHBIX OaKTepHid
ponos Xanthomonas, Ralstonia, Burkholderia/Paraburkholderia (syn. Myceto-
habitans), u Acidovorax [Eukaryotic features ... , 2001; Type Ill-dependent ... ,
2002; DNA-binding proteins ... , 2015]. TALEs cBA3BIBalOTCSl C PETYISATOP-
HeiMH yuyacTkamu JIHK oprannsma-xo3suHa ¢ MOMOLIbIO TAaHAEMHOIO JOMEHA
n3 33-35 aMHHOKHCIIOTHBIX MOBTOPOB, WHAYIHPYS TaKUM 00pa3oM SKCIpec-
CHIO IICJIEBBIX I'CHOB, (DOPMHPYIOMIUX OJArONpPHATHYIO Cpery Al MUKPOOpra-
HU3Ma. DTH MOBTOPHI 00J1a1al0T BBICOKON KOHCEPBATUBHOCTBIO, U Pa3INYalOT-
cs IO JIBYM BapHaOelbHBIM aMHUHOKHCIIOTaM, KOTOPhIE Y3HAIOT IeJIeBbIe HYK-
neotuapl B coctaBe JIHK-mumenn. TToBroper TALES ¢ HEOOBIMHOW JTHMHOM
AMUHOKHCJIOTHON IMOCIEI0BATEIbHOCTH HApPYIIAIOT CTPOTOe MPABUIIO CBA3bI-
BaHMsS «OAMH MOBTOp K ofHOMY ocHoBaHuio JIHK» u mpuBHOCAT none3nyro
Ui OakTepun M3MeHIMBOCTH B cBsi3biBaHWEe TALEs ¢ JIHK xo3suHa [DNA-
binding proteins ... , 2015; Transcription activator-like ... , 2023]. Xors, 3B0-
mors TALEs Bce emie 1ioxo u3ydeHa, UX MpernoiaraeMoe MpOUCX0KICHUE
ITOKa3aHO B MeTareHoMe Mopckux 6akrepuii [DNA-binding proteins ..., 2015].
W3sBectHO, uro B cuMmbHo3e Oakrepuit Mycetohabitans rhizoxinica ¢ rputom
Rhizopus microsporus 6enku, manomunatoiue TALEs — TAL-nono6HbIe Gen-
ku Burkholderia (Bats), cas3eBator IHK, HO y Hux orcytctByroT N- u C-
KOHIIEBBIE YYaCTKH, KOJUPYIONINE KOHCEPBATHBHBIC CUTHAIBI TpaHCMeMOpaH-
HOTO TPaHCIIOPTA W SIICPHOM JIOKAIM3AIMU, a TAK)KE aKTHBAI[OHHBIA TOMCH.
Hecmotpst Ha cTpyKTypHBIE pa3nuuus, Bats MOryT cekpeTHpoBaThCS U JIOKAIU-
30BaThCs B sIpe KIIETKW Xo3suHa [Transcription activator-like ... , 2023]. Ta-
KUM 00pa3zoM, QyHKIMOHAIbHBIE roMooru-tipenkun TALEsS Moryt uMeTs cy-
IIECTBCHHO MEHBIIYIO JUIMHY MOCJICI0BATCIFHOCTEH U JIHHY TIOBTOPOB, OTIIH-
YAIOUIUXCS OT M3BECTHBIX 33-35 aMmHOKMCIOT. JI7sI OmpeneneHus TeHOB-
romosoroB TALEs ncrons3oBanu 6a3sr nanasix NCBI GenBank n mocienosa-
TENILHOCTH BHOBB MOJIyYSHHBIX T€HOMOB BHaa X. campestris. B pesynbrare mo-
ucka ObUIH BbIsIBICHBI HOBbIe romoiiorn TALEs B HEKOTOpPBIX BHIAX pPOJIOB
Xanthomonas [Ksiposa, Uruatos 2024], Pseudomonas u apyrux mporeobakTe-
puii. 3HaYUTENbHAS YacTh M3BECTHBIX K HACTOSIIEMY BPEMECHU M BHOBB BBISB-
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neHHbIx TeHoB TALEs ¢nankupoBaHa MOOMIBHBIMHM I'€HETHUECKUMH JIEMEH-
TaMH{ IIPU XPOMOCOMHOH JIOKAJIM3allMK W/WJIM HaXOAUTHCS B cocTaBe OaKTepu-
aNbHBIX MUIA3MUJ C MPU3HAKAMM MEKBHUIOBOTO MepeHoca. J[BHKyIUMH MeXa-
Hu3Mamu sBomonuu TALEs saBnstrorcss cO0i penuKaniuy, CABUI PaMKH CUH-
TBIBaHUs M3-3a MHAENA, Tn3-omocperoBaHHas TPAHCIO3UIMS, U HEPAaBHOMED-
Hasl PeKOMOMHAIMS B TUIa3MUaX, Hecylux pasHele Bapuantsl TALEs. boib-
IKUHCTBO Oakrepuid, Hecymmx rensl TALEs, wnmelor o0mux Oakre-
puodaros/mpodaros [ Xanthomonas Phage ..., 2024], Takum o6pa3zom, obecrre-
YUBas BO3MOKHBIN ropu3oHTaNIbHBIN niepeHoc TALES mex ity pa3nuuHbIMEU BU-
JlaMH, POJIaMH U ceMelcTBaMU (pUTONATOI€HOB U SHIOCUMOHOHTOB.

Paboma evinonnena npu noodepacxe Poccuitickoeo mayunoeo ¢onoa
(epanm Ne 23-26-00168).

Jlutepatypa

Keiposa E. U., UrnatoB A. H. BepositHocTh n30bITO4YHOM (yHKIMoHansHOCTH TALES B cu-
cTeMe pacTeHue-xo3siuH — Xanthomonas arboricola // V Beepoccuiickuii KOHIpece 10 3aluTe pac-
TeHul : ¢0. Te3ucoB gokiaanos. CI16. : ®I'BHY BU3P. 2024. 127 c.

DNA-binding proteins from marine bacteria expand the known sequence diversity of TALE-
like repeats / O. de Lange [et al.] // Nucleic Acids Res. 2015. Vol. 43. P. 10065-10080.

Eukaryotic features of the Xanthomonas type III effector AvrBs3: Protein domains involved in
transcriptional activation and the interaction with nuclear import receptors from pepper / B. Szurek,
E. Marois, U. Bonas, G. Van den Ackerveken // Plant J. 2001. Vol. 26. P. 523-534.

Transcription activator-like effectors from endosymbiotic bacteria control the reproduction of
their fungal host/ I. Richter, Z. Uzum, P. Wein [et al.]/Mbio. 2023. Vol. 14, N 6. DOLI:
https://doi.org/10.1128/mbio.01824-23

Type Ill-dependent translocation of the Xanthomonas AvrBs3 protein into the plant cell /
B. Szurek, O. Rossier, G. Hause, U. Bonas // Mol. Microbiol. 2002. Vol. 46. P. 13-23.

Xanthomonas Phage PBR31: Classifying the Unclassifiable / R. I. Tarakanov, P. V. Evseev,
H. T. Vo [etal.] // Viruses. 2024. Vol. 16, N 3. Art. 406. DOI: 10.3390/v16030406

HOBBIE IOAXO/JAbI K CO3JAHUIO BUOITPEITAPATOB
MOJIOYHOKMCJIBIX BAKTEPA

0. A. I'anysa'?, T'. U Dub-Perucran’, H. A. Koporkos',
10. A. Hukoaaes!

1(I)I/ILI «®DyHamMeHTaIbHbIC OCHOBBI OnotexHonorun» PAH, Mocksa
2000 «Baap+», Mocksa, olesya_galuza@mail.ru

OpHOM M3 BaXHEWINMX OTpacied MUINEBON OMOTEXHOJIOTHUH SIBIISETCS
MPOU3BOJICTBO MOJIOYHBIX 3aKBACOK, OOLIMH 00BEM POCCHICKOTO PhIHKA KOTO-
peix 3a 2021 r. coctaBun oxoso 30 mupx py0. (8,8 % obopoTa 6GHOTEXHOIOTH-
geckoro peIHKa B Poccum). HecMoTps Ha Takoe mpeBanupoBaHKe W 3HAYUMOCTb
JUId MOJOYHON oTpaciy, nopagka 80-90 % 3akBacouHsIX KynabTyp B Poccun
COCTaBIISICT UMIIOPT, TJIaBHbIE MOCTABIIMKYA KOTOPOTrO pacroioxkeHsl B [lanum,
CnoBennn, Utamun, @pannun u npyrux crpanax [Valieva, 2021]. Beenenue
CaHKIMH, HapyIIeHHE JOTUCTHYECKUX IIETIOYEeK M HEeCTaOWIbHAs CHTYaIus Ha

115



PBIHKE TIpUBENIa K TOMY, YTO MHOTHE TIPEIIPHUATHS, IHPOKO MPHUMEHSBIIUE 10
HEJIaBHETO BPEMEHHU HMITOPTHBIC 3aKBACKH, MEPEXOISIT Ha CAMOCTOSTEIBHOC
U3TOTOBJIEHUE IPOU3BOJCTBEHHBIX 3aKBACOK WIIM 3aKyNKy OTE€YECTBEHHBIX
mpemnapaToB [Uto mpoucxoauT Ha ..., 2022]. B cBs3u ¢ 3T0M cutyarueii, obpa-
30BaBIIEICS Ha POCCHIICKOM PBIHKE, OCTPO BCTAET BOIPOC O CO3/IaHHUH ITTO/IXO-
JSIIIUX YCIOBUH XpaHEHUS W IKCIUTyaTalud OaKTEPHUANBHBIX 3aKBACOK H MO-
JIOYHOKHUCIBIX MPOIYKTOB, MOCKOJIBKY H3BECTHO, YTO CPOKU TFOJHOCTH TAaKHUX
IIperapaToB OrPaHUYEHB! M VIS TOAICP KaHH ONTUMAIBHBIX YCIOBHH XpaHe-
HUS U TPAHCIIOPTHPOBKH HEOOXOIMUMO OOECIICYHTH MPOM3BOJCTBO XOJIOIHIIb-
HBIMH KaMepamH, pedproKepaTopamMu, TaTYUKAMH M CHCTEMaMH YIIPaBJICHUS,
9TO TpeOyeT TOMOIHUTENBHBIX BIOKCHNHN U YBEITHUCHUN €KEMECIIHbIX 3aTpaT
npeanpuarus [CrenanoBa, 1999]. Emé ogHMM KpUTHYECKMM MOMEHTOM B
MpoIiecce XpaHEHUs SBISIETCS PE3KOe CHIDKEHHE JKU3HECTIOCOOHOCTH U aKTHB-
HOCTU MOJOYHOKUCHBIX OakTepuii (MKDB), n3-3a uero mpoaykiusi TepseT CBOu
(yHKIIMOHATBHBIE M TPOOMOTHYECKHE CBOWCTBA. Bce 3T (akTopsl 00ycioB-
JUBAIOT pa3BUTHE MHTEpeca M aKTyaIN3alliy HAyYHBIX UCCIIETOBAHUH B cdepe
ITOWCKA U Pa3pabOTKU HOBBIX CIIOCOOOB mposieHus sxu3Hecriocodnoctr MKbB u
ONTHUMM3ALUH MPOIEcca XPaHEHHUs KHUCIOMOJIOUHON mpoaykimu. OgHHM U3
3¢ PEKTHBHBIX METOOB COXPAHEHHUS KU3HECTIOCOOHOCTH SBISCTCSI IMMOOHMITI3A-
IS KJICTOK, B TOM YHCJIE B TEIIH. JTO COCTOSHUE aHAJIOTUYHO TOMY, KOTria KJIeT-
K1 TIpeOBIBAIOT B COCTaBe OMOIICHOK [MIMMOOHIM30BaHHBIE KIIETKH ... , 2018].

enbio manHON PabOTHI SABIAETCS MOWCK HOBBIX CHOCOOOB COXpPAaHEHUS
xm3HecriocoorHocT MKDB, rcnonp3yeMbIX B KadecTBe 3aKBACOK, M OIICHKA BO3-
JICHCTBHSI CTPECCOBBIX (PAKTOPOB HA MX BBKMBAEMOCTb IIPU UMMOOWIIA3AIIH B
cunanonbHo-rymaTHble renu (CIT).

O6wekr uccnenoBanus — MKB Enterococcus faecium M3185. Kynbrypy
BEIpAIIUBAIN B JKUAKOH muTaTensHON cperne LB. MmMoOmim3ammio KIeToK
E. faecium craumonapHoii ¢a3sl pocta ocyuiecTBisiid B renu: 1) 5%-Hblil u
10%-HbI1i xKenaTHHOBBIN reinb; 2) 1%-ubie renu u3 kameneit; 3) CI'T u3 npena-
para rymaroB «DymeBurpeitn Kimacenky, (3-aMHHOIPOITIIT) TPHITOKCHUCHIIAaHA U
OpPraHUYECKUX KHCIOT. KOJIMYecTBO JKU3HECIIOCOOHBIX KJIETOK (Kak THUTP KO-
nonueoOpazyromux equunil, KOE) onpenensnn BbICEBOM JIECATUUHBIX pa3Be-
JICHUH Ha IUIOTHBIE Cpe/Ibl (MUKPOMETOI0M) B TEUEHHE BCETO BPEMEHH XPAHECHHS.

Ipu ummobOun3anuu E. faecium B xenaTHHOBBIE TeNU ¢ KOHICHTPAIMEH
50u 100 /71 [moist KU3HECHOCOOHBIX KJIETOK COXpAaHsJIACh HAa MPOTSIKCHHU
JIBYX MecseB Ha ypoBHe 34 u 37 % COOTBETCTBEHHO, OT HCXOJHOTO THUTpa
KOE, dro B 4 pa3a mpeBbImaeT Mmokas3areib B KOHTPOJIFHOM HeCTaOWIN3Npo-
BaHHOM 00pasiie (tabi. 1). [Ipu nmmobmm3anuu KieTok 6axrepuii E. faecium
B IelId U3 KaMeJleH W MOCIEAyIoIIeH MHKyOaluu B TCUCHHE JBYX MECSIICB
HauOOTBIIAS A0S JKU3HECTIOCOOHBIX KIETOK COXpaHATIACh B I'€JUIAHOBOM, I'ya-
poBOli M KcaHTaHOBOW Kamensx. B remnanoBoit kamemu tutp KOE OblT B
1,5 pa3a BbIlIe, YeM B KOHTpOJIE, B I'yapoBoil — B 2,4 pa3a, B KCAHTAHOBOM — B
2 paza (Ttabi.). [Tomucaxapusl MOTYT OBITh UCTOUHMKAMU MMUTAHUS JIJIsl OaKTe-
pHii, YTO MOCHOCOOCTBYET MPOJOHTHPOBAHMIO MX >KH3HecrocoOHocTH. Ilpm
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UMMOOHJIM3AIMK KyJbTypbl E. faecium B cuiaHOIbHO-TyMaTHBIE TeIH U I10-
CIICAYIOIIEM HHKYOMPOBAaHHUU B TCUCHHE JIBYX MECALCB, HAaUOOJBILNEE YUCIIO
JKU3HECIIOCOOHBIX KIETOK COXPAHSETCsI B TeJSIX ¢ J00aBICHHEM aCKOPOUHOBOM,
SI0JIOYHON M MOJIOYHOM KHCIOThL. MX m0js Oblila, COOTBETCTBEHHO, B 63,3;
20,7 n 33,6 pa3 BbIllIe, YeM B KOHTPOJbHOM BapuaHTte (Tad:.). baktepun crno-
COOHBI JUTUTEIBHO COXPAHSTh CBOIO KH3HecrocoOHocTh B CI'T Gmaromaps o0-
pa3oBaHMIO OUOTIIEHOYHOTO (PEeHOTHIIA U BOZMOKHOCTHU HCIOIB30BaTh OPraHu-
YECKUE KUCIOTHI B KAUECTBE HCTOUYHIUKOB DHEPTHH.

Tabamna

Beokuaemocts MKB nipr uMMOOHIIM3AIMK 1 XPAHEHUH B PA3HBIX TUIAX TeJst
B TeuyeHue 60 cyT.

Bup rens Jlouist BEDKMBIINX KJIETOK (%)
Koumponw (knemku, xpanswuecs 6€3 opeanuyiecko2o 2eisl) 7,8
5%-HbIHN JKeJTaTUHOBBIN I'ellb 34,7
10%-HBbIi1 )KEITaTHHOBBIH I'ellb 37
1%-Hblii TeNIb U3 I'yapoBOi KaMean 19,07
1%-HbIl reb U3 reJUTAaHOBOM KaMe I 12,9
1%-HBIi Telh U3 KCAHTAHOBON KaMeau 14,6
Konmpons (knemxu, xpansiwuecs 6e3 CIT) 1,1
CI'T ¢ ackopOHHOBO# KUCIOTOM 69,6
CI'T ¢ s167109HOM KHCIIOTOM 22,8
CI'T ¢ MOJIOYHOM KHUCIIOTOM 37

ITomy4eHHBIE pe3yNbTaThl SBIAIOTCS OCHOBOH HOBOTO MOAXOJA K TOBBI-
IICHHIO KOJIMYECTBA JKU3HECTIOCOOHBIX KiteTok MKDB npu ux anurensHOM Xpa-
HEHHUU C TOMOIIbI0 UMMOOMIM3AIUH UX B OPTaHWYECKUE Teli (’KeTaTHHOBBIE U
KamMmeJieBbie) 1 Tenn cMerntannoro cocrasa (CIT).

CunnaHOJBHO-TYMaTHBIE TN TAaKXKe CIOCOOHBI 3alUIIaTh UMMOOWIN30-
BaHHBIC KJICTKH OaKTEpHHl OT BHEIIHEro BO3/EHCTBHS HETaTHUBHBIX (DAKTOPOB,
BO3HHUKAIOIINX B MPOIECCEe XPaHEHUs MPOAYKIMU. Y cTaHoBieHo, uto CI'T a¢-
¢dexrusHO 3ammmaer kietkn MKB oT rubeny nmpu AianTeIbHOM XpaHEHUH PU
temneparypax 4°C u 25°C, snaxnoctu 40, 50 u 99 %, npu MHTEHCHUBHOM
OCBEIIECHNUH, a TaKKe MPU AOCTyIe KHcIopoaa Boszayxa. IIpu xpanennn MKB,
nmmobnmzoBanHeIX B CIT, mpu Temneparype 4°C u 25°C mons KH3HECTO-
COOHBIX KJIETOK OT MX MCXOJIHOI'0 KoyimuecTBa coctaBmia 58 % u 50 %, coor-
BETCTBEHHO, YTO BBINIE, YeM B KOHTPOJBHBIX oOpa3uax B 7,1 u 2,6 paza. Xpa-
HEHHE KyIbTypsl npu BiaaxkHocTH 40, 50 n 99 % moka3zano, 9T0O [0S JKHU3HE-
CIIOCOOHBIX KJIeTOK coctaBmia 33, 51 u 43 %, 4to ObLIO BHIIIEC, YeM B KOH-
TposibHOM o0pasue B 1,9; 2,8 u 14,3 pasa. [Ipu ucronp30BaHIHH HHTCHCUBHOTO
cBeTa 105 Ku3HecrnocoOHbIX kieTok B CIT Obuia BbIIIE, 4eM B KOHTpOJIE B
3953 pasa, a mpu J0CTyIE KUCIOpOaa BO3ayxa — B 28 pas.

OnHUM K3 BaKHEWIIMX MPEUMYIIECTB Teflsl, IOMUMO €ro HU3KOH CTOMMO-
CTH, OKa3aJach CIIOCOOHOCTh COXPAHEHMUS KHM3HECIIOCOOHBIX MMMOOMIN30BAH-
HbIX kK1eTok MKDB B TeueHne MIMTEIBHOTO CPOKA B yCIOBHUSAX, HE TPEOyIOMUX
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CHEeNHMANBHBIX 3aTpaT Ha WX MOIJEpKaHHe, a WMEHHO — TeMIepaTypsl (1o
25°C), Braxuoctu (ot 40 10 90 %), OrpaHUYCHUs] HHTCHCHBHOTO OCBCIICHUS.
OTO JenaeT refib KOHKYPEHTHOCIOCOOHBIM ¥ TPUBJIEKATEIbHBIM JUIS TPOU3BO-
JUTENeH MOTOYHOKUCIION MPOAYKIINH U OHOMPEnapaToB.

Hccreoosanue evinonneno npu noooepocke epanma PH® Ne 24-24-
20062 u xomnanuu OO0 «basap+».

Jlutepatypa

VIMMOOUIN30BAaHHbIE KIETKH: OUOKATAIM3aTOPbl U IIPOLECCHl : MOHOrpadus/ HOX pex.
E. H. Edpemenxo. M. : PUOP, 2018. 523 c.

Crenanosa JI. . CpaBOYHHUK TEXHOJIOTa MOJIOYHOTO POU3BOACTBA. TEXHOJIOTUSI M PELEITY-
pet. B3 1. T. 1. Hensromomnmounsie mpoayktel. CIT6. : TUOP/I, 1999. 384 c.

YTo MpOMUCXOAMT Ha OTEYECTBEHHOM PHIHKE MOJIOUYHBIX 3akBacok // Milkynews. 2022. URL:
https://milknews.ru/longridy/rynok-molochnyh-zakvasok. html (nara o6pamenus: 15.01.2023).

Valieva O. Biotechnology Market Development: Global Trends and the Place of Russia //
World of Economics and Management. 2021. Vol. 21, N 4. P. 82-102.

MUKPOBHAA BUOJEI'PAJALIMA OTXOA0B ITPOU3BOJCTBA
MMAJIBMOBOTI'O MACJIA

A. JI. Tepacumuyk, A. H. CeicoeBa, JI. A. UBacenko

HannonansHelii uccneioBaTeabcknuii ToMCKnil rocy1apCTBEHHBIN yHUBEPCUTET
Tomck, gerasimchuk ann@mail.ru

[TameMoOBOE Macio MIMPOKO HMCIIONB3YETCs B IMHUINEBOH U IepepadaThiBa-
IOLICH MPOMBIIIICHHOCTH BO BCEM Mupe. OCHOBHBIMU MUPOBBIMH TIPOU3BOJIHU-
TeNIMHU U SKCIOPTEpaMH MaabMOBOr0 Macia siBistorcss Munonesus (59 %) u
Manaizus (25 %). 1o manasM [Ipog0BOIBCTBEHHON U CETHCKOXO03SHCTBEHHOM
opranm3annun O0vennuéHHbIXx Hammit (Food and Agriculture Organization of
the United Nations) B 2020 r. MupoBoe IPOM3BOJCTBO CBHIPOTO MajJbMOBOTO
Macia coctaBuwiio Oosiee 75 MITH T. YBETMUUBAIOUIEECS C KaXKIbIM TOJOM TMPO-
M3BOJICTBO TTaJFMOBOTO Maclia CBsI3aHO ¢ 00pa30BaHMUEM OOJBIIOTO KOINIECTBA
0TX00B. Ha 0fIHy TOHHY NPOM3BECHHOTO CHIPOTO MAJBMOBOTO Macla MPUXO0-
aurest ot 2,5 o 3,5 T orxomoB [Madaki, Seng, 2013]. O6pasyromimecs: 0TXO/bI
MIPE/ICTABIISIOT COOOM BSI3KYIO BOJHYIO CMECh OCTATKOB LEIUTIOJIO3bI M MATbMO-
Boro macyia (POME — Palm oil mill effluent), ciuBarotcst B pyIbI-HAKOITATENN
W pa3jararoTcs TaM IPOIOJDKHTEIBHOE BpPEMs, HAHOCS OTPOMHBIA ymiepo
OKpYKaloIllel cpejie BCICICTBIE HAKOIJICHHS MeTaHa (TOHHA OTXO/I0B I'eHEepH-
pyer 28 M> MeTaHa), CHIKEHHS KOHIEHTPAINH KHCIOPOa B OKPY/KAIOIIUX BO-
J0EMax M CTaBAT IO yrpo3y YCTOHYUBOCTH SKOCHCTEMBI U OMOpa3HOOOpa3ue
BOJIHOM M HazemHoU cpenpl. Copoc cBexxux POME B okpyskarolyto cpeny 0e3
KaKoif-mn060 00pabOTKM MOKET MPENCTABIATh OIMACHOCTH JUISA JIFOJEH M OKpY-
JKarome cpensl M3-3a OONBIIOrO KOJHYECTBA TOKCHHOB, a TaKKe BBICOKOH
KOHIICHTPAIINU OPTraHUYECKUX M HEOPTaHUICCKUX COCAUHCHUH.
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Vcrionp3yromuecss B HACTOSIIEE BPeMsI OYUCTHBIE COOPYIKECHUS JJIS JKHI-
KHX OTXOJIOB IIPOW3BOJICTBA IaJbMOBOIO Macja, MPEICTABIIAIONINE CHUCTEMY
OTKPBITBIX JIaryH, HE CIIPABISIOTCS C OUUCTKOM M Pa3IokKEeHUEM BPETHBIX Op-
raanyeckux 3arpsisautener [Hasanudin, Haryanto, 2018] u B utore npuBoast
K JIOJITOCPOYHBIM KOJIOTHYECKUM MpobIeMaM, B TOM YHCIIe BEIOpOcaM MapHH-
KOBBIX T'a30B [ Techno-economic analysis ..., 2018].

TexHosnorusi Onoyoruueckoil nepepaboTKH MPEANoIaraeT HCI0JIb30BaHNE
MHKPOOPTAaHN3MOB ISl PA3IOKEHHUS CIIOKHBIX OPTaHWYECKHUX BEIIECTB, TPH-
CYTCTBYIOIIMX B CTOYHBIX BojaX. CIIOKHBIC OPTaHMYECKHE BEIIECTBA B CTOY-
HBIX BOJaX OKHCJISIOTCSA B KJIETKAX MHKPOOPIaHU3MOB, TAaKMX KaK OaKTepuH,
rpuObl WM BOJOPOCIH, B aHadPOOHBIX WM a’poOHBIX ycioBusax. OOpasyro-
IIAHCS 0CaZOK MOYKHO MPEBPATHTh B JIPYTHE MPOIYKTHI ¢ 100aBICHHOH CTOM-
MOCTBI0, Takue Kak Onora3 [Dominic, Baidurah, 2022].

AmnadpoOHas Ouonerpajganus B HacTofIlee BpeMs CUUTaeTca Hambosee
MOJAXOIAIINM METOAOM OOE3BPEKMBAHUS JKHIKUX OTXOJOB IIPOM3BOJCTBA
MaJIbMOBOTO MACIa, COJEPIKAIINX BBICOKYIO KOHICHTPAIMIO OPraHWYECKOTO yT-
nepona [Pollution control ... , 2010], oxHaKo U TakKue TEXHOJIOTUH UMEIOT PsIJI Ce-
pre3HbIx HepocTaTkoB [Hasanudin, Haryanto, 2018; Dominic, Baidurah, 2022].

[Ipenmaraemas HaMH OMOTEXHOJIOTHYECKAs CXeMa KacaeTcs yTHIIN3AIiN 1
00e3BpeKMBaHUS OTXOIOB IPOU3BOJICTBA MAaJIbMOBOTO MAacCia, XPAHSIIINXCS B
OTKPBITHIX NPYAAX-HAKOMUTENSIX U OCHOBaHa (1) Ha BHECEHUH aKTUBHOTO OHO-
mpenapata Ha OCHOBE a’pOOHBIX OaKTepPHANBHBIX IITAMMOB-IECTPYKTOPOB
MAJTBMOBOTO Maclia W IPYTHX OpPTraHMYECKUX BEMIeCTB; (2) CTUMYJIAIINN adpo0-
HBIX MPOIIECCOB PA3JIOKCHUSI OPraHMYCCKUX OTXOJI0B C IIOMOIIBI0 a’parnuu; (3)
yAaleHUH U3 JOHHBIX OTIOKEHHH Macja U JPYTUX OPraHHUECKHUX 3arpsi3HHUTe-
JIel METOJIaMH Ha OCHOBE (IIOTAIIMH, YTO OYJET CIIOCOOCTBOBATH PA3JI0KEHUIO
TOKCHYHOM OPTaHUKH aKTHBHOH a’3pOOHOI MUKPO(IOPOI.

Pa3paboranHplii Hamu Ouompenapar IPEACTABICH KOHCOPIUYMOM H3
mrammoB  Pseudomonas protegens A-CMC-05 u Gordonia paraffinivorans
A-CMC-11, Beizenennsix B 2023 1. M3 TOPOJCKHX OYHCTHBIX COOPYKEHUH
r. Cypabas, Munone3us. Oba mramMma sIBISIOTCS JUIOQIIBHBIME B PACTyT Ha
MHHEpaJIbHOW cpejie ¢ nanbMoBbIM MacioM (1 % Vv/v) B kauecTBe eMHCTBEH-
HOTO MCTOYHHMKA yTIIEPO/Ia, TOCTHTas YMCICHHOCTH KIETOK He Meree 107 ki/mi
ripu 28 °C. IllTammbl HE SBISIOTCS aHTAarOHUCTAMHU M HE TIPEMSITCTBYIOT POCTY
JIPYT IPYTa, HE MPOSBIISIOT TATOTCHHOCTH.

B cocraBe koHCOpIIMyMa IITaMMbI aKTUBHO POCIH B MPUCYTCTBUHU 5 %
mansMoBOTo Macia (He Menee 108 ki/miT), o THaponM3e Macaa B X0J€ KyJIbTH-
BHUPOBAHUS CBUACTEIFCTBOBAIO YBEIWYCHHUE 3HAYCHHS KHCIOTHOTO YHCIa
Maciia 0oyiee 4eM B TPH pasa [0 CPABHECHUIO C AOMOTHYECKUM KOHTPOJIEM, a
TaKXKe yBEIWYEeHHE KOJIMUeCcTBa CBOOOTHBIX KUPHBIX Kuciot (C16:1, C18:2) B
KYJIBTYPaJbHON XUIKOCTH. Takxke 1Mo/ BO3AEHCTBHEM KOHCOPIIMYyMa ITOSBIIS-
JCh KHUpHBIe KUCIOTHL 18:0, 18:1, KOTOpBIX HE 0OHApPYKEHO B KOHTpOJE Oe3
BHECEHUs OaKTepuil.
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Eme omua mabopaTopHBIH SKCIIEPUMEHT € y4acTHEM KOHCOpIMyMa IIpo-
BEJICH B YCIIOBHSIX CMOJICIHPOBAHHBIX IPYIOB-HAKOIUTENCH, B X0/I¢ KOTOPOTO
yepe3 33 cyT. ObIIO TOKa3aHO CHIDKEHHE OOILEero KOJIMYECTBa KUPa B OTX0/aX
6osiee yem Ha 20 % mox BO3ACHCTBHEM KOHCOPIIMYyMa IO CPAaBHEHHIO C KOH-
TPONBEHBIMHU 00pa3naMu. B kagecTBe MO/ENN MPYIOB-HAKOITUTEIEH BBICTYIIAH
CTCKJITHHBIC aKBapUYMBI 00BEMOM 5 J1 CO CMEChIO U3 2 JT HECTEPHUIBHOW BOIO-
mpoBoAHOM Boabl M 100 T CBIPBIX OTXOAOB MaJbMOBOIO Macia U3 MpyJa-
nakorutens (nmpexnpustue PT Agro Indomas, MHI0HE3MS), TPEACTaBIAIONINAX
BSI3KYIO MacCy ¢ MacCOBBbIM coleprkaHueM xupa 89,5 %. PesynbraTel aHanuza
[IOKA3aJIH, YTO IKCIICPUMECHTAIBHBIN 00pa3sel] ¢ a’dpaiueid u 100aBJICHUEM KOH-
COpIMyMa IMITAMMOB COZAEPIKaJl HaMEHbIIIee KOINYIECTBO )KHUPA B CyXOM Bellle-
ctBe (64,3 %) TO cpaBHEHHMIO C KOHTPOJIEM C adpaield, Ho 6e3 J100aBIeHUS
Oakrepuii (68,5 %) u abcomroTHEIM KoHTposieM (82,0 %). Kpome Toro, B 3Kc-
MEePUMEHTAIFHOM aKBapHyMe BBISBICHO 3HAUMMOE MOBBIIICHHE CBOOOIHBIX
KHUPHBIX KHCIIOT, YTO CBHUJCTEIBCTBYET O AECTPYKIIMH OTXOJOB IMAIEMOBOTO
Macia ImoJI BIUSHAEM KOHCOPITyMa.

Takum 00pa3oM, KOHCOPIIMYM Ha OCHOBE JHNOMWIBGHBIX IITAMMOB
Pseudomonas protegens A-CMC-05u Gordonia paraffinivorans A-CMC-
11 3¢hhexTHBHO THAPOIHU3YET MATEMOBOE MACIO M MOXKET OBITH PEKOMEHIIOBAH
JUTSL TIPOBEJICHUS OITBITHO-TIPOMBIIIIICHHBIX UCTIBITAHUN W MPUMECHEHHS B OHO-
TEXHOJIOTUAX OYUCTKM MPOMBIIUICHHBIX CTOYHBIX BOJ, COJEPKAIIUX OTXOMBI
IIPOM3BOICTBA MMAJTBEMOBOTO Maca.

Paboma evinonnena npu nodoepoicke epanma Ne 075-15-2022-1152 (I1o-
cmanosnenue NO 619 om 8 anpens 2022 2.).

Jlutepatypa

Dominic D., Baidurah S. Recent developments in biological processing technology for palm
oil mill effluent treatment — A review // Biology. 2022. Vol. 11. Art. 525.

Hasanudin U., Haryanto A. Palm oil mill effluent recycling system for sustainable palm oil in-
dustries // Asian J. Environ. Biotechnol. 2018. Vol. 2, N 1. P. 52-62.

Madaki Y. S., Seng L. Palm oil mill effluent (POME) from Malaysia palm oil mills: Waste or
resource // Int. J. Sci. Environ. Technol. 2013. Vol. 2, N 6. P. 1138-1155.

Pollution control technologies for the treatment of palm oil mill effluent (POME) through end-
of-pipe processes / T. Y. Wu, A. W. Mohammad, J. Md. Jahim, N. Anuar // Journal of Environmental
Management. 2010. Vol. 91, N 7. P. 1467-1490.

Techno-economic analysis of biogas power plant from POME (palm oil mill effluent)/
M. Gozan, N. Aulawy, S. Rahman, R. Budiarto // Int. J. Appl. Eng. Res. 2018. Vol. 13, N 8. P. 6151—
6157.
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TPAHCKPUIITOMHBbII KOHTEKCT
N METATPAHCKPUIITOMUKA MTATOCUCTEM

10. B. Toroues!, H. E. Torouera!, T. A. Konnosa!, E. B. Ocunosa’,
Xamo Xamza', A. C. Baakun’
'Kazanckuii unctutyT 6MoXuMun u 6uopusuku KasHI[ PAH
Kaszanb, gogolev.yuri@gmail.com
2MHCTUTYT KJIETOYHOTO U BHYTPUKJIETOUHOro cumGuoza YpO PAH
OpenoOypr, balkinas@yandex.ru

Jlnist BCeCTOPOHHETO MOHUMAHUS B3aUMOJAEHCTBUN "X03AUH-IaTOreH" Tpe-
OyeTcs 3HaHUE CBSI3aHHBIX U3MEHEHHH 3KCIPECCHU TeHOB KaK Yy MaToreHa, Tak
1y X03sMHA. BMecTe ¢ TeM TpaIuInOHHBIE TOJXO/IB! C HCIONB30BaHNEM MHK-
pounnioB i RNA-seq 00bI9HO TpeOYIOT, YTOOBI MATOTE€H M KIETKU-X035eBa
ObuTH (PM3MYECKH pa3ZesieHbl Mepe) aHATM30M dKCIIPeccuy TeHoB. [1ocKoIbKy
6axrepuansHas PHK B ToTanmpHBIX mpemapaTax HE MpeBbIMIacT 5 %, mpsiMble
HCCIIEN0BAHMS 00Pa3LoB C MOMOIIBIO UCIIOIB30BAHMS 30HI0B HE oOecrednBa-
I0T HEOOXOAMMYIO YyBCTBHUTEIBHOCTb M CHEHU(UUHOCTB. JlomonHurenbHas
CIIO’KHOCTH 00yCIIOBIIEHa BBICOKOH JaOmiIbHOCTRIO OakTepuansHoit PHK u o1-
CYTCTBHEM HAJIEKHBIX CHOCOOOB JIETUIEUN PUOOCOMAIILHOW M TPaHCIOPTHON
PHK. Brarogapst atomy pacuetHas riayouHa npouteHus npu RNA-seq nomkHa
OBITH yBeIHUYCHA OoJiee YeM Ha MOPSIOK M MOXET AOCTUTaTh HECKOJBKHX CO-
TEH MIJUIHOHOB pUIOB Ha oOpaser. Kpome Toro, maHHAS TEXHOJOTHS IIPEIO-
naraeT (pparMeHTannIo TPAHCKPHIITOB JUIl KOPOTKOTO CEKBEHHPOBAHUS. XOTS
9Ta CTPATETHUSI XOPOILIO MOAXOAUT IS UCCIIeIOBaHUs Tpoduieii sSKcrpeccuu B
MacmTabe BCero reHoMa B OKHaX M3 COTCH OCHOBAHWH, OHAa HE IPEIOCTABIISACT
nHpopMamu o TpanckpunuuoHHoM KoHTekcTe (TC), oOprdHO 0OHapy)KHBae-
MOM B OaKTepHaJIbHBIX ONEPOHAaX. DTOT HEJOCTATOK, B YACTHOCTHU, OTPAaHUUU-
BaeT HAIly CIOCOOHOCTH OMpPEAETSATh HAadalo M KOHEN TpaHCKpunTa. UToOBI
MONYYUTh JOCTYIl K 3TUM OPHUEHTHPAaM TPAHCKPHIIINH, ObUIN pa3paboTaHbI
CHelHalbHbIE CTPATErny U UX CHIeHU(PHUIECKON UICHTH()UKALNK C pa3pelie-
HHEM B OJIUH HykJeoTu. Hanbosee NpoayKTHBHBIMHU IJIS1 HCCIEAOBAHUS CTap-
TOBBIX TOYEK OKa3aJINCh METOJMKHN, OCHOBAaHHBIC HA M30MPATEILHOM PACIIO3Ha-
BaHMH S5'-Tpudocdara, XapakTepHOro [UIsi IEPBOTO HYKIEOTHA, BKIIOYAEMOTO
PHK-nonumepasoil. B coueTaHun ¢ BBICOKOIPU3BOAUTEIbHBIM CEKBEHUPOBA-
HHEM, 3TH METOAMKH OTKPBIBAIOT IOCTYN K IIMPOKOMY TPAaHCKPHUIITOMHOMY
nanamadTy, oOHapy>KUBLIEMY OeCIpele/IeHTHOEe pa3HooOpashe HEKOIUPYIo-
mux PHK, cunTe3npyembIX Kak B CIEHCEPHBIX TaK M KOAUPYIOMINX 00JIacTsX,
KaK ¢ TpsAMOit 1 oOpaTtHoi nenu 6akTepuansHoii reHoMHoi JIHK [The primary
transcriptome ... , 2010, A novel enrichment ... , 2016]. Xapakrepuctuka u
(GYHKIMH 3TOTO Kjlacca TPAHCKPHUIITOB MPEJICTABISAIOT OAHY M3 Hanboyee HH-
TPUTYIOIINX HEPEIICHHBIX NMPOOJeM COBpEMEHHOH Owonormm. Pemenme 3Toit
po0OIeMbl TTIOTPEOYET MEPecMOTpa CYIIECTBYIOIIEH MO ONEPOHHOH opra-
HHU3ALMHM T€HOMOB OaKTepHil C BKIIIOUYCHHEM B HEE TPAHCKPHIILIMOHHOTO KOH-
TEKCTa U HOBBIX MEXaHN3MOB KOHTPOJISI 3KCIIPECCHH.
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Hecmotpst Ha To uTO MOmenbHBIN oprarusm Escherichia coli xopomio n3zy-
YeH, TOYHBIC MMO3WIUU CANTOB MHHUIMALUHN TPAHCKPHUIILUU y HETO CIIe Mpe.-
CTOMUT ompeaenuTb. /sl 3TOro HeoOXOMMMO H3BIEYb HENPOLECCHPOBAHHYIO
PHK ¢ wHTakTHBIM 5’ KOHIIOM, /Ui 4Yero OblIa MpeuIokKeHa CTpaTerus
Cappable-Seq [A novel enrichment ... , 2016]. B ocHOBe MeTo/a JISKHT CeleK-
TUBHOE BBIJICIICHHE CTapTOBBIX ydacTkoB Tpanckpumiun PHK, comepkamme
TpH ocTarka (OoCHOpPHOIl KUCIOTHI, B OTIIMYKe OT npouecupoBanHod MPHK,
coxeprkaieit MoHodochar niIM TUAPOKCHIBHYIO TPYIITy Ha 5' KoHne. BaxHoi
0COOCHHOCTBIO METOJa SBJISIETCS TO, YTO OJHOBPEMEHHO IPOUCXOIUT OYHCTKA
ot pudbocomuoit PHK, cocrasistomeit 1o 95 % toransroit PHK kierku. Kpo-
Mme toro, Cappable-Seq maeT BO3MOKHOCTh KOJTHMYECTBEHHOH OIIEHKH aKTHBHO-
CTH BBIABISEMBIX TSS, 4To OBUIO HCIIOIH30BAaHO HAMH IS M3yYCHHS TpaH-
ckpunuun y Gakrepuii. Mcnons3yss PHK u3 knerok E. coli, BeipamenHsix B
MPUCYTCTBUU TETPAIUKINHA, HOBOOHOIMHA U PH(AMIHUIIKNHA, MbI UIACHTUDU-
nupoBan 706 xomupyromux u 20509 HEKOAMPYIOMUX TPAHCKPUTITOB, COOT-
BETCTBYIOIINX MEXKICHHBIM W BHYTPHUTCHHBIM 00JAcTsIM, KOTOpBIE KiacCH(H-
LUPOBAIHCh KaK AJIEMEHTHI OMEPOHOB, 5°- W 3’-HeTpaHCIUpyeMble 00IacTH,
mansle PHK, HOBRIe ORFSs mnn tpanckpuntsl ¢ HensBecTHOH ¢ynkimen. Tax-
e OBIJIO BBITIOJIHEHO IMOJTHOE TPAHCKPHUIITOMHOE NMPOGMIHPOBAHNE PACTCHUH
tabaka, wH(UIEpoBaHHBIX Pectobacterium atrosepticum. Drto mo3BOIMIO
CpaBHHUTH OaKTEepHATIbHBIC MPU3HAKH B ycIoBUsX in planta u in vitro u BeLsIBUTE
MOTCHIMAIBHBIX UTPOKOB, KOTOPHIE yYacTBYIOT B MEPEX0/e OT HECHMIITOMHOM
CTpaTeTuy TaTtoreHa K «rpyOoii cuie» [Transcriptome profiling ... , 2018].
Okaszaioch, 4TO KIIFOUEBBIM MEPEKIIIOYATEIIEM SIBIISICTCS BhIpaOaThIBACMBIN OaK-
TepUEH aHajIo0r METUI )KaCMOHATa, KOTOPbII HAIIPaBJIAET 3alUTHBIM OTBET pac-
TEHHUH 110 MyTH IPOTHUBOCTOSHUA pruTodaram, 9To 0ciabisgeT nX IMMYHHTET K
OakTepuanbHBIM maToreHaM. OOpaboTKa pacTeHHH CATUIIHIIOBON KUCIIOTON Tie-
pen nHGUIMPOBAaHUEM HCKITF0Yaia Pa3BUTUEC CUMIITOMOB 0aKTepHO3a.

Pa3paboranHas sKcIepuMeHTaNbHas mIathopMa okazaaack d3PPEeKTUBHON
s w3ydenust B3ammozerictBus Salmonella enterica u  Acanthamoeba
castellanii. Tanupiii 00beKkT ObLT BHIOPAH KaK MOJENb JJISI U3yYCHHs B3aUMO-
JICUCTBUSI CAIIbMOHEIUI C DYKapHOTUUECKMMH KJIETKaM, B TOM 4YHCJE C MakKpo-
(haramMu MJICKOTIMTAIOIINX U YeJIOBeKa. bpulo moka3ano, 4To Ha paHHUX CpPOKax
MHOQHUIUPOBAHUS CATEMOHEIUTBI IPOSBIIAIOT CIICI(pUIeCKU MaTTepH SKCIpec-
cUM, 00CCIICUMBAONINI MEPEKITIOYCHHE C IMKIA TPUKapOOHOBBIX KHCIOT H
OKHCIHUTENBHOTO (POCHOPIINPOBAHKS HA TIHOKCHIATHBIA IIYHT, MOJAABICHHUE
SPI-2, aktmBanmio SPI-1, cucTtemMbl XeMOTakcHca U OMOCHHTE3a JKI'YTHKOBOTO
ammapara. 9TO CBHICTEIBCTBYET 00 aKTHBHOM HWH(HIIMPOBAHUH MPOTUCT Oak-
TEPUSAMH, B OTIIMYKE OT IPEAIIOIAracMO IIPOrPaMMBbI IIEPCUCTEHIINH B PE3yJib-
tare Qarorurosa xunrHukoM [Cappable-Seq Reveals ..., 2021].

HecmoTps Ha EPCIEKTHBHOCTH OTMMMCAHHOTO TTO/IX0/1a, €ro MIHPOKOe pac-
MIPOCTPaHEHHE 3aTPyIHICT HEJOCTATOK 3HAHHUI O TOYHOU CTPYKTYpE OMCPOHOB
OonpImMHCTBA OakTepuil W COOTBETCTBYIOIUX TSS s pacmo3HaBaHMs HX
TPAHCKPHUIITOB. BMecTe ¢ TeM 1Mo Mepe HaKOIICHHS MH(OPMALUH CTAHOBHUTCS
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BO3MOJKHBIM IPOBOJMTH BCe 00JIEe TOUHYIO KJIACCU(HKAIMIO KaK CTAPTOBBIX,
TaK ¥ TEPMHUHUPYIOMINX TOYEK TPAHCKPHIILIMU OIIEPOHOB C U3BECTHBIMHU (DYHK-
vy [SMRT-Cappable-seq reveals ... , 2018].

W366ITOYHOCTS OaKTEpHATBHOTO TPAHCKPUITOMA IPEIIOJaraeT, d9To
Oonpias gacte TSS mHUTIMEpYeT cuHTe3 Hekoaupytomux PHK ¢ HensBecTHON
¢bynxunei. Unentudukanus 3nauntensHoit qomm HKPHK y Tpex mmkpoopra-
HHU3MOB, SIBJISIETCSI IEPBBIM IIAroM K MX (QYHKIMOHAIBHON uieHTH(GuKkannyu. Ha
CIIEAYIOINM dTare ObITa BHITOJTHEHA KOJMYECTBEHHAs OIEHKA WX TPAHCKPHUII-
LUOHHOH aKTUBHOCTH B 3aBUCHMOCTH OT PAaCIIOJIOKEHUSI Ha TEHETUYECKOH Kap-
T€ U aHaJIU3 KOPPEJSLIUOHHBIX CBA3EH ¢ TPAHCKPUIIIMOHHON aKTUBHOCTBIO CO-
OTBETCTBYIOIIETO I'eHa. BBIIO TTOKa3aHO, UTO Takasi CBA3b CYIIECTBYET HE TOJb-
KO B OTHOILICHUH ITPOMOTOPHOHN 00JIAaCTH M MPSMOI LIeTH, HO TakxKe st 00paT-
HOM IeNN, TEPMUHATOPHBIX U HETPACIUPYEMBIX PETMOHOB. BBIICHEHHIO poiH
9TOH (PyHKUMOHAIBHON KOppeysiiuy OyIyT MOCBSIIECHBbI HAlM JAJIbHEHIINe
HCCIIeTOBAHUSL.

Paboma svinoanena npu nooodepocxe PH®, epanm Ne 17-14-01363.

Jlutepatypa

A novel enrichment strategy reveals unprecedented number of novel transcription start sites at
single base resolution in a model prokaryote and the gut microbiome/ L. Ettwiller, J. Buswell,
E. Yigit, I. Schildkraut // BMC Genomics. 2016. Vol. 17, N 199. DOIL: 10.1186/s12864-016-2539-z

Cappable-Seq Reveals Specific Patterns of Metabolism and Virulence for Salmonella Typhi-
murium Intracellular Survival within Acanthamoeba castellanii/ A. Balkin, A. Plotnikov,
N. Gogoleva [et al.] / Int. J. Mol. Sci. 2021. Vol. 22, N 16. DOI: 10.3390/ijms22169077

SMRT-Cappable-seq reveals complex operon variants in bacteria/ B. Yan, M. Boitano,
T. Clark, L. Ettwiller / Nat Commun. 2018. Vol. 9, N 1. URL: https://www.nature.com/articles/
s41467-018-05997-6 (nara obpamenus: 10.07.2024).

The primary transcriptome of the major human pathogen Helicobacter pylori/ C. Sharma,
S. Hoffmann, F. Darfeuille [et al.] / Nature. 2010. Vol. 464. P. 250-255.

Transcriptome profiling helps to identify potential and true molecular switches of stealth to
brute force behavior in Pectobacterium atrosepticum during systemic colonization of tobacco plants /
V. Gorshkov, O. Petrova, A. Daminova, N. Gogoleva [et al.] / Eur. J. Plant Pathol. 2018. Vol. 152.
P. 957-976.
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CYBCTPATHBII COEKTP ABOPUT'EHHBIX
YTJIEBOJOPOJAOKUCJIAIOUNINX BAKTEPUH, BBIJIEJIEHHBIX
N3 AHTPOIIOI'EHHO HAPYIIEHHBIX ITOYB

. M. Tony6es’, 1. JI. Hecrepkuna', A. C. KopoGeiinukosa',
E. A. CeckyrtoBa!, E. B. [munckas'?, O. B. Heuaesa?, JI. M. Hp:xaHoBaZ,
B. H. Heuaes’
]CapaTOBCKI/Iﬁ HaLII/IOHa.IILHHﬁ I/ICCJIGZ[OBaTCJILCKI/Iﬁ I‘OCyL[apCTBCHHI;Iﬁ YHUBEPCUTET
um. H. I'. Yepusbimesckoro, Capatos
2CapaToBCKMii rocyJapcTBEHHBIH TexHuueckuii yausepeuter uM. FO. A. Tarapuna, CapaTo

3arpsi3HEHHE OKpPYIKaloIeH cpe/ibl MPe/CTaBsieT CO00H OHO M3 OCHOB-
HBIX TIOCJIEICTBUI TexHH4Yeckoro nporpecca. Ceipas HE(Th — CIOXKHAS TOMO-
TeHHas OpraHUYecKas CMeCh, COCTOSIIAS W3 HACHIIICHHBIX M apOMaTHYECKHX
YTIJIEBOIOPOIOB, CHIOCOOHBIX OKa3bIBATH KAHILEPOI€HHOE BO3/CHCTBHE HA HKH-
BBIE OpPTaHW3MBI M CHIDKATh miogopoaue nous [Characteristics of a ... , 2018;
Ezeji, Anyadoh, Ibekwe, 2007].

Hawnbosiee ycremHbsIM METOAOM Ul YCTPAHEHUs YIJICBOJIOPOJIHBIX 3a-
IPSIBHEHHUH TOYB SIBIISIETCSI OMOpEMeHalysi — BOCCTAHOBJICHUE TEPPUTOPHI ¢
UCTIONb30BAHUEM JKHBBIX OPraHM3MOB ISl YMEHBIICHHS HEOIAaromnpHsTHOTO
Bo3zeicTBrs nowttoTanToB [Quintella, Mata, Lima, 2019]. Ilpu pa3pabotke
METo/a 0 HPOBEICHUIO0 OYHCTUTENBHBIX MEPONPHUATHH HeTe3arps3HEHHBIX
[0YB HEOOXOMUMO YUUTHIBATh 3P(PEKTHBHOCTH UCIIOIb3YEMBbIX LITAMMOB YTIJie-
BOJIOPOJIOKUCIISIIOIINAX OaKTepril, B YaCTHOCTH, Pa3HOOOpa3He MOJBEpPracMbIX
nerpananuu cyocrparos [Ezeji, Anyadoh, Ibekwe, 2007].

Llesbio nccne[oBaHus ObLUIO N3YUeHUE CyOCTPAaTHOTO CIIEKTpa a0OPHI€HHBIX
MOYBEHHBIX OaKTepHii, BBIACICHHBIX M3 aHTPOIIOIeHHO HAPYIICHHBIX MOYB.

PaboTa mpoBoamiace Ha 0aze Kadeapbl MHKPOOHOIOTHH U (HU3UOIOTUH
pactenuii CapaToBCKOrO HAIIMOHAIBLHOTO MCCIIEI0BATEIbCKOIO FOCYAapCTBEH-
Horo ynusepcutera um. H. I'. UepHslesckoro.

OOBEKTOM HCCIIEN0BAHUS SBISUINCH YTIICBOAOPOAOKHUCIISIONINE MUKPOOP-
TaHU3MBI, BBIJICJICHHBIC M3 MOYB AHTPOIOICHHO HAPYLICHHBIX TEPPUTOPHIA
r. KoraneiMa XaHTeI-MaHCHHCKOTO aBTOHOMHOTO OKpyra, IJIaBHOTO HedTera-
30HOCHOTO paiiona Poccun (K), u3 mpob mo9B 3eMeNbHBIX yYaCTKOB CEITbCKO-
XO3SICTBEHHOT0 Ha3HAYEHHS C XPOHUYIECKUM HE(TSHBIM 3arpsiI3HEHHEM Ha ce-
Bepo-3amaze ot ¢. HoBokpuBoBka (CapaTtoBckast oonacts, COBETCKHI paioH),
Ha TEPPUTOPUHU KOTOPBIX OBLT YCTaHOBJIEH (DakT MpojuBa HE(PTEIPOAYKTOB B
pesyabTare nmopbiBa HegTenponoaa (H), a Takxke u3 nmpod ypOaHO3EMOB, HHITY-
CTPHO3EMOB, KYJIBTYpO3EMOB M NMpUPOIHBIX MouB T. bamakoBo (CapartoBckas
00macTb), mpoMblIeHHOro neHTpa CaparoBckoii obnactu (b).

Just u3yueHunsi cyOCTpaTHOTO CHEKTpa yriIeBOJAOPOAOKHCISIONINX OaKTe-
pUi HMCHOJB30BANN CIEAYIONIME CyOCTpaThl: IpPEAENbHBIC YTIIEBOAOPOIBI —
reKCaH, TelTaH, JIeKaH, apOMaTHYeCKHE YIJIEBOAOPOIbI — TOJYOJ, (eHONI, a
TaKXe CHIPYIO He(Tb.
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CriocoOHOCTh OakTepuil K IECTPYKIUH HCCICTYEMBIX CyOCTpaTOB Ompe-
JIEISUTA € TOMOIIBI0 MeToa JyHOK. CyOcTpaT BHOCHIIM B JIYHKY AHAMETPOM
8 MM, IPOIENAaHHYIO CTEPHIBHBIM MPOOOYHBIM CBEPIOM B LIEHTPE arapu30BaH-
HOW MUHepanbHOU cpeasl M9 B wamke Iletpu. Bokpyr nyHKH ¢ cyOcTpaTom
OCYIIECTBISUTH TIOCEB KYJIBTYp IITPUXOM. KyIhTHBHpOBAaHHE IITAMMOB IIPOBO-
JIAITA OJTHOBPEMEHHO M Ha TIOBEPXHOCTH TBEPAOro CyOCTpaTa, M B Tapax yrie-
BOJIOPOJIOB, 33 CUET MX PaBHOMEPHOH AMGPPY3UM U YaCTHYHOI'O HCHAPEHHS.
V4er pe3yapbTaToB OCYNISCTBISUIM B TEUCHHE HENENbHON WHKYOAIllMu B TEPMO-
crate nipu 28 °C. O necTpyKIUMU YriIeBOJOPOJIOB CYJIUIN 110 UHTEHCUBHOCTH
pocra TecT-KyabTyp [PyKOBOIACTBO K IpaKTUYECKUM ... , 1983].

ITo pe3ynbTaTtaMm SKCIIEPHMEHTa BBISBICHO, 4TO ImTaMMbl Acinetobacter
Ilwoffii  (B), Bacillus circulans (B), B. horikoshii (b), Ochrobactrum
gallinifaecis (b), Paenibacillus polymyxa (H) 6sutn criocoGHBI pasznarath Bce
WCIOJIB3yeMbIe YTIEBOJOPOIHBIE cyOCcTpathl (puc.). BONbBIIMHCTBO yKa3aHHBIX
MTaMMOB OBUTH OTOOpaHBI B uepTe T. baakoBo, B ropoJie ¥ MpUropojax KoTo-
POTO PACHONOKEHBI KPYITHBIC MPEANPHATHS JHEPTeTHYCCKON, XMMHUYECKOH,
METaJUTyPTUYeCKOW OTpacid, a TaKkKe APYrHx mnpoduiieil (TpaHCIIOPTHOM,
CTPOUTENBHOM, MUIIEBOI, JIETKO 1 Tp.), oauH mramm Paenibacillus polymyxa
(H) Obu1 BBIIENEeH U3 TIOYB ¢. HOBOKPWBOBKA, HA TEPPUTOPHH KOTOPOTO IPO-
W30IIEN Pa3iuB HEPTEHPOIYKTOB B XOJAE MPOPBIBA TPyOOIPOBOJA, ITIOIIANb
HapymeHus coctaBuia 0,0082 ra.

[Tonmy4enHble aHHBIC OyXyT MOJE3HBI MPU CO3JAHUH KOMIIEKCHOTO IO~
XO0Za JUIS TIPOBEACHHS BOCCTAHOBUTEIBHBIX MEPONPHUATHH aHTPOIIOTEHHO
HapymeHHBIX MoYB. [llTaMMbl, cHOCOOHBIC pa3niaraTh HAUOOJBINEE KOIUICSCTBO
CyOCTpaToB, ABJIAIOTCS NEPCIEKTUBHBIMY ar€HTaMU Ul OuopeMeaualiiH.

Jlutepatypa

PyKOBOACTBO K NPAKTHYECKUM 3aHSATHAM [0 MUKPOOMOJIOTHH : MPAKT. Mocodue/ Mox pex.
H. C. Eroposa. 2-e u3a. M. : U3n-Bo Mock. yH-Ta, 1983. 251 c.

Characteristics of a crude oil composition and its in situ waxing inhibition behavior / G. Chen
[et al.] // Fuel. 2018. Vol. 218. P. 213-217.

Ezeji U. E., Anyadoh S. O., Ibekwe V. I. Cleanup of crude oil-contaminated soil // Terrestrial
and Aquatic Environmental Toxicology. 2007. Vol. 1, N 2. P. 54-59.

Quintella C. M., Mata A. M. T., Lima L. C. P. Overview of bioremediation with technology
assessment and emphasis on fungal bioremediation of oil contaminated soils / Journal of environ-
mental management. 2019. Vol. 241. P. 156-166.
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JIbHA COLLETOTRICHUM LINI

E. M. IpopsinunoBa’, E. A. Curoa, E. H. Ilymxkosa!, B. A. IlaBioBa'?,
A. M. Kanayn'?, T. A. Po:kmuna®, /. A. JKepuopa', H. B. MeabHuKoBa !,
A. A. JiImutpues'
"MucturyT MonekyspHoit 6uonorun um. B. A. Durensrapara PAH
Mockga, dvorianinova.em@phystech.edu
2MHCTUTYT TOHKMX XUMUYECKUX TexHonoruii um. M. B. Jlomonocosa ®I'BOY BO
«MUPDA — Poccuiickuii TEXHOJOTHYECKUI YHUBEPCUTET», MOCKBa
3MockoBcKkHit (PH3HKO-TEXHHUECKHI HHCTUTYT
(HaLMOHAIBHBII UCCIIEI0BATEILCKIN YHHUBEPCUTET), MOCKBa
‘denepanbHblii HayuHBIH LEHTP TyBSHBIX KyIbTYp, TOpkKoK

JIén (Linum usitatissimum L.) — meHHOE CETbCKOXO3SMCTBEHHOE pacTe-
HUE, BbIpAl[MBaeMOe JJIsl TPOM3BOJICTBA CEMSIH M BOJIOKHA. [laHHasi KyJbTypa
MOIBEpKEeHa IPHOHBIM 3a00JI€BaHNSIM, CHIIBHO CHIDKAIOIINM 00BhEM M KauecTBO
yposkas. AHTpakHO3 JbHa, Bb3bIBacMblii Colletotrichum lini, Hanocur cyie-
CTBEHHBIN AKOHOMUYECKHH yrmepO. IIpu 3TOM OCHOBHBIM METOAOM OOpBOBI C
AHTPAKHO30M OCTACTCSl BO3/CIbIBAHME YCTOWYMBBIX COPTOB, a COBPEMEHHAs
cenekuusi TpeOyeT MOHMMAaHUsI MOJICKYJISIPHO-TEHETHYECKUX MEXaHW3MOB Iia-
torennoctu. [Tanrernom C. lini crocoGen nath HauboJee MONHOE MPEICTaBIIE-
HHE 00 yCTpOHCTBE BayKHBIX IPH3HAKOB, B TOM YHCIIE TCHETHYECKHUX JCTEPMHU-
HaHT BUPYJCHTHOCTH, HA TCHOMHOM YPOBHE.

Just monyuennst manrenoma C. lini co3mana BeIGOpKa, cocrosias U3
30 mTaMMOB pa3TMIHON CTETIeHN BHPYICHTHOCTH. CoritacHO pa3paboTaHHOMY
HaMHU paHee IIPOTOKOJIY BbIJIEJICHA BBICOKOYMCTAsI BBHICOKOMOJICKYIISIpHAs re-
nomHas JJHK BbeIOpaHHBIX MITAMMOB U CeKBeHHpOBaHa Ha Tuiatdopmax Oxford
Nanopore Technologies (ONT) (SQK-LSK109/SQK-LSK114, R9.4.1/R10.4.1)
u [llumina (NovaSeq 6000, 150+150 u.). [Tomyueno 3,5-8,7 Mapza H. JaHHBIX
ONT c noxa3arenem N50 = 5-12 1. H. u 8,8—16,4 MJIH TapHOKOHIEBBIX UTCHUN
Illumina. BeimosHeHbI TeHOMHBIE COOPKM COTIIACHO pa3paboTaHHON HAMH paHee
cxeme: Canu — Racon (2 urepanun) — Medaka — POLCA. TlosyueHHble cOopku
obmamamu pasmepoM 53,9-56,8 M H., N50=4,4-58T. H., MOTHOTOH IO
BUSCO 96,6-96,8 %. B nomyueHHBIX cOOpKax 0OHapy>KEHBI MHTOXOHIPHAIIb-
Hble TeHOMBI. [loBTOpSIOMmIMECS TOCIIEIOBATEILHOCTH COOPOK 3aMacKUpPOBaHBI
npuinoxxenneM RepeatMasker, a 3aTeM aHHOTHPOBaHbI IPHIIOKEHHEM Augustus
nm BRAKER. Jng kmactepu3anuy MpeicKa3aHHBIX OSTKOB UCIIONB30BANHN TIPH-
noxxenne OrthoFinder, Bu3yanu3anuio pe3ynbTaToB HIPOBOIMIN C HCTIONB30BAHH-
em PanGP. TTanrexom C. lini HacuuThiBaeT mopsiyika 15 T. GEIKOBBIX KIIACTEPOB.

[onyuennsrit manresom C. lini pacmupsier npeacraBiaeHus 06 3BOTOIUH
IIaTOreHa HAa MOJIEKYJIIPHOM YPOBHE M CIIOCOOCTBYET JaibHEHIIEMY JeTallb-
HOMY H3YYEHHIO JETEPMUHAHT IATOTCHHOCTH TpuOa, a TakkKe CO3AaHHIO
YCTOHUYMBBIX COPTOB JIbHA.

Hccredosanue svinonneno sa cuem epanma Poccutickoeo nayunoeo gon-
da Me 22-16-00169, https://rscf.ru/project/22-16-00169/.
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CEKPETUPYEMBIE JEITIOJIUMEPA3bI Y BAKTEPUAJIBHBIX
OUTOIMATOI'EHOB I'PYIIIIBI BACILLUS PUMILUS

O. B. Epnoxkumonal, E. A. Cemenuykona', E. A. Hukonaiiunk?

"UnctutyT Mukpoduonorun HAH Benapycu, Munck, Pecriy6nuka Benapych
evdokimovalesia@gmail.com
Benopycckuii Tocy1apcTBeHHbII yHuBepcHTeT, MuHck, Pecry6muka Benapych
nikolaichik@bio.bsu.by

Bakrepun rpymmnst B. pumilus criocoGHBI mprCmocaGiuBaThCS K CaMbIM
Pa3HBIM, MEHSIOMNMCS yCIOBHAM OKpy’Karomeil cpems! n 3¢ddexTtuBHO HC-
MOJIh30BaTh MMEIOIIHeECs pecypcsl. [IpeacTaBureny JaHHOH TPYIIIBI CIIOCOOHBI
aJanTHPOBAThCS K MAPa3HTUYCCKOMY 00pa3y JKH3HH U CHOPAJUYCCKH BBI3bI-
BaTh Oaktepmosbl pacteHuid [Elbanna, Elnaggar, Bakeer, 2014, First Report
of ... , 2019]. Hambomnee BeposTHOW OCHOBOI MPOSBICHUS (PUTOIATOTCHHBIX
CBOWCTB MpPEAIIONIAracTCsl MPOAYKIHS CIIEKTpa JCHOIMMEpU3YIoNX (hepMeH-
TOB, B HEPBYIO OYepe]b ACMOIMMEPa3 BBICOKOMOJICKYJISPHBIX KOMIIOHEHTOB
kieTok pactenuii [ Characterisation of Pectinolytic ... , 2023]. Panee namu ObI-
TN CEeKBCHHWPOBAHBI U COOpaHBI TEHOMHBIC HYKJICOTHIHBIC ITOCIIEI0BATEIHHO-
CTH (PUTONATOTCHHBIX M HE MPOSBILIIONIMX (PUTOMATOrCHHBIC CBOWCTBA IITAM-
MoB GakTepuii Tpymier B. pumilus. Llens nanuoi paboTs — HACHTHOHUIMPOBAT
B reHomax B. pumilus xoaupyromiue nociaen0BarelibHOCTH CEKPETHPYEMBIX JIe-
MOJIMMEPa3 U CPAaBHUTH CEKPETOMBI ITATOTCHHBIX U HEMTATOT€HHOTO IITaAMMOB.

Conepaxalie CUTHANIBHBIC MENTUABI KOAUPYIOLINE MOCIeI0BATEIbHOCTH
NACHTH(UIIIPOBAIN B T€HOMAaX HCCIIEAyeMbIX OakTepuii ¢ momomsio SignalP
(Bepcust 6.0; https://services.healthtech.dtu.dk/services/SignalP-6.0/), annorta-
IIUI0 CUTHAJIBHBIX MENTUIOB N00aBsuu ¢ nomonipio SigmolD (Bepcus 2.0b2;
https://github.com/nikolaichik/sigmoid). BeisiBneno, 4ro y d¢uronaToreHHbIx
mrammoB B. altitudinis 11-1-1, B. pumilus BUM B-171 u B. safensis 33.4 ko-
JMYECTBO MPEACKa3aHHBIX CEKPETUPYEMBIX OCIIKOB TaKOe e, KaK U y HelaTo-
rearoro mramma B. safensis F6 (240+2). Bosee 3HaYHMTENbHBIA CEKPETOM Y
mramma B. altitudinis 63-2-2: BeisiBiieHo 253 KOIUPYIOIIUE TTOCTIEA0BATEIBHO-
CTH C CHTHAIBHBIM menTuaoM. CoriacHo pe3yibTaTaM IOMCKa OPTOIOTHYHBIX
KJIaCTEpPOB c TIOMOUIbIO IpOrpaMmbl OrthoVenn3
(https://orthovenn3.bioinfotoolkits.net/), cpeau mpeackasaHHBIX KOAMPYIOIIUX
MOCIIEI0BAaTeIbHOCTEH OOJBIIMHCTBO SBISIOTCA OOIMMMH Ul BCEX IMSATH
IITAMMOB, B TO K€ BPEMs BBISBICHBI YHHKAIBHBIC CEKpeTHpyeMble Oenku. M3
YHHKAJbHBIX CEKPETHPYEMBIX OCIIKOB HICHTHU(GHIIUPOBAHBI OAKTEPHOIIMH U Oe-
nok cemeiictea FixH mrramma B. altitudinis 11-1-1, HNH »sunonyxieasa
mramma B. pumilus BUM B-171, coneprxanuii somedH DNRLRE 6ernok mrram-
Ma B. safensis 33.4; ocrajabpHble aHHOTHPOBAHBI KaK I'MIIOTETHYCCKHE Ocenku. B
LENIOM, Ul 3HAYUTENIHONH YacTH MPEICKA3aHHBIX SKCIOPTUPYEMBIX OCIKOB
GaxTepuii MccieayeMoil rpymsl (yHKIHOHAIBHAS TPUHAICKHOCTh HE yCTa-
HOBJICHA, 1MO3TOMY C romonipio pecypca CAZy (http://www. cazy. org/) no-
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MTOJIHUTEILHO B TeHOMaX MACHTU(UITUPOBAIN TeHBI ()EPMEHTOB, YIaCTBYIOIIHX
B CHHTE3€, METa0OJIM3MEe M PACIIO3HABAaHMH CJIOXKHBIX YIIIEBOIOB. B Tadmuie
IpecTaBiIeHbl IpecKa3aHHble y Oakrepuii rpymmsl B. pumilus cekperupye-
MBbI€ JEMOIMMEpPa3hl CIOKHBIX YITIEBOAOB, KOTOPHIE MOI'YT UI'PaTh 3HAYUMYIO
poJIb B Aerpajaliuy paCTUTENIBLHBIX KIIETOK.

Tadauna

Koaupyrorue mociie10BaTensHOCTH TeHOMOB GakTepHii rpyrist B. pumilus,
HpeJicKa3aHHbIe KaK CEKPETUPYEMBbIE JCTIOINMEPa3bl CI0KHBIX YIJICBOJIOB

HpeﬂCKa3aHHblﬁ .HOKyC B TEHOMHOM IIOCJICA0OBATECIIBHOCTHU LITaAMMa

epmenT 11-1-1 6322 | BUM B-171 33.4 F6
Lenmonasa HRJ37 08510 [JNE42 08535 |LG951 _08295|N7921 08910 |JNE45 08115
Ouno-1.4-B- HRJ37 09580 [TNE42_09395 [LG951 09175 [N7921 09970 |JNE45 09130
KCuJlaHa3za
Apabnnodypanosa  |HRJ37 09585 |INE42 09400 [LG951 09180|N7921 09975 [INE45 09135
Textumscrepasa  |HRJ37 09895 [INE42 09700 [LGOS1 09475|N7921 10315 [INE45 09475
Ouno0-1.4-B- HRJ37 09990 |JINE42_09805 [LG951 09545 N7921 10410 [INE45_09570
KCHUJIaHa3a - - - - -
Texratmasa HRJ37_18940|JNE42_18135 |LG951_18630|N7921 18715 |INE45 17925
Texratmasa HRJ37_19010JNE42_18205 |LG951_18705|N7921_18790 |INE45 17995
Duporanaxtanaza  |HRJ37 19515 |INE42_18710 |LG951_19180|N7921 19265 |INE45_18465

Kak crnemyer u3 tabnuipl, reHsl (JEpMEHTOB, yJacTBYIOIIUX B paspylie-
HUHM TIOJINCAXapU/I0B PACTUTEIBLHOMN KIIETKH, HalJEHBI B FEHOMax BCEX HCClie-
nyembix mTamMMoB. Cpean aHHOTHPOBAaHHBIX ¢ momonipio CAZy Oenok-
KOAWPYIOIINX MOCIIEA0BATEIBHOCTEH TOIBKO IEIUTION030CBI3BIBAIONTIN OEIOK
9KCTIAaHCHH, KOTOPBIA HE SBISETCS TMAPOJIA30H, OTCYTCTBYET y HEMATOT€HHOTO
mramma B. safensis F6. T'eHbl 3KCMaHCHHOB BBISBICHBI y psifa (pUTOMATOTCH-
HBIX U CBOOOJHOXKMBYIIMX OaKTEpHii, €CTh JOKa3aTeNbCTBA YyYaCTHs TAHHBIX
OenmkoB B maroreHese [Expansin-like ExI1 ..., 2020], ogHaKo y TPOSIBJISIONIETO
¢uronarorenusie cBoiicTBa B. safensis 33.4 orcyTcTBYeT OpTONIOr AHHOTO Te-
Ha. Takum 00pa3oM, CPaBHUTEIBHBINA aHATU3 THIIOTETHUCCKH CEKPETHPYEMBIX
OenkoB mtaMMoB Oakrepuii B. pumilus He BBISBHI 3HAYMMBIX OTJIMUMH CEK-
pPETOMOB BHUPYJCHTHBIX INTAMMOB M HE IIPOSBISIONETO (DUTONATOTCHHBIE
cBoiicTBa mramma B. safensis F6. TToareepskaeHHe MOMYYECHHBIX C MOMOIIBIO
61onH(pOPMATHUECKOTO aHAJN3a JAHHBIX POBOIIN C TIOMOIIBIO (PH3HOIOTH-
YecKnX TecToB. Ha pHucyHKe NmpencTaBiIeHB! pe3yIbTaThl HCCISTOBAHUS aKTHB-
HOCTH LIEJUTIONA3 U MeKTaTIna3 ITaMMOB OakTepuit rpymmsl B. pumilus.

Ha ocHOBaHUM MOITy4eHHBIX Pe3yJIbTaTOB MOYKHO 3aKJIIOYUTh, YTO HCCIIE-
JIOBaHHBIC MITAMMBI GakTepuii Tpymmel B. pumilus we otianuarorcst o HaGopy
MIPe/ICKa3aHHbIX CEKPETHPYEMBIX JEMONNMEpas, YYaCTBYIOINX B pa3pylICHUN
PaCTUTENBHOM KIETKU. AKTHBHOCTb IIEJITIONA3 M MIEKTATINa3 XapaKTepHa JUIs Ma-
torennbix B. altitudinis 11-1-1 u 63-2-2, B. pumilus BUM B-171, B. safensis 33.4
u HemaToreHHoro mramma B. safensis F6.
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Puc. Pe3ynbrar TecTHpOBaHUS HEILTFOIOIATHYECKON (A) 1 nekTonutnieckoi (b)
AKTUBHOCTH mtaMMoB B. pumilus

Paboma evinonnena npu noooepoicke epanma bPODU 524-095.

Jlutepatypa

Elbanna K., Elnaggar S., Bakeer A. Characterization of Bacillus altitudinis as a New Causative
Agent of Bacterial Soft Rot // J. Phytopathol. 2014. Vol. 162, N 11-12. P. 712-722.

First Report of Bacillus pumilus Causing Trunk Bulges of Rubber Tree (Hevea brasiliensis) in
Malaysia / S. Mazlan, D. Zulperi, A. Wahab [et al.] // Plant Dis. 2019. Vol. 103, N 5. Art. 1016.

Expansin-like Ex11 from Pectobacterium is a virulence factor required for host infection, and
induces a defence plant response involving ROS, and jasmonate, ethylene and salicylic acid signal-
ling pathways in Arabidopsis thaliana/ D. A. Narvaez-Barragan, O. E. Tovar-Herrera, M. Torres
[et al.] // Sci. Rep. 2020. Vol. 10, N 1. Art. 7747.

Characterisation of Pectinolytic Bacillus pumilus and Paenibacillus amyloliticus Strains, New
Pathogens of Potato in Tunisia / A. Yahyaoui, M. Oueslati, A. Motyka-Pomagruk [et al.] / Agricul-
ture. 2023. Vol. 13, N 6. Art. 1275.

TF'EHETHYECKAA OCHOBA BUOTEXHOJIOI'HYECKOI'O
IHNOTEHIIUAJIA ASPOBHBIX HITAMMOB-JIECTPYKTOPOB IIXb

. O. Eroposa, T. /I. KupbsinoBa, H. A. KopoJie

WHCTUTYT 3KOIOTHH ¥ TEHETUKH MUKpoopranniMoB YpO PAH —
¢dmman I[epmckoro ®ULL YpO PAH, Ilepms, daryao@rambler.ru

[IpobaeMa OYHUCTKH OKpPY’KAIOIIEH cpelpl OT 3arps3HEHHS MOJIHXIOPHPO-
BanHbiMH Oudenunamu (IIXB) (rpynna CToiikux OpraHHYecKHX 3arpsi3HHTE-
Jiei), a TaKkKe YTWIM3AIMKA OTPaOOTaHHBIX MPOMBINUIEHHBIX cMeceil [1Xb He
TepsIeT CBOCH aKTyaJIbHOCTH Ha MPOTSHKCHUH HECKOJBKHX aecsatwmietnid [Final
act of ..., 2001]. MHOrOYHCICHHBIMH HCCIIETOBAHMSIMH ITOKA3aHO, YTO HAH0O-
Jiee MEPCIEKTUBHBIM C SKOHOMUYECKOH M DKOJOTHYECKOH MO3UIHMKA sBIsIeTCS
ouosormueckuit Metoy Aectpyknuu [1Xb, a IMEHHO TIpUMEHEHHE ISl TAHHBIX
nueneil a’poOHBIX GakTephanbHBIX mTamMmos [Srédlova, Cajthaml, 2022]. B
ciydae adpoOHOW Ouoperpanaimu ucxomHbie monekynsl [IXb B pesysibrare
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MTOCIIEI0BATETIFHOTO OKUCIICHHUS TPAHC(HOPMHUPYIOTCS 10 (XJIOP )IIEHTAIHESHOBOM
u (xyop)oenzoitHoit kucnot [Pieper, 2005]. [lanHbIe BemiecTBa XapaKTepH3Y-
I0TCS. MEHBIIEH CTEeNEeHbI0 OMACHOCTH ISl OKPYIKAroIIel Cpeabl U KHUBBIX Op-
TaHU3MOB, U YTHJIH3HPYIOTCS MIUPOKCHM CIIEKTPOM OaKTepUil 10 yTIEKUCIOro
rasa u Bojbl. KimroueBoit peaknueit nporecca ounonectpykmuu [1Xb sBisercs
nepBasi CTaiusi OKHCICHHUS, KOTOpas KaTalu3upyeTcs (pepMEeHTaMU TPYIIIIbI
JIMaoKcureHas. B OoyblIMHCTBE ciiyyaeB — Ou(eHm1 2,3-IHOKCHIeHAa30i
(BO). ITokazaHo, 9TO CITIOCOOHOCTH a3POOHBIX OAKTEPHI OKHUCIATH IIHUPOKHN
cnekTp koHreHepoB [1XB, oOycnoBieHa pazHOOOpa3neM B HYKJICOTHIHOU TIO-
cieoBatenbHOCTH reHa DpPhA, Hecyiiero HHGOPMAIMIO O CTPOCHUH OT/IEIb-
HBIX y4acTkoB o-cyoweaunuisl 61O [Pieper, 2005].

Lenb mpOBEICHHOTO HCCIENOBAHUS — H3YYHTh OCOOCHHOCTH CTPOCHHUS
reHa bphA HOBBIX HITAMMOB-AECTPYKTOPOB TOJIHXJIOPUPOBAHHBIX OH()EHUIIOB.

B nccnenoBanun nucrnons3oBaHsl 20 mMTaMMOB a3poOHBIX OakTepuil, mpu-
Hajexammx pogaam Achromobacter, Brevundimonas, Delftia, Pseudomoans,
Rhodococcus, Stenotrophomonas, BeiieIeHHBIX M3 KOIECHO30B C Pa3IHdHBIM
TUIIOM M YPOBHEM XUMHYECKOTO 3arpsi3HeHus. [1okazaHo, 4To Bce 20 mraMMoB
MIPOSIBIISIIOT BBICOKYIO aKTUBHOCTh B OTHOIIEHUH MOHOXJIOPHUPOBAHHBIX Oude-
HutoB. JIiist u3ydeHust ctpoeHus rera bPphA rcmosp30BaHb! 4 apsl mpaiMepos,
MTO3BOJIAIONINE aMIUTU(QHUINPBOATh KaK KOHCEPBATUBHBIN YYaCTOK I'eHa, TaK H
BapuabenbHbiil [Baldwin Nakatsu, Nies, 2003; lllymkosa, [InotHukoBa, 2013].

[TonmoxwurenpHast aMIUMUKanys C HCIOJB30BAHMEM Iaphl IpaiMepoB
F409R900 6n1ma momyuena ¢ JIHK 4 mtammoB (puc. 1).

Puc. 1. DnexrpodoperpamMmma MpoayKToB aMITM(PUKALUK TeHa
bphA, xomupyromero a-cyobequuuily OndeHIIT THOKCHTEHA3BL:
1 — monexysipubiii Mapkep O'GeneRuler™ 100bp Plus DNA
Ladder (Fermentas, Lithuania), 2 — mrramm Rhodococcus sp.
Osa8, 3 — mrramm Rhodococcus sp. Osall, 4 —
Stenotrophomonas sp. Osal3, 5 — mramm Rhodococcus sp.
Osa29

YcTaHOBICHO, YTO HAMOONBIINHA ypOBEHB CXOJCTBAa HYKJICOTHIHON MO-
crnenoBatenbHocTH rera bphA mrammos Rhodococcus sp. Osa8, Rhodococcus
sp. Osall u Rhodococcus sp. Osa29 ¢ renamuna bphA M3BeCTHBIX MITAMMOB-
nectpykropos ITXb poxa Rhodococcus cocrasun 95,1-97,06 %. Ipu nocrpo-
€HUH JICHAPOrPaMMbl YCTAHOBJICHO, 4TO TeHbl DPhA naHHbIX mTaMMOB Gopmu-
PYIOT OTIIENbHYIO BETBB (pHC. 2).

AHanmu3 JaHHBIX MOKAa3ajl, YTO CKOPOCTh JICCTPYKIMA MOHOXJIOPUPOBAH-
HbIX Ondenmtor y mrammoB Rhodococcus sp. Osa8, Rhodococcus sp. Osall u
Rhodococcus sp. Osa29 Bbimie, 4eM y psijia [ITAMMOB, MPEJCTaBICHHBIX HA
puc. 2. MOXHO MPEIINOIIOKHITh, YTO BBICOKAs IerpaJaTUBHAsI aKTUBHOCTh HC-
ClIe/lyeMbIX IITAMMOB OOYCJIOBJICHA YHHKAIbHOH HYKJICOTHIAHOW TOCIEI0BA-
TEIBHOCTHIO 0-CyOBemuHuUIBl BJ10.
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97

a7

a7

87

R. rhadochrous K37 (AB272984.1)

R. ervihropolis P2kr (KP972442.1)
R.ervthropolis K37 (AB272985.1)
Riwdococcus sp. HA99 (AB272986.1)
R ervirapalis G12a (KP972443.1)

R erviliropolis B106a (KP972444.1)
R ervihropolis (KP985700.1)
Riwdococcus sp. RO4 (DQ403247.1)
Rhod us sp. Osal9

100

=1

Rhodacoccus sp. Osall

Rhodococcns sp. Osal

R jostii RHAL (CP000431.1)

R nihropolis BD2 (NC 005073.1)
R apacus BIE-20 (AJ544524.1)

R opacus B4 (APOL1117.1)

R aetherivorans 124 (AF452376.1)

Rhodococens sp. WAY2 (CPO46573.1)

Puc. 2. /lepeBo cX0/CTBa BBISIBJICHHBIX T€HOB C M3BECTHBIMHU I'€HAMU 0l-CyObEIMHHIIBI
6udenun 1,2-guokcurenassl, nocrpoeHaoe MerogoM UPGMA. Macmrtab COOTBETCTBYET
10 HykaeoTuHBIM 3aMeHaM Ha Kaxsle 100 HykaeoTH10B. «Bootstrap»-ananus nposeaeH

Ha 1000 mOBTOPHOCTSIX. 3HAUCHHUS PSIJIOM C «BETBSIMIY TTOKA3bIBAIOT BEPOSITHOCTH
PacIIoIOKeHHUs TOCIIEeA0BATEIbHOCTEH B TaHHBIX Ipymiax. JKUpHBIM MIPU(TOM BbIICICHBI
HYKJICOTH/IHBIE IT0CIIE0BATEIIFHOCTH, HCCIIEAyeMbIe B HAacTOAIIEH paboTe

Paboma svinoanena npu nooodepaicke epanma PH® 24-24-00498.

Jlutepatypa

IlymxoBa E. C., Ilnotaukosa E. . OnuronykieoTuansie mpaiiMeps! A JETEKIHWH TEHOB,
KOAMPYIONMX OONbIIyI0 cyOobeannuiy Onudennn 2,3-amoKcurenassl, oakrepuii mopsiaka Actinomy-
cetales // Bectaux [Tepmckoro yu-ta. Cepusi: buomnorus. 2012. Ne 1. C. 34-40.

Baldwin B. R., Nakatsu C. H., Nies L. Detection and Enumeration of Aromatic Oxygenase

Genes by Multiplex and Real-Time PCR // Appl. Environ. Microbiol. 2003. Vol. 69, N 6. P. 3350—

3358.

Final act of the Conference of Plenipotentiaries on the Stockholm, 22-23 May / UNEP /
POPS/CONF/4. United Nations Environment Programme. Geneva. 2001. 44 p.
Pieper D. H. Aerobic degradation of polychlorinated biphenyls / Appl. Microbiol. Biotechnol.

2005. Vol. 67,N 2. P. 170-191.

Srédlova K., Cajthaml T. Recent advances in PCB removal from historically contaminated en-
vironmental matrices / Chemosphere. 2022. Vol. 287. Art. 132096.
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MPOAYKIIUS MOJOYHOM KUCJIOTHI IITAMMOM
WEIZMANNIA COAGULANS ITPH PA3JIMYHBIX HAYAJIBHBIX
KOHIEHTPAIUAX I''TIOKO3bI

H. JI. Eprunenxan'?, A. A. Cyxanosa', A. H. Bosnaun'?

!Cubupckuii rocy1apCTBEHHbINH YHUBEPCUTET HAYKH H TEXHOJIOTHIl
um. M. @. Pemernena, Kpachosipck, info@sibsau.ru
*Nucturyt 6uodusuxu CO PAH, Kpacuospck, fic@ksc krasn.ru

[IpomyKiyss MOJOYHON KHCIOTBI TOMO(GEPMEHTATHBHBIMH MOJIOYHOKHC-
JBIMH OaKTepUsSMH MPOUCXOAMUT Mo myTu OmOaeHa-Maiieproga-Ilapraca, B
KOTOPOM HCXOITHBIM CyOCTpaToOM SBISETCS TIIOKO3a. [JII0K03a MOKET IToma-
JaTh B OaKTepPHAIBHYIO KICTKY HANPSAMYIO M3 CPeIbl IMOCPEeICTBOM Tu(dy3un
4yepe3 KICTOYHYI MeMOpaHy, JIMOO OMOCPEIOBAaHHO B PE3yNbTaTe IpeBpallle-
HUH ApYrux caxapos (JJakTO3a, MaJIbTO3a, Iiemnodno3a u ap.) [Abdel-Rahman,
Tashiro, Sonomoto, 2013]. OxgHako, HECMOTpPSI Ha BO3MOXHOCTh HCITOJIb30Ba-
HUS CaMbIX Pa3HBIX CYOCTpaTOB, B YHCJIEC KOTOPBIX PACTUTEIBHBIC OTXOJBI
CEJIbCKOTO XO35ICTBA, B YCIOBUSX MPOMBIIIIEHHOTO MPOU3BOJCTBA TIIIOKO3a
BCE €IIIe OCTACTCS CAMBIM YacTO HCIIOJIB3YEMBIM.

PasHBIC BHIBI NPOXYLIEHTOB MOJOYHOW KHCIOTHI OOJIQJAOT Pa3IHIHOMN
TOJICPAHTHOCTHIO K KOHIICHTPALIMSM TJIFOKO3bI B cpesie. Bo BpeMst KyIbTHBHPO-
BaHUS MPOAYLIEHTOB MOJIOYHON KUCIOTHI, OCMOTHYECKOE JaBlieHHE, BEI3BAHHOE
TITIOKO30H, TIOBBIIIACTCS M3-32 M30BITOYHBIX MCTOYHHUKOB YTJICPOAIa, YTO IPH-
BOJIUT K 3aJIEPXKKe pocTa KJICTOK U HH3KOH 3¢dekTuBHOCTH Tpon3BoacTBa [Ki-
netic characteristics ... , 2020; Modelling the influence ... , 1998].

HccnenoBanne BIMSHUS Pa3IMYHBIX KOHIEHTPALMI TITIOKO3BI Ha POCT U
npoaykruBHOoCcTh Weizmannia coagulans (mrramm Beienien B Cubl'Y um.
M. ©. PemieTHeBa, Ha CTaJuM TAaTCHTOBAaHUS) MPOBOIWIN B Kombax (N = 3),
coaepxamux 100 mu OymsoHa MC1 (TpunToH — 5 1/11, IPOKKEBOM IKCTPAKT —
1 r/n, Troxo3a — 20—120 1/m) B meiikepe-naky6arope mpu 50 °C u 150 06/muH
B TeueHHe 56 4. [ SKCIIepUMEHTANBHBIX TPYIII pa3inyansach HadalbHas
KOHIICHTpAIMs TII0K03bI B cpeae — 20, 50, 70, 100 u 120 r/n. ITocne 3aceBa u
BO BpeMs KyJIbTHBHPOBAHMS U3 KOJO OTOMpanmm mo 1 MiT cpensl s MmojacdeTa
KJIETOK, OTIPE/ICIIEHHS TIIFOKO3BI, MOJIOYHOH KHCIOTHI i ONITHYECKON TUIOTHOCTH
paHee omnucaHHbIME MeTonamu [MccrnenoBanue xapakTepucTtuk ... , 2023]. B
Ka4decTBe HEHTPATU3YIOLIEro areHTa HCIOJb30Baau Men B konuuectse 10 %
(10 1). Ilo pesynpratamMm KyJbTHBHPOBAHUS ONPECIIIIN M CPABHWIH CPETHHE
3HA4YeHUs MOTpeOIeHHsT CyOCcTpaTa M MPOU3BOJICTBA MOJOYHON KUCIIOTHI, TIPO-
JQYKTUBHOCTB TIPOIIECCa, I3MECHCHUE KOHIICHTPAIIUU KIICTOK M KOHBEPCHIO.

ITo pesynbratam KyJabTHBHpOBaHust HOBoro mramma W. coagulans mpu
Pa3NUYHBIX HAdYalbHBIX KOHIICHTPAIMAX TJIOKO3Bl yCTaHOBIGHO, YTO TIPH
HAYaIbHBIX KOHIEHTpanusax riaroko3sl 20, 50, 70, 100 u 120 r/m 3a 56 4 Kyib-
TUBHUPOBAHUS CPEJIHUE 3HAUCHHUS BBIXOa MOJIOYHON KHUCIOTHI cOCTaBUIH 54,1;
57,4; 52,1; 67,1 u 62,2 r/1, COOTBETCTBEHHO (PHUC.).
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Puc. Pesynsrare! KynsTiBHpoBanus mramma W. coagulans
NPH PA3IUYHBIX HAYAIBHBIX KOHLEHTPALUSX TIIOKO3BI:
A — oTpe0IeHue ITII0KO03BI, b — BEIX0J MOTOYHO KHCIOTH, B — H3MeHeHNe KOHIICHTpaIuH
KJIETOK, I — M3MeHeHue MpoayKTUBHOCTH B Pa3IM4HbIC IPOMEKYTKH BPEMEHU

CyMmMapHoe moTpeOIeHHe TIIFOKO3HI 32 BCe BPeMs KyJIbTUBHPOBAHUS OT-
JIMYAJIOCh U COCTaBmWIO 55,6; 72,0; 53,0; 71,7 u 70,1 1/1 T3IFOKO3BI, ¢ KOHBEPCHU-
et 97,2; 79,7; 94,4; 93,6 u 88,8 %, COOTBETCTBEHHO. 3HAYEHUS TPOAYKTUBHO-
CTH KyJIBTYpPBI B Pa3IMYHBIE TPOMEKYTKH BPEMEHHU OTJINYanuchk. Hampumep, 3a
nepBele 24 4 HamOobIIas MPOAYKTHBHOCTEH 1,79 T/(;1'4) OoTMEUYeHa TMPH KOH-
HeHTpanun raroko3sl 120 1/1 B cpene. B mocnenyromue 24 4 IpoyKTHUBHOCTb
B JJaHHOW JKCIEPHMEHTAIBbHON IpymIe pe3Ko CHU3MUIACh B 4,8 pa3, IpH 3TOM B
9KCTIEPUMEHTAIBHBIX TPYMIaX ¢ HA4YaJIbHOH KOHIEHTpaIuen rioko3sl 50, 70 u
100 1/n1 oHa ObuTa BHINIE TOYTH B JBa pasa, a B rpymme 20 r/i1— HIWKE Ha
0,14 r/(;1-4). KoHIeHTpaIwsi KICTOK B cpefe yepe3 24 4 OT Havyalla KYJIbTUBU-
pOBaHUs 3HAYUTENBHO NMOBEIcKIAch (B 60—100 pa3) mpu Oonee HU3KUX KOHIICH-
Tpanusx Taroko3sl (20 u 50 /1), B To BpeMs Kak npu KoHIeHTpamuax 70, 100 u
120 1/71 3TOT MOKa3aTelb BEIPOC Bcero B 6—8 pa3. OqHako yepes 48 4 oT Havana
KyJIbTUBHPOBAHUS JUIsl BCEX TPYII KOHIIEHTPALMS KJIETOK ObUIa OTHOCHUTEIBEHO
Ha OJHOM ypOBHE. J[aHHBIN pe3ysibTaT MOKa3bIBAET, YTO MOBBIIICHHOE COMAEP-
KaHWe TIIOKO3Bl B Cpele MHTHOMpyeT pocT Oakrepmil. Korma KoHICHTpaIws
TIIIOKO3BI B KOJI0AX TPYII C €€ MOBBIINICHHBIM COJCPKAHUEM CHU3WIACH JI0
YPOBHS IPYMI C TMOHWKEHHBIM COJEP)KaHHEM TIIFOKO3bI, YUCICHHOCTh KJIETOK
YBEITHYMIIACE.
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[MonyueHHble pe3ysbTaThl MOKA3bIBAOT, YTO JaHHbId mTamm W,
coagulans He MHrHOUPYETCS BHICOKMMH KOHIIEHTPALIMSMHE TIIFOKO3bI, 8, HAPO-
TUB, IeMOHCTpUpyeT OOJIBIIYIO TPOIYKTUBHOCTD MIPU KOHIICHTPAI[MH TIFOKO3BI
B cpene 100—120 r/n. Bonee Toro, hepMeHTAIMS B TAKKX YCIOBHUSIX MO3BOJISIET
000UTHCH O€3 OMONHUTENBHBIX TOIIMUTOK CYOCTPaToOM, YTO CHHXKAET TPYIO-
3aTPaTHOCTH MPOIIECCa.

Hccneoosanue svinoaneno 6 pamxax npoexma Ne FEFE-2024-0027 «/c-
cne0oganue 3aKOHOMEPHOCMEN XUMUKO-OUOMEXHOI02UNEeCKO20 CuHmesa Ouo-
Pasiazaemvlx ROIUMEPOS U pa3paboOmKa KOMNIEKCHOU MeXHOL02UL NOLYYeHUs.
KOHCMPYKYUOHHBIX KOMIOZUMHBIX MAMEPUATIO8 ¢ KOHMPOIUPYEMbIMU CPOKAMU
ouodeepadayuu 015 NPOMBIUAECHHO2O NPUMEHEHUs», noddepacanno2o Munu-
cmepemeom HAyKu u vicuie2o 0opazosanus PO.
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Vol. 49. P. 682-690.

U3MEHEHME YPOBHEM I''TYTATUOHA
Y IITAMMOB ESCHERICHIA COLI C MHOKECTBEHHOM
AHTUBHOTUKOYCTOMYUBOCTHIO
IPU JIEUCTBUU XJTOPAM®EHHUKOJIA

H. C. Kynaunosa'?, A. B. Tiostenes!, T'. B. Cmupnosal,
0. H. OkTsi6pbekumii’

"MHCTHTYT 9KOJIOTHH M TeHEeTHKH MUKpoopranusMoB YpO PAH —
(umman [IOULL YpO PAH, Ilepwms, leksey333@yandex.ru
[lepMmcKuii rocy1apCTBEHHBII HAIMOHATBHBIN MCCIEN0BATENBCKUI YHUBEPCHUTET,
[Mepms, nata.zhulanova02@mail.ru

Poct umcna GakTepHanbHBIX INTAMMOB, OOJIQJAIONIMX MHOXKECTBEHHOU
aHTHOMOTHKOYCcTOWYMBOCTRIO (MDR) cTanoBuTCsl cepbhe3HOl TpobIemMoit co-
BpPEMEHHOI MEIUIMHBI U BeTepHHApHH. Bo3pacTaeT HEOOXOIMMOCTh Kak B I10-
HCKE HOBBIX ITIPETapaToB, TaK U B pa3pabOTKe I0JX0/I0B, IIO3BOJISIOIINX Oosee
9 (EeKTUBHO MCIOJIL30BATh CYLIECTBYIONIME aHTHONOTHKU. AKTYaJbHO HCClie-
JIOBaHWE MEXAHU3MOB BO3HHKHOBEHHS PE3UCTCHTHOCTH Y MHUKPOOPTaHH3MOB.
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V3BecTHO, YTO HHU3KOMOJEKYJISIPHBIE THOJBI, B 4acTHOCTH rirytatioH (GSH),
NPUHUMAIOT aKTUBHOE ydYacTHE B QJaNTaldl K MHOTUM HEOJIarompUsTHBIM
(dakTopaM, TaKMM KaK OKHCIUTCIBHBIA CTPeCC W JCUCTBHE AHTHOMOTHKOB
[Meister, Anderson, 1983; Smirnova, Oktyabrsky, 2005]. T'myTatnon B KieTke
BBEICTYIIaeT B POJIM OCHOBHOTO penokc-Oydepa W MpUHUMAET yJacTHe B pery-
JSIIMA MHOTHX PEIOKC-4yBCTBHTEIBHBIX OCITKOB M TIIOOANBHBIX CTPECCOBBIX
perymsitopos [Hidalgo, Demple, 1996]. Kpome Toro, nzsectHo, 4To B a’spoo-
HBIX KyJbTypax E. COli, riyTaTHoH HEnpephIBHO HMUPKYJIUPYET MEXIY IUTO-
1a3MoOl M OKpyKaromied cpemod [Smirnova Muzyka, Oktyabrsky, 2012].
[penmonaraercs, uro Onarogaps TPAHCMEMOPAHHOW LUPKYISALUH, TJIyTaTHOH
MOJKET BBITIOJHATH PETYJISATOPHBIC U MPOTEKTOPHBIC (QYHKIIHH.

O0bekT uccnemoBanus — mrammbl E. coli Ne 29 (L-5859), Ne 43 (L-5874),
BO30YAUTEIH NTHYBETO KOJUIMOAIIMIIIe3a, BhIICIICHHBIC W3 BHYTPEHHHUX Opra-
HOB IBIIIAT-OpoiinepoB nrunedadpux Ilepmckoro kpas. Illtammel qenonupo-
BaHbl B MEXJIYHAPOIHOW MHUKPOOHON KOJIJIEKIMH YyHUBepcuTeTa JIFoOSHBI
(CrnoBeHns) 1 0051a1a10T YCTOMYMBOCTEHIO K aMITAIIMIUIAHY, ITATTPO(IOKCAIIHY,
KaHAMHIIUHY W CTPENTOMHIMHY, OJHAKO YyBCTBUTCIBHBI K JICHCTBUIO XJIO-
pamdennkona. Kynbrypel OakTepuii BbIpammBanuch Ha cpeae M9 [Miller,
1972] ¢ 0,2 % rmoko3s! B Koi6ax Ha 250 MI B TEPMOCTaTHPYEMOM OpOUTAIh-
HoM mieiikepe (37°C, 150 06/MuH). YPOBHU BHYTPU M OKCTPAKIETOYHOTO TIIy-
TaTUOHA OIpElIeIsIM C MOMOIIbI0 MOAUG(UIUPOBAHHOrO Meroaa Twurna
[Tietze, 1969], ocHoBanHoTO Ha B3aumojeiictBun GSH ¢ pearenToM Dinmana
(DTNB) ¢ obpa3oBaHNEeM OKpAIIEHHOTO TPOIYKTA, TTOTJIOMIAIOIIEro B 00IacTH
412 um. OKHUCASIOUIMICA B X0A€ 3TOM peakluu INIyTaTHOH BHOBb BOCCTaHaB-
muBaetcst 10 GSH rayratmonpenykrasoit (GOR) B mpucyrctBuu HAJIDH.
OnTrueckyro WIOTHOCTH (ODeoo) M yAETBHYIO0 CKOPOCTH pocTa (JL) Ompeaessi
TPaJUIHOHHBIMH CIIOCOOaMHU.

B KOHTPOJIBHBIX YCIOBHSX, Y 000UX IITAMMOB YPOBHH SKCTPAKICTOYHOTO
TITyTaTHOHA TOMACP/KUBAIUCH HAa MOCTOSTHHOM ypoBHE 10 ODgoo= 1,4, 3aTem
OTMeYaNach €ro aKKyMYJIIHS B CPEJIe, YTO MOXKET OBITh CBSI3aHO C ITEPEX0I0M
KYJIBTYPBI K MAKPOA3pPOOHBIM YCIIOBHsM pocTa. [IpuMeuaTensbHo, 4To 6a30BbIC
3HaueHust ypoBHs BHekierouHoro GSH (0,93+0,14 MmxM/ODsgpo) y mramma
L-5859 ©Oemm B 1,9paza wHmKke 1o cpaBHeHmI0 ¢ L-5874
(0,48+0,08 MxM/ODso0). BHavasie Ky IbTHBHPOBAHHUSI YPOBEHb BHYTPUKIETOY-
Horo GSH, y mrramma Ne 29 0wt B 1,7 pa3 Bbie (9,88+0,88 MkM/ODgno), uem
y Ne 43 (5,75+0,22 MmxM/ODeoo), OHAKO K OKOHYAHUIO 3KCICPHMEHTA MX 3Ha-
YeHHE HE OTIINIAIIOCh.

BakTepun o6pabaThiBauCh 25 MKI/MIT XJI0paM(EeHNKoIa B CepeMHE dKC-
noHeHMabHo# daser pocra (ODsoo= 0,4). Uepes 15 mun nocne Havana odpa-
OOTKH OTMEUaIOCh HEOOPAaTUMOE CHMKEHHE YAETHbHOW CKOPOCTH pocta () y
o6oux mrammoB ¢ 0,95+0,04 no 0,55+0,02 u™!, a yepe3 120 MUH SKCIIO3ZHIMH
POCT OaKTepHil IMpeKpaIacs.
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IMocne BHEceHUs xiopaM(eHHKOIa, YPOBHU 3KCTPAKJIECTOYHOTO TIyTaTH-
ona Bospactamu 10 20,2+1,14u 47,1£4,2 MkM/ODgooy mramMmmoB Ne 29 u
Ne 43 coorBercTBeHHO. OHOBpPEMEHHO, B TepBble 15 MHUH Tocie 00pabOTKH
0TMEYaIoCh HEKOTOPOE MOBHINICHNE YPOBHA BHyTpukierogunoro GSH, cmens-
foleecs B TATbHEHIIIEM CHUKSHUEM [0 MUHUMATbHBIX 3HaueHuH (¢ 14,6+1,05
u 10,8+2,1 MmkM/ODsoo o 1,17+0,12 u 1,7+0,3 MkM/ODeoo y mtaMmmoB Ne 29 u
Ne 43 COOTBETCTBEHHO), UTO MOXET YyKa3bIBaTh Ha 3HAUUTEIBHOE YCHIICHUE
skciopra GSH m3 muToruia3Mel B cpefy KynbTHBHpOBaHHA. [IpnmeuarensHo,
YTO B HAIIMX PAaHHUX HCCIICNOBAHMAX MPHU BO3/ACHCTBHM XjIopaM(EHHKOIA Ha
HenaToreHHbie KyabTypbl E. coli BW25113, ne obnanatonse aHTHOHOTHKOPE-
3UCTEHTHOCTBIO, HE HAOIIOAIOCh 3HAUNTEIIFHOTO CHIDKEHHS YPOBHS BHYTpH-
KJIeTOYHOTO TyJa nrytarnona [Cysteine homeostasis ... , 2019].

Takum obpasom, npu aeiictBuu xnopamdenunkona Ha Oakrepun E. coli,
obmagarome MDR, Habmrofat0TCs 3HAUUTENIbHBIC H3MEHCHHS KaK BHYTPHKIIC-
TOYHOTO, TaK W IKCTpakieTodHoro ypoBHs GSH, 9To MoxeT OBITH CBSI3aHO C
N3MEHEHHUE €r0 TPAaHCMEMOPaHHBIX TIOTOKOB.

Hccneoosanue svinonneno npu noodepoicke epawma PH® Ne 22-14-

00093.
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[TareMOBOE MACIIO MIMPOKO HCIOJIB3YETCS BO BCEM MHpE. Y BEINYHBAIO-
IIeecst ¢ KaXkKAbIM TOJIOM IIPOM3BOJICTBO MAJIBMOBOTO Macia CBSI3aHO ¢ 00pa3o-
BaHHEM OOJBIIOr0 KOJMYECTBA O0TX00B. CTOUHBIC BOIBI MMPOU3BOJCTBA Tallh-
MOBOTO Maclla XapaKTepU3yIOTCsl BBICOKHM COJCp)KaHHEM Pa3HOOOpa3HBIX 3a-
TPSA3HSAIOIUX BEIIECTB M CTOMKHMM HENpHUSTHBIM 3amaxoM. IIpsmoii c6poc Ta-
KHX CTOKOB B OKPY’KAIOIIyIO cpemy 0e3 Ha uIexalneif O4MCTKA MOYKET BBI3BATh
CepBhe3HBIC IKOJIOTHIECCKHE MPOOIeMEl. Vcmomp3yromuecs: B HACTOSAIIEE BpeMs
OYHUCTHBIC COOPYIKCHUS IS KHUIKUX OTXOZOB MIPOM3BOACTBA MAIBMOBOTO Mac-
Jla HE CHPABIIAIOTCS C OYUCTKON M Pa3I0KEHHEM BPETHBIX OPraHMUYCCKHUX 3a-
TPSA3HUTENEH W TPUBOIAT K JOJITOCPOYHBIM DKOJIOTHYECKHM IpodieMam,
BKJTFOUAsi BRIOPOCHI MApHUKOBBIX Ta30B [Dominic, Baidurah, 2018]. B cBs3m ¢
9TUM aKTyaJbHBIM SIBJISETCS] yCOBEPIIEHCTBOBAHUE UMEIOLIUXCS U pa3paboTka
HOBBIX OMOTEXHOJOTHI OYHUCTKH, A TAKXKE MOUCK U U3YIEHHE HOBBIX IITAMMOB-
JIECTPYKTOPOB OTXOJI0B TIPON3BOJICTBA MAIBMOBOTO Maca.

B cenrs6pe 2023 r mpoBeneHO HAaTYpHOE OOCIIEIOBAaHHE CHCTEMBI IPY-
JIOB-HAKOMHTENEH Ha TEPPUTOPUU NPEANPUATHS 110 IPOU3BOJCTBY MaTbMOBOTO
macna PT Agro Indomas (Bocrounstii Kanumanran, MHnoHE3MsI), KOTOpOe ¢
1987 r 3aHuMaeTcs BbIpallliBaHUEM IUIAHTALUH MACIWYHBIX MAJbM U MIPOU3-
BOJICTBOM CBIPOTO MAJbMOBOr0 Macia. IlocTymaromme ¢ npeArnpusTis B mep-
BBIIl MIPYA-HAKOMHUTENb CTOYHBIE BOABI (Temmeparypa gocturaet 50 °C) coaep-
XKatT OOJIBIIIOE KOJTMYECTBO Macia, KOTOPOS KOHIIEHTPHUPYETCS B BEPXHEM CIIOC
ctouHblX Box (20-30 cm). Ha 3TOM 3Tane npoucxoIuT OXJIaKACHUE CTOKOB 10
TEeMIIepaTypsl OKPYXKarollel Cpenbl, Aanee CTOKH MOCIeJ0BaTeIbHO IepeMe-
IIAIOTCSI BO BTOPOH (IOBEPXHOCTH TOKPHITA 3aTBEpPAEBIICH KOPKOW) M TPETHH
MPYIBI-HAKONHUTENA W 3aTeM HCIHOIB3YIOTCS JUIS OpPOMICHUS CEeITbCKOXO035H-
CTBCHHBIX TUIAHTAIUIH.

OT16op mpo6 mpousBeAeH B TpeX pa3HbIX cailTax M3 CHUCTEMBI MPYAOB-
HakomuTeneld. Pe3ynmpTaTel (PH3MKO-XMMHUYECKOTO aHAIN3a MPoO OTXOJO0B IIO-
Ka3aJM, 4TO TycTas Macca, OTOOpaHHas C MOBEPXHOCTH MEpBOrO MpyJa-
HAKOITUTEJIsI, XapaKTePU30Ballach BEICOKMM COJICpIKaHHEM Macia (M3MepeHHast
MaccoBasl J1oJs Jkupa coctaBmna 89,5 %) u cmabokucneiM 3HadenneM pH 4,1.
MaccoBass monmst obmiero asora u ¢ocdopa coctaBmiaa 0,28+0,06 % wu
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0,43+0,08 %, coorBeTcTBeHHO. Cynb(haT-HOH U cepa 0OHApyKEHBI B CIIETOBBIX
KOJIMYECTBax. B KHUAKMX mpobax BTOPOrO M TPETHETO NPYIOB-HAKOIHTEICH,
MPECTABISIONINX TEMHYIO KHIKOCTh C 3aIIaXOM CEPOBOAOPOIA, OOHAPYIKCHBI
Boicokne mokazaremn XIIK (2530 m 2366 mr/n, coorBerctBeHHO) M BIIK
(1284 u 1201 MrOs/1, COOTBETCTBEHHO), UTO CBUICTEIBCTBYET O BBICOKOW CTe-
MICHHU 3arpsi3HCHUS] OPTaHMYCCKHMH BemlecTBamMu. [lokazaTenmu aMMOHHUITHOTO
azora cocraBwid 273 u 208 mr/n, nHutpuTHOro aszora— 0,15+0,023 wu
0,05+0,011 mr/n, autpata — 15,8+£3,5 u 11,2+2,5 mr/n, cynbdara — 38,1+4,7 u
7,7£1,0 Mr/1 cooTtBeTcTBeHHO. CiellyeT OTMETHUTh HEBBICOKOE COJCpIKaHUE
Cynb(aToB HECMOTPSI Ha aKTHUBHBII 3alax CepoBOJOPOJa U BU3YaIbHBIC HPH-
3HaK{ MPUCYTCTBUSA CyIb(GHUIOB B Mpodax BOABL. DTO MOXKET OBITH CICACTBHEM
aKTHBHBIX IIPOIECCOB CYIb(aTpeayKIHH, IPH KOTOPHIX CyIb(aT He HaKaIlIH-
BaeTCs, a MCIIOJB3yeTCss MUKPOOPTraHM3MaMH B KauecTBE aKIeNTopa JJIEeKTPo-
HOB ¢ 00pa30BaHHEM CEPOBOJOPOA.

IIpoObI 0TXOMOB M3 TpeX MPYIOB-HAKOMHUTENEH OBIITM MCIIONB30BAHBI IS
MTOJYYEHHUS KUIKUX HAKOMHUTEIBHBIX KyJNbTYp HAa MHUHEpPAIBHOH cpene ¢ Jo-
6aBnenuem 10 % mamepmMoBoro Macina. [loydeHHbIE HAKOTTUTEIBHBIC KYJIBTYPHI
OBUTH HCIIOJIB30BAHBI B KaYeCTBE MHOKYIATA A AaJbHEHIINX IEepPeceBOB HA
CEJICKTHBHBIC IUTOTHBIC MUTATEIBHBIC CPEIBI METOIOM pa3BeICHHUN IS TOIY-
YCHUS OT/ICIFHBIX KOJIOHUH U BBIACICHUS YHCTHIX KYJIBTYD.

Bcero nonyueno 13 uzomnsitos. ITo pesyibraram (uiioreHeTHIECKOro aHa-
nu3a OJMIM3KKX K MONHBIM mocnenosarensHocTed 16S pPHK ycranosneno, uro
CpeIH MOMYYCHHBIX M30JIATOB €CTh IPEJICTABUTENHN YCIOBHO-TTATOT€HHBIX MHK-
poopranu3moB, Takux kak Pseudomonas aeruginosa u Alcaligenes faecalis,
KOTOpBIe OBLTH MCKIIOUEHBI M3 JaIbHEHIINX ucclenoBaHuil. M30msThl, UaeH-
TUQUIMPOBaHHBIE Kak Stutzerimonas stutzeri, He OTHOCATCS K YTBEPKIAECHHOMY
MEPEYHI0 MAaTOTCHOB, OJHAKO JUTA PsAla ITaMMOB 3TOTO BHJAa M3BECTHA IMaTO-
reHHOCTHh Jiist yenoBeka [Biology of Pseudomonas stutzeri, 2006]. M3-3a 6ius3-
KOTO POJICTBA C yCIOBHO-IIATOTCHHBIMH MUKPOOPTaHU3MAaMHU JTaHHbIC IITAMMBI
Takke ObUTH MCKITIOYEHBI U3 JanbHenmer padotel. [Itamm [TH1-2T2 moka3zan
100 % cxoxncTBo ¢ nmocnenoBarenbHOCThIO reHa 16S pPHK nexynsTHBHpYEMOi
OakTepuu M3 OcajgKa TOPOACKHX CTOYHBIX BOJ (HOMep amoctyma GeneBank
KC597267) u 99,92 % cxoxcTBa ¢ TUIIOBBIMHU Buiamu poja Bacillus, a umenno
B. tequilensis u B. subtilis, 61u3k0poCTBEHHBIX TPAMIIOIOKUTEIBHBIX CIIOPO-
00pasyromux OakTepuid, JJIsi KOTOPBIX IMOKa3aHA aHTATOHUCTHYCCKAs aKTHB-
HOCTB JUts (puTonaroreHHsIx rpuboB [Isolation and characterization ... , 2020].

Taxum 00pazom, U3 N30JATOB, BBACTEHHBIX U3 MPYI0B-HAKOUTEIEH, 1T0-
JMYYarolINX CTOKH OTXOZOB OT IIPOM3BOJICTBA MAJBMOBOTO Macia, MJIS Jalb-
Heiimx uccnenoBanuii noaxoaun Bacillus sp. ITH1-2T2. [ltamm poc Ha jaua-
THOCTHYECKOW cpene Ut TUIMOMUIBHBIX OakTepuil (TpHOYyTHPHHOBEIA arap) u
00pa30oBBIBAN 30HBI THAPOJIH3a BOKPYT KOJIOHHH 1—2 MM, 9TO CBHICTEIBCTBYET
0 MPOAYKIMH BHEKJICTOYHBIX JHITa3/acTepas. OJHAKO HECMOTPs Ha HaJH4He
nunojuTHdeckux cpoiicts, Bacillus sp. TTHI-2T2 ue mokasan 3(hexTuBHO#M
YTHIM3aIUN MTAIBMOBOTO Macjia B Ja0OpaTOPHBIX YCIOBHSIX. MakcuManbHas
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YUCICHHOCTh KJIETOK TIPU POCTE Ha YKHUIKOH cpee ¢ manrbMoBbiM MaciioM (1 %)
He npesbiana 6,7-107 ki1/Mi1, BU3yaabHOro MHAPOJIN3a MalbMOBOTO Macia Ipy
9TOM He MPOUCXOuI0. MHorHe npecraBurenu pojaa Bacillus ussectrsr cBoeit
CMOCOOHOCTBIO K JECTPYKIIMM HIMPOKOTO Kpyra OPraHWYEeCKHX BEIIECTB,
BKJTFOUAsT PA3JIMIHBIC JIMMTUABI U JTHIAI-COIepKaiue coeanuenus. Jist ompe-
nenaeHuss MeTaboaIMuecKoro moTeHIyana BelaeeHHoro namMu mramma Bacillus
sp. [IH1-2T2 nHeoOxoauMbl 1anbHEHIINE UCCIIEIOBAHUS.

Paboma svinoanena npu nooodepaicke epanma Ne 075-15-2022-1152.

Jlutepatypa

Biology of Pseudomonas stutzeri / J. Lalucat, A. Bennasar, R. Bosch [et al.] // Microbiol. Mol.
Biol. Rev. 2006. Vol. 70, N 2. P. 510-547.

Dominic D., Baidurah S. Recent developments in biological processing technology for palm
oil mill effluent treatment — A review // Biology. 2022. Vol. 11. Art. 525.

Isolation and characterization of root-associated bacterial endophytes and their biocontrol po-
tential against major fungal phytopathogens of rice (Oryza sativaL.)/ M. A. Khaskheli, L. Wu,
G. Chen [et al.] / Pathogens. 2020. Vol. 9. Art. 172.

YPOBEHb IUCTENHA U T'JIYTATHOHA B KJIETKAX
ESCHERICHIA COLI B YCJOBUSX I'OJIOJAHMUSI IO CYJIb®ATY

T. B. Kanamuukosa', JI. B. Cyropmuna’, I'. B. CMupHoBa',
O. H. Oxts0pbckuii’

"HCTHTYT 5KOJIOTHH ¥ TeHeTHKH MUKpoopranusMoB YpO PAH —
¢dunman [TOULL YpO PAH, Ilepwms, tatyana-kalashnikova22@yandex.ru

[{icTenH BXOIUT B COCTAB OETIKOB M TIyTATHOHA W SBISAETCS UCTOUHHKOM
BOCCTAHOBJICHHOH CEphI /Ul MHOTHX JIPYTHX OPraHMYEeCKHX MOJIEKyIl. bmaro-
Japst BBICOKOM OKHCIIUTEIIbHO-BOCCTaHOBUTEIILHOM AKTHBHOCTH
Cynb(TUAPWIBHBIX TPYII OH UIPAET BaXKHYIO POJb B PEryJsIIUM aKTHBHOCTH
(bepMeHTOB, Iepeiavye CUTHATIOB, aHTHOKCHIAHTHOM 3aliTe U APYTUX MeTabo-
JIUYecKuxX nporeccax. OHaKO BBICOKHE KOHIEHTPAIMU IIUCTEHHA B IIUTOILIA3-
Me OITIacHBI JUIsl KJIETOK, TaK KaK, BOCCTAaHABJIMBAsI JKeJIe30, OH YBEIMYMBACT Iyl
Fe?', xotopsiii, B3anmoneiictBys ¢ H2O2, 06pa3yeT BHICOKOTOKCUIHBIE THAPOK-
CHITBHBIE painKaibl B Xoze peakiun Pentona. Kpome toro, maxe cyOTOKCHIe-
CKHE KOHLEHTPAIUH [IUCTEMHA MOTYT MOAABIISATh AKTUBHOCTH HEKOTOPBIX (ep-
MEHTOB, YYacTBYIOIIMX B CHHTE3¢ aMHHOKHCIIOT, Hapylias pOCT OakTepuid
[Korshunov, Imlay, Imlay, 2020; Park, Imlay, 2003]. YUto0b1 n30exars 3THUX
HETaTUBHBIX MOCIIEACTBUH, OaKTEpHATBbHBIE KICTKN JOJDKHBI CTPOTO PETYINPO-
BaTh ypoOBeHb IUcTenHa. OJJHUM MX MEXaHHW3MOB PEryJIsIIUM roMeocTas3a IH-
CTEeHHA SBJIAETCS €r0 BCTPAUBAaHHE B MOJIEKYJy ITyTaTHOHA, KOTOPHIH 00pa3o-
BaH TPEeMs aMHHOKHCIOTaMH: IHCTEHHOM, TTyTaAMHHOBOM KHCIOTOM W TIHIH-
HOM U BBICTyIIaeT Kak Oydep mucrenHa [Smirnova, Oktyabrsky, 2019]. I'myra-
THOH COBMECTHO C INIyTapeJOKCHHAMU 00pa3yeT OAHY M3 OCHOBHBIX aHTHOK-
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CHJIaHTHBIX CHCTEM B KJIETKAX 3yKapuOT ¥ IPaMOTPHUIATENILHBIX OaKTepuii, Ko-
TOpasi MIOMHUMO 3AIIUTHl OT OKUCIHMTEIBHOIO CTPEcca BBIMOJIHSIECT MHOXXECTBO
GyHKUMI (peryJsiiys CUTHAIBHBIX ITyTeH, aKTHBHOCTH ()epMEHTOB, TPAHCIIOP-
Ta MOHOB U Jip.) [Smirnova, Oktyabrsky, 2005]. Lluctenn — 3T0 cepocoepka-
Imasi aMMHOKHUCIIOTa, TIO3TOMY €ro OMOCHHTE3 3aBUCHUT OT HAJIWYHS U UCTOYHU-
Ka Cepbl, poJIb KOTOPOrO B MHHHMAJIBHOW Cpelie MrpaeT cyiab(ar. YpoBeHb
[NIyTaTHOHA, B CBOIO OYEPE/b, 3aBUCUT OT KOHILEHTPALUH IIUCTEHHA, MTOCKOIb-
Ky LOUCTEHH SBIACTCS JTUMHUTHPYIOIINM KOMITOHEHTOM TpHu ero cuarese. Lle-
JBIO JTAaHHOM paOOTHI SIBISUIOCH M3ydYEHHE W3MECHCHUI YPOBHEH LUCTEHHA M
[JIyTaTHOHA IIPHU KyJbTHBHpoBaHuH E. COli B ycrnoBusix ronomanus no cyisdary.

O6bekroM uccrenoBanus cmyxmn mramm E. coli BW25113 u3 kosmek-
mun  Keio. bakrtepum  BhIpamuBaJii  Ha MUHHUMalbHOW cpene M9
(NaHPO4-12 H20 — 15,13 v/, KH2PO4— 3 /1, NH4Cl1 — 1 1/, NaCl — 0,5 1/,
MgS0O4-7 H2O — 0,246 /i1, CaClo— 0,011 1/n) ¢ riroko3oii (0,2 %). Ipu roso-
nmaann 1o cynbhaty MgSOs B cpene M9 3amensiin Ha MgCl, (0,203 1/m). Hou-
HYIO KyJIBTYpY, BBIPAIEHHYIO Ha cpene ¢ cynbgaroM, pazdasmaan B 100 mi
cpexpl 6e3 cyabdara 1o HayaapHOU ODgoo 0koio 0,2 1 KynpTHBHpOBAIH B 250-
MJI Kosbax Ha TepMmocTaTupyeMoM Ierikepe (37 °C, 150 06/mun). OT60p mpod
st onpenenenuss GSH u nucrenna npousBoquim Kaxasie 30 MUH ¢ MOMEHTA
IepeHoca KyJIbTyphl B cpelly 0e3 cynbdaTa. Y aenbHyo cKopoCTh pocTa KIETOK
BeIYMCIsU 110 opmyne: i = AlnODgoo/At. TiryTaTHOH N3MEPSIIIM BBICOKOUYB-
CTBHUTENBHBIM CHEKTPO(POTOMETPHUCCKIM IUKIMIECKUM METOJIOM, HCIIONB3YS
pearent gurtnonutpodenzoar (DTNB) u rimyrarnonpenykrasy [Tietze, 1969].
Hucrenn onpenensim mo meroxy Gaitonde [Gaitonde, 1967].

ITocne mepeHoca KynbTypsl B cpely 0e3 cyibhaTa KIETKH MpOoI0KaIN
MOIJIEPXKUBATH POCT B TedeHne 60 MUH, MOCIe YeTO yAeIbHass CKOPOCTh POCTa
HayMHAJla CHIDKAThCS M JOCTHTraja HYJEBBIX 3Ha4eHWH depe3 120 MuH, 4TO
CBUJIETENILCTBYET 00 MCUYEPIIAHNH CIIEJI0BBIX KOJIMYECTB cyibdara. Bpems npe-
KpamieHusi pocta KyJabTypsl (60 MHH) OBUIO MPHUHSATO 32 HAYAIO TOJOMAHUS.
UYepes 90 MuH mocie Havyaiga roJOJaHUS B CPELy BHOCHIIM MCTOYHHMK CEpBI B
Buze 15 uM mmcriaa wim 1 MM NaxSOs. [Tociie BHECeHHS HCTOYHUKA CYIb(a-
Ta B cpely HaOIr0a10ch BO30OHOBICHHE PocTa KylIbTypsl. [Ipu 3TOM B citydae
IUCTHUHA PE3KUH MOJBEM CKOPOCTH POCTa B TeUEHHE MEPBEIX 60 MHUH MOCIE ero
J00aBIICHNS] CMEHSUICS 3aMEJICHUEM POCTA.

Yposenb BHyTpuKiIeTouHoro nucrerHa (Cysin) B MOMEHT Havaia rojioja-
Hus coctaBmsul 0,117+0,008 pM/ODsoo. Yepes 30 MuH rosiogaHus KOHIIEHTpa-
nus Cysin CHIDKazach B 1,5 pasa, mocie 4ero noAnep:KuBanach Ha MOCTOSSHHOM
ypoBHe. BHecenmne B cpemy KyJIbTHBHPOBAaHUS IUCTHHA (OKHCIEHHas Qopma
LCTEHHA) BBI3BIBAIO PE3KUIl MOABEM BHYTPUKIETOUHOTO IMCTEHHA JIO KOH-
HeHTpanuii B 2 pa3a  TPEBHIIAIOIIAX €0  HAYaJdbHBIA  YPOBEHb
(0,22040,014 uM/ODsoo). TIpn mobaBieHnyu B cpeny cyibdara HaTpHs HaOIIO-
JIaJIoch MeHee BeIpaxkeHHOe noBbieHne Cysin, 10 0,179+0,005 tM/ODsoo. ITo-
BoimieHne Cysin B OTBET Ha JOOABICHNHE UCTOYHHKA CEPbl MMETIO0 OOpaTHMBIH
xapaxtep. Uepe3 60 MuH 1ociie 106aBIeHNS CyiIb(aTa KOHIICHTPAIUSI BHYTPHU-
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KJICTOYHOTO IIMCTEMHA CHIDKAJIACh M BBIXOAMJIA HAa YPOBEHb, XapaKTEPHBIH IS
HOPMAJIBHBIX YCIIOBHH pocTa Ha cyib(atHOH cpene MO.

YpoBenb BHyTpukierouHoro riyratuoHa (GSHin) Takke cHuKanucs Ha
MPOTSHKEHUN KyJIbTUBHPOBAHUS B YCIOBHUSIX HcUepnanus cynbdara. Ha Hauams-
HBIX 3Tamnax rosojanus ypoBeHb GSHi, coctaBmsn 0,651+0,217 uM/ODsgoo. K
MOMCHTY BHECCHHs UCTOYHHKOB Cylb(aTa KOHIICHTpALWs TIyTaTHOHA JTOCTH-
raja MOYTH HyJeBbIX 3HadeHuil. JloOaBnenue muctuHa miun NaxSOs croco0-
CTBOBAJIO OBICTPOMY yBenmueHHI0 KomndectBa GSH B kieTkax, 0THOBPEMEHHO
C TOABEMOM YPOBHS LUCTEMHA W YBEIHYCHHEM CKOpPOCTH pocTa. [Ipm stom
BHECCHUE IMCTHHA BBI3BIBAIIO Ooliee peskoe noBbinieHrue GSHin, uem cynbdar.
UYepes 30 MUH KOHILICHTpALUS TIIyTaTHOHA MOJHUMANach 10 YPOBHSA, B 4 pasa,
MIPEBBIIIAIONICTO HAYadbHBIM (IO HACTYIUICHHS TOJOJAHWSA), M COCTaBILIA
8,65+0,90 uM/ODgoo. B manpHeiimeM KOHICHTpAIHsI TITyTaTHOHA BO3BpaIla-
Jack K UCX0gHOMY ypoBHIO. [lo6aBnenne Na>SO4 BbI3bIBaNO Oojiee MeIICHHOE,
4yeM IIpU LUCTUHE, YBEIMUEHUE KOHLEHTpauuu rytatuona. Yepes 30 MuH Ko-
JIUYECTBO TAyTaTHOHA Bo3pacTtayio o 5,40+0,04 pM/ODsoo, B TabHEHTIIEM €r0
ypoBeHb NoBblmIazncs eme Ha 13 %. bonee peskuil moabeM BHYTPUKIETOUHOM
KOHIIEHTPAllUU LUCTEMHA M TIyTaTHOHA NMpH J00aBICHUM NIHUCTHHA, YeM IPH
BHeceHUM NaxSO4, CBUIETENBCTBYIOT O INPEANOYTUTENLHOM HCIOIb30BAHUU
TpaHCIIOpTa IIMCTHHA B OTIMYHE OT OMOCHHTE3a IHCTenHa U3 cynbdaTa. OnHa-
KO IPY UMIIOPTE LUCTHHA BO3HUKAET OOJIBIIONW M30BITOK BHYTPHKIETOYHOTO
IIICTEHHA, CIEICTBHEM UYEro SBISACTCA HETraTHBHOE BO3JCHCTBHE Ha MeTabo-
JM3M ¥ IBYKpPaTHOE 3aMe/JICHNE pocTa OaKTepHii 1Mo CpaBHEHHIO ¢ TO0OABICHNU-
eM cyibdara.

Taxum o0Opa3om, ronogaHue Mo Cyiab(paTy MPUBOAUT K 3HAUYHTEILHOMY
CHIDKCHHIO KOHIIGHTPAIMil MCTeNHA W TIyTaTHOHA B KJIETKaX, a J00aBiIeHNe
HCTOYHHUKOB CEpPHI COTPOBOXKIACTCS HAPYIICHHEM T'OMEO0CTa3a UCTEHHA, KOTO-
poe CHJIbHEE BBIPAXKEHO B CiIyYae MUCTHHA, YeM Cylb(ara.

Hccneoosanue svinonneno sa cuem epanma Poccutickozo nayunozo @omu-
oa Ne 22-14-00093.
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HCCJEJOBAHUE BUOTEXHOJOI'MYECKHA
BAJKHBIX CTPYKTYPHbBIX U ®U3UKO-XUMUUYECKUX
MPEBPAILEHUI B KJIETKAX BAKTEPHIA:
MOJIEKYJISIPHO-CIIEKTPOCKOITMYECKHUE MMOAXO/IbI

A. A. KamueB

WHcTuTyT 6HOXUMIHU U (HU3HOTIOTHH PACTEHUH U MHKPOOPTaHU3MOB — 000COOICHHOE
ctpykrypHoe nonapasnenenune GUILL «CapaToBckuit HayuHslii nentp PAH»
Caparos, a.a.kamnev(@mail.ru; aakamnev(@ibppm.ru

BBuay mumpoxoro UCHoiIb30BaHUS MUKPOOHBIX MPENapaToB B Pa3IUIHBIX
00acTsIX OMOTEXHOJIOTHH (B YaCTHOCTH, B COCTaBe OMOymoOpeHnii B arpobuo-
TEXHOJIOTHH; JUISl OCYILECTBIICHUSI OMOpeMennanuu U (pUTopeMenuanny 3a-
IPSA3HEHHBIX MOYB U BOJOEMOB; B MEIUIIMHCKUX W THIIEBBIX TEXHOJOTUSAX U
IIPOY.) BaKHBIM aCIIEKTOM SIBIISICTCS UX COXPAHHOCTH MPH XPAHEHHUHU (B OCHOB-
HOM B CyXOM WJIM 3aMOPOXEHHOM COCTOSTHHM). [IJIs1 KOHTPOJIS COXPAaHHOCTH U
BBISICHEHHS] BOSMOXKHBIX IPHUYHMH €€ CHI)KCHUS € IIEJBI0 ONTUMU3AINH YCIOBHN
XpaHEeHUs] HEOOXOJMM aHallM3 COCTaBa MHKPOOHOM KJIETOYHOW OMOMacchl Ha
MOJICKYIISIPHOM YPOBHE W MOHHUTOPHHT €r0 M3MEHCHHH IN VIVO (B uBO# OHO-
Macce), 4To SBJIAETCS HETPUBHAIBHOM 3amaueil. s e€ ocymiecTBICHUS B
HayYHBIX MCCIICJOBAHUSX, NOCBSIIEHHBIX MHUKPOOHOWH OMOTEXHOJIOTHH, B II0-
CleHUe AeCATHICTUS BCE OoJIblIee MPUMEHEHHE MOTYIUIH COBPEMEHHBIE Me-
TOJIBI MOJICKYJISIPHON CIIEKTPOCKOTHHU. B HacTosImeM mokiage OyayT paccMoT-
PEHBl TPUMEpBl  HCIIOJB30BaHUS MEccOAyIpPOBCKOW  (AnepHOH Tramma-
pesonancHoit, SI'P) cnexTpockonuu st KOHTPOJIsI peJOKC-TIPEBpaIIeHUH Kiie-
TouHoro xeneza [Kamues, Tyraposa, 2021], oqHOr0o M3 BaXHEUIIHMX MHKPO-
3JIEMEHTOB, B MPOLECCaX €ro aCCHMWIAIHMU Pa3IMYHBIMH BUIAMU OaKTEpHi,
MMEIOIINX CYIIECTBEHHBIH arpoOMOTEXHOIOTHYECKUI MOTEHIMAI, U TIPH HPH-
TOTOBJICHHH BBICYIICHHBIX ITpenaparoB kieTouHbIx Omomacc [Diffuse reflec-
tance ..., 2020]. KonTpoas 6HOMakpOMOIEKYISIPHOTO COCTAaBA M CTPYKTYPHBIX
0COOECHHOCTEH KJICTOUHBIX KOMIIOHEHTOB TIPH 3TOM MOKET OBITH OCYIIECTBIEH
¢ momouiplo MHppakpacHoi ¢ypee-cnekrpockonun (MKDC)— oxHoro us
HauboJee MIMPOKO HCIONB3YeMbIX COBPEMEHHBIX HHCTPYMEHTAIBHBIX METO-
JIOB, 9TO O0YCIIOBIICHO €0 BHICOKOH MH(OPMATHBHOCTHIO, TYBCTBUTEIFHOCTHIO
1 OTHOCHUTEIBHOM mHpocToTOM mnpoBeaeHuss uzmepenuil [Kamues, Tyraposa,
2023; Fourier transform ... , 2023].

Paboma noooepocana Poccutickum nayunvim ¢ponoom (epanm Ne 24-26-
00209).
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Diffuse reflectance infrared Fourier transform (DRIFT) and Mdssbauer spectroscopic study of
Azospirillum brasilense Sp7: Evidence for intracellular iron(IT) oxidation in bacterial biomass upon
lyophilisation / A. A. Kamnev, A. V. Tugarova, A. G. Shchelochkov [et al.] // Spectrochimica Acta
Part A: Molecular and Biomolecular Spectroscopy. 2020. Vol. 229. Art. 117970.

Fourier transform infrared (FTIR) spectroscopic study of biofilms formed by the rhizobacte-
rium Azospirillum baldaniorum Sp245: Aspects of methodology and matrix composition /
A. A. Kamneyv, Yu. A. Dyatlova, O. A. Kenzhegulov [et al.] // Molecules. 2023. Vol. 28. Art. 1949.

IMPOU3BOJHBIE IATUYJEHHBIX O- U N-I'ETEPOLIUKJIOB
JIJISI TIOJTABJIEHUAA TPUBKOBOM MUKPO®JIOPHI
HA PA3JIMYHBIX IOBEPXHOCTSAX

C. B. Koabimxuna', 1. A. Hosuuuxuna', E. 1O. Tpusna',
C. A. JIucosckas?®, A. M. Xagudpaxmanosa', JI. 3. Jlarbimosa’,
A. P. Kyp6anraauesa', A. P. Kajomos'
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Bo3snelicTBre miieceHn B 3AaHUSAX NPU3HAHO MaryOHBIM (aKTOPOM pa3BH-
TUSI CUMIITOMATUYECKUX aJUIEPrUi U pecupaTOPHBIX 3a00/IeBaHUM, TAKUX KaK
actMa. Cpenn TpuOOB HEKOTOPHIE BHIBI, HAIIPUMEpP, MEITaHU3UPOBAHHBIE dYep-
HbIE I'PUOBI, MOT'YT OKa3bIBaTh HETaTUBHOE BO3JICHCTBHE HA 3/10POBbE YEITOBEKA
4yepe3 KOHTAKT ¢ Koskeil. [ToBblleHHast BIaKHOCTh B TIOMELIEHUH B COUETaHUU
C HCHOJIb30BAHUEM CTPOUTCIBHBIX MAaTCcpruajioB Ha OMOJIOTHYECKOM OCHOBE
MOYET JIETKO CITOCOOCTBOBATH POCTY INIECEHH M PAacIpPOCTPAHEHHIO WX CIIOP B
nomemeHny. Hanbonee pacpocTpaHEHHbIE IUIECHEBBIE TPHOBI, BCTPEUAIOIINE-
Csl Ha MOBEPXHOCTSX, @ B YACTHOCTH HA CTPOUTEIBbHBIX MaTe€pUanax, OTHOCATCA
k pomgam Aspergillus, Fusarium, Penicillium, Alternaria, Cladosporium, Mucor
u Stachybotrys. 3acensromas 3epHo rpubKoBast maToreHHast (hopa CyIeCTBEHHO
BJIMSIET HA €r0 CEMEHHbIE, TEXHOJIOTUYECKUE M CAHUTAPHO-TUTHEHMYECKUE CBOM-
cTBa. IInecHeBeHUE CeMSH SIBIISETCS CEPhE3HON MPOOIEMON ISl IKOHOMUKH, MO-
CKOJIBKY OHO MOXET IPUBOAUTH K CHUKCHHIO Ka4€CTBa 3€pHA U ypO)KaI‘/'IHOCTI/I.

Iempto paboTHI ABIAETCS OLEHKA Y(PPEKTUBHOCTH PA3IHYHBIX IPOU3BOI-
HbIX O- 1 N-reTepounuKiIoB B IpeJoTBpalieHHH TPUOKOBOro oOpacTaHus pac-
TEHUI, CeMSH U NOMELICHUN JJIS UX XPAHCHUS.

VccnenoBanHbIE COSNMHEHUS TPENCTABISIOT COOOW TajoreH-, cepo- u
a3oTcozepKalie 1pousBoanble 2(5H)-QpypaHOHOBOTO psifia PasHOTO CTPYK-
TYPHOTO THIIA — 3TO THOI()HPHI, CYIb(OHBI, CyabpoKcuabl, 1,2,3-Tpra3oisl u
KOHACHCUPOBAHHLIC 6I/IHI/IKJ'II/I‘-IGCKI/IC COCAMHECHHNA, HCCYLIHC HeHaCLIHIeHHBIfI
Y-aKTOHHBIA (parmeHT. [IponsBonHble (ypaHOHA IPOSBIAIOT PATUIHYIO
OMOJIOTMYECKYI0 aKTMBHOCTh, TaKyl0 KaKk aHTHOAaKTepHaibHas, MPOTUBOIPHO-
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KOBasi, IPOTUBOBUPYCHAsSI, U, TAKAUM 00pa3oM, MOTYT HCIIOIb30BATHCSA B Kaue-
CTBE BEYILETO CPeICTBA B (hapMaKOJIOTHH.

B pabote uccnenoBanu MpoTUBOTPUOKOBYIO aKTMBHOCTH 250 mpousBoj-
HBIX (pypaHOHA, CHHTE3UPOBAHHBIX COTPYIHHUKAMH JabopaTopun OMO(yHKIH-
OHAJILHOW XUMHUU XUMHUYeCKOro HHCTUTYTa KDV, B OTHOIIEHNH MHUKPOMHUIIE-
TOB-KOJIOHM3aTOPOB MOBepxHOcTeit Takux kak Aspergillus niger, Fusarium
solani, Penicillium funiculosum, Mucor u Alternaria alternata. B pesymnbsrate
66110 0TOOpaHO 35 coenMHEHNH, TTOKA3aBIINX HANOONBIIYI0 aKTHBHOCTD B OT-
HOIICHUH UCCIIEAYEMBIX MUKPOMHUIIETOB.

Ha cnenyromem stane Obula NPOBEJICHA OLEHKA ILMTOTOKCHYHOCTH CO-
ennHeHuil. HanmMeHbmuii muToToKCHuecKuil ekt mokazanu 6 BemecTB, Ko-
TOpBIE IPEACTABIAIOT MHTEPEC B KAueCTBE ITOTEHLIHUATIBHBIX (DYHTUIMIHBIX
TIperapaToB.

Jlanee BBINONHANOCH OIpeAencHne (PUTOTOKCHYHOCTH BEILIECTB HA IIIIe-
HHUIE IBYX copToB. CemMeHa BHIpaliBaiN Ha (HUILTPOBANBHON Oymare, cMo-
YEHHOW pacTBOPOM HCCIIEyeMbIX COCIUHEHUH B KOHIEeHTpauuu 4, 16 u
64 Mrx/mit. Beuio ycranoBiieHo, uto coenuHeHus P87 m A42 npu KoHIEHTpa-
UM 16 MKT/MII He HHTHOHPYIOT BCXOKECTh POCTKOB, U MOJABIISIOT IPUOKOBYIO
¢dropy nipu npopactanun. Coeauaenne F199 He oka3biBaio TOKCHYHOTO JIeH-
CTBHS JUISl PACTEHUI, YTO MPOSBISIOCH B BUJE JUIMHHBIX POCTKOB.

CoenuHeHys, MokaszaBluve (YHTHLIUAHYIO aKTHBHOCTb, ObUIM OTOOpPAHEI
JUIS OIIEHKH BO3MOXKHOTO CHHEPTeTHYECKOTO ACHCTBHA C PETYSPHBIMH (YH-
rUIHIaMH. B kadecTBe MOAenbHOrO (yHTHIIMIA OBLUT MCTIONIB30BAH (IIyKOHA-
3011, TaK KaK COCJJMHEHUS a30JIbHOTO psiJia YaCTO UCTIONB3YIOTCS JUlsi 00paboTKH
pacTeHHH U CeMsH, a TaK)Ke CTPOUTEIbHBIX MaTepHaloB. DKCIEPHUMEHT MOKa-
3aJ, 9TO B MPHUCYTCTBHUH HEKOTOPBIX MPOM3BOJHBIX (hypaHOHA KOHIICHTPAIIH
¢urykoHa301a, HEOOXOIUMast ISl TIOJIABJICHHUSI POCTa TPHOKOB, MOXKET 3HAUYM-
TenbHO CHWXaThesi. Hampumep, B otHomenun Aspergillus niger aust coenune-
Hus A4] MUHUMaJbHAs MOPOroBas KOHIEHTPALUS (PIyKOHA30J1a CHUXKACTCS B
64 paza, a s rereporukia F199 — B 32 paza. Taxke pe3ynbTaTsl B OTHOIIE-
auu Fusarium solani mis coequnenuit A4l, A42, A43, F74, F75, F199, F215 u
F217 nokaszanu, 4To MHHHUMAlbHAs MOPOroBas KOHIEHTpalus (IIyKoHa30Ia
cHmxkaetcst 6onee uem B 1000 pas.

Takum obpazom, uccnenyemsie npousBoansie O- u N-rereponukiioB no-
Ka3aJId TePCIIEeKTHBHBIC PE3yJbTaThl ISl TMOAABICHUS IUIECHEBBIX TPHUOOB.
Kpome TOro, oHH MOTyT OBITh HCIOIB30BAHBI KaK BO3MOXKHBIE CTUMYJISTOPEI
AHTUMHUKPOOHOTO 3 PeKTa HApAy ¢ KIACCHIECKUMH (pyHTHINIaMH.

Paboma evinonnena npu gunarcosoii noodepoicke Poccuiickozo nayunozo
¢onoa (npoexm Ne 23-73-10182)
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ApOyckynsipHas mukopuza (AM) sIBIsSIeTCS IIMPOKO PACIPOCTPAHEHHBIM
cuMOH030M, (OPMUPYEMBIM OOJBIIMHCTBOM Ha3eMHBIX PAcTeHUH ¢ TpudaMu
nogotaena Glomeromycotina. IIpoGiemoii B u3ydyennn AM-rpuboB siBIsieTCS
TPYIHOCTh UX WACHTU(HUKAIMHM, B TOM YHCJIe TeHeTHuecKoil. Psa BugoB AM
rpuOOB CIOXKHO pa3nuiuM 1o Mopdosoruu. B To xe Bpems Bompoc Oapkoma
JUTS TeHEeTHYeCcKol uaeHTnuKanna AM rpuboB 10 CHX MOP OCTAaeTCs TUCKYC-
cuoHHbIM. Hanbonee dacTo ucnosibp3yembIM Uit uaeHTudukauu AM rpubos
MapkepHbIM pernoHoM saBisiercss SSU-ITS1-5.8SrRNA-ITS2-LSU. Ero minHa
cocrasnser 6onee 2000 mH, 9To He AaeT 3(P(HEeKTUBHO ero MCCIeNoBaThH C II0-
momipio [llumina MiSeq [Perspectives of using ... , 2020]. [llumina MiSeq cuu-
TaeTCsl B HACTOsIIIEE BpeMsl Hanboee yI00HbIM, ICIICBBIM U HH)OPMATUBHBIM
METOJIOM HpH UISHTH(UKAINY MUKPOOPraHU3MOB U3 mo4Bbl. [t Moauduka-
IIUF METOJIa MBI TIpeJiIaraeM HCIIOIb30BaTh CMECh YHUBEPCATBHBIX MTpaiitMepoB
Ha HECKOJIBKO YYacCTKOB 3TOI'0 PETHOHA B OJHOM CCKBCHHUPOBAHUH, YTOOBI ITO-
Jy4aTh JAaHHBIC JUIS UJICHTH(UKAIMKY KaKk Ha YPOBHE pOJa, TaK U BUja. B To xe
BpeMs Oyymiee 3a METOAaMH MO3BOJIIONIMMHI CEKBEHHPOBATh Cpaszy BECh MC-
CIIEyeMbI PerHOH B OJHOM IpouTeHHH. Emie omHON TpoOieMol sBiseTcs
HEIOCTATOYHOCTh HAmNONHeHHs 0a3bl maHHbIX AM rpuboB. AMF species list
http://www.amf-phylogeny.com/ HacUuTBIBaeT B HacTosIIee Bpems 355 BUIOB
AM rpuboB (c omucanueM MOp(hOJIOTHN), 3Ta H(Pa, BEPOSITHO, B pa3bl MEHb-
Ie peasbHOro yrcia BUA0B AM rpu6os. [To 6a3am HaHHBIX TCHETHYECKHX I10-
cienoBarenabHocTel (Hanpumep, NCBI) xe uszBectno menee 200 BumoB. D10
MIPUBOJINUT K BBIABIICHUIO BUPTYAJIBHBIX TaKCOHOB AM rpuboB. CymecTByeT 0a-
3a BUPTYaIbHBIX TakCOHOB AM rpu6oB — MAARJAM [The online database ... ,
2010], ucronp3oBaHHE KOTOPOU HE IPPEKTUBHO, TIOCKOIBKY OMpPEACICHUE 10
poda He SBISETCA JOCTaTOYHBIM, HEOOXOAMMO OmpeneneHue 10 Bunaa. llpu
sToM oxono 20-30 % mocnenoBarensHocTe AM rprn6oB B 6aze NCBI nmeror
OIMO0YHYI0 MOP(HOJIOTHYECKYI0 HIAeHTH(UKAINIO. MBI, UCTIOIB3YsS OTHUIb-
TpoBaHHbIe Ha omKOKkK naHHele NCBI co3znaem cBoro 06a3y nocienoBaTesibHO-
cteit. st oTceBa OMMOOK aHATM3HPYETCS KaK aBTOPCTBO, TOJl CEKBCHHPOBA-
HUS, TaK W PyYHOI aHATW3 BBHIPAaBHUBAHUSA, (HIIOTCHETHUYSCKHH aHanmn3. Bce
COMHUTEJBHBIC TTOCIIEIOBATEIFHOCTH OTBepratorcs. Hama 6a3a coaepxuT uH-
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¢dopmaruro o 33 pogam u 176 Bungam AM rpubOB B HacTosIee BpeMs. DTO
OyZeT crocoOCTBOBAaTh TOYHOHM HIEHTH(UKAIMK TpuboB AM, B TOM dmcIie
KoJuleKIMi rpuboB. B Hactosimee Bpemsi kosutekius AM rpubo GI'BHY
BHUNCXM nacuutbiBaet cBbiiie 200 mTaMMOB, 4acTh M3 KOTOPBIX MOKa HE
ompeneneHa 10 Bupa. OTOOp MTaMMOB TPOM3BEACH B PA3IMYHBIX 00JACTAX
eBporeiickoil yactu Poccuu, 3HaunTenbpHAs yacTh coOpaHa Ha KaBkasze [The
biodiversity of ... , 2024]. Takxe 4acTh IITAMMOB COOpaHa B IOE3/KE B TOp-
He1id Anrtait B 2021 r. PaboTa mo pacmmpennto xoiutekimu AM rpuboB u ee
HACHTH(UKAIIS TPOIOIDKACTCS.

Hccnedosanusi 6vinonHenvl ¢ uUcnonvb3osanuem 000pyO008aHUs YeHmpa
KOJIEKMUBHO2O NONb308AHUSL HAYUHBIM 000pYO08anuem «I enoMHble MexXHOa0-
euu, npomeomura u kremounas ouonoeus» OI'EHY BHUUCXM. Paboma 6vi-
noanena npu noooepoicke epanma PH® 22-16-00064.

Jlutepatypa
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Vol. 24, N 2. P. 158-167.
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Esxeronno 3a0o0neBaHMsl pacTeHUH NPHUBOIAT K 3HAUUTENBHBIM IOTEPAM
ypOXKasi OCHOBHBIX CEJIbCKOXO3SHCTBEHHBIX KYJbTYp IO Bcemy mupy. boiee
TIOJIOBHHBI U3 ATUX 3a00JieBaHUI 00YCIIOBIEHBI JAEHCTBUEM (DUTONATOTCHHBIX
rpuboB. Mcnonp3oBanue i 60pbOBI ¢ HUMH XUMUYECKUX (YHTHIMIOB YacTo
okasbiBaeTcsl HeA(P(EKTUBHBIM C 3KOHOMUYECKOH TOYKH 3pEHHS U BPEIHBIM
JUISL OKPYXKAIOIeH cpelbl, B TOM 4YWCIIe ISl 3[0pPOBbsl UelioBeKa. B cBsizu ¢
9TUM Bce OOJbIlle BHIMAHUS yJenseTcs pa3paboTke U HCIOIb30BAHUIO KOJIO-
THYECKH 0E30TTaCHBIX METO/IOB 3aIUTHl PACTCHHH.

Ha ceropnsmHuii 1eHb CyIIECTBYIOT JiBa OCHOBHBIX IO/XO0/a K 3KOJIOTH-
4ecKH 0e30MacHOMY KOHTPOJIIO (PUTONATOr€HOB: OHOJIOrnYecKre GyHIHIUIbI 1
YCTOWYMBEBIE TEHETHYECKH MOTU(PHUINPOBAHHBIE copTa pacTeHnid. OxHako 6e3-
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onacHoCTh U 3(P(EKTUBHOCTH MOCIHSTHUX O CHX IOpP SIBISIETCS IMPEJAMETOM
JIACKYCCHI B CBSI3M C HEJIOCTATOYHOW H3YYEHHOCTHIO. B cBOIO Ouepesn, GHO-
npenapaTbl HA OCHOBE MHUKPOOPTAHU3MOB JIJIsl 3alIUTHI PACTCHUM HMEET J0JI-
I'YIO HCTOPHIO ¥ 3HAUUTENbHBINH HOTEHIIMAI, & BOIPOC O 0€30MaCHOCTH peliaeT-
Csl MHIMBUIYaJIbHO B PAMKaX COOTBETCTBYIOIIUX UCIIBITAHHUI.

HawuGoJsiee N3BECTHBIMU M 9aCTO BKJIFOYAEMBIMU B COCTAB OMO(YHTUIHMIOB
SIBJISIFOTCS CIIOPOOOPA3YIOIIHE TPAMITONOKUTEIbHbIE (DAaKYIETATHBHO a3pOOHbIE
nanoukoBuaHble Oaktepun Bacillus subtilis, orHocsmumecst x puzochepHbIM,
SHIO(UTHBIM U SNU(PUTHBIM OakTepusM. Takum 00pa3oM, MX MIMPOKAas pac-
MPOCTPAHEHHOCTh B PA3JIMYHBIX OMOTOIAX M BBICOKAsl CTCMCHb aAlITUBHOCTH
CIIOp K HEONArompHUsITHBIM YCIOBHSAM OKPYXKAIOIIEH CpPelibl MO3BOISIET IIPUME-
HSITh MX B Pa3IUYHBIX arPOIKOCHCTEMAX.

HNMeHHO mupoxuii Habop OMONIOTUYECKH aKTUBHBIX META0OIUTOB AaHHBIX
Oaxrepuii obecnieunBaeT 3(h(HEKTHBHBIA M MTPOJIOHTMPOBAHHBIA KOHTPOJIb YHC-
JICHHOCTH TATOr€HOB, MMOCKOJIBKY OHH OTHOCSTCS K Pa3HbIM KIIAcCaM, UMEIOT
pa3IMYHOE CTPOCHHUE U MEXAHU3MBbI JICHCTBHSI, YTO CHIDKAET BEPOSTHOCTH pas-
BUTHUSI YCTOHYMBOCTH y MATOICHOB M OOECIICUYUBACT JOJITOBPEMEHHYIO 3aIUTY
pacrenuii [CmupHOBa, AcatypoBa, Xomsk, 2018].

Takum 006pa3oM, EPCIEKTUBHON IKOIOTHYECKH Oe30MaCHOM aIbTepHAaTH-
BOU CHHTETHYECKUX (PYHIHIMIOB SIBISETCS CO3JaHie OUOMPENapaToB Ha OCHO-
BE aKTHBHBIX METa0OJIMTOB M JKMUBBIX KICTOK Oakrtepmii B. subtilis Hematoren-
HBIX JiIs yenoBeka. [locieHee CBOWCTBO OCOOCHHO BaKHO B OTHOIICHUH JH-
JTOGUTHBIX OAKTEpHil B CBSI3U C UX CIIOCOOHOCTHIO MOMAaTh B OPraHU3M Yesio-
BeKa dYepe3 HepapUHUPOBAHHBIC PACTHUTEIBHBIC IHIIEBBIC MPOAYKTHI. I[lep-
CIEKTHBHBIM B JIAHHOM HAITPABJICHUU SIBISIETCS HEMATOTCHHBIN JUIS YeoBeKa
mramm Bacillus subtilis 3H ¢ u3BecTHbIM KIMHHYECKH JOKAa3aHHBIM MPOOHO-
trdeckuM aeiictBueM [Ilat. Ne 2067616C1, 1996].

Lens — u3ydyenne GpyHrunuaHOM aktuBHOCTH mtamMma B. subtilis 3H u ero
METa0OJIUTOB.

MarepuaJibl 4 MeTObl. MaTepuaaoM st HCCIIE0BAHMS CIYKUITH Pa3-
JIMYHBIC KOHIIEHTPALMU CYCIICH3UH KJIETOK M OECKICTOUHOr0 yabTpaduibTpaTa
merabosnuToB mramMma B. subtilis 3H. B kadectBe sTanona ucnonb3oBanu 6ak-
TepHanbHYI0 cycreHsuro mramma B. subtilis 26]] B pasmudHbIX KOHIEHTpAIIU-
ax. Jlusi uccieioBaHus aHTarOHMCTHYECKUX CBOWCTB MCIIOJB30BAIMCH TECT-
KyJIBTYpbl (puTonmaroreHHbix rpubos Fusarium culmorum, Helminthosporium
sativum, Fusarium spp. u3 coGCTBEHHOMN KOJLIEKIIHH.

DOYHIUIUIHYI0 aKTHBHOCTH B OTHOIIEHHH TECT-KYJIBTYp MPOBOIHIM iN
Vitro ma kaprodenpao-rioko3Hom arape (KI'A) muddys3HbIM METOIOM OTCPO-
YEHHOTO aHTaroHm3ma (MetoJ| «IyHok»). st atoro 0,1 mi ucciemxyemoro 06-
pasua Momellany B JIyHKY B LieHTpe damku Iletpu co cpenoii, copeprkauiei
TeCT-KyIbTypy. Uepe3 3—5 cyT. nHKyOamum Ipu KOMHATHOW TeMIlepaType u3-
MepsUTH BEJIMYMHY 30HBI YTHETEHHs POCTa TecT-ITamMMoB. Jlisi kaxaoro o0-
pasiia IPOBOMIN UCIBITAHHE B TPEX MOBTOPAX C MOJACYETOM CpEIHEN BeIUvH-
HBI 30HBI YTHETEHHSI ISl BHIBOJIA Pe3yIbTaToB. KOHTpOIEM pOCTa TeCT-KYIbTYp
CIY)KHJIO X TapaijieibHOe BhIPAlIMBaHUE 0€3 HCCIelyeMbIX 00pasIoB.
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PesyabTaThl. CoriacHo MOMYYSHHBIM pe3yibrataM (Tadi.) oba mramma
B. subtilis mposiBuiM aHTarOHUCTHYECKYI0 AKTHBHOCTh B OTHOILICHHH TECT-
KyJBTYp BO Bcex pasBeneHusx. [Ipumuém mramm B. subtilis 3H nposiBun 6011b-
Iy GYHTHIHUAHYIO aKTHBHOCTH MO OTHOIIeHHIo K F. culmorum u Fusarium
SPP. IO CPaBHEHHIO C STAJIOHOM BO BCEX pa3BeleHUAX. B orHomennu H.
sativum rauboJblIyi0 QYyHIUIHMIHYI0 aKTUBHOCTh TPOsBH mtamm B. subtilis
3H B HamMeHbIne#l xoHmeHTpanuu (pazseaenue 1:1000). beckneTounsiit yib-
tpadunabTpar Metabomuros B. subtilis 3H nposBuil aHTArOHHUCTHYECKYIO aK-
THUBHOCTh HIDKE II0 CPaBHCHUIO C MCXOAHOH OaKTepHalbHOH CycHeH3Heil
TaMMa B OTHOILLEHUM BCeX TeCT-KyJbTyp. Hammenbume pazsenenus (1:10)
GaKTepHANTBHOW CYCIIEH3UH 3TaTOHHOTO mramma B. subtilis 261 u Geckerou-
Horo yisTpadmibTpara Meraboiautos B. subtilis 3H mposiBuau paBHOICHHYO
AHTArOHUCTHYECKYIO aKTHBHOCTB B oTHoweHuu F. culmorum u Fusarium spp.,
HO JIOCTOBEPHO OTJIMYAIIKCH IIPU JajbHEHIIEeM CHIKEHUH KOHLeHTpauuu. O0-
paser; GeckieTouHOro yibrpaduibtpara Meradoauros B. subtilis 3H Taxke
oSBT (HYHIHIMAHYIO aKTHBHOCTb B OTHOLICHHY TeCT-KyIbTypbl H. sativum,
OJJHAKO OHa OblTa HAMMEHbLICH cpear BceX 00pasLoB.
Tabsiuna
Pe3ynbTaThl OLEHKH aHTAarOHUCTHYECKON aKTUBHOCTH N VItro qud¢y3HbIM METOIOM JIYHOK
o6pasnos mrammoB B. subtilis k tect-kynbTypam ¢uronaroreHon

3ona yruerenus pocra, MM (M+m)
Becknerounsrit
TecT-kymbTypa B. subtilis 3H yJIBL.TSpuat()iziIﬁ]sL;%aT B. subtilis 261
110 | 100 | F19 1 1o | 1100 | MO0 | 10 | 1100 | 1100
0 0 0
Fusarium 40,5+ | 43,0+ | 34,5+ |24,0£| 13,5 | 16,5+ | 24,0+ | 23,0+ | 24,0+
culmorum 10,5 6,0 5,5 4,0 1,5 2,5 1,0 1,0 3,0
Helminthospori | 53,0+ | 43,5+ | 58,0+ (27,54 28,0+ | 30,5+ | 49,0+ | 46,0+ | 38,0+
um sativum 2,0 7,5 1,0 0,5 2,0 2,5 4,0 1,0 2,0
Fusarium spp. 51,5+ | 47,5 | 57,0+ |21,0&| 21,0+ | 26,0+ | 23,0+ | 24,0+ | 20,0+
1,5 1,5 2,0 1,0 2,0 1,0 1,0 1,0 1,0

Takum 00pa3omM, MOKa3aHo, YTO OaKTepuaNbHAas CyCIIEH3Us MPOOHOTHYE-
ckoro mrramma B. subtilis 3H 1o cBonM hyHIMIUAHBIM Ka4eCTBaM HE YCTYIIaeT
sranoHHoMy (yHrunugHomy mrammy B. subtilis 26]]. Kpome Ttoro, Geckie-
TOYHAS CYCTICH3USI METaOOIUTOB IITAMMa COXPAHSET (YHTUIUIHBIC CBOMCTBA,
YTO TAKKE JINIACT BO3SMOKHBIM e€ TIPUMEHEHHE B KaUeCTBe OMOQYHTHIHIA.

Jlutepatypa

Tar. Ne 2067616C1 Poc. ®enepauus, MIIK CI12N 1/20, A61K 35/74, C12R 1/125. lltamm
Oaxrepuii Bacillus subtilis, Hecyumii cBOHCTBO aHTHOMOTHKOPE3UCTEHTHOCTH, MCHOJIB3YEMbIH ISt
noydennst npenapara «baktucriopun» @ Ne 95105920/13 : 3asBn. 25.04.1995 : omy6um. 10.10.1996 /
H. A. MuxaiinoBa, T.H. Kysuenosa, O.B. Kynsruna ; 3assurens Hayd.-ipon3ss. oObegnHeHHE
«MmmyHomIpenapar». 5 c.

CunopoBa T. M., AcarypoBa A. M., Xomsix A. V. Buonornyecku akTHBHbIC METaOOIMUTHI
Bacillus subtilis u ux posip B KOHTpOJIe YUTOMATOrEHHBIX MUKPOOPraHn3MoB // CellbCKOX035CTBeH-
Hast 6uonorust. 2018. Ne 1. C. 29-37.
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YCTOMYUBOCTDb BAKTEPUII-AHTATOHUCTOB
K MUHEPAJIBHBIM YJIOBPEHUSIM U ITECTUIIUJIAM
KAK ®AKTOP NOBBILIEHUS YOPEKTUBHOCTH
MX UCITOJIb30BAHUSI B MHTETPUPOBAHHBIX CUCTEMAX
3AIUTHI PACTEHUI

B. H. Kynuos, /1. 1. Jlepuenko, A. P. XapuToHuuk,
T. JI. CtenmanoBa, J. . Konomuen

I'HITO «Xumudeckuii cuHTe3 ¥ OMoTeXHOIOTHI», MuHCK, Pecniybrrka benapych
kuptsov@hotmail.com

YCTOWYMBOCT, MUKPOOHBIX areHTOB OHMOJIOTHYECKOTO KOHTPOJS K Jei-
CTBHIO MHHEPAIBHBIX YIOOPCHNH M XMMHYECKUX INECTUIHIOB SBIISCTCS BaXK-
HOHM COCTaBIISIFOLIEH MX YCIICIIHOTO NPUMEHEHUS! B MHTETPHPOBAHHBIX CHCTE-
Max 3amuThl pacteHuil. CoriaacHo IUTepaTypHBIM JaHHBIM OIEHKA pa3HOOOpa-
31U MHKPOOPTaHMW3MOB MO BIMSIHHEM pPAa3JIMYHBIX IECTHINIOB CBUACTEIIb-
CTBYET, UTO B Pe3yJbTaTe IIMTEIHLHOTO X KOHTAKTa NUMEET MECTO M3MEHEHHE
MHKPOOHOTO COCTaBa u yBenudeHnue Gakrepuit pojos Bacillus u Pseudomonas
[Influence of Pesticides ... , 2023].

[empio paboTHI SBISIIOCH OIPEACTICHNE YCTOMYMBOCTH MHKPOOPTAHU3-
MOB-aHTAarOHUCTOB K NPUMEHSAEMBbIM KOHIEHTPAIMSAM MHHEpPAIBHBIX yno0pe-
HUH M XUMUYECKHX MECTHII/IOB.

OOBeKTaMH HCCIIEOBAHUS SABISUTUCH INTAMMBI OaKTEpUii-aHTarOHHCTOB
B. licheniformis 25 u B. marisflavi 20, Beinenenssie n3 006pa3imos rpyHTa, 0TO-
OpanHoro y noxHoxust coneorsasia OAO «benapycbkanuii», a TakKe IMTaMMBbI
B. velezensis BUM B-439]] u Ps. brassicacearum BUUM-B-446]1, Bxosiue B
COCTaB KOMMEPYECKUX OHoTnecTHINAOB «beTanpoTekTHH» U « DKOTPUH», COOT-
BETCTBEHHO.

BinsiHue nelcTBUSI ECTULMIOB Ha POCT MCCIICAYEMbIX ITaMMOB OLICHH-
BaJIi METOAOM «IYHOK» 110 AUAMETPy 30HBI 3aePKKU pocTa 6akrepuil. OTme-
YEeHO, YTO HaMOOJbIIeH YCTOWYMBOCTBIO K JICHCTBHUIO TIECTUITUIOB B PEKOMEH-
JIyeMbIX KOHIeHTpanusix obnamaer mramm PS. brassicacearum B1IM-B-446]1,
y KOTOpOro HalJroanuch HeOobIme 30HbI 3a1epkKku pocta (14 -17 MM) noa
BiausgHueM ¢ynrumunos Ckaseit Xmpo, Conmurop u gecukanta ToHrapa.
ItamMmer B. licheniformis 25 u B. velezensis BUM B-439]1 oka3annch BOCIPH-
uMuuBbIME K QyHrummnam Ckaseit Xmpo, Comurop, Hanmo 500, Kamemna,
repburniunam bokcep, berapen Cynep, Maiicrep Ilaysp, danbkoH, qecUKaHTy
Tonrapa. Poct mtamma B. marisflavi 20 narubuposasicst BceMu uccliieryeMbl-
MU necTuiugaMu. [lomydeHHbIe TaHHBIE CBUICTENLCTBYIOT, YTO OakTepuu PS.
brassicacearum BMM-B-446]] 3Ha4nuTEIbHO MPEBOCXOAT M3YUCHHBIE IITAM-
MBI OaIMIUT B yCTOMYUBOCTHU K ICUCTBUIO XUMUYECKHUX TTECTUIUIOB (Tab. 1).
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Taéauna 1
yCTOﬁHMBOCTb 6aKTepnaanb1x IITaMMOB K XUMHUYECKUM IICCTULIHIaM

III/IaMCTp 30HBI 3aICPKKHU POCTA UCCICAYEMBIX IITAMMOB, MM
Hazpanue Kiace B. B _Ps. B. )
necTHImia TICCTHIWMAR | icheniformis 25 marisflavi 20 bgﬁ'ﬂ?gcijzg BIYIEIijFi;-ZS;; 1

Tanc repoummn | 0 15,0+0,3 0 0
Dmbapro repounma | 0 13,0+0,1 0 0
Jlopuer repounua | 0 13,0+0,2 0 0
3aHTpaH repoummn | 0 12,0+0,1 0 0
Ckaseit Xupo | pynrunua | 15,0+0,2 13,0+0,2 17,0 +0,3 15,0+0,4
Tourapa necukadt | 21,0+0,4 14,0+0,3 15,0+0,3 32,0+0,8
Aszoppo dysrummg | 0 0 0 0
AJIeHT0 dysrumug | 0 14,0+0,3 0 0
Couurop dysrumun | 16,0£0,2 25,0+0,6 14,0+ 04 18,0+0,3
Boxkcep repounmya | 18,0+0,3 24,0+0,7 0 16,0+0,4
Tpuana dysarumug | 0 14,0+0,2 0 0
Hano 500 dysarumug | 0 23,0+0,5 0 18,0+0,2
Penep tpuo repounma | 18,0+0,5 16,0+0,4 0 0
Tanuon repourun | 0 0 0 0

CnpyTt Okcrpa | repounmny | 0 15,0+0,2 0 0
MutpoH repoummn | 0 11,0+0,1 0 0
Kopueru repounun | 0 13,0+0,2 0 0
Karmemna dyarumun | 17,0£0,2 15,0+0,3 0 18,0+0,3
Berapen Cynep | repourmn | 22,0+0,4 16,0+0,4 0 18,0+0,4
Maiictep [Maysp repoummn | 18,0+0,3 26,0+0,6 0 17,0+0,4
DanbKoH repouuma | 21,0+£0,3 22,0+0,5 0 22,0+0,5
Xuiep repounma | 0 11,0+0,1 0 0
Iukcens, M1 | repourn | 0 12,0+0,1 0 0
Ipumanonna | repbuuny | 0 13,0+0,2 0 0
Mepaun repOunua 0 11,0402 0 0

drexc

Jporuk repounma | 0 20,0+0,5 0 0
OkraBa repounma | 0 18,0+0,3 0 0

JlelicTBre MUHEPATBHBIX YIOOpPEHUH Ha HCCIIETyeMble IITaMMBI H3ydallid
IIyTEeM MOCEBa Ha arapru30BaHHBIN MTUTATENBHBIN OYJIBOH C JOOABICHUEM a30T-
HBIX (MOUYEBMHA, cyibpaT aMMOHMS M aMMHAYHas CEINTPA) U KaTHHHBIX
(cynmpdar Kamust ¥ XJIOPUA Kalus) yIOOpEeHHH B pa3IMYHBIX KOHIIEHTPALHSX.
CoracHO MOJYYCHHBIM pe3yiibTaTaM, BCE N3yUCHHBIC ITaMMBI CITOCOOHBI CO-
XPaHATh POCT MPU KOHIEHTPALMY MUHEPATIbHBIX YI00pEHUH (32 UCKIIIOYEHUEM
MOUYeBHHBI) B auanazoHe 1,8-2,6 r/n. K mModeBuHe B KOHIEHTpamuu 2,6 T/1
OKa3aJMCh  yCTOMYMBHI ~TONBKO IMmTamMMmbl poxa Bacillus.  Bakrepwuii
B. licheniformis 25 u B. velezensis BUM B-439]] coxpaHsIOT CIHOCOOHOCTh K
POCTY TIpH TOBBIIICHUH COJICPKAHUM MOUCBHHBI B cpefe 10 26,0 /1. YcraHoB-
neno, uyto mrammbel B. marisflavi 20 u Ps. brassicacearum BUM-B-446]] co-
XPaHsUTH POCT Ha cpelie ¢ cojiepikanueM cynbdara kamus 26,0 r/i. Kak cienyer
U3 TIOJTYYCHHBIX TAaHHBIX, N3yYCHHBIC OALUILIBI OKA3AIUCh O0JIee YCTONUUBBIME
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K TOBBITIIEHHBIM (26,0 1 130,0 /1) KOHIIEHTPAIUAM XJIOpUIa KAk U K MOYe-
BUHE 1o cpaBHeHuto ¢ PS. brassicacearum BUM-B-446]1. Takum o6pa3zom,
W3yUYCHHBIC OaKTEepUAIbHBIC KYJIbTYphl O0NAal0T BBIPAKCHHOW yCTOWYHBO-
CTBIO B OTHOIIEHHM OOJBIIMHCTBA HM3YyUEHHBIX MUHEpAIbHBIX YIOOpeHHil B

KOHIICHTPAIIHSX, IPIMEHIEMBIX B CEITLCKOM X03sTCcTBE (TadI. 2).
Taoauma 2
Pe3nucTeHTHOCTD OaKTepHii-aHTATOHUCTOB K MHHEPAIBHBIM YI00OPEHHUSIM

Poct Gakrepwmii Ha cpezie ¢ qo0aBiIeHHEM MUHEPAIBHBIX Y100peHUI

Hurpar Cymsdar Cymsar Xnopup kanust MoueBuHa

IItamm aMMOHHUS Kanus AMMOHHS
Konnenrpars, /71

1,8 1180 2,6 | 26,0 | 2,0 | 20,0 | 2,6 | 26,0 | 130,0| 2,6 |26,0]|130,0
B.lichenifor |\ | il | D e | e [ | 1 | |+ | -
mis 25
:3.281ar|sflav | = || | — ||+ | | - -
Ps. brassi-
cacearum

I e B I e B B S T - - -
BUM-B-
446/1
B. velezensis

el el B I B B B e o IR S B N
BUM B-439

Ipumedanune: «+» — cnabblil POCT; «++» — YMEPEHHbIH POCT; «+++» — XOPOIIHH POCT; «—» — POCT
OTCYTCTBYET

[omy4yeHHBIE Pe3ynbTaThl OTKPBIBAIOT MEPCIEKTUBBI COBMECTHOTO IIPHU-
MEHEHHUS] MUKPOOHBIX OHOMNpEnapaToB ¢ MHHEPATbHBIMU yIOOPEHUSIMH U Tie-
CTHIMIAMH, YTO IIO3BOJIUT CHMU3UTH 3aTPaThl MO UX BHECCHUIO M IOBBICHTH
HKOHOMHYECKHE TT0Ka3aTeIl IPOU3BOACTBA 1IETIEBON MTPOIYKIIHH.

Jlutepatypa

Influence of Pesticides and Mineral Fertilizers on the Bacterial Community of Arable Soils
under Pea and Chickpea Crops / L. Khmelevtsova [et al] // J. Agronomy. 2023. N 13. Art. 750.

AHAJIN3 OKCIIPECCUU TEHOB AHTUMHUKPOBHBIX
JIMITONMENTUAOB BACILLUS SUBTILIS GMS

I'. ®. Jdyrdynrnuna, A. M. AGydakupoBa

Kazauckuii (ITpuBomkckuit) pemepanbHblil yHUBEPCUTET
Kazanb, g.h95@mail.ru

Beenenne. bakrepun pona Bacillus sersirorest mpoayneHTamMu 0OrpoMHOTO
KOJIMYECTBA BTOPUYHBIX METa0OJNTOB, KOTOPBIE HCIOJIB3YIOTCS B MEIHUIIMHE,
(bapmareBTHIeCKON POMBIIUICHHOCTH, OMOTEXHOIOTHH, BETCPHHAPUH U CEJlb-
ckoM xo3siictse. Bacillus mpoayuupyror mmpokuit crekTp nenTuaoB, KOTOpbIe
cuHTe3upyroTcs HepubocomubMu nentun cunterazamu (HPIIC), pabora ko-
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topbix He 3aBucuT oT MPHK. HPIIC — moxaysibHBIE (epMEHTBI, KOTOpBIE U3
MHOYKECTBA CTAaHIAPTHBIX U HETIPOTCHHOTCHHBIX aMUHOKHUCIIOTHBIX CyOCTpPaToB
KaTaJM3UPYIOT CHHTE3 BAXKHBIX MENITHIHBIX MPOIYKTOB [Structural advances ... ,
2023]. dnst 6uocunresa HPIT Gakrepusim B. subtilis neobxomuma docdonanre-
tenHunTpancdepasza Sfp. M3BecTHo, 4TO OHA AKTHUBHPYET OCIOK-NEPEHOCUYHK
nentuamwia (WM THOJHPYIOIMIMK JOMEH), KOTOPBIA MpeACTaBIIseT coOOW He-
6oproit 6enok. [lokasano, uto B. subtilis umeer uetsipe Sfp-3aBrcHMBIX BTO-
PUYHBIX METAabOIUTa, TP U3 KOTOPHIX KOANUpPYIOTCs Kiactepamu reHoB HPTIC
(cypdakTuH, rMnacTaTuH U OAIMIITHOAKTHH) U OJMH THOPHIHBIM KJIACTEPOM
renoB HPIIC-TIKC (6ammmien) [Corpuz, Sanlley, Burkart, 2022]. Kak npasu-
710, B COOTBETCTBHH C MENTHAHON cTpyKTypoit GombmmuctBo HPIT Bacillus
CTPYIIIIMPOBAHBI B TPH CEMEUCTBA: CyppaKTUHBI, HTYPHHBI U (eHruuuHEL. [1o
nevicreuro HPIT Bacillus paspensiior Ha aHTHOHOTHKH, IIUTOCTATUKH, KIMMYHO-
cynpeccopbl, TokcuHbl u jap. HPIT Bacillus o6namaror moBepXHOCTHO-
aKTHBHBIMH CBOMCTBaMH, 9TO OOYCIIOBICHO WX aM(pUIIBHONH CTPYKTYpOH,
MMOSTOMY WX Ha3bIBAIOT OmocypdakTaHTaMu. bHocypdakTaHThl 00IaaloT BHI-
COKOH CEJICKTHBHOCTBIO, HU3KOH TOKCHYHOCTBIO M BBICOKOW CIOCOOHOCTBIO K
OMOIOTHYECKOMY Pa3JI0KEHHIO, YTO JAETAeT UX COBMECTHMBIMH C OKPYXKaroIIen
cpenoii. bomee Toro, OHM CYHMTAIOTCA HMPOTHBOMHUKPOOHBIMH, MPOTHBOBHPYC-
HBIMH, TIPOTHBOTPUOKOBBIMH MeTabosmTamH [Structural advances ... , 2023].
Marepuaynbl 1 MeToabl. PaHee HaMu OBUIO MPOBEAEHO IOJHOICHOMHOE
cexkBenupoBanue mramma Bacillus subtilis GM5. C6opka rermoma B. subtilis
GMS5 nenornpoBana B 6a3y manaeix NCBI mog Homepom NZ NKJH00000000.
Kpome Toro, ¢ momorupto nporpammbel antiSMASH B renome mramma GMS
OBUTO MICHTH(UIUPOBAHO LIECTh T'EHHBIX KJIACTEPOB, YYACTBYIOUIMX B OHO-
cunte3e HPTIC [Data on the genome ... , 2019]. Ha ocHOBe aHanmu3a réHOMHBIX
nokycoB B. subtilis GMS5, oTBeTCTBEHHBIX 32 CHHTE3 aHTHMHKPOOHBIX JIHIO-
MENTUA0B, CKOHCTPYHUPOBAIH MpaliMepbl K KOHCCPBATHBHBIM PETHOHAM ILIelie-
BbIX IreHoB. [Ipaiimeps! pa3paboTany ¢ UCHONB30BaHUEM MIPOTPAMMHOIO obec-
nedenns: Oligo (National Bioscience Inc., Bepcus 5). CuHTe3 nipaiiMepoB mpo-
Boamy B komrannu EBporen (Poccus). Beinenenne PHK u3 kierok Oakrepun
B. subtilis GM5 npoBoaunu ¢ ucmons3oBanueM pearenta Trizol cormacHo mpo-
tokoiy ExtractRNA (Esporen, Poccus) Ha 48 4 KyTbTHBHPOBaHHS Ha cpejie
Soybean Medium Nutrition (SMN) u cpene LB. AHanu3 sKkcpeccHu TeHOB aH-
TUMUKpoOHBIX smnonentumoB B. subtilis GMS5 srfAA, srfAD, ppsB, DhBF
MpOBOMIAN MeToJoM KosmdecTBeHHOU [IL[P B pexxnMe peasbHOro BpeMeEHHU.
Konnentpanuto Bergenennoir PHK onpenensnu ¢ momormmeio crekTpodoTomeT-
pa NanoPhotometer NP80 (Implen, I'epmanus). Ilepen ucrnonbp3oBaHneM Bce
o0pasupbl BeiaenaenHo PHK moBoxmmu no konunentparmu 30 wr/min. s yna-
neHns ocrtatouHoro sk3oreHHoro JIHK, momywennstit pactBop PHK o6pabatsr-
Bann JIHKazoii. s usmepenust yposHs skcripeccun renoB MPHK ucrnonb3o-
Bamu Merol KosmuectBeHHOH OT-IILIP ¢ ucnonb3oBaHMEM KOMMEPUYECKOI'O
Habopa OneTub RT-PCR SYBR («EBporen», Poccust) u cucremst II1[P B pe-
aIPHOM BpeMeHH. Bce peaknmy MpOBOMMIN C HCIOJIB30BAHHMEM IIPOTOKOJIA!
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95 °C B Teuenue 15 muH, 3atem 40 nukioB npu 95 °C B teuenue 1 mun, 60 °C
B Teuenne 20 ¢ u 72 °C B teuenue 30 ¢ Ha ammiupukarope CFX96™Real-
Time System C1000 Touch™ Thermal Cycler Bio-Rad. Temmneparypa omxura
JUId BcexX TpaiiMepoB reHoB-muiieHeidl cocTtaBmsia 60 °C. OTHOCHUTETBHYIO
skcnpeccuio reHoB SITAA, srfAD, ppsB, DhBF paccunTtsiBaiu ¢ OMOIIBIO ajl-
ropurMa “4%, a KoJIMYEeCTBO reHa-MHIIEHH — 110 popmyite 2 22C Bee obpasip!
QHAJIM3UPOBAIIN B TPEX ITOBTOPHOCTSX.

PesyabTatel. Onennnmn ypoBHH skcnpeccunt M-PHK renoB cypdaxrtiua
cunrerasbl (SITAA, srfAD), mimnacratun cuaTeTasbl (PPSB) 1 cuHTETa3bI Oa-
mmumbakruga (DhBF) mrramma B. subtilis GMS5 ¢ nomomipto metomga OT-
ITIP. Jnst wcciemoBanust skcrpeccun reHoB SITAA, srfAD, ppsB, DhBF
mrramm B. subtilis GMS5 kyneruBupoBanu B cpene SMN npu pH 7,5 u Temie-
patype 37 °C B Teuenue 72 4. B kauecTBe KOHTpPOJIS MCIIOJIb30BaIM cpeny LB.
Panee Hamu ObUTO MOKa3aHO, 4TO mTaMM GMS He MPOAYIUPYET WK MPOTyLH-
pyeT JMNONenTHIBl Ha HU3KOM ypoBHE B cpere LB [AOybakuposa, Jlytdyi-
muHa, 2023]. Ucnoms3ys ren 16S pPHK B kadectBe pedepeHcHOTO, OBLIO
YCTaHOBJICHO, YTO HCCIIEyeMble T'€Hbl SKCIPECCHPYIOTCS B Pa3HOW CTEIECHH
Ipu KyneTHBHpoBaHKUU mTtamMma GMS Ha cpege SMN B Teuenune 72 4. ITokasa-
o, 9To Ha 24 4 u 72 1 pocra mramma GMS skcnpeccust renoB SITAA, SrfAD,
ppsB, DhBF wunrubupyercs. Ha 48 u pocra mramma GMS5 Ha cpege SMN
YCTaHOBJIEHA OTHOCHUTENbHAs dKcmpeccus reHoB SIFAA  (11,56+1,46 pa3),
srfAD  (10,77+1,52 pa3), ppsB (10,58+2,18 pa3), DhBF (6,29+1,89 pa3)

(puc. 1).
14

KOHIMpOoTs srfdA srfAD ppsB DhBF

— -
=] 2

OTHOCHTEILHAS IKCIPeceHst (YL ¢1.)
o

Puc. 1. Konnuectsennas onenka yposts M-PHK renos SrfAA, srfAD, ppsB, DhBF mrtamma
B. subtilis GM5 npu xynsTuBupoBanuu Ha cpege SMN npu temmnepatype 37 °C Ha 48 u.
JlaHHBIE HOPMAJTM30BaHbl B COOTBETCTBHHU CO 3HAUEHHUSIMH YPOBHEH dKcmpeccun rena 16S
pPHK

HW3BecTHO, 4TO Ha pa3HOOOpasyre U 00bEM CHHTE3a Pa3HbIX JUIONEIITHIOB
BIIMSAIOT YCIOBHUS KyJIbTHBHPOBAHUS INTaMMa-IIPOTYLIEHTAa U HAJIHYIHE B CPEe
XMMHUYECKNX MHAYKTOPOB M Pa3HBIX MCTOYHUKOB YIJIEpoJa M a3oTa Ul IUTa-
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Hus. Takum oOpasom, mokasanu, uto Ha cpene SMN Ha 48 4 pocTa MoBBIIIACT-
cs akcnpeccust reHoB SITAA, SrfAD, ppsB, DhBF mramma GMS5. MoxkHO
MPENOTI0KHTh, 4TO HHAYKIHs TeHoB SITAA, SrfAD, ppsB u DhBF koppenupy-
€T ¢ aHTHOAKTepHaTbHON M (YHTHCTATHUECKONH AaKTHBHOCTBIO CyMMAapHOH
¢pakuuu gumonentuaoB B. subtilis GMS5, monyuennoit us cpeast SMN [AOy-
OakupoBa, Jlyrdymimna, 2023].

Jluteparypa

Abybaxuposa A. M., Jlyrpysauna I'. @. AHTUMHKPOOHBIC CBOHCTBA JIMIIONEIITHIAOB OaKTepHii
poxa Bacillus // Cum6uos-Poccunst 2022 : ¢6. cr. XIII Mexaynap. KoH]. ydeHbix-01onoros. ITepmp,
2023. C. 4-10. DOI: 10.17072/simbioz-2022-5-11

Corpuz J. C., Sanlley J. O., Burkart M. D. Protein-protein interface analysis of the non-
ribosomal peptide synthetase peptidyl carrier protein and enzymatic domains // Synthetic and systems
biotechnology. 2022. Vol. 7, N 2. P. 677-688.

Data on the genome analysis of the probiotic strain Bacillus subtilis GM5 / G. F. Hadieva,
M. L. Lutfullin, D.S.Pudova [et al.]// Data in Brief. 2019. Vol.23. Art. 103643. DOI:
10.1016/1.dib.2018.12.081

Structural advances toward understanding the catalytic activity and conformational dynamics
of modular nonribosomal peptide synthetases / K. D. Patel, M. R. MacDonald, S. F. Ahmed [et al.] /
Natural product reports. 2023. P. 1-33.

OLIEHKA BIJISIHUSI BAKTEPHAJILHOI'O VIOBPEHMS
HA OCHOBE MOJIOYHO# CBIBOPOTKH, COJIEPYKAILETO
CTPENTOMMIIETHL, HA BBIPAIIIBAHUE
LBETOUYHOI1 PACCAJIbI

E. . Marpan3e, B. A. Ky3neunosa

Y aMypTCcKuil rocyIapCcTBEHHBIN yHUBEPCUTET, MkeBCK,
elena.magradze(@gmail.com, bot.sad@mail.ru

LlBerouHas paccaga Mob3yeTcs MOMYIIPHOCTBIO Y CaJOBOIOB-TIOOHTENEH,
€e WCTIOMBb3YIOT B O3CIICHEHHH TOPOJICKUX TTapKOB, CKBEPOB, KIyMO u GopIro-
poB. Paccaga HeoOXxonuMa He TOJBKO /IS PAHHEro IBETCHUsI pacTeHuid. Bri-
paleHHasi B TEIUIMYHbBIX, OJArOMPHUATHBIX YCIOBUAX, Paccaga IO3BOJISET
YMCHBIINTh PAcXoj] CeMsH, OoToOpaTh Oosee Kpemkue pacteHus. Paccama
JIOJDKHA OBITh 3/I0POBOM, PACTEHHs JOJKHBI ObITh KpenkuMu. [1iist 3Toro HeoO-
XOJIMMO HE TOJIbKO MOKYIaTh KaYeCTBEHHbIE CEMEHA, HO M CO3/1aBaTh OITH-
MaJIbHBIC YCJIOBHA IS MX BbIpamuBaHua. OIHON M3 OCHOBHBIX HPOOJIEM NpH
BbIpalllMBaHUUN pacCalbl SABJIAIOTCA HH¢)CKHHOHHBIC 60H63HI/I, BBI3BIBACMBIC
pa3nuyHbIMU rpuOkamu. HeoO0Xo1MMo HCMOob30BaTh YA00pEHHs, KOTOpbIE He
TONBKO 005a1af0T (QyHrHIUIHEIM 3()(HEKTOM, HO M CIHOCOOCTBYIOT POCTY H
Pa3BUTUIO paccalbl. HewmasoBaxHbIM @aKTOpOM SIBIIACTCS 3KOJIOTHYHOCTH
ynoOpenusi. bakrepwanbHble TpermapaTtbl OTBEYAIOT TaKUM TpeOOBaHHSIM
[Development of low ..., 2019].

Hamu paspaborano GakTepuaibHOE yI0OpEeHHE Ha OCHOBE MOJIOYHOI ChI-
BOPOTKH, cojeprkaimiee Oaktepun Streptomyces coelicolor. Brarogapst cBoum
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(YHTHINIHBIM CBOMCTBaM, a TaKXKe CIIOCOOHOCTH CHHTE3HPOBATh POCTOBBIC
(aKTOPBI TSl pACTEHUI, CTPETITOMHUIIETHl MOT'YT UCIIOJIB30BATHCS IS CO3aHMUS
ounoynoopenuii [Hoeeie mrammsr ... , 2021, Actinobacteria as a source ... ,
2023]. Ynobpenune conaepxut He MeHee 108 KOE crpenTomuneros B 1 11 Kyib-
TypansHOH XuUAKOCTH. KyJIbTHBHpOBaHHME OCYIIECTBISIETCS 0Oe3 MepeMelnBa-
HUSl, TIOATOMY CTPENTOMMLETHI PACTyT Ha MOBEPXHOCTH KYJIbTYPaJbHOU KHJI-
KOCTH, U B TIOYBY MONAJAa0T HE OTACIbHBIMU MHUIIETHATBHBIM HUTAMH, a KOJIO-
HUSIMH C Pa3sBUTHIM BO3TYITHBIM MHUIIETHEM, HA KOTOPOM PAaCIIONOKEHBI CTIOPEI.
D0 yBeIMuYMBacT BeKHBaeMOoCTh Streptomyces coelicolor B mouse.

B ormbITax mo BIMSHHIO HAIIErO YAOOPECHUsS Ha BBIPALIMBAHUC IIBETOYHOM
paccajabl HCTIONB30BAIM CEMEHA METYHUH TpaHandIIopa, meaaproHuy, odapxar-
1eB. [lonmB ymoOpeHneM B KaXKIOM OMBITE OCYIIECTBIISIINA OfHOKpaTHO. Ceme-
Ha NETYHUM M TeJaprOHUU NOJMBAIM Ha CIEYIOLIUE CYTKU IIOCIE IMOCEeBa,
GapxaTubl NOMHUBANU B JIeHb noceBa. [1oauB ynoOpeHneM MOYBBI OCYIIECTBIIS-
ym u3 pacgera 100 mu Ha 100 kB. cM mouBHl. bonbImas 9acTh CTPENITOMUIIETOB
13 ynoOpeHust, HaXOIAIIasACs B BUJIC arperaToB, He QUIBTpyeTcs Yepes IMouBy,
a HaXOJUTCS y €€ MOBEepXHOCTH. [103TOMy pacxox ymoOpeHUs pacCUMTHIBAIH
He Ha 00BEM, a Ha IUIOIAAb TPyHTA TakK, YTOOBl HA KBaJAPATHBIN CaHTUMETD
npuxomunock He meree 10° KOE crpentomurieTos. Tak Kak ceMeHa BETOTHON
paccabl 3aCeBalOT B ITOYBY HETITyOOKO, TO OHM HaXOJSTCS B 30HE PACIOI0XKe-
HUSI CTPENTOMMUIICTOB.

B ombiTe ¢ meTyHHSAMH TpaHAU(IOpPAa HCIONB30BAIM CEMEHAa YETBIPEX
coproB: Caccekc 360 Pen, Caccexc Ditu au Jlaiit [Tuak, Jlmm6o Txu ITu Byp-
rynau, Jlum6o [Dxu ITu Baiir. Cemena 3aceBaiu B SIILUKUA C TPYHTOM IIO
245 mt. B ombiTax ¢ ynoopenusimu B3ouuio ot 81,6 mo 96,3 % cemsH, Torna
Kak B KOHTpoJe B301uIo oT 64,9 mo 76,3 % nerynuii rpanaudiopa. ITocre mu-
KMPOBAHUS paccajibl MPOLIEHT BELKUBIINX PACTEHUH B OIBITE, B LIEJIOM, COXpa-
HUJICS, OJTHAKO B KOHTpoJie CHU3MICS 10 58,7—65,7 %. Bonpmias 4acTh moruo-
IIMX PACTEHUH B KOHTPOJIE OblIa 3apayKeHa «IEPHON HOKKOI.

Cemena OapxatneB coprta Anturya Opanx Obutd mocestHbl o 180 mT. B
SIIAKH ¢ TPYHTOM. TpH sIIuka ObUTH MOJHUTHI YAOOPCHUEM, OIMH SIIHUK TIOJHU-
Banu Bojoi. Ilpu nukupoBaHUM CEsHILIEB B FOPLIOYKH depe3 16 nHel kommue-
CTBO BBDKHBIINX PACTCHUH B SIIMKaX ¢ yJ0OpeHHEM He OTINYAIOCh OT KOH-
Tposs. Uepe3 moaTopa Mecsla NOCiAE€ MUKUPOBAaHUS BbDKUIO 46,67 % KOH-
TPONBHBIX pacTeHui, n 78,33 % pacrenuit nocne nonusa ynoopenusmu. Oc-
HOBHOW NPUYMHOI rubenu pacTeHui ObLIH FPHOKOBBIC 3a007I€BaHUS.

Cewmena menapronuii coptoB Poys u [Tiop BaiiT Opun mMocesHBI B SAITHKH
1o 33 IWTYKK KaXXI0T0 COpTa IS TOJIMBa YI0OPSHNEM | MONIBa BOoi. Yepes
MecsI] B SIIUKaxX ¢ yA00peHHEeM BCe PACTEHHsI BBDKWINA. B KOHTPOJIBHBIX SIIIU-
Kax BeDKWIIO 63,6 % pactenuit copra Poys, u 78,8 % pactennii copra ITrop
Baiit. B KOHTpOJIe pacTeHHs TOTHOIH OT «9epHON HOXKKM». Uepes nBa mMecsia
rocJie MUKUPOBAHUS PAccajibl YUCIO BbDKUBIIMX Nenapronuit Poy3 ymeHbu-
nochk 110 54,5 %, Tora KaK B OIBITE MOTHOJIO TOJIBKO OJHO pacTenue. Konnye-
ctBO nenaprouuii [Trop BaidT B onbiTe M KOHTPOJIE OCTAIIOCHh HEU3MEHHBIM.
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Takum O6p2130M, CTPCITOMULCTBI ITOJOKUTCIIBHO IMOBJHAJINA Ha Ipopac-
TaHUC CEMAH U BbIDKMBAHHEC I.IBeTO‘IHOﬁ paccaasbl. YJZ[06peHI/I€ MOJKHO HCIIOJIb-
30BaTh JJId BbIpalllMBaHU CEMSH IBETOB B TCINIMYHBIX TPYHTAaX.

Jlutepatypa

HoBble mTaMMBI CTPENTOMHUIIETOB Kak NepcrekTHBHble Omodymrumuasl / W. I'. Ilupokux,
S1. . Hazaposa, A. B. Bakynuna, P. 1. AGyGakupoBa // TeopeTndeckas U HNPHUKIAJHAS KOIOTHSL.
2021. Ne 1. C. 72-80.

Actinobacteria as a source of biocontrol agents for bio-organic culture / M. Kaary, R. Man-
ikkam, K. K. Annamalai, J. Joseph // J. of Appl. Microbiol. 2023. Vol. 134., N 2. Art. Ixac047.

Development of low-cost formulations of plant growth-promoting bacteria to be used as inocu-
lants in beneficial agricultural technologies / C. B. Lobo, M. S. J. Tomas, E. Viruel [et al.] / Micro-
biological Research. 2019. Vol. 219. P. 12-25.

BO3MOKHAS ®YHKIIMOHAJIBHASI POJIb
SHAOPUTHBIX BAKTEPU B IPUKOPHEBOM CPEJIE
PACTEHUM I'OPOXA IMOCJIE UX IEPEMEILEHUS
U3 KOPHEN B PU3OCOEPY

JI. E. Maxkaposa', }O. A. Mapkoga', FO. B. 3aiinesa’,
10. M. Koncrantunos!, UI. B. I'op6enxo!, M. C. Kapenosa',
II. A. Bm3ukos!, 1. A. Bacuibes!
| Cubupckuit HHCTUTYT u3nonoruy u 6uoxumun pactenuit CO PAH

HWpxkyrck, makarova@sifibr.irk.ru
2sIpocnaBckuii rocynapcTBennblit yausepeutet um. I1. T. Jlemuosa, SIpocnasib

B XHU3HEACATENIFPHOCTH PACTHTEIFHOTO OpraHU3Ma BaXkKHasl POJIb MPHUHAJI-
JISKUT HETATOreHHBIM YHI0(UTHBIM OaKTepusM, KOTOPbIE UCTOPUYECKHU TTOCe-
JISIOTCA B PACTCHUAX M BCTYMAIOT C HUMH B MYTYaJIHCTHYECKHE B3aUMOOTHO-
menus [DunobuTHBIE OakTepuu ... , 2015].

Panee HaMu 1oKa3aHO, YTO SHAO(PUTHBIC OAKTEPUU MOTYT MEPEMEIIATHCS
13 KOpHell mpopocTkoB pacTeHuit ropoxa (Pisum sativum L.) copra Topcaar B
pusocoepy [Interaction of Rhizospheric ... , 2021]. Ilpu BeIpammBaHum mpo-
POCTKOB Ha BOJIHOW CpeJie M3 MOceTHel ObUTH BBIIENEHBI 6 IITaMMOB OaKTe-
puit. OGHAPYKEHO, YTO KOJIUYECTBO SHAOPHUTHBIX OAKTEPHUI, OKAa3bIBAOIIUXCS
Ha MOBEPXHOCTH KOPHS MPOPOCTKOB TOPOXa, CYIIECTBEHHO IPEBHINACT HX KO-
JIMYECTBO B TKAHIX KOPHS.

C nomomiplo aHajiu3a HYKICOTHIHOH IMOCIE0BATEIBbHOCTH (ParMeHTOB
reroB 16S pPHK ycTaHOBI€HO TaKCOHOMUYECKOE TTOJI0KEHHUE ITUX IIITAMMOB B
OCHOBHOM C TOYHOCTBIO J10 poja (pwuc.).

V U30IMpOBaHHBIX U3 MPUKOPHEBOM CPEJIbl UCCIENYEMBIX ITaMMOB PS1-
PS6 mpoananu3upoBaHbl MOP(HOIOr0-KyIbTypaabHbIE IOKA3aTENN, AKTUBHOCTH
THAPOIUTHYIECKAX (EPMEHTOB (IIEKTHHA3BI, [EIIIIONa3el, mpoTeassl), UYK-
MIPOIYIHPYIOIas CIIOCOOHOCTh. MBI TIpeAronaraeM, 9To B TIEPEMEIIeHIH HC-
ClIeyeMbIX OaKkTepuil BO BHEIIHIOK CPEy 3aJeHCTBOBAHBI CHHTE3HPYEMEIC B
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UX KJIETKaxX THIPOJUTHYCCKHE (EpMEHTHI MEKTHHA3Bl U IIJUTIONA3EI, BBI3BIBA-
IONIHE pa3pylICHUE YIJICBOJHBIX CTPYKTYpP PACTUTEIBHBIX KICTOYHBIX CTCHOK.
K mosne3HbIM U151 pacTeHHsi CBOWCTBAM Y M3y4daeMbIX OaKTepHil cieayeT oTHe-
CTH HAJIMYME Y HUX BO3MOXXHOCTH JUIS JIETPaJIallii NOJUIMKINYECKUX apoMa-
trdeckux yraeBogoponoB (ITAY) [Interaction of Rhizospheric ... , 2021] u
NYK-npoxynupyromei CiocoOHOCTH.
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Puc. ®unoreHnst METO1I0M MaKCUMAJILHOTO MPABIONOI00Ms B BUE KJIaJ0rpaMMsl (A)
neraporpaMmsl (B) mrammos PS1-PS6 sHnouTHBIX GakTepHii, BEIICICHHBIX U3 BOJHOMN
cpeiibl, Ky/1a Norpy Kainuch KOPHU IPOPOCTKOB ropoxa copra Topcaar, n OakTepuil mramma
PS7, BbieneHHbIX U3 KOpHEH U KOPHEBLIX KIIyOEHbKOB pacTeHHI ropoxa copra Mapar, u
OJIM3KHUX MOCIIe0BaTeIbHOCTEH, 0OHapyKeHHbIX uepe3 BLAST

Cpenu BBIJICIICHHBIX M3 MPUKOPHEBOM CPEIbl IPOPOCTKOB ropoxa Hanbo-
Jiee aKTUBHBIMH B IDIaHe npoxyuupoanus MYK oxazamuce 2 npencraBuTems
Gakrepuii Bacillus: mrrammer PS3 u PS5. B mnane perpaganuu [TAY Han6omb-
IIel aKTHBHOCTBIO OTIIHYanch mramm PS3 u3 poma Bacillus u 6akrepun Aci-
netobacter.

Itamm PS7, rpamorpunarenbHble Malo4KH, OBLT BBIICICH TOJBKO W3
KOpHEW M KOPHEBBIX KITyOSHBKOB JBYX M3 YETBIPEX HCCIETYEMBbIX COPTOB IO-
poxa. Ilpu 5TOM MaHHBIN MITaMM OTIMYAJICS OOJiee MO3JHUM TOSBICHUEM Ha
arapu3oBaHHBIX cpeaax, yem mrtammbl PS1-PS6. Ilokazarens KOE mns
PS7 okasancst 3aMeTHO BBINIC y PACTCHUH, MPOHM3PACTABIINX Ha PacTBOPE
HadTanMHa B Te4eHHe | CyT. B pa3e mMpOpPOCTKOB.

[Tonmaraem, 9TO TOCTE BBIXO/A MCCIEAYEMBIX SHIO(DHUTHBIX OaKTepwii m3
KOpHE# B pu3ocdepy YCTaHOBICHHBIC Y HUX Pa3HBbIC TOKA3aTeIH MPOIyIUpPO-
Banusi YK MoOryT mmeTb, COOTBETCTBEHHO, Pa3UYHOE 3HAYCHHE JJISI pOCTa
pacTeHus-xo3sMHa. Brlmmeanme u3 KOpHeH pacTeHHs BO BHEIIHIOI CPEIy JH-
NOQUTHBIE OAKTEPUU MOTYT TaKkKe HEOTHO3HAYHO TOBIHATH HA €0 B3aWMO-
JICHCTBUS ¢ OAKTePUsIMU OYBEHHONH MHKPOOHOTHI TIOCPEACTBOM (hTanaTos, 00-
Pa3yIOMIUXCsl C PA3IMYHON aKTUBHOCTBIO B KJIETKaX MCCIIEIOBAHHBIX dHAODUT-
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HBIX Oaktepuii mpu nerpamanmuu [TAY. Cpenu W3ydeHHBIX MITAMMOB MOXHO
BBIJICITUTH PSJI IITAMMOB, KOTOPBIC MOT'YT OBITh UCIIOIB30BAHBI JUIS TIOTYICHHS
OMOAaKTUBHBIX TIPEMAapPaTOB COOTBETCTBYIOLICTO IIEJICBOIO IMPAKTHYECKOrO
Ha3HAYCHUSI.

Jlurepatypa

DHaoduUTHBIE GaKTepUH B MHKPOOHBIX IperapaTtax, yJlyd4lIarollue pa3BUTHE pacTeHuid (00-
30p) / B. K. YeGoraps, H. B. Mansdanosa, A.B. lllepbakos [u ap.]// IlpukianHas OHOXUMHS U
mukpo6uosorus. 2015. T. 5, Ne 3. C. 283-289.

Interaction of Rhizospheric Bacteria and Nonrhizobial Endophytic Bacteria Moving from the
Roots to the Rhizosphere of Pea Plants (Pisum sativum)/ L. E. Makarova, Yu. A. Markova,
A. S. Morits [et al.] / Appl. Biochem. and Microbiol. 2021. Vol. 57, N 4. P. 514-520.

UCCJEIOBAHUE Y®®EKTA BBICOKON KOHIIEHTPALIMM
1 NU3BMEHEHUS BKJIAJA AHADPOBHOI'O METABOJIN3MA
IPU UHTPOAYKHUU THAPOJIUTUYECKHU AKTUBHBIX
MHUKPOOPI'AHU3MOB B KOMIIOCTUPYEMBIE
IIUINEBBIE OTXOAbI

B. B. Muponos

HIIMY «Arporexuonoruu 0yayuero» UL 6uorexnonornu PAH
Mocksa, 7390530@gmail.com

Bromacca MecTHBIX MUKPOOPraHH3MoOB B HiieBbix otxojax (I10), npen-
Ha3HAYEHHBIX YIS YCKOPEHHOTO KOMIIOCTUPOBAHHSI, HA PAHHUX CTAIMIX HH3-
Kas, ¥ TpeOyeTcst HeKOTOpoe BpeMs JUIs UX pasMHOKeHHA. JloOaBieHue moses-
HBIX MHKPOOPTaHH3MOB JOJDKHO YCWIIUTH CHEHHU(UYCCKYIO Ui KOMIIOCTa
MHUKPOOHYIO aKTHBHOCTH, CKOPPEKTUPOBATH CTPYKTYPYy MHKPOOHOTO cOooOIIe-
CTBa ¥ MOTEHIHMAIBHO YCKOPUTH brnonerpaganuio [10. Llensio qanHOTO HCCe-
JOBaHMS OBUIO BBISBJICHUE IITAMMOB OaKTEpHil M IPHOOB C XapaKTePUCTUKAMH
pocTa, MOIXOMAIIMMH sl ycKopeHus kommnocTupoBanus [10. M3 kommocTu-
PYEMBIX OTXOJOB OBbUIM BBIZEIEHBI 75 YUCTBIX KYJIBTYP MHKPOOPTaHWU3MOB,
cpear KOTOPBIX OBUIH 0OHAPYKEHBI 66 KyIbTyp OakTepuii 1 9 KyJIbTyp IpHOOB.
26 KyApTyp TOKa3alH CHOCOOHOCTH K THIPOJIU3Y OJHOTO WM HECKONBKHX
OronoauMepoB (Kpaxma, IeJUIron03a, Oenkn) Ui TUNUI0B. beuin oToOpaHbl
JUTsL cocTaBieHnsT KoMmrosuimii 10 KyapTyp MHKpooprann3mMoB pomaos Bacillus
u Penicillium ¢ MakcHManbHBIMH THAPOJUTHYECKUMH aKTHBHOCTSIMH. TeCTH-
pOBaHUE IOJYYCHHBIX KOMIIO3HMIUI MPOBOIMWINA MPU MOJCIHUPOBAHUH IIPO-
MBIIIJICHHOTO KOMIIOCTUPOBAaHUSI HecTepmibHBIX 110 MOIEIBHOrO COCTaBa B
naboparopHbix ycnoBusx [Pollutant Emissions from ... , 2021]. B Teuenue
7 Hexenb ¢ MHOKYJISILMEH B Havasle Win Ha 28-i IeHb TpeMsl pa3IuuHbIMU KOM-
MO3HUIUSIMH aBTOXTOHHBIX KYJIBTYP OLICHHBAJIH PEAKIMI0O HA MHOKYJISILHUIO IO
yBenndennto oopazoBanusi CO2, NH3 1 MOBBIIIEHNIO TEMIIEPATYPHI 32 CUET ca-
MOTIPOM3BOJIBHOTO TETIIIOBBIICIICHAS (PHC.)
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Puc. CKpuHHUHT THAPOIUTHYECKH aKTUBHBIX MUKPOOPTaHN3MOB JUTS Y CKOPEHUS
KOMITOCTHPOBAHUS MTUILEBBIX OTXOI0B

Konnenrpamus uaokyaata 108 KOE/r T10 mpu cOOTHONIIEHHH BHOCHMBIX
MUKPOOPTaHU3MOB WHOKYJISATa W aBTOXTOHHBIX MHUKpoopranusmor [10 1:10
YBEIIUYMBAIA HWHTCHCHUBHOCTH OWOJETPaalldy, TOTJa KaK KOHIICHTPAIU
10° KOE/r T10 npu COOTHOIIEHNN BHOCUMBIX M aBTOXTOHHBIX MUKPOOPTaHU3-
MoB 1:2500, HA000POT, 3HAUUTENBHO CHWKaJa. VCcrmonb30BaHne KOMIIO3HUIINN
JBYX KynbTyp pona Bacillus B Hauane koMIoCTHpOBaHUS PUBETIO K HAMOOIb-
memy yBennueHuio oOpasosanus CO:2B 2,8 paza, 4TO COOTBETCTBOBAJIO
1778 mr CO2/cyT Kr OpraHMYecKuX BEUIECTB OTXOAOB MPHU COXPAHEHUHU 00pa-
3oBaHusl ammuaka 251 Mkr NHs/cyt kxr um cpeanenr Temmeparypbl 52 °C Ha
YpOBHE KOHTpOJII 0€3 WHOKYJIATA. YCHICHHE OMOACrpaJallid MPOUCXOANIO B
pe3ysbTaTe YBEJIMYCHHsS JOJIM aHadpOOHOro Meradoim3Ma 3a cueT (aKybTa-
THUBHO-aHa’poOHBIX Oaktepuil B. amyloliquefaciens u B. subtilis, uto compo-
BOKIAJIOCHh YBEIHMUCHUEM 00pa30BaHMS amn(paTHIecKuX KHCIOT, CITUPTOB, Ke-
TOHOB ¥ TepreHoB. Toryia Kak HHOKYJIISIIMs Kommo3uiu rpubos Penicillium ma
28 neHb KOMIIOCTUPOBAHUS Jaja HaWIydIIui 2QQexT, yBeamuuBas o0Opa3oBa-
mue CO2B 1,8 pasa, uto coorBercTBoBano 402 mr CO/cyT Kr, aMMuaka B
3,1 pa3za mo 337 mxr NHs/cyT Xr u 3HaUnMO TOBBIIIas Temrepatypy 1o 43 °C.
Pe3ynpTaThl pacmupsioT NpeACcTaBlICHUE O BIMSHUU ApaMETPOB WHOKYIILMH
M cOCTaBa THUAPOIUTHUECKH aKTHUBHBIX KOMIO3WIMI Ha Ouonerpamanuio [1O
IIPY KOMITOCTUPOBAHUH M MOTYT OBITH MCIOJIB30BaHbI IS II€ICHAIIPABICHHOTO
KOHCTPYHPOBaHHS MUKPOOHBIX KOMITO3HIINH.
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Hannass cmamos evinonnena npu nodoepowcke Munucmepcmea HaAyKu u
svicuieco obpazosanus Poccutickoi Dedepayuu 8 coomeemcmeuu ¢ coenauie-
nuem Ne 075-15-2022-318 om 20 anpens 2022 2. I panm npedocmasnen Ha 2oc-
VOapCmeeHHY10 N0O0ePIHCKY CO30AHUS U PA3BUMUS HAYYHO20 YEHMPA MUPOBO20
VPO8Hs «AepomexHonocuu 6yoyuje2o».

Jlutepatypa

Pollutant Emissions from Municipal Biowaste Composting: Comparative Analysis and Contri-
bution of N-Containing Organic Compounds / V. Mironov, V. Zhukov, I. Moldon [et al.] // Energies.
2023. Vol. 16, N 21. Art. 7271. DOI: 10.3390/en16217271

MN3MEHEHHUE YYBCTBUTEJbHOCTHU K. PNEUMONIAE
B CMEIIAHHOWM KYJbTYPE STAPHYLOCOCCUS AUREUS -
KLEBSIELLA PNEUMONIAE 1 B TPUCYTCTBUH
BHEKJIETOYHBIX METABOJIMTOB S. AUREUS

A. B. MuponoBa, M. C. ®enopoBa, A. P. Kaiomos, E. FO. Tpusna

Kasanckuii (ITpusomkckuit) Genepanbhblii yausepcurer, Kazanb
amironova2019@mail.ru

buonneHkn sSBISIOTCS CIOXKHBIM CTPYKTYPHO-OPTaHH30BaHHBIM TPEXMep-
HBIM COOOIIECTBOM OaKTEpHH, 3aKIIOUCHHBIM BHYTPH IOJMMEPHOTO MaTpHKCa,
CHUHTE3MPOBAHHOI'O WICHAMH 3TOr0 cOO00IIecTBa. BbIcoKasi yCTOHYMBOCTL Oak-
Tepuil B OMOIUICHKE K aHTHOAKTEpHAIBHBIM IIperapaTaM CBs3aHa, B IEPBYIO
ouepeb, C MPOTCKTUBHBIMU CBOWCTBAMM MaTpHKCa, OMOXMMHUYECKUII COCTaB
KOTOpOT'O 3aBHCHUT OT BHIA OakTepuii, oOpasyromux OnomieHky. B ecrecTen-
HBIX YCIIOBHSIX OaKTepHH B OCHOBHOM CYIIECTBYIOT B COCTABE CMEIIAHHBIX CO-
00IIIeCTB, BHYTPH KOTOPHIX HAOIIOMAIOTCS Pa3sHOOOpa3HBIC B3aWMOJICHCTBHA
MEK/ly MUKPOOpPTaHU3MaMH, OT CHHEpru3Ma JI0 aHtaronmsma. [loatomy paspa-
00TKa HOBBIX CTpaTeruit 60psObI ¢ OUOMICHKAMU Ha OCHOBE MEXaHU3MOB MEXK-
BHJOBON KOHKYPEHIIMH, a TaKXKe IMOCIEyIOIIee CO3JaHMe ITIPeraparoB, BO3-
JEHCTBYIOMNX Ha MEIUATOPbl MUKPOOHBIX B3aMMOAEHCTBHN, MOTYT CTaTh allb-
TEPHATUBOM TPaJMIMOHHBIM IIOJIX0JaM TEpanuu OaKTephajbHBIX HH(EKIHH,
CBS3aHHBIX C (POPMHUPOBAHHEM OHOILICHOK.

B pabore ObuTO TOKa3aHO, YTO B COCTaBE CMEIIAHHBIX COOOIIECTB
S. aureus — K. pneumoniae mosslmmaercss gyBcTBHTENLHOCTH K. pneumoniae
aHTHOMOTHKAM HIMPOKOro CIeKTpa JelcTBus. [Ipu 5TOM KoMuecTBO BHEKIIe-
TOYHOTO MaTPHUKCa B CMEIIAHHBIX coolmecTBax S. aureus — K. pneumoniae mo-
CTOBEPHO HE OTIMYAJIOCh, OAHAKO WM3MEHSUICS OMOXHMHYECKHH COCTaB, IO
CPaBHEHHIO C MOHOMHKPOOHBIMH COOOIIIECTBAMH TEX )K€ BHJOB. B cMmerranHOM
co00IIecTBe MPOUCXOAUT yBEIMUYEHUE KOJIMYECTBA O- U [-TOIUCAXApPHIOB B
coCTaBe MaTPHUKCa OMOIIIICHKH, YTO MPUBOAUT K MEPECTPOIKE €€ CTPYKTYPHI.
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ITocpencTBOM MOJIMMEPA3HOHN IEMHOW PEeaKIMu C OOpaTHOH TPaHCKPHII-
IUEH MTPOBOJIHMIIACH OIICHKA IKCIIPECCUH T'eHOB, aCCOLIMUPOBAHHBIX ¢ 00pa3oBa-
HHEM OUOIUICHKU. BBUTO OTMEUEHO, YTO YPOBEHb SKCIPECCUH TeHa ICaA MOHH-
JKaeTCs B MOJMMHUKPOOHBIX GuomieHkax S. aureus— K. pneumoniae mo cpas-
HEHHUIO ¢ MOHOKYJBTYpOH S. aureus, B To BpeMs, KaK DKCIpeccHs TeHa PgaA
MOBBINIANIACH B CMEIIAHHOM COOOIIECTRE.

BenenctBue M3MEHEHHs YpPOBHS DKCIIPECCHHM T'EHOB M, COOTBETCTBEHHO,
COCTaBa BHEKJIETOYHOTO MAaTPHUKCA MOXKET MPOMCXOANTh N3MEHEHUE TTPOHMIIA-
eMOCTH OWOIUICHKH Ul aHTHMHUKPOOHBIX TpemaparoB. Tak NPOHHIIaeMOCTH
cMelIaHHOW OuorieHKH S. aureus — K. pneumoniae Obuia BbIIIE JUISI [IUITPO-
(roKcanHa, 9eM MOHO- OMOTUIEHKH STHX YK€ BUIOB.

MBI TIPEAIOIOKIIH, YTO JNAHHBIH dPPEKT TaKkkKe MOXKET ObITh 00YCIIOB-
JICH CHHTE30M KIJIETKaMH 30JI0THCTOTO CTa(pHIOKOKKA BHEKICTOUYHBIX METa0O0-
JIUTOB, OKA3bIBAIOINMX BiMsHWE Ha Metaboim3Mm K. pneumoniae, u, cooTBert-
CTBEHHO, Ha COCTaB M CTPYKTYpPy BHEKJIETOYHOTO MATPHKCA, a 3HAYUT W IPO-
HHUIIAEMOCTh CMEIIaHHOTO coo0mecTBa. YTOOBI MPOBEPUTH ATO IMPEIIIONIONKE-
HUE, TOIYYWIN pa3IndHble Ppakiuu OCCKICTOYHON KyIbTYPaIbHOW KUIKOCTH
(BKXK) S. aureus u mpotectupoBain Ha KyabType K. pneumoniae. Buecenue
¢paxuunit BKXK S. aureus k moHoBuoBoi#i 6uoruienke K. pneumoniae ysenudu-
BaeT COJEpXKaHWE O-, B-TionucaxapuaoB U OSNKOB B MaTpukce 10 2 pas. [Ipu
9TOM B KOHTPOJIbHBIX JIYHKaX O-TIOJINCAXaPHUIbl PACIIONAraloTcsl paBHOMEPHO, B
TO BpeMs Kak B JiyHKax, oOpaboranubix BKXK S. aureus, 3Tor KOMIIOHEHT BH-
3yaTM3UpyeTCs B BAE OTACIBHBIX CKOIUICHUH, IIIOTHBIX IO CBOCH CTPYKTYpe.
VYBenuueHne MOJIMCAXapUIHOTO KOMIIOHCHTA TaKXKe IMOJITBEPIKIACTCS 3HAYH-
TENBHBIM TIOBBIIIEHHEM YPOBHS dKcrpeccuu reHoB pgaA K. pneumoniae B
npucyrcreuu ¢paxmuit BKOK S. aureus.

Takum oOpaszom, BHecenue Qpakmumii BKXK 3omorucroro craduimokoxka
CIOCOOCTBYET YBEIMYCHHIO OCTIKOB W IOJHCAXapHIOB B COCTABE MAaTpPHUKCA
ouorutenku K. pneumoniae u npuBOAUT K U3MEHECHHUIO €€ CTPYKTYPBI, a TAKXKe
HM3MEHEHUIO dKCIIPECCHH TeHa PgaA, acCOIMUPOBAHHOTO ¢ 00pa3oBaHHEM OHO-
rieHKH. [Togo0HBIe M3MEHEHHS MOTYT BIHATH Ha IPOHUIIAEMOCTh MaTpPHKCa
JUTsL IPOTUBOMUKPOOHBIX MpEnapaToB, U, KaK CJIEJCTBHE, MOBHIIIATh YyBCTBH-
TEJIBHOCTh OaKTepHuil K aHTUOMOTHKAM, YTO HEOOXOJMMO YUUTHIBATH TIPU Pa3-
paboTke MOAXOIOB Tepamuy MH(EKIHH, aCCOIMUPOBAHHBIX ¢ 00pa3oBaHHEM
ouomnenok K. pneumoniae.

Paboma svinonnena 3a cuem cpedcma cyocuduu, gvloenennol Kasancko-
My ¢pedepanvrhomy yrusepcumemy Oas 8bINOJIHEHUS. 20CYOAPCMBEHHO20 3aA0a-
Hus 6 cgpepe Hayunou deamenvrocmu. [Ipoexm Ne FZSM-2022-0017.
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BUOAETIPAJALIVA ITAY PU3OBUSAMU
B ITIPUCYTCTBHUU TAXKEJbBIX METAJIJIOB

A. 1O. Myparoga, C. H. T'oay0es, U. FO. Cynrypuesa

WuceTnTyT OMOXMMHHN U (PU3HOTIOTHM PACTEHUI 1 MUKPOOPTaHU3MOB
OUL] «Caparosckuit Hayunsit neatp PAH», Caparos, muratova_a@ibppm.ru

Tsoxensie Metaiibl (TM) U MONMUIMKIMYECKUE apOMATHUECKUE YTIIEBO0-
poxst (ITAY) wacto 0OHApY>KUBAIOTCSI OJJHOBPEMEHHO B MECTax 3arpsi3HEHU,
KOTOPBIE SBISIFOTCS PE3yTTaTOM JIHOO0 €CTECTBEHHBIX MPOIIECCOB (M3BEPIKECHHS
BYJIKAHOB, JICCHBIC ITOXKApHI U T. [I.), JINOO aHTPOIIOTCHHOH JESITENbHOCTH (1O0-
Ob1ua 1 mepepaboTKa yrist WM He(TH, OTXO/IBI METAJUTYPTUHU U SIICKTPOHUKH).
CosmectHoe npucytctBue B nouse ITAY m TM oka3blBaeT HEraTMBHOE BO3-
JCHCTBIE HA OKPYXXAIOUIYIO0 Cpely CHIIbHEE, 4eM STH JKe 3arps3HHUTENH TI0-
otnensHOCTH [Quantitative evaluation ... , 2020] u mo3ToMy KpaiiHe HEOOXO-
JVIMBI HAJI€XKHBIE CIOCOOBI MX yCTpaHEHUS. MeToabl OHONIOTHYECKON PeKyIIb-
TUBAIMN 3arPSA3HCHHBIX TI0YB C MCIIOJIh30BAHIEM CIECIHAIN3HPOBAHHBIX BBICO-
KOaKTHBHBIX MHKPOOPTaHU3MOB OCTAIOTCS TEXHOJOTHAMH BBIOOPA [UIST BOCCTA-
HOBJICHHUS 3arPA3HEHHBIX Y4aCTKOB, a HX COBEPIICHCTBOBAHNE B HAIPABICHUH
ITOVCKA HOBBIX MEPCIIEKTUBHBIX IITAMMOB-PEMEINAHTOB aKTyaTbHBIM.

Mmnorue 6akTepun 001aaf0T OTPOMHBIM TTOTEHITHATIOM ISl OnopeMeTia-
LUK, OJHAKO OOJBIIMHCTBO M3 HUX CIOCOOHBI MO0 pasmarate [TAY, mubo
MPOSIBIIATH yCTOWYNBOCTE K TM. DTO CBSI3aHO € TeM, 4TO B MpUCYTCTBUU TM,
Kak TpaBmiio, HaOmomaeTcss MHruOupoBanue katabonmmsma ITAY, BeI3BaHHOE
TOKCHYECCKHAM JICHCTBUEM METAJIOB, HAIIPABJICHHBIM Ha CTPYKTYpHOE H (YHK-
LMOHAIBHOE HapyllleHne OeNKoB — ()epPMEHTOB, YYaCTBYIOIIMX B JAErPaJalliu
OpraHuueckux coequHeHU. CooOmeHus o OakTepHsx, KOTOPbIE CIOCOOHBI
OJTHOBPEMEHHO CIIPaBJIATHCS ¢ KOMIUIEKCHBIM 3arpsisHeHueM [1AY u TM He-
MHOTOYHCIICHHBI, YTO CBHICTEIBCTBYET O HEJIOCTATOYHOU M3YYCHHOCTH TAKUX
MHUKPOOPTaHU3MOB U HEOOXOJMMOCTH JAJbHEHIIEero BBIABICHUS M HM3yUEHHS
0aKkTepruaNbHOTO TTOTEHIHANA I ONOopeMeINaIlii KOMITJICKCHBIX 3arps3HeHUN
[Characterization of the ... , 2020]. ®u3r0NIOrO-OMOXUMHUECKHE OCOOCHHOCTH
Oakrepuii cemeiictBa Rhizobiaceae, a Taxke MHTEHCH(UKAIMA B IMOCICIHEE
BpeMs MCCIIeIOBAHUM, HANPABICHHBIX HA U3y4YCHHE MX OMOpPEeMEAMAIlIOHHOTO
MTOTEHIIAANA, TAI0T OCHOBaHME MOJIaraTh, YTO MPEIACTABUTEIN PH300MH MOTYT
CTaTh YCIICIIHBIMU KaHIUIATaMU JUIs OnopeMeuanu/(puTopeMeauaul KOM-
wiekcHoro 3arpsisaenus mous [TAY u TM [Genome-guided identification ... , 2019].

Hemnpsio paboTel sBIsIIOCH M3ydeHue aerpamannuu [TAY B mpucyTcTBHH
HOHOB TSDKEJBIX METAIJIOB PU300MsIMU — MpEACTaBUTEIIMU poioB Ensifer u
Neorhizobium. HccrnenoBanus Bkiaroyanu B ceOsi TeHOMHBIN aHAIHU3 MPEACTa-
BUTENCH YKA3aHHBIX POJIOB M 3KCIIEPUMEHTHI IN Vitro. B kauecTBe MOIETBHOTO
ITAY 6511 BEIOpaH TPEXKOIbIEBOH (peHAHTpPEH, AeTpajaIiiio KOTOPOTO aHaH-
3UPOBAJIM B IIPHCYTCTBUH HOHOB JIBYXBAJEHTHBIX MeTamnos: NiZ*, Cu*", Cd*" n
Zn**,
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AHanu3z pacnpesenenus npusHakoB aerpagauu [IAY u ycroitunBoctu K
TSDKEJIBIM MeTajllaM B TeHOMax Oakrepuii cemeiictBa Rhizobiaceae, nmpencras-
neHHbIX B 0a3e maHHbIX JGI IMG/M mokasan, 4To MHTEpECYHllee CeMEHCTBO
o0orameHo ITaMMaMH{, YCTOMUYMBBIMH K TSDKENbIM MetamiaMm (67 %), Ho
obenHeHo mTamMMamu, pasnmaratomumu [1AY (4,7 %). Hons mramMMmoB, code-
TAIOMKX B ceOe reHeTHYECKUE CIIOCOOHOCTH K Aerpanarmu [IAY u ycroitumso-
CTH K TSDKEITBIM MeTasuiaM, cocTaBisiia 3 %. DKCIepuMeHTsI in Vitro mo3souu-
JIM oxapakTepu3oBaTh aerpagauuio [IAY y paHee BbIIEIECHHBIX IITaMMOB PH-
300uii-nectpykropoB ¢enantpena Ensifer meliloti P221 u Neorhizobium sp.
Rsf 11 w3 Komrekuuun pusochepHbix Mukpoopranuzmos HWBOPM PAH
(http://collection.ibppm.ru), a Tak)Ke OLEHUTH BIUSHUE NOHOB TSDKEIBIX METaJI-
JIOB Ha 3TOT Tpoliecc. BrIAEICHB U HICHTH(UINPOBAHEI KIIFOYEBbIE METa00IH-
THI ()eHAHTPEHA, 00pa3yIONINECs B Pe3yJIbTaTe ero OHoIerpagauy pU300HsIMY,
a TaKoKe ompeJielieHa akTHBHOCTh BOBJICUCHHBIX B aerpaianuio [TAY depmen-
TOB — (peHAHTPEHXWHOH PEAyKTa3bl M MPOTOKAaTEeX0aT AWOKCHTeHa3bl. [lokaza-
HO HaJIW9HEe PAa3TUYHBIX CTPATETHH METAJUIOYCTOHYMBOCTH Yy MCCIIETOBAHHBIX
MHKPOOPraHH3MOB. BEISIBIICH IHaIia30H KOHIICHTPAIMI HOHOB METAILIOB, IIPH KO-
TOPBIX COXPAHSIETCS POCT MUKPOOPTaHU3MOB U CIIOCOOHOCTH K Jerpaganuu [TAY.

Ha ocHOBaHNY MIPOBEICHHOTO MCCIECIOBAHHUSA MOKHO 3aKIIOYUTh, YTO Ce-
MeticTBo Rhizobiaceae copep XUt X0Th U HEOOJBIIYO JOTIO YCTOMYUBBIX K TsI-
JKenbIM MeTaaM [TAY-gecTpyKTopoB, HO IPUCYTCTBHE TAKUX MITAMMOB B 3a-
METHOM KOJIMYECTBE 03HAYACT, YTO WX MOXKHO OTOMpAaTh M B JAaJbHEHIEM HC-
MIOJIH30BaTh B OMOpeMeTnauy 1 (PUTOPEMEIHAIINH TT09B, KOMITJICKCHO 3arpsi3-
HeHHbIX [TAY ¥ TsKenpIMU MeTajuIaMu.

Hccneoosanue evinonneno npu gunancosoti noooepoicke Poccuiickozo
Hayunoz2o gonda (npoexm Ne 23-24-00578)

Jlutepatypa

Characterization of the phenanthrene-degrading Sphingobium yanoikuyae SJTF8 in heavy
metal co-existing liquid medium and analysis of its metabolic pathway / C. Yin, W. Xiong, H. Qiu
[et al.] // Microorganisms. 2020. Vol. 8, N 6. Art. 946.

Genome-guided identification and characterization of bacteria for simultaneous degradation of
polycyclic aromatic hydrocarbons and resistance to hexavalent chromium/ Y. Huang, Y. Wang,
H. Feng [et al.] // Int. Biodeterior. Biodegrad. 2019. Vol. 138. P. 78-86.

Quantitative evaluation of in-situ bioremediation of compound pollution of oil and heavy met-
al in sediments from the Bohai Sea, China/ C. Wang, S. He, Y. Zou [et al.] // Marine Pollution Bul-
letin. 2020. Vol. 150. Art. 110787.
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SHAO®UTHBIE MUKPOOPT' AHU3MBbI
KAK IMMEPCITEKTUBHBIA UICTOYHHUK JIJI IONUCKA
HOBbBIX AHTUBMOTHKOB

II. A. Hazapos', M. B. Kapako3zosa®

"HUM pusnxo-xumugeckoii 6Guonoruu um. A. H. Benosepckoro
MockoBckuil rocynapcTBeHHbIH yHuBepeuTeT uM. M. B. JlomoHocoBa
Mocksa, nazarovpa@gmail.com
2BcepoccHiicKnii HaydHO-HCCIIe/[0BATENBCKHH HHCTUTYT JIGKAPCTBEHHBIX
M apoMaTHuecKux pacrenuit, Mocksa, mvk752002@gmail.com

WudeximronHbie 00JE3HU MPEJCTABIAIOT COOON CEphe3HYI MpodiIeMy
JUISL TII00aTBHOM CHCTEMBI 3/[paBOOXPAHEHUs], 0COOCHHO M3-3a PacTyIIeil mpo-
671eMBbl aHTHOMOTHKOYCTOWYNBOCTU. DTa MOCTOSHHO YBEIMYMBAIONIASACS MPO-
O1ema TpeOyeT peryJsIpHbIX HCCIICIOBAaHMH M pa3pabOTKH HOBBIX aHTUMMK-
poGHBIX areHToB. Kiaccuueckue myTH BBIICTICHUS aHTHOWOTHKOB M3 KyJIbTH-
BHPYEMBIX MHKPOOPTaHW3MOB MPAKTHUECKH mcuepnanu ceds. /s moncka Ho-
BOr0 aHTHOMOTHKa TpeOyeTcs MPOBEJICHUE aHAIN3a HECKOJBKUX MUJIJIMOHOB
KOJIOHHH MHKPOOPTaHM3MOB, YTO YBEIUYMBAET CTOMMOCTH Pa3pabOTKU Mpera-
pata [Nazarov, 2022]. OcobeHHO 3TO CTAaHOBUTCSI OYEBUIHBIM B CBETE OBICTPO-
IO PaclpoCTPaHEHHs PE3UCTEHTHOCTH Y KIMHUYECKUX MITAMMOB, YTO CHHMKAET
BEPOSTHOCTH TOTO, YTO WHBECTUIMU (PAPMKOMITAaHHUI B pa3pabOTKy HOBBIX aH-
THOMOTHKOB OKYIISTCS B 20-T€THEH MEpCIIeKTHBE NCHCTBHS TATCHTHOM 3aIIUThI.

B nacrostee BpeMs: pa3padbaThIBAIOTCS HOBBIE TIOAXOBI K TIOMCKY HOBBIX
aHTHOnOTHKOB (puc.). K HUM oTHOCATCS: 1) MOUCK MPOIYLIEHTOB aHTHOUOTH-
KOB CpeAM HEKYJIbTUBHUPYEMBIX MHKPOOPTaHU3MOB, 2) MOUCK aHTHOWOTHUKOB
cpear MHKPOOMOMAa 3K30THYECKHX JKMBOTHBIX, 3) BBICOKOTPON3BOINTEIHHBIN
CKPUHMHT OMOJIMOTEK CHHTETUYECKHX XUMUYECKHX COCIMHEHUH, 4) TIONCK aH-
TUMHKPOOHBIX MpEnapaToB CpeIu PaCTUTEIbHBIX 3KCTPAKTOB U, HAKOHEL,
5) MOWCK TPOIYIIEHTOB HOBBIX AHTHOMOTHKOB CPEAW MHKPOOMOMA pPacTEHHIH,
ocoberHo cpenn dHI0puToB [Infectious Plant ... , 2020].

Bropuunble MeTabOINUTBI, TPOU3BOANMBIEC SHIO(DUTHBIMH MUKPOOPIaHH3-
MaMH, CTAHOBSTCS IICHHBIMH MCTOYHHKAMHU JUIS BBIIBICHUS aHTHMHUKPOOHBIX
BEIIECTB. DTH SHAO(PHUTHBIC MHKPOOPTaHW3MBI, OOMTAIOMINE BO BHYTPEHHHX
TKaHSX PAaCTCHHUH, NPOJEMOHCTPHPOBAIHM CIIOCOOHOCTh T€HEPUPOBATH Pa3HO-
o0Opa3Hble OMOAKTUBHBIE COEAMHEHHUS C 3aMETHBIM (hapMaKOIOTUYECKUM II0-
TeHIaIoM. B pe3ynbrare u3 SHIO0PUTOB OBUIO M3BJIEYCHO MHOKECTBO HOBBIX
AHTUMHUKPOOHBIX BEILECTB, OCOOEHHO M3 YHIO(PHUTHBIX IPHOOB M aKTHHOMHIIE-
ToB [Antimicrobial and Cytotoxic ... , 2023]. Tem He MeHee JTUIIb HEOObILAST
9acTh M3 3THUX COCAWHCHMH MPOIUIA THIATENbHOE MCCIIEIOBAHNE WX MEXaHH3-
MOB JIeHCTBHS HA OaKkTepHaibHbIC KIeTKH. Kpome Toro, m3yueHne ux Bo3ziei-
CTBHS HA aHTHOMOTHUKOYCTOHYMBBIC OAKTEPHN U UICHTH(UKAINS ONOCHHTETH-
YECKUX TeHETHYECKUX KJIaCTepPOB, OTBETCTBEHHBIX 3a MPOMU3BOACTBO 3TUX BTO-
PUYHBIX META0OJIUTOB, IPOBOAMINCE TOJIBKO JUISl OIPAHMYEHHOT'O YHCIIa MHO-
ro00CIAIONINX COSANHEHHH.
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PacturenbHbie
IKCTPAKTBI

KyneTuBupyemele  HekyneTMBMpyemble  SK30TMYECKME BMBNMOTEKH XMMHUUECTKHX
MMKPOOPraHM3Mbl  MHMKPOOPraHU3Mbl OpraHu3mbl COEQUHEHMIA

Puc. OcHoBHBIE IIyTH TIOJIYYC€HUSI HOBBIX aHTUOMOTHKOB

Takum 00pazoM, 3HAO(PUTHBIE MHUKPOOPTaHU3MBI SIBISIOTCS OIHUMHU W3
HanboJiee MepCIeKTUBHBIX HCTOYHUKOB MOJyYeHUsI aHTHOMOTHKOB B OyayleM
1, 6e3 COMHEHHs BHECYT CBOW BKJIAJ] B IPEOIOJICHHE KPU3UCA aHTHOMOTUKOPE-
3UCTEHTHOCTH, C KOTOPBIM CTOJIKHYJIAaCh COBPEMEHHOE 3APAaBOXPaHCHHE IO
BceMy mupy [Antimicrobial Action ... , 2024].

Paboma 6vina evinonnena npu unancosoii noooepoicke Poccuiickoeo
Hayunoeo gonoa, npoexm Ne 22-15-00099.

Jluteparypa

Antimicrobial Action Mechanisms of Natural Compounds Isolated from Endophytic Microor-
ganisms / F. Eshboev, N. Mamadalieva, P. A. Nazarov [et al.] / Antibiotics (Basel). 2024. Vol. 13,
N 3. Art. 271.

Antimicrobial and Cytotoxic Activities of the Secondary Metabolites of Endophytic Fungi Iso-
lated from the Medicinal Plant Hyssopus officinalis/ F. Eshboev, M. Karakozova, J. Abdurakh-
manov [et al.] // Antibiotics (Basel). 2023. Vol. 12, N 7. Art. 1201.

Infectious Plant Diseases: Etiology, Current Status, Problems and Prospects in Plant Protec-
tion/ P. A. Nazarov, D. N. Baleev, M. L. Ivanova [et al.] // Acta Naturae. 2020. Vol. 12, N 3. P 46-59.

Nazarov P. A. MDR Pumps as Crossroads of Resistance: Antibiotics and Bacteriophages //
Antibiotics (Basel). 2022. Vol. 11, N 6. Art.734.
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HOJYYEHUE PEKOMBUHAHTHOI'O JJOMEHA III (DIII)
CTPYKTYPHOT O I'"IUKOITPOTENHA E
BUPYCA JINXOPAJIKH 3ATIA/THOI'O HHUJIA,
CUHTE3UPYEMOI'O B BAKTEPUAJIBHBIX KJIETKAX

B. C. HecmesinoBa, /1. B. llanbmun, E. A. BosiocHnkoBa,
J. H. lllep6axos

OBYH I'HIL BB «Bekrop» Pocriorpedbnanzopa, HCO, p. n. Kosboso,
nesmeyanova_vs@vector.nsc.ru

Bupyc 3amagroro Huma (B3H) — ato ap6oBupyc cemeiicta Flaviviridae,
pona Orthoflavivirus. OcHoBHEIME TIepeHOcunKaMu B3H sBisioTcst komapsl,
IIpenMyIIecTBeHHO 13 poaa Culex, a OCHOBHBIMH pe3epBYapHBIMH X035CBaMU —
ITHIBI, YYACTBYIOIIUE B PaclpOCTpaHEHUH BHpYyca 10 BceMy mupy. Jlrogu u
JpyTHe MIEKOMHUTAIOIIUE SBISIOTCS clyJalHbIMU X03seBaMu. B3H He nepena-
€TCs OT YeJIOBEKa K YEIOBEKY OOBIYHBIM ITyTEM, a TAaKXKe OT KUBOTHBIX K UEJIO-
Beky 0e3 ydactus komapoB [Hruskovicova, Sherbakov, Kazachinskaia, 2022].
[pn nrdumpoBannn B3H gyenoBek MoxeT 3a00J€Th IMHUPOKUM CIIEKTPOM 3a-
OosieBaHMH, BAPbUPYIOIMXCS 110 CTEIICHN TSHXKECTH, OT OECCUMITOMHBIX (hOpM,
BBISIBJSIEMBIX CEpPOJIOTHUECKUM MeTonoM uinu merogoM IIIP, no nmxopanou-
HBIX COCTOSIHMHM M HEBPOJOTMYECKHX PACCTPOMCTB, TAaKMX Kak dHIE]anmuT n
menuHrut. Kak n npyrue npeacrasurenn Flaviviridae, B3H ucnons3yer cBoit
riaukonpoTenH E st obecniedeHus NMPUKPEIUICHNSI U POHUKHOBEHHSI B BOC-
MIPUUMYHUBYIO KIETKY-X03duHa. TakuM oOpazom, raukonporenH E mpencrasms-
eT co0oi ueanbHyl0 MHUIICHB JUIsl pa3pabOTKH KaK IPOTHBOBUPYCHBIX, TaK U
TepareBTHYecKux npenaparoB [Development of peptides ... , 2021]. benok E
COCTOUT M3 TpeX OTAenbHBIX gomeHoB (oT I mo III), m3 HUX UMMyHOTIOOYIH-
Homono0HbIH nomeH III (DIII) urpaer 3HaYUTENBHYIO POJIb B OOECIICUCHUU
NPUKPEIUICHNS BUPYca K KIeTOYHbIM perieniropam [Development of peptides ... ,
2021, Bhide et al., 2022, Engineering the Single ... , 2022]. B psiie uccnenosa-
Huii nokazaHo, yto DIII sBnsieTcss 0/HUM U3 TJIaBHBIX PETHOHOB, BBI3BIBAIOIINX
CHHTe3 HeHrpanmsyromux aHtuten [Nesmeianova, Sherbakov, Kazachinskaia,
2021].bonee TOro, MOHOKJIOHAJILHBIE aHTUTENA, BbIpaboTaHHble MpoTuB DI u
DII, neMOHCTpHPYIOT HU3KHH MOTeHIMan HelTpanusammuu B3H mgaxe B oueHb
BBICOKHMX KoOHIleHTpanusx [Engineering the Single ... , 2022]. B orcyrcTBHe
crneu(uueckoro NPOTUBOBUPYCHOTO WIIM TEPANICBTUYCCKOTO JICUCHHUS KpaiiHe
Ba)XHO pa3zpaboTaTh Oe30macHyro U 3P (EeKTHBHYI0 NPOPUIAKTHUECKYIO BaKLIH-
Hy npotuB B3H [Role of N-glycosylation ..., 2017].

Ienp paboOTHI — MOJNYYUTh PEKOMOMHAHTHBIN aHanor jgomena III cTpyk-
TypHOTO TiHKonporenHa E Bupyca nmuxopanku 3amagnoro Huna ¢ ncmons3o-
BaHHEM OaKTEPHAIBLHOTO MIPOIYIICHTA.

B pamkax wmccmemoBanus ObIT pazpaboTaH Tuta3MunHbI BekTop pET32-
WNV-DIII, npenxazHaueHHbIN U CHHTe3a pekoMOnHanTHOTO Oenka DIII Bu-
pyca 3anagnoro Huma (DIII-B3H) B Gaktepuanbhbix kietkax. Kierku E. coli
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BL21(DE3) 6butr TpaHC)OPMHPOBAHBI TUTa3MHIHBIM BeKTOpOM pET32-WNV-
DIII, 4Yro mpuBeno K IOJYYCHHUIO CTAOWIBHOIO INTaMMAa-IPOAYIICHTA
BL21(DE3)-DIII-WNV, cmnoco0HOro HakaminBaTh pekoMOuHaHTHBIA DIII-
B3H. bsula mpoBegeHa ONTUMM3ALUS YCIOBUHM KYJIBTUBHPOBAHUS 3TOTO
HITaMMa-TPOIYLEHTA, YTO TO3BOJUIO JOCTHYb CPEIHETO BBIXOJA MPOAYKTA B
35mr ¢ 11 xyapTypsl. OuncTKy Oenka MpOBOJIMIM C HCIIOJIb30BAHHEM Me-
TajutoxenatHoi apduuHol Xpomarorpaduu Ha copbente Ni-IMAC cenTpo3ssl
(GE Healthcare, CIIIA). Arann3 QyHKIMOHATEHOW aKTUBHOCTH OYHIIICHHOTO
pexombunanTaoro DIII-B3H mpoBogwin ¢ momomnpo KMMYyHO(EPMEHTHOTO
anamusa. [lpoBepsuin B3ammojeictBusi pexkomOunantHoro DIII-B3H ¢ mo-
HOKJIOHAJILHBIM XHUMEpHBIM aHTuTenoM 900ch HelTpanu3yromum BHpyc 3a-
nagaoro Hwuma. Tlpu noctkenun pasBenenust 1/177142 npemapara aHTUTENA
900ch B UDA, noyuenssiii curaan OIl 3HaAYUTENTFHO MPEeBHIIaN (OHOBBIA H
cocraBua 1,6. Ouenky adduuHOCTH TONYyYeHHOrO pekomOuHanTHOro DIII-
B3H x memmuaOMy antuteny 9E2 mpoBoamim mpH MOMOITH OHOCIOWHOW WH-
Tepdepomerpun. Pe3ynapTaThl Mokaszanu, 4To KOHCTaHTa auccoruanuu KD co-
crapmwia 1,46+0,27-10°M, 4YTO CBHIETENLCTBYET O BBICOKOH adGUHHOCTH
JIaHHOT'O B3aUMOJIEUCTBUSL.

Jlutepatypa

Development of peptides targeting receptor binding site of the envelope glycoprotein to con-
tain the West Nile virus infection / P. Mertinkova, E. Mochnacova, K. Bhide [et al.] / Scientific Re-
ports. 2021. Vol. 11, N 1. P. 1-14.

Engineering the Single Domain Antibodies Targeting Receptor Binding Motifs Within the
Domain III of West Nile Virus Envelope Glycoprotein / J. Hruskovicova, K. Bhide, P. Petrouskova
[et al.] / Frontiers in Microbiology. 2022. Vol. 13. P. 1-15.

Nesmeianova V. S., Sherbakov D. N., Kazachinskaia E. I. Using Flavivirus-Specific Monoclo-
nal Antibodies to Study the Antigenic Structure of Flaviviruses and Develop Anti-Flavivirus Drugs //
Molecular Genetics, Microbiology and Virology. 2021. Vol. 36, N 2. P. 57-67.

Role of N-glycosylation on Zika virus E protein secretion, viral assembly and infectivity /
M. Mossenta, S. Marchese, M. Poggianella [et al.] // Biochemical and Biophysical Research Com-
munications. 2017. Vol. 492, N 4. P. 579-586.

Signaling events evoked by domain IIT of envelop glycoprotein of tick-borne encephalitis virus
and West Nile virus in human brain microvascular endothelial cells / K. Bhide, E. Mochnacova,
Z. Tkacova [et al.] // Scientific Reports. 2022. Vol. 12, N 1. P. 1-15.
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BUOCOBMECTHUMBIE I'EJIA AJ1A JJIMTEJIBHOI'O XPAHEHUSA
1 YIIYUIIEHUA TEXHOJIOTHYECKNX CBOMCTB ITPEIMTAPATOB
JKUBBIX BAKTEPUI

10. A. Hukoaaes', E. B. légmkuna', O. A. I'anysa!, H. T. Jloiiko’,
T. A. Kananauuii', U. A. Bopsenkos', . B. Ilepmunona’,
A. H. Xpentyrosa’, I'. U. Dab-Perncran’

'®UI] 6uorexnonorun PAH, Mocksa, info@fbras.ru
2MockoBckuii rocyiapcTBeHHbIi yHusepcutet um. M. B. JlJomonocosa, MockBa

BuonpenapaTsl Ha OCHOBE JKHBBIX MHKPOOPTAaHU3MOB IIUPOKO HCIOIB3Y-
IOTCSl B OMOTEXHOJOTHAX (TUIIEBOH, MPUPOTOOXPAHHON, TEXHUUECKOH, Cellb-
CKOXO3SIHICTBCHHOW, OMOMETUIIMHE) B KaueCTBE OMOKATAIN3aTOPOB MM 3aKBa-
cok. OCHOBHBIM HEJOCTATKOM MHOTHX OHOIPENapaToB SBISETCS BBICOKAs CKO-
POCTh THOCTH MUKPOOPTAHU3MOB W CHIDKCHHE THTPA KU3HECTIOCOOHBIX KIETOK
HIDKE TEXHOJOTMYECKU MPHEMIIEMOTO YpoBHs. M3BecTHbIC 3(peKTHBHBIC TPH-
€MBI JUTUTEIBHOTO XPaHCHUs OHONpenaparoB (JHOGUIU3AIMS, 3aMOPAKUBA-
HHE, XpaHCHHE TPH OKOJOHYJICBBIX TEMIepaTypax) MOBBIIIAIOT CTOUMOCTD
MIpUMEHEHU TpenapatoB. [109ToMy U3ydeHne CIIocOO0B TTOBBIIICHUS BEDKHBA-
€MOCTH MUKPOOPTaHU3MOB IIPH UX JUTUTEIHHOM XPaHEHUH BBICOKO aKTyaJbHBI.

B macrostmiem mccienoBaHNM pa3paboTaH YHHBEPCAIBHBIN CIIOCOO JUTH-
TEJNBHOTO XPAaHCHUS JKUBBIX MHKPOOPTaHU3MOB ITyTEM WX UMMOOWIN3AINHA B
rejid pa3iuvyHOro0 COCTaBa, B PE3yJbTAaTe Yero MHOTOKPATHO MOBBIIIAIACH BbI-
JKUBAEMOCTh MHUKPOOPTaHW3MOB IMPH HMX JUIMTEIHHOM XPAaHEHUHW (CHMIIKAIACh
CKOpPOCTh OTMHPAHHS KJIETOK), & TAKXKE IMPOUCXOIIIO YIyUIICHHEe TeXHOIOTH-
YECKHUX CBOWCTB OMOTIPEITapaToB.

OOBeKTaMU HCCIEOBAaHUA OBUIM: YTIIEBOJOPOAOKUCISAIOMNE OaKTepUH
(YOB) Acinetobacter seifertii WS1, Pseudomonas extremaustralis WS-1,
P. aeruginosa OIS 4.8.1, Rhodococcus gingshengii 367-6, Dietzia maris 367-2,
A. junii 2-1, a taxxe monounokucisie 6akrepun (MKB) Enterococcus faecium
M3185 u Lactobacillus paracasei AK 508. Knerku cranmonaproii ¢assl pocra,
BEIpaIeHHBIC Ha cpenie LB, ObUTH IMMOOMIT30BaHbI B: CHIIAHOJIBHO-TYMATHEIC
remu (CIT) [Silanized humic substances ... , 2018, Immobilization of Cells ... ,
2021], renu Ha OCHOBE JKeJIaTHHA, KaMeel (KCaHTaHOBOMU, TyapOBOM, TeIIaHO-
BOi). B nMHAMHKeE OompeneNsii TUTP KH3HECIIOCOOHBIX KJIETOK, a Takke (u-
3MOJIOTHYECKHE (=T€XHOJIOIMYECKUE) CBONCTBA MUKPOOPTaHU3MOB.

Kynsryper YOB, nmmoOmmmzoBanubie B CI'T coxpaHsuii BBICOKHA THTP
JKU3HECTIOCOOHBIX KIETOK B TedeHHWe TpEX JieT (Tadi. 1), Torma Kak B KOH-
TPOJIBHBIX KYJIBTYPax OH ObUI Ha HECKOJIBKO MOPSIIKOB HUKE.

Crabunu3npoBaHHbIe MpenapaTsl 001ananu 0oee BHICOKUMU TEXHOJIOTH-
YECKHMH XapaKTePUCTUKAMH: CKOPOCTSIMH OKHCIICHHS yTIEBOJIOPOIOB, CTPEC-
COYCTOMYHBOCTBIO M PACIIMPCHHBIM CIIEKTPOM OKHCIISIEMBIX CyOCTPaTOB.

Kynstypst MKB, mMMOOHIN30BaHHEIE B TEJIH, TAKXKE HMEITH TOHUKESHHBIC
CKOpPOCTH OTMHUPAHHSA, YTO TPEJICTABICHO B Ta0J. 2 HA MPHMEPEe MMMOOHITH3a-
uuu E. faecium 8 CIT.
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Tadauna 1
TuTp XKHU3HECTIOCOOHBIX KIETOK yIieBoaopookucsitonux oaxrepui (KOE/mi) B cuna-
HOJIBHO-T'YMAaTHOM TeJIe IIPU XPaHEeHHH! B TeUeHne 3 JieT

u 2 rojga 3 roga
cexonno CI'T-(KOHTpOJIB) CI'T-(KOHTPOIIb)
A. seifertii 5108 1,5-108~(1-10% 2,2-10°—( < 10%)
P. acruginosa 1-10° 1-108—(1-10% 1,4-10%~(< 10%)
Ta6uuna 2

TuTp KHU3HECTIOCOOHBIX KJIETOK MOJIOUHOKHCIBIX Oaktepuii E. faecium (KOE/mu)
B CHJIAHOJIbHO-I'YMATHOM T'eJie IPH XPaHESHUH B TEUCHHUE 2 Mec.

CyT XpaHeHus 1 7 14 30 60
Konrpoan 5,58-10% 3,72-10% 2,44-10% 3,94-107 6,26-10°
CIT 5,28:10° 5,88-10° 3,70-10° 3,78:10° 1,96:10%

Kynbsrypst MKB, IMMOOMIN30BaHHBIE B T'eJH, TAK)KE UMENHN TIOHM)KCHHBIC
CKOpPOCTH OTMHUPAHMSA, YTO MPEACTAaBICHO B Tabl. 2 HA MpUMepe UMMOOHIN3a-
uu E. faecium B CIT.

CrabunnsupoBaHHbIE B reisx KyabTypsl MKB coxpaHsuii BEICOKHE THTPEI
JKM3HECIIOCOOHBIX KJIETOK, 00JIa/lali BHICOKMMH TEXHOJIOTHYECKUMH MOKa3aTe-
MU (KUCIIOTOOOpa30BaHus, Ta30- ¥ apoMaTooOpa3yomel ClIoCOOHOCTAMH), a
[0 pe3ybTaTaM OPTaHOJENTHYECKOTO aHAIN3a, CTAOMIM3UPOBAHHBIE BapHaH-
THI TIOJTYYHJIM HAaUBBICIIMI OaJul cpesiu Bcex 00pasnoB, MPOAYKT C MCIIOJIB30Ba-
nueM CI'T mpusHaH HAUTyYITHM.

[Ipuaunamu uuTensHOro BbDKUBaHMSA Oaktepuit B CIT  sBmstrorcs:
1) HaxoXx/IeHne OOMBIIEH YaCTH KJIETOK B COCTOSIHUHM TUIIOMETa00IN3Ma U T10-
TpebIeHre MU OPTaHWYECKHX KUCIIOT, (TP 5TOM ypOBEHb META0OJIM3MA T10-
HIDKAEeTCsl OTHOCUTENBHO pacTymux kietok B 10000 pa3s); 2) orcyTcTBue Mac-
COBOTO aBTOJIH3a KJIETOK, 9YTO O0YCIIOBIICHO pa300IEHHOCTHIO KIIETOK B Tejie U
HEBO3MOKHOCTBIO CO3JIaHHs JOCTATOYHBIX KOHIIEHTPALMH ayTOPEryJIsiTOPOB H
(epMeHTOB aBTOIN3a; 3) HAXOXK/ICHHUE YaCTH KIETOK B COCTOSIHUM MOKOSI, B BU-
JIe CTPECCOYCTOMYMBBIX IMCTONONO0HBIX KieTok. 4) Ilpu mepeHoce B remb
(bopmupyeTcss OHOTUIEHOUHBIH (EHOTHTI, 00JIaTAIOMINI MTOBBIIICHHOW CTPecco-
YCTOHYHMBOCTBIO.

NMMmoOunm3anus KIeTok 0akTepuil B OMOCOBMECTHUMBIE TeJIM MOXKET pac-
CMaTpHUBAThCS KaK MEPCIIEKTUBHBIA MPUEM MPOJUICHUS CPOKOB XpaHEHHs OHO-
IpenapaToB pa3IMYHOIO HAa3HAUYEHHs W OJHOBPEMEHHO — YIyYLICHUS MX TeX-
HOJIOTMYECKUX CBOUCTB.

Paboma svinoanena npu noodepoicke epanma PH® Ne 24-24-20062.

Jlutepatypa

Immobilization of Cells of Hydrocarbon-oxidizing Bacteria for Petroleum Bioremediation Us-
ing New Materials / Yu. Nikolaev, 1. Borzenkov, E. Demkina [et al.] // International Journal of Envi-
ronmental Research. Vol. 15, N 6. P. 971-984.

Silanized humic substances act as hydrophobic modifiers of soil separates inducing formation
of water-stable aggregates in soils / A. B. Volikov, S. A. Ponomarenko, A. I. Konstantinov [et al.] //
Catena. 2016. Vol. 137. P. 229-236.
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TPAHCO®OPMAIUSA ITOJIMMEPOB XU TO3AHA
ACKOMHMIIETAMHA

H. H. o3auakosa', T. C. BaduuesaZ, JI. C. Yepuona?, A. b. Illunosckasn?
'MHCTHTYT 6MOXUMUY U (U3HONOTHM PACTEHHI 1 MUKPOOPIaHU3MOB — 060C00IeHHOE
cTpyktypHoe noapazaeneane O «Caparosckuii HayuHbIi ieHTp PAH»
Capatos, pozdnyakova n@ibppm.ru
2CapaToBCKUii HAIMOHAJILHBIN HCCIIEI0BATENbCKHUIl TOCY IAPCTBEH DI YHHBEPCUTET
um. H. T'. Yepnbiesckoro, Caparos, shipovskayaab@yandex.ru

XWTO3aH TpEeACTaBIsieT CcO00O0W  OHWOTEeHHBIH  TeTEepPOIOIIUMED
N-aneTunritokozaMuHa u riaroko3amuna. Cpean Hanbosee o0cykIaeMbIx OHUO-
JIOTHYECKUX CBOMCTB: aHTHOAKTepHaibHAs, aHTUTPHOHAS ¥ MMMYHOCTHUMYIIH-
pyIoIIasi aKTHBHOCTH. XWTO3aH, B Ka4eCTBE AIIMCHTOPA, TTOBBIMIACT yCTOWYH-
BOCTh PAcTCHHH K TPHOHBIM M BHPYCHBIM 3a0oneBaHusM. Kak u 1mesmironosa,
9TOT Omomonumep 00Ja1aeT BOJOKHO- M IUICHKOOOPA3yIOIMMH CBOHCTBAMH,
YTO JIeTAeT ero IEePCIEeKTHBHEIM MaTepHaIOM Il OMOTEXHOJIOTHYECKOTO TIPH-
MEHCHUS, B TOM YHCJIe Kak OMOJIerpaipyeMbIX HOCUTEIEH GpapMaleBTHICCKUX
[IPEenapaToB, JUIsi OYUCTKH CTOUYHBIX BOJI IPOMBIIUICHHBIX MPEANPUSITHI OT CO-
eIMHCHUH MeTauloB, B OyMa)XHOW MPOMBINUICHHOCTH H T. . OnmHUM U3
HaTIpaBJICHUN OMOTEXHOJIOTUH SIBIISICTCS TTIOJTyYCHHE KOMIIO3UTHBIX MaTEepUAIIOB
Ha OCHOBE XMTO3aHa C HOBBIMH CBOMCTBaMH IOCiEe 00pabOTKH MCXOJHOIO I10-
JTIMepa OMOIOTHYECKUMH areHTaMH (MHKPOOPTaHU3MaMH{ W/MITH (hepMEHTaMH)
[Xutun/xuto3an u ero ..., 2020].

[Tupokoe UCIOIb30BaHUE OIUMEPHBIX MATEPUAIOB HEU30CKHO PUBOIUT
K BO3HHKHOBEHHIO JABYX MPOOJIEM: K OMOMIOBPEKICHUSAM B MPOLECCE MX MCIIOJb-
30BaHUSA M OHOJETrpafaliy 00pa3yrONmIMXCs OTXOIOB, KOTOPHIC ITONAJAIOT B
okpykatoryto cpeny [Chitosan as an ... , 2020; Priyadarshi, Rhim, 2020]. Mo-
JIEKYJSIPHBIMH TEXHOJIOTHSMH OKa3aHO, YTO OCHOBHBIMH I'DHOHBIMH «HTPOKa-
MI» B J€TpaJalliil ¥ IMOBPEKICHUH PA3HOTO POZA TIOJIMMEPOB SBIIOTCS TIpeN-
craButenu otaena Ascomycota. boblioe KOJIM4ecTBO IK30(pepPMEHTOB, CEKpe-
THPYEMBIX aCKOMHIIETAMH, MOBBIIAET OMOJOCTYIHOCTD THAPO(OOHBIX OpraHu-
YEeCKUX 3arps3HUTENEH B OKPYXKAIOIIEH cpe/ie U CIIocOOCTBYET NX (P HEKTHBHOM
nerpananmu [Asemoloye, Jonathan, Ahmad, 2019; Adedayo, Babalola, 2023].

B Hammx mccienoBaHUSX HCHONB30BAIM 00pa3llbl XUTO3aHA CO CpeHe-
BSI3KOCTHOH MOJeKyJIsapHOit Maccorr M, =200, 460 u 530 x/{a, creneHbr0 Je-
anerunupoBanus 80+2 monbH. % (3AO «buomnporpeccy, r. LlenkoBo). Acko-
muretsl Trichoderma harzianum u Fusarium oxysporum mosnyuenst u3 Koi-
JIEKITUHU pu3ocepHbIx MuKpooprannzmMoB UBOPM PAH.

[Ipu Ky IbTUBHPOBAaHUHU HA CpPEJie, COJeprKallel B KaUeCTBE €JMHCTBEHHO-
TO UCTOYHHKA YTIepoJa W SHEPTUH IJICHKH XUTO3aHA, HAOMIOAAIN aKTUBHBIHA
pocT 000X MUKPOMHUIIETOB (pHC., @). B KOHTPOJIbHBIX BapraHTax (0e3 XUTo3a-
HA) pOCT MHKPOMHUICTOB He HaOmogancs. CTOUT OTMETUTh, YTO Yy
F. oxysporum naGiromaercst Goyiee BBICOKAs aare3usi K MOBEPXHOCTH IUICHOK
XHTO3aHa 110 cpaBHeHwto ¢ T. harzianum.
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Metogom COM 3aduKCHpPOBAHBI MHOXECTBEHHBIC IEPEKTHI B MOp-
(hocTpykType 00pa3loB, MOKa3bIBAIOIINE POCT TPUOHOTO MHUIICTHS HE TOJIBKO
Ha MOBEPXHOCTH, HO U B TOJNIIE MJIEHOK. [[0BEpXHOCTh UCXOJIHBIX MICHOK XH-
TO3aHa, TIOJTYYCHHBIX U3 noaumMepa ¢ §f, = 200 x/la, 460 x/la rmankas (puc., 6),

a obpasuo ¢ i, =530x/la c HeOOMBIIMM NPOJOIBLHBIM YHOPSIOYCHHUEM.

MopdocTpykrypa mieHok mocie pocra F.oxysporum u T. harzianum umeer
0oJiee pa3BUTYIO MOBEPXHOCTH, YeM HCXOJHBIE 00pasibl. [Ipu sToM Hambosee
3aMeTHBIE W3MEHEHHUs HalmonaloTes i oopasua ¢ i, = 200 x/la nocne pocra

T. harzianum — o Bceit MOBEPXHOCTH BHAHBI MHOXKECTBEHHBIE 1e(EKTHI B BHU-
Jie TIIyO0KHX «sIMOK». C yBeIMYEeHHEM MOJICKYJISIPHOW Macchl INICHOYHBIX 00-
pasioB 1e(EeKTOB CTAHOBHUTCS MEHbIIE. Tak, Ha MICHKAX, MOIYy4YeHHBIX U3 MO-
nanmMepa ¢ i, = 530 k/la, mocne pocta F. 0Xysporum zameTHsl Takue ke aedek-

TBI, HO MEHEE BBIPaKCHHBIC — HA HUX 3a(QHUKCHPOBAHBI «SIMKW» JHaMeTpoM 1,7—
2,1 MM (puc., 8).

YBenuueHHe MOTTIOMICHUS cpelbl KyabTUBHpOBaHUSA Ipu 600 HM Takke
CBHJICTETILCTBYET O POCTE IPUOOB; B KOHTPOJIBHBIX BapHaHTax (06e3 XWTO3aHa)
pocta He Habmonamock. Hanboree akTHBHO POCT TpnOOB HAOMIOIATICS TIPH HC-
II0JIb30BaHUU IJICHOK ¢ Maccoit 200 k/]a.

Puc. F. oxysporum B mporiecce KyJIbTHBUPOBAHUS Ha
; [UIEHKE XHTO3AHA € ﬂ?‘ =460 x/la (a) n COM

(ororpaduu rreHoK 110 (6) U mocie pocTa
F. oxysporum (s)

a
6

Bu3yanpHblii OCMOTp IUIEHOK XUTO3aHa I0CNe KYJIbTHBUPOBAHMS TPUOOB
MoKa3aJd M3MEHEHHE IBeTa O0pa3IloB €O CBETIO-OEKEBOrO 10 TEMHO-
KOPUYHEBOTO HW 3HAYMMOC IIOBBIONICHUE WX TIPOYHOCTH. Tlocne pocta
F. oxysporum u T. harzianum Ha miieHKax XUTO3aHA HEOKHIAHHBIM OKA3alloCh
3HAYUTENILHOE CHIDKEHHE PAacTBOPUMOCTH TIOJIMMEpa B arieraTHoM Oydepe, siB-
JISIOIIMMCS KJIAaCCUUECKOW PacTBOPSIONICH CPeIoif, YTO MOKET CBUJIETEIHCTBO-
BaTh O CHENH(UICCKOM B3aHMOICHCTBUY MUKPOMHUIIETA C ITOJITMMEPOM.

Wsmenenus B8 MK-cnextpax miuenok ¢ #, =200 n 530 x/la kax mocye po-

cra F. oxysporum, tak u T. harzianum cBuaeTensCcTByIOT 0 paspbie cBsizu C-N
U OOBSICHSAIOT CHIIKEHHE PAcTBOPHMMOCTH. YMEHBIICHUE COJEPKaHHsI a30Ta BO
BCCX INICHOYHBIX 06pa3uax TIOATBEPKIAACTCA U DJICMCHTHBIM aHAJIM30M, YTO J10-
Ka3bIBaeT BKIIFOYCHHE ITOT0 OMOZJIEMEHTa XHTO3aHa B MeTabon3M rpuoos. Ha
PEHTI€HOBCKUX AM(paKTOrpaMMax IUICHOK IOCIe POCTa MUKPOMHMIIETOB 3a(uK-
CHPOBAaHbI HOBBIC pe(l)HeKCI)I. O1MeuaeTcst TaKKe HMOBBIIICHUE CTEIIEHH Kpucrtaji-
JIMYHOCTH XUTO3aHa B IUICHKAX, HAaHOOJIee 3HAUYMMO MPOSBILIIONIEEeCs ISl ITOJIH-
mepa ¢ ff, = 530 x/la. [loay4eHHbIE PE3yIbTaThl yKa3hIBAIOT Ha CEUM(pUUECKHI

MCXaHU3M 6I/IO,HCI‘pa,I[aL[I/II/I aMUHoOIoJimcaxapuaa B KyJIbTypaxX 3THUX I‘pI/I60B.
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OOHapy>XeHO TaKXkKe, YTO B MPOLEcce AErpajalliy IJICHOK XHTO3aHa TPHU-
661 F. oxysporum u T.harzianum mnpoayuupyioT BHEKIETOYHbIE (EPMEHTHI:
THApONa3y U nepokcuaasy. [Ipn sToM Ha KOJNMYECTBEHHBIE MOKA3aTENN POCTa
MHUKPOMHIIETOB U aKTUBHOCTb NPOJYLHPYEMBIX (DEPMEHTOB BIHSET MOJIEKY-
JsipHAsk Macca moJmMepHoro obpasna. HambGonee GnmaronpusaTHON cpemoit amis
pocta rpuOOB M TPOAYKIWH (EPMEHTOB SIBHJICS XHTO3aH C MOJEKYJSIPHOH
maccoii 200 k/la.

[Mony4eHHble TaHHBIC BHOCSAT BKJIAJ B MOHUMAHHUE IPOLIECCOB CAMOOYHMIIIE-

HUS TIPUPOJHBIX YKOCHUCTEM OT MCKYCCTBEHHBIX M CHHTETHUYECKHX IOJIMMEPOB H
MOTYT OBITh HCIIOJIb30BaHbI IS pa3pabOTKH SKOJIOTHUECKHX OMOTEXHOIOTHH.

Hccneoosanue svinonneno 3a cuem epanma Poccuiickozo nayunoeo gponoa
Ne 24-16-00172, https://rscf-ru/project/24-16-00172/.

Jlutepatypa

XWUTHH/XUTO3aH U ero npousBoaHkle: PyHnaMeHTaNbHbIC M MPHKIaHbIe acekTs / B. I1. Bap-
namoB, A.B. MWnbuna, B.1I. Hlargaposa [u ap.]// Yenexu Ouonornueckoit xumuu. 2020. Ne 60.
C.317-368.

Adedayo A. A., Babalola O. O. Fungi that promote plant growth in the rhizosphere boost crop
growth // J. Fungi. 2023. Vol. 9, N 2. Art. 239. DOI: 10.3390/j0£9020239.

Asemoloye M. D., Jonathan S. G., Ahmad R. Degradation of 2,2-dichlorovinyl dimethyl phos-
phate (dichlorvos) through the rhizosphere interaction between Panicum maximum Jacq and some
selected fungi // Chemosphere. 2019. Vol. 221. P. 403-411.

Chitosan as an environment friendly biomaterial — a review on recent modifications and appli-
cations / P. Bakshi, D. Selvakumar, K. Kadirvelu, N. S. Kumar // Int. J. Biol. Macromol. 2020.
Vol. 150. P. 1072-1083.

Priyadarshi R., Rhim J.-W. Chitosan-based biodegradanny functional films for food packing
applications // Innovative Food Science and Emerging Technologies. 2020. Vol. 62. Art. 102346.

POCTOCTUMYJIMPYIOIUE U ®YHIT'UCTATUYECKHUE
CBOMCTBA PU3OC®EPHBIX BACILLUS

T. M. Ilonoa, A. H. Huxkoaaesa, I'. ®. Jlyrdpyaiuna, A. M. Mapaanosa

Kazauckuit (ITpuBomkckuit) peaepanbHblil yHUBEPCUTET
Kaszans, azazel1212@rambler.ru

IoBbleHHEe ypOKAHHOCTH PACTEHUH C HCIOIb30BaHHEM OHOYHOOpeHuil Ha
ocHose Plant Grow-Promoting Rhizobacteria (PGPR) sBnsercst mepcmex-
TUBHBIM HalpaBIICHHEM B CEIBCKOM Xo3siicTBe. PGP-0aktepnn BIUAIOT Ha
POCT pacTeHHs Pa3TUYHBIMA MEXaHU3MaMH, BKIIOUasi CHHTE3 IIUPOKOTO CIIEK-
Tpa BTOPUYHBIX MeTab0IuTOB M utoropmonos [Kumar, Mahale, Krishna ... ,
2021]. TToMuMO 3TOTO B OCHOBE HEMPSIMOTO MEXaHW3Ma BIUSHUS PHU300aKTe-
puii Ha POCT PAaCTEHMH JISKHUT MX CIIOCOOHOCTb NOJABISATH POCT MATOTCHOB
MIOYBBI U€pPe3 MOBBIIIEHNUE YCTOMYMBOCTU PACTEHHH K OOJIE3HAM U MPOLYKIUIO
cnenn(pUUecKNX MeTabOJIUTOB, HATPUMED JIUMONENTHA0B U ap. Takxke riaydo-
KOe TTOHMMaHHE MEXaHW3MOB BIIMSHHS MHKPOOMOTHI pH30C(EpHl Ha 3alIUTy
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pacTeHHs OT (PUTONMATOTCHHBIX MUKPOMHIIETOB JACT BO3MOXKHOCTH 3HAYHUTEIb-
HO YBEJIIMYHUTH €r0 MPOAYKTHBHOCTh, HE HAHOCS BPEI OKPYXKAIOWICH cpeie H
3JI0pPOBBIO 4eloBeka. TakuMm 00pa3oMm, Lenblo paboThl ObLIa XapaKTepHCTHKA
POCTOCTUMYJIHPYIOIIUX U AHTAOHUCTUYECKUX CBOMCTB PHU30C(EPHBIX MITaM-
moB Bacillus.

HUccnenyembie mrammer 6aktepuii Bacillus sp. 1, 4, 20, 21, 11 6bu11 Bbize-
JeHsl U3 pusocdepsl kaprodens. PocTocTUMyIHpYIONe CBOWCTBA H30JISITOB
OIICHUBAJM TIO CIIOCOOHOCTH TIPOIYIIMPOBATh HHIOIIIYKCYCHYIO KHCIIOTY
(MYK). Konuenrpauuo MYK B KynbTypajibHOM kuakocTH mramMMos Bacillus
OIPEEIISUIN C UCIIONIb30BaHUEM peakTuBa CajabKOBCKOTO MO METOJY, OIMHCAaH-
Homy B pabore [Gordon, Weber, 1951]. Jlnst uccnenoBanus npoaykuun UYK
UCTIONB30BANI cpeny M9 ¢ nobaBineHmeM TpunTodaHa B KOHICHTPAINH
500 mxr/mit u 6e3 tpunrodana. Konmenrpamuio VK onennBanu npu amiae
BOJIHBI 540 HM.

OyHTHCTaTHYECKYIO aKTHBHOCTH N30JISTOB MCCIEAOBAIH METOIOM OJIOKOB
10 OTHOIIEHWIO K (PUTOMATOTCHHBIM TecT-KyJibTypam F.oxysporum DRS57,
F. oxysporum DR40, F. solani u A. alternata npu temneparype 30 °C B TeueHue
4 cyT. AHTarOHUCTHUYECKYIO aKTUBHOCTH OLICHUBAJIH MO CIEAyIoIeH hopmyie:

% WHTUOMPOBAHUS = (?:I + 100%,

rae R— paamyc komoHnm ¢uTOmMAaTOreHa B KOHTPONBHOW Yallke, I — MHHH-
MaJbHBIN pagiyc KOJOHNH (DPUTOIIATOTEHA B OIIBITHON YaIlKe.

O6uyto renomuyto JJIHK Bbaensuiv U3 HOUHOHM KyJbTYpbl ¢ HCIIOJIB30Ba-
HHEM KoMMepueckoro Habopa mns BeiaeneHus reHomHod JIHK GeneJET
(Thermo Fisher Scientific) cormacHo nportokony mpousBoautens. KoHmeHTpa-
umto  u kadectBo JIHK owenumBanu ¢ wucnons3oBaHueM NanoDrop
2000 (Thermo, CIA) un rens-anexrpodopesa. JJHK xpanunau npu -20 °C 1o
nmanpHele oopadotku. I[P mpoBoawim ¢ NCTIONB30BaHNEM YHUBEPCATBHBIX
npaiimepoB k reny 16S pPHK 27F u 1492R. Tlocne nonyyeHus AaHHBIX O MO-
cienoBatenbHocTAX JIHK oOpesky mocienoBarenbHOCTEH HH3KOTO KadyecTBa
npoBoguau ¢ nomoineio Galaxy (https://usegalaxy.org/), s npoBeneHus 3a-
npocoB BLASTn ans maeHTH(OUKANNK HM30JSITOB HCIOIB30BAIH JIOCTYITHBIE
ugepe3 UaTepret 6a3br manHbrx NCBI (https://blast.ncbi.nlm.nih.gov/Blast.cgi).

CKpUHHMHT HCCIIEyeMbIX IITAMMOB Ha MOTEHIMAIBHYIO CIIOCOOHOCTH K
MPOIYKIUU JINTIONENTHI0B (CypdakTuHa, OaIyUIOMUIIHA, OAaKTepHOMHIINHA,
uTyprHa n (QeHruIrHa uccnegoBanu ¢ momornsio TP u mpaiimepoB k reHam
COOTBETCTBYIOIIMX CHHTETa3. Hamnuwme amMrumm@ukaroB ONEHUBAIM C IIOMO-
IBIO AIIEKTPO(opesa B arapo3HOM relie.

Anamu3 cniocoOHOocTH Oaktepuii mpoxynuposath YK mo tpunrtodansa-
BUCHMOMY W TpHNTO(MAaHHE3aBUCHMOMY IYyTH MOKa3ajJ, YTO KOHIICHTpAITHS
WNYK Oblna 3HaYMTENBbHO BBIIE Ha cpepe ¢ pobaBieHueM Tpunrodana. Y
mITAMMOB, pacTymux Oe3 Tpuntodana, xonmentpamus MYK konebamace B
npeaenax 1,7-3,8 MKT/MiI, B TO BpeMs KaK y pacTyIIUX B IPHCYTCTBUH
500 Mxr/mit TpunToaHa MAaKCUMyM 3HAYCHUS TOXOMWI 10 6,8 MKr/mi. Mak-

173



cumym HakoruieHust YK (6,8 u 4,2 mxr/vun) B cpene HaOmromanu Ha 729 y
mrrammoB Bacillus sp. 1 u Bacillus sp. 20 coorserctBenno. ¥ mramma Bacillus
sp. 4 MmakcuMyMm pocturancs Ha 60 u (4,5 mxr/mn), y Bacillus sp. II— 66 g
(3,6 mkr/mi), a y Bacillus sp. 21 — 60 4 (3,7 mxr/mi). Takum 00pa3oM, U30JIsi-
ThI SIBIISIIOTCSl AKTHBHBIMH MPOJYIEHTAMH HHJIOJUIYKCYCHOH KHCIOTBI 10
TpUNTO()aH3aBUCHUMOMY ITyTH.

VYeraHOBHIIN, 9TO (PYHTHCTATHYECKAS AKTHBHOCTD TIPOTHB MHKPOMHUIIETOB
HaOJII0/1aM1ach y BCEX MCCIIEAYEMbIX [ITAMMOB OAIMILI, XOTS U B Pa3HOil cTere-
nu. HauGonee 4yBCTBUTENBHONW K (DYHTHCTATHYECKOW aKTHBHOCTU HCCIEIye-
MBIX IITAMMOB OKa3alach KyiabTypa mMukpomuiietoB A. alternata. Tak, mrramm
Bacillus sp. II uaruGuposan pocr xojonuu A. alternata na 80 %, a apyrue
mITaMMBl HHTHOHMpoBamd Ha 61-72 %. BBICOKYyI0 aKTHBHOCTH B OTHOIICHUH
mraMMoB Fusarium oxysporum mpossisuin mrammsl Bacillus sp. 1 u Bacillus
sp. 20 (50 % u 41 % cOOTBETCTBEHHO), OCTaJIBHbIE IITAMMBI HHTHOMPOBAIU POCT
KoJIoHui rpr0oB Ha 10-34 %. [Tpu srom mramm Bacillus sp. 1 uaruGuposain poct
xosonnu F. solani na 31 %, Torma kak ocTaibHBIE IITaMMEI — Ha 18-25 %.

Pe3ysbrartel (yHTHCTATHYECKOW AKTUBHOCTH HCCICAYEMBIX S IITAMMOB
COOTHOCATCSI C MX CIHOCOOHOCTBIO K MPOIYKIUH JHMONENTHAOB. Kaxaslil u3
uccienyeMbix mrammoB Bacillus o6ianan renom cunTEeTa3 XOTS ObI OTHOTO U3
5 JIMIIONIENTHIOB, @ TeHbl cuHTeTa3 cypdakruna (SrfA) u Gammmmsuna (bcaA)
MPHUCYTCTBYET y BeeX mraMmoB kpome Bacillus sp. 1 (tabm.).

Tab6auma
Hayimume reHOB cHHTETA3 JIMIONENTH/IOB B TEHOMaX PH30C(EPHBIX [ITAMMOB

Ten cnraset | povinis <o 1| Bacillus sp. 4 | Bacillus sp. 20 | Bacillus sp. 21 | Bacillus sp. It
JIMIIONICTITU A
ituC + +
bmyB + +
bcaA + + + +
srfA + + + +
fenD + +

Wnentudukamnms M3011ToB 1Mo 16S Mo3BONIMIIA IPEATIONOKUTEIEHO OTHECTH
BCe BBIIENCHHBIC mTamMMbl K Bumy Bacillus subtilis (99,67-100 % romomnorum).
[Ipu 3TOM HEOOXOAMMO OTMETHTH, YTO HACHTU(PHKAIINN TOJIBKO TI0 pHOOCOMAITh-
HBIM T€HaM MOXKET OBITh HEJOCTaTOYHO JIsi OJHO3HAUYHOW MuddepeHmaiu
npezcrasuteneii poaa Bacillus, n motomy Tpebyercs manpHeimmas HaeHTH(PHKA-
ST M30JISITOB C MCTIONB30BAHNEM JIPYTHX TEHOB JOMAIITHET 0 X03SHCTBa.

Takum o6pasom, ucciemyembie mrammbl Bacillus obmagator croco6HO-
crpio K nponykuuu MYK u akTMBHOM aHTaroHMCTUYECKOM aKTUBHOCTBIO I10
OTHOIICHUIO K (PUTOTIATOTCHHBIM MHUKPOMHUIIETAM, YTO MOXET OBITh HCIIONB30-
BaHO JUIS MaibHEUIIeH pa3paboTKu OHWONpernapaToB Ui 3alIUTHl U CTHMYITH-
pOBaHUsI pacTeHUI.

Paboma evinonnena npu ¢unancosoii nodoepacke epanma PH® No 22-
16-00138 na mexnuueckoii 6aze Ipoepammuvl cmpamecuyecko2o aKademuieckoeo
nmoepemsa Kazanckoeo pedepanvhozo ynusepcumema ([lpuopumem-2030).
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Jlutepatypa

Gordon S. A., Weber R. P. Colorimetric estimation of indoleacetic acid // Plant Physiol. 1951.
Vol. 26, N. 1. P. 192-195.

Kumar S. S., Mahale A., Krishna J. R. A Critical Review on Plant Growth-Promoting Rhizo-
bacteria (PGPR) as a Drought Stress Management Tool // International Journal of Plant & Soil Sci-
ence. 2021. Vol. 33. P. 44-66.

W3YYEHUE CIIOCOBHOCTH BAKTEPUI YTUJIM3UPOBATH
NMA3AMOKC

E. O. llpucraska, E. C. Illagpuna, A. A. JleBuyk, JI. A. BesoBesxen

Hpkyrckuii unctutyT Xxumun uM. A. E. ®asopckoro CO PAH
UpkyTcek, katya-i-95@mail.ru

OnHUM U3 BaKHEHIINX acIEeKTOB OXPAHBI MOYB SBIAETCS IpodiiemMa co-
KpAIlIEHHUs] OCTAaTOYHBIX KOJHMYECTB MECTHILHIOB B OKpyskaromiel cpexe. Cre-
MeHb OTPHLATENBHOT0 (P deKTa 0T NPUMEHEHHs IECTHLIIOB BO MHOTOM OIIpe-
JIENACTCSA TeM HACKOJIBKO OBICTPO M 3(P(PEKTHBHO MPOUCXOIUT UX ECTECTBCHHAS
JeTokcukanus B npupoae [['pades, Bapdponomeesa, [lenucona, 2019]. OcHoB-
HBIM T10JIX0JIOM, NPUMEHSIEMBIM Ul MHTCHCH(UKALUK ITpoLecca Jerpaaaun
MECTUIU/IOB, SBISIETCS HHTPOAYKIHSA B MOUBY KYJIbTYp MHKPOOPTaHU3MOB —
AKTUBHBIX JIECTPYKTOPOB TOKCHKAHTOB. [lepen MHTPOIYKIINEeH MHKPOOPTaHH3-
MOB B OKPYKaIOIIyI0 Cpely HEOOXOANMO CIIPOTHO3MPOBATh UX BEKHBAEMOCTbD,
MOBEJICHNE U OLIEHUTH (P PEKTUBHOCTH Onoerpananny necrununa [CkpsonHa,
Bacunenxo, 2021]. Ilensto qaHHON pabOTHI SIBISUIOCH M3YyYEHHE ECTPYKTHUB-
HOH aKTHBHOCTH OAKTEpHH 10 OTHOLICHHUIO K repOHIuay ¢ ASHCTBYIOIINM Be-
IIECTBOM MMa3aMOKC M ONpEJeICHUE KyJIbTYPaIbHO-MOP(OIOTHUECKUX U PH-
3M0JIOr0-OMOXUMHUYECKMM IIPU3HAKOB MHUKPOOPraHn3MoB. B kadectBe 00BEK-
TOB HCCIICIOBAHUS CIYXXHJIHM 7 IITaMMOB OaKTepHil, BBIJCICHHBIX HAMH paHee
U3 3arpsI3HEHHON TeCTUINAOM TOouBbl. OOpasIbl MOYBBI OBLUTH B3SITHI C TEPPH-
TOPHH CEITLCKOXO03HCTBEHHOTO cekTopa MpKyTckoi obnacTH, riie mo4sa moj-
Beprajach Ce30HHbIM oOpaboTkam repOuraom [lymscap, BP (1. B. — umaza-
Mokc 40 r/m). JI7st OlleHKH AeCTPYKTUBHOTO MOTEHIIMAIA OaKTepHUATBbHBIX KYIIb-
TYp OCYIIECTBIISUIM WX KyJIbTHBHPOBAaHHE Ha muUTaTensHOil cpeae S8E c Bbico-
kuM (1,44 r/n, Beime [1JIK B mouBe B 9 pa3) conepikaHueM nectuimna. bakre-
pru naKyOuposamm npu 37 °C B Tedenne 14 cyt. OCyImecTBISIN SKeTHEBHBII
oTOop mpo0 I yCTAaHOBJIEHHS OCTATOYHBIX KOJIMYECTB IMECTHLUA B CPEC.
OO0pasipl HeHTPU(YTHpOBaIK Ul OTACJICHNS OMOMAacChl U aHAIN3UPOBAINCH
MetonoM BDJKX. MaccoByio 1070 MMa3aMOKca ONpPEIENsUId C TOMOIIBIO
xpomatorpadrueckoii cuctemsl Agilent 1260 ¢ Y®-nerekropom n obparieH-
HO-(a30B0OI KOJIOHKOH. B kauecTBe 2:110€HTa HCIIONB30BATACh CMECh AI[ETOHH-
tpui — 0,1 % oprodocdopHas kuciora B coorHomenun 22 : 78, no oobemy.
AnanmuTtHdeckas JuinHa BOJHBI 240 HM, CKOPOCTh MOTOKA IOJBIDKHON (hasbl
1 mi/muH. KoHTponeMm cirykuia CcTepuibHas MHUTATeIbHAs cpefa ¢ IEeCTHIH-
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noM. ITo okoHYaHNH SKCTIEPHMEHTa MaKCHMaJbHasl YObUTh MTECTHIH/IA B TIHTA-
TEJIBHOM cpelle ¢ BBICOKOW KOHLIEHTpauueil umazamokca coctaBuia 15 % u
17 % nns murammoB Ne 3 u Ne 6 cooTBeTcTBeHHO. OCTalbHBIE IITAMMBI TaKKe
YTHIU3UPOBAIM MMa3aMOKC, HO B MeHbIeH creneHu. Ha cnemyromem stame
SKCTIIEPUMEHTa, OBUTO TPOBEACHO M3YYEHHE KYJIbTYPalbHO-MOP(POIOTHISCKUX
1 (pU3HOJIOTO-OMOXMMUYCCKUX CBOWCTB BBIJCJICHHBIX IITAMMOB OakTepuii. B
pe3yabpTaTe MHUKPOCKONUPOBAHUS OBUIO BBISBIEHO, 4TO INTaMMBI Ne 2, Ne 4,
Noe 5 mpencTaBieHpl MATOYKAMH OJMHOYHBIMH, COOPAHHBIMH TTOTIAPHO W B Iie-
moukd. [tammer Ne 3, No 6, Ne 7, Ne 8 mipeicTaBiisiiin coOO0H KOKKH, COSTUHEH-
HBIC TIOIAPHO, [0 YEThIPE, a TaKKe cOOpaHHbIC B BHIC Ipo3iabeB. lllTamMer
No2, No6u No 7 sBASIFOTCSI TIOJIBMIKHBIMH. Bce mTammbl criop He 00pas3yroT.
ITpu oxpamuBanuu 1o ['pamy u npu npoenennn KOH-Tecta, Ob110 MOTyYeHO,
YTO BBIJICICHHBIC OAKTEPUH MPEACTaBICHBI KaK TPaMOTPHIATSIHHBIMA (IITaM-
Mbl Ne 2, No 3, No4, Ne5), Tak u rpammnonioxkuTenbHbIMU (Ne 6, No 7 u Ne 8)
KyiabTypamu. [lpm ompeneneHuu KyJibTypaldbHBIX TNPU3HAKOB BBIIEICHHBIX
IITaMMOB OBLTO TTOKa3aHo, YTO MpH pocTe Oaktepuii Ha cpene MITA KymbTypsI
00pa30BBIBAIN KOJIOHUH OKPYTJIOi (pOpMBI, Yy OONBIIMHCTBA KYJIBTYpP MOBEPX-
HocTh rnmazkast (y mramma Ne 6 mepoxoBartasi, y mramMMa Ne 8 paguansHO uc-
yepueHHas). [Ipu u3ydeHnn criocoOHOCTH OaKTEepPHil NCIOIB30BATh YTIEBOIBI,
ObUTO OTMeueHO, uTo Tpu Irtamma (Ne 6, Ne 7, Ne 8) mcrnonb30BaJii MaHHUT.
I'moko3y, caxapo3y M JaKTO3y HCIOIB30Bal OAMH IITaMM Ne 6, MaabTO3y —
onuH wraMM Ne 7. YeTelpe KyJbTyphl HE IPOSIBUIN CaXapOJIUTUYECKON aKTUB-
Hoct (Ne2, Ne3, Ne4, No5). [lpm wm3ydeHWH CIIOCOOHOCTH BBIIEICHHBIX
LITAMMOB HCIIOJIb30BAaTh Pa3JIMYHbIC COCAMHCHUS a30Ta, ObLIO OOHApYKCHO,
YTO HCCIEAyeMble KYJIbTypbl MOTPEONSIN OpraHHYECKHe a30TCOACpKallre
BemectBa. Tak mpu pocte Ha cpeae MIIB ¢ 0,01%-HbBIM IUCTUHOM M IIUCTEH-
HOM TTaMMbl Ne 2 1 Ne 3 0Opa3oBBIBaI CEpOBOMIOPOM, TPH POCTE Ha Cpele
MIIb Bce mTaMMBI BBIACSUTH aMMHAK, YTO TOBOPUT O CIIOCOOHOCTH BBIJICIICH-
HBIX MHMKPOOPTAHH3MOB HCIIOJIB30BaTh aMUHOKHUCIOTHL IllTtamMmMer Ne 6, Ne 7,
Ne 8 crtocoOHBI paszpymaTs Tpuntodad ¢ odpasoBaHreM HHA0NA. PocT Ha 6e3a-
30THCTOH cpene Dmbdn HabIroaics Toabko y mramMmmoB Ne 6, Ne 7 u Ne 8. Bee
mITaMMBI 00JIaJanu KaTajga3HoH aKTMBHOCTHIO B OOJBIIEH MIIM MEHBIIEH CTe-
nienu. OmnpeJeieHue BHEKIETOYHBIX ()EPMEHTOB BBIICJICHHBIX IITAMMOB TMOKa-
3aJ10, 4TO K 00pa30BaHMIO KOJUIareHAa3bl CIOCOOHBI CICIYIOMIHE MTaMMbL: Ne 2,
Ne 6, Ne 7, Ne 8, 4TO MpOSIBISUIOCH B Pa3KMKEHUU KenaTUHbl. KazenHomuTuye-
CKOW aKTHUBHOCTHIO 0Oyaganu mrtammbl Ne 2, No 4, No 8, BbI3bIBas MMENTOHU3A-
U0 MOJNIOKa. HW ofMH mTamMM He THIPOIM30Bal KpaxMal, YTO ITO3BOJISET
caenaTh BBIBOJ 00 OTCYTCTBUH (pepmeHTa ammiassl. Hu oquH mramm (Kpome
mramma Ne 2) He o0iafai JICHUTUHA3HOW aKTUBHOCTBIO, YTO TOBOPUT 00 OT-
CYTCTBUM BO3MOXXHOTO TMATOT€HHOTO TMOTEHIMANa BBIICICHHBIX MMOYBEHHBIX
6akrepuii. [Ipu orenke BIUSHASA (HAKTOPOB BHEIIHEH Cpeabl Ha BBIJCIICHHBIC
mTaMMbl OakTepuii, ObIO OOHApyKEHO, YTO IO OTHOUICHHIO K KHCIOPOIY
6 mTamMMOB ABJISIIOTCS (pakynpTaTUBHBIME aHa’podamu. Llltamm Ne 2 sBrsercs
a’po0OOM M pacTeT TOJIBKO Ha TOBEPXHOCTH cpelbl. [10 OTHONIIEHHUIO K TeMIepa-
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Type uccienyembie mraMmbl xopomio pociu npu 20 °C, 26 °C u 30 °C. ITlpu
10 °C y utammoB Ne 5, Ne 6, No 7 1 Ne 8 HaO:ronaicst cnaOblid pocT, a ITaMMBI
Ne 2, Ne 3 u Ne4 He pocnu npu [aHHOM Temmeparype. B cBszu ¢ 3TuM BbIje-
JICHHBIE OAaKTEPUH MOXKHO OTHECTH K Me30()MIBHBIM MHKpoopraHmsmaMm. Ha
OCHOBAHHH TOJYYCHHBIX TAHHBIX 0 MOP(OIOTo-KyIbTYPAIbHBIX U (PU3HOIOTO-
OMOXUMHYECKHX CBOMCTBAX KYJIbTYyphl OaKTEpUil ObLIH UACHTU(DUIIMPOBAHEI JI0
poma. Tak, mramm Ne2 orTHeceH K poay Acinetobacter sp., mramm
Ne 4 onpenenien kak Agrobacterium sp., mrramm Ne 5 Flavobacterium sp., nsa
mrramma Ne 7 1 Ne 8 oTHeceHsI K poay Micrococcus sp.

Takum 00pa3om, B X0JIe UCCIICIOBAHUS ObUTH UACHTU()UIIMPOBAHEI, BBIJIC-
JICHHBIC W3 3arpsA3HCHHOW NMECTHIMIOM ITOYBHI, KyJIbTYPhl MUKPOOPTAHH3MOB.
BrusiBnieHs! [Ba mramMma O6akTepuil, CIIOCOOHBIC YTHIIH3UPOBATH BHICOKHE KOH-
LEHTPALUH TIECTHIHAA B Cpe/ie, KOTOPhIE MOTYT OBITh MEPCIICKTHBHBIMHU IS
JIECTPYKI[H OCTATOYHOTO KOJIUYECTBA repOuIia nMa3aMOKC B IOYBE.

Jlutepatypa
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HECTHIMIOB M TSDKENBIX METauIoB B mouBax // TexHmdeckoe obOecrieueHHe CEbCKOrOo XO3SIHCTBA.
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PU3OCO®EPHBIE BAKTEPUH, DOPDPEKTUBHO
YTUJIN3UPYIOIIUE ®TAJATHI B YCJIIOBUAX 3ACOJIEHUA

A. A. IIbsinkoBa', A. B. Kpaepa?, E. I. Ilnotnuxosa'

"MHCTUTYT 5KOMOrMY U FeHeTHKH MUKpoopranu3Mos YpO PAH —
¢dumman [TOUL] YpO PAH, Ilepmb, annpjankva@mail.ru, peg_el@mail.ru
[TepMcKuii TOCY 1apCTBEHHBII HALMOHANLHBII HCCIIE/I0BATEILCKHI YHHBEPCUTET,
[epmb, akraeva2002(@gmail.com

@ramatel — comu U 3QUPEl PTAICBOH KHUCIOTHI, SBISIOTCS MIMPOKO pac-
MPOCTPAHEHHBIMHM ~ TPYyJAHOpa3jiaraeMbiMi nojuntotanTamu  [Biodegradation
of ..., 2018]. 3HaunTensHOE KOMMUeCcTBO (hTamaToB (710 634 MI/KT) BEIABICHO B
MIPOMBINUIEHHOM ~ paifoHe BepxXHeKaMCKOro MeCTOpPOXICHHS KaluiHO-
MaraueBbix coneil (BMKMC) [bauypun, OgunnoBa, 2009]. Ilpeanonaraercs,
4TO OaKTepUH, aCCOLMHUPOBAHHBIEC C PACTEHUSIMH, OKA3bIBAIOT MOJIOKUTEIbHbIN
a¢ ekt Ha AecTpyknuto GranaroB (B yacTHocTH, 1uOyTHidTanara, IbD) [Re-
sponses of soil ... , 2019]. Kpome Toro, ocraercss MaJIOM3y4eHHON CIIOCO0-
HOCTb OaKTepHil OCYLIECTBISTh JECTPYKLHMIO (PTAIATOB B YCIOBUSIX 3aCOJICHHMS
[Biodegradation of ..., 2018].
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enb paGoTHI — BBIIENUTH U3 pu30ochepbl paCTEHHA, MPOU3pACTAIOIINX Ha
TEPPUTOPUH TMPOMBIIUICHHBIX pa3padorok BMKMC, akTuBHBIC OakTepHu-
JECTPYKTOPBI (hTANATOB, MICHTH(OUINPOBATH U ONPEAEINTh UX CHOCOOHOCTH
OCyILIECTBIATH paznoxeHue Jbd B ycinoBusx 3aconeHus.

W3 pusochepsl pactenmii OeckuiubHHIBI paccraBienHoi (Puccinellia
distans (Jacq.) Parl.), Berrenen mramm Rhodococcus sp. SA-K4, criocoOHbIit k
pocty Ha mubytmidranare (JJb®P) B kadecTBe eIMHCTBEHHOIO UCTOYHHKA yT-
Jiepojia W SHEPTUH TIPH BBHICOKMX KOHIEHTpanusax (mo 12 r/m). Iltamm poc Ha
cpene 6e3 conw, a Taxoke npu Haaumauu 30 r/im NaCl B cpeie KyJIbTHBHPOBAHUS.
Wurepecen ¢axr, yro Rhodococcus sp. 5A-K4 He crnocobeH UCoIbp30BaTh B
kauecTBe cybctpara opmo-praneByro kucioty (ODK), sBisromryrocsi oCHOB-
HBIM TPOMEXYTOUYHBIM MeTabonuToM pasnoxkeHus [IBb®, ommcaHHBIM U1
OONIBIIMHCTBA adpOOHBIX OakTepuil-mecTpykTopoB ¢ramatoB [Degradation
of ..., 2006].

Hpyroit mrtamm 2A-K22, BeifeneHHbI U3 pu3ochepsl pacteHuit Oec-
KWJIBHUIIB PACCTABICHHON, OBUT MACHTH(OUIIMPOBAH KaK MPEICTAaBUTENb pOJa
Halomonas (cem. Halomonadaceae). ITo reny 16S pPHK nanublii mtamMm mpo-
SIBISLT CXO/ICTBO Ha ypoBHe 100 % ¢ ramodumpHbeiM mtammoM Halomonas ti-
tanicae BH1". Illtamm 2A-K22 He criocoben k pocty Ha JIBD, HO HUCIOIB30-
BaJ opmo-(PTaJCBYI0 KUCIOTY B KaUueCTBE POCTOBOTO CyOcTpaTa, MpHYEM Kak
Ha cpejie 6e3 conu, Tak u B npucyrctun 10 200 r/n NaCl.

IIpoBeneHBI AKCIIEPUMEHTHI 10 COBMECTHOMY KYJIBTHBHPOBAHHIO JIBYX
mrrammoB (Rhodococcus sp. 5A-K4 u Halomonas sp. 2A-K22) wa IB® (1 1/1)
IIPU Pa3HBIX KOHIEHTpaiwmsx coiu. [Tokazan 3dekTuBHBIA POCT accoruanum
Gakrepuit 6e3 conu, a taroke npu 30 u 50 r/n NaCl (puc.). BepositHo, Havanb-
Hele oTanbl gectpykiwn J[b® g0 ODK ocymectriser Rhodococcus sp. SA-K4,
a Jajee, HaKaIUIMBAIOUIYIOCs B KyJbTypasibHoH cpene ODK ncnonb3yer B Ka-
yectBe cybcrpata Halomonas sp. 2A-K22. Tloacuer KONIOHHEOOPA3yIOIIUX
equnaun; (KOE) kaxmoro mramMMa B COCTaBe acCOIMAllMU, BO3MOXKHBIA MPHU
HAJIMYUAH OTJIMYAIOMINAXCS MOPQOIOTHIECKUX XapPaKTEPUCTHK (I[BET, pa3Mep
W T.I.) KOJOHHH, BBIPOCIIMX Ha Ooratoil arapu3oBaHHOW cpene Paiimonna
[KopcakoBa, IIbsukoBa, [InotHukoBa, 2023], mokasaia 3HaYUTEIbHOE YBEIUYE-
nue yuciaeHHoctu kietok Halomonas sp. 2A-K22 (6osee yem B 100 pa3) mo
cpaBHenuto ¢ ynciennoctsio KOE Rhodococcus sp. SA-K4, npu pocre Ha 30 u
50 r/n comu. UumuBuayanero mrramm Rhodococcus sp. 5A-K4 ue poc na b
B npucytctBun 50 r/n NaCl, ognako B cocraBe acconuanuu koandectso KOE
ImTaMMa YBEIWYHBAIOCH B 5 pa3. MOXHO TPEIONIOKUTE TONOKUTEIHHOE
BIUsiHUE ranopuibHOro Imramma 2A-K22 Ha crOCOOHOCTh K BBDKHBAaHHUIO U
necrpykiuu Jb® mramma 5A-K4 B ycnoBHsIX MOBBIILIEHHOH 3aCOJIEHHOCTH
Cpesl.

BrineneHnbie 1 oXapaKTepH30BaHHbBIE PU30C(EPHBIC ITaMMBI-IECTPYKTOPHI
MPEACTABIIIOT HHTEPEC IS JATBHEUIIEr0 H3YYCHHS C LENBI0 HCIIOIb30BaHHS
X TpH pa3paboTke MeTonoB OHo((puTo)peMeTuanuy 3acONEHHBIX MOYB, 3a-
TPA3HEHHBIX (pTamaTamu.
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Hccneoosanue svinonneno sa cuem epanma Poccutickozo nayunozo @omu-

oa (npoexm Ne 23-24-00308).
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AHAJIN3 SKCITPECCUOHHOI'O IMTPO®NJIA
HNITAMMA-ITIPOAYIEHTA ®YMAPATA
OBJIM'ATHOI'O METAHOTPO®A
METHYLOTUVIMICROBIUM ALCALIPHILUM 20Z-3E

O. H. Po3oga, C. 10O. ByT, K. C. lllaBkynos, O. . MeJIbHHKOB,
B. H. Xmesenunna, U. 1. Mycraxumos

[MymumHCcKkHi Hay4dHBIN LeHTp Onosorndeckux uccaenosanuii PAH, Ilyuwno,
rozovaolgal @rambler.ru

MetaHOTpO]bI, UCHONB3YIOMINE METAH KaK €JMHCTBEHHBIN HCTOYHUK YT-
Jiepojia W YHEPTUH, aKTHBHO M3ydaeMas IOCIeqHee ACCATHICTHE rpymma Oak-
Tepuid. Pa3BuTHE MOCTTeHOMHBIX TEXHOJIOTHH 3HAYNUTEIBHO PACIIMPUIIO Hpes-
CTaBJICHHE O IOTCHIMAJEe METAaHOTPO(POB KaK MPOIYLEHTOB Pa3HOOOPA3HBIX
LIEHHBIX METa00IUTOB. MeTaHOTPO(HbIE KyIbTYyphl OBLUIH IPOTECTUPOBAHBI Ha
CIOCOOHOCTH TPON3BOIUTH MOJTHOIIEHHBIN KOPMOBOI OeJoK, OmopasmaraeMbli
MOJIUMEp TOJH-P-THAPOKCUOYTHPAT, KOMIIOHEHTHI JUIsi HAaHOTEXHOJIOTHH, JIU-
MUJIBI ¥ KAPOTHHOM/BI, @ TAKKE YIJIEBOJHOE ChIpbE JJIsl MUKPOOHOW (epMeH-
tari. OmHEIM U3 Hanbonee MEepCIeKTHBHBIX IS OMOTEXHOJOTHH IITaMMOB
Npu3HaH rajorojepanTHeiii Meranorpod Methylotuvimicrobium alcaliphilum
20Z, obnajaronyii BHICOKOI CKOPOCTBIO POCTa U YCTOWYUBOCTBIO B IIUPOKOM
muanazone ycinoBuii (Khmelenina et al.,, 1999). C ucnonp3oBanneM MeTOI0B
TCHETHYCCKOTO pPelaKkTHpOBaHust ObuIM ToydueHsl mrTamMmel M. alcaliphilum,
npoayuupytomue 2,3-0yranmuon (Nguyen et al., 2018), myrpecuun (Nguyen,
Lee, 2019), ansdpa-rymynen (Nguyen et al., 2020), IIMHOPMH W alETOMH
(Nguyen et al., 2021). [Toay4eHuro mTaMMOB-TIPOAYIICHTOB CIIOCOOCTBYET CH-
CTEMHBIN IOAX0JI, BKIIOYAIOIIMNA Haauuue Meradbonmdeckor mojaenu (MM),
MOATBEP)KJCHHOM MOKa3aTeJIIMM POCTa U CKOPOCTEH MOIVIOIIEHHs] MeTaHa U
kucnopona (Akberdin et al., 2018). Ins moctoBepHoctH MM Taxke HE0OXO-
JMMBl TaHHbIE TPAHCKPUITOMUKH M KHMHETHKH (epMeHTOB. Heckombko mecs-
TUIIETUI CUUTAIOCK, YTO Y MeTaHOTPOo(OB Kinacca Gammaproteobacteria, x xo-
topomy otHocutes u M. alcaliphilum 20Z, mukn Kpebca pa3oMKHYT Ha ypoBHE
0-KeTOTITyTapaTIeTHAPOTCHA3HON PEaKIMy M, CIEAOBATEIBHO, SBISIETCS TOJb-
KO MOCTABIIMKOM HHTEPMEANATOB JUIsi OMOCHHTETHYECKUX HporieccoB. OHaKo
¢ nomompro C' 6b110 Mokazano, 4to ~50 % Manara B KJIETKe 00pa3yeTcs B pe-
3ynbTaTe 3aMKHyToCTH nukina KpeOca, Torma kak BTopast 4acTh SIBIISICTCS CIE/-
ctBueM peaknuii C3-kapookcumupoBanus (Nguyen, et al., 2020). Ha ocHose
IIPOTEOMHBIX ~MCCIIEJOBaHMI ObUIO ycTaHOBIeHO, 4To wukiI Kpebca y
M. alcaliphilum 20Z pasBetBnen Ha ypoBHe mpeBpalleHuil Gpymapara B MajgaT
n a-kerormyTtapaTa B cykuuHat (Akberdin et al., 2018). B npensiaymux nccre-
JIOBaHUSIX Hamu JokazaHo, uto y M. alcaliphilum 20Z, B otnuume ot 61m3ko-
poxcreenHoro Buaa M. buryatense 5G(B1), dymapassr I u I knaccos GyHKIm-
OHaJBHO B3anMmo3ameHseMsl (Melnikov et al., 2023). bonee Toro, MyTaHTHBIH
mrramm M. alcaliphilum 20Z-3E ¢ neneruposanusiMu renamu Afuml, Afumll u
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Amae, xoxupytomumu ¢ymapassl I n I kaccoB u Manuk-pepMeHT, COOTBET-
CTBEHHO, TPHUBEJIO K HAKOIUICHUIO BHEKJIETOYHOTO (hyMapara B KOHIIEHTPALMN
2,6 Mr/T Beca cyxoi 6uomacchl. Llenbro JanHoM paboThI SABISIOCH TPOBEACHUE
TpaHcKpumuoHHoro anammsa mramma M. alcaliphilum 20Z-3E mist BeistBiicHUst
OTJIMYHI B SKCIPECCHOHHOM IPO(HIIE TEHOB, BEI3BAHHBIX BBEACHUEM MYyTAIHH.

JduddepeHnnanbHblii  aHaIM3 SKCHOPECCHM IOKa3ayl, 4YTO Y IITamMa
M. alcaliphilum 20Z-3E mo cpasuenuio ¢ guxkum Tamom 41 u 86 reHa ObUTH ak-
THUBHPOBAHBl W TIOJABJICHBI, COOTBETCTBEHHO, C KPaTHOCTBIO M3MEHEHMs >
(p £0,05). Haubonpiiee yBemuueHne dKcnpeccun (B 4 paza) MMeN I'eH, KO-
pytomuit TpaHCKpUNIHOHHEIN perynstop MerR (MEALZ 4001), naxoasmuii-
cs epen reaamu rpoD (MEALZ 4002), hflK (MEALZ 4003) u hflC (MEALZ
_4004). dannabie Tensl, kogupyronme Gakrop 670 PHK-nomumepaser u Oenku-
manepousl HfIK n HfIC, cooTBeTcTBEHHO, TaKkKe YBEIUYHMIM CBOIO AKTHB-
HOCTB Oosiee yeM B 2 pa3za. IHTepecHo, 94To y MHOTUX OakTepwuii mpoTtea3a FtsH
u ee monyinstopel HfIK u HfIC 06pa3yroT 0oibmioit OenKoBbIif KOMIUIEKC, KO-
TOPBIH CIIOCOOCTBYET Kak KOHTPOJIIO KauecTBa MEMOPaHHBIX OEIIKOB, TaK U pe-
TYJISIIAM KIETOYHOTO OTBETA Ha cTpecc okpykaromien cpeast (Chu et al., 2016).
ITockombky mramMmMm 20Z-3E BRIOpackIBaeT B OKPYKAIOMNIYIO Cpery GyMapoBYIO
KHUCJIOTY, BBI3BIBAIOLIYIO TTOJKUCICHHE CPE/Ibl, BO3MOXHO, YBEINYCHNUE YPOBHS
skcnpeccuu 6enkoB HfIK u HfIC siBasiercst orBeroM Ha namenenue pH. Kpome
Toro, bosiee 4eM B 3 pasa yBenuueHa skcnpeccus Cfa rexa, koaupyromiero nuk-
JIOIpONaH-XKUpHO-anmiI-pochoaunuacuHTazy, 00pa3yIolyio IHUKJIONPONaH B
dochomununax. Ha mpumepe E. coli u Helicobacter pylori 6su1o moka3aso,
YTO HaJMYWE UKIOMPOMAHOBOTO KOJbIIA YMEHBIIIAET MPOHUIIAEMOCTH (Hocdo-
JIMITUIHBIX OMCIIOEB, UTO CHUKACT UYBCTBUTEIBHOCTH KIJIETKH K KHCIOTHOMY
moky (Cronan, Luk, 2022). Emie omHHM T€HOM, YBEIHYMBIIAM SKCIPECCHIO
6onee ueMm B 3 pasa, sBisiercst glgP ren, komupyronmii raukoreHdochopinasy,
Y4YacTBYIOIIEH B JeTpajlalliyl TJIMKOTCHA C BBICBOOOXKICHHEM TJIOKO30-1-
¢docoara. llltamm 20Z-3E nelCTBUTEIBHO CONEPKUT B 2 pa3a MEHBILE TIIUKO-
TeHa, [0 CPAaBHEHMIO C JUKUM TUIOM. BeposTHO, 0Opasyromuiics riaroko30-1-
docdar, moctynas B DDH-3aBUCUMBII TITUKOIN3, CIIOCOOCTBYET 00OTAIICHHUIO
KJIeTKH 3Heprueid. Cpean reHoB, HanboJiee CHU3MBIINX dKcnpeccuio (0T 32 1o
128 pasa), mpeacTaBieHbl TeHbl, OTBEYAlONIe 3a TpaHcnopT remMa/Fe B KieTky
n pacrnonioxkeHHble B oHoM Jiokyce JIHK (MEALZ 3764-3774). UnTepecHo,
gto ¢ymapasza | xmacca, ynanennas B mramme 20Z-3E, sBisieTcs jkene30co-
JepkamuM  (pepMEeHTOM. BO3MOMKHO, CHIDKCHHE ODKCIIPECCHH T'€HOB, OTBET-
CTBEHHBIX 32 TpaHcHopT rema/Fe, CBSI3aHO ¢ OTCYTCTBHEM OJIHOTO M3 (pepMeH-
TOB, TpeOYIOIIEro /Ui CBOeH akTUBHOCTH jene30. Ha nmpumepe Pseudomonas
aeruginosa 6bUTO MOKa3aHO, 4TO yBenuuenue skcrnpeccud RpoH (632 PHK-
MOJMMEPa3bl) MOBICKJIO YBETMYCHUE IKCIIPECCUH TITyTaMaTCUHTA3bl, OOJIBIION
1 Malo CyOBeIMHMIBI HUTPUTPeAyKTa3sl u ¢ymapaszel (Williamson et al.,
2023). MbI jxe HaOIrO1aIM YMEHBIIICHNE YKCIPECCUH TIEPEUHCIICHHBIX TEHOB Ha
(oHe BBIKIIOYEHHBIX (pymapa3. VIHTepecHO, MOIJIO JIM BBIKIIIOUCHUE (hyMapasbl
CIIPOBOLIMPOBATh M3MEHEHUsI B dKcnpeccuu 632 ¢pakropa PHK-nmonmmepassr,
YTO, B CBOIO O4Yepe/ib, TPUBEIIO K N3MEHEHHUIO SKCIPECCHHU IPYTUX TeHOB?
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Takum 00pa3oMm, MPOBEIEHHBIH HAMH aHAIW3 HHUTh-CIeNUPUIHOTO 3’-
KoHIIeBoro cekBeHnpoBaHust MPHK moka3zai, 4To OCHOBHBIC U3MCHEHUSI B IKC-
MIPECCHOHHOM YPOBHE T€HOB Y IITaMMa-mpoayieHTa ¢pymapara 20Z-3E cBs3a-
HBI C OTBETOM Ha KHMCJIOTHBIH IIOK M C YMEHBIICHHUEM JKCIIPECCHU HEKOTOPBIX
TCHOB TPAHCIIOPTA JKelle3a, YTO KOPPENUPYET ¢ yAaleHneM (GpepMeHTa, ¥ KOTo-
POTO JKeNe30 BXOJWT B aKTUBHBIN HeHTpP. [TockombKy MBI HE OOHAPYKHIH U3-
MEHEHHMH B TPAHCKPHIIIMU T'CHOB IEHTPAJIbHOIO METadOoJIM3Ma, HaKalljuBae-
MBIl BHEKJICTOUYHBIA (hymapar, BUANMO, SBISETCS CIEICTBHEM paboThl (ep-
MeHTOB C3-KapOOKCHIIMPOBAHUS, BOCIOTHAIONIMX ITyJl OKCAJIOAIeTaTa, KOTO-
pBI Yepe3 acnapTar M aJeHHIOCYKIUHAT HANPABISICTCS Ha CHHTE3 (ymapara,
[pUYeM KaK Y MyTaHTHOTO, TaK M y JJUKOT0 TaMMOB. OHAKO B JIMKOM LITaM-
Me oOpasyrommuiics Gpymapar 3a cueT (hymapasbl IpeBpaiaeTcs B Majar, KOTo-
PHIit BO3BpamaeTcsi B OCHOBHON MeTabO0U3M B peakinu Maiuk-(pepmenTa (Ro-
zova et al., 2019). O passerBieHHocTH nukia Kpedca ropopurcs B 0osee paH-
HeM uccnenoBanun Akberdin ¢ coat. (2018 r.), omHAKO B KadecTBE CBS3YIO-
IIETO 3BEHA MEXIY acmapTaToM H (yMapaToM aBTOPHI MPEIOKWINA acmapa-
TaT-aMMOHHIIHA3y — (DEpPMEHT, OTCYTCTBYIOIIMH Y TaHHOTO MeTaHOTpoda.
[TpoBeseHHbIE HAaMM DKCHEPHMEHTBHI YKa3blBAIOT Ha (YHKIHMOHAJIBHOCTH Y
M. alcaliphilum 20Z agenunocykiHaTHOTO LIyHTA U, BEPOSTHO, HAIMYHE Y3-
koro mecra B rukiie Kpeoca Ha ypoBHe aktiBHOCTH Ma/ll', BCiiencTBHE BBICO-
koii Km st HAJT™ (0,5MM) (Rozova et al., 2015).

Paboma svinonnena npu noddepacke epanma PH® No 23-24-00497.

OLEHKA DOPEKTUBHOCTU PEKOMBUHAHTHBIX
MTAMMOB-TIPOAYINEHTOB METAJIVIOOHJAOIIENITUIA3BI
BACILLUS PUMILUS

H. JI. Pynakoga, /. . XacanoB

Kazauckuii (I[IpuBomkckuit) dpenepanbhbiii yHuBepcuteT, Kasans
natalialrudakova@mail.ru

Buexnerounas metaosnaonentugasa Bacillus pumilus 3019 oxapakre-
pHU30BaHa Kak OCJIOK ¢ YHUKAIBHBIM KITaCCH(DUKAIIHOHHBIM MTOJI0KEHUEM, COYe-
TaIOMIEM TPHHAIICKHOCTh K IBYyM KPYIHBIM CEMEHUCTBaM KJaHA METI[MHKH-
HOB — acTallMHaM W ajamainm3uHaM [A novel secreted ... , 2010]. ITpu aTom ce-
MEHCTBO alaMajIM3MHOB BKJIFOYACT HUCKIIFOYMTEILHO dYKAPHOTHUYCCKUAEC OCIIKH,
MMEIOIIEe BAKHOE 3HAUCHHE B Peakisax MudQepeHIpoBKA TKaHeH, SMOpHO-
TeHe3e, a TaKkKe B METacTa3UpOBAaHWH. balmiuispHas MeTauIonpoTenHas3a BO
MHOI'OM TOMOJIOTHYHA KATaJTUTHYCCKOMY JTOMCHY MYJIbTHIOMCHHBIX 3yKapHO-
THYECKUX aTamMaan3uHOB. OMUCaHBI HEKOTOPHIC aCMICKTHI PETYJIISIIUU UCCICTY-
€MOI1 MeTaJUTOPOTEHHA3EI, a TAKKE €€ OMOIOTHIECKHIE XapaKTepPHCTHKH [Reg-
ulating Pathways ... , 2024]. Oxgnako ¢yHKIMs (epMeHTa B KJIETKaX Oaluiul
OCTaeTCsl He YCTaHOBJICHHOM.
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Jaunnble kpucTajuiorpadun Oelika MO3BOJAT IOJIYyYHTh Oojiee JeTaabHOe
npeacTaBIeHue 00 OpraHu3aliy KaK akTHBHOIO LIeHTpa GepMeHTa, TaK U BCel
TpetnuHoO cTpyKType. Mexomuprii mramm Bacillus pumilus 3—19 npoxyrmpyer
METaJUIONPOTENHA3Y B KpaifHe HU3KHUX KOJINYECTBaxX (PHUC.).

D§ B. pumilus 3-19
o

AKTHBHOCTB, Aygg

Yachbl
OD600 mm— AL 5() s A450 O~

Puc. Tunamuka pocra (OD600) 1 HakOIUICHNS TPOTEOIUTHYECKOH akTUBHOCTH (A450)
mrrammoM Bacillus pumilus 3-19. VpoBeHb poTEONMTHYECKON aKTHBHOCTH B IPHCYTCTBUI
crnenuduyeckoro MHruouTopa Merautonporentas 1,10-gpenanrponanna (A450 o-¢)
HE3HAYUTETBHO HIDKE UCX0AHOTO (A450).

Jns mpoBeneHnst CTPYKTYpPHOTO aHalIW3a HEOOXOIMMO IIONyYHTH TOMO-
TCHHBIN mpernapat (pepMeHTa B BRICOKOW KOHIeHTpanuu. [y HapaboTku Oenka
B IIpernapaTuBHBIX KOJMYECTBAX OBUIM CKOHCTPYHUPOBAHbI PEKOMOMHAHTHBIC
IITaMMBI-TTPOTYIIEHTHI MeTayuTonpoTenHa3sl MprBp Ha ocHOBe GecnpoTeasHbIX
mrrammoB B. subtilis n metumorpodubix mposokeii Pichia pastoris.

baruisipablie mTaMMbl ObIIIM CKOHCTPYUPOBAHbI IyTeM TpaHc(hopMalun
BekTopoM pGP382mprBp, wHecyumM rer metamionporenHassl mprBp. Illrtam-
™Mbl B. subtilis BG2036, B. subtilis BRB08 u B. subtilis BRB14 sBistrorcs 6ec-
nporeasusivMu. ltamm B. subtilis A6 ckonctpyuposan Ha ochose B. subtilis
168 nyrem CRISPR/Cas9 ynanenns npocdaroseix perronos [Altenbuchner,
2016]. st ymoOcTBa mocienyromeid o9ncTku MeTooM aduHHOM XpoMaTo-
rpa¢uu B Bexktop pGP382 k reny depmenrta Obuia qo6aBieHa Strep-tag mocie-
noBarenbHOoCcTh. I[Ipogyuentsr P. pastoris HC-mprBpP5 u P. pastoris LC-
mprBpP9 co3manel Ha 0a3e KOMMEpPYECKOH AKCIPECCHOHHON CHCTEMBI
PichiaPink™ Expression System (Invitrogen) ¢ BricoxokommitaeiM (HC) u
HuskokonuitHeM (LC) BapuanTtamu BekTopa. [Ipoj:keBbie BEKTOPa COACPIKAIH
His-tag mocienoBaTebHOCTb.

D¢ dexTuBHOCTD MIPOTyKIIUU METaJUIONPOTENHA3bI mTaMmmMaMu-
MIPOIyIIEHTaMH BBIpaKalH KaK OTHOIICHHE Pa3HHIBI YPOBHS IPOTEONUTHYE-
CKOM aKTHBHOCTH B MPUCYTCTBHU CIEIH()UICCKOTO HHIHOUTOpA MeTayutodep-
meHTOB 1,10-dpenantponuna u 6e3 Hero (A450-A450 o0-d) k onrTuyeckon
IUIOTHOCTH KyJbTYpHI mpoaynenta (OD600) (tadr.).

183



Tadauna
CpaBHuTenbHas oleHKa 3()(HEeKTUBHOCTH MPOAYKIMH METAITIODHAOICITHIA3EI
B. pumilus pexkoMOUHAHTHBIME IITAMMAMH-TIPOIY ICHTAMH

tan [IponykTHBHOCTB,
YCIL €11
VcXoHBIN ITaMM
B. pumilus 3-19 [ 0,048
[ITaMMBI-TPOAYLICHTBI
B. subtilis BG2036+mprBp 3,16
B. subtilis A6+mprBp 2,46
B. subtilis BRB08+mprBp 2,2
B. subtilis BRB14+mprBp 1,25
P. pastoris HC-mprBpP5 2,5
P. pastoris LC-mprBpP9 1,28

Jlist Ganuiut OLEHUBAJIM 3HAYCHUE IPU MAaKCUMAIIbHOM YPOBHE IIPOTEOJIH-
TUYECKOW aKTUBHOCTU B KYJIbTYPAJIbHOW MHUJIKOCTH IUTAMMAa, Ul IPOACKEH —
TIOCJIC MHJTYKIIHHA METAHOJIOM.

B pesynbpTare OBUIO YCTaHOBICHO, 4TO HambOonee 3(pPEeKTUBHBIM TPOIY-
neHToM MetamtosHponentuaassl Bacillus pumilus 3—19 sensiercst Gammmsip-
ueiid mrramm B. subtilis BG2036+mprBp. lauublii mramMmm OyaeT HCIONIb30BaH
Uit HapaOOTKM (epMEeHTa AJIsi BO3MOMKHOCTH JAJbHEHIIEro IpOBEACHHS
CTPYKTYPHBIX XapaKkTepucTUK Oenka (SIMP, peHTTeHOCTPYKTYPHBIH aHATIH3).

Paboma ewinoanena npu ¢gunancosou noodepoicke PHD u Kabunema

Munucmpos Pecnyonuxu Tamapcman 6 pamkax nayunoeo npoexkma Ne 23-24-
10059.

Jlutepatypa

A novel secreted metzincin metalloproteinase from Bacillus intermedius / A. R. Sabirova,
N. L. Rudakova, N. P. Balaban [et al.] // FEBS Letters. 2010. Vol. 584. P. 4419-4425.

Altenbuchner J. Editing of the Bacillus subtilis genome by the CRISPR-Cas9 system // Ap-
plied and environmental microbiology. 2016. Vol. 82, N 17. P. 5421-5427.

Regulating Pathways of Bacillus pumilus Adamalysin-like Metalloendopeptidase Expression /
N. L. Rudakova, A. R. Sabirova, D. I. Khasanov [et al.] // International Journal of Molecular Scienc-
es. 2024. Vol. 25, N 1. P. 1-9.
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TEXHOJIOI'USA CKPUHUHI'A TPOAYHEHTOB CEKPETUPYEMBIX
BEJIKOB, OCHOBAHHAS HA JPOK/KEBOM 0-®AKTOPE
N ®EPOMOHOBOM CHUI'HAJIBHOM IIYTHU

®. A. Cadupssnos’, A. B. Xopankuna'’

'AO «HUU Anxunomoro-I'eneruxa», Mocksa, fanis_sabirzyanov@agri.ru
2HUL] «KypuaToBcKHit MHCTHTYT», MocKBa

Hposxoku, Takwe kak Saccharomyces cerevisiae u Komagataella phaffii
(6onee m3BecTHBIE Kak Pichia pastoris), TpaauinoHHO UCIIOIB3YIOTCS B Kade-
CTBE MPOJYICHTOB T€TEPOJIOTUYHBIX CEKPETHPYEMBIX OCIKOB, (pYHKIIMOHUPO-
BaHHE KOTOPBIX TPeOyeT XapaKTepHBIX IS DYKapHOT IOCT-TPAHCISAIMOHHBIX
Monupukanuii. Hapsgy ¢ MeTromamu panioHAIBHOTO JU3aiiHa, B CO3JIaHUU
MIPOIYIICHTOB OEIKOB BCE YAl C YCIIEXOM ITPUMEHSFOT METO/IBI BEICOKOIIPOH3-
BOJUTEIBHOTO CKPUHUHTA.

Msl pa3paboTany yHHBEPCAIBHYIO TEXHOJIOTHIO BBICOKOIIPOM3BOIAUTEIIb-
HOTO CKPUHHHTA JIPOMCKEBBIX MPOAYIIEHTOB CEKPETHPYEMBIX OCIKOB Ha OCHOBE
JIPO’KKEBOTO O-(hakTopa U (EPOMOHOBOTO CHTHAIIBHOTO ITyTH. MoOIU(pHKaINT
NPOJYLIEHTa, HEOOXOoAUMbIe Isl (DYHKIMOHMPOBAaHMS CHCTEMbl CKPHHUHIA
BKITIOUAIOT: a) BBeJCHHUE «(DEPOMOHOBOTO MOBTOPa» (IOCIEAOBATEIILHOCTH Te-
Ha o-(akTopa, (IAaHKHPOBAHHOI IMOCIEIOBATEIBHOCTAMH IJISI CO3PEBAHMS) B
IKCIIPECCHOHHYIO KacCeTy, KOAMPYIOLIYIO 1eJIeBOi Oellok 1 0) ynaneHne cob-
CTBEHHBIX T€HOB TPEIIECTBeHHUKA 0-(hakTopa. CKOHCTPYHPOBAHHBIN CEHCOP-
HBIN IITAMM IIPEACTABIISICT COOO0M rarmIonaHbIi mramm S. cerevisiae MATa tu-
Ia CIIapUBaHUs, COJCPIKAIIMN CIEAyIoIUe MoaAu(UKAKU: 1) NeIenuu TeHOB
npenmecTBeHHUKOB a-(akropa (MFAL u MFA2) it yMeHbLIEHHs CIIOCOOHO-
CTH K CKPCIIMBAHMIO MEXIY MPOIYILIEHTOM M CEHCOPOM; 2) TeH (IyOpecIeHT-
HOro Oelka, SKCHPECCHPYEMBIH MOA KOHTpoJeM (HepOMOH-HHIYyIHPYEMOTO
npomotopa; 3) menerms reHa FARL — ¢akTopa apecta KJIETOYHOrO IUKIA H
4) neneumro nentunaszsl BARL, cnenuduuHoil k a-hakTopy AN YIydIICHUS
qyBCTBHUTEIIFHOCTH CEHCOPHOTO MITAMMA.

PazpaboranHas TEXHOJIOTHs CKPHHUHTra ObLIa YCIICIIHO ONpPOOOBaHA Ha
npuMmepe cenekimu mnocie Y®-myTtareHeza yNIydIICHHOTO MPOAYIICHTa MO-
nenpHOro Genka (B-ramakrosmmaser m3 Aspergillus niger) ¢ ucnoms3oBaHmeM
96-TyHOYHBIX MUKPOIIJIAHIIIETOB.
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SKCIIEPUMEHTAJIBHOE ONNPEJAEJIEHUE TOJIIAHBI
PABOYETI'O CJIOS IINTIOCKOCTHBIX ®OTOBMOPEAKTOPOB
JJII UTHTEHCUBHOI'O KYJIbTUBUPOBAHUA
MHUKPOBOJIOPOCJIENA

I'. A. CaBunsIix, /I. A. I'a6pueasin, A. K. I'a6pueasin, /I. A Jloch

Huctutyt Guznonorun pacrenuit um. K. A. Tumupsizea PAH
Mockaga, ifr@ippras.ru

MUKpPOBOZOPOCITH — 3TO (OTOCHHTEIUPYIONIHE MHKPOOPTaHU3MBI, KOTO-
pBIC UTPAIOT BAXKHYIO POJIb B 00pa30BaHUM KHUCIOPOJA H OPTaHUICCKUX COCHH-
HeHuit Ha 3emsie. OHU UMEIOT IMPOKOE MPUMEHEHHE B Pa3lIMUHBIX cepax je-
SATETHHOCTH YeJIOBEKa OJIarojapsi CBOMM YHHKAJIBHBIM BO3MOYKHOCTSIM TIPOJTY-
IUPOBAThH [ICHHBIC META0OIUTHI, BUTAMUHBI H JIPYTHE OPraHUYECKUE COCIHHE-
Hust [Assessment of the ... , 2019]. JIist MHTEHCHBHOTO BBIPALIMBAHUS MUKPO-
BOJIOPOCIIEH CYIIECTBYIOT Pa3IHMYHBIEe METOBI U ycTpoiicTa. [lomyuenne 6mo-
MaccChl BBICOKOTO KadecTBa TpeOyeT crenuanbHbiX poTodmopeakTopos (DEP),
KOTOpBIE CO3MAIOT W MOIICPKUBAIOT ONTHMAIBHBIC YCIOBHUS JUISI HHTCHCHBHO-
r'0 pocTa KyJbTYpbl UM HAKOIUICHHUS LIEJIEBOTO MPOAYKTA, a TAKKE COUETAIOT B
cebe MHOKECTBO MHOTOIIENIEBBIX pemreHnil. Hanbonee onTumManbHBIM BapHaH-
ToM KOHCTpyKIH OBP sBrsercs mpsMOyroipHas €MKOCTh, HAImo100Me akBa-
puyMa, B KOTOpPOW HaXOIUTCS KyJIbTHBHpYeMasi KyJabTypa. EMKOCTH MOXeT
OBITh KaK MPO3pPAavyHON C BHEUIHUM OCBEIICHUEM, TaK M HEMPO3PayHOH C BHYT-
peHHNM ocBemeHneM. OnTuMaiabHBIA JabopatopHbli Bapumant ©BP — mmoc-
koctHOU ®BP 00BbeMoM OT 5 10 25 11 ¢ BHEIIHIM UCKYCCTBEHHBIM OCBEIICHUEM
[Optimization of CO; ... , 2022].

BaxxHbIM TIapaMeTpOM, KOTOPBIM HYXXHO YYHUTBHIBATH TMPHU KYJIHTHUBHPOBA-
HUHM MHKPOBOJIOPOCIEH sBiIsgeTcs onTudeckas mioTHocTh (OIl) cycnensun. OT
HEE 3aBUCHT KOJMYECTBO CBETA, MOJIYYaeMOro KICTKaMH, a, CICAOBATEIBHO, H
HHTEHCHBHOCTh (poTocuHTeTHUeckor aktuBHOCTH. C yBenmmyenuem OIT BO
BpeMsl KyJIbTHBHPOBAHHS KOJMYECTBO CBETA, IPOHUKAIOIIETO BHYTPh CYCIICH-
3WH, MAJIaeT, PACTET TEMHOBOW 00BEM, YTO CHIDKAET OOIIYI0 MPOTYKTHBHOCTD
KYJIBTYpPBI U pou3BoautenbHocTh OBP. [l Toro 4ro0bl YBEIUYUTH MPOIOII-
JKUTEITBHOCTh aKTUBHOTO POCTa KJIETOK KYJIBTYpBI, PEAKTOPBI UMEIOT OTpee-
JICHHYIO TOJIIMHY, CO37aBas TOHKHH pabOdYmMil CIOW CyCIIeH3WH, Yepe3 KOTO-
PBIf CBET MOXKET MIPOHHUKATh BO BHYTPEHHHE CIIOM CYCIICH3UH Ja)Ke IPU OTHO-
CUTENIbHO BhICOKMX 3HaueHusx OIl.

B xome manHHOH pabOTHI OBUIO MPOBEACHO HCCIICAOBAHWE 3aBUCHMOCTH
WHTCHCHBHOCTH OCBEIICHUS, ITPOXOIAIICTO Yepe3 CIOM CYCICH3WH Pa3HOH
TOJIIMHBI, OT PA3IMYHON ONTHUYCCKOW IUIOTHOCTH KYNIBTYpBL. McciemoBanue
MPOBOIMIIOCH Ha 3eiieHoi mukposogopociu Chlorella sorokiniana IPPAS C-1.
B sKkcriepiMeHTATBHYIO YCTAaHOBKY, COCTOSIIYIO U3 CBETOIUOTHON TUTACTUHBI C
YEeTBIPBMS TOJIOCAMH O TpU cBeToauoaa (SMD2835, 3000K) ¢ aumMepoM u
natunka uHTeHcuBHOCTH ocBemienus: (LI-COR LI-189), 3akperieHHbIX Ha OcC-
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HOBE U3 OPrCTEKJIa, IIOMEIAIICh KIOBETHI Pa3HOTO pa3Mepa, B KOTOPbIE MOMe-
IaJ1ach CYCIICH3Ms pa3IMYHON ONTHYECKOIl 1oTHOCTH (pHc. 1).

3HaueHNS] HTHTEHCUBHOCTH CBETA HAa CBETOJMOHON MAHENHN BBICTABIISIINCH
caenyromue: ~260, ~460, ~760, u ~2400 MKMOJIB/MC. W3mepenus npoBoau-
JHCh HAa BHYTPEHHEH CBETONPUHMMAIOIEI MOBEPXHOCTU KIOBETBI, KOHTAKTHU-
pyrotei co cycrnenzuei. O0pasibl ¢ pa3TUIHON ONTHYECKON TNIOTHOCTHIO ObI-
JI TIOJyYeHbI pa3daBlieHnEeM 00ecCOJIeHHOH (HUIBTPOBAaHHON BOJOHM MCXOIHOM
MatouHoi KynbTypsl (OII 8.6). ITonyuens! cneayrouue 3Hadenus OIL: 0 (Boga
6e3 kynbTypsl), 0,3; 1,2; 5 u 8,6. Cycnensust paznuunoit OIl 3anmBanace B
CTEKJIIHHbBIC KIOBETHI OAMHAKOBOH BBICOTHI M TONIIMHBI CTEKJIA, C PA3TMIHON
HIMpHUHOH (TIyTeM mpoxoxaeHus csera): 1, 3, 5, 10, 20, 30, 50 mm. Pesynbratel
M3MEpPEeHUH TPEeACTaBICHbI Ha pUc. 2. 3alaHO IOPOrOBOE 3HAYEHHE UHTEHCHB-
HOCTHU CBETa, KOTOPOE MOTYT IOJIydaTh KJICTKH JI0 Hadasla HOTEePb MPOLYKTHB-
Hoctu npu potopixanuu — 1015 Br/m? unm 45,5-68,1 mrmons/m%c. [Lormum,
IIporuna, 2012] B rpadukax mpuHAT BEpXHUH NOPOT, BCE TOUKU SIBISIOTCS
SKCTIEPUMEHTAILHBIMU JAHHBIMU.

Puc. 1. DxcniepuMeHTanbHas yCTaHOBKA!
1 — 1aTYNK MHTEHCUBHOCTH CBETA; 2 — KIOBETA C HCCIIEIyeMOH CyCIIeH3HeH;
3 — cBETOAMO/HAS ITaHEIIb, IOAKIIIOYCHHAS Yepe3 JUMMep K OJIOKY MUTAHUS

Icp = 260 mkmonb/(M2c) lcp = 460 Mkmonb/(m%c)

Mopor komnercaum
w0 0N

Mopor kounercaumn
00N

" e P}
60 0 10 20 30 40 50 60
Tonuyma woseT, M TonuHa woseTsl, M

lcp = 760 Mkmonb/(m%c) Icp = 2400 mkmonb/(M2c)

wiero caera,

Mlopor kounercaunn
w0 0N

Mopor kounercaumn
w0 0N

MKwOnS|

100

ViHTeHcuBHocTs npe

RO U
P . P

o 10 20 30 a0 50 60 0 10 20 0 W 50 60
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Puc. 2. I'padukn, nomyueHHbIE B PE3yIbTaTE UCCIICIOBAHMS
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B pesynbrare, yIBOWB TONIIUHY, MPH KOTOPOW HHTEHCHBHOCTH TaaaeT
HIDKE TIOPOTOBOTO 3HAYCHHS, MOYKHO TIOJyYUTh TOJIIUHY PadO4ero Ciios IUis
3aJJaHHOM MHTEHCUBHOCTHU OCBEIICHHUSI M ONTHYECKOM ruioTHOCTH. K mpumepy,
MPU MHTEHCHBHOCTH OCBEINeHus B 760 MKMOMB/M>c MOXkHO mocturats OIl B
1,2 enuHUIBI B pabodeM cioe TommuHon 50 mM. Pabouwmii ciioit B ncciemoBa-
HUH HETIOJBW)XKHBIN, B OTJIMYHE OT PealbHbIX ycioBuil B ®bP, rae mocrosHHO
UIET TepeMeIlMBaHue CYCIEH3UW MyTeM 0apOoTa)ka, 4TO MO3BOJSIET CIOSM
MEHSTBCSI MECTaMH, a KJIETKaM IMOOYEpPEJHO IOJydaTh JTOCTATOYHOE KOJYe-
CTBO CBETa JIO ONPE/ICIICHHOTO ATaIla.

Paboma evinonnena npu ¢unarcosoii noodepoicke epanma PH®, npoexm

Ne 21-74-30003.

Jlutepatypa

Hormun JI. H., IIponnna H. A. bruotexnonorus Mukposojopocneif. M. : Hayunsrit mup, 2012.
184 c.

Assessment of the biotechnological potential of cyanobacterial and microalgal strains from IP-
PAS culture collection / M. A. Sinetova, R. A. Sidorov, A. Yu. Starikov [et al.] // Appl. Biochem.
Microbiol. 2020. N 56. P. 794-808.

Optimization of CO Supply for the Intensive Cultivation of Chlorella sorokiniana IPPAS C-
l'in the Laboratory and Pilot-Scale Flat-Panel Photobioreactors / D. A. Gabrielyan, B. V. Gabel,
M. A. Sinetova [et al.] // Life. 2022. N 1469. P. 1-14.

BJIMSIHUE KYJIBTYP POJA BACILLUS HA PA3BBUTUE
BOJIE3HEM JINCTOBOI'O AIIIMAPATA CAXAPHOM CBEKJIBI

IO. H. CaneeBa, H. B. be3nep

Bcepoccuiickuii Hay4qHO-HUCCIEI0BATEIbCKHN HHCTUTYT CaXxapHON CBEKJIBI
u caxapa um. A. JI. Masznymosa

HeparronanbHOE HCIONB30BAHUE TTOYB, HEMPABUIIBHBIN BBEIOOpP TEXHOIO-
rur 00paboTKM MPUBETH K JAeTpagalldil MOYBEHHOTO MTOKPOBA, B YACTHOCTH, K
MEepPeyIIOTHEHNIO MMAXOTHOTO TOPH30HTA M YBEIMYCHHIO (UTOTOKCHYHOCTH,
YTO U3MEHSET COOTHOIICHHE TPYIIIT MUKPOOPTaHH3MOB, B CTOPOHY YBEIUYCHHS
[IaTOTeHHOM MHKpOQIIOpbl. Boie3Hb NPUBOAMT K YBEIMYCHHUIO COJACPIKAHHS
BOCCTaHaBJIMBAIOLIMX CaXapoB, UCIOJIb30BAHUE caxapa B 00IIeM MeTaboInu3Me
cokpariaercs. [Ipy 1epKocropo3e yCHIMBASTCS TPAHCIHUPALHS, YTO HPHBOIUT
K CHIDKCHHUIO Beca KOPHEIUIO/A, a TAKXKE PACIPOCTpaHeHHe OOJIe3Hel CHUKAET
ypoxaii Ha 16 % [Ctorauenko, CenuBanoa, 2008].

ITepcrieKTHBHBIM HarmpaBJieHHEeM B 00pb0e ¢ 3a00JIeBaHUSAMU SIBIISICTCS HC-
MOJIb30BaHUE MHUKPOOMOIOTHYECKHX TMPENapaToB Ha OCHOBE IITAMMOB MHKPO-
OpraHnu3MOB-aHTarOHUCTOB IMOYBCHHBLIX IIATOI'CHOB. Cpe;:u/I HUX BBbIACIAIOTCA
abopurennbie mrammsl Bacillus subtilis, kotopeie o6magaror crocoGHOCTBIO
aIANTUPOBATHCS K MPUPOHBIM YCIOBHSIM MecTa obutanus. K Tomy ke y MHO-
rux BUIOB poja Bacillus ycranosneHo npoayimpoBatnue B ouBy (Gpu3HOIOrHYe-
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CKH aKTHBHBIX BEIIECTB. B CBs3M ¢ 3TUM pa3zpaboTka MeToZ0B OOpBOBI ¢ 3a00-
JICBaHHUSAMH KYJIBTYPBI C HCIOJIb30BaHHEM a0OPHUI€HHBIX MITAMMOB MHKPOOpIa-
HHM3MOB — €CTECTBEHHBIX aHTAarOHHCTOB (DMTOIIATOICHOB HA OCHOBE OAILMILT aKTy-
anpHa [bromnpenapats B celbekoM . .. , 2005, XapakreprucTruka Anmvpuna ... , 1995].

Ompenenenne 3a0oseBaHNi caXapHOIl CBEKIBI MPOBOIMIOCH B ITOJEBBIX
ycnoBusax Ha onblTHOM 1oite BHUMCC B 3epHOnmaponponanHoM ceBoobopoTe
C uepefoBaHMEM KyNbTyp: Map — O3MMas IIIEHUIa — caXapHas CBEKIa — f4-
MeHb. TeXHOIOTHS BO3ENBIBAaHNS KyIbTYpHI — obmenpursaTast i [[UP. B ka-
4eCcTBE OOBEKTa HCCIEAOBAHUS B3ATHI INTAMMBI OaKTEpHH-aHTArOHHCTOB
Bacillus subtilis 20 u 17(8). CycreH3un mTaMMOB HAHOCHIIUCH OIPBICKUBATE-
JIEM C THUTPOM JKM3HECTIOCOOHBIX GakTepuanbubix Kietok 108 KOE/mi. Pacxon
paboueii xunkocTu coctaBut 200 j1/ra. B xauecTBe KOHTPOIIS OyIeT B3ST BapH-
aHT 0e3 00paboTKM OakTepuambHOW CyCIIeH3Mell, B KauecTBe CTaHJapTa — Ba-
pHaHT ¢ 00paboTkoii mpenapatom Anupus b.

VYder OCHOBHBIX OOJIe3HEH JHCTOBOTO ammapara MPOBEIEHBI B COOTBET-
cTBuH ¢ «OCHOBHBIMH METOJaMH (DUTONMATOJOTMYECKUX HCCIIEA0BAHUNY II0J
penakiueir Uymakosa E. A. (1974 r.), a takxke «PexoMeHmanusiMu 1o y4ery u
BBISIBJIICHUIO BpenuTenel u 6one3nei...» (1984 r.).

CxeMa IoJIeBOT0 OMBITa OyAET BKIIOYATH CICAYIOMINE BAPHAHTHI:

1) KOHTPOJIB;

2) crangapT — obpaboTka OuompenapaTtoM «AnupuH-b» mHpeBeHTHBHO,
0,26-10° Bacillus subtilis BU3P-10/m2

3) o6paborka mrammom Bacillus subtilis 17(8) npesentusho, 2-10' Ki1/M?;

4) obpaborka mrammom Bacillus subtilis 20 npeentusno, 2-10' ki1/m?;

IMoBTOpHOCTL OmBITa — 4-KpatHas. [lnomans nensuku 54 Mm%, Pacronoxe-
HUE JETSTHOK CHCTEMaTHYIECKOe.

Ompenenenne 3a00eBaHUI caxapHOW CBEKJIBI IO JINCTOBOMY armapary
MOKa3ao cleayIonme pe3yiabTarsl (Tadm.).

Tabauna
Bone3nu nucToBoro anmnapara caxapHOU CBEKIIbI

Bapuant AnpsrepHapuos | Ilepkocriopos XKentyxa ®omo3 | Myunucras poca
R (%) | P(%) | R(%) | P(%) | R(%) | P(%) | P(%) | R(%) | P(%)
Kontpoas 0,53 110,33 | 0,33 6,30 | 5,47 120,77 | 143 0,60 5,00
Anupun b 0,53 | 10,00 | 0,13 3,10 | 3,57 | 13,23 | 8,95 0,53 4,00
B. subtilis 20 0,40 | 8,33 0,27 527 | 447 | 16,03 | 12,01 | 0,57 4,00
B. subtilis 17 (8)] 0,37 8,33 0,30 | 4,43 2,67 110,17 | 12,33 | 0,37 2,67

R — HHTEHCHBHOCTB pa3BUTHs 00JI€3HH, P — pacnpOCTPaHeHHOCTh O0Ie3HH/

ITo pesysbratam paboOThI MOXKHO CIENATh BBIBOJ, YTO Tpernapar « Anuprus-by
MMEET BBICOKYIO CTEICHb 3aIUThI OT HANOOJIEE PACIPOCTPAHCHHBIX 3a00IeBa-
HHl caxapHOil cBekibl. OIHAKO Pe3yNbTaThl HCCICAOBAHUI TOKA3BIBAIOT, YTO
cycrnensun Bacillus subtilius 20 u 17(8) meficTBYIOT aHATIOTHYHO IPEHapaTy
«AnupuH-by», a B ClIydasx pa3BUTHS U PACPOCTPAHEHHOCTH AbTCPHAPHO3a U
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MYYHHCTOH POCHI, HHTEHCHBHOCTH Pa3BHTHS LEPKOCIOPO3a HPOSBISIOT cebs
6outee A3 PEKTHBHO, CHUKAS TIOKA3ATEIIH OOJIC3HEH.

Jluteparypa

buonpenaparsl B celnbCkoM Xo3siicTBe (MeTomoa0rus 1 NpakTHKa MPUMEHEHHsS MUKPOOpra-
HU3MOB B pacTeHHMeBOJACTBe U Kopmompoussojctse)/ M. A. Tuxonosuu, A. Il Koxemskos,
B. K. Ye6otaps [u ap.]. M. : Poccenbxo3sakagemus. 2005. 154 c.

Croranenko O. U., CenuBanoBa I'. A. Bone3Hu caxapHOW CBEKIIBI, UX BO30YIUTENHN : WILIL.
cnpas. Boponesx : Anrapec, 2008. 112 c.

XapakTepucTuka AjMpuHa b, OCHOBHOrO KOMIIOHEHTa M (D)YHIMIMIHOIO Ipenapara, mpoiy-
wupyemoro mrammoMm Bacillus subtilis —=10— BZ3P / 1O. [1. llleun, U. U. HoBukoga, I'. JI. Mare-
BOCSH [u p.] / AnTubnotnku n xumuotepanus. 1995. T. 40, Ne 5. C. 3-7.

COJIHEYHBIA ®OTOBUOPEAKTOP JIJIsSI TIPOU3BOJACTBA
HEHHOM BHUOMACCBHI MUKPOBOJIOPOCJIEMA B PETHOHAX
C MOBBLIINEHHOM HHCOJISIAENR

A. A. Ceupunos', /. A. T'aopuensin’?

"MockoBCKHit aBHAITMOHHBINR HHCTHTYT
(HaIMOHAIBHBII UCCIIEOBATEIBLCKII YHUBEPCUTET), MocKBa, mai@mai.ru
2WnctutyT dusnonorun pactenuit PAH, Mocksa, ifr@ippras.ru

Muxkposomopociu (MB) sBISIOTCS MUKPOCKOITMYSCKHIMHU OHOKJICTOYHBI-
MU opranu3mamu. Kak u BbICIIHe pacTeHHs MHUKPOBOIOPOCIH B mporecce (o-
TOCHHTE3a 3a CYET PHEPTUM CBETa IMOIVIOMIAIOT OKHUCICHHBIC HEOPTaHHYECKHe
BemecTBa (Boay u CO2) m MUHEpaAIBbHBIE COJTH, TIPEOoOPa3yIOT UX B OCIKH, KH-
PBL, YIIEBOABI U JPYTUE BEILECTBA, BHLAEISIS KUCIOPO/L.

Ho MuKpoBOmOpOCAM MMEIOT OTIMYMS, KOTOPBIC U BBI3BIBAIOT OONBIION
nHTepec. Bo-TepBBIX, MX KyJIBTHBHPOBAHHE HE TPEOYIOT OOJBIINX ITOCEBHBIX
rontaaei, omaromapsi 4eMy BO3MOXKHO BBIPAIIMBAaTh MHUKPOBOJOPOCIH B YCIIO-
BUSIX, IJI€ BBIPALMBAHHUE BBICIIUX PACTEHUN HEBO3MOXKHO. BO-BTOPBIX, OOJIBIINH-
CTBO MHKPOBOJIOPOCJHEH OTJIMYAETCS BBICOKOM CKOpPOCTBIO pOCTa U IMPOCTOTOU
YCIIOBUH KyJIbTUBUPOBAHMS. [Ipy 3TOM MUKpPOBOIOPOCIN COEpIKAT OOIIBIIOE KO-
JIMYECTBO MOJIE3HBIX BELIECTB, @ B HEKOTOPBHIX MB HX 107151 IPEBBILIAET COAEP-
JKaHUE B MPUBBIYHBIX pacTeHUAX-UCTouHUKaxX [OneckuH, [lao bosn, 2022].

MB HaxomdT NMpakTHYECKOe NMPHUMEHEHHE B (hapMaKOJIOTHH, KOCMETOJO-
THH, XAMUYECKOH MPOMBIIUICHHOCTH, Tpou3BoacTBe BAJ[ u mumieBsIx mo0a-
BoK. bromacca MUKpOBOJOpOCIe UCIONB3YIOTCS B KQUECTBE KOpMa JJIsi CKOTa
u poi0. HekoTopble BUABI MPUMEHSIOTCS JUIS OYMCTKU CTOYHBIX BOJI WM IPOH3-
BoJCTBA OMOTOIUTHBA 3-T0 TTOKOIeHuUs [Mermmepskosa, Haropaos, 2012].

Jis MaccoBOTO TPOM3BOJCTBA MHUKPOBOIOpOCIEH B (oToOHOpeakTopax
(®BP) MOKHO HCHONB30BATH JIBA OCHOBHBIX IMMOJIXOJA: OJUH — KYJIBTHUBHPOBA-
HHE B OTKPBITBIX CHCTeMax (TPH MPsIMOM B3aMMOJCHUCTBHH KyJIBTYPhI MUKPO-
BOJIOPOCIIEH C OKpYXKaromield cpenoi), Ipyro — B 3aKPBITHIX WK TIOTY3aKPbI-
TBIX pe3epByapax.
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B 3akpeiTeix @BP KOHTaKT KyJIbTYphI ¢ BHEIIHEH cpenoi orpanuyeH. [lo
CPaBHEHHIO C OTKPBHITBIMH CHCTEMaMH, OCHOBHBIM IIPEHMYIIECTBOM SBIISACTCS
Gosnbliiee 3HaU€HHE COOTHOIIEHUS! CBETONPUHHUMAIOIIEH MOBEPXHOCTH K 00be-
My pe3epByapa, 4To CIOcOOCTBYeT 3(h(heKTHBHOMY HCIIOIB30BAHUIO CBETOBOM
SHEPTHH U MPUBOJUT K OOJBITUM 3HAYCHHSIM TpoayKkTuBHOCTH [Cultivation of
Chlorella ... , 2022]. A taxxe B 3akpbIThiX ®BP myumie kKoHTpoupyroTCes ycio-
BUS BBIPAIIMBAHUSA, PUCK 3aTrPSA3HEHUs U OTEPH CycleH3uu MeHsble. C 1pyroi
CTOPOHBI, UX 00CTyXHBaHHE TPpeOyeT OONBIIMX 3aTpaT, HEOOXOMMO HATUUNE
CHCTEMBI TEPMOPETYJIMPOBAHMUS M JPYIMX CHCTEM HOAJCPKaHUS YCIOBHH
KynpTHBHpOBaHuA. [Ipu nuHTeHCHBHOM pocte MB 3akpbiThic @BP HeoOx0a1MMO
MOCTOSIHHO JIeTa3MPOBAaTh, BBITOHAS KHCIOPO, OOpPA3yIOUIHICS B pe3yibTaTe
(doTocuHTE3a, N30BITOK KOTOPOT'O MOYKET HHIHOUPOBATH POCT KYJIbTYPHI.

Hecmortpst Ha Goree BBICOKHE yposkan OMOMACCHI, JOCTHKUMBIE B 3aKPbI-
TBIX WM MOITY3aKphITEIX DBP (10 CpaBHEHUIO C OTKPBITBIMU CHCTEMaMH), UX
BBICOKHE 3aTPaThl HA CTPOUTEIHCTBO U OOCITY)KHBAHHE TO-TIPEKHEMY JIEJIAIOT
UX MEHEEe KOHKYPEHTOCTIOCOOHBIMHU JJIsI MacCOBOTO ITPOU3BOACTBA MUKPOBOIO-
pociieif. OHAKO HCTIONb30BAHME TAaKMX CHCTEM HE MMEET aJbTCPHATUBHI IPH
3aja4e MPOU3BOACTBA IITAMMOB MHKPOBOIOPOCIEH, COAEPIKAIUX [ICHHbBIE UITH
OHMOIOTHYECKH aKTHBHBIC COCIMHEHHS, TPEOYIOIINE 3aIMUTHI OT 3arpsA3HCHUS U
HaJIM4YMsl KOHTPOJINPYEMBIX YCIOBHH KyJIbTHBUPOBAHHUSI.

Jns Takux nenedt aBTOpaMH NPEUIOKEHO pEIleHHEe pacrojarartb 3aKphl-
ThIe conHeuHbIe (poTodmopeakTopsl (CDEP) B pernoHax ¢ MOBBINICHHONW HHCO-
JIAMEN Ha TEPPUTOPUIX HE TIPUTOTHBIX IS CEIbCKOTO-X03s5icTBa. Bo-11epBhIX,
HaJIMYMe BBICOKOI MHTEHCHBHOCTH CBETA, a TAKXKE MaKCUMaJIbHOH JUTMTEIbHO-
CTH CBETOBOTO JHS MO3BOJSIET 3HAYUTENIFHO COKOHOMUTH Ha MCKYCCTBEHHOM
OCBEIICHUH U HCIIOIB30BaTh €T0 TOJIBKO HOYBIO JUI KOMIIeHcanuu (orossrxa-
HUS W TIOTEPH TPOIYKTHBHOCTH KYJIBTYyphl. BO-BTOpBIX, HET mpsMoii HeoOXo-
JIMMOCTH B IOJIOTPEBE CYCIICH3MU B JTHEBHOE BPEMs, a OXJIAK/ICHHE B Ciydac
IeperpeBa MOXKHO Peaqn30BaTh U3 OMU3JIEKAIINX BOJOEMOB, BO3BpAIIast BOLY
00paTHO B UCTOYHHK.

B xauectBe mpumepa ObuIa PacCMOTPEHA MOZENb BEPTHKAIBHOIO TpyOua-
toro ®BP, xotopslit npennonaraercs pasmectuts B KpacHogapckoM kpae. OBP
coctouT U3 12 mpo3padHbIX TpyOOK U3 oprcrekia auamerpom 0,05 M U BBICO-
Toit 2,52 M. Paccrosinue mexay Tpyokamu 6 cMm. Oommit 006éM — 5971. B HOU-
HOE BpeMsi Oy/JIeT MCIONIb30BaThCsl CBETOANOMHOE OCBEUIEHHE, HHTEHCUBHOCTh
KOTOpOTo paBHa ectecTBeHHOMy (178,9 Br/Mm?).

[To manmeM caiita Global Solar Atlas mrs KpacHomapckoro kpast onTu-
MaJIbHBIM YroJl HaKJOHA CBETONPHHUMAIOIINX MOBEPXHOCTEN cocTaBisieT 35°.
Cpennssa temneparypa jgeroM 21°C. IIpogomKUTeNbHOCTh COMHEUHOTO CUSHUS
coctapsieT 2139 41 B roa. JImuTenbHOCTH CBETOBOTO JiHS — T = 12 4.

Jnst pacyéra IPOM3BOAUTENBEHOCTH B YCIOBHSAX HCKYCCTBEHHOTO OCBEIIE-
HUA Mcnonb3oBaHa popmyia (1). B ciyuae ectecTBEHHOTO OCBEIIEHUSI HCTIONb-
3y10T hopmyiy (2) [Llornus, Ilponuna, 2012]:
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P= =, (1
Q
0,6-n-T-S- 1—0,2-\i
p— Vo) 1 tydt 2)
= 9 J. 10 -cosoet
rae n - KIJ[ yrumasanuu ceeta (0,1-0,12), | — unTencuBHOCTH cBeTa, BT/M?;

S — WIomA/k CBETONPUEMHON TTOBEPXHOCTH, M, Vin U V¢ — OCBelaeMblii 1 He-
OCBeIaeMblii 00beMbl cycrensuu, M2 Q — kamopuifHOCTH 1T OGHOMAaccHl B
KKaJ, T — ITUTENEHOCTh CBETOBOTO JHS B Yacax, @ — yrojl MaJeHHs COTHEUHO-
T'O CBeTa, t1 M t2 — HA4aJo U KOHEI| CBETOBOTO JIHS.

Iony4yennsle B xo04e pacu€ra pe3ysbTaThl, MaclITaOMPOBAHHBIC Ha
25 ®FBP npexacraBneHs! B TabnuIie.

Tabauna
PesynbraTsl pacuéra nmpousBoauTeabHoCTH Komiiekca COBP

ITapameTp 3HaueHue
[HTamm MB Chlorella sorokiniana
O0béM 25 OBP, 1 1475
CymMapHast IpOU3BO/ICTBECHHAS ILUIONIA b, M 114,7
CyMMapHasi IPOM3BOAUTEIBHOCTh, TCB¥/CYT. 1831,95
[ornoménnstit CO2, J1/cyT. 1831,95
Bb1geneHHbli KHUCIOPOJ, KI/CYT. 4,916
[MoTeHnMaN BEIX0AA OUOTOILIMBA, KI/CYT. 8,317
KosmuectBo 6romaccsl ¢ 1 ra, KIcB/cyT. 159,7

* ICB — I'PAMM CYXOI'0 Beca
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HOJYUYEHUE U XAPAKTEPUCTUKA ITAMMOB
PANTOEA BRENNERI, 9KCIIPECCHUPYIOIIINX
®JIYOPECIHEHTHBIN BEJIOK

JI. B. CoxoabHukoBa, E. C. Bepkyrtosa, /. C. ByjibmakoBa,
A. JI. CyaeiimanoBa

Kasanckuii (IIpusomkckuil) denepanbHblii yHUBEpCUTET
Kaszanb, lidasokOO@mail.ru

[Itammer Pantoea brenneri o6aanatot mmmpokum criektpom PGP-cBoicTB.
OHH crOCOOHBI MPOTYLIMPOBATh MHI0M-3-yKeycHyto kucioty (MYK), cunepo-
¢opsl, pazgarate TPyAHOPACTBOPHMBIE OPraHUYECKHE U HEOPTaHWYECKHE CO-
enuHeHusa Qocdopa, 00pa3oBEIBaTh OMOIUICHKH, BBIACIATH MOHBI aMMOHMS U
nuanuasl [Mtkuna, Cyneiimanosa, llapunosa, 2021] u nposiBIATh aHTarOHU-
CTHUYECKYIO aKTUBHOCTh [AHTaroHUCTHYECKHE IMTaMMEI ... , 2023; S Antifun-
gal Activity ... , 2023]. Takum oOpa3zom, mrrammsl Pantoea brenneri moreniu-
JIBHO MOTYT HCIIOJIB30BaThCsl B KauecTBe OMOyno0peHnii. OHaKO BaXKHOH Xa-
PAKTEPUCTHKON TaKUX MHKPOOPTaHU3MOB SIBJIIETCA CIIOCOOHOCTh K KOJIOHM3a-
1un pacTeHUH. OLEHUTH ee MOYKHO MyTeM CO3/1aHMs (DIyOpeclieHTHO MEUEHBIX
mraMMoB. TakuM 00pa3oM, Ienbio paboThl OBUIO MOTYYCHNE M XapaKTePUCTH-
ka (ayopecueHTHO MeueHbIx mrammoB P. brenneri 3.2 u P. brenneri 3.5.2.

MapkepHble IMTaMMBl OIYYadd IyTeM TpaHC(HOPMAIMH B WX TECHOM
mra3mMuasl pFPV25.1 td Tomato ¢ momoImpio 3nekTpornoparuy. JJaHHbI Bek-
TOp HeceT B cebe reH (uryopecueHTHoro oenka Tomato ¥ reH ycTOHYMBOCTH K
KaHaMHUIUHY. JleTeKIuo TpaHc(opManuu MPOBOIMIN HA cpelie ¢ J0OaBIeHH-
€M KaHaMHIMHA, a TaKXKe C IMMOMOIIBI0 (IIyOpEeCIeHTHOT0 MUKpockoma. MHTe-
PECHBIM TIPEICTAaBILUIO M3yYSHHE TPOAYKIUH MAPKEPHOTO (DIIyOpEeceHTHOTO
Oenka knetkamu mrtammoB P. brenneri 3.2 u P. brenneri 3.5.2 B paznuusbie
9achl POCTa KynbTyp. VM3MepeHus MpOBOIMIN HAa MPOTOYHOM LIUTOMETPE MPH
JurHe BOHBI 670—735 M Ha 12-1, 18- u 24-if 4 pocTta OakTepuii. YcraHOBH-
JIM, 9TO TPOAYKIHUS MapkepHoro Oeika Tomato 060MMH IITAMMaMH TIPUXO/IHU-
nace Ha 18-i u KynpTUBMpoBaHus. [Ipu 3TOM KOJIMYECTBO (IIyOPECLIEHTHO Me-
4YeHbIX KJIEeTOK y mramma P.brenneri 3.2 cocrasusio 83,9 %, a y mrTamma
P. brenneri 3.5.2 — 73,3 % ot 00I11ero 4rcia KJIEeToK.

[TockonbKy dKCIpeccHs TeHOB MapKepHOro Oellka M reHa YCTOWYMBOCTH K
AQHTHOMOTHKY HAKJIAJbIBACT JOMOIHUTEIBHYIO HAIPY3Ky Ha KIETKH IITaMMOB,
OBIIIO HEOOXOIUMO U3YUHTh M3MEHSIOTCS JIM CBOWCTBA HATUBHOTO U (IIyopec-
LIEHTHO MEYEHOT0 IITaMMOB. /IMHaMUKy pOCTa IITaMMOB OLIEHMBAIIM Ha Cpejie
LB. U3mepenus ontuueckoit maotHocTH ODgoo TpoBOAMIN Yepe3 Kakabie 4 9 B
teueHue 3 cyt. [luk pocta KyJabTypbl y BCeX MITAMMOB MPUXOAWI Ha 12-U 4
KyJIbTHUBHPOBAHUSI, 3aTE€M CHIDKAJICS U K 32-My Yacy BBIXOJIMJI Ha ILIATO.

[Mponykuus UYK siBisiercst BaXKHbIM ()akKTOPOM KOJIOHH3ALMH PU30ChEph
mukpoopraamsMamu [Genetic and Metabolomic ... , 2020]. CrmocoGHOCTB
mTaMMoB cuHTe3upoBath MYK nipoBoammm Ha cpene LB ¢ no6aBnennem 4MM
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L-tpunrodana B teuenne 3 cyt. Konnentparmuio MYK m3mepsun ¢ moMomnsio
peaktuBa CanbkoBckoro. MakcumanbHas npoaykuus UYK Bcemu mrammamu
npuxomiiack Ha 10-if 4 KyneTuBHpoBaHus. [Ipn sToM mramm P. brenneri 3.2
cunTesupoBai UYK Gomnbie, uem mramm P. brenneri 3.5.2. Ha 10-if 4 KyJbpTH-
BupoBanuss mrramm P. brenneri 3.2 mpoxymmposan 31,5 MKr/min, a mrram
P. brenneri 3.5.2 — 22,9 mkr/mi1. Pasnuuwmii B 6uocuntese UYK mexay Hatus-
HBIMH ¥ TPAaHC(OPMHUPOBAHHBIMHU IITAMMaMH He HaOJI01aI0Ch.

Eme oxnuM (akTOpoM KOJOHM3ALIUH SIBISICTCS MPOAYKIUS OAKTEPHAMH
cuzepodopoB [Iron dynamics in ... , 2009]. CrtocoOHOCTh MTaMMOB 00pa3o-
BBIBAaTh CHAEPOGOPHI OLIEHUBATIM HA arapu3oBaHHOH cpene CAS, comepkamieit
Kpacutenb XpoM azypoi S. Uepes 72 1 uamepsiiiv JuaMeTpbl 30H TPOCBETICHUS
BOKPYT' KOJIOHMH. DKCHEPUMEHTBI HE MOKa3aln PAa3IHIMi MEXy IMTaMMaMA
P. brenneri 3.2 u P. brenneri 3.5.2, a Takxe MeXIy HATUBHBIMH H TpaHC(HOP-
MHUPOBaHHBIMH IITAMMAaMH.

CrnocoOHOCTh MTaMMOB 00pPa30BBIBaTh OMOIIICHKH TaKKe SIBIISICTCS] BaXK-
HbIM (pakTOopoM KosoHu3armu pusocdepst [Duca, Glick, 2020]. Buorerkoo6-
pa3oBaHUE OLIGHMBAIM METOJIOM OKpAIIMBAHUSI KPHUCTAIMYECKUM (urosero-
BbIM. Bce mtamMmbl 0611 ciocOOHBI ()OPMHUPOBATH OMOITUICHKH ¢ MAKCHMYMOM
Ha 48-it 4 pocra. [Ipu atom mramm P. brenneri 3.2 ¢popmupoBan GuOILICHKH B
1,5 pa3a a¢ddexruBHee mramma P. brenneri 3.5.2. Paznnuuii B GHOMICHKO00-
pa30BaHUM MEX/y HATHBHBIMH U TPaHC(OPMUPOBAHHBIMH [ITAMMAMHU HE OBLIO
00HapYKEHO.

Takum obpaszom, ObuH TOMy4eHbI itamMMmbl P. brenneri 3.2 u P. brenneri
3.5.2 ¢ kpacHbIM (pryopectieHTHBIM Oenkom Tomato. [Ipu 3ToM Hanu4we B re-
HOME OakTepuii MapKepHOro Oeika He MOBIMSIIO HA WX AWHAMHUKY pPOCTa, a
TaK)Ke Ha BaKHbIC (DaKTOPBI KOJIOHM3ALMM, Takue Kak BblpadoTka YK, mpo-
nykuus cuaepodopo u OuoruieHKooOpa3oBanue. B Oyayiiem OyayT nposeje-
HBI KCIIEPUMEHTBI Ha PACTEHMSX, KOTOPbIE MO3BOJAT OIEHHTH CIHOCOOHOCTH
IITaMMOB K UX KOJIOHU3AINH.

Paboma gunancuposana epanmom PHD Ne 24-26-00289.

Jlutepatypa

AHTaroHucTHYeckne ITaMMbl Pantoea brenneri kak cpeacTBa  3amMTHI  pacTEHMIA /
J1. C. Bynbmakosa, I'. W. Illaruesa, /. JI. Utkuna [u ap.]// Muxonorus n ¢uronaronorus. 2023.
T.57,Ne 5. C. 352-361.

Wrkuna J1. JI., CyneiimanoBa A. /1., lllapunosa M. P. Pantoea brenneri AS3 u Bacillus gin-
sengihumi M2.11 kak MOTeHIHAIbHbIE areHThl OHOKOHTPONISI M CTHMYISTOPBI POCTa pacTeHwii //
Muxkpobuosnorus. 2021. T. 90. C. 204-214.

Antifungal Activity of Siderophore Isolated from Pantoea brenneri Against Fusarium ox-
ysporum/ A. D. Suleimanova, L. V. Sokolnikova, E. A. Egorova [et al.] / Russ. J. Plant Physiol.
2023. Vol. 70. Art. 199.

Duca D. R., Glick B. R. Indole-3-acetic acid biosynthesis and its regulation in plant-associated
bacteria // Appl. Microbiol. Biotechnol. 2020. Vol. 104. P. 8607-8619.

Genetic and Metabolomic Perspective on the Production of Indole-3-Acetic Acid by Pantoea
agglomerans and Use of Their Metabolites as Biostimulants in Plant Nurseries / F. Luziatelli,
A. G. Ficca, P. Bonini [et al.] / Front. Microbiol. 2020. Vol. 11. P. 1475.

Iron dynamics in the rhizosphere as a case study for analyzing interactions between soils,
plants and microbes / P. Lemanceau, P. Bauer, S. Kraemer, J.-F. Briat // Plant and Soil. 2009.
Vol. 321. P. 513-535.
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AKTHUHOBAKTEPHUN:
I'EHETHUKA, BUOXUMMUS, TEPCIIEKTUBbI
BUOTEXHOJIOT'HYECKOI'O NPUMEHEHMA

H. I1. Consinuxona %, H. E.Cy3una', T. H. A6amuna’, B. H. Iloisuesa’,
S1. A. Jleneran’, JI. P. AmunoBa', 3. A. Acxa?, UI. A. Aprembena’,
B. M. TpaBkun’
'®UI TMymunckuii HayuHbIH HEHTP GHOTOTMYECKUX HCCIET0BAHMUI,
HuctutyT Onoxumun 1 gpusnonorun Mukpoopranu3mon uMm. I'. K. Ckpsibuna, [lymuno
2Benropo/cKuii roCyIapCTBEHHbIH HAIMOHAJBHBIN HCCIIeI0BATENLCKUI YHUBEPCHTET,
Poccus, 1. benropon, Innas@ibpm.pushchino.ru

B coBpeMEHHOM arpoNnpOMBIIIIEHHOM KOMIUIEKCE M MPOMBIIIICHHOCTH
Bce OoJiee akTyaJlbHOE 3HAYEHHE MPUOOpeTaeT oTpaboTKa CrocoOOB MPUMEHE-
HUSL OMOTEXHOJIOTUI ISl CHIDKECHUSI HAarpy3KH Ha OKpYy’Karomlyto cpeny. OnHuM
13 BOXHEHIIMM HATIPaBICHUH SBISIETCS pa3padOTKa SKOJIIOTHIECKH Oe3011acHON
CHCTEMBI 3aIUThI CEIBCKOXO3IHCTBEHHBIX KYJIBTYP OT BPEAUTENCH Ha OCHOBE
AKTHBHBIX MUKPOOHBIX MITAMMOB, CIIOCOOHBIX KOHTPOJIHMPOBATh POCT M Pa3BH-
tHe (uTomaToreHoB. ONTHMAIBHBIM SBISIETCSI COYETAHNE 3TOH CIIOCOOHOCTH C
BBIPAKEHHBIM CTHUMYJIUPYIOLIUM BO3ACHCTBUEM Ha POCT U pa3BUTHUE PACTCHUIL,
COBMEIIEHHOE C TIOBBIIICHUEM JOCTYITHOCTH ISl PACTEHUH MaJIOpacTBOPUMBIX
MUTATENIbHBIX KOMITIOHEHTOB. TakuM 00pa3oM, MOHCK TAaKHX MHKPOOHBIX
IITAaMMOB M OTpaOOTKa METO/IOB MX NMPUMEHEHUs SIBISIIOTCS LEJBI0 PabOTHI
MHOTHX HCCIE0BaTeIbCKUX JlabopaTopuil. Hambonee mepcrneKTHBHBIMU B
3TOW CBSI3M NPEACTABISIOTCS MMOYBEHHBIE MHKPOOPTaHMW3MBbI, B YACTHOCTH aK-
TUHOMHUIIETHI, HIIMPOKO IPEJCTaBICHHbIC B M0YBE OJaroiapsi UX CIIOCOOHOCTH
JIETKO aJaNTHPOBAThCA K cpefe OOUTAHUS M JOBOJIBCTBOBATHCS OpPraHUYECKU-
MH COCIMHEHHUSAMH, KOTOPBIE HEIPUTOTHBI [UI IPYTUX MHUKpPOOpPraHm3MoB. [1o
PactpoCTpaHEeHHOCTH U BHAOBOMY Pa3HOOOpa3sHI0 aKTHHOMHIIETOB, ITO/ABIIS-
1omiee OOJIBIIMHCTBO OTHOCHUTCS K poay Streptomyces. OHM ke CHHTE3HMPYIOT
10 80 % oxapaxkTepH30BaHHBIX MPUPOTHBIX MPOAYKTOB BTOPUYHOTO OOMEHa
BEILIECTB, NMPEACTABICHHBIX Pa3INYHBIMU XUMHIECKIMHU CTPYKTypaMu. [lanHas
paboTa HampaBieHa Ha BBIICJICHUE M M3YYCHUE NPEJICTaBUTENeH aKTHHOMHUILIE-
TOB, KOTOPBIE MOTYT OBITh 3()(EKTUBHO MPUMEHEHBI ISl pean3aliiy dKOJIOT U~
YEeCKH-YUCTOTO arpapHOro TPOM3BOJACTBA. VI3 MOYB M MOHHBIX OTIIOXKCHUIA,
oToOpaHHBIX Ha Tepputopuu benroponckoir m MockoBckoit 001, Poccus, u
Opurpen, Adprka, METOIOM MPSIMOro HaONIOcHUS, (Pa30BO-KOHTPACTHOM
MHKPOCKOIIMM ¥ METOJOM cekBeHupoBaHus reHa 16S pPHK oroGpano
24 mtamma, oTHOCSIUXCs K Actinobacteria. B Xoje mpeaBapuTesHOTO aHa-
JM3a AaHTUMHKPOOHOTO JEHCTBHS M3 OTHX IITaMMOB OBLIM  OTOOpPAHEI
5 mrraMMoB U3 poza Streptomyces: Streptomyces tauricus Act25, Streptomyces
sp. ActVer, Streptomyces anthocyanicus IPS92w, Streptomyces rubrogriseus
IPS92ro u Streptomyces sp. Lzd4kr. st oToOpaHHBIX IITAMMOB OBLIA ITPOBE-
JieHa paboTa MO ONTUMU3AIMHY YCIOBHH BRIPAIMBAHUS, 0TOOpA U AaTbHEHIIETO
xpaHeHus. [Ipy noMomu TPaHCMUCCHOHHOM U CKAHUPYIOLIEH MMKPOCKOIUU
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ObLTa OXapaKTepPH30BaHa TOHKAsk OPTraHM3aIs MHIEIHATBHBIX (pOpM MepCcreK-
TUBHBIX [MTaMMOB. [IpoBeJcHHasl IIOJNHAs CPABHUTEIBHAS XapaKTCPHCTHKA
103BOJIMJIA ONPEJIENIUTh ONTUMYMBI Temrieparypbl, KonueHrpauun NaCl u pH,
a TaKk)Ke BO3MOXXHOCTH YTHIIM3HUPOBATH PA3IMYHBIC YTIIEBOIBI M UyBCTBUTEIH-
HOCTh K aHTHOMOTHKaM. HamOonee spko BBIpa)keHHOE aHTHMHUKPOOHOE JIeH-
cTBUE mposiBHI mitamMmM Streptomyces anthocyanicus IPS92w. Illtamm coxpa-
HSJI CIIOCOOHOCTH ITOJABIIATH ONPEIENEHHBIE TECT-KYJIbTYPhl HE3aBUCHMO OT
cocTaBa Cpellbl M Croco0a MpeCTaBICHIsI BTOPHYHBIX METa0OINUTOB: KYJIbTY-
paibHas KHIKOCTh, CKOHIICHTPHPOBAHHAS B 5 pa3 KyJbTypaslbHasl KHIKOCTh
WK 3KCTPaKT opraHumueckuM pactBoputeneM. lltamm IPS92w obnaman mm-
POKHMM JHAaa30HOM ONTHMYMOB POCTa ISl TeMIepaTypsl, coleHocTH u pH.
AmHanu3 oJHOro reHoma mramma Streptomyces anthocyanicus IPS92w nosBo-
JIUJT OOHAPYXKUTh B HEM T'€Hbl U TEHHBIE KJIACTEpPhbl, OTBETCTBEHHBIC 32 LIUPO-
KW psAf  aHTHOMOTUKOB W aHTHOMOTHKONOMOOHBIX  COSAWHEHWH: 2-
METHIIH3000pHEeOI, aap0adaBeHOH, edepoKcaMiH, TEOCMIH, H30pCHBEPATEH,
LEIMXCINH, aKTUHOPOANH, TePMULMINH, YHICHWIIPOAUTUO3UH, HOTaJaMHIIHH,
JIeHHAMHIIMH ¥ TIeTUO0akTHH. TakuM 00pa3oMm, MoKa3aHo, YTO MPENICTABUTENN PO-
na Streptomyces sBIAIOTCS NMEePCHEKTHBHBIME JUTSL Pa3padOTKU OMONOTHYECKIX
CPEJICTB 3alIUTHI PACTECHH.

TFEHOMHBIE JETEPMUHAHTBI PANTOEA BRENNERI,
OBYCJIOBJIMBAIOIIUE BUOKOHTPOJIBHBIE CBOUCTBA
BAKTEPUN

A. Jl. Cyaeiimanosa, /1. C. I[lynosa, JI. B. CokobHiKOBA,
M. P. lllapunosa

Kazanckuit (ITpuBomkckuit) GenepanbHblii yHUBEpCUTET
Kaszans, aliya.kzn@gmail.com

Pon Pantoea xapakTepusyeTcss BBICOKOH T'€TEpPOT€HHOCTHIO — IMITAMMBI
Pantoea BCTPEHUAIOTCA B acCollMalli ¢ CaMbIMU pa3HbIMU X034€BaMU, BKIIIOYast
pacTeHHs, HaCeKOMBIX, JKUBOTHBIX M deroBeka. Hexotopeie m3omaTel Pantoea
SIBISIOTCA (PUTONMATOTEHHBIMH, B TO )K€ BPEMS JPYTHe, HA000POT, ITPOU3BOIST
IIPOTUBOMUKPOOHBIE META0OIUTHI U IPUMEHSIOTCS B Ka4ecTBe OMOy100peHNi,
OnopyHrummuaoB ¥ OHONECTHIMIOB B  arpompom3BojcTBe  [Pantoea
agglomerans ... , 2016]. HecMoTpst Ha MHO’KECTBEHHBIE TIOJIOKHUTEIHHBIE CBO-
CTBa JAHHOTO POJa, CPEIH €ro MpeACTaBUTENEH BCTPEUaroTcst Kak (hPUTONATOo-
T'CHHBIC, TaK U OMACHBIC JJIA 4YCJIOBCKA IITAMMBI. B cBs3u ¢ aTUM OCTpO CTOUT
BOIIPOC TOYHOW MAeHTH(UKAINK MpeacTaBUTeNei pora Pantoea n ompenerne-
HUE MAapKEpHBIX JJIEMEHTOB T'€HOMA, IO3BOJSIONMX OTJIMYUTH MOJE3HbIE
IITaMMBI OT BPEIOHOCHBIX. Llenbio paboTh! SIBISIIOCH OIPE/IC/ICHNE T'eHEeTHYe-
cKkux (DakTOpoB, OOYCIOBIMBAIOIIMX OHOKOHTPOJIBHBIC CBOiicTBa Pantoea
brenneri, mocpencTBOM CPaBHUTENBHOIO aHAIN3a T'EHOMOB Pa3IMYHbBIX LITaM-
MOB 3TOT0 BUJA.
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Wzomster Pantoea sp. 3.1, 3.5.1, 3.5.2u 3.6.1 Obutn paHee BBIICICHBI
HaMmH# U3 o0pasmna JecHoit mouBsl PecyOmukn TaTapctan Kak IpOIyHEHTH (Hu-
ta3pl. llITaMMbl OBUTH WIECHTU(DUIMPOBAHBI C MOMOIIBI MYJIBTHIOKYCHOTO
¢unorenernueckoro anamu3 (MLSA) Ha ocHOBe 5 T€HOB TOMAIITHETO XO3SHCTBA
GakTepuii, kak Pantoea brenneri. YcraHoBieHO, 4TO BbIIC/ICHHbIE H30JIATHI 00-
JaJa MHOTOYHCIICHHBIMU CBOWCTBAaMH, CIIOCOOCTBYIOIIMME POCTY PACTCHHI
(PGP), a umenHo: cexkperuu ruponuTuieckux Gepmenros, unanugos (HCN), a
TaroKe MPOIYKIMK ayKcuHa u cuaepodopos [Phosphate Solubilization ... , 2023].

I'enomsr mrrammoB P. brenneri 3.1, 3.5.1, 3.5.2 u 3.6.1 ObuIH CEKBEHHPO-
BaHbl. COOpKY T€HOMOB OCYIIECTBIISUIA C HCIIOJNIE30BAHUEM JIBYX TCHOMHBIX
coopmnkoB — SPAdes u Platanus. ITocie 4ero mpoBOIMIM OIIEHKY KadecTBa
COOPKH IS KOKIIOT0 U3 TEHOMOB ¢ oMoITsio porpaMMbl QUAST (Tabur.).

Taoauna

Ouenka KauecTBa cOOpKU reHoMOoB P. brenneri pasHbIMu reHOMHBIMU COOPIIMKAMU
¢ nomouisio nporpammel QUAST

3.1 sp 3.1 pl 3.5.1 sp 3.5.1 pl
Konruru (>500 m. H.) 22 18 18 18
Cawmblif 60s1bIoN KOHTUT | 2 282 123 2 281 757 2 281 844 1913023
OOmas jumHa 4975 958 4971 839 4971339 4965 154
Nso 606 263 606 110 707 138 606 379
GC (%) 55,76 55,76 55,77 55,77
N’s 200 393 195 231

352 sp 3.5.2 pl 3.6.1 sp 3.6.1 pl
Konrury, (>500 1. H.) 17 13 22 19
Cawmblit 6osbioid kKoHTHT | 2 282 083 2 281 228 2 282 365 1 286 462
O6as jna, M6 4256178 4251612 4976 165 4971 060
Nso 2282 083 2 281 228 606 226 606 122
GC (%) 55,99 56 55,76 55,76
N’s 200 0 300 82

OJHMM M3 KpUTEpHEB KauecTBa FTeHOMHOM cOOpKH siBisieTcst MeTpuka Nso,
KOTOpasi HpEJCTaBiIsieT COOOW UIMHY KOHTHIa, IPH KOTOPOH BCE KOHTHTH
Oouspiield auuHBL gat0T B cymme 50 % oT uiHBI Bcero reHoMa. Uem Oosblie
3HaueHune Nso, TeM BbIlIe kKauyecTBO cOopku [Mikinen, Salmela, Ylinen, 2012].
IMapamerp Nso AT KaXXAOTO W3 AHATH3HPYEMBIX T'€HOMOB OBIT BBINIC TIPH
cbopke ¢ momMomrpio mporpamMmbl SPAdes, @uHaNBEHBIE COOPKH TEHOMOB C T10-
Motpio nporpamMmbel SPAdes 6butn enonnposansl B DDBJ/EMBL/GenBank
mogq  Homepamu  goctyma  JBCGBGO000000000.1,  JMRT00000000.3,
JBCGBH000000000.1 u JBCGBI000000000.1 nns mrammos P. brenneri 3.1,
3.5.1,3.5.2 1 3.6.1 COOTBETCTBEHHO.

I'enombl ObuIM aHHOTHpOBaHBI ¢ nomouibio NCBI Prokaryotic Genomes
Annotation Pipeline. Takum 06pa3oM, HaMH TTOTy4EHBI TIOJHBIE COOPKHU TEHO-
MoB mrammoB P. brenneri 3.1, 3.5.1, 3.5.2 u 3.6.1 o61ueit nunoii 4 975 958 1. o.,
4971339 1. 0.,4256 178 . 0. u 4 972 165 1. 0. coorBeTcTBEeHHO. Pasmep re-
Homa mtamMma 3.5.2 Obut G6osee wem Ha 700 000 . 0. MEHbIIE, YeM y OCTallb-
HBIX TPeX MITaMMOB. PeyllMpOBaHHOCTH TAHHOTO T'€HOMAa OTPaXKAeTCs U B CO-
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KpaIIeHHOM KOJIMYeCTBE OCJIOK-KOIUPYIONHMX IocieaoBatenbHocteit (CDS) —
ux 4008, Torga xak y mrammoB 3.1, 3.5.1 u 3.6.1 ux B cpegHeM Ha 672 60Ib-
mie. Bee mraMMbl IMEIOT TEHOMBI €O cpeHUM cojepxkanueM GC-map okouo
56 %, 4TO XapaKTepHO JJIs JAHHOTO BHJA OaKTEepHId.

B 06aze mamnbix Genbank mpenctaBieHo 30 MOATBEPKICHHBIX T€HOMOB
Gakrepuit Buaa P. brenneri, kotopsie BKIIIOYAIOT 5 TEHOMOB KITHHUYECKUX H30-
n51ToB, 18 reHomoB P. brenneri, Boiie/ieHHBIX ¢ MOBEPXHOCTH MeKyHApOIHOM
kocmugeckor cranmmu (MKC), 1 reHom xomoOnoHTa BOIOpOCIHEi, 2 TeHoMa,
BBIJICJICHHBIX U3 METareHOMHBIX cOopok (MAGSs), KoTopble ObUTH COOpaHbI U3
o0pasuoB ropoackux paiioHoB CHIA. EQMHCTBEHHBIMH TMIPEICTABUTEISIME
MTOYBCHHOW MHUKPOQIOPHI CPEIN 3TOTO BUAA SBISFOTCS M30JIMPOBAHHBIC HAMHU
mTamMMBl. J{anee MBI CpaBHUBAJIM TEHOMBI ATHX IITAMMOB C IPYTHMH CEKBEHHU-
poBanHbIMEH TeHoMamu P. brenneri. [lnst BhIpaBHHBaHUS W MOCIEIYIOIIETO
aHaJIM3a MBI UCIONB30BAIU BHIOOPKY U3 11 MOCTYNHBIX MOJTHOTEHOMHBIX IO-
crenoBarenbHOCTEH P. brenneri.

345 opTONMOTHYHBIX OEIKOB YHHUKANBHBl IS TIOYBEHHBIX H30JIATOB
P. brenneri u orcyrcTBoBanu y apyrux OIM3KOPOJCTBEHHBIX IITAMMOB. BbLIO
MIOATBEPIKICHO MPHCYTCTBUE T€HOB MHTETPa3 U TPAHCII03a3, YTO yKa3bIBaeT Ha
Haimane mpodaroBeix obracTe B TreHOoMax 3THUX mTaMMoB. Cpemn oOmmx
CDS B mrtammax 3.1, 3.5.1, 3.5.2 u 3.6.1 npucyTcTBOBaI HAOOP PETYIIATOPHBIX
0eNKoB, BKIIIOYAs PEryjsTop TpaHckpunumu LuxR, KOTOpbIH, COBMECTHO C
6enmkom Luxl, ygacTByeT B peryssiiiuu SKCIPECCUN T€HOB MeXOaKTepuambHON
KOMMYHHKAIIUH. B 9acTHOCTH, BIMAET HAa CHHTE3 aIlMITIPOBAHHOTO TOMOCEPHH-
nakToHa (AHL), urparomiero KIt04eByro poiib B KBopyMceHcuHre. Cpemu Oern-
KOB, CIIEMU(PUYHBIX TSI TOYBEHHBIX U30JISTOB, ObLIO 00OHAPYKEHO MHOMXKECTBO
TCHOB, KOJUPYIOUINX YCTOMYMBOCTh OAKTEPHil K TSDKEJIBIM METAIaM B [IEJIOM
1 B YaCTHOCTH K MBIIIBSKY W MEITH.

B reHomax MOYBEHHBIX U30JSATOB OBLTO OOHApPYKEHO JBa TeHa (uTas, oT-
CYTCTBYIOIINX y IITAMMOB H3 IPYTUX SKOHHII — T'€H HHO3UTOIMOHO(OCHhATA3EI
1 THUCTUANHOBOW KHCIOH (ocdaTassl, OTBEHAIOMKE 32 THAPOINA3 TTOYBEHHBIX
oprannveckux coeaunenuit gochopa. YV P.brenneri mpucytcTByeT mosHblIi
KJIacTep, OTBEYAIOMINI 3a MIPOM3BOJCTBO M 3KCIOPT SHTEPOOAKTUHOMOJOOHOTO
cunepodopa. Kimacrep 3HTEpOOAKTHHOTIOAOOHBIX T'€HOB MPEICTABISET COOOMH
nokyc JIHK pasmepom okomo 20,0 K6, conepkammii 17 OTKPBITBIX paMOK CYH-
ThIBaHUS. MBI IPOBENIN CPABHUTEIBHBIM aHAIM3 TOr0 KJacTepa Cpeiu IITaM-
MoB P. brenneri, koTopslit mokasai, 4To OH MACHTUYEH BO BCEX M3YUYCHHBIX I'e-
HoMax. Kpome Toro, sHTEpOOAKTHHOMOIOOHBIE KJIACTEPH y BCEX INTAMMOB
P. brenneri maxomsTcsi B 0THOM M TOM K€ T€HOMHOM KOHTeKcTe. JIOKYyC THIIO-
Boro mramma LMG 5343 nokazan 85 % HyKICOTHIHOH MICHTHYHOCTH C JIO-
KyCaMH APYTHX IITaMMOB, IIPH 3TOM KOJHYECTBO T€HOB OCTAJIOCh MPEKHUM. B
reHomax P. brenneri me Gb1TIO BBISIBICHO IPYTHX T'€HOB MPOU3BOJICTBA U PEry-
JSAIMN cuAepo(opoB, KPOME SHTEPOOAKTHHOMIOJOOHOTO KIacTepa.

Hccnedosanue svinonneno sa cuem zpauma Poccuiickoeo nayunozo gou-
da Ne 24-26-00289.

198



Jlutepatypa

Mikinen V., Salmela L., Ylinen J. Normalized N50 assembly metric using gap-restricted co-
linear chaining / BMC Bioinformatics. 2012. Vol. 13. Art. 255.

Pantoea agglomerans: a mysterious bacterium of evil and good. Part IV. Beneficial effects / J.
Dutkiewicz, B. Mackiewicz, M. K. Lemieszek [et al.] / Ann. Agric. Environ. Med. 2016. Vol. 23,
N 2. P. 206-222.

Phosphate Solubilization and Plant Growth Promotion by Pantoea brenneri Soil Isolates /
A. Suleimanova, D. Bulmakova, L. Sokolnikova [et al.] // Microorganisms. 2023. Vol. 11, N 5.
Art. 1136.

CPABHEHHUE YYBCTBUTEJIBHOCTH K HUITPO®JIOKCALIUHY
1 YPOBHS IMCTEUHA Y PA3BHbBIX HITAMMOB E. COLI

JI. B. CyropmuHa, I'. B. CmupHoBa, O. H. OkTs10pbckmii

WHCTUTYT DKOJIOTHM U TeHeTHKU MUKpooprann3MoB YpO PAH —
¢uman [IOULL YpO PAH, Ilepms, lyubov-sutormina@mail.ru

MaciTabHoe M HEKOHTPOJIMPYEMOE NPHUMEHEHHE aHTHOAKTEePHAIbHBIX
IIpenapaToB BO MHOTHX c(epax JIesATeTbHOCTH YeI0BeKa CTalno NPUYNHON BO3-
HUKHOBEHMS W PACHPOCTPAHEHUS] PE3UCTEHTHBIX (POPM MHKpPOOPraHHW3MOB. B
MOCJIeTHAE TO/Ibl BHUMAHHE HCCIIEIOBATENEH HAPaBICHO HAa MTUIEBOJCTBO —
KaK TJI00aJTbHBIM MCTOYHMK IMITAMMOB OakTepwii, 00JaJaroliX MHO>KECTBEH-
HOW yCTOHYMBOCTBIO K aHTHOMOTHKAM [Avian Pathogenic ... , 2021]. Uudek-
IIMOHHBIC 3a00JIeBaHMs, BBI3BAHHBIC IIATOTEHHBIMH [UIS ITHI[ IITaMMaMH
Escherichia coli (APEC), Bkirouast KOnuOakTepros, sIBISIFOTCS OJHON U3 Be-
JIYUMX MPHYUH CMEPTHOCTH MTHUI] U MPUBOJIAT K CEPhE3HBIM YKOHOMUYECKUM
MOTEpsIM B NMTHIEBOACTBE. [103TOMY M3ydeHNEe HOBBIX MHUILICHEH BO3/AEHCTBHS
AHTUOMOTHKOB MMEET pelIalollee 3HauYeHUe ISl IOUCKa COCO00B Ipeoioie-
HUSI aHTHOMOTHKOPE3UCTEHTHOCTH.

[lepcneKTHBHBIM HaNpaBJICHUEM CYHTACTCS W3yYCHWE BIUSHHS aMHUHO-
KUCJIOTHI L-IjucTenHa U ee MPOU3BOJHBIX Ha BUPYJICHTHOCTh OAKTEpHH, a Tak-
’K€ Ha MX YyBCTBUTEIBHOCTh K aHTHOAKTEpHAIbHBIM Npemaparam. Lluctemn
SBISIETCSI KOMIOHEHTOM OEJIKOB W TIyTaTHOHA, a TAKXKe CITY)KUT HCTOYHHKOM
BOCCT@HOBJICHHOH CEpbI AJIsI MHOTHX JIPYyTHX OPraHUYecKHX MoJekyi. Obnanas
BBICOKOW PEJJOKC-aKTHMBHOCTBIO 33 CUET HAJIMYMS CyIb(OIUAPHIBHBIX TPy OH
MPUHUMAaET BAXXHOE yJacTHE B METaOOJIMUYECKHX TpoIleccax KISTKH, BKIIOUAs
PETYIANNI0 aKTHBHOCTH (PEPMEHTOB, KIETOYHYIO CHTHAIN3AINIO W aHTHOKCH-
nmantHyro 3amuty [Cysteine homeostasis ... , 2019]. Ha ocHoBaHuu 3TOTO
MPEACTaBIsACT MHTEPEC CPAaBHUTH BHYTPHUKICTOUHOE COJACpPKAHUE IIUCTCHHA Y
YCTOHYUBBIX M UyBCTBUTEIBHBIX K aHTHOMOTHKAM IITaMMOB OAaKTEpHIA.

Llens naHHOW pabOTHI — CPAaBHUTH TyBCTBUTEIBHOCTh K IIMIPO(IIOKCAIIN-
Hy (LI®) 1 ypoBHM BHYTPHKIIETOYHOTO ILicTenHa y jaboparopuoro u APEC
mrammoB E. coli. B skcmepumeHTax MCHonb30BaInCh Tab0paTOPHBINA MITAMM
Escherichia coli BW25113 u3 xomutekunu Keio u mramm E. coli APEC L-5876,
BBIJICJICHHBIH U3 NTHILL, OOJIBbHBIX KOJMOAKTEpHO30M, Ha nthnedadpukax [lepm-
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ckoro kpas. Vcciaemyemble OakTepuu BBIpallMBalIyd Ha MHHUMAIBHOH cpere
M9 ¢ 0,2 % rmoko3oit pu 37 °C 1o ODeoo 0,4. Ilpu mocTikenun Tpedyemoin
IUIOTHOCTH B KyJBTYpy BHOCHIH aHTHOMOTHK L® (3 MKIr/™Mi1) M mHKYOHMpOBain
B TeueHue 2 4. MuUHUMaIbHYI0 MHrHOupyronryto Kouenrpamuo (MUK) nu-
mpoIoKcaHa ONpeIeIsuTi METOIOM CEPUIHBIX Pa3BEeICHUH B 960-TyHOUHBIX
IUTaHIIETaX. Y POBEHb UCTEHNHA onpeaersuiy mo Mmetoxy Gaitonde [1967].
OTOPXUHOIOH HUIPODIOKCALMH SBIISIETCS IMPOKO UCIIOIB3YyEeMbIM ITpe-
mmapaToM JUIS JIeYeHHs OaKTepHabHBIX WH(EKINH y CETbCKOXO3SHCTBEHHBIX
»kuBOTHBIX W mtul, [The application of ... , 2019]. JlabopaTtopHbIi mTaMM
BW25113 6but uyBctBuTeneH k LI®D, MuHMManbpHass HHTHOUpYFOMIas KOHIICH-
Tpanus Ha cpeae M9 coctaBuia 0,016 mMxr/mi, Torna kak mramm APEC L-5876
TIPOSBIIST yCTOHYMBOCTD KO BCEM M3YUCHHBIM KOHIICHTPALUSIM aHTHOMOTHKA.
Hcxonnast ckopocTb pocta mtamMma BW25113 B KOHTPOJIBHBIX YCIOBHAX
obuta 0,59+0,03 !, korga y mramma L-5876 3TOT mokasarenb Ha MOMEHT
Havasa sKkcrepuMenTa 06Ut B 1,5 pasa Beime u coctasysn 0,87+0,03 u™! (puc.).

=#=BW25113 KOHTPOIE APEC L-5876 KoHTpOJIb

=B W25113 ITD 3 mxr/™Ma

BpeMA, MHH

Puc. Bimsinue uunpodyiiokcannta Ha CKOPOCTh pOCTa UCCIISYEMBbIX IITAMMOB
(MOMEHT 100aBIeHNsI aHTHOMOTHKA MTOKA3aH CTPEIIKOM)

Jo6asnenne Il® B KOHIEHTpPANUW 3 MKI/MJI HWHTHOMPOBAJIO POCT
BW25113, u uepe3 90 MuH HHKYOAIMH TPUBOIIIIO K YACTUYHOMY JIH3HCY KIIe-
Tok. [Tpn 06paboTke UNPOopIOKCAINHOM B TAaKOH K€ KOHLIEHTPALUH CKOPOCTh
pocra APEC L-5876 He otnuuanack ot KOHTpods (puc. 1).

B mammx skcrnepuMeHTaX MCXOAHAs KOHLEHTPALUs BHYTPUKIETOUYHOIO
uucrenna y APEC L-5876 Obuia B 1,64 pa3 Bbiiie, uem y BW25113, u cocras-
msma 0,166+0,007 u 0,101+0,011uM/ODesooy APEC L-5876 1 BW25113 coot-
BETCTBEHHO. MOYKHO IPETONIOKHUT, YTO MOBBIIIEHHOE COAEPKAHNUE BHYTpPHU-
knerouHoro 1ucrenHa y APEC L-5876 sBisiercst omauM U3 (hakTopoB, ompesie-
JISIOIIUX €r0 YCTOHYMBOCTH K IMIpoduioKcaiuHy. TpeOyroTcs mampHEHIIne
HCCIIEI0OBAHUS. O BIMSAHUM LIMCTEMHA M €ro IMPOM3BOIHBIX HAa YCTOHMYHUBOCTH
OakTepuil K aHTUOMOTHKAM.

Hccnedosanue gvinonneno npu noddepaicke epanma Poccutickozo nayymo-

20 ¢honoa Ne 22-14-00093
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Jlutepatypa

Avian Pathogenic Escherichia coli (APEC): An Overview of Virulence and Pathogenesis Fac-
tors, Zoonotic Potential, and Control Strategies / Dipak Kathayat [et al.] // Pathogens. 2021. Vol. 10,
N 4. Art. 467.

Cysteine homeostasis under inhibition of protein synthesis in Escherichia coli cells/
G. V. Smirnova, A.V. Tyulenev, K.V.Bezmaternykh [et al.]// Amino Acids. 2019. Vol. 51.
P. 1577-1592.

Gaitonde M. K. A spectrophotometric method for the direct determination of cysteine in the
presence of other naturally occurring amino acids // Biochem. 1967. Vol. 104. P. 627-633.

The application of antibiotics in broiler production and the resulting antibiotic resistance in
Escherichia coli: A global overview / N. Roth, A. Kasbohrer, M. Sigrid [et al.] // Poul. Sci. 2019.
Vol. 98, N 4. P. 1791-1804.

BJIMSIHUE DK30TEHHOI'O LIUCTUHA HA MPOJIYKIIUIO
CEPOBOJIOPO/JIA Y IITAMMOB ESCHERICHIA COLI,
JE®EKTHBIX 110 CUHTE3Y U JETPAJALIMY LIUCTEMHA

A. B. Twaenes!, H. C. Kynanosa'?, I'. B. CmupHoBa’,
0. H. OxTa6pbckmii’

'MHCTHTYT 5KOJIOTHH M TeHeTHKH MUKpoopranusmos YpO PAH —
¢uman [TOULL YpO PAH, Ilepms, leksey333@yandex.ru
[TepMcKuii TOCY JapCTBEHHBII HALMOHANLHBII HCCIIE/IOBATEILCKHI YHIBEPCUTET,
ITepms, nata.zhulanova02@mail.ru

B nocnennee BpeMs n3yueHHE FOMEOCTa3a HUCTENHA B KJIETKax OakTepuil
BBI3BIBAET Bce OOMBINNI HHTEpec uccaenoBateneil. Haxoascs B cBOOOJHOM co-
CTOSTHHH, IINCTEWH MOXKET BOCCTAHABIHMBATH cBoOoHOE xene3o (II1) B peakiim
®deHTOHA, B pe3ysbTaTe KOTOPO 00pa3yeTcsi TOKCHYHBIH THIPOKCUIBHBIN pa-
JTUKAJl, BBI3BIBAKOIIUI OokucuTeNbHOe moBpexkaeHue JJHK, OenkoB u aumumos
[Park, Imlay, 2003]. K uucmy mnyTed peryisudud ypoBHS IIHUCTEHHA Y
Escherichia coli, napsiny ¢ cuHTE€30M, OTHOCSTCSI €10 TPAHCHOPT, BKIFOUCHUE B
COCTaB TJIyTaTHOHA U Aerpananus ¢ oopasoBanueM HoS [The role of sulfides ... ,
2018; Cysteine homeostasis ... , 2019].

O0bekT uccnenoBanus — mrammel E. coli BW25113 (wt) u meenuoHHbIe
MyTaHThl U3 kosutekin Keio: JW2663 (AgshA), nedextHblil o cuHTE3y TIty-
tatuona, JW5518 (AcyuA), JW2505 (AmstA) — mo cucremaMm Jerpajaluuu 1u-
crenHa u JW2414 (AcysM) — o cunterase Il nucrenna. bakrepun BbIpaimuBa-
muck Ha cpene M9 [Miller, 1972] ¢ 0,15 % rimroko3sr B kombax Ha 250 mir B
TepMocTatupyemMoM opoutanbHoM Ieiikepe (37°C, 150 o6/muH). B kadecTe
€AMHCTBEHHOTI'0 MCTOYHMKA CEphbl B MUTATENBHON Cpesie UCIOIb30BaNCs CylIb-
¢ar marmmsa. [Ipoxykmmio cynbhuma pEerHCTPHPOBANN HEMOCPEACTBEHHO B
KoJI0ax ¢ pacTymiel KyJIbTypOl ¢ TIOMOIIBIO CHCTEMBI CYIIb(QUI-CIICIIH(PUIHOTO
xanpkorenuaHoro cexncopa XC-S2-001 ¢ pabounm numanazonom pH 6-12u
qyBCTBUTENBHOCTEIO 10 1077 M («Cencoprsbie cucteMei», Poccust) u tudposo-
ro noromepa cpX-2 (MBII Ilymmnao, Poccust) B pexxnMme peanbHOTO BpeMeHH
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[The role of sulfides ..., 2018]. OnTrueckyro WIOTHOCTH (ODsoo) U yASTBHYIO
CKOPOCTH POCTa (1) ONIPEeIIsUTN TPaJUIMOHHBIMH CIIOCOOAMHU.

B KOHTpOJBHBIX YCIOBUSX, IPU a3pPOOHOM POCTE Yy BCEX HCIBITYEMBIX
mrraMMoB npoaykims HoS mojiepkuBaiack Ha MHHHMAIbHOM YpPOBHE, He-
CKOJIBKO YBEJIWYMBASCh TPH TEPEX0Je K MHKPOA’IPOOHBIM YCIOBHSM, KOTIa
KOJIMYECTBO PACTBOPCHHOTO KHCIOPOJa, PerHcTpupyeMoe 3nekrponom Kiap-
Ka, MPUOJINKATIOCH K HYJICBBIM 3HAUCHHSIM.

M36BITOK IHCTENHA CO37aBalll OJHOKPATHBIM jgobaBieHneM 30 MkM mm-
CTHHA HETOCPEICTBEHHO B KYJIBTYPY B CEPEIHHE KCIIOHCHIIAIEHOU (ha3bl po-
cta (ODgoo= 0,4). BHeceHne mUCTHHA B Cpely, HE COACPIKAINYH0 KJICTOK, HE
OKa3BIBAJIO BIMSHUS HA M3MEHCHHE TTOTEHINANA CyIb()HUIHOTO CeHCOopa.

Uepes 15 muH mociie Hadama oOpaOOTKH HAOJIOMAIOCh CHIDKCHHE L Y
Bcex mrammoB ¢ 0,72+0,01 mo 0,45+0,02 v!. B mocnexyromue 30 MUH CKO-
POCTh POCTa BOCCTAHABJIMBAIACH O HOPMAJIBHOI'O YPOBHS, OJHAKO Y IITaM-
MOB, Je(EKTHBIX 10 cuHTe3y riayratnoHa (AgshA) m necymsdumase rucrenHa
(AcyuA) otmedanochk 6oee IPOI0JDKUTEIFHOE HHTHOMPOBAHUE POCTA.

Cpasy 1nociie BHECCHHS [IUCTHHA B CPEAY PETUCTPHPOBAIOCH Pe3Koe 00pa-
THMOE TaJIeHNe TMTOTEHIHAaNa CyIb(QHUI-CIeIU(IUIHOTO CEHCOPa, YTO YKa3bIBAIO
Ha BO3pacTaHue MpoAyKIuH 3H0reHHoro H>S. Cyng mo mokasaHusm cynbhu-
cnenn(UIHOTO CEHCOpa, TOCTOBEPHBIC Pa3lIMdUs B KOJIUYECTBE MPOAYIHPYeE-
Moro H>S Mexny mramMmamMu OTCYTCTBOBAJIM, OIHAKO HAOJOAAIKMCh 3HAYH-
TENbHBIC OTIWYHSA B MPOJODKUTEIBHOCTH BPEMEHH €r0 MPOAYKIUH. Y POAH-
Tenbckoro mrammMa BW25113 m myTaHTta, nedekTHOro 1O Jecyibpumase
MStA, ycuneHHas IpoayKuus S*, ompenensgeMas II0 MAKCHMAIbHOMY 3Hade-
HUIO MAJICHUsSI MOTCHIMAIIA, MOCPKUBATIACh Ha MPOTSDKeHUH 60 MHH C MOMEHTA
BHECCHHUS [MCTHHA, ¥ TaMMoB CySM u gshA — 80 muH, CyuA — 100 MuH.

Takum o6pasom, y mytantoB E. coli, pactyimux Ha MUHUMANBHO# cpejie ¢
cynb(aroM u Ae(EKTHBIX [0 CHHTE3Y IIyTaTHOHA I IHCTCHHA, J100aBICHUC
LUCTUHA B CPely 3HAYUTENBHO YBEJIMYMBACT MPOAYKIMIO SHAOTCHHOTO CYIIb-
¢una. M3BecTHO, 9TO Cymb(UA UTpaeT BaXKHYIO POJIb B yCTOWYMBOCTH OakTe-
puii x ctpeccam. Hammm pe3yinbraThl MOTYT BHECTH BKJIAJ B M3yUYCHHE MPOIICC-
COB aJIanTaluy OaKTepuil K HEOIATrOIPUATHBIM YCIOBUSIM CPE/IbL.

Hccnedosanue svinonneno npu nooodepoicke epanma PH® Ne 22-14-00093.

Jlutepatypa

Cysteine homeostasis under inhibition of protein synthesis in Escherichia coli cells./
G. V. Smirnova, A.V. Tyulenev, K.V.Bezmaternykh [et al.]// Amino Acids. 2019. Vol. 5I.
P. 1577-1592.

Miller J. H. Experiments in molecular genetics. N. Y. : Cold Spring Harbor Laboratory Press,
1972. 466 p.

Park S., Imlay J. A. High levels of intracellular cysteine promote oxidative DNA damage by
driving the Fenton reaction // J. Bacteriol. 2003. Vol. 185, N 6. P. 1942-1950.

The role of sulfides in stress-induced changes of Eh in Escherichia coli cultures / A. V. Tyu-
lenev, G. V. Smirnova, N. G. Muzyka [et al.] // Bioelectrochemistry. 2018. Vol. 121. P. 11-17.
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HOBBIE IMTUYECKHUE BAKTEPUO®AT'
PSEUDOMONAS AERUGINOSA 13 BOJOEMOB ITOBOJI’Kbs1

M. C. ®enoposa, I'. U. Myraiuianosa, JI. JI. SIapikoBa,
E. IO. Tpu3ua, A. P. Karomon

Kazauckuii (ITpuBomkckuit) pemepanbHblil yHUBEPCUTET
Kazanb, MaSFedorova97@mail.ru

3a mocneHue ASCSTUIIETHS IIMPOKOE PaclpocTpaHeHHE MH(PEKINOHHBIX
3aboneBaHUil BO BCEM MHpEe OOYCIIOBIEHO OBICTPBIM pa3BUTHEM OakTepuaib-
HOW PE3UCTEHTHOCTH, BBI3BAHHOE aKTHBHBIM HCIIOJIb30BAHHEM aHTUOUOTUKOB,
MOATOMY ITOWUCK W pa3paboTKa BO3MOXHBIX IMOJXOIOB K MOBBIIICHUIO (P deK-
THUBHOCTH Teparuu MH(EKIMH sBIsIeTcs aKTyaldbHOW 3amadeil. B Hacrosmee
BpeMsl OJTHMM M3 HauboJsiee pacHpOCTPAHCHHBIX MYJIBTHPE3UCTEHTHBIX YCIIOB-
HO-TIATOTEHHBIX OAKTEpUi W MPUIMHOW MHOYKECTBA MH(EKIIMOHHBIX 3a00JieBa-
HHI BO BceM Mupe siBisieTcss Pseudomonas aeruginosa, crocoOHasi BbI3bIBAaTh
nHdexmu Gnarogapst pa3aMYHbIM (GakTopam BUPYJIEHTHOCTH. D(PHEeKTHBHBIMU
aJIbIOBaHTAMK aHTHOHMOTHKOB B OTHOIIEHWH Oakrepuii P. aeruginosa co muo-
KECTBEHHOMN JIEKAPCTBEHHOM YCTOWYMBOCTBIO MOTYT CTaTh OakTepruodaru, 1mo-
CKOJIBKY CIIOCOOHOCTh OakTepHo(aroB JIH3MPOBATH OAKTEPHAIBHBIC KIIECTKH,
KaK IpaBWJIO, HE 3aBUCUT OT YCTONUMBOCTH MOCIEAHUX K aHTHOMOTHKaM. Of-
HaKo camMu OakTeprodard 3a4acTylo INTAMMOCTEHHU(GHUUHEL, T. €. pa3IHIHbIC
M30JIATHl OJTHOM U TOMH ke OAaKTepHu MOT'YT OBITh HEUyBCTBHTEIBHBI K OIpesie-
JeHHoMYy OakTepuodary, uto TpedyeT co3maHus KOJUICKIUU OakTepuogaros. B
JTAHHOM HCCIICTOBAHWH BBIJICISUTH OaKTEepHO(haroB M3 pa3IMIHBIX BOJIOEMOB, IS
3TOTO TPOBOIMIM OTOOP MPOO BOJBI C TTOCIEAYIOMEH CTyIIeHYaTON (QHIbTpani-
eil u HapaboTKOM uucTOil GakTeprodaroBoi KyJbTypbl, BUPYJIEHTHOW B OTHO-
mennn Oaktepuii P. aeruginosa. IlepBbIM 3TamoM OICHWBAIN BUPYICHTHBIC
CBOICTBa MOTYyYEHHBIX OAaKTEpPHO(aroB COTNIACHO CTAHIAPTHBIM METOIMUECKIM
PEKOMEH/IAIUsIM B OTHOIICHUHW OaKkTepHii CHHErHOWHOW mnanouku. Ha maHHbIM
MOMEHT HaMH OBIIO BBIJETICHO TpU OakTepuodara, Hanbomee 3(h(HEeKTUBHBIX B
oTHOIIeHNH Oaxrtepuit P. aeruginosa. CiieqyroliiM 3TarnoM OLICHUBAIIM LITaM-
MOCTICIU(HUYHOCTh BBIICICHHBIX OakTepro(haroB B OTHOIICHUHM KIMHUYECKHX
n3osAToB Gakrepuii P. aeruginosa. Tak, Bce Tpu Gakreprodara mokasaim BEICO-
KyIO JIUTHYECKYI0 aKTUBHOCTH B OTHOIIEHHH Oojiee 30 KIMHUYECKUX H30JISTOB
P. aeruginosa (56 %, 77 %, 100 %). Kpome Toro, mpoepsuid 3(h¢eKTHBHOCTb
6akTeprodaroB B COYCTAHNH C aHTHOAKTEPUAIBFHBIMU TIpErapaTaMy B OTHOIIIC-
HHH KJIMHHYECKUX M30JATOB Oaktepuii P. aeruginosa. Beuto mokasaHo, 4To Hc-
noJib30BaHue OakTeprodaroB B COYETAHUM C AHTUMUKPOOHBIMH IIperapaTamu
noBbIaeT 3GHEeKTHBHOCTH MOCTIEAHUX B OTHOIICHHH GakTtepuii P. aeruginosa.
B manpHeliiemM nccieOBaHNH TUIAHUPYETCS WACHTU(HUKALMS SANHUIHBIX OaK-
Teprodaros (onrcanne Mop(oIoruy, MOJIEKYJISIPHBIX XapaKTEPUCTHK).

Paboma svinonnena 3a cuem cpedcme cyocuduu, gvloenennou Kasancko-
My ¢edepanvromy yHueepcumemy O0Jisl 8bINOIHEHUs 3A0aHUS 8 chepe HaAYUHOU
odessmenvrhocmu. [lpoexm Ne FZSM2022-0017.
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NHAKTHUBALUA 'EHA METAJIJIOITPOTEUHA3BI
BACILLUS PUMILUS METOJOM
CRISPR/CAS9 PEJAKTUPOBAHUSA 'EHOMA

J. U. Xacanos!, H. JI. Pynakosa’, O. B. lanunosa’, FO. A. Bacuibesa',
A. W TuabmyTtaunosa’, M. P, Illapunosa’

! Kasanckwuii (ITpusosmkckuit) GenepanbHblil yHUBEpCHTET
Kazansb, hasda2149@gmail.com

Meramtonporentnasa B. pumilus 3—-19 (MprBp) Gbuta BriepBbic BbIIeIcHa
1 OXapakTepu3oBaHa yueHbIMU KazaHckoro ¢enepansHoro yausepcurera. [lpu
paboTe ¢ aMHHOKHCIOTHOH TTOCIEI0BATEIbHOCTHIO HOBOH MPOTEHHA3bI OAMILT
OBbIJIO YCTAQHOBIICHO, YTO MCCIICIYEMbIi ()epMEHT yHUKAJIbHBIM 00pa3oM coue-
TaeT B cebe KnaccHu(UKALMOHHBIC IPU3HAKK METAUIONPOTEHHA3 KJIaHa METLHH-
KMHOB M3 JIBYX Pa3HBIX CEMEWCTB — 3yKapHOTHYECKHX ACTAIIMHOB W alaMalTi3H-
HOB/pENpoNM3uHOB. [IpuMeuarTensHo, 9To 3TO MepBbIi TPOKAPUOTHIECKUH TOMO-
Jor OeNKOB CeMeWCTBa aJaMaln3HHOB/penpoim3nHoB [A novel secreted ...
2010]. IlpencTaBuTenu AaHHBIX CEMEHCTB yuacTBYIOT B IIpOIlECCax pereHepa-
IIUH, Pa3BUTHH SMHUTEIHANBHBIX TKaHEH, SMOpHoreHese u T. . TeM He MeHee,
THIEPIIPOAYKIHS STHX (PEPMEHTOB MOJKET SIBIISITHCS MapKepaMH Pa3JINIHBIX I1a-
TOJIOTHH, & TAKKe IPUBOJMUTH K TAKUM 3a00JICBaHMSIM, KaK aTepPOCKIICPO3, HIIe-
Mudeckast 6one3nn cepana u np. [Zhong, Khalil, 2019; Malemud, 2019].

Taxxe ompenesneHo, 4TO BCE aJaMalU3UHBI SYKapHOT MPEICTABICHEI
MYJIBTHIOMEHHBIMU Oesikamu. TeM He MeHee KaTaIuTHYCCKUH JOMEH SBIseTCs
o0muM I BceX MpeacTaBuTenel cemeirictBa. CTpyKTypa aKTHMBHOTO LIEHTpa
MeTaIonpoTerHassl B, pumilus 3—19 BRICOKOKOHCEpPBATHBHA W YHHKAJIBHO
coderaeT B cebe MPHU3HAKKM CEMEWCTB KaK agaMajM3MHOB, TaK M acTalMHOB. B
CBSI3U € ATUM MOXKHO BBLABUHYTH IPEANOI0KEHUE O TOM, UTO METAIIONPOTEH-
nasa B. pumilus 3—19 siBisieTcst 9BOJIFOIIMOHHO MPEAKOBOM (POopMOii 1yist GETKOB
JTAHHBIX CEMEHCTB, YTO B CBOIO OYepesh (hOPMHUPYET HAyUHBIH WHTEPEC K H3Y-
4eHHI0 (PyHKIMOHAIBHOI poiM nccieayeMoro (pepMeHTa y Oalmi, a Takke K
MOUCKY MOTEHIUAIBHBIX 00JIaCTel ero MPUMEHCHHUSI.

Ha ceromusuiHuii JeHb poONb HCCIENyeMOro QepMeHTa B KIETKax
B. pumilus 3—19 He usydyena. OMHHM M3 TOAXO0B B IIOHMMAHHUU POJIH OCIIKOB
B KJIETKE SIBIISIETCS CPAaBHUTENIbHBIA aHAJIU3 JEJICHUOHHBIX MyTaHTOB IO T€HAM
HWHTEpeca ¢ HATHBHBIM IITAMMOM.

Takum 00pa3zoM, 1ebI0 HACTOSIIIEH PabOTHI IBUIIOCH MTOIY4EHHE JIEJICIH-
oHHOro MyTaHTa B. pumilus 3—19 mo reny BHEKIECTOYHOH agaMaIn3HHONON00-
HOW MeTayuIonpoTenHassl (MPrBp) ¢ ucmoiap30BaHUEM TEXHOJIOTHH PElaKTH-
posanmst renoma CRISPR/Cas9.

B kauectBe CRISPR/Cas9 BekTopa /it ”HAKTUBAIMK ['€HA UCCIIEIYyEeMOro
¢depmenta B pabore ucmonb3oBaimm minazmuay pJOE9282.1 [Toymentseva,
Altenbuchner, 2019]. JlaHHBII BEeKTOp XapaKTEepU3yeTCs] HATUMIHEM TeMIepary-
pa-4yBCTBUTEIBHOIO OPUKMHA pen%%aunn pE194" s knerok OGarmi,



opumkuaoM perumkain pUC st Escherichia coli, rerom ycroitunBocTH K Ka-
HAaMULIIHY, SKCIIPECCUPYIOIIMMCS Kak B Kietkax E. coli, Tak n B GaumsuIspHBIX
KJIETKaX, ¥ reHa Cas9 1oJ| KOHTPOJIEM KCHII030-MHYIMOETEHOTO PpoMoTopa Pyyi.

Ha 6a3e manHOrO BeKkTOpa B paboTe ObIIa TOJNyuYeHA KOHCTPYKIUS
pKDm06.23, Hecymias Takue WHAMBHAyaJIbHbIE KOMIIOHETHBI JIJIsi WHAKTHBA-
LMY TeHa-MUILIEHH, Kak nocienonareinbHocTh ruioBoil PHK (sgRNA), nanpas-
Jstromieit cas9 K MecTy MHIIECHH, U (IaHKHPYIOLIHME IOCIEJ0BATEILHOCTH Jie-
nerupyemoro rena (L,R-mprBp) B xauecTBe MaTpuIlB! I TOMOJIOTHYIHON pe-
KOMOMHAITUH.

['oTOByI0 BEKTOPHYIO KOHCTPYKLHMIO TpaHC(OPMUPOBAIN B KIETKH
B. pumilus 3—19 nmyrem anexrpomoparmu [Optimization of electroporation ... ,
2022]. dns noBsimeHus 3GpQGpeKTHBHOCTH TpaHCHOPMAIH B paboTe NCTIONB30-
BAJIM aHTUOMOTHK aMITMIMJUINH B KOHIEHTparuu 20 MKI/MJI B KaUeCTBE areHTa,
0CHa0JIAIONIEero KJICTOUHbIE CTeHKH OakTepuil. AHTUOMOTHK BHOCHIIHM Ha 3Tale
HapaboOTKM OMOMACCHI KJIETOK 3a Yac JI0 JOCTHXKEHHUS KyJIbTypol Hy>KHOH OII-
THYECKOW TIOTHOCTH IS IPUTOTOBJICHUS SJIEKTPOKOMIETECHTHBIX KIIETOK.

[TomyueHHBIE TOATBEPKICHHbBIE KOJOHUHU TPAaHC(HOPMAHTOB OTOMPAITH ISt
noceBa Ha yamku [letpu co cpenoit LA ¢ 0,2 % kcuno30i ajas UHAYKIUW CH-
crembl CRISPR/Cas9. Bwipociime n30iMpOBaHHBIC KOJIOHHHM OTOMpATN IS
BeIeseHus renoMuoi JIHK ¢ nenbro monTBepkeHns Aeeny TeHa nHTepeca
merogoM IIP ¢ ucnosnb3oBaHuEM IpPaliMEPOB K IeHY METaIONPOTEUHA3BL.
‘VYmensbiieHue pasmepa IIP-npoayKkToB B OIBITE B CPAaBHEHHUU C pa3MEPOM Ha-
TUBHOTO TeHa MPrBp cBUIeTeNsCTBOBATIO 00 OCYIIECTBICHUHN JIEJICIINN HCCITe-
Jyemoro rera B reome B. pumilus 3—19.

3aKII0YUTENIBHBIM 3TAllOM SBIJIOCH yJaJIeHHE CKOHCTPYHPOBAHHOTO B pa-
6ote BexTopa pKDm06.23 n3 KIJIETOK, MOTYYESHHBIX ICJICIIHOHHBIX MYTaHTOB,
3a CYCT TeMIlepaTypa-4yBCTBUTEIBLHOTO OpHKUHA perukaiuu pE194% s
KJIETOK Oaluil.

Taxum 00pa3om, pe3yibTaTOM HACTOSIIEH pabOThl SABUIOCH MOIYUYCHUE
MyTaHTHOro ramma B. pumilus 3-19 ¢ neneTnpoBaHHBIM T'€HOM BHEKJICTOY-
HOH a/laMaJIN3MHOIIO00HOI METauIoNpOTenHa3bl. AHAIN3 (PU3HOIOrHN TOITY-
YEHHOTO JICJICLIMOHHOIO0 MyTaHTa B CPAaBHEHHH C HATHBHBIM IITAMMOM I103BO-
JIUT YCTaHOBUTH POJIb METAJLIONPOTEHHA3bI B KiteTkax B. pumilus 3—19.

Paboma ewvinoanena npu gunancosou noooepiicke PH® u Kabunema
Munucmpoes Pecnybnuku Tamapcman 6 pamkax Hayunoeo npoexma Ne 23-24-

10059.

Jlutepatypa

A novel secreted metzincin metalloproteinase from Bacillus intermedius/ A. R. Sabirova,
N. L. Rudakova, N. P. Balaban [et al.] // FEBS letters. 2010. Vol. 584. P. 4419-4425.

Characteristics of a novel secreted zinc-dependent endopeptidase of Bacillus intermedius /
N. L. Rudakova, N. P. Balaban, Y. V. Danilova [et al.] / Biochemistry (Moscow). 2010. Vol. 75.
P. 1294-1301.

Malemud C.J. Inhibition of MMPs and ADAM/ADAMTS // Biochemical pharmacology.
2019. Vol. 165. P. 33-40.
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Optimization of electroporation conditions for Bacillus pumilus 3—19 strain / 1. V. Danilova,
N. L. Rudakova, Y. A. Vasilyeva [et al.] / BioNanoScience. 2022. Vol. 12. P. 752-756.

Toymentseva A. A., Altenbuchner J. New CRISPR-Cas9 vectors for genetic modifications of
Bacillus species / FEMS microbiology letters. 2019. Vol. 366.

Zhong S., Khalil R. A. A Disintegrin and Metalloproteinase (ADAM) and ADAM with throm-
bospondin motifs (ADAMTS) family in vascular biology and disease // Biochemical pharmacology.
2019. Vol. 164. P. 188-204.

JABE IEKTHHA3BI P. VERSATILE 3-2, Pell 1 PehA BAYKHbI
HA PA3HBIX 3TAIIAX IIEKTUHOJIN3A

M. A. lllapanroBuy, E. A. Hukonaituuk

Benopycckuit rocyiapcTBeHHbIi yHuBepeuTeT, Munck, Pecriy6ika benapycob
msharangovichus@gmail.com

IIexTuH pacTUTENbHON KIETOYHON CTEHKU — CJIIOXKHBIA B CTPYKTYPHOM M
XMMHYECKOM OTHOIIEHUH Tmonumep. Mcrmonp3oBaHNe NMEKTHHA B KauecTBE UC-
TOYHMKA YTJIepojia M SHEepruu mpejacTaButernsmu Pectobacterium Bo3moxHO
Omaromapsi cucTeMe Ierpajaliddl TEeKTHHA, BKIIOYAIOMICH MIMPOKUHA CIIEKTP
MeKTUHA3, U CHCTeMaM, 00eCIIeUNBAIOIINM YTHIM3AIMIO TEKTHHOBBIX MOHOCA-
XapHIIOB: TATAKTyPOHOBOM KUCIIOTHI, apaOMHO3BI, KCHIIO3HI U 1p. Vcmonb30Ba-
HHUE 3TUX CHCTEM MPOUCXOIHUT COOOPa3HO (PHU3NKO-XUMHUIECKUM YCIOBHSAM Cpe-
JIbI ¥ JIOCTYITHOCTH CYOCTPaTOB Ha KOHKPETHOM 3Tarle Pa3BHTHs HHPCKIIMOHHO-
ro nponecca. KoHTpons obecrieunBaeTcs TPaHCKPUIIIINOHHBIMU PETYIIATOPAMH.

B pab6ore [Kravchenko, 2021] 6puta mpojeMOHCTpUpOBaHa MPOTHBO(A3-
Hasl OKCIPECCHs AUBEPreHTHO TpaHckpubupyembix reros pell u pehA, omocpe-
noBaHHas peryastopoM PhoP. PhoP o6mamaer akTHBaTOpHBIM JEHCTBHEM B
otHomeHnu PehA (MoJaHMrIakTypoHas3a) M PenpeccOpHbIM B oTHoureHun Pell
(mexratnmasa). s monmranakryponassl PehA onrumansHOe 3HaueHuHe pH co-
crasiser 5,5 [Structural analysis ... , 1990]. OntuManbHble A1 padOTHI MEK-
TaTimMa3 nexkrodaktepuii 3HaueHus pH nexat B auamnazone 9-10 [[lleBunk, EB-
TymeHkoB, ®omuuén, 1988]. depMeHTaTUBHBIN MyTh C 00pa3oBaHWEM OyTaH-
JIFOJIA TTO3BOJIICT OAKTEPUU 3allleladiBaTh PACTHTENFHBIC TKaHW. HakoruieHue
OyTaHaKMOJIa TIPOUCXOIUT B cUMITOMaTu4eckor (hase undekuuu [Massive pro-
duction ..., 2011]. Katuorsl Ca>" u Mg?" MOIyIUpPYIOT aKTUBHOCTH PETYJISTO-
pa PhoP. Ca?" BEICBOGOKIAETCS TI0 MEPE Pa3pyIICHHs PACTHTENBHON KIETOU-
HOW CTEHKH, U POJIb OCHOBHOI NEeKTHHA3bI epexoaut oT PehA k Pell.

UToOBI 1TOKA3aTh, YTO TAKas PETYJIAIHS HMEET ONOJIOTHIESCKHAN CMBICT IS
¢uronarorena, B JaHHON pabore Ha ocHoBe P. versatile 3-2 Obun ckoHCTpYH-
POBaHBI IITAMMBI C MHCEPIIMOHHON MHakTuBanuei reHos pell u pehA. Mnakru-
Barust PehA cHimkana BupyaeHTHOCTH P. versatile B mHCTBSIX TEKHHCKOM Karry-
CTBI TIpU Majoli MHOKymupyromeil nose (10°kmetok B mHOKyJsATe). MyTaHT
pehA 1eMOHCTPUPOBAN AUAYKCHUYECKHUI XapakTep pOCTa B CMEIIAHHOHN Cpejie,
coJep:KaBlIel TIHLEPUH U MonuranaktypoHaTr Hatpus (puc. 1). CoBMecTHO
9TH JaHHBIC YKa3BIBAIOT HA poib PehA B WHUIIMAIMN TTIEKTHHONN3A.
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Bpems, 4
VYKka3aHbl CpeiHAE 3HAUCHHs U CTAaHIAPTHBIC OTKIOHEHHUS 110 TPEM HE3aBHCHUMBIM I10-
BTOpaM.

Puc. 1. Kpusbie pocta KynbTyp B MUHUMaIbHOH coseBoii cpene ¢ 0,5 %
nojuraizaktyponatom Hatpus u 0,2 % rimuepuHom

[penBapurenbHas 00pabOTKa JUCTHEB MICIOYHBIM PACTBOPOM JIeialia MX
Gonee ycroitumpeiMu kK MyTanty pell mpm wmmOKymupyrommx gozax 10°wu
10° k1eToK, uTO yKa3biBaeT Ha poib Pell B moanepskaHUH NEKTHHOIN3A B IIIE-
JIOYHBIX YCIIOBHUSX (puC. 2).

Takum o6paszom, mozens peryisiuuu pell/pehA mocpencrBom PhoP, mpes-
noxxenHass B [The PhoPQ Two-Component ... , 2021], cornacHO JaHHBIM
HACTOSIIICH PaOOTHI OMOJIOTUYECKH OTIpaBIaHa.

10

5 ¥
4 1
3 — -
2 *
1
0
wt 1043 pell 1003 pehA 10°3 wt 1075 pell 1075 pehA 1075

Kpectuk — Meamana, rpaHUIBI SIIUKA — TIEPBBIA M TPETUI KBapTHIN paclpeieieHus,
YCbI — MakCHMalIbHOE U MHUHHMAJIbHOE 3HauYeHHs. PasHuIAa MEXIy BHPYJICHTHOCTHIO pell-
MyTaHTa M IPYTHX ITAaMMOB cTaTucTHdeckn noctoBepra (P < 0,05 cormacuo tecty Kpycka-
na-Yoituca).

Puc. 2. BoipaskeHHast B 0ajiax BUPYJICHTHOCTD [ITAMMOB B JIHCThSIX MEKHHCKOW KaIyCThl
npH MHOKyupytomei 1oze 103 umm 1005 KOE/mn
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Paboma evinonnena npu noooepaicke Munucmepcmea obpazosanus Pec-
nyoauxu Benapyce (npoexm Ne 20241129).
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AHAJIN3 HAJIMYAS TEHOB YCTOMUYUBOCTH
K AHTUBUOTUKAM Y BAKTEPUM I'PYIIbI ESKAPEE
C ®PEHOTUINYECKOM PESUCTEHTHOCTBIO K
AHTUMHUKPOBHBIM ITPEITAPATAM

JI. JI. SIasixomal, JI. T. BassutoBa?, A. P. Kalomos!,
E. IO. Tpusna', /1. A. 3bikoBa’
"Kazauckuii (TIpuBosskckuit) heiepanbHblii yHHBEpCHTET
Kazanb, milayesyad@gmail.com
?KasaHcKuil Hay4HO-UCCIIE0BATENLCKUI HHCTUTYT SMUIEMUOJIOTHH
u Mukpobuonorun, Kazans, bajalt@mail.ru

VYcnosHo-natorennsie 6axtepun rpynnsl ESKAPEE Beinensror Ha done
JPYTUX YCIOBHBIX MTATOICHOB CBOCH CIIOCOOHOCTBIO OBICTPO aJalTUPOBATHCS H
mproOpeTaTh MHOXKECTBEHHYIO JEKapCTBEHHYIO ycToituumBocth (MJIY) Kk mc-
MOJI3yEeMBIM aHTHMHUKPOOHBIM TmpenapataMm. Cpean TPyHmbl rpaMOTPUIIATEIThb-
ueix Oaxtepuii ESKAPEE Habmomaetcs Gonee yacto 00OHApYKHUMBIMH BO30Y-
aurensiMu 3abonesanuii Pseudomonas aeruginosa, Klebsiella pneumoniae u
Escherichia coli. Cunernoiinast manouka u3BectHa cBoeil MJIY, onocpenosas-
HOW BHYTpEHHEH YCTOHYMBOCTBIO K AHTHOMOTHKAM, BCJICACTBHE CHIDKCHHOU
MIPOHULIAEMOCTH €€ KJIETOYHBIA CTEHKH M 3KCIpEeccHel HACOCHBIX CHUCTEM OT-
TOKa OpraHnveckux BemiecTs. K. pneumoniae siBisieTcst KIIFOUEeBbIM TaTOreHOM
MOpaKAIOIIUM JIFOACH M OAHUM M3 OCHOBHBIX UCTOYHUKOB BHYTPUOOIBHUYHBIX
WHQEKNNH, CBA3aHHBIX C BBICOKOH 3a00JICBAEMOCTBIO M CMEPTHOCTBIO. Y
K. pneumoniae nanbosee yacto BCTpeUaeTcst yCTOMYMBOCTh K KapOorneHeMaM.
E. coli cmocoOHa BRI3BIBATH OCTPBIC KUIICYHBIC HH(EKIMH, BOCIATICHUS MOYe-
BOH M TIOJIOBOM CHCTEM, NMOPaKeHUs TKaHel mo3ra u cericuca. Ha mannbsiii Mo-
MEHT KHUIICYHAs IMAJIOYKa ITOKa3bIBAeT CHIIBHBIM POCT yCTOWYMBOCTH K Oera-
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JaKTaMHBIM anTHOnoTHKaM. Takxke y P. aeruginosa, K. pneumoniae u E. coli
HaOJFOIaeTCsl aKTUBHOE 00pa30BaHUEM OMOIIICHOK, YTO MO3BOJISICT BEDKUBATH
O/ ACHCTBHEM aHTHONOTHKOB YyBCTBUTEIILHBIM KIIETKAM.

MBI IpoBeNU CPaBHUTEIBHYIO OICHKY HAINYUS (PEHOTUMHYIECKOHN yCTOM-
YUBOCTH IITaMMOB Oaktepuii P. aeruginosa, K. pneumoniae, E. coli u Hammuust
Y HUX T€HOB YCTOMYMBOCTH K aHTHOAKTEPHUAIEHBIM IIPETIapaTaM.

B paGoTte ObUTH HCCIENOBaHBI KIMHHYECKHE H30JIATHI P. aeruginosa,
K. pneumoniae u E. coli, B3siTbie y NaMeHTOB ¢ pa3inyHbIMH HH(EKIHOHHbI-
MU 3a0oneBaHUSAMH. M301aThl OBLTM IIpeoCTaBiIcHBI Ka3aHCKUM Hay4dHO-
HCCIICIOBATEIIECKUM HHCTUTYTOM SIHICMHOJIOTHHA M MUKPOOHOIOTHH.

DEHOTUIIYECKYIO OLICHKY IPOBOAMIIN C OMOIIBIO AUCKO-AN((Y3HOHHOTO
Meroga no pexkomenpauusiMm MAKMAX n EUCAST. YyBCTBUTENBHOCTH
IITAMMOB TIPOBEPSITH K PA3IHYHBIM aHTHOMOTHKAM H3 KJIACCOB ITEHUIIIIIHHOB,
1e(aqoCIOpPUHOB, KapOOICHEMOB, MOHOOAKTaMOB, aMHHOIJHMKO3UI0B W
(GTOPXMHOIOHOB. Pe3ynpTaThl MHTEPIPETHPOBAIN C TMOMOIIBIO IIAT(HOpPMBI
AMRmap. I'enernueckyro ouneHky npoBoawin ¢ nomoiubto [IIP. [Ins storo
Beiiemmin  reHomHytro JIHK ©3 wm30omaTOoB ¢ mMcnonb3oBaHWeM  (peHOI-
xnopodopma. C momorsto TP mpoBoauimm MOUCK CIeAyONMX TeHOB: MexB,
mexD, mexY, ampC, aac3-lla, aphAl, aadB, rpsL. WnenTrduimposaru mpo-
JTYKTHI aMIDTH(HUKAIIH C TIOMOIIBIO TeITb-3JeKTpodopesa.

IIpucyTcTBHe T'€HOB YCTOMYMBOCTH K aHTHOHMOTHKAM HAOJIOJANIOCh Yy
OONBIIMHCTBA HMCCIEAYEMbIX IITAMMOB C IOJATBEP)KICHHBIM CTaTyCOM pe3H-
CTEHTHOCTH. B TO e Bpems KOTH4ecTBO (PEeHOTHUITHIECKN YCTOWINBBIX KITHHU-
YEeCKUAX M30JITOB MPEBOCXOANIO YHCICHHOCTh M30JIATOB C HalJICHHBIMHU T'eHA-
MH YCTOHYMBOCTH K aHTHOMOTHKaM. Bmecrte ¢ TeM MbI HaOJIIOAQIN JONIO
IITAMMOB C TCHETHYCCKOH PE3UCTEHTHOCTHIO M (CHOTHIHMYECKON UyBCTBH-
TENBEHOCTBIO.

Hannvue reHOB yCTOWYMBOCTH K aHTHOMOTHKAaM (B YaCTHOCTH, K aMH-
HOTJIMKO3HM/JaM) y LITaMMOB 0e3 ()eHOTHITMUECKOH PE3UCTEHTHOCTH 3auHTepe-
COBAJIO MPOBECTH aHAJM3 Ha 3KCIIPECCHIO ATHUX I'eHOB B OymymieM. Pazmmums
MEXIY (HEHOTHITMYCCKUM TPOSBICHUEM M HAJHYHEM I'€HOB YCTOHYHBOCTH MO-
T'YT TOBOPUTH O BO3MOXKHOM BO3HUKHOBEHHUH aJIbTEPHATHUBHBIX METOJOB 3alllU-
ThI OaKTEPUH.

Paboma evinoanena 3a cuem cpedcms cyocuouu, evioenennoil Kasancko-
My hedepanvromy yHugepcumemy Oisl GbINOIHEHUS. 20CYOapPCMEEHHO20 300a-
Hust 6 cepe nayunot oessmenvrhocmu. Ilpoexm Ne FZSM-2022-0017.
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HNCITIOJIb3OBAHUE HOBBIX MUHEPAJIBHO-TIPOBUOTUYECKHUX
KOPMOBBIX TOBABOK 1JIS1 TIOBBIINEHWA BUOJIOI' MYECKOI'O
MOTEHIAAJIA MSICHOWM ITTUIIBI

H. P. Apynauna’, E. A. Taspuiosa’, A. M. Exkosa’, B. O. Exxkos?,
E. B. Huxutuna'?, P. A. Boakos?, A. P. Kajomos!
Kazanckuii (TIpusoskckuit) GeiepaibHblil yHHBEpCHTET
Kaszawnb, public.mail@kpfu.ru, kasfes@gmail.com
2KasaHckas rocyIapCTBEHHAs aKaJeMHsi BETEPUHAPHON MeIMIIUHbI
um. H. D. baymana, Kazanb, kgavm baumana@mail.ru
3KaszaHCKuit HALMOHANBHBII HCCIIEI0BATEBCKHI TEXHONOTMYECKHiT YHHBEPCUTET
Kasamns, office@kstu.ru

B cBsi3u ¢ TpeHIOM Ha Tepexo]l K OPraHnIeCKOMY CEITbCKOMY XO3SHCTBY,
WHTCHCHBHO Pa3BHUBAcTCs pa3pabOTKa HOBOTO IOKOJCHHUS JKOJOTMYEeCKU Oe3-
OTIaCHBIX IIPENapaToB-NMPOONOTHKOB, NCIONB30BaHNE KOTOPHIX OyaeT crocod-
CTBOBaTh 00ECIICYEHUIO OMOJIOTHYECKOM 3alIUTHI M BBICOKOH MPOIyKTHBHOCTH
CEJICKOXO3ICTBCHHBIX JKUBOTHBIX M NTHI. Oco00e 3HaUCHHE OMOIOTUICCKUC
IpenapaTsl IPHOOPETaIOT B CBA3U C YCHIMBAIOLIEHCS TEXHOTCHHOHM 1 aHTPOTIO-
TeHHOW Harpy3KOW Ha OpraHU3M JKHBOTHBIX, OCOOCHHO B yCJIOBHSX MPOMBIII-
JICHHOTO coniepkaHus. [IpoOMOTHKN YacTo paccMaTpUBAIOTCS KakK aJbTepPHATH-
Ba aHTHOMOTHKAM, KOTOPBIC YXKC 3alpelleHbl K HCIIOJIB30BAHUIO B COCTaBE
CEJIbCKOXO3IHCTBEHHBIX KOPMOB B cTpaHax EBpocoro3a M OTpaHHYMBAIOTCS K
IpUMEHEHHUIo Ha Tepputopuu Poccuiickoit @enepannu. [Tokaszano, uro mobas-
JICHWE IPOOHOTHKOB B PAIMOH CEIIbCKOXO03IHCTBEHHON NTHIIB B KAYECTBE CTH-
MYJISITOPOB pOCTa YJIydlIaeT MOKa3aTelH POCTa, SHIEHOCKOCTh HECYHIEK, -
(DeKTHBHOCTH KOHBEPCHH KOPMa, UIMMYHHBIC PEAKINH, B YACTHOCTH, YCTOHUIH-
BOCTH K JHTeporaToreHaM. OCHOBHBIE MEXaHHM3MBI JIEHCTBHUS IMPOOHOTHKOB
BKITIOYAIOT KOHKYPEHTHOE HCKIIIOYCHUE ITATOI'CHOB, BBIPAOOTKY aHTHOAKTEpH-
QJIBHBIX BEIIECTB (OPraHUYECKUX KUCIOT U OaKTEPUOLMHOB) U UMMYHHOMOJY-
JUPYIONTYI0 aKTUBHOCTh B OpPTaHW3ME XO3sIMHA. YCHINTH OJIaTOTBOpPHBIE 3(-
(eKTBI TPOOHOTHKOB MOXKHO 33 CYET CO3IaHUS CHHOMOTHKOB, B KOTOPBIX II0-
JIe3HbIE CBOMCTBA MPOOMOTHYECKUX OAKTEpHH YCHIICHBI [IEHHBIMU XapaKTepH-
CTHKAaMHU JIPYTUX KOMIIOHEHTOB (Yalle BCEro MpPeOHOTHYECKUX, T. €. CTUMYIIH-
pyromux pasButue HopMo(Iopsl KUIIeUHHKa). [{enpto nanHoW paboThl sSBIIS-
eTcss pa3paboTKa TMOAXOJOB K BKIFOUCHHIO KOMIUIEKCA MPOOHMOTHYCCKAX MO-
noyHokucnbix Oaktepuit (MKB) B TpexMepHyI0 CTPYKTypy MHUHEpaIbHOIO
copOeHTa-HOCHUTEII U3 TPYIIBI IPUPOTHBIX arpOMHHEPAJIOB (IIE0IUTa U OEH-
TOHHTA) U OlleHKa A((HEKTUBHOCTH MPUMEHEHHUS pa3pabOTaHHBIX CHHOMOTHYEC-
CKUX MMMOOMIIM30BAHHBIX MPEMAapaToOB B YCIOBHUSIX iN VIVO Ha CEelbCKOXO35IH-
CTBEHHOH mTurle (mepemnenax).

Cpemu 6osiee 100 mrammoB MKB w3 coOCTBEHHON KOJUIEKIIMHA MBI OTO-
Opamu TpH IITaMMa C BEIPOKEHHOW MPOOHOTHYECKOH aKTUBHOCTBIO: KHIIICY-
ueiii m3ossar Limosilactobacillus fermentum HFD1 u BblieneHHble U3 pacTu-

210



tenpHOrO chiphst Lactiplantibacillus plantarum FCa3L wu Lactiplantibacillus
plantarum AG10. IToka3anu, 4To JaHHBIE JAKTOOAKTEPUU HE OKA3bIBAIOT BIIH-
SIHUSL HA POCT APYT Apyra U MOTYT YCHEIIHO MPUMEHATHCS B COCTaBE JKUAKOTO
MyJBTUIITAMMOBOTO Mpenapara. Pa3paboTaay NHUTATENbHYI0 OCHOBY JUIA
kynpTuBHpoBaHud MKDB ¢ ucnone3oBaHMEM OTXOI0B MHIIEBBIX MPOU3BOJCTB
(cyXoif MOJIOYHOH CBIBOPOTKH M CBEKJIOBUYHOH KIJIETYATKH), KOTOpas Kpome
TOro, 4YTo obecrneyrBaeT NOTPEOHOCTH MHUKPOOPTaHW3MOB B IUTATEIbHBIX Be-
IeCTBax, (POPMHUPYET ONTHMAIBHYIO CHCTEMY C COPOIIMOHHBIM KOMITOHEHTOM.
B kadecTBe MUHepalbHOH OCHOBBI IpeNapara HCIONb30BaIM MHUHEPAIIbl Me-
cropoxxaeHuit Pecriyonukn Tarapcran: 6enronut TapH-Bapckoro mMectopoix-
nenust Hypnatckoro paitona PT u neomut Tarapcko-Ilarpamanckoro mecro-
poxaenus [poxskaHoBckoro paiiona PT. Pe3ynbTarsl aHanu3a uX XUMHUYECKO-
TO ¥ MMHEPAJIBFHOTO COCTaBa, EMKOCTH KaTHOHHOTO OOMEHa, COPOIIMOHHON aKTHB-
HOCTH, a TaKXKe CTPYKTYPbl HFOHOOOMEHHOTO U COPOIIMOHHOTO KOMILIEKCA, YKa3bl-
BAIOT Ha MOTEHIMAJIBHO BBICOKHE HOHOOOMEHHBIC M COPOITMOHHBIC CBOMCTBA.
Pazpaboranu criocod monydeHus KHAKOTO UMMOOMIN30BaHHOTO CHHOMO-
TUYECKOTO Impenapara. DKCIEPHUMEHTAIbHO J0Ka3alll, YTO B Ipenapare KIeTKU
JIAKTOOAKTEpUil M YaCTHUIBI arPOMUHEPATIOB HAXOAATCS B HEMOCPEICTBEHHOM
KOHTaKTe MEXIy co0oif, mpudeM OakTepuu 00pa3yloT MHKPOKOIOHHWU Ha II0-
BepxHOCTH yacTul Hocutenst. MKDB, cocrapistromye mpoOnOTHYECKYI0 KOMITO-
3UIMIO NPENapaTa, COXPAHINCh B BbICOKUX THTpax — 108-10° KOE/Mi u BbI-
IIe — IIpU XpaHEHUH Hpernapara MpHu HOCTOSHHON TeMmepatype +4+1 °C (mom-
rocpounsle TecTsl ctabmmsHocTH, UST) mmm 20+1 °C, a mpu +37+1 °C (ycko-
penHble TecThl cradbmibHocTH, HST) skH3HECTIOCOOHOCTH CyIIecTBEHHO (Ooiiee
4eM Ha 2 MOps/Ka) CHIDKAJach Kak y KOHTPOJBHBIX HEMMMOOMIN30BAHHBIX
KJIETOK, TaK M y JJAKTOOAIMIIJI, IMMOOMIN30BaHHBIX HAa arpoMuHepanax. B ka-
YeCTBE PENEpHBIX IMOKa3aTeneil BIMAHMS MMMOOMIM3AIMY Ha arpOMHUHEpaax
Ha (M3MOJOTHYECKUII CTATyC JIAKTOKOMIIOHEHTa Ipernapara-CHHOMOTHKA pac-
CMOTpeNn KHUCI0TooOpasyromyto crnocodnocts MKDB, aHTHOKCHAAHTHBIN MO-
TEHIIHAJ, XEJIaTUPYIolas aKTUBHOCTb, BOCCTAHOBHUTENBHYIO CHIIy M AKTHB-
HOCTb (DEPMEHTHBIX CUCTEM METaboJIM3Ma OEIIKOB, YIIeBOJOB U JMIHAOB. [lo-
JIy4EHHBIC PE3yJbTaThl YKa3bIBAIOT HAa aKTHBHOE (DU3HOJIOTMYECKOE COCTOSIHUE
MKB B cocTaBe )KHIKOTO IMMOOUIM30BAHHOTO CHHOMOTHYECKOTO MIpernapara.
Pa3paboraHHble CHHOMOTHYECKHE IIPENapaThl B TEUCHUE JUINTEIBHOTO
BpeMeHH (4-9 Henenb) BBOAMIM IEpenenaM MsICHOTO HalpaBlI€HHs MPOAYyK-
TUBHOCTH 1opoibl Texacckuil Oelblii B COCTaBe KOPMOBOT'O pallOHA B yCJIO-
BUSX CTaHJAPTHOTO IIOJHOPAIMOHHOTO KOPMIICHHS NTHIl, a Takke Ha (oHe
neduimTa MUKPORIIEMEHTOB ¥ BUTAMHHOB B KOPMOBOM panuoHe. JlanHoe nc-
cJIeloBaHME OJI00PEHO JIOKaJIbHBIM 3THYeCKUM KomureTroM KDY (mpotokosn
Ne 40, 09.03.2023). B TedeHmne 3KCIEPUMEHTA YIUTHIBAIN COXPAHHOCTH MOTO-
JIOBBSI, KJIMHUKO-(HU3NOIOTHUECKOE COCTOSHHUE INTHI, MOP(o-OnoxumMudeckue
MIOKa3aTeJId KPOBHU, CPEAHECYTOYHBIN IPUPOCT JKUBOI Macchl, OHOKOHBEPCHIO
KOopMa, IHIIEHOCKOCTb U IpyTue napamerpsl. [Ipu oneHke kauecTBa MPOAYKIUH
BBINTOJTHEHA BETEPUHAPHO-CAHUTAPHAS OIICHKA MSCA U SIUII C OIPEICICHUEM Op-
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TaHOJIENTHYECKUX MOKAa3aTeseH, XUMUYECKOTO COCTaBa, (PM3UKO-XUMUIECKHX U
CTPYKTYpHO-MEXaHUYECKUX CBOWCTB, TEXHOJIOTMYECKUX MOKa3aTeneil (Bnaro-
yIEP)KUBAIOIIEH CIOCOOHOCTM M KYJIMHAPHBIX MHOTEph IS Msica TPYJHOU
MBIIIIBI) U MUKpoOHonorudeckorr 6e3onacHoctu. IlocneyOoiiHas BeTepuHap-
HO-CaHWTapHasl OIICHKA TYIIEK MEepernesioB ¢ MOppoMeTprell BHyTPEHHNX Opra-
HOB yKa3bIBasla Ha TO, YTO IPUEM HOBBIX CHHOMOTHYECKHX KOPMOBBIX I00aBOK HE
BBI3bIBAJI OTKJIOHEHUI! U MAaTOJOTMUECKUX U3MEHEHHI KaK Ha ypOBHE OpPraHU3Ma,
TaK W Ha YPOBHE OT/ICNBHBIX opraHoB. COXpaHHOCTB MOronoBks coctasmia 100 %
BO BCEX IpyIiax. [ THCTONIOrMYECKUX MCCIIEM0BaHUH NCIIONIB30BAIN 00pa3IIbl
KeyJKa, 12-epcTHOM KHUIIKY, IEYEHH U CETIe3€HKU MEpPEreIoB.

[TockonbKy cocTaB KHIIEYHOH MUKPOOWOTHI SBISIETCS OJHUM U3 OIpene-
NAIOMUX (PaKTOPOB COCTOSIHUS MaKpOOPTaHW3Ma, FCCIIEIOBAN BIUSHHUC TIPHE-
Ma CHHOMOTHKOB Ha MHKPOOMOM CIIETION KHILIKH IEepEneoB METOAOM CEKBe-
HUPOBaHUs NocienoBarensHocTeil rena 16S pudocomuoit PHK na mtatdopme
[llumina MiSeq. YV nepenenoB, MoIy4aBIINX CHHOMOTHKH, BBISBICHBI OTIpe/ie-
JICHHBIE TTOJIOXKUTENIbHBIE N3MEHEHNSI B MUKPOOHOTE KUIIEYHUKA, KOTOPbIE MO-
T'YT BECTH K YJIYUIICHHIO (PU3HOJIOTMYECKUX U MOP(POIOTHUECKUX MapaMeTpOB
nepenesnoB. [lomydeHHbIe JaHHBIE CYIIECTBEHHO JOMOIHSIOT MMEIONIHECcs H0-
CTaTOYHO CKYyIHBIC MPEACTABICHHUSA O COCTaBE KHUIIEYHOH MHKPOOHOTHI Iepe-
1estoB. Psit TakcOHOB OBUT HACHTH(UINPOBAH y HEPEIIEIIOB BIIEPBBIC.

[TonyueHHble pe3ysbTaThl MO3BOJISIIOT HAYYHO OOOCHOBATh U ONTHMH3H-
POBaTh UCIOIH30BAaHNE MPOOMOTHKOB U arPOMHHEPAJIOB, a TAaKXKe X KOMOHHA-
U (CHHOMOTHKOB) B palliOHaX KOPMJIEHHUS CEeTbCKOXO3SHCTBEHHBIX TTHI] JUIS
Oosiee MOJHOTO PACKPBITHSI MX OMOJIOTMYECKOTO TOTEHINANa, MOBBIICHUS MX
MPOAYKTUBHOCTH U OE30MaCHOCTH IMOJY4YaeMON CeIbCKOXO3SHCTBEHHOH mpo-
nykiud. Pa3paboTaHHble CHHOMOTHYECKHE TpenapaThl MPEACTABISIIOT COOOH
MIEPCTICKTUBHBIC KOPMOBBIE JOOABKH KOMITIEKCHOTO JEHCTBUS JUIS NTHIIEBO-
YECKOI'0 CEKTOPa CEIbCKOro Xo3siicTBa PO.

Paboma evinoanena npu gunancosotl noodepaicke Poccutickoeo nayuno2o
¢onoa (npoexm PHD-22-16-00040).
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Cekuusa 3
PACTUTENBbHO-MUKPOBHbLIE CUCTEMbI

MOBEJEHUE As U BHOTEHHBIX JIEMEHTOB P M Si
MOJI BO3AEMCTBUEM PU3OBAKTEPUII B CUCTEME
«ITOYBA - PACTEHUE»

b. A. Baenryes, I'. A. BesioroJioBa, O. H. I'opaeeBa

Wucturyt reoxumun um. A. [1. Bunorpamosa CO PAH
UpkyTck, baenguev@ige.irk.ru

Kak n3BecTHO, pacTeHHS ¥ MHKPOOPTaHU3MBI HTPAIOT HEMOCPEACTBCHHYIO
poJIb B MHUTIpalliM XMMHUYECKHX JIEMEHTOB. B Hacrosimee Bpemsi cuuTaercs
MEPCICKTUBHBIM  HCIOJIb30BaHue pusochepubix Oakrepuit PGPR  (Plant
Growth-Promoting Rhizobacteria), o0:agaromux psijioM Moje3HbIX JUIs pacTe-
HUH cBoicTB. OcTaeTcs MajJOW3y4YeHHBIM BOIPOC O BIMSHUAN OaKTepUATBbHBIX
OuorpenapaToB Ha MOBEACHHE XMMHUECKUX 3JIEMEHTOB B MIOYBE.

Llenbro JaHHOTO MCCIIEOBAHUS SIBISUIOCH M3yYEHHUE OCOOEHHOCTEH ITOBe-
neHust As 1 OMOTeHHBIX 3JIeMEeHTOB P 1 Si B cucteMe «mo4Ba — pacTeHue» Moj
BiaMssHueM puszobakrepuii Azotobacter m Bacillus B texHoremmsix mouBax
r. CBupcka. OMHEM U3 IpaJo00pa3yoNMX MPeIIpusaTHid Topona ObL1 AHrap-
ckuil Metamtyprudeckuii 3aBof (AM3), koTopsiil BIutoTs 10 1949 r. 3anumain-
CSl BBIIIYCKOM MBIIIBSAKA JJIsT 0OOPOHHON MPOMBIIUICHHOCTH. OCTaBIIMECs TI0-
CJIe 3aKPBITHS 3aBOJIa PYUHBI ¥ OTBAJIBI OrapKOB IPECTAaBILUIN 3HAYNTEIBHYIO
9KOJIOTHYECKYIO ONACHOCTh, TAK KaK COAEPXaIH OOJBIIYI0 KOHIEHTPALHIO
MbIIbsKA, cBUHIA U Apyrux TM. Ilo pe3ynabTaraM paHee IPOBEACHHBIX HKOJIO-
TO-TEOXMMHUUYECKUX HCCIeAOoBaHNH B I'. CBHPCKE BBIIBICHO MBIMIBIKOBOE 3a-
IPS3HEHNE HE TOJLKO Ha TEPPUTOpHH ObIBIIEro AM3, HO 1 Ha OOJBIIECH Tep-
putopuu ropozaa [['opaeesa, benoronosa, I'pebenmukosa, 2010]. ITpo6s! mous
ObpuUTH O0TOOpaHBI HA JBYX ydacTKax. Y4acTok | — B 500 M oT mcTrouHmKa 3a-
TpsI3HEHMs (OTOPOJIHAS T0YBA), yYaCTOK 2 — TEXHOTeHHas mousa B 10 M OoT 0OT-
BasioB AM3 r. Cupcka. IlomydeHnbie npoObl T0UB ObUIM pa3JiesieHbl Ha KOH-
TPOJIbHBIE U ONBITHBIE. OMBITHBIE 00pa3lbl MOABEPIIIUCH 00paboTKe Omomnpe-
naparamu ®Pocdobaxrepuna (Bacillus megaterium var. Phosphaticum, mrramm
P1-04, ACM B-2357 D) u Kpemuebaxrepuna (Bacillus mucilaginosus, mramm
ACM B-1574), pa3paboTaHHbIX Ha OCHOBe pu3obakTepuil poma Bacillus B
TomckoMm rocyHuBepcutere [Baiiuuis, BenepuukoBa, bonmapenxo, 2007].
CoBmectHO ¢ CHOMPCKAM HHCTHTYTOM (DPU3MOJIOTHH M OMOXMMHHU PACTCHHUH
CO PAH npoBoauiioch BbIpallliBaHUE pacTeHUil (oBec, MIIEHULA, TOPOX, pe-
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muc) B purorpone. I1poObI pacTeHN HE TOCTHIIIN 3PEIIOTO COCTOSIHUS, TaK KaK
nocsie 37 AHEH pocTa Ha TEXHOTEHHBIX I0YBaX OHM HAYald BBICHIXaTb. B mod-
BaxX, Ha KOTOPBIX BBIPOCIN PACTEHHUS, U3yUEHO BAJIOBOE PaCIpesieieHHe KOH-
neHTpanuii As, P u Si u mpoaHamM3MpPOBaHBI MOCTQAUIHBIC BBITSKKH AS W3
noyB 1o Meroauke [Kysuenos, [llumko, 1990].

AHann3 MOYBEHHBIX 00pa3oB NPOBOJMIM METOIOM aTOMHOW abcopOmu
Ha aTOMHO-a0COpOLMOHHBIX criekTpomerpax monenu 403 u 503 ¢pupmst Perkin-
Elmer. XuMudeckuii coctaB mpoO pacTeHHIl ONpeneNsuid METOJIOM Macc-
CHEKTPOMETPHH C HHIYKTHBHO CBsi3aHHOM tuazmoit (ISP — MS).

[IpoueHTHOE pacmpeneneHne coiepKaHus AS OTHOCHTEIIBHO CYMMBI BBI-
JICTICHHBIX (DPAKIUH U TIOUBBI, HA KOTOPOH BBIPANIMBAJICS OBEC, TIOKa3aHO Ha
pucyHKe. BBIIBICHO, 9TO MBIIIBSK 007aa€T BBICOKOH MOIBIKHOCTBIO, TaK KaK
B MOHHO-OOMEHHOH (DpaKIMX MPOLEHT COJEPKaHUs MOXKeT HocTurath 10 40 %
OT cyMMbI BeexX (paxuuii. [ToTeHnmasbHO moaBrKHbIE (HOPMBI MBIIIbIKA (CIie-
nupUIecKu cOpOMPOBaHHAS M OpraHudecKas (pakiyun) Takke XapaKTepU3yroT-
sl BBICOKUM HPOIEHTHBIM coziep>kanneM As. B KOHTposbHO# mouse (Oe3 Oaxre-
puit) HaOIo1aeTCs MOBBIIICHHAs: MOOWIIM3ALMS MBIIIBSIKA HAa yJacTKe 1, UMero-
IIIEM CEeJIbCKOXO03SHCTBEHHOE 3HAUCHNE, OTHOCUTEIBHO TEXHOTEHHOT'0 yyacTKa 2.

MBbIIbsIK B TEXHOIGHHOM TPYHTE IPEJACTABICH B BHAE Pa3pyLICHHBIX
CyTb(UIHBIX MHHEpPAJIOB, MPEHMYIIECTBEHHO apCEHONMPUTA W JPYTHX BTO-
PUYHBIX MHHEpAJIOB, MOTOMY As 00I1a/1a HEBBICOKOW IMOJBHIKHOCTBIO. DTO
MIOKA3aHO B KOHTPOJIEHOH mouBe (puc.). IIpn WHOKYJIAIMK MOYB OTBAIA PU30-
6aktepussmu B. megaterium var. phosphaticum MuHHMaIbHBIA TPOLEHT MbI-
IIBSIKA BBIJEIBUICS B TBEPAOM OCTATKE M CHIIMKATHOW (pakuny. OJHOBPEMEHHO
YBEJIMYMBAETCS €r0 KOHIEHTpalus BO (ppakusX, CBI3aHHBIX C THIPOKCUIAMHU
xKeJe3a U 6oree MOABMKHBIMU (PAKIUSAMH, B OTINYHE OT KOHTPOJIHHOH IOUBEI
JIAHHOTO y4acTKa. DTO yKa3bIBaeT HA YCHJICHUE MUTPAllMOHHON aKTHUBHOCTH AsS
noj BiusiHueM B. megaterium var. phosphaticum, kotopsiii uaHIIIHpYET MO-
OMJIM3AIMI0 MUHEPAIIbHO-CBSI3aHHOTO MBIIIbsiKa B puzocdepe (puc.).

100% —

80% -

M Ocrarounas

CHIMKaTHAR U JIErKO
paspyLIaeMbIX MHHEPAJIOB

|

60% [ Muapokcunos Fe

O Opranunueckas

40%
[0 Creuudmueckn copbuposannas
20% —

[0 Houno-obmennas

0%
0]
1 2 1 2 1 2
Bacitlus  |Bacillus megaterium
mucilaginosus| var. phosphaticum

Konrpons

Puc. [IporieHTHOE conepkanue As (B MPOLEHTAX OT CyMMbI (hpaKLunii)
B OKyIIbTypeHHOH (1) 1 TeXHOreHHOH mo4Bax (2) mociie BhIpaIMBaHUs PACTCHHUH.
KonTpoub — 0e3 6akTepuii, OnbIT — O ITaMMaMu pu300aKkTepuit
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VY pacTteHHil, BEIPAICHHBIX Ha MOYBE C PU300AKTEPUSIMH, CPEHHSS KOH-
LEHTpaLUs AS OTHOCHTEIBHO KOHTPOJISI yBETMYMBACTCS. B OCHOBHOM, 9TO CBsI-
3aHO C HaKOIUICHWEM MBIIIbSIKA B KOPHSX pacTeHHd. B HajzemHON wactH pac-
TEHUil HAa OrOPOJHBIX MOYBAX COJEPIKAHUE MBIIIbSIKA CHHKACTCS MM HE3HAUH-
TEIBHO OTJIMYAeTCsI OT KOHTPOJBHOIO 3HA4YeHHs. B pacTeHmsx, BBIpAIEHHBIX
noz BiausiHEeM B. megaterium var. phosphaticum na TexHOreHHOM ydyacTke OT-
MEUYEHO BBICOKOE coJiepikaHue As.

DochobdakTeprH crocodeH MOOMIN30BaTh (Gocdhop M3 HEpacTBOPHMOH
(bpakuuu B IOCTYIHYIO Ul pacTeHWi ¢opMy. B Hacrosmem skcriepuMeHTe
9TH OaKTepuH He MHULMMPOBAIHM HakoruieHue ¢ocdopa B pactenusx. Conep-
aHue P CHU3WIIOCH MJIM HE3HAYMTENIBHO OTJIMYAJIOCh OT KOHTPOJIBHOI'O COCTO-
saus. OpHako pusobakTepuu, ocobexno mTamm B. mucilaginosus, croco6-
CTBOBAIIM NepeMelleH o Si B pacTeHus. M3BeCTHO, 4TO B psiae ciaydaeB As 10-
rioaercst 6akrepusiMu BMecTo ocdopa [Arsenic in the Evolution ..., 2009].
CHmxenne ¢ocdopa y pacTeHHH ¢ BRICOKOW KOHIIGHTPAIHEH MBIIIbIKA MOYKET
OBITh CBSI3aHO C TOKCHYECKHM CTPECCOM U MEIKIIIEMEHTHBIM B3aUMOJICHCTBHEM
ITHX JJIEMEHTOB. B pesynbpraTe MBIIBSIK KOHKYpUpyeT ¢ docdhopom B pacrte-
HusiX. Takum 00pa3oM, MBIIIBSIK MOXKET OBbITh aHTaroHUcToM (ocdopa. Mex-
9JIEMEHTHbBIE B3aUMOJICHCTBUSI MEXIY dTHMH JJIEMEHTAaMU MOTYT BIHATH U Ha
oOMeH BelecTB B caMoM pacteHud. CxenaH BbeIBOA, 4to B. megaterium var.
phosphaticum o6agaeT BBICOKO# yCTOWYHBOCTBIO K BBICOKHM KOHIICHTPALIUAM
MBIIIBSIKA U TIPU 9TOM, B OTJIIMYUE OT KPEMHHUs, NMPAKTHYECKU HE BIMSET Ha
TpaHciokamuio Gochopa B pacTeHHUS B YCIOBHUAX TEXHOTEHHOTO 3arpsi3HEHHUS
MIOYB MBIIIBSIKOM.

Jlutepatypa

Baiinuin O. B., Beaepuukosa A. A., Bonnapenko A. IT. MUKpOOHOIOTHYECKHE ACTICKTHI TH-
nepreHesa : yue6. nocodue st By3oB. Tomck : TMJI-IIpecc, 2007. 288 c.

T'opaeesa O. H., Benoronosa b. A., I'pebenmukosa B. 1. Pacnipenienienne 1 Murpanus TsoKe-
JIBIX METAJUIOB U MBIIBAKA B CHCTEME «II0YBA — pacTeHHe» B ycrnoBusx T. Cupcka (FOxuoe Ilpn-
Gaiikanbe) // [IpoGiemsl perrnoHanbHOi skonoruu. 2010. Ne 3. C. 108-113.

Kysnenos B. A., Illumko I'. A. MeToJ 10CTaMHHbIX BBITSXKEK IIPU TEOXUMUUECKUX HCCIIEN0-
Banusix. Munck : Hayka u Texnuka, 1990. 88 c.

Arsenic in the Evolution of Earth and Extraterrestrial Ecosystems/ R.S. Oremland,
W. S. Chad, F. Wolfe-Simon [et al.] / Geomicrobiology. 2009. Vol. 26. P. 522-536.
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BUOKOHTPOJIbHBIN Y®®EKT ABK-YTUJIU3UPYIOIIENA
PU30OBAKTEPUHN RHODOCOCCUS SP. P1Y TP
NHOUIUPOBAHHUMU ITPOPOCTKOB IIOJCOJTHEYHHKA
ABK-ITPOAYIUPYIOLIUM I'PUBOM BOTRYTIS SP. BA3

A. A. Bennmon', A. U. Illanomuuxos’, T. C. Azaposa’,
H. A. Bumnesckas', J. A. Cekcre', B. IO. Illaxnazaposa’, A. A. Bytun',
M. W. Jebenuuckuii’, O. C. FO3uxuu', 0. B. oro.es?

'Beepoccuiickuii HayqHO-HCCTE0BATENbCKIH HHCTHTYT CETbCKOX03SHCTBEHHOM
mukpoouosnorun, Cankr-IlerepOypr, belimov@arriam.ru
’Kazanckuit Hayunsii nenTp PAH, Kasans, gogolev.yuri@gmail.com

AbcumsoBas kuciora (ABK) — ¢utoropmoH, y4acTByrOMmmHii BO MHOTHX
(U3HOTOTNYECKHUX, OMOXMMHYECKNX U POCTOBBIX IpOLIECCAaX PACTEHHH, M WI-
paromuii BaKHYIO PONb B aJaNlTalliyd PacTeHUH K OMOTHUECKHM M abHoTHde-
CKHM CTpeccaM. ACCOIMUPOBAHHBIE C PACTEHUSIMH MHUKPOOPTaHU3MBI CIIOCO0-
Hbl yTHJIM3UpoBaTh wWin cuHresupoBath ABK. OpHako posib 3THX CBOWCTB
MHKPOOPTaHHU3MOB B JKM3HHU pacTeHuil Manonsydena. [lltamm Rhodococcus sp.
P1Y ctumynupyet pocT pacteHuii u Metabommusupyer ABK mocnenoBarensHO
JI0 JIETHIPOBOMHU(OIIHOIA U POAOKOKKOBOM KHCIOTHI [Isolation and characteri-
zation ... , 2022]. ®uronaroreHHbie rpubbI, B TOM YHcie mramMm Botrytis sp.
BA3, nponyuupytor ABK [The ability of some ... , 2019]. meroTcs cBeeHus
0 TIPOTHUBOJEHCTBHM BBHICOKMX KoHIeHTparuii ABK ¢dopmupoBanuio s¢dek-
TUBHOH 3aIIUTHON peaKIMy PacTeHUH Ha aTtaky ¢uromatoreHoB [Cao, Yoshi-
oka, Desveaux ..., 2011]. Llenpro 1aHHOTO MCCIIEOBAHUS SIBISUIOCH OIpeEielie-
nue poim Oakrepuii Rhodococcus sp. P1Y Bo B3aumojeiictsum Botrytis sp.
BA3 u pacrenuii. [lyisg aToro ObliIa MpOBECHA CEPUS IKCIIEPUMEHTOB, B KOTO-
PBIX MOJIOJBIC PACTEHMsI MOACOJIHEYHHKAa oOpabaTbiBanmm sk30reHHOr ABK
1/WITN UHOKYJIMPOBAIH yKa3aHHBIMU MHKPOOPTaHU3MaMHU U BBIPAIUBAIIU B Te-
geHne 10 cyT. B CTPOTO KOHTPOINPYEMBIX YCIOBHSAX THAPOIIOHHOW THOTOOHO-
THYeCKOW cucTembl. [Too0panbl paboyre KOHIEHTparuu dk3orenHol ABK B
nuamna3one ot 0,1 10 50 MKMOJIb [Tt U3YYCHUS] PACTUTEIBHO-MUKPOOHBIX B3a-
nMoieicTBrii. bromacca mobera yMeHbIIagach MPOMOPIUOHATIHHO yBEIUYe-
Huto koHneHTparu ABK B cpese, CBHIETENBCTBYSI 00 MHTHOMPYIOMIEM IEH-
CTBHH 3TOTO ()UTOrOPMOHA Ha POCT PACTCHUH B YCIOBHSX 3KCHEPHMEHTA.
Nuokymsus Rhodococcus sp. P1Y we Bausina, a uHOKyIstmst Botrytis sp. BA3
HHTHOMpoOBaia pocT KOpHEH u moberoB y HeoOpabortanHbsx ABK pactenwmil.
Crumynsanus pocta KOpHEH n 1o0eroB oOHapys>KeHa IPH WHOKYJISLUM LITaM-
mom Rhodococcus sp. P1Y y uHOokynupoBaHHbix rpudom Botrytis sp. BA3 u
obpaboTannbix dk30reHHo ABK pactenuii. B acconmanmm ¢ pacTeHUsIMH MO/~
comreynmka Gaktepuu Rhodococcus sp. P1Y yTummsupoBamd B TMHTATENBHOM
pactBope 3k30reHHy0 ABK, HCTOYHMKOM KOTOPO# ObLIM XMUMUYECKH YHCTOE Be-
ecTBO M Merabomut rpuba Botrytis sp. BA3. D10 cBUIETENBCTBOBAIO O TOM,
9TO OMOKOHTPOJBHEIHN 3 ekt 6akTepuil cBA3aH ¢ yrunnzanueit rpuouoit ABK.
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Paboma noooepacana Poccuiickum nayunvim gpornoom (npoexm Ne 24-16-

00166).

Jlutepatypa

Cao F. Y., Yoshioka K., Desveaux D. The roles of ABA in plant-pathogen interactions // Jour-
nal of Plant Research. 2011. Vol. 124, N 4. P. 489-499.

Isolation and characterization of 1-Hydroxy-2,6,6-trimethyl-4-oxo-2-cyclohexene-1-acetic ac-
id, a metabolite in bacterial transformation of abscisic acid / O. S. Yuzikhin, A. I. Shaposhnikov,
T. A. Konnova [et al.] // Biomolecules. 2022. Vol. 12. Art. 1508.

The ability of some species of phytopathogenic fungi to produce abscisic acid / D. S. Syrova,
A. 1. Shaposhnikov, N. M. Makarova [et al.] // Mycology and Phytopathology. 2019. Vol. 53, N 5.
P.301-310.

MEPCHEKTUBBI UCOJb30BAHUS PU3OCOEPHBIX
MUKPOOPTAHU3MOB [NPUOJbLXOHCKUX CTEIEN
KAK CTUMYJISITOPOB POCTA CEJBCKOXO3SIMCTBEHHbBIX
PACTEHUI

M. A. Bacuases !, M. C. Kapenosa', A. C. Kazazaepa?,
II. A. Kpusenxko!, FO. A. Mapkosa'
Cubupckuii unctutyT Busuonoruu u Guoxumuu pactenuit CO PAH,
UpkyTek, juliam06@mail.ru
MpkyTckuii rocynapcTBeHHbli yHuBepcuTeT, MpKyTCK

MHKpOOpFaHI/I?)MLI, HaceJIIOIMUE DKOCUCTEMBI CO CJI0KHBIMU KIIMMATHYC-
CKHMH YCJIOBHSAMH MOTYT 00J1a1aTh YHUKAIbHBIMU aIaNTaIUsIMH KOTOpPBIE Je-
JIAIOT UX TEPCHEKTUBHBIMU OOBEKTaMM ISl AalbHEeHIIero uydenus. OIbXoH-
ckuil paifon MpkyTckoil 007acTH XapaKTepU3yeTcsl apHIHBIM KIUMAaTOM H
MMOYBaMHU ¢ HU3KHUM cojiepkanueM yriepoaa. CBoeoOpasue 3TOro permoHa, a
TaKKe OTHOCUTENBHO €J1a00e aHTPOIIOTeHHOE BO3ACHCTBHE CHOCOOCTBYET CO-
XPaHEHUIO SHJEMHYHBIX pacTeHUH. OOBEKTOM HAIIEro W3YYEHHs SBILSUTHCH
0akTepuy, acCOIMUPOBAHHBIE C Y3KOJIOKAIBHBIM JHIEMHUKOM KOIECUHHKOM
syuaykckum (Hedysarum zundukii Peschkova). bakrepun B3auMoaecTBYOT €
PacTeHHEM-XO035HHOM C TIOMOIIBIO MPSMBIX ((PprUKcanust a30Ta, COMFOOMITH3AIM
docdaroB, cuHTE3 HUTOTOPMOHOB) ¥ KOCBEHHBIX MEXaHM3MOB (MHJIYKIHS CH-
CTEMHOM PE3MCTEHTHOCTH WJIM KOHKYPEHIHs 332 NPOCTPAHCTBO 4yepe3 o0pazo-
BaHME OMOIIIEHOK). B pe3yiibTaTe OHM OKa3bIBAIOT MOJIOKHUTEIBHOE BIHSIHIE HA
BCXOXECTh CEMsH, 00ecreunBaoT 3(PEeKTHBHOE MUHEPAIFHOE MUTaHUE U pe-
TYJSLMIO POCTA KAK KOPHEBOW CHUCTEMBI, TaK U HAJ3EMHBIX 4acTed pacTECHUs
[Jha, Saraf, 2015; Kaushal, 2019; Mantelin S., Touraine, 2004]. Mukpoopra-
HM3Mbl 3aCYLLIIUBBIX PETHOHOB MOTYT BBIPA0ATHIBAIOT YHUKAJIbHBIC (DEPMEHTEHI
1 OMOJIOTHMYECKH aKTHBHBIC COCAMHEHUs, CIIOCOOCTBYIOIIHNE JIyUlllel BbIKHBa-
€MOCTH CeJIbCKOXO3SHCTBEHHBIX KYJIBTYp B YCIOBHAX 3acyxu [Moham-
madipanah, Wink, 2016]. Takum o0Opa3om, meiapio paboOTHl OBUIO H3ydYECHHE
CBOMCTB MHUKPOOPTaHU3MOB, BBIICIICHHBIX M3 PU30- U SHAOCHEPHI KOIEeUHNKA
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syunykckoro (Hedysarum zundukii Peschkova), must BeIssBiIeHHS TIEpCIIEKTHB-
HBIX CTEMYJISITOPOB POCTA U Pa3BUTHUS PACTCHHU.

O0beKTBI U MeTO/ABI HCCJICI0BAHUS. BbI/IeIeHHbIE U30/IAThl TECTUPOBA-
JI1 Ha CHOCOOHOCTH pacTBOPsTH opTodochaT kameimsa [Anand, Kumari, Mal-
lick, 2016], cuaTe3npoBath aykcunbl [ The importance of ... , 2015]. Haubonee
MEPCICKTUBHBIC MTaMMbI ObLTH UAeHTHUIIPOoBaHbI 1o 16S PHK.

JUns OLeHKM BIMSAHUS BHIOPAHHBIX MITAMMOB Ha PACTEHUS MCHOIb30BAIN
ceMeHa spoBoi mmreHHNEl copta «Mpers». [IpeaBapuTensHO MPOCTEPUITH30-
BaHHBIC CEMCHA 3aMAYMBAIM HA 6 4 B CYCIICH3UM OAKTEPHH COACPIKALIMX OT
20-103 1o 20-10° KOE/mi. CemeHa TOMEIIAIHM B KIMMATHYECKYIO KaMmepy
Binder KBWF 240 (ocBemenue 16 u 30 mun, nHagano aas 4:50, okoHYaHWE
21:20; Trens 27 °C, Tuow 15 °C, Bnaxxnocts Bozayxa 40 %) Ha 1Be Henenu.

Pe3yabTatel U o6cy:kaenne. Beero Obu1o BbieneHo 60 KyJbTyp, OTHO-
caxucs k 6osee uem 30 pomam, Takum kak Lysobacter, Streptomyces, Pantoea,
Rhizobium, Kytococcus, Variovorax, Rhodococcu u ap.

CnocobHocTs Kk cuaTe3y YK Obi1a 00HapyxeHa y 19 mrammoB. [Ipu sTom
y aByx mraMmoB (Hz-15 n Hz-19) uaT€HCHBHOCTD OKpacky ObLIa HAUBBICIICH.

®Docdarcomrobmmm3anysa BeisBIcHA y 14 mrammoB. [Ipn 3ToM CKOpOCTH
MPOTEKaHUsl peakuuu paziauuanack. Tak, y Hz-8, 18, 19 3onHa nmpocBetnenus
MOSIBUJIACh YK€ Ha 3-U CyT., Torjaa Kak s mraMmoB Hz-48 u Hz-11 Bunumbie
pe3yIbTATHI MOSIBIIIKCH JINIIB Yepe3 7 CyT.

B pesynprate KyIbTHBHPOBAHUS MUKPOOPTAaHU3MOB HA MOTYKAIKOM ara-
pe 18 mrammoB (oxo10 30 % OT uccnexyeMbplx MUKPOOPTaHU3MOB) HE IPOSIBU-
JU BBIPAKCHHOW JBUTATEIBbHOM akTHBHOCTH. OcTalbHBIC IITAMMBI JIEMOH-
CTPUPOBAIH YETKO BUANMBIN N (HY3HOHHBINH POCT OT KpaéB 30HBI YKOIA K TIe-
pudepun npodbupku. CTOUT 3aMETUTh, YTO HAHOOJBIICH CKOPOCTHIO pa3pacTa-
HHUs o0xagan mramm Hz-7.

B mccienoBanny BIUSHHS MHUKPOOPTAHM3MOB Ha POCT M Pa3BUTHE TPO-
POCTKOB TIIICHAITH! OBITO UCTIOF30BAHO CEMb IIITAMMOB, CIIOCOOHBIX K CHHTE3Y
NVYK u docdarcomodunmsanuu. Do Bacillus mycoides (Hz-7), Pseudomonas
sp. (Hz-11), Pseudomonas sp (Hz-19), Streptomyces sp. (Hz-21), Mycolicibac-
terium sp. (Hz-35-2), Phyllobacterium sp. (Hz-48), Pantoea sp. (Hz-68-2).

O0paboTka CycleH3ueH MUKPOOPTaHW3MOB CEMSH IIIICHHIBI ITOoKa3aja
CleyroIee.

IIpu obpaboTtke cemsn mrammamu Hz-7, Hz19, Hz48 B koHmeHTpannu
20-10° KOE/MJI B BCXOKECTh B CpeHEM Bo3pacTana Ha 10 %.

[IITaMMBI CTUMYJIHPOBATIM pa3BUTHE KOpHEeBo cuctemsl Ha Hz-7 10,5 %
npu KOE 20-10° (cratmcrtuyecku sHaummas pasauna (P <0,001)); Hz-19
48,4 % KOE 20-10° (cTatuctruecky 3HaunmMas pasuuma (P < 0,001)); Hz35-2 na
17,7 upu KOE 20-107 (ctatucTuyecku 3HaunmMas pasuuia (p < 0,001)).

YBenuueHne HaJ3eMHOH 4acTH HaOII0JalIOCh y pacTeHUH, 00paboTaHHBIX
mrammamu Hz-7 ma 13,1 % npu KOE 20-108 (cTatrcTHYecKH 3HAuMMas pas-
auna (p <0,001)); Hz-11 na 13,4 % npu KOE 30-103 (cTaTucTHYIECKH 3HAYAMAs
pasuuna (p <0,001)); Hz35-2 na 8,7 % npu KOE 20-107 (cratuctuuecku 3Ha-
gumast pazauna (p < 0,001)).
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3akmwuenne. Ha ocnoBanun IMOJIYYEHHBIX PE3YJIbTATOB MOKHO KOHCTa-
TUPOBATb KaK pa3H006pa3He BHUJOBOIo CoCraBa, TaKk U INOTCHIHUAJIBHO II0JIE3-
HBIX MPHU3HAKOB U UX KOM6I/IH'¢1HI/II7[ Y BBIACJICHHBIX IITAMMOB MUKPOOPraHHU3-
MoB. JlabopaTopHbIC ONBITHI C MIIEHUIEH MOKa3alnM, YTO MHUKPOOPTaHHU3MBI
Hz-7 (Bacillus mycoides), Hz-11 (Pseudomonas sp.), Hz-19 (Pseudomonas sp),
Hz-21 (Streptomyces  sp.), Hz-35-2 (Mycolicibacterium  sp.), Hz-48
(Phyllobacterium sp.), Hz-68-2 (Pantoea Sp.) criocoGHBI OKa3bIBaTh MOJIOKH-
TeJIbHOE BO3JCHCTBHE Ha HecTenU(UIHOE IJIsi HUX PACTCHHE-XO3sSWHA Kak
CTUMYJIMPYST HCIIOCPCACTBCHHO POCT TaK M obecrieuynBaTh 6I/IOZLOCTyHHOCTB
BaXXHbIX I paCTeHI/Iﬁ IIUTAaTCJIIbHBIX BCIICCTB. HauGoiee NEPCIECKTUBHBIMU
JJIsL z[anLHeﬁmero N3Yy4YCHUA C LEJIBIO X MCIIOJIB30BAHNUN B COCTABC 6Honpena-
patoB IS CEIBbCKOTO XO3SHCTBA OKa3ajiuMCh MITaMMbl poja Pseudomonas
(Hz-19 w Hz-11).

Paboma evinonnena npu noooepaicke epanma PH® Ne 23-26-00204.
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L. Ge [et al.] // Bacterial metabolites in sustainable agroecosystem. 2015. P. 105-158.

POJIb PU3OC®EPHBIX DHTEPOBAKTEPUN
B YCTOMYUBOCTU PACTEHUM K COJIEBOMY CTPECCY

A. P.Tanbnepuna, A. I11. Bapeesa, O. b. ConpyHoBa

AcTpaxaHCKuil rOCY1apCTBEHHbIN TEXHUYECKUI YHHUBEPCUTET
Actpaxans, alina_r_s@rambler.ru

3acoieHne MO4YB, T. €. HAKOIUIEHWE B HEHl XJIOPHIHBIX, CYJIb(ATHBIX U
KapOoHaTHBIX couneit 6onee 0,25 %, siBIsieTCs OAHON M3 TIIOOABHBIX MPOOIEM
9eJI0BedecTBa. J{JIs MCTIONB30BaHMS 3aCOICHHBIX TIOYB B PACTCHHUEBOJCTBE 3a-
JEUCTBYIOT Pa3INYHBIE METOJBI 00ECCONIMBAHMS MOYB W 3AIIUTHl PACTECHUH, B
ToM ymcie u npuMmernenue PGPR-0akrepuii, 0co00il rpymimbl HEPOACTBECHHBIX
pu3ochepHBIX OaKkTepuil, CIOCOOCTBYIOINX YCHJICHHUIO pOCTa U PA3BUTHUS pac-
tenuit [[langumaran, Smith, 2017; Mechanisms involved ... , 2024].
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B ycnoBusx 1abopaTOpPHBIX 3KCIIEPUMEHTOB OIIEHHBAIH POJb pHU30Chep-
HBIX JHTEpOOaKTepuil B MOBBIIIEHUH YCTONYMBOCTH PACTEHHH K OCMOTHYE-
CKOMY CTpeccy Ha mpuMepe ropuuiisl 6enoii (Sinapis alba). Onpenensutu Biiu-
SHUE PU30CPEPHBIX SHTEPOOAKTEPHl HA: TPOPACTAHUE CEMSH TOPUHIIEI OSII0H
(Sinapis alba) B omeiTe in Vitro u Ha POCT U pa3BUTHE PACTCHUIA TOPUHIIBI Ge-
no#t (Sinapis alba) B MEUKpOBEreTallMOHHOM OTIBITE B YCIOBHUSIX OCMOTHYECKO-
TO cTpecca.

B sKkcnepuMeHTaNIbHBIX UCCIIEA0BAHUSAX UCIOIB30BATM 6 MITAMMOB PH30-
chepHBIX FHETPOOAKTEPHIL, BBIICICHHBIX U3 IPUKOPHEBOH 30HBI KYJIBTYPHBIX H
JUKOPACTYIINX PacTeHHH apHIHBIX dKocucTeMa AcTpaxaHckoi obmactu [M3y-
YEeHUE CIOCOOHOCTH ... , 2023] u ompeneneHHbIX KaK IpeACcTaBUTeNN poja En-
terobacter. OcmoTuueckuii cTpecc ceMeHaM M PACTEHHSM CO3/IaBAM MyTeM
BHECEHHMsI pacTBOPOB XJopuaa HaTpus koHueHtpamueit 0,2%, 0,4 %, 0,6 %. B
ombITe IN VIitro cemeHa, peaBapuTEeIbHO MPOCTEPHIN30BAHHbIC, 3aMaYNBAIIH B
BOJIHBIX CYCIICH3USX IMTaMMOB MHUKPOOPTaHM3MOB U MOMEIIAIUCH B COJICBEIC
pacTBOpHL. B MUKpOBETETAIIMIOHHOM OTIBITE CEMEHA 00padaTHIBAIIN CYCIICH3HUEH
MHUKPOOPTaHU3MOB J[BayK/AbI — 3aMauMBaJIU NIEPE MOCEBOM M ONPHICKUBATIM Ha
cramuu 1-2 Hactosimero yucra. OCMOTHYECKUI CTpecC CO3/aBalld MOJHBOM
COJISTHBIMH PAaCTBOPAMH B3OIIEAIINX PAaCTCHHUH.

B pesympTare SKCIEPUMEHTANBHBIX HCCIEOBAaHUN BBISIBICHO, YTO B
yenoBusix coneHoctu 0,2 % Bbicokas BcxoxecTb (=80 %) naOmiomaercst mpu
nerictBun 4 mrammoB; 1ipu coneHoctu 0,4 % — 4 mrammos; npu 0,6 % —
2 mtamMmoB. [Ipr 3TOM OTMEYEHO, YTO BCXOKECTh HEOOPAOOTAHHBIX CYCIICH3H-
eil ceMsiH CHMXaeTcs ¢ yBesmdeHueM cosieHocty ot 0,2 1o 0,6 % u coctaBnseT
72, 50 u 42 % cootBeTcTBeHHO. MccnenoBanne MOpHOMETPUIECKUX TTapaMeT-
POB IIPOPOCTKOB BBIBIJIO CTHMYTUPYIOMMHA 3(QQEKT Ha pa3BuUTHE CTEONT y
5 mrrammoB nipu coneHocTH 0,2 %; y 3 mrammos — nipu 0,4 % u | mramma npu
0,6 %. Pa3zBuTie KOpHS aKTMBHO CTUMYJIMPYETCs 5 IITaMMaMU IIPU COJIEHOCTH
0,2 %; 2 mrammamu — ripu 0,4 % u Bcemu mtammamu — ripu 0,6 %. Takum o6pa-
30M, UCCIICTyeMbIe IITAMMBI B YCIIOBUSX TIOBBIIICHUS COJICHOCTH CIIOCOOHBI CTH-
MYJIMPOBATh KaK BCXO)KECTh CEMSTH, TaK U MOCIIEIYIOIIee Pa3BUTHE ITPOPOCTKOB.

B MukpoBereTannoHHOM OITBITE HCIOIB30BANIM 2 MITaMMa, CIIOCOOCTBY-
I0IIMe BBICOKOH BexoxecTH (>80 %) M cTUMyIHMpYIOIe pa3BUTHE cTeOs U
kopHst 10 110 u 50 % coOTBETCTBEHHO IIPU BCEX BapuaHTax coslieHocTH. KoH-
TPOJIEM CIIYKWJIM PACcTCHHUS, pa3BUBArONINecs 6e3 BO3ACHCTBHS OCMOTHIECKOTO
cTpecca U UCCIEeTyEeMbIX MUKPOOPTaHU3MOB.

HccnenoBanus mokasaim, 4To 00a mTaMMa CTEMYITHPYIOT TOJIBKO Pa3BH-
THE KOPHS BO BCEX BapHaHTaX COJICHOCTH, B TO BpPEeMs KaK Pa3BUTHE CTEOIA
HUJKE, 4eM B KOHTpoue Ha 15-50 %. Macca npopoCTKOB Takke OblIa CHH)KEHA
10 cpaBHEHUIO ¢ KOHTposeM Ha 30-50 %.

Taxum 00pa3oM, B X0J¢ MCCIETOBAHUI OTMEUYEHO, YTO B YCIOBHAX IO-
BBIIIEHHOH coneHocTd 10 0,6 % puzochepHble HTEPOOAKTEPHH CIIOCOOHBI
CTHMYJTUPOBAThH TPOPACTAHNE CEMSH U Pa3BUTHE TPOPOCTKOB TOPUHIIH OO
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(Sinapis alba). B ycaoBusSX MHKPOBETETAIHOHHOTO OIBITA CTUMYJIMPYIOIICE
JCHCTBHE IITAMMOB MHKPOOPTaHM3MOB HAOIOMATOCh TOJMBKO HA Pa3BUTHE
KOpHel pacrtenuit ropumipl Gemoit (Sinapis alba). Mccnenyemblie mramMmbl
MHKPOOPTaHU3MBI CIIOCOOHBI GOPOTHCS C HETATHBHBIM JCHCTBHEM COJICBOTO
cTpecca Ha CeMeHa M pacTeHus. JIisi MoNydeHHs: JaHHBIX MO BO3MOXKHOCTH
HPUMEHEHHUS HMCCICIYeMbIX IITaMMOB B arpOOHOTEXHOJIOTHSAX IUIAHHPYETCSI
HPOBE/ICHHE [ANbHEUIINX JKCIICPUMEHTAIBHBIX HCCICAOBAHUN B IIOJEBBIX
YCIIOBHSIX.

Hccnedosarnue svinonnerno npu noddepaicke epanma Poccuiickoeo HayuHo-
20 @onoa Ne 23-26-00227 «I'enemuueckas nacnopmuzayus pusocpepHuix
MUKDOOP2AHUBMOB APUOHBIX IKOCUCHEM ¢ OUOMEXHONOSUHECKU 3HAYUMbIMU
ceolicmeamu

Jlurepatypa

H3ydenne crocobHOCTH prU30C(hEPHBIX MHKPOOPraHU3MOB K mpoxykunn UYK u BiusHus Ha
poct pacrennii / [I. M. IOcynosa, A. IlI. bapeesa, A. P. 'anbnepuna, O. b. Conpynosa / HHHOBa-
LMK U IPOJOBONICTBEHHAsA Oe3omacHocTh. 2023. Ne 3. C. 83-90. DOI: 10.31677/2311-0651-2023—
41-3-83-90

Ilangumaran G., Smith D. L. Plant Growth Promoting Rhizobacteria in Amelioration of Salini-
ty Stress: A Systems Biology Perspective // Frontiers in Plant Sciences. 2017. Vol. 8. P. 1-14. DOIL:
10.3389/pls.2017.01768

Mechanisms involved in plant grouth promotion by Enterococcus cloace DJ under salinity-
alkalinity stress/ Y. Fan, H. Wang, Z. Zhang [et al.] / Chemical and Bioilogycal Technologies in
Agriculture. 2024. Vol. 11, N 12. P. 1-12. DOI: 10.1186/s40538-024-00537-5

CPABHUTEJIbHBIN AHAJIN3 BJIUSHUS MECTULIAI0B
HA CTPYKTYPY KJIYBEHBKOB I'OPOXA (PISUM SATIVUM L.)

A. Il. 'opumikos, II. I'. Kycakun, A. B. Illsiranosa, B. E. [{piranos

Bcepoccuiickuii HayYHO-HCCIEI0BATENLCKUI HHCTUTYT CEIIbCKOX03SIHCTBCHHOM
mukpobuonornn, Cankt-IlerepOypr, a.gorshkov@arriam.ru

JUnst 3aIUThl PACTEHUH B CENTbCKOXO3AHCTBEHHOM IIPOMU3BOJCTBE MIMPOKO
UCIIOJB3YIOTCS PA3JINYHbIC TECTUINABL. M3BECTHO, YTO MECTUINIBI MOTYT OKa-
3bIBaTh HETATUBHOE BJIMSHUE HAa 0000BO-pU300HMabHBIN cuMON03. Llenbio naH-
HOW pabOTHI SIBIISUICS CPAaBHUTEIBHBINH aHAJTN3 BIMSAHUS PA3IHIHBIX TTECTHIU-
JIOB Ha pa3BHUTHE KIyOeHBKOB ropoxa coprta Frisson. B xoxe paboTsl ucross-
3oBaMCh nectuiuapl pupmel HlenkoBo Arpoxum: Gyurumuast (Tutyn dyo n
BunTtax), repounuast (Cnpyr Okctpa u Popsapn), uncekruiuasl (Mmugop
ITpo u ®ackopm). O6paboTKa pacTeHUH, BBIPAIICHHBIX B TOPIIKAX C BEPMHKY-
JUTOM, TIPOM3BOJAMJIACH B PA3JIMYHBIX KOHIICHTPALMSIX: PEKOMEHIOBAHHOM
MPOU3BOJMTENEM (JUIsl BCEX MECTUIMAOB), ABYXKPATHOM, MATUKPATHOW U Jecs-
TukpatHoii. OnpeickuBanue Tutyn Jlyo, Buntax n ®opBapaom mpoBOAUIOCH
Ha 10-it u 20-i 1HU NOCIie MHOKYJIALMK [TaMMoM pu3obuii Rhizobium legumi-
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nosarum bv.viciae 3841, CripyroM DKCTpa 3a JieHb, BO BpEMs M Ha CJIELYIOIIN
JeHb nocne HHoKy K, dackopa Ha 10-i neHb nocine HHOKyJ sy, Mmunop
[Ipo ucmonp30Bajcs I MPOTpaBIMBaHUs CeMsiH. PacteHust ropoxa, o6pado-
TaHHbIE NECTUINJIaMH, B KOHILEHTPALUH PEKOMEHOBAaHHOI NMPOU3BOIUTENEM,
HE TPOSBIUTN BHIVMBIX IMPU3HAKOB YTHETEHHUS POCTAa U KIyOEeHBKOOOpa3oBa-
HUA. 332 HCKIIOYCHHEM BapuaHTa ¢ o0pabotkoii Cripyrom DKCTpa 3a JIeHb J0
WHOKYIISIIMH, TI€ POCT PACTEHHSI HHTHOUPOBAJICS.

HecMmotpst Ha oTCyTCTBHE BUIUMBIX 3(Q()EKTOB MECTULIMAOB B PEKOMEHTY-
eMBIX TPOM3BOIUTEIEM KOHIICHTPAIWS, MPH JIEKTPOHHO-MHUKPOCKOITHIECKOM
aHanmM3e OBUT BBIABJICH sl N3MEHECHUI YIBTPACTPYKTYPHI KIETOK a30T(HUKCH-
pyromux KiyoeHpkoB (Tabuuna). Camble pacrpocTpaHEHHbIE aHOMAIMH TIPH
00paboTKe MEeCTUIUaMH B PEKOMEHJOBAHHBIX KOHIIEHTPAIUAX: HAKOIICHUE
MOJIU-PB-TUAPOKCUOyTHpaTa B OaKTepouaax, M3MEHEHHUs MepUOaKTepOHTHON
MeMOpaHBI, ICKPUBIICHHE KJICTOYHOH CTEHKH, MTOSIBJICHNE BKIFOUCHHH B BaKyo-
nsix. O0paboTka (YHTHUIUIAME BbI3Baja YHUKAIbHBIC H3MCHCHHUS B MH(CKIIU-
OHHBIX HHUTAX. [IPOMCXOAUIO CHI)KEHHE 3JIEKTPOHHOH IUIOTHOCTH, 0Opa3oBa-
HHUE BBIPOCTOB B ITUTOIIIa3My, HaOyXaHHe W yTONIIEeHNE cTeHKH. KoHmeHcars
XpOMaTHHA B siApax HaOIFOIANIach IMociie 00paboTKK repOUIIaMHi U HHCEKTH-
nunoM Packopa. IIpumenenue Mmunopa 1Ipo BeI3BaI0 YHUKAIbHBIC U3MECHE-
HUS B YJNBTPACTPYKType HWH(EKIMOHHBIX Kamenb. CHMKAIAach AICKTPOHHAS
IJIOTHOCTh MX MaTpPUKCa, €ro KOJWYECTBO YPE3MEPHO YyBENIMUYMBaJIOCh. Ilpu
MOBBILIEHHBIX KOHLEHTPALUSIX MECTULUI0B BbISBICHHbIE AHOMAaJIMM BCTpeYa-
JIUCh Yallle WK ObUIN BBIPAXKEHBI CUIbHEE.

OyHruuusl Buntax u Turyn Jlyo, IOMUMO U3MEHEHUS YIbTPACTPYKTY-
pbl, HEraTUBHO BJIMSAJIM Ha COCTaB KJIETOYHBIX CTEHOK, MPUBOJS K CHUKEHUIO
AKTHBHOCTH CHHTE3a ICIUTFOJIO3HBIX MUKPO(QHOPWILT U YBEIHYCHUIO KOJIHYEC-
CTBa MaTPUYHBIX MOJHCAXapPUIOB KIETOUHBIX CTEHOK, B OCHOBHOM MEKTHHOB.
[Tonmy4eHHBIe pe3yapTATH XOPOIIIO COTIACYIOTCS C JAHHBIMH TPAHCKPHIITOMHO-
ro aHaJINU3a, KOTOPBIN BBISIBUII ITOBBILIEHUE YPOBHS 3KCIIPECCUU [E€HOB, KOHTPO-
JUPYIOIMX MOAM(MUKALMIO KIETOYHON CTEHKH W 3alllUTHBIE peakiuu. TpaH-
CKPHUIITOMHBII aHAJIN3 BBIABWI TaKKe U MOBBIIICHHE YKCIPECCHH psiia THCTO-
HOBBIX T€HOB B KIyOeHbKax mocie odpaboTku repoumumom Cropyt Dkcrpa. A
TPaHCKPUIITOMHBIN aHATN3 KIyOCHBFKOB pacTeHHil, 00paOOTaHHBIX MHCEKTHU-
uunoM Mmumopom IIpo, mokasai, 4To yBeqUYEHHUE pa3Mepa MH(DEKIMOHHOM
KaIlJH, BEPOSITHO, CBA3AaHO C YCUJICHHEM 3KCIIPECCHU IeHOB apabuHOranakTa-
HOBBIX OCIKOB.

Takum 00pa3oMm, TIOKa3aHO, YTO TECTHUIHIB B PEKOMEHIyeMOW KOHIICH-
TpalMu NPaKTHYECKH HE BIMSIOT Ha pacTeHusi ropoxa. OpHako Mopgosorus
CUMOMOTHYECKUX KIyOCHBKOB TpEeTepreBacT W3MEHEHHs MpHU 00paboTke Ie-
CTULMJIAMH YK€ B PEKOMEHYEMBbIX KOHLEHTPALUIX.

222



Tadauna

O6mue 1 cneuUIecKHe UTOIOrHYECKUEe MaPKEPhI MPOSIBICHUS BIUSHUS
Pa3IMYHBIX [ECTULHIOB

Tlectnumz

AHOMAJIHH B KIETOYHBIX CTPYKTYPax

Kiierounas crenka CumbHoCOMBI BinoueHns B Bakyon
Oynrmue Tty Jlyo n HCKDHBICHHE,  HAKOTLICHHE NOAN-[- MyTbTHBCSHKYIAPHBIC
Buntax . TH, Mupata B TeNbla, Mp; e
H3MEHCHHE Gakrepouzax, KOMILIEKCI
eKTpoHHOi waveHeHus
TIOTHOCTH nepubaKTepoHIHOi

MeMOPaHbI, CTHAHHE
cumbrocoMm,
JiereHepanus
CHMOHOCOM

TepGuimn dopsap MYJIBTHBE3UKYIISAPHbBIC
MCKPHBJICHHME,  HAKOILICHHE NMOJH-P- TE/blA, NPOTEHHOBBIC
WCTOHYEHNE,  THAPOKCHOYTHpaTa B KOMIIJICKCHI,
HabyxaHne, Gakrepomax, BKITIOUEHHSA
e it ipHposBI
JIICKTPOHHOH  mepuOaKTepomIHOi
motHOCTH MeMOparB
Tepbuumn Cripyr xctpa MCKPHBIICHHE,  HAKOIUICHHE MOJH-B- MyIbTHBE3HKY/IAPHBIC
m HpaTa B TENbLA, 1P
Habyxane, Gaxreponiax, KOMILICKCH,
H3MEHEHHE H3MCHEHHS BKITIOUCHHA
JNEKTPOHHOH nepubaKTepoHIHON  (eHOIBHOI IPHPOIL!
TJIOTHOCTH MeMOpaHBl,
HepaBHOMEPHas
TIOTHOCTh
MaTpHKca,
IIpeBpalieHKE B
JITHYECKHE
KOMIaPTMEHTBI
Uucexrnumg Umunop IIpo  MCKpHBJICHHE,  HAKOILICHHE I1OIH-[- MPOTEHHOBbIE
YTOJILUCHHE, rujpokcubyrupara B KOMILIICKCHI,
HeTonyenue, Gakrepontax, BRIIOUEHHS
s e i IpupoIBI
M3MEHEHHE nepubaKrepou o
eKTPOHHOI MeMOparEl
TIOTHOCTH
Vncexruin ®ackopit MCKPHBJICHHE,  HAKOILICHHE MOJH-B- IPOTEHHOBEIS
YTOJILUCHHE, rujapokcubyrupara B KOMIIICKCHI,
HeTonyenue, Gakrepontax, BRIIOUEHHS
s e i IpupOIBI
HM3MEHEHHE nepuOaKTepoH IHOI
eKTpoHHOi MemOpanE!
TIOTHOCTH

HiTH Hpe kamm SIapo
CHHIKCHHE HeT HeT
IMEKTPOHHOM
IIOTHOCTH, BBIPOCTBI
B LIUTONIA3MY,
HaGyxanne 1

yronueH1e
Her Her KOHJIEHCAIms
XpOMATHHA
Her Her KOHJICHCAIHs
XpOMATHHA
HeT HaOyXaHHe,H3MEHEHHE HeT
ANEKTPOHHOI
MJIOTHOCTH,
uOPHIIAPHBIH MAaTPHKC
Her Her KOHJIEHCAIlHsI
XpOMATHHA

Paboma noodepacana Munobpuayku Poccuu (coenawenue Ne 075-15-
2022-320 om 20 anpens 2022 2. epanm HI[MY «Azpomexnonozuu 6y0yue2o»).
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MUKPOOPIAHU3MbI IUKJIA A3OTA B PU3OCP®EPE PACTEHUS-
OUTOPEMEJINAHTA HELIANTHUS ANNUUS L.
B YCJIIOBUAX HE®PTAHOI'O CTPECCA U BUOPEME/IUALTUN

A. C. I'puropuanm, A. P. Xamuaysiun, P. I. ®@apxytauHos

Vdumckuii yHUBepcUTET HAyKH U TexHoJoruH, Y ¢a, nyshalll@yandex.ru

HedTtsiHOE 3arpsi3HEHUE SBISCTCS PACIPOCTPAHCHHOW MPOOIEMOM, KOTO-
past IPUBOAMUT K M3BATHIO YacCTh 3eMeNb U3 XO3scTBEeHHOro obopora. B 3a-
TPA3HCHHOW TII0YBE TaK JKe OTMedaeTcs Bo3pacTanne orHomeHus C:N
[@axpyraunos, 2010], yTo NPUBOAUT K YyXYILIEHUIO a30THOro pexuma [Hasa-
prok, Kamumymiuna, 2020]. J{ast mosiHOro mnpouecca BOCCTAaHOBJIEHUSI TOYBBI
IIOMUMO OCHOBHBIX MEPONPHUSATHUH, HANPaBICHHBIX Ha JETrpajalllio HEeQTAHBIX
YTJIEBOJOPOIOB TPeOyeTCsl 3aKIIOYMTENBHBIA 3Tall — BOCCTAHOBJICHHE MHHE-
pasbHOTO OaaHca OYBEL, a30THOTO OaTaHca, B YaCTHOCTH, TaK KaK 3HAYUMOCTh
9TOTO 3JIEMEHTA JUIsl HOPMAJIBHOTO (DYHKLMOHUPOBAHUS MOYBBI OYEHb BBICOKA.
JlocTymHBI a30T mMeeT oOpasyeTcs B MoUBe Oiaromaps AESTEIbHOCTH MHKPO-
oprannzMoB [OcwumoB, 2016]. Hcnonb3oBaHue pacTeHHHA-PUTOPEMEIHAHTOB
CTHMYJUPYET POCT MHKPOOPTaHU3MOB, HAOJFONACTCS TAaK Ha3bIBAEMBIH PH30-
chepHbiit 3¢ dexT. MUKpOOpPraHU3MbI IPUKOPHEBOI 30HBI 001aaF0T BHICOKOI
aKTHBHOCTBIO, TIPE/ICTABICHBI Pa3HBIMH JKOJIOTO-(H3HOJIOTHUYSCKIMHU TpyIIa-
MH ¥ MOTYT y4acTBOBATh B ACTPAJAIH HEPTAHBIX YIIEBOAOPOI0B [MHKpOOp-
TaHU3MBl B JIUKBAAAUuu ... , 2019, Peakums MukpoOHOro coobmiectsa ... ,
2023]. C npyroif CTOpOHEI, pa3BETBICHHAsI KOPHEBAs CHCTEMa YIydIIaeT ra3o-
BO3AYIIHBIN PEXHUM ITOYBBI, TEM CAMBIM yIydIIaeTcsi 00OTaleHNne MOYBHI a30-
TOM Olarojapsi MOCTYIUICHHIO OOJBIIET0 KOJHYECTBA a30Ta C aTMOC(HEPHBIM
BO3AYXOM, U NOCTYMJICHUIO OMOJIOTHUECKH aKTHBHBIX BEIIECTB, BBIACTSIEMBIX
caMoii KOpHeBOW cuctemoil. Takum 00pa3oM, IENbI0 HAIIeTo HCCIEeOBAHUS
SIBTSUIACh OIIEHKA MHKPOOHMOJIOTHYECKOW aKTHBHOCTH MPUKOPHEBOH 30H TOJ-
COJIHEYHHUKA OJHOJICTHETO, UCIOJIb3yEeMOr0 B KaueCTBEe (PUTOpPEMEAUAHTa, MO
BIMSHUEM HE(TSHOTO 3arpsA3HEHUS U UCTIOIB30BAaHISI MUKPOOHBIX MPEMaparoB.

JUis TOCTaHOBKM OIIBITa HMCHOJB30BAIM HYEPHO3EM BBINICIOYCHHBIH, 3a-
TPSA3HCHHBIA TOBapHOH He(ThIO B KOHIEHTpamun 4 %. s 06paboTKU MOYBEI
HCTIONIB30BAJICSI MUKPOOHBIE MpenapaTsl «JIeHoim», B cocTaB KOTOPOro BXOIAST
6axrepun Pseudomonas turukhanskensis Mb 1.1 (tutp ue menee 1-108 KOE/T)
B KauecTBE AaKTMBHOTO areHra JeCTPYKIHH HEe(TIHBIX YTIEBOTOPOIOB
HCIIOJIB30BAIM U Ipenapar «A30JIeH», CO3AaHHbII Ha OCHOBEe Oaktepuid Azoto-
bacter vinelandii Wb (turp 4-8:10°KOE/mn), npencrapiser coboii
O6uoynoOpenue, oOoramjafoniee MOYBY OHWOTEHHBIM —a30TOM, o0OJagaer
(YHTHIMIHBIM U POCTOCTUMYJIHPYIOIINM aelictBueM. CHadajia TPOBOIWIA
00paboTKy 1ouBkI «JIeHOMIOMY, Yepe3 30 CyT. IPOBOAMIM MOCAIKY PACTCHUI
noziconHeuHrka oxHonerHero (Helianthus annuus L.) copt BomGapaup u BHO-
cmm «A3sornen». Jlamee BereTanmuoHHBIE COCYABI TOMEIIAN Ha CBETOBYIO
mIouaaKy npu 12-yacoBoM CBETOBOM JAHE IpH Temmeparype 22-25 °C npu
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mocTostHHOM TtosiuBe. OT60p Tpod mpomsBoamin dyepe3 30 cyT. B kadectse
KOHTPOJISI MCIOJIB30BAIM MOYBY M3 pu3oc(epbl PACTEHHs, BBIPAIICHHBIX Ha
He3arps3HeHHON mouBe. UMCIEHHOCTh MHKPOOPTaHHU3MOB ONpENENsId Ha
TBEP/BIX (MSACO-TIENTOHHBINA arap, KpaxMan-aMMHUAauHBIN arap, Dmou) U K-
kux (I'mnprast, BuHOTpagckoro) muTaTenbHbBIX cpeaax.

UYncneHHOCTh a3pOOHBIX aMMOHH(HKATOPOB YBEJINUMIIACH IO/ BIUSIHUEM
HedTsiHOrO 3arps3HeHust B 6 pa3. JloCTOBEpHBIX OTJIMUMH NMPU BHECEHHH Hpe-
mapaToB HE HAOIIOMAIOCh. AKTHBAILUSA 3TOH TPyNITBl OakTepuil 0OBICHACTCA
nocyiabJIeHHeM JJONOJIHUTENIBHOTO UCTOYHUKA OPTaHWYECKHX coenHeHui. Ha
KOJIMYECTBO a30TOMUKCHUPYIOMIMX pacTeHnil HedTsHOW cTpecc M 0OpaboTKa
MHKPOOHBIMH ITpenapaTaMy HE OKazaja JOCTOBEPHOTO HETaTHBHOTO BIIMSHUS,
YTO SIBIISICTCS TTOJIOKUTEIBHBIM TIPH3HAKOM, TaK KaK, TPEANOI0KNATENBHO, Oy-
JIET COXPAHATCS MHTCHCUBHOCTh (DUKCAIIMK a30Ta JAHHOU I'PYIIIOi OaKkTepHid.

UyBCTBUTEIBHBIMHU K HEPTSIHOMY CTPECCY OKa3aIuCh HUTPUPHUIUPYIOIIHE
0GaKTepun W MHKPOOPTaHU3MBI, UCIIONB3YIONINEe MHHEpaNbHbIe (OpMBI a30Ta.
ITpn BHECEHUM 3arpsA3HUTENS YUCIEHHOCTh NEPBOH IPYIIBI MUKPOOPraHU3MOB
YMEHbIIWIACh B 3 pa3za II0 CPaBHEHHIO C INpoOamMH KOHTpoisi. Buecenue
npenapatoB «JIeHOHT» U «A307€H)» HE MPUBEIIO K YBEINYCHUIO HUTPU(DHUKATO-
POB, OJTHAKO CTHMYJHPOBAJIO B 3 pa3a pa3BUTHE BTOPOH IPYIIIBI TyBCTBUTCIIb-
HBIX MUKPOOPTaHU3MOB.

YncneHHOCTh JeHUTPUDULIUPYIOMINX MUKPOOPTAaHU3MOB B 3arpsi3HEHHBIX
mpobax moBeicuiack B 2,34 pa3za. [Ipu 3TOM ucnons3oBaHne KOMOMHAIMN OHO-
MIpenapaToB CYIMIECTBEHHO CTUMYJHPOBAJIO PAa3BUTHE STOIH TPYIITBI OpTaHMU3-
MOB JaHHOH rpynnsl. OTMedeHo yBenuueHue nokasaTens B 10 pa3 mo cpaBHe-
HHUIO C 3arpsi3HEHHBIMU MpoOamu. [loBbIMIeHHE YHCIEHHOCTH AECHUTPH(UIU-
PYIOIIUX MUKPOOPTAaHU3MOB C BHECEHHEM HE(TSIHOTO 3arpsA3HEHHS B YSPHO3EM
BBIIIEIOYCHHBIH, OOBSCHACTCS TEM, YTO YBEIMUYCHHE KOJIMUECTBA YIIEBOJOPO-
JIOB B TI0YBE CTUMYJIHUPYET POCT AAHHOM IPyMIbl MUKPOOPTaHU3MOB.

Tabauua

YUCIIEHHOCTh HEKOTOPBIX 3KOJ'IOFO-(1)I/ISI/IOJ'IOI‘I/I‘ICCKI/IX rpynn MUKpOOPraHusMoB

B pu3ocdepe pacTeHUH B yCIOBHUSAX 3arPSI3HEHHS M PEKY/IBTUBALIUH

«Jlenoim» +

KonTponb 3arpsi3HeHe
P p «A3omen»

AbspobHbie aMMOHHDUIIPYFOLIE OaKTepUn

(0107 KOE/r niows) 3,19+0,22 19,9+£0,99 17,5+1,01

AzoTtodukcupyromye 6akTepun

(n10* KOE/ moussr) 1,19+0,06 10,2+0,61 12,15+0,93

Hurpudunupyromme 6akrepuu

(210° KOE/» soumen) 4,16£0,16 1,13+0,09 1,3+0,09

JernTpuduupyromme 6akrepun

(n10* KOE/r nouss) 1,52+0,10 3,57+0,21 37,9£2,5

BaKTepI/II/I, YCBanBaromue MUHEPAJIbHBIC

¢opwmsi azora (n-10” KOE/r noussr) 3,9+0,23 2,28+0,11 6,28+0,50
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Takum oOpazom, B puzocdepe MoICOTHEUHHKA COXPAHIACh YUCICHHOCTD
a30TO(HKCATOPOB, YBEIHMUMBAIOCH KOJIMYECTBO aMMOHH(HUKATOPOB BO BCEX Ba-
puantax onbiTa. OOpaboTKa OHoNpenaparaMi CTUMYJIHPOBAIO Pa3BUTHE MHUK-
POOPraHU3MOB, UCHONB3YIONINX MHHEPAIbHBIC (OPMBI a30Ta U JCHUTPUHKA-
TopoB. HanbGonee cuibHO HerarmBHOE BIMSHHS W3 Pa3HBIX AKOJIOTO-
(M3HOTIOTUYECKUX TPy MHKPOOPTaHM3MOB, YYacCTBYIOIIMX B LHUKJIC a30Ta,
HeTh OKa3aja Ha HUTpuUHUUpYomUe OakTepunu. MOXKHO clenaTb BBIBOJ Ha
OCHOBE BBISABICHHS MHKPOOHOJIOTHYECKON aKTHUBHOCTH ITOYBHI, YTO HCIONB30-
BaHNE PacTEeHHUH-(QUTOPEMEIUAHTOB OJIATOIPHATHO CKa3bIBACTCS Ha COCTOSHHE
II0YBBI B OTHOILICHUH COXPaHEHHs OajlaHca a30Ta.
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OIIEHKA ITOTEHHUAJIA PU3OCP®EPHOI'O U30JIATA
B KAYECTBE ®UTOIMPOTEKTOPHOI'O ITAMMA

1O. B. lannaosa, FO. A. BacuibeBa, A. U. T'nibMyTaIuHOBA,
J. U. Xacanos, H. JI. Pynakosa, M. P. lllapunosa

Kazauckuii (ITpuBoinkckuit) GeepaibHblil yHUBEPCHTET
Kasans, Daniloval46@mail.ru

Puzobakrepun, crocobctByromue pocty pacrenuit (PGPR), ocHoBHBIMEU
MPECTABUTEISIMU KOTOPBIX siBisifoTcst Bacillus, aktuBHO nccmemyroTes B Kave-
cTBE OMOYJOOPEHHH MM ECTUIMIOB B CEJILCKOM XO3SHCTBE AJIsl OrpaHNICHHS
HEraTUBHOTO BO3JICHCTBUS YPE3MEPHOTO HCIIOIb30BaHUS XUMUYECKHUX y100pe-
HUI Ha dKosoruueckyro cpeny [Hashem, Tabassum, Abd Allah, 2019]. Takum
00pa3oM, OHUM M3 DKOJIOTUUECKH MPUBIICKATENBHBIX TyTEil MOBBIIICHUS YPO-
XKAHHOCTH M MHUTATEILHOW IIEHHOCTH CENbCKOXO3SICTBEHHBIX PACTEHHH, SIBIIS-
eTcsi OMOJIOTMUECKNI KOHTPOJIb C MCIIOJIb30BAaHNEM OHOTIperapaToB Ha OCHOBE
BHECEHUS] CHMOMOTHYECKUX OaKTepu.

B. pumilus mpoxyiupyroT pasnooOpasHbie MeTabOJIHUTHI, KOTOPbIE HAXO-
JSIT MIMPOKOE ITPUMEHEHHUE B CEJILCKOM XO3SHCTBE B Ka4eCTBE OMOJIOTMYECKU
axTuBHbIX coenunenuii [Classification and multifaceted ... , 2021]. B. pumilus
Takxke ObUTH OOHApYKCHBI B TKAHAX 3JOPOBBIX PACTCHUH, 0OJIQAAIONINX CBOM-
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CTBaMM CTHUMYJIMPOBAaTh POCT PACTEHHH 3a CUET YCHJICHHS IOIJIOLICHUS ITHTa-
TENBHBIX BEIIECTB, (PUKCAIMHM a30Ta, B3aUMOJCHCTBUS C CHMOMOTHYCCKUMHU
MHKPOOPTraHU3MaMH U TPOM3BO/ICTBA IIPOTHBOMUKPOOHBIX areHTOB MPOTHB Ma-
TOTCHHBIX OaKTepHii M TPUOKOB, a TAKXKE 33 CYET CHIDKEHHS TOKCHYHOCTU Me-
taymioB [ Yuan, Gao, 2015].

B nHacrosimieii pabote 00BEKTOM HCCIICIOBAHHS SIBISUICS PU30CHEPHBII
uzouat B. pumilus JN ¢ HHaKTHBHPOBaHHBIM T'eHOM (hakTopa cropyssimu SigF.
[Ipenmonaraercs, 9To HapyUIICHHE pAaHHEH CTAAWM PAa3BHUTHS MPEICIIOpP MyTeM
PEoyKIMM TeHOMa NPHUBEIET K U3MEHEHHUIO SKCIPECCHH JPYTHX T'C€HOB, OTBE-
YAIOIUX 32 KOJIOHM3ALMIO, aHTarOHUCTHYECKYIO AaKTHBHOCTb, CIOCOOHOCTBH
CHHTE3UPOBATH PACTUTEIBHBIC TOPMOHBI M (POPMHUPOBATH OMOILICHKH.

Llenpro JaHHOTO MCCIIEIOBAHNS SABIAIACH CPABHUTEIbHAS XapaKTEPUCTHKA
(GU3MOTOTHUECKUX OCOOEHHOCTEH HATMBHOTO M MYTaHTHOTO IITaMMOB
B. pumilus JN st omeHKH TOTEHI[MaNa AAaHHOTO HM30JATa B KadecTBe (HTO-
MIPOTEKTOPHOTO MITAMMA.

Myrantabiii mramm B. pumilus JN ASigF ¢ WHaKTHBHPOBaHHBIM T€HOM
(akropa criopysiiuu SigF ObLT HOMy4eH ¢ IIOMOILIBIO CHCTEMBI PEAAKTHPOBA-
uust reiomoB CRISPR-Cas9 [Characterization of Bacillus ... , 2023].

OrneHky ypoBHs (POPMUPOBAHUS OUOTICHOK OCYIIECTBIISITN M0 METOMKE
O'Toole okparmmBanueM 1 % KpPHCTAIBUOJIETOM C MOCCIYIOIIEH NeTeKInen
Ha criekTpodoromerpe npu aiauHe BoiHbl 570 HM [O'Toole, 2011]. ¥V obGoux
IITAMMOB MaKCUMyM (DOpPMHPOBaHHS OMOMJICHOK OBLT AOCTUTHYT Ha 48-if 4,
MPU 3TOM IIOTHOCTH OuoruteHku B. pumilus JN mpeBbiiana mioTHOCTh peaak-
tupoBanHoro mramma B. pumilus JN AsigF ua 42 %. C stumu pe3yiabraTamu
KOppeaupoBaa 1 KOJIOHHeoOpa3yolias ClIOCOOHOCTh UCCIIEAYEMBIX IIITAMMOB.

C momoIipo MeTo1a XUMUIECKOH TpaHchopMaryu ObLUTH TIOTYYeHBI (ITy-
OPECLIEHTHO MedeHble mraMMbl B. pumilus JN, Hecymme penopTepHyto cucre-
My Ha ocHoBe TuOpuaHoro Bektopa pJET::BC16, coneprxamiero ren quryopec-
uentHoro Oenka superfolder GFP. UccnenoBanue B3ammozeiicTBust Quyopec-
LIEHTHO MEYCHBIX OaKTEpPHaIbHBIX MITAMMOB C KOPHSAMH PAcTCHUH MPOBOIMIN
IyTEM MX COBMECTHOT'O KyJIbTHBHPOBAHMS, C TOCIEIYIOIICH eTeKInel pacro-
JIOKEHMs1 OaKTEepUaNIbHBIX KJIETOK OTHOCHUTEIBHO CTPYKTYpP KOpHS METOJO0M
KOH(OKATBHOW JTazepHON MuKpockomuu. IlouBeHHbIH m3o0maT B. pumilus IN
MIPOJIEMOHCTPUPOBAI CHOCOOHOCTH K AKTUBHOMY IPOHMKHOBEHHIO BHYTpPb
kopHeit kaprodens u Arabidopsis thaliana, a taxke ¢ BBICOKO#l MIOTHOCTHIO
a/Ire3MpoBall Ha MOBEPXHOCTH KOpHEH. AcmoporeHHslii Mytant B. pumilus JN
ASigF 3HAaYMTEIbHO CHHU3MI CBOIO CHOCOOHOCTH K MOBEPXHOCTHOW aJre3uH,
COXPAHUB CIIOCOOHOCTH K MPOHHUKHOBEHHIO.

AHTaroHMCTHYECKYI0 aKTUBHOCTh OaKTEpUH HCCIEAO0BAINM C MOMOIIBIO
Mertosia OJIOKOB MPOTHB (DHTOMATOTCHHBIX MuKpommuieToB Alternaria sp. u
Fusarium oxysporum DRS57 [Eropos, 1983]. Ilokasamu, u9ro Oakrepuu
B. pumilus JN unru6upyrot poct F. oxysporum DR57 nHa 45 %. HUccnenyemsle
IITAMMbI aHAJIM3UPOBAIN HA AHTUMHUKPOOHYIO aKTUBHOCTH 110 OTHOILCHHUIO K
¢duronatorenubiM  Gaktepusm  Pectobacterium  carotovorum PCA 2a u
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Xanthomonas vesicatoria [Eropos, 1983]. 3oxa nHrubupoBanus pocra (HuTo-
narorena X. vesicatoria nabsronanacs st oooux mraMmmoB B. pumilus ma 48 u
pocta. JJocTOBEpHO 3HAUYMMON Pa3HHUIBI MEXKIY IITAMMAMH JUKOTO THUIA U UX
MyTaHTaMH N0 OTHOIICHHIO K (uTomaToreHy X. vesicatoria He HabI0aI0CH.
B ornomenun ¢uronarorena P. carotovorum mccieayemple ITaMMbl HE TIPO-
SIBJISUIA @HTAlOHUCTUYECKON aKTUBHOCTH.

OmnpeaeneHue CrnocOOHOCTH HCCICAYEMbIX IITAMMOB K CHHTE3Y HHIIO-
nmun-3-ykeycHoit kuciotel (MYK) mpoBommnu mo meroay [Genetic and
metabolomic ... , 2020]. Mccnexyemblie mTaMMbl OaruiuT o0aagamd CriocoOHo-
cteio cuHTe3upoBath YK B Beicokux KoHIeHTpauusx — 140—150 mxM. Yaa-
nenue reda SigF, oTBevaroiero 3a cropooOpa3oBaHue, He MOBJIUSIIO Ha CIO-
cobrocTh mtamma B. pumilus IN cunresuposars MYK.

CpaBHHTENbHBIN aHaIU3 (PEHOTHIIOB HCCIIEyeMbIX OaKTEepUil yKa3bIBaer,
YTO HATHBHBIA mTaMM (HOpMHPOBaAN OoJiee MIIOTHBIC OHOIUICHKH M POSIBUI
BBICOKYIO QJIM€3HMI0 Ha MOBEPXHOCTH KOPHEH pPacTeHUH, TOr/a KaK acloporeH-
Hasi MyTalmusi HEraTHBHO OTPasHjach Ha MCCIIEAYCMbIX CIIOCOOHOCTSIX, 4YTO
CBUJICTENILCTBYET O PEryJIATOPHON B3aUMOCBs3M ATHX (enorunos. O6a mrram-
Ma O0JIafajii TAaKUMH BRXKHBIMH XapaKTCPHUCTUKAMU JUIsS B3aUMOJCHCTBHS C
pacTeHUSIMH U TIPOSIBJICHUSI OMOKOHTPOJIBHBIX CBOWCTB, KaK aHTarOHUCTHYC-
CKasi aKTUBHOCTh U CHHTE3 (PUTOrOPMOHOB.

Takum o6pasom, puzochepublit u3omsit B. pumilus JN nposiBun cebst kak
MOTEHINATBHBIN (PUTOMPOTEKTOPHBIN IITaMM.

Hccreoosanue evinoaneno 3a cuem cpeocme cpanma PH®D Ne 22-16-

00138.
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HNCCJIEANOBAHUE MPOLECCA BUOCUHTE3A
BAKTEPUAJbHON HAHOIIEJLTIOJIO3BI U3 ITPOJYKTA
A30THOKHNCJOM OBPABOTKA MUCKAHTYCA THTAHTCKOI'O

A. A. 3enkoBa

HueTuTyT n1pobiieM XMMHUKO-3HepreTuyeckux Texnonoruit CO PAH
Buiickuii Texnonornueckuit UHCTUTYT (punnan) GPTBOY BO «AnTaiickuii
rOCYAapCTBEHHBIN TeXHUYeCKUi yHuBepcuteT um. M. U. Tlonsynosa»
Buiick info@bti.secna.ru

Bakrepuansnas nanomemmono3a (BHIL) — aTo nmpupoanbiii Guononumep,
CHHTE3UPYEeMBId MHKpPOOpraHW3MaMH. JaHHBI MaTepHal XapaKTepU3yeTcs
BBICOKOH YHCTOTOH, OHMOCOBMECTUMOCTBIO (HE TOKCHYCH [UIS 4YEJOBEKA),
WHEPTHOCTBIO U OMopasznaraeMocThio [Bacterial nanocellulose ... , 2021]. BHI]
MIPUMEHSIETCSI B PA3JIMYHBIX OTPACIISAX MPOMBIIIICHHOCTH. [IpuMepoM TexHuUe-
CKOI'O HCIOJIb30BaHMsl siBIsieTcs noiydeHue HutparoB BHIL [3aBucumocts
MaccoBoii ..., 2023].

[enpro paboTHI SBISIIOCH MCCIIEIOBAHNE TIpoIiecca OMOCHHTE3a OaKTepu-
AIBbHOW HAHOIIEIUTIONO3BI Ha THIPONIU3HON CpeAe M3 MPOAYKTa a30THOKHCIIOH
00pabOTKN MUCKaHTyca TUraHTCKOro copra Kammc.

Muckantyc rurantckuii copra Kamumc mpemoctasner OOO «Mactep
Bpaumy, r. MockBa. OgHocTannitHyt0 00paboTKy MUCKAHTYyCa IPOBOIMIIN pac-
TBOpOM 4%-HOW a30THOW KHCIOTH Ipu Temrepatype 90-96 °C u atmocdep-
HOM [aBJICHHU B TEYEHHUE 6 4, B pe3yjbTaTe ObLI MOIYyYCH MPOIYKT a30THOM
oopabotku (ITAO). ITomy4ueHHBIN MPOAYKT OTXKUMAJIM Ha BaKyyM-puibTpe u
MIPOMBIBAITM [0 HEHUTpaAILHOW peakmuu, moapoOHee B padote [Scale-up of bio-
synthesis ..., 2021].

XMMHUUEeCKHil cOCTaB HATUBHOI'O MUCKaHTyca 0e3 o0paboTku n [TAO muc-
KaHTyca MPEeICTaBJICHBI B TAOJHIIE, METOANKA ONPECNICHUS XUMHUYECKOTO CO-
cTaBa ChIpbs coracHo [O0onenckas, Enpaunkas, JleonoBud, 1999].

Taoauna
XUMUYECKHI COCTaB CBIPbs
Maccoas nost, %
Coipré HCILTIONOSbI [IEHTO3aHOB JINTHUHA 30JIbL KBD
o Kropmaepy
Muckantyc 50,16 21,16 19,46 1,63 0,48
ITAO muckanTyca 93,72 6,01 2,17 1,00 0,15

Ipumeuanne: KB — xupoBockoBast Gppakiust

W3 maHHBIX TaOJIAIIBI MOYKHO CIIENATh BBIBOJI, UTO a30THOKHCIAs 00paboT-
Ka OKa3aJiach BecbMa d(QEeKTHBHOHN T MUCKaHTYyCa THTaHTCKOTO, OHA TI03BO-
JIUJIa TIOBBICUTH COJICPXKAHUE IEIUTION03bI B 1,9 pa3, a Takke CHU3HUTH COJIep-
YKaHWe TICHTO3aHOB B 3,5 pas, M CHU3UTH COJIepKaHUeE JINTHUHA B 9 pa3.

DepMEHTATUBHBIA TUAPOIN3 HaTHUBHOro Mmuckanryca u IIAO wu3 Hero
MIPOBOIMIIM [IPH TOMOIIK KOMMEPYECKUX (DepPMEHTATHBHBIX IPEIAPaTOB «YIIb-
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tpaduio-Kope» n «llemmoJlrokc-A» cormacHo [Properties and hydrolysis ... ,
2022], HavanpHas KOHIEHTpanwus cyocTpara cocraBuia 30 1/1. KoHneHTparus
peayuupyromux Bemiects (PB) mocne 72 4 ruaponn3a HATUBHOTO MUCKaHTycCa
cocraBmia 0,6 /1, kornenTpanus PB mocne ruapommsa [TAO u3 MuckaHTyca
coctaBmia 20,3 r/m, Takum 00pa3oM Beixo PB 1t HATHBHOTO MUCKaHTyca CO-
craBun 1,8 %, a g I[TAO — 61,5 %. A3otHokucnas 06paboTka mo3BOJMIA MO-
BBICUTh PEAKIIMOHHYIO CIIOCOOHOCTh K (EepMEHTATHUBHOMY THIPOJIH3Y B
34 pa3za, 9To BBIaromuiics pesynsrat. Cormacuo [Fuel ethanol production ... ,
2016] npemobpadoTka cunraetcs d(PPEKTHBHOM, €CIIU yIAeTCsl MOBBICUTH pe-
AKIMOHHYIO CTIOCOOHOCTH K (pepMEHTATUBHOMY THAPOIU3Y B 5—7 pas.

BrocunTes 6akTepnaNsHON HAHOIEIUTIONO3EI MPOBOAMIN Ha cpexe dep-
MEHTaTHBHOTO THIPOJIN3aTa MOIYyYCHHOTO Ha ocHOBe [TAO U3 MHCKaHTYyca Co-
rinacHo [Scale-up of biosynthesis ... , 2021] npu nomMomu CUMOMOTHYECKON
KyTypbl Medusomyces gisevii Sa-12, KOHTPOJIEM MOCITy KUl MONTYCHHTETHIC-
CKasl MUTaTeIbHasl Cpeia, IPOJOIDKUTEILHOCTh OHOoCcHHTe3a cocTaBmia 10 cyT.

Brixon OakTepranibHOW HAHOLECIUTIOIO3bI Ha MHUTATEIbHOM cpene u3 [TAO
coctaBun 11,7 %, crenensp monumepusanuu OaKTepUaIbHONH HAaHOIIEIUIIOIO3BI
Ha cpene [TAO — 1810; Ha MoTyCHHTETMYECKOM TIUTATEIbHOM CpeJie BHIXO/1 COCTa-
B 11,8 %, cTereHs monmmMepr3armi OaKTepHaTbHON HaHOIEITIONI036I — 3000.

TakuM 00pa3oM, yCTAHOBIICHO, YTO BBIXOJ OaKTEpUALHON HAHOIICIUTIO-
JIO3BI, TOMYYEHHOH W3 TPOIYKTa A30THOKHUCIOW 00pabOTKM MHCKAaHTyca TH-
TaHTCKOT'O WACHTHYCH BBIXOIY OaKTepHaJbHOM HAHOLCILTFOIO3bI HA CHHTCTH-
YEeCKOI MHUTATEeIBHOM Cpelie, YTO TOKA3bIBACT MEPCICKTHBHOCTH HCIIOIB30Ba-
HUS aTbTEPHATHBHOTO LEJUTIOI030COICPKAIIETO ChIPhsS ISl TOTYyUYeHHs OaKTe-
pHAaTBHON HAHOIIEIITIOIO3HI.

Paboma evinoanena 3a cuem epanma Poccuiickoeo nayunozo gomnoa
MNe 22-13-00107, https://rscf.ru/project/22-13-00107/ npu ucnonvsosanuu 06o-
pyoosanus Buiickoeo pecuonanbnoeo yenmpa koanekmueno2o nonwvsosaus CO
PAH (UIIXDOT CO PAH, 2. Buiick).
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BECHHBI M LIEJITION03BI : yueO. nocodue. M. : Dxonorus, 1991. 319 c.

Bacterial nanocellulose: engineering, production, and applications / R. Reshmy [et al.] // Bio-
engineered. 2021. Vol. 12, N 2. P. 11463-11483. DOI: 10.1080/21655979.2021.2009753

Fuel ethanol production from lignocellulosic biomass: an overview on feedstocks and techno-
logical approaches / H. Zabed, J. N. Sahu, A. N. Boyce, G. Faruq // Renewable & Sustainable Energy
Reviews. 2016. Vol. 66. P. 751-774. DOL: 10.1016/j.rser.2016.08.038

Properties and hydrolysis behavior of celluloses of different origin/ E.I. Kashcheyeva,
Yu. A. Gismatulina, G.F.Mironova [et al.]// Polymers. 2022. Vol.14. Art. 3899. DOI:
10.3390/polym14183899

Scale-up of biosynthesis process of bacterial nanocellulose / N. A. Shavyrkina, V. V. Budaeva,
E. A. Skiba [et al.] // Polymers. 2021. Vol. 13, N 12. Art. 1920. DOI: 10.3390/polym13121920

Self-standardization of quality of bacterial cellulose produced by Medusomyces gisevii in nu-
trient media derived from Miscanthus biomass / E. A. Skiba, E. K. Gladysheva, D. S. Golubev [et
al.] // Carbohydrate Polymers. 2021. Vol. 252. Art. 117178. DOI: 10.1016/j.carbpol.2020.117178
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ATPOBMOTEXHOJIOT MYECKU MOTEHIIAAJ
SHJAOJIUTHOT'O IITAMMA NOCARDIA MANGYAENSIS NH1

T. M. UsoiisioBa, E. H. JlexanoBa, A. A. EaucrparoBa, T. B. lllupmukosa,
JI. E. MaTpocoBa, M. P. llapunosa, U. B. Xuusc

Kasanckuit (ITpuBomkckuit) henepaibHblii yHUBEPCUTET
Kaszanb, Tatyana.Ivoylova@outlook.com

ITo nanubiM [IpogOBOILCTBEHHOM U CEIBCKOX03IHCTBEHHON OpraHU3alluu
OOH, Ha 2020 r. B Poccun merpaaupoBano 2,2 MIIH KM 3eMeflb, 9TO COCTaBJIs-
et okouo 13 % ot oOmieit rromanu cTpasbl. MeTOAbl YCTOHYUBOTO CEIBCKOTO
X034HCTBa ¥ OMOJIOTH3AIINY SBIAIOTCS Hanbosee MepPCIeKTUBHBIMU IS pellie-
HUS TPOoOIEeMBI AeTpaaaniy nouB. Mcmons3oBanne GakTepHanbHBIX yI00peHUH
1 OMOTICCTUIMIOB TPE/ICTABISCT COOOH IKOJOTHUYSCKH YCTOWYHUBBIA TIOAXOM K
CEIIbCKOMY XO3SIMCTBY, KOTOPBIH MOXKET CYIIECTBEHHO YIIyYIIUTh KayecTBO
MOYBHI M pocT pacTenuil [[lonoxxerne nen B obmacty ... , 2018].

Vcionb3oBaHne SHAONATHBIX OaKTEepHil IS TIOBBIIICHHUS KauecTBa Jerpa-
JUPOBAHHBIX TTOYB MMEET PSJ] MPEUMYIIECTB. DHIOIUTHBIC OaKTEpPHUU MPHUCIIO-
COOJICHBI K OKCTPEMAaJbHBIM YCIOBHSIM, CIIOCOOCTBYIOT BBIIICIAYMBAHUIO U
PacTBOPEHNIO MHUHEPAJIOB, BEICBOOOKAas HEOOXOIMMbIE MUKPO- M MaKpodJIe-
MEHTHI, JieTIast UX JOCTYITHBIMH JIJIsl PACTEHHH, a TakKe CIIOCOOCTBYIOT 00pazo-
BaHHIO TIOYBEHHOI CTPYKTYPBI, YIy4Illas adpaliio U BIarOeMKOCTb. DHIOIUT-
HblE MUKPOOPTaHHU3MBbI JUISl MOJyYEHUs] HEOOXOJAMMBIX BELIECTB U3 OKPYKaro-
mel cpeabl MPOAYIHMPYIOT pa3HOOOpa3HBIe BTOPUYHBIC SKCTPAKICTOYHBIE Me-
TabosuThl (cuaepodopsl, OMocyppaKkTaHThI, (PUTOTOPMOHBI, MOJUIICHTHIB U
JIp.), KOTOpbIe BO3MOXKHO IPUMEHSTH B CEJIBCKOM XO3SIMCTBE UISl YJIyUIICHUS
MHHEPAJIbHOTO MHUTAHUSI PACTCHUM, 3alUTHl OT (UTOMATOICHOB U JPYTHX He-
0JIarONPHUATHBIX (PaKTOPOB.

Takum oOpa3zom, IeNb NTAaHHOW PabOTHI - OIEHKA arpoOHOTEXHOJIOTHYC-
ckoro nmoTeHnuana mramma N. mangyaensis NH1. Panee namu Oblia mokasaHa
crocobHocTs mramMa N. mangyaensis NHI npoayrmpoBats cuaepodopsl,
omocypdakrantel u QuroropMoHsl. MetabomuTel mramma NHI oOmamamm
(YHTHIUIHON aKTUBHOCTBIO B OTHOIICHHU (PUTOMATOTCHHBIX MHUKPOMHIICTOB
(Fusarium oxisporum PR 57, Rhizoctonia solani MFP 936011, Alternaria sp. u
Colletotrichum coccodes MF 16-014), Bei3biBaromux 3abocBanust KapToheis
u meHuIp! [Genomic insights and ... , 2024].

B nacrosiimeit paboTe POBOAMIN MPEANIOCEBHYI0 00paOOTKY CEeMsIH Msr-
KO sipoBOi mmieHunsl Triticum aestivum L. copra DKAJIA 282 mrramMmmoMm
N. mangyaensis NH1 (5,6:108+2,01-108 KOE/m1) 1 J0CTOBEpHO MOKa3alu yBe-
JIMYCHHE JUTHHBI M CYXOT'0 Beca IMPOPOCTKOB IIICHUIIBI.

Jtst co3nanmst Guomnpenapara Ha ocHoBe mrramma N. mangyaensis NH1 ¢
IeTbI0 00pPa0OTKH CEeMSIH pacTeHHH HEOOXO0MMO ONTHMHU3HPOBATEH CIIOCO0 €ro
xpaHeHus. (s 9ToH 3aaud ONTHMHU3UPOBAIH YCIOBHS JUTHTEIFHOTO XpaHe-
Hust mramma. Ilokasamm, uro mramm NHI coxpaHseT >XHU3HECOCOOHOCTb
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cBbIme 12 mMec. B (popMe CYCTICH3MH M Ha CKOIICHHON arapu3oBaHHOHN cpelne
pu Temnepatype +4 °C.

st nanpHelinero ucnosip3oBanus mramma N. mangyaensis NH1 B kade-
cTBe OuomnpenapaTa HeOOXOAUMO OIIEHUTH ero 0e3BPeTHOCTh (BUPYJICHTHOCTD,
TOKCHYHOCTb W TOKCHUTEHHOCTB). JI1 WcciiemoBaHus BUPYIEHTHOCTH W Oe3-
Bpennoctu mramM N. mangyaensis NH1 BeipaiimBaiu Ha arapu3oBaHHON cpe-
ne Jlypua — bepranu B Teuenue 5 aueii npu 30 °C u roToBUiIM 6akTepHaabHble
cycreHsuu ¢ KoHunentpanuei kierok 1-10°u 1-10'"'KOE/mn. Jlng uccnenosa-
HUSL TOKCMYHOCTH (u3uueckuii pactBop co imrammoM N. mangyaensis NHI
(1-10° KOE/mn) unakTuBHpoBany nporpesanueM npu 100 °C, 1 u. Ilomyuen-
HBIE CYCIICH3HMH BBOJMIN OCIBIM OECIIOPOAHBIM MBIIIAM BHYTPHUOPIOIINHHO H
nepopanbHo. [ n3yueHus: TOKCUI€HHOCTH IITaMM KYJIbTHBUPOBAIU B MUHHU-
ManbHOH cpene M9 mpu 30 °C, 250 06/MuH B TeyeHue 7 cyT. KympTypanbHyro
KHUAKOCTh (DMIBTPOBAIM M BBOJWIM MBIIIAM BHYTPUOpIOMIMHHO. B TeueHue
14 nHEl mociie NHBEKINH 1 IEPOPaATHHOTO BBEJIEHHSI BCE UCCIIEAYEMbIe MBIIIN
OCTaBaJIUCh aKTWBHBIMU, H3MEHECHHUS alIeTUTa, (PU3UOIOTHICCKUX OTPABICHUI
Y U3MCHCHHS MOBEICHYCCKHX PeakiMii He HaOronanock. [loydeHHbIe TaHHBIC
CBHJICTEIIBCTBYIOT O OE30MACHOCTH IIITAMMa U €r0 METaOOIUTOB.

Taxum 06pa3oM, B Xo/1€ TaHHOW pPabOTHI OIEHMIIN arpOOHOTEXHOJIOTHYE-
cKuil moTeHIman »HaoiauTHoro mramma N. mangyaensis NH1, Bxiroyarormuii
IIPENOCEBHYI0 00pabOTKy CeMSH IIIEHHIB], a TaKKe ONTUMHU3UPOBATIU YCIIO-
BHS JUIMTENIFHOTO XPAaHEHUS IITaMMa U TPOBENH TECTHPOBAHHE OE3BPEIHOCTH
mramMma. BHenpenne Ouomnpenapara Ha ocHoBe mmramma N. mangyaensis
NHI1 u ero MeTaboNIUTOB MOXKET 3HAYUTEIHFHO YIYYIIHTh YCTOHYMBOCTD CEIIb-
CKOTrO XO03siicTBa M crocoOcTBoBaTh Ooiiee d(PHEKTUBHOMY HCIOJIB30BAHHIO
IIPUPOIHBIX PECYPCOB.

Paboma evinonnena npu ¢unancosoii noodepoicke (3a cuem cpedcma)
epanma PH® Ne 24-24-00473.

Paboma evinonnena na mexnuyeckotl 6ase npoepamMmbl Cmpamecuieckozo
akademuueckozo auoepcmea «Ipuopumem-2030».

Jlutepatypa

TTonoxxenne nen B obmacTu MpoJOBOILCTBEHHON Oe3omacHocTH u nutanus B Eppone u Ilen-
TpasibHOM A3suu / IIpOJOBOJBCTBEHHAS U CEIBCKOXO35CTBeHHass opraHu3anus OObeIMHEHHBIX
Hauwnii. Bynanemr, 2018.

Genomic insights and anti-phytopathogenic potential of siderophore metabolome of endolithic
Nocardia mangyaensis NH1 / I. V. Khilyas, M. I. Markelova, L. R. Valeeva [et al.] // Scientific Re-
ports. 2024. Vol. 14. 5676
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BACILLUS GINSENGIHUMI B KAYECTBE OCHOBBbI
KOMBUHHUPOBAHHOI'O BUOYAOBPEHUS

J. JI. Utkuna, M. C. /Ipo3noBa

Kazauckuit (ITpuBomkckuit) peaepanbHblil yHUBEPCUTET
Kazanp, Laia9301@mail.ru

duTonaToreHHbIe TPUOBI OTPUIATENHLHO BIMSIOT HA TOJIEBBIE KYJIbTYPHI U
MIPEACTABIIAIOT CEPHE3HYIO YTPO3Y CEIbCKOMY X035HcTBY. OHHM HE TOJIBKO CHU-
KAIOT YPOKAWHOCTB CENIbCKOXO3IHCTBEHHBIX KYJIBTYP, HO M YXY[AIIAIOT UX Ka-
YECTBO M HAHOCAT Pa3pyIIUTENIBHBIN yIIepO moceBaM, YTo IPUBOJUT K BHYILIH-
TEJIbHBIM 3KOHOMHYECKHM IOTepsiM. brosorniyeckuii KOHTpousib (uTomnarore-
HOB C HWCHOJB30BaHWEM pPHU300aKTepHi, CHOCOOCTBYIONINX POCTY PACTCHHUH
(PGPR), sBnsieTcs aKoJoruueckd Oe3omacHO# cTparterneii. bakrepum pojna
Bacillus sBisitorcst Hanbosiee pacpoCTpaHEHHOU IPYINON GakTepuil B IPHPO-
ne. Pa3paboTka 3KOJIOTHYECKH YHCTOTO IOAXO0Aa K Oopr0e ¢ 0oJe3HsIMHU Che-
JTIOOHBIX CETBCKOXO3SHCTBEHHBIX KYJIBTYp OUYEHb BaXKHA JJIS denmoBeka [Preva-
lence of Wheat ..., 2021].

OOBEKTOM HCCNEI0BaHus sBISITCS OakTepuanbHbiii mtamm Bacillus
ginsengihumi M2.11 BeimenerHble U3 mouBsl PecryOnuku TaTapcTran, KOTOPbIi
MPOSIBIIT AHTUMUKPOOHOE IEHCTBHE MO OTHOLICHHIO K MHKPOMHIETAM-
¢uTomaroreHam poxa Fusarium c¢ MakcHManbHbIM HHTHOHPOBAaHHEM pOCTa
munenust Fusarium solani [Utkuna, Cyneiimanosa, [llapumnosa, 2021].

AHTaroHUCTHYECKYI0 aKTHBHOCTb OaKTepHil OLCHWBAJIM B OTHOLICHUH
rpOOB KOPHEBBIX THWJICH MIICHUIBI, BO3OYAWTENSIMH KOTOPOH SIBISIOTCS
MuKpomuIeThl Fusarium solani. B kauectBe MOeNbHOrO pacteHus: ObUia BbI-
Opana [Mimenuia copra 3mara (Triticum aestivum).

st omeHky in ViVO BimsiHus 00paboTku mramMMom B. ginsengihumi na
POCT M aHTAroHM3M NpOTHB (uTomaroreHoB F.solani Ha monensHOM pacre-
HHH — MILIEHUIIBI COpTa 351aTa MpoBoMIach crepmin3anus cemsH. Cemena 00-
paboTaHBI B pacTBOpe THIOXJIOpUTa HATpHs (5 %) Ha 2 MUH C TIOCIEAYIOMINM
norpyxeaneM Ha 30 ¢ B 70 % 3TaHON M IMOCIIEOBATENEHO MHOTOKpATHO (5—
6 pa3) MPOMBITHI CTEPHIIBHON JUCTHIIMPOBAHHOM BOIOH JUIsl y/alICHUsS] XUMHU-
YECKHX BEIIECTB C MOBEPXHOCTH ceMsiH. OIBITHYIO OYBY JIBAXK/Ibl YBIAKHSIIH,
U CTEPHIIM30BAIM aBTOKJIABUPOBAHUEM C MHTEpBaiIoM 12 4. UHCThIE MIaCTHKO-
Bble ropiiku (9%15cM) Ha Tpu 4YETBEPTU 3AIOJHEHbI CTEPUIILHON MOYBOH.
Uuokynst rpuba F. solani ¢ kononneobpasyromeii eununneii 1,25-10* KOE/r
J00ABIISUIN B TOPIIKH U THIATEIBHO HepeMelnBaii. VIHOKYIMpOBaHHbIE TOPILI-
K1 MHKyOHpoBanu B Teuenue 10 qHeil Ui pa3BUTHS U 3aKpEIUICHUs] IPHOKOBO-
r0 MHOKYJISITa B TOPIIKAX C AKCIepUMeHTanbHOW mo4yBoil [Rudresh, Shivapra-
kash, Prasa, 2005]. O6paboTka ceMsiH OakTepusiMH MIPOBEACHA TyTEM CYCIICH-
nupoBaHus Ha 30 MHH B COOTBETCTBUH ¢ MeToaukou [Singh, Satyanarayana,
2010]. KontpoubsHble 00pasiipbl, 3apakeHnbie F. solani —30 cemstn. KoHTpoib-
Hble 00pasibl, oOpaboTanHbie Tonbko B. ginsengihumi — 30 cemsin. OnbITHBIC
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00pasipl, obpaboranHbie mrammoMm B. ginsengihumi nporus ¢uromatorenos
F. solani-30 cemsin.

Ormenka 3aboneBaeMOCTU U pocTa pacTeHuil. Bexoxects (%) peructpu-
poBanu uepe3 7 IHEH mocie moceBa. 3a PacTEHUSIMH HaOJIOANN TOSBICHHE
cuMnToMoB Oone3nun uepe3 15, 30 u 45 nueit mocne noceBa (DAS). Yncnosas
OIICHKa OOJIC3HH MPHCBOCHA CleXyroummM odpazom: 0 — 3M0pOBBIC CESHIIBI, 1-
KOPUYHEBBIC MMOPAKCHHS B 00JaCTH MICHKU/KOPHS; 2 — TOPaXCHHbBIC CTCONMH U
JIMCThA; 3-3a/1epKKa pocTa; 4-MEepTBbIE PACTEHUS C TOJTHOCTHIO 3aCOXIIUMHU
mucthsiMu. CpeHnN TokaszaTens 3aboneBaemocTr (MDR) u mporieHT 3abodie-
BaemocTH (PDI) mpopocmux pacTeHuid pacCUUTHIBAIH B COOTBETCTBHH C (Hop-
MyJoi mo metonuke S. Kumar et al. (2009).

MDR=[@a*0)+(b*1)+(c*2)+(d*3)+(e*4)]/(a+b+c+d+e),

rae a, b, ¢, d u e — komuuectBoO pacrenuii ¢ peiirunrom Gomnesnu 0, 1, 2, 3 u
4 COOTBETCTBEHHO.
PDI=MDR - 100 %.

OreHuBaN BCX0XecTh (%) ceMsH Ha 7-if IeHb Ioce MoceBa: KOHTPOIIb-
Hble 00pasisl, 3apaxenHbie F. solani umenn BexoxecTs 60 %; KOHTPOJIbHBIC
obpasiiel, obpaboranHbie Tombko B. ginsengihumi mmenu Bcxoxects 90 %;
OTBITHBIE 00pasiel, 00paboTaHHble mTaMMoM B. ginsengihumi nporus ¢urto-
natore”os F. solani umenu Bcxoxects 76 %;

B xoae uccnenoBaHusi ObUTO BBISIBICHO, YTO KOHTPOJBHBIC 00pasiibl, 3a-
paxennbie F.solani, 6e3 obpaborku mrammom B. ginsengihumi umenu 3a-
nepxkky pocra (Yucnosas otienka 6ose3nu: 3) nub0o 4-MepTBbIE pacTEHHUS C
MOJIHOCTBIO 3aCOXIIUMHU JIUCThsIMU. KOHTpOsbHBIE 00pasibl, 00paboTaHHbIE
Toneko B. ginsengihumi sBisutich 310pOBBIMEH  pacTEHHSIMH, 0€3 MpH3HAKA
YBATaHWS JTHOO TIOBPEXICHHs pacTeHui. OmbITHBIE 00pa3Ipl, 00paboTaHHbIE
wrammoM B. ginsengihumi npotus ¢uronatorenos F. solani 34 % umenn xo-
PHUYHEBBIC TIOPAKEHUSI B OOJIACTH IIEHKU/KOPHS U 66 % ObUIH 3JI0POBBIMH pac-
TEHUSIMHU, YHCIOBas oleHka Ooye3Hu mpucBoeHa | m 0, cooTBeTCcTBeHHO. B
KOHTPOJIbHBIX 00pasiax, 3apakeHHbIX F.solani umenu cpeauuii mokasarensb
3aboneBaemoct (MDR) 3,4 u mponent 3aboneBaemoctu (PDI) 34 %. Kon-
TpoJbHBIC 00pasisl, o6pabotanHbie TONBKO B. ginsengihumi umernu cpemuuit
mokazarens 3abomeBaemoct (MDR) 0,2 m mpomenT 3aboneBaemoctn (PDI)
20 %. OmbiTHBIE 00pa3ibl, 00padoTaHHble mTaMmmoMm B. ginsengihumi mpoTus
¢duromarorenos F. solani umernu cpennuii mokasaresp 3aboneBaemoctd (MDR)
0,54 u mpouenT 3aboneaemoctu (PDI) 54 %.

TakuM 00pa3oMm, B XOJ€ WCCIEIOBAHUS YCTAHOBICHO, YTO IITAMM
B. ginsengihumi Gesomacen st pacTeHHi, a P €ro MCIOJIb30BAaHUU IIPOTHB
F. solani crioco6ceTByer cHuKeHUIO 3a00JIeBaHus (y3apHO3HOM THHIH KOPHEH
U He jaeT moruOHyTh pacternto. [lltamm B. ginsengihumi mpomemoncTprpo-
BaJI cIIOCOOHOCTH MHTHOMPOBaThH pocT F. solani B cucreme in vivo.

Oyuruiuasl 3PGEeKTHBHO GOPIOTCS ¢ KOPHEBBIMU THUJISIMH IIIICHHIIBI,
OJIHAKO HX HEPAIMOHAIBHOE MPHMEHCHHE MPEICTABISCT CEPbE3HYI0 yrpo3y

234



JUT OKpYy Karomiel cpenbl. Hamm pe3ynbTaThl MOKa3bIBAIOT, YTO aHTarOHHUCTHU-
geckre OaKTepHaJIbHBIC IITAMMBI MOTYT OBITh MICAbHBIMH KaHIAUAATAMH IS
OHOKOHTpOJIST (Py3aprO3HOIl KOpHEBOW THWIK. braromapsi cBoeil criocoOHOCTH
MOJIaBJISITh OOJIE3HM OHM MOTYT CTaTh OTIMYHOW 3aMEHOW XMMHUKAaTaM, Halpu-
Mep, (YHTHIIUIAM, KOTOPBIE MMEIOT Cephe3HBIC TMOCIEACTBUS IS 3TOPOBBS
JIFOJICH M DKOCHCTEM M3-3a HX YPE3MEPHOTO HCIIOTb30BAHHS.

HUccnedosanue evinonneno s3a cuem epanma Poccuiickoeo HAY4YHO2O0 ¢OH'

oa (npoexm Ne 23-76-01069).

Jlutepatypa

Wrkuna 1. JI., Cyneitmanosa A. /1., [llapumoBa M. P. Pantoea brenneri AS3 u Bacillus gin-
sengihumi M2.11 kak MOTeHIHMANbHbIE areHThl OHOKOHTPOISI M CTHMYJATOPBI POCTa pacTeHwid //
Muxkpoouonorus. 2021. T. 90, Ne 2. C. 204-214.

Prevalence of Wheat Associated Bacillus spp. and Their Bio-Control Efficacy Against Fusari-
um Root Rot/ S. Mulk, A. Wahab, H. Yasmin [et al.] / Front Microbiol. 2021. Vol. 12. Art. 798619.
DOI: 10.3389/fmicb.2021.798619.

Rudresh D. L., Shivaprakash M. K., Prasad R. D. Tricalcium phosphate solubilizing abilities of
Trichoderma spp. in relation to P uptake and growth and yield parameters of chickpea (Cicer ari-
etinum L.) // Canadian Journal of Microbiology. 2005. Vol. 51, N 3. P. 217-222. DOI: 10.1139/w04-127

Singh B., Satyanarayana T. Plant growth promotion by an extracellular HAP-phytase of a
thermophilic moldSporotrichum thermophile // Appl. Biochem. Biotechnol. 2010. Vol. 160. P. 1267—
1276.

BJIUSTHUE BTOPUYHBIX METABOJIUTOB
HA UMMYHHBIN OTBET PACTEHUI CEMEMCTBA FABACEAE
I[PU [IPAUMUPOBAHUU CEMSIH

H. M. Kaiiropoaosa, E. I'. Ko3aps, U. A. Enransiuena,
B. A. Ymaxkos

DenepanbHbIil HAyYHBIH LHEHTP OBOLIEBO/ICTBA
BHUHNCCOK, kaigorodova-i@mail.ru

Pa3paboTka 3()(HEeKTUBHBIX SKOJOTHUECKH YHUCTBIX MPHUEMOB TOBBIIICHUS
MPOAYKTUBHOCTH U CTPECCOYCTONYMBOCTH PACTEHHH ABJISACTCS OAHHM W3 HPH-
OPHUTETHBIX HAIPaBJICHUH, MPELyCMOTPEHHBIX rocynapcTBeHHoi Crparerneit
Hay4YHO-TEXHOJIOTHYECKOoro pa3Butust Poccuiickoit ®eneparmu (ot 28 depains
2024 r. Ne 145), pa3paboraHHO# A1 Tepexofa K BBICOKOIPOTYKTHBHOMY H
HKOJIOTHYECKH YHCTOMY arpoXO03siCTBY, OMCKY ¥ BHEAPECHHUIO CHCTEM PaIHo-
HaJIbHOT'O MPUMEHEHHsI CPEJCTB XUMHUIECKOH U OMOJIOTHYECKOH 3alUThI Cellb-
CKOXO3SIHCTBEHHBIX PACTCHUII U CO3MaHHUIO OE30MACHBIX M KAaYECTBEHHBIX IIPO-
JTYKTOB NMUTAaHUA. Takue CHCTEMBI BKIIFOUAIOT MCIOJIH30BAHUE MPUPOIHBIX Be-
IIECTB, KOTOPbIE MTPU3HAHBI OE3BPEIHBIMY JUIS YEIOBEKA U KUBOTHBIX U OBICT-
PO pasiararoTcs B IIOYBE.

BropuuHble METa0ONMNUTHl BBICIINX PACTEHHH OTHOCATCA K HPUPOTHBIM
BEIIECTBAM C BBICOKOH OMOJIOTMYECKON aKTHBHOCTBIO WX MOXHO PaccMaTpH-

235



BaTh KaK YPE3BBIYAWHO MEPCIICKTUBHbIC IPUPOIHBIC JIEKapPCTBEHHBIE CPEICTBA,
IIPOSIBIISIONIHE BBICOKYIO 3((EKTHBHOCTD B MOAABIISIONIEM OOJIBIIHHCTBE MO-
Jienell TsKeNbIX MaToJIO0ruil pacTeHuil, >KUBOTHBIX U uenoBeka. lllupoxo usyua-
eTcs BaKHAs (PU3HOJIOTHUECKAs POJIb STUX COSTUHEHUH B MpoIeccax KU3Hee-
SATEILHOCTH PAaCTEHUH, B TOM Yucie U B marocucremax. [lokasaHo agantuBHOE
3Ha4YEHHE ITUX COCANHEHHUH B 3aIIUTE PACTEHHH OT PUTO(AroB B Ka4eCTBE aH-
TU(QUIAAHTOB, PENEIICHTOB U JIa)K€ MHCEKTHIUJIOB, OT MUKPOOHON MH(pEKINH —
(uTOATEKCHHOB, aHTHONOTHKOB JIH (DUTOHITHJIOB, OT HEOIATONIPHUATHBIX aOHo-
THUYECKHUX YCIIOBHI — aHTHOKCHJIAaHTOB, [UISl TIPUBJICUCHUS OIBLIMTENCH U pac-
MIPOCTpaHUTENEN CEMSH — aTTPaKTaHTOB U T. . [bammposa, 2003]

B pesynbraTre MHOTOJNETHHX HMCCIEOBAHUN OMOJIOTMYECKON aKTHMBHOCTH
BTOPUYHBIX METa0OIMTOB BBICIINX PacTEHUH (CTEPOHIHBIC TIIMKO3UIBI, (hIaBo-
HOW/IBI, UPHUIOHIbI, CAlIOHUHBI, UPHOUJHBIE M (ypOCTaHOJIOBBIEC TIIMKO3HUIBI U
Jp.), BBIEJNIEHHBIX B MHIUBHUIYalbHOM WIM CyMMapHOM B BHJE U3 MPEICTaBU-
TeNel pa3MYHBIX CEMEWCTB, yNANIOCh yCTAaHOBHTH, YTO OHH MPEACTABISAIOT
Gonbroif nHTEpec. JleficTBUE 3TUX COEIUHEHMH, B MEPBYIO OYEpEb, HAIIPAB-
JICHO Ha aKTHBAIMIO MOJICKYSIPHO-OMOIOTHUECKUX M (DM3HOJIOTUUCCKUX CH-
CTeM, HHTEHCU(PHUKAINIO 00IIEro U TOPMOHATBLHOTO 0OMEHa pacTeHuid, obecre-
YMBAIOIINX 3aIIUTy OT MATOT€HOB W HEONATOMPHATHBIX BO3ACHCTBHN aOHOTH-
YeCKOI MPHUPOJEI, ITyTeM 00pa30BaHMs SHIAOTCHHBIX BEIIECTB Pa3IMYHON MpH-
poabl. Mx ucnonbp30BaHKUE MEPCIEKTUBHO U C YKOHOMUYECKON TOUKHU 3PEHHS U3-
32 OTHOCHTEIBHOM JOCTYHMHOCTH CBIPbS M NMPOCTOTHI MOJMydeHUs [Perymsius
YCTOHYHMBOCTH ... , 2004; DddextuBHOCTS AeiicTBusA ... , 2020; CKpUHUHT
Ouonormyeckoii ... , 2021; HoBbie 6uoperymnsaropsi ... , 2014].

OBomuinele 6000BBIE KyJIBTYPBI, Kak U JAPYTHe CEIbCKOXO3AHCTBEHHBIE
KYJIBTYPBI, TIOABEPKCHBI BIMSHHUIO PA3IHYHBIX CTPECCOB, TAKMMHU Kak HeOJa-
TOTIPUATHBIE YCIOBUS Cpe/bl M MOpakeHne OosiesHsMu. M3 nanbonee pacrpo-
CTPaHEHHBIX W BPEJOHOCHBIX 3a00JICBaHUI B PErHOHE Ha IOCEBAaX Iopoxa
OBOIL[HOTO M 0O0OB OBOIIHBIX OTMEYEHBI Takue 3aboJieBaHus Kak (y3apuo3
(Fusarium spp. Link), ackoxurto3 (Ascochyta pinodes Jones u Ascochyta pisi
Libert.), aurpakuo3 (Colletotrichum pisi Pat.) u pxxauuna (Uromyces pisi
Schroet). 3HaunTeNLHOE PACIPOCTPAHEHUE AHTPAKHO3a U PIKABUMHBI OTMEYa-
€TCs TOJIBKO B OTJICJIBHBIC TO/BI MPH BO3HUKHOBEHUH OJIATONPHATHBIX IS Ta-
TOTECHOB YCIIOBHH, TOT/1a KAK aCKOXHUTO3 U (Dy3aprno3 BCTpedaroTcs exeroaHo. B
GnaronpusTHBIE TOJbI JUTs passutusi Botrytis fabae Sard. ormeuaercs snndu-
TOTHIHHOE PACIPOCTPAHEHUE ILOKOJAJHOH MATHUCTOCTH Ha 000ax OBOIIHBIX.
Pesxxe Ha moceBax GOOOBBIX KyIBTYp BCTPEUAIOTCS CHMIITOMBI OpaXeHUs Oe-
Joi THWIBIO. Ha moceBax (acosm OBONTHOW KpoMe TPUOHBIX OOJIe3HEH exe-
TOZIHO OTMEYaeTcs paclpoCTpaHEHHE BUPO30B (OOBIKHOBEHHAs MO3aHMKa —
BOM®, u xentast mo3anka — BJXM®) u Gakrepruo3oB (Oypast OakTepuaibHas
mTHACTOCTE — Xanthomonas phaseoli E. F. Sm. Dowson u yriioaras 6akre-
puanbHas nsTHECTOCTH — Pseudomonas syringae pv. phaseolicola Pph.). B cBs-
3M C 9THUM IIEJIbI0 HAIINX MCCIEAOBAaHUIN ObUIO M3ydeHHE BIMSHUS CIIeKTpa (u-
TOTIPETIapaTOB Ha OCHOBE BTOPHYHBIX META0OIUTOB HEKOTOPHIX BHIOB pacTe-
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HUHM Ha TPOJYKTUBHOCTH M YCTOWYMBOCTH K OOJIE3HSAM PACTCHUH Pa3THIHBIX
COPTOB OOOOBBIX OBOIIHBIX KYJIBTYP B PaMKaxX MEKIYHAPOIHOTO COTPYIHUYC-
cTBa ¢ MHCTUTYTOM reHeTHKH, (PU3HOJIOTHUH U 3alMThl pacTeHuil PecryOiikn
Monnosa. UccnenoBanus nposoawnu Ha 6aze ®I'BHY ®HIIO B 2019-2023 rr.
B paboty OpuTH BKIIOYECHBI (PUTOTIpErapaThl HA OCHOBE OMOJIOTMYECKH aKTHB-
HBIX COCIWHCHUH, BBIJICICHHBIX U3 13 BUIIOB IIECTH CEMEHCTB BBICIIMX pacTe-
HUH, Pa3IM4YHOM MPHUPOIBLl U XMMUYECKOIO cocTaBa. MarepualloM uccienoBa-
HUH OBUTM COpTa TOpPOXa OBOITHOTO, (hacoM OBOIIHOW W OOOOB OBOIIHBIX Ce-
nekrm @I'BHY ®HITO. B pesynbrare cepuu 1a00paTOPHBIX OIBITOB ObLIa TO-
nobpana ontiMaibHas koHueHTparys (0,01 %) mist 00paboTKU ceMsH Teper mo-
CEBOM METOJIOM CMAUHBAaHHS C MOCIISIYIOIIM MTOACYIIHBAaHIEM (KOHTPOJIb — BOAA).

MHorre uCTBITaHHBIE (DUTOTPETapaThl, OKa3blBas MMMYHOMOIYIHPYIO-
mee W POCTOCTHMYIHpYIOIIee IeHCTBHE, CIIOCOOCTBOBANM ITOBBIIICHHUIO
YCTOMYMBOCTH PACTEHUI B MOJIEBBIX YCIOBHUAX K PAcIpOCTPAHEHHBIM B Peru-
oHe Ha 0000BBIX KynbTypax Oone3HsaM. OIHAKO pa3HbIe KyJIbTYphI H COpTa Xa-
PaKTEePH30BAINCH CIEIM(UIHON peakIeld M OT3BIBYMBOCTHIO Ha JeiCTBHE
Pa3IMYHBIX TpernapaToB. [10 MHOTOIETHUM JaHHBIM M3 BCEX M3YYCHHBIX (PUTO-
IpenapaToB HanOoyiee cTaOUIbHBIC MONIOKUTEIbHBIC PE3yNIbTaThl U HaHMEHee
BBIPOKEHHOW BHIO- M COPTOCHECIU(HIHOCTBIO NEHCTBUS OTIMYMINCH (HUTO-
npenapaTtbl MoOJICTAM Ha OCHOBE (PypacTaHOJIOBOTO TIIMKO3HA KaIlCHKO3HIA
u3 cemsH Capsicum annum u Bepbacko3ua, comepkaiinii cMeCb HPHIOHIOB U
(GraBOHOMIOB, BBIZIENIEHHBIX U3 pacTenuii Verbascum densifforum.

O06paboTka ceMsH TUMH (UTONpernapaTaMyi IPHUBOAMIA K ITOBBIIICHHUIO
MMMYHHOTO CTaTyca IOJ BIHSHUECM ITHUX (DUTONPENapaToB, YTO MPUBOIUIO K
CYILIECTBEHHOMY CHIDKCHUIO CTEINEeHU pa3BUTUs Ooine3Hell. Ha ropoxe oBouml-
HOM: Qy3apuo3a — Ha 615 %, anTpakHosa — 41-98 %, ackoxuroza — 17-83 %;
Ha (acomm oBomrHOI: (y3apuoza 27-100 %, Bupo3oB — 23—60 %, Gaxrepuo-
30B — 5-95 %; Ha 600ax OBOIIHBIX: IMPOTHUB ACKOXHTO3a M aHTPAKHO3a — OoJiee
20 %, Bupo3oB — 850 %, mokoIaaHON NATHUCTOCTH — 110 44 %. DTO TO3BO-
JIUJIO pacTEHHUSM ropoxXa OBOIIHOTO c(hOpMHPOBATH MPOTYKTHBHOCTH 3€JICHOTO
ropollKa Bellle KOHTponst Ha 12-22 % y copra Kopcap u na 12 % y copra ba-
PHH; (acoiu OBOIIHON — 3eJICHBIX 0000B (JIOMATKa) BBIIIE KOHTPOJS Ha 8 % y
coprta Jluka u Ha 32-49 % y copra Cubemoinb; 6000B OBOIIHBIX — MPOAYKTHB-
HOCTh CEMSH OBLTa BBIIIe KOHTpOIs Ha 76-94 % y copra Benena u Ha 51-85 %
y copra benopycckue, mpu 3TOM BBIXOJ HECTaHAAPTHBIX CEMSH (ITOBPEKICH-
HBIX OOJE3HAMH, HEBBIMOTHEHHBIX) OblT HAa 20-29 % HUKe KOHTPOJS B 3aBU-
CHMOCTH OT cOpTa ¥ TpHpoAbl Qurompenapata. To ecTh NPHPOIHEIC
OMOperyNIATOPEl MOKHO pPacCMaTpUBAaTh KaK COCTaBHYIO YacTh CHCTEMBI
MPEANOCEBHON IMOATOTOBKU CEMSIH C ICJbI0 IOBBINICHUS YCTOWYMBOCTH H
MIPOTYKTUBHOCTH pacTeHUil cemeiicTBa Fabaceae. 3a cuer ¢puroropMoHaIbHON
AKTUBHOCTH W aKTHUBAIMU 3alIUTHBIX CBOICTB, OHM YCHJIMBAIOT CIIOCOOHOCTH
pPAcTUTEIBHOTO  OpraHW3Ma  IPOTHBOCTOATh  OWOTHYECHM  CTPECCOBBIM
¢baxTopam u 6oee MOIHO Peann30BaTh MPOIYKTUBHBIN MOTEHINAN U TOTYYHTh
OBOIIHYIO MPOTYKINIO 00JIee BEICOKOTO KadyecTBa.
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BJIMAHUE PUBABUPUHA HA MUKPO®JIOPY ITOYBbI,
MMPOPACTAHME CEMSIH U POCT PACTEHUI

K. U. Kuenckas, [I. A. MarpeeBa, C. K. BoopoBHuukuii,
H. A. Byroposa

Poccuiickuit XuMHKO-TeXHONOTHYeCKUH yHUBepcuTeT uM. [{. 1. MenneneeBa
Mockga, kienskaia.k.i@muctr.ru

ITonck HOBBIX (P(EKTHBHBIX IPENapaToB sl CEIbCKOro XO3sIHCTBA
MIpeCTaBIACT cOO0H aKTyalbHYIO 3a7aqy, IOCKOIBKY, KaK M B CIydae JICUCHHS
KMBBIX OPraHM3MOB, HAONIOJAETCs MPUBBIKAHWE OAKTEPHHl M BUPYCOB K yXKe
N3BECTHBIM JICKAPCTBEHHBIM CpecTBaM. PellleHre JaHHOI 3a/1aul MOXKET ocy-
LIECTBJIATBHCS MO JABYM HAINPaBJICHHUSM — CHHTE3 HOBBIX A(P()EKTHBHBIX COEIH-
HEHUI U paclMpeHue BO3MOXKHOCTEH YK€ M3BECTHBIX IpenaparoB. Bropoi
IyTh B HEKOTOPBIX CIIydasX MOXKET ObITh Oojiee MpPOIYKTHBHBIM, IOCKOJIBKY
MOYKHO COKOHOMHTH BpEMsl Ha PAa3JIMYHBIX MCIBITAHUSAX HOBBIX BemiecTs [CTH-
MYJIHpYIOIHe pocT ... , 2015]. B wacTHOCTH, OBUIO YCTaHOBIICHO, YTO MIMPOKO
N3BECTHBIN NPOTUBOBUPYCHBIN Npenapar puOaBUpUH MPOSBISET U aHTHOAKTE-
pHAIBHYIO aKTHBHOCTH MO OTHOIICHUIO K Psiy OaKkTepui, a Taxxke apdexTrBeH
B OOpb0E C HEKOTOPHIMU I'PHOKOBBIME 3a00JICBAHUSIMH. Pl MOOKUTEIBHBIX
pe3yIaBTATOB OBUT MOJTYYEH U MPH UCTIOJIB30BAHNN pHOAaBUPHHA B CEITBCKOM XO-
3siiictBe [HukoHoBuy, beprosuna, Cxopuna, 2011].

B panee mpoBeieHHBIX HCCIIEIOBAHUSX OBUIO YCTAHOBJICHO, YTO TEPHO-
audeckuii moaue (aconu obbikHOBeHHOM (Phaseolus vulgaris) pacteopom pu-
0aBHpHHA CTUMYJIHPOBAI BCXOXKECTh CEMSH M MATBHEUIINI POCT TPOPOCTKOB
[He-anTHOMOTHKM Ha OcHOBe ... , 2023]. [lodTOMY TpENCTAaBIAIO HHTEPEC
M3Y4YHTh BIMsSHHE pruOaBHpHHA Ha MHUKpoQuIopy mouBbl. J{ist 3TOM 1enn Oblia
npuroTtoBieHa 10 % -as BomHas cycmeH3Hs MOYBBL. B ombITHBIN 0oOpaserr mo-
6aBieH pubaBupuH B Kommdectse 0,5 %. OOpa3isl HHKyOHPOBAIH TIPH TEMIIe-
parype 22 °C B cTallMOHapHBIX YCIOBUX (0€3 MepeMEIINBaHUS U adpalli),
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MOJICITHPYS TEM CaMbIM YCJIOBHUS OJIM3KHE K €CTECTBEHHBIM YCIOBHSIM B TIPH-
poxne. Uepes onpenernenHoe Bpems (1 Henmens, 4 Hemenu u 8 Helellb MHKyOa-
uK) B 00pasiax onpeAeIin o0lee KOIUIECTBO OaKTepHaIbHOW MHUKPOHIO-
PBI pacceBOM 00pa3loB Ha IUIOTHOM MHTAaTeNbHOW cpexe L-arap mo mertomy
Koxa.

Taoauna 1
Brustane pubaBupuna Ha Co/iepKaHie MUKPOOPTaHU3MOB B IOYBEHHOM CYCIICH3UH.

Oomee koauuecTBo Oakrepuil B cycnensun, KOE/mn
O06pa3ist
uepes | Hen. uepes 4 HeL. yepes 8 Hel.
KonTpons 2,0£0,32-10° 3,5+0,12-10° <10°
OnbIT 6,9+0,29-10° 1,0+0,41-107 1,5+0,33-107

Kak moka3anu nccieoBaHus, B OMBITHEIX 00pasnax ¢ pubaBUpHHOM, TIO-
MHMO YBEJMUCHUS OOIIETr0 KOJIWYECTBA OaKTEpUH OTMEYanoch M M3MEHEHHE
coCTaBa JJOMHHHUPYIOIIMX MOP(OTHIIOB 110 CPABHEHHUIO ¢ KOHTposieM. M3BecT-
HO, 4TO MHOTHE BUJbI TOYBCHHBIX OaKTEpHil CHHTE3UPYIOT BEIIECTBA, OKAa3bI-
BAIOIIHE MOJIOKHUTEIBHOE BINSHNE HA IPOPACTAHHUE, BCXOKECTh CEMSIH, KOpHE-
obpaszoBanue, poct u nutanue pacrenuii (PGPR — Plant Growth Promoting
Rhizobacteria) [Van Loon, 2007]. Y3 ombITHOr0 00pasiia MOYBEHHON CyCIICH-
3un ¢ puOaBUPUHOM OBUIM BBIACICHBI 4 TOMHHHUPYIOUIMX MopdoTuma Oakre-
puii, OTIIMYAIONINXCSA 110 KyJIbTypaldbHBIM IIPU3HAKAM KOJOHHH M TPEICTaBIIsA-
1ompe co0oi pasHble O pa3MepaM I'paMOTpUIATebHbIC Majlodku. bbuia mc-
CJIe/I0BaHa CIIOCOOHOCTH BBIJCICHHBIX BUIOB IIOYBEHHBIX OAKTEPUH OKa3bIBaTh
MOJIOKHUTENTFHOE BIUSHAE Ha IIPOPACTAHUE CEMSH U MOCIEAYIOIINI POCT CMECH
pacTeHuii (copro, MIICHMIA, SIMMEHb, BHKa, IPOCO, OBeC U poxb). C 3TOH Ie-
JIBIO BBIICJICHHBIC OAKTEpHM BBIPACTHIIM HA JKMJKON MHUTATEIBHOM cpene u 3a-
TeM, TIOy4eHHOH CycrneH3ne, pa3BeaeHHoi B 10 pa3, oOpabaTeIBamy ceMeHa.
O06Hapy)eHO, 4TO BO BCeX 00pas3iax 0TMEYalioch MOBBIICHUE 00IIEero mpopac-
TaHua cMmecu ceMsiH Ha 15-20 % mo cpaBHeHHIO ¢ KOHTpoiaeM. IIpu sTom
HauOoJblIee CTUMYIHpYIOlIee AeHCTBUE paboune pacTBOPHI MOYBEHHBIX Oak-
Tepuil OKa3ajaM Ha CEMEHa MIISHUIBI M BUKH. [Ipopocuire ceMeHa MIIeHUIIbI
ObUTH TTOCa’KeHBI B MOYBY, W uepe3 14 nHel BbIpalluBaHHUsA ObUT ONpeEJeNeH
o0muii Bec pacteHwuii (Tabd. 2).

Ta6auna 2

Binsnune paboyero pacTsopa CycIeH3UM MOUBEHHBIX OakTepuil Ha obliee popacTaHue ce-
MSH CMECH TPaB M POCT CEMSIH MILIEHHULIBL.

O06pa3ist
Tokasaten / KoHTPOITH 06pa3eri 06pa3eri O6pa3€L\I' O6pa3euv
Kourtponb 1 | Gakrepmii Gakrepuit Oakrtepuii | Oaxtepwmit
Ne 1 Ne 2 Ne 3 Ne 4
Obumee npopacraie 683 8542 7944 78+3 7945

cMecH ceMsiH, %

OOwmii Bec pacTeHuii
(xopHeBast cucreMa + 0,6375 0,7585 0,6569 0,6528 0,6425
Ha3eMHasl 4acTh), T
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bei10 00HApY’KEHO, YTO B YCIOBHUSIX KCIIEPUMEHTA IIPU MOJIHMBE POCTKOB
IIICHUIIBI paboYnM pacTBOpoM OakTepuanbHOU cycreHsun Ne 1 ¢ mHTEpBaNoM
1 pa3 B HEZENIO OTMEYAIOCh YBEJIMUeHUE O0Iel Macchl pacTeHUH (KOpHEBOH
CHCTEMBI I HA3eMHOM 4acTH) MIIeHUIs! Ha 19 %.

Takum 00pazoM, B pe3yibTaTe HCCIEIOBAaHWH OBIIO YCTaHOBIICHO, YTO
pHOaBUPUH TIOJOXKUTENBEHO BJIMSAET Ha MHMKPO(IIOPY IIOYBBI, YBEIMUYHMBAsS €€
KOJMYeCTBO M cTUMYnupys poct PGPR — Buaoe Gakrtepuit (Plant Growth
Promoting Rhizobacteria).
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COCTAB U TATOTEHHOCTb MUKOBHUOTBI
MOPAKEHHBIX PACTEHUI TOMATA B YCJIOBUSIX
HPUMOPCKOI'O KPASA

E.T. Ko3aps!, . A. Enransiuesa’, U. A. Baniomxkuna?,
H. A. Cunu4enko’
®enepanbHblii HayuHBIH LIEHTP OBOIIEBOICTBA, I'. OMUHIOBO, kozar eg@mail.ru
[Tpumopckas OBOIIHAS OTBITHAS cTaHmus — (runan ®IBHY «®DenepanbHbrii HAyIHEIIT
LEHTpP OBOLIEBOACTBA», ApreM, natsinichenko@mail.ru

Ha rore [lanbuero Boctoka B [IpuMopckoM kpae omgHuM u3 Hambolee
BPEIOHOCHBIX OMOTHYECKMX (PaKTOPOB, BIMSAIOIINX HA YpOXKaifHOCTH TOMarta,
SIBISIIOTCSL OOJIe3HU TpuOHOM sTHONOrHH [['HyTOBa, 300TapeBa, 2011]. Bos-
HUKHOBEHHIO NPAKTUYECKH EKErOJHBIX SMU(PHUTOTHH CIIOCOOCTBYET KIMMar
ITpumopckoro kpasi, KOTOPBI 007agaeT psaoM HeXapaKTepPHBIX IS APYTHX
PETHOHOB CTPECCOBBIX MOKAa3aTeNei. JTO XOIOIHAS U TPOIOIDKUTENEHAS Bec-
Ha, OOWJIBHBIC OCAIKH B BHJC JIMBHCH (Tali(hyHBI), BHI3BIBAIOIINE MEPEYBIaXK-
HEHUE ITOYBBI, MAKCUMYM TEMIIEpATyp NMPUXOAMUTCS HA aBI'YCT, a HE Ha HUIOJb,
OTHOCHUTEIFHO TeIUIble CEHTIAOph W OKTAOph. B mepuon smudutoTnii motepu
ypo’Kasi TUTOJIOB TOMAaTa BCIIEACTBUE Pa3BUTHs OOJe3HEH MOTYT nocTuratb 60—
70 %, MO3TOMY MOCTOSHHO BEICTCS IMOMCK U CO3JIaHHE HOBBIX TOJCPAHTHBIX
copToB 1 THOpUA0B [OCHOBHEIE TpoOieMsl ... , 2020]. Ho 3amorom ycnexa ce-
JICKIIMX B TAHHOM CITydae SBJISIETCS HE TONBKO €KETOJHOE MpoBeaeHne (GpUuTo-
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MOHHUTOPHHTA PACTIPOCTPAHCHUS OONe3HEeW, HO ¥ TEePMAHCHTHBI KOHTPOJb
pa3Ho0Opa3usi MUKOOHOTHI TIOPaKEHHBIX pPAaCTCHH, U3yYCHHUE ATOTCHHOCTH U
YpOBHSI arpecCHBHOCTH BBIICIICHHBIX HW30JTOB Bo30ymutenedr [Lonsdale,
Gibbs, 1996].

OpnHolt n3 Hanbolee PacIpPOCTPAHCHHBIX OOJIE3HEH TOMaTa SBISCTCS allb-
TepHapHo3 — BO30yauTenu MUKpomuIieThl poaa Alternaria. Beero k atomy po-
Iy oTHOCAT uyTh MeHee 300 BUIOB, cpeu KOTOPHIX Ha MAcICHOBBIX KyJIbTYpax
ommcano okoio 29 BunoB. Hambonee BpeIOHOCHBIMH SBIISIOTCS y3KOCHEIIHA-
JM3UPOBaHHbIE KpymHOcHopoBbie Bujabl A. solani Z.R.Zones u A. linariae
(Neergaard) Simmons [Opuna, ['anau6an, Jlesutun, 2010]. bopsba ¢ ampTep-
HapHO30M OCIIOKHSIETCSI OY€Hb BBICOKOW M3MEHYMBOCTHIO BO3OYAUTENECH, 1M0O3-
BOJISIIOIIEH UM OBICTPO TPHCIIOCAOIMBATHECS K HOBBIM YCTOWYMBBIM COpPTaM
pacTeHHil ¥ K HOBBIM (yHTHIMAaM. B [Ipumopckom kpae ampTepHapHo3 mopa-
JKaeT MPEUMYIICCTBEHHO JIUCTOBYIO MOBEPXHOCTh PACTCHHMU, M OYCHb PEIKO
wio6l. CHMIITOMBI U CTEIICHD MOPAXKCHUS JINCTHEB CYIIECTBEHHO BAPbUPYIOT
HE TOJIBKO B 3aBICHMOCTH OT COpPTa M Toj[a HCCIIETOBAHUI, HO M, KaK MOKa3aJH
HCCIICIOBAHUS, COMYTCTBYIOIINX BHJOB JIPYTUX MHKPOMHIIETOB B COCTaBE MU-
KOOMOTBI MOPaXCHHOTO JHCTa. Tak, MPUCYTCTBHE MEIKOCIOPOBBIX BHIIOB
p. Alternaria Moxer ycuiaMBaTh BOCIIPHUMYMBOCTH PACTEHHUM NPH HHPUIMPO-
BaHWH KPYITHOCIIOPOBBIMH BHIaMH, B TOM YHCIIEC M 3a CYCT CTUMYIIAIINH 00pa-
30BaHusl MEKOTOKCHHOB [Chaerani, Voorrips, 2006].

N3ydeHne COBpPEMEHHOTO COCTaBa MHKOOHOTHI JIUCTHEB TOMATa Pa3HBIX
COPTOB C CHMITTOMAaMH TTOPAKEHHSI aJIbTEPHAPUO30M MIPOBOIMIIM 110 KJIaCCHUE-
CKOM CXeMe, UCTIONB3Ysl Pa3HbIe METOIMYCCKHE MOIX0AbL. [l BBIBICHHS 00-
el ¥ MOBEPXHOCTHON MH(EKIMH — METO/bI BIAKHON KaMephl M OTIIEYaTKOB
Ha IUTaTeNbHOH cpene Yareka; Ui onpenesneHusl CoCTaBa dHIOICHHBIX MUK-
POMUIIETOB BHYTPH TKaHEH JINCTa — pacKIIaJKa Ha CPEIbl YaCTHII TOPAKCHHBIX
TKaHEeH 1Mociie MOBEPXHOCTHOU cTepuiu3aiuy u GiaomOupoBanus. B pesynbra-
TE€ MPOBEICHHBIX HCCIICAOBAHUI OBUIO YCTAHOBJICHO, YTO B COCTABE MUKOKOM-
TUIeKca TOPAKCHHBIX JIUCTHEB BOCEMH COPTOB TOMAara OOHAPY)KEHBI pa3HbIC
BUJIbI albTepHAPUOUIHBIX TudomuiieToB pogos Alternaria u Ulocladium, B ux
uquciae A.solani, A.linariae, A. alternata, A.infectoria, A. arborescens,
A. tenuissima; Buasl poma Fusarium ¢ gomuHupoBanueMm F. oxysporum u
F. culmorum, nBa Buma poma Cladosporium. Ha oTmenbHBIX copTax BCTpeda-
JIMCHh KOJIOHHH TpejicTaBuTeseit pomos Botrytis, Verticillium « Penicillium.

B 1ie10M 1o 0011el YHCIICHHOCTH BBIJCICHHBIX H30JSITOB MUKPOMHUIICTOB
CO Bcex 00pasloB IOMUHHPOBaIKM TpuObl pomoB Fusarium, Alternaria u
Cladosporium, HO ¥X COOTHOIIEHHE CYIIECTBEHHO Pa3iHyajoch B 3aBUCHMO-
CTH OT WX JIOKAJHM3alUK Ha MOPAXKCHHOM JIUCTEe U copTa. Tak, MUKPOMUIICTHI
poma Cladosporium mpenMyiecTBEHHO BIIEISIINCE C TIOBEPXHOCTH JINCTA, TJIE
WX JIOJISL OT OOIIETo YKCia BRIPOCIINX KOJOHUH coctaBmita 33—77 %, Toraa Kak
C BHYTPEHHUX TKaHel JucTa — Tonbko 3—22 %. MUKpOMUIIETHI U3 ABYX APYTHUX
POJIOB, Yalle BCEro BBIACISUINCH COBMECTHO U MPUMEPHO B COMOCTABUMOM CO-
OTHOIIICHUH TTOCJIC TOBEPXHOCTHOM CTEPUITU3AIMU TIOPAKCHHBIX TKAHCH JIMCTA.
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B nanHOM Cityyae MOXHO OTMETHTh TOJIBKO OTIPEJEICHHYIO COPTOBYIO CHELH-
¢buky. Hanpumep, y copra TammanuxuH JOMHHHPOBaIU rpudsl p. Fusarium, a
y coprta I'poT — rpubsr p. Alternaria. Beero 6buto mpoanamu3upoBano Gonee
400 xomoHuit rpubOB, HO B YHCTYIO KyJIBTYpY OBUIM BBIIEICHBI Hanbonee ya-
CTO BCTpEUAOIINeCs TUIIMIHBIC MTPEACTABUTENN KaX/I0T0 BUIA U poja (OKOJIOo
40 130J5TOB).

[TaTOreHHOCTb M arpecCUBHOCTb 3THX H30JSTOB MPOBEPSIIM METOIOM 3a-
pakeHHS OT/ACIEHHBIX JIUCTHEB PAa3HBIX 110 YCTOWIMBOCTH COPTOB BO BIAYKHOMH
KaMepe IIyTeM HaHECEHHs MHIEINAIbHO-arapoBbiX OJ0KOB 10-CyTOYHBIX
KyJIbTYp, BBIPAIICHHBIX HA MUTATeIbHOU cpene Yaneka. bonbmmHcTBO M3051s-
TOB TIPOSIBIMJIM ITATOTEHHBIE CBOIMCTBA B OTHOIICHHH KYJIbTYpHl ToMaTa. Jloms
c11a00 arpecCUBHBIX COCTAaBMIIA OKOJIO 65 % OT ofriero uncia, OOJBIIYIO YacTh
M3 KOTOPBIX COCTAaBUIIH M30JsThl U3 pojaoB Cladosporium u Fusarium. Cpenu
MATOTE€HHBIX M30JIATOB TONBKO 20 % MPOSBMIM BBICOKYIO BHPYJIEHTHOCTb U
y)Ke depe3 IBe HEICTH II0Cie 3apaXeHUs (OPMHUPOBAIH MHIEIHNA M KOHH-
JMAJIbHOE CIIOPOHOILICHUE B 30HE MOPAXKCHUS JINCTHEB OOJIBIINHCTBA COPTOB,
YTO CBHJCTEIBCTBYET O MX BBICOKOH arpeccMBHOCTH. Ilpu 3TOM 11Ba M30JIsTA
Fusarium BbI3bIBaM BIaXKHYIO THHIIb TKaHCH JIMCTOBOI IUIACTHHKH 0€3 TpH-
3HAKOB XJIOPO3a, a OJAWH M3 HUX — CHMIITOMBI, CXOXHE C TOPaKEHHEM H30JIA-
TaM{ aTbTEPHAPUOUIHBIX IH()OMHUIIETOB, B KOTOPYIO BOIIIH KPYITHOCIIOPOBBIE
Bujibl A. solani u A. linariae u menkocmnopossiit Bun 4. alternata.

WNudunupoBanre OTAECNEHHBIX JMCTHEB TOMaTa CYCIEH3WEH KOHHIUI
A. solani coBmecTHO maxke co ¢1abo BUPYJICHTHBIMH HM30isaTamu p. Fusarium,
MIPUBEJIO K CYHIECTBEHHOMY YCKOPEHHIO Pa3BHTHsI CHMIITOMOB W T'MOEIH JIH-
CThEB. YkKe Ha 2—3-¢ CyT. B 3aBUCUMOCTHU OT YPOBHS BOCHPUUMYHBOCTH COpPTa
Ha JIUCTBSIX OTMEYANId TPOSBJICHUE XJIOP03a U TOSBICHHE HEKPO30B, a 6—10-¢
CYT. — TIOpaKEHUE BCEX JINCTOBBIX IUIACTHHOK JIO TIOJHOTO BBICHIXaHUS. [Ipn
HHOULIUPOBAHUU cMechio A. solani ¢ MeNKOCIIOPOBBIMU BHIAMH AllbTEPHAPHO-
UJIHBIX TH(OMHLIETOB, MIEPBbIE CUMIITOMbBI HAYMHAJIN MPOSIBIATHCS Yepe3 HeJle-
10, @ 3HAYMTENILHOE MOPAKEHHUE JINCThEB (IMPEUMYIIECTBEHHO B BHJE HEKPO-
30B) — TOJbKO Ha 20-e¢ cyT. OT Hayaja dKCIEepUMEHTa. MHKPOCKONHMPOBAHHE
MIOBEPXHOCTHBIX CMBIBOB C IOTMOLIMX JIMCTHEB BBIBHIO HAINYUE OOMILHOTO
criopoHoImeHns n3051AToB Fusarium u A. alternata wa GonpIIHHCTBE IPOTECTH-
POBaHHBIX COPTOB, TOrZA KaK THHHYHbIe KoHHIHMU A. solani ycmemu chopmu-
POBATHCS K KOHIY 3KCHEPHMEHTa TOJBKO Ha BBDKMBIIUX JIUCTBSIX JIBYX OTHO-
CUTEIBHO YCTOWYMBBIX K aJIbTEPHAPUO3Y COPTOB.

Takum 0Opa3oM, B aTOreHe3e pa3BUTHUs AIbTEPHAPHO3a JIMCTHEB TOMATA
B ycsroBusix IIpuMOpCKOro Kpast MOT'YT y4acTBOBAaTh HE TOJIBKO /IBA Y3KOCHEIH-
amu3upoBaHHbIX Buaa A.solani u A. linariae, HO W MeNKOCIOPOBBIA BH[
A. alternata. Tlpu 3TOM CKOPOCTH PACIpPOCTPAHEHHS M TSHKECTH TPOSIBICHHSI
00JIE3HN MOTYT YCYryOIsAThCsl IPUCYTCTBUEM B MUKOOHOTE JINCTA MUKPOMHUIIE-
TOB JPYTHX POJOB, B YACTHOCTH poja Fusarium, cpemu KOTOpbIX 0OHAPYIKEHbI
arpeccUBHbIC BU/IbI B OTHOLICHUH KYJIbTYPbI TOMATA.
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IKCHPECCHSI TEHOB AKBAITIOPUHOB Y MEDICAGO LUPULINA
B CUMBHO3E C RHIZOPHAGUS IRREGULARIS

T. P. Kyapsamosa'?, A. A. Kpiokxos!, A. I1. FOpkos!,

A. O. T'opoynosa!, FO. B. Jlaktuonos'
Beepoccuiickuil HayuHO-HCCIIe10BATENbCKHIT HHCTHTYT CEbCKOX03SHCTBEHHOT
mukpobuonorun, Cankt-IlerepOypr, t. kudryashova@arriam.ru
Cankr-Tletep6yprekuii monutexuuueckuil ynusepeurer Ierpa Beukoro
Cankr-IletepOypr

Ha cerogmsmmnii nens 6omee 30 % (130 MutH. ra) POCCHHCKUX CEITBCKO-
XO3SICTBEHHBIX yYrOAWI HAXOANTCS B COCTOSIHUM JIETpajialiui. 3a CUET aHTpPO-
MIOTEHHOT'O BO3/ICHCTBHS HapyIIaeTCsl MUKPOOHBIH COCTaB MOYB, YTO MPUBOIUT
K yXYIOIICHWIO TUTOMOPOIMS W CHIDKEHHIO yposkaeB. ITo mamubIM Poccrata
HAOJFOIACTCSl ©KCTOJHBIA POCT NMPHUMEHCHHS MHUHEPAIBHBIX YIOOpCHHH, K
2022 r. ¥X UCIOJIb30BaHUE JOCTUIIIO 3,43 MIIH.

[TouBeHHBIE MHKPOOPTAHW3MBI, TaKHE KaK apOyCKyISIpPHO-MHKOPHU3HBIC
rpudsr (AMI), mpencTaBisifoT co00i KITF0YeBOE CBSI3YIOIIEE 3BEHO MEKAY pac-
TCHHUSMHU U MUHCPAIbHBIMH IUTATCIBHBIMU BELICCTBAMH IOYBEI. Vconb3oBa-
HHE MMKPOOHBIX TpEernapaTroB ¢ HMCIOJIb30BAaHHEM apOyCKYJISIPHOH MHKOPH3BI
(AM) B HacTosmee BpeMs JOCTaTOYHO PaclpOCTPaHEHO B JPYTHX CTpaHaxX, B
TO ke BpeMs B Poccnu mpakTHdeckn He Hcmoib3yercs. ['puOsr AM monoxu-
TEJIBHO BJIMSIOT HA POCT M Pa3BUTHE pacTeHUil xo3seB. Oxgnako AMI™ urparot
KITFOUEBYIO POJIb HE TOJIBKO B POCTE M PA3BUTHUH KOHKPETHOTO PACTCHHUS, HO U B
(YHKIIMOHUPOBAHUM Ha3eMHBIX 3kocucteM [Functional Analysis ... , 2021].
Tem cambim AMI sBisitoTCst 3 (DEKTHBHBIME B BOIIPOCE YBEIUYCHHS ILIOI0-
POJHOCTU MOYB M NMPOAYKTHUBHOCTHU CEIbCKOXO3SHCTBEHHBIX KyIbTyp. CTpecc
IIpY 3acyXe BIUSET HA )KU3Hb PACTEHWH BO MHOTHX acCIIeKTax, HAIPHMeEp, MPH
HEXBaTKE BOIBI CHM)KACTCS CKOPOCTh TPAHCHHPAIMU B KOPHSIX, a TaKXkKe IMpo-
UCXOIUT OKUCIHUTENbHBIN cTpecc [Impa, Nadaradjan, Jagadish, 2011]. I'puOsr
AM o0ecrnieunBalOT PacTeHUSIM 3HAYUTENBHYIO YCTOMUMBOCTH K 3acyxe (Tak
KaK HOPMAaJIM3YIOT BOJHBIM OalaHC W PErylupyIOT TPAHCIOPT BOJBI), yIyd-
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IIEHHOE MOTJIOICHNE PACTCHUSIMH NHTATEIbHBIX BemmecTB ((ocdop, HUHK,
Me/lb, aMMOHHUH, KalmblMi, Marauii). braaromaps takomy BimsHHIO AM pac-
CMaTpPUBAIOT B KayecTBe OMOYJI00peHHs JUlsl BEACHHs YCTOWYNBOTO CEIBCKOTO
X034HcTBa. B KOHCOpLIMYME ¢ APYTHUMHU MHKpoOprannMamMu AM moTeHIab-
HO MO’KET BBITECHHUTH KJIACCHUECKHE XMMHUECKHE YIAOOPEHNs, KOTOPBIE OKa3bl-
BAIOT Pa3pyLIMTEIbHOE BIMSHUE HA OKPYKAIOLIYIO CPELy U LENIbIC SKOCHCTEMBI
[Kuila, Ghosh, 2022]. B 10 k¢ BpeMsi HET MOJHOTO MOHUMAHHS MEXaHH3MOB
cumbnoTiaeckoil 3ddexTuBHOCTH TpHOOB AM, a IMEHHO MEXaHH3MOB BO3-
JCHCTBUSI Ha pacTeHHE-XO03MHA. B TOM umcie M reHeTHYecKHne acHeKThl JaH-
HBIX MeXaHU3MOB. [lo cuX mop He siceH Bonpoc BIusHUSI AM Ha BOZoOOMeH
pacTeHui, y4acTusi B yCTOMYMBOCTH PACTEHUH K 3aCyX€ U APYI'MM CTPECCOBBIM
¢axropam. VIMeHHO TMO3TOMYy B paboTe Ha IpUMEpe SKCIPECCHH TEHOB WHTE-
TPAITBHBIX MEMOpaHHBIX OEJIKOB aKBAaIIOPHHOB OBLIM PACCMOTPEHBI MOCIEACTBHUS
unoKymsiu AM-rpubom Rhizophagus irregularis pacrenus Medicago lupulina.

Ha teppuropru Poccuiickoit ®eneparmu Bua M. lupulina (srronepra xme-
JIeBUHAS)) OJMH M3 HauOoyee 3HAYMMBIX [UII KOPMOIIPOM3BOJCTBA, SIBISIETCS
LIMPOKO PacpOCTPaHEHHBIM B MUpe pacTeHueM. JlonepHa o0iagaeT HeHHBIMU
JIEKapCTBEHHBIMU CBOMCTBAMH, CHJEpaTHasi 1 KOpMOBast KyibTypa. M. lupulina
ymoOHa IS MPUMEHEHHS B peMeAnaIiy HapyIIeHHBIX 3eMelb, Tak Kak odec-
MEYNBACT MUHEPAIU3ANUIO PACTHTEIBHBIX OCTATKOB M HAaKOIUICHHE B ITOYBE
3HAYUTEILHOTO KOJIMYECTBAa MUTATENbHBIX BellecTB. Hammu uccinenoBanus mpo-
BOJATCS Ha cenektupoBannoi ymaueir MIS-1 Medicago lupulina L. subsp.
vulgaris Koch (ob6mmratHo-MuKOTpO(hHAS THHASA), TOCKOIBKY TaHHBIA pacTH-
TEJILHBIA MaTepHan yJo0eH TeM, UTO MPOSBISIET IPU3HAKH KapJIUKOBOCTH B OT-
CYTCTBUM HHOKYISIIUU AM-rpuboM; caMOOIBIINTENb, TUILIONUA C BBICOKOH
CEMEHHOH MPOIYyKTHBHOCTBIO — Oosee 2500 ceMsiH ¢ OAHOTO pacTeHHs B yCIo-
BUSIX BBIPAIIMBAaHUS B 3aKPHITOM TpyHTE. s WHOKyIsiwH pacteHuit MIS-1
UCIIOJIb30BaH OTOOPAHHBIN B PE3yJIbTaTe CKPMHUHIA HCCIIEyEeMbIX paHee I'pH-
608 AM m3omst RCAMO00320 rpuba R. irregularis (u3 xomrekunn OI'BHY
BHUNCXM, r. IlymkuH; yTodHEeHHass WIACHTH(PUKAIWS IITaMMa MpOBeIcHA
HenaBHO [KprokoB, Opkos, 2018]), kak oOnagaronmii BEICOKOH cuMOUOTHYC-
CKO# 9 (PeKTUBHOCTHIO.

Jlns BeIABICHUS M OHMMaHUS 3GQEKTUBHOrO cuMOMo3a pacTteHuit ¢ AM-
rpubamMu HeOOXOIUM aHaIN3 MapKEPHBIX-CHMOMOTHYECKUX T€HOB, OTBETCTBEH-
HBIX 32 (OpPMHPOBaHMS U pa3BUTHS dPPekTHBHOH AM CcO CTOPOHBI pacTeHU
X03s1€B. AKBAIllOPHHBI — 3TO HEOOJbIINE HHTErpajbHbIe MeMOpaHHBIC OEJIKH,
TPaHCTIOPTEPHI BOABI Yepe3 OMOIOrHIecKie MeMOpaHbl. DTH TPAaHCIIOPTEPHI 00-
Pa3yroT KaHaJIbl BO BHYTPUKJIETOUHBIX M IUIA3MAaTHIECKUX MEMOpaHax, KOTOpbIe
00JieryaroT JBMKEHHE BOJBI B JIIOOOM HampasiIeHHH. MOJeKyJIbl BOJBI JIBUTA-
IOTCSI BHYTPU OENKOBBIX KaHAJOB Ojaromaps 3JIeKTPOCTATHICCKUM CHIIaM, TIPH
9TOM TIOTOK 4Yepe3 MOpPYy BOAHOTO KaHAJIA MOXKET IPOXOANTH, IIPH YCIOBUH €TO
HarnpaBJeHUs BHU3 10 rpaauenty noteHimana [Chrispeels, Agre, 1994]. K ce-
MEHCTBY aKBallOPHHOB OTHOCHUTCS 7 PA3NNYHBIX MOJCEMEHCTB (5 Ul CeMEHHBIX
pacTeHuii), XapaKTepH3yIOIUXCS PA3THIHON JIoKann3anmeil u GyHKIusIMn.
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Bruna orenena skcnpeccus 10 pa3nu9HBIX TEHOB aKBAIIOPUHOB TP MHUKO-
pHU3alMU pacTeHHH W €€ OTCYTCTBHU. HecMOTpsi Ha TO YTO IKCHPECCHS BBHI-
OpaHHBIX TCHOB aKBAaIIOPHHOB MCHsIACh B 3aBUCHMOCTH OT CPOKa U BapHaHTa
pactenuii, oco6o crout BbienuTh renbl: NIP2.1 u NIP4.2 (nHrerpanbHble HO-
ynmuH-26-Tio100HbIe Oenkn), PIP2.1 (MHTerpanbHbIil O€lIoK IMIa3MaTHIeCKO
MemOpansl), SIP1.3 (Manblii ocHOBHOW wWHTEerpaibHbId Oemok), TIP1.1lwm
TIP4.1 (uurerpanpubie Oenky ToHOIUIAcTa). Tak Kak B MX AKCIIPECCUH HAOIII0-
Jlanuch Hanbosee BhIpaKeHHbIe W3MeHeHus. Takke B paMKax TPaHCKPHUIITOM-
HOTO aHaJlM3a MOJCIHHOTO PAaCTEeHUs (JFOIIEpHA XMEJICBHIHAS) HAMU OBLIO 00-
HapyXeHO 44 TCHOB aKBAIIOPUHOB. DKCIIPECCHS BBISIBICHHBIX TCHOB OBLIA pa3-
HOHAIIPABJICHHOM, ¢ MOBBILICHHON U IIOHM>KEHHOM peryJisiliiedl Ha pasHbIX CTa-
JIMSIX Pa3BUTHs PACTEHUs X03sMHA. B HacTosiee BpeMsi HAMH MTOCTABJICH OIIBIT
B YCJIOBHSIX HEIOCTAaTKAa BIIATW NPH MUKOPH3AaIUM W 0e3 MuKopm3arud. J[is
BBISIBJICHHSI aKBAaIlOPUHOB HanOoJjiee 3HAYMMBIX B YCIOBHSIX BOJHOIO CTpecca.
Ornenka OyneT mpoBeJieHa METOJOM TOJMMEPa3HOH IEeTHOW peakmuu ¢ oopat-
Hoit Tpanckpurueit (OT-ITL[P), momy4eHHbIe pe3ynbTaThl OyayT CIIOCOOCTBO-
BaTh IIOHUMAaHHIO PAa3BUTHI CUMOMOTHYECKUX OTHOLICHUN MEKIY PACTCHUSMHE
u rpubamu AM, a Takxke CO3aHUI0 MUKPOOHBIX IpernapaTtoB Ha ocHoBe AMI.

CenbCKOXO03SIICTBeHHAsT TIPAaKTHKAa B Oirpkaimme paecatunetus XXI B.
CTOJIKHETCSI C TIpoOJIeMaMi B TIPOU3BOJICTBE HEOOXOANMOTO KOJIMYECTBA 3710-
POBOM NHUIIM JUIsi HACEJICHUsSI MUpa M3-3a HECTAOMJILHOW YKOHOMHUKH, H3MEHE-
HUS KIIMMaTa U aerpaganuu ouopaznoobdpasus [Quarterly global report, 2020].
[Tpumenenne AMI™ B kagecTBE OHOCTHMYIISITOPOB MOXKET CTaTh 3(h(HEKTHBHOM
ANBTCPHATUBON KIIACCHYECKUX CEILCKOXO3HCTBEHHBIX METOJOB (HAIpUMeED,
BHeCeHUs] POCPOpPHBIX yHoOpeHuil). B Oyayiiem 3TO MOXKET NPUBECTH K 3Ha-
YUTEJIFHON BBITOJIC BCIEACTBUE JOITOCPOYHOTO MIIOAOPOIHUS MOUYBHI, yIydIlIe-
HUS TUTaHUS PACTCHUH, a TAK)KE UX 3aIIUTE OT aDMOTHYECKUX (PaKTOPOB.

HccnenoBanust BBIOJIHEHBI C HUCIIOJIB30BAHUEM O0OpYIOBaHUs IIEHTpA
KOJUICKTHBHOTO IOJIb30BaHUs HAyYHBIM 000pyoBaHneM «['€HOMHBIE TEXHOJIO-
T'HH, IPOTeOMUKa 1 KiieTouHas ouonorus»y ®T'BHY BHUMCXM.

Paboma evinonnena npu noooepaicke epanma PH® 22-16-00064.
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HOUCK D2OPEKTUBHBIX COBMOLIN10B
JUISI BAIINUTHI APEBECHHBI

B. E. Ky3nenosa, E. A. MarBeeBa, JI. A. beiioBe:keny

Wpkytckuit unctutyT xumuu uM. A. E. @aBopckoro CO PAH
Hpxkytck, uchiha-viksya@mail.ru

JlpeBecHbIe MaTepUaiibl OCOOCHHO CHJIBHO TOABEPIKEHBI BCEBO3MOXKHBIM
6nonoBpexxneHnsM [Komorosa, Morumnesckas, 2020]. JloBOIBHO 9acTo HA Ape-
BECHHY KOMIUIEKCHO BO3JCHCTBYIOT OMOTHYECKHE W aOHOoTHYecKue (haKTOpEI,
YTO 3aTPyIHSICT TOYHYIO HWACHTH(UKAIMIO MPUYUH Pa3pyIICHHUs M TOUCK Be-
IECTB, CMOCOOHBIX UX MPEAOTBPATUTh. MHUKPOCKONMYECKUE IPUOBI IpH Ioma-
JIAHUK Ha TOBEPXHOCTh JPEBECHHBI CIIOCOOHBI BBI3BIBATH LEIbIA PsIJ] MPOIIEC-
COB, NPHBOMAMIAX K YCHJICHHIO OHOKOpO3uH [3uHOBBEB, ['oHuapoma, 2020].
Cy1iecTBYIOT MaKPOMHUIIETHI, HCIIOJIB3YIOIINE Pa3HbIE CTPATEIHH, IIPUBOISIINE
K Pa3pyLICHHUIO IEPBUYHBIX MOJIMMEPOB KIETOYHBIX CTEHOK JPEBECHHBI, TAK XKe
OoITbIIIOE 3HAYCHHE MMEIOT JEePEBOOKPAIIHMBAIONIME T'PUObI, CIIOCOOHBIE MOp-
TUTHh BHEIIHWI BHJl MaTepPHAIOB M CIIOCOOCTBOBATH 0Oojiee TITyOOKOMY TOBpe-
KJICHUIO CTPYKTYpPHBIX 21eMeHToB [Goodell, Winandy, Morrell, 2020].

CambIM 2 PEeKTHBHBIM METOIOM OOPHOBI C AEPEBOTIOBPEKTAIOIINMHA TPHU-
6aMU SBISIETCS CIONB30BaHIE XUMHUUECKUX BEUIECTB C aHTHCETITHYECKIM JICH-
crBueM (¢pyuruimnos) [Kekalo, Zargaryan, Nemchenko, 2023]. [l 3amutst
JIPeBECHHbI HEOOXOMUMBI (DYHTUIN/IBI, ACHCTBYOIME HA IPHOBI PA3HBIX TAKCO-
HOMMYECKHX TPYIII, @ TAKXKE Pa3IMYHBIX 110 THITY MeTaboan3Ma. B cBsi3u ¢ aTum
Lenecoodpa3eH IMOUCK KOMIUIEKCHBIX aHTHCCNTHYCCKUX BEHIECTB IIMPOKOTO
CIIEKTpa IEUCTBHUS.

Lenbio JaHHOTO MCCIEAOBaHUS OBUIO OLIEHUTDH U CPABHUTH (PYHTUIUIHYIO
AKTHBHOCTB HEIIOJTHOM METHOW COJIM TTOJIMAKPUIIOBON KHCIOTHI, KaK OHOMU, TaK
U B KOMILIeKce ¢ 2-okTri-2H-u3otnason-3-onoM. B pabote ucmonap3oBamu Me-
TOJ] TECT-II0JOCOK.

Hamu Obima uccnemoBaHa (yHTHITMIHAS aKTHBHOCTH Ha Tpubax Oypoit
rama Fomitopsis pinicola, Laetiporus sulphureus (2 mramma), Geoii rHHIH
Trichaptum laricinum u nepeBookparuBatoiiem mukpomuiiere Trichoderma
harzianum. Mcrnonb30BaHre HEMOJIHON METHON COJHU TTOIHAKPHIOBON KHCIOTHI
MPUBOIUT K OJMHAKOBOMY IOAaBJICHMIO pocta Fomitopsis pinicola, Trichap-
tum laricinum, Toraa kak 3oHa nopasienus pocra Trichoderma harzianum cy-
ILIIECTBEHHO 00Jiee BHIPaKeHA.

Hcnonp3zoBanue komiekca HenonHoi menHoi conu ITAK ¢ 2-oxktuin-2H-
M30THa30J-3-0HOM (0it) okazaysioch Oojiee d(Hh(HEKTUBHBEIM B OTHOIICHWH BCEX
HCCIieyeMbIX TpHOOB. BapbhupoBaHe KOHIICHTPAIMA Oit IMOKa3aj0 BBICOKYIO
9} (HeKTHBHOCTh TIOMABICHUS BCEX TpHOOB, 3a HCKIOUEHHEM Trichaptum
laricinum, nake B MUHMMaJIBHOW KOHIICHTPAIIMK cOOHMOIHaa (puc. ).
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Puc. @yHrunuaHas akTHBHOCTH KOMIUIEKCa HEMOIHON MeHoi conu [TAK ¢ oit
(yBeInmmieHHe KOHIICHTPAIINHY ClieBa Hampaso), 1) psx — Laetiporus sulphureus, 2) psix —
Trichaptum laricinum

Takum 00pa3om, MPOBEICHHBIC HAMU HCCIICIOBAHUS MMO3BOJISIFOT C/ICIATh
BBIBOJI O BO3MOYKHOCTH HCIIOJIb30BAHUSI KOMIUICKCA HEMOJIHON MEIHOW COJH
IMAK c¢ 2-oktin-2H-n30tna3omn-3-oHoM Kak 3 (eKTHBHBIH (yHTHINA TPOTHB
Pa3IMYHBIX JIePEBOPA3PYILAIINX U JEPEBOOKPAITHBAIOIINX IPUOOB.

Hccenedosanue evinonneno npu nodoepocke epawma PH® Ne 23-26-
10008 (https://www. rscf.ru/project/23-26-10008/)

Jlutepatypa

3unoBbeB C. B., T'onuaposa E. H. CtpoutenbHbie MaTepHalibl, YCTOHYMBBIE K OMOMIOBpEKIC-
Huto / be3omacHOCTb, 3allUTa M OXpaHa OKpYXKarolleil HPUPOTHOH cpeibl: (yHIaMEHTAIbHBIE U
NPHKJIaJHbIe HccienoBanus @ c0. 1ok Beepoc. Hayd. koH(. benropox, 19-23 okr. 2020 r. benro-
pox, 2020. C. 294-298.

Konorosa O. B., Morunesckas 1. B. IIpoueccsl MUKpOOHOTO OHOMOBPEKICHUS B MOA3EMHBIX
ropHbIX BbIpaboTkax // M3Bectuss TynabcKoro rocynapcTBeHHOro yHusepcurera. Hayku o 3emue.
2020. Ne 2. C. 44-66.

Goodell B., Winandy J. E., Morrell J. J. Fungal Degradation of Wood: Emerging Data, New
Insights and Changing Perceptions // Coatings. 2020. Vol. 10, N 12. Art. 1210.

Kekalo A. Yu., Zargaryan N. Yu., Nemchenko V. V. Effectiveness of fungicidal protection of
spring wheat against powdery mildew and tan spot // Siberian Herald of Agricultural Science. 2023.
Vol. 53, N 1. P. 45-52. DOI: 10.26898/0370-8799-2023-1-6
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N3YYEHUE BJIUSAHUSA HA®TAJIMHA HA POCTOBBIE
MPOIIECCHI PACTEHU T'OPOXA Y HA B3AUMO/JIEMCTBUSA
X C CUMBUOTHYECKUMHA MUKPOOPI"AHU3MAMMU

JI. E. MakapoBa, I1. A. buzukos, A. A. Hmenko, 0. b. OJeilinnkoB

Cubupckuii HHCTHTYT (u3nonoruu u 6uoxumun pacrenunit CO PAH
UpkyTck, bizikov.piotr@mail.ru

Wzyuenne BnusHUS HaTannHA HA (PU3HOIOTHYECKHE TIPOIECCH PACTCHUI
ropoxa (Pisum sativum L.) 00ycIIOBIICHO €ro MPSIMBIM y4acTHEM B OMOCHHTE3E
N-¢ernn-2-madrinamuna (N-OHA) u dranaros [Hadramma — HeOOXOIUMBIA ... ,
2023], KOTOpBIe MHOTHE HCCIIEAOBATENN OTHOCAT K aJUICJIONATHYECKUM Bellle-
CTBaM HETaTUBHOTO JeicTBus. [Ipu BozneiicTBuM HadTaarHa Ha KOPHHU IIPO-
POCTKOB IOpoXa B ITOCIEIHUX HAOJIIOJalH CYIIECTBCHHOE NOBBIIICHHE COMEp-

JKaHWsI BBILICHA3BaHHBIX coenuHeHuid [HadTamun — Heo6xoaumsrii ... , 20237,
MprYeM OTMEUYEHHOE U3MEHEHHE B COJEPYKAHWHM B OCHOBHOM HaOIII0JIAJIOCh B
anuKabHOM YacT KopHs [M3ydyenune HeratuBHbIX ... , 2023], rie coBepiaroT-

Csl TAKME POCTOBBIE MPOLECCHI, KaK JIEIICHUE W pacTshKeHHe KieTok. JlanHoe 00-
CTOSITENTBCTBO SIBUJIOCH OCHOBAHHEM /I MPOBEACHUS HAOMIOACHUH 3a POCTOM
YYaCTKOB KOPHS, T/IE OCYIIECTBIISIOTCS MEPEUHNCIICHHBIE POCTOBBIE TIPOIIECCHI.

B skcnepuMeHTax HCXOIHBIMH CITy’KHIIM IIPOPOCTKH, KOTOPBIE IIOCIHIE
MIPOKJIEBBIBAHUS CeMsAH Ha 24 4 MoMeIanu Ul IMOCIeAYyIOLIero pocra Ha
BIaXHYIO (punbTpoBabHyI0 Oymary (B vamkax Ilerpu), cModeHHy0 1100 BO-
1oi (KOHTPOBHEIH BapHanT), 6o 10~*M pactBopom Hadranmua. Janee Bo-
JOCTOMKUM MapKepoM Ha KOPHSX IIPOPOCTKOB HAHOCHIIM METKH Ha PACCTOSHUU
0-2 MM (30Ha [ — Mepucrema) u 2—4 mm (30Ha II, ¢ nmepemeAIIMME K pacTsbKe-
HUIO KJIeTKaMu). [ manpHeimero pocrta MpOpoCTKH OOOMX BapHAHTOB IIO-
MeIAIM Ha (UIBTPOBAIBHYIO OyMary, CMOYEHHYIO BOJIOH, M NPOBOAMIIN H3-
MEpEHHUs JJIMHBI MOMEYEHHBIX OTPE3KOB M BCEro KOpHs yepes 2, 4, 6, 8, 24,
48 u. OxOHYaHUE HKCIIO3UIMU OTPEIENIATIOCH HAYalIOM IMOSIBICHUS BTOPUYHBIX
KOpHEH, KOTOpoe, KaK OKa3aJoch, y 00OMX BAPHAHTOB IIPOPOCTKOB IIPOHCXO-
JUJI0 OJJHOBPEMEHHO.

24-4acoBOil POCT MPOPOCTKOB HA pacTBope HadrainHa NMPUBOAWI K 3a-
METHOMY IOBBIIICHUIO B UX KOpHsX coxepxkaHuss N-OHA. B koprax oboux
BapUAHTOB HAOJIIO/1AJIN HOBBIIICHNE CO/IEPKAaHNS JAHHOTO COCIMHEHUS K KOH-
Iy SKCIICpPHIMEHTa, IIPU 3TOM 0OoJiee BBIPaKEHHOE B KOPHSIX MPOPOCTKOB, HCIIbI-
TaBIIMX JeiicTBue HadramuHa. CyMMapHOE KOJIMYECTBO (hTalaToOB, BBIPayKECH-
HOE B MHUKPOMOJISIX Ha TPaMM CBIPOI MacChl BCETO KOPHS, MAJIO OTINYAJIOCh y
000MX BapMaHTOB B KOPHSX MCXOAHBIX PACTEHHH M IO OKOHYAHHIO HKCIICPH-
MeHTa. [Ipy 3TOM K KOHILY SKCIIEPUMEHTA OHO HECKOJIBKO CHUKAJIOCH.

Ha ¢one nossimensoro coneprkanus N-OHA B KOPHSAX MPOPOCTKOB, HUCHBI-
TaBINUX JISWCTBUE HaTaMHA, 3aMETHO 3aMeIIICS POCT TOJIBKO 30HBI 11, T1e poct
KJICTOK PAaCTSDKEHHUEM 3aBEPIIIIICS 3a 8 U 9KCIO3UINH B KOPHIX 00OMX BapHaHTOB,
U JUTMHA IaHHOTO y4acTKa oKa3ajachk OOJbIle Y pacTeHHH KOHTpPos (puc. 1).

248



IIpupoct, MM
I[Ipupoct, MM

JnnaMuKa pocTa oTpes Hanamuka pocra M K.
Nel ]l oTpe3ka Ne2

—BLKOHTROAL -bTaII

Puc. 1. Bnusinue 10-*M naranuna Ha pocT B anuKaibHOM 061aCTH KOPHS 2 PACTYIIUX Y4aCTKOB.
VYuactku kopHst Ne 1 1 2 ObUTH IIOMEYEHbI Y HCXOHBIX IIPOPOCTKOB, COOTBETCTBEHHO, HA
pacctostnun 0—2 MM 1 2—4 MM OT KOHYMKA KOPHS.

[Tpn m3ydenun BIUAHUSA HadTaJIMHA HA TPOIECC MPOPACTaHUS CEMSH Io-
poxa, KOTOPBI B OCHOBHOM OOYCIIOBJIEH POCTOM B JUIMHY THIIOKOTWIIS, yCTa-
HOBJICH TIOJIOKMTEIBHBIA 3(P(EKT AaHHOTO COEAMHEHUs TPH KOHIEHTPALMN
10*M (puc. 2). IIpu xoruenTpanuu 2-10*M Takxe HaGIFOAIM MONOKUTENb-
HBIH QQEKT Ha mpopacTaHue, XOTSI U MEHEe BBIPaKEHHBIH, KOTOPHIA MPOSB-
JISUICSL B TEUEHHE TONBKO 2 CYT.

MpopacTaHne cemsiH

% NPOPOCLUMX CEMSIH

—

—2

—

OnNUTenbHOCTL 3KCMO3ULIMK, CYT

Puc. 2. Biusinue HadTanuHa Ha IpopacTaHue CEMSH ropoxa:
1 — KOHTPOJIb — POCT IPOPOCTKOB HA BOJE; 2, 3 — pocTa Ha 10*M u 2:10*M nadranumue,
COOTBETCTBEHHO

[Tpu n3ydeHun BnusHAS HaTaaMHA HA HOLYIAILMIO KOPHEH ropoxa B Ka-
YECTBE MCXOJHBIX MCIOJIL30BAIN TaK)Ke MPOPOCTKH, POCIINE B TeUeHHE | cyT. Ha
pacTBOpe Ha(hTaTMHA MM HA BOJE (KOHTPOJIb), KOTOPBIE BHICA)KUBAIN B TOPILIKH C
BEPMHKYJIUTOM, KyJa BHOCHII MHUHEPAJIBHBIC COJH M PU300HATBHBINA MHOKYJIAT.
Y 3TuX pacTeHWH, UCIBITABIINX JeHcTBHEe Ha(TaIMHA, 3aMEUYCHO HEKOTOPOE 3a-
Mas3/bIBaHUE PA3BUTHUsI JHUCTOBOTO ammapaTa, OJHAKO Ha BPEMEHH MOSBICHUS
KITyOCHBKOB KaKHX-JTHOO MOCIeICHCTBIH AeiicTBYS HadTaMHA HE BBISIBIICHO.

[Toxa3zaHo, 94TO B MEPHOJ POCTA MIPOPOCTKOB Ha Ha(TAITMHE TTPOUCXOTIITI
M3MEHEHUs B KOHIIEHTPALMK 1 COCTaBe 3HAO(PUTHBIX OaKTepuil B KOPHSX MPo-
POCTKOB ropoxa.
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[Tonaraem, 9TO BBIABICHHBIE Y PACTCHUH ropoxa M3MEHEHHs B (PU3HOIIO-
THYECKHX ITpoleccax IpH JCHCTBUU U MOCIEACHCTBIN 9K30TCHHOTO HadTaiu-
Ha, o0ycnoBieHs! ycuiienneM Onocnnreza N-OHA mocie ero npoHHKHOBEHHS
B PACTUTEJIBHBIC KICTKH.

Jlurepatypa

Vi3yyeHne HeraTUBHBIX AaJUICNIONATHYSCKHX COCJHHEHHH y DPAaCTeHHH ropoxa MOCEBHOTO
(Pisum sativum L.) : marepuansl Beepoc. Hayd. KOH(}. «YCTOHYNBOCTD PACTEHUI U MUKPOOPTaHH3-
MOB K HeOnaronpustHbiM (akropam cpensl» / I1. A. busukos, A.A. Hmenko, JI. E. Makaposa,
W. T ITerposa. Upkyrck : U3n-so UT'Y, 2023. C. 21.

Hadranmun — neobxoaumeiii MmetabonuT i obpaszoBanus N-dennn-2-nadruaamuna u Grana-
TOB B pacTeHusx ropoxa (Pisum sativum L.)/ JI. E. MakapoBa, A. A. Wmenko, I1. A. busukos
[u np.] // Xumus pacturensHoro coipbst. 2023. Ne 1. C. 127-133.

3OOEKTUBHOCTHh MUKOPHU3ALIMA TPAHCTEHHBIX
PACTEHHMM TABAKA C KOHCTUTYTUBHOM SKCHPECCHUEN
TEHOB NTEXPAS5, ATGSTF11 M ARGOS-LIKE

S1. I1. Munees, X. I'. Mycun, b. P. Kyiayes
Wucruryt onoxumun u resetuxn Y OUL PAH, Yda, kuluev@bk.ru

ApOyckynsapHblid Mukopu3Hbiii rpu6 Rhizophagus irregularis sisasercs
OJIHUM W3 BaXHCUIIMX CHMOMOHTOB BBICIINX PACTEHHH, UCKYCCTBEHHOE BBI-
palBaHUe KOTOPHIX 0€3 PACTCHUS-XO3MHA COIPSDKEHO C PSIOM TPYIHOCTEH.
BosocoBunseie kopHu (0T aHrI. hairy roots), moiayuaemblie B mpolecce reHe-
THYECKO# TpaHchopmarmu pacteHuil Oakrepueit Agrobacterium rhizogenes,
MOTYT BBICTYITHTh MOTCHIIMAIBHONW 3aMECHOIM PACTCHHS-XO035MHA B MPOIECCax
OMOTEXHOJIOTMYECKOTO BBIPAIIMBAHUS apOYCKYJIAPHBIX MHUKOPH3HBIX I'PHOOB.
Panee Hamu OBUTM MOJYYEHBI COBMECTHBIC IN VItr0 KyabTYpbl BOJIOCOBHIHBIX
KOPHEH MOPKOBH ¢ MHKOPH3HBIMHU rpubamu R. irregularis u mpoBeieH ux MHUK-
POCKOTTMYECKHMI aHaN3 Ha PasHBIX CTaAWsSX MuKopusanud. [1o pesynpTatam
MOP(GOMETPUYECKOr0 aHaNN3a OTMEYCHO 3aMEUICHHE TEMIIOB POCTa BOJIOCO-
BUJHBIX KOPHEH IIpU B3aUMOJCHCTBUU C MUKOPU30H B IIEPBLIC [BE HEIEIU 110
CPaBHCHHIO CO CTEPUIIBHBIMH KYJIbTYPaMH BOJOCOBHIHBIX KOpHEi. [lomydeH-
HbIe COBMECTHBIC KyJIbTYPBI BOJIOCOBH/HBIX KOpHEeH MopkoBu ¢ R. irregularis
MOTYT OBITh HCIIONB30BaHbI B (DYHIAMEHTAIBHBIX HCCIICIOBAHUIX apOyCKy-
JSIPHON MHKOPH3BI, & TAKXKE TMPEITIOKCHBI LTS MOTyYCHHsST MUKOPH3HBIX OHO-
mpenapaTtoB B OHOTEXHOIOTHYECKOM MPOM3BOICTBE, TaK KaK B IMHTATEIBHOM
cpene obHapyxeHo HakoruieHue crop R. irregularis. B nansHeiiniem Hamu Obl-
JIM TIPOBECHBI MCIBITAHUS KYJIbTYPAIbHON JKHIKOCTH, MOJYYaeMOM TPH BbI-
pamuBanuu R. irregularis ¢ BoIocoBHIHBIME KOPHSIMHU Ha Ca)KEHIIAX JCPEBHEB,
BBIpaNIMBacMbIX B KOHTeWHepax. OOpaboraHHble pazbaBieHHod B 100 pa3s
KyJIbTYpaabHOH JKUIKOCTBIO CaKEHLBI JANMHBI siceHenucTHou (Pterocarya
fraxinifolia) u xmena momeBoro (Acer campestre) oTIHYaIHCh TOCTOBEPHBIM
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YIIydIIEHHEM POCTOBBIX ITapaMeTpoB. Llesibo HACTOSIIETO UCCIEOBaHUS CTANl
aHann3 3 PEKTUBHOCTH MUKOPU3AIMU KOPHEH TPAHCTEHHBIX PacTeHHH Tabaka
¢ KOoHCTHTYTHBHOH sKcrpeccueil renoB NtEXPAS, AtGSTF1lu ARGOS-
LIKE. I'en NtEXPAS5 konupyeT OoquH U3 3KCIIAHCHHOB Tabaka, KOTOPBIA MpHU
CBEPXAKCIIPECCHH CIIOCOOCTBYET Pa3phIXJICHHIO KOMIIOHEHTOB KIIETOYHBIX CTe-
HOK [BimstHue skronmveckoit ... , 2013], 9To MOKET OOJIEIYUTh MPOHHUKHOBE-
HHe TH(HOB MUKOPH3HBIX IPUOOB B amnormiacT kierok kopHed. ['en AtGSTF11
KOIMPYET OIUH W3 TIyTaTHOH-S-TpaHchepas apaOHIoncuca, KOHCTHTYTHBHAS
HKCIIPECcCUs] KOTOPOTO IMPOSBIAETCS PSIOM ITOJIOKUTENBHBIX M3MEHEHUH B aH-
THOKcUAaHTHOHU cucteme [MycuH, @enses, Kynyes, 2021], uto Takxke MOXET
yinyumnth  3ddextuBaocts Mukopuzanuu. I'em ARGOS-LIKE kommpyer
TpaHCMeMOpaHHbIH 0elloK apabuIo0IIcKca, KOTOPBIH SIBISIETCS HEraTHBHBIM pe-
TYJISITOPOM STHJIEHOBOTO CHTHaJIMHra [POCT M CTpeccoycTOMYMBOCTH ... ,
2022]. KoHCTUTYyTHBHAsI SKCIIpeCcCUsl JAHHOTO T'€Ha CTUMYIUPYET POCT, B TOM
YHCIIe Yepe3 Pa3phIXJICHHE KOMIIOHEHTOB KJIETOYHOW CTEHKH, YTO TOKE MOKET
0Ka3aTh MO3UTUBHBINA 3()(PEKT I MUKOPH3ALHN.

[lo nBe nMHWUEM TpPaHCTCHHBIX pacTeHHWH Tabaka c¢ reHamu N{EXPADS,
AtGSTF11 u ARGOS-LIKE ¢ noka3aHHO# dKcrpeccuell TpaHCTeHOB B KOPHSIX
OBLTH BBIPAIIEHBI B YCIOBHUSX TOYBHI (YHUBEPCATBHBIN IpyHT Terra vita, o0beM
cocynoB — 500 mu, ocBemenune — 10000 moke, mmuHa JHS — 16 9, MONMB —
2 pasa B Hezento). Muokymsiuto ciopamu R. irregularis mpoBoaunu y monosu-
HBI OTHOMECSIYHBIX pacTeHuit Tabaka. BTopyio MoJoBHHY pacTeHUi TPHOHBIMH
CriopaMy He MHOKYIJIHpOBaJH. B KauecTBe KOHTPOJSI HCIOIB30BAIN HETPAHC-
TeHHbIe pacTeHHs Tabaka (UK THI). Pa3Mep BBIOOPKH cOCTaBHII 5 pacTeHHH
JUISL K&XJIOTO BapHaHTa OIbITa. B TeueHHe BereTariMoOHHOTO MEepHoJia TPHIKIbI
MPOBOMIM MOP(HOMETPUUECKUI aHaIM3: M3MEpsUIM BHICOTY mobera, omnpese-
JSUTM 9UCIIO JIMCTheB. Ha sTame IBETEHWs TakKe B3BEHIMBAIM CHIPYIO MaccCy
nobera. Kak TpaHCreHHBIC, TAK U HETPAHCTCHHBIC PACTEHMS TaOaka MHOKYIIH-
POBaHHBIE MUKOPH3HBIMH CIIOPAMH XapaKTEPU30BAIHCH YBEINYECHUEM BBICOTHI
cTe0Is1, Yncia JUCThEB U CHIPOH MacChl oOera Mo CPaBHEHUIO ¢ HeoOpaboTaH-
HBIMH pacTeHusAMH. [Ipu mocnenHeM M3MEpEeHMH MHKOPH30BaHHBIX PACTCHHN
HanOosbIIasg Macca nobera OblIa MOKa3aHa Ul TPAHCTEHHBIX PAcTeHUH C re-
HoM ARGOS-LIKE, a naunbomnbiias BeicoTa mobera 0OHapyKUBalach y TPaHC-
reHHbIX pacteHuit ¢ reHom NtEXPAS. TpaHcreHHbIe pacTeHHs € TEHOM
AtGSTF11 otnuyanuck OT IUKOTO TUIA B MEHbIIeH cterneHu. [locie 3aBepiire-
HUS MOpP(OMETPUYECKOro aHaimM3a ObUI TPOBEJCH IIOJCYET 4YHCia CIOp
R. irregularis B rpynre, riue BblpammBanuch pacteHus. Hanbombiiee koiaude-
CTBO cIIop OBUIO OOHAPYKEHO B COCY/IaX, B KOTOPBIX BBIPAIIMBAINCH PACTECHHS
¢ reaom NtEXPA5, 3arem cnemoBamu pactenust ¢ remom ARGOS-LIKE.
Hawnmenbliiee KOJIMYECTBO CIIOp 00Pa30BHIBATIOCH B COCYAAX C PACTCHHUSMH M-
Koro Tuma. VMcxozs U3 MorydeHHbIX HAMH JAHHBIX MOKHO TPEIION0KNTD, YTO
koHcturyTHBHAs SKcnpeccus: reHoB NtEXPAS u ARGOS-LIKE crocoGcTByet
YIIYYIIEHHIO MUKOPH3aLK KOpHEeH Tabaka.
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Jlutepatypa

Binsinue sxronmnueckoit skcnpeccun rena NtEXPAS Ha pasmepbl KIETOK M POCT OpraHoB
TpaHCTCHHBIX pacteHuii Tabaka/ b. P. Kynyes, M. I'. Capuynnuna, A. B. Kusses, A. B. Yemepuc //
Omnrorenes. 2013. T. 44, Ne 1. C. 34-41.

Mycun X. I'., ®ense B. B., Kynyes b. P. CocTosinne aHTHOKCHIAAHTHON CHUCTEMBI U JIOJITO-
BPEMEHHOE XpaHEHHE BOJIOCOBUIHBIX KOpHEH Tabaka ¢ KOHCTHTYTHBHOI dKCIIpeccHeil IeHa IiryTa-
THOH-s-TpaHcepasbl AtGSTF11 // ®usunonorus pactenuit. 2021. T. 68, Ne 4. C. 380-391.

Poct u cTpeccoycToiuMBOCTE BOJIOCOBUIHBIX KOPHEN Tabaka ¢ KOHCTUTYTHBHOM 3Kcnpeccueit
reHa ARGOS-LIKE / X.T. Mycun, I'. P. 'ymeposa, O. A. Baiimyxamerosa, b. P. Kynyes // ®usuo-
norust pactennii. 2022. T. 69, Ne 5. C. 490-500.

YBEJIMYEHUE TEMIIEPATYPbI: BIUSAHUE
HA TIOYBEHHOE MUKPOBHOE COOBIIECTBO, U3SMEHEHHUE
IOOPEKTUBHOCTU YJABJIUBAHUS YTJIEKHUCJIOI'O I'A3A
PACTEHUAMU-CUAEPATAMMU

II. A. KypsinueBa, H. A. IlponoBuy, C. FO. CeqinBanoBckas

Kazanckuii (I1puBoinkckuii) enepaibHblil yHUBEPCUTET
Kazanp polinazwerewa@yandex.ru

B cBs3u ¢ NOCTOSHHBIM POCTOM HACENEHUsI 3EMIIM OCTPO CTOHUT BOIPOC O
COXPaHEHUH IOYBEHHOrO IUIOAOPOJMS, T. €. COXPAaHEHUHU YIIepoJa B IOYBE,
YTO CONPSDKEHO € €LIE OJHOM LEJIbI0 YCTOWYMBOIO Pa3BUTUS — CHUKCHHUEM
SMHCCUH TApHUKOBBIX T'a30B, B YACTHOCTH OT CEIIBCKOXO3SHCTBEHHBIX IOYB.
OnHUM K3 BO3MOXKHBIX NOAXOJ0B SBISETCS UCIOIb30BAaHHE CUAEPATOB B Kade-
CTBE MOYBONOKPOBHBIX KYJIbTYp MIIM B KQUECTBE MPOMEKYTOUHBIX KYIbTYp TO-
Clle O3UMBIX JI0 3aMOpPO3KOB. [lo3TOMy I1eTbI0 PaOOTHI ABISIOCH YCTAaHOBUTH
BIIMSTHUE TTOBBIMICHHBIX TEMITEPaTyp Ha MOYBEHHOE MUKPOOHOE COOOIIECTBO H
Ha ¢ pexTuBHOCTh ynaBnuBaHus C n3 atMochepsl pacTeHUIMH-CHACPATAMH,
UCTIONIB3yEeMBbIMU Ha TeppUTOpUH [10BOIKDS.

Jlist aTOT0 OBIT MPOBEACH aHATH3 KIMMATHIECKUX YCIOBHH 3a MOCIEIHNE
30 ner ans pecryOnuku Tarapcras, MoKa3aHO, YTO CpeTHEMECSUHBIC THEBHAS
1 HOYHas TeMIepaTypsl coctaBuiau B utoae — 19,6 °C, B aBrycre — 17,5 °C, B
centsa6pe — 11,2 °C. Jlanee Obu1 mpoBefeH 63-THEBHBIM BEreTallMOHHBIA JKC-
MEPHMEHT B YCIOBHAX OpAaH)KEpeH B TPEX TeMIepaTypHbIX pexnmax (20 °C —
6a3oBbIit, 25 °C u 30 °C — noBsIIeHHas TeMieparypa), cogepkanine COz B at-
Mocthepe 390—420 ppm, pekUM OCBEIIEHHOCTH — CBET:TeMHOTa 16:8, MHTCH-
cMBHOCTH ocBetenus 400500 B1/M2, OTHOCHTENIbHAS BIaKHOCTh BO31yXa 50—
55 %, Baa)XHOCTH IMOYBEI 55-60 % oT 00mIel BIIaroeMKOCTH. bblia MCIT0iIb30-
BaHa C cepas JIeCHas I04YBa, OToOpaHHas B pailione c. bombmme Kabansi
(55.640794, 49.319895, Tarapcran, Poccust). beuto nmoaroroeneno 15 Bapuan-
TOB, BKIIIOUAIOMNX MoceB cuaeparoB (louank Oemnsrii, JloHHNK *XenToIid, Jlio-
IIUH Y3KOJHUCTHBIN, Buka sposas, OBec sipoBoii, ®auenus, Peapka macasHuy-
Hasi, ['opox nonesoii, Panc sipoBoii, 'opunua Genas, 'opox nocesno, ['peun-
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xa, KieBep kpacHbli, ['opuniia capentckas, SlaMeHb SpOBOH), U KOHTPOJIbHAS
moyBa — 0e3 pacTeHui. B AuHaAMHKe SKCTIIepHMEHTa OIIPECIISUTH (PH3HOJIOTHYC-
CKYH0 aKTHBHOCTh IOYBEHHOT'O MHKPOOHOI'O COOOIIECTBA (PECIIUPATOPHYIO aK-
TUBHOCTb, MHKPOOHYIO OHOMAacCy, METabONINYIEeCKyI0 aKTHUBHOCTh ITOUYBEHHOTO
MHUKpOOHOTO coolrmiecTBa ¢ momorbio cuctembl EcoPlate Biolog). Jlnst pacrte-
HUH ompenesuid Mop(poMeTprIecKre MoKa3aTeit, CoAepKaHue XI0poHiIia 1
HMHTEHCHBHOCTh (hoTocuHTe3a. Jlajee paccuuThiBaNIM OallaHC yriepoia Juis
KaXXJIOTO BHJAa PACTEHHS-CHIEpaTa BO BCEX TEMIIEPATYPHBIX PEKMUMax, Kak
PasHHIly MEXTy KOJHMYSCTBOM YTJICpO/a, YIOBICHHOTO (PUTOMACCON PacTeHUI
3a MEepUOJ| BETeTAlMH, W KOIUYCCTBOM YTJIICPOJa, BBIICICHHBIM W3 ITOYBBI
BCJICZICTBHE N3MCHEHUS €€ PECINPATOPHOH aKTHBHOCTH.

Bronormyeckast akTHBHOCTB TIOYBBI, B YaCTHOCTH €€ (YHKI[HOHATBHAS aK-
TUBHOCTb, 0a3aJbHOE JbIXaHWE U MUKpOOHast OmomMacca, TECHO CBSI3aHBI XUMHU-
YeCKUMH XapaKTePUCTUKAMHU TOYBHI (COJEpIKAHUE MUKPO- M MaKpPOIJIEMEHTOB,
pH), ¢ MEXaHNYEeCKUMH XapaKTEPUCTHKAMHU (IUIOTHOCTH, TTOPUCTOCTb, TPaHy-
JIOMETPHYECKHH COCTaB), C KINMATHYCCKUMH (aKTopaMHu (TeMIepaTypa,
BJI@XHOCTB). Ellle OTHUM Ba)KHBIM (haKTOPOM SIBIISTIOTCS PACTCHHS, TaK UX IKC-
CyllaThl CTUMYJIHMPYIOT ITOYBEHHBIE MUKPOOPTAaHU3MBI U pU30CHEPHBIE MUKPO-
OpPraHU3MEBI, a OTMHPAIOIIHE KOPHH HU3MEHSAIOT CTPYKTYpy HMOYBHL. B maHHOM
SKCTIEPHMEHTE BapHATHBHBIMH MapaMeTpaMi OBLUIH TOJBKO TeMIIepaTtypa H
HAIIM4Me/0TCyTCTBUE pacTeHuid. [loka3aHo, YTO pecnupaTopHas aKTUBHOCTh U
MUKpoOHast Onomacca ObUTH BbIIIE B 00pa3iiax MoOYBbl Ha KOTOPOW Mpou3pac-
TaJW PacTeHHS W 3aBHCENN OT BHJA PACTCHHUI, OJHAKO OOJbIIee BIMSHUE OKa-
3aJI0 TIOBBIMICHUE TeMIepaTyphl. [oBbIIICHHE TeMIIepaTyphl PUBEJIO K YBEIHU-
YEHUIO CTENEeHU MOTPEOICHUs yriaepocoAepKalx cyOcTpaToB (yBelIUUeHHE
AWCD) u cHWKeHUI0 anbda-pazHooOpazne MUKPOOHBIX COOOIIECTB (CHUXKE-
Hue nHAekca [lleHHOHa). Y CcTaHOBIIGHBI Pa3UYUs B CTEIICHU OTPEOICHUS yT-
JICPOJICO/ICPIKAIINX CYOCTPATOB B 3aBUCHMOCTH OT HaJIMYUs/OTCYTCTBUS pac-
TEHUS ¥ TEMIEPaTyPhL.

Jlanee OBLIO OLIEHEHO BIMSHHUE TEMIIEPATyphl Ha BETETALMIO PACTCHUI
cunepatoB. [Toka3aHo, YTO yBENHMUYCHHUE TEMIICPATYPhl MPUBEIO K CHIKCHHIO
MHTEHCHBHOCTH ()OTOCHHTE3a, YBEIMUYCHHUIO [UTMH KOPHS U MO0Era, CHIKCHHIO
¢uTomaccel. Jlanee Ha OCHOBAaHHMU JAHHBIX (PUTOMACCHI U COJIEPIKAHUS B HEH
yraepona OsuT0 paccuuTaHo komrdecTBO CO2, KOTOPOE MOXKET OBITH YIIOBICHO
B OMOMacce pacTeHUH CHICPATOB, a HA OCHOBAaHHMH JaHHBIX PECIHPATOPHOM aK-
TUBHOCTH OBLIO ompejesicHo KoiuuecTBo CO2, KOTOPOE BBIACISCTCS U3 TOYBbI
MIpH MX BereTanuu. Tak MaKCUMaJIbHOW YJIaBIMBAIOIIEH CIIOCOOHOCTBIO Xapak-
Tepu3oBaIUCh Parc spoBol, Buka sipoBas, ['opunnia Oemas u Penpka macos-
HUYHAsI, a MAKCUMaJIbHAsl SMHUCCHs ObLIa YCTAHOBJICHA VIS TIOYBHI moJ Sume-
HEM SIpOBBIM, Penpkoil MaciussHnaHOH, OBCOM SpPOBBIM, JIFOMMHOM Y3KOJHCT-
HeIM. Hambonee 3¢ ¢dexTrBHO ynaBiauBaHue yriepoaa B (UTOMacce pacTeHHUH
CHJICPaTOB POUCXOIUT Ipu Temmeparype 25 °C, a HaubopIas SMUccus Oblia
ycraHoBieHa At Temneparypsl 30 °C. IlonyueHHbIe JaHHBIC JIETJIH B pacueT
OamaHca yriaepoma B CHCTEME «I0YBa — pacTeHHe». IlokazaHO, YTO MakKCH-
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MaJIbHOW CIIOCOOHOCTBIO YJIABIUBATH YIIIEPOA M3 aTMOC(HEpPHOro BO3IyXa,
(UKCHPOBATH €ro B CBOEH (uTOMacce U He MPUBOAUTD K CYIIECTBEHHOMY yBe-
nmueHnto dmuccur CO23a cueT MOYBEHHOTO AbIXaHus 00nananu Parc spoBoi,
Buka sposas, Peapka maciastanuHas, ['opuunia 6enas npu Temmneparype 25 °C.
[MonyueHHbIe pe3yIbTaThl 00YCIOBICHBI OONBIION OMOMACCOW PACTeHHN U He-
CYIIECTBEHHBIM YBEIMUCHUEM PECIUPATOPHON aKTHBHOCTH MOYBEHHOTO MHK-
pobHoro coobiectsa mox HuMu. CTOUT OTMETHTh, YTO MAKCUMAIIBHON CKOPO-
cThi0 ymaBnuBaHus C xapakTepusyroTcs pactenus ¢ 20-x mo 50-e cyT. BereTa-
LHH, YTO COOTBETCTBYET YCIIOBUSIM HE3PEINbIX CEMSH U OIPaHHUYCHHOIO CPOKa
BEreTaIMH 1M0cie YOOPKH 03UMBIX KYJIBTYP.

Hccneoosanue svinonneno 3a cuem epanma Poccuiickoeo HAYy4YHO2cOo d)OH-
da Ne 23-26-00275, https://rscf.ru/project/23-26-00275/

BUOKOHTPOJIBHOE BJINAHUE PU3OBAKTEPUN
PSEUDOMONAS FLUORESCENS 2137 HA B3AUMO/JIEICTBUE
DOUTOINNATOTEHHOT' O I'PUBA FUSARIUM CULMORUM
U PACTEHUI TUMEHSA

M. HU. Jle6equnckuii, B. 0. Illaxna3zaposa, /. C. CpipoBa,
H. A. BumineBckasi, A. U. llanomnuxos, E. B. bopoauna,
0. K. CrpynHuxoBa, A. A. bea1umoB

Bcepoccuiicknii Hay4HO-HCCIIEI0BATEIBCKUI HHCTUTYT CEIIbCKOXO03IHCTBEHHOM
mukpoouonorun, Cankr-IlerepOypr, lebedin2 1 @bk.ru

Fusarium culmorum — ¢axynbTaTHBHBIA reMUOHOTPODHBIN TATOTEH, BbI-
3BIBAIONINI KOPHEBBIC U CTEOJIEBBIC THIIIH, a Taloke (y3apHo3 KoJoca 3epHO-
BeIX KynbTyp [Wagacha, Muthomi, 2007]. Puso6axrepuss Pseudomonas
fluorescens 2137 (Pf2137) siBasteTcst OHUM M3 areHTOB OHOKOHTpOJIS (py3apu-
03HOW KOPHEBOHM THWIN. B mpeapIayIux HccieI0BaHusIX ObIIIO YCTAHOBICHO,
gro F. culmorum 30 (Fc30) u Pf2137, coBMECTHO KOIOHU3UPYS KOPHHU STUMEHSI,
KOHKYPHPOBAIIK JAPYT C JPYrOM, YTO TPHBOJMIO K CHIIKCHHIO Ha KOPHSIX KO-
JINYECTBA HE TOJNBKO Tprba, HO M OAKTepHH, [0 CPABHEHHIO C PACTCHHUSIMH, HH-
(ULIMPOBAHHBIMM TOJBKO TI'PHOOM WM TOJNBKO Oakrepuedl [CTpyHHMKOBA,
Bumnesckas, Tuxonosud, 2010]. Tem e menee, npucyrcteue Pf2137 Ha kop-
HSX BCET/Ia COTMPOBOKAATIOCH CYIICCTBCHHBIM YMECHBIICHHEM HHTCHCHBHOCTH
KOpHEBOM THUIHM, Bbi3biBacMoil Fc30. Bbuio cmemaHo mpearnoioKeHue, 4ro
OUOKOHTPONBHBEIM MexaHusM Pf2137 cBsi3aH cO CHOCOOHOCTBIO JTAHHOTO
mTaMMa CTUMYJIMPOBATh 3alIUTHBIE PEaKLUK B situMeHe. [Ipu MUKPOCKOIHMPO-
BaHNH KOpHEW OBLIO TakkKe OTMEUYCHO, 4YTO B TPHCYTCTBHH OaKTCpUH
Pf2137 30HBI HEKpO3a B MecCTe JioKanu3anuu Koiouuit rpuda Fe30 nabnrona-
JIUCh TOPA3J0 pexe, 4eM B KOpHAX Oe3 Oakrepuu [Poinb KOHKypeHIHH ...
2011]. DTO MO3BONIMIO TPEIANOIOKHUTh, YTO OWOKOHTPOJLHBIM MEXaHU3M
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Pf2137 Taxke MOXKeT OBITH CBSI3aH W CO CIIOCOOHOCTHIO TAaHHOTO IITaMMa CHU-
JKaTh MPOAYKIUIo rpudoM Fc30 TpuxoTeneHOBBIX TOKCHHOB, B CHHTE3€ KOTO-
pbIX yuacTByeT red TRI13.

JJis IposICHEHUST MEXaHU3MOB 3alUTHOTO JercTBUs Pf2137 Ml onennnu
YpOBEHb dKCTpeccuu reHoB xo3siickor 3amuTel LOX, PAL, PR1, PR4 u rena
TRI13 B KOpHSAX SYMEHs, HHOKYIHpOBaHHOTO TONbKO Pf2137, Tonpko Fe30 u
COBMECTHO I'pHOOM M OakTepueil. DKCIIepuMEeHT ObUI MPOBEJEH B CTEPHIBHOM
BEPMUKYJIUTE B TeueHue 11 cyT. B TpExkpaTHONU NOBTOPHOCTU. B crepunbHbIi
YBIIQ)KHEHHBIA BEPMUKYJIAT BHOCWIN cycrieH3un Kietok Pf2137 w/unmm makpo-
koHuaui Fc30, n moMemanyu npopocue ceMeHa siamens. Pactenust it aHa-
308 oTOMpanu Ha 1-e, 2-e, 3-u, 4-¢ u 11-e cyt. KopHu pactenuii 3aMopaxu-
BaJM B XUAKOM a3oTe u Bbyiemsuin PHK. 3arem ¢ momomisio oOpatHOM TpaH-
ckpunuuu nonyyanu kIHK, B xotopoit merogom I[P B peanbHOM BpeMeHH
OTpEeISUI OTHOCHTEIBHOE KOoJMuecTBO kommii reHoB stumens LOX, PAL,
PR1, PR4, GAPDH (pedepencusrii) u reros rpuda TRI13 u TUB (pedepenc-
HbIH). THTEHCHBHOCTh KOPHEBOM THWJIM OLIEHUBAIX Ha 11-€ CyTKH.

PesynbraTel HccnenoBaHus MOKa3and, 4To B mpucytctBuu Pf2137 mpo-
JyKIUs TpHOOM TOKCHHOB, OLIEHEHHAS TI0 YPOBHIO dKcmpeccun reHa TRI13, He
CHI)KaNach, a B OT/ICJILHBIC JHU aHAlIM3a JaXke Bo3pacTtaia. B To jxe Bpems ko-
JIMYECTBO OONBHBIX PACTEHUH SYMEHS CHIDKANOCh C 85 % IpH KOJOHH3AIUU
tonbKko Tprbdom Fc30 mo 15 % mpu coBmecTHOM KomoHm3anmu rpudom Fe30 u
Oakrepueii Pf2137. Bo3aMoxkHO, OTMEUYEHHOE NMPH MUKPOCKOITUPOBAHUH CHU-
JKEHUE KOJIMYEeCTBa 30H Hekposa B npucytctBun Pf2137 cBsizaHo ¢ ieTokcnka-
el 3Tol OakTepuel TPUXOTEIEHOB WM ¢ MHIYKINEH 3TOH CIOCOOHOCTH Y
samens. OHaKO 3TO NMPEANOIoKeHNe TpeOyeT NalbHEHIINX HCCIIeIOBAaHNH.

Kononnzamus kopHel sumens 6axrepueit Pf2137 conpoBoxkanack yBe-
JMYCHUEM YPOBHS dKcnpeccuu Tonbko reHa LOX Ha 4-e cyTku. B oTBeT Ha Ko-
nonmzanmio Fc30 B ssaMeHe MHAynMpoBaiInch Ha 0oiiee BEICOKOM YPOBHE T'CHBI
LOX na 3-u u 4-e cyr. u PAL na 1-e, 4-¢ u 11-e cyrku. CoBMecTHOE NpHCYT-
cTBHE rpuba W OaKTEpUH HMHAYIHUPOBAIO ycuieHHe dkcrnpeccuu reroB LOX,
PAL, PR1 n PR4 yxe Ha miepBbIe CyTKH TTOCIIe HHUITUPOBAHISI, TI0O CPABHEHHUIO
C KOHTPOJIBHBIMU pacTeHHsMH. OJTHOBPEMEHHOE YBEINYEHHE IKCIPECCHH Te-
HOoB PAL m LOX moxTBep:kaano y4acTHe KaK CAJHIMIATHOTO, TaK M JKaCMO-
HATHOTO CUTHAIBHBIX IyTel B MHIYKIIMM YCTOWYMBOCTH SIAMEHS K (Dy3apnos-
HOW KOPHEBOU THUIIH, BBI3bIBaeMOI reMruOnoTpodHbiM natoreHom Fc30. beuto
YCTAQHOBJICHO, YTO OMOKOHTPONBHBIN 3ddext Pf2137 o6ycnosner crnocoOHO-
CTBIO ATOTO IITaMMa aKTHBHPOBATH 3AIMUTHBIC PEAKIINU YK€ B CYTOUHBIX KOp-
HSIX SIYMEHSI, HO TOJIbKO B npucyTcTBuu Fe30.

Taxum 06pa3zoM, NPOBeAEHHbBIE IKCIIEPUMEHTHI TIOKA3aNIH, YTO 3ALIUTHBII
a¢ddexr Pf2137 oOycnoBieH paHHel aKTHBallMEH BCEX M3y4aeMbIX 3all[UTHBIX
reHoB stameHst. [Ipu atom mramm Pf2137 criocoOeH 3HAYNTENBHO CHIKATH 3a-
6011eBaeMOCTb STUMEHsI JaXke IIPU aKTUBU3AIMY CHUHTE3a IPHOOM TPUXOTEICHOB,
T. €. IpH ycwieHnH arpeccuBHocTH Fc30, 9To MO3BONISET paccMaTpuBaTh 3TOT
IITAMM B KaueCcTBE MEPCIEKTUBHOTO areHTa OMOKOHTPOIS (hy3apHO30B 3EpPHO-
BBIX KYJIBTYD.
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Paboma evinonnena npu noodepoicke Munobpuayku Poccuu ¢ pamkax co-
enawenus Ne 075-15-2022-320 om 20.04.2022 2 o npedocmasnenuu epanma 6
Gopme cybcuouii uz gedepanvroco 0100xicemMa Ha OcyujecmsieHue 20cyoap-
CMBEHHOU NOOOEPIHCKU CO30AHUA U PA3GUMUA HAYYHO20 YEHMPA MUPOBO2O
VPO8Hs «Aepomextonocuu 6yoyuje2o».

Jlutepatypa

Ponb xoukypenruu Mexxay Pseudomonas fluorescens 2137GUS u Fusarium culmorum 3a xo-
sonmszaiuio  Kopueit  stumenst /| O. K. Crpynnukosa, A. C. ®eokrucroBa, H. A. BumHeBckasi,
B. K. Ye6otaps // Muxkonorust u ¢purtonaronorus. 2011. T. 45, Ne 4. C. 362-369.

CrpynnukoBa O. K., Bummesckas H. A., Tuxonosuu U. A. Kononusauust kopHel saMeHs
Fusarium culmorum u Bmstare Pseudomonas fluorescens na stor mpouecc / Mukonorus u ¢uromna-
Tojorus. 2010. T. 44, Ne 2. C. 160-168.

Wagacha J. M., Muthomi J. W. Fusarium culmorum: Infection process, mechanisms of myco-
toxin production and their role in pathogenesis in wheat / Crop Protect. 2007. Vol. 26. P. 877-885.

BJIMUAHUE BUOJOI'MYECKUX ®AKTOPOB
HA S®®EKTHUBHOCTb OYUCTKH I1IOYB
OT HE®TE3ATPA3SHEHUI

C. X. JIupmmuu, FO. C. I'naznenosa, O. H. Yanas, U. H. 3yeBa

Skyrckuii Hay4nsiii neHTp CO PAH, 060cobieHHoe moapasieneHne
Huctutyt npobuem nedru u raza CO PAH, fxyrck, lifsara@yandex.ru

CoBpeMeHHOE O0ILIECTBO XapaKTepHU3yeTcs BBICOKMM IOTpPEOJICHUEM YT-
JICBOZOPOIHOTO CHIPhsL. B pe3ynbTare BO3pacTaeT 4nCIIO aBapHHHBIX Pa3IHBOB
He(TH U HEPTEIIPOTYKTOB, YTO OKA3bIBACT HETATHBHOE BIMSHIE HA COCTOSHUC
OKpy>Karoleit cpexpl. Hanbosee O0e30macHbIME B HACTOSILEE BPEMsI SIBIISTIOTCS
OMOJIOTMYECKUE METO/bI OYUCTKH He(Te3arps3HEHHBIX MMOYB, KOTOPHIC BKIIFO-
9af0T JIMO00 WHTPOAYKIHUIO YTIEBOJOPOJOKUCISIONNAX MHKPOOPTaHU3MOB
(YOM) B mouBy, JH00 CTUMYJISIIUIO COOCTBEHHOM MOYBEHHONW MHUKPOQIOPHI
[Connuesa, 1998]. [Ing 100YUCTKH MOYB OOBIYHO HCIIOJIB3YIOT METO]I BHICEBA-
HUSl TOJEPAHTHBIX K He(Te3arpsA3HEHUIO TPAaBAHUCTHIX pacTeHuil [Hedresa-
IpsS3HEHHBIE OMOIIEHO3HI ... , 2008]. J{nst yckopeHus mpoiieccoB Tpancdopma-
U HePTH U JOCTHKCHUSI CHHEPreTHYecKoro 3ddekra paccMoTpeHa BO3ZMOK-
HOCTh COBMEIICHUSI PA3JIMYHBIX METOIOB OMOJIOTUYCCKON OYHUCTKH.

C oT10if 1enpio Ha TeppuTOopuH OgHOW M3 Hedreba3z Pecrybmmku Caxa
(AxyTus) OBUIM TIPOBEICHBI HATYPHBIC SKCIEPHUMEHTHI, U 9ero OBUIH BBIJC-
neHbl 4 ydacTka ¢ Onm3kuM ypoBHeM Hedresarps3HeHus. Ha ydacTtke
Ne 1 OblIM BBICESHBI TOJIBKO TOJICPAHTHBIE K He(TE3arpsi3HEHUIO TPABSIHUCTHIE
pactenHus: TpaBocMech coctaBa 80 % kieBepa styrosoro (Trifolium pratense L.)
u 20 % nounuka nekapcreennoro (Melilotus officinalis (L.) Pall). Bropoit yua-
CTOK OBbLT 00paboTaH MUKPOOMOIOTHYECKUM HPErapaToM: KOHCOPLIIUYMOM BbI-
JICJICHHBIX M3 TO# ke mouBbl abopureHHbix YOM [Buopemenuanus Hedresa-
IPS3HEHHBIX ... , 2022]. Tpernii ygacTok oOpaboTanu Tem e OnonpenapaToMm
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1 BBICESUIM CEMEHA TOH ke TpaBocMecH. YeTBepThI y4acTOK CIY)KHI KOHTPO-
JIeM W HUYeM He 00pabaTeiBaics. DKCIEPUMEHT UTHICS 3 Mecsina. Pe3yinbraTe
9KCIIEPUMEHTA JIO U TIOCIIC OUYMCTKH IPE/ICTABICHBI B TAOIHUIIC.

Tabauna
Pe3ynbTaThl 9KCIIEPUMEHTOB 110 OMOJIOTNYECKOI OYMCTKE MT0YB OT He(Te3arpsisHEHUI
XapaxkTepucTuka VYyactok Ne 1 VYyactok Ne 2 Yuactok Ne 3 Yuactox Ne 4
3arpsI3HATENIs 10 nocie 10 nocie 10 nocie 10 nocie
YpoBeHb 3arpAs- | 1096 | 711 | 1012 | 366 | 1098 | 142 | 13,77 | 1276
HCHUS, I/KT TOYBBI
Crenenb aecTpyx- 33,9 63,9 87,1 7,3
mn, %
CocraB HedTe3a-
IPSI3HEHUSL:
YIII€BOJOPOIB, %o 59,3 56,7 58,4 43,5 64,6 31,3 55,4 53,8
cMmoubl, % 39,5 41,4 40,3 55,1 343 62,8 40,1 39,8
acdanpTeHsl, % 1,2 1,9 1,3 1,4 1,1 5,9 4,5 6,4

BunHo, 9TO cTeneHs AeCTpyKIMU HedTe3arps3HeHust Ha ydacTke Ne 3, ko-
TOPBIH OBUT OJJHOBpEMEHHO 00paboTaH OMOIpenapaToM, 1 Ha HEM BBICEBAINCH
pactenns, coctaBuia 87,1 %. Tompko BBICEBaHHE TPABOCMECH Ha YJaCTKe
Ne 1 mo3Bonmio mocturHyTh 3¢ dexTnBHOCTH B 33,9 %. Ha yuactke Ne 2 6e3
MPOU3PACTaHMsl PACTEHHH TOJIBKO 3a CUET BHECEHMs Ouorpernapara Obuia J10-
CTUTHYTa CTeNeHb AecTpyKuuu 63,9 %. B OTCYyTCTBUH OYHMCTHTENBHBIX MEpPO-
MPUATHNA 3TOT TOKa3aTedbh COCTaBHI Bcero 7,3 %. B mporecce 04ncTKH n3Me-
HUJICS TPYNIIOBOM COCTaB HepTe3arpsisHUTENSL. Y MEHBIIMIIOCH COZIEP KaHHUE YT-
JIEBOJIOPOJIOB, BO3POCIIA JI0JIsl ac(aIbTOBO-CMOJIHMCTHIX KOMIIOHEHTOB, 0COOCH-
HO cMo (cM. Tabim.). To ecTh B mouBax MPOTEKATH MPOIECCH OKUCIUTEIHHON
JIECTPYKIINH He(pTe3arps3HEHNs, 0OCOOCHHO aKTHBHO Ha TPEThEM ydacTKe MO
BJIMSTHUEM MHKPOOHO-PACTHTEIBHBIX COOOMIECTB. Y BennueHne 3pGpeKTHBHOCTH
OUYHUCTKU IPU BHECEHUU B MOYBY MHUKPOOHO-PACTUTENBHBIX COOOILIECTB CBsI3a-
HO, TO-BUJIUMOMY, CO cienyromumMu ¢pakropamu. Marpoaykius Y OM crioco6-
CTByeT OBICTpOH Omozerpajganuu HedTe3arps3HEeHHs . JTO yMEHbIIaeT (UTO-
TOKCHYHOCTB 3arps3HEHHBIX 110YB, BEJICT K YBEJIMUCHNIO BCXOXKECTH BBICAXKEH-
HBIX CEeMSH M BBDKHMBAEMOCTH MPOPOCTKOB. [Ipom3pacTtanue pacTeHHii, B CBOIO
ouepenb, CACPKUBACT MUTPAIINIO He(TEe3arpsA3HEHN Ha ONU3NIeKAIINe YIacT-
ku. OOpa3oBaHUE PACTHTEIBHOIO MOKPOBA MPEMSATCTBYET MEPECHIXAHHUIO MOY-
BbI, 00Pa30BaHUIO KOPKH, UTO BayKHO JUIA coxpaHeHus Y OM BBICOKON MHUKpO-
6uonormueckoi akTuBHOCTH. Kpome Toro, pacteHus uepes pusochepy (cum-
OuoTHUecKne MHUKPOOPTaHU3MBI) IIOJOXKUTEIBHO BIHMAIOT Ha AECTPYKIHIO
He(TH 1 HEPTEIPOTYKTOB.

Pacrenusi, mpouspacraromye Ha HeTe3arpsi3HEHHON NOYBe, aanTHPYsICh
K TOKCHYHOI cpeJie, NCIOIB3YIOT B CBOEM apCceHaje BCe BO3MOKHBIC MEXaHM3-
MBI 3aIIUTHL OT YBEIMYCHHUS aKTUBHOCTH aHTHOKCH/IAHTHBIX CHCTEM U CHCTEM
penapanuit JIHK no Bxmtouenust anontosa u SOS-penapanuii, a 4acTb NpoayK-
TOB Omojerpamanuu He(Te3arpsI3HEHUH HCIIONB3YIOTCS PACTCHHUSAMH B Kade-
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CTBE THTATeNbHOW cpenbl [Tpanchopmanms HedtesarpszHeHus ... , 2010].
[Ipu BEICOKHX 3arpsI3HCHUSX 9aCTh PACTCHHUU MOTHOAET, OJHAKO T€ MPOPOCTKH,
YTO CMOIJIM aJaNTHPOBAThCA M BBDKUTH, HA CIEAYIOMIUI o Aal0T MHOTOYHC-
JICHHBIE BCXOJBl. BceiencTBue 3TOro menecooOpa3sHO BBICEBATH MHOTOJICTHHE
pacTeHus, Tak Kak c()OPMHUPOBAHHBIA UMH aJalITUBHBIN TTOTCHITNAT HE TepseT-
Csl ¥ MPOSIBIIICTCSI B MIOTOMCTBE. JTO CHOCOOCTBYET Ooiiee OBICTpOMY BOCCTa-
HOBJICHUIO 3KOCHCTEM HapYyUICHHBIX 3€MEIlb.

Taxum 00pazoM, OMOTEXHOIOTHYECKHUI Pe3yIbTaT PACCMaTPUBAEMOTO Me-
TOJIa OYHMCTKH 3aKITF0YAeTCs B JOCTHKEHUH CHHEpTeTHdeckoro 3¢ dekra, korma
Ka)XJI0e M3 MPOBEICHHBIX MeporpusaTuii (MHTponykiws YOM u BbICeBaHHE
YCTOWYMBBIX K HE(QTE3arpsA3HCHHIO MHOTOJETHHX TPAaBSHUCTBIX PACTCHHIA)
YCHIIMBACT TIOJIOKHUTEIBHBIN 3(dekT apyroro, crmocobCTBYs peann3aii Mo-
JIOKHUTEIBHBIX 00PATHBIX CBSI3CH.

Paboma evinonnena 6 pamkax zocyoapcmeennozo sadanus Munucmep-
cmea  Hayku u  evicuieco o6pasosanus Poccuiickoi  @edepayuu  (pee.
Ne 122011200369-1) ¢ ucnonvzosanuem nayuno2o obopyoosanus Llenmpa xoin-
aekmusHo2o noavzosanusi UL} AHIL] CO PAH.

Jlutepatypa

Buopemenuanus HedTe3arps3HEHHbIX 1OYB B KJIMMaTHdeckux yciosusx Kpaitnero Cesepa /
JI. A. Epodeesckas, 10. C. I'my3nenona, 1. H. 3yesa [u ap.]. HoBocubupck : CO PAH, 2022. 132 c.

Tpauchopmanus HedresarpsisHeHHs 1 HOPMHUPOBAHUE AIANTHBHON PEAKIMU PACTCHHUI B MO-
JISTTBHOM JKCTIeprMenTe ¢ Mep3notHoi nouBoit SAxytun / C. X. Jludmmui, O. H. Yanas, M. M. [amry-
puH [u 1p.] // Xumus B uHTepecax ycroiunsoro pazsuruu. 2011. Ne 2. C. 169-178.

Hedresarpsisnennsie 6uonenossl / A. A. O6opun, B. T. Xmypuuk, C. A. Unapuonos [u jap.].
Tlepms : YpO PAH; U3n-Bo Ilepm. roc. yH-ta, 2008. 511 c.

Connuesa H. I1. loObrya Hedti U reoxumus npupoiHbix janamadros. M. : Mza-so MI'Y,
1998. 376 c.

OIEHKA BUO®OPTUPUKALIMOHHOI'O ITIOTEHIHUAJIA
Zn-COJIIOBUJIN3HUPYIOIINUX PGP-PU3OBAKTEPUI
IIPU BHEKOPHEBOM IMMOJKOPMKE PISUM SATIVUM L.
PA3ZHBIMUA ®OPMAMM MOJIA

M. T. Mauesa, I'. I'. Bopucosa, K. Y. Axamyady.ie, A. Canara,
M. Japka3aH/u

VYpanbsckuii GpenepanbHbIil yHUBEpCHTET M. riepBoro [Ipesnaenta Poccnun
b. H. Enbnna, ExarepunOypr, maria.maleva@mail.ru

OnHuM 13 HanOoJsiee MEPCIeKTUBHBIX MOIXOJ0B K PELICHHIO HPOOIEMBI
cOanaHCUPOBAaHHOTO MUTAHHUs HACENeHUs sBisiercs Ouodoprudukanms, win
oboralieHne pacTUTEIbHOTO CHIPbS U MPOJYKTOB PacTCHUEBOJCTBA HE TOJIBKO
Ie(ULUTHBIME MaKpO- ¥ MHKPOYJIEMEHTaMH, HO U OMOJIOTMYECKH aKTHBHBIMH
COeTMHEHHUSIMU M aHTHOKcuaaHTamu [Garcia-Bafiuelos, Sida-Arreola, Sanchez,
2014]. OcoOblif MHTEpEC BBI3BIBAET MUKpPOOMOIOTHYECKasT OMO(pOpTHHHUKALMS,
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KOTOpasi TpeJroaraeT UCIoiab30BaHue poctcTuMynupytomux (Plant Growth
Promoting, PGP) 6akrepuii s MOBEIMICHNST OMOIIOTHYECKON IEHHOCTH CHIPhS
W mHIeBbIX mpoaykToB [Modulation in biofertilization ... , 2022]. Haubomnee
nepcrekTuBHbIME ABIsIIOTCS PGP-pusobaktepun (PGPR), obGmamaromue crmo-
COOHOCTBIO CONMOOMIIM3UPOBATh HEJOCTYNHBIE MAJSI PACTEHHI COCIMHEHMS
MHKa U pocdopa, MpoIyHHpoBaTh CHACPOPOPSHI, a TAKKE CHHTE3UPOBAThH (PH-
toropmownsl [Effect of plant ... , 2012]. Lienbto paboTsl ObuIa OLIcHKA OHO(Op-
THQHUKAIMOHHOTO  IOTEHIWANa  JBYX  CENeKTHBHBIX  INITaMMOB  Zn-
comoommsupyromux PGPR (Pantoea sp. STF1 u Pseudomonas sp. STF13) B
COYETaHUM C TEXHOJIOTHEH BHEKOPHEBOrO OMOOOOTAIIEHNsT HOIOM IPOPOCTKOB
Pisum sativum L. (ropox mocesnoii, copt Majpac).

BakrepuanbHble KyIbTypbl ObLIM BbIAETICHBI U3 pusocdepsl Tussilago
farfara L. (cem. Asteraceae), mpouspacraroiieii Ha Teppuropun CadbsiHOBCKO-
rO MEIHO-IIMHKOBO-KOJTUEaHHOTO MecTopoxkaeHus (r. Pex, CepioBckas
o0macTs). i1t mosrydeHns H30JIMPOBAHHBIX KOJOHHUK 0KoJo 10 r przochepHoit
nmouBkl cMemmBau ¢ 90 M pocdartroro 6ydepa (pH 6,5) u BeTpsixuBanu npu
180 06. /MuH B TeueHue 2 4 ripu 28 °C. 3aTeM Jaenanu Cepuro pa3BeACHUI Kax-
Joro obpasua, u ganee mo 100 mkn nobasnsiau B wamku Iletpu ¢ arapu3oBaH-
Hoit cpenoit LB (JIypma-beprann) ¢ BHecennem 100 mr/n Zn u Fe (B cynbdar-
HOW (opme) u 75 mr/n mukiorekcamuaa. KymbTypsl nakyouposanu mpu 28 °C
B TeueHue 3 cyT. B oOreil cioxHOCTH ObUIO BBIACICHO 0KOJIO 150 U3055ITOB,
13 KOTOPBIX OBUIO 0TOOpaHOo 16 MOP(OIOTHYECKH Pa3IMIHBIX OaKTepUATbHBIX
IITAMMOB, JUIS TIPOBEPKH MX YCTOHUYMBOCTH K Zn H Fe, CITOCOOHOCTH K COJIO-
Ounmzanuu HeJOCTYNMHBIX (GopM Zn u poaykuuu cuaepodopos. s onpene-
JICHUsI MUHUMaJIbHOM MHruoupytomei konuenrpauu (MUK) B oTHOIeHHN Zn
n Fe, M307THI BRIpaIMBaIy Ha arapu30BaHHON cpene LB ¢ mobasnennem me-
TaiwioB B auanazone 0,5-2,5 1 Zn/n u 1,0-9,0 r Fe/n. Onenky MUK npoBoan-
JH TI0 POCTY OaKTepHaIbHBIX KYJIBTYp 1O ero yruerenus. J{is onpeneneHus
Zn-CoMOOMIU3UPYIONIeH CIOCOOHOCTH M30JIATHl KyJIbTUBUPOBAIN Ha COJICBOM
arape (Mineral Salt Medium, MSM) [Bhakat, Chakraborty, Islam, 2021] ¢ no-
6asnenuem 0,1 % ZnO, ZnCOswmu Zn3(PO4)2B Teuenue 2 cyr. npu 28 °C.
[Mpoxykimio cuaepoopoB OLEHUBAIM 110 MOAW(UIMPOBAHHOMY Metoay [Bio-
augmentation with copper ... , 2021] ¢ ucnons3oBanrem Fe-CAS (xpomazypodn S)
arapa. 30Ha apeoJyia BOKPYT KOJIOHMM OaKTepHil IOJITBEpiKajia COJ0OMIN3a-
U0 IIMHKA/TIPOIYKIHUIO CUACPOPOPOB. DPPEKTUBHOCTh ZN-COMFOOMITHA3AIIH/
MNPOJYKIMHU CUJIepO(OPOB PACCUUTHIBAIM, KAK OTHOLIEHHE JTMaMETpa COIF00H-
JU3NPOBAHHON 30HBI (rayio + KOJIOHUS) K JuaMeTpy Komorun x 100 %.

ITocne ckpuHMHra OaKTEpUANbHBIX HM30JISITOB II0 PaHEE TECTHPYEMBIM
PGP-criocobHocTsIM M Hanbosbel ycrolunBoctu k Zn u Fe 6bu10 0TOOpaHo
2 mramma — STF1 u STF13, xotopsle ObUTH MACHTH(OUITMPOBAHBI KaK IPUHAT-
nexkasiue pogam Pantoea (STF1) u Pseudomonas (STF13) nepBoHadaibHO Ha
OCHOBE NX MOP(OIOTUUCCKUX U (PU3NOIOro-OMOXUMHUYECKHX TECTOB, a 3aTEM C
noMolIIsio cekBeHuposanust reoma 16S pPHK. [lanee G110 MpoBeACHO X Te-
CTUPOBAHME Ha CIIOCOOHOCTDH K corobmmm3anmu Gocdaros, MPOAYKIUU HHIO-
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mt-3-ykcycnont kucnotel (MYK) [Bioaugmentation with copper ... , 2021] u
ycroitunBoctr K KI u KIO; (B nunamazone 0-0,1 %).

O0a mramMMa ObIIM OJMHAKOBO YCTOMYMBBI K BBICOKUM KOHIEHTPAIMSIM
Zn (mo 21/1) u Fe (mo 9 r/n) n obmaganu xopommmMu PGP-ciocobHOCTAMI.
Onnako STF1 obmanan 6osiee BBICOKOH A((EKTUBHOCTHIO MIPOIYKITUH CHACPO-
¢dopoB (mo 310%), B 1o Bpems kak STF13— osddexruBHOCTEIO Zn-
comobmmmzammu (ZnO — 186 %; ZnCO3— 350 %; Zn3(PO4)2— 375 %). Ilpu
stoM y uramma STF13 criocobHOCTH K comoommu3aun GochaToB U CHHTE3Y
WNYK 6butn Beime B 2,5 u 1,4 pa3a, COOTBETCTBEHHO, 1o cpaBHeHuio ¢ STF1.
Wonublit TecT He BbIsBMI HebnaronpusTHoro Bausaus KI u KIOs Ha poct nc-
cJIeyeMbIX IITaMMOB Jake pu KoHreHTpamuu 0,1 %.

3pernbsie ceMeHa ropoxa MOABEpraiiil MOBEPXHOCTHOW CTEPHIIM3AIINH, TIPO-
MbIBasid cTepUIBHON HoOyer. M OCTaABIIAIM B HEM Ha HOUb. 3aT€M UX MHOKYJIH-
poBanu B TedeHue 1 4 0TOOpaHHBIMU IMTaMMaMH. KyasTypsl IpenBapUTEIbHO
BEIpaIMBaiIN Ha cpene LB, 3arem oTaensnm oT Hee HEHTPUPYTHPOBAHUEM H
pasBoauiu B cTepuibHOM HoOuer 10 onTudeckoil mnotHoctd 108 KOE/Mi.
KoHTponeMm ciryXnuim HeHHOKYJIHPOBAaHHEIC ceMeHa. Jlanee Topox BBICAXKHBAIH
B KOHTeHHepsl oobemoM 3 11 (mo 100 cemMsiH B Kakfbli, 3 MOBTOPHOCTH) Ha
MpeIBapUTENBHO JBaX bl aBroxiaBupoBaHHbid (130 °C) TopdsHO# cyOcTpar
(pH 5,42), mpousBonutens ['K «Cenurep-Arpo», Poccus. Ha 7-i nenn Berera-
nuu npopoctku onpeickuBanu 0,01 % Bogusmm pactBopoM KI mmu KIOs; sty
mponexypy mosropsiau Ha 9 u 11 gens. Ob6miee Bpems BereTanuu — 21 1eHb.
OKCTIePUMEHT MTOBTOPSUTH JIBAXK/BI, TIOyYeHHBIE PE3yAbTaThl ycpemusumu. Jis
OIICHKM 3HAYUMOCTH BIMSIHUSL (DAKTOPOB MPOBOIMIM TUCIICPCUOHHBIN aHAaIH3
(ANOVA, Statistica 13.0). JlocTOBepHOCTh pa3nuuuii MeXTy BapHaHTaMU
OIICHUBAJIH C TIOMOIIBIO KpuTepHs JlyHKaHa /I MHOKECTBEHHOTO CPAaBHECHUSI.

OO0HapykeHo, uTo HHOKYJsms ceMstiH ropoxa STF1 u STF13 yBennunsa-
Jla CBIPYIO U CYXYK0 HAJ3eMHYK OHMOMACCY TPEXHEICIbHBIX MPOPOCTKOB (B
cpennem Ha 16 %). Buekopuesas nmonkopmka KI wnn KIOs; moytu He Bhusuia
Ha POCT PacTEHHH, OJHAKO TPUBOAMIA K 3HAYUTEIFHOMY HAKOIUICHHIO HOza B
o6uomacce mobera (B cpequeM B 17 pa3). OTMEYEHO IMOJOKHUTEIBFHOE BIIUSHHE
PGPR Ha coxmepxanue (POTOCHHTETHYECKHMX IUTMEHTOB B JIUCTBSIX IOPOXa.
JononautensHoe onpsickubanue Kl mwmm KIOs3 cmocodcTBOBano eme Oombie-
My YBEJIWYCHHUIO COACPKaHMS XJIOPO(DIIIIOB U KapOTHHOUIOB (B CpPEAHEM Ha
30 %); mpu sToM HauOombiee BiusHUE okasbiBad mramMm STF1. Cogepxanue
PacTBOPUMBIX (DEHONBHBIX COSAMHEHUH, BKIItOYas (DIaBOHOUBL, B IUCTBSAX IO-
poxa TakXxke 3aBHCeN0 OT 0bomx (akTopoB. OHO TOCTOBEPHO YBEITHMUMBATIOCH
JIUIIb y pacTeHuid, nHOKynupoBaHHbIX STF1 (Ha 25 %). OnpeickuBanue HooM
CTHUMYJIUPOBAJIO CHHTE3 (PCHOIIOB, OJHAKO JOCTOBEPHBIH 3pdekT ObuT 0OHAPY-
KEeH JHIb B KOoHTpojie u npu uHOKysmun STF1. KomngectBo (hraBoHOMIOB
yBenunuuBaiock B 2,4 u 1,6 pas npu uHokymsimuu STF1u STF13, coorset-
ctBeHHO. [Ipu aTOM 1107151 (pIIaBOHOMIOB OT OOILETO COACPIKAHUS PACTBOPUMBIX
(deHoNmpHBIX coenuHeHM Bo3pacTana ¢ 50 % y KOHTPOJIBHBIX MPOPOCTKOB, 10
94 u 76 % B cnmygae STF1 u STF13. Bonee Toro, MHOKYIAIMS TOpoxa 000MMHA
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ITaMMaMH TIPUBOJMIIA K JIOCTOBEPHOMY yBelnWueHHIo conepxkanus NPK (B
cpenHeM Ha 18 %), a Takxke Zn u Fe (B cpenuem Ha 15 %) B pacTuTenbHOU
Ounomacce 1o 3aBepLICHHH BEreTalluH, YTO MOJATBEPANIO BBICOKHH OMOpOpTH-
¢buKannoHHBIN oTeHIan BeIopaHHbIX PGPR.

Hccneoosanue svinonneno s3a cuem epanma Poccutickoeo nayunoeo gon-
O0a Ne 23-26-00292, https://rscf.ru/project/23-26-00292.

Jlutepatypa

Bhakat K., Chakraborty A., Islam E. Characterization of zinc solubilization potential of arsenic
tolerant Burkholderia spp. isolated from rice rhizospheric soil / World Journal of Microbiology and
Biotechnology. 2021. Vol. 37, N 3. Art. 39. DOI: 10.1007/s11274-021-03003-8

Bioaugmentation with copper tolerant endophyte Pseudomonas lurida strain EOO26 for im-
proved plant growth and copper phytoremediation by Helianthus annuus / A. Kumar, Tripti, O. Vo-
ropaeva [et al.] // Chemosphere. 2021. Vol. 266. Art. 128983.

Effect of plant growth-promoting rhizobacteria on growth, nodulation, and nutrient accumula-
tion of lentil under controlled conditions / M. Zafar, M. K. Abbasi, M. A. Khan [et al.] / Pedosphere.
2012. Vol. 22. P. 848-859.

Garcia-Banuelos M. L, Sida-Arreola J. P, Sanchez E. Biofortification — promising approach to
increasing the content of iron and zinc in staple food crops // Journal of Elementology. 2014. Vol. 19,
N 3. P. 865-888.

Modulation in biofertilization and biofortification of wheat crop by inoculation of zinc-
solubilizing rhizobacteria / R. C. Yadav, S. K. Sharma, A. Varma [et al.] / Frontiers in Plant Science.
2022. Vol. 13. Art. 777771.

BJIMSIHUE BAKTEPUI, KATABOJIM3UPYIOIINUX ABK,
HA POCT PACTEHHUI ITPU IIJIOTHOM ITOCEBE

E. B. MapTbiHeHko, JI. b. Boicoukasi, A. C. PsiooBa,
JI. 1O. Ky3pmuna, 3. P. 'adgpaposa, I'. P. Kynosiposa

Y dumcknii uacTuTyT 6MONOorHn Y dpumckoro ®UIL PAH
VYpa, evmart08@mail.ru

PanmonanbHOE MCMONB30BaHUE MAXOTHBIX 3€MeNb ¢ MPUMEHEHHEM ONTH-
MaJIbHOH IUIOTHOCTH II0CEBA PACTEHU — OJHA U3 BAXKHEHINUX 3alad COBpE-
MEHHOTO CEJIbCKOXO3SIMCTBEHHOTO MPOM3BOACTBA. OTHAKO TOMBITKH MOTYIHThH
CTaOMIBHO BBICOKUI TPUPOCT YPOXKasi, YBEIMYMBAs INIOTHOCTh MTOCEBA, HE BCe-
r7ia JaloT JKelaeMblid pe3ynbTar. Panee ObLIO MOKa3aHO, YTO MPOPOCTKH €lIe B
OTCYTCTBHE pealbHONH OOPBOBI 32 PECYpChI MOTYYalOT CBETOBOI CHTHAI O TIPe/-
CTOSIIIEH KOHKYPEHIIMU ¢ COCETHUMH PACTCHUSIMH M PEArHPYIOT MPHUBOISIIAMU
K MOTEepe ypoKash M3MCHECHUSIMU POCTa M Pa3BUTHS, MPOSBILIOIIMMUCS Yepes3
M3MEHEeHHEe TOPMOHAIBHOro OanaHca. B mocnennue rofsl psij uccieaoBarenei
M3ydaroT emie Oosiee OBICTPhIE OTBETHI: CHMIKEHHUE CKOPOCTH TPAHCIUPAIIHH,
OBICTpOC M3MEHEHHE POCTa B OTCYTCTBHE JAe(HUINTA BOIBI U UTaHU. VIMetoTes
CBEJICHUS, YTO MOJaBlieHHe cuHTe3a adbcum3oBoil kucioTsl (ABK) B pactenun
BCJeACTBUE 00pabOTKM (UIypUIOHOM B KPAaTKOCPOYHOM MEPHOE MO3BOJISIIO
n30eKaTh CHIDKEHHSI ITOKa3aTelIel pocTa y KOHKYPUPYIOIINX PACTCHUH.
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B oTo#i cBs3M MOXKET OBITH HEPCIEKTUBHBIM HCIOJIB30BAaHUE OaKTEpHii-
nectpykropoB ABK mist pa3paboTku 3¢(eKTUBHBIX OHOMpPEnapaToB, UCTIONb-
3yeMBIX IPH YMEPEHHO 3aryllleHHBIX I10CEBaX, M B LEIOM IOBBIIIAIOMINX
YCTOMYHMBOCTb U YpPO’KaHHOCTh CEIbCKOXO3SMCTBEHHBIX KYJBTYp B YCIOBHSAX
yMepeHHOro ouoTnyeckoro u abmormdeckoro crpecca. B YUb YOUI[ PAH
mpoBeneH ckpuHHUHT Oonee 100 mpencraBuTenei W3 KOJUIGKIIMM MHKPOOpPTa-
HHU3MOB, B PE3yJIbTaTe KOTOPOro OBUIM BBISIBICHBI OKOJIO AECITKA OaKkTepuid n3
Pa3HBIX POJIOB, crocoOHbIX pazpymars ABK. UneHTuduunpoBansl 1 BHECCHBI
B MeXxayHaponHyloo 0a3zy mamHBIX GenBank mpeacraBuTenn  poma
Pseudomonas, nposiBUBLINME CTUMYJIALMIO MPOPACTAHHS CEMSH M aKTHBALHUIO
poCTa MPOPOCTKOB MINEHUIbI. M3yueHne BIMSHUS OTOOPAHHBIX IITAMMOB Ha
POCT pacTCHMH MIIEHUIIBI B TAOOPATOPHBIX OMBITAX MPU YBEINYECHHH IUIOTHO-
CTH TIOCEBAa PACTCHUH B BEr€TALMOHHBIX COCYZaX IOKa3aja0 HAHOONIBIIYIO 3¢-
¢dexruBHocTh mTamMmoB P. plecoglossicida 2.4-D u P. veronii 1B K11-1. Dtu
6aKTepuu MPOSBIUIN Pa3HYIO CIIOCOOHOCTH BIUSATH HA POCT Macchl mobera u
KOpHSI: TO MJIM MHOE€ coueTaHue CHHUXeHMs KoHueHTpauuu ABK B mouse u B
pacTeHUH XapaKTEePU30BAIOCH ONPEIEIEHHBIMI 0COOCHHOCTSIMU POCTA.

Ipu obpaboTtke pactenuit camara P. plecoglossicida 2.4-D B mByx KOH-
LEHTPANNAX, MaKCHMaJbHas /1032 BHECEHHOH OakTepHH B TEUEHHE IEPBBIX
JBYX HENEeNb MOYTH MOJHOCTBIO HUBEIHPOBANa CHWKEHUE MOKa3aTeNnell pocTta
Ha QoHe nojepKaHus BHICOKMX 3HAUCHMI MHJEKCcAa a30THOro nuranus. [lpn
9TOM 00paboTKa MPUBOAMIA K CHIDKEHHIO copepkanns ABK B mecuanom cy6-
cTpare u mnoderax pacteHuid. [Tockonbky GakTepun MOTYT BBI3BAaTh HE TOJIBKO
cHIDKeHHe coaepxkanus ABK B cybcTpaTe, HO M MOBIUSATH HA TOPMOHATIBHBIH
0amaHC W TepepaclpenesieHne IEIO0T0 KOMIIEKCa TOPMOHOB B PAacTEHHH,
HEOOXOIMMO M3y4eHNE MEXaHM3MOB BIMSIHUS OakTepuii Ha 5TH npouecchl. [1o
HAIIMM JIaHHBIM 00paboTKu pacteHuii canara Oaktepueii P. plecoglossicida
2.4-D u pacrennii mrennst P. plecoglossicida 2.4-D u P. veronii 1B K11-1
MIPUBENN K U3MEHEHNIO AUHaMUKHU U copepxkanus UYK u [IK.

JUns u3yueHus BIUSHUSA OTOOpPAHHBIX MITAMMOB OaKkTepuil Ha POCT pacTe-
HUI MNIIEHUIBl BBICAKUBAIUM 1O 6 MPOPOCTKOB, a B 3aryIIeHHOM IIOCEBE —
20 1BYyXJAHEBHBIX MPOPOCTKOB B OJIUH rOpHIOK. HeMHOKYTHpPOBAaHHBIC pACTEHHS
CITy’)KUJI B KaU€CTBE KOHTPOJIS. IHOKyJIALUS TPUKOPHEBOM 30HBI IPUBOJMIIA K
CHIDKCHHIO COZIEPKaHMS a0CIM30BOI KHUCIOTHI B IIECYaHOM cyOcTpaTe U B TIO-
Oerax pacTEeHM IIICHHIIBI, @ TAK)KE MTO3UTHBHO BIIMsIIA HA POCTOBBIC U OMOXH-
MHUYECKHE MOKa3aTeId PacTeHUH MO CPaBHEHHIO ¢ HEOOPaOOTaHHBIM KOHTPO-
neM. K koHIly skcnepuMeHTa CTUMYJISIUS HAKOIUIEHUs] MacChl KOHKYPHPYIO-
IIUX paCcTeHHIA ObLTA OOJIBIE, YEM Y OJJUHOUYHBIX.

CHIKeHHe cozep)KaHHsl aOCIM30BON KHCIOTHI B PACTCHUSX IIICHUIIBI
mpu obpadborke ABK-nerpamupyrommuMu GakTepHsiMH MOXKHO PacCMaTpHBaTh
KaK MEXaHMU3M IIOJIOKUTENBHOTO JEeHCTBUS MHUKPOOPraHU3MOB B YCIIOBHSX
IUTOTHOTO ToceBa. [103TOMy MOKHO PEKOMEHAOBAaTh WX HCIIONB30BaHMC B Ka-
YeCTBE IEPCHEKTUBHBIX [UISI CO3JaHUS POCTPEryJHPYIINX OHOIpenaparos,
YMCHBIIAIOMNX HEeTaTHBHBIC TTOCIIEICTBHS KOHKYPEHIIHH.

Paboma evinonnena npu gunancosoii nodoepacke epanma PH® No 23-
26-00104
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OUTONATOI'EHHBIE MUKPOMMIETBI POJA FUSARIUM
HA KYJIBTYPE CBEKJIBI CTOJIOBOM

K. C. MyxuHna, E. I'. Ko3zaps, C. A. BerpoBa

®DenepanbHbIN HAyUHBIH [EHTP OBOIIEBOACTBA, OMHIIOBO
kseniyamukhina@yandex.ru

B ycnoBusix MockoBckoil oOnacTi cepbe3Hbli ymepd KOpHEIUIOAHBIM
KyJIETYpaM BO BCE MCCIIETyeMbIe TObI HAHOCHT KaraTHasi THIJIb KOPHETIJIONOB,
BBI3bIBacMasi KoMmIuiekcoM ¢utonaroreHoB [Resistance of carrots ... , 2021].
[IpoBeneunsiii B maboparopun ummynutera ®I'BHY OHIIO mMoHHTOpHHT ITa-
TOTEHHOTO KOMITJIEKCA Ha 3apa)KEHHBIX KOPHEIIIOaX CBEKJIbI CTOJIOBOH B Tede-
Hue nocnenHux 40 JeT CBUACTENBCTBYET 00 M3MEHEHNH €TO CTPYKTYPHI, CMEHE
JIOMUHUPYIOIIUX BHJIOB, TOBBIIIEHUH BUPYIEHTHOCTH M arpeCCUBHOCTH pPaHEE
MaJIONIATOTeHHBIX TPYTI MUKPOOPraHU3MOB. [IpUYMHBI TAaKUX MOMYISLIUOHHBIX
CABHTOB Pa3HOOOPA3HBI M BO MHOTOM CBSI3aHBI C AKOJIOTHYECKUMH (haKTOpamu,
KOTOpBIE ONPEAEISIOT B3aUMOOTHOILIEHUSI B CUCTEME NaToreH-pacteHue [Tu-
muHa, Exraneiuena, 2015].

Baxneiimum pakropoM B JaHHON CHUCTEME SIBIISIETCSl TEMIEPaTyPHBIN pe-
KHUM arpo3KOJIOTHYECKOi HUIIHN. B ycrmoBusax MocCKoBCKoi 001acTi OTMEJaeT-
Csl pe3Koe MOBBIIIEHNE CPEIHECYTOUHON TeMIepaTyphbl BO3AyXa 3a IOCIEIHUE
Jecsitunere, mo cpasHeHuo ¢ 70—80-mu IT. mpouutoro cronetus. B cBsasu ¢
yeM, HaynHas ¢ 2000-X IT., IO JaHHBIM MHOTOJIETHETO (PUTOMOHHUTOPHHTA, OT-
MeJaeTcsi HapacTaHWe PAcIpOCTPAHECHHOCTH M BPEJOHOCHOCTH (y3apHO3HOM
THIJIA KOPHEIUIOAOB CBEKIIBI CTOJOBOU (puc. 1, 4). DTO 0OBsCHIETCS Ype3BbI-
YaifHO# MIACTHYHOCTHIO GONBLIMHCTBA BHAOB poAa Fusarium, MHOrme U3 Ko-
TOPBIX, 00Ja/1asi BEICOKOI aTalTHBHOCTBIO U OBICTPOH M3MEHYMBOCTBIO, TPYII-
HouckopeHuMmsl [[11é6ep-bytun, ['apoe, baptensc ..., 2009].
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[pynna arpeccUBHOCTH

Puc. 1. /lunamuka pacrpoctpanenus ¢y3apuosa B Mockockoit oonactu (4),
cpenHee 3a aecatwietHre nepuoasl XX u XXI BB. ; pacnpeneneHue BbIICICHHBIX N30 TOB
p- Fusarium mo rpyrmnam arpecCHBHOCTH IPU UCKYCCTBEHHOM 3apayKCHUH KOPHETUION0B U
JIUCTHEB CBEKJIbI cTONOBOM (B). ['pymmbt arpeccuBroctu: HIT — Henarorenusie; HA — Huzko
arpeccusHble; CA —cpeziHe arpeccuBHbIe; A — arpeccuBHbIe; BA — BBICOKO arpeccHBHbIE
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Haunnas ¢ 2018 . B 1abopaTtopuul MOJIEKYISIPHO-UMMYHOJIOTHIECKHIX HC-
cnenoBanuit ®I'BHY ®HIIO Benercs BbinesneHue rpuboB poxa Fusarium us
KOPHEIUIOJIOB CBEKJIbI CTOJIOBOM € pa3AMYHBIMU CUMITOMaMU MOPAKEHUs, U B
HacTosAIIee BpeMsI CO3[aHa OONbIIas KOJUIEKIUS YUCTBIX KYJIBTYp MUKPOMHUIIE-
TOB 3TOH TPYNINHI, HacyuThIBatomas Ooixee 70 m3omsaroB. M3ydenue mx maro-
TEHHBIX CBOMCTB (arpecCHMBHOCTH) TMPOBOJAMIIK B yCIOBHsX IN VIitr0 Meromom
HCKYCCTBEHHOT'O 3apa’k€HHs JUCKOB KOPHEIJIOAOB U OTAEICHHBIX JICThEB ara-
POBO-MHUIIETHATHBIMU OJIOKAMH JIECATHCYTOYHBIX YUCTHIX KYJIBTYp, BBIPAIICH-
HBIX Ha muTareabHOU cpeae Yameka npu Temmeparype 25 °C. B pabore wc-
10JIb30BAJIN KOPHETLJIOABI U PACTEHUSI YETHIPEX COPTOB CBEKJIBI CTOJIOBOM C paz-
JIUYHBIM YPOBHEM IOJIEBOH ycTOoiumMBOCTH K (y3apnosy. IIoBTopHOCTH MATH-
KpaTHast, KOHTPOJIb — OJIOK YncToi cpenpl Yaneka. Pacmipenenenue n30msATOB Mo
YPOBHIO arpecCHBHOCTH TPOBOJIIIN Ha OCHOBAHUHM M3MEPCHHS 00beMa 30HBI
MOpaXKeHUsI TUCKOB KOPHEILIONO0B, MPOSBIEHHUsI CHMIITOMOB (XJIOPO3, HEKPO3,
YBSiIaHWE) W TUIONIAN MOPAYKSHUS JIMCTOBOW IUTACTHHKY (CperHee 3HadeHHe
IT0 BCEH COBOKYITHOCTH COPTOB).

Kak BumHO Ha puc., b, npu 3apakeHUH KOPHEIIOA0B OOJBITHHCTBO M30-
n9T0B (46 %) mposiBunM cpenHIo creneHs arpeccuBHocTH (CA). [lons Hema-
torernsx (HIT) n Husko arpeccuBHBIX (HA) m30ms1TOB coctaBmia oxono 33 %,
a B TPYNILy arpeccWBHBIX (A) M BBICOKO arpeccwBHBIX (BA) Bommio ToibpKO
ok070 20 % u3ydeHHBIX U30JATOB. [Ipu 3apa)KeHUU JTHCTHEB OTMEUEH HHOU
XapaxkTep paHKHPOBAHUS M30JIATOB IO CTETEHH arpeCCUBHOCTH, KOTOPHI OT-
JUYaeTcss 0T HOPMAaJbHOTO pacmpeneneHns. OCHOBHAS YacTh HM30JIATOB pac-
npeJenuiaach MPaKTUUECKd PaBHOMEPHO IO YETBIPEM IpyMNaM — OT HEemaTo-
TeHHBIX JIO arPECCUBHBIX, U UX YUCIIO B KAXKJI0W U3 HUX cocTaBmiio 20-24 % ot
grcaa u3y4eHHbIX. OHAKO MPOIEHT BBHICOKO arpeCCHBHBIX M30JISATOB, B JaH-
HOM ciTydae, ObUIa ITOYTH B [IBa pa3a BBIIIC, YeM MPU 3apaKCHUHN KOPHEILTOIOB
(13 % 1 7 % cCOOTBETCTBEHHO).

ComocTaBieHHE YPOBHS arpECCUBHOCTH M3yUYCHHBIX M30JSITOB B OTHOIIE-
HUHM KOPHEIUIOJIOB U JIMCTHEB BBIABHIO BBICOKYIO OPraHOCIICIU(PHIHOCTh WX
[aTOreHHOCTU. B mpeaenax Kaxmoill rpynmbl arpeCCUBHOCTH B OTHOLICHUU
KOPHEIIONOB TPHUCYTCTBOBAIM H30ISTHI FUSArium, OTHOCSIIMXCS K Pa3HBIM
IpyIaM arpeCCUBHOCTH MPHU 3apa)KCHUH JUCTHEB. [Ipy 3TOM BO BCexX Tpymmax
arpecCUBHOCTHU 110 KOPHEIJIOAAM MPUCYTCTBOBAJIM BBICOKO arpeCCUBHBIE M30-
JIATBl B OTHOIIEHUU JHUCTbEB. C TOUKU 3pEHUs] PE3yIbTaTUBHOM CEJIEKLHUU Ha
HMMYHHUTET, HaMOONBIINN HHTEPEC MPEACTABISAIOT U30JATHI, KOTOpPbIE MPOsB-
JISIOT CXOKHH yPOBEHb arpecCHBHOCTH Ha KOPHETUIOAAX M Ha JIMCTHSIX CBEKIIBI
cTos0B0oi. [To JaHHOMY COYETaHHUIO MATOI€HHBIX CBOWCTB BCETO CPEAU MU3YUYEH-
HOTO KOJUICKIIMOHHOTO Marepualia ObUIO BBIJCICHO BCErO MICCTh M30JITOB, KO-
TOpBIC TT0 MOP(OIOTHIECKUM MPHU3HAKAM KOJOHHH MOKHO OTHECTH K pas3iind-
HBIM Bujiam Fusarium.
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.

Puc. 2. BHenmHuit BUI arpecCHBHBIX H30JATOB pozia FUsarium, BeIIeTICHHBIX Ha CBEKIIC
CTOJIOBOM

B Hacrosiiiee Bpemst IpOBOAMTCS WX BHIIOBAS MIACHTU(PUKAINS PUTOTIATO-
JIOTHYECKIMH W MOJIEKYIIIPHO-TEHETHIECKUMH METOJaMH, YTO TO3BOJHT HX
TUMIUPOBATh U UCIIONB30BATh JJIS HMMYHOJIOTHUECKON OLIEHKU KOJUIEKIIMOHHO-
TO ¥ CEeNIEKIIMOHHOTO MaTepHalia CBEKJIbl CTOJIOBOW HA YCTOWYMBOCTH K (py3apu-
03HOM THHJIH.
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BAKTEPUM-IECTPYKTOPHI JIUBY TUJI®TAJIATA
PU30C®EPBI PACTEHU, TIPOU3PACTAIOIINX HA
TEPPUTOPHUHU PABPABOTOK BEPXHEKAMCKOI'O
MECTOPOKJIEHUSA COJIEM

A. B. Hazapos'?, A. B. Kpaepa?, 0. H. Heuaesa'?, E. C. Kopcakopa'?

"MHCTUTYT 5KONOTHHU M TeHeTHKH MUKpoopranm3MoB YpO PAH —
¢umuan GI'BYH IIOULL YpO PAH, Ilepmb
[TepMcKuii TOCYJapCTBEHHBII HAIMOHANBHBII HCCIIEI0BATEIbCKHI yHIBEPCUTET, ITepMb

B nacrosimee Bpemst nuoytmwidranar (JIb®) HaxoauTt mmpoxoe mpruMeHe-
HHUEC B KauecTBE IUIacTU(HUKATOPA TIACTMACC, KPOME TOTO OH MPUMEHSICTCSI LIS
mpou3BojcTBa ObITOBON xuMuu U kKocMeTwku [The environmental fate ... |
2007]. N3-3a paspyuieHHs MJIACTUKOB, a TaKKe OBITOBOTO M MPOMBIIIIEHHOTO
sarpsisHeHus JIb® nonagaer B OKpYKAIOIIYIO CPely U aKKyMYyJIHPYETCs B IO~
Be [Occurrence, source ... , 2023]. [Ipu atom [IB® 00nagaer BICOKOI TOKCHY-
HOCTBIO, OTPULIATEIBHO BJIAAA HA DHIOKPUHHYIO CUCTEMY M PEIPOLYyKTUBHBIE
(dyHKIMH, a TakKke HA (EePMEHTATHBHYIO aKTHBHOCTD II€UYEHH YEIIOBEKa U JKH-

BoTHBIX [Phthalate exposure ... , 2011]. IB® Takxe HEraTUBHO BO3ICHUCTBYET
Ha IOYBEHHBIE COOOLIECTBA MUKPOOPraHM3MOB M IPOAYKTHBHOCTH PACTEHHN
[Diethyl phthalate ... , 2007]. OgauM U3 CIIOCOOOB OYUCTKH TOYB, 3arps3HEH-
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HeIX JIb®, sBisiercss puropeMeananus, Mpu KOTOPO# AeCTPYKIUS 3arpsi3HUTE-
JIS1 OCYIICCTBISICTCS. MUKPOOPTaHH3MaMH, aCCONUUPOBAHHBIMU C PACTCHHUAMHU
[Bioremediation of dibutyl ... , 2019]. OpnHako mpuMEHEHHE MHUKPOOHO-
pPaACTUTENBHBIX accoluanuii s OuopeMeauayu Moyus, 3arps3HeHHbIX [BD,
OTrpaHHYEeBaCT HEJOCTATOYHAS U3YUCHHOCTh OakTepuii-necTpykropos JIb® pu-
30cdepsl pacTeHuil. Taxke IeCTPYKIIMA OPTaHMYCCKHUX TTOJLTFOTAHTOB MHKPOO-
HO-PACTUTENIbHBIX CHCTEM, YacTO MPEMITCTBYIOT HEOIAronpHUsiTHbIE YKOJIOTH-
gyeckne (paKkTophl, HAIPUMEp, 3aCOTICHUE TOYBHI.

Lemp HacTOSIIET0 WCCICIOBAaHUS — OLCHKA KOJNMYECTBAa OaKTepHii-
nectpyktopoB IB® u ux pasHooOpa3us B pu3ocdepe pacTeHUH OCCKUIbHUIIEI
(Puccinellia sp.), mpouspacraroiiux Ha 3acOJEHON U HE 3aCOJEHON MMOYBaX.

HccnenoBanns TPOBOAMINCH HA TEPPUTOPHH palfOHA TPOMBIIUICHHBIX
conepazpaboTok (1. Conmmkamck, [lepmckuii kpaif). beumm oToOpaHsl 00pa3mbl
pusocdeps! 1 NOYBHI 0e3 pacTeHuil: 1) ¢ IBYyX y4acTKOB, PACHONOKEHHBIX B 1—
1,5 M oT coneoTBana ¢ Cynb(aTHBIM 3aCOJIEHHEM; 2) C ydacTKa 0e3 3aCOJIeHUs B
8 M ot coneorBana. CyMMa TOKCHYHBIX COJICH Ha y4acTKax C 3aCOJICHHEM CO-
crapisuia 0,5-0,6 %, xonnenTpamwms Jb® — 7,3 mr/kr, Ha ruromaake 6e3 3aco-
neHust cymma TokcuuHbix coneid — 0,01 %, xonnentparus JIb® — 10,3 mr/kr.

B pusoctepe m3ydeHHBIX pacTeHHH OBLTa BBISBICHA OONBIIAS YHCICH-
HOCTbH OakTepuii-rectpykropoB JIb®, yem B mouBe 6e3 pacrenuit. Ha mmoman-
ke 0e3 3acosieHusl, B mouBe Oe3 pacteHuil, Oakrepun-nectpykropsl IBD co-
nepxanoch (2,5+1,3)-10*kn/r Gaxrepuii-necrpykropos Jb®, Ha ydacTkax c
saconenueM — (1,2+0,6)-10* kn/r. B pusocdepe pacTenuii ygactka 6e3 3acoe-
HUS YMCIEHHOCTh JAHHBIX OakTepuil cocrasisia (2,0+0,8)-10°, ¢ 3aconeHuem —
(5,0+2,7)-10°. U3 pusocdepsl pacTeHuil GECKUIBHHULBI, ITPOU3PACTABIIMX HA
rouBe 0e3 3acojieHus ObUTH BBIICTICHBI OaKTepruu-IecTpykTopsl J1b®d, npunai-
nexamue k pogam Halomonas, Microbacterium, Rhodococcus. Puzocdepa
pacTeHHid, IPOU3PACTAIOIINX B YCIOBHSAX 3aCOJICHHsSI ITOYBBI, colepxkaia Oak-
Tepun-gectpykropsl  JIB®, otHocsmmecss k pomam  Bacillus, Halomonas,
Idiomarina, Rhodococcus.

Takum 0Opa3oM, yCTaHOBJICHO, 4TO pu3ocdepa pacTeHU OECKUIbHUIIBI
(Puccinellia sp.) comepxut mo 82-514 pa3 GoJpluee KOIHYECTBO OakTepwii-
nectpykropoB [Ib®, uem nousa 6e3 pactenuil. [lomyueHHbIe TaHHBIE U BhIJC-
JICHHBIC KYJIBTYPbI OaKTepHil MOTYT OBITH MCIIOIB30BAHbI IS pa3padoTKH OMo-
TEXHOJIOTHYECKUX METOJIOB OYHCTKHU TI0YB, 3arps3HeHHBIX [Ib®, paiioHa mpo-
MBIIUIEHHBIX COlepa3padoToK.

Hcceneoosanue svinonneno sa cuem epanma Poccuiickoeo nayunozo ¢ou-
oa (npoexm Ne 23-24-00308).

JlnTepatypa

Bioremediation of dibutyl phthalate in a simulated agricultural ecosystem by Gordonia sp.
strain QH-11 and the microbial ecological effects in soil / X. Kong, D. Jin, X. Tai [et al.] // Science
of the Total Environment. 2019. Vol. 667. P. 691-700.
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2209.

Occurrence, source, ecological risk, and mitigation of phthalates (PAEs) in agricultural soils
and the environment/ X. Li, Q. Wang, N. Jiang, H. Lv [et al.]// Environ Res. 2023. Vol. 220.
Art. 115196.

Phthalate exposure in pregnant women and their children in central Taiwan / S. Lin, H. Y. Ku,
P. H. Su [et al.] // Chemosphere. 2011. Vol. 82. P. 947-955.

The environmental fate of phthalate esters/ C. A. Staples, D. R.Peterson, T.F. Parkerton,
W. J. Adams // Chemosphere. 1997. Vol. 35. P. 667-749.

HNCCIEAOBAHUE BUPYJEHTHOCTH
OUTOMNATOI'EHHBIX FUSARIUM

A. A. Hukoaaesa', C. A. Xpoposa', M. T. Jyrdyiun’,
C.T. Boaorun®, A. M. Mapaanosa'
"Kazauckuii (TTpuoskckuii) desiepanbHblii yHHBEPCUTET
Kasanb, azazel1212@rambler.ru
zTaTapCKI/Iﬁ HUWM censckoro xo3siictea GUILL KasHI[ PAH, Kazaun

Kaprodens 3anumaer yeTBEpToe MecTo Mo 3HaunMocTH B Poccuu cpenu
MUIIEBBIX KyIbTyp. OTHON U3 Cepbe3HEHINX MPUYHH MOTEPH ypoXKasi KapTo-
(ens sBiseTcs cyxasi THHIIb, — PaclpoCTpaHeHHOe MmoclieyoopouHoe 3a0oieBa-
HHe KIIyOHeH, Bei3biBaeMoe Fusarium spp. u npuBozsiiee K G0JIbIIOMY 9KOHO-
MHUYECKOMY yIIepOy, a Takke YXyALICHHUIO MapaMeTpOB KadecTBa ypokas U
HaKOTUIEHHIO MUKOTOKCHHOB [Xue, Liu, Yang, 2023]. IToBslmenue yposxaifHo-
CTH KapTodems MOXET ObITh JOCTHTHYTO C MOMOIIBIO CEJICKIINH COPTOB C Te-
HETHYECKO# ycToitunBocThio K Fusarium. Ilpu 3ToM ompeneneHHbIi COPT MO-
JKeT OBITh YyBCTBUTECIBHBIM K OJHOMY BHAY (y3apuyma, HO YCTOHUYUBBIM K
JPYTOMY, 9TO 3aBHUCUT OT BHUJIa U IITAMMa BO3OYANUTENSL, a TAKKE OT OCOOCHHO-
cTelt copTa KapToders, KyIbTYPHBIX U KOJIOTHUECKUX YCIOBHUI BBIpAIMBAHUS
KyIbTypbl [Ways to increase ... , 2020].

Lembio ncceToOBaHUS SBIIUICS aHAJIHW3 BUPYJICHTHOCTH IITAMMOB MHKPO-
MHLETOB poxa Fusarium, BeIIENCHHBIX U3 CyXOW THHIIM, HA KIyOHSX pasiiiy-
HBIX COPTOB KapTOQeIIs.

HccnenyeMble MmMTaMMBI MHKPOMHUIIETOB OBUTM BBIAENICHBI U3 KIyOHEl
kaptodens coproB Aposa (mzossatel N1, N3, N5, N8, MG3, H2) u Srogubrit
19 (m3omsater NS1, NS2, NS3, NS4) ¢ BHEIIHUMH TIPH3HAKAMHU CYXOH THIITH.
Jlnst mosydeHHst YMCTON KyJbTYphl 00pasel; NOpaXeHHOW TKaHHM KIIyOHS I0JI-
Beprajy MOBEPXHOCTHON crepmm3anmu B 70 % 3TaHoINe, a 3aTeM HMEePeHOCHIH
Ha arap Yameka ¢ j10o0aBICHHEM MOJIOYHOIM KHCIOTHI IS MOJABICHHS POCTa
Oaktepuii. MukpoMuetsl KynsTuBrpoBaiu npu 30 °C B TeueHue 7 JTHEH.

CKpHHHHT MHKPOMHIIETOB FUSArium mo BHpPYJICHTHBIM CBOMCTBAM IIPO-
BOIMIHM Ha KIIyOHsX kapTodens coptoB Perrum, Kaiio, lana, 3ym06a, Jlorona,
KyxoBckuit pannuii, Red Scarlet, mosydenusix u3 xomutekmun TatHUMCX
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OUII KasHI[ PAH. BHenine 310poBbie KIIyOHH KapTOQelss HCKYCCTBEHHO WH-
¢urmmpoBanm  BHeceHHeM 20 MK CIIOpPOBOH  CYCHCH3HHM MHKPOMHIICTOB
(10° kouuamit/mMn). B kadecTBe OTPULIATEILHOTO KOHTPOJS HCIOIb30BAIN
KIIyOHH, WHOKYJIHPOBAHHBIC OOBIYHBIM CTEPHIIBHBIM (DU3HONOTHYECKUM pac-
TBOpoM. Ha Kaknplii mTaMM MHKPOMHIIETOB OBLIO WCIIOJNB30BAHO TI0
10 xiryOHe# Kaxxaoro u3 coptoB KapTodens. CTeneHb mopaKeHns KryOHel Ha
21-e cyT. uHKyOaIUK OLIEHUBAIM [0 OTHOLICHUIO AUaMeTpa THUIH K JUaMeTpy
3/I0POBOH 30HBI KIyOHS TO METOJIy, OMHCAaHHOMY B pabore [Fusarium ox-
ysporum ... , 2018] ¢ HexoTopbiMH MoaupukanusaMu. CTereHb MOPaKCHHS
KIIyOHElH BhIpakasiu B 0ajuiax Imo mrkaie: | 6aar — OTCyTCTBHE MOpaKeHUs, 2 —
JFaMeTp MmopakeHHoro ydacTtka 1 — 25 %, 3 — 25-50 %, 4 — 50-75 %, 5 — 75—
100 % ot Ttkanm KiryoHsA. MHmexc ycroitumBocTH copra kaprodems (CRI)
onpenensui o popmyne: CRI = (3 TH-Y> TA)/Y T, rne TH — xonmgecTBo 310-
poBbIX KiyOHel, TA — konudecTBo KiyOHe# ¢ mpusHakamu Qysapuosa, T —
obmmee kommuecTBo Kiryoneil. Ecim 1>CRI >0, To copT ABISeTCS YCTONYUBBIM,
eciu 0> CRI >-1, To copr siBNsieTCS BOCIPUUMYNBBIM.

Beienenne JIHK npoBoxnmu ¢ nomompto CTAB-Oydepa ¢ ucnons3oBa-
nueMm Metona CTAB (rexcagenmntpumermiammonus 6pomun) [Detection and
Quantification ... , 2019]. KagectBo u momyueHHyto konneHTpamuio JJHK mpo-
Bepsutt Ha NanoDrop 2000 (Thermo, CIIA). BHyTpeHHIOIO TpaHCKpUOHpYe-
Mmyto creficepnyto oosacts (ITS) rena 5.8S pPHK u mapkepHblit Jiokyc peruo-
Ha ¢axTopa moHranuu Tpancwinuu 1-o (TEF1) ammmudunuposanu ¢ momo-
mpto [P u3 renomuoit JIHK c¢ ucnons3oBanuem mpaiimepos ITS1 u ITS4,
EF1 u EF2 coorBercTBeHHO. [TLIP-npoayKTHl OUMILAIN C TOMOIILIO KOMMEP-
yeckux HabopoB FastDNA® SPIN Kit for Soil cornmacuo npoTokoity mpou3Bo-
JIUTEINS ¥ CeKBEHUPOBaNH 1o Metoxy CaHrepa.

[ocne momy4yeHus naHHBIX O mocienoBaTeabHOCTAX JTHK 00pesky mocite-
JIOBaTeJIbHOCTEH HHM3KOTO KayecTBa IpoBoamwiu ¢ nomomsio  Galaxy
(https://usegalaxy.org/), mis nposenenust 3anpocoB BLASTn st naeHrudu-
karuu Fusarium wucrosip30BajiyM JOCTYHHBIE 4Yepe3 HWHTEpHET 0a3bl JAHHBIX
NCBI (https://blast.ncbi.nlm.nih.gov/Blast.cgi).

B o01eii ciioskHOCTH M3 KITyOHEH KapToderst ¢ Mpu3HaKaMH CyXOH IHUIIN
6buTH BBIZETICHBI 10 M30IMTOB MHUKPOMUIIETOB, UICHTH(DUIIMPOBAHHBIX HA OC-
HOBaHUH MaKpO- M MHKPOCKOIIMYECKOW MOP(OIOTHH KaK MPEICTAaBUTEIN POIa
Fusarium. Bee gecsith mitaMmoB Fusarium mposiBUIIM BUPYJIEHTHBIE CBOWCTBA,
BBI3BIBASL CyXYIO THHJIb B PAa3HOM CTENEHU B KIYOHSAX HCCIETYEeMBIX COPTOB.
CpaBHUTETHHBIN aHAU3 PE3yJbTATOB 3apakeHUs MoKa3all, 9To Hamboliee BU-
PYJICHTHBIMH B OTHOIICHHH HCIOJB30BAaHHBIX COPTOB KapToderns oKazainch
mramMmbl NS2 co cpenneit crenenbo BupyseHTHOCTH B 4 6ayuta u N1 co cpen-
HEH CTeTeHbI0 BUPYJICHTHOCTH B 2 6ayuta. BHPYIEHTHOCTh OCTaNBHBIX MITAM-
MOB B cpeiHeM cocTtaBisiia ot 1,5 no 2 6ayios. Hanbosiee BoCpuUMYUBBIMU K
sapaxkernto Fusarium copramu okazamuchk Joroga (CRI = -0,3) u Red Scarlet
(-0,08), a nHaubonee ycroituussiMu — Kaiio (0,58) u dana (0,5).
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MounekyJIIpHO-TeHeTHUeCKask UACHTH(OUKAINS MTO3BOJIMIIA OTHECTH HU30JIsI-
THI TPHOOB K CIIEAYIOMNM BHAaM: ceMb n30iaToB (N1, N3, N5, N8, NS3, MG3,
H2) 6butn mpentuduimpoBansl kak Fusarium oxysporum, asa uzonsrta (NS,
NS4) — kak Fusarium redolens u oqun (NS2) kak Fusarium solani co crerne-
HBI0 ToMoJioru# ot 95 1o 100 %.

Takum o0pa3om, MpeodIaJaroIUM BHIOM CPEIH BBIICICHHBIX U3 CYXOH
rHWIM ¢uronaroreHHpx Fusarium ssisiercs F. oxysporum. OpHako HEOOXo-
JIMMO OTMETHUTb, YTO HAaHOOJICEe arpeCCUBHBIM OKa3zaiics mramM F. solani. beuto
YCTaHOBJICHO, YTO CTCIICHb 3apPa)KCHUS M MOBPESIKACHUI KIyOHEH 3aBHCUT Kak
OT BHUPYJEHTHOCTH IITAMMa, TaK U YCTOMUYMBOCTH KOHKPETHOTO COPTa KapTo-
¢ens. JlanpHeime uccaeq0BaHUS HEOOXOAUMBI I Pa3paboTKu 3¢ (PEeKTHB-
HBIX CTpaTeruii 00phObI ¢ Py3apr0o30M U MPEIOTBPAIICHUS BO3MOKHBIX IMTOTEPH
ypoxas.

Paboma svinonnena npu ¢unancosoii noddepacke epanma PH® No 22-
16-00138 na mexnuuecxou 6aze I[lpocpammuvl cmpamezuueckoco akademuyecko-
20 moepcmea Kazamnckoeo pedepanvrozo ynusepcumema ([puopumem-2030).

Jlutepatypa

Fusarium oxysporum strains from wilting potato plants: Potential causal agents of dry rot dis-
ease in potato tubers/ Y. Akosah, S. G. Vologin, M. T. Lutfullin, G. Hadieva // Crops 22. 2021.
N 49-53. DOI: 10.31830/2348-7542.2021.012

Detection and Quantification of Fusarium spp. (F. oxysporum, F. verticillioides, F. gramine-
arum) and Magnaporthiopsis maydis in Maize Using Real-Time PCR Targeting the ITS Region/
M. Campos, C. Patanita, C. Campos [et al.] / Agronomy. 2019. Vol. 9. P. 45.

Ways to increase the adaptability of potato varieties in the North Caucasus / S. V. Likhnenko,
F. T. Zangieva, T. A. Morgoev, B.V.Bekmurzov// IOP Conf. Ser.: Earth Environ. Sci. 2020.
Vol. 548, N 2. Art. 022038.

Xue H., Liu Q., Yang Z. Pathogenicity, Mycotoxin Production, and Control of Potato Dry Rot
Caused by Fusarium spp.: A Review// J. Fungi (Basel). 2023. Vol.9(8), N 843. DOI:
10.3390/j019080843

IMPOBJIEMbBI AHHOTALIUN BAKTEPUAJIBHBIX TEHOMOB
U PACTUTEJIbHO-MHUKPOBHBIE B3AUMOJIEMCTBUSA

E. A. Huxoaaiiuuk, I1. B. Beruuk, A. B. lurpuc,
E. W. lyBanos, B. B. CxakyHn

Benopycckuii rocynapcTBeHHbIN yHUBepcuTeT, MuHcK, Pecrybnuka benapycs
nikolaichik@bsu.by

KoppekTHblil aHaiu3 MOJIEKYJISPHBIX KOMMYHHUKAlUil B pacTUTEIbHO-
MHKPOOHBIX ITTaTOCHCTEMaX COBPEMCHHBIMH BBICOKOIIPOM3BOAUTCIHHBIMHA Me-
TOJAMH KPUTHUYHO 3aBUCHUT OT KaueCTBa AaHHOTALIMM T€HOMOB KaK pacTeHUs, TaK
n maroreHa. OmHako OONBIIMHCTBO OaKTepHUaIbHBIX T€HOMHBIX MOCIEIOBa-
TENBHOCTEH COIMEP)KUT TOIHKO 0a30BYI0 AaHHOTAITHIO OTKPBITHIX PAMOK CUHTHI-
Banus, reHoB pPHK u TPHK. 13-3a MeHbI11€# KOHCEPBATUBHOCTH M CIIOKHOCTH
UAEHTU(UKAIMN TPOMOTOPHI, ONEPaTOPhl, TEPMUHATOPHI U AP. PETYISATOPHbIE
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AIIEMEHTH aHHOTHPOBAHBI Y HEMHOTHX, MPEHUMYIIECTBEHHO MOJICNBHBIX, OpTra-
HU3MOB, a 0€3 ATUX AIICMECHTOB HEJb3s MTOHATH, KOT/Ia 1 Ha KAKOM YPOBHE MOTYT
9KCIIPECCUPOBATHCS TeHBI. BTOpOil mpobieMoii sBIsieTCs] HEKOPPEKTHAsT aHHO-
TalMsi MEXICHHBIX YYacTKOB: OTCYTCTBHE AHHOTAIMM MOBTOPOB (BKIOUAst
TPaAHCIO30HKI), HEKOPPEKTHOE yKa3aHHe Hadalla TeHa, OTCYTCTBHE aHHOTAIIUU
S'-HeTpaHCIMPYEMBIX DJIEMEHTOB (aTTeHYaTOpOB, pubonepekitodareneii). Tpe-
TheH CEepbe3HOH NpPOOJIEMOH SBISETCS MCTOPHYECKU CIOMKHMBLIASICS TMPAaKTHUKA
MIPUCBOCHUSI OJIMHAKOBBIX HAa3BaHMU HEPOJICTBEHHBIM I'€HAM B Pa3HBIX TaKCO-
Hax (Hampumep, rSmA, phoP), uro npuBOAMT K OMIMOKaM HE TOJBKO B paboTe
ABTOMATUYECKUX CHCTEM aHHOTAILUH, HO M B ITyONUKAIUAX, B OCHOBHOM CBSI-
3aHHBIX C aHAJIM30M T€HOMHBIX U TPAHCKPHUIITOMHBIX JQHHBIX.

B macrosmeit paboTe MBI TIpeaiaraeM IPOCTOH MPOTOKOI KaueCTBEHHOTO
YITydIICHUs] aHHOTAIlMU TEHOMOB OaKTepPHAaJIbHBIX IATOTCHOB, CITIOCOOHBIN ITe-
PEBECTH MHTEPIPETALNIO KOMUKCHBIX)» JJAHHBIX Ha HOBBIH ypoBeHb. [IpoTokoi
TpeOyeT WCHOJB30BAaHHWA IOCIETHEH BepcHH  mporpaMMmel  SigmolD
[Nikolaichik, Damienikan, 2016; Nikolaichik, Vychik, 2020], goctymHoi u3
penosutopust (https://github.com/nikolaichik/sigmoid), a Taxke cTOpOHHEro
I1O. YacTs TpeOyeMbIX IS BBITOTHEHUS POTOKOJIa (QYHKIMH JOCTYIHA Yepes3
noptait BacRegDB (http://bacregdb.bsu.by). [IpoTokon paboTtaer co ctanmapt-
HBIMH (haiiTaMi aHHOTHPOBAHHBIX TEHOMHBIX ITOCTICIOBATEIFHOCTEH B (hopMa-
te GenBank. /{ys1 HenoNHBIX TEHOMHBIX COOPOK TpeOyeTcsi KOHKaTeHALHsl KOH-
THT B oJMH (aiin. [IpuMepHas mocie0BaTe IbHOCTD BBITOJIHEHUS POTOKOJIA
3aBHCHUT OT KOHKPETHBIX 3a71a4, HO B 00XeM cirydae Bkirodaet 10 crammii:

1. AHHOTaIMs TPAHCKPHITIIHOHHBIX TEPMUHATOPOB C TIOMOIIBIO (DYHKITUH
“Terminator search...” SigmolD.

2. AHHOTaIWsI CHTHANBHBIX menTrioB. OyHkims “Annotate Signal Peptides...’
SigmolD pab6otaer ¢ pe3ynbratamu SignalP v.6 [SignalP 6.0 predicts ... , 2022].

4. Annotanus perynsatopHbsix mmementoB PHK ¢ momomsro Infernal
[Nawrock, Eddy, 2013]. YactuuHo 3Ta 3aiaya Takke peliaeTcsi UCIOIb30Ba-
HUeM aHHoTarmu RefSeq mocnemHux Bepcuii, 0JJHAKO KIFOUEBBIC IS (PHUTOIIA-
toreHoB perynstopasie PHK (mampumep, rsmB) xonseiiep PGAP no cux mop
He anHoTHpyer. [locne annoTtanun PHK-3memMenToB Tpedyercst MX BKIIOYEHHE
B COCTaB KOHTPOJIHUPYEMOTO IreHa (MIPUCBOCHUE AIIEMEHTY locus tag u Koppek-
U] HAa9aIbHOW KOOPIMHATHI TeHa) CPeICTBaMH peakTupoBanus SigmolD.

5. AHHOTAIMsT MOOWIBHBIX PJIEMEHTOB. AHHOTAnusA [S MoOXeT OBITH BbI-
noJyiHeHa ¢ ucrnojib3oBanueM ISsaga n ISfinder [ISsaga is an ensemble ... ,
2011; Exploring Bacterial ... , 2012]. [TomHbIif aHamm3 TpedyeT TETEKINH MHU-
Hu-meMerToB (MITE), uncimo xoTopslx y OONBIIMHCTBA (PUTOMATOTEHOB CO-
cTaBisieT HecKoJibKo coTeH. MITE u apyrue moBTopsl MOTYT OBITh UACHTH(DU-
IUPOBAHBI C TOMOIIBI0 HECKONBKUX mporpamM, Hampumep MUST u MITE
Hunter [MUSTV2: An Improved ... , 2017; Han, Wessler, 2010]. ITocxe ompe-
JICTICHAS TTO3UINH MOOWIIBHBIX 2JIEMEHTOB MOXET IMOTPEOOBATHCS KOPPEKITHS
AQHHOTALMM Pa30pPBaHHBIX HMMH TEHOB, YTO MOXXHO CJIeJlaTh CpEJCTBAMHU
SigmolD.

i
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6. Unentndukanus M KIaccu(UKaNys TPAHCKPHUITIIMOHHBIX (aKTOPOB C
nomomnpio pyrkmuu “List TFs...” SigmolD wmu nacTpymenta “TF Classifier”
BacRegDB.

7. Nnentuduxanus caiiToB CBA3BIBAHUS TPAHCKPUIIIMOHHBIX (DAaKTOPOB C
n3BecTHIMA MoTHBamu (pynkius “CR tagged Profile Search” SigmolD win
HHCTPYMEHT “Annotation” BacRegDB).

8. NneHtu(ukaiys caiiToB CBS3bIBAHNS TPAHCKPHUILIMOHHBIX (hJaKTOPOB C He-
n3BecTHRIMU MoTHBamH (pyHKIwA “De novo TFBS Motif Inference” SigmolD).

9. AHanM3 OMEpOHHOH CTPYKTYphl C ToMompio ¢yHKOuM “List
Regulons...” SigmolD.

10. Bepudukanus u xoppekuus (QyHKIIMOHATBHON aHHOTAIUU IIEJIEBBIX
T€HOB C IIOMOIIBIO0 KOHTEKCTHOro MeHro “Swiss-Prot, CDD & Literature
Search” reromuOT0 0603peBarens SigmolD.

JopabGorannasi TakuM 00pa3oM aHHOTalusl (M OTAENbHBbIC IIArd BbIIIE-
OTIMCaHHOTO MPOTOKOJIA) CYIIECTBEHHO O0JIETYaeT MCCIECAOBAHNE PACTUTEIHHO-
MHUKPOOHBIX B3anMOAEHCTBHH. [IprMephl 4acTo BCTpEUaromuXcst poodieM i ux
PELICHHUS ¢ TIOMOIIBIO HAIIETO MOJX0/1a B MPUIOKCHUHU K MATOCUCTEMaM C y4a-
CTHEeM TMeKToO0akTepuil MOKHO HalTH B paborax [Nikolaichik, Damienikan,
2016; RpoS-Regulated Genes ..., 2023; The PhoPQ ..., 2021], HoBas urpop-
Marnus OyIeT ImpecTaBlIeHa Ha KOH(PEPCHIINH.

Paboma evinonnena npu noooepoicke Munucmepcmea obpasosanus Pec-
nyonuxu Berapyco (npoexm Ne 20211918).

Jluteparypa

Exploring Bacterial Insertion Sequences with ISfinder: Objectives, Uses, and Future Devel-
opments / P. Siguier [et al.] // Mobile Genetic Elements. Humana Press. 2012. P. 91-103.

Han Y., Wessler S. R. MITE-Hunter: a program for discovering miniature inverted-repeat transposa-
ble elements from genomic sequences // Nucleic Acids Res. 2010. Vol. 38, N 22. Art. €199—199.

ISsaga is an ensemble of web-based methods for high throughput identification and semi-
automatic annotation of insertion sequences in prokaryotic genomes / A. M. Varani [et al.] / Genome
Biol. 2011. Vol. 12. Art. R30.

MUSTvV2: An Improved De Novo Detection Program for Recently Active Miniature Inverted
Repeat Transposable Elements (MITEs) / R. Ge [et al.] // J. Integr. Bioinforma. 2017. Vol. 14, N 3.
Art. 20170029.

Nawrocki E. P., Eddy S. R. Infernal 1.1: 100-fold faster RNA homology searches / Bioinfor-
matics. 2013. Vol. 29, N 22. P. 2933-2935.

Nikolaichik Y., Damienikan A. U. SigmolID: a user-friendly tool for improving bacterial ge-
nome annotation through analysis of transcription control signals // PeerJ. 2016. Vol. 4. Art. €2056.

Nikolaichik Y., Vychik P. New approach to genome-wide automated inference of bacterial
transcription factor binding sites / Bioinformatics of Genome Regulation and Structure / Systems
Biology. Institute of cytology and genetics, siberian branch of the russian academy of science, Novo-
sibirsk State University. 2020. P. 75-76.

RpoS-Regulated Genes and Phenotypes in the Phytopathogenic Bacterium Pectobacterium
atrosepticum / O. Petrova [et al.] // Int. J. Mol. Sci. 2023. Vol. 24, N 24. Art. 17348.

SignalP 6.0 predicts all five types of signal peptides using protein language models / F. Teufel
[et al.] // Nat. Biotechnol. 2022. Vol. 40, N 7. P. 1023-1025.

The PhoPQ Two-Component System Is the Major Regulator of Cell Surface Properties, Stress
Responses and Plant-Derived Substrate Utilisation During Development of Pectobacterium versatile-
Host Plant Pathosystems / U. Kravchenko [et al.] // Front. Microbiol. 2021. Vol. 11. Art. 621391.
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XAPAKTEPUCTHUKA ITAMMA LYSOBACTER SP.,
BBIAEJEHHOI'O 13 PU3OC®EPBI DHAEMWYHOI'O PACTEHUS
MPUBAUKAJIbS HEDYSARUM ZUNDUKII (FABASEAE)

0. B. Hypmunckas', M. C. Kapenosa', H. B. Aiomeepa?,
H. A. Bacuanes', FO. B. Mapkosa'
!Cubupckuit unctutyT dusuonoruu u Guoxumuu pactenuit CO PAH,
UpkyTck, marina-tretjakova@yandex.ru
MpkyTckuii rocy1apcTBeHHbli yHuBepcutet, UpKyTCK
ayuseevanadya@gmail.com

CpaBHHTENHHO HEIABHO TOSBHBIINIICS TakcoH poa Lysobacter mpexcras-
JsieT OOJBIION WHTEpEeC Cpa3y MO HECKOJIbKUM npuyrnHaM. CTaOMIBHO 00HApY-
JKrBaeMble B pusocepe JIn300aKTepHu MPUBIICKAIOT BHUMAaHUE CBOUMH BTOPUY-
HBIMH METabOJIMTaMH, 3a4aCTyI0 NMEIOIMMH TPOTHBOMHUKPOOHBIE M (YHIUIIUI-
HbIe cBoiicTBa [Bioactive natural ... , 2012; Lysobacter species ... , 2016]. Crektp
9TUX MeTabOoJINTOB, MHOTHE UX KOTOPBIX SIBISIOTCS IMOTEHIUAIbHBIMH AHTH-
OMOTHKAMH, JTOCTATOYHO MHUPOK. OJHAKO TU300aKTepPHH pPAacCMATPUBAIOT HE
TOJIFKO KaK MCTOYHHUK TTOJy9YECHHS HOBBIX aHTHOMOTHKOB. OHH MOTYT CTaTh HC-
TOYHHKOM YHHKAIBGHBIX TCHOB JIISI HY)KI T€HHOW WH)KCHEPUH, a TAK)KE MOTYT
OBITh MCIIOJIb30BAHBI B COCTABE MUKPOOHOJIOTMUECKHX TPENapaToB JUls 3alUThI
pacTeHni OT MaTOTEHHBIX MUKpoOpranm3MoB [Bioactive natural ... , 2012].

Ha nansblii MOMEHT 3apermctpupoBaHo Ooinee 90 Bumos Lysobacter
(https://lpsn.dsmz.de/search?word=lysobacter). Kaxxaplii BHOBb OTKpBITHIH BH]
CTaHOBUTCSl OOBEKTOM BHHUMATEJIBHOIO H3y4YeHHs, TaK Kak J000# mTamm
Lysobacter morennnansHo mosie3eH 11t OHOTEXHOIOTHH.

O pusochepHbIX MUKPOOPraHU3MaxX dHACMHUYHBIX PACTCHUH OaifkaibCcKo-
IO pEeruoHa N3BECTHO O4eHb Maiio. [Ipu sTom [IpronbXxoHbe SBISIETCS HE TOJb-
KO MECTOM IIPOM3pPACTaHUs] MHOXKECTBA JHJIEMHUYHBIX BHJOB PacTeHHU. DTa
MECTHOCTh XapaKTEePH3YeTCsl COYCTaHHEM KIMMAaTHYECKUX ycioBuit CuOupu
(KOpOTKOE JICTO, JAOJTHHA MEPHOJ, KOTrJa MoYBa OXJIAXKICHA) U 3aCyIIMBOIO,
JKAPKOTo KIMMaTa CTEIHbIX PailoHOB (B MPUOJIBXOHBE BBICOKAsE MHCOJLSILIMS B
JICTHUH TepHOJ). DTO MO3BOJSIET MPEANoaraTb, Y70 MUKPOOPIaHU3MBbI MOYB
JAHHOTO PErMoHAa O00JaNar0T yCTOWYHMBOCTBIO KaK K HU3KOHM, TaK W BBICOKOM
TeMIIepaTypam, a TaKKe K JeQHUIUTY BIAry.

B cBsi3u ¢ 9TMM OOWTATENN MOYB ITOr0 pailoHa MPENCTABISIOT Ul MHK-
POOHOIIOTOB 0COOBII HHTEpEC.

Lenbto wccnenoBanus ObLIO MOMYYHTH MEPBHYHBIC JaHHBIC O BBIICICH-
HOM U3 pU30Cc(epbl KONEEUHUKA 3YH/IYKCKOrO (9H/IEMHKA MajJOMOPCKOIO I10-
Oepexns 03. baiikan) HoBoM mramme Lysobacter sp. Hz25.

s mpoBeneHnsT SKCIIEPUMEHTOB HCIOJIB30BAIH KPaxMalo-aMMHAYHYIO
cpeny, cpeny Ha [M®d-ocHoBe u cpeny SYM [Kosnos, 2023] B Tpéx BapuaH-
Tax: noiHyto (SYM-1), ¢ 50 % caxaposbl (SYM-2) u ¢ 50 % IpoxokeBOTO dKC-
TpakTa (SYM-3).
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W3zyganu cienyromye mapaMerpel: MOP(HOIOTHIO KIETOK M KOJOHHH Ha
pa3HBIX cpenax, CmocOOHOCTh OOBETUHATHCS B €INHOE COOOMIECTBO (pOeHNUE),
OTHOILIEHUE K KHUCIIOPOY, TEMIIEpaType M KUCIOTHOCTH CPEJIbl, a TaKKe CKO-
POCTH AETCHUS B )KUAKOH Cpefie Pa3IMYHOTO COCTaBa. Takke OI[EHUBAIU CIO-
COOHOCTD K MUKPOXHIITHUYECKOMY MTOBE/ICHHUIO.

Crnusucteie kononuu Lysobacter sp. Hz25 okpaiiieHsl B 6enoBato-, po3o-
BAaTO, JKEITOBATO-KPEMOBBIH, 8 TAKIKE B TEMHO-KPEMOBBIH BILUIOTH 10 KOPUYHE-
BOTO OTTEHKH B 3aBHCHMOCTH COCTaBa CPEIbI M OT Bo3pacTa KoloHMH. Bee atn
BapHaHTbl OKPACKH KOJOHHM XapaKTepHbI Juisi Oakrepuid poxa Lysobacter. B
crathe Zhao et al. [Characterization of Lysobacter spp. ... , 2021] rakxe Gbu1
omucan mramm L. antibioticus OH13, kos0HHH KOTOPOTO OBLIM Pa3HOTO IBETA
B 3aBHCHMOCTH OT COCTaBa CPEIbl MOJOOHO TOMY, YTO HAOTIOANH Yy IITaMMa
Lysobacter sp. Hz25.

W3BecTHO, 4TO JM300aKTEpHH BBIPAOATHIBAIOT MUIMEHTHI JKENTHIX OTTEH-
KOB JUIS 3aIIUTHI OT YJNbTPa(dHOIETOBOTO M3INyUeHHs, TaKHe Kak OeTaJanH |
kcantomoHauH [Puopolo, Tomada, Pertot, 2018]. DTu mUrMeHTH MOTYT TIPH-
JIaBaTh KOJOHHUSM OTMEUCHHBIH HAMH KEJITOBAThIH MM KPEMOBBIH OTTEHOK.

Taroke MHOTZAa OTMeYaIH 00Opa30BaHKME KOPHYHEBO-KPACHBIX KPHUCTAJLUIOB
B cpene. CormacHo Christensen and Cook [1978] 310 MOTIH OBITH KPHUCTAIUIBI
AQHTHOMOTHKA MUKCHHA.

Kuerku Lysobacter sp. Hz25 6buin manoukoBuaHO# GOpMBI, OMHAKO AJH-
Ha KJIETOK CTaTUCTUYECKU JOCTOBEPHO 3aBHCEIA OT IUIOTHOCTH 3aCETICHUS Cpe-
JIBI: TIPH HU3KOH TUIOTHOCTH 3acCeNIeHHs JUTMHA COCTaBIsIa OKOJo 1,2 MKM, a
IIpU BBICOKOH — 0K0110 0,5MKM.

OnTumansHas a1 KynbTHBHpoBanus Lysobacter sp. Hz25 kucmotHOCTH
cpezs! OblIa B 1uamazone ot 5 1o 8. ITo oTHOmIEHMIO K TeMIepaType MTaMM
okaszacs Me3odriiom (onTuManbHas Temreparypa 20-25 °C).

Hccnenyemslit mramMm, Kak 1 MHOTHE Ipyrue mrammbl Lysobacter, nepe-
JIBUTAJICSI CKOJIBKEHNUEM (CBOPMUHT), CTPEMsICh 00BEIHHATH KOJOHUU B €IUHOE
coobmectBo (poenue). OMHAKO CKOPOCTh MEpEeMENIeHNsT OaKTepHAIbHBIX KIle-
TOK I10 ITOBEPXHOCTH TBEPAOW cpeibl Oblla pa3sIMuHOM B 3aBUCHMOCTH OT €€
COCTaBa.

Lysobacter sp. Hz25 moka3zan cebst kak (akyJIbTaTHBHBINA XUITHUK. [Ipn
COBMECTHOM KYJIBTHBHPOBAHHH CO INTaMMaMH MHKPOOPIaHM3MOB pH30c(hephl
KOIeeUHHKa 3yHaykckoro Lysobacter sp. Hz25 nu3upoBan KIETKH IITaMMOB
Hz47 n Hz102, npu 3ToM oTMedanu nepeMelieHne XUIHUKA B CTOPOHY OakTe-
PHUH-KEPTBBI IO TIOBEPXHOCTH TBEPIOH CpEIHI.

[MomyueHHbBIE TaHHBIE CTAHYT OCHOBOH Ul JAlbHEHIINX HCCIIEI0BAHUH,
MOCBSIIEHHBIX M3YYCHHUIO B3aUMOJEHCTBHS JAQHHOTO LITaMMa C JAPYTMMH MHK-
pPOOpraHM3MaMy, a TaKXKe C PACTCHHAMH. DTH HCCIEAOBAHUS TaayT BO3MOX-
HOCTB IIPEOJIOKUTE, MOXKET JIM IaHHBIM IITAMM HCIOJIB30BAaThCS IS U3TOTOB-
JICHUs] MUKPOONOJIOTHYECKHX TIPENapaToB s 3alIUThl PACTCHUH OT IIATOTCHOB.

Paboma evinonnena npu noodepaicke epanma PH® Ne 23-26-00204.
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Jlutepatypa

Koznos A. B. Meto/ibl OYBEHHOH MUKPOOHOIOTMM U 3H3UMOJIOTMH B 3KOCHUCTEMHBIX HC-
cJIeI0BaHuX : yuel.-MeTo 1. mocobue s By30B. M. : Ilmogopoaue, 2023. 152 c.

Characterization of Lysobacter spp. strains and their potential use as biocontrol agents
against pear anthracnose/ Y. Zhao, T. Jiang, H. Xu [et al.] // Microbiological Research. 2021.
Vol. 242. Art. 126624.

Christensen P., Cook F. D. Lysobacter, a new genus of nonfruiting, gliding bacteria with a
high base ratio. // International Journal of Systematic and Evolutionary Microbiology. 1978. Vol. 28,
N 3. P.367-393.

Lysobacter species: a potential source of novel antibiotics/ S. Panthee, H. Hamamoto,
A. Paudel, K. Sekimizu // Archives of microbiology. 2016. Vol. 198. P. 839-845.

Puopolo G., Tomada S., Pertot I. The impact of the omics era on the knowledge and use of
Lysobacter species to control phytopathogenic micro-organisms// J. Appl. Microbiol. 2018.
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3KCTPAKJIETOYHBIE HU3KOMOJIEKYJIAPHBIE ®OC®OHATbBI
PECTOBACTERIUM ATROSEPTICUM KAK ®AKTOPBI,
OINPEJIEJISIOIINUE COCTOSHUE PACTUTEJIbHO-MUKPOBHOM
IMATOCHUCTEMbI

0. W. Mapduposa’, O. E. Ierposa’, E. JI. CoipoMsiTHHKOBA',
A. B. Cmos060uxun’, B. IO. T'opuikos'?

'Kazanckuii unctutyt 6uoxumun u 6uodusuxu ®ULL KasHI[ PAH, Kazaus
2MHCTHTYT opranuyeckoit u pusmdeckoi xumun um. A. E. ApSysosa
OUI] Ka3HI] PAH, Ka3aub
3Kasanckwuit (IIpuBomkckmit) henepansuelii yauepcuteT, Kazans

duronaroren Pectobacterium atrosepticum siBisiercst MIMPOKO pacrpo-
CTPaHEHHBIM BO30YIUTEIEM MSTKOW THHJIM pacTeHuid. OIHAKO B3aUMOJIEH-
CTBHE MEKTOOAKTEPHIA C PACTEHHEM MOYKET BBIPAXKAThCS HE TONBKO MSTKHMH
THIJISIME, HO ¥ OCCCHMIITOMHBIMA WH(M)EKIUSIMHE, TPH KOTOPBIX TATOTEH U XO-
3MH MHPHO COCYIIECTBYIOT. HeCMOTpst Ha TO YTO IMHPOKO OTHCAHBI PA3IIHY-
HBIE THITBI MH(EKINH, BBI3BIBAEMBIC TIEKTOOAKTEPHAMHU, HA CETOIHANIHUNA IE€Hb
HE COPMHUPOBAHO TIPEACTABICHHE O CMIEKTPE MOJEKYISPHBIX UTPOKOB, KOTO-
pble TIPEIOTPEEISIOT MHOT00Opasye GopM B3aNMOICHCTBHS TTEKTOOAKTEPHIA C
pactrenusiMu. To, 10 KaKOMy CIIEHApUIO OYIET pasBHBATHCS MATOCHCTEMA, BO
MHOTOM OIpeZeNsieTcs MeTaboauTaMu martoreHa. K HacTosieMy BpeMEHH Y
MEKTO0AKTEPHA Cper HU3KOMOJICKYJISIPHBIX METabOJIMTOB, OMPEICISFOIIIX
CTPATETHiO B3aNMOJICHCTBHS MATOTEHA C PACTEHUSIMH, OIMCAaHa TOJIBKO KOPOHA-
(arnmeBass KUCIOTa, KOTOpas CIYy)KHT B KauyecTBE WHIYKTOpA >KaCMOHAT-
PEryIUPYMBIX BOCIIPHIMYHBBIX OTBETOB XO3SMHA. B CBSI3H C 3THM MBI TIPOBOIHIIH
MOKMCK DKCTPaKIETOYHbIX MeTabonmuToB maroreHa Pectobacterium atrosepticum,
MPUHUMAIONIAX yJIacTHE B PACTUTEIBHO-MHKPOOHOM B3aMMOJICHCTBHH, U OIle-
HHBAJIM UX POJIb B PA3BUTHH PACTHTEIFHO-MUKPOOHBIX MATOCUCTEM.
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C moMomIp0 TPAaHCKPUNITOMHOTO aHalIN3a HAMH YCTAHOBIJICHO, YTO TIPH
KOJIOHM3AIIMM PAaCTCHUSI-XO35IMHA IOBBIMIACTCS YPOBEHb AKCIIPECCHH T'€HOB
MEeKTOOAaKTepHii, aHHOTHPOBAHHBIX Kak (epMeHThl OnocuHTe3a (hochoHATOB.
Panee ObuTO ycTaHoBIEHO, 4TO (ocdoHaT manTadoc, MPOAYIUPYEMbIH (HUTO-
naroreHoM Pantoea ananatis, oOnamaer repOUIMAHBIME CBOMCTBAMHU U MOBBI-
IaeT BHUPYJCHTHOCTh MATOIEHA; OJHAKO IS TeKToOakTepuit (ocdoHaThl K
HACTOSIIIIEMY BPEMEHH He ObLIN AETEKTUPOBAHbI U OMHUCAHBI.

UroOBl TPOBEPHTH, NCHCTBUTENBHO JH IMEKTOOAKTEPUH TNPOAYIHPYIOT
HHU3KOMOJICKYJISIPHBIE SKCTPaKiIeTOYHbIe (ocOHATHI, ObIIN TOLO0O0paHbI yCII0-
BHS N Vitro, KOTOpBIC MHAYLHPYIOT SKCIPECCHIO TEHOB, CBA3aHHBIX ¢ (ocdo-
HaTaM¥, ¥ TIPOBEACHA IKCTPAKIHUSA MpEroiaraeMeix (GpocdoHaToB U3 CynepHa-
TAHTOB KyJbTyp TlekTobakTepuii. [1pu momormw 3P SIMP-CrieKTpOoCKOITMI HaM#
OblTa MOKa3aHa CHOCOOHOCTH MEKTOOAKTEpHH MPOJYLHPOBATh HU3KOMOJIEKY-
JSIPHBIC SKCTpakieTouHbie hocdonarsl. MyTaHT ¢ menenueit rena foml, koau-
pyromero Kio49eBoi reH OmocmHTe3a hochonaros (pepmeHt pochoenonmm-
pyBar MyTasy), HE TIPOAYLIUPOBAI 3TH META0OIHUTHI; HO CHOCOOHOCTH K CHHTE-
3y (hocOHATOB BOCCTAHABIMBAIACH Y KOMIICHCATOPHOIO MyTAHTHOTO IITaMMa,
Hecymiero eneBoii rex foml B cocrase mmasmu/pL.

Hamwu ycTaHOBIIEHO, YTO CHHTE3 HICCIEAYEMOTO COCIHMHEHHS 3aBUCHT Kak
OT HPHUCYTCTBUSI HHAYKTOPOB PACTUTEIBHOTO IMPOMCXOKACHHUS, TaK U OT (PyHK-
LIUOHUPOBAHUS CUCTEMBbl MEXKKJICTOUHOW KOMMYHMKALUHM TaToreHa. JlaHHbIE
JIBE CHCTEMBI PETYIHPYIOT MPOAYKIHIO OONBIIMHCTBA (PaKTOPOB BHPYICHTHO-
CTH TIEKTOOAKTEPHH, ¥ TIOTyIEHHBIC PE3yIbTaThl MOTJIN OBl CBHIECTEIECTBOBATD
0 npuHaIexKHOCTH pochoHaToB K pakTOpaM BUPYICHTHOCTH MEKTOOAKTEPHH.
OnHako Hamu ObUTa BBISIBJICHA MOBBIICHHAs BUPYJIEHTHOCTH (ocdoHat-
JePUIUTHOTO MyTaHTa MEKTOOAKTEPUIl B OTHOIICHHH PACTCHHIH C MHAYIMPO-
BaHHBIM MMMYHHBIM cTaTycoM. OKa3anoch, 4TO HECIMOCOOHOCTh CHHTE3MPO-
BaTh HHM3KOMOJIEKYJISipHBIE (Doc(oHATHI TpHBENA K YBEIHMYCHUIO aKTHBHOCTH
KITFOUEBBIX (DAaKTOPOB BHPYJICHTHOCTU MEKTOOAKTEPHIA — MEKTATINA3.

Takum 00pa3oM, MBI yCTaHOBHIIH, 9TO (POC(OHATHI, MOAABIIAS AKTUBHOCTh
KJIFOYEBBIX (pAKTOPOB BHPYJICHTHOCTH, BHOCST BKJIAJ B IIPOJIOHTHPOBaHUE Oec-
CHUMIITOMHOH CTaJu¥ B3aUMOJEUCTBUA MekToOakTepuil u pactenuil. Ha npu-
Mepe MEeKTOIUTHUECKUX OakTepuil He OBLIO paHee OMUCAHO TAKOTO SBICHUS,
Kor/ia (JUTOMATOTeH MPOIYIPOBall ObI HU3KOMOJIEKYJIISIPHBIE PEIPECCOPEI CO0-
CTBEHHBIX (DaKTOPOB BUPYJICHTHOCTH ITPU B3aUMO/ICHCTBHM ¢ X03siMHOM. Takoi
(eHOMEH COOTBETCTBYET HPEACTABICHUSM O PACTHUTEIBHO-MHUKPOOHOM B3au-
MOJICHCTBHH, COTIIACHO KOTOPHIM MATOTEH CTPEMHTCS HAHECTH MHHHUMAJIBHBIA
BpEZl CBOEMY XO3AMHY, YTOOBI IMETh BO3MOXXHOCTb KaK MOXHO JIOJIBIIIE COXpa-
HSTH CBOIO HKOJIOTHYECKYIO HMIIY B ()YHKIMOHAJIBHOM COCTOSHUH, U OOHApy-
KCHHBIC HAMHU y TMeKToOakTepuili GocoHATHI, MO BCEH BEPOATHOCTH, STOMY
CIOCOOCTBYIOT.

275



MN3YYEHHUE DKCIIPECCHUU T'’EHOB, KOHTPOJINPYIOIIUX
3AIIATHBIE PEAKIIAH, ITPY B3AUMOJENCTBUHA JIIOIEPHBI
MEDICAGO TRUNCATULA C ABOT®UKCHUPYIOIIMMHU
BAKTEPUSAMMU PU30OBUAMU

B. A. Iletpenko, M. A. JleGenena, JI. A. JlyroBa

Cankr-ITerepOyprekuii rocynapctBennsiii yuuepcuret, Cankr-ITerepoypr
drpetrenko@yandex.ru

CuM6Omo03 pactenuii cemerictBa Fabaceae ¢ azorodukcupyrommmu Oakte-
PUSIMH — UCKJIFOYHMTEIBHOE SIBJICHUE, MO3BOJISIONICE PACTCHHAM 33 CYET DHIO-
TeHHBIX MHKPOCHUMOHMOHTOB yCBaMBaTh aTMOC(EPHBIN a30T U MPOSIBIAIOIIEECS
B BH/Ie 00pa30BaHMUS CIICIMATBHBIX OOKOBBIX OpraHax — KIyOeHbKax. B okpy-
YKAOIIYIO CPEIy PACTeHHUE BBICIACT (hIIABOHOUIBI, KOTOPHIC SIBIISIOTCS WHIYK-
TOpaMH IreHoB OakTepuii, oTBeyaronux 3a cuure3 Nod-(akTopoB, KOTOpbIE B
CBOIO Ouepesib, CBA3BIBasICh ¢ LysM-mo100HBIMH perienTopaMn B KOPHSIX pac-
TEHHH, 3aITyCKAIOT CUTHAJIBHBINA KacKaJl, 3aITyCKAOIHH KITyOeHbKOOOPa30BaHNSI.

ITockonbky nmaHHOE CHMOMOTHYECKOE B3aMMOJCHCTBHE TpeOyeT dHepre-
TUYECKUX 3aTpaT, TO y pacTeHHH MMeEeTCs CIelUaibHas CHUCTeMa KOHTPOJISL
pa3BUTHS KIyOCHBKOB, KJIIOYEBBIM PETYJISATOPHBIM HENTHIOM 3TOH CHCTEMBI
siBisiercst CLE35 — HeratuBHBIA pPEryisiTOp 0Opa3oBaHHS CHMOMOTHUYECKUX
ki1y6enbkoB. Y monepHsl Medicago truncatula co cBepxakcnpeccueit JaHHOTO
reHa He MPOUCXOIUT 00pa3oBaHUs KIIyOCHBKOB, TOCKONBKY IOJABIAETCS IKC-
IIpeccHs TeHOB, 33eHCTBOBAHHBIX B POTpaMMe Pa3BUTHS KIyOeHbKOB [More-
KYJSIpHBIA uaiior ... , 2020]. OgHako cOrjlacHO JaHHBIM TPaHCKPUITOMHOI'O
aHaIM3a MHOKYJIMPOBAHHBIX PU300USMH KOpPHEH CO CBEPXIKCIpecCHel TreHa
MtCLES35 BbIsiBIICHBI TeHBI, SKCIIPECCHs] KOTOPBIX, HA00OPOT, yBEINYHUBACTCS.
Cpenu HEX — T€HBI, Koaupyronue nepokcunassl, ACC-ciHTa3a, y4acTBYIOMIAs
B CHHTE3€ 3TWJICHA, THOPECIOKCHH U IUCTCHH-OOTAThIC TEMTHIBI, BBITOJHSIIO-
1IYe 3aIUTHYIO (QYHKIUH.

Janee OBIIO TIPOBENEHO CpaBHEHHE TEHHOH AKCIPECCHH B MPOMHOKYIIH-
POBaHHBIX KOPHAX IBYX TPYIIT KOMITO3HTHBIX PACTCHHUI: KOHTPOJIBHBIX pacTe-
HUl co cBepxakcnpeccueil reHa GUS U pacTeHuit co cBepx3KcIpeccHel reHa
MtCLE35 B xopHsix. Cpeii IeHOB € MOBBILICHHON JKCIIPeccueill BoceMb oKa3a-
JIUCh OOIMMMH, Cpelrd HHUX — TeHbl, Koaupyromue xutuHazel 1 ChOMTI,
YUYaCTBYIOIIUI B cuHTE3e (praBoHOMIOB. KpoMe TOro, B KOPHSX pacTeHHi CO
cBepxakcnpeccueil reHa MtCLE35 Obu10 BBISBICHO MOBBIIICHUE YKCIPECCUH
TCHOB, KOIWMPYIOMNX Majble IUCTeHH-Ooratbie menTuasl. Cpeaw HHUX TEHEI,
KOJMPYIOIIHE TMEeNTHIbI ceMelicTBa KopHeBbIX ueximkoB (RC3 m RC8), GASA
(GASA21 u GASA24) u nHecneun(puUecKuii OETOK-TICPCHOCYHUK ITUITHIIOB
(6enkn nsLTP), u3BecTHBIe Kak Mayble IHCTCHH-OOTaThle OEIKH, y4acTBYIO-
mre B aOMOTHYECKOM CTPecce M 3alIUTHBIX peaknusax pactenni [Identification
and molecular, ..., 2022; From Gene to ..., 2023].
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Jns manpHEHIIero N3y4eHus 3THX TeHOB HAMH OBUIM ITOJYYCHBI CTAOMIIb-
HBIC TpAHCTCHHBIE PACTCHUS CO CcBepxdkcmpeccmedr reHa MtCLE35
(35S::MtCLE35). lns tpéx reroB CHIT_2G, CHIT_8G u ChOMT1 6buiu mo-
JIoOpaHbI paiiMepsl U MPOBEJCHA KOIMUCCTBEHHBIH aHATN3 3KCIIPECCHH ITUX
TCHOB B KOPHSAX PAaCTEHUH depe3 HeNeIt0 MOCiIe HHOKYIISAIINHA PH300HUIMH C T10-
moteio [TIP B peambHoM Bpemenu. Pesynbratsl [1LP noka3siBaroT, 4To 9KC-
Ipeccus 3TUX T€HOB YBEIUYHUBaeTCsA B KOpHAX pacTeHuit 35S::MtCLE35.

XuTHHa3Bl — 3TO (pepMEeHTHI Kiacca THAPOa3, KOTOPhIE KaTaIH3UPYIOT
pacmieIuieHue XUTHHA, JCHCTBYS KakK SHIO(PEPMEHTHI, OTHICIUISS OJUrocaxa-
pUIBl TTHHON B 2—6 N-alleTHITTIOKO3aMHHOBBIX OCTaTKOB. XWUTHH SIBJISICTCS
OCHOBHBIM KOMIIOHEHTOM KJIETOYHBIX CTEHOK 'PHOOB M KYTHKYJIbI apTPOIOI, U
pacTeHHs CHHTE3MPYIOT XWTHHA3HI JJIS 3alIATHl OT HACEKOMBIX-(puTodaros m
MaTOTEHHBIX TPHOOB, YTO TIOATBEPKAACTCS B psine padoT. B To ke Bpems Nod-
(baxTOops! KIIyOeHbK000Pa30BaHUS MO CBOEH XUMUYECKOH CTPYKType ABISIOTCS
1,4-omuromepoM N-aleTHWITTIOKO3aMHHA, UMEIOIUM N-aliIbHBIA 3aMeCcTh-
TeNb Ha HEPeAyIHPYIOIIEM KOHIIE, a 3HAYHUT, OHH TOXXE IMOIBEPraloTcs pac-
LICTUICHHUIO TTOJ JCHCTBHEM XHTHHA3 pacTeHHs. TakuM 00pa3oM, XHTHHA3EI,
BBIJICJISIEMbIC PACTEHHEM, BBIMIOJIHSIOT JBE BXKHBIX (DYHKIMH: 3al[KTa OT [ATO-
TCHOB U KOHTPOJIb YHCIa CHMOMOTHYECKUX KITyOCHBKOB.

I'en ChOMTL1 xomupyer ¢epment xankoH-O-meTmiarpancdepasy-1, kara-
JM3UPYIOLUIMI MTPEBpallleHne N30JIMKBUPUTUIEHHHA B MeTOKcHxajikoH. Coo0-
manock, yto rei ChOMTL1 uHayupyercst maToreHaMu, 4to MO3BOJISIET TPe-
TIOJIOKHTH, YTO aKTHUBAIIMSA 3TOTO TeHA TAaKXKE MOXKET OBITh YAaCTHIO 3AIIUTHOTO
mytd [Liu, Murray, 2016]. CnenoBaTesHO, MOYXKHO MPEIIIOJIOKHUT, YTO aKTH-
Barus rena ChOMT1 B oTBeT Ha pr300UH B KOPHSX, CBEPXIKCIPECCUPYIOIIUX
MtCLE35, MoxeT ObITh YacThIO 3aIIUTHON PEAKINH, OJHAKO IS TOATBEPIKIe-
HUS 9TOTO MPEITOIOKCHHS TPEOYIOTCS TATBHEHIIIHE HCCIICAOBAHMS.

Takum 00pa3oM, JaHHBIC TPAHCKPUIITOMHOI'O aHanmu3a u pe3ynbratel OT-
[P (Real-time PCR) moaTBepkaaroT MPEAOIOKEHUE, YTO HHIMOHMPOBaHHE
oOpa3oBaHHs KIyOCHBKOB W3-3a HM30bITOUHON skcnpeccun MICLE35 compo-
BOXKIACTCS aKTHBALMCH 3aIIUTHBIX MPOIECCOB B KOPHSIX, HHOKYJIHUPOBAHHBIX
puzoOusiMu. MHIYKIMS 3aIUTHBIX TEHOB MOXKET OBITH OJJHUM W3 BO3MOXKHBIX
MEXaHU3MOB, JISKAIIUX B OCHOBE MHTHOMPOBAHUS MPOrpaMMbI 0Opa30BaHUA
KITyOSHBKOB.
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HNCCJIENOBAHUE BJIUAHUA BUOCTUMYJIATOPA
RHODOCOCCUS QINGSHENGII VKM AC-2784D HA MUKPOBHOM
KAPTO®EJIA

. C. Ilerpymun, FO. A. Mapkosa, A. C. Mopuu,
A. U. 'yrauk, H. B. ®uiaunoBa

Cubupckuii vHCTHTYT (hr3nonoruu u 6uoxumuu pacrenunit CO PAH
UpkyTck, ivan.kiel@gmail.com

MuxpobuoMm kapToderns, Kak U y IpyTUX BBICIIAX PACTCHUH, BBITOTHICT
BakKHbIC (DYHKIIMH, MTOAICPIKUBAsL POCT U Pa3BUTHE PACTCHHUN Ha BCEX JTarax
ero mu3HH [Potato Microbiome ... , 2024]. Cpenu MUKPOOPTaHU3MOB, CIIOCO0-
HBIX pearnpoBaTh Ha HEOJArONPHUATHBIC U3MEHEHHUS B CpPeJie OOUTAHUS M MHU-
IUHPOBATh AJANTHBHBIC PEAKIUH, 0CO00E MECTO 3aHMUMAIOT aKTHHOOAKTepUH
poxna Rhodococcus. 3a nocienHee AecsaTHICTHE POAOKOKKN NPUBIICKIN 3HAYN-
TENBHBII HHTEpeC O1Iarogapsi CBOMM BBICOKHM KaTaOOJIIMYECKUM CBOWCTBAM.

W3 puzocdepsnr meipest mon3ydero (Elymusrepens), mpom3spacraromniero Ha
HedresarpszHenHoii nouse, Hamu B 2010 r. 6611 BeIgeneH mramm Rhodococcus
gingshengii VKM Ac-2784D. Bbu1o 1mokazaHo, 9TO 3TH OaKTEpHH CIOCOOHBI
OKHCIIATH Kak MmojmapomMarndeckue yriesoaopoasl (ITAY), Tak u amkaHsl, 9To
MTO3BOJIIET HCIIONB30BATh ATOT INTAMM IS OWOJIOTHYECKOH OYHMCTKH IIOYB
[Possible pathways ... , 2017; Use of rhizosphere ... , 2020]. B T0 ke Bpems
BBIJICJICHHBIH HAMH IITaMM SIBJISETCS MPOJYLEHTOM OMOJOIMYECKH aKTHBHBIX
COC/IMHEHUH C aHTUMUKPOOHBIM JIEHCTBUEM, YTO MOJITBEPIKIACTCS HAIUYUEM
TCHHBIX KJIACTEPOB CHHTE3a BTOPUYHBIX MeTtabonuToB [Complete Genome ... ,
2021], a taxxke o0namaeT CrOCOOHOCTHIO CTUMYJIMPOBATH POCT PACTCHHUIl 3a
cYeT MPHUCYTCTBHA B CylepHaTaHTax aykcuHoB [Tretyakova, 2019].

B pabote ucnons3zoBanmu kaprodens copra Jlyropekoit. 10 kiyOHe# (OmbIT)
3aMa4yMBall Ha CYTKU B cycrieH3un KieTok Rhodococcus qingshngii VKM Ac —
2784D. KiryOHH KOHTPOJIBHOTO BapHaHTA 3aMayMBaId B CTEPUIBHOM BOJIOMPO-
BostHOH Bojie. OTHOBPEMEHHO € MTOCAIKON KITyOHeH KapTodenst ObUTH B3SITHI ITPO-
OBl FICXO[HOW ITOYBHI JUIA ONpPEIETCHHUs MCXOMHOTO MHUKPOOHOTO cooOImecTBa
MOYBEL. B HanpHeiIeM nprukopHeBas oYBa 00padaThIBaIaCh CYCIICH3UCH KIICTOK
Rhodococcus qingshngii VKM Ac — 2784D Ha cTajivu LBETEHUSL.

Ilpu obpaborke kiybHelr kaprodens R.gingshengii VKM Ac-2784D
YBEIMYUIIOCH KOJIMYECTBO KIyOHEH B Kycte B 1,74 pasa, IO CpaBHEHHIO C KOH-
TPOJILHBIM BapHaHTOM, M 00IIasi Macca ypoxkasi Bo3pocina Ha 55 %. OnHako 00-
paboTka He MOBIHSAIA HU Ha cpeaHIoro Maccy (33-36 1), Hu Ha cpemaHuil pasmep
kyOHsT (44%30 MmM). KomudecTBO TOBPEKICHHBIX KOPHETUIONOB COCTaBUIIO
12—-14 % xak B BapuaHre ¢ 00pabOTKOMH, TaK U B KOHTPOJIBHOM BapHaHTE.

BuonHpopManMoOHHBIN aHAIN3 aMIUIMKOHOB 38 00pa3lioB BBHIMIONHEH B
pamkax noroBopa HUP ¢ UXBOM CO PAH c ucnonb3oBaHreM alropuTMoB
USEARCH/SINTAX 1o 6a3e ganabix RDP 16S. Jlist kax1oit mpoObl onpese-
JI€H TAKCOHOMUYECKHIA cocTaB (puc.).
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Puc. TakcoHOMUYECKHIT COCTaB MUKpOOHOMa pr3ocdepsl KapTodessi B KOHTPOIBHBIX
1 OTIBITHBIX 00pasiax, coOpaHHBIX BO BpeMsl IIBETEHHUS U cOOpa ypoxas

B o0Opasmax noussl npeobnanany npencraButern ¢rayMoB Proteobacteria,
Acidobacteria, Bacteroidetes, Actinobacteria n Firmicutes. [IpeaBapurensHble
JIaHHBIE YKa3bIBAlOT HAa TO, YTO 00OpabOTKa CyCIEH3WEH KIETOK POJOKOKKA
TpuBeJia K CHIDKEHHIO conepkanus Proteobacteria m Bacteroidetes. Hamportus,
coxepxanue Acidobacteria, Firmicutes, Verrucomicrobia Bo3pociio.

B pesymbrare uMCClemOBaHUS ~TIOMYYCHBI CBENCHHS O  BIHSHUH
R. gingshengii VKM Ac-2784D na mukpoGrom puzochepst kaprodens. Hera-
THBHOTO BIIMSHHS HA MPOIYKTUBHOCTH PACTCHHS HE BBISBICHO, KIHOYEBBIC
IPYIITBI (TAKCOHBI) MHUKPOOPTaHM3MOB COXPAHHJINCh, XOTS HX MPEACTABIICH-
HOCTb HECKOJIBKO W3MCHHMIIACh.

Hccnedosanue svinonneno npu noooepacke Poccuiickoeo nayunoco gomu-
oa, epanm Ne 23-26-10049.
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Potato Microbiome: Relationship with Environmental Factors and Approaches for Microbiome
Modulation/ 1. S. Petrushin [et al.]// Int. J. Mol. Sci. 2024. Vol.25. Art. 750. DOIL
10.3390/ijms25020750

Use of rhizosphere microorganisms for bioremediation of oil contaminated soils / L. A. Be-
lovezhets1, M. S. Tretyakova, Yu. A. Markova, A. A. Levchuk // IOP Conference Series: Earth and
Environmental Science. 2020. Vol. 408. Art. 012086. DOI: 10.1088/1755-1315/408/1/012086
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MOPO®OOPU3NOJNOI'NMYECKHUE U ITPOAYKTUBHBIE ITAPAMETPBI
HORDEUM VULGARE L. TPH IEMCTBUU CYCITEH3UH IIITAMMA
PSEUDOMONAS SP. GEOT18

H. U. Paccoxumna

Bouorozcknii Hayunslit nentp PAH, Bonorna, rasskhinairina@mail.ru

Slumenb — BakHeWIasi 3epHOBas KyJbTypa ceBepo-3anana Poccun, B Bo-
JIOTOICKOM O0JIACTH Ha JIOJI0 TOCEBHBIX IUIOWIAACH slUMEeHsl mpuxoautcs 17—
19 % [Cenbckoe XO3SUCTBO ... |. AKTYaJIbHOCTh MPOU3BOJICTBA SUMEHs 00y-
CJIOBJIEHA MIMPOKUMH BO3MOKHOCTSIMH €T0 MCIIOJIB30BaHUS U aalTAlMOHHBIMU
CIIOCOOHOCTSIMU KYJIBTYpHI [BiusiHME arpoMeTeopooruieckux ... , 2022]. Ilpu
9TOM peanu3alus X03sSHCTBEHHO-3HAUUMBIMH PACTEHUAMH T'€HETHYECKOro Io-
tTeHnnana B HedepHozemHol 30He Poccum orpannueHa nepeMeHYMBBIME II0-
TOHBIMU ycaoBUsAMU [Mopo3os, 2011], B ¢BA3H € 9TUM B CEJIbCKOXO35HCTBEH-
HOM MpaKTHKe MIHUPOKO MPUMEHSIOT PA3IHUHbIE PETyIsITOPBl POCTA U 3IEMEHTEI
nuTanusa. OnMHIM U3 OE30MAaCHBIX JUIS OKPY’KArOIISH Cpeibl M MepCIeKTHBHBIM
ITyTEM IOBBIMICHHS TPOAYKTUBHOCTHU KYJBTYp sIBIsieTcs ucnonb3oBanne PGPR
MHKpoOprann3MoB [MakcumoB, AomsrupanHa, [Tycenkona, 2011].

Lenb uccnenoBanus — oUeHUTh MOP(O(UNOIOrHYECKUE U TIPOYKTHB-
Hbele mapamerpbl Hordeum vulgare L. mpu JelcTBUHM CyCHEH3MH IITaMma
Pseudomonas sp. GEOT18.

VccnenoBanus ACHCTBUs CYCIIeH3MH LITaMMa Ha mapamerpsl H. vulgare
copta CoHET MPOBOAMIN MPHU TIOCTAHOBKE MEIIKOACISHOYHBIX ITOJICBBIX OIBITOB
Ha mone BomnHI[ PAH B teuenme BererammoHHBIX ce30HOB 2020 m 2022 rT.
[Tomanp y4eTHON NENSHKHM COCTaBIsUIA 2 KB. M, TIOBTOPHOCTH OIBITA — TPEX-
KpaTHasl. YXOJ 3a MOCeBaMH OCYIIECTBIISUIN BPYyUHYIO, TOIOJHUTEIbHBIC MUHE-
pasibHBIe YA0OpeHNs, TepONIU/IBI ¥ IECTUIIH/IBI HE BHOCHIIH.

Bakrepun Pseudomonas sp. GEOTI1S, cycreHsust KOTOPBIX HUCIIOIB30BaHa
B HCCIIEA0BAHUAX, BBIAENEHBI U3 BHYTPEHHHUX TKaHel CTeOIEeKOpHEBBIX TyOe-
pouoB reHeparuBHbIx ocobeit Dactylorhiza incarnata (L.) So6 B maGoparopuu
MOJIEKYJISIPHOM T€HETHKE M OMOTEXHOJOTHH SIPOCIaBCKOTO TOCYIApPCTBEHHOTO
yauBepcuteta uM. I1. I lemumoBa. IllTaMM WACHTHGHUIMPOBAH C MOMOIIBIO
MOJIEKYISIPHO-TEHETHUECKOTO aHalN3a HYKJICOTHIHON IOC/IENA0BATeIbHOCTH
reda 16S pPHK, a momydeHHas mocieoBaTeIbHOCTh JCTIOHHPOBaHA B 0azy
nanubix GenBank (Homep — MT180656). Cycnensuro mramma Pseudomonas
sp. GEOT18 nonyyanu Ha cpeae LB B ycloBHUsIX MOCTOSHHOTO NepeMellnBa-
Hus npu Temmeparype 24 °C B Teuenue 16—18 u. O6paboTky pacTeHuit cycreH-
3Mel mTaMMa MPOBOAMIN ABAXKIBI: TIEpe]] TOCEBOM (MHOKYIISAIMS CEMSH B Te-
yenue 30 MUH) ¥ B a3y KymieHHs (ONpbICKUBaHNE GHIIOCHEPHI /10 TOSBICHHS
Karesib MEJIKOJMCIepCHON pockl). [l 00paboTkn pacTeHUi B KOHTPOJIBHOM
BapuaHTe 110 TOH )K€ CXEMe UCTIOJIb30BAIH BOAY.

B Tedenue mccienoBaHMs HTPOBOAWIN OLEHKY MOP(HO(U3MOIOrHIECKUX
IIapaMeTpoOB PACTEHHUH ONMBITHOW M KOHTPOJIBHOH TPy, B T. 4. CPEJHIOIO ILIO-
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1ab OAHOTO JIMCTA M ACCUMMJISILMOHHYIO IOBEPXHOCTb PACTEHUS, CHIPYIO U
CYXyI0 Maccy, a TaKkke cofepikaHue (POTOCHHTCTHYCCKUX MUTMEHTOB. B azy
Hayajia BOCKOBOH CIEIOCTH OLIEHUBAIM 3€pPHOBYIO MPOAYKTHUBHOCTbH OIBITHBIX
1 KOHTPOJBHBIX pacTeHnil. CTaTHCTHUECKYI0 00pabOTKy TaHHBIX OCYIIECTBIIS-
JIM 110 CTAaHJAPTHBIM METOAMKAM C UCIOJIb30BAaHUEM IAKeTa aHajau3a JaHHbIX
nporpammbl MS Excel’2019, noBepurensHas BeposTHOCTS — 0,95.

B pe3synbrare ucciieoBaHUi yCTaHOBJIECHO, YTO B (ha3e KOJOLICHUsS pa3iu-
yus B onbiTe 2020 I. HAXOMIIUCH B MIpe/iesiaX CTaTUCTUYECKOM IMOTPEITHOCTH, B
2022 1. HaOITIoIaI0Ch MPEBOCXOCTBO ONBITHBIX BAPHAHTOB HAJl KOHTPOJIBHBIMH
no macce Ha 42-81 %. B craauio xonomeHust B o0a roja McciaeJoBaHUs Cyc-
MeH3Usl [TaMMa CIOCOOCTBOBaia OOJNbIIEMY HAKOTUIGHHIO CHIPOW M CyXOH
Macchl suMeHst Ha 45-93 % u 29-96 % cooTBeTcTBEHHO. BasKHBIM POCTOBBIM
apaMeTpoM SBISIETCS IUIOLa/b ACCUMWISLMOHHON MOBEPXHOCTHU pacTEHUs,
KOTOpasi aHAJIOTHYHO CyXOil Macce B ONBITHOM BapHaHTE MPEBOCXOAMIA KOH-
TpombHbBIE 3HaYeHUS 10 19-95 % (Tadmn.).

Tabauna
Kparkue pesysbrarsl orieHkr Mopdomerpuueckux napamerpos H. vulgare
I OmeiT 2020 T2 OmeiT 2022 10
okasareih Komrpoms | OmpIT Kontpoms | OmpIT

Kywjenue
TT011a/1b OHOTO JIUCTA, CM> 3,1+0,16 2,9+0,11 3,1+0,19 5,2+0,22
E;f;”c‘;i"’ BCEXJIMCTREB PACTC | 175,007 | 17,741,16 | 21,841,40 | 38,3+1,94
Celpas macca, T 0,70+0,024 | 0,68+0,023 0,91+0,08 1,65+0,10
Cyxast Macca, T 0,15940,001| 0,150+0,001 | 0,297+0,021 | 0,42340,024
KOJOWeHue
IInomans OJHOTO JIHCTA, CM> 3,4+0,18 4,3+0,20 3,9+0,12 5,9+0,13
E;;’“c‘;ﬁ" BCCX JIMCTRCE PACTC | 9731903 | 33,042,300 | 33,3£0,93 | 53,240,99
ChIpast macca, T 1,20+0,08 1,74+0,20 1,20+0,10 2,31+0,16
Cyxas macca, T 0,352+0,039| 0,453+0,054 | 0,453+0,038 | 0,888+0,067

Takoke B nucthsix H. vulgare copra Coner mocie 00paboTKu CycreH3uen
mramma Pseudomonas sp. GEOTI18 conepkanue (OTOCHHTETHYECKUX IIUT-
MEHTOB B (ha3y KyIlleHMs MpPEeB30LUIO KOHTPOIb Ha 55-57 %, B (ha3y komore-
HUs — Ha 16-33 %, B a3y nserenns — Ha 2541 %.

BeposiTHO, G0MbIIast aCCUMIIISIIMOHHAS TIOBEPXHOCTH € OOJIBIINM COAEp-
JKaHUeM (POTOCHHTETHUECKMX MUIMEHTOB M CIIOCOOCTBOBaa 0oJjiee MHTEHCHB-
HOMY HaKOIIJICHHIO CYXOTO BEI[eCTBA B TEUCHHUE BereTaluu. B pesynsrare ombl-
ta 2020T. 3epHOBasg MPOAYKTHBHOCTH SUMEHSI TPHU JCUCTBUH CYCHEH3UU
mramma Bo3pocna Ha 20 %, B onbiTe 2022 1. — Ha 40 %.

HaunbGonee GnarompustHeiM a1 pocta pactenuid H. vulgare copra Coner
u Oakrepuit mramma Pseudomonas sp. GEOT18 oka3zaiuch yciaoBusi BereTaiu-
oHHoro mepuona 2022 T., KOTOPBIA BBIIAICS O0Jiee TEIUIBIM [0 CPaBHEHHIO C
2020
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Taxum 00pa3oM, MOJyYCHHBIC Pe3yNIbTaThl CBUIECTEIBCTBYIOT O IOJOXKU-
TenpHOM BimsiHuM mramma Pseudomonas sp. GEOT18 na mopdodusumonoru-
YecKHe W MpOAyKTHBHbIe mokasarenu Hordeum vulgare L. copra Coner B
ycnoBusix Bonorozackoit obmactu.

Jluteparypa

Bisinne arpoMeTeopoornyeckux N3MEHEHUH KIMMara Ha 3epPHOBYIO HPOXYKTUBHOCTD SIPO-
BOro siuMeHs B ycioBusx HeuepHozemnolt 3oub1 PO / O. B. JleBakosa, 1. A. [lenymes, JI. M. Epo-
menko [u ap.]// IOr Poccum: skomorus, passurtue. 2022. Ne 17 (62). C.128-135. DOI:
10.18470/1992-1098-2022-1-128-135

MaxkcumoB U. B., A6usrunsauna P. P., ITycenkosa JI. M. CTuMyaupyronme pocT pacTeHHit
MHKPOOPTaHHU3MBI KaK aIbTepPHATHBA XUMHIECKHM CPEJICTBAM 3aIllUTHl OT maToreHos // Ilpuknagnas
ouoxumus u Mukpoouomnorus. 2011. T. 47, Ne 4. C. 373-385.

Mopo3zos A. U. Bimsinue perymnsaropa pocta LlupkoH Ha aalTHBHOCTh COPTOB MATHI IIEPEUHOMH
K HeCTaOUILHBIM HOTOAHEIM ycnoBusaM Hedeproszemuoit 30ub1 Poccun // I11ogoBoicTBoO ¥ SIrogoBos-
ctBo Poccun. 2011, T. 28. Ne 2. C. 83-89.

CenbCKoe X035CTBO, 0XOTa M JIECHOE X03s1iicTBO // PDenepanbHas city:xba rocynapcTBeHHOIM
craructuka. 1999-2022. URL: https://vologdastat.gks.ru/sel'skoe%20hozyajstvo (mara obparueHus:
10.05.2022).

UCCJUIEJIOBAHUE 'EHOB TOO MUCH LOVE
B PABBUTUUN KJIYBEHBKOB Y JIIOHEPHbBI

1. H. PyouoBa, M. A. Jlebeaesa, JI. A. JIyroBa

Cankr-IletepOyprckuii rocy 1apCTBEHHBIA YHHBEPCUTET
Cankr-IlerepOypr, daria.rubtsova2016@yandex.ru

Bo6oBbie pacTeHHsI MOTYT BCTYIIaTh B CHMONO3 C TIOUYBEHHBIMU OaKTepus-
MH pHU300MsAMH, B pe3ynbTaTe 4ero Ha KOPHSIX O0OOBBIX pacTeHHi (opMupy-
I0TCS. HOBBIC OpraHbl — CHMOMOTHYECKUE KIIyOCHBKH, B KOTOPBIX IPOHCXOIUT
npouecc azorpuxcauuu. PopMupoBaHHEe a30TGUKCHPYIONMX KITyOSHBKOB
KOHTpoIupyeTcsi pacTeHneM. KiroueByro poiib B 9TOM IPOLECCE UTParoT MO-
OunbHble peryistopusle nentuasl CLE, oOpasyromuecss B KOpHSIX, U UX pe-
nentopel — CLV1-mono6Hble KMHa3bI, pabortatomme B modere. CBs3bIBaHHE
nentunoB CLE ¢ ux pernentopaMu BBI3BIBACT OTBETHBIM CHTHAJ, MOJABIISIO-
Ui pa3BUTHE CUMOMOTHYECKUX KIIyOCHBKOB Ha KOPHSX C Yy4acTHEM pPeryJis-
TOPHBIX MOJIEKYJI, TPAaHCIOPTHPYIOIIMXCS M3 MoOera B KOpPEHb. Y IJIOLEPHEI
Medicago truncatula B orBer Ha aktuBaumto peuenrtopos CLE npoucxoaut
yBEJIMYEHHE COAEPXKAHUS TpaHCKpunToB reHoB MITML1u MtTML2 (TOO
MUCH LOVE 1 u 2) B KOpHSX, YTO TPUBOJUT K TIOJABJICHUIO Pa3BUTHS CHM-
ounotnueckux KiryoeHpkoB [Unraveling new ..., 2019; Local and systemic ... ,
2023]. Myrauus B rede TML y JsaBeHIIA SITOHCKOTO MPUBOAUT K M30BITOYHO-
My KiyoenskoobpazoBannio [TOO MUCH LOVE, a root ... , 2009; TOO
MUCH LOVE, a novel ... , 2013]. I'east TML1,2 xomupytor F-box Genku ¢
Kelch-noBropamu,  KOTOpble, BEpOSTHO, (QYHKUHOHHPYIOT B  POJH
E3-ybukButun-nuras. Ilpeanomnaraercs, uto 6enok TML, KOMIOHEHT YOUKBH-
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TUH-JTMTa3HOTO KOMILJIEKCA, MOJKET OBITh BOBJICUEH B IMOJABICHHE KITyOCHBKO-
o0pa3oBaHus 3a CYET YOMKBUTHH-3aBHCUMON JCTPaJalliii OCIIKOB — KIFOUEBBIX
peryssitopos passutust cum6buoza [TOO MUCH LOVE, a novel ... , 2013].
Onnako KOHKpeTHbIe MuiieHn 0emkoB TML u MexaHU3MBbl UX JIEHCTBUS OCTa-
I0TCSl He M3y4eHHBIMH. J{71s nccnmemoBanus poiu reHoB TML B xoHTpose pas-
BUTHS KJIyOCHBKOB Yy JIFOLICPHBI HAMHU OBLIM CO3JJaHBI KOHCTPYKIIMU JUTS TOMTY-
4yeHus HokayToB 1o reHam MtTML1u MtTML2 ¢ nomomsio CRISPR-Cas9-
OIOCPE/I0BAHHOTO TEHOMHOT0 pejlakTupoBanus. K HacTosiieMy BpeMeHH B pe-
3yJbTaTe arpoOaKTepHaTbHOW TPaHC(HOPMALUH C MTOMOIIBIO CO3JAHHBIX KOH-
CTPYKIMH HaMU TOJY4YEHBI pacTeHus-percHepanThl, aHanu3 JIHK kotopsrx
M03BOJIMJI BBISIBUTH COOBITHSI PEaKTHUPOBAHUS B M3y4YaeMbIX reHax. B dacTHO-
CTH, HAMH OBUTIO TTOJyYeHO pacTeHne mokojeHns 10, y xoroporo obe amienn
reHa MtTML2 okasaiuck oTpeaKTHPOBAHBI: OJTHA aJUIEb COACPIKHUT JICIICIHIO
onHoro Hykieotnaa (del-1), a qpyras anienab COIEpXKUT JACNEUI0 72 HYKIeo-
tunoB (del-72)

Kpome Toro, HaMu OBITH CO3MaHBI KOHCTPYKIHH [UIS CBEPXIKCIPECCHU
sTHX reHoB MtTML mox KoHTpoieM KOHCTHTYTUBHOTO IipoMotopa CaMV 358S.
W3yuenue pacTeHuil ¢ U3MEHEHHEM akTUBHOCTH TeHoB MITML1 u MtTML2, B
YaCTHOCTH, POBE/ICHUE TPAHCKPUIITOMHOTO aHaIN3a KOPHEH TaKuX pacTeHHH,
IO3BOJINT ITOHATH MeXaHu3M aeictust reHoB MtTML1 u MtTML2 B mozmasie-
HHH IIPOrpaMMbl CUMONO03a.

Jlutepatypa

Local and systemic targets of the MtCLE35-SUNN pathway in the roots of Medicago truncatu-
la/ M. A. Lebedeva, D. A. Dobychkina, Y. S. Yashenkova [et al.] // J Plant Physiol. 2023. Vol. 281.
Art. 153922. DOI: 10.1016/j.jplph.2023.153922

TOO MUCH LOVE, a novel kelch repeat-containing F-box protein, functions in the long-
distance regulation of the legume-rhizobium symbiosis / M. Takahara, S. Magori, T. Soyano [et
al.] // Plant Cell Physiol. 2013. Vol. 54. Art. 433. DOI: 10.1093/pcp/pct022

TOO MUCH LOVE, a root regulator associated with the long-distance control of nodulation in
Lotus japonicas / S. Magori, E. Oka-Kira, S. Shibata [et al.] /. Mol. Plant. Microbe Interact. 2009.
Vol. 22, N 3. Art. 259-68. DOI: 10.1094/MPMI-22-3-0259

Unraveling new molecular players involved in the autoregulation of nodulation in Medicago
truncatula / P. Gautrat, V. Mortier, C. Laffont [et al.] / J Exp Bot. 2019. Vol. 70, N 4. P. 1407-1417.
DOI: 10.1093/jxb/ery465.
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BJIMSIHUE MPENAPATA ABUONENTUI® U KOJJOHU3ALIUU
ACCOIIMATUBHBIMHN MUKPOOPI'AHU3MAMMU HA POCT
PACTEHMI U UX YCTOMUYUBOCTH K CTPECCAM

E. b. Pykasuosa', H. C. 3axapuenko', A. H. llImapes?,
B. JI. Kpecaagekmii’, A. H. 3ponapes’, U. ®. Iyuryc’, A. E. ®uiionos?,
A. B. Apunosckuii*
®unuan THI] P® MucTuTyTa 6HOOPraHAYecKoil XMMUM M. aKaJeMUKOB
M. M. llemsikuna u 10. A. Opununukoa PAH, ITymuno, ruk@bibch.ru
MucTutyT QyHIaMEHTaTBHBIX IPo6iem Guonornn PAH, TTymuHo
SUuctutyT Guoxumuu u Guznonoruu Mukpoopranuszmos um. I'. K. Ckpséuna, [Tymuno
“Hayuno-npounsBosicTeeHHas komnanus «A-BHAOy, TTymHo

B coBpeMEHHOM CeJIbCKOM XO34HCTBE Ul yBEIHMUEHHs ypoxkKas B IOCIEN-
HHE TOJbI MPUMEHSIOTCSI TaKHe CTUMYJISITOPBI POCTa PacTeHUH, Kak OENKOBbIE
ruaponu3atsl (BI') nnn cMech aMHHOKHCIIOT, KOTOpPBIE NMPOU3BOIATCA U3 HC-
TOYHHKOB O€JKa C WCIOJB30BAHHEM YaCTHYHOTO Tuaponm3a. IlokasaHo, 49To
KOpHHU pacTeHuil ycBausatotT bBI" Bcero Ha 6-25 %, a ocTanbHast 4aCTh 3aXBaThl-
BAETCS IOYBCHHBIMM MUKpoopranusmamu. Mexanusm neictBust bl usyden
HEIOCTAaTOYHO MOJHO. BI” MOTyT nrpate BakHyIO POJIb B KA9eCTBE CHTHAIBHBIX
COEIMHEHHUH, YTO MPUBOAUT K MOP(OPU3NOIOTHUECKUM M OMOXUMHUECKHM
HU3MEHEHUSIM B PACTEHUSX.

IlepcneKTUBHBIM METOAOM TOBBIIICHUS YCTOWYMBOCTH pacTeHUi k Omo-
THYECKUM M aOMOTHYECKHUM CTPECCOBBIM (DAKTOpaM SBISETCS IPHMEHCHHE
MHUKPOOHBIX TEXHOJOTHH, TaKMX KaK KOJIOHH3aLUs MOJIC3HBIMH MHKpPOOpTa-
nm3mamu PGPR (Plant Growth-Promoting Rhizobacteria). [Tokazauno, 4ro ko-
JoHU3anus pa3nuaHeMi mrTammaMu PGPR mpuBoania x yiydmeHwuo ¢pusmo-
JIOTHYECKHUX XapaKTEPUCTHK pacTeHHil u Ooisee 3 PEKTUBHON NX afanTaluu K
yCJIOBHSIM pocTa in Vivo.

Ha 6a3e HIIK «A-BHMO» (MockoBckast o0, . I[TymuHo) mpousBoauTcs
npernapar Adnonentua®, MPeaCTaBIAIONi cO00H (epMEHTaTUBHBINA THAPO-
nm3at coeBoro Oenka. B HacTosiiee BpeMst 3TOT Iperapar UCIOIb3yeTcs B Ka-
4yecTBE OMOJNIOTHYECKH aKTUBHOM JOOABKM K MHUINE M UCTOYHHKA aMUHOKHCIOT
B BeTepuHapuu. [lockonbky npumeHenue BI' B celabCkoM X03siiCTBE MOXKET
OMOCPENOBAHO BIMATH HA MOJE3HBIE MUKPOOPTaHM3MBI, aCCOLMUPOBAHHBIE C
pacTeHUsIMH, LeNbI0 Halled paboThl ObUIO MCCIeO0BaHUE BIMsSHHUS AOHonen-
TnAa® Ha (OTOCHHTETHYECKYIO0 aKTHBHOCTB, POCT M PA3BUTHE PACTEHHH Top-
YU capenTckoii Brassica juncea L., B codeTaHHy ¢ KOJOHH3ALMEH ITOJIC3HbI-
MU  MmuKpoopranuzmamu Pseudomonas putida KT2442 u Rhodococcus
erythropolis X5.

Hamu mokasaHbl H3MEHEHHUs B pOCTe U pa3BUTHH pacteHuit B. juncea L. in
Vvitro u in vivo, cogeprxanuu xupHbeix kucior (XKK) B cemenax. [Ipoananusu-
pOBaHa aKTUBHOCTH ()OTOCHHTETHYECKOT'O aIllapaTa B HOPMAIbHBIX M CTPECCO-
BbIX ycroBuAX (4 1 HarpeBanue npu 40 °C umn 4 1 06paboTka CBETOM BBICOKOH
unTencusHoctd (CBH), 1000 MxMonps kBanTOB/M’c). TToka3aHo, 4TO Konude-
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CTBO HCCJICAYEMBIX MUKPOOPIaHM3MOB B KOPHSX pacTeHHWi in Vitro, oopado-
TaHHBIX AOnonenTuaoM®, 0Ka3aJIoch BBIIIE, YEM B KOPHSIX KOHTPOJBHBIX pac-
TeHnid. OOHapYXEHO, YTO HEKOJOHU3UPOBAHHBIC PACTCHHMS, BBIPAIICHHBIE C
AbwnorrenTraoM®, 0051a1al0T MOBBIIIEHHONW YCTOWYMBOCTHIO K aOMOTHUECKIM
CTpeccoBBIM (hakTOpaM, TaKMM Kak HOBBIICHHas Temmeparypa win CBU, a
koJoHM3upoBanHbie R. erythropolis X5 — x noBbimreHHO# Temmepatype. Koio-
HU3UPOBAHHBIE STHMH OaKTepUsIMH pacTeHus, obpaboraHHele AOHONENTH-
JOM®), B yCIOBUSAX 3aKPBITOTO 'PYHTA 3al[BETAIM HA HEJENI0 PaHBIIE U OTIHU-
YaJich MOBBINICHHOW cpemHeil maccoil ceMsH. CeMeHa 00paOOTaHHBIX AOHO-
nenTuaoM® KOJOHM3WPOBAHHBIX PACTCHUI COMEpXkalk OONbIIEe HEHACHIIICH-
Heix KK, Takux Kkak JIMHONEBas, O-IMHOJIEHOBAas W OJEHHOBAas KHCIOTBI, IO
CPaBHEHHMIO C KOHTPOJILHBIMHU, HE 00paboTaHHBIMH, pacTeHusIMH. [lomydeHHbIe
JITaHHbIE CBUAETENIBCTBYIOT O TOM, YTO MPHU UCIIOIB30BAHUH B CEILCKOM XO3AH-
ctBe AOwnomenTtnaa®, OH MOXKET OKa3bIBaTh CTUMYJIHpYIOIIEe NeHCTBHE Ha
pacTeHHs1, yBEIUYUBas CPEIHIOI MACCy 3€pHA, COAEp)KaHHE HEHACHIIEHHBIX
KK n ycToiunmBoCTh (POTOCHHTETHYECKOT'O arnmapara K BEICOKOH TemIieparype
U CBETY BBICOKOI HHTEHCHBHOCTH.

HOBBIE IITAMMBI POJIA PSEUDOMONAS, OBJIAJAIOLIUE
CIIOCOBHOCTBIO METABOJIM3UPOBATDH ABK
U AKTUBUPOBATDH POCT PACTEHUI MIITEHUIIBI

A. C. PsiooBa, JI. 0. Ky3pbmuna, E. A. 'nibBaHoBa,
E. B. Maprbinenko, JI. b. Boiconkast

VY dumckuit nactutyT 6uonorun Y pumckoro ®ULL PAH, Ya
alenarya@rambler.ru

B moceBax celbCKOXO3SIHCTBEHHBIX KYJBTYp HPH BO3AEHCTBHM HeOiaro-
IPUATHBIX YCIOBUHM, B TOM YHCJI€ M HpPU 3aryLIeHHON MOCajKe, MPOUCXOTUT
HakoruteHne abcrm3oBoit kuciaoTsl (ABK) B pacTeHnsx u B mouse, 4TO NMPHUBO-
JUT K TOJABJICHUIO POCTA PACTEHMH U CHUXKEHUIO yposkaHOoCcTH. OJHUM U3
METOJIOB PETyJISIIUK COJCPKaHUs a0CII30BOM KHCIOTHI B PACTEHUSX IIPU yMe-
PEHHBIX CTpeccax MOIJo Obl OBITh HCIIOIB30BaHHE OHOIPENapaToB, COAEpKa-
mmx ABK-nerpanupytomue 6Oakrepun. B HacTosiee BpeMst KOJTMYECTBO BBISB-
JICHHBIX MHUKPOOPTaHM3MOB, CIIOCOOHBIX MeTabonmm3uposath ABK, Takke, kak
U 3HAHUS O HUX OCTAIOTCS BECbMa OTPAHUYEHHBIMU.

B npoBeaennbix Hamu uccnenoBanusx ABK-paspymaromas cmocoOHOCTh
U POCTCTHMYJIMPYIOIIAsi aKTUBHOCTH ObLIa OOHApyKeHa y HOBBIX IITaMMOB PO-
na Pseudomonas: P. veronii IB K11-1 (UIB-255, PP237770), P. frederiksber-
gensis IB TalOm (UIB-256, PP316701) u Pseudomonas sp. IB TaE2 (UIB-257,
PP316703). Illtammbl ObUTH BBIAEICHBI W3 TpyHTa memep KunHaepnmHckas
(P. veronii) u Taspuna (P. frederiksbergensis u Pseudomonas sp.). Ilpu kyb-
TUBMPOBAaHUM OakTepuil B TeyeHue 14 cyT. Ha MHHEPaJIbHO-COJIEBOH cpeje
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a0c1n30BoM kucioTol motpedinenre ABK y pasHbIX IITaMMOB BapbHUPOBAIIO OT
25 o 68 %, pu 3TOM YBEIMYCHHE YUCICHHOCTH KJIETOK OBLIIO OJTHOTO HOPS/I-
ka B 200-300 pa3. B naboparopHOM OIbITe TIPH BHECEHHUU B pu3ochepy pacre-
Huil mmenunsl GakTepuanbHO cycrersun (103 KOE/r cy6cerpaTa) depes
10 cyT. mocie 00pabOTKH POCTCTUMYJHpPYIOIIee AeHCTBHE HamOoIee 3aMETHO
nposiBisuiock auist mtammoB P. frederiksbergensis IB TalOm u P. veronii 1B
K11-1, xoTopble yBeIMYMUBAIN MACCy PACTEHUM MIIEHULBI U JOCTOBEPHO CHU-
skasin ypoBeHb ABK. Torga kax Biusiue mwramMa IB TaE2 na poct pactenuit
OBLIO CTATUCTUYCCKHU HEJTOCTOBEPHO.

Takum o6pasom, HOBBIE HiTaMMmbl Pseudomonas, oGnaparomme ABK-
JeTPaAupYIOMeil U POCTCTUMYIUPYIOMIEH CIIOCOOHOCTBIO, MOTYT OBITH Tep-
CHEKTHBHBIMH JUTSI H3YYCHHUS MEXaHH3MOB UX BIMSHUS Ha PACTCHUS C IEIBIO
CO37aHusl OMONpPENapaToB, MOBBIIIAIOIINX YCTOHYUBOCTh PACTEHUH K YMEpEH-
HBIM OMOTHYECKUM U a0MOTHIECKUM HEOIArompUsTHBIM BO3IEHCTBHSIM.

Paboma evinoanena npu gunancosou noddepoicke epanma PH® Ne 23-
26-00104 «Bnusinue 6axmepuil, cNOCOOHbIX KAMAOOAUZUPOBAMb AOCYUOBYIO
KUCTIOMY, Ha POCM PACMEHULL 8 3A2YUWJeHHBIX NOCEBAX .

TPAHCKPUIITOMHBI AHAJIU3 ITAMMOB
COLLETOTRICHUM LINI PA3JIMYHOM BUPYJEHTHOCTH
ITPU 3APA’KEHHUU JIBHA

E. A. Curosa', E. M. JIsopsinunosa’, E. H. ITymxosa’,
JI. A. Kepuosa', A. M. Kaniyn'?, B. A. Ilaiosa'”, T. A. Poskmuna®,
H. B. Meabnukosa', A. A. JiImutpuesn’

"MucruryT MonekyispHoil 6Guonorun um. B. A. Durensrapara PAH
Mockga, sigova.ea@phystech.edu
2MOCKOBCKHIA (pH3MKO-TEXHHUECKHi HHCTUTYT
(HaIMOHAIBHBII UCCIIEA0BATEILCKUI YHIBEPCUTET), MOCKBa
SUHCTUTYT TOHKMX XMMUUYECKUX TexHomoruii um. M. B. Jlomonocosa
MMUPDA — Poccuiickuii TeXHOJIOTHYeCKU yHUBEpcHTeT, MocKkBa
4denepanbHblil HAYYHBIN TIEHTp JTYOAHBIX KYJIbTYp, TOpKOK

OpnnHo n3 Hambosiee 4acTo BCTPEUAIONMIUXCS W HAHOCAIINX 3HAYUTEIHHBIN
yiepO JHHOBOACTBY 3a00JieBaHUI — aHTpakHO3. Bo3OyauTenem aHTpakHO3a
sBrsieTcst rpubHoit matoren Colletotrichum lini. Ipu 3apaskenun aHTpakHO30M
B3pOCIIbIC PACTCHUS JIbHA YBSIAIOT M MOTHOAIOT, a OCTABIIMECS CeMeHa 00Jia-
JIal0T IUIOXOM BCXOXKECTbIO. BaskHOW 3amaueil sBIAETCS MOHUMAHUE MEXaHU3-
MOB BHPYJICHTHOCTH (DPUTOIIATOI'CHA, YTO YCKOPUT Pa3padOTKy HOBBIX (P QeK-
TUBHBIX METOJIOB OOpPHOBI C AHTPAKHO30M, a TaKXke OyIeT CIIOCOOCTBOBAThH CO-
3IaHUI0 YCTOHYMBBIX COPTOB JibHA. Llenbio paboThl SBISETCS YCTAaHOBJICHUE
MOJIEKYJSIPHBIX MEXaHM3MOB BupyJeHTHocTH ¢uronarorena C. lini mocpen-
CTBOM TPAHCKPUIITOMHOTO aHaJM3a IITAMMOB Pa3JINYHOW CTCIICHH BHPYJICHT-
HOCTH IIPU 3apaKCHUH PACTCHUII JIbHA.
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i nocTrxkeHus MOCTABIEHHON LeNM co3JaHa Kojulekuus u3 20 mram-
moB C. lini pasnuunoii crenenu BUpyJIeHTHOCTH. Bce BBIOpaHHbBIC MITAMMBI
OXapaKTePU30BaHbI M0 KYJIbTYpPabHO-MOP(HOIOTHYCCKAM MIPU3HAKAM U CTETie-
HHU BHPYJICHTHOCTHU. IIpH 3apakeHHM HCIIONB30BaIN 2 COpTa JIbHA — YCTONYH-
Bt Jleona u BocnpuumuunBkIid [lenmkad. Tak kak HauOobIee MPOSBICHUE
3apakeHUsl aHTPAKHO30M BBISIBISIETCS Ha KOPHAX, 171 Beiaesnenuss PHK namu
BbIOpaHbl IMCHHO KOPHH 3apakKCHHBIX pacTeHuil. st onpenencHus Haubomiee
MOJXOIAIIEH T UCCIEeIOBAaHMS CTaIuH cOopa MaTepuaa, MPOBOAMIN TECTHI
I10 BBIPALIMBAHUIO U 3apaXKEHUIO IPOPOCTKOB JIbHA Ha Pa3HbIX CTAIUSAX UX pa3-
BUTHS. Takye MPOTECTUPOBAHBI Pa3MYHbIC YCIOBUS BbIpamuBaHus. Ontu-
MaJIbHBIM OKAa3aJI0Ch MPOpAIIUBAHNE CEMSH B PYJIOHAX (DPUIBTPOBAIBHON Oyma-
ru 6e3 rpyHTa. [lanee mpoBoanmm oTOOp MPOPOCTKOB OJMHAKOBOTO pa3Mepa 1
3apakalil UX CcycrieH3uer crop. [lepBrie CHMITOMEI 3apakeHUs HaOIFOJaTICh
gyepe3 20—24 4. Ha 4-5 nens nocrne 3apakeHus pacTeHus norudamu. Mexomas u3
MIPOBEICHHBIX 3KCIIEPUMEHTOB BEIOpaHBI TOUKH cbopa — 1-if, 2-if u 3-i nHU mo-
CcJie 3apakeHusl.

Boinenenne PHK npoBoannu HTAB-MeTon0M 13 3aMOpPOKEHHBIX KOPHEH.
B pesynbrate cexkBenupoBanus 6ubanorex kJIHK Ha mnatdopme [llumina BbI-
SICHUJTH, 9TO TPAHCKPUNTOMHBIC YTEHHs rpubda coctaBiustioT 5—10 % oT Bcex
JIAaHHBIX CEKBEHHpOBaHUsA. /{1 KapTUpOBaHUS TPAHCKPUITOMHBIX JaHHBIX UC-
MOJb30BANU TOJyYCHHbIE HAMU paHEe BBICOKOKAUECTBEHHbBIE COOPKU T'€HOMOB
IITAMMOB, KOTOPBIMHU IIPOBOIMIIN 3apakeHHeE.

Anamm3 anudepeHIanbHON SKCIPECCHH TEHOB SBIIAETCS OCHOBOHM IS
n3y4deHus 3PPEeKTOPHBIX OENKOB, YYACTBYIOIINX B MOJICKYJISIPHO-TE€HETUICCKUX
nporeccax 3apaxenus. CpaBHEHUE TPAHCKPUITOMHBIX MaHHBIX Tpuba, mopa-
KAIOIIETO KOPHH JIbHA, U HAXOJIIETOCS B KOHTPOJIBHBIX YCIOBHUAX (TPHOHOM
MULEINN) MO3BOJUT BBISIBUTH I'E€HBI, YYaCTBYIOILME B MPOLECCE 3apa)kKCHUs.
CpaBHEHHE 3KCIIPECCHH TCHOB Ha Pa3HBIX CTAIMAX PAa3BUTHUs OOJIC3HU IPHU 3a-
PKEHUU Pa3TUYHBIMHU 10 CTENIEHH BUPYJIEHTHOCTH IITAMMaMH MPUOIU3UT Hac
K TIOHIMAaHHWIO MOJIEKYJISIPHBIX MEXaHH3MOB BHPYJICHTHOCTH (uTOmaroreHa
C. lini.

Hccnedosanue evinonneno 3a cuem epanma Poccuiickoeo HAY4YHO2O0 d)OH'

oa Ne 22-16-00169, https://rscf.ru/project/22-16-00169/.
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BJIMSIHUE BUOIPENIAPATOB HA OCHOBE BAKTEPUI
W3 MHOT OJIETHEMEP3JIBIX OBBOJHEHHBIX ITOPO/T
B KOMBUHAILIMHA C IIPOTPABUTEJIEM CEMSIH IPOTEI'O MAKC
HA YPOKAHUHOCTD SIPOBOM MILIEHUI[BI

A. M. Cy60otuHn, B. H. Tumodeen
Tromenckuil Hayunstit nentp CO PAH, Tromens, fic@tmnsc.ru

IloBpllICHUE YPOKAHOCTH, aJAlTUBHBIX CBOICTB U COBEPLIEHCTBOBAHUE
TEXHOJIOTHH BBIPAIIMBAHIS 3€PHOBBIX KYJIBTYp SBISACTCS BaXKHOW 3amadeld co-
BPEMEHHOTO pacTeHHeBojcTBa. OJHMM M3 OSKOJOTMYECKH OC30MacHBIX H
HanboJiee TIEPCHEKTUBHBIX HAIIPABJICHUH, pa3BMBACMbIX B HACTOSIIEE BPEMs,
CUYHUTAETCS] MPUMEHEHHE OMOJIOTHYECKH aKTHBHBIX IIPErnapaToB Ha OCHOBE MOY-
BEHHBIX MUKpoopranusMoB [Azizbekyan, 2019]. Ilpu 3TOM HEOOXOAUMO YUH-
THIBaTh KaK MOYBEHHO-KJIMMAaTUYECKHE KOMIIOHEHTBI IPU UHTPOAYKIIMU MHKPO-
OpraHu3MOB, TaK U MX B3aUMOJICHCTBHE C pu30cepoil pacTeHNi B KOHKPETHBIX
YCIIOBHSX PaCTEeHHEBOJCTBA. B TO e BpeMs Ba)KHO paccMaTpuBaTh MX COYETa-
HHUE C OCHOBHBIMH DJIEMEHTAMH 3aLUThI PACTEHNH, TPUMEHAEMBIX B aTPOHOMHH.

B nanHOoM nccnenoBanuM u3ydanach 3QQeKTHBHOCTE OMOIpenapaToB Ha
OCHOBE OaKTEepHi, BBICJICHHBIX M3 MHOTOJICTHEMEP3IIBIX OOBOAHEHHBIX MOPOJ
3amazxnoii 1 Bocrounoit Cubupnu. B paboTe ncnonp3oBanuch 4 mraMma OakTe-
puii poma Bacillus: 875-TS Bacillus cereus, 9-08-CH9 Bacillus cereus, 2—-06-
TS1 Bacillus megaterium, Mwm8 pox Bacillus (Bacillus sp.) u 1 mrramm poja
Achromobacter: 10-50-TS2 Achromobacter spanius w3 Kosiekiuu mo4yseH-
HBIX MHKPOOPTaHH3MOB MHOTOJICTHEMEP3IBIX Topoa Apkruku (IIMMMIIA)
TromHI] CO PAH. KynpTyps! 6akTepuil Ui MHOKYIISAIMN CEMSH IPHMEHSITICH
B BHJIE OHMHApHBIX cMeceil ¢ pabodeil KOHIEHTpalMed Kakaoro ITaMMa
107108 GakTepnanbubIx KI€TOK B 1 M1 Boabl. LlITammer GakTepuii u GakTepu-
anmbHBIe MUKCH (BM) mponumn mpenBapuTeNnbHBIC 1a00PaTOPHBIC HCIIBITAHUS
10 BJIMSIHUIO Ha MOp(oQH3N0IOrHueckre napamMeTpbl pacTeHUH, B KOTOPBIX
ObUTH TOJy4YeHB! MOJOXKHUTEIbHBIC PE3yNIbTaThl [BimsHme MHKPOOpPraHM3MOB
..., 2016]. IlporpaButens cemsH [Iporero Makc M3 (IIM) — Tpex komrio-
HEHTHBIH XUMHWYECKHH IPOTPaBUTENb (MMPAKIOCTPOOHH, 25 /11, MPOTHOKOHA-
301, 75 /1, TeOykoHa3oi, 25 I/J1) HCHONB30BAIM B paboueii KOHIEHTPALMH
(pacxon 0,8 /). IIM obnamaet cBoiicTBaMU (DYHTUIHIA, IECTUIHIA U PETYIIS-
Topa pocta pactennii. CeMeHa SpOBOM MINEHUIIBI COPT ABHaja, MpeaBapH-
TesbHO 00padoranHbIX [IM, HemocpeCTBEHHO Iepel II0CEBOM HMIIPEreHHPO-
BaJIM B II0JIE MUKCaMU ImTaMMoB Oaktepuii (BM) u3 pacuéra 201. 6akTepuaib-
HOM cMecH Ha | TOHHY CEeMSsH.

Ompeznensan BnustHUS 00pabOTKN ceMsH npotpasureneM I[Iporero Makc
MD, u coueranust 00paboTKy ceMsiH mporpasuresieM [IM ¢ uHOKyIsIIMEH ce-
MSH OMHApHBIMH CMECSIMU OaKTEPHATIbHBIX KyIbTYp Ha SHEPTUIO MPOPACTAHHS
(BIT) u Bcxoxecth ceMsH (BC) sipoBoii MIIEHUIIBI, pa3BUTHE B HadaIbHbIE (a-
3Bl POCTA PACTEHUH, MOPAKEHNE UX KOPHEBBIMU THUISIMU, IPOAYKTUBHOCTD U
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yposkaiHOCTb. VcclieoBaHus BBITIOIHEHBI B COOTBETCTBUHU C PYKOBOACTBAMHU U
METOJMKaMH TOCYIapCcTBEHHOTO copTroucnbiTanus (1983), mposeneHus moie-
BBIX ONbITOB (1971), MeToANYECKUMH PEKOMEHIALUSIMU O CEIEKIUU U ceMe-
HOBOJCTBY (1978).

IToneswie uccnenoBanus nmposeneHsl Ha onbiTHOM Tosie HUMCX Cesep-
Horo 3aypanbst — ¢puman TromHI[ CO PAH, 30ona CeBepras Jlecocremns, Tro-
MeHcKasi o0nacth, . MockoBckuil. Beretaunonnsiii nepuosg 2021 r. MOXKHO
OXapaKTepH30BaTh, KaK HEIOCTATOYHO OOECHedeHHBIH ocagkamu — 39,6 % ot
HOPMBI; XOPOIIO 00ECHEYCHHBIH TEIIOM HPH NPEBBIICHUN CPEIHEMHOTIOJICT-
Hux Temneparyp Ha 20 %.

O6o3HaueHnsT BapuaHTOB uccienoBaHus: Kl-xontpons 0e3 00paboTkm
ceMmsiH; K2-KOHTposib ¢ IpOTpaBiIMBaHHEM ceMsiH mpotrpasutenem IIM; 3 —
IIM+BM 875-TS x 9-08-CH9; 4 — IIM+BM 875-TS x 2-06-TS1; 5 — [IM+bM
875-TS x Mm8; 6 — IIM+BM 9-08-CH9 x 2-06-TS1; 7 — IIM+BM 9-08-CH9 x
Mwm8; 8 — TIM+BM 10-50-TS2 x Mm8.

Anamuz Biaustausg Ha D11 u BC npuMeHseMbIX 1711 00paboTKU CeMsH TIpe-
11aparToB, MPOBEACHHBI METOJJOM 3aKJIA/IKU B YBIQKHEHHbBIE OyMaXkKHBIE PYJIO-
HBI ITOKa3all, 9To uMnperuHanus bBM 6e3 nporpasiuBanust ceMmsH I[IM He Biu-
ST Ha HHEPTHI0 W BCXOXKecTh. CTaTHCTHYECKH 3HAYMMBIX PA3IAIHN MEXITy
BapUaHTAMH OIbITA ¥ MHTaKTHBIM KOHTpOJIEM He ycraHoBieHo. Ha ¢one xu-
Mudeckoro nporpasiausBanus I1IM B coueranuu ¢ umnperuHanueii bM BblABILA-
eTCs CTATUCTUYECKH 3HAYMMOE IO CPAaBHEHUIO C MHTaKTHBIM KOHTPOJEM BO3-
pactanue Ol B Bapuanrax 4,6,7 ot 10 no 18 % %. u yBeauuenue BC B Bapu-
aHrax 6,7,8 1o 10 %.

IIpu aHamm3e pa3BUTHUS 3apOABILIIEBBIX OPTaHOB YCTaHOBJIEHO, UTO 00Opa-
6oTka cemsH BM B couetanmu ¢ I[IM He Oka3bIBajO CTATUCTHYECKH 3HAYMMOTO
BJIMSHUS Ha Pa3BUTHE KOPHEBOH cHCTEMBI. [IJTMHA KONEONTUIIEH U Macca pocT-
KOB BO BCEX BapHaHTaX CTATUCTUYECKU 3HAYMMO CHHKAJIACh MO CPABHEHUIO C
koHTponeM K1.

Kommnekcnoe mnpumenenrie BM-+IIM mokaszano J0CTaTOYHO BBICOKYIO
3 }eKTUBHOCTE NMPOTHB KOPHEBHIX THHWIECH B (asy KymeHus or 71 % 1o
100 % %. OtmeuaroTcst BapuaHThl 4, 6, B KOTOPBIX HAOMIOJAIOCh 3HAUUTEIh-
HOE CHIXeHHe d((EKTUBHOCTH K KOHITY BereTanuu 10 41-56 %. B ocTanbHbIx
BapuaHTax — 3,5,7,8 a¢pexTuBHOCTE IIepe]] yOOpKoii cocTaBisiia ot 69 1079 %
npu 86 % B koHTpOJe K2 ¢ 06paboTkoit cemsH Toabko [IM.

IIpu ananuse nokasaTeneil CTPyKTypbl PACTEHUHM PETUCTPUPYETCS yBEIIU-
YeHne JUTMHBI Koyioca (BapHaHTHI 3, 5, 7), KoIudecTBa KOJIOCKOB (BapHaHTHI 3,
7,), KoimuecTBa 3épeH (BapuaHThl 3, 5, 7), Bec 3epHa ¢ 25 cTeOiei (BapuaHThI
3, 5), Bec 3epHa ¢ 1m? (BapuanTtsl 5, 7, K2), macca 1000 3épen/rp. (BapHaHThl 5,
7) o cpaBHeHHIO ¢ KOHTposieM K2 ¢ 06paboTkoii cemsiH Tobpko [IM. Ypoxkaii-
HOCTb KyJBTYpBI MIIEHHUIBI [0 BCEM BapHaHTaM ONbITa COCTaBJIsANa OT 2,5 110
2,89 1/ra. YBennuenue ypoxaitHoctu Ha 11,8 % (0,31/ra), 14,2 % (0,351/ra),
12,6 % (0,311/ra) mo cpaBHeHHIO ¢ KoHTposneM K1 perucrpuposanocs B Bapu-
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anTax 3,5,7 coorBeTcTBeHHO. IIpoTpaBnuBanne cemsH Tonbko [IM (K2) yBe-
JIMYUII0 ypoxkaitHocTh Ha 9 % (0,221/ra).

KauecTtBo 3epHa oneHnBanoch kak Beicokoe. Cojeprxanue Oeika CoCTaBIIsIo
12,5-14,2 %, narypa 740 /11, cofepkanue KIeHKoBUHBI 2629 % c xopoumM ee
Ka4yecTBOM, 0€3 YETKOTO BIMSHUS IPIMEHAEMBIX JIEMEHTOB TEXHOJIOTHH.

B uTore B yCIIOBHSX OIBITA NPH HUCIBITAHHH MHKCOB OaKTepHaIbHBIX
IITAMMOB B CUCTEME MPEANOCEBHOIO MPOTPABIMBAHUS CEMSIH SPOBOH MIIEHU-
el [IM Haubollee TOJIOKHUTETHHOE BIMSHAE Ha YPOXKAWHOCTH KYJIBTYPBI OKa-
3anmu Bapuantel 3 — (ITM + BM 875 x 908), 5 — (ITM + BM 875 x Mm8), 7 —
(ITM + BM 908 x MwmQ). IToBbIlieHHE YPOKAaHHOCTH B 3TUX BapHaHTaX COCTa-
BmIo B cpeaaem 0,321/ra.

Paboma evinoanena coenacno I'ocyoapcmeennomy 3aoanuro na 2021-
2030 2o0w1. «IIpocmpancmeenno-epemennole S6IEHUS U NPOYECCHl, NPOUCXO-
Osue 6 6ooax cyuiu Cubupu 6 yCiousx COBPEMEHH020 MeXHO2eHe3d U UsMe-
nenust knumama» (Ipuopumemnoe nanpaenenue 1.5.11. Ilpocpamma 1.5.11.1).

Jlutepatypa

BrusiHIe MEKPOOPraHU3MOB M3 MHOTOJIETHEMEP3NIBIX ITOPOA Ha MOP(OPHU3HONOrHIECKHe I0-
Kazaresu sipoBoii menunst / A. M. Cy66orun, M. B. Hapyuko, H. A. Bome [u ap.] // BaBuiosckuit
JKypHau renetuku u cenexuun. 2016. Ne 20 (5). C. 666-672.

Azizbekyan R. R. Biological Preparations for the Protection of Agricultural Plants (Review) //
Appl. Biochem. Microbiol. 2019. Vol. 55, N 8. P. 816-823. DOI: 10.1134/S0003683819080027

POJIb SVX-METAJIJIOITPOTEA3 B PA3BBUTUH
NHOEKIMOHHBIX MPOHECCOB, UHAYIHUPYEMbIX
OUTONMATOIEHHBIMU NEKTOJIMTUYECKNMHU BAKTEPUAMU

H. B. Tenmiok!, A. A. JIbaxonosa'?, O. E. Ilerposa’,

T. A. Myxamerssnos?, O. H. Makmaxosa', B. FO. T'opuikos'?
"Kazanckuii nHCTUTYT GHOXMMUH M GHODU3UKH — 0G0COGIEHHOE CTPYKTYPHOE
noapasaeneune OUILI «Kaszanckuii Hayunsiii nentp PAH», Kazans,
natalya.tendyuk@mail.ru, diakonova27@mail.ru, poe60@mail.ru
olga.makshakova@kibb.knc.ru, vladimir.gorshkov@kibb.knc.ru
*Kaszanckuii (TTpuBomikckuii) dpenepaibublii yHuBepeuter», Kasanb
timur.mukhametzyanov@kpfu.ru

B apcenane (uTOMATOreHHBIX MEKTONHTHUYECKHX Oaktepuit Pectobacte-
rium u Dickeya — Bo30OyquTesneii MSITKUX THHJIEH PaCTEHUI — IIOMHMO SKCTpPaK-
JIETOYHBIX TMOJIUCAXAPUI-IETPAAUPYIONIUX (HEPMEHTOB €CTh M APYrue Jerep-
MHUHAHTBI TATOTCHHOCTU, ¥ KOHKPETHBIC (DYHKIIMU HEKOTOPBIX U3 HUX OCTAIOT-
csi HewsBeCTHbIMH. K TakuMm (hakropaM BHPYJIEHTHOCTH OTHOCHTCS SVX-
moAoOHbIe Oenku. JI0 HAIKMX HMCCIACAOBAHMM OBLIO M3BECTHO, YTO OElOK Svx
sBISICTCS. (DAKTOPOM BHMPYJIEHTHOCTH IEKTOOAKTEPUi, DKCIPECCHsT T'eHa SVX
Pectobacterium atrosepticum unayuupyercs B ycnosusix in planta [Transcrip-
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tome profiling ... , 2018], a cam 0enok cexkpeTupyercs OaKTEpHSIMHU B KIETOY-
HYIO CTeHKy pacteHus-xo3suHa [Identification of a new ... , 2005]. OxHako TO,
Kakue (DYHKIMU BBIOJHAIOT OSKK SVX IEeKTOOAKTepHil M JIMKEi ocTaBaioch
COBEpILICHHO HEU3BECTHHIM. bojiee TOro, TOT BOIPOC BBI3BIBACT JIOMOJIHU-
TENbHBIH HHTEpeC BBUIY TOrO, YTO y HEKOTOPHIX BHIOB poxa Dickeya B reHo-
Max IMPUCYTCTBYET Cpa3y JBa I'€Ha, KOAUPYIOMNX SVX-T0JJ00HbIC OEIKH, B TO
BpeMsl KaK y MeKToOaKTepuii 3TOT I'eH B TeHOME BCEr/ia IPUCYTCTBYET B €/IMH-
CTBEHHOM dK3eMIuIsipe. UToObI MOHSTh, KaKyI0 POJIb UTPAIOT OEIKH SVX B pas-
BUTHM MH(EKIHOHHBIX IPOLECCOB, BBI3BIBAEMBIX IEKTOJMTHUECKUMH OaKTe-
PHSAMH, MBI TPOAHAIU3UPOBAIN NPOQHIN 3KCHPECCUH TCHOB, KOAWPYIOLINX
nauneie G6enku y Dickeya solani, a Takxke cpaBHIIM CTPYKTYPHBIC XapaKTepH-
CTHKH, KaTATATHYECKE U QUTOMMMYHHBIC CBOWCTBa Oenka Svx Pectobacterium
atrosepticum u 1Byx Svx-romonoros Dickeya solani (Svx44 u Svx45).

B ycmousix in planta yposens skcmpeccuu rena Svx44 D. solani (tak ke
Kak u reHa SVX P. atrosepticum) yBennuuBaicst B IECATKH pa3 0 CPABHEHHIO C
YCIIOBUSIME iN Vitro, B TO BpeMs Kak I'eH SVX45 sKcIpeccHpoBaliCs KOHCTHTY-
THUBHO. B pe3ynbrare OMOMH(POPMATHUECKOTO aHAIN3a HAMH MOKa3aHo, 4To Oe-
7ok Svx P. atrosepticum u 6enku-romonorn Svx44 u Svx45 D. solani o6iana-
0T CXOKUMHU TPETHYHBIMU CTPYKTYpaMHU M UMEIOT MPOTeasHble U anuinrpache-
pa3o-1ogo0HbIE JOMEHBI, KOTOPhIE B3aMMOACHCTBYIOT MEXIy COOOW 3a cuer
ruapodoOHBIX CBsI3eH, GopMUpYs OTPULIATENILHO-3apKEHHbIE KapMaHbI, B KO-
TOPBIX PACIIOJI0KEHbI aKTHBHBIE LIEHTPbI IPOTEA3HBIX JIOMEHOB, 00pa30BaHHbIC
[[MHK-CBS3BIBAIOIMMH MOTHBAMH M YTJICBOJ-CBS3bIBAIONIMMH aMHUHOKHCIIOT-
HBIMHM OCTaTKaMH. Y OYMIIEHHBIX IIPENapaToB OEIKOB TOMOJOToB Svx44 n
Svx45 D. solani, raxxe kak y Gemka Svx P. atrosepticum BeisiBiieHa mpoTteas-
Hasi aKTMBHOCTb, KOTOpasl yBEJINYUBAJIACH [TPU 100aBJICHHH HOHOB LIUHKA M WH-
rubupoBanach B npucyrctBun DJITA, 4To CBHAETEIBCTBYET O TOM, UTO BCE
Tpu Geska SBJISIOTCS AaKTUBHBIMH [IUHK-3aBUCHMBIMH METaJIONPOTEA3aMH.

B pesynberate mokunra momenu 6enka Svx P. atrosepticum ¢ mpeamosara-
€MbIMH JINTaHAaMH, HAMH 00HAPY>KEHO, YTO OCJIKM SVX ITEKTOJIUTHIECKUX OaK-
TepHid CIIOCOOHBI B3aUMO/ICHCTBOBATh C SKCTEHCHHAMH — CTPYKTYPHBIMH QJlb-
(ba-rIMKOo3MINPOBaHHEIMYU OEJIKaMH PacTUTENILHON KJIETOYHOM cTeHku. Pacro-
JIO)KEHHE aKTUBHBIX LIEHTPOB IIPOTEa3HBIX JJOMEHOB SVX OEJKOB B OTPHIATEIIb-
HO-3apsDKCHHBIX KapMaHax JIOMOJHUTENIBHO TOATBEPXKIACT JAHHYIO TCOPHIO,
MIOCKOJIBKY DKCTEHCHHBI SIBIISIFOTCSI OJIOKHUTEIbHO-3aPSHKEHHBIMH OCIIKaMH.

Jns Toro uToOBI CpaBHUTh (UTOMMMYHHBIC CBOIicTBa O€nKOB Svx
D. solani u P. atrosepticum, oumniieHHbIe TpenapaTbl PEKOMOMHAHTHBIX OEJIKOB
MHOWIBTPUPOBAIM B JIHCThA TaOaka. HWupuibrpanus OenkoB Svx44 u
Svx45 D. solani, tak xe kak u Oenka Svx P. atrosepticum, mpemstcTBoBana
HAKOIUICHHUIO MEPEKHCH BOJOPOJa B JIMCThSIX PACTEHWH B OTBET Ha JeilcTBHE
3IIICUTOpPA XUTOOKTA03bl, YTO CBUJETEIBCTBYET O HAINYUH y JAHHBIX OCIIKOB
UMMYHOCYIIPECCOPHBIX cBOMCTB. bonee Toro, naHuibTpanus 0enkoB Svx44 u
Svx45 D. solani, Tak »xe, kak u Genka Svx P.atrosepticum, unmynuposana
IKCIIPECCUIO ITUIICH-PETYIUPYEMBIX T€HOB, KOAUPYIOMIHUX (HaKTOP TPAHCKPHUII-
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nuu (ERF1) u depment 6mocunresa stunena (ACO1). Hu oqua 3 6e5koB Svx
HE aKTHBUPOBAJ IKCIIPECCHIO CaTHIMIAT-HHAynupyemoro reHa PR-1u rena
(dbepMeHTa yTH CHHTE3a )KaCMOHOBOM KUCIOTHI — aiuteHoKeuanukiassl (AOC).
Omnako Genku Svx P. atrosepticum u Svx45 D. solani uamymupoBann 3kc-
npeccuro reHa munokcureHassl (LOX2), 9To MokeT OBITh CBSA3aHO C aKTHBAIU-
el IpyruxX BETBEH JHMIIOOKCHICHA3HOTO KacKala, HE CBS3aHHBIX C CHHTE30M
YKACMOHATOB.

Takum 00pazoM, MOKHO CZAENaTh BBIBOJ, YTO OENKM SVX MEKTOJUTHYC-
ckux Oaxrepuii Pectobacterium u Dickeya mocrarouno xkoHcepBaTHBHBI. OHH
SIBISTIOTCS. aKTUBHBIME [IMHK-3aBHCUMBIMH METaJUIONIPOTEa3aMH, KOTOPEIC, Be-
POSITHO, Pa3pyLIAlOT CTPYKTYpHbIE OEJIKH PACTUTENbHOI KIETOYHOW CTEHKH —
9KCTEHCHHBI. J[aHHBIE MpOTEa3bl TaKKe 00JaJaI0T UMMYHOCYIPECCOPHBIMU
CBOWCTBAMHU H SIBIIIOTCS WHIYKTOPAMH ITHIICH-OTIOCPETYESMBIX OTBETOB pac-
TEHHI, KOTOpbIC, KaK IOKa3aHO paHee, CIIOCOOCTBYIOT Pa3BUTHIO WHQEKIIHH,
BBI3BIBACMBIX JUKESAMH M MEKTOOaKTepusimu (puc.). [Ipu 3TOM CTOUT OTMETHTh,
4yro Metaiuonporeassl Svx D. solani, BeposiTHO, UrparoT pazHylo posb B pas-
BUTHH HMH(EKIMOHHOTO IPOIECcca, ITOCKOJBKY KOIHMPYIOMIAE WX TEHBI II0-
pa3HOMY JKCIIPECCHPYIOTCS B ycaoBusx in planta, a camu 6enku auddepenm-
QTFHO MHIYIPYIOT 3KCIIPECCHIO TeHA JIMITOKCUTCHA3EL.
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Dso Svxd5 e P'?"m TunuaHan uxcexiun

Puc. Cxema nmpennonaraeMoro Mexanusma AeificTBust SvX-1poreas, OTpakarommas ux poib
B Pa3BUTUM MH(EKIMH, MHIYLHPYEMbIX EKTOIUTHYECKUMU OAKTEPUIMU

Jlureparypa

Identification of a new quorum-sensing-controlled virulence factor in Erwinia carotovora
subsp. atroseptica secreted via the type II targeting system / M. Corbett, S. Virtue, K. Bell [et al.] //
Mol. Plant-Microbe Interact. 2005. Vol. 18. P. 334-342.

Transcriptome profiling helps to identify potential and true molecular switches of stealth to
brute force behavior in Pectobacterium atrosepticum during systemic colonization of tobacco plants /
V. Gorshkov, R. Gubaev, O. Petrova [et al.] / European Journal of Plant Pathology. 2018. Vol. 152.
P. 957-976.
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CHUMIITOMBI ITPOSABJIEHUSA U BPEJJOHOCHOCTD
IMEPCTUCTOM MATKOM T'HUJIN (RHIZOPUS STOLONIFER)
KOPHEIIJIOJOB MOPKOBH CTOJIOBOM B YCJIOBHSAX IN VITRO

T. O. Tuxonosa, E. I'. Kozapsp, U. A. Enransiuena, B. A. Crenanos

DeepalbHbI HAYIHBIH IEHTpP OBOIIEBOACTBA, OUHIIOBO
tikhonova@tatyana94.ru

3HAYUTENBHYIO YTPO3y IS CEIbCKOXO3SHCTBEHHOW MPOIYKIIMH IIOCIIE
cbopa yposkast MOTYT MTPEICTABIATE CallpOTPOGHBIC TEIUIOIIOONBBIC 3UTOMHIIE-
o1 poga Rhizopus spp. (Enrenb.) [[Tugormuuko, Muinbko, 1971]. Pa3Hbie Bujibt
Rhizopus pasmigaroTcst Mo CKOPOCTH Pa3BUTHSI, HO TEMIIEPATYPHBIH ONTHMYM Y
Bcex cocrapisier 25-35°C, a npu temneparype Hmxke 10°C pocT mpekpamiaer-
csa. Bux Rhizopus stolonifer orsocurcss k ormeny Zygomycetes, Kiaccy
Mucorales, cemeiictBy Mucoraceae, poay Rhizopus u siBisiercst oqHUM U3 ca-
MBIX PACHPOCTPAHEHHBIX OBICTPOPACTYIIMX BO BIaxHOH cpexe BunoB [The
Rhizopus stolonifer-Tomato ... , 2008]. Cropsr R. stolonifer monro coxpans-
IOTCSI B TIOYBE M MOTYT PAaCHpOCTPaHATHCS BO3IYIIHO-KANEIEHBIM ITyTEM, YTO
IPUBOIUT K BBICOKUM IOTEPSIM LIMPOKOTO CIEKTPa OBOIIHON MPOAYKLIUH U
HauboJiee BpeIOHOCEH Ha JIYKOBBIX M ITACICHOBBIX KyJbTypax [Bautista-Banos,
Bosquez-Molina, Barrera-Necha, 2014]. Ha MOpKOBHU CTOJIOBO¥ OH BBEI3BIBAET
mepcTUCTyo MArkyro rHIb (R. stolonifer) u otHocuTest k GonesHsiM xpaHe-
HUSI, KOTOpasi BCTpEYaeTcss 1 HAaHOCUT Ooubion yiepd B CeBepHoil Amepuke,
Oxno# EBporne m Munun. B ycnoBusax cpemneit momocsl Poccnn BetpedaeTcs
HE YacTO M B CCTCCTBEHHBIX YCIOBHSAX XpaHCHHUS HpH Temmeparype 2—4 °C
CHUMIITOMBI MOPAXXEHUS KOPHEIUIOJOB ITUM BO30yJHUTENEM NPaKTUYECKU HE
nposiBisitoTca. [IpobaeMbl HAYMHAIOTCA TPH U3MEHEHHH PEeKMMa XPaHEHUS B
Iporecce MOATOTOBKH MaTOYHBIX KOPHEIUIONOB K BhIcanke. Hambomnee omacHo
3apaxkerue R. stolonifer, kotopoe HOCHT xapakTep CKPHITONH BHYTPEHHEW HH-
¢exmu 1 HanboJee HATISATHO MPOSBISIETCS IPU UMMYHOJIOTHUECKOH OIIEHKE B
ycrmoBusx in Vitro (puc.). IlopakeHre KOPHEIUIOIOB, U OCOOCHHO T'OJIOBKH, B
pe3yibTaTe MPUBOAUT K BBITAJJAM CEMEHHBIX PACTCHHUI. DTO MPE/ICTaBIsICT ce-
PBE3HYIO MPOOIEMY UIsl CETICKIIMU U CEMEHOBOJICTBA ATOH KYJIbTYPHL.

Ha 1uckax KOpPHEIUIOAOB CHMIITOMBI  BHYTPEHHETO — 3apa)KCHUs
R. stolonifer mposiBisiercst y>xke Ha BTOpbIE CYTKH B BHJIE HEOOIBIINX CBETIIO-
KOPUYHEBBIX BIAXKHBIX YYaCTKOB, KOTOPBIE OBICTPO YBEIHMYMBAIOTCS B pasmepe,
pa3sMsr4aroTcs, Mocae Yero HauMHAeTCsl HHTEHCUBHBIN POCT BO3IYLIHOTO MHU-
renusi. CKOPOCTh €r0 pagraIbHOTO POCTa B EPBBIC IBOE CYTOK MOYKET JOCTH-
rath 25-30 MM B CyTKH B 3aBHCHUMOCTH OT TeMmIiepaTypsl. JlanbHeliee pac-
MPOCTPaHCHUE MUIICIHS [0 COCEIHHAM IHCKaM KOPHEIUIOJOB HECKOIBKO 3a-
MEIJISIETCSl M B CPENIHEM 3a YETBEPO CYTOK CKOpOCTh coctaBisier 10—15 mm B
cytku. [Ipn HanuIMM HECKOTBKUX MCTOYHMUKOB MH(EKINN B KOHTEHHEpE, BO3-
OyaUTeNh MOKET 3aIlOJHATH BCIO ero miomans (1050 cm?) yxke Ha 5-7-€ CyT.,
MOCNIe pacKIaJKi KOPHEIIOA0B, 00pa3yst TpyOblil OeJblii MIIOTHBIM MUIETHH U1
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4yepHbIe criopaHTuu (puc.). Ciemnyer OTMETHTh, UTO Jaxe yIalleHHe 3apaKeH-
HBIX TUCKOB (MCTOYHUKOB MH(EKIUK) HE BCEra MPeJ0TBPAIaeT pacipocTpa-
HEHUE Ha JPYrue KOpHeIIojabl. B pesynbrare 4ero cTaHOBHTCS HEBO3MOXKHO
[IPOBECTH OOBEKTHMBHYIO OLCHKY CEJICKIIMOHHOTO MaTepuajla MOPKOBU Ha
YCTOWYHBOCTD K JPYrHUM (PUTOMATOreHAM HPH MMMYHOJOTHYECKOM aHAIN3e B
YCIOBHSIX in Vitro.

Puc. CUMIITOMBI TOpasKeHust ¥ IMHAMEKA pactpocrpanenus R. stolonifer na ronoskax (4) u
nickax (B) kopHerutozos Ha 1-2(3)—7 cyT. B yCIOBHSX IN Vitro; MUKPOCTPYKTYpbI
B030yuress (B). KopHerutons! ¢ BHyTpeHHeH NHMEKIHEH (MCTOYHUKH) 00BEICHBI

YepHBIM KOHTYpoM (2-3 cyT.)

IIpuMeHeHnEe METOI0B MOBEPXHOCTHOM CTEPUIIM3AIMU KOPHEIUIOAOB IIe-
pen NpoBEJEHUEM aHAlIN3a, TAKUE KaK, IPOMbIBAHUE KOPHEIUIOIOB B MIPOTOU-
HOHM BOZE C MOIOIIMMH CpEJICTBAMH, NPOTHpaHKue crupToM, (iaomOupoBaHue,
KaK OT/IEJIFHO, TaK U B COBOKYITHOCTH HE BCET/Ia AACT MOJIOKHUTEIbHBIC Pe3yITb-
TaThl ¥ HE MO3BOJIICT N30AaBUTHCS OT JATCHTHOH nH(pekun. Hamm uccnenosa-
HUS TI0OKa3aJM, YTO HauboJiee ONTHMAaIbHBIM CHOCOOOM CTEPHIIM3ALMH KOpHE-
IUIO/IOB TIepe]] MPOBEACHUEM aHAIM3a, IS CHIKCHUS BEPOSTHOCTH Pa3BUTHS
HIEPCTUCTOM MATKOW THHUIIBIO CIEAYET CHadana IPOMBIBATh KOPHEIUIOABI MO-
IONIMMHU CPEJICTBAMHU, 3aT€M 3aMOYUTh HMX B 5 % pacTBOpe TUIOXJIOpUTA
HATpUs, C THIATEIbHOH JabHEUIICH IPOMBIBKOM AUCTUIIMPOBAHHOM BOJOK.

[Tocae 3TOro KOPHEIUIOABI PACKJIAABIBAIOT HA CTEPUIIBHYIO (HIBTPOBANIb-
HyI0 Oymary, IoJICYIIMBAIOT, IIOMEIAIOT B YHCTHIC TIACTHKOBBIC KOHTEHHEPHI
(oOpaboTaHHBIC CIMPTOM) M XpaHAT NpH Temneparype Hmke 10 °C no mpose-
neHust aHanuza. Ho nake B 1aHHOM ciIydae, OTCYTCTBYET IapaHTUsl HCKIIIOYe-
HUS TUCKOB KOPHEIUIOZOB C BHYTPCHHEH MH(EKIUEH, IPOIEHT KOTOPHIX B 3a-
BHCHMOCTH OT 00pasia MoxeT cocTaBisiTh 3—10 %. CHUKEHUIO CKOPOCTH pac-
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npocrpaneHust muuenust R. stolonifer tawke crnocoOcTByer: cBoeBpeMeHHOE
yJaJICHUE 3apaKEHHBIX MCKOB IPH TOSBJICHUU IEPBBIX CHMIITOMOB B BH[C
MOKHYIIUX IISTeH, 00pabdoTKa CIIUPTOM MecTa UX PACIONIOKEHHUs, OTCYTCTBHE
BIIQKHOM TIOJUT0KKH TIOJ] IUCKAMU B BU/IE (PHUIIBTPOBASIBHOI OyMart 1 1o BO3MOX-
HOCTH TIPOBEICHHE MMMYHOJOIMYECKOH OIIEHKH B 3aBHCHMOCTH OT OMOJIOTHYE-
CKHX 0COOCHHOCTEH (pUTOMATOreHOB IpH TeMueparypax Hiwke 25 °C (20-22 °C).

Takum 00pa3zoM, B CBSI3M C INIOOAIBHBIM MOTEIUICHHEM KJIMMara oTMeva-
eTcs OBICTPOE PAaCIpPOCTPAaHEHHE TEIUTOMIOONBEIX (PUTOMATOTeHOB B Oojee ce-
BEpHbBIC PETHOHBI HallIeH CTpaHbl M 3HAYNMOI CTAHOBHUTCS IpodieMa Bo3pacTa-
HHSI BPEIOHOCHOCTH HIepcThcToit Msarkoi rHumm (R. stolonifer) xopreronos
MopkoBu. Hambonblee pacnpocTpaHeHHe 3TOro BO30YAMUTEN OTMEYAeTCs B
TOJIBI TIPH TIOBBIIIEHHBIX TEMITEPATypax W BIAKHOCTH B TIEPHO yOOPKH KOpHE-
wionoB. [ToaToMy Bce ocTpee BCTaeT BONPOC M3YUEHHsT OMOJIOTUH TOTO BO3-
OyauTens M ero B3aMMOOTHOIIEHUH C PACTEHHEM-XO3SHHOM B MATOCHCTEME B
3aBUCHMOCTH OT MOTOMHBIX YCIOBHHM pETHOHA BBIPAIIMBAHUS, MEXaHH3MOB
UMMYHHOTO OTBETa M ITONUCK UCTOYHUKOB YCTOWYMBOCTH K HEMY; ONTUMHU3ALINS
B CBSI3U C 3TUM COBPEMEHHBIX METOJIOB 3aIIUTHI.

Jlutepatypa

TTumorutmuko H. M., Munbko A. A. Atinac mykopanbHbix rpubos. Kues : HaykoBa aymka,
1971. 116 c.

The Rhizopus stolonifer-Tomato interaction / S. Bautista-Banos, M. G. Velaquez-Del Valle,
A. N. Hernandez-Lauzardoa, E. A. Barka // Plant-Microbe Interactions. 2008. P. 269-289.

Bautista-Banos S., Bosquez-Molina E., Barrera-Necha L. L. Rhizopus stolonifer (soft rot) //
Postharvest decay. 2014. P. 1-44.

KOJUIEKIIUA PU3OCPEPHBIX MUKPOOPI'AHU3MOB
KAK OCHOBA J1JIs1 UCCJIIEJOBAHUSA
PACTUTEJBbHO-MUKPOBHbIX B3AUMO/JIENCTBUM

O. B. Typkosckas, C. H. I'oaryoes, E. B. /lyoposckas,
A. 1. Bonnapenkosa, A. }0. MypaTtoBa

WHCTUTYT OHOXMMHH U (PU3HOJIOTHH PACTEHUI K MUKPOOPTaHU3MOB
®UL] «CaparoBckuii Hayunblii ientp PAH», Caparos, turkovskaya o@ibppm.ru

BsanmopeiicTBus, Jexane B OCHOBE (OPMHPOBAHHS PACTHTEIHHO-
MHUKPOOHBIX CUMOMO30B M aCCOIMAIMMA, PEIONIAratoT IeJblii KOMILICKC pa3-
JIMYHBIX peaKHHﬁ, KOTOPBIC 3aBUCAT KaK OT XAPAKTECPUCTHUK IMapTHEPOB, TaAK U
YCJIOBHM OKpyskaromeid cpenabl. [lo cBsA3sIM ¢ pacTeHHEM MHUKPOOPTaHHU3MbI B
KOPHEBOH 30HE YCIOBHO MOKHO pa3ieiHTh Ha CHMOMOTHYECKHE, aCCOI[MATHB-
Hble 1 9HI0(pUTHBIE. VX 00beanHsIOT B rpyniy Tak HasbiBaeMbix PGPR (plant
growth promoting rhizobacteria — cTUMynmHpyrOIUe POCT pacTeHUi pu3odak-
Tepun). PUTOoCTUMYNHpPYIOMAs aKTUBHOCTD 3THUX OaKTepHil 00ycCIIOBICHA psi-
JIOM CBOICTB, TaKuX Kak (pukcanms atMoc()epHOro a3ora, MpoayKuus (uro-
TOPMOHOB, como0mIu3amnus ¢pochaToB, KOHTPOJIb ITATOTEHOB U APYTHX.
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B kadecTBe Hay4HOIT 0a3bl 1151 HCCIIEIOBAHNH TTOIOOHBIX MUKPOOPTaHH3-
MoB (yrkumonupyer Komrekmus pusochepHbx MukpoopranmsmMo MBOPM
PAH (www.collection.ibppm.ru), ocHoBannast B 1981 r. u 3asBieHHas Kak
CHeNMAIN3UPOBAHHAS HAay4YyHas KOJJIEKIMs, OPUEHTHPOBAHHAs Ha coOpaHue H
MOJ/Iep’)KaHNE HETTATOTeHHBIX OAKTepHi, BBIICIICHHBIX, B OCHOBHOM, U3 KOPHEH
1 KOPHEBOHW 30HBI pacTeHUH. B Hacrosiee Bpemst (OH] KOJUICKINH BKJIIOYACT
6onee 600 wTaMmoB Oaktepuil M rpudoOB, oTHOcsmMXcs K 30 pogaM, U mpo-
JIOJDKAET MOTIONHATHCA. SIPO KOJUIEKIIMH COCTABIISAIOT ITOYBEHHBIE a30T(HUKCH-
pytoire anbba-nporeodbakrepun poga Azospirillum, siBrsirommecs: nmpusHaH-
HBIMH BO BCEM MHPE MOJEIBbHBIMH OOBEKTAMH UISI M3YUCHHUSI MOJICKYJISPHBIX
MEXaHU3MOB PACTHTCIFHO-MHUKPOOHBIX B3aUMOAEHCTBHH. OHM OTHOCATCA K
ACCOIMATHBHBIM OaKTepHsM, IO OTPEeNICHHIO He 00pa3yromuM MophoIoTH-
YECKUX CTPYKTYP y PAaCTEHHMH M TPEJCTaBISIIOT OCOOBI MHTEpPEC, SIBISSICH OC-
HOBOW TaK Ha3bIBaeMOro ()eHOMEHa «acCOIMaTHMBHOTO cuMOMo3a». Ha mpors-
xennu Oomnee 40 ner B UBOPM PAH BemyTcs mccienoBaHUs MO BBIICHEHHIO
MOJIEKYJSIPHBIX MEXaHU3MOB (hopMHpoOBaHMs 3Toro cumbuosa [TypkoBckas,
TomyGes, 2020]. Ocoboe MecTo B MCCICOBAHHUAX 3aHUMAIOT CTPYKTYPHI H MO-
JICKYJIBI Q30CIUPIILI, BOBICUCHHBIC B €0 00pa3oBaHNE, TAKHE KaK BHEKJICTOU-
HBIE TOJHMCAXapUACOACPIKAIINE KOMIUICKCH M JIEKTHHEIL. [Ipw 3TOM OIHUM W3
KIIFOUEBBIX IPUEMOB M3yUCHUS SIBISTIOTCS Pa3pabOTaHHbIE MMMYHOXUMHIECKHE
METO/Ibl, TO3BOJIMBIIKE JOCTATOYHO MOJPOOHO ONKCATh OPraHU3aALHUIO TOBEPX-
HoOCTH OakTepuil. JleTadpHO M3y4YEeHBI T€HOM psjia ITaMMOB a30CIUPHILI, TIPO-
1ecchl (hOpMHUPOBAHUS OMOIIICHOK, MEXaHH3MBI ITOJIBIDKHOCTH, PEAKIMH Ha
cTpecchl U aAp. Ha gaHHBIH MOMEHT B KOJUIGKIMU XpaHsTcs 196 mraMMoB a3o-
CIIUPUJUT Pa3UYHBIX BHJIOB, B TOM uucie 21 TUMOBBIX U 168 BBIIEIEHHBIX C
KOpHEH TUKOPACTYIIHX M KyJBTYPHBIX pacTeHHH B Xozae sKkcrenunuii mo Capa-
TOBCKOH 00JslacTH. DTO caMoe KPYIHOE cOOpaHUe a30CIUPHILT CPEIN eBPOIICH-
ckux Koyutekiuid. Cieayer OTMETUTb, YTO B HAIICH KOJUICKIIMU MPE/ICTaBICHA
00mpI1as 4acTh TUMOBBIX MTaMMOB M3 30 M3BECTHBIX HA JaHHBI MOMEHT BHU-
noB poxa Azospirillum.

A3OCHHMPHIIIBI NIPUBJICKAIOT K ceOE IMOBBIIICHHOE BHUMAaHUE HE TOJBKO
KakK OOIICIPHHSTHIE MOJIEIIbHBIE 00BEKTHI B HCCIIEIOBAaHMAX (peHOMEHa pacTH-
TEJTHHO-MUKPOOHOH acCOIMAaTUBHOCTH, HO Kak OMOYJOOpeHHs B CEINbCKOM H
JIECHOM XO3sIHCTBE, KaK OMONpeTapaTsl 9KOJIOTHUECKON HANPaBICHHOCTH — AJIS
OYKMCTKH MOYBBI OT MOJUIIOTaHTOB. Hanmiuue 00raTtoro KOJUICKIMOHHOTO Mare-
puana ro3BoJisieT OOHAapy)KHMBaTh HOBBIC IIOJIE3HBIE CBOWCTBA pH30C(HEPHBIX
OakTepuii, TaKMe KaK «3CJCHBIN» CHHTE3 HAHOYACTHI[ METAJUIOB, MPOIYKIIHS
ou-B-ruApoKCHOYTHPATa U JIEBaHa, C UCIIOJIb30BaHUEM IITAMMOB KOJIIEKIIHH
pa3pabarbIBatoTCsi OMOCEHCOPHBIE METO/bI JICTEKIMN PA3JIMUHbIX COCIUHCHUH
[Use of Azospirillum baldaniorum ..., 2023].

W3ydenne OTKIMKOB OAaKTEpHil HA CTPECCOBBIC BO3ACHCTBHS OCOOCHHO aK-
TyanbHO IpH (POPMUPOBAHUN PACTUTEIHEHO-MUKPOOHO! acCOLMAIMN B YCIOBHU-
SIX TeXHOTEHHOTO 3arpsi3sHEeHus. VIMEHHO 37ech OTKPBIBAIOTCS MOUCTHHE 0e3-
TpaHUYHBIE BO3MOXKHOCTH (DOPMHUPYEMBIX COOOIIECTB PA3IMYHBIX OPTraHN3MOB
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BOCCT@HABJIMBATh OKPY)KAIOIIYI0 CPEy OCOOCHHO B YCIIOBUSIX MYJIBTH3Arps3-
HEHHs 1 KOMOMHHpOBaHHOTO cTpecca [Physiological-biochemical reactions ... ,
2024]. IIpu 3TOM BayKHEHIIMM aCIEKTOM SIBJISIOTCS OOHAPY>KEHHBIE ITPOLIECCHI,
CBSI3aHHBIC C PA3HOIUIAHOBBIM BIMSHHEM PHU30C(EPHBIX MUKPOOPTaHH3MOB Ha
TMIOTJIONICHNE METAJUIOB PACTEHUSIMH U3 IOYBBI M IOTOMY B3aHMMOWCKIIIOYAO-
Iye UX NMPUMEHEHHE ULl arpapHBIX M OKOJIOTHYECKUX OMOTEXHOJIOTHH. DTO
Tpebyer OoJiee JeTaabHOIO U3Y4eHHs 0COOCHHOCTEH NMpuMeHeHus! Ouonperna-
pPaToB Ha OCHOBE CTHMYJIHPYIOIINX POCT pacTeHnit Oakrepuii [BimsHne noHoB
... » 2022; Onexcenko, Kproukosa, Tkauenko, 2022].

OcoOb1ii uHTEpec npencraBsiror mrammbl PGPR, oGnamaromiue cBoii-
CTBaMH pa3pyuiate nojurtoTaHTel. CompsbkeHHBIN Metabonusm ITAY obnapy-
ke Hamu Ha npumepe Ensifer meliloti B pusochepe copro u sromepHsi
[Turkovskaya, Muratova, 2019], rme moka3zaHO ydacTHe B Ipoliecce Aerpaja-
LMY TIOJUTIOTaHTa ()EPMEHTOB KaK MHUKpO-, TaK U MakponapTHepoB. Hecmorps
Ha TO YTO B3aWMOBJIHSIHHE aCCOIMATHBHOTO MHUKPOOPTaHN3Ma M PACTEHHS OUe-
BUJIHO, M3yUCHUE PH30C(EPHBIX MPOIECCOB BBIABIISIET BCE HOBBIE aCIIEKTHI, KO-
TOpbIE TIO3BOJIAIOT MPUOIN3UTECS K pa3pabOTKe MpecKa3yeMbIX OHOTEXHOJIO-
ruit. Harmpumep, Takue KOMIIOHEHTH! KOPHEBBIX 9KCCYAATOB, KaK (pJIaBOHOUBI,
B 3aBHCHMOCTH OT UX KOHIIEHTPALIMH CIIOCOOHBI BIUATH Ha IIPOIECC Jerpasa-
muu [TAY B amanazoHe OT CTHMYJIAIUU 10 MHTHOMpoBaHus [BimsHue KoMmo-
HEHTOB ... , 2022].

Eme Oosee axTyadbHBIMH IPEICTABISIOTCS HMCCIEAOBAHMSA MPOILECCOB,
MaKCHMAaJIbHO MPUOIIKEHHBIX K TIPHPOTHBIM — 3TO TPOWCTBEHHBIE B3aNMO/ICH-
CTBHUS PACTEHHH, TPHOOB U OAKTEpHi, KOTOPHIE B HACTOSIIEE BPEMS SIBIISIOTCS
MPEeAMETOM TOBBIIMIEHHOTO BHHUMAHUS MEXAyHApOAHOTO HAy4HOrO CooOIIe-
cTBa. DTH 3HAHWA BAXHBI Kak I (QyHIaMEHTAIBHON HAyKH, TaK U JUIA pa3pa-
00TKM HOBOM cTpaTernn GpuTOpeMeanannm.

B cBs3M ¢ BBIIECKAa3aHHBIM Ba)KHO OTMETHTb, YTO KOJUICKIHS HE TOJBKO
o0ecreunBaeT COXPAaHHOCTh M3Yy4aeMbIX MHKPOOPTaHU3MOB, COBEPIICHCTBYS
METOJIbI XPAHEHUSI ¥ KOHCEPBAIMU INTAMMOB, IIPEOCTABICHNE ayTEHTUYHBIX
KyJIbTYp IOJb30BATEIISIM, HO U KOPPEKTHPYET TAKCOHOMHYECKOE ITOJIOKEHHE
IITAMMOB Ha OCHOBAHMM COBOKYITHOCTH BHOBB ITOJIy4aeMbIX I'€HO- M ()EHOTH-
MTUYECKUX JAaHHBIX C UCIIOIH30BAHNEM HOBEHIINX METOIOB M IIPECTABIACT CO-
6011 OGorareifmmii MaTepuan Ui COBPEMEHHBIX MOJICKYIISIPHO-TEHETHIECKUX 1
OMONH(OPMATHYECKUX HCCIIEIOBAHUI.

Crenpanuzanyst KOJUISKIMH B 00JIacTH pH30C(EpPHBIX MHKPOOPTaHU3MOB
TIO3BOJIMJIA CO3/1aTh YHUKAJIFHOE COOpaHMe IITAMMOB M CHCTEMaTH3MPOBAHHOM
Hay4YHOW MH(OPMAINH, YTO SBIISIETCS 00OCHOBAaHMEM LIEHHOCTH MOJJOOHBIX OHO-
PECYPCHBIX XPaHWJIMILL, JeJIasi UX HE3aMEHUMBIM MCTOYHHKOM IOJUICPIKKU KaK JIst
HayYHBIX HCCIIECIO0BAHNI MUKPOOMOMOB, TaK M IIPAKTUYECKOH OMOTEXHOIOTHML.

Jlurepatypa

BunstHne MOHOB MeM Ha accouuarmu Gakrepuii poga Azospirillum ¢ mpopoctkamu mieHHIb!
(Triticum aestivum L.)/ A. 0. Mypatosa, E. B. Jlio6yus, C. H. 'oxy6es, O. B. Typkosckas / Ba-
BUJIOBCKHIA JKypHaJl reHeTUKH 1 cenekuuu. 2022. T. 26, Ne 5. C. 477-485.
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TToBomkckuit skomornueckuii xypHan. 2022. Ne 2. C. 193-205.
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Ochrobactrum cytisi IPA 7.2 Ha ycTOHYHBOCTH pacTeHMil TOPYHIILI GENOi K HOHAM MeH, riudocaty
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Typkosckas O. B., 'onmy6es C. H. Komnekuus pusocdepHbix Mukpoopranusmo NMBOPM
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tants / O. V. Turkovskaya, A. D. Bondarenkova, S.N. Golubev [et al.] // Russian J. Plant Physiol.
2024. Vol. 71. Art. 32.

Turkovskaya O. V., Muratova A. Yu. Plant-bacterial degradation of polyaromatic hydrocar-
bons in the rhizosphere / Trends in Biotechnology. 2019. Vol. 37, N 9. P. 926-930.

Use of Azospirillum baldaniorum cells in quercetin detection/ M. V. Kanevskiy,
1. S. Kosheleva, V. O. Menukhov [et al.] // ADMET & DMPK. 2023. Vol. 11, N 2. P. 277-291.

NEPCHEKTUBBI HCITIOJIb30BAHUS PU3OBAKTEPUI
B TEXHOJIOT' MY BO3/IEJBIBAHUS CAXAPHOM CBEKJIbI

0. A. ®enoposa, FO. H. Caneesa, H. B. be3suiep

Bcepoccuiicknii Hay4HO-HCCIEI0BATENbCKUN HHCTUTYT CaXapHOM CBEKJIBI M caxapa
um. A. JI. MasnymoBa, Boponexckast odnacts, fed-olga78@mail.ru

MukpoOHbIe TMpenapaThl SIBISIOTCS BAKHEHIINMU CPEICTBAMU 3aIlUTHI
pacTeHHMi OT BpenuTenel u Oone3Heil B opraHmYecKoM (OMOIOTHYECKOM, HKO-
JIOTHYECKOM) 3eMJIeIeNnH. [ TaBHOW 0COOCHHOCTBIO 3THUX CPEJCTB 3AIIUTHI 5B-
JsieTCs MX 0E30MacHOCTh UIS YeJOBEKa, OKPYKAIOIICH Cpebl, TOMAIIHUX U
JIUKUX JKMBOTHBIX, HACEKOMBIX (OTBLIUTENEH, YHTOMO(]AroB) U APYTrUX MPeE-
craBuTeneit onorenosa [Koxemskos, 2005]. buomornveckas 3amuTa pacTeHUN
oT OoJle3HeH W BpeluTeNel aKTyalbHa U B CBEKJIOBOJICTBE, IJIe YaCTO HaOITIo-
JaeTcst AMUGUTOTHIHOE PACIIpOCTpaHEHHE JIMCTOBBIX OOJIe3HEH, THHIEH Kop-
HEIUIOZIOB BO BpEMs BEreTallMd W XPaHEHWs, B Pe3yJbTaTe 4ero OTMedaeTcs
€XeroJHoe cHIxeHue ypoxas 10 16 % [Croruuenko, 2018]. Onnumu u3 nep-
CHECKTHBHBIX MHKPOOPTaHM3MOB — MPOAYIICHTOB AHTUOMOTUYECKH aKTHBHBIX
BEIIECTB SIBIISIIOTCS aKTUHOMUIIETHI, KOTOpPhIE Onarojapsi CocOOHOCTH BCTY-
MaTh B aCCOIMAIMU C PACTEHUSIMH U CIOCOOCTBOBATHh MX POCTY W Pa3BHTHIO,
otHOcsATCs K rpyne PGPR (pu3o6akTepnu, CTUMYTHPYIONIIE POCT U Pa3BUTHE
pacrtenuii). OTcyTcTBHE Pa3pabOTOK M0 HUCIOJIb30BAHUIO AKTHHOMHUIICTOB B Ka-
YeCcTBE MPOJIYIIEHTOB OMOTPENapaToB B CIIEUPUIESCKUX YCIOBHUIX BBIpANINBa-
HUS CaXxapHOH CBEKJIBI ONPeIeIsIeT aKTyaATbHOCTh N3yUeHHSI JAHHOU TIPOOJIEMBI.

Uccnenoanuss mpooaunan B 2021-2023 rr. Ha OMNBITHOM y4yacTKe
BHUUNCC B cOOTBETCTBHM C METOJIUKOM MOJEBOTO OMbITA B 4-MOJBHOM 3€pHO-
MapoNpONAITHOM CEBOOOOPOTE C YepeOBaHUEM KYIbTYp: Map — O3UMast IIie-
HULA — caxapHasi CBEKJIA — STUYMEHb. TE€XHOJOTUsl BO3AEIBbIBAHUS KYJIbTYpbI —
obwenpunsaTas g [[YP. Cxema noneBoro ombiTa BKIouYana 3 Bapuanra. B
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KagecTBe 0OBEKTa MCCIICTOBAHMS CITY)KWJIN IITaMMBI aKTHHOMHIICTOB Strepto-
myces sp.3, Streptomyces sp.9, KoTopble BHOCHIN Ha JIEISTHKH IO IIPEIIIOCEB-
HYIO KyJIbTUBAIIMIO B BUJE€ BOAHON CYCIIEH3UH ONpPBLICKUBATENEM (UCIONb30Ba-
JU BOJOMPOBOJHYIO BOJAY) C THTPOM KM3HECTIOCOOHBIX KieTok 10° KOE/mu.
Kontponem ciryxuna nensHka, He 00paboTaHHast 6aKTepHaTbHOH CyCICH3NEH.
Pacxon paboueii sxunkoctu — 200 n/ra. s moceBa UCIONIB30BAIM CEMEHA Ca-
XapHo# cBEKIIbI tuIIonHoro rudbpusa PMC 127.

Bnaromaps criocoOHOCTH MPOAYIMPOBATh MIMPOKUI CIIEKTP aHTHOMOTHYE-
CKM aKTHBHBIX BEMIECTB aKTHHOMHIICTHI, SBIISSICH KOMIOHEHTOM MHKPOOHOTO
KOMITICKCa PH30C(ephl, MOTYT OKa3bIBaTh CYIIECTBCHHOEC BJIHMSHUC Ha BO30Y-
quTenn OoNe3HeH pacTeHHH, OCYIIECTBIIAS TEM CaMbIM OHO3AIIUTHBIC (YHK-
uuu. VMcnonp3oBaHMe MeTO/la BBIPAIIMBAHMS PACTEHUN CcaxapHOW CBEKIIBI B
0,7 % mOTyMSATKOM TOJIOAHOM arape, MHOKYITHPOBAHHOTO pU300aKTEPHSIMHU PO-
na Streptomyces, mo3BoJIWIIO 1aTh IEPBHYHYIO OLIEHKY KOJOHH3HUPYIOIICH CIO-
COOHOCTH KyJIBTYp, @ TakKe IMOKa3aTh MEPCIIEKTUBHOCTh MX HCIIOJIH30BAHUS B
MoceBax CaXxapHOM CBEKIBI. Pe3ynmbTaThl 1Tab0paTOpHOTO OTBITA ITOKa3alH, 9To
0TOOpaHHBIC KYJIBTYphl AKTHHOMHUIICTOB aKTUBHO KOJIOHH3UPOBAIH KOPHEBYIO
CHCTEMY CaxapHOH CBEKJIBI, TEM CaMbIM CO3/1aBasi 3AIIUTHBIA «Oapbep» s
MIPOHUKHOBEHUS (PUTONMATOTCHHBIX MUKPOOPTaHU3MOB.

Hawmbonee pacmpocTpaHEHHBIM H BPEIOHOCHBIM 3a00JI€BaHIEM CaxapHOI
CBEKJIbI ABISIETCSl KOPHEE, Mopakaromuil Monoaele pacteHus. Kopueen, dep-
Hasl HOXKKa — 3a00JIeBaHNe KOPHEH M TMIIOKOTHIIS MPOPOCTKOB CaXapHOM CBEK-
JIBI, TIPOSIBIISIONIEECS B BUAC MEPETSHKKH Ha THITOKOTHIIC FUTH KOPEIIKE FITH
CIUIOIIHOTO IMOYEPHEHHUs] KOpeIllKa MpOpocTKa. MHOTOJIETHUE HCCIIEIOBaHUS
yuensix BHUMCC um. A.JI. MaznymoBa MOKa3ajid, YTO B IAaTOKOMILIEKCE
BO30ymuTeNeH KOpHeeda MOMHHHPYIOT TpuObl poma Fusarium, a wumeHHO
Fusarium oxysporum, Fusarium solani, Fusarium avenaceum, a Takxe npej-
cTaBUTeNN OakTepuantbHOi MUKpoduiops! [CTorHueHko, 2018].

Halmonenust 32 pocTOM M pa3BUTHEM CaxapHOW CBEKIBI MOKA3aiH, 4TO
pacrpocTpaHeHHe KOpHeena B BapHaHTaX OMNBITa C CTPENTOMHIIETAMU OBLIO
HUKE 110 CPAaBHEHHUIO ¢ KOHTpOJIEM. Tak, CTENeHb pacnpOCTPaHEHUs! JaHHOI'O
3aboyieBaHMsl MPU BHECEHMH IITaMMa Streptomyces sp. 3 cHmxkanacs 10 6,0 %,
a rpu BHecenun Streptomyces sp. 9 — no 11,2 % (B xoutpone — 13,8 %). Un-
TpomyKims ImTamMMa Streptomyces sp.3 okasamack Oosee d(PQGEeKTUBHONW B
CICP)KUBAHUU JaHHOTO 3a00JIEBaHMS, UTO, IO-BUAMMOMY, CBS3aHO C Ooliee aK-
TUBHBIM NPOAYIMPOBAHHEM AaHTHOMOTHUECKUX coenuHeHuil. CHmkeHHe 3a00-
JIEBAEMOCTH PACTEHUH CaxapHOU CBEKIbI CBUICTEILCTBYET O (PUTOMPOTEKTOP-
HBIX CIIOCOOHOCTSIX BHOCHMBIX B arpOIIEHO3 PU300aKTepHiA.

Onpenenenue cynpecCUBHOCTH MOYBbI 10| BIUSHUEM BHOCUMBIX KYJIBTYD
nposoaunau 1o merony Toponosoil E. H. B oTHOLIEHMM OJHOrO U3 TOKCHUHO-
FeHHOro MHUKpoMHuIeTa Fusarium 0Xysporum, mpojayuupyromero MUKOTOKCH-
HBI, OTIaCHBIE JJISl TETJIOKPOBHBIX XKHUBOTHBIX [[1aT. Ne 2568913].
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Puc. OnpezienieHne CynpecCHBHOCTH MOYBBI HA ONBITHOM Y4acTKe
[IPY BHECEHHHU cycrieH3un Streptomyces sp.9

[oBbIIIeHHE 3aMIUTHBIX CBOWCTB IOYBHI ITyTeM OOOTameHusT pruzochepsl
MHKPOOPraHU3MaMH-aHATOHICTAMH MPEISITCTBYET HH(MUIMPOBAHHUIO pacTe-
HUH, HE JOMycKas WX MaccoBoro 3a0oieBaHus. [I0UBBI Ha KOHTPOJIHLHOM
YYacTKe OTHOCATCS K OOBHBIM, O UM CBHICTENBCBYET ITOKa3aTelb UX CyIpec-
cuBHocTH — 42,1 %. BHecenne kynbTypsl Streptomyces sSp.3 nuiip He3Hauu-
TEJIBHO MOBBIIIACT YPOBCHB CympeccuBHOCTH 10 45,9 %. Haubonbiee BuusiHue
Ha TIOBBIIICHWE JAHHOTO TTOKAa3aTeNsl MOYBHI OKA3hIBAET BHECEHHE KYyJIBTYDHI
Streptomyces sp.9. Ilpum 3TOM ypOBEHB CYNPECCHBHOCTH IIOBBIIIACTCS [0
75,7 %, mOYBBI Ha OMBITHOM Y4YacTKe OTHOCSITCS K 3I0pOBBIM IIOYBaM.

Takum oOpa3oM, Omaromapsi JEWCTBHIO pU300aKTepUil Ha arporieHo3 ca-
XapHOW CBEKJIBI CO3IAIOTCS YCIOBHA IS SIUMHHUPOBAHHS WIIH CTAOMITH3AIINI
pa3BHUTHs BO30yIUTEINCH TOYBEHHBIX OOJIC3HEH, UTO B JalbHEHUIIIEM MOXKET OBITh
HCTOJIB30BaHO MPH pa3paboTKe CUCTEM 3AIUTHl PACTEHUN CaXapHOI CBEKIIbI OT
OCHOBHBIX BO30yauTenel OonesHeid. [IpencraBieHHbIe HCCIIEAOBAHUS SBISIOTCS
HAYaILHBIM JTaIlloM B pa3paboTKe CIIoCOOOB M MPUEMOB OHMOKOHTPOJISI OOJIe3HEH
IIOCEBOB CaXapHO# CBEKJIBI C UCIIONB30BAaHUEM PU300AKTEPHUIL.

Jlutepatypa

Koxewmskos A. I1., Yeboraps B. K. bronpenaparst juist 3emnenenus / buonpenaparsl B ceib-
ckoM xossiictse. 2005. C. 18-54.

Crorauenko O. . TTaTOKOMIIIEKCHl MUKOOUOTBI CaxapHOW CBEKJIBI M METOJIbI CHIDKEHHUS MX
BpenoHocHoctH B LIUP Poccun : aBroped. auc. a-pa 6uon. Hayk : 06.01.07. M., 2018. 43 c.

TTat. Ne 2568913 Poc. ®enepanust, MIIK GO1N33/00. Crioco0 onpezeneHus: CynpecCUBHOCTH
mouBbl : Ne 2014126924/15 : 3asasin. 01.07.2014 : ony6a. 20.11.2015 / E. H. Toponosa, A. A. Kupu-
YEHKO ; 3asBUTeNIb HOBOCHO. roc. arpap.yH-T. 5 c.
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HOJYUYEHHUE U OLIEHKA HA YCTOMYHUBOCTh
K COCYAJUCTOMY BAKTEPHNO3Y (XANTHOMONAS CAMPESTRIS
DOWS.) YIBOEHHBIX I'AIIVIOUO 0B
KAIIYCTHI BEJTOKOYAHHOM

C. JI. ®poJosa, E. I'. Ko3aps, JI. JI. Bonnapesa

DegiepanbHbIA HAYYHBIN LIEHTP OBOLIEBOJICTBA
OpuHioBo, svetlanaleonidovna95@gmail.com

B ycloBusSX COBpEMEHHOTO PHIHKA MOTPEOUTENECKUHI CHPOC TMOCTOSHHO
pacTer U MeHseTcsi. JTO co3JaeT HeOOXOJUMOCTh B HAJIMYMU Y CEJICKIIMOHEpa
TeHEeTHYECKH Pa3HOOOPa3HOTO M CTAaOMIBHOTO MaTepuaia i CO3/IaHHs TOMO-
3WTOTHBIX JUHUHA. Perrenue 3Toif mpoOieMbl BOZMOXHO 3a CYET NPUMCHEHHS
OMOTEXHOJIOTUYECKMX METOJIOB B CO3JaHMM HOBBIX BBICOKOIIPOJIYKTHBHBIX
COPTOB M THOPHIIOB CENbCKOXO3SHUCTBEHHBIX pacTeHuil [CosznmaHue rudpumoB
..., 2017]. B coBpeMEHHOM CeNeKINH KaIyCTHBIX KYJIbTYp IPHOPUTETHBIM SIB-
nsiercst cozmanue TuOpumoB Fi. Ha momydeHMe KOHCTAHTHBIX POTUTEIBCKHAX
JIMHUH TIPH UCTIONIB30BAHUY TPAJULIUOHHBIX METOIOB CEJIEKIIUH YXOJIUT OT 6 10
12 net, mo3TOMy B HacTosIee BpeMs MHpoKo BHeapsrorcss DH-texHomoruwm,
YTO IO3BOJISIET YCKOPUTH CEJIEKLIMOHHBIN Mpollecc Ha LEJEBONW MPU3HAK B 2—
4 pa3a [YcoBepII€HCTBOBAHUE METOMOB ... , 2019].

CaMoii pacrpoCTpaHEHHON W BPEJOHOCHOW OOJIE€3HBIO KAIyCTHBIX KYJIb-
Typ Ha Tepputopun Poccuiickoit denepanny sSBISETCS COCYTUCTHIN OakTepu-
03 — Bo30OyauTenp Xanthomonas campestris pv. campestris (Pammel) Dowson
(Xcc), mpOHUKAIONIMH B PaCTeHUE Yepe3 TUAATOJbI, YCThHIA WIN MEXaHH4e-
ckne noBpexxaenust [Opbrabaes, J[xammio, Monaxoc, 2019; Vicente, Holub,
2013]. Hamuume unentudunumpoBaHHbix 11 pac Xcc U OTCYTCTBHE JTIOHOPOB
JIOMUHAHTHBIX T€HOB YCTOMYMBOCTH KO BCEM PacaM OCIIOKHSAET CEIeKIIUMOHHBII
nporecc. CambIMu pacrpocTpaHeHHbIMU B PD 1 mupe sBisitorcest pacel Xccl u
Xcc4, Ho Berpeuarorest pacskl Xce3 u Xcchd. YeToOHYMBOCTh paCTEHUN KallyCThl
Jlaxke K oJlHOW pace Xcc ompenaessieTcs HaJIMYMeM HECKOJbKUX T'€HOB, UYTO
OCJIOJKHSIET CO3/IaHUE JMHUN C TPYIIOBOM YCTOMYMBOCTBIO K Pa3HBIM PacaM.
lNannonaHble TEXHOJIOTUMHU, KPOME YCKOPEHHUS CEJIEKLHMOHHOIO Ipolecca, pac-
mHpsist crieKTp (GopmMooOpazoBaTeNBHOTO MpoIecca, 00JIerdaT 0TOOp IMoJIe3-
HBIX T'€HOB, CIIOCOOCTBYIOT OOHAPYKEHUIO PEIIKUX PELECCHBHBIX aJUIeNei re-
HOB YCTOHYMBOCTH K OOJIE3HSIM, T. €. TIOMOTAIOT CO3JaTh YHUKAJIbHbBIC (POPMEI,
B TOM YHCJIE U C TPYIIIIOBOM YCTOMUYNBOCTHIO.

ITonyuenne DH-pacteHnii Ha OCHOBE JIOHOPHBIX PAaCTEHHMM pa3HBIX MOP-
(OTHIIOB U YCTOMYMBOCTH K COCYANUCTOMY OAaKTEpPHO3y HMPOBOAMIN COTIIACHO
pa3paboTaHHOMY IIPOTOKOTY Ha 0a3e JabopaTOpHUu PEenpOIyKTUBHON OHMOTEX-
HOJIOTHH celTbcKoxo3sicTBeHHBIX pacTerHnii (PI'BHY ®HIIO) ¢ mocnemyromiei
amanTalyeil pacTeHUil-pereHepaHToB iN VIVO B KOHTPOJHUPYEMBIX YCIOBHSX
[Texnomorus momyueHus ... , 2016]. OmeHKy Ha yCTOHYMBOCTD K YETHIPEM pa-
cam Xcc TpOBOAMIN Ha 6a3ze 1abopaTopud MOJIEKYIIIPHO-IMMYHOJIOTHIECKUX
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nccinenosanuii ®I'BHY  «®enepanbHblii HaydHbI LEHTP OBOLIEBOACTBA»
(®I'BHY ®HIIO) myTteM HCKYCCTBEHHOTO 3apa)KCHHUSI OTICICHHBIX JIMCTHCB
pacTeHU-pereHepaHTOB Ha CTaJUU IUTEKJIMHIOB MO MOANU(HUIMPOBAHHON Me-
TOAMKE, MO3BOJISIIOIIEH MPOBOAUTh MHIUBHIYAJIbHYIO OLIEHKY peakuuu DH-
pacTeHMi K HECKOJIbKMM pacaM IMaTOreHHa, COXPAHUTb MX IS JAIbHEHIIHX
HCCIIEI0OBAHUM U MOTy4eHHs] CEMEHHOIO MOTOMCTBA. J[1 3apakeHus UCIOIb-
30BN MHOKYIIIOM JBYXCYTOYHBIX OaKTEpHAIBHBIX KYJIbTYp BO30yAMTENCH
(10°%n/mn, cpena LB), KOHTPOIb — cTepuabHas BoAa. YUeT NPOBOAUIN B JH-
HAMHKE 10 TSI TH-0aNbHOI mikaine B TeueHue 20 CyT.

Ananu3 Bcelf COBOKYMHOCTH INOJy4YeHHOro motomctBa DH-pacrenumit ot
BOCBMH JIOHOPOB BBISBIJI, YTO OOJIBINAsl 9acTh HCCIIEIOBAHHBIX T'€HOTHIIOB
MPOSIBMIIM BOCIIPHMMYHBOCTh KO BCEM pacaM XcC, TOrAa KaKk OTHOCHTENBHYIO
yCTOWYHBOCTh mposiBiiI0 3—23 % ot obuero uucina DH-pactenuii B 3aBucuMO-
CTH OT packl (puc., 4). Ilpu 3TOM IOJIST TEHOTHUIIOB, TPOSBIISIONINX YCTOWYH-
BOCTb K OIHOM WIJIM HECKOJBKHM PacaM 3aBUCHT OT YCTOMUMBOCTH HMCXOIHOTO
JIOHOPHOTO pacTeHus. To ecTh B pe3ysbTare pacllieryIeH s U IIepeKOMONHAIINN
TeHOB B IIOTOMCTBE JJa’k€ BOCIIPHUMYHBOTO JIOHOPHOTO PACTCHHMS IOSBIISIOTCS
YABOEHHBIE TaIJIONU/bI C OTHOCUTENBHON yCTOWYMBOCTBIO K OTJENIBHBIM pacaM
Xcc. Hanbonpmmii mporneHT ycroiunBbix DH-pacTeHuii, COOTBETCTBEHHO, OT-
MeUeH B IOTOMCTBAaX JOHOPHBIX pacTeHuil Nelwu Ne4 u3 OTHOCHUTENBHO
ycTroiunBod rpymnmsl. BaxkHO oTMeTuTh, YTO BCe INpoaHanu3upoBaHHbie DH-
pacteHus TOoTOMCTBa ToHOpa Ne 1 He mopasmiuck pacoit Xcc4 (puc., b).
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Puc. CooTHOLIEHNE TEHOTHUIIOB C Pa3HOM CTENEHbIO YCTOMYMBOCTH K OTJENIBHBIM pacaM Xcc
(4); mpouenT ycroiunbix DH-pactenuii k pacam Xcc B IOTOMCTBE JOHOPHBIX PacTEHHH H3
pasHBIX IpynI ycroiuuBocTH (b); pacnpeneneHue Ha Ipyibl B 3aBUCUMOCTH OT COYETaHHs
YCTOWYHMBOCTH K pa3HbIM pacaM Xcc (B). Obo3naueHus: OY— OTHOCHTEIBHO yCTONYMBEI,
CVY — cpenneycroitunssl; B — Bocipuumunssr; YCT — ycroiuussie; I'Y — rpymmst
YCTOHYHMBOCTH

B rpymnme BBIETCHHBIX OTHOCHTEIBHO YCTOWYMBBIX TEHOTHUIIOB HANOOMIb-
Wi ynenabHbI Bec coctaBuwid DH-pacTeHus, nposiBUBIINE YCTOWYMBOCTh K
JIBYM M YETBIpEeM aHAIM3UpyeMbIM pacam — 48 u 40 % cooTBeTCTBEHHO (pHC.,
B). Cpenu HuUX HanOONBIINI MHTEpeC A JadbHENIIeH CeNeKIUu Ha IPyIno-
BYIO YCTOMYMBOCTb KO BceM pacaM Xcc mpeacraBisitoT Tpu DH-pacrenus us
noroMcrBa ucxogHoro reHoruna Ne4 u enunuuyHble DH-pacrenus wu3
[IOTOMCTB OT JOHOPHBIX reHOoTUIoB Ne 1 1 Ne 2.
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Takum o06pazom, TTOKazaHa WHPOPMATHBHOCTH HCIOIH30BAHUS METOIUKH
3apa)keHUsl OTAEJICHHbIX JIUCTHEB JUIsl U3ydyeHus: ycronunBoctd DH- pactennit
K Bo3Oyautensam Xcc. B pesynbraTte yxe Ha paHHEH CTaJuu pa3BUTUSI Cpeld
MOJIyYEHHBIX YJIBOCHHBIX T'allJION/IOB HaM yIaJlOCh BBIJICIUTh YHUKAJIbHbIE I'e-
HOTHIIBI C TPYTIIOBOHM YCTOMYMBOCTBIO K pa3HBIM pacaM XcC, KOTOpbIe OyayT
BKJIFOUEHBI B CEJIEKLIMOHHBII MPOLECC MO CO3JaHUI0 TOMO3UTOTHBIX JIMHUH Ka-
MyCThI OCIIOKOYAHHOH! C BBICOKOH YCTOMYMBOCTBIO K COCYIHCTOMY OaKTECPHO3Y.

Jlutepatypa

Opsiabaes A. T., Ixxamuio @. C., Monaxoc I'. ®@. MeTo/ibl OLEHKH U XapakTep HACJIeI0BaHKS
CTeONeBON YCTOMYMBOCTH K COCYIHCTOMY OakTepuo3y y OenokodaHHO#l Kamyctsl // M3BecTust
TCXA. 2019. Ne 1. C. 45-55.

Cospmanue rubpuIoB KarycTsl Oenokoyannoii (Brassica oleracea L. convar. capitata var. alba
DC) HOBOTO MOKOJCHWSI C MCIOJB30BaHUEM JIMHMI yJBOCHHBIX Traruonjo/ B. ®. IIuBoBapos,
JI. JI. Bonnapesa, H. A. IllmbikoBa [u ap.]// Cenbckoxo3siictBenHas Ouosnorus. 2017. Ne 52 (1).
C. 143-151.

TexHoorus Moay4eHus yJABOCHHBIX TaljIoHJ0B B KyJlbType MuKpocnop cemeiictpa Kamycrt-
ueie/ E. A. lom6muzaec, H. A. IlImeikosa, JI. B. lllymunmuna [u ap.]. M. : ®HI] oomeBojcTBa,
2016. 40 c.

YcoBepueHCTBOBaHHE METOJIOB CO3aHMs THOPUIOB KamycThl OestokouanHoit / A. V. Muneii-
kuna, JI. JI. bonnapesa, /1. B. Illymununa [u ap.] // Oomu Pocern. 2019. Ne 4. C. 3-7.

Vicente J. G., Holub E. B. Xanthomonas campestris pv. campestris (cause of black rot of cru-
cifers) in the genomic era is still a worldwide threat to brassica crops // Molecular plant pathology.
2013. Vol. 14,N 1. P. 2-18.

OIIEHKA BJIMSIHUASI CYCITIEH3U CHLORELLA VULGARIS D1
" D2 HA ITIPOPACTAHHME U DQHEPI'MIO BCXOXECTH
KPECC-CAJIATA, OI'YPHA, PEIUCA U TOMATA

A. A. Xynokopmos, E. A. llleBuenko, A. A. Camkos, H. H. Bo1uenko,
E. B. Mouceesa, M. H. Kpyriosa

Ky6anckuii rocyrapcTBeHHBIN YHHBEPCHTET
KpacHopap, sashokas@yandex.ru

Buonornueckue ynoOpenus (0Moya00peHHs1) ¢ UCTIOIB30BAHUEM MUKPO-
OpPTraHU3MOB TIONYYWJIM INHPOKOE PACIpOCTpaHEHHE, KaK B CEIBCKOXO3SH-
CTBEHHOM IPOU3BOJICTBE, TAK U B YACTHOM HCIIOJIb30BaHNH. Hanprmep, akTHB-
HO MpUMEHsOTCs pasnuuneie mrammbl Buma Chlorella vulgaris. Cycnensus
MHKpPOBOZOPOCIIEH CHOCOOHA BBIIENATh PSAA (PU3MOIOTMYECKH AaKTHBHBIX Be-
IIECTB, MO3TOMY 3(h(EKTUBHO BIMSET HA POCT U Pa3BUTHE BHICIINX PACTCHHUM.
JleliCTBEHHOCTh OMOCTHMYIIATOPOB JUISl CTUMYJIMPOBAHUS pOCTa pacTeHUH da-
CTO OOBSCHSACTCS MX CIIOCOOHOCTBIO MPSIMO MIIM KOCBEHHO 00eCHeYnBaTh pac-
TEHWS MUHEPAIFHBIMH ITUTATEIHHBIMI BEIIECTBAMH (B OCHOBHOM N, HO TaKKe
P, S u npyrumu makpo- u mukposnementamn) [MaxkcaeBa, EpmakoBa, Kyapss-
uesa, 2021]. BHecenue cycreH3uu MPOUCXOAUT Ha Pa3IUYHbIX CTAIHUSIX BbIpa-
IIMBaHUS KyJIbTYP PACTCHUI: MpH 00pabOTKe MOYBHI, IPH MPOPALTUBAHUH Ce-
MSH, @ TaKXKe MOCPEICTBOM OIPHICKUBAHUS IPOPOCTKOB. Mcxons u3 3TOTO,
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MHKPOBOJIOPOCIIb MOKET HCIONB30BaThCsl KaK MOJTHOLEHHOE yI0OpEeHHUE, yao-
BJIETBOPSIOIINE NOTPEOHOCTH pacTeHUI Ha pa3HBIX dTamax pocra. Kpome Toro,
OHHU CIIOCOOHBI BBIJICIATh 3HAYMTEIBHBIC KOJIMYECTBA PACTUTENBHBIX T'OPMO-
HOB, IOJIMAMUHOB, OETAaMHOB, AYKCHHOB, IIUTOKHHUHOB, THOOEPEINIMHOB U
OpaccuHocTepouioB [Bommenkosa, ®posos, 2020]. [Tociae oTMupaHus 0THO-
KJIETOYHAsI BOJIOPOCIb PA3jlaraeTcsi €CTECTBEHHBIM 00pa3oM, a B MOYBY I1OTIa-
JIAI0T OPraHNYeCKHe BEIIECTBA, MAKPO- ¥ MHUKPODJIEMEHTBI, YTO CIIOCOOCTBYET
nerkoii munepanu3anun. B nouse Chlorella vulgaris 6iaronpusitHo BO3aCH-
CTBYET Ha Pa3BUTHE 3/10POBOH MHKPOOMOIOTHYECKOW aKTHBHOCTH W MOAJEP-
YKaHUU OMOJIOTHYECKUX mporeccoB [['yHmapesa, ["amaxosa, 2018]. O0bekTamu
UCCIIEN0BaHMS ABISUINCH KyabTypbl Bogopociei Chlorella vulgaris D1 u D2 u3
KOJIJIEKIINH Kadeapsl TeHETHKHA, MUKPOOHWOJIOTHH M OMOXHMHUH, a Tak)Ke CeMeHa
BBICIIIUX KYJIBTYpPHBIX pacTteHuil: kpecc-caiat (Lepidium sativum L.), orypen
(Cucumis sativus L.), tomat (Lycopersicon lycopersicum L.), peauc (Raphanus
sativus L.). Jlnst u3ydeHust BIUSHAS CYCIICH3UH 3€JECHBIX BOJOPOCIEH TPOBO-
JIMJIach OIEHKA BCXOXKECTH M 3HEPTUH IpopacTanus ceMsH. st atoro 100 mr.
CeMsIH KaXK/I0TO PAacTeHMS 3aMauynBalM B 3 Mapajuielisix OMNBITOB: 1) KOHTPOJIb
(Boma); 2) cycnensust ¢ Chlorella vulgaris D1; 3) cycnensus ¢ Chlorella vul-
garis D2. Cpoku >HEpruu NpOpacTaHHs M BCXOKECTH JUIS Kpecc-cajara 3 u
5 cyT., orypua— 3 u 7 cyT., nns pequca — 3 1 6 cyT., ansg Tomara— S u 10 cyT.
cootsercTBeHHO [['OCT 12038-84]. Ha nepBoM 3Tare OleHUBANU BIUSHUE UC-
CJelyeMbIX KyJbTYp MHUKPOBOJIOPOCIIEH Ha BCX0XKECTh ceMsH (puc. 1).
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Puc. 1. Bausaue kynsTyp MukpoBogopocneii Chlorella vulgaris D1 u D2
Ha BCXOKECTh CEMSIH

Kpecc-canar nokasan npakTudecku MakcumanbHble 3HaueHus (99—-100 %)
10 BCXOYKECTH BHE 3aBHCHMOCTH OT BapHaHTOB dKCHepHMeHTa. BHeceHue cyc-
nenzun Chlorella vulgaris D1 He oka3biBaio JOCTOBEPHOrO HE BIMSHUS Ha
BCXOXKECTh CEMSIH BCEX HCCIIEIyeMbIX PACTEHHH, B TO BpeMs KaK CYCIICH3HS
Chlorella vulgaris D2 goctoBepHO Biusiia Ha BCXOXKECTh CEMSIH OTYpIa H TO-
Mara yBeJIM4MBasl UX 110 OTHOILIEHUIO K KOHTpOIIto Ha 7 %.
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OreHKka BIUSHHUS UCCIETYEMBIX KyJIbTYP MHKPOBOJOPOCICH Ha 3HEPTHIO
MIpOpacTaHMs CEMsIH IPEICTaBICHA Ha pUC. 2.
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Kpecc-canar Orypen Peane Tomar

pacrcHHe

Puc. 2. Bausaue kynsTyp mukposogopocieit Chlorella vulgaris D1 u D2
Ha YHEPTUIO IPOPACTAHUS CEMSIH

Kpecc-canat mokasan MakCHMalbHbIC 3HAUCHHsI SHEPTHU MPOPACTAHHSI
(98—100 %) BHe 3aBHCHMOCTH OT BapHaHTOB dKcnepuMeHTa. [Ipn ncnonb3oBa-
uun cycnensun Chlorella vulgaris D1 sHeprust npopacranus JOCTOBEPHO He
OTJIMYATACh OT KOHTPOJIS ISl BCEX MCCIEIYEMBIX PACTCHHUIL, 38 HCKIFOYCHUEM
Tomara, rie ona Obuta Ha 11 % BbIlIe, ueM B KOHTpoJie. BHeceHue cycrnieH3nn
Chlorella vulgaris D2 BbI3bIBaIO yBEIWYEHHE SHEPIHH POPACTAHUS y OrypLa
Ha 8 %, y penyca Ha 16 %, y Tomara Ha 15 %. Takum 00pazoM NpocCieKUBaeT-
csl mraMMocteubuIHas POCTOCTHMYIHPKIONIAsT aKTHBHOCTH MHKPOBOI0OPOC-
JIefl TI0 OTHOIICHUIO K MCCIIEYEeMBIM PACTEHHSM, UTO JICJIAET BO3MOYKHBIM HC-
none3oBanue cycnensun Chlorella vulgaris D2 aiist yBenuueHus: BCXOXKECTH U
9HEPTUHM MPOPACTAHHUSI OTypLA, PEarca U TOMATA.

Jlutepatypa

BommenkoBa E. C., ®ponos /. U. Biausiaue ynoOpeHust ¢ NPUMEHEHHEM MUKPOBOAOPOCIH
XJIOpEIUTBI Ha yposkaifHocTh ToMaToB // LludpoBH3amis arponpoMBIILIIEHHOTO KOMIIIEKea : ¢6. Hayd.
cr. Il MexayHap. Hay4d.-nipakt. koH¢. B 2 1. Tam60B, 21-23 okt. 2020 r. T. 1. 2020. C. 293-296.

TOCT 12038-84. CemeHa CelNbCKOXO3SIMCTBEHHBIX KyJIBTYpP. MeETOJbI OIpe/iesIeHUs] BCXOKe-
cti : BBesieH B jieiictBue [locranoiennem I'ockomurera CCCP no cranmapram ot 19 nek. 1984 r.
Ne 4710M., 1986. URL.: https://docs.cntd.ru/document/1200023365 (nata obpamienus: 15.12.2022)

T'ynpapesa 0. A., T'anaxosa E. H. Cycnensust Chlorella vulgaris — npupoasslii crumyssitop
Pa3BUTHS pacTeHHil / AKTyanbHbIC HATIPABICHNS HAYYHBIX HCCIICIOBAHNH: TIEPCTIEKTHBEI PA3BUTHS :
¢0. matepuanos V Mexaynap. koud. 2018. C. 11-13.

Maxkcaesa A. O., Epmaxona JI. C., Kyapssuesa 0. C. I[TonoxuresbHble aclieKTbl IPUMEHEHHs
Chlorella vulgaris B kauecte 6uoynobpenus / Duurma. 2021. Ne 31. C. 118-120.
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CEJbCKOXO3SIMICTBEHHBIN MOTEHIIUAJI
SHJIOPUTHbIX BAKTEPUI 3ACYXOYCTOMYUBBIX PACTEHUM

M. B. Xynsiesa', B. K. Ue6oraps', M. E. Baranosa', O. B. Keseiinukosa',
A. B. Epogeesa’, O. C. IO3uxun’, E. II. Unkesckas', P. JI. Koctuupin?,
0. B. Xonunna?, H. T. Jlanenko?, M. A. TuxonoBuu'”
"Beepoccuiickuii HaydHO-HMCCIIEN0BATEIbCKHIT HHCTUTYT
CeNbCKOX03sCTBEHHOM MuKpobuosoruu, Cankr-IlerepOypr, khudyaeva@list.ru
2Cepepo-Kankasckuit deepanbHblii HayYHbIH arpapHblii eHTp
Muxaiinosck lapenko3 1@yandex.ru
3Canxt-TlerepOyprekuit rocy1apcTBEHHbIH yHHBEPCHTET
Cankr- [TetepOypr i.tikhonovich@spbu.ru

B mocnennee BpeMst cTpecc OT 3aCyXH CUMTAETCS BasKHEHIIECH Tpo0OIeMOi,
KOTOpasi HEraTUBHO BIUSET Ha POCT, Pa3BUTHE PACTEHHH U, 9TO OoJiee BaXKHO,
Ha ypoxaiHocTts [Drought coping ..., 2017]. B Oyxymiem yaoBiaeTBOpeHUe 110-
TpeOHOCTEl TMepeHaceleHHOr0 MHpa B TPOJOBOJLCTBHHM CTaHET HamboJjee
OCTpOIi MPOOJIEMOI M3-3a PE3KON TOTEpU MaXOTHBIX 3eMeNb B pe3yibTare 3a-
cyxu [Arabidopsis EDT1/HDGI1 ... , 2016]. Ha cerogusmnuii 1eHb B CEJlb-
CKOM XO3SIICTBE MPUMCHSIOTCS PAa3JIUYHBIC METOMABI 3aIlUTHl PACTCHHH OT
abnoTHYECKNX M OMOTHYECKHX (haKTOPOB OKpyskaromeii cpensl [Biotechnologi-
cal Potential ... , 2023]. Mcnonb30BaHne OWOJOTHYECKUX CPEICTB 3aIlUTHI
pacTeHHid Ha OCHOBE MHUKPOOPTaHHW3MOB, CTAJIO aKTYaJIbHBIM B PACTEHHEBOJI-
ctBe 3a nocneanee aecstunerue [Endophytic microbes ... , 2020]. CormacHo
MTOCIIETHAM HCCIIEZIOBAHUSM, MHUKPOOMOM MOXET BIHUSATH Ha CKOPOCTH POCTa
pacTeHHS-XO035MHA U IMOBBIIACT €0 YCTOMYMBOCTh K OOJIE3HETBOPHBIM Opra-
Husmam. [loka3aHo, 4TO B HEOJArOMPUATHBIX YCIOBHAX MOXET (OPMUPOBATH-
Csl «CTPECCOBBIIT MUKPOOMOM», 00ECTICUNBAIONINN YCTOHYNBOCTS K aOHOTHYe-
CKUM M OnoTnyeckuM crpeccaM [Plant-microbiome interactions ..., 2020].

Iespr0 HAIIMX UCCICAOBAHUK SBISUIOCH H3yUCHHE MHUKPOOMOMOB 3aCyXO0-
YCTOMUYMBBIX PACTEHUH, C LIEIBIO CO3JIaHUS MUKPOOHOJIOTMUECKHX MTPEIapaToB,
coZiepyKaIIMX TOJE3HBIC BUABI SHIO(MUTHBIX M SIUGUTHBIX OaKTEpUU, YBEIIH-
YUBAOIINX YPOXKAHHOCTH PaCTEHUI M UX YCTOHYMBOCTE K cTpeccaM. Ilpu uzy-
YEHUHU SHI0(PUTHOTO MUKPOOMOMA PaCTEHUN MPOU3PACTAIOIIUX B SKCTPEMallb-
HO 3aCyIUIMBBIX M 3aCOJICHHBIX peruoHax CTaBpomoibCkoro kpas Poccum, ObI-
Ja coOpaHa KOJUICKIHsI 3aCyXOYCTOMYHMBBIX M BOCCTAHABIMBAFOIIUXCS IIOCIIE
BBICBIXaHHs pacteHuil mapu Gernoit (Chenopodium album L.), skutHska 1my-
creiaHOro (Agropyron desertorum (Fisch. ex Link) Schut.) u BepOumtoxbeii ko-
moukn obbikHoBeHHOM (Alhagi pseudalhagi). Jlns moucka (yHKIMOHAIBHO
LEHHBIX U PACTEHUI MUKPOOPTraHU3MOB OBLIH BBIAEICHBI dHAOMUTHBIE OaK-
tepun. [1o pa3paboTaHHONW METOJMKE BBIICICHUS dHAO(DHUTHBIX OaKTepwid H3
crebJieid, IUCThEB U KOPHEHN ITUX PacTEHUU OBLIO BBIIEIEHO 69 U30J4TOB DH-
JO(GUTHBEIX OaKTEpHii: U3 Mapu Oeyoil — 45 MTaMMOB, KUTHSAKA IIYCTHIHHOIO —
18 mraMMOB 1 BepOIOKBEH KOJMIOYKH OOBIKHOBEHHOW — 6 mTraMMoB (Tabd.).
Wnentndukanys BeIICICHHBIX U30JIATOB MOKa3ajia, 94To 59 MTaMMOB OTHOCST-
cs poay Bacillus.
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Tabauna
DepMeHTAaTUBHBIE CBOMCTBA SHIOPUTHBIX OaKTepHii

DepmMeHTaTUBHBIE CBOWCTBA
®Docdar- €ILITI0JIO-
Aszorduk- u Awmuniomu- | IIporeonn- 1 JlunonuTu-
Hramm MOOHITU3H- 30JIUTHYE-
cHpyoIas THYECKast THYECKast yeckast
pyroras CKast aK-
aKTHBHOCTb AKTHBHOCTH | AaKTHBHOCTh AKTHBHOCTb
AKTUBHOCTH TUBHOCTH
Can06L - - + + + -
Can09L - - + + + -
CanlOL - + + + + +
Canl9L - + + + + -
Can0O6R + + - - - +
Can03S - - + + + +
AdnO1R - - + + + +
AdnO3R - + - + + +

HccnenoBanue BimsiHAE SHIO(UTOB Ha pa3BUTHE (DUTONATOTCHHBIX I'PHU-
6o Fusarium oxysporum mramm 60519 u Rhizoctonia solani wramm 1.2 moka-
3aJ0 aHTH(QYHTATFHYIO0 aKTHBHOCTH Y 22 MITaMMOB (K03((OUIIMEHT HHTHONPO-
BaHus Ooinee 50 %), a 9 mITaMMOB THPOSIBHIN OaKTEPHLIUAHYIO aKTUBHOCTH
npoTuB (uTonaroreHHbx Oaktepuii Pectobacterium atrosepticum mrramm
5128, Clavibacter michiganensis mramm 5351, Xanthomonas campestris pv.
campestris mramm 23, Pseudomonas sp. mrramm 8949 (30Ha HHrHOMPOBAHUS OT
15 no 17 cm).

ITokazano, uto 24 mTamma ObulM crmocoOHBI K pocTy mpu +50 °C, a
9 mrammoB K pocty mpu +55 °C. CmocoOHOCTs K POCTY NpH J0OABICHUU B
cpeny 5 % NaCl obnapyxena y 54 mrammoB, a nipu gobasienun 10 % NaCl
Topko y 10 mrrammoB. Psm mraMMoB SHZOMUTHBIX OakTepwil OBLIH CHOCOOHBI
MPOAYIMPOBATH 3HAYUTENIBHOE KOTMIECTBO HHIOMIIT-3-yKCycHOM KucnoTel (MTYK).

Taxum 06pazoMm, BEIZETICHHBIC SHIO(GHUTHBIE OAKTEPHH 3aCyX0yCTONINBEIX
pacTeHu MOXHO PacCMaTPUBATh KaK MEPCHEKTUBHBIX KaHAWAATOB IJIS CO3/1a-
HUS MUKPOOHOJIOTMYECKHUX MpernapaToB AJst 00pbObI ¢ OMOTHUECKUMH B abHO-
TUYECKHUMH CTPECCOBBIMU (PAKTOPAMU OKPYIKAIOUIEH CPEJIbI.

Paboma svinoanena npu gunarcosoil noddepaicke Poccutickozo nayunoco
@onoa, npoexm Ne 23-66-10013

Jluteparypa

Arabidopsis EDT1/HDGI11 improves drought and salt tolerance in cotton and poplar and in-
creases cotton yield in the field / L. H. Yu, S. J. Wu, Y. S. Peng [et al.] // Plant Biotechnology Jour-
nal. 2016. Vol. 14. P. 72-84.

Biotechnological Potential of Galophytes and Their Microbiomes for Agriculture in Russia and
Kazakhstan / V. K. Chebotar, E. P. Chizhevskaya, O. V. Khonina [et al.] / Russian Journal of Plant
Physiology. 2023. Vol. 70, N. 183.

Drought coping strategies in cotton: increased crop per drop/ A. Ullah, H. Sun, X. Yang,
X. Zhang // Plant Biotechnology Journal. 2017. Vol. 15. P. 271-284.

Endophytic microbes: biodiversity, plant growth-promoting mechanisms and potential applica-
tions for agricultural sustainability / K. L. Rana, D. Kour, T. Kaur [et al.] / Antonie van Leeuwen-
hoek. 2020. Vol. 113. P. 1075-1107.

Plant-microbiome interactions: from community assembly to plant health/ P. Trivedi,
J. E. Leach, S. G. Tringe [et al.] // Nature Reviews Microbiology. 2020. Vol. 18. P. 607-621.
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JUHAMMKA TYBYJIMHOBOT'O HUTOCKEJIETA
IIPU PABBUTUUN ABOT®UKCHUPYIOIIUX KJITYBEHBKOB
BOBOBBIX PACTEHUI

B. E. llpiranos, A. b. Kutaesa, II. I'. Kycakun, A. II. I'opmxkos,
E. A. Kupuuex, A. B. Illpiranosa

Bceepoccuiicknii HayuHO-UCCIIEI0BATENbCKUN HHCTUTYT CEIbCKOXO03SIICTBEHHON
mukpobuonorun, Cankt-IletepOypr, vetsyganov(@arriam.ru

JvHaMuka TyOyJIMHOBOTO IIUTOCKENIETa UTPAET KIOUEBYIO PONIb B (-
(epeHIIMPOBKE KIIETOK MPU Pa3BUTHH CUMOMOTHYECKHX KIIyOeHBbKOB. [lepBbie
HM3MEHEHHUS B OpPTraHMU3aIllMH MUKPOTPYOOUYeK HAOIIOMAIOTCS HA CAMBIX PAHHHUX
CTaIUsIX Pa3BUTHA KIyOCHBKOB — B KJIETKAaX KOPHEBBIX BOJOCKOB, KOTOpHIC
moaBepratorcst aeficteuio Nod-dakropos [Tsyganov, Kitaeva, Demchenko,
2019]. VMauumanus pocra MHGEKIMOHHOW HUTH CONPOBOXKIACTCS HEPECTPONi-
KO 3JIEMEHTOB TyOyJIMHOBOTO IIUTOCKENIETA U JBIDKCHHUEM S/Ipa B KIETKE KOp-
HEBOTO BoJocka. Tak, ObUIO IMOKa3aHO, YTO MHUKPOTPYOOUKH (HOPMHPYIOT
IUIOTHYIO CE€Th, OKPYKAIOIIYI0 PACTYIIyI0 HH(EKIMOHHYIO HUTb U CBSI3BIBAIO-
IIyI0 KOHYMK MH()EKIMOHHON HUTU C SAPOM, IPU ATOM MPOJOIBHBIE MUKPO-
TpyOOUKH pacIojiaraliuch MapauleNbHO HWH(MEKIIMOHHON HHUTH. B HapykHOM
Kope KOpHs ()OpMHpPOBaHNE NMPEHH(EKIIMOHHBIX HUTEH CONPOBOXKAACTCS MOJI-
HBIM HMCYE3HOBEHHEM KOPTHKAJIBHBIX MHUKPOTPYOOUEK, a IHJOIIa3MaTHYECKHe
MHUKPOTPYOOUKH, OPHEHTHPOBAHHBIC MAPAJIEIBHO APYT APYTY B HEHTPATIHHOM
IUTOTIa3MAaTHIECKOM MOCTHKE, COCIUHSIOT MPOTHBOIIOJIOXKHBIE CTOPOHBI
KJIETKH. B KieTkax BHyTpeHHEH KOPbI KOPHS KOPTHKAJIbHBbIE MUKPOTPYOOUKH
H3MEHSIIOT CBOK OPHEHTALMIO OT PEryJIIPHOro MaTTepHa, KOrjJa OHU PacHojo-
KEHBI TapaJuIeNIbHO ApPYT APYTY 10 HEPeryspHOro. DHAOIIa3MAaTHYECKHUE
MHKPOTPYOOUKH ITPU 3TOM COSAUHSIOT AP0 ¢ Iepudepueii KIeTKH.

[IpoBeneHHBI HAMU CPaBHHUTENBHBIN aHAJIW3 OpPraHU3alUH TyOYJIHMHOBOTO
LUTOCKEJIeTa y IIECTH BUAOB O0OOBBIX pacTeHHH, (OPMUPYIOIINX HeeTePMUHHU-
poBaHHBIE KITyOSHBKH (C TIPOMOJDKUTENFHOW aKTHBHOCTBIO MepucTeMsl) [Com-
parative analysis ... , 2016; General patterns ... , 2021; Glycyrrhiza uralensis ...,
2021) 1 4eThIpex BUJIOB C ACTCPMHUHUPOBAHHBIMU KITYOCHBKAMH (C OTPAaHUYCHHOM
aKTUBHOCTHIO MeprcTembl) [Tubulin cytoskeleton ... , 2022] m03BOJII BBISIBUTH
Kak o01Ine, Tak ¥ BUAOCHEIU(PUIECKHE TaTTEPHBI MUKPOTPYOOUeK.

B kieTkax MepucTeMbl B KITyOSHbKaX BCEX aHAIN3UPYEMbIX BUIOB KOPTH-
KaJIbHbIE MHKPOTPYOOUKH ()OPMHUPOBAIM HEYNOPSIOYEHHBIH MaTTepH (OHM
pacriofaraimch oA Pa3HBIMH YTIIAMH), a SHIO0IUIA3MaTHIECKHe MUKPOTPYOOU-
KN CBSI3BIBAIM AApo ¢ nepudeprell KIeTKH. B MOJOABIX MHOHUIIMPOBAHHBIX
KJIeTKaX B KJIyOCHbKaX BCEX M3YYECHHBIX BHJOB DHIOMIA3MaTHUYECKHE MUKpPO-
TpyOOUKH OBLIM ACCOIMHMPOBAHBI ¢ MH(MEKIMOHHBIMA HUTSIMHU M HH(EKI[HOH-
HBIMH KaIUISIMH, OTPENeNss HampaBJieHHe WX pocTa. B a30ThHuKCHpyOMmux
KJIETKaX OSHAOIIa3MaTHUECKHe MUKPOTpPyOOUKH (DOPMUpPOBAIN CETh Cpean
cumbuocoM. Ilpu 3ToM A7s pa3HbIX BUIOB O00OBBIX pacTeHui, GopMUPYIOLIIX
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HEJeTepMUHUPOBAHHbIC KIYOCHBKH, ObUIN XapaKTepHBI HEPEeryJspHBIH, pery-
JSIPHBIA WM IPOMEXKYTOYHBIA MaTTEePHBI UX OpPTraHU3allld, B TO BPeMs Kak B
JIETEPMHHHUPOBAHHBIX KIIyO€HbKaX OBbII BBISBICH TOJBKO HEPETYJSPHBII mart-
TepH. BeposiTHO, BBISBICHHBIE PA3INYUs CBS3AHBI C SPKO BBIPAKCHHBIMU pas-
JMYUSIME B MOP(OJIOTHH OGaKTeponoB, HaOIIOAAaeMble MEKIY Pa3InYHBIMH
BUIaMHu BOOOBBIX ¢ HeleTepMHUHUPOBAHHBIMH KITyOCHBKaMH.

B HenH(UIMPOBaHHBIX KIETKAX KOPTHKAJIbHBIC MUKPOTPYOOUKH (opmu-
poBaii HeperyJisipHbIid maTTepH B kiybenbkax Glycine max u G. soja, B To
BpeMs1 KaK JUIsl OCTAIBHBIX BUIOB ObUT XapaKTePeH PeryJIApHbIA NaTTepH (MHUK-
pOTpyOOUKH OBLIM OPUEHTHPOBAHBI MOMEPEYHO MPOAOIBHOH OcH KieTku). B
HeJIeTePMHHHPOBAHHBIX KIyOeHbKaxX B MHQUIMPOBAHHBIX KJIETKAX KOPTHUKAJb-
Hble MUKPOTPYOOYKH (DOPMHUPOBAIIM HEYMOPSJOUYEHHBIH MATTEPH, a B 3pEIbIX
KJIETKaX ACTePMHHHPOBAHHBIX — YIOPSJOYCHHbIH. BEISIBICHHBIC pa3iuyus B
OpraHu3alny KOPTHKAIBHBIX MUKPOTPYOOUEK B Pa3IMYHBIX THIIAX KJIyOSHBKOB
YKa3bIBAIOT HAa BO3MOXKHBIH MEPEX0/1 B X0/I€ ABOIIIOIMU HHPHUIIMPOBAHHBIX KIle-
TOK OT aHM30TPOIHOTI'O POCTa B ICTCPMUHUPOBAHHBIX KIyOeHbKaX K H30TPOII-
HOMY POCTY B HEJCTCPMHHHPOBAHHBIX KIyOCHbKax. MOXHO MPEIIOI0KHTb,
YTO 3TOT MEPeXo]] 00ECIeUrI HEKOTOPOE HBOJIOLHOHHOE NPEUMYIIECTBO BH-
naM BoOOBBIX ¢ HEAECTEPMUHUPOBAHHBIMU KiTyOSHbKAMHU, HAIIPUMED, MO3BOJISISE

M Oostee 3pPEeKTHBHO pa3MeniaTbh CAMONOCOMBI B MH(PHUIIMPOBAHHBIX KIIETKAX.
Taoauua 1
CpaBHHUTENBHBII aHAIN3 MEKPOTPYGOUEK B I€TePMUHHPOBAHHBIX KiTyOeHbkax Glycine max,
Glycine soja, Phaseolus vulgaris, Lotus japonicus u HeJieTepMHHUPOBAHHBIX KJIyOeHbKaX
Pisum sativum, Medicago truncatula, Galega orientalis, Cicer arietinum, Vicia sativa,
Glycyrrhiza uralensis
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*)KupHbIM mIpUQTOM BBIACICHBI PA3INUMs MEKILY NaTTEPHAMH MUKPOTPYOOUEK B JETEPMUHUPOBAH-
HBIX U HEJCTEPMUHUPOBAHHBIX KiIyOeHbKax. KopT. — KOpTHKaIbHbIE MUKPOTPYOOUKH, 3H0 — BHJIO-
TIa3MaTHYECKHUE.
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Jlutepatypa

Comparative analysis of the tubulin cytoskeleton organization in nodules of Medicago trun-
catula and Pisum sativum: bacterial release and bacteroid positioning correlate with characteristic
microtubule rearrangements / A. B. Kitaeva, K. N. Demchenko, I. A. Tikhonovich [et al.] // New
Phytologist. 2016. Vol. 210, N. 1. P. 168-183.

General patterns and species-specific differences in the organization of the tubulin cytoskele-
ton in indeterminate nodules of three legumes/ A. B. Kitaeva, A. P. Gorshkov, E. A. Kirichek [et
al.]// Cells. 2021. Vol. 10. Art. 1012.

Glycyrrhiza uralensis nodules: histological and ultrastructural organization and tubulin cyto-
skeleton dynamics/ A. V. Tsyganova, A.B.Kitaeva, A.P. Gorshkov [et al.]// Agronomy. 2021.
Vol. 11, N 12. Art. 2508.

Tsyganov V. E., Kitaeva A. B., Demchenko K. N. Comparative analysis of tubulin cytoskele-
ton rearrangements in nodules of Medicago truncatula and Pisum sativum / The Model Legume
Medicago truncatula. 2019. P. 547-553.

Tubulin cytoskeleton organization in cells of determinate nodules/ A.B. Kitaeva,
A. P. Gorshkov, P. G. Kusakin [et al.] // Frontiers in Plant Science. 2022. Vol. 13. Art. 823183.

CUMBUOTUYECKHUA UHTEP®ENC ATIOIJIACTA
B KJIYBEHBKAX BOBOBbBIX

A. B. lIpiranosa’, E. B. Ceiusepcroa'?, B. E. Ilbiranos!

Bceepoccuiickuil HayuHO-UCCIIE10BATENLCKH HHCTHTYT CETbCKOX03SHCTBEHHOI
mukpobuonoruu, Cankr-IlerepOypr, avtsyganova@arriam.ru, vetsyganov(@arriam.ru
2MucTuTyT 3BOMONMONHOI usuosoruu u Guoxumuu um. M. M. Ceuenosa PAH,
Cankr-IlerepOypr, elena306@yandex.ru

B xozne pasButus 6000BO-pH300MaTBHOTO CHMONO3a MPOIIECC MHTEpHA-
JM3aLUKA PU300MH 3aBHCUT OT MOJIU(UKAIMU PACTUTEIBHO-MUKPOOHBIX MO-
BepxHOCTel (cuMOnoTHYeckoro nutepderica) 1 B IEPBYIO O4epe/lb OT H3MEHE-
HUSI COCTaBa U COOTHOIICHHS €r0 KOMIOHEHTOB B KJIETOUHBIX CTEHKAX KaK pac-
TUTENBHBIX KJIETOK, TaK M MH(QEKIMOHHBIX HHUTEH. Pa3nudHble KOMIOHEHTHI
CUMOMOTHYECKOro HHTEepdelica UrparoT BAKHYIO POJIb B 00ECIICUEHUH TTO3HLIHU-
OHHOW MH(OPMAINK BO BpeMsI pH300HaTbHON HHPEKINN U Pa3BUTHSA KIIyOCHb-
koB. [luddepenHnpoBka HHPHUIMPOBAHHBIX KIETOK M IOCIIEIOBATEIbHBIC H3-
MEHEHHSI MX MOP(OJIOTHH COOTBETCTBYIOT IOCIHIEIOBATEIEHBIM H3MEHEHUSIM
MOJIEKYJISIPHOTO COCTaBa aroIuiacTa M MOBEPXHOCTHBIX MEMOPAHHBIX CTPYKTYD
(mma3maneMmbl 1 cuMOMOcoMHON MeMmOpansl). [IpoBeneHHBIE HCCIeTOBaHUS
CUMOMOTHYECKOr0 HHTEp(elica ITO3BOJIMIIN BBISIBUTH €T0 OOIINE U BUIOCHEIH-
(GuYHbIE NPU3HAKH Yy PACTEHHH, (OPMHUPYIOIIUX PAa3HBIC THIBI KIYOSHBKOB
(tabm.) [Comparative analysis ... , 2019; Analysis of Glycine max ... , 2023;
Tsyganova, Seliverstova, Tsyganov, 2023].
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Bupocnenngpuueckne 0coOCHHOCTH CUMOMOTHYECKOTO HHTEpdeiica

B KiryOeHbkax boOoBbIX

Tadauua

Krnerounas creHka CreHnka
Bun Mepucremaru- Kosonusupo- Wudumpo- Heundunmpo- | uHbeku-
yeckas KJIETKA | BaHHas KJIETKA | BaHHAs KJIETKA | BaHHAas KIETKA | OHHOW HUTH
Pisum Ca®'- rajakTaf
sativum | °TOB PT-1 cnsanmpi IT | ) PT-I
Medicago K Ca®*-
truncatula | raakran PI'-1 | K" * Ca®'- CBSI3aHHBIN
cBs3annbid [T | I'T
Galega HMIT rajaKkTaH
orien%alis ranaxran PI-I ) KI' KI ocros PI-1 | PI-I
Vavilovia | KT, KT, KT, KT rajaKTaf
formosa | HMTIT HMIT HMIT PI-1
Vicia * HMIT ranaxran PT-1 | * HM T
villosa
Glycine HMIT,
max - - Ca**- ramaxran PI-1 | KI'
cBsizaHHbIi [T

IIpuBeICHBI TOJIBKO OCHOBHBIE KOMIIOHEHTBI MO JaHHBIM (DIIyOPECLEHTHOI U MMMYHO3JIEKTPOHHO
MHKPOCKOIIHH. * — B COCTAB KJICTOUHBIX CTCHOK BXOJAT OOIINE JUIS BCEX M3YUCHHBIX BHIOB H THIIOB
KJICTOK: BBICOKOMETHIITePU(PUIHPOBAHHBIN I'OMOTraIAKTYpPOHAH W paMHOragakTypoHaH I (octoB n
apabunaHoBast 6okoBasi nemns). I'T — romoranakryponan, HM I'T' — HuzkomeTHidTepuduImpoBan-
Hblii romoranakrypoHaH, PI-I — pamuoranakryponan I, ramakran — nuseiiHas (1—4)-a-L-
ranakraHoBas 0okosas uemnb, KI' — kcutormokan. IIpouepk ykasbiBaeT Ha OTCYTCTBUE JaHHOI'O TH-
I1a KJICTOK B ICTEPMHUHUPOBAHHBIX KIyOeHbkax G. max.

Jnst Bcex m3ydeHHbIX BUI0B BOOOBBIX OBUIO XapaKTEpHO HAIWYHE BBICO-
KOMETHIDTEPUPHULIMPOBAHHOTO TOMOT'AJAKTYpPOHAHA U PaMHOTrajakTypoHaHa |
(ero moiMcaxapuAHOTO OCTOBA M apaOMHAHOBOW OOKOBOI IIETIH) BO BCEX KIIe-
TOYHBIX CTEHKAX M CTCHKaX MH(EKIHMOHHBIX HUTEH, YTO COOTBETCTBYET M30/1H-
aMeTpUYeCKN pacTylmuM KkieTkam. K Haubonee SIpKMM BHJIOBBIM OCOOEHHO-
CTSIM cuMOMoTHYECKOro MHTepdeiica B KIIyOCHbKAX HEICTCPMHUHHPOBAHHOTO
THTIa MOYKHO OTHECTH HAaJM4YWe JIMHEHHOW ralakTaHOBOH OOKOBOM IIENH paMm-
HoranaktypoHaHa | B creHkax MH(eKINOHHBIX HUTEH y Pisum sativum, Galega
orientalis u Vavilovia formosa, B orinuue ot kinyoenskos Medicago truncatula
u Vicia villosa, otHocsimmxcst K TOM e Kiiaje ¢ OTCYTCTBUEM WHBEPTHPOBAH-
HeIX TI0BTOpOB (IRLC). Takke k BUAOCHEIH(PUISCKUM OCOOSHHOCTSIM MOYXKHO
OTHECTH OTCYTCTBHE ()YKO3MJIMPOBAHHOIO KCHJIOTJIIOKAHA B KJIETOYHBIX CTCH-
Kax B KiyOeHbkax P. sativum, ero Hanuume B KJICTOYHBIX CTEHKAX KOJIOHH3H-
POBaHHBIX M HEHMH(HUIUPOBAHHBIX KIETOK B KiyOeHbkax M. truncatula, B xie-
TOYHBIX CTEHKaX BCEX THIIOB KJIETOK B KiyOeHbkax V. formosa. Habmomarores
BapUallK JIOKAJIM3AIMU U TOMOTaJaKTYypOHaHa, OCOOCHHO HM3KOMETHIIHNPO-
BaHHOI'O — OH NPHUCYTCTBYET B CTEHKaX MH(EKIIMOHHBIX HUTEH B KiTyOeHbKaX
V. villosa, B kieTouHbIX CTEHKax HEMH(UIIMPOBAHHBIX KIETOK B KIyOCHBKax
G. orientalis u B KIETOYHBIX CTEHKax BceX THIOB KieTok V. formosa (3a mc-
KIIFOYEHUEM HEUH(PUIMPOBAHHBIX KieToK). Ca’'-CBA3aHHBIN TOMOTaIakTypo-
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HaH OBIT XapakTEepeH U1 KIETOYHBIX CTCHOK KOJIOHH3UPOBAHHBIX KIIETOK
P. sativum, neunduimpoBanHbix kierok M. truncatula, a tarxke cTeHOK HH-
¢exuuonnsix HuTeld M. truncatula. HepasseTBieHHas OCHOBA PaMHOTANAKTy-
poHaHa | MPeHMyIIEeCTBEHHO BBIABIAIACH B MEPUCTEMAaTHYCCKHX KJIETKaX B
KkiyOeHbkax P. sativum u B KJIETOYHBIX CTEHKAaX HEHMH(HUIUPOBAHHBIX KJIETOK B
kinybenpkax G. orientalis. CocraB U COOTHOIIICHHE KOMIIOHEHTOB aroriacra B
KJIyOeHbKaxX HEeJICTEPMHUHUPOBAHHOIO THIIA, BEAYLIMX CBOE NPOUCXOXKJICHUE OT
KJICTOK TEPUIMKIIA U BHYTPEHHETO CJI0S KOPBI KOPHS, OTIMYACTCS OT TAKOBBIX
B KIIyOCHBKAX JCTEPMUHHPOBAHHOTO THUIIA, IIPOUCXOIIIINX OT KJICTOK BHEIIIHE-
IO CJIOSl KJIIETOK KOPBI KOpHS. K SpKHM BUIOBBIM OCOOCHHOCTSIM CHMOUOTHYC-
CKOro mHTepdeiica JIeTepMUHUPOBAHHBIX KiIyOeHbKOB (Ha mpumepe Glycine
Max) MOKHO OTHECTH MPUCYTCTBHE TaTaKTaHOBOW OOKOBOI IETIH paMHOTaJIaK-
TypoHaHa | B KJIIETOYHBIX CTEHKaX HEHH(HIMPOBAHHBIX KIETOK M MPEUMYIIe-
CTBEHHOE HAKOIUICHHE (DyKO3UIMPOBAHHOTO KCHJIOTJIIOKAHA B CTEHKAaX MH(EK-
IIUOHHBIX HUTEH.

Taxum 06pa3om, OBITH BBISBICHB! Pa3IMYMs B COCTaBE CHMOMOTHYIECKOTO
uHTepdelica anorracTa MeKAy KIyOeHbKaMU HEICTCPMHUHHPOBAHHOTO U Jie-
TEPMUHHUPOBAHHOTO THUIIOB, YTO MOXET OTpakaThb KapAWHAIBHBIC PA3IU4HsS B
MopdoIoTHH U (HU3NOTIOTHN HACENAIOMNX UX OakTeponnoB. B HemeTepmMuHH-
POBaHHBIX KITyOCHbKaxX OaKTEepOWIBI MPETEPICBAIOT HEOOpaTuMyto auddepeH-
LUPOBKY, TOTAA KaK B JIeTEPMUHUPOBAHHBIX CIIOCOOHBI K Pa3MHOXKEHHUIO. BbI-
SIBICHHBIE BUOCHEIN(UUSCKHE PA3INIHusi B KOMIIOHEHTaX CHMOHOTHYECKOTO
nHTepdelica amomacta B HeJCTEPMHUHUPOBAHHbBIE KITyOeHbKax, TPHHAIIICKA-
mmx K omHOM u Toit ke kiame IRLC, Takke MOTYT OBITH CBSI3aHBI C CYIIe-
CTBEHHBIMH paziInuusiMu B Mop¢osoruu GakreponnoB. Panee Hamu ObUIN BbI-
SIBIICHBI PA3IHYMs B OPTaHU3ALUH TyOyJHHOBOTO ITUTOCKETETa B KIyOCHBKAX
pa3nu4HBIX BUI0B B0OOBBIX, (hOpMHPYIOMNX KaK HEJIETCPMHHUPOBAHHBIC, TaK
U JIeTCpPMUHUPOBAHHBIC K1yOeHbKH. HaOnroiaeMble pa3iuuusi B COCTABE CHUM-
Ouornyeckoro uHTepdeiica anoruiacra eme pa3 yka3bBaloT Ha HEOOXOAUMOCTh
1 3HAYMMOCTB M3YYCHHUS KaXXIOTO OTACTHHOTO BiIa boOOBBIX.

Paboma 6vina evinonnena npu gurancosol nodoepicke epanma PH®
Ne 23-16-00090.

Jluteparypa

Analysis of Glycine max and Galega orientalis nodules revealed specific features of symbiotic
interface organization in determinate and indeterminate nodules / A. V. Tsyganova, E. V. Seliversto-
va, A. P. Gorshkov, V. E. Tsyganov // Russian Journal of Plant Physiology. 2023. Vol. 70. Art. 192.

Comparative analysis of remodelling of the plant-microbe interface in Pisum sativum and
Medicago truncatula symbiotic nodules/ A.V.Tsyganova, E.V.Seliverstova, N.J. Brewin,
V. E. Tsyganov // Protoplasma. 2019. Vol. 256, N 4. P. 983-996.

Tsyganova A. V., Seliverstova E. V., Tsyganov V. E. Comparison of the formation of plant—
microbial interface in Pisum sativum L. and Medicago truncatula Gaertn. nitrogen-fixing nodules //
International Journal of Molecular Sciences. 2023. Vol. 24. Art. 13850.
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MUKPOBUOMBI 3ACYXOYCTONUYUBBIX PACTEHUIN
11 CO3JAHMS ITOJIN®YHKIIMOHAJIBHBIX KOMILIEKCHBIX
MHUKPOBUOJIOTMYECKUX NMPEITAPATOB
JIJISI PACTEHMEBO/ICTBA

B. K. Yeboraps', M. B. Xyasiesa!, B. H. Tumuxk!, E. IT. Unkesckas',
M. E. Baranosa', O. B Keueiinukosa', . A. ®ecenxo?, A. C. MamaeBa?,
H. A. Tuxonobuu'”

'Bcepoccuifckuii HayIHO-HCCIe[0BATeNbCKHH HHCTHTYT CEMbCKOXO03MHCTBEHHOM
mukpo6uonornn, Cankt-IlerepOypr, vladchebotar@arriam.ru
2JIHCTUTYT GHOOPraHHYECKOH XHMUM UM. akafgeMukos M. M. Illemsxuna
u 0. A. OBunnuukoBa PAH, Mockaa, fesigor@gmail.com
3Canxr-TlerepOyprekuit rocynapcTsennbiii yausepeutet, Cankt-Iletep6ypr
i.tikhonovich@spbu.ru

3arpsi3HeHNe OKPYKAIOIIEH Cpebl SBISETCS OOMIEMUPOBOM MPOOIEMON,
MPUBOAAIIEH K MHOTOUHCICHHBIM IIPOOJIeMaM, BKIFOUas INI00aIbHOE TTOTEIIe-
HHE. B cBsI3M ¢ 3TUM HOpMasbHas TeMIlepaTypa MOBEPXHOCTH 3eMJIM TIOBBILIA-
eTcsi B TeUCHHUE IOCIEAHUX HECKOJbKHMX necsTwietndi [Phytoremediation of
heavy] ... , 2015. M3meHenne kIuMaTta IpsSMO MPOTIOPIIHOHATIBFHO CTPECCY OT
3acyxu. B mocnennee Bpemst cTpece OT 3aCyXH CUMTAETCs BasKHEHIIeH mpooie-
MOH, KOTOpasi HETaTUBHO BIIMSIET Ha POCT, pa3BUTHE pacTCHUH M, 4To Ooiee
Ba)KHO, Ha ypokaifHOCTh. B OyayiieM ynoBieTBopeHre moTpedHoCTelH nepeHa-
CEJICHHOTO MHpa B MPOJOBOJIECTBHN CTAHET Hanboyiee OCTpoil mpobieMon u3-
32 pe3Kkoi MOTepHM NaxOTHBIX 3eMeNb B pe3ysbTate 3acyxu [Arabidopsis
EDTI/HDGI11 ..., 2016]. CornacHo mpoaHalIu3UPOBAHHBIM HCCIIEIOBAHUSIM,
onyonukoBaHHbIM ¢ 1980 mo 2015 ., coolmmanock, 4To u3-3a cTpecca OT 3acy-
XM BO BCEM MHpE ObLIO 3a()UKCHPOBAHO CHIKEHHE YPOKAHHOCTH ITIICHUIB! HA
21 % n kykypy3sl Ha 40 % [Daryanto, Wang, Jacinthe, 2016]. Uro0s1 oGecne-
YUTh NMPOJOBOJILCTBUEM MOCTOSHHO PacTyliee HaceICHUE, HeOOXOIUMO yIyd-
IIUTh TIPOWU3BOJICTBO CEIIBCKOXO3IHCTBEHHBIX KYJIBTYp B YCIOBHSAX 3aCyXH.
CymiecTByeT OrpoMHas HOTPEOHOCTb B Pa3yMHBIX W OJIArONpPUSTHBIX JUIs
OKpY’KaloIlle Cpelbl CTPATEerusX BEJEHMsl CEIbCKOro XO03siHCTBa B HeOnaro-
MPUATHBIX YCIOBUSIX, T. €. IPU OMOTHYECKUX U abnoTudeckux crpeccax. Cpen-
CTBa 3aIIUTHI PACTEHUH OT CTpecca, KOTOPHIE YMEHBIIAIOT 3aCyXy, MepeyBIaXK-
HEHUE, 3aCOJICHUE, TSHKENbIe METalTbl M TaTOreHHOCTh Oy IyT Ipuodperars Bce
Oonblliee 3HaYeHHE B OyIylIeM B CBS3H CO CLEHAPUEM TI00albHOTO M3MEHe-
HUS KJIMMaTa. B 3TOM OTHOIIEHWH HCHONB30BaHHUE IMOJIE3HBIX MHKPOOPTaHHU3-
MOB MOTIJIO OBI CTaTh CPEACTBOM 3aIIUTHI PACTEHHH OT CTpecca M IPUBECTH K
MHOT000CIIAIOMINM PEIICHUSIM JUIST  YCTOHYMBOrO W OIaronpusTHOTO JUIs
OKpPY AL CpeAbl CEIbCKOro Xo3siicTBa. Bo BceM Mupe CyleCcTBYET
OTPOMHBIH PAacTyIIUH PIHOK MHKPOOHOJIOTMYECKHUX IPENapaToB I yIrydIe-
HUS POCTa PACTEHUH M MOBBIICHUS YPOXKAHHOCTH B YCIOBUSIX OMOTHUYECKUX U
aOMOTHYECKUX CTPECCOB C €KEroIHBIM TEMIIOM pocTa rpumepHo Ha 10 % [Per-
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spectives and ... , 2017]. Acconmanusi pacTeHus ¢ SHAODUTHBIMU OAKTEPUIMHU
OKa3bIBacT OJarOTBOPHOE BIHMSHUC HAa POCT PAcTCHHM, a TakKe Ha YCTOHYH-
BOCTb K a0MOTHYECKUM CTpeccaM, T. €. CTPEcCy OT 3acyxH. DHAOPUTHbIE Oak-
TEPUHU BBLACTAIOT Pa3MYHbIC BEIIECTBA, BKIIOYAsl PETyJSITOPHl pOcTa pacTte-
HUH, B OYeHb HU3KOH KOHIICHTPAINH, BBI3BIBas (PU3NOIOTHUYECKHE, OMOXIMU-
YEeCKHUE M MOJICKYJISIPHBIC U3MCHCHUS, CBSI3aHHBIC C YCTOWYHBOCTHIO PACTCHUIM
K 3aCyxe, KOTOpBIC YJIyUIIAlOT CHOCOOHOCTH COOTBETCTBYIOLIETO PACTEHUS K
3acyxoycroitunBoctu [Natural rice ... , 2014]. Tlpuaumasi BO BHUMaHHE 3TH
aCIICKTHI, PETYJIATOPHI POCTA PACTCHHI, TaKWe KaK ayKCHHBI, a0CIIM30Bast KUC-
JIOTa M ATHJICH, TIPOIYIIHPYEMbIC SHIOPUTHBIMU OAKTEPUSIMUA MOTYT OKa3bIBaTh
O4YeHb OOJIBIIIOE BIMSHUE HA YCTOMYMBOCTh PACTEHUH K 3acCyXe.

[enbio HAMMX MCCIEAOBAHWUHN SBISUIOCH M3YYeHHE MHUKPOOHOMOB M TIPO-
TEOMOB 3aCyXOyCTOWYHBBIX M BOCCTAHABIHMBAIOIINXCS MOCIE BBICBIXaHUS pac-
TEHHH, BBIJENCHNE YHAO(DUTHBIX U AMUDUTHBIX MHKPOOPTaHU3MOB, U3yUCHUE
HX MOJIE3HBIX JUIS CETbCKOXO3IHCTBEHHBIX KYJIBTYP CBOWCTB C IEIIBIO CO3/IaHH
YHHUKAJIBHBIX MHKPOOMOJIOTHYECKUX IPErapaToB, COAepKaline Kak ITOJIC3HBIC
BUBI SHAOPHUTHBIX U AMUAGUTHBIX OAKTEPHIA, TAK U BaYKHBIC ISl PETYISTOPHBIX
GbyHKIUH pacTeHH OeNku, yBETHUUBAIONIINE YPOXKAWHOCTH PACTCHHH M HX
YCTOHYMBOCTb K CTPECCAM.

OCHOBHBIM TIOJIXOIOM U cOOpa 00pa3IoB 3aCyXOYCTOHYUBBIX H BOCCTa-
HABJIMBAIOIUXCS TOCIE BBICHIXaHHS PACTEHUI OBLI MOMCK MECT, e BCE MU3Y-
JaeMbIe PACTEHUS HAXOJATCA B OJHOM MeECTe, Ipou3pacTas Ha OJHOW IOYBeE.
3TO JaeT BO3MOXKHOCTH CPAaBHEHHS MHKPOOMOMOB PAacTEHHH M ITI0YB, a TakkKe
ompeleNicHHs, KaKoe BIUSHUE Ha (JOPMHUPOBAHKE SIH(PUTHOTO U SHIODUTHOTO
MHUKpPOOHMOMa OKa3bIBAaeT PACTEHHE-XO03UH M M0YBA, HA KOTOPOW TH PAaCTEHHs
pactyT. B pesynpraTe mpoBENCHHON SKCIEAMIMHA B HamOoOJee 3aCyIUTHBBIC
paiionsr CraBpononbckoro kpas-Hedrexymckuii, JIeBokyMCcKuit, coOpaHbl 00-
pasipbl 3aCyXOyCTOMYHMBBIX M BOCCTAHABJIMBAIOIIUXCS [TOCJC BBICBIXAHUS pac-
tenuii: mapu Gesoit (Chenopodium album L.), BepGitioskbeii KOTHOUKH 0OBIKHO-
Bennoii (Alhagi pseudalhagi (Bieb.) Fisch.) u sxutHsika mycteiaHOrO (Agropy-
ron desertorum (Fisch. ex Link) Schult.).

Jnst BeIeneHus SIUQUTHBIX OakTepuil U3 MCCIeayeMbIX 00pasIoB 3acy-
XOYCTOHYMBBIX pacTeHHUH ObLT pazpaboTan obmmit mportokoi. CyTs MeToaa 3a-
KITFOYaJIach B TIOJYYEHUH CMBIBOB M3 PACTUTEIBHOTO MaTepHaia W MPUTOTOB-
JICHAW CEPUIHBIX Pa3BEICHUI, U3 KOTOPBIX JICJIANNCH BHICCBHI HAa MUTATCILHBIC
cpenbl. Js BbLaeneHus: SHAOPUTHBIX OaKTEpUil Ul KaKJ0ro pacTeHusi, ObuI
pa3paboTaH OTHENBHBIN MPOTOKON CTEPHIIM3AINN W BBINEICHHUS dHIOMUTHBIX
OakTepuii, OT/IENBHO U3 CTeOJIel M U3 KOpHeH pacteHuit. [ oneHkw (Gu3mo-
JIOT0-OMOXMMHUYECKUX CBOICTB HCIOJIB30BANIU CICIYIOUIME TOKa3zaTenu: ¢ep-
MEHTaTHBHYIO aKTHBHOCTH ((hochaTMoOnnmm3npyromas, aMiuiIasHas, JUMnazHasi,
IpoTeasHasi, IeJUTIONa3Has, a30T(OUKCUPYIOMIas), ONTUMAJIbHBIC IOKa3aTeIH
TeMreparypsl pocta U pH, CrIOCOOHOCTH MPOIYHHUPOBATH ayKCHHBI U PACTBO-
PATH MaJOJIOCTYTHBIE I pacTeHui Gpopmbl pocdopa.
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W3 BbIIENEHHBIX 69 IMTaMMOB SHIO(GUTHBIX OAKTEPHH YEThIpe IITaMMma
oOmagany a30TPHUKCUPYIONMICH aKTHUBHOCTBIO, CEMb IITaMMOB (pochaTMOOMITH-
3UpYIOIell aKTUBHOCTBIO, CEMHA/I[ATh IITAMMOB aMIJIOMTUTUYECKOH aKTHUBHO-
CTBIO, JEBATHAJIATh IITAMMOB IIPOTEa3HOM AaKTHBHOCTBIO, ABAANATH TPU
IMTaMMa [EJII0Ia3HOH aKTHMBHOCTBIO M YEThIpEe IITaMMa JIMMA3HOH aKTHBHO-
cThi0. JIBanmaTe dYeThIpe INTaMMa OBUTH crocoOHBI K pocty mpu 45 °C, a
5 mrammoB pociu 1 npu 50 °C. Ognako npu 55 °C poct yxke He Habmoaaics.
U3 dumnocdeps! u crebdieit apuaHbix pacteHuit Bepoiroxkbeit komouku (Alhagi
pseudalhagi (Bieb.) Fisch.), xutHsika mycteiHHOrO (Agropyron desertorum
(Fisch. exLink) Schult.) u mapu Gemoit (Chenopoodium album L.) Beimeneno
289 m307ATOB MUPHUTHBIX OaKTepHii, KOTOPBIE MPOTECTHPOBAHBI Ha CHOCOO-
HOCTh TIPOJYIIMPOBATH MHJOJBI, HATWYIHE WM OTCYTCTBHE (POCHaTMOOIITHIH-
pyromieli, aMIIIa3HOH, JIMITAa3HOW, MPOTEa3HOM, IIEIUTIOIAa3HOM, a30TPHKCHPYIO-
el akTUBHOCTH, CIIOCOOHOCTH MPOAYIHPOBaTh ammuak. OToOpaHsl Haubosee
aKTHBHBIC MTaMMBI. M3 mpoaHann3upoBaHHEIX 60 IITaMMOB POCTCTUMYIHPY-
IOIIeH aKTHMBHOCTBIO 00J1aanu BoceMb mramMmmoB. ITpu +50 °C 6but 3adukcu-
POBaH pocT ABYX LITAMMOB M3 BepOItokbeil komouku. Ha cpene ¢ 15 % NaCl
OBUT CIIOCOOEH PAacTH TOJBKO OAMH MmTaMM. B BenoMmcTBeHHYyIO KOJIEKIHIO
MIOJIE3HBIX MHUKPOOPTAaHN3MOB CEIbCKOXO3SIHCTBEHHOTO HA3HAUCHHUS JICTIOHNPO-
BAHO 5 MITAMMOB SHIO(UTHBIX U 3 IITaMMa SMU(PUTHBIX OaKTEpHIA.

BblsiBIeH psif IPOTEOMHBIX MU3MEHEHUHU y PAaCTCHUI SPOBOM MIIEHULIBI U
parica B OTBET Ha OCMOTHUECKHH cTpecc. [Toka3aHo, 9TO MEHSIETCS COlepKAHNE
0eKoB, CBSI3aHHBIX ¢ (DOTOCHHTE30M, IKCIIpeccreil TeHOB, (GOoIANHTOM OEITKOB,
AQHTHOKCHJAHTHBIM OTBETOM M T. A. OTIEIBbHBII MHTEpPEC NMPEICTaBISIOT IH-
cTenH-Ooratele menTuasl ceMeiictBa nsLTP, xoTopsle MeHSIOTCS B OTBET Ha
3aCyXy Yy pacTeHUH parica M SpOBOW MIIEHUIIBI U MOTYT PEryJIMpOBaTh Kak
CTPECCOBBIC PEAKIIMH, TAK U B3aUMOJICHCTBHE PACTEHHS C MUKPOOUOTOIA.

Paboma evinonnena npu ghunancosoii noodepaicke Poccuiickoeo nayunozo

@onoa, npoexm Ne 23-66-10013.

Jlutepatypa

Arabidopsis EDT1/HDGI11 improves drought and salt tolerance in cotton and poplar and in-
creases cotton yield in the field / L. H. Yu, S.J. Wu, Y. S. Peng [et al.] / Plant biotechnology jour-
nal. 2016. Vol. 14. P. 72-84.

Daryanto S., Wang L., Jacinthe P-A. Global Synthesis of Drought Effects on Maize and Wheat
Production // PLOS ONE. 2016. Vol. 11, N 5. Art. e0156362.

Natural rice rhizospheric microbes suppress rice blast infections / C. Spence, E. Alff, C. John-
son [et al.] / BMC Plant Biology. 2014. Vol. 14. Art. 130.

Perspectives and Challenges of Microbial Application for Crop Improvement / S. Timmusk,
L. Behers, J. Muthoni [et al.] // Frontiers in Plant Science. 2017. Vol. 8. Art. 49.

Phytoremediation of heavy metals assisted by plant growth promoting (PGP) bacteria: a re-
view / A. Ullah, S. Heng, M. F. H. Munis [et al.] / Environmental and Experimental Botany. 2015.
Vol. 117. P. 28-40.
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CHELHU®UYHOCTb SHAOPUTHBIX MUKPOBUOMOB
3ACYXOYCTOMYUBBIX PACTEHUM MMOJYITYCTBIHHOM CTEIA
CTABPOITIOJIbBCKOI'O KPAS

E. II. Ynskenckasn', B. K. Yedoraps', M. B. Xyasena', A. A. Kuuxo',
H.T. Jlanenko?, P. JI. Koctuupin?, O. B. XonunaZ, M. A. TuxonoBuu'”
'Beepoccuiicknii HayuHO-HCCIEI0BATENLCKHI HHCTUTYT CETbCKOX03AHCTBEHHOM
mukpobuonorun, Cankt-IlerepOypr, chizhewskaya@arriam.ru
2Cenepo-Kaskasckuil denepanbublii HayuHblil arpapHbiii nenTp, Muxaiinosck
lapenko3 1 @yandex.ru
3Canxr-TlerepOyprekuii rocynapcTsenHblii yansepcuter, Cankt-Tletep6ypr
i.tikhonovich@spbu.ru

OHI0(UTHI MOTYT OKa3bIBAaTh OJIArOTBOPHOE BIMSHHUE HA PACTCHHS 3@ CUET
¢dukcanuu arMoc()epHOro a3oTa, PACTBOPEHHS MHUTATENIBHBIX BEIIECTB IOYBHI,
CHHTE3a (PUTOTOPMOHOB U JIPYTHX MPUPOJHBIX POAYKTOB, 3AIUIIAIONINX Pac-
TEHNI-X0351eB OT MHOTMX OMOTHYECKMX M a0MOTHYECKHMX CTPECCOB, BKIIOUAS
3acyxy [Endophytes from ... , 2022]. MbI mpoBeny aHaINU3 SHAOPUTHOTO MHUK-
pobroma y Tpex pasinyYHBIX BUJIOB PacTeHHM, Ipouspacraronmx B Hegrexym-
cKkoM paitone CTaBponoabckoro Kpasi. JIaHHbIH PErnoH SIBISIETCSI MOTYITYCThIH-
HOH CTENbI0 U OTHOCHUTCS K KpaiHe >KapKoH M 3aCyIUTHBOM 30HE: CPEIHETOI0-
BOE KOJIMYECTBO OCAJKOB cocTaBisieT 384 MM, a JIETOM TemIleparypa Ha I10-
BEPXHOCTH TOYBBI MOXKeT gocturath 55-60 °C.

B kauectBe 00BEKTa WCCIIEAOBAaHUN OBLIM COOpaHBI TPU BHIA 3aCyXO-
YCTOWYMBBIX ¥ BOCCTAHABIIMBAIOIUX MOCIIC BEICBIXaHHS PACTCHUI: BEPOIIOKbSI
komrouka obbikHoBeHHass Alhagi pseudalhagi (Bieb.) Fisch. (cem. Fabaceae),
KUTHSIK TTycThiHEBI Agropyron desertorum (Fisch. ex Link) Schult. (cem. Po-
aceae) u mapb Oemas Chenopodium album L. (cem. Amaranthaceae). OcHoB-
HBIM HOXO0/I0M Julsi cOopa 00pa3loB ObLII MOMCK MECT, IJIe N3y4aeMble pacre-
HUS TIPOM3PACTAIOT B OJIHOM TOYKE, C OJJHUM M TE€M )K€ ITOYBEHHBIM COCTaBOM.
Pacrenust Obli cOOpaHbl B MATH TOYKaX 0TOOpa, TAKUM 00pa3oM BCETo OBLIO
otoOpano 15 o0OpasmoB pacteHuit (mo 5 o0pasnoB KaXAOTro BHIA) H
15 o0pa3ioB pu3ocdepHOit MOUBEI U3-110J] KKIOTO PACTEHHUSI.

AHanu3 MHKpOOMMOB OBLT MPOBEIEH METOIOM BBHICOKOIIPOM3BOUTEIBEHO-
IO CEKBEHHPOBAHUS C MCTONb30BaHneM IutaTdopmel [llumina MiSeq (Illumina
Inc., CHIA). CpaBHHTEIBHBII aHAN3 MUKPOOMOMOB PH30C(EPHBIX IMOYB BCEX
15 00pa31oB He BBISBUI CYILECTBEHHBIX Pa3INYUil B COCTaBE MHKPOOHBIX CO00-
IIECTB, YTO YKa3bIBACT HA OJIMHAKOBBIC YCIOBHSI IIPOU3PACTAHUS BCEX PACTEHU.

B tabn. 1 npuBeneH ocHoBHOII (6omee 0,1 %) coctaB 0OHApYKEHHBIX Oak-
TEpUAJBbHBIX (M B TKAHSX MOBEPXHOCTHO CTEPHIM30BAHHBIX KOPHEH Tpex
N3y4aeMbIX PaCTHTEIbHBIX BUJIOB.
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Tabuuna 1
OcHoBHbIe (HHIIBI FHAOGUTHOTO MUKPOOHOMA KOpHEH, %o

Dutbl A. pseudalhagi | A.desertorum | C.album
Actinobacteriota 19,0 30,3 36,5
Bacteroidota 9,3 7,0 11,2
Cyanobacteria - — 3,8
Firmicutes 10,6 5,4 1,2
Myxococcota - — 3,4
Patescibacteria 4,7 6,3 0,5
Planctomycetota - 0,5 —
Proteobacteria 51,3 34,8 374
Verrucomicrobiota 0,3 0,8 0,3
Bacteria;unclassified 0,2 1,2 2,0
Unclassified 4,5 13,6 3,6

B sHnodutHOM cooOmecTBe KOpHEH BCEX PACTEHUH JIOMHHHPOBAIIN
npencrasuresu ¢pun Proteobacteria, Actinobacteriota n Bacteroidota. Y BugoB
A. pseudalhagi u A. desertorum rtaxke HaOIIOmANOCH 3HAYUTEIBHOE KOJHYC-
cTBO mpencrasureneit ¢pun Firmicutes, Patescibacteria n HexmaccuumpoBan-
HbIX npezacraButeneit. Y pacrenuit C. aloum 6buti oGHapyKEHBI IPEACTABUTE-
mu ¢un Cyanobacteria 1 Myxococcota, a y A. desertorum — mpencraBuTeNu
¢usr Planctomycetota.

CpaBHUTEBHBINA aHATN3 TIOKA3aJl, 9YT0 OCHOBHBIC (Oomee 1 %) mpencraBu-
TN SHI0(DUTHOTO MUKPOOHOMa y TPeX BUJIOB PACTEHHH CYILECTBEHHO Pa3Jiu-
varorcst (tabu. 2). Tak, B Mmukpobuome kopueit A. pseudalhagi (BepOiaroxbst Ko-
JII0YKa) JIOMUHHPOBANK HexiaccupummpoBanabie Enterobacterales, a Taxke
Buael Pseudomonas, Pedobacter, Cutibacterium n Bacillus. ¥V xurmska
(A. desertorum) — nekaccuduuupoBanusie Pseudonocardiaceae u Buabsl Pseu-
domonas, npudem nociaeaHune cocTapmsitn 6onee 19 % 0CHOBHOTO 3HTO(DHUTHO-
ro coobmectBa kopueit. Y mapu (C. album) — nexmacudunuposanusie Micro-
coccaceae, a Takxke Bubl Streptomyces, Massilia u Tychonema.

Cy1liecTByeT I'MIIOTE3a, YTO OCHOBHBIM MCTOYHHKOM OaKTEpHAIBLHOIO CO-
obmiecTBa 3HIOPHUTOB pacTeHHH sBigeTcss pusoctepHas mousa [Kandel,
Joubert, Doty, 2017]. Hamm e pe3yibTaThl TIOKa3ald, YTO pa3HbIe BUJIBI pac-
TEHUH, BBIPAIICHHBIC B OHOM M TOH K€ MOYBE, COAEPXKAT KapJAUHAIBHO pa3-
JUYHBIE SHAO(PUTHBIC MUKPOOHOMEL. TakuMm oOpa3oM, OakTepHaIbHBIE PHIO-
¢uTH 007a7aI0T CHENM(UIHOCTHIO MO0 OTHONICHUIO pacTeHHsAM-Xo3sieBaM. C
OJTHOM CTOPOHBI, 3TO MOXKET OBITH CBSI3aHO C OTIMYHMSAMH B «HACTPOHMKE» MM-
MYHHOH CHCTEMbI Pa3HbIX PacTUTENbHBIX BHUAOB. C Jpyroil CTOPOHBI, MOKET
yKa3bIBaTh Ha TO, YTO PACTEHHsI CIIOCOOHBI HANPABICHHO PEKPYTHPOBATh M3
MOYBBI OTIPEZIEICHHbBIE BU/IbI OaKTepHii, HEOOXOANMBIC TOMY WJIM MHOMY pac-
TUTEJILHOMY BHJY B TE€X WJIM UHBIX yCIOBHSIX.
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Tabdauna 2
OcHogusle (0oxee 1 %) npexcraButenu SHA0PUTHBIX OakTeprii KOpHEH pacTeHUH

A. pseudalhagi A. desertorum C. album
bu- [IPEACTaBUTENN % | mpeacTaBUTENH % | mpexacTaBUTENN %
JIbI
Cutibacterium 6,2 | Pseudonocardiacea | 6,7 | Micrococcaceae ™" | 5,7
e H/KIT
Pseudonocardia 1,8 | Kineosporiaceae™™ | 3,0 | Streptomyces 3,9
Ac Micromonosporacea | 1,3 | Promicromonospor | 1,3 | Actinoplanes 2,1
e H/KIT a
Micromonosporace | 1,3 | Micromonosporace | 1,3
ae H/KI ae H/KI
Agromyces 1,2
B Pedobacter 5,6 | Microscillaceae™ | 2,2 | Chitinophagaceae 4,2
H/KIT
Chitinophagaceae 1,1 | Hymenobacter 1,2
H/KI
C Tychonema 35
F Bacillus 4,4 | Paenibacillus 2,6
Planococcaceae ™ | 1,7
P Saccharimonadaceae | 3,5 | Saccharimonadacea | 3,8
H/KIT e H/KIT
Enterobacterales "' | 10,1 | Pseudomonas 19,4 | Massilia 3,8
Pseudomonas 7,1 Variovorax 2,9
Devosia 3,0 Kushneria 2,3
Acidibacter 2,7 Oxalobacteraceae 2,3
H/KI
Pr Allorhizobium- 2,7 Allorhizobium- 2,6
Neorhizobium- Neorhizobium-
Pararhizobium- Pararhizobium-
Rhizobium Rhizobium
Achromobacter 2,6 Comamonadaceae | 2,0
Sphingomonas 2,4 e
Ralstonia 1,2
U H/KII 4,0

O6o03nauenns. Gunbr: (Ac) Actinobacteriota; (B) Bacteroidota; (C) Cyanobacteria; (F) Firmicutes;
(P) Pa-tescibacteria; (Pr) Proteobacteria; (U) Unclassified. (") — nexnaccu(puuupoBaHHbie MpeicTa-
BUTCIIH.

Paboma evinoanena npu gunancosotl noodepaicke Poccutickoeo nayunoco
¢onoa, npoexm Ne 23-66-10013

Jlurepatypa

Endophytes from halotolerant plants aimed to overcome salinity and draught/
V. K. Chebotar, E. P. Chizhevskaya, M. E. Baganova [et al.] // Plants. 2022. Vol. 11. Art. 2992.

Kandel S. L., Joubert P. M., Doty S. L. Bacterial endophyte colonization and distribution
within plants // Microorganisms. 2017. Vol. 5. Art. 77.
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NHHOBAIIMOHHAS YITAKOBKA
N3 PACTUTEJBbHbBIX KOMIIOHEHTOB JJIAA TIPOAYKTOB
KHUBOTHOI'O MPOUCXOXJIEHUA

T. B. Uy0enko, A. P. bopucosa, E. O. PeicuoBa

Poccuiickuii yauBepcuTeT 1pysx06I Hapogos uM. Ilatpuca JlymymObt
Mockga, chubenko tv@pfur.ru

BBenenne. ObecnieueHne kagecTBa M OE30MACHOCTH TPOIYKIUH JKUBOT-
HOTO NPOMCXOKICHNSI — MHOTOTPAHHBIN IIPOIIECC, B KOTOPOM HEMAJIOBAXKHYIO
pOJIb MTpalOT yNaKOBOYHbIE MaTepualsibl. Kak M3BECTHO, PEryJsITOpHBINA Ipo-
IecC HaYMHaeTCs ¢ AeknapupoBanus yrmakoBku o TP TC 005/2011, rne yun-
TBIBAIOTCS BCE TPEOOBAHUS PErylaMeHTa M TaKUM 00pa3oM MOATBEP)KAACTCS CO-
oTBeTCTBHE MaTepuanoB. OJIHAKO, YTO €CIIM HE IPOCTO CTPEMUTHCS K Oe3omac-
HOCTH, HO 1 MBITATHCA U3BJICYb MAKCUMAJIbHYTO MOJIB3Y U3 yHaKOBKI/I?

[TponyKThl RHBOTHOBOACTBA, TAaKHE KaK MsCO, MOJIOKO SiIa, SBISIOTCS
CKOPOTIOPTAIINMHUCS. M B 3HAYUTEIBHON CTEIIEHH 3aBHCAT OT KAauyecTBa YIAKO-
BOYHBIX MaTEepHAJIOB B BOIIPOCE CPOKA MX XpaHeHHus. B raHHOM 0030pe yrnakoBka
13 PACTUTEIIBHBIX KOMIIOHCHTOB 6yI[CT pacCMOTpEHa B KaY€CTBE IMOTCHIIUAIIBHO
3] (HeKTHBHOTO MHCTpYMEHTa JUIsl yBEJIMUYEHNSI CPOKA XPAHEHHs TIPOYKTOB XKH-
BOTHOT'O IIPOMCXOX/ICHHS M B KAaueCTBE aJbTEPHATHBHOIO METOJA MCIIOJIb30Ba-
HUSI TOOOYHBIX MPOAYKTOB arponpoJ0BOIBCTBEHHON MTPOMBIIIIEHHOCTH.

[To6ouHbIe MPOLYKTHI PACTHTEIBLHOTO HMPOUCXOXKAEHHA. Vcnonp3oBanne
MPUPOIHBIX OMOIMOIMMEPOB, TAKMX KaK ITOJHCAXapHbl, TUMNHIABI U OCNIKH, B
KauyecTBE OCHOBBI JUISl Pa3pabOTKK OHopasiaraeMoil yIIakoBKH ITPUBJICKAET BCE
0oJIbIlIEE BHUMAHUE YUYCHBIX. BI/IOyHaKOBKa MOXKET TAKXKC COACPXKATh pa3jaInyd-
HbIC HAIIOJHUTEIH, TAKNUE KaK IUIACTU(HUKATOPBI, HAHOYACTHUIIEL, A(pUpHBIE Mac-
Jla, paCTUTENIbHBIE SKCTPAKTHI, TUTATEIbHbIC BEIECTBA, AHTHOKCUIAHTHI U aH-
TUMHUKPOOHBIE COCIMHCHHUS.

buopazinaraemele ynmakoBOYHbBIE MaTepHalIbl, U3TOTOBICHHBIE C HCIIOJIB30-
BaHHWEM MOOOYHBIX MPOJIYKTOB PACTHTEIBHOIO MPOUCXOXK/CHUS, MOT'YT CTaTh
WHHOBAIMOHHBIM TTOAXOAOM K HPECOJOJICHUIO HpOGHeM C yTHHHSaHHeﬁ 0TXO-
0B B HHIHCBOﬁ IIPOMBIINIJICHHOCTH.

HexoTopsle pacTUTENIbHbIE KOMIIOHEHTBI CIIOCOOHBI COXPaHSATh KadeCTBO
YIIaKOBAHHBIX MHUILEBBIX IPOAYKTOB 3a CYET BHICBOOOXK/ICHUSI aHTUMHKPOOHBIX
1 aHTUOKCHUIAHTHBIX COCIII/IHGHI/Iﬁ B IMMOICBYIO MAaTpUILy.

[Tpn M3roTOBNCHNM NMUIIEBON YHMAKOBKH M MOKPBITHI JUIS CBEXHUX (PYK-
TOB M OBOILEH OCHOBHOI 3a/iauell sIBJISETCS 3aMe/JIeHUE NPOHUKHOBEHUS Ta-
30B, BOJSIHOT'O 1apa U Mojyiep)kanne MoAn(UIUPOBAHHON aTMochepsl.

Honugpenonwt. IomupeHOTH N3BECTHH CBOMMHU aHTHOKCHIAHTHBIC U aH-
THpaJMKaJIbHBIMA CBOWCTBAMH. B cilyuae ¢ ymakoBKOH OHM JIEMOHCTPHPYIOT
3HAYUTENILHYIO aKTUBHOCTh B O0ph0OE CO CBOOOJHBIMHU pajiuKajlaMi M yITydlla-
10T O6apbepHbIe CBOWCTBaA i Kuciopona [Valorization of apple ... , 2019]. B
3aBHCUMOCTH OT CTPOCHHS MOJICKYJIBI CPEI HUX BBIICISIOT (PEHOJIBHBIC KHC-
JIOTHI, CTHIILOCHBI, (DJIABOHOUIBI, INTHAHBI.
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Kocrouku manro (Mangifera indica L.) 6oratel Takumu mosudeHoIaMu,
Kak MaHTH(EepHH, TAJUIOBAsi KUCIOTA 1 3JUIAroBasi KUCIOTa. AHAIOTHYHBIM 00-
pasom, koxxypa rpaHara (Punica granatum L.) coaepuT myHUKagaruH, rauio-
BYIO KHCJIOTY, 3JUIaTOBYIO KHCJIOTY, BAHIJIMHOBYIO KHUCIOTY, JIFOTCOJIUH U KO-
¢ettnyro kucioty (Kumar, 2022)

Ilonucaxapuodwi. buopaznaraeMple yNakoBKH Ha PacTHUTEIFHOM OCHOBE,

H3TOTOBJIEHHBIC U3 IOJMCAXApPHUIOB, 00JaJal0T BBICOKMMHU Tra30HENPOHHIAC-
MBIMH CBOHCTBaMH, HO MEHEe YCTOWIHMBHI K IPOHUKHOBEHHIO BOJISHOTO Mapa
MexaHWuuecKod apedopmanmu. Hammume koMIuieKca ITOIMCaxapHIOB MOMKET
YIY4LINTh MEXaHUYECKHE CBOWCTBA YIIaKOBKU. B KadecTBe MX MCTOYHHKA Psil
HCCIICIOBAHH TIpe/IaracT MCIIOIb30BaHNE KOXyphI TpaHara (Punica granatum L.),
aHTHOAKTepUaIbHAasl AKTHBHOCTH KOTOPOH pacHmpocTpaHseTcss Ha S. aureus,
L. Monocytogenes, E. coli, B. cereus u Salmonella [Santhosh, Debarshi, Pree-
tam, 2021] HeoOxoauMO OTMETHUTb, YTO IHKCTPAKT KOXKYPHI I'paHaTa B LIEIOM
obecriednBaeT XOPOIIyI0 COBMECTHMOCTh MEXIY YacTHUIIAMH KOXKYpPBI M MaT-
pHLEH W MOXET yIydIlaTh CTPYKTYPHBIC, MEXaHHUECKHE M OMOXMMHUYECKHUE
CBOMCTBA, TaKHe KaK COJICpP>KaHUE aHTHOKCHJIAHTOB U (DEHOJIOB, a TAK)XKE aHTH-
MHUKPOOHYIO aKTUBHOCTb.

Benku. PactutenbHbIe OCIKH MOTYYAIOT U3 TIPUPOTHBIX HCTOYHHKOB: IKC-
TParupoBaHHBIX PACTEHMH, IMOJIYYEHHBIC M3 OTXOJOB arpolpOMBIILICHHOTO
KOMIUIEKCa M THOOOYHBIX NPOAYKTOB. Cpean pacTHTENbHBIX OEIKOB 3EHHBI,
KJICHKOBHHA M COEBBIC OEIKM HamOoJee YacTO HMCIOIB3YIOTCS MIPH MU3TOTOBIIC-
HUHM IUIGHOK W YIaKOBKH. KOMITOHEHTH 00TamaioT psgaoM IPEHMYIIECTB.
[T1eHKH ¥ TOKPBITHS U3 OEJIKOB HE BIarOCTOMKH.

Iorennuansusie pucku. [IpodiaeMsl, CBI3aHHBIE ¢ TPUMEHEHHEM TO0H00-
HBIX MAaTepHaJiOB, BKIIOYAIOT HU3KYIO (H3MYECKYI0 CTaOMJIBHOCTH IJICHOK,
CHIDKEHHBIE MEXaHMYECKHE CBOMCTBA 10 CPAaBHEHMIO C CHHTETHUECKUMH ILIa-
CTHKaMM M, 4TO Oojiee Ba)XKHO, OTCYTCTBHE IOJUTHKH peryiupoBanus [Plant
protein-based ... , 2022]. Heo6xoauM MOUCK pemICHUH, KOTOPBIE MO3BOMIAT U3-
BJI€Yb MAKCUMYM aHTHOAKTEPUAIBHBIX U AHTHOKCUIAHTHBIX CBOMCTB M3 PacTH-
TEJILHBIX KOMIIOHEHTOB, IIPH 3TOM JI00MThCS HY>KHOH CTPYKTYPBI

BriBoasl. Vcnonb3oBaHue MOOOYHBIX NPOIYKTOB, O€3YCIOBHO, IIOMOraeT
arpONPOMBIIIICHHBIM MPEANPHUATHSIM B 00JacTH MH(PACTPYKTYPhl M IKOHO-
MHUYECKUX HEPCHEKTUB, MOCKOIBKY XPaHCHUE U IIepepaboTKa OTXOA0B SBISIOT-
Csl X OCHOBHBIMH MPOOJIEMaMH.

Bo3o0OHoBIsIeMbIe, Heoporue U OuopasiaraeMble MaTepHalbl, KOTOPbIE
MTOYYal0T U3 HETPATUIIMOHHBIX (pakiii ppyKToB, OBOIIEH, prca, 6000BBIX H
JPYTUX PACTUTEIBHBIX KOMIIOHEHTOB MOTYT OBITh KpalHE ITOJE3HBI IPH IPO-
N3BOJICTBE YITAKOBOYHBIX MAaTEpPHAIIOB.

Jlutepatypa

Plant protein-based food packaging films; recent advances in fabrication, characterization, and
applications / M. Hadidi, S. Jafarzadeh, M. Forough [et al.] // Trends in Food Science & Technology.
2022. Vol. 120. P. 154-173.
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Santhosh R., Debarshi N., Preetam S. Novel food packaging materials including plant-based
byproducts: A review // Trends in Food Science & Technology. 2021. Vol. 118. P. 471-489.

Valorization of apple waste for active packaging: multicomponent polyhydroxyalkanoate coat-
ed nanopapers with improved hydrophobicity and antioxidant capacity / L. Urbina, A. Eceiza, N. Ga-
bilondo [et al.] / Food Packaging and Shelf Life. 2019. Vol. 21. Art. 100356.

OCOBEHHOCTH OTBETA PACTEHU KAPTO®EJIA
HA BHEJAPEHUE PECTOBACTERIUM VERSATILE

E. B. llIpy0, A. B. Kony6ako, H. A. I'puropsesa, E. A. Huxonaiiunk

benopycckuii rocyjapcTBeHHbli yHuBepeuTeT, Munck, Pecrry6mmka benapychb
shrubkaterina@gmail.com

P. versatile siBisiercst Bo3Oynutenem 3a00J1eBaHUil «depHasi HOKKa» Bere-
TUPYIOIINX PACTEHUH M «MsIKas THHIb» KiIyOHel kaprogerns. duronaToreHs
4yepe3 TOPMOHAJIbHBIE CUTHAJIBHBIC ITyTH PACTEHUH MOT'YT HE TOJILKO I10JIaBIISITh
X UMMYHHTET, HO M U3MEHSTh YCJIOBHS OKPYKarollel cpeibl Uisl ONTHMHU3a-
IIMX TTOJYYCHHUS MTUTATEIbHBIX BEIIECTB M YCKOPEHHMS KOJIOHH3ALMH PACTCHUM.
B mpouecce Bereranun pacteHui Kaprogens KOJMYECTBEHHOE COOTHOLICHHE
TOPMOHOB B pa3HBIX OpraHax MEHSETCs, IOATOMY MHTEPECHO BBISICHUTb, KaK
3apakeHne maroreHoM P. versatile orpaxaercst Ha SKCIpPECCHU 3AIUTHBIX I'e-
HOB B JIHCTBhSIX M KIyOHsx Solanum tuberosum u mokasats ponb d¢dexropa
DspE cuctemsl cekpennu 11l Tuna natorena npu 3apaxxeHuu.

bbbt mpou3BeneHbl MHQUIBTpPALUs JIMCTBEB M 3apakeHUe KiyOHeH
S. tuberosum copra Poruena cycnensusmu mrammoB P. versatile JN42 (1. 1.) u
P. versatile VKE (myrtant no addexropy cucremst cekpenu 11 Tuna DspE) B
NaCl 0,85 % u npu momomu OT-kIIL[P m3mepeHa 3kcrpeccust 3alUTHBIX Te-
HOB (pwc.).

OmeHKa KONMMYECTB TPAHCKPHIITOB MOKa3ajia, 4YTO, MPEIIOJI0KUTENEHO,
NPOMCXOJMUT CHIKeHHe akTuBHON (opmbl ABK mpu 3apaxenun P. versatile
KaKk B JIMCTBSIX, TaK U B KIyOHsx Solanum tuberosum. Ha ato ykassiBaeT cHU-
KEHHE JKCIIpecCHr TeHa 9-mmc-smoxcnkapotnHonamuokcureHassl NCED3
okcuaasel abcrusoBoro anpaeruaa AAO3 (hepMeHTOB, OTBeUarONMX 3a OHO-
CHHTE3 a0CIM30BOIl KHUCIIOTHI), @ TAK)KE BO3pACTaHUE DKCIIPECCHHU TeHa THIPOK-
cuna3el abcunzoBoit kucnotel CYP707al (mepeBonsimieii abCIi30ByI0 KUCIOTY
B HeakTUBHYIO hopmy). [Ipr 3TOM CTOUT OTMETHTH, YTO Takoh 3P deKT Oosee
BBIPAXKEH B KITyOHSIX.

3apakenue maroreHom P. versatile mpuBoauT Kk MOIaBICHUIO KACMOHAT-
HOM CHUTHAIM3AI[MK B HAJ[3EMHbBIX U MMOJ3EMHbBIX TKaHsAX KapTodes 3a cuéT mo-
BBIIICHHS] SKCIIPECCUM HETaTHBHOT'O PETYJISITOPA >KaCMOHAT-3aBUCHMBIX I'€HOB
JAZ BHe 3aBHCUMOCTH OT ILITAMMa.
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3KCNpeccuA reHos B NUCTbAX S. tuberosum
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Puc. OTHOCHTENBHBIC YPOBHH SKCIPECCHU T€HOB B JIUCTBSIX M KIYOHSAX pacTeHUit
S. tuberosum copra Poruena nipu 3apaxkenuu matorenom P. versatile JN42 (. 1.) u
P. versatile VKE (dspE-myranT) B cpaBHenuu ¢ paneBsiM otBetoM (NaCl 0,85 % (DP)).
Iokazans! cpeanue 3HaueHUS ¢ 95%-HBIM 10BEPUTETHHBIM HHTEPBATIOM

Taxoke TPOIEMOHCTPUPOBAHHO PA3MYUE B KCIPECCHH 3aIMUTHBIX PR-
T'CHOB IIPH 3apa)KCHUH MATOTCHOM KITyOHEH U JucTheB. Hampumep, B IUCTBAX
S. tuberosum B otBet Ha 3apaxenue P. versatile skcrpeccust 3amMTHBIX TEHOB
BO3pacTaeT. DKCIPECCHsl KOHSYHOTO 3BeHA CATUITIIATHON curHanm3anuu PR1a
MTOBBIIIACTCS, OJJHAKO B CIyYae 3apa)KCHUs MITaMMOM JHKOTO THIIA dPPEKT HEe
oueBHJIeH (TIpU TPEXKPATHON pa3HUIlE CPelHUX 3HaueHui 95 % moBepuTens-
HBIIl MHTEPBAJ HE MO3BOJISIET C TOYHOCTHIO TOBOPHTH 00 M3MEHEHHSX B IKC-
npeccun), Ho nipu 3apaxxenun P. versatile VKE skcnpeccust Bo3pacraeT 10CTo-
BEPHO JIEBATHKPATHO 0 CPABHEHHUIO C KOHTPOJIBHBIMU PaCTEHUSIMH. DKCIIpec-
cusi reHoB PR2 (8 10 u 40 pa3), PR5 (8 4 u 7 pa3) u PR10 (8 2 u 6 pa3) Bo3pac-
TaeT mpu 3apaxkeHnu mrammamu P.versatile JN42 (x. 1.) u P. versatile VKE
(dspE-myTanT). B ki1yOHsX HaOaromacTcs WHas KapTuHa. B oTBeT Ha 3apake-
HHE IIaTOI€HOM IPOUCXOJMT CHIIKEHHE HKCIIPECCHUH I'€HOB 3alUTHBIX OEJIKOB
PR1a u PR10 B 33 u 10 pa3 cooTBeTcTBEeHHO, a reubl PR2 u PR5 unaympyrot-
csa B 10 pa3 BHE 3aBUCUMOCTH OT IITaMMa.
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Bonee Toro, 6bUT0 OTMEUEHA pa3HMIA B SKCIIPECCHU TPAHCKPUIIIMOHHBIX
(aKTOpPOB ATUIICHOBOI CHTHAIM3ALUM B KIyOHSX W JIMCTBSIX IPU BHEIPEHHUU
P. versatile. B nmucTesix pacTeHuit kapTodens mpu 3apaxeHHH JFOOBIM U3 BbI-
HICTICPEUNCIICHHBIX IITAMMOB TATOT€HA NPOUCXOJUT CHIKEHHE JKCIIPECCHH
reHa TPAHCKPUIITMOHHOTO (hakTopa dTHiIeHOBOW curHamm3amuu AP2(79). 'en
JIPYyroro TpaHCKPHUIIIMOHHOTO (akTopa ¢ jomeHoM AP2(65) cHmkaeT 3kcIpec-
cuto moutu B 10 pa3 mpu 3apaxkenun P.versatile JN42, Ho skcmpeccust ero
BOccTaHaBiMBaercs npu 3apaxenun P. versatile VKE. B kiny0OHsix akcnpeccus
AP2(79) nipu 3apakeHUH MEHSETCS MOXO0KHM 00pa3oM. OJIHAKO JKCIPECcCHs
AP2(65), B xiryOHsix HaoOopoT Bo3pactaeT ot 10 mo 100 pa3 mpu 3apaxeHUU
P. versatile. T'en Tpauckpummonnoro ¢akropa cemeiictea WRKY B nuCThsIX
HE3HAYUTEINBHO WHIYIUPYETCS TIPH 3apaKeHWH TTaTOTEHOM, B TO BPEMs KaK B
KITyOHSIX €ro sKcrpeccusi, Hao00poT, CHIKAeTCsl IPUMEPHO B 25 pas.

B muctesax kaprodenst matoren P.versatile ¢ maTakTHBEIM 30dexTopom
DspE cierka camxaer HHTEHCHUBHOCTh MHIYKIWH PR-reHoB. B xiryOHSIX 1 mu-
CTBSIX PACTEHHH KapTOoQels MaTTepHbl SKCIPECCHN 3AIUTHBIX T'€HOB OTJIMYa-
I0TCS: Pa3HOHAINPABICHHO MEHSIOT JKCIIPECCHIO B OTBET HA 3apa)KCHHE I'CHBI
TPAHCKPUMIIMOHHBIX (haKTOPOB 3THICHOBOH curHanu3anmuu 1 WRKY, a Taxxke
reasl PR1 u PR10.

Msl mpemnonaraeMm, 4ro Bei3biBaemoe P. versatile mapymenne ABK- u
’KACMOHAT-3aBUCHUMOM CHUTHAlIM3allMl MOXKET CIIOCOOCTBOBATh IOBBIIICHHIO
3¢ PEeKTUBHOCTH HHPUITMPOBAHUS PACTCHUA-XO3SIMHA.

IIYTU METABOJIU3BMA ®UTOIOPMOHA
ABCIHIM30BOU KUCJIOTHI PU3OCO®EPHBIMHU BAKTEPUSMUA

0. C. I03uxun', A. . lllanomnukos', A. A. Byrun', H. . Buxtopos?,
A. A. Kamues?, A. A. Beiimmog', 10. B. Torosies*
"Beepoccuiickuii HayqHO-UCCIEN0BATENBCKUIL HHCTUTYT CETbCKOXO03MHCTBEHHOI
mukpoouonorun, Cankr-IlerepOypr, yuzikhin@gmail.com
2CankT-ITeTep6yprekuii ToCy1apCTBEHHBIH TeXHOTOTHIECKH HHCTUTYT
(texnuueckuii yausepcurer), Cankr-IletepOypr, kolki@mail.ru
SHucTHTYT 6MOXUMHUH U (QU3HMOJIOTHMH pacTeHHil 1 MuKpoopranusmMos PAH
Capatos, a.a.kamnev(@mail.ru
“Kaszanckuii nayunsiit nentp PAH, Kasaus, gogolev.yuri@gmail.com

®duroropmon adcruzoBast kucinoTta (ABK) urpaer BaxHyo poib B pocTe
pacTeHHH W UX peaKkIHuu Ha OMOTHYECKHE M aOMOTHYECKHE CTPECCOBBIC (haKTo-
pbl. OTHaKO €ro HaKOIUIEHHE B IOYBE MOXKET OTPHLATEIBHO BIMATH HA IIPO-
pacTaHMe CeMsH, yTHeTaTb POCT U MOBBIIIATh YyBCTBUTEIBHOCTh PACTEHHH K
0oae3uam. ABK sBisieTcss OTHOCHUTENEHO XUMHYECKH CTAOMIBLHBIM COEIHHEHH-
€M M YCTOHYMBBIM K THAPONIN3Y B pr30C(epHBIX ycnoBusax. C Ipyroi CTOPOHEI,
€ro MHKpoOuosornyeckas TpaHchopManus Majo Hu3ydeHa. PuzocdepHsiii
mramm Rhodococcus sp. P1Y accumumupyer ABK B kauecTBe eITHHCTBEHHOTO
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HCTOYHMKA YTJIEpOAa M CHIDKaeT KoHIeHTpauuio ABK B KopHSX pacTeHui
[Abscisic acid ... , 2014]. KommiekcoM xpoMaTorpaguyeckux METOIOB OBLTH
BBIJICJICHBI M OYMIIECHBI MPOMEXKYTOUHbIE MPOAYKTH pasznoxeHus ABK artoif
6akrepuei. I[loaTBepIKIeHIEM TPONCXOKICHHS BBIJICICHHBIX METa0OJINTOB M3
(UTOrOpMOHA SIBUJIOCH HAJIIMYUE B HUX PaJHMOAKTUBHOCTH IIPH KyJIbTHBHPOBA-
Hun Gaxrepuii Ha MeueHHOU TputneM ABK. XuMuueckne cTpoeHne BblaeIeH-
HBIX COCTUHEHUH OBIIIO YCTAHOBJICHO KOMITIEKCOM (PH3UKO-XMMHUYECKUX METO-
JI0B. MeTabomuThl ObUTH MICHTH(GHUIIMPOBAHBI Kak JeruapoBomudonmon [Rhi-
zosphere bacterium ... , 2021] u HeonMcaHHOE paHee COCAUPEHUE |-TUAPOKCH-
2,6,6-TpuMeTnI-4-0KCO-2-ITUKJIOTEKCEH- 1 -yKCyCHast ~ KHCJIOTa,  HAa3BaHHOE
ponokokkoBol kucioToi [Rhizosphere bacterium ... , 2021; Isolation and char-
acterization ... , 2022]. IIpeIoXXeH OpUTHHAIBHBIA METOJ CHHTE3a POJIOKOK-
KOBOW KHCJIOTHI, MO3BOJIUBIIUII OJHO3HAYHO MOATBEPAMUTH CTPYKTYpPY 3TOTO
Metabommra. Metonom BDIKX-MC BBICOKOTO pasperieHust ObIIH H3y4YCHBI
muHaMuky aerpaganun ABK m nakomnenust ero merabonuToB. JlokazaHo, 4To
JETHAPOBOMH]OIIHOI SBISIETCS MPEAICCTBCHHUKOM POJIOKOKKOBOW KHCIOTHI B
nern Mmertabonmsma. [Ipemnokena cxema aerpamanuu ¥ accummsaiun ABK
6akrepueii Rhodococcus sp. P1Y, npemxycmarpuBaroiasi IocTEIeHHOE YKOPO-
YeHHE allJIbHONW YaCTH MOJICKYJIbI.

Paboma noodepaicana Poccutickum Hayunvim Gondom (npoexm Ne 24-16-
00166).

Jlnteparypa

Abscisic acid metabolizing rhizobacteria decrease ABA concentrations in planta and alter plant
growth / A. A. Belimov, 1. C. Dodd, V. 1. Safronova [et al.] // Plant Physiology and Biochemistry.
2014. Vol. 74. P. 84-91.

Isolation and characterization of 1-Hydroxy-2,6,6-trimethyl-4-oxo0-2-cyclohexene-1-acetic ac-
id, a metabolite in bacterial transformation of abscisic acid / O. S. Yuzikhin, A. 1. Shaposhnikov,
T. A. Konnova [et al.] // Biomolecules. 2022. Vol. 12. Art. 1508.

Rhizosphere bacterium Rhodococcus sp. P1Y metabolizes abscisic acid to form dehydrovomi-
foliol / O. S. Yuzikhin, N. E. Gogoleva, A. I. Shaposhnikov [et al.] / Biomolecules. 2021. Vol. 11,
N 3. Art. 345.
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BUOPA3HOOEBPA3UE 'PUEOB APBYCKYJISIPHOI MUKOPHU3bI
B 1OJMHAX PEK, JIECAX U CYBAJIBITAMCKAX JIYTAX
CEBEPHOI'O KABKA3A

A.IL IOpkoB', A. A. Kpiokos', A. O. 'opoynosa', T. P. Kyapsimosa',
A. W. Koaabuyk', A. W. Topenkosa®
"Beepoccuiickuii HayuHO-HMCCIEI0BATETLCKHIT HHCTUTYT CETbCKOXO035HCTBEHHOM
mukpobuonoruu, Cankr-IletepOypr, ap.yurkov@arriam.ru, aa.krukov@arriam.ru,
a.gorbunova@arriam.ru, t.kudryashova@arriam.ru; a.kovalchuk@arriam.ru
2CankT-ITeTepbyprekuii TocyAapcTBeHHbIH yHUBepeuTeT, rTCankt-IleTep6ypr
nastya.gorenkova. 2016@mail.ru

Hecmotpst Ha TO uTO TpHOBI apOyckynspHOH Mukopussl (AM) wurpatot
BaXHYIO POJIb BO MHOTHX IPHPOJHBIX IKOCHUCTEMAax, M3ydeHHEe WX OHOpa3HO-
00pasus 10 cux mop HOCUT (pparMeHTapHbIi xapakTep. s Toro 4ro0sI ole-
HUTb, HACKOJBKO OHO MOXET OBITh BEIHMKO, HEOOXOAUMO OLIEHUTHh UX BHJOBOE
60raTcTBO B perMOHaX ¢ MAKCHMAaJbHOI mpeacTaBieHHOCTEI0 AM-rpn6os. Ha
teppuTopuu Poccuiickoit denepaniuy W3BECTEH JIUIIb OJAMH OOIIETPU3HAHHBIH
LeHTp OMopasHooOpa3mst pacteHuid U kUBOTHBIX (biodiversity hotspot), koTo-
pbim siBisiercst KaBkas [Biodiversity hotspots ... , 2000]. MoxxHO npesmonarars,
9TO BHJOBOE OGoraTcTBO rpndoB AM Ttakxe OyzaeT Bennko Ha CeBepHoM Kapka-
3e. B ¢BsI3W ¢ ATHM IIeNTbI0 HACTOSIIIETO MCCIICAOBAHNS OBLIO OICHUTH MOJICKY-
JISIPHO-TEHETUYECKUMH METOAaMHU BUJIOBOE OoratcTBo rpudoB AM B Tpex Ouo-
ToMax CyOanbIUICKUX JIyrOB, TPEX OMOTOMAX JIECOB U TPEX OMOTOMAX PEUHBIX
nonmuH CeepHoro Kaskasa. Panee momoOHBIN aHanM3 MPOBOAMIICS JIMIIH Ha
ypoBHe poja. bruta npuMeHeHa pa3paboTaHHAs M ONTHMU3UPOBAHHAS aBTOpA-
MH MeTonuKa uaeHTnukaun AM-rpudos no yposHs Buaa [Perspectives of
using ... , 2020; The biodiversity of ... , 2024]. JInst Toro 4To0Bl OXBAaTHUTH
HauOoJbIIee pazHooOpasue, 0TOOpP MPoO ObLT MPOBEIEH B KOHIIE JI€Ta — B aBIy-
cte, korna AM rpuboB HaXOAWIIACh B COCTOSTHIM TO3HEH (a3bl pa3BUTHS.

IIpoBeneHa MOJEKyJIpPHO-TEHETHYECKash HMICHTH(UKAIUS TpHOOB C HC-
nonp3oBanueM ITS1 u ITS2 obmacteii B KauecTBe PETHOHOB OApPKOIMPOBAHUS
METOJIOM cekBeHHupoBaHus [llumina MiSeq, aHanu3a QUIOreHETHYECKUX JIepe-
BBCB LIS OTACIBHBIX POJOB M IOMCKA ONEPAI[IOHHBIX TAKCOHOMUYECKUX CITU-
uun (OTE) ¢ naentudukamumeid 10 ypoBHA Buaa. B kadecTBe pedepeHCHBIX
WCIIOJIB30BATUCH MOCIEA0BATEILHOCTH U3 0a3 naHHbIX MaarjAM n GenBank
NCBI. Ilo pesynpraTtam ananmza Ooixee 10 MutH mpodTeHHi ObUTa MpoBeIcHA
OlleHKa Omopa3zHooOpasusi TpuboB, B ToM umcie rpuboB AM. BrisiBieHo
50 BumoB AM-rpu6oB, npuHaanexanmx K 20 pomam. OOmiee 4UCIO BHIOB
rpuboB AM (32 MCKITIOYCHHEM BUPTYaITbHBIX TaKCOHOB) JJIsi OMOTOIOB CyO-
aJBIUNACKOTO Jiyra coctaBuio 24 u 19, mist necHsix Ouoronos — 22 u 13, ans
610TOMNOB peuHbIX HOMUH — 28 U 24 mo peruoHam ITS1 u ITS2 cooTBeTCTBEHHO.

BriepBeie mokazaHo, 4To IEHTpOM OropaszHooOpasus rpuboB AM Ha Ce-
BepHOM KaBkase SBIIIOTCS peYHbIC JOIHWHBI, B TOM YncIie poiuHa p. Tebepna ¢
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HauOOIBIIUM pazHooOpazueM AM-TpuOOB (KOOPAMHATHI CTAIIMOHAPHOW TPOO-
HOM Twtommamy — 43°25'12.0" N 41°43'45.0" E; Beicota — 1342 M Hag y. M.). Kop-
PEISAIHOHHBIA aHanu3 (Tall.) MOKa3aj, 4To BBICOKOE Omopa3HooOpasue AM-
rpuOOB B TOJMHAX PEK MOXKET OBITh CBS3aHO C 00Jiee BHICOKUM MPOIIEHTOM O/I-
HOJICTHUX PAaCTeHHH B THX OHMOTOINAX, a TaK)Ke C MEHEee KUCIBIMH ITOYBaMH.
Koppemnsiuunit ¢ 00ImM YUCIOM BHIOB TPABSIHUCTBIX PACTCHHH M BBICOTOW HaL
YPOBHEM MODSI BBISIBIICHO HE ObLIO, 32 MCKIIFOYCHHUEM OTPHIIATEIIBLHON Koppe-
TAMn gucna npoureHnit AM-rpu6oB mo ITS2 ¢ BeicoTOH.

Tabanna

Hanmuuue nmuueitHO# Koppensnun MexX Ty arpOXUMHIECKIMU TTOKa3aTeNIsIMU TT0YB,
napameTpamMmu pazHooOpasus pactenuit 1 AM-rpu6os

Yucno Tlonst o7t-
BHJIOB Tpa- Bsicota
pammer., | oM M | P Hear | By
pacrenwii pacrenuii
Yucno npourenuit AM-rpu6os no ITS1 * * *
Yucno OTE AM-rpu6os no ITS1 * *
Yucno OTE AM-rpu6os no 1TS1, onpene-
JICHHBIX J10 BUja (Bcero) * * *
Yucno OTE AM-rpu6os no ITS1, onpene-
JIEHHBIX 110 Buaa 6e3 BT * *
Yucno BugoB AM-rpu6os no ITS1 *
Yucino BugoB AM-rpu6os no ITS1 6e3 BT *
Ywucio npourennit AM-rpu6os mo ITS2 * ** *
Yucno OTE AM-rpu6os o ITS2 * *
Yucno OTE AM-rpu6os no 1TS2, onpene-
JICHHBIX JI0 BUja (Bcero) * *
Yucno OTE AM-rpu6os no ITS2, onpene-
JIEHHBIX 110 Buaa 0e3 BT * *
Yucno BugoB AM-rpu6os o 1TS2 *

Ipumeuanne: OTE — onepannoHHble TaKCOHOMUYECKHE eHULbI; BT — BUPTyallbHbIE TAKCOHBI; H.
y. M. — HaJl ypoBHEM Mopsi; Pi — cozeprkanne Heopranudeckoro ¢pocdopa B mouse; “*” u “**” — 3pa-
gumbie (P < 0,05) nomoxkuTenbHbe U OTPHUIIATEIIBHBIC 3HAYCHHS JIMHEHHOTO KO3 (HIIHEHTa KOppe-
JISIAN, COOTBETCTBEHHO. CephIM IIBETOM BBIICICHBI SSUCHKH TAOJIUIIBI IS CTy4aeB, B KOTOPBIX HE
OBUIO BBISBICHO JOCTOBEPHOM B3aMMOCBS3H MEXKIy TapaMeTpaMu.

Jlis Toro 4To0BI BEISIBUTHE OCOOCHHOCTH CE30HHOI AnHaMuku rpubos AM
B 3aBUCHMOCTH OT pa3BuUTHs AM, ObUT IPOBEICH TaK)Ke aHAITN3 OMopa3HooOpa-
3ust Tpr6oB AM co cOopoM 00pasIoB ITOYBBI B HAYAJIE UIOHS HA PaHHEM dTarle
pas3Butus apOyckyssapHbeIx Mukopu3. Unucno OTE okazanoch BbIIIE I 9KOCH-
cTeM CyOaNbIMICKOTO JIyTa, TJIABHBIM 00pa3oM 3a CYeT TaKWX BHJOB I'PHOOB,
kak Acaulospora brasiliensis u Diversispora versiformis. Tem e meHee o01iee
YHCIJIO BUIOB IprOOB AM (C MCKIIIOYEHHEM BUPTYaJIbHBIX TAKCOHOB) JUIsl OHO-
TOTIOB Cy0aIbIUICKOTO JIyTa COCTaBUIIO 9 U 2, Ist IecHBIX OnotomnoB — 10 u 5,
Jus OMOTOTOB pedHbIX MoiuH — 14 n 9 mo permonam ITSI m ITS2, coorBer-
ctBerHo. OOriee yucio BUAOB rpuboB AM (0e3 HCKIFOUCHHS BUPTYAIBHBIX
TAKCOHOB) JUIsl OMOTONOB CcyOanbIUicKoro Jiyra cocraBuio 20 u 2, Jyist JIECHBIX
6uotomoB — 17 u 8§, mnst OGMOTONOB peduHBIX AONMH — 45 u 18 mo permoHam
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ITS1 u ITS2, coorBeTcTBeHHO. TakuM 00Opa3oM, MO pe3yibTaTaM HCCIIe0Ba-
HUS TIOATBEPIIACh THUIIOTE3a O TOM, YTO SKOCHCTEMBI PEYHBIX JIOJIHH 00Ja1a-
I0T CYIIECTBEHHO 0ojiee BBICOKMM BUAOBBIM OoratcTBoM AM-rpuboB B cpaB-
HEHUM ¢ OMOTOMaMHM JIecOB M cybanbnuiickux nyros. ConocraBienue Ouopas-
HOOOpa3uss AM-rpuboB pednsix nonuH CeBepHoro KaBkasa ¢ MHBIMH perHo-
HaMH, B TOM YHUCIIC C MUPOBBIMH IIEHTPAMHU Pa3HOOOpa3us, O3BOIISET 3aKIIFO-
YUTh, YTO HAMHU HAIJICH MEPBBIN LEHTp pazHooOpaszusi AM-rpubos B Poccun.

Hccredosanus 6binoanensvt ¢ UCnOIb308anuem 000py0osanus yeHmpa
KOJLIEKMUBHO20 NOJIb30GAHUSL HAYUHBIM 000pY008aHuem <l eHOMHble MeXHON0-
euu, npomeomuxa u kiemounas ouonozus» @I'EHY BHUHUCXM. Paboma evi-
noanena npu nodoepoicke epanma PH® 22-16-00064.

Jlutepatypa

Biodiversity hotspots for conservation priorities / N. Myers, R. A. Mittermeier, C. G. G. Mit-
termeier [et al.] // Nature. 2000. Vol. 403. P. 853-858.

Perspectives of using Illumina MiSeq for identification of arbuscular mycorrhizal fungi / A. A.
Kryukov, A.O. Gorbunova, E. M. Machs [et al.]// Vavilovskii Zhurnal Genet Selektsii. 2020.
Vol. 24, N 2. P. 158-167.

The biodiversity of arbuscular mycorrhizal fungi in some ecosystems of the North Caucasus
temperate hotspot / A. Yurkov, A. Kryukov, A. Gorbunova [et al.] // J. Fungi. 2024. Vol. 10, N 1.
Art. 11. DOIL: 10.3390/jof10010011.

BAKTEPHH POJIA BACILLUS B KOMILJIEKCE
C HAHOKOMITIO3UTAMM XUTO3AHA KAK CTUMYJISITOPBI
YCTOMYMBOCTHU PACTEHUM IIMPOKOI'O CIIEKTPA
JNENCTBUS

JI. T. Apynauna’, %K. H. Kanaukas?®, B. O. Ilserkos®, I'. ®. Bypxanosa',
H. A. Enosckasi?, E. . Peidunckas’, E. A. 3aukuna', E. A. Uepenanosa',
K. C. TnneBckas®, B. B. Hukonaiiayk*

"MHCTUTYT GHOXMMHH ¥ TeHETHKH — 060C00IeHHOe CTPYKTYPHOE TIOipa3eeHie
Yumckoro ®UIL PAH, Ya, yarullina@bk.ru
2MIHCTHTYT JKCTIepUMenTanbHOH 60Tannky uM. B. ®@. Kynpesmaa HAH Benapycw,

r. MuHck, Pecriy6nika Benapycs, kalatskayaj@mail.ru
3V pumcknit yHIBEpCHTET HAYKH M TexXHomorui, Yda, zv347@yandex.ru
“MuctutyT xumun HoBbIx Matepuanos HAH Benapycu
Munck, Pecriy6nmka benapycs, k_hilevskay@mail.ru

CoBpeMeHHast KOHLETILUS PaCTCHUEBOCTBA 0a3upyeTcs Ha HHHOBAIMOH-
HBIX PECypcoCOeperaronx TEXHOJIOTHSIX, OOECIeUNBAIOINX yCTONYMBBINA
POCT IPOAYKTUBHOCTU PACTEHUN B U3MEHSIOLUXCS KIIMMATUUECKUX YCIIOBUSX.
OfHUM U3 SKOJOTMYECKN YHCTBIX MOAXOM0B K JOCTHKEHNIO YKa3aHHBIX LieJel
SBJISICTCS HCIOJIb30BaHKUE OaKTepuii, CTUMYJIHPYIOIHX pocT pacrenuii (PGPB).
BakHbIM 3B€HOM TaKHUX TEXHOJIOTMI MOXKET CTaTh IPUMEHEHUE COCIUHEHU Ha
OCHOBE XMTO03aHa, TaK KaK OHM CUUTAIOTCA AKTUBHBIMHM AKTHBATOPAMU UMMY-
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HUTEeTa pacteHnit Meta-analysis of ... , 2022]. [Toka3aHo, 9YTO XUTO3aH MOXET
OBITH HCIOJB30BAH IS MOBBIMICHUS OMOJOTHICCKONW aKTUBHOCTH MHUKPOOHO-
JIOTHYECKHX MPEenaparoB Ha ocHOBe mTaMMoB poja Bacillus [PGPR in agricul-
ture ..., 2021]. OnHaKO CYIIECTBYIOT TaKXKe TPYAHOCTH, CBSI3aHHBIE C BKITIOUE-
HHEM XWTO3aHa B OaKTepHaNbHBIC MATATENBHBIE CPEIBI, TIOCKOIBKY OH MOKET
MOJIABIISATh POCT OaKTEpUABHON KYJBTYPHI H3-3a CBOCH aHTHMUKPOOHOW aK-
TUBHOCTH, @ TaK)Ke 3aBUCUMOCTH 3P (PEeKTUBHOCTH OMOIpenaparoB OT pas3iivy-
HBIX (paKTOPOB OKpY’KalOIIEil Cpenbl, OTOAHBIe yCIoBUs | T. A. [Miljakovico
Marinkovi¢, Balesevi¢-Tubi¢, 2020]. BBemeHme HOBBIX (DYHKIHOHAIBHBIX
TPYII U 3aMECTUTEIICH, HAPUMEpP, HU3KOMOJICKYIISIPHBIX (DCHOJBHBIX COCIU-
menuit [Chemical Proprieties ... , 2021] mo3BossieT co3/1aBaTh COCTUHEHUS Ha
OCHOBE XHTO3aHa C yIYYIICHHBIMH CBOHCTBAMH. DKCIIEPUMCHTAIBHBIC TaHHEIC
00 MMMYHOMOIYIUPYIOIIEM ITOTEHIHANIEe OKCHKOPHYHBIX KHCIOT B BHJC
KOHBIOTAaTa ¢ XUTO3aHOM, a Takke UX B3aumojeictsuu ¢ PGPB mpakruuecku
OTCYTCTBYIOT. TakuM 00pa3oM, 3HAYUTEIBHBIN HHTEPEC MPEICTABISIET OUCK U
BEISICHEHHE (DPH3MOJIOTHYECKUX W MOJCKYJSIPHBIX MEXaHH3MOB 3aIIUTHOTO H
HMMYHOCTHMYJIHPYIOIIETO JCHCTBHS HOBBIX HAaHOIPOHM3BOAHBIX XHUTO3aHA B
KOMITJIEKCe C OMOIOTHYECKUMHU areHTaMU Ha PacTeHHs KapToders U MOBBIIIe-
HHUE UX YCTOHYINBOCTH K BO30YIUTEISIM O0JIe3HEH 1 a0MOTHYECKUM CTpPECccaM.
HccnenoBanu BIusSHUE KOHBIOTaTa XHTO3aHA C KOQEHHOW KHCIOTOMH
(XKK) B coueranuu ¢ Bacillus subtilis 47 Ha TpaHCKpHITIHOHHYI aKTHBHOCTh
reHoB PR-0enkoB u M3MeHeHus] mpoTeoMa pacTeHuid kapTodemns mpu 3apaxe-
aun Y BupycoM (YBK) n HemocraTke Bmarn. MexaHW3MBI TIOBBIIICHHS YCTOH-
yrBOCTU pacTeHnil kaprodens k YBK u HemoctaTky Biaru ObLI CBSI3aHBI C aK-
THUBaLMEl TPAHCKPUIIMKM T'€HOB, KOAUPYIOMUX PR-0enku: oCHOBHOW 3amuT-
uerii 6enok (PR-1), xutnnaza (PR-3), taymatun — monoOHsril Gemox (PR-5),
narnduTop mporeassl (PR-6), mepoxcumaza (PR-9), pubonykieasa (PR-10).
BrsiBicHHAs aKTHBAIMs SKCIPECCHU MapKEPHBIX CHOB CHCTEMHO MpUoOpe-
TeHHOI ycroiunBoctr (PR-1), m mHIynupoBaHHONH CHCTEMHON yCTOWYHBOCTH
(PR-6) o BiustareM coBMecTHO# 06paborku B. subtilis ¢ XKK ykaseiBaeT Ha
TO, YTO y pacTeHHU KapTOQes MO UX BIUSHHEM, (OPMUPOBAHUE YCTOHUUBO-
CTH K BUPYCHOH MH(EKIUN B yCIOBUSX 3aCyXH NPOTEKAET CHHEPTETUYECKH.
MerToi0M JIBYyMEPHOTO 3IIEKTpodopesa OenkoB jucTheB S. tuberosum c
nocneaytonmmM MALDI-TOF-anann3oM waeHTHGUIEpoBaHO 12 GeNKoB, co-
Jep>KaHUe M COCTaB KOTOPBIX pa3inyajics B 3aBUCHMOCTH OT BapHaHTa OITBITA.
Bo Bcex pacrenusix Obu1 0OHapysKeH xijoporutactHbiit 20 k/la-manepoHuH, oT-
Hocstmuics k rpynmne HSP-mogo0HbIX 0eMKoB. 00 UCKITIOUUTENEHOW BAKHOCTH
[IANIEPOHUHOB ISl PAa3BUTHS WH(EKIMOHHOTO TIporiecca. B Hammx skcmepu-
MEHTaX HaOJIFOAaJIO0Ch CYIIECTBCHHOE MOHMKCHUE COACPIKAHMS IIANICPOHIHA B
JUCTBSAX OTHOCHUTEIHHO KOHTPOIS MOJ BIMSHHEM HEJOCTAaTKa BiIarw. Taxke
cofiepKaHue 3TOro OeNlka MOHMKAIOCh TIPH 3apaKCHUH Y -BHPYCOM, OCOOCHHO
3HauuTeNnpHO B Bapuante obpaborku XKK u B. subtilis + XKK. ITo-Bumumomy,
OJIHUM U3 MEXaHH3MOB YCTOMYMBOCTH PAaCTEHHH SIBISCTCS PETyISAIHsS CHUHTE3a
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OeJka, IPUYEM JaHHBIH MEXaHH3M 3aIeHCTBYeTCS KaK IPH OHOTHYECKOM, TaK
U 1pH aOMOTHYECKOM CTpecce.

B BapuanTax 06pabotku konbroratoM XKK 1 B komOuHarmu B. subtilis + XKK
Habmoanoch nogasienue cuntesa Oenka HSP70 (70 kDa heat shock-related
protein), OIOCPENYIOMEr0 MEXKICTOYHBIIl TPAHCIIOPT BUPYCOB pacTeHuil. Brl-
SIBIICHO YeThIpe Oeinka 00O0JI0YKH BHpYyca, KOTOphIe (coat protein, polyprotein)
MHTCHCHBHO HAKAIMBAINCh B JIHCTBAX PACTCHHH, 3apaKCHHBIX Y-BHPYCOM
kaptodens. O6padorka XKK cHmkama comepkanne dTUX OCIKOB B JIUCTHSX, a
B obpaboranHbix cmechio B. subtilis + XKK pacrenusix BupycHbie OeIKH cO-
BCEM HE BBISBISUINCH, KAK B YCIIOBHSAX HOPMAIBHOM BIQKHOCTH, TaK M MPH He-
JIOCTATKE BJIArH, YTO MPEIIOJIAraeT MepcreKTHBHOCTh UCIIOIb30BaHUS KOHBIO-
raToB XHTO3aHa B codyeraHun ¢ Oaktepusimu B. subtilis B peryssiun ycroiiun-
BOCTHU PACTEHHUI K CTPECCOBBIM (haKTOpaM pasIM4yHOIl IPHPOIBL.

Paboma ewvinonnena npu gunancogoii noddepacke epanma PH® Ne 23-
16-00139 ua obopyoosanuu LIKII «buomuxa» YDOUL] PAH u [[KII «I[Ipomeom
yenosexa» I{HIIO UBMX.

Jlutepatypa

Chemical Proprieties of Biopolymers (Chitin/Chitosan) and Their Synergic Effects with Endo-
phytic Bacillus Species: Unlimited Applications in Agriculture / R. Amine, C. Tarek, E. Hassane [et
al.] // Molecules. 2021. Vol. 26, N 4. Art. 1117.

Meta-analysis of chitosan-mediated effects on plant defense against oxidative stress/ H. Ji,
J. Wang, F. Chen [et al.] // Science of The Total Environment. 2022. Vol. 851. Art. 158212. DOIL:
10.1016/j.scitotenv.2022.158212.

Miljakovi¢ D., Marinkovi¢ J., BaleSevi¢-Tubi¢ S. The significance of Bacillus spp. in disease
suppression and growth promotion of field and vegetable crops, Microorganisms. 2020. Vol. 8, N 7.
Art. 1037. DOI: 10.3390/microorganisms8071037

PGPR in agriculture: A sustainable approach to increasing climate change resilience / A. Shah,
M. Nazari, M. Antar [et al.]/ Frontiers in Sustainable Food Systems. 2021. Vol. 5. Art. 667546.
DOI: 10.3389/fsufs.2021.667546
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11l BCEPOCCUMCKASA KOH®EPEHLUMUA
C MEXXAYHAPOOHbLIM YYACTUEM

«MEXAHU3MbI ADAANTALMU MUKPOOPrAHU3MOB
K PA3JINYHbIM YCNOBUAM CPEAbI OBUTAHUA>»

Cekuus 4.1
MEXAHU3MbI AOANTALUN MI/IKPOOPI'AHM3MOB
K PAKTOPAM BHELLUHEW CPE[ObI

CKPUHMUHI I'AJIO®UJIBHBIX U TTAJIOTOJIEPAHTHBIX
BAKTEPHUIA, BBIJIEJTEHHBIX U3 IIOUYBbI CEBEPHOI'O PAUOHA
IMEPMCKOTI'O KPASI, HA CIIOCOBHOCTB K POCTY
IIPU HU3KOM TEMITEPATYPE

JI. H. Anansnna’, B. C. Anees, E. A. Illecrakosa’,
A. A. TopGynos>
"MucTuTyT 5K07I0rMH U reHeTHKH MUKpoopranuzMos YpO PAH —
¢unman [TOULL YpO PAH, Ilepms, ludaananyina@mail.ru
Muctutyt Texuuueckoil xumuu YpO PAH — dunuan IIOUL] VpO PAH, Tepmb

Ha tepputopun npomblluieHHOW m00bIYM u TnepepaboTku pyn Bepxhe-
KaMCKOTO MECTOPOXKAEHHs KanuiHo-maraueBsix coneit (BMKMC) dopmupy-
IOTCSI YCTIOBUS JUISL JKU3HM COJICYCTOMYMBBIX M ralo(MIBHBIX OakTepuil [An-
an’ina, Kosheleva, Plotnikova, 2022]. Bepxaekambe — ceBepHas 4acTh [lepMm-
CKOro kpas. B aToM paiione 3uMoil oTMeueHo npomep3anue rpyHToB [Bacuier,
2021]. B cBs3u ¢ 3THM IEeNIbI0 HACTOSIIEH paboThl OBLIO MCCIEOBAHHUE Talo-
(UIBHBIX ¥ TATOTOJEPAHTHBIX OaKTepHi, BBIIEICHHBIX paHee W3 TOYBHI paiioHa
conepazpabotkn BMKMC, Ha criocOOHOCTh K POCTY TIPH HU3KOW TeMIieparype.

Jns uccnenoBanust Oblu oToOpansl 13 mramMmoB Gaktepuil. Cpenn HEX
ObuTH TanmoToNepanTHbie Gaktepun posaos Bacillus (3 mramma), Microbacterium
(2 mrramma),  Brevibacterium (1 mrramm),  Rhodococcus (2 mramma),
Pseudomonas (2 mrramma), Thalassospira (1 mraMm), a Takke rajaoQuibHbIe
6akrepun pogos Salinicola (1 mrramm) u Halomonas (1 mramm). Usyuenue
pocta B ycnoBusax Hu3kmux Temrepatyp (0 u 5 °C) mpoBomwim, KyTbTHBHPYS
OakTepun Ha IUIOTHOM MwuHepanbHOU cpeae Paiimonna [Thalassospira
permensis sp. nov. ... , 2011], comepskarieii 2 % XJIOpHIa HATPUS U TIIOKO3Y B
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KOHEYHOW KOHIEHTparmu 1 1/71. Y cTaHOBIeHO, 9To 69 % UCCIIeIOBaHHBIX IITaM-
MOB OakTepuii pociu mpu Temrieparype 5 °C. Cpean HEX OBUTH IITaMMBI TJIOTO-
JepaHTHBIX Oaktepuii pomoB Microbacterium, Pseudomonas, Brevibacterium,
Thalassospira, Rhodococcus, a Takxe mpeacTaBUTeNH YMEPEHHO ramo(UIbHBIX
bakrepuii pomos Salinicola u Halomonas. Tpu mramma Gakrepuii, OTHOCS-
mumxcst K poay Brevibacterium u poxy Rhodococcus, pociu mpu 0 °C. Panee ¢
MOMOIIBIO METOJa BBICOKOI(()EKTHUBHON KHUIKOCTHOH Xpomarorpaduu ObLIO
YCTaHOBJICHO, YTO KJIETKH npejcraBurels poaa Rhodococcus npu Hu3Kkoi Tem-
neparype HakarjauBajiu 5KTouH [AHanbuHa, llectakosa, 2020]. B Hacrosiuem
UCCIIEI0OBAHMH METOJIOM IPOTOHHOTO MAarHUTHOTO PE30HAHCA BBISBIECHO, YTO
wietkn mramma Rhodococcus sp. SMB37 B yciioBUsIX HHU3KOW TEMIEpaTypsl
CHHTE3UPOBAJIH TPETajxo3y M SKTOWH.

Taknm 00pa3om, MONydYCHHBIE TAHHBIE JAEMOHCTPHPYIOT aJaNTaldio OT-
JIENTBHBIX MTaMMOB OakTepuii, oouTarommx B skocucteMe BMKMC, k HU3KUM
TeMIieparypam.

Hccreoosanue evinonneno npu gunancosoi noooepcke PHD u Munu-
cmepemea obpazosanust u Hayku Ilepmcko2o Kpas 6 pamkax HAYYHO2O0 NPOeK-

ma Ne 24-26-20070.

Jlutepatypa

Awnanbuna JI. H., [lecrakosa E. A. Tanoronepanthsie Gakrepun kiacca Actinobacteria — npo-
JIYLEHTBI OCMOIPOTEKTOPHBIX COCIMHEHHH (SKTOMHA M T'MAPOKCHIKTOMHA) // BectHuk Ilepmckoro
HAIIMOHATHHOTO HCCIIE0BATENECKOTO MOIUTEXHHIECKOTO YHUBEPCHTETa. XUMHJecKas TeXHONOTHS
u 6uorexnonorus. 2020. Ne . 4. C. 257-261.

Bacunen E. A. YcnoBus npomep3anust nouss! B [lepmckom kpae // I'eorpaduueckoe nzyyenue
TEePPUTOPUAIBHBIX CHCTEeM : MaTepuaibl XV Bcepoc. KOH(}. CTyAEHTOB, aCHMPAHTOB M MOJIOJbIX
yuenbix. [Tepms, 2021. C. 153-157.

Anan'ina L. N., Kosheleva I. A., Plotnikova E. G. Bacterial consortium as a model for studying
the response of the microbial community of the Verkhnekamsk salt mining region to combined pollu-
tion // Theoretical and Applied Ecology. 2022. N 2. P. 116-123.

Thalassospira permensis sp. nov., a new terrestrial halotolerant bacterium isolated from a
naphthalene-utilizing microbial consortium/ E. G. Plotnikova, L.N. Anan'ina, V.I. Krausova [et
al.] // Mikrobiologiia. 2011. Vol. 80. P. 691-699.
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YTH COKPALIEHHMSI METATEHOMHMKH
JUISI IPAKTUYECKHX MTPUJIOKEHUI B UCCJIEJOBAHUSIX
OKPY KAIOILIEN CPE/IbI

E. E. Auaponos', M. B. Cemenos?, A. A. Knuko', H. Kypuak',
H. A. IIposopos '
"Beepoccuiickuii HayuHO-HMCCIIEI0BATEILCKHIT HHCTUTYT CETbCKOXO03SHCTBEHHO
mukpo6uonorun, Cankr-IlerepOypr, Ilymkun
[Nousennsiii HHCTHTYT uM. B. B. Jlokyuaesa, Mocksa

B TeueHme mocnenHUX IBYX NECATHUIICTHH MPOUCXOMI OYPHBIA POCT HC-
CIIeZIOBAaHMH, CBS3aHHBIX C aHAIN30M NPHPOJHBIX MeTareHoMoB. Cpemu mpu-
POIHBIX cpell 0co00e MECTO 3aHMMAeT T04Ba, 00JIaJaromasi, o Beell BUANMO-
CTH, OJTHUM U3 CaMbIX CIOKHBIX M OOJNBIINX MeTareHoMoB Ha 3emie. Konnue-
CTBO TeHEeTH4ecKoW MH(popmanny, coaepkameiicss B | T MOYBH U ee pa3HOO00-
pasye MCKIIOYUTEIFHO BEIMKH: TaK 10 00beMy 5T0 mpumepHo 10'3— 10'°mm
(s MacmTaba MprUBEEM JTaHHBIC MAKCUMAJIbHOM BBIXOJIC Y COBPEMCHHBIX Ce-
KBEHATOPOB, KOTOPBIE MpuOmM3mmch K mianke 1010w 3a 3amyck), a mo ko-
nuyecTBy BuAoB Moxer gocturath 10-20 teic. K HacTosmieMy BpeMeHH CTajio
MOHSTHO, YTO TPUPOTHBIE MUKPOOUOMBI BEChMa TUIACTHYHBI U JOBOJIBHO OBICTPO
«OTKJIMKAIOTCS» HAa U3MEHEHHs B OKpYy:KaroIel cpene. V3 3Toro o6cTosTenscTBa
BBIPACTACT ITOHATHOE XKEJTaHWE HCIIOIH30BaTh METATCHOMHYO MH(OPMAIIHIO U
aHAJM3a COCTOSIHUS CPEIbl, PeAT3ysl HHIUKATOPHBIN MOTCHIHAII €€ MHKPOOHO-
Ma. B cyIHOCTH, IMEHHO TeMa CBsI3M TAKCOHOMUYCCKOH WK (DYHKIMOHATBHOM
CTPYKTYpBI TIPUPOTHBIX MUKPOOHOMOB C (haKTOpaMH CPEebl SIBISETCS OJHOU U3
TJIABHBIX T€M OOJIBIIIHCTBA MUPOBBIX HCCICIOBAHIA MUKPOOHOMOB. VIMEHHO 3TO
umen B Buay befiepunk, 6onee 100 et Ha3am BRICKAa3aBIIHNA IO O TECHOM CBSI-
31 MEKpoOHoMoB co cpenoii (Everything is everywhere, the environment selects).
OnHako peanbHbIC UCCITETOBAHMS B 3TOH 001aCTH, 0COOEHHO, B 00JIACTH aHAITH3a
MIOYBEHHBIX MUKPOOHMOMOB CTaJKHBAFOTCSI C OOJBIIMMHU CIOKHOCTSIMHU, 8 HIMCHHO,
C HCKJIFOUHTENIBHBIMHE pa3MepaMH METareHOMOB, CTOMMOCTBIO MX CEKBEHHPOBa-
HUSI, HEBO3MO)KHOCTBIO 00€CTICUNTh CeKBEHUPOBAHHE B TOCTATOYHOM KOJTMIECTBE
MIOBTOPHOCTEH JIIsI OOCCIICUCHUS] CTATHCTUYCCKAX KPUTEPUCB, TPEOOBAaHHEM BBI-
COKOIPOU3BOIUTENBHBIX CPEICTB JUISl UX aHAIM3a U XpaHeHHs (ILIeHa TOCIIEIHEro
CKOpPO MOYKET MPEBBICUTH CTOMMOCTD JIOOBIUH), & €Iie U BOCTPEOOBAHHOCTHIO JIIS
pemIeHusT KOHKPETHBIX 3a/1ad TOJBKO HEOOJBIION (PpaKiuy JOOBITHIX JAHHBIX.
Ecnu 106aBUTH K 3TOMY TO OOCTOSITEILCTBO, YTO UCKJIFOUUTEILHO BBICOKOE Pa3-
HOOOpa3we MOYBEHHBIX MHUKPOOMOMOB TTO3BOJIFJIO MPUHTH K MOHWMAHHUIO TOTO,
YTO «yHHUBEPCABHBIN TIOYBEHHBI METAT€HOMHBIN KODP», TI0 BCEH BHIUMOCTH, OT-
CYTCTBYET, a HA0Op OOILIMX TAKCOHOB YPOBHSI BH/Ia IS BceX MouB Poccru, MokeT
COCTaBIISITh BCETO HECKOJIBKO JIECSITKOB, TO CTAHOBUTCS MOHATHO, YTO pa3paboT-
Ka MPaKTUIECKUX METareHOMHBIX TPHJIOKECHUH JUIA aHAJIN3a COCTOSHHN Cpejn
TpeOyeT paauKaIbHOTO COKpalleHus. B mpeacraBieHHOM A0Kiane OyayT mpu-
BEJICHBI HEKOTOpBIE, KaK HAM IPEJCTABIACTCS, NMEPCICKTUBHBIC HAIPABICHHS
TaKOTO COKPAIICHUS.

Paboma noodepacana epanmom PH® 23-16-000147.
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N3MEHEHHME DQHEPTETUYECKUX [TAPAMETPOB
BAKTEPHUAJIBHBIX KJIETOK B YCJIOBUAX CTPECCA

A. B. AxoBa, A. I'. TkaueHko

WHCTUTYT DKOJIOTHH U TeHeTHKU MUKpooprann3MoB YpO PAH —
¢uman [IOULL YpO PAH, Ilepms, akhovan@mail.ru, agtkachenko@iegm.ru

KoHueHTpanus ageHUIOBbIX HYKJIEOTHAOB U UX COOTHOIIEHHE, KOTOPOe
9acTO BBIpaKaeTcsd B (hOpME SHEPreTHUECKOTO 3apsja, SBISIOTCS Ba)KHBIMH
MOKA3aTeNAMH, XapaKTePH3YIOMUMH O0Iee COCTOSHHE KaK IPOKapHOTHYE-
CKHUX, TaK H dykKapuoTHdeckux kietok [Chapman, Fall, Atkinson, 1971; Mal-
donado, Lemasters, 2014]. Mi3MeHeHHe COOTHOIIEHNS aJeHUIOBBIX HYKJICOTH-
JIOB SIBJISICTCSI CUTHAJIOM, PETYIHPYIONINM aKTHBHOCTE (DEPMEHTOB, TOTIOJIOTHIO
JIHK u mocpeacTBOM 3TOr0 SKCHPECCHIO TeHOB, YTO OTPakaeTcsi Ha BCEX IIPO-
TEKarIIuX B KieTkax mporeccax [Hsieh, Rouviere-Yaniv, Drlica ... , 1991;
New insights on ..., 2011]. Panee moka3aHo, 4T0 B OTBET Ha BO3/ieiicTBUE OeTa-
JAKTaMHBIX, (PTOPXUHOIOHOBBIX 1 aMHHOTIIMKO3H/IHBIX aHTHOHOTHKOB B KJIET-
Kax OakTepuii HaOIIOMAeTCs PE3KOe BPEMEHHOE TOBBIIICHUS COOTHOIICHHS
ATO/AI®, nocne yero ciienyeT yBEIWYCHHE BHYTPUKICTOYHOW MPOIYKIUH
akTUBHBIX (opM kuciopona [Akhova, Tkachenko, 2014]. IaTepecHo nccneno-
BaTh SBISICTCS JIM TaKOe M3MEHECHHE SHEPreTHUYCCKHX IToKa3aTelel OakTepu-
IBHBIX KJIETOK CHELU(DUYECKHM OTBETOM Ha BO3JICHCTBHE aHTHOMOTHKOB MM
MpeACTaBIsseT co00i OOLIMI MHANKATOP CTPECCOBBIX COCTOSHHM, BBI3BAHHBIX
BO3/ICHCTBHEM PA3ITUYHBIX (PU3UKO-XUMHUECKHUX (PaKTOPOB.

Lemp paboThl — HCCIEIOBAaTh W3MEHEHUE KOHIICHTPAIMU aJICHHJIOBBIX
HYKJICOTHJIOB B KJIETKaX OaKkTepHi, OABEPrHYTHIX OCMOTHYECKOMY M KHCIIOT-
HOMY CTpeccaM M BO3JCICTBHIO 3TaHOIA.

Oo6bekToM uccnenoBanust sisercss Escherichia coli RO91 [Lange,
Hengge-Aronis, 1994]. BakTtepuaibHble KICTKH KyJIBTHBHPOBAIA B KOJOaX
Opnenmeiiepa oobemoM 250 M, copepaxanmx 50 My MUHUMaNIBHOH cpeasl M9
¢ nobaskoit 0,4 % raroko3sl, ipu 37°C U ckopocTH nepeMenmmuBanus 120 060-
pPOTOB B MMHYTY. AJICHWJIOBBIE HYKJIEOTUAbI 3kcTparupoBanu 0,4 N xyopHoii
KHCJIOTOH U3 OTMBITBIX OT CPE/Ibl KYJIbTUBUPOBAHUS KIICTOK Ha JICIIHON OaHE B
Te4eHHe 25 MUH U MPOBOAMIM UX KOIWYECTBEHHBIH aHamm3 merogoM BOKX
[Akhova, Tkachenko, 2014]. B xadectBe cTpeccopoB ucnoib3obaiu NaCl (oc-
MOTHYECKHUH CTpecc), YKCYCHYIO KUCIOTY (KHUCIOTHBIN CTPEcc) U 3TaHoJ (Mo-
JICTUPOBAHUE TEIJIOBOTO IIOKA U CTpecca MOBPEXKICHUS KIETOYHOH 000510u-
kn). CTpeccopsl BHOCHIH B KyJNbTYPY IO JOCTH)KCHHH €0 ONTHYECKOH IIIOT-
HocTh Ollgoo= 0,3 B cyOieTanbHbIX KOHIICHTPAIUSIX, HE BBI3BIBABIINX YMEHb-
IICHUs KoJnvecTBa KonoHueoOpasyrommx eaunuun (KOE) mo cpaBHeHuio c
MOMEHTOM J100aBku cTpeccopa. KomudectBo KOE onpenensuii MeToIoM BBI-
CeBa Ha TBEPJbIC TUTATEIBHBIE CPEIBI.

B ycmoBusix ocmotndeckoro crpecca (50 r/m NaCl) mpoucxoanino moBsI-
menue KoHueHTpauuu AT® ¢ BblieneHUEM IBYX IUKOB, NEPBbIA U3 KOTOPBIX
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HaOmonancst yepe3 30 MHH HOCIE Hadala CTPECCOBOTO BO3JCHCTBHSA, a BTO-
poii — ciiyctst Tpu yaca. Konnenrpauust AJID B 3TUX yCIOBHSIX IUIaBHO BO3pac-
Tana Ha NMPOTSHKEHUU TPeX 4acoB HAOMIONEHMs, a 3aTeM Pe3KO CHUXKANach IO
CPAaBHEHUIO C HECTPECCUPOBAHHON KYJIBTYPOM.

B oTBer Ha BHeceHHE yKCycHOHM KHCIOTHI (1 I/71) Ha HayalbHOM JTare
(15 mun) Habmonanoch cHmkenne AT®, cMeHseMoe HE3HAYUTENbHBIM (OKOJIO
20 %) noBblieHHEM ypoBHs TpudocdaTa 1ocae BTOPOro yaca 3KCIHO3ULHUN OaK-
tepuil. Konnentpanus AP B kieTkax, MoABEprHyTHIX KUCIOTHOMY CTpeccy 3a
Bce BpeMst HaOuoieHust (4 1) ObUIO HIDKE YeM B KOHTPOJILHOU KYJIBTYpE.

BoszneiictBue stanona (7 %) BbI3bIBaIO IUIaBHOE MoBbIIeHHE AT®D Ha
MIPOTSHKEHNH MEePBOTO daca IKCIIO3UINHM, 32 KOTOPHIM CIIEJOBAJIIO CHMKECHUE
KOHIIEHTpanuu Tpudocdara, ypoBeHb KOTOPOTO TPH 3TOM OCTABAJICS BHIIIC
koHTponbHOro. Konnentpamusa AJI® B 3TUX yCHOBHSX PE3KO MOBHIIIANACH
cpasy Ioclie Hayajia CTPecCOBOro Bo3aelcTBus (15 MuH), a 3aTeM CHIDKanIach u
T0CJIe TIEPBOTO Yaca HIDKE YPOBHSA KOHTPOJIBHOH KyJIbTYPHI.

Hecmotps Ha paznuyHble, HHOTIA MPSIMO MPOTHUBOIOJIOKHBIE H3MEHEHUS
BHYTPUKJIETOUHOM KoHUeHTpauun AT® n AJI® B ycnoBusix BO3ACHCTBUS
CTPECCOBBIX (PaKTOPOB Pa3HON (PU3UKO-XUMUUIECKON MPHPOJIBI, H3MEHEHHE CO-
otHOmIeHUs1 AT®O/AJI® BO BCeX MCCIIEOBAHHBIX CTPECCOBBIX YCIOBHUSAX OBIIO
OIMHAKOBBIM. Bo3zzmelicTBue 3TaHONa, YKCycHOH KucaoTH i NaCl BBI3BIBaNO B
OakTepHalIbHBIX KJIeTKax yBeaudeHnue cooTHoureHus ATD/AJ1D.

TaxuM 00pa3oM, M3MEHEHHE BHYTPUKICTOYHOM KOHIICHTPAIIMH OT/CIb-
HBIX aJICHUJIOBBIX HYKJICOTHIOB 3aBUCHT OT THMA (PH3UKO-XIMHUYIECKOTO CTpEeC-
ca, B TO BpeMs Kak noBbimeHne cootHomeHuss ATO/AID B GakTepHanbHBIX
KJIETKaX HaOJII0/IaeTCsl TIPH BCEX HMCCIICTOBAHHBIX THUIAX CTPECCOBBIX BO3/EH-
CTBHH (OCMOTHYECKUH CTPECC, KHCIOTHBIN CTPEcC, BO3/ICHCTBHE ITAHOTA).

Paboma evinonnena npu ¢unarcosoii noodepoicke Munucmepcmesa HayKu
u evicutezo obpazosanus P® (124020500028-4 «buopasnoobpasue Mukpoop-
2aHUBMOB  AHMPONO2EHHO 3UZPSAZHEHHBIX IKOCUCMEM U  QYHKYUOHALLHO-
2eHemuyecKue MexanusmMbl Ux d0anmayuu K CmpeccosbiM YCI0GUIM OKPYIICd-
1owgetl cpeov»).
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SKOJOI'MYECKHUE YCJIOBUA U TAKCOHOMHNYECKOE
PASHOOBPA3HNE MUKPOBHBIX COOBIIECTB BO/IbI
XOJIOJHBIX HCTOUYHUKOB 3ABAVKAJIbSA

T. I'. banzapakuaesa, /I. /I. Bapxyrosa

HucTtuTyT 001mei 1 sxcnepuMenTanbHoi ouonorun CO PAH
Vnan-Ym, tuyana_banz@mail.ru

OyHIaMEeHTATBHBIC UCCIICTOBAHMS MOKA3hIBAIOT, YTO B XOJOTHBIX HCTOY-
HHUKaX aKTHBHO Pa3BHBAETCSI MUKPOOHOE COOOIIECTBO, alallTHPOBAHHOE K Pa3-
JUYHBIM (DPU3UKO-XMMHUYECKUM CBOMCTBAM M YCIOBHSM HHU3KHX TEMIEpaTyp
[Heterotrophic and Autotrophic ... , 2008; Microbial diversity ... , 2012; Bacte-
rial diversity ..., 2019]. OgHako BIMSHNE SKOJOTHYECKUX YCIOBHI Ha TaKCO-
HOMHMYECKHH COCTaB 3TUX MUKPOOHBIX cooOIIecTB Manon3ydeHo. Llenpio nan-
HOTO HCCIIEJ0BaHMUA ObUIO BBISBUTH KOPPEISAIMU MEXAYy TaKCOHOMUYECKUM
pa3HooOpa3neM MHUKPOOHBIX COOOIIECTB M (PHU3MKO-XUMHUECKHUMHU (DaKTOpaMHu
BOJIBI TPEX XOJIOHBIX UCTOYHUKOB 3a0aiKalIbsI.

Jnst mccneoBanust ObUTH OTOOPAHBI MPOOBI BOJBI U3 TPEX HA3eMHBIX BbI-
xo070B: 1) JlaGaH-I'OpXOH — XONOTHBIN >KEJIEe3UCThIIl UCTOYHHUK, PACIIONOKEH-
HBIN Ha 1eBoOepexbe p. Y sl B 22 kM oT ¢. CocHoBO-O3epckoe (EpaBHUHCKMHA
paiion, Bypstus); 2) Xanrup — ckBakuHa Ne 27—72 B MECTHOCTH XaHTHUD,
8,5 kM BocTouHee ¢. Moxkaiika (EpaBHuHCkuil paiton, bypsartus); 3) boproii-
CKHUIl HICTOYHUK HaXOJUTCS B 2 KM 10kHee c. bernoosepck ([ xuauHckuii paiioH,
BypsaTus).

Boabl uccrnenyeMbIX MCTOUYHMKOB XapaKTEPU3YHOTCS HU3KUMM TeMIIepa-
Typamu oT 3 1o & °C, cnaboenouHoit peakuueit cpens! (10 8,99) u Hu3KOI
muHepanm3arnuend (290-700 mr/m). Tlo aHMOHHO-KATHOHHOMY COCTaBY BOJIBI
nucroynuka boproiickuit u XaHrup oTHOCSTCS K MAPOKApOOHATHBIM HATpHE-
BbIM BojaM. Bopja ucrounuka JlaGan-I'opxoH siBisieTcsl TMApPOKapOOHATHOU
KaJIbLINE€BO-HATPUEBOU.

TakcoHOMIYECKHH COCTaB MHUKPOOHOTO COOOIIECTBA HMCCIEAYEMBIX XO-
JIOZHBIX MCTOYHUKOB OLCHUBAIHM HAa OCHOBE NMPOQHMIMPOBAHUS IO TeHy 16S
pPHK. B wuccriegyemom cooOmiecTBe HCTOYHHMKA XaHTHDP COJOMHHHPOBAIU
npencrasurenu AByx (umymor Actinobacteriota (53,5 %) u Pseudomonadota
(xnacc Alphaproteobacteria 40,8 %). B coob6uiectBax J{aban-I'opxon u Bop-
TOMCKMI 3HAUNTEIbHAS JI0JIS [T0CIEJ0BATEIbHOCTEH NpHHALIekKana OaKTepH-
sMm kimaccoB Gammaproteobacteria (29,8 u 52,2 % COOTBETCTBEHHO) H
Alphaproteobacteria (15,6 u 16,6 % coorBercTBenH0) duyma Pseudomona-
dota. Take kK JOMHHAaHTaM OBUIM OTHECEHBI IpexacTaBuTend Bacteroidota
(26,9 % B ucrounuke [labdan-I'opxon u 6,2 % B ucrounuke boproiickuii). AHa-
T3 MUKPOOHBIX COOOIIECTB IMyTeM paclpesiesieHus Ha quarpamve Benna mo-
KasaJ CXOJCTBA W Pa3IW4Mi B TAKCOHOMHYECKOM COCTaBE Ha YPOBHE POJIOB
(puc.). B ncciaenyemsix coodmiecTBax ObUIM yCTAaHOBJICHBI TPH OOIIMX TaKCOHA
Brevundimonas, Nocardioides u unclassified Microbacteriaceae. Xapakrep-
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HO, YTO B MHKPOOHOM c0001mecTBe XaHIHp, KPOME BbIIICYKa3aHHBIX TAKCOHOB,
He OBUIO BBISABICHO CXOJCTBA MO0 TAKCOHOMHYECKOMY COCTaBY C HCCIIC/TyEMBbl-
MU c0001ecTBaMU BObI HICTOUYHUKOB JlaGaH-I"'opxoH u boproickuii.

JaGau-I"opxon

i S
/’ \ _*mp
)
Boproficksmii

Puc. O01ye 1 yHuKalbHbIE TAKCOHBI HA YPOBHE POJIOB
B MHKPOOHBIX COOOIIECTBAX UCCIIETYEMbIX XOIOIHBIX HCTOYHUKOB

Jlnst BBIABIICHHS! B3aUMOCBSA3U (PaKTOPOB Cpelibl U cOcTaBa cOOOIIECTB HA
YPOBHE POJIOB, UCIIOJIb3Ys MOJyUYCHHBIE JaHHBIE 10 IKOJIOTUYECKUM YCIOBUIM
MECTOOOMTaHHSA M TAKCOHOMHMYECKOMY COCTaBY MMKPOOHBIX COOOIIECTB HC-
TouHNKOB Jlaban-I'opxon, Xaurup u boproiickuii ObI MpoBeneH KaHOHWYE-
ckuit anamu3 cootBerctBuil (CCA, canonical correspondence analysis). [Tomy-
YEHHBIC PE3yJNbTaThl CBHUJCTENIBCTBYIOT, YTO pPACHpPOCTpaHEHUEe OaxTepuit
OOJBIIMHCTBA POIOB MUKPOOHBIX coobmiecTB Jlaban-I'opxon u Boproiickuit
MMEET TOJOKHUTEIBHYI0 KOPPELIUI0 ¢ coflepkanneM HoHOB Mg?*, Ca?*,
HCO5", SO4*, Fe** u F. Jlna Gakrepuii, pacIpocTpaHEeHHBIX B COOOIIECTBE BO-
JIbI UICTOUHHKA XaHTUP HAOMI0AaeTCa CTaTUCTUYECKas MOJIO0XKUTENIbHAsL CBS3b C
TeMnepatypoii, pH, Mmunepanusanmeii u cogepxannem Na'+K* u Cl.

Takum 00pa3oMm, MOJy4eHHBIE JaHHBIE CBHAETEIbCTBYIOT, YTO TAKCOHO-
MHYECKHI COCTaB MHMKPOOHBIX COOOIIECTB XOJIOJHBIX HMCTOYHHKOB JlabaH-
I'opxon, boproiickuii u XaHrup NOJOKUTEIbHO KOPPEIUPYIOT C ONpPEAEICH-
HBIMH 9KOJOTHUECKUMH YCIOBHAMH. XapaKTepHbIE OCOOCHHOCTH TaKCOHOMH-
YECKOI'0 COCTaBa NCCIEAYEMBIX COOOIECTB BEPOSITHO O0YCIIOBIICHBI a/laNTaly-
OHHBIMHU CITOCOOHOCTSIMU KaK Ha ypOBHE OaKTepHil OTJEIbHBIX TAKCOHOB, TaK 1
Ha YpOBHE COOOIIECTBA B IICIIOM.

Hccneoosanust 6binoninenvl 6 pamkax memvl 20c3a0anusi «Mukpobuvie co-
00wecmea IKCMPeMaibublX NPUPoOHslX dKocucmem Bailkaibckozo peuona:
CMPYKMYPHO-(PYHKYUOHATbHAS OP2AHU3AYUS U OUOMEXHOIOSUYECKULl NOMEH-
yuan (Ne cocpecucmpayuu 121030100229-1).

Jlutepatypa

Bacterial diversity in Icelandic cold spring sources and in relation to the groundwater amphi-
pod Crangonyx islandicus / R. Gudmundsdottir, A. K. Kreiling, B. K. Kristjansson [et al.] // PLoS
One. 2019. Vol. 14, N 10. Art. €0222527.
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Heterotrophic and Autotrophic Microbial Populations in Cold Perennial Springs of the High
Arctic / N. N. Perreault, C. W. Greer, D. T. Andersen [et al.] / Applied and environmental microbi-
ology. 2008. Vol. 74. P. 6898—6907.

Microbial diversity in two cold springs on the Qinghai-Tibetan Plateau/ G. Li, H. Jiang,
W. Hou [et al.] // Geoscience Frontiers. 2012. Vol. 3. P. 317-325.

PEAKIIUSA MUKPOBHOI'O COOBHIECTBA
rora4ymx MCTO4YHUKOB BAFIKAJILCKPFO PEI'’MOHA
HA IBMEHEHUE OKPYXAIOIEHU CPEJIbI

1. . BapxyroBa, C. B. 3aiiueBa, E. B. lanusioBa, E. B. JlaBpeHTheBa,
A. A. Pagnarypyesa, O. I1. larypoBa

WuctutyT obuieit u sxcnepumenTansHoi 6uonornn CO PAH
VYnan-Y 3, darima_bar@mail.ru

HazemHble ropsiuue MCTOUHHUKH SIBISIIOTCSA SKCTPEMaTbHBIMU dKOCHCTEMa-
MH, U B CBSI3U C MOCTOSHCTBOM XHMHYECKOTO COCTaBa M TEMIIEPATYPHI SBIIAIOT-
sl yTOOHBIMH MOJICJIHBIMU CHCTEMaMH JUUIsL U3Y4EHHs 9KOJIOT U OOMTAIOLINX B
Hux npokapuot [Genomic and metagenomic ... , 2019]. llenounsie Tepmaib-
HBIE MCTOYHUKHU IPEJCTABIAIOT COOOH yHHKaIbHBIE I'€OTEPMAJIbHBIE MECTO-
o0HTaHNUs, XapaKTEPHU3YIOLINECs BBICOKOW TEMIIEpaTypOl M BBICOKHMHM 3Hade-
HUAME pH, KOTOpBIE CO3IaI0T OJIArONPHUSITHBIE YCIOBHS JUIsl Pa3BUTHS TEPMO-
GUIBHBIX M alNKadM(WIBHBIX NPOKapuoT. MccrenoBaHus MHUKPOOPraHU3MOB
TEPMAIBHBIX MECTOOOHTAHHUH NMPECTABIAIOT OONBIION MHTEpEC ¢ TOYKH 3pe-
HUS MPUCIIOCOOJIEHHOCTH OakTepuil K SKCTPEMalbHBIM (DH3MKO-XUMUIECKHM
napaMeTpaM OKpY’Karolled cpejibl, a TaKkKe 0T BO3MOKHOCTh NPUMEHEHHUS
MHOTOYHCJICHHBIX OHOPECYpCOB B TIPOMBIINIICHHOCTH U OHOTEXHOJIOTHH
[Lewin, Wentzel, Valla, 2013].

OObekTaMu HccIeOBaHUs ObUTH § TepManbHBIX HCcTOUHNKOB (baprysun-
ckas KoTioBuHa — ['apra, Ama, Kyuurep, Ypo, Ymxeil, ['opsiunnck, Bocrou-
Hele Casubl — XoiTto-I"om, JKoitron). IIpu BEINOTHEHUH UCCIICIOBAHUS ITPUME-
HSUJICS KOMIUIEKC THUAPOXMMHYECKHX, MHKPOOMOIOTHIECKHX, MOJEKYISIPHO—
OHMOJIOTHUECKUX W OMOWH(pOPMAIIIOHHBIX METOIOB.

Haubonee BeICOKOTEMIEpaTypHBIE BBIXOJbI OOHAPYKEHBI B THAPOTEPMAX
I"apra (73 °C), Ypo (71 °C) u Anna (68 °C). TepMaabHBIK BOJBI XapaKTEPH30-
BaJICh HHM3KOW MHHepanmu3amuer (mo 1 1/m), menounsiMu 3HadeHWsME pH
(8,2—-10,1), 32 ucKIIIOYEHHEM YTIEKUCIBIX UCTOUHUKOB JKoiron u Xoiro-I'on
(pH 7,1-7,3).

CpaBHUTENBHBIA aHAIN3 COCTaBa JOMUHHPYIOMINX TAKCOHOB ITOKa3all Cy-
IIECTBEHHBIC PA3IMYMS B 3aBHCUMOCTH OT MecTa 0TOOpa (M3JIMB, TOPSYUH py-
4eil) u Tuna npoObl (BoJa, MUKPOOHBIH MaT M OCaJ0K) M BBISIBHI NPOCTPaH-
CTBEHHYIO CTpaTH(UKaLuio coobmecTBa. B coolmecTBe BRICOKOTEMIEpATyp-
HBIX 30H C Temreparypoil Boael 61-73 °C BbIsBICHA BBICOKAs AOJS TEPMO-
¢dunpHbIX GakTepuii Deinococcota, kotopas B Boae ruapotepm Amna u [apra
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nocturaet 50 % ot olmiero uucna KiIacCU(GUINPOBAHHBIX ITOCIEIOBATEIBHO-
cTeil, B ocankax ruaporepmsl Ypo — 20 %. BonsumaeTBo Deinococcota npen-
cTaBieHoO OakTepusmu ponoB Thermus u Meiothermus. I'pymnma BiIroyaeT tep-
MOTOJICPAHTHBIC BU/IbI, HAWJICHHBIC B HA3€MHBIX U MOJ3EMHBIX TOPIYUX HCTOU-
HUKAaX, a TAK)Ke B TOPSYNX MCKYCCTBEHHBIX cpefax oonTaHus. Takxke mpu BbI-
COKHX TEMIIepaTypax BBISBICHA BecOoMas IO0JISI SKCTPEMAIbHO TEPMOQHIBHBIX
npencrasureneii pumyma Aquificota, kotopas mocruraer 10 % B Bome ruapo-
tepM ["apra u Ana.

Oco0eHHOCTBIO THAPOTEPM bapry3HMHCKOH KOTIIOBUHBI SIBISIETCS BHICOKOE
obunue npencrasurenei Gpuyma Acetothermia, koropsriii siBisieTcst 0HOM U3
riyOoOKMX BeTBel qomena Bacteria. Onu oOHapy»KeHbI NPAKTHUECKH BO BCEX
TUIAaX 1Mpo0, HO MAKCHMAIBHOTO KOJIMYECTBA JOCTUTAIOT B OCAAKAX THAPOTEP-
Mbl Amta (58 %). Taxoke xapakTepHOH 0COOEHHOCTBIO BHICOKOTEMIIEPATYPHBIX
0CaJKOB SBISICTCS TPHCYTCTBHE Oaktepuii Gpumyma Bacillota (mo 38 %). Cie-
JyeT OTMETUTh OTIIMYHE MUKPOOHOTO COOOIIECTBA OCAIKOB THAPOTEPMBI YO,
B KotopoMm jgomunHupoBanmu Armatimonadota (35%) (Ypo 71°C) u
Actinomycetota (26 %) (Ypo 62,1 °C).

IIpu cHMXEeHUH TeMIepaTypbl B OCaJKkaXx M BOJE HAUYMHAIOT JOMHUHHPO-
BaTh npezcrasutenan Alphaproteobacteria, Bacteroidota, Actinomycetota (Ywm-
xeit 43 °C, Kyunrep 39 °C, Xotiron 36 °C).

B cooOriectBe MHUKpOOHOrO MaTa BBICOKOTEMIICPATYPHOU 30HBI (Ajuia
58 °C, Ypo 61 °C) nomunupyior pororpodusie d6akrepun Chloroflexota. Me-
tabonuyeckas rHOKOCTh paszinuHbiX mpexactaBureneii ¢uisl Chloroflexota
ornpezeNseT ee MarooOpa3ylomnuM KOMIIOHEHTOM BO MHOTHX HCCIIEJOBaHHBIX
TOpAYMX HMCTOYHMKAX. IIpu MOHMXKEHUH TeMIepaTypsl MaTo0Opa3yOIUMH
MHKPOOpPTaHW3MaMH BhICTymanu npeacraputenn Cyanobacteria (Asna 34,4 °C,
VYpo 52,1-55,7 °C, I'apra 55 °C, I'opstuunck 49,5 °C). B Hu3koTeMnepaTypHOM
Mate runporepmbl Aia (34,4 °C) He BbISABICHBI TepMO(UIBHBIC MTPEICTABUTE-
mu takux (uymoB kak Atribacterota, Nitrospirota, Deinococcota, xapakrep-
HBIE IS COOOIIECTBA BHICOKOTEMIIEPATYPHBIX MATOB.

B MHKpOOHBIX MaTax CyOTepMallbHBIX HCTOYHHKOB Boctownoro CasHa
(XKoiiron u Xoiiro-I'on) roMuHIpOBanu npeacrasurenu ¢purymos Pseudomo-
nadota (mo 75 %), Bacteroidota (mo 29 %) u Bacillota (mo 21 %), BHyTpH (u-
JIYMOB TaKCOHOMHYECKHH COCTaB BapbUPOBAI. Y CTAHOBJIECHO, YTO NPEACTABHU-
tenu punymos Pseudomonadota u Bacillota o6HapyskeHbI B ITUPOKOM CIIEKTpE
TeMIepaTyp U3y4eHHBIX THAPOTEPM, YTO YKa3bIBae€T HA MX LIMPOKUIN ajamTa-
ITUOHHBIA MTOTEHIIUAIT.

Amnann3z ycioBuit OONTaHMS M UX BIUSIHUE Ha PAacpoOCTpaHEHHE MUKPOOP-
TaHU3MOB I03BOJIMJ BBISIBUTH KaK TPYIIIBI, TaK U 00pasibl ¢ PE3KO OTINYAI0-
mUMHCs apamerpamu. JlanHbie o pa3HooOpaszuio 14 GakrepuaabHBIX (QHITY-
MOB OBIIIM BKJIIOUEHBI B KJIACTEPHBIN aHAIN3, CPaBHUTEIbHOE 00nnue GrrymoB
apxeil cyMMHpOBaJIM MO UMEHeM joMeHa. OCHOBHBIMH (DaKTOpamH, ompese-
JISIOIUMH pacIpeiesieHne 00pa3IoB Ha OCHOBE CXOACTBA/pa3iu4us YKOJIOTH-
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9eCKAX M MHKPOOHMOJIOTHUECKUX XaPAaKTEPHUCTHK, SIBISUINCH MHHEpPATHA3AIlH,
coJiep KaHIe HOHOB HATPHS, XJIOpa U CyIb(aToB, a TAKXKE TEMIIepaTypa

[TepBblii KilacTep 00BeUHMI MPOOBI U3 BBICOKOTEMIIEPATYPHOT'O CYIIb-
¢aTtHOrO MCTOYHMKA ['apra, OTIMYAIOIIETOCS OTHOCHTEIBHO BBICOKHM 3HAYe-
HueMm muHepanmusaiuu 0,9 1/1. Bo BTOpoit kitactep ObLIH 0OBEAMHEHBI TPOOBI
MaTa UCTOYHHMKA ['OpSYMHCK M JTOHHBIC OCAIKU THAPOTEPMBI YMXEH CO CXO[-
HBIMU TUAPOXUMHUYECKUMHU U TeMIIEPATYPHBIMU YCIOBUSIMHU. TpeTuil kiactep
00BeTMHIIT TIPOOBI MUKPOOHOTO MaT M3 UCTOYHHMKA XOWTO-I"01 ¥ BOJIBI HCTOU-
HuKa Kydurep; 3TH HCTOYHUKH XapaKTEPH3YIOTCS CXOKUM THIPOKapOOHATHO-
CyJb(aTHBIM TUIIOM BOJBI.

0060co00IeHHOE TIONIOKEHHE UMEN 00pa3er; MUKPOOHOTO MaTa YIJIEKHCIIO-
T0 UCTOYHHMKA JKOWTOH, MMEOMETro KapOOHATHBINA THIT BOJBI C BBICOKHM CO-
JIepKaHUEeM KallbIHsS M HATpUSA. JTO OOYCIOBICHO OTIMYHEM XapaKTEPUCTHK
JTAHHOTO MCTOYHMKA OT APYTHX ruaporepM. OOpasibl U3 pa3HbIX TeMIepaTyp-
HBIX 30H THApoTepM AJuta u Ypo 00pa3oBBIBAIM OTJCIBHBIN OONBIION Kila-
cTep. BEISIBICHBI HEKOTOPBIE TAKCOHBI, pa3HOO0pas3ne W YHCICHHOCTh KOTOPHIX,
B OOJIBIIICH CTEIIEHU OTBETCTBEHHBI 32 CXOJICTBO/Pa3IYUe COCTaBa MUKPOOHBIX
coobrmects — Aquificota m Gammaproteobacteria. He o6HapyxeHO KimacTepu-
3aruy 00pasIoB Mo 6ruoTonam (Bojaa, MUKPOOHBIC MAaTHl M OCAJIKH).

Takum 00pa3oM, BBISBICHBI 3aKOHOMEPHOCTH PACIPOCTPAHCHUS MHKPO-
OpPraHU3MOB B T€PMajIbHbIX UCTOYHUKAX ballKalbCKOrO pErnoHa. YCTaHOBIIEHO,
9TO THIPOXHMMUYECKHE YCIOBHS B OONBIIEH CTENEHH, YeM MHUKPOOHOE pa3HO-
oOpas3ue Ha ypoBHE (WIYMOB, OMPEIEISIOT CXOACTBO/pa3Inune MEXIy o0pas-
namu. B TepManbHBIX B cyOTepMaIbHBIX HCTOUYHHKAX OCHOBHBIMHU (haKTOpaMH,
OTpeeNAIOIUME Pa3HOooOpa3ue cooOIecTBa, ABIUINCH MUHEpANINU3aIus, Co-
JiepKaHue HOHOB HATPHSA, XJIOPUIOB U CyJIb(HATOB, a TAKKE TEMIIEPaTypa.

Hcenedosanust gpinonnenvl ¢ pamkax memvl 20c3adanus «MukpobHvie co-
00wecmea IKCMpPeManbblX NpupooHslx dxocucmem Bailkaibckozo peuona:
CMPYKMYPHO-QYHKYUOHATLHAS OP2AHU3AYUSL U OUOMEXHOIOSUYECKULL NOMEH-
yuan (Ne eocpecucmpayuu 121030100229-1

Jlutepatypa
Genomic and metagenomic insights into the microbial community of a thermal spring / R. Ped-
ron, A. Esposito, I. Bianconi [et al.] / Microbiome. 2019. Vol. 7, N 1. Art. 8. DOI: 10.1186/s40168—
019-0625-6
Lewin A., Wentzel A., Valla S. Metagenomics of microbial life in extreme temperature envi-
ronments // Curr. Opin. Biotechnol. 2013. Vol. 24. P. 516-525.
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PU30COPEPHASA MUKPO®JIOPA 3JIAKOB U ABY1OJIbHBIX TPAB,
KOJIOHN3NPYIOHNIUX 30JI00TBAJIbI

A. A. Berextuna, O. A. Hekpacosa, A. B. ManaxeeBa,
O. B. Boponaesa, M. I'. MaJjieBa

VYpansckuii penepanbHblil yanBepcuteT UM. iepBoro IIpesnnenta Poccnu b H. Enpunna,
ExarepunOypr, a.a.betekhtina@urfu.ru

Ha coBpemeHHOM 3Tame pa3BUTHS PEKyJIBTHBAIIMH 3€MEIb, HAPYIICHHBIX
B pe3ynbTaTe IEATEIBHOCTH 110 A0OBIYE M TepepadoTKe IOJIE3HBIX HCKOIIae-
MBIX, HEOOXOJUMO MTOHMMaHHUE TPOIIECCOB M MEXaHN3MOB (DOPMUPOBAHHUS pac-
TUTETIBHOCTU B CBSI3U C (PYHKIIMOHATBHBIMH OCOOEHHOCTSAMHU PH30C(HEPHOTO
Mukpodnoma [Cross, Aronson, 2023]. IIprMepomM TEXHOTEHHOTO cyOcTpara sB-
JsIeTCst 30714, 0OPA3yIOMIAsCS TIPU COKUTAHUU JIEKTPOCTAHIUSMU YIJIA U CKIIa-
JUPOBaHHASA B 30JI00TBAJbI, KOTOPbIE 3aHHUMAIOT OOJBIINE IUIOMAAU B MHpE
[Maiti, Pandey, 2020]. B ycnoBusix 30J00TBaJIOB OCTYIJICHHE a30Ta, HEOOXO-
JMMOTO PacTEHUSIM-TIHOHEPAM, TJIABHBIM 00pPa30M OCYIIECTBIIACTCS 3a CUET Jie-
ATEILHOCTH CBOOOJHOKMBYIIMX U CHMOMOTHYECKNX a30T(UKCATOPOB, 3acelsi-
omux puzochepy 3Tux pactenuit [Zhan, Sun, 2012].

[Tnonepusle HEOOOOBBIE NBYNOJBHBIC PACTEHUS, OTIHMYAIOIINECS ITOBBI-
IEHHBIM cojiepykKaHneM a3ota B JHCThAX [Gusewell, 2004], MOTYT KOMITEHCH-
pOBaTh NOTPEOHOCTH B 9TOM JIEMEHTE JIN0O 32 CYET YBEJIMUCHUS YHUCIEHHOCTH
a30T(HUKCATOPOB, INOO 3a CUET MOBBIIIEHHOI 3((EeKTUBHOCTH a30T(PUKCAIINN B
pusocdepe. Y 37TaKOB KOHIICHTPAIMS a30Ta B JIMCTHAX 3HAYUTEIHHO HIDKE
[Gusewell, 2004], uto, BeposiTHEE BCETO, CBSI3aHO CO CIA0BIM YYacTHEM PH30-
cepHBIX a30TPHUKCATOPOB.

Lensto paboTs! ObLTO OIEHUTH copepskanue azora (N) u docdopa (P) B
cyOcTparax pa3HOBO3PACTHBIX 30JI00TBAJIOB M CPABHUTh C UHCICHHOCTHIO
azorpukcupyrommx, docharcomodbmmmsupyronmx u  MUYK  (wEpommi-3-
YKCYCHasl KHUCIIOTa)-TPOAyLUPYIOIMX OakTtepuil B puzocdepe y MHUOHEPHBIX
BumoB — Alopecurus aequalis Sobol. (nmcoxsoct pasubrif), Ranunculus
sceleratus L. (1IOTHK SIOBHTBIH), M TNO3JHECYKLECCHOHHBIX BHIOB — Poa
pratensis L. (mstiauk myrosoit), Ranunculus auricomus L. (JtoTHK 3070TH-
cThIiT). PabOTHI MpOBECHBI HA MOJIOJIOM (JUITMTEIBHOCTD 3apacTaHus 5—8 JeT) u
cTapoM (JUTHTETBHOCTD 3apacTaHus 53—56 JeT) 30J100TBajgax OJHOW TETUIOBON
anektpocrannuu Ha Cpemnnem Ypane (Bepxaerarmnsckas ['POC, r. Bepxuuii
Tarun, CepanoBckast 00i1.). B Moo/ibIx 1o4Bax ycraHOBJICHA IIpecKazyemast
n oOBsiCHNMas cykueccnoHHas quHamuka N u P: 3a 53-56 net coneprkanme N
Bo3pocio B 2,4-7,1 pasa, a conepxkanue P cuusumiiocs B 1,1-2,1 pasa.

Oomiee KOJIMYECTBO Me30(MIBHBIX a3pO0HBIX U (haKyITbTaTHBHO aHAdPOO-
HBIX MUKpooprann3MoB (KMA®AHM) B puzocdepe ucciaeryeMbIx BUIOB ObI-
Jla JOCTOBEPHO BHIIE HA CTApOM 30JI00TBaje (B CpeJHEM IIOUTH B 6 pas), U
3HAQYUMO OOJIBILIC y JBYAOJBHBIX TPaB MO CPAaBHEHHUIO CO 3J1aKaMH — B 2,7 U
1,7 pa3a, COOTBETCTBEHHO, Ha MOJIOJIOM M CTapoM 30j00TBanax. KommuecTBo
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Me30(WIBHBIX a3pOOHBIX U (PaKyJIbTATHUBHO aHA’POOHBIX a30T(HUKCHPYIOIIHX
MukpooprannzMoB (KM®AHAM) ObUIO Ha MOPSIOK HIDKE ITO CPABHEHHIO C X
o0mmuM conepikanueM. [Ipu 3ToM Takke 0OHAPYKEHBI JOCTOBEPHBIC Pa3IHYHS
MEXIy JIBYIOJIBHBIMU TpaBaMH U 31akamu (B cpenHeM KM®AHAM Obu1o B
6,1 pasa BBIIIE Y IBYJOIBHBIX), OJHAKO BO3PACT 30JI00TBAJIa OKa3bIBAN JIOCTO-
BEPHOE BIIUSHHE HA KOJIMYECTBO a30T(PUKCATOPOB TONBKO y JIFOTHKOB — HAa MO-
JIOJIOM 30JI00TBAJIC X YHCICHHOCTh ObuIa B 1,6 pa3 BbIIlIE, YeM Ha CTApPOM.

JIis BBIZIENIEHUST B YHCTBIC KYJIbTYPHl M JATBHEHINETO W3y4eHUS OBLTH
0TOOpaHBl ONMHOYHBIC KOJIOHWH, BBIpOCIIHE Ha 0€3a30THCTOI cpenme Dmiow,
OTJIIMYAOIINECS 110 KYJIbTYPaJbHBIM IpU3HaKaM. bruto oToOpaHo U3 pusoche-
pot A. aequalis u R. sceleratus (mosooii 30100TBai) 10 40 U 58 YHUCTBIX KYyIlb-
TYp, COOTBETCTBEHHO; M3 pu3ocdeps! P. pratensis u R. auricomus (crapsiii 30-
J100TBaJ1) — 1O 50 YUCTBIX KYJIBTYP.

brina mpoBeneHa oOlleHKa BBIAEJIECHHBIX Ha TBEPAOW NMUTATENbHOU cpene
A30TPUKCUPYIOMNX KOJOHHHA pHU300aKTepHil Ha CIIOCOOHOCTh K COJIIOOMIIN3A-
MU HeOCTYHBIX Gopm docdaros u npoaykmun UYK. bakrepun, odnanaro-
e CrIocOOHOCTHIO MPOIYLIUPOBATH PO/ B npeaenax ot 0 1o 5 mr/m, cuura-
JIUCh HECTOCOOHBIMU K conmoOmnm3anuu (ocdaToB; B auama3zoHe oT 5 10
50 mr/in — obnagaromumMu citaboii criocodHocThio; oT 50 7o 100 Mr/m — BBICO-
koi; n Oosee 100 MI/iT — OYeHb BBICOKOW. Pa3HOBO3pacTHBIE 30J00TBAJIBI OT-
JIMYAITUCH 110 KOMUYECTBY (hochaTCOMOOMTH3UPYIOMINX PU300AKTEPHil: HA MO-
JIOJIOM 30JI00TBajie JoJisi OaKTepwii ¢ BBICOKOW M OYEHb BBICOKOW CIOCOOHO-
CTBIO ObLIa CYIIECTBEHHO BHIIIE, IO CPABHEHUIO CO CTaphiM. [Ipn 3TOM Takke
HAOJTFOATNCH Pa3IHYMs MEXKAY 37JaKaMH U JFOTHKaMHU, OCOOCHHO Ha CTapoOM
30J100TBaje, TIe Y OJHOJOJIBHOIO BUAA Mpeobiananu pu3o0akTepuu, HECIo-
coOHBIe K comoomu3auu GpochaToB WK CO C1ad0i CIOCOOHOCTHIO.

Bruta Taxke mpoBeleHA OICHKA BBIICICHHBIX KOJOHWH Ha WX CIIOCO0-
HOCTh K CHHTE3y TOPMOHOB POCTa — ayKCHHOB. BakTepuu, MpoIylUpYOLIUE
NYK B nuanazone ot 0 10 5 MI/J1, CUMTaNNCh HECIOCOOHBIMU K €€ CHHTE3Y; OT
5 10 50 MI/1 — ¢ BBICOKOM CIIOCOOHOCTEIO, U BhIIIE 50 MI/J — ¢ OYEHBb BHICOKOM
CHOCOOHOCTEI0. OTMEYCHBI CYIIECTBEHHBIC Pa3iIH4Ms KaK MEXIy pa3HOBO3-
pacTHBIMH 30JI00TBaJIaMU, TAaK U MEXKIy 3JaKaMu U JBYIOJIbHBIMHU TpaBamu. Ha
MOJIOJIOM 30JI00TBAJIE JIOJS a30T(PUKCATOPOB, CIIOCOOHBIX K BEICOKOMY U OUY€HBb
BbICOKOMY cuHTe3y MVYK, Obta cymiecTBeHHO BBINIE KaK Y OJHOIOJIBHOTO
A. aequalis, Tak u aBymoneHoro R. sceleratus (B cpennem, 56 % mnpotus 17 %
Ha CTapoM 301100TBaje). [Ipu 3TOM y JTMCOXBOCTA KOJIMUYECTBO HECIIOCOOHBIX K
cunte3y MYK puzobaxrepuii 66u10 B 1,5 paza Gouble 10 CpaBHEHHIO C JTFOTH-
koM. Ha cTapom 305100TBase Takxke HAOIFOJATUCh HEKOTOPBIC Pa3IUIUs MEXKITY
STHMHU TaKCOHAaMH, OCOOCHHO B KOJMYECTBE OAKTEpHii, CIIOCOOHBIX K OYCHb
BeICOKOMY cuHTe3y UYK —y P. pratensis onu mosHOCThIO0 OTCYTCTBOBAIH.

Jns yTOYHEHHS BBISABICHHBIX 3aKOHOMEPHOCTEH HEOOXOAMMO H3y4dCHHE
0OJIBIIEr0 YHCIIa BUIOB OJHOJNOJBHBIX M JIBYJIOJBHBIX PACTCHHHA Ha pPa3HBIX
MAaJIOIUIOIOPOIHBIX CyOCTpaTax.
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Hccnedosanue vlnonneno 3a cuem epanma Poccuiickoco HAY4YHOcO d)OH'

0a Ne 24-26-00248, https://rscf.ru/project/24-26-00248.
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BJIMSIHUE CYBCTPATA BBIPAIIIUBAHUS
M HOBOI'O YJIOBPEHUSI HA PACTUTEJIBHBI MUKPOBOM
" YPOKAMHOCTb PACTEHUI CAJIATA LACTUCA SATIVA

I'. III. I'anuesa, H. B. lanuiiosa, I1. A. Kypbinuesa,
II. FO. I'anuukas, C. FO. CetuBaHOBCKAas

Kazanckuit (ITpuBomkckuit) GenepanbHblii yHUBEpCUTET
Kaszanb, goolnaz0708@gmail.com

PacTenus B mporiecce pocta 00oramaroT cBOii MUKPOOHOM B OCHOBHOM H3
cybOcTpara mpouspactaHusi. PacTUTeNbHBIM MUKPOOMOM HampsiMyrO BIMSET Ha
(YHKIIMOHUPOBAHUE PACTEHWH, B YaCTHOCTH WX YPOKaWHOCTh, M BOMPOCHI,
CBSI3aHHBIE C €r0 COCTABOM M CBOMCTBAaMM, SIBJISIIOTCS aKTyallbHbIMU. B naHHON
paboTe POBENH OICHKY BIUSHHS HOBOI'O MHKPOYIOOPEHHsI Ha OCHOBE HOBOTO
Ouopa3znaraeMoro XeixaTHOro KoMIuiekca riyraMuH-N,N-THyKCyCHON KUCIOTHI
(T'JITA) Ha pocTOBBIC XapaKTEPUCTHKH PACTEHHH M HA SHAO(PHUTHBIN MHKPO-
6uom pacrenust canara naryk Lactuca sativa L, BeipaliieHHBIX Ha JBYX pa3ind-
HBIX CyOCTpaTax Mo4Be U FHIPOIIOHUKE.

B Hauane oneHunaM CTeneHb OMOPA3JIOKEHUS! XEeNAaTHOrO KOMIUIEKCa Ha
ocroBe ['JIJTA, ¢ yueToM OHOTHYECKOH U abnoTHdeckor nerpananuu. CTerneHb
Jerpaganui MUKpoynooperuss Ha ocHoBe [JIJIA na 28-e cyT. cocraBmia —
59,8 %, uto momuepkuBaeT noreHnuan ['JIJJA, kak 3KOJIOTHYECKH Oe30macHoU
QIBTEPHATUBBI TPATUIIMOHHBIM XEIaTUPYIONINM areHTam, TakuM kak D/ITA.

B xome paboThl OBIIO 3aJI0KEHO JIBa BETCTAIIMOHHBIX JKCIEPHMEHTA I10
BBIPAIIMBAHUIO CajlaTa, B KOTOPHIX B KadecTBe CyOCTpaTa B MEPBOM BapHaHTE
HCTIIONB30BAJIM THIIPOMIOHHBIA pacTBOP, BO BTOPOM BapuaHTe MOYBY. B mouBeH-
HOM SKCHEPHUMEHTE ITTOJKOPMKY XENaTHBIMH YIOOPCHHSMH OCYIIECTBIISUIA B
JIByX BapuaHTaX — BHOCWJIM MOJ KOPEHb U OIMPBICKUBAIM JHCTOBYIO MOBEPX-
HOCTh PacTeHHil. B KOHIIE PKCIEPHMEHTOB MPOBEIN OLEHKY MOp(hoMeTpHye-
CKHX W (DU3HOJIOTHYECKHX MMOKa3aTellel cayiata. YUYUTHIBAs KIIOYEBYIO pOJb
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SHI0(UTHBIX OaKTEepHABFHBIX COOOIIECTB B 3/I0pPOBbE PACTCHUH W UX MOTCHITU-
al B Ka4eCTBE HMHAMKATOPOB PEaKIUM PACTCHUI Ha BHCIIHUC BO3JCHCTBHSL,
ObUT TPOAHAIU3MPOBAH COCTAB AHAOCHEPHBIX COOOIIECTB PACTEHHH, BbIpa-
IIIEHHBIX C BHECCHNEM XEJIaTHBIX yI0OPEHUH M COOTBETCTBYIOIINX KOHTPOJICH.

Bruto ycranoBieHO, 9TO TIpuMeHeHHe ynoOpenuit Ha ocHoBe ['JIJIA mo-
JIOXKUTENIFHO BIIMAIO HAa POCT U Pa3BUTHE pacTeHui canara. Kak B mouse, Tak u
B THIPONOHHBIX CHCTEMax, pacTeHus, oOpadoranubie [JIJIA-xematamm, jae-
MOHCTPHUPOBAJIH YBEIWYCHUE JUTUHBI 1 OMOMAacChl KOPHEH M JIMCTHEB MO CpaB-
HEHHIO C KOHTPOJIbHBIMH TpymmaMu. Hamboree 3aMeTHBIH MONIOKUTEIHHBIH
3¢ dexT Habmromancs B OTHOUICHHH OMOMAacChl HAIA3€MHOW YacTH pPacTEHHMH:
yBenuueHue B 4,6 pa3a B rupornonuke u B 1,5—1,8 pa3a mpu o6paboTke Kop-
HEH ¥ JIICTHEB B MTOYBE, OTHOCUTEILHO COOTBETCTBYIOIINX KoHTpouei. Comep-
JKaHHE XJIOPO(UIIA B IUCThAX TAKXKE 3HAYUTENBHO YBEJIMUMIOCH B THAPOIOH-
HBIX CHCTEMax, YTO CBHJICTEIBCTBYET 00 yiydmeHHH 3P(GEeKTUBHOCTH (POTO-
CHHTE3a M O0IIET0 COCTOSHUS PaCTCHHUH.

B uccnenoBaHuy Taxkke U3y4anoch BIUsSHEE yaoOpeHus Ha ocHose [JIJIA
Ha cooOmiecTBa YHIOPUTHBIX OakTepwii B pacTeHUsX canata. C MOMOMIBIO ce-
KBEHHPOBaHHUs aMIUTHKOHOB 16S pPHK ObUH BBISBICHBI U3MEHEHHS B COCTaBE
U pa3HoOoOpa3mu THX coodmecTB. Kak B THAPOMOHHBIX, TaK M B TOYBEHHBIX
PACTEHHUSIX TOMHHHPYOIINMH GakTepranbHbiMU (butamu Obitn Proteobacteria
u Bacteroidetes, a B sHn0(huTaXx JMCTHEB THAPOMOHHBIX PACTCHUIN TAKXKe Ipe-
obnamamu Firmicutes. VMcnons3oBanue ya00peHHs MPUBEIO K YMEHBIICHHUIO
KOJIMYECTBa OmepannuoHHbIX TakcoHoMuueckux eauuui (OTE) B Oakrepuaib-
HBIX COOOINECTBAX, YTO YKa3bIBACT HA MOTEHIMAIBHOE YIPOIICHNE WIIH pa3pe-
KeHHe MHUKpoOHoMa. B sHmoduTHOM MHKpoOHMOME canaTa, BBEIPAIIEHHOTO Ha
rugporonnke konmmdectBoO OTE B KOHTpONIBHBIX B B 00pasiax, 00padoTaHHBIX
I'JIAA coctaBuio 45 u 24 B nucThbsix u 258 u 272 B KOpHSX pacTeHUil, cOOT-
BETCTBEHHO. B »HI0WTHOM MHKpOOWOME pacTeHHH, BBIPAIIEHHBIX HA MOYBE
koiunuectBo OTE B nucThsax u KopHsx, coctasuiio 100, 115 u 110 u 270, 198 u
220 B KOHTpOJIC U B O0pa3lax ¢ ynoOpeHHeM IpU KOPHEBOH W BHEKOPHEBOM
00paboTke cooTBeTCTBEHHO. OTHAKO N3MEHEHUS, BRI3BAHHBIC UCTIONH30BAHUEM
I'JIJIA-xenatamu, MeHee 3HAUYUTEIBHBI TI0 CPABHEHHIO C APYTHMH (haKTOpaMmH,
BIMSIIOIIMMHE Ha cooOmiectBa supoduToB. [To pesyiabpraraM HeMETpHUYECKOTO
MHOroMepHoro mkainupoBanus (NMDS-anannusa) m aHamm3a WHIUKATOPHBIX
BuoB (ISA), ocHOBHEIM (hakTOpOM, (POPMHUPYIONTIM SHIO(PHUTHBIE MUKPOOHEIE
cooOIIecTBa pacTeHUI cajiata, ONpe/elicH CyOoCTpaT KyJIbTHBUPOBAHHUS (II0YBA
VI THJPOTIOHMKA). BTOPBIM 3HAYMMBIM (paKTOPOM, BIIUSIIOLINM Ha 3HAO(DUT-
HOE COOOIIECTBO SBISETCS YacTh pacTeHus (Haa3eMHas wid nojzeMHas). Jlo-
OaBIlICHHE XEIaTHBIX MUKPOAIIEMEHTOB, YCKOPSIOIIEE POCT PACTCHHH, SBISCTCS
JIMLIb TPETHUM (PaKTOPOM, BIMSIOIIMM Ha COCTAB MUKPOOHOTO COOO0IIECTBRaA.

Taxum 00pazom, IPOBEICHHOE HCClieoBaHue okasano, uro [ JIJIA sBuser-
cs1 9(p(HeKTUBHBIM 1 HKOIIOTHIECKH OE30ITaCHBIM XENATUPYIOMINM areéHTOM, KOTO-
PBII yIIydIIaeT POCT cajlaTa W BIMSCT HA COOOIIECTBA SHAO(DUTHBIX OaKTCpPHIA.
Beicokast Ouopa3znaraeMocTs U TMOJOXKUTENbHBIE arpoHOMuueckue 3(GeKTsl ae-
JIAIOT €ro MEePCIEeKTHBHBIM KaHIUAATOM I YCTOHIHBOTO CETBECKOTO XO3SHCTBRA.
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AJJAIITUBHAS CEJIEKLISI
MHUKPOOPTAHU3MOB-JIECTPYKTOPOB K BMOTHYECKHUM
U ABUOTHYECKHM ®AKTOPAM KAK OCHOBA
CO3JAHUSI DPPEKTUBHBIX BUONPENAPATOB
JUISI OXPAHBI OKPYIKAIOIIEN CPEJbI

E. M. I'nymiens, U. A. PoBenckas

Wuctutyt mukpoduonornn HAH Benapycu
MuHck, PeciyOnuka benapycs, gem@mbio.bas-net.by

OcHOBOH co37aHus BHICOKOI()(EKTHBHBIX OMOIPENapaToB JJIsl OYUCTKH
CTOYHBIX BOJI, PEKYJIBTHBALIUH 3aTPSI3HEHHBIX TI0YB M aKBATOPHUI SBJISETCS I0-
HCK MHKPOOPTaHW3MOB, 00JIa/Iaf0INX HE TOJIBKO BBHICOKOW JECTPYKTHUBHOI aK-
TUBHOCTBIO TI0 OTHOUICHUIO K TOKCHKAaHTaM, HO M CIIOCOOHBIX OCYIIECTBIISATH
JAHHYIO JIECTPYKLHUIO IIPU PA3IUYHBIX YCIOBUSX OKpYy’Karomei cpersl. BaxHo
YUUTHIBATH OTPOMHOE KOJMYECTBO TAaKMX (PAKTOPOB KaK KOHIICHTPAIUS U MHO-
TOKOMITOHEHTHOCTB 3aTrps3HSIONINX BEIIECTB, TEMIIEPaTypa, KHUCIOTHOCTh H
MUHEpaIH3alus Cpe/Ibl, HATHIUEe POCTOBBIX (PAKTOPOB, MMUTATEIBHBIX BEIIECTB
UT. A B cBI3U ¢ 3TUM 00sI3aTeNbHBIM 3TanoM co3faHust 3(pdexkTHBHBIX OHO-
TEXHOJIOTHH OYMCTKH 3arpsI3HEHHBIX 0OBEKTOB ABISETCS aAaNTallll MHKPOOD-
TaHU3MOB K YCJIOBHSIM, B KOTOPBIX OHH OyAyT NMPUMEHEHBI, B TOM YHCJIE U K
CTPECCOBBIM.

B nmocnennue roasl Bce Oojee MIMPOKOE PaclpoOCTPaHEHHUE MOIYYIHIT Me-
TOJl WHTCHCU(HUKAINN OYHCTKHA CTOYHBIX BOJI, OCHOBAHHBII Ha BHECEHHH B
OUYHUCTHBIC COOPYKCHHs OaKTEPHAIBHBIX KYJBTYD, MPOIICAIINX CEICKIHIO H
MIpeIBAPUTEIbHYIO aaNTalUI0 K OCHOBHBIM 3arpsi3HUTENSIM CTOYHBIX BOJ. MH-
ctutytoM Mukpoomonorun HAH benapycu paspabotan psi OuomnpemnapaTos,
HATpaBJICHHBIX Ha OYHCTKY KOMMYHAJbHO-OBITOBBIX W IIPOU3BOJICTBCHHBIX
CTOYHBIX BOA. [Ipn co3maHum qaHHBIX OMOIPENapaToB MEPBBIM ITAMIOM SBIISCT-
cs ajanTtanus OTOOPAHHBIX MHUKPOOPTaHW3MOB K BBICOKMM KOHIIEHTPALUSM
TOKCHKAHTOB, KOTOPBIE MOTYT HAOIIOAThCS B YCIOBHUX 3AJITOBBIX COPOCOB Ha
OYHUCTHBIX COOPYXCHUsX. Tak, CpaBHHTENBHBIH aHATU3 d(PPEKTHBHOCTH yTH-
JIU3AlMU BBICOKUX KOHIICHTpanuii Tomyona u kcuiona (2,5-10 06 %) amantu-
POBaHHBIMHM U HEAJANTHPOBAHHBIMU INITAMMaMH, BXOAAIIMMHU B COCTaB OHO-
npenapata brnoKuT, mokasai, 9To npeaBapuTeIbHas aganTanus KyJIbTyp 1M03-
BOJISICT 3HAYHUTENBHO YCKOPHTH CKOPOCTh NIECTPYKLHUH TOKCHKaHTOB. Ha 7-¢
CyT. UCCIEOBAHUs pa3HHIA B CTENEHHU ACTPYKIUHU TOIyONla afanTHPOBAaHHbI-
MH 1 HEaJaNTHPOBAHHBIMHU KyJIbTypaMu cocTaBisia ot 3,1 mo 11,5 %, xcuio-
ma — ot 10,0 no 19,2 % [MuKpoOpraHU3MBI-IECTPYKTOPHI ... , 2020]. {ns Omo-
IpernapaToB, MPEeIHA3HAYCHHBIX JJISI OYHCTKH KOMMYHAaIBHO-OBITOBBIX CTOY-
HBIX BOJ 3((PeKT OT MpHMEHEeHHUs aJJalTHPOBAHHBIX KyJIbTYp Ha 15-54 % BbI-
1I1e, 9eM OT IPHUMEHEHHS IITaMMOB, HE TIPOXO/IAIINX aIalTaIIHIO.

OCHOBHOI1 TpoOIIeMOit HapyIIeHHs paOOTHl OYUCTHBIX COOPYKECHUH SIBIIS-
eTcsl IOCTYIJICHHE B TOPOJCKYI0 KaHAIM3AlUI0 OOJBIIOr0 KOJHMYECTBA HEOUH-
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IIEHHBIX TIPOM3BOACTBEHHBIX CTOKOB Pa3HONPOQMIBHBIX IPOMBIIUICHHBIX
npeanpuatuil. IToctynnaenue cTOKOB OT JaHHBIX MPEANPHUATUI B 3aBUCUMOCTH
OT MPOU3BOJICTBEHHBIX IIUKJIOB, KakK MpaBmiIo, coctasisieT oT 5 10 40 % ot 06-
IIETO CTOKAa. B JaHHBIX CTOUHBIX BOJAAX COJEPXKATCS BBICOKHE KOHIICHTPAIMH
MIMPOKOTO CHEKTPa 3arpsi3HEHUH, B TOM YHCIIEe OMOJIOTHUECKH TPYTHO OKUCIIS-
eMbIX, a pH MoxeT BappHpOBaTh B IIMPOKOM JHANA30HE U 3a9aCTYIO JOCTUTAET
12. ITpou3BOACTBEHHBIE CTOYHBIE BOJIBI, IIONAAasl HA TOPOACKHUE OUUCTHBIE CO-
OpYXKCHHUS, 3HAUUTEIHHO CHIKAIOT d(PPEKTHBHOCTh OYMCTKH CTOYHBIX BOJ, a
MOPO¥ TOJTHOCTBIO €€ MCKII0YaloT. BHecenne Ononpernaparos, IpeaHa3HauYeH-
HBIX JUISl yBeJMUeHUS 2((HEKTUBHOCTH OYNCTKH KOMMYHaJIbHO-OBITOBBIX CTOY-
HBIX BOJ], B TaKHX CIIy4asx 3a4acTylo sBIAeTCS HE 3(P(PEKTUBHBIM B CHIIy HE
MIPUCTIOCOOJICHHOCTH IITAMMOB, BXOJSAIINX B COCTaB MpENapaToB, K KPUTHUE-
CKUM 3Ha4eHHsAM pH 1 MHOrooOpasnio KCeHOOMOTHUKOB, MOCTYTAIONINX Ha T0-
POJICKHE OYHCTHBIE COOPYKEHHUSI B COCTaBE MPOM3BOJCTBEHHBIX CTOUHBIX BOJ.
JlarHas nmpobiema perraercs 3a c4eT MHOTOCTYTIEHUATOl aJanTaui MAKPOOp-
TaHU3MOB KaK K CMECH TOKCHKAHTOB, TaK M KHCIOTHOCTH cpenbl. Tak, 1o0aB-
JIEHUE B Ipollecce KyJIbTHUBUPOBAHUS IITAMMOB IIPENapaToB cepuud AHTOWI U
JleaMMOH TOKCHKAHTOB, CBOMCTBEHHBIX NPOM3BOACTBEHHBIM CTOYHBIM BOJAAM, a
TaKOKe 3allleTaYiBaHNe MHUTATEIBHON CpPEeIbl MO3BONMIO HE TOJIBKO YBETHUYHUTH
3P PEKTUBHOCTH OYUCTKH KOMMYHAIBHBIX CTOYHBIX BoJ Ha 15-38 %, HO u mox-
JIepKaTh BBICOKYIO 3 (eKTUBHOCTL OUUCTKH (He MeHee 85 %) 1o BceM HopMupy-
€MBIM TTOKa3aTeNsIM B YCIIOBHAX 3AJITTIOBBIX COPOCOB IPOM3BOICTBEHHBIX CTOKOB.

BroneHo3 akTHBHOTO WJia IMOJ] BIMSHHEM BHOCHMBIX MHUKPOOHBIX IIperia-
paToB MOABEPraeTcsl MepecTpoiike B CUIY B3aUMOAECHCTBHSA C MHTPOIYLHpYe-
MBIMH IITaMMaMH OakTepuil. DddexT oT BHeceHHs OHONpenapaTroB MOMKET
OBITh KaK IOJIOXKHUTEIBHBIN, TaK W OTPHLATEIbHBIA. O0S3aTeTBHBIM yCIOBHEM
JUISL YCTICIIHOI paboThl OMONperapaToB SIBISCTCS MPOBEPKA WX BIMSHHS Ha
OMOIIEHO3 aKTUBHOIO MJa, €r0 CeJAMMEHTAllMOHHBIE M OKUCIHUTENbHBIE CBOI-
cTBa. beCKOHTpOIbHOE IPUMEHEHHE MPENapaToB, HE MPOUISAIINX TaKylo MPo-
BEPKY, 3a4acTyl0 NMPUBOAUT K BCIyXaHUIO aKTHBHOTO WJIA M ABISAETCS NMPHYU-
HOW €ro YaCTUYHOW WIIM MOJHOW TnOenu. OJHAKO NaHHBIN MPOIECC HE MOKET
OBITH OZIHOCTOPOHHNM M CaM aKTHUBHBIN MJI SIBISICTCS] OTHUM U3 (DAaKTOPOB, BITH-
SFOITUM Ha 3(p(EeKTUBHOCTh MPUMEHEHHs OuomnpenapaToB. Tak, OoibIIoe Ko-
JMYECTBO HUTYATHIX MIPOKAPHOT, 00IAAIOMINX OOIBIION CKOPOCTBIO YTHIIN3A-
LM JIETKHX OPTaHWYECKHX CyOCTpaTOB, MOXKET HEraTHBHO BIUSTH HAa WHTPO-
JYUUPOBAHHBIC MUKPOOPTraHU3MBI, XapaKTEepU3YIOLIHECs MEICHHBIM 3amyc-
KOM (DepMEHTATHBHOW CHCTEMBI. B pesynbrare OakTepny BHOCHMBIX Mpenapa-
TOB HE MOTYT 3aKpEHHThCs B OMOIIEHO3€ aKTUBHOT'O MIIa U, KaK CIEJCTBHE, OT-
MevaeTcs OTCYTCTBHE MOJIOXKUTEIBEHOT0 3(eKTa oT UX NMpUMEHEHHUs B paboTe
OMOJIOTHUECKUX OYMCTHBIX COOPYKEHWH. [l pemieHus TaHHOW MpoOIeMbl B
COCTaB TPENapaToOB PEKOMEHIYETCsl BBOAUTH IITAMMBbI, MPOAYLHUPYIOIINE Me-
TaOOJINTHI, YTHETAIONIME Pa3BUTHE HUTYATHIX MIPOKAPHOT, JINOO KYJIBTYpHI, HO-
JIydeHHBIC METO/OM MPEABAPUTENBHON aJanTallui K T€M 3arpsA3HSIOMNM Be-
IIeCTBaM, KOTOPBIE COJICPIKATCS B OUHMIIIAEMBIX CTOYHBIX BOAAX.
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[IpuMeHeHHEe MMITOPTHBIX OMOIpEnapaToB I pPEeMEIHaIii 3arpsi3HEH-
HBIX [TOYB W TPYHTOB B yCJIOBUAX bemapycu 3adactyro siBisiercs Hea(pdekTus-
HBIM, TaK KaK MHUKPOOPTaHW3MBbI, BXOJSIIHNE B MX COCTaB, HE a/IalITUPOBAHbI K
MECTHBIM MOYBEHHO-KIIMMATHYECKUM YCIOBUSIM. B CBS3M ¢ 3THM B COCTaB Ipe-
IapaToB PEKOMEH/I0OBAHO BKIIIOYATH IITAMMBI MUKPOOPTaHU3MOB-JIECTPYKTOPOB,
BBIJICJICHHBIC U3 MECTHBIX HCTOYHUKOB JIHOO aIalTHPOBAHHBIC K TAKOBBIM. Tak,
B cocTaB OuocopbumonHoro mpenapata Pomoben-TH Bxomur mramm
Rhodococcus sp. G13. [auublii mramMM BbIIeJIeH W3 00pasia JepHOBO-
ITOJ30JIMCTON TIOYBBI Ha TeppHTOpHH MUHCKOW 007acTH, a Takke o0JiagaeT
BBICOKOW CTENCHBI0 YCTOWYMBOCTH K BBICOKHM TEMIIEPATypaM B YCIOBHSX
KPUTUYECKN HHU3KOH BIQXKHOCTH, COXPaHSAET METa0OIMYECKYI0 aKTHBHOCTH B
muamazone Temmeparyp 10—40 °C, cnocobeH K akKTHBHOMY POCTY B cpenie ¢
koHneHTpammsamu NaCl, pasueivu 5-30 /1, u pH 5,0-12,0 [IllaBema, I'my-
meHb, 2023]. JlanHble (akThl CBHIETEILCTBYET O JOCTATOYHO BBICOKOW Colie-
YCTOMYMBOCTH M aJaITHBHOCTH OAaKTEpHi K YCIOBHSM OKPY)KAIOIIEH Cpemsl,
9T0 oOecreunBaeT UM dPPEKTUBHYIO ASCTPYKINIO HEPTH U HEPTEITPOIYKTOB.

[NocrenoBarenpHas aganTUBHAS CENCKIUSI MHKPOOPTaHH3MOB-JIECTPYKTOPOB
K OMOTHYECKUM M aOHOTHYECKUM (DaKTOpPaM MO3BOJIET 0OCCIIEUUTh BBICOKYIO
3(h(HeKTHBHOCTH OMOTIPENapaToOB U SIBJISIETCS HEOTHEMIIEMOM YacThIO CO3/IaHUs
KOHKYPEHTOCTIOCOOHBIX OMOTEXHOJIOTHH ISt OXPaHBI OKPYIKAFOIICH CPeIbl.

Jluteparypa

MHMKpPOOPraHU3MBI-IECTPYKTOPbI KCHIIONA M TOJIYOJA: aJalNTHBHAs CEJEKUUS M JECTPYKTHB-
Hblii norenuman / E. M. I'mymuens [u ap.] / MukpoOHble OnoTexHOI0rHU: (DyHIAMEHTAIbHBIC U MPH-
KJIaJHbIC acleKThl : ¢0. Hayd. Tp. Munck : Benapyckas naByka, 2020. T. 12. C. 414-422.

2. laBena 0. B., I'nyntens E. M. Veroitunocts 6akrepuit Rhodococcus sp. G13 k Hebnaro-
HPHSATHBIM yCIOBUAM cpefbl / MUKpoOHbIe OHOTeXHOIOrUH: (yHIaMeHTAIbBHbIC H IPUKIAIHbIC ac-
neKThl : ¢0. Hayu. Tp. MuHck : Benapyckas HaByka, 2023. T. 15. C. 559-569.

BJIMAHUE HAHOKOMIIO3UTOB CEJIEHA HA J1bIXAHUE
BAKTEPUAJIBHOM KJIETKHU CLAVIBACTER MICHIGANENSIS
SSP. SEPEDONICUS, BBI3BIBAIOIIEN KOJIBIIEBYIO THUIb
KAPTO®EJIA

H. A. I'packoBa, U. M. Pomanosa, A. C. Mopuu, A. U. IlepdpuiabeBa

Cubupckuit uHCTHTYT prsznonorun u onoxumun pacrennii CO PAH
Hpxkyrck, Graskova@sifibr.irk.ru

Bo30ymurens kombiieBoit ramim kaprodens Clavibacter michiganensis
ssp. sepedonicus (Cms). Kak mpaBuiio, 5TH GakTepUH MPEACTABISAIOT COOOM
[psiIMblEe WJIM CJIETKa M30THyThlE nanouku pasmepom 0,4-0,75, 0,8-2,5 MM,
HeNpaBUILHOW (JOPMBI M YACTO KIMHO- WM OyJaBOBHAHOW (OPMBI, IPEUMY-
IIECTBEHHO OJAWHOYHBIE, HO YacTO B mapax V-o0pa3Hoi KOH(UTrypamuu u HHO-
IJla PacIojIOKEHHBIC MOJMCAAHO. DTO OOJHMraTHBIE a’3pOOBI, KOTOPBIE PACTyT
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MEJUICHHO, HYXKJAlOTCSI B OOTaThIX MUTATENbHBIX CPefax M HEKOTOPHIX (haKTo-
pax pocra. OHH SBJISIOTCS XeMOOPTaHOTPO(AMH, ¢ METabOIN3MOM JIbIXaTellb-
HOTO THIA 1 00pa3oBaHWeM HEOOJBIIOT0 KOJIMUECTBA KHCIOTHI U3 MAaHHHUTOJIA,
copOuTona, TIIOKO3bI, Y HEKOTOPBIX INTAMMOB — M3 MAaHHO3bI, KaTaJa30IoJIo0-
KUTETbHBIC, OKCHIa300TPULATENbHbIE, HHAOI HE 00pa3yloT, HATPAT HE BOC-
CTAHABIIMBAIOT.

Bo30yauTens 1o CBOEH MAaTOreHHOCTH SIBJISICTCS y3KOCHEIHAIU3MPOBaH-
HBIM U TOpaXkaeT IpejcTaBuTeneil cemeiictBa Solonaceae, kak mpaBuiio, Kap-
todens. bakrepun pona Clavibacter ciocoGHBI HCONB30BaTh B KauecTBE HC-
TOYHMKA yriaepoia Leitronosy. Llemmronosa siBaseTcs CTPYKTYpHBIM KOMIIO-
HEHTOM KJICTOYHBIX CTCHOK PACTEHHH, MPEACTAaBIACT COOOH JMHEHHBIN TOMO-
TIOJIMMEP, COCTOSIINH M3 OCTATKOB D-TIIOKO3BI, CBS3aHHBIX MEXIy COOOMH
B-1,4-rmMKO3UIHBIMI CBA3SIMU. ['MIPOITH3 IEIUTIONO03bI KaTaIM3UPYeT [EeIUTIo-
na3a, MpUHAATEkKAIas K CeMEeUCTBY INIMKO3WITHApona3. B kadecTBe nocToi-
HOW aJbTepPHATHBBI HMEIONNMCS MaI0d(pPEeKTHBHBIM MeToxaM 0oprOsr ¢ Cms
MOTYT BBICTYIIaTh HOBbIE Se’-Cojiepiaiiue HaHOKOMIIO3UTHI, 0ObEINHSIIONINE
M3BECTHYIO BBIPAKCHHYIO aHTUMHKPOOHYIO aKTHBHOCTB CEJICHA, a TAK)KE BOO-
PacTBOPHUMOCTh M OHOJOCTYIMHOCTh, MEMOPAHOTPOITHOCTE OMpeAesieMble HC-
MOJIB3YEMBIM B Ka4eCTBE CTaOMIM3MPYIOMCH MaTPHUIBI MOJHCAXapHIoM apa-
OuHoranakraHoM. Jisl BBISBICHUSI MEXaHHW3Ma ITOJABJICHUS HAHOKOMIIO3UTAMHU
ceJieHa JKH3HECIIOCOOHOCTU OakTepuil ObLIO N3y4eHO U3MEHEHHE HHTCHCUBHOCTH
HOIJIONIEHUA Kucinopona kierkamu CMmS mocie 00paboTKH HaHOKOMIIO3HTAMU
[['packoBa, 2022].

Jlns BBISIBIICHUSI MEXaHU3Ma M0/1aBI€HUs] HAHOKOMIIO3UTAMU CeJIeHa JKU3-
HECTIOCOOHOCTH OakTepuil ObUIO M3YYEHO M3MEHEHHE MHTEHCHUBHOCTU IIOTJIO-
IIEHUs KUCIIOPO/a U M3MEHEHHe (IroopeciieHnnH B kietkax Cms mocie obpa-
0OTKM HAHOKOMITO3UTaMHU. BbIsBIeH mopaBisrommii 3QQeKkT Ha ObIXaHUE Y
HaHOKOMIIO3MTA C coJieprkaHueM celneHa. [loka3aHo M3MeHeHHe MEMOpPaHHOTO
MoTeHIHana OaKTepHaIbHON KIETKU MpH JAedcTBHU Kpacutens TMRM: mumo-
(GuIbHBIC 30HABI KpAacUTENs IPOHUKAIOT 4Yepe3 OWIMNHUIHBIE MEMOpaHbBl U
HaKaIUIMBAIOTCS B OOJIACTSIX C BBICOKOM KOHLEHTpALWEH MPOTOHOB, M3MCHSS
MHTEHCUBHOCTb (MIIOOPECIEHIIMY KJIETOK. EciM KOHIEHTpauust MpOTOHOB
CHM)KEHA, TO HAOMI0JaeTCsl NCUE3HOBEHNE (DIFOOPECLEHIIMN TOTO KPAaCUTENIs,
YTO W TO3BOJISIET OTIMYHUTH JKUBBIE KIETKH OT KJIETOK, B KOTOPBIX MPOU30LIET
3aITyCK arnonTo3a.

[omy4eHHBIE pe3yabTaThl MO3BOJSIOT pacCMaTPUBATh HAHOKOMIIO3UT Ce-
JieHa ¥ apa0MHOTalaKTaHa B KAUeCTBE 3KOJIOTMYECKH O€3011aCHOTO areHra Ais
03JI0pPOBIICHUSI CEITCKOXO3HCTBEHHBIX PACTCHUH OT MTaTOTCHHBIX OaKTepuii.

Jlutepatypa
T'packoBa U. A. HanokoMmo3uTs! Kak 3()(HeKTUBHBINA 1 Ge30macHblii crnocod 60pbObI ¢ 6oes-
HSMH CeTbCKOXO03SHCTBEHHBIX pacTeHMH / MeXaHH3MBbl afanTaliid MEKPOOPTaHU3MOB K Pa3IHIHBIM
YCIIOBUSIM Cpejibl 0OuTanus : ¢0. Te3ucos nokianoB Il Beepoc. Hayd. koH(. ¢ MexayHap. ydacTHeM.
UpkyTck, Baiikan, 28 despans — 6 mapra 2022 r. Upkytek : Uzn-so UT'Y, 2022. C. 214-216.
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JTAHAMHUKA POCTA U TIPOTEOJIMTUYECKONH AKTUBHOCTH
BAKTEPHWIA, N30JIMPOBAHHBIX W3 PEKHM CEJIEHTH,
IIPU PABHBIX TEMIEPATYPAX KYJIbTUBUPOBAHUA

O. I1. Jlaryposa’, A. B. 3am0anaes’, A. A. Paxnarypyesa’'
MucturyT 061ei u skcnepumenTanbHoil 6uonorun CO PAH
VYnaun-Ym, dagur-ol@mail.ru
*BypsiTckuii Tocy1apcTBEH b yHuBepcuteT uM. Jlopsku Banzaposa
Vnan-Ym, ari.zambalaev@mail.ru

MHUKpOOPraHU3Mbl UTPAIOT BOKHYIO POJIb B (DYHKIHOHUPOBAHUH BOJHBIX
9KOCHCTEM, OTBEHasi, TJIaBHBIM 00pa3oM, 3a MpOLECC JIECTPYKIUH OpraHude-
CKOTO BEIIECTBA, OCYIIECTBISIEMbI OpraHoTpO(pHBIMU OakTepusiMi. OpraHo-
TpodHbie GakTepuu p. CelneHru — TIaBHOrO MPHUTOKa 03. baiikam — tpancdop-
MHUPYIOT OpPTaHWYECKHe COCIMHEHHS, CITIOCOOCTBYS CAMOOUHIIICHUIO W TIO/Iep-
KaHHIO Ka4decTBa BOJ. V3yueHne (QpU3HOIOTHUECKHX XApaKTEPUCTHK OAaKTEepHii,
BBIJICJICHHBIX U3 IIPUPOTHBIX MECTOOOUTAHUM, BaXKHO IJIs1 OLIEHKH 0COOEHHOCTEit
(YHKITMOHNPOBAHUS MIPUPOTHOTO MHKPOOHOTO COOOIIECTBA, a TAaKXKE a/lalTHB-
HOTO ¥ OMOTEXHOJIOTHUYECKOTO TOTEHIMANa M30iTOB. KynbTuBHpyemble Oaxre-
pun paHee u3ydanuch B aenbre CelleHrn U NpHIEIbTOBBIX paiioHax o3. baiikan
[Mukpobuosnoruueckas: XapakTepucTrka ... , 1998; Msyuenne BumoBoro ... , 2006;
Bensix, CyxanoBa, benbkoBa, 2013; [laryposa, ['apankuna, benpkosa, 2018].

Lenbro paboTsl OBUIO OXapaKTEPH30BATH IMHAMHUKY POCTa U JTUHAMHKY HPO-
TEOJUTUYECKONH aKTUBHOCTH YHCTBIX KYJBTYp OpPraHOTPO(HBIX OakTepuii, n3osm-
POBAHHBIX U3 BOABI p. CeNleHTH, IPU Pa3IMIHBIX TEMIIepPaTypax KyJIbTHBHPOBAHUSL.

Jlis sxcriepuMenTa OBUTO 0TOOpAHO 5 IMTaMMOB OpPraHOTPOQHBIX OaKTe-
pHii, paHee M30JMPOBAHHBIX U3 MP0oO Boabl p. CeneHru, 0TOOpaHHBIX OKOJIO
r. Yiman-Ymo. Illtammel Gsuin oTHecCeHB! K BumaMm: Pseudomonas fluorescens
(mrramm C8), Pseudomonas syringae complex (mrramm C18), Bacillus altitu-
dinis/pumilus (turamm C4), Bacillus cereus (turammer C19 u C20). BeigeseH-
Hble OakKTepuu SBISIOTCSA mpeacTaButensiMu (uiymos Pseudomonadota u
Bacillota, mupoko pacnpocTpaHeHHBIX B MHKPOOHBIX COOOIIECTBAX BOIHBIX
9KOCHCTEM. OTH TaKCOHBI OAaKTEpPHH JIETKO KyJIBTUBUPYIOTCS, COCTaBISIOT
3HAQUUTEIbHYIO YacThb KYJIBTHBHPYEMOIO MHMKPOOHOIO COOOIIECTBAa pPa3ind-
HBIX OMOTONOB 03. baiikan u nenbThl CenaeHrn, 1eMOHCTPUPYIOT HIMPOKOE Me-
Tabonnyeckoe pazHooOpasue [M3ydenue BumoBoro ... , 2006]. Boigenennsie
KyJIBTYPbI OBUIM CHOCOOHBI YTHJIM3UPOBATH MIMPOKHHA CHEKTP CaxapoB, CIHP-
TOB M OPraHMYIECKUX KHCIIOT.

KynstuBuposanue nposoaunu npu remuneparypax 4 °C, 30 °C u 40 °C na
MHUHepanbHOH cpene Ilpennnra ¢ 6eNKOBBIM CyOCTPaTOM TPUNTOHOM B KOJIH-
gectBe 1,5 %. Taxke mapaiienbHO OMPEAENTSIN MPOTEONUTHYECKYIO aKTHB-
HOCTB IITaMMOB IIPH TEX K€ TEMIIEpaTypax Ha cyOcTpaTe a30Ka3eHHe.

Bce m3y4aembie KyIbTyphl TIOKA3aJIM OBICTpPBINA aKTHBHBIN pocT 1pu 30 °C,
AKTUBHOE HAKOIUIEHHE OMOMACCHl MPOUCXOAMIIO JiorapuMuyecku 10 4 CyT.
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pocra, 3aTeM HakoluleHHe Ouomacchl cradbuimsuposanock. IIpu 40 °C pocr
TakXKe HabIroascs y BceX KyJbTyp, HO aKTHBHOE HAKOIIJICHHE OMOMAcChI Ipo-
HCXOJIUJIO TOJIBKO TIOCTIE aanTUBHOrO mnepuoaa B Teuenue 3 cyt. [lpu 4 °C y
mraMMoB pojaa Bacillus mouru e 6bi10 pocrta. IllTammer poga Pseudomonas
OTJIMYAINCh TICUXPOTOJICPAHTHOCTBIO: OHU OBUTH CIIOCOOHBI HAaKaIlIMBaTh 3HA-
quTeNnbHy0 6rnomaccy mpu 4 °C mocie mpoIoIDKUTENLHOMN Jar-¢assl (6—7 cyT.).

IIpu 30 °C Bce m3ydeHHBIE IITAMMbI IPOSIBIISIIM IPOTEOJIMTUUECKYIO AK-
THUBHOCTb, MaKCHMaJbHas aKTHBHOCTh OTMeueHa Ha 2-3-¢ cyr. lllramm
C8 Pseudomonas fluorescens mnposiBisii 3HAYUTEIBHYIO MPOTEOIUTHICCKYIO
aktuBHOCTD (10 0,72 en). IIpu 40 °C Takke BCe MITaAMMBI MPOSIBIISIIA MTPOTEO-
JUTUYECKYI0 aKTUBHOCTh C MAaKCUMyMOM Ha 4-e cyT. pocta. Hanbonee akTuBeH
u crabunen 6601 ramm C4 Bacillus altitudinis/pumilus. Tlpu 4 °C akTuBHOCTH
IITaMMOB ObLIa HEBBICOKA; MAaKCHUMyM aKTHBHOCTH HaOmiomaincs Ha 7-€ CyT.
KynpTHBHpOBaHMs. Hanbonee aktuBHbI ObutH mTamMMel C8 u C20.

Taxum obpasom, uccnenoBaHue (HPU3UOIOTHIECKOTO POCTA U MPOTECOTUTH-
9eCKOM aKTUBHOCTH W30JIMPOBAHHBIX M3 BOABI p. CeNeHTH YHCTBIX KyIBTYp
OakTepuii MoOKa3ajlo, YTO HauOoJiee aKTHUBHBIA POCT M IPOTEOIMTHUYECKAs aK-
TUBHOCTD I10 a30Ka3enHy mposBisiuch npu 30 °C. M3ydeHHbIe ITaMMBI TaKKe
MIPOSIBIISAIN MTPOTEOTUTHIECKYT0 akTUBHOCTH TIpH 40 °C n mipn 4 °C, 9T0 MOXKET
CBHJICTEIILCTBOBATh 00 aJanTallMOHHOM ITOTCHIMAIE BBIICICHHBIX KYIBTYD.
Hanbonee akTHBHO HakamIMBaJIM OMOMAaccy W TPOSBISUTM (DEpPMEHTATHBHYIO
aktuBHOCTH mTammel C8 Pseudomonas fluorescens u C18 Pseudomonas syrin-
gae complex, 4To Jenaer UX MEPCIeKTUBHBIMHU JUIsl BOSMOXKHOTO IPUMEHEHHUS B
OHOTEXHOIOTHYECKUX LEJIAX.

Hccenedosanust 8binoninenvl 6 pamkax memwvl 2oczadanus <Mukpobnvie co-
obwecmea dKCMpPeMaibHblX NPUPOOHbIX dKocucmem bBatikanbeko2o pecuona:
CMPYKMYPHO-(DYHKYUOHATbHASL OP2AHU3AYUS U OUOMEXHOL0SUYECKULl NOMeH-

yuan (Ne 2ocpecucmpayuu 121030100229-1).

Jlutepatypa

Beneix M. I1., Cyxanosa E. B., benbkosa H. JI. OcobeHHOCTH KyJIBTHBHPYEMBIX FeTepoTpod-
HBIX MHKPOOPIaHM3MOB JINTOPAJIbHOI 30HbI 03epa baiikan // U3ectus UI'Y. buonorus. Dxonorus.
2013.T. 6, Ne 3. C. 20-26.

Haryposa O. I1., I'apankuna B. I1., Benbkosa H. JI. Unentidukanus Ky1bTUBUPYEMBIX Opra-
HOTPO(HBIX GakTepuii MpPUOPEkKHO-COPOBOIt 30HBI 03epa Baiikan / Bectuuk BI'Y. Buonorus, reo-
rpadus. 2018. Ne 2. C. 3-9.

V3ydyeHne BUIOBOIO COCTaBa KyJIbTHBHPYEMBIX IeTepOTPO(HBIX MHKPOOPTaHH3MOB 03. baii-
kan / B. B. [lapdenosa, H. JI. benbkosa, JI. 5. [lenucosa [u ap.] // Buonorus BHyTpennux Boj. 2006.
Ne 1. C. 8-15.

Mukpo6uonorudeckas xapakrepuctuka peku Cenenra/ [I. JI. Bapxyrosa, B. 1. JJonnokos,
b. b. Hamcapaes, B. C. Monoros // Becthuk bypstckoro yuusepcutera. Cepust 2: buonorus. 1998.
Ne 1. C. 33-40.

MOHHUTOPHUHI' MAKPOMOJIEKYJIAPHOTI'O COCTABA
CYXOH BUOMACCHI BAKTEPHM
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B PA3HBIX ®U3NOJIOTNMYECKHUX COCTOAHUX
METO/J0OM HH®PAKPACHOM ®YPHE-CIIEKTPOCKOITUA

10. A. IatnoBa, A. B. Tyraposa, O. A. KenxkeryJios, A. A. Kamnen

WHctutyT Onoxumun 1 (GU3HOJIOTHH PACTCHUI 1 MUKPOOPTaHM3MOB — 000CO0ICHHOE
ctpykryproe noapasneneane G «Caparosckuii Hayunslii ientp PAH», Capatos
jdyatlowa2013@yandex.ru, tugarova_anna@mail.ru, odissey94.sid@mail.ru
a.a.kamnev(@mail.ru

CoBpemenHbIT MeTo uH(ppakpacHoil Pypbe-crnekrpockonuu (MKDC) —
OIMH W3 HanboJee MIMPOKO UCIOIB3YeMbIX HHCTPYMEHTAIBHBIX METO/IOB, UTO
00YCIIOBJIEHO €T0 BBICOKOM UyBCTBHUTEIBLHOCTBIO, OTHOCHTEIILHON MIPOCTOTOH 1
9KCIIPECCHOCTHIO TPOBEICHUS U3MEPEHHH, a TaKkKe PUMEHUMOCTBIO K 00pa3-
11aM, HaXOAAIIMMCS MIPAaKTHUSCKH B TI000M (pH3MIecKOM COCTOsTHMU. B HacTo-
A1Iee BpeMsi OH Bc€ Ooiee aKTHBHO HCIOJNB3YETCS W B MHKPOOHMOIOTHYECKUX
UCCIIE0BAHUSX, TTO3BOJISIS,, TOMHMO BO3MOXKHOCTH UAECHTU(PHUKAIIMA MHUKPOOP-
TaHU3MOB JI0 YPOBHSI IITAMMOB, TaKKe MPOCIIEKUBATH KaK OOLIME M3MEHEHHMs
OMOMaKpPOMOJIEKYIIPHOTO COCTaBa MHKPOOHBIX KyIBTYp, TaK M BHYTPH- H
MEKMOJICKYJISIPHBIC B3aMMOJICHCTBUSI ONPENEICHHBIX (DYHKIIMOHAIBHBIX TPYIIIT
B HuUX [Applications of Fourier .... , 2023; Kamnues, Tyraposa, 2023]. B pszae
HAIIUX MPEIMIEeCTBYIOMHUX IKCIEPUMEHTANBHBIX Pa0OT MPOAEMOHCTPHPOBAHA
BO3MOYKHOCTh MTPOBE/ICHHS CPABHUTEIBHOIO M3YYEHUsI TUIAHKTOHHBIX KYJBTYD
n c(hOpMUPOBAHHBIX OMOIIICHOK, a TAKXKE aHAIN3a H3MCHEHHH, MPONCXOAAIINX
B KJICTKaX OakTepuil 1oJ| BIMSHHEM Pa3IMYHBIX cTpeccoBbIX (akTopos [Poly-
3-hydroxybutyrate ... , 2021; Fourier transform ..., 2023].

B nannoii pabore ¢ momomtsio Metona MK®C OputH npoaHaIM3upOBaHEBI
N3MEHEHUS, TPOUCXO/ISIINE B MAKPOMOJIEKYJISIPHOM COCTaBE HEKOTOPBIX BUJIOB
OakTepuil, UMEIOIIUX MMPAKTHYECKOE 3HAaYCHHE JUIsi arpOOMOTEXHOJIOTHH, B 3a-
BHCHUMOCTH OT MX (PU3UOJIOTHUECKOTO cocTosiHUSA. Ha ocHoBaHmMu paspaboTaH-
HBIX U anpoOMpPOBaHHBIX HAMHU paHee (Ha NMPHUMEpax a30CIHUPHILT) METOJ0JI0-
ruyeckux noaxoaos [Poly-3-hydroxybutyrate ... , 2021; Fourier transform ... ,
2021; Fourier transform ... , 2023] B BbICyIIEHHBIX OMOMaccax MPOBOIUIICS
CPaBHUTENBHBIA aHAIN3 OTHOCHTEIBFHBIX MHTCHCHBHOCTEH ITOJIOC OTpE/IeNIeH-
HBIX (D)YHKIMOHAIBHBIX Tpynn (BajieHTHBIE Konebanus >C = O cioxHOIGHp-
HOM rpymnmsl nonu-3-rugpokcuankanoaros (I1I'A), xapakTepusyromieit Ux ypo-
BEeHb HAKOIUIGHHs B KJeTKax Oakrepuil (B Buae rpanyn); BamneHTHele C—H-
konebanus rpynn >CH—, —-HC = CH—, -CH,— u —CH3, Britouas anudarude-
CKHE LIETN OCTATKOB XXMPHBIX KHUCIIOT JINIIMIOB | JIUIIONIOINCAXaPHUIOB; XapaK-
TEpHbIC KOJIEeOaHHs IOJIMCaXapuICOACPKAINX MAKPOMOJIEKYJI, OCJIKOB M JIp.).
AHaNMM3 CIEKTPOCKOMMYECKUX MTAHHBIX C HCIIONB30BAHHEM MaTeMaTHIEeCKOH
00pabOTKH CHEKTPOB (pacyeT BTOPBIX MPOWU3BOJHBIX; ANIPOKCHMANUS CIEK-
TPOB M PACUET OTHOCHTENIBHBIX IUIOIIAJICH IM0JI0C) Al yKa3aHHBIX THIOB Xa-
PaKTEepHBIX KoyeOaHNH (pyHKIIMOHATBHBIX TPYIII MTO3BOJISET IIPOBOJUTEH HEpas-
pyLIAONMH MOHUTOPUHT OHOMAaKpOMOJIEKYJIIPHOTO COCTaBa KJIETOK, N3MEHS-
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IOIIEroCsl B OTBET HA YCJOBHS KyJIbTHBHPOBAHHS W COCTOSHHE KIETOYHOU
6uomaccel. Ocoboe BHHMaHHE OBLIO TAKKE YAEIECHO MPEBPAIICHUSIM, COMYT-
CTBYIOIIUM BBICYIIMBAHUIO (JTHO(PUIM3ALUKN) OAKTEPUANBHBIX KYJIBTYp; IMPH
3TOM ObUI TPOBEACH MOHHUTOPHHI PEIOKC-TIPEBPAICHUN JKelie3a B KIIETKaX
OakTepuii METOIOM MECCOAYIPOBCKOI CIIEKTPOCKONHHU (Kak OIMKCAHO B paboTe
[Diffuse reflectance ... , 2020]).

[ony4yeHHbICe pPe3yNbTaThl MOKA3aIX MEPCICKTHBHOCTh YKa3aHHOW METO-
JIOJIOTHH TIPH U3yYCHUN OMOTEXHOJOTMYCCKH BaKHBIX MTPEBPAIICHUH B KIICTKAX
MHKPOOHBIX OOBEKTOB MPU H3MEHEHUSX (PU3HOIOTHYECKOrO COCTOSHHUS, B
YACTHOCTH, MPHU BBICYIIUBAHUKA OHMOMACCHI, YTO SIBISIETCSI OJHUM W3 BaXKHEH-
[IMX CIOCOOO0B XPAHCHHS )KUBBIX MUKPOOHBIX [TPEHapaToB.

Paboma nooodepoicana Poccutickum nayunoim gponoom (epanm Ne 24-26-
00209).

Jlutepatypa

KamueB A. A., Tyrapoa A.B. Oco0eHHOCTH MeTOJOJIOTHH HH(ppPaKpacHOH (ypbe-
CHEKTPOCKONUM ¥ MHTEPIPETAlUH CIEKTPOCKOMMYECKUX JaHHBIX MPHU aHaIM3e MHKPOOHOJIOrHYe-
ckux 00bekToB // XKyphan anamutnaeckoit xumun. 2023. T. 78, Ne 10. C. 914-928.

Applications of Fourier transform-infrared spectroscopy in microbial cell biology and envi-
ronmental microbiology: advances, challenges, and future perspectives / S. Tiquia-Arashiro, X. Li,
K. Pokhrel [et al.] // Frontiers in Microbiology. 2023. Vol. 14. Art. 1304081.

Diffuse reflectance infrared Fourier transform (DRIFT) and Mdssbauer spectroscopic study of
Azospirillum brasilense Sp7: Evidence for intracellular iron(Il) oxidation in bacterial biomass upon
lyophilisation / A. A. Kamnev, A. V. Tugarova, A. G. Shchelochkov [et al.] // Spectrochimica Acta
Part A: Molecular and Biomolecular Spectroscopy. 2020. Vol. 229. Art. 117970.

Fourier transform infrared (FTIR) spectroscopic analyses of microbiological samples and bio-
genic selenium nanoparticles of microbial origin: sample preparation effects/ A. A. Kamnev,
Yu. A. Dyatlova, O. A. Kenzhegulov [et al.] // Molecules. 2021. Vol. 26. Art. 1146.

Fourier transform infrared (FTIR) spectroscopic study of biofilms formed by the rhizobacte-
rium Azospirillum baldaniorum Sp245: Aspects of methodology and matrix composition/
A. A.Kamnev, Yu. A. Dyatlova, O. A. Kenzhegulov, Yu. P. Fedonenko [et al.] // Molecules. 2023.
Vol. 28. Art. 1949.

Poly-3-hydroxybutyrate synthesis by different Azospirillum brasilense strains under varying
nitrogen deficiency: A comparative in-situ FTIR spectroscopic analysis/ A. V. Tugarova,
Yu. A. Dyatlova, O. A. Kenzhegulov, A. A. Kamnev // Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy. 2021. Vol. 252. Art. 119458.
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PA3JIOKEHUE UMA3AMOKCA B ITPUCYTCTBUU
CIIEHUAJIBHOI'O MUKPOBHOJIOTT'HYECKOI'O YOBPEHUS
BUOKOMITIO3UT-AECTPYKT

C. JI. Kapaxotos', E. B. Kearosa', K. H. Boxkko', H. A. Banaesa',
. A. Aneiinuk!, I'. 1. Buasganosa'

' AO «IllenkoBo Arpoxumy, L[énkoBo, Poccust
s

VImazaMOKC — OAMH M3 PaclpOCTPAaHEHHBIX TepOUIMIOB TPYIIBI UMHIA-
30JIMHOHOB, KOHTPOJIUPYIOIINX MIUPOKUIT CIIEKTP COPHBIX PACTCHUH ITyTeM WH-
rudupoBaHus GepMeHTa CHHTETa3bl aneToruapokcukuciaor (AHAS). Ox npu-
MeHsieTcsl Ha 0000BBIX, APYTUX KyJIbTYpax, YCTOMYMBBIX K JEHCTBUIO MMHJA-
30JIMHOHOBBIX TepOUINIOB, & TAKXKE SBISCTCS OCHOBHBIM T'€POMIIMIOM JUIS CH-
crembl Clearfield(R). [IocynapcTBenHsbiit kataior ... , 2024] Oagnako B pe-
3y/lbTaTeé MHOTOJICTHETO NPUMCHEHHS WMa3aMOKCa MOXKET IPOHUCXOIUTH
HaKOIUICHHE €r0 OCTAaTKOB B IIOYBAaX, YTO OTPHILATENHHO BIMSET HA TyBCTBH-
TEJIbHbIE KYJIBTYpBl C€BOOOOPOTOB. B Hacrosiiiee BpeMsi COXpaHSeT aKTyallb-
HOCTh pa3paboTka MpHUEMOB, CIIOCOOHBIX CHH3WUTH MTOYBEHHOE IMOCIEICHCTBHUE
nMaszaMoKkca M Apyrux repourmnos [ [IpuveHenme MUKpOOHBIX ... , 2023;
HeratuBHbie 3¢ GexTH ... , 2023]. [TockonbKy MUKPOOHOIOTHYECKHUIT Ty Th Jie-
CTPYKIIMM HMAa3aMOKCa B IIOUBE SIBJISIETCS OCHOBHBIM, TO TEPCIEKTHBA KOH-
TPOJSA 3arpsA3HEHHS C TOMOINBI0 MHKPOOHBIX KOMITO3HIMH TPEICTABISACTCS
Haubosee 3KojIorndHoi [[IpuMeneHre MUKpPOOHBIX ... , 2023]. Buokommosut-
JecTpyKT — CIieUaIN3UPOBAHHOE HKUJIKOE MHKPOOHOJIOTHYECKOE YA00peHHe
JUISL YCKOPEHHOTO PA3JI0KCHHUS COIOMBI, TOKHUBHBIX  OPTaHUYECKUX OCTAaTKOB.
JlaGopaTopHble OHMOTECTHI IMOKa3ald CIIOCOOHOCTH Mpemapara BHokoMmo3uT-
JlecTpyKT pa3naraTth IMa3aMOKC U CHIKAaTh (PUTOTOKCHYIECKOE JeHCTBHE TepOu-
LM/ B MOYBE /IS YyBCTBUTENBHON KyJIBTYphI-TOpuHiibl Oernoit (Sinapis alba).

Jlns oueHku criocoOHOCTH BrokoMmno3uT-/lecTpyKT K pa3ioKeHHIO MMa-
3aMoKca B muTarenbHyio cpeny 8E [bakrepuu-gectpykTopst ... , 2019] nobas-
Jsu MazaMoke 1o kounentparnuu 0,013 1/71, pasnuBanu B konob! mo 100 M u
crepuuzoBaiu mpu 121 °C 15 mun. [anee konob 3aceBanu 0,5 M 6uomnperna-
pata u MHKyOHMpoBalu B mielikepe-uHkyoarope mpu 250-300 06/muH, 20 °C B
TeueHne 96 4, 10 MONydeHHus copoBoi cycnensun. Kontpons a3 *Kn3HeHHO-
ro nuKiIa O0akTepuil MPOBOJMIM C HMCIOJIB30BAHMEM MHUKpocKomuu. [loBrop-
HOCTh ONBITa TpExkpaTHas. [locie MHKYOMPOBAHUS M3MEPSUTH KOHIICHTPAIIHIO
MMa3aMOKCa B CpEJle METOIOM BBICOKOI((EKTHBHON >KMIKOCTHOH XpOMaTo-
rpaduu (B2XKX) Ha oOpamieHHON (ase ¢ yIbTpaduoIeTOBEIM ICTEKTOPOM.

Just ipoBepky 2h(HeKTHBHOCTH OMOAECTPYKIIMM MMa3aMoKca ObUT IpoBe-
NEH 11ab0paTOPHO-BETETAMOHHBII AKCIIEPUMEHT HAa UYyBCTBUTEIBHOH TecT-
kyibpType. B 500 T mouBeHHOTO cyOCcTpata (Topd:3emis:mecok, 1:1:1) BHOCWIN
mo 3 MJI MHKYOMPOBaHHOW CYCIICH3WH OWoIpenapara ¢ repOuuuaoM. B koH-
TPOJIBHBIN BapUaHT BHOCUJIM 3 MJI BOAONPOBOIHOMN Bogbl. OOpabOTKy MpOBO-
JIFUTH PYYHBIM OTIPBICKUBATENEM, TIOYBA TIIATEIEHO TEPEMEIINBAIACh U TTOMe-
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manach B BereTannMoHHbBIE cocyabl. IToceB ropumisl 6e10i MPOBOAMIN OTKa-
TOPOBaHHBIMHY, TIpeIBapUTEIbHO TpoporneHHbIME (20 °C 48 1), cemeHaMu Ha
riryouny 3 cM. IToBTOpHOCTB YeThIpeXKpaTHasi. BeipanuBanue MpoBOANIN TIPH
temnepatype 22 °C, ocsemennu 10000 Jlroxc u 70 % BIaXKHOCTH MOYBBL. YUET
OMOMETPHUIECKHUX AaHHBIX IMpoBOAMIN 4depe3 40 cyT. mocie nocesa. [ist onen-
K1 (PUTOTOKCHYHOCTH MMa3aMOKCa B IIOUBE YUHUTHIBAIHM BCXOXKECTbh, UTHHY I10-
6eroB U ChHIPYI0 HAA3EMHYI0 Maccy pacTeHui. IlomyueHHble pe3ynbTaThl MOJ-
Bepraji CTaHIApPTHOM CTaTHCTHYEeCKOH 00padoTke [[mutpues, 1995].

7] 1,32 mr/a;
13AMORE buokommoznT-

Puc. 1. Comeprxkanue nmazamMoKkca B cpefie mocie 964 Ky IbTHBUPOBAHUS C
MHUKPOOHOJIOTHYECKUM TperapaTtoM bruokommosnt-/lecTpykT

Kak mokasan ananu3z merogoM BOXKX, B mpucyrctBuu bnoxommosut-
JecTpykT, HabmIOgaeTcs CyIIECTBEHHOE yMEHBIIEHHE HMMa3aMOKca B CpeIe,
YTO MO3BOJISIET FTOBOPUTH O MOTEHINANC KOMIOHEHTOB MHUKPOOHOIOTHUECKOTO
npernapaTa aJanTHpoBaThCs K HAIMYMIO repOMIMAa Kak cyOcTpara MUTaHUS 1

CMOCOOHOCTH €T0 K JIECTPYKIIUH UMa3aMOKca.
Tadauna
Brnwusiaue Ha pocT rop4miisl Oenoil iMa3zaMokca rmocie 96 4 KyJIbTHBHPOBAHHS
¢ MHKpoOHnoornaecknm npenaparom brokommnosur-/lectpykr

BcexoxecTs, Cpeuna pmuna CeIpast Gnomacca
Bapuant noberos o
% . 100 pacrenmid,
100 pacrenuii, cM

KonTpous (nucr. Bosa) 85,0 23,1+0,5 134,7
buokommnosur-JlecTpykr 87,5 29,1+0.4 156,2
Imazamoxc 72,5 13,44+0,6 90,7
Mwmasamokc + buokommnosur-/lectpykr 85,0 25,2+0,7 140,2

Kontpoan BuoxomMno3uT-TLecTpyKT Hmazarmoxre Buoromnozar-TecTpyKT
+Hmaszamokc

Puc. 2 OnbITHBIE pacTeHus Ha 40-¢ CYTKHU BbIpalllUBaHUA I1OCJIE ITIOCEBA B IIOYBY
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Kak mokasan 6uotect Ha ropunile, buokoMmno3ur-JlecTpyKT CyIecTBEHHO
CHIDKAaeT (PUTOTOKCHYECKOE mocienelicTere reponnuaa. O4eBUIHO, YTO MeTa-
00JIUTHI, 00pa3yIoIIKecs B MPOIECCe MUKPOOHOIOTHYECKOTO PA3IOKEHHS UMa-
3aMOKCa H€ BBI3bIBAIOT OTPULATCIILHOTO BJIUAHUA HA POCT KYJIbTYPHI. 13 JaH-
HBIX TIONYYEHHBIX B XOJIC€ HMCCIICAOBAaHMS MOXKHO 3aKIIOYHTh, YTO Iperapar
Brokomosur-JlecTpyKT 001a1a€T BBICOKAM aalTAllHOHHBIM TIOTCHIIUATIOM TSI
MHUKPOOUOJIOrMYECKOM ASCTPYKIIUU NMa3aMOKCa.

Jlutepatypa

Bbaxtepun-necTpykTOpEl TepOMIMIOB KIAaCCOB CyIb(HOHHIMOYECBHHBI H HMHIA30]IHHOHOB /
I1. . Opnosckas, M. H. Mannpuk-Jlureunkosud, H. Y. I'upunoBuy [u ap.] / MukpoOHbIe GHOTEXHO-
Jsioruu: (pyHaMEHTaIbHbIC M IIPUKJIAHBIC acleKThI : ¢0. Hayd. Tp. Munck, 2019. T. 11. C. 549-560.

T'ocynapcTBeHHBII KaTanor NeCTULUIOB U arpOXMMUKATOB, PA3PEIEHHBIX K IPUMEHEHUIO Ha
Tepputopun Poccuiickoit ®enepannu. URL: https://docs.cntd.ru/document/420235436 (nata obpa-
mennst: 20.10.2023)

JmutpueB E. A. MatemaTnueckas craTHCTHKa B mouBoBeaeHuu. M. : Mszg-Bo MI'Y, 1995.
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HeraruBuble (GhexTsl IpUMEHEHUs I'epOHINIOB IPYIIIBl MMHAA30IUHOHOB: IIpobieMsl u
peenust / B. B. berukosa, 1. A. Ca3onosa, I1. C. [Tuznenko [u ap.] // Arpoxumust. 2023. Ne 2. C. 87-96.

TIpumeHeHre MHKPOOHBIX OMOTEXHOJIOTHIT JUIS YCTPAaHEHHs B IIOYBE OCTATKOB IepOULIUIO0B
KJIaCCOB HMMHJIA30JMHOHOB M cynb(onuamouesuH (0630p)/ O. B. Konorosa, E.D.Hedenbena,
W. P. Tpubyct [u ap.] // Teopernueckas u npuxinaanas sxkomnorus. 2023. Ne 4. C. 16-27.

MOUCK NEPCIIEKTUBHBIX AHTUBAKTEPHAJIbHBIX
COEJIMHEHWII B PSITY MHIOJMJIBEH3UMHIA30JIBHBIX
MPOU3BOJAHBIX, OBJAJIAIOIMX UHTUBUPYIOLIENR
AKTHUBHOCTBIO B OTHOIIEHUY AJJAPMOHCHHTETA3

H. M. Kamesaposa', E. I0. Mennorpano?, JI. FO. Hecrepopa'?,
A.T. Tkauenko'?
"MHCTUTYT 5KOJIOTMHU 1M FeHeTHKH MUKpoopranusmos YpO PAH,
Iepmcknii penepanbublil necenenoBarensekuii nentp YpO PAH

[epmb, nkashev(@mail.ru
[TepMckuii rocy1apcTBEHHBIN HAIMOHANBHBIN HCCIleI0BaTENbCKHIT yHUBEpCUTET, ITepMb

AnapmoncunTetassl — (Gepmentel cemerictea RSH (RelA/SpoT Homo-
logue), oTBeTCTBEHHBIC 3a CHHTE3/TUAPOHN3 anapMoHa (p)ppGpp — perynstopa
CTPHUH/DKEHT-0TBETA, (POPMHUPYEMOTO B OaKTEPUATBHBIX KJIETKaX MPH CTPECCo-
BBIX BO3JICHCTBHAX, B YaCTHOCTH, CTPECCe ToNoaHus. MIHTHOUTOpHI amapMoH-
cuHTeTa3 OnokupyrtT cunte3 (p)ppGpp, MOAABISIS HHIYHHUPYEMbIe alapMOHA-
MU KJIETOYHBIE MPOIIECCHI, U MPOSIBIISIOT C1a0yI0 aKTUBHOCTH B OTHOIIICHUH aK-
THBHO PACTYIINX OaKTepHaJIbHBIX KJIETOK SKCIOHCHIMAIBHOH (a3bl pocra.
OnHako OHHU CIIOCOOHBI 3P (PEKTUBHO ICHCTBOBATH TIPH MEPEXO/e KYIbTYyphI B
CTAalMOHAPHYIO (a3y, KOr/ia yBEIUUUBACTCS YHACIO MEUICHHO PACTYIIUX H I0-
KOSIIIIMXCS KIIETOK, BKITFOYask aHTHOMOTHKOTOJIEPAHTHBIX mepcuctepoB [Inhibit-
ing the stringent ... , 2019].
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[Tonck mepcrneKTHBHBIX MHTHOHUTOPOB alapMOHCHHTETa3 IPOBOIIIIA Ha
0aze OMONMMOTEKN WHIOIHIOCH3UMHUIA30IbHBIX IPOU3BOIHBIX, CHHTE3HPOBaH-
HBIX B Jlaboparopuu opranudeckoro cunresa [I'HUY. B kadectBe kputepus
MOMCKA UCIIOJIb30BaHbI 3HAYCHUS] MUHUMaJIbHBIX HHrHOuTOpHBIX (MUK) 1 Mu-
HUMAaJBHBIX OaKkTepuIuIHbIX KoHIeHTparmi (MBK) naxomnnbensnmmma3onos
npu ux BosjdedcTBumM Ha KyJibTypbl Escherichia coli u Mycolicibacterium
smegmatis (MUK/MBK < 1000 mxr/mi) [Synthesis, antimicrobial ... , 2023].
DPPeKTUBHOCTH NEHCTBUS BBIOPAHHBIX JJISI HCCIICIOBAHUS WHIOIMIOCH3MMU-
JA30JbHBIX TPOWM3BOAHBIX (Tabm. 1) co 3Hauenmsamu MUK/MBK 125-
250 MKI/MJI OLCHUBAJIU IO CIIOCOOHOCTH OAKTEPUATBHBIX KYJIBTYP (POPMHUPO-
BaTh MIEPCUCTEPHBIC KIICTKU K MHIOIMIOCH3UMI1a3071aM.

Taoauma 1
AnTrbaKkTepuantbHas aKTHBHOCTD HCCIICAOBAHHBIX HHIOTMIOCH3MMUIA30I0B
060- MUK/MBK, MKr/mi
3Haye- HaszBanue Dopmyiia E. coli M. smegmatis
HHUE
1a 2-(1H-uum0m1-3-11)-5-x710p- 1 H- HNg 125/125 250/250
6en3zo[d]umumazon ©\/§
16 2-(1H-unm07-3-11)-5-¢p 0p-1H- HN@ 125/125 950/250
6en3o[d]umumazon {
s 2-(1H-unnon-3-um)-7-mernn-1H- N 250/250 125/125
Genso[d]umuaazon N
ir | Z(H-nmon-3-um)-6,7-audrop- i 125/125 125/125
1H-6enso[d]umunazon ©f§
N

B kauecTBe OOBEKTOB HCCIEIOBAHMS MCIOIL30BaHbl INTaMMBI E. coli
BW25141 u M. smegmatis mc?155. BakTtepun KyJIbTHBUPOBAIN Ha MHHEPAb-
Hoit cpene M-9 ¢ 0,4 % rmoxo3sl (E. coli) wim cpene Middlebrook ¢ noGasie-
uuem 0,44 % rovmepuna u 0,05 % teura (M. smegmatis). C 11e11b10 BLISBIEHUS
WHTHOMTOPHOW aKTHBHOCTH H3y4YaeMbIX COEIMHEHHUH I10 OTHOLICHUIO K
(p)ppGpp-cUHTETA3aM HCIIOIB30BAHbl TAK)KE MYTAHTHBIE IITAMMEBI, HECYIIHE
JENElMA  TEHOB, KOAMpyIomuX anapMmoHcuHrerassl — ArelA, ArelAAspoT
(E. coli) u Arelvsm, ArelusmAsas (M. smegmatis). ITpoOsl 11s1 onpeaeaeHus Ko-
JINYECTBA IEPCUCTEPOB, OTOOPAHHLIC B YKCIIOHEHIMAILHBIX M CTAlHOHAPHBIX
KyJIbTYpax, IOABEPraii JEHCTBUIO M3yYaeMbIMH COCAUHEHHSIMU B TCUCHUE
24 9 ¢ mocieAyIONIMM BBICEBOM Ha Jamku ¢ LB-arapom s mojcuera KoJjo-
Hueobpasyromux equaul (KOE), Beipocimx nocne uakyo6anuu npu 37° C B
teuenne 24 (E. coli) u 72 u (M. smegmatis) (ta6u. 2).
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Tadauna 2
O06pa3oBaHue NEPCUCTEPOB 0] JCUCTBUEM UHOIMIOCH3MMHIA30JI0B B KYJIBTYpax
POUTENBCKUX M MYTaHTHBIX 110 aJlapMOHCHHTETa3aM mTammoB E. coli BW25141
u M. smegmatis (logio KOE/mu)

iTamy la 10 1B 1r

9KCII crarg JKCII craig IKCIT cTaig JKCII cTarg
BW25141 8,33 1,96* | 7,82 | 2,93* | 6,59 | 2,27* | 838 | 6,09*
BW25141ArelA 5,48 0* 0,5 0 0,81 0 2,59 | 1,08*
BW25141ArelAAspoT 3,32 0 1,24 0 0,36 0 2,34 0,74
M. smegmatis 9,12 | 532* | 9,12 | 7,07* | 491 1,40*% | 3,84 3,38
M. smegmatis Arelmsm 8,60 | 6,04*% | 8,85 | 7,23* | 4,46 2,11 4,38 2,83
M. smegmatis Arelvsm | 8,07 | 5,23* | 8,62 | 7,44* 1,39 1,14 3,88 1,94
Asas

B Tabnuie mpeicTaBiCHbI CPEAHHE 3HAYCHHS M3 CEPUH OJHOTHUITHBIX DKCIEPHMEHTOB (HE MEHee
TpeX); IKCH — IKCIOHCHLMATbHAS KyJbTypa, CTall— CTALMOHApHAs KyJbTypa; ¥ — CTaTHCTHYECKH
3HAYUMOE OTJIHYHE OT HKCIIOHCHIIHAIBHOM KYJIbTYPbl COOTBETCTBYIOIIETO mTamma (p < 0,05).

YCTaHOBIEHO, YTO BCE HCCIIEAOBAHHBIE WHIOIUIOCH3UMHIA30I1bI OKa3bI-
Bl HHIHOUPYIOIee JCHCTBHE HA CTAIIMOHAPHBIC KYJIbTYPBl H3YUCHHBIX BH-
JIOB B CPAaBHEHUH C HKCITOHEHIIHAIBHO PACTYIIUMH OaKkTepusiMH, Gojiee BIpa-
JKEHHOe B OTHomIeHHH ItammoB E. coli. TIpu 5ToM jenenus reHoB alapMOH-
cuntera3 (ArelA, ArelAASpoOT) npuBoaMiIa K yCHUICHUIO WHTHOMTOPHOTO (-
(ekTa Bcex M3yUCHHBIX COEJMHEHHH Ha repcucToodpazoBanue E. coli, Torma
Kak B KyJbTypax MHKOOAKTEpHl CHIDKEHHE TEPCHCTEHIIMH, OOYCIOBICHHOE
OTCYTCTBHEM anapMOHCHHTETa3 (Arelyvism, ArelvsmAsas), oTMedanoch TOIBKO
TIPH BO3ICHCTBHH OJJHOTO MPOM3BOIHOTO (1r). DTO yKa3pIBACT HA MEPCICKTUB-
HOCTB MCTIOJTb30BAHHUSI H3YUICHHBIX HHIONMIOCH3NMHUIA30]I0B B KAUeCTBE HHTH-
6uTopoB amapMoHcuHTeTas E. coli.

Jlutepatypa
Inhibiting the stringent response blocks Mycobacterium tuberculosis entry into quiescence and
reduces persistence / N. K. Dutta, L. G. Klinkenberg, M.-J. Vazquez [et al.] // Science Advances.
2019. Vol. 5, N 3. Art. eaav2104.
Synthesis, antimicrobial and antibiofilm activities, and molecular docking investigations of 2-
(1H-Indol-3-yl)-1H-benzo[d]imidazole derivatives / E. Y. Mendogralo, L. Y. Nesterova,
E. R. Nasibullina [et al.] // Molecules. 2023. Vol. 28, N 20. Art. 7095.
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AJANTAIIMA MUKPOBHBIX COOBHIECTB MEP3JIOTHBIX ITOYB
(EPABHUHCKASA KOTJIOBUHA, BYPSITHUS)
K I3MEHEHHWIO YCJIOBUM CPEJbl OBUTAHUS

JI. I1. Ko3bipeBa, C. B. 3aiineBa, O. II. larypoBa, B. b. [lam0aeB

HucTtuTyT 001mei 1 sxcnepuMenTanbHoi ouonorun CO PAH
Vnau-Ym, l-kozyr@mail.ru

Mep30THEIE TTOYBBI HPEACTABISAIOT OCOOBIM MHTEpeC, KaK AKCTpEeMallb-
HBIE MECTOOOMTaHMSI MUKPOOPTaHU3MOB, MOABEPKECHHBIX CE30HHBIM M CyTOY-
HBIM KOJICOAHUSIM B BEPXHHMX aKTHBHBIX CJIOSIX, TAK U HA00OPOT, COXPaHSIOINIHE
OTHOCHUTETIFHO CTaOWJIBHBIC YCIOBHS OOHWTaHHMA B MHOTOJIETHEH Mep3ioTe.
MukpoOGHBIe coo0IIecTBa pearnpyroT Ha U3MEHEHHS YCIOBHI OOWTaHMS, a/all-
THPYSCh Ha YPOBHE COOOIIECTB M OTACIBHBIX KJIeTOK [Microbial adaptation ... ,
2022; Microbial adaptations at ... , 2023].

Hamm Obmia m3ydeHa CTpyKTypa NPOKapHOTHOTO cOOOIIecTBa MOYB Ha
FO)KHOW TpaHWIle BEYHOH Mep3ioThl Ha monuroH-TpaHcekTe (I1T) dapxutyii-
XaiiMucaH U BiusiHNE Ha Heé (PU3MKO-XMMHUYECKUX MapaMeTpPOB ITOYBHI B pa3-
Hble nepuoasl orrauBanus. IIT HaxoguTesd Ha roro-3amajne Burumckoro mioc-
koropss (EpaBHuHCKHI paiion bypsaTtun), ero mpotskeHHOCTh 0KoJo 8 k. 1T
«/lapxXuTyi» COCTONT M3 AJIMHHOTO IMOJIOTOr0 CKIOHA CEBEPO-BOCTOUHOM IKC-
MO3UILUH, OT OJHOUMEHHON TaexkHOU rops! [apxutyit (1015 M) no mpuosep-
HBIX PAaBHUH C JIyroBeIMU cTersiMu (948 m). Koneunoit toukoif I1T sBumocs
BBICOXIIIEE TepMOKapcToBoe 03. Xaimucad. [Toussr [IT moapobHO oxapakTepu-
30BaHbl paHee [Soils of the Darkhitui ... , 2021]. CTpykTypy IpOKapHOTHOTO
coobmecta [IT dapxuryii-Xalimucan olieHMBalId Ha OCHOBE IPOQHIMPOBaA-
Hust 1o reny 16S pPHK.

Ot6op mpoO® mpoBOAWIM B HAYalbHBIA MEPHUOJ] OTTAWBAHUS IOYBEI
(17.05.2021) u B mepuox e€ MakcuManbHOro otrauBaHus (19-22.09.2022)

PYYHBIM OYypOM.
Om3UKO-XIMIYecKasi XapaKTepHCTHKAa BECEHHHX Mpod maHa panee [Mi-
crobial community ... , 2022]. OceHbpI0 Mep3I0Ta BEIsSIBIICHa Ha riryouHe 250—

260 cMm. B BepxHHMX MOYBEHHBIX TOPU3OHTAaX TeMmIeparypa cocTtasisia 4-9 °C,
Ha rayoune 1 m— 4,3-4,8 °C. BraXHOCTb BapbUPOBAJIaCh B BEPXHUX TOPH30H-
tax ot 20 % (B 6epe3oBoM Jecy u 03. Xaiimucan) 1o 36 % (crens); pH BogHOI
BBITSDKKH 110 TIPOQWII0 3HAYUTEIBHO HE M3MeHsuics M Haxomwics ais 1T
«/lapxutyii» B c1a00-KHUCIION — HEHTpaJIbHOM 00JacTsX, 03. XalMHcaH — clia-
6o-menoynoi. ConeprkaHue OpraHMIECKOTo BEIIECTBa ObLTO MAKCHMAaTHHBIM B
BEepPXHUX Topu3oHTax (BecHow 1,6—11,4 %, ocenpro7,8—10,5 %), a Takxke B TO-
rpeOCHHOM TOpU30HTE A, BBISBICHHOM Ha riryomne 240 cM B 03. Xaiimucan
(5,27-5,15 %). B mouBeHHBIX 00pa3siax TakXke OBIJIO ONpeeNICHO CoAep KaHue
HUTPATHOTO M aMMOHHUITHOTO a30Ta. bojiee BBICOKME 3HAUEHUS ONpE/IeIeHB! B
BECEHHUX Tpobax.
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[IpoaHanu3npoBaHbl M3MEHEHUSI B COCTABE MHUKPOOHBIX COOOLIECTB B
CPaBHEHHH C ITOJYYCHHBIMH paHee Pe3yJIbTaTaMi B HAYAIBHBIH MEPHOJI OTTau-
Bauus [Microbial community ... , 2022]. KoMIuleKCHBIN aHaIN3 MUKPOOHOTO
pacripeqesieHNs BBIIBIII BEICOKHH YPOBEHb MUKPOOHOTO Pa3HOOOpa3Hs BO BCEX
MOYBEHHBIX TOPH30HTaX AKTHBHOTO CJIOSI B MIEPHOJ HAYAIBHOTO ¥ MAaKCHMallb-
HOTO OTTaMBaHMUs, a TAK)KE B MHOTOJIeTHEH Mep3inore. OCHOBHBIMH (haKTOPAMH,
KOTOpBIE OINpPEIEISIIM COCTaB MUKPOOHOTO cOOOIIecTBa MOYBBI BECHOM, OBLIM
pH, Temmeparypa, BIaXHOCTb. B meproa MakCHMAaJIbHOTO OTTAMBAHUSA — TEM-
reparypa, CoAepKaHhue OpPraHMYEeCKOro BEIIECTBA, HUTPATHOTO M aMMOHHIHO-
ro asora. Actinobacteriota, Alpha- u Gammaproteobacteria romunupoBaTu BO
Bcex oOpasiuax; Firmicutes, Crenarchaeota u Bacteroidota — B ormenbHBIX
mpo0ax B pa3HbIE MIEPHOJIBI OTTANBAHMS MOYBHI (Ta0II.).

Tadauna
PacnipeniesieHne OCHOBHBIX (pMIIyMOB B MEP3JIOTHBIX MouBax EpaBHUHCKON KOTIOBUHBI (%)
BepesoBsrii nec, lapxutyit 03. Xaiimucan
Taxconsl AKTHBHBIH CIIOM MeEp3JioTa aKTHBI:I,HH MEp3J10Ta
CJION
BECHa OCCHb |CE€30HHAasi MHOIOJICT. | BECHA | OCCHb [€30HHAas IHOI'OJICT.

Crenarchaeota 6,38 3,07 22,42 0,21 1,06 (0,8 10,94 10,22
Acidobacteriota 3,63 4,02 5,38 0,48 5,48 7,35 (2,41 1,05
Actinobacteriota 16,49 26,86 [16,6 51,06 24,16(25,25|55,64 (27,7
Firmicutes 23,34 |3,84 10,15 3,74 11,79|11,4 1,87 2,77
Alphaproteobacteria  [23,02  |26,06 [17,3 24,52 18,44123,32[16,95 |10,26
Gammaproteobacteria [6,77 10,85 6,4 12,5 13,94|16,71|11,3 |41,35
Bacteroidota 4,6 7,54 4,56 3,59 6,68 116,46(3,15 13,49
Verrucomicrobiota 4,96 6,9 6,05 1,33 1,17 |1,1 1,29 0,44
Gemmatimonadota 1,03 1,56 1,16 0,5 0 0 0 0
Planctomycetota 3,98 2,16 1,27 0,41 0 0 0 0,29
Desulfobacterota 0,1 33 3,46 0,26 0 0 0,19 |0
Myxococcota 0,69 1,08 0 0 0 0 0,35 0,35
Halobacterota 0 0 0 0 3,66 10,32 {1,09 (0,36
Euryarchaeota 0 0 0 0 1,61 1,17 |0 0,14
Chloroflexi 0 0 0 0 1,49 1,9 10,27 10,2
Unclassified Bacteria |4,65 2,49 4,31 0,78 4,16 12,05 |2,75 |1,19
Jpyrue 0,36 0,27 0,94 0,62 1,24 12,17 10,52 |0

Actinobacteriota ObUTH HWJICHTH(MHUIIMPOBAHBI KaK OJHU M3 TaKCOHOB-
WHMKATOPOB MEpP3JIbIX TOpU30HTOB. Panee mouBenHblie Actinobacteriota Tpa-
JUIHOHHO CUUTAIHCh Me30()UIIbHBIMHI OpPraHU3MaMHU, KOTOPBIC C TPYIOM ajiarl-
THPYIOTCS K HU3KUM TemrieparypaM. OIHAKO B MOCIEAHEE JACCATHIIETHE TOSB-
nsietcst Bce Oosbliie paboT, MOCBSINEHHBIX BBIACICHUIO TCHXPOTOJIEPAHTHBIX
AKTUHOOAKTEPHIi U3 XOJIOJHBIX MecT obutanus [[Ipokorenko, 3eHoBa., MaHy4a-
poBa, 2019] n mpucytcTBus Actinobacteriota B mep3note [Abrupt permafrost ... ,
2023; Microbial and Geochemical ... , 2021]. OtaruuTensHOM 0COOEHHOCTHIO
nouBbl XaiiMucana ObiI0 yBenuuenue goinu Gammaproteobacteria nmo Hampas-
JICHAIO K MHOTOJICTHEH MEp3JIOTe 3a CUeT MPEeJCTABUTEICH HCUXPODUIBHBIX
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ponoB kommotpodHoro cemeiictBa Comamonadaceae. Bacteroidetes qoMuHU-
pOBaIlK B COCTaBE MUKPOOHOTO COOOLIECTBA CIIOSI BEYHOM MEP3IOTHI B CTEIIH.
Onurorpodusie Acidobacteriota cyOIoOMHHHPOBAIN B AKTUBHBIX MMOYBEHHBIX
TOPHU30HTaX BECHOM, YTO BEPOSITHO OOYCIOBICHO HX CTPECCOYCTOWYHBOCTRIO K
KOJICOAHMSIM TEMITCPATYPBL.

TakuMm 00pa3oM, CTPYKTypa MHUKPOOHBIX COOOIIECTB MEP3IOTHBIX I10YB
EpaBHUHCKOH KOTJIOBHHBI M3MEHSIETCS B 3aBUCHMOCTH OT KOHKPETHBIX YCJIO-
BUIf WX OOWTaHWs. BBISBICHBI 3HAUNTEIBHBIC PA3INUMS MEKIY BEPXHHUM (aK-
THBHBIM) CIIOEM IIOYBBI, CE30HHOM MEp3JIOTOM, MHOTOJNETHEH MEp3JoToi, a
TAKXKE MEXKAY THIAMH SKOCHCTEM (JIMCTBEHHUYHBIN Jiec, Gepe3oBblil Jiec,
CTETb, 03€PO).

Hccenedosanus 6bIn0IHEHbl 8 PAMKAX meMbl 20¢3a0anust «Muxpobhule co-
006wecmea IKCMpPeManbblX NPUpPoOHblX dKocucmem Bailkanibckozo peuona:
CMPYKMYPHO-QYHKYUOHATLHAS OP2AHU3AYUSL U OUOMEXHOIOSUYECKULL NOMEH-
yuan (Ne 2ocpecucmpayuu 121030100229-1).

Jlutepatypa

TIpoxonenko B. B., 3enosa I'. M., ManyuapoBa H. A. Dkodusnonorndeckast XapakKTepHCTHKA
MICUXPOTOJICPAHTHBIX AKTUHOMMIICTOB TYHJIPOBBIX U JIeCHBIX JaHamadros // [TouBoBenenue. 2019.
Ne 6. C. 734-742.

Abrupt permafrost thaw triggers activity of copiotrophs and microbiome predators/
M. Scheel, A. Zervas, R. Rijkers [et al.] / FEMS Microbiol. Ecol. 2023. Vol. 99, N 11. Art. fiad123.

Microbial adaptation to different environmental conditions: molecular perspective of evolved
genetic and cellular systems/ A. K. Wani, N. Akhtar, F. Sher [et al.] /Arch. Microbiol. 2022.
Vol. 204, N 2. Art. 144.

Microbial adaptations at higher altitude for sustainable development: A review / M. Singh,
K. Jayant, D. Singh [et al.] // J. Appl. Pharm. Sci. 2023. Vol. 13, N 6. Art. 001-009.

Microbial and Geochemical Evidence of Permafrost Formation at Mamontova Gora and
Syrdakh, Central Yakutia/ M. Y. Cherbunina, E. S. Karaevskaya, Y. K. Vasil’chuk [et al.] // Front.
Earth Sci. 2021. Vol. 9. Art. 739365.

Microbial community in the permafrost thaw gradient in the south of the Vitim plateau (Burya-
tia, Russia) / S. Zaitseva, N. Badmaev, L. Kozyreva [et al.] / Microorganisms. 2022. Vol. 10, N 11.
Art. 2202.

Soils of the Darkhitui catena in the southern Vitim Plateau and their micromorphological fea-
tures / A. Gyninova, N. Badmaev, Yu Tsybenov [et al.] // IOP Conf. Series: Earth Environ. Sci.
2021. Vol. 862, N 1. Art. 012068.
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AJANTAIUA MUKPOOPT'AHN3MOB
K 3AMEP3AHUIO/OTTANBAHUNIO B 30HE BJIMSTHUSA
SUMHEI'O OIIOJI3HA

JI. M. Konapatwesa', /I. B. Auapeesa’, 3. H. JIntBunenxo’,
E. M. Tony6eBa’
"MucTuTyT BOAMBIX 1 SKONMOrMYECKUX pobiem JJBO PAH,

Xabaposck, kondratevalm@gmail.com
MuctutyT TektoHuky u reodusuxu um. 10. A. Kocwiruna JIBO PAH,
Xabaposck, evg8302@yandex.ru

[Ipeobnaganue MEUKPOOHOM KHU3HA B MHOTOJICTHEH MEp3JI0TE C BO3PACTOM
JI0 HECKOJIBKUX MHJUITMOHOB JIET XOPOLIO 33J10KyMeHTHpoBaHo. OIHAKO J0JITro-
CpOYHasi BEDKUBAEMOCTh, BOJIONNSA M METab0OIM4ecKass aKTHBHOCTh MHKPOOP-
TaHM3MOB B 3aMOPO’KEHHOM COCTOSTHUH OCTAIOTCS HEJOCTATOYHO H3yYEHHBIMHU
[Predominance of Anaerobic ... , 2019]. CtocoOHOCTh TICHXPOTPOQHBIX OaKTe-
pHit BEDKHBATh IPH HU3KOH TemIiepaTtype oOycloBIeHa aJaNnTallIOHHOI CTpaTe-
THeH, KOTopasi BEIpadaThIBACTCS Ha KIETOYHOM M MOJICKYJISIPHOM YpoBH:X [Role
of psychrotrophic ... , 2022]. Bce 3Ti H3MEHEHUS Ha KJICTOYHOM YPOBHE 3aBUCST
OT MHOTHX (PaKTOpOB OKpykaromiei cpeqpl. CKOPOCTh aanTallid MOKET 3aBH-
CeTh OT yCIIOBUH IUKINYecKoro 3amep3anus u orranBanus (1[30). buoreoxu-
MHYECKHE MPOIIECCH, IPOUCXOAIINE TTPH CE30HHOM 3aMep3aHUU BOJIBI U TI0-
POJl, MOTYT COIIPOBOKAATHCS ONTACHBIMU SIBIICHUSIMU, BKJIIOUYAs OIOJI3HU.

B nexabpe 2018 r. nmpu Temneparype —32 °C ¢ neBoro Oepera Bypeiickoro
BOJIOXpaHWINILA COUIENI OJIMH M3 KPYNMHEHIIMX B MHPE OIOJI3€Hb, KOTOPHIH
TIpezcTaBIsAeT co00l YHHKAIFHOE TPHPOJHOE SBICHNE B BOJOEME, TIOKPHITOM
apaoM [Kpynueiii ononsens ... , 2019]. O mpuuuHax ero cxoja 0 CHX IOp
uaer auckyccus. I[lepBble pe3ynbTaThl MUKPOOHOIOTHUECKUX HCCIIEAOBAHUN B
30HE BIMSHUSA OTOJI3HS OBUTH MPOBEACHBI B IEPHO/T JIGAOCTaBA M BECEHHUH ITe-
puon 2019 r. [I3MeHeHHe YuCAeHHOCTH ... , 2021]. JJanbHelmme paboTsl 1o
OLICHKE  QJalTallMOHHOIO TMOTEHLHMAala MHMKPOOPraHM3MOB K 3ameps3a-
HUIO/OTTaWBaHUIO B 3aBUCHMOCTH OT MOTPEOJSIEMBIX MCTOYHHKOB YIiiepoja
MIPOBOJIAIIH IN Vitro.

B pabote mpezmcraBiieHbl pe3yiIbTaThl HCCICAOBaHUS OHOTpaHchopManuu
rymara HaTtpust (I'Na) mpu yyacTUM MHKpPOOPTaHU3MOB C pPa3HON HCTOpHUEH
ajanTaluy K 3aMOpPaXKMBAaHHUIO/OTTaWBaHMIO (Tabi.): OMOIUICHKH Ha 3epHax
TOPHBIX MOPOA U CYCHEH3Us KJIETOK U3 KyJIbTypallbHOM sxuakoctu nocie L30.
Vcnionb30BaHbl MITaMMBbI OaKTEpUil, BBIICIICHHBIC U3 BOJIBI BOKPYT Tena bypeii-
CKOT'O OIOJI3HS, KOTOPbIE 00J1a1aIl XapaKTepHbIMU (PU3HOJIOTMYECKHUMH CBOI-
CTBAMH, OMNPEACISIIONIIMHA WX aJaNTallMio K HU3KAM TEMIIepaTypam:
Arthrobacter sp. 13HII— moBepXHOCTHas BOJa HKXKE Tela OIOJI3HS,
Pseudomonas sp. 17BIl— mnoBepXHOCTHas BOJA BBIMIC TeJia OMOJI3HS,
Actinomyces sp. 45BJ1 — npujoHHas BOja BBIIIE Tea OMOJI3HS. 3aMOpaXkKuBa-
HHUE 00pa3loB MPOBOIMIN MU TeMiieparype —18 °C, oTtauBaHue pHu pazHOM
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nmuanazone temmepatyp (+4 °C u +23 °C). Xapaxrep 6uorpanchopmarun I'Na
nmocie 1[30 wmccnemoBany CHEKTPaNbHBIMH METOJAMH IPH Pa3HBIX JITHHAX
BOJH Ha crektpodoromerpe Shimadzu UV-3600. Ilpu 254 uM ompenensian
anugaTudeckue GpparMeHTsl MaKpOMOJEKYIBI; MpH 275 HM — apOMaTHUECKHE
KOMIIOHEHTHI; Tipu 465 HM — XpoModoprbie rpynmbsl [Application of spectro-

photometry ...

,2015].

YCJIOBHSIX 3aMep3aHuUs/OTTauBaHUS

Taoauna
BrnusiHre MEKpOOPraHN3MOB Ha CIICKTPAJIBbHBIC XapaKTEPUCTUKH I'yMaTa HaTPHs TIPH PAa3HBIX

WNuoxymst Yenosus 30 254uam | 2758M | 465 HM

buoruienka Ha | 1 atan: 3amopaxkuBanue npu —18 °C (30 cyT.),

opozie mrt 5 nuknos 3/0, TeMnepaTypa OTTauBaHUs IIPU

17 BIT (BIT 1) | 4 °C; 2 stan: BeICYIIMBaHUE, HOBAs cpejia C 2,918 2,551 | 0,458
I'Na; 3amopakupanue Ha 30 cyT.

buonnenka na | 1 sran: 3amopaxusanue npu —18 °C (30 cyr.),

MopoJe T 5 mukiios 3/0, TeMmeparypa OTTauBaHUsI IPU

17 BIT (BI19) | 23 °C; 2 sram: BhICYIIUBAHUE, HOBAs CpeJia C 1,951 1,683 10263
I'Na, 3amopaxuBanue Ha 30 cyT.

Cycnensus it | Cycnensust nocie 3/0, orraunBanue npu 4 °C;

17 BIT (1H) akkiauMmaru3anus 10 cyt. mpu 23 °C Ha I'Na, 3,627 3,202 | 0,612
HOBOE 3amMopaxkuBanue Ha 30 cyT.

Cycnensus Cycniensust nocie 3/0, oTTanBaHue mpu

wr 17 BIT 23 °C, akknmumaruzauuu 10 cyt. npu 23 °C Ha | 3,252 2,861 | 0,452

(9 H) I'Na, HoBOe 3amopakuBanue Ha 30 cyT.
Cycnensus 3-cyTouHO# KyapTypsl mt. 17 BIT

I'B1 poct Ha I'Na 10 cyr., 3amopo3ka Ha 30 cyT., 4,585 4,302 | 0,690
ottauBanue npu 23 °C

I'B2 Cycnensus 3-cyTouHO# KynbpTypsl t. 13 HIT
poct Ha I'Na 10 cyr., 3amopo3ska 30 cyr., o- | 4,572 4,312 | 0,697
tauBanue npu 23 °C

I'B3 Cycnensus 3-CyTouHOU KyIabTyphl It. 45 BJ]
poct Ha I'Na 10 cyrt., 3amopo3ka 30 cyt., oT- 4,715 4,298 | 0,679
tauBanue npu 23 °C

I'B4 BHecensl cycrieH3uu Tpex mMTaMMOB, POCT Ha
I'Na 10 cyrt., 3amopo3ska 30 cyr., orrauBanue | 4,470 3,989 | 0,618
mpu 23 °C

I'Na PaCTB(ip I'Na mocne 1 stama 1130 + 30 cyr. 4,601 4338 | 0.724

KOHTPOJIb npu 4 °C

HVccnenoBanus moxasaiiy, 9YTO MaKCHMalIbHbIE H3MEHEHHS CIIEKTPATbHBIX
xapaktepucTik ['Na 1o cpaBHEHHIO ¢ KOHTposieM (0e3 OHMOTeHHOTo (axTopa)
npoucxoamwtn pu ydactuu omoruieHok (BIT 1, BIT 9), koTopsie mpomuu 1u-
TenpHyo aaanrtanuio k 1[30. Tpancdopmanust kacajgach BceX COCTaBIISIOLIMX
Monekynsl ['Na u Mano 3aBucena OT TeMIlepaTypbl oTTanBaHusA. CyIiecTBeH-
HOMY TIpeoOpa30BaHMIO ITOJBEprajach apoMaTHYecKasi COCTABILIIONMAs M XpPo-
ModopHble rpymmbsl MosieKyiabl ['Na mpu ydyactum cycrneHsuu kietok (9H),
MPUCYTCTBYIOIIUX B INIAHKTOHHOM cocTossHuM pocie 1[30 u 6vicTpoMm oTTau-
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Baruu nipu 23 °C. Ilocne pa3oBoi 3aMOpPO3KH aKTUBHOCThH OTAEIBHBIX IITaM-
MoB (I'B 1-3) u ux cymmaproro koHcopuuyMma (I'B 4) Obi1a TOBOIEHO HU3KOM
B NPUCYTCTBUU CTOMKUX UCTOUHHKOB YIJIEpoOJa.

CormnacHO TPOBEACHHBIM HCCIICOBAHUAM, CE30HHBIC U MHOTONeTHHE [[30
MOBBIIAOT MPUPOAHBIA MOTEHIUAT MHUKPOOPTaHU3MOB K HU3KHM TEeMIIEpaTy-
paM, 3a cueT (pOopMHPOBAHUS OMOIICHOK Ha MOBEPXHOCTH M B IOPOBOM IIPO-
CTpPaHCTBE T'OpPHBIX MOpoA. B pernonax c¢ orraumBarolieil MEp3Ja0TONH HCTOYHHU-
KOM yTiiepoja JUIsi MUKPOOHOTO METabolIn3Ma MOTYT BBICTYIIaTh CTOMKHE Ty-
MUHOBBIE BELIECTBA.

Jluteparypa

VI3MeHeHne YuCIeHHOCTH U AKTUBHOCTH MUKPOOOLICHO30B B 30HE BIIMSHUS KPYITHOTO OIOJI3HS
Ha bypeiickom Bomoxpanmnume / JI. M. KonnparseBa, 3. H. JIutBunenko, [I. B. Auapeesa,
A. C. Bamkyposa // Buonorus Buytpennux Boa. 2021. Ne 3. C. 243-252.

KpynHblii oron3eHp B JoyiHe pekd Bypes u myHamu B Bojoxpanuimiie bypeiickoit I'9C /
A. H. Maxunos, B. 1. Kum, A. B. Octpoyxos, /I. B. MarBeenko // BectHuk JaibHEBOCTOYHOTO OT-
nenenus Poccuiickoit akanemun Hayk. 2019. Ne 2. C. 35-44.

Application of spectrophotometry for quantification of humic substances in the permafrost sed-
iments / L. T. Shirshova, D. A. Gilichinsky, N. V. Ostroumova, A.M. Yermolayev // Earth's cry-
osphere. 2015. Vol. 19, N 4. P. 94-106.

Predominance of Anaerobic, Spore-Forming Bacteria in Metabolically Active Microbial
Communities from Ancient Siberian Permafrost/ R. Liang, M. Lau, T. Vishnivetskaya [et al.]//
Appl. Environ Microbiol. 2019. Vol. 85, N 15. Art. e 00560—19.

Role of psychrotrophic bacteria and cold-active enzymes in composting methods adopted in
cold regions / V. Manyapu, A. Lepcha, S. K. Sharma, R. Kumar // Advances in Appl. Microbiol.
2022. Vol. 121. P. 1-26.

MUKPOBHBIE COOBIIECTBA COJIEHBIX O3EP
BAPTY3UHCKOM KOTJIOBUHBI:
9KOJIOTHUs, TAKCOHOMHNYECKOE PASHOOBPA3MUE,
HEINTUJIAZHAA AKTUBHOCTD

E. B. JlaBpentbeBa

HucTutyT 001meit 1 sxcnepuMenTanbHoi ouonorun CO PAH, Ynan-Ynn
BypsiTckuii rocyaapcTBeHHbIH yHUBepcUTeT, Yian-Y 13, lena_l@mail.ru

YHUKaTBHON 0COOEHHOCTHIO Bapry3mHCKOW KOTIOBHUHBI SBISETCS IIHPO-
KO€ pacIlpOCTPaHEHHE SKCTPEMAIBbHBIX MECTOOOMTAHWH, KOTOPBIC SBISAIOTCS
MecTaMHU BBDKUBAHUS, COXPAHEHUS] M AKTUBHOW I'€OXMMHUYECKON JeATEIbHOCTH
MHKPOOHBIX COOOIIECTB, a TAaKXKe pe3epByapaMy BBIACICHHUS 3KCTPEMO(DUIIOB,
HMMEIONTIX OMOTEXHOIOTHIECKUH TOTEHIIHAIT.

Lens — onpenenuTs TAKCOHOMHYECKOE Pa3HO0Opa3re MUKPOOHBIX CO00-
IIECTB COJICHBIX 03ep bapry3uHCKoN KOTIIOBHHBI C TIOMOIIBIO METOJa BBICOKO-
MIPOM3BOJUTEIIFHOTO CEeKBEHHpOBaHMA 10 reHy 16S pPHK, onennts BiamsHue
MPUPOIHBIX (HAKTOPOB HA Pa3BUTHE MHKPOOHOTO COOOLIECTBA M yCTaHOBUTH
a/lanTalOHHbIM NOTEHIIMAI BBIAEIEHHBIX KYIbTYP.
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B nanHoOI#t paboTe mpeacTaBIeHb! PE3yIbTAaThl UCCIIEA0BAHUS MUKPOOHBIX
coobmiecTB cynbdaTHOro 03. ['ymkupranckoe u comooro o3. Hyxa-Hyp (ce-
BEpPHBII), pacloIokKEHHbIE Ha TeppuUTOpun bapryzuHckoil koTiaoBuHbL. BogHo-
COJIEBOC NMUTAHUE HCCIIEAyeMble 03epa bapry3nHCKoH KOTIOBHHBI MOTY4aloT 3a
cueT aTMOc(epHBIX O0CA/IKOB, BBIBETPHBAHMS U IOCIEAYIOIIETO BBIIIEIAUYNBaA-
HUS OKPY’KaIOIUX MX FOPHBIX MOPOJ, a TAKXKE 3a CUET Pasrpy3KU MOA3EMHBIX
BoJ. KoHIleHTpUpOBaHUE PACTBOPEHHOI'O BEIIECTBA B 03€pax CBA3aHO C yjale-
HHEM pPacTBOPHUTENS, YTO MPOMCXOINT B YCIOBHAX 3abaiKaibsi B pe3yibTaTe
MPOLIECCOB HCNApeHHs U BbIMOpaKMBaHUs. VcmapurenbHOe KOHLEHTPUPOBA-
HHE CBSI3aHO C TEM, YTO 3JIeCh JIETOM IOCIOACTBYIOT apuiHble ycnosus [['eHe-
3WUC BOJABI M PACTBOPEHHBIX ... , 2020; CynbdaTHbIe MUHEpaIbHBIC ... , 2020].
Oco0eHHO 3TH TPOIIECCHl TOKA3aTEeIBHBI IS METKOBOAHOTO 03. ['ymKupraH-
CKO€, KOTOPO€E B 3aCyLUIUBBII NEPUOA T0J1a MPAKTUUECKH MOIHOCTBIO MEPECHI-
xaeT. Pe3ynbraTel GU3MKO-XUMHYECKHX U THAPOXMMHYECKUX HCCIEIOBaHUI B
03epax IMoKa3ajw, YTO M3YYCHHBIE 03epa OTHOCATCS K CyIb(paTHOMY THITY (03.
I'ymwxupranckoe) u cogosomy tuiy (03. Hyxs-Hyp) ¢ BeIcOkuME 3HaueHUSAIMHA
pH. Tak, B aHHOHHOM cOcTaBe JOMHHHUPYIOIIUM HOHOM SIBJISIICS CyJb(aT-HOH
B 03. ['ymxupranckoe u ruapokapbonar-uos B 03. Hyxs-Hyp. B Boxe ozep
OTIpeIeNICHBI XJIOPHUIBI, (GTOPHUIBI U HOHBI KpeMHHU. VccienoBanne KaTHOHHO-
TO COCTaBa 03ep MOKa3allo, YTO UX XapaKTepPHOH 0COOEHHOCTHIO SIBISIETCS IIpe-
obJylalaHie B HMX HMOHOB HATPHsl, YTO CBOWCTBEHHO BBICOKOMHHEPAIN30BaH-
HBbIM BOJaM. B ycioBusix cyXoro kinuMara HaTpUil — XapaKTEpHBbII JIEMEHT UC-
MApUTETHHON KOHIICHTPAIIMH M OIpEe/eNsieT MHOTHE TeOXHMHUYEeCKHe 0COOeH-
HOCTH CTETIHBIX PAiOHOB.

B oOpasmax nqoHHBIX ocankoB o3ep I'ymxupranckoe u Hyxs-Hyp onpene-
JIEH MHKpPODJIe-MEHTHBIM COCTaB. YCTAHOBJIEHO, YTO B JOHHBIX OCaJKax
03. ['ymxupranckoe OTMEUaeTcss MNpe-BbILEHHE COJEPKAHUS OTHOCHTENBHO
KJIapka Juis 3eMHOHM kopsl (o A. I1. BuHorpasnoBy) cnemyromux 3J1€MEHTOB:
Ca, Mg, K, Na, S u Li. B 03. Hyx>-Hyp conepxanne MUKPO3JIEMEHTOB HaXo0-
JIMIIOCH HAa YPOBHE KJIAPKOBBIX 3HAYCHUH, 32 HCKIIoUeHHEM Al.

Hamu npoBezieHa OlleHKa CTPYKTYPBI S9KCTPEMO(GHIBHBIX MUKPOOHBIX CO-
obmectB conensix o3ep ['ymkupranckoe u Hyxa-Hyp. Brisiiena 3akonomep-
HOCTh TaKCOHOMHYECKOTO Pa3HOOOPa3Msi U CTPYKTYphl MUKPOOHOTO cooOIie-
CTBa B 3aBUCHMOCTH OT OMOTOIIOB B COJICHOM 03. ['y/XKHpraHCKOe U COJI0BOM
03. Hyx>-Hyp (baprysunckas Bnamuna). B paccone conenoro o3. ['ymxupras-
ckoe momuHHpoBanu ¢mryMsl Pseudomonadota (mpeacraBuTEnH KIaccoB
Gammaproteobacteria, Alphaproteobacteria) u Bacteroidota. B mukpooHOM
Mare jomuHupoBaan Gammaproteobacteria (rimaBubiM 00pazoM pasHooOpas-
Hble npeacraBurenu pojaa Aliidiomarina (68 %)) u Cyanobacteriota. B gonHbix
ocajkax npeobmamanu  Bacillota (30-32%) w  cybmoMuHHpOBaIH
Actinomycetota u Deinococcota. Cremyer OTMETHTB, YTO BO BCEX OHMOTOIAX
oOHapy>keHa OoJIbIIast JOJIST HEKYJIbTHBUPYEMBIX MIPOKAPHOT U HEHCCIICIOBAH-
HBIX TPYMII MUKPOOPTAaHU3MOB. DTOT BayKHBII HEU3yUEHHBIH MUKPOOHBIH KOM-
MOHEHT B COJIEHOM 03. ['y/DKHpranckoe MpencTaBiICH Kak Ha YpPOBHE JOMEHa
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Bacteria (zo 17 %), Tak u Ha APYruX KPYIHBIX TAKCOHOMUYECKUX YPOBHSX:
unc_ Bacillota (1o 29 % paccomn), unc_Chitinophagaceae (mo 25 % mukpo6-
HbIi Mar), unc_Bacteroidetes (10 10 % goHHbBIE OcaIKy).

B m3ydeHHbIXx 00pa3max IOHHBIX OCaaKOB cogoBoro o3. Hyxa-Hyp (ce-
BEPHOE) JOMUHHUPOBAIN OAKTEPHH, MPEICTABUTEIN apXel COCTaBIISUIM HE3Ha-
guTenbHyo om0 0,6-2 %. Haubonpinyro D010 B cOOOIECTBE JOHHBIX OCa-
k0B 03. Hyx»-Hyp cocraBumu npeacraButenu ¢pmryma Pseudomonadota kiac-
ce  Gammaproteobacteria  (10-27 %), Alphaproteobacteria (511 %),
Bacteroidota (14-43 %), Actinomycetota (3—15 %), Chloroflexota (5-12 %) u
Bacillota (9-14 %), HO UX COOTHOLICHHE HE3HAYUTEIHFHO BapbUPOBAIO B pa3-
HBII nepuof nuccuenoBanust. OCOOCHHOCTHIO TAKCOHOMHYECKOT'O COCTaBa MHK-
pobHOTO coobmiecTBa JOHHBIX ocaakoB Hyxs-Hyp sBismocs moMuHMpOBaHNE
OTE, oTHECEHHBIX K HEKYJbTUBHPYEMBIM KJIOHAM, ITPUHAICKAIINM K TaKCO-
HaM Pa3HOTO PaHra.

Anamm3 CCA mokasan BIusiHEEe aOMOTHUYECKOW Cpelibl Ha pacIpeeieHne
JOMHHHPYIOIIKUX (GHIYMOB M KiaccoB ¢uiayma Pseudomonadota. ®wmirym
Bacillota monoxutensHo koppenupyrot ¢ nonamu SO+~ u Na®, ConepxaHue
nonoB  COs>> + HCOs, NO73 BmMsaIm Ha  pacnupoCTpaHEHHE
Alphaproteobacteria, Deinococcota u Actinomycetota. Temneparypa u pH oka-
3pIBa€T HauOOJbIICe BIMSHHE Ha mpeoOiamanue (uiymoB Bacteroidota u
Cyanobacteriota. B pe3ynbrare aHann3a TaKCOHOMHYECKOTO COCTaBa MOKa3a-
HO, 4TO B 03. ['ymKupranckoe MUKpOOHOE COOOIIECTBO MPEICTABICHO B OC-
HOBHOM YMEpPEHHO TaJo(QMIBHBIMH ¥ TalOQHUIBHBIMHA OaKTepHsIMH, a B
03. Hyx»-Hyp MukpoOHOE cO00IIecTBO MPEICTABICHO YMEPEHHO AITKAIO(HITb-
HBIMU OaKTEPHUIMU.

W3 ob6pasnos Boxsl 03. Hyxs-Hyp Beimenens! a3pobHbIe reTepoTpodHBIC
MOJNMAPKCTpEeMOUIbHBIE ~ OakTepuH, KOTOpbIe OTHECEHBI K  Kilaccam
Gammaproteobacteria, Alphaproteobacteria u Bacilli ¢ ontumymom passutus
npu pH ot 8-9,5 u conenoctu 10 10 r/am’. V BBIIENEHHBIX KYIbTYp GaKTepuii
OblTa MCCIEOBaHA CIIOCOOHOCTh CEKPETHPOBATh BHEKICTOYHBIC IENTHAA3HI,
aKTHBHBIC Ha Pa3IMYHBIX CHHTeTHYeCKuX cyoOcrparax: BAPA, GIpAALpNa,
LpNA, FpNA u GlpFpNA. [IpoBeneH cpaBHUTEIbHBIN aHAIN3 CEKPELMU BHE-
KJICTOUHBIX MENTH/a3 B 3aBUCHMOCTH OT UCTOYHUKA Oenka 2 % B KyJIbTHBHPY-
eMoii cpezie (TIeNTOH, TPUIITOH, SIMYHBIA aIbOyMUH), TIPH PA3IMYHBIX 3HAYCHH-
sx pH 7, 8,5 u 10, munepanu3zarmu 0, 10 u 24 1/71, pu pa3THYHBIX TEMIIEPaTy-
pax kynpTuBHpOBaHUA 5, 30 °C u BpeMeHH KynbTHBUpOBaHHA (3, 5u 7 CyT.).
Bruto mokasaHo, 4TO BHEKJIETOYHAs TENTHIa3HAas aKTUBHOCTh Yy H3YYCHHBIX
IITaMMOB 00JaZaeT IUPOKOH cyOcTpaTHOW crenuduaHOCThI0. JlaHHbIE aHa-
nHM3a cyOcTpaTHOM Ccrieln(pUYHOCTH HAanOOJIee aKTUBHBIX BHEKJICTOUHBIX METl-
TH/AA3 yKa3bIBAIOT Ha WX MPHUHAUIC)KHOCTH K KJIACCy CEPHHOBBIX MpoTeas cyd-
THIIN3HH-TIOJOOHOTO ¥ TPUIICHH-TIOAO00HOTO THIA, a TAKKE AMHHOICTITHIIA3.
OrmpezeneHne TeMIepaTypHOro onTHMyMa M CTaOMIBHOCTH (PepMEHTa Yy BbIJIC-
JICHHBIX IITaMMOB OakTepuii mokaszamu ontumyM npu 30 u 40 °C, nentuaass
coxpanmin 6onee 50 % aktuBHOCTH mpu Temneparype a0 50 °C. pH ontumym
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y mTamMMoB oO0HapyskeH rpu pH 8 — 10, mentuaassl cradmibHbl ipu pH 7-11.
[Tony4eHHbBIC TaHHBIC CBHICTEIBCTBYIOT O IHIMPOKOM CIICKTpPE MENTHAA3, CEK-
PETHPYEMBIX HCCIEIyeMbIMU OaKTEepHUSIMHU, UTO, BO3MOXKHO, B €CTECTBEHHBIX
MECTOOOUTAHHSIX TIO3BOJISIET UM YCIEIIHO UCIIOIB30BAaTh MIPUPOIHBIE OETKOBBIE
cyoctpatsl. IlenTrmassl TPOIEMOHCTPHPOBANN TOIMAIKCTPEMO(MIBHEIE CBOM-
CTBa, TAKHE KaK BBICOKYIO CTaOMIBHOCTB TIPH MICJIOYHBIX PH ¥ CONEHOCTH CpeIbl,
YTO yKa3bIBacT Ha BO3MOXKHOCTh HCCIICIYEMbIX OaKTEepHUil MPOSIBISTH OOJBIIYEO
THOKOCTh B )YHKIIMOHMPOBAHUY TIPH U3MEHEHUH TTAPAMETPOB CPEIIBI B 03€pe.

Hccneoosanue svinoaneno 3a cuem epanma Poccutickoeo nayunoco ¢gon-
o0a Ne 24-24-20050, https://rscf.ru/project/24-24-20050/»)

Jlutepatypa

T'eHesuc BOJbI M PACTBOPEHHBIX BEILIECTB COJOBBIX 03¢p HmkHero kyiiryHa BaprysuHckoit
Brajgunel / A. M. Ilmocuus, E. I'. Tlepszea, M. K. Uepnsisckuii [u ap.] // T'eorpadust u npuposnsie
pecypent. 2020. Ne 3. C. 89-97.

CyabgarHsle MUHepaibHble o3epa 3anagHoro 3abaiikaibsi: YCIOBHS 00pa3OBaHHs, XUMHYE-
CKHif cocTaB BOJbI M JTOHHBIX oTiaoxeHuit / A. M. Ilmocuun, 3. U. Xaxeesa, C. C. CamxkaHoBa [u
np.] // Teonorus u reopusuxa. 2020. T. 61, Ne 8. C. 1055-1073.

B3AUMOCBA3b MEXY ®U3UKO-XUMHNYECKHUM COCTABOM
N MUKPOBUOM OBPA3IOB IIOYB, OTOBPAHHBIX HA
3ATTA/THOM IMOBEPEXKBE O3. BAUKAJ 1 OCTPOBE OJIbBXOH

I0. A. Mapkosa', 1. A. Bacuises!, 1. A. Kpusenko', 1. C. Ierpymun’,
I1. A. Tlepepsa, O. A. Yepnbimonal, E. P. Xageesa?, P. TO. Pi6bsikoB’,
A. X. Tanmusonmksn®, A. O. lemkuna®, K. A. Tunen?, JI. A. Cyropmun*
|Cubupckuit HHCTUTYT dusnoToruu u 6uoxumun pacternit CO PAH, UpkyTck
Mucruryt reorpadun uM. B. b. Couasst CO PAH, HpkyTck
SHpKyTcKHit rocyJapcTBEHHBIH YHHBEpCHTET, MpKyTCK
4CKoJKOBCKHiT HHCTHTYT HAYKH U TEXHOIOTHH, MocKkBa
juliam06@mail.ru

W3ydeHne apuaHBIX SKOCHCTEM HMMEET INEPBOCTEHECHHOE 3HA4YCHHUE, TaK
Kak 3aHuMast 45 % MHPOBOI MOBEPXHOCTH, OHU Han0OJIee CHIIBHO MO/BEIKECHBI
JIeTpajaiiil B CICICTBHE U3MEHEHHS KIIMMATa FIIH XO3SIHCTBEHHON AEATENBHO-
ctr yenoBeka [Dryland microbiomes ... , 2024; Microbial communities ... , 2020].

OJIHMM M3 Ba)XKHBIX KOMIIOHCHTOB ITOYBBI SIBJISICTCSI €6 MHUKPOOHOM, KOTO-
PBII HTPAeT PEIIAIONIYI0 POJIb B KPYTOBOPOTE BEMIECTB, ()OPMHUPOBAHUH U (HYHK-
IIMOHNPOBAHNH TTOYBBI, €€ TIOZOPOANH, a TAKKE MPOAYKTUBHOCTH PACTCHHM.

HccnenoBanust IpOBOAMINCE Ha 3aMaJHOM 1obepexbe 03. baiikan u oct-
poBe OIBXOH, KOTOPBIE XapaKTEPH3YIOTCS PE3KO-KOHTUHEHTAIBHBIM CYXUM
kiuMaToM. HemocTtaTok aTMoc(epHOTO yBIaXHEHHS yCyryOseTcsl BBICOKOH
BOJIOIPOHHIIAEMOCTBIO IEOHUCTO-CYTIIMHUCTBIX TIOUB M IpyHTOB [benosepiie-
Ba, JlomatuHa, 3Bepena, 2019]. Llens paboOTHI coCcTOsIa B ONPEICICHUU B3au-
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MOCBSI3H MEXIY (DM3UKO-XUMUYECKOH XapaKTePHCTHKOW MOYBEHHBIX OOPas3IIoB,
0TOOpaHHKIX Ha TeppuTopuH OJBXOHCKOTO paiioHa H COCTABOM HX MUKPOOHOMA.

Ha ka0l U3 MecTH UCCIeAyeMbIX MIOIMAA0K CAETaHO OMUCAHUE JIaH/-
madra U mouBeHHBIX mpodmieil. OT6op M aHAIN3 (QHU3UKO-XUMHUIECKHUX
cBoiicTB mouBHl (pH, comepikanue TyMmyca, mojieBas BIQ)KHOCTb, COOTHOIIICHHUE
(dpakuuii mecka W TIMHBI) POBOIMICS OOLICTIPUHATHIMEA METOIaMH. Brimere-
nue JIHK mnpoBommmm ¢ nomomsio Habopa DNeasy PowerSoil Pro Kits
(Qiagen, I'epmanns). I CTAaTHCTUYIECKOTO aHAIM3a MOTYYEHBIX aMITHKOHOB
HCTIONB30BaIH ITporpaMMBbl R 1 https://www.microbiomeanalyst.ca.

Beuto oOHapykeHO 27 TUIIOB OakTepuUil W apXei, BKIIOYAs TPYIITy He-
KJIacCH(HUINPOBAHHBIX TOCIeA0BaTeNbHOCTeH. VI3 HUX moMuHHpoBamu (uiy-
MBI Actinobacteriota (10 49,7 %), Proteobacteria (10 28,2 %) u Acidobacteriota
(mo 14,7 %). BunoBoe pa3HOOOpasue, pacCYHTAaHHOE C MMOMOIIBIO MHICKCOB
Chaol ObuIHM 3HAYMMO HIXKE Y TIPOO 0TOOpaHHbBIX Ha 0. OnbxoH (392,3 n 672,4)
10 CpaBHEHUIO ¢ MpobamMu ¢ 3amajHoro odepexbs o3. baiikan (828,0; 918,3;
810,3; 883,1 — COOTBETCTBEHHO).

C IOMOIIBI0 METOJOB TJIABHBIX KOMIIOHCHT U KaHOHHUYECKOT'O KOppes-
IIHOHHOTO aHAJIM3a YCTAHOBJICHA 3aBUCUMOCTh CTPYKTYPHI IIOUYBEHHBIX MUKPO-
OMOMOB OT XapaKTEPUCTHUKH HCCIETyEeMBIX MOYBEHHBIX 00pa3moB. ITokasamo,
YTO PasINdds MEXIy MHUKpPOOHOMaMH TIEPBOH M BTOPOI IUIOIIAIOK, PACIONo-
KEHHBIX Ha 0. OJIBXOH, 1 MUKPOOHMOMaMH TPETheH — LIECTOH IUIOIIA/I0K, OTO-
OpaHHBIMU Ha 3amagHoM mobOepexse 03. baiikan, 00yClIOBICHBI 3HAUYEHUSMHU
pH. IToussr 0. Onbxon umenu pH 5,41-6, 31, a MOYBKI 3aMMaHOTO TTOOEPEKbS
7,8-8,73. Pa3nuuns Mexy MUKpOOMOMaMH TIOYB C IEPBOIl U BTOPOW IUIONIA-
JIOK CBsA3aHBI ¢ coaepkanueM rymyca (0,27 u 3,36 % coorBeTcTBeHHO). Taxco-
HOMHUYECKHI COCTaB MHUKPOOMOMOB C TPEThEil M MATOH IUIONIAI0K UMET MOJIO0-
JKUTEIBEHYIO CBS3b C MOJEBOH BiakHOCTHIO (0,74 %) M OTpHIATEIBHYIO C CO-
JepyKaHUeM yriepoja. A cOCTaB MUKpPOOHOMaA C YETBEPTOH M MISCTOM ILIOIIA-
JIOK UMEJ OTPHLATEIbHYIO CBA3b ¢ pH MOUBHL

[lonmy4deHHBIE MaHHBIE COTJIACYIOTCS C HMerormeiics uHpopMmamnueil o
CTPYKType MHKPOOHMOMOB apHIHBIX IOYB yMepeHHOro kimmMaTa [Microbial
communities ... , 2020], 3a HCK/IIOYCHHUEM KpailHE HHU3KOTO COJCPIKaAHUS
Bacteroidetes u Cyanobacteria. C TOMOIIBbIO METOI0B MHOTOMEPHON CTaTHCTH-
KW BBIIBIICHA 3aBUCHMOCTh TaKCOHOMHYECKOTO COCTaBa IMOYBEHHOTO MHKPO-
O0roMa OT (PH3HKO-XMMUYECKUX CBOHCTB MOYBHI.

Paboma svinonnena npu noodepoicke epanma PH® N 23-26-00204.

Jlutepatypa

benosepuesa U. A., Jlonaruna J{. H., 3Bepea H. A. ITouBsl BocTouHOro IIpHOIBXOHBS Ha 110-
Oepexbe o3epa baiikan: COBpeMEHHOE COCTOSHHME M HCToib30Banue // bromierers TTouBeHHOTO MH-
crutyta uM. BB Jloxyuaesa. 2019. Ne 97. C. 21-51.

Dryland microbiomes reveal community adaptations to desertification and climate change /
C. Coleine [et al.] / The ISME Journal. 2024. Vol. 18, N 1. DOI: 10.1093/ismejo/wrae056

Microbial communities from arid environments on a global scale. A systematic review /
J. Vasquez-Dean [et al.] // Biological Research. 2020. Vol. 53. P. 1-12.
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AJAIITAIIMOHHBIE CTPATEI'N MUKPOBHBIX COOBHIECTB
COJIEHBIX O3EP (BOCTOUYHOE 3ABAMKAJIBE)

E.B. Matioruna', H. JI. BeibkoBa®

"MHCTHTYT IPHPOAHEIX PECYpCoB, dKojoruu u kpuonorun CO PAH
Yura, evgenia48(@mail.ru
*HayuHbIif IEHTp TIPOGIIEM 370POBbS CEMbH M PEMPOLYKIUHI YeOBEKa
HuctutyT snuaemuosnoruu u mukpoduonoruu, Mpkyrck, nlbelkova@gmail.com

Conenble 03epa MIUPOKO PAaCIpPOCTpaHEHbl HA TaHeTe. OHU OTIIMYAOTCS
OT JPYTHX BOJHBIX IKOCHCTEM BBICOKOH BapHabeIbHOCTHIO IKOJOTHIECKUX Ia-
paMeTpoB HE TONBKO B TIpOCTpaHcTBe (Mopdomerpudeckue, (QH3UKO-
XMMHYECKUE YCIIOBHs), HO M BO BPEMEHHU (MEKIOJJOBbIC, MEIKCE30HHBIC, CYTOY-
Hele) [Matyugina, Belkova, 2015; Structure and diversity ..., 2018]. B cBs3u ¢
STHM JaHHBIE SKCTPEMAbHBIC YKOCHCTEMBI SBISIOTCS TPEKPACHBIMHA MOIEIs-
MU [UTS U3YYCHUS aalTallHOHHON CTPaTerni MUKPOOHBIX COOOIIECTB.

[IpoBeneHo ucciaeroBaHue MUKPOOHBIX COOOIIECTB CONEHBIX 03ep bapyH-
[usepryi, axanuu-Hyyp, baun-Ilaran, Yxmmana, Jlabaca-Hyp, I'opOyHka,
Xwunranta, [llemyTa roxHOTO paiiona BocTounoro 3adaikabsi.

DKOJIOTHYECKHE YCIOBHUS B UCCICOBAHHBIX 03€paxX UMEJH BBICOKYIO MPO-
CTPAHCTBCHHYIO BapHaOEIbHOCTE. MOp(hOMETPHUUECKHE MOKA3aTEIN COJICHBIX
03ep XapaKkTepu3oBanuch 00beMoM Bosl ot 0,001 1o 0,027-10° kM, mIoIAaLIO
BoziHOM mosepxHocTH 0T 0,80 10 3,36 KM? 1 MmIomAAEI Bogocoopa ot 10,0 1o
98,0 km2. UccreoBanne Cpeabl OOMTaHHs MUKPOOHBIX COOOLIECTB MOKA3aII0
MIMPOKHUI TUana30H HKOJOTHIEeCKUX mapamerpoM. Tak, rimyOuHa o3ep B IepHOA
uccnenoanus B urone 2022 r. BappupoBaia u cocrtasisuia ot 0,3 no 4,5 m,
npo3padnocts Boasl oT 0,2 no 1,6 M, Temneparypa Boasl ot 20,9 no 25,8 °C;
pH ot 8,8 mo 9,58; Eh ot 82,3 no 173,5; 31meKTponpoBogHOCTE 0T 7,647 10
89,096 MCwm/cM; comepskanue kuciopona ot 4,32 no 10,82 mr/nm®, MyTHOCTE
ot 0,92 no 11,7. B 3aBMCHUMOCTH OT BEJUYMHBI MHHEpaJM3allMU BOJABI, 03€pa
OBUIM TIOJpa3/CICHBI HA JIBE IPYIIIBI COJOHOBATHIC M COJICHBIC. [ MAPOXHMHU-
YEeCKU TUI BOJABI 03€p XapaKTepU30Bajicsa Kak Cylb(aTHBIM HATPHEBBIH, XJIO-
PHUIHBINH-HATPUEBEIH, KapOOHATHO-THAPOKAPOOHATHBINH HATPHUEBHIH, KapOOHAT-
HO-TUAPOKAapOOHATHBINH-CYIIb()aTHBI-HATPHEBBIN.

BrIcokonmpon3BoaUTENbHBIM cekBeHHpoBaHueM reda 16S pPHK ycraHoB-
JICHO CTPYKTypa U (HIOTeHEeTHYecKoe 00raTcTBO MHKPOOHBIX COOOIIECTB CO-
neHsIx o3ep bapyn-llusepryi, [llaxamu-Hyyp, bann-llaran, Ykmmana, Jlada-
ca-Hyp, I'opOynka, Xunranra, [llenyra. MeTtaceKBeHUpOBaHUEM aAMILTHKOHOB
B MHUKPOOHBIX cooOIIecTBaX 03ep HIACHTH(HUUMPOBAHO 22 OaKkTepHalbHBIC U
1 apxeiinas ¢unel. Pacmipenenenne JOMHHAPYIOMUX (I B MAKPOOHBIX COO0-
[IeCTBAaX COJICHBIX 03ep ObUIO TpencTaBileHO Tak: Pseudomonadota (21 %),
Bacteroidota (13,1 %), Acidobacteriota (12,9 %), Bacillota (1,4 %),
Verrucomicrobiota (1,3 %), Cyanobacteriota (0,8 %).
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W3ydyeHne TaKCOHOMHUYECKOTO pa3sHOOOpasusi Ha ypOBHE poja W/WIH ce-
MEWCTB MO3BOJMIIO OXapaKTEePU30BaTh KaK JOMHHHUPYIOIINE B MHUHEPATBbHBIX
o3epax Takconsl Candidatus Aquiluna ¢umsl Actinomycetota, HekIaccupuu-
poBannble  mpeactaButenn  Flavobacteriaceae, = Comamonadaceae  u
Microbacteriaceae ¢un Bacteroidota, Pseudomonadota u Actinomycetota co-
OTBETCTBEHHO.

MukpoOHble coollecTBa MUHEPAIBHBIX 03€p XapaKTEePU30BAIUCH HEBBI-
cokoit ot 7,4 no 21 % nomnelt TOMHHUPYIONINX MHUKPOOPTAaHU3MOB B COCTaBE
coobmectBa. OOpamaer Ha ceOsi BAUMAaHUE BBICOKasl OJII HEHUICHTHGUIMPO-
BaHHBIX MUKPOOPIaHU3MOB — B cpeHeM 10 46,9 %.

KiroueBBIM MeTa0OIMYECKHM MPOIECCOM I MHKPOOHBIX COOOIIECTB
o3ep bapyn-lllusepryii, bann-1laran, [labaca-Hyp, ['opOynka, Xunranrta Oblna
rerepoTpodus, a JuIs MUKpOOHBIX coobmectB o3ep laxamuu-Hyyp, Yimmnaga
u IllemyTa — moMUMO TeTepoTpohHU — aHOKCUTeHHast (HOTOTpOodHs, HUTPUDH-
KaIlisi 1 BOCCTAHOBJICHNE HUTPATOB M METAIJIOB.

B xoze nccnenoBanus ObUIO U3yUEHO pa3sHOOOpa3ue BHYTPU MHUKPOOHOTO
coobmiecTBa (anmb(a-pazHooOpa3ue) U pazHOOOpazue MEXIY MHKPOOHBIMH CO-
obmectBamu  (OeTa-pazHOOOpasue) COJEHBIX  oO3ep. AHamu3  anbda-
pa3zHooOpasus mokasall, 4To HauboJiee BEICOKOE BHI0OBOE OOTaTCTBO MHKPOOP-
TaHU3MOB JICTEKTHPOBAHO JIsI MUKPOOHBIX COOOIIECTB MUHEpaIbHOTO 03. Llla-
xanu-Hyyp (437). Boicokue 3nauenus unaekca llleHHOHa, XapakTepu3yromye
paszHooOpasue U BHIPABHEHHOCTh COOOMIECTBA OBIIM TOTYUYESHBI I MUHEPAIhb-
Horo 03. lllexyTa (6,77), a HU3KHE 3HAYECHUS — JJIsI MHHEpAIbHOTO 03. ['opOyH-
ka (4,11). UaTepecHo oTMeTUTh, 4TO MHIEKC CHMIICOHA OBUT TaKKe MaKCH-
MaJbHBIM JUISI MHUKPOOHBIX €O00IIEcCTB MuHepanbHoro o3. Hlemyta (0,983).
Omnenka OoratctBa TakcoHOB — mHAeKC Chaol m mokasaTens QuiIoreHeTHde-
ckoro paszHooOpasus DeliTa ObUIM MAKCHMAIBHBIMU ISl MUKPOOHBIX COO00-
miectB MuHepanbHoro o3. Hlaxamu-Hyp —451,6 u 66,87 cooTBETCTBEHHO.

MeToI0M TJIaBHBIX KOMIIOHEHT IPOaHAIM3UPOBAHA B3aUMOCBSI3b M aJiall-
Talus MUKPOOHBIX COOOIIECTB K HKOJIOTHUECKUM YCIIOBUSIM CPEJbI B COJICHBIX
03epax. YCTaHOBIJICHO, YTO C NEpBBIMU JIBYMs (hakTopamu cBsizaubl 49,49 %
o6meii Bapuaunu. C dakropom 1, oowscustommM 32,05 % Bapuauu CBsI3aHbI
pH, MyTHOCTB BOAIBI U MOp(OMETpUIECKHE TapaMeTpsl 03ep (ILIOMaab BOTHOM
MIOBEPXHOCTH U BOZOcOOpa 03epa, 00beM BOJIBI 03epa, TTyOHHA BOJHOTO TOpPH-
30HTa). B chopmupoBaHHOM KiacTepe mepBoro (akropa CrpynmupoBaInCh U
MHUKpOOpraHm3mbl  jgecsatd  ¢uin  Actinomycetota,  Acidobacteriota,
Chloroflexota, Cyanobacteriota, Fusobacteriota, Fibrobacterota, Gemmati-
monadota, Halobacterota, Planctomycetota, Verrucomicrobiota, a Taxxe He-
naeHTuGUIIpoBanHble GpunoTunbl. dakrop 2, oobscHstomuid 17,44 % Bapua-
1MW, TPEUMYIIECTBEHHO CBS3aH ¢ TemmepaTypoi, Eh, Munepanuzamueii, co-
JepKaHUEM KHUCIIOpOJa B BOAE W MHKDPOOPTaHU3MaMH JPYTHX AECATH (UL
CdopmupoBaHHBIil B 001aCTH BTOPOTO (haKTOpa OJWH KIACTEp BKIIOYAT MUK-
poopranusmbel msatu  ¢un  Bacillota, Campilobacterota, Desulfobacterota,
Spirochaetota m Synergistota, KOTOpble OBUTH TECHO CBSI3aHBI C TEMIIEPATYPO
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Boabl U Eh. Jlpyroit kpymHbId KilacTep AeMOHCTPUPOBAI B3aUMOCBSI3h a0NOTH-
94eCKHAX MapaMeTPOB CPEAbl MUHEPAIH3aUN U CONEPKAHUS KHUCIOPOIa B BOZIC
¢ Mukpoopranmzmamu 1mata  ¢Gun  Bacteroidota,  Bdellovibrionota,
Halanaerobiaeota, Pseudomonadota u Thermotogota.

Takum oOpa3oM, Mo pe3ynpTaTaM CTaTHCTHYECKOW 0OpabOTKM JTaHHBIX
OBUTO BBIACICHO TPH KPYITHBIX KIIACTEpa, CPOPMUPOBAHHBIX MHKPOOPTAHH3-
MaMH pa3HON TaKCOHOMHUYECKON MPUHAICKHOCTH. DTO CBHUICTENBCTBYET O
TOM, 9TO B DKOCHCTEME COJICHBIX 03€p CKIIABIBAIOTCS YCIOBHS OIaronpusTHBIC
JUIA aJanTalliil MUKPOOHOT'O COOOINECTBa, KOTOPBIC IMPHCIOCAOIMBAIOTCS K
MHOKECTBY Pa3IMYHBIX KOJIOTUYCCKUX YCIOBUI M COOTBETCTBEHHO KOJIOTH-
YecKUX HUII. B mccrenoBaHHBIX 00BEKTaxX HE YCTAHOBJICHO YCJIOBHH Oiaro-
MPUATHBIX JUIS afanTaluyd K eInHON o0Imel skomormaeckoii Humre. CiemnoBa-
TEJNBHO, aJaNTaIisl MUKPOOHBIX COOOIIECTB COJICHBIX 03ep C OOJIBIION Joeit
BEPOSTHOCTH SIBJISIETCSI HEMOHOTOHHOM (DyHKITHEH.

Paboma ewvinoanena no npoexmy Ne 121032200116-7 «[uoporocus 600
cyuu Kak (paxmop 380110yull OUO2EOXUMUYECKUX CUCTLEM .

Jlutepatypa

Matyugina E., Belkova N. Distribution and diversity of microbial communities in meromictic
soda Lake Doroninskoe (Transbaikalia, Russia) during winter / Chinese Journal of Oceanology and
Limnology. 2015. Vol. 33. P. 1378-1390.

Structure and diversity dynamics of microbial communities at day and night: investigation of
meromictic Lake Doroninskoe, Transbaikalia, Russia/ E. Matyugina, S. Borzenko, P. Lukyanov
[et al.] // Journal of Oceanology and Limnology. 2018. Vol. 36. P. 1978-1992.

BTOPUYHBIE METABOJIUTHI MOPCKUX T'PUBOB
PENICILLIUM HISPANICUM, ASTEROMYCES CRUCIATUS,
ASPERGILLUS FUMIGATUS KAK CITIOCOB AJAIITALIMA

K UIBSMEHEHMIO YCJIOBUI BHEIIHEM CPE/IbI

JI. E. Hectepenko, E. A. FOpuenko, A. H. FOpuenko

TuxooxeaHCKui ”HCTUTYT OMooprannyeckoii xumun um. I'. b. Enskosa IBO PAH
BnamuBoctok, nesterenko le@piboc. dvo.ru

@dakTopsl BHENIHEH Cpebl P KyJIbTHBUPOBAHUU MOPCKUX T'PHOOB OKa-
3BIBAIOT 3HAYHMTEIILHOC BIIMSHUC HA BBIXOJ BTOPUYHBIX METa0OIHTOB. M3MeHe-
HHUE COCTaBa MUTATENLHOW CPE/IbI U YCIOBUH KYJIbTUBUPOBAHUS MO3BOJISIET Pe-
TYIAPOBATh CHHTE3 3TUX BEIIECTB, YTO OTKPHIBACT MIMPOKHE BO3MOKHOCTH JUIS
MIOJTYYCHUsI COSMHEHHI C HYKHBIMU CBOMCTBaMH.

Lenbio 1aHHOTO HCCIIENOBAaHUS OBLIO OLIEHUTh, KaK M3MEHEHHE YCIOBUI
KyJbTHBHPOBAHHS IITAMMOB MOpCKuX rpubos Penicillium hispanicum
KMM 4689, Asteromyces cruciatus KMM 4696 wu Aspergillus fumigatus
KMM 4631 Biuser Ha IPOIYKIIUIO UX BTOPHYHBIX META0OIUTOB.
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C nmomomnipio Metoga BOXX Y®/MC 6buio 1mokazaHo, 9TO KyJIBTHBHPO-
Banue Mopckoro rpuba Penicillium hispanicum KMM 4689 B ycioBusx ocMo-
Tu4eckoro (conesoro) crpecca npu 22 °C u npu 30 °C npuBOAUT K U3MEHEHUIO
npoaykuuu ero metaboiutoB [A Study of the Metabolic ... , 2023]. ITpu Tem-
neparype 22 °C u colep’kaHUM MOPCKOW COJNIM 5 MI/MJI 3HAYMTEIHHO CHUKA-
JIOCH COZICpIKaHKUE OOJNBIIMHCTBAa OOHAPYKCHHBIX COCIUHCHUH, a IIPU TeMIIepa-
type 30 °C u copepxanueM MOPCKOi coiu 50 Mr/MiI 3HAUUTENIBHO YBEIHMYHBA-
Jach MPOIYKIHUS J1€30KCHM30ayCTAMHIHBIX aKATOHMIOB, XapaKTEPHBIX I
storo mramma [New Deoxyisoaustamide ... , 2021]. 13 skcTpakTa 3T0TO I'pH-
0a, KynpTHBHpOBaHHOIO Tpu Temmneparype 22 °C u 5 MI/MJI MOPCKOW COJIH,
ObUT BBIACIICH HEN3BECTHBIA paHee JJIs 9TOro rpuda aHTPAXMHOH SHIOKPOIIHH.

Panee [New Antibacterial ... , 2022; Anthraquinone Derivatives ... ,
2023] u3 kyneTypsl rpuba Asteromyces cruciatus KMM 4696 6buti BbIIeICHBI
JIBE TPYTIEI BTOPUYHBIX METa0OIUTOB: XJIOPCOAEPIKAIUE TTOIUTUAPOKCUINPO-
BaHHBIC IIMKJIOT€KCAHOBBIC MPOM3BOIHBIC WU PSIJI AHTPAXHHOHOB. [IpH KyibTH-
BHPOBAHMU C TOOABICHUEM B Cpeay HOIuIa KalHs XJIOPCOICpKaIlie BTOPHY-
HBIC METa0OJUTHI B SKCTPAKTE KYJNbTYPHI rpuda He OOHAPYKUBAIUCH, a OBLIH
BBIJICJICHBI TOJIBKO AHTPAXWHOHBI: (O-THAPOKCUIIAXMOA3WH, KOHHOTHPUHOH B,
akpyuuxuHoH C, TUIEOCTIOpDOH W pyOpYyMOJI — W3BECTHBIE METa0OJIUTHI
A.cruciatus, a Takke maxubasuH W 1, 7-muruapokcu-3-mermi-9,10-
AHTPAXUHOH, paHee He BBLICIISBIINECS U3 3TOro rpuoda.

IIpy coBMecTHOM KyJbTHBHPOBAaHMM IITaMMa MOPCKOro Tpuba
Aspergillus  fumigatus KMM 4631 ¢ rpubamu  Penicillium hispanicum
KMM 4689, Amphichorda sp. KMM 4639, Penicillium sp. KMM 4672 u As-
teromyces cruciatus KMM 4696 metaGonutHbie MPOGHIA COBMECTHBIX KYITb-
typ A.fumigatus ¢ P. hispanicum, Penicillium sp. u Amphichorda sp. Gsutu
cxoHbI ¢ MOHOKYIbTypamu P. hispanicum, Penicillium sp. u Amphichorda sp.
[The Metabolite Profiling ... , 2023]. B To e BpeMsi METaOOIUTHBIN MTPOPIITH
coBMecTHOM KyibTyphl A. fumigatus ¢ A. cruciatus otimyancst OT Kaxkaoi Mo-
HOKYJBTYPHI.

B akcrpakre kyneTypel A. fumigatus 6suto waentudunuposano 20 u3-
BECTHBIX HU3KOMOJEKYJSIPHBIX coequHeHni. COBMECTHOE KyIbTUBHPOBAHUE
A. fumigatus ¢ A. cruciatus mpuBOIHMIIO K TOSBICHHIO B SKCTPAKTE HHIOIMO-
JIOYHOM KUCIIOTHI, KOTOpasi paHee Oblla HEM3BECTHA JUIS 3TUX IPHOOB, a TaKKe
B XpoMarorpammax ObUIO 0OHAPYKEHO OOJBIIOEC KOJHUYECTBO MUKOB, KOTOPHIC
HE y/al10Ch OTHECTH K U3BECTHBIM COEAUHEHHUSM.

AHTpaxWUHOHBI 00JIAJIAIOT PA3IMIHON OMOJIOTHYECKON aKTHBHOCTBIO, WI-
past 3aMETHYIO pOJb B aJIaliTAllUH TPUOOB K OKHUCIUTEIBHOMY CTpeccy. Y Belu-
YeHHE MX TMPOAYKINH M3YYCHHBIMH IITaAMMaMH IPUOOB, OUEBHMIHO, SBISACTCS
HX CIIOCOOOM aanTaIliy K N3MEHEHHBIM YCIIOBHSAM KyJIbTHBHPOBaHHMA. broo-
rHYecKas poib Je30KCHU30ayCTAMUIHBIX alKAJIOWIOB IMOKa HEW3BECTHA, HO,
BEPOSITHO, TAK)KE CBs3aHA C aJjamnTaluell rpuda-mpoayleHTa K COJCBOMY H
TeMIepaTypHoMy cTpeccy. [lampHelee H3ydeHHe POJIH TUX HHU3KOMOJICKY-
JIIPHBIX METAO0OJINTOB B JKU3HEACATEIPHOCTH IPHOOB MO3BOIUT MOJCTHPOBAThH
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YCIIOBHSL KYJIBTHBHUPOBAHUS I MX MAKCHMaJIbHOW IPOIYKIIMH, YTO CIECJIACT
BO3MOYKHBIM JIETAJIbHOE M3y4YCHHE UX OHOIOTMYECKONW aKTMBHOCTH B Pa3iind-
HBIX MOJIEJISIX 1N VItro ¥ in vivo ColMaibHO-3HaYNMBIX 3a0071€BaHUI YeJIOBEKA.

Hccneoosanue noodepoicaro epanmom Munucmepcmea Hayku U 8blcuie2o
obpazosanust Poccuiickoni ®Dedepayuu 6 pamkax Dedepanvhol HAYUHO-
MEXHUYECKOU Npocpammvl paseumusi eeHemuyeckux mexnonroeut Ha 2019-

2027 20001 (coenawenue Ne 075-15-2021-1052).

Jlutepatypa

A Study of the Metabolic Profiles of Penicillium dimorphosporum KMM 4689 Which Led to
Its Re-Identification as Penicillium hispanicum / L. E. Nesterenko, R. S. Popov, O. I. Zhuravleva [et
al.] / Fermentation. 2023. Vol. 9, N 4. Art. 337.

Anthraquinone Derivatives and Other Aromatic Compounds from Marine Fungus Asteromyces
cruciatus KMM 4696 and Their Effects against Staphylococcus aureus/ O. 1. Zhuravleva,
E. A. Chingizova, G. K. Oleinikova [et al.] / Marine drugs. 2023. Vol. 21, N 8. Art. 431.

New Antibacterial Chloro-Containing Polyketides from the Alga-Derived Fungus Asteromyces
cruciatus KMM 4696 / O. 1. Zhuravleva, G. K. Oleinikova, A. S. Antonov [et al.] // Journal of Fungi.
2022. Vol. 8, N 5. Art. 454.

New Deoxyisoaustamide Derivatives from the Coral-Derived Fungus Penicillium dimorphos-
porum KMM 4689 / O. 1. Zhuravleva, A. S. Antonov, V. T. D. Trang [et al.] / Marine Drugs. 2021.
Vol. 19, N 1. Art. 32.

The Metabolite Profiling of Aspergillus fumigatus KMM 4631 and Its Co-Cultures with Other
Marine Fungi/ A. N. Yurchenko, L. E. Nesterenko, R. S. Popov [et al.] // Metabolites. 2023. Vol. 13,
N 11. Art. 1138.

YCTOMUYUBOCTH K AHTUBUOTUKAM BAKTEPUMN
POJIA KOCURIA

E. M. Ilaemko, M. B. ’Kypuna

OUL «DyHIaMeHTaTbHBIE OCHOBBI OHOTEXHOJIOT I
Mockaa, lizapleshko@yandex.ru, mzhurik@gmail.com

Beenenne. baktepun u3 poma Kocuria pacmpocTpaHeHbl OBCEMECTHO,
CpeaM HHUX €CTh LITaMMBI, BBI3BIBAIOIINE 3a00I€BaHMs YEIOBEKA U JOMAIIHUX
JKAUBOTHBIX, M IITAMMbI, HMEIOIIHE OMOTEXHOJIOTHYECKUI OTEHIMAl. Y CTOM-
YHBOCTBH 3TUX OAKTEpUil K aHTHOMOTHUKAM MUMEET OOJBIIOE MPAKTHISCKOE 3HA-
YeHHE, XOTs Ha JIAHHBIII MOMEHT IUIOXO H3y4eHa.

Metoapbl. 111 pabOThI HCIIOIB30BAINCH TPU MITaMMa OaKTepHil U3 poja
Kocuria: tumosoii mrramm K. rhizophila 4R-31 u aBa mramma, BBIIEIICHHBIE C
msiconiepepabarsiBatonuxo npoussoiacts: K. rhizophila 155 u K. carniphila
988. TIpoTecTupoBaHO BIHMSIHUE HA 3TH KyJIbTYphl 15 aHTHOMOTHKOB pa3HBIX
rpynn (Tabii.) MOMOIIBIO TUIAHIIETHOTO pUaepa-KynbTuBapota buopan. bakre-
PHH KyJIETHBHPOBAIN B 96-TyHOUHBIX TUIaHIIeTaX B cpeae LB ¢ pazHpIME KOH-
LCHTPALUSIMHA aHTHOMOTUKOB IpU mepeMernBanud 120 00/MUH U Temmepary-
pe 30 °C. [lnsa momydeHUs] KHHETHUECKON KPHBOM KakIble IOJI 4aca M3Meps-
JIach ONTHYECKas IUIOTHOCTH B JIYHKAX IDIAHIIETA IIPH JTHHE BOIHBI 540 HM.
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Tadauua

KoHleHTpaliu aHTHOMOTUKOB, BBI3BIBAIOIINE [TOJJABJICHUE POCTA, MKI/MII

AHTHOHOTHK K. carniphila 988 K. rhizophila 4R-31 K. rhizophila 155
A3UTPOMHIIMH 400 1 0,1
Kanamunux 10 1 100
DochomuiyH >1000 25 10
XiopaM()eHUKOI >500 >500 >500
bauutpanun 100 10 10
Kosucrun 10 10 >100
Husun 100 100 100

Jnst moncka reHoB, 00ECIEUMBAIONIMX YCTOHYMBOCTh K aHTHOMOTHKAM,
Hamu ObLTH Tomy4ueHs! nomHeie Terombl K. rhizophila 155 u K. carniphila 988.
Ionusie reromsl K. rhizophila 4R-31 u HekoTopbIx apyrux mrrammoB Kocuria
ObLTH B3ATHI U3 0a3bl naHHBIX RefSec. M3 Bcex reHOMOB OBLIH BBIPE3aHbI TCHBI
16s pPHK mnst moctpoenust (puinoreHeTudeckoro aepena. Jlsi BEIpaBHUBaHUS
rociieioBaTeNbHoCTel ncnoib3oBasiack nporpamma MUSCLE [Edgar, 2004].
Jlyis mocTpoeHus nepeBa ncnodb3oBasiack nporpamma FastME [Lefort V., Des-
per R., Gascuel, 2015] ¢ konmudectBom utepanuii Oyrcrpan 1000. B 6a3e maH-
Hbix CARD Obuti HaiiileHBI T€HBI, 00ECTIEUNBAIOIINE YCTOMUYNBOCTh K AHTH-
onotnkam. M3 6a3pl manHbIX Uniprot ObIIM CKadaHBI TOCIEIOBATEILHOCTH HX
0eNKOBBIX TPOAYKTOB. [TOMCK TOMOJIOTOB OEIKOB B T€HOMAaX OCYILIECTBILUICS C
MOMOIIIBIO TiporpaMmel tblastn. J{jist 3Toro ObLT HAMKMCaH CKPUIT Ha si3bike Python.

Pe3yabTaThl. KoHnenTpanun aHTHOHOTHKOB, MOJABISIONIAE POCT TPEX
HCCIIeyeMBIX IITaMMOB, TIPHBEICHEI B Tabnmie. Bece Tpu mtaMMa moxasaiu
BBICOKYIO YCTOHYMBOCTb K XJIOpaM()EHUKOJIYy U MOBBIIICHHYIO YCTOHYMBOCTD K
umsuny. [ltamm K. carniphila 988 mamuoro 6onee ycroiuus k Gochomurmmy,
A3UTPOMUIMHY U OalMTpaImHy, 4eM apyrue asa mramma. [lramm K. rhizophila
155 Gonee ycToWYMB K KaHAMHIUHY U KOMUCTHHY. OCTalbHBIC aHTHOMOTHKH
MOAABIISIIOT POCT BCEX TPEX MITAMMOB B KOHIIEHTpaLUsIX He Oosee 5 MKI/MII.

BrorsHbopmartidecknii anami3 reromos K. carniphila 988 u K. rhizophila 155
IOKa3ajl HAJIMYMe TUIa3MUI. B HUX 3aKOAMPOBaHbEI TeHBI OCIIKOB, OTBEYAIOIINX
3a PEIUIMKAIMIO IUIa3MU, U TeHBI TUIIOTETHYSCKUX OeNKoB. MBI mpearmonara-
€M, 4TO (P)YHKIUH ITUX T'€HOB MOTYT OBITh CBS3aHBI C YCTOMYMBOCTBIO 3THUX
IITaAMMOB K aHTHOMOTHKAM. Take B 3THX F€HOMaX MbI OOHAPYKIJIN OOJIBIIOE
KOJIMYECTBO T€HOB, CBS3aHHBIX C YCTOMYMBOCTBIO K aHTHOMOTHKaM (puc.). [Ipu
9TOM pPa3HbIC MITAMMBI CHJIBHO Pa3IMYarOTCs MO HAIMYUIO T€HOB. MBI IIpero-
naraeM, 4to B xoje sBoirornun Kocuria reHpl yCTOHYHBOCTH K Pa3HBIM aHTH-
OMOTHKaM HEOJHOKPATHO MCYE3aJH y OaKkTepuii, KOTOphIe HE B3aMMOJCHCTBO-
BaJIM C JIaHHBIM aHTHOMOTHKOM, VI MOSBJUTICH B PE3YNIbTaTe TOPU30HTAIIb-
HOTO IepeHoca TeHoB. Takoe pasHooOpasre MOXKET OBITh CBSI3aHO C TEM, YTO
Gaktepnn w3 poma Kocuria pacmpocTpaHeHBI MOBCEMECTHO M 3aHUMAIOT pas3-
JUYHBIE SKOJIOTHYECKHE HUIITH.
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Puc. PactipocTpaHeHne reHOB yCTOHYMBOCTH K aHTHOHOTHKAM cpeu Oakrepuit Kocuria

Takyke MBI HAIIUTH B TCHOMAX HUCCIIEYEMBIX IITAMMOB TCHBI, KOTOPBIC MO-
ryT o0ecleunBaTh MOKa3aHHYI0 HAMH YCTOIYMBOCTH ATHX INTAMMOB K aHTH-
ouorukam. Tak, B reHomax aByx mrammoB K. rhizophila ects Tonbko mo on-
HOMY TeHy MakKposua-2'-KuHa3bel (MHAKTUBUpYeT Makponuasl) u 23S pPHK
(amennH(2058)-N(6))-numeTrnTpancdepaspl (MPEMIATCTBYET CBA3BIBAHHIO MaK-
POJIMIOB ¢ MUILIEHBIO), B To Bpemsi kak y K. carniphila 988 ects aBe kommu
9THX TeHoB. Bricokas ycroitunBocts K. carniphila 988 k asurpomuimHy mMo-
’KeT OBITh CBf3aHA C HAJWYHEM JOMOJHHUTEIBHBIX KOIHH STHX TeHOB. B reHo-
max K. rhizophila ATCC u K. rhizophila 155 ects renst Tpancrnoprepos UhpT
u GlpT, gepe3 koTopsie GpocHoOMHUIINH MPOHUKAET B KIETKy. B reHome K. car-
niphila 988 5Tux reHOB HET, YTO MOXET OOBSCHUTH BBHICOKYIO YCTOHYHBOCTH
9TOTO MmTaMMa K (ochomurmay. Bee Tpu mraMma HEYCTOWYHBBI K aMITHITHII-
JIMHY, 4TO OOBSCHAECTCS OTCYTCTBHEM y HHMX Oera-imakTamassl. [Ipu aToMm y npy-
rux mrammoB Kocuria Gera-nmakramasa ectb. Kpome Toro, y Bcex uccciemye-
MBIX IITAMMOB €CTh T€HBI, KOTOPBIC MOTIIH OB 00CCIICUNBATD YCTOHIUBOCTD K
TETPAIUKINHY, pH)AMIHIIMHY U BAHKOMHUIIMHY, HO OHH HEAKTHBHBI, TIOCKOJTb-
Ky KyIbTYpbl 4yBCTBUTGJBHBI K ITHM aHTHOMOTHKaM. KOHKpEeTHbBIE I'€HBI,
00eCTeunBaroNIne ¥ UCCASAYEMbIX IITAMMOB YCTOWYHBOCTD K XJIOpaM(pEHUKO-
7y, KaHAMUIUHY, OAlMTpaIlHy, KOJHUCTHHY W HH3WHY, MOKa HE HAMJICHBI.
VYCTOIYMBOCTE TaKKe MOXKET OBITH CBS3aHA ¢ aKTHBHOCTBIO MOMII BBIOpOCa U
M3MCHEHHEM MeTaboin3Ma. Y CTOHYNBOCTh K AHTUMHKPOOHBIM MENTHAAM MO-
JKeT OBITh CBsA3aHA C ACHCTBHEM mpotea3. s yTOUHEHUSI MEXaHU3MOB yCTON-
YUBOCTH MBI IIAHUPYEM TIPOBOIHTH JOMOIHHTENBHBIC HCCIICIOBAHMUS, HAIPaB-
JICHHbIC Ha BBIACHEHNS (DYHKIMI HEU3BECTHBIX I'€HOB, B YAaCTHOCTH, 3aKOIHPO-
BAaHHBIX B IUIA3MHU/IAX.

BoiBoabl. Hamu Ob110 1mOKa3aHo, uto Gakrepuu u3 poaa Kocuria o6iia-
JIAI0T BBICOKOM YCTONYMBOCTRIO K PSITy aHTHOWOTHKOB M TMPOBEICH OHOMH-
(opmaTHUCCKHUIi aHATIM3 OCHOB 9TOW YCTOIYMBOCTH.

Paboma svinonnena 3a cuem cpeocme epanma PH® Ne 24-24-20103.
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BEJIOK PSBS KAK KOMIIOHEHT CTPECC-UHIYIIHPOBAHHOM
3AIIUTHOM PEAKIIMM ®OTOCHHTETHYECKOI'O AITITAPATA
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“Muctutyt 6uoxumuueckoil puzuku um. H. M. Dmanysns PAH, Mocksa
SUnCTHTYT yHAaMEHTaTbHEIX Tpobaem 6uonorun PAH, ITymmuo

®otocunaTeTnyecknii ammapar (PCA) okcureHHBIX (OTOTPO(HBIX opra-
HU3MOB CIIOCOOCH O00pa30BBIBATh, HAPSIY C MPOAYKTaMH (POTOACCHMUIISIINY,
Taloke U akThBHBIE (Gopmbl Kuciopona (ADK). B ycnoBusix, BbI3BIBAIOLIMX
HapyIIeHne OamaHca MEXTy OTACNBbHBIMH CTaausAMH (pOTOCHHTE3a, TeHEepaIust
A®K Bo3pacTaer, 4To MOXKET MpUBeCcTH K noBpexaeHnio @CA, cHmkeHuio $ho-
TOCHHTETHYECKOH (DYHKIIMM OpraHmM3Ma M, B KOHEYHOM HTOT€, YTHETCHHUIO €ro
pocta. Takue yciIoBHS MOTYT CO3/aBaThCA ACHCTBHEM PA3IMYHBIX CTPECCOBBIX
(baKTOpOB: BBICOKOW OCBEHMICHHOCTH, HH3KOH TeMIiepaTypsl, AehUINTa JIeMEH-
TOB MHHEpPAILHOTO THTaHWs, W 1p. Hapsmy co crmemmpuueckum 3¢ QperTom,
MHOTHe (DaKTOphl MMEIOT OOLIMH, YHUBEPCANIBHBIN 3(P(EKT: CHIKECHHE MOIH
CBETOBOI dHEprud, 3(h(HEKTUBHO HCIIOIB3YEMON PAaCTEHHEM, U, KaK CIIE/ICTBHE,
BO3pacTaHue J10JIM CBETA, BEAYILEH, B KOHEUHOM UTOre, kK renepanuu APK. do-
TOTPO(HBIE OPraHU3MbI BHIPAOOTAIN MHOXKECTBO MEXaHU3MOB, [O3BOJISIOIIHUX B
CTPECCOBBIX YCIOBHSAX CHHU3UTH KOJIMYECTBO CBETOBOI YHEPIHH, OTBETCTBEHHOM
3a rerepanuio ADPK. Cpeny BaXHEHITNX MEXaHU3MOB — Tak HazbiBaeMoe Heho-
toxummdeckoe Tymreane (HOT) Bo30yxnéHHbIX cocTosiHmit Ximopodmuia B DCA.

HOT Bxmrouaer B ce0st pa3ndHble KOHKPETHBIC MEXaHU3MBI, JEHCTBYIO-
e B pa3HbIX BpeMEHHBIX Macmtabax. Camas Obictpas komroHenta HOT,
obecrieunBatomas ycroianBocth @CA k OBICTPOMY BO3pACTaHHIO HHTCHCHB-
HOCTH cBeTa (WM ke K ObIcTpoMy najeHuro 3(h(HeKTUBHOCTH €ro UCIIOJIb30Ba-
HUS), HA3BIBACTCS SHEPrO3aBUCHMBIM TYIICHHEM M HHIYINPYETCS B CEKyHIHOM
LIKaJe BPEMEHM, UCHOJb3ys B KaueCTBE TPUITEPHOIO CHUTHAJa 3aKUCIICHUE
BHYTPHUTHIIAKOUIHOTO JIFOMEHA. Y BOIOPOCICH M MOXOOOPa3HBIX KIIFOYECBBIM
YYaCTHUKOM 3TOTO Tporecca sBisiercs: 6emok LhcSR (Light harvesting com-
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plex stress related protein). Y cocyHCTBIX pacTEHH OH OTCYTCTBYET, i (DyHK-
o reHeparmn HOT BemmonHsier koMroHeHT ¢dorocucteMsl 2 (OC2), 6emok
PsbS. PsbS rtarke BcTpedaeTcss y MOX00OOpPa3HBIX U y XapOBBIX BOJOPOCICH.
[Toxazano, 9T0 y MOX000pa3HbIX oH ocymiecTBisier HOT coBmectHo ¢ LhcSR
[Role of PSBS ..., 2011].

Bompoc o nmpucyrerBun u ¢pyHkimsx PsbS y mpencraBurenei Boonm-
OHHO 0oJiee APEBHUX TPYIIT BOJOPOCIIEH, B YACTHOCTH, y 3€TIEHBIX BOIOPOCIECH
(Chlorophyta), 6omee crmoxubIif. Hanmndne reHOB, TOMOJIOTHYHBIX PsbS, B re-
HoMe npencraButeneit Chlorophyta OpLTIO M3BECTHO TOCTATOYHO JIABHO, OJHAKO
mums B 2016 T. y HEX OBUT OOHapy:keH caMm O€JIOK M TOKa3zaHa CTpecc-
nHIynupoBaHHas MuddQepeHnuagpaas SKCIPEeccus ero TeHa B KIIETKaX Mo-
nenbHOU 3enéHoit Bomopociau Chlamydomonas reinhardtii [Photosystem 11
subunit ... , 2016; Chlamydomonas reinhardtii PsbS ... , 2016]. Oguako stot
s ekt ObUT KPaTKOBPEMEHHBIM (TIPOSIBIISIICSI B YaCOBOM IIKalle BPEMEHHU TI0-
ClIe CTPECCOBOTO BO3JICWCTBHA), YTO OBLIO HMHTEPIPETHPOBAHO KaK y4acTHE
PsbS B crpeccoBom oTBeTe JHMIIB B MEPEXOMHBIN Mepuoa (B caMOM Hadvaje
cTpecca); MpuuéM, B COOTBETCTBUH C TOH TOUKOM 3perHus, PsbS mums croco6-
ctByet uHAyKImu LhcSR-3aBucumoit 3amuter @CA.

Vcrionb3ys B Ka4ecTBe MOJIENTN TICHXPOTOJICPAHTHYIO OTHOKICTOYHYIO 3e-
nényro Bogopocib Lobosphaera incisa, Ham ymanoch mokasaTb, 4TO 3TOT OEIOK
MOYXET WIpaTh 3aMETHO 0oJiee CYIIECTBCHHYIO POJIb y 3EIEHBIX BOJOPOCICH.
Tak, MBI TTOKa3aJd, YTO XOJOJ0BOM CTPEcC BBI3BIBACT 3HAUMTEIbHOE (M0 103
10*pa3) Bospacranme skcmpeccuu PsbS, mpojospkaroieecs B TEYeHUE He-
CKOJIBKUX (YETBIPEX-TIATH) CYTOK, YTO CPaBHMMO C JWHAMHUKOW H3MEHEHHH
akcripeccuu Oenka LhcSR m 3HaYMTENTHhHO MPEBOCXOAUT WX IO aOCOMIOTHON
BenmurHe (st LheSR xapakrepHbie U3MEHEHHs YPOBHS SKCIIPECCHU HA J[BA-
TpU TOpSAAKA MEHbINE, T.e. Haxoaarcs B paione 10). ComepikaHHe camoro
OenKa TakKe 3HAYATENBHO BO3PACTAET MPH CTPECCOBOM BoseiicTeum (mo 102
pa3) u gocruraer Makcumyma Ha 10-e cyT. nocie Hayana Bozaeiicrsus. Cyuie-
CTBEHHO, YTO H3MEHEHHs] MUIMEHTHOIO COCTaBa, B YACTHOCTHU, COJEPIKaHUS
3aIIUTHBIX KapOTWHOWAOB BHOJIAKCAHTHHOBOTO IIMKJIA, OTBETCTBCHHBIX 3a
H®T, B mepuox pocra skcnpeccun PsbS, HesHaunTenbHbL. [1Ipr 3TOM UMEHHO B
9TOT MEPBBII NEpHO MPOUCXOTUT HanbOIee 3HAUUTEIbHOE TTaJJeHNe aKTHBHO-
ct @C2 1 HHAYKIMA 3aPAKAHHOTO (T. €. OTHOCUTEIBHO J0JITO PEITAKCHPYIO-
mero) HOT. IToka3zaHo TakXe, 94TO 3TOT OTBET Ha CTPECCOBOE BO3JCHCTBHE
MIPUBOIUT K CHIDKEHHIO cKopocTH reHepain ADK, 4to roBoput o ero s dek-
TUBHOCTH B KauecTBE 3alIUTHOTO MeXaHu3Ma. Bcé€ »To mo3BonseT mpeamnosuo-
XKWTB, 9TO PsbS sABIseTcs He BCTOMOTAaTEIBHBIM, & OCHOBHBIM YYaCTHUKOM 3a-
uuTHOU peakunn @CA B OTBET Ha CTPECCOBOE BO3JICHCTBHE.

Msl npeanonaraeM, yTo JaHHas (QyHkuus PsbS xapaktepHa HE TOJBKO
st L. incisa, HO U TSl HMPOKOTO CHEKTpa 3eNEHBIX BOIOPOCIICH, BKIFOYAs Ta-
KHE OJIHOKJIETOYHbBIE BOJOPOCIIH, KaK IpejcTaBurenud pogos Deasonia, Desmo-
desmus u Bracteacoccus.

Paboma noodeparcana epanmom PHD No 24-24-00195.
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Chlamydomonas reinhardtii PsbS protein is functional and accumulates rapidly and transiently
under high light / T. Tibiletti, P. Auroy, G. Peltier, S. Caffarri / Plant physiology. 2016. Vol. 171.
P.2717-2730.

Photosystem II subunit PsbS is involved in the induction of LHCSR protein-dependent energy
dissipation in Chlamydomonas reinhardtii / V. Correa-Galvis, P. Redekop, K. Guan [et al.] // Journal
of Biological Chemistry. 2016. Vol. 291. P. 17478-17487.

Role of PSBS and LHCSR in Physcomitrella patens acclimation to high light and low temper-
ature / C. Gerotto, A. Alboresi, G. M. Giacometti [et al.]/ Plant. Cell Environ. 2011. Vol. 34.
P. 922-932.

OCHAIEHUE O3/IOPOBJEHHBIX KJIYBHE
SHAOPUTHBIMU BAKTEPUSAMM BACILLUS SUBTILIS
KAK BUOJIOTMYECKHI METO/I TPOJIOHTUPOBAHHOT' O
VIIPABJEHMSA YPOKANHOCTBIO, ATAIITUBHBIM
MHNOTEHIIUAJIOM U KAYECTBOM KAPTO®EJISA

JI. . Tycenxoga', C. P. l'apunosa'?, O. B. Jlacroukuna®*

"Bamkupcxuit HUUCX YOUL] PAH, Va, l.pusenkova@mail.ru
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Kaprodens — BaxkHeilias mpo/10BOJIbCTBEHHAs, TEXHUYECKAs U KOPMO-
Basi KyJIbTypa, LIEHHOCTh KOTOPOW OIpENeNseTcsi COJEpKaHueM B KITyOHsX
Kpaxmaiia, 0eika, BUTAMHHOB, aMUHOKHCIIOT ¥ MHUHEPAJIBHBIX cojiell. ['eHerH-
YEeCKUH IOTEHLNA NPOIYKTHBHOCTH BO3JIENILIBAEMBIX COPTOB KapTodesst pea-
JM3YETCsl UMb HPH YCIOBHM HCIIOIBb30BAHUS BBICOKOKAYECTBEHHBIX CEMCH-
HBIX KITyOHEH, Ka4eCcTBO M KHU3HECIOCOOHOCTh KOTOPBIX ONPEIEISIOTCS NX (Hu-
TOCAHUTAPHBIM M (DPU3HOJIOTHYECKHM COCTOsIHHMEeM. MertoJ Gakrepu3anuu pac-
TEHHUH TOJIe3HOH MHUKPO(IOPOil — oquH N3 Hauboee MEePCIeKTHBHBIX IKOJIO-
THYHBIX TIO/IXO/IOB B CHCTEME CEMEHOBOJICTBA U IIPON3BOJICTBA KapTO(eIs.

B nannoit pabore M3y4deHO BIMSHHE MHOKYJISIIUM CEMEHHBIX 03/10POB-
JICHHBIX THPOTIOHHBIX MHHHU-KIyOHEeH M KIIyOHEHl penpoayKIuu CyHepajnTa
supodurHbiME Oaktepusimu Bacillus subtilis 10-4 Ha coxepxanue dhoTocunTeTH-
YECKMX MMUIMEHTOB, MPOAYKTHBHOCTD, YyCTOWUMBOCTh PACTEHHUN U KITyOHEH K 0o-
JIE3HSIM B [IEPHOJ] BEreTalK 1 yOOPKH, a TaKXKe MOKa3aTelll Ka4ecTBa KiyOHeH.

OOBEKTaMU HCCIIETOBAHUS CITYKIIIN 03/{0POBICHHBIC THAPOIIOHHBIC MH-
HU-KITyOHM, KIIlyOHU PENpOIYKIMU CYIIEPAIINTA, a TAKKe PAcTeHHs KapToders
(Solanum tuberosum L.) paiionupoBanHoro copra bamkupckuii, sum0pUTHBIE
6akrepun Bacillus subtilis 10-4 (13 kosmtekimu bamkupckoro HUMCX YOUL]
PAH). CemeHHBIE KITyOHH WHOKYJIHUPOBATIHNCH OAKTEPHUAMH IIyTEM HX TOTPYsKe-
Hus B cycnensuio B. subtilis 10-4 (103 KOE/mn) Ha 1 4, moAcylIMBaanuch Ha
BO3JlyX€ M BBICAKMBAINCH B IIOYBY B INPEIABAPUTEIHLHO HAapE3aHHBIC I'PEOHH.
IlosieBble 3KCIIEPUMEHTHI IIPOBOJWINCH B ycioBusX IIpenypanbckoil crenHon
30HBI PecnyOmukn Bamkoproctan Ha depHO3eMeE BBIMIETOYEHHOM. PocTOBEIC
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MOKa3aTeNu, CojepKaHue (POTOCHHTETHYECKHX MHMIMEHTOB (XJopoduia
(Xim) a, X1 b 1 kaporuHOMIOB (Kap)) omnpenensim B OCHOBHBIX (pa3axX pa3BUTHS
pacTeHui (BCXOAbl, OyTOHM3AIMH, LBETEHHs) C HMCIOJB30BAaHHEM Kilaccuye-
ckux MeTo0B. KoJoHu3aImio pacTuTenbHbIXx TKaHed B. subtilis onenuBanu ¢
UCTIOIb30BAHUEM IOBEPXHOCTHO-CTEPHIIM30BAHHBIX KIYyOHEH M pacTeHHH.
VYpoxaitHocTh KiyOHEH, TOBapHOCTh, a TAKXKE IOKa3aTelll KauecTBa OLCHUBA-
JM cpasy 1mocie yoopku. PacnpocTpaHeHHOCTh 00Jie3HEH OLleHHMBaIM Ha Bere-
THUPYIOIINX PACTCHHUAX M KIyOHAX Kaprodems. MeTareHOMHBIN aHAH3 TPHO-
HBIX [TaTOTEHOB B JINCTHSIX M KIIyOHSX IIPOBOAMIN MO BHYTPEHHEMY TPAHCKPH-
oupyemomy (ITS, internal transcribed spacer) wiu ITS-peruiony Ha mpubope
MiSeq (Illumina, CIIIA). IToka3aTenn kadecTBa KIyOHEH (BKIIOYas comeprka-
HHE CyXOrO BEIIECTBA, Kpaxmaia, BHTAMHHOB, MaKpO- MHKPOAJIEMEHTOB
U T. ]I.) OLIEHUBAJIN KJIACCHIECKIMHU U COBPEMEHHBIMH METOIAMH.

BeIsiBIIeHO, YTO TIpH IIPEANOCaJOYHOM 3aMauyMBaHUM CEMEHHBIX 03710-
POBJICHHBIX MUHHU-KITyOHEH U KITyOHEH cymnepanura B cycrensun B. subtilis 10-4,
OakTepuy yCIENIHO KOJOHHW3MPOBAIM KIyOHH M B JalbHEHIIEM pacTEeHHs
(KOpHH, Ha3eMHYIO YacTh), TEM CaMbIM CIIOCOOCTBOBAIIM YCKOPEHHUIO IPOpac-
TaHUA ¥ HACTYIUICHUIO (DEHONOTHYECKUX (a3 PacTeHUH, YBEIMICHUIO MAacChI
CTOJIOHOB, KOJMYECTBA U MACCHI KIyOHEH, C TIPOSBICHUEM MaKCHMAJIBHBIX I10-
JIO)KUTENBHBIX 3((EKTOB IPH MCIOJIB30BAHUU CIIOCO0a MHOKYIISAIMN 03/10POB-
JICHHBIX MHHH-KIyOHeH. CpaBHUTENBHBIH aHAIN3 I0Ka3aj, YTO WHOKYJISLUS
03JI0POBJICHHBIX MUHH-KIyOHEH u cymepanutsl B. subtilis 104 oGecrnieunia
3aKJIagKy OOJNBIIET0 KOJMMYecTBa KIyOHEH Ha OXUH KyCT O CpPaBHEHHIO C
HeoOpaboTaHHBIM KOHTpoJIeM Ha 35 %, IpU 3TOM NPOAYKTUBHOCThH YBEIHUH-
mack Ha 68 u 17 % cooTBeTCTBEHHO. B mepuo/ BereTanuy BBISBICHO MOBBIIIE-
HHE II0 CPABHEHHIO C KOHTPOJIEM COACPKaHUS (POTOCHHTETHIECKHUX MUTMEHTOB
(X a, Xa b u Kap) y unokynupoBanubsix B. subtilis 10-4 pacrenuii u3 MmuHm-
KIyOHEW M CyNepaJInuThl, TIIaBHBIM 00pa3oM, BO BTOPOH ITOJIOBUHE BEr€TalluH: B
¢asze Bcxog0B cymma xiopodusuioB (a + b) mpeBsliirana KOHTpoib Ha 19 u
11 %, B da3ze Oyronnzanmu — Ha 5 1 14 %, B Hagane nBeteHus — Ha 50 1 43 %
1 OKOHYaHus 1BeTeHus: — 27 U 53 % COOTBETCTBEHHO, YTO CBUJETEILCTBYET O
MOJIO’KUTEIILHOM BJIMSTHUM MHOKYJISIIMM Ha MHTEHCHBHOCTBH M ITPOJOJDKHUTEIb-
HOCTh PabOThl ACCHMWIALMOHHOTO ammapaTa U OTPAXKAETCS B TIOBBIIICHUH
ypoxaiHocTH KiyOHed. [Ipeamocamoynas WHOKYJSIIUS CEMEHHBIX KIyOHEH
B. subtilis crmxana pacrpocTpaHeHHOCTh Ooie3Hel pacTeHuii kaprodens B
MEepUOJ] BEreTaluy U yOOpKU: alpTepHapro3oM B 1,5—1,8 pasa B ombiTe ¢ KIIy0-
HSAMH CymnepaiuTa 1 B 1,5 paza — ¢ MUHH-KITyOHSAMH, MapIioil cepedpucToif — B
3.5 u 3 paza, cyxoii THIIBIO (py3apro3om) — B 4,8 1 2,5 pa3a COOTBETCTBEHHO.
[Tpu >TOM MHOKYJISALMS MUHH-KIIyOHEH sHI0pHUTaMu obecrieunBaia 3-KpaTHOE
CHIDKCHHE BHJIOBOTO Pa3sHOOOpa3us MAaTOTEHHOTO KOMIUIEKCA MHKPOMHIIETOB
Ha KIIyOHSIX TIEpBOTO IOJIEBOTO MoKosieHus. OOpariaer Ha ce0st BHUMaHUE (akT
OTCYTCTBHMSI MHKPOMHLETOB poxa Fusarium B MukpoOuome KiyOHEH, BbIpa-
IICHHBIX U3 WHOKYJIMPOBAHHBIX SHI0(DUTaMH MUHHU-KIyOHel. B To ke Bpems B
HeoOpabOTaHHBIX BAPHAHTAX KaK MHHU-KIIyOHEH, TaKk CyIepaIUTHl OOHAPYKH-
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Basioch 3 Buma Fusarium spp. Ipeamocagodnast HHOKYJISIIKS KIIyOHEH cyrepa-
JUTHl SHAo(HUTaMH He olecredmia 3alIuTy ypoxas KIyOHeH oT (y3apmosa,
YTO BEPOSITHO CBSI3aHO C HCXOJHBIM MHKPOOMOMOM CEMEHHBIX KIIyOHEH,
BCJIC/ICTBUE UX 3aCEJICHUs] IOYBEHHBIMH MHUKPOOAMHU B TIEPHO/| BBIPAIUBAHHUSL.
BrusiBeHo, 9TO0 TpM 00OMX CHOCO0AaX WHOKYJISIIMM CEMEHHBIX KITyOHEH
B. subtilis He ObLIO BBISIBICHO CYIIECTBEHHBIX PA3IMYUA B COJCPIKAHUHU B
KIIyOHSIX Kpaxmaja M CyXOro BELIEeCTBa, TOIJa KaK HAKOIUICHHE MMUTATEIbHBIX
BelecTB (BKIIOUas a3oT, hocdop, kanmuidi 1 BuTaMuH C) YBETUUHUBAIOCH U ObI-
JI0O MAaKCUMAaJbHO BBIPXCHHBIM B BapHaHTE C MPUMCHEHHEM O03/I0POBIICHHBIX
MUHH-KITyOHEH. BBISABICHO, 4TO MHOKYJISIHUS 03JOPOBICHHBIX MHHU-KITYOHEH 1
cynepamuthl B. subtilis 104 cnocoGcTBOBaNMa MOBBIMICHHIO COMCPIKAHHUS ac-
KOpPOWHOBOH KHCIOTHI B KIyOHsIX 10 73,80 1 69,33 Mr % COOTBETCTBEHHO (B
KoHTpoe 58,4 Mr %), a Takke HaKOIUICHHIO BUuTamuHa B 10 4,92 /KT (B KOH-
tpose 0,75 r/kr). Kpome Toro, mpeanocagouHas HHOKYJISIIUS KITyOHEH 3HJIO-
¢uTamu criocoOCTBOBANIA HAKOTUIEHUIO CYMMBI aHTOIIMAHOB 10 67,2 % (B KOH-
Tpone 1,98 %). B ombiTe ¢ MUHH-KITyOHAMH TpeaIiocagodHas o0paboTka 3H-
nopHUTaMH CIOCOOCTBOBAJIA CHIDKCHUIO MHTCHCHBHOCTH HAKOIUICHUS PEIyLH-
pyronmx caxapoB B KiyoHsix (10 0,13 %) o cpaBHenuto ¢ kontposem (0,46 %).

[MonyueHHbIE SKCIIEPUMEHTAIbHBIC TAHHBIC CBUICTEIBCTBYIOT O TOM, YTO
cnoco0 oOoramieHnsl BBRIPAIICHHBIX Ha THIPOIOHHUKE O3OPOBJICHHBIX CEMCH-
HBIX MHHH-KIyOHEl mepen mocamkoil sumodutaeiMu B. subtilis umeer mpe-
MMYIIECTBO B CPABHEHUHU C MPEANOCATOYHON 00pabOoTKON KITyOHEH cymepau-
Ta B Ka4eCTBE HEAOPOTOT0, SKOJIOTHYECKH YHCTOTO ITOJIX0/a K MPOM3BOJICTBY
CEMEHHOT'0 MaTepraia BEICOKOTO KauecTBa. KauecTBCHHBIC CeMEHHBIC KITyOHH,
HE HeCyIlHe CYIECTBeHHON HH(EKIIMOHHON HAarpy3K1, UMEIOT BHICOKOIPOILYK-
TUBHBII MTOTEHIHAN U 32 cYeT OOJbINEi BEIHOCIMBOCTH 3/I0POBBIX PACTCHHUN B
MEHBIICH CTENeHH OYIyT MOJBEpP)KEHBI BO3ICHUCTBHIO OONE3HEW W APYTHX
BPCIHBIX OPTraHU3MOB B CJCAYIOIIEM IIOJIEBOM MOKOJICHHH, YTO OOCCICUUT
HaJUISKAIMHA POCT PACTEHMH, MOBBILICHHE TPOYKTHBHOCTH U KAueCTBO IOJIY-
JaeMBIX KIIyOHEH, a Takke OyIeT crmocoOCTBOBATh YIyUIICHHIO SKOJIOTHIECKO-
T'O COCTOSIHUS TT0YB.

Uccnedosanue evinonneno 3za cuem epanma Poccuiickozo HAY4YHO2O0

gonoa Ne 23-26-00262, https://rscf.ru/project/23-26-0026.
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BJIMAHUE HAHOKOMITIO3UTOB CEJIEHA
N APABUHOTAJTAKTAHA HA )KUPHOKHUCJIOTHBIA COCTAB
BAKTEPUH CLAVIBACTER MICHIGANENSIS SSP. SEPIDONICUM,
BbI3bIBAIOIIEN KOJBIEBYIO THAJIb KAPTO®EJIS

H. M. Pomanosa, A. C. Mopun, HU. A. I'packosa

Cubupckuii MHCTHTYT (usnonorun u onoxumunu pactenuii CO PAH
UpkyTck, irinal 70885@mail.ru

[TepBUYHBINA KOHTAKT JIFOOOH KJIETKH C BHEITHEH CPEION OCYIIEeCTBISETCS
MOCPEICTBOM OMOJIOTMYECKUX MEMOpaH. AanTanus K cTpeccaM 4acTo COIpo-
BOX/IAeTCS PEKOHCTPYKIMEHl KieTouHoi MeMOpaHbl. [IepBeIMU B OTBETHBIE pe-
aKIMM Ha BO3JCHCTBHE (DAKTOPOB OKPY)KAIOIICH Cpelsl OTBEHAIOT JKHPHBIC
kucnotsl [unko, Aysanosa, 2019].

Clavibacter michiganensis — a’poOHbIi TPaMITONIOKUTEIbHBIH MaTOTCH-
Hblii akTuHoMuIeT poxa Clavibacter ¢ kopunedopmHoii Mopgonorueii, He 0Opa-
3YIOIINI MHIIETHI U CHIOPHI, TAK)KE M3BECTHBIN KaK KOJIbIIEBAst THAIG KapToQeIs.

B pa6ore wucnonp3oBamu mramm Clavibacter michiganensis ssp.
sepedonicus (Cms) Ac-1405 (monyuern w3 BKM, r. Ilymuao, MockoBckas
0011.). baktepuun Cms BeIpamumBaiv Ha Cpejie ¢ TIFOKO30M, TIENTOHOM H JPOK-
xeBbIM dKcTpakToM (GPY). B kadecTBe MOTCHIIMANBHBIX areHTOB IS 03710-
posiiernst kaprodens or Cms Obutm uccnenoBanbl Hanokomno3utsl Se (HK
Se/Ar), mpencraBusromye co00i KOMIO3UIIMIO TOKCHYHBIX HAHOYACTHIl Se,
IUIOTHO 3alakoBaHHBIX B MaTpHIly apabuHorankatana. HK Se/Ar He HaHOCHT
BpEIl PACTCHUSM, O] BIUSHHEM 3K30()epMEHTOB OaKTepUil apaOHMHOTaNIaKTaH
pacnajaercs ¢ BbiIcBoOOXIeHneM HaHovacThl Se [I"packosa,2022]. cnomnb3o-
Banu nBa Buga HK Se/Ar, orinnuaromnuecs o cofep)kaHHIO celeHa (TOTyYeHBI
B UpNX CO PAH). IIpemmectBennnkn HK Se/Ar — apabunoranakran u BIS
(2dbenmmatun) nucenenodochunat Hatpus (PhCH2CH»2)2PSexNa (BIS). Cunres
HK 3.4 % Se (HK1) ocymectsnsanu cornacHo metoauke. Cunrez HK 6,4 % Se
(HK2) npoBommii OKHCICHHEM OpTaHwiIauceneHoGochuHaTa HATPHS MEPOK-
cumoM Bojopoxaa. [l SKCIEpUMEHTOB WCIOJIB30BAIMA BOIHBIE PACTBOPEI
HaHOKOMIIO3MTOB, COJEp’KaHME celeHa B KoTopbix cocTasisio 0,000625 %
[TTar. Ne 2557992 ..., 2015, HanoOnoKOMIIO3HT cenieHa ... , 2015].

Pacmonoxerre HaHOYACTHI] Se Ha KIETOYHOH CTEHKE YHaJOoCh ITOATBEp-
JITH C TOMOIIBIO AJIEKTPOHHO-IIPOCBEYHBAIONIET0 MHUKPOCKOIA U CKAaHHPYIO-
IIEr0 30HJOBOr0 MHUKpockoma. HaHOKOMIIO3UT BO3AEHCTBYET Ha KIETOUHYIO
CTCHKY OaKTEepHaIbHBIX KJIETOK, HE MPOHMKAS BHYTPH KICTKU. [ MO KICTKH
MIPOMCXOUT BCIICICTBUE Pa3pyLICHUS KICTOYHOW CTEHKH.

B cocraBe o0mux xupHbix kuciaoT (JKK) Obuio BBIIBICHO 19 MHIMBHIY-
aNbHBIX MOJICKYJI, cozepkanmx oT 14 mo 21 atoma ymiepona. HacelmeHHbIE
KK conmepxxany TuHEITHBIE annpaTHIecKne e, a TAK)Ke Pa3BEeTBIECHHBIC U30-
u anmeuso XK.
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Tabaunua

JluHamuKa *KUpPHBIX KUCIOT Gakrepun Cms 1oz AeHCTBUEM HAHOKOMIIO3UTOB Se
1 UX IPEAIIeCTBCHHNUKOB (IIPEJICTAaBICHBI HE BCE HACHTU(DUIIPOBAHHbIC )KUPHBIC KUCIOTHI)

JKMpHbIE KUCIOTBI CMS CMS +HK1 CMS +HK2 CMS +BIS
C15:0 0,10+0,013 6,03+8,81 0,11+0,01 0,18+0,03
C15:0-1 16,46+3,69 15,19+2,70 26,73£1,40 12,65+1,04
Cl15:0-a 14,28+2,58 15,95+3,08 19,04+2,87 10,53+0,27
C16:0 26,20+4,89 22,61£1,22 19,64+2,15 32,92+0,72
C17:0 0,19+0,023 0,19 0,13+0,02 0,00
C17:0-1 0,00 9,73+2,46 6,05+0,88 3,40+0,52
C17:0-a 4,40+0,86 6,65+0,37 7,17+0,39 4,27+0,14
C18:0 28,5443,85 16,85+5,99 13,57£1,92 29,68+1,58

HawnGosbiiee KOJIMYECTBO OTMEUEHO JUIS HECKOJIBKHMX KHCIIOT: U30-, aHTe-
130- MEHTAJICKaHOBAas! KUCIIOTHI, N30-, aHTEHU30-MaprapuHoOBast KUCIOTHI. MIMeH-
HO OHH SBJIFOTCS MapKEepPHBIMHU JUTS TPAMIIOIOKUTEIBHBIX Oaktepuit. [To man-
HBIM KHCJIOTaM MOXHO Ipocieautsh n3menenne JKK cocrasa nocie o6paboTku
HK (npencrasieHs! He Bce HACHTH(UIUPOBAHHBIC dKUPHBIC KUCIIOTHI).

W3 tabnmuer BugHO, uTo 06padborka HK1 n HK2 Bexmet k yBenmuenuto co-
JIep)KaHKs M30MEPOB TNeHTaeKkaHoBO# kuciothl (C15:0-1, C15:0-a), mpu sToM
3HAUUTEIBHOC YBEJIMYCHHE OTMEUeHO mpu odpadotke HK2. B mpumepe ¢ BUC
HaNpoTHB MPOHCXOJUT yMEHbIICHHE. I30Mepsl MaprapuHOBOW KHCIIOTHI
(C17:0-1, C17-0-a) moka3pIBaIOT aHAJOTHYHBIC, KaK W U30MEPHI TICHTAIeKaHO-
BOW KHCIIOTBI.

Ipu o6padotke HK1 u HK2 conmepxanue HACBHINICHHBIX KHPHBIX KUCIOT
yMmeHbmaercs. OcobeHHo 3To 3ametHo B Bapuante ¢ HK2. C npeamecTBeHHu-
koM BIS coneprkanne JaHHBIX KHCIIOT YBEIHIHBAJIOCH.

B pesynbrare B3ammosneicTBusi HaHokomIio3uta Se m CMS mpoucxomsr
Mopdosornueckue M3MeHeHus kietok. HanouacTuubl Se BbI3BIBAIOT I'MOENb
KJICTOK, He TIPOHUKAsI BHYTPh KJIETKH, BO3/IEHCTBYS Ha caMy KJIETOYHYIO CTCH-
Ky. [Ipn 0OpaboTke HAHOKOMIIO3MTAMH IPOUCXOAMUT CHIKECHHE COACpPIKaHMS
HHXK u nosbsiuenue HXKK, 4To nmpuBOIUT K MOBBILIEHUIO MHUKPOBSI3KOCTH
KJICTOYHOM CTCHKH U, KaK CIEeICTBHE, ¢ MOJTHOE pa3pyIIeHHUE.

JlnTeparypa
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AJANTAIUA DQKCTPEMO®N/IIBHBIX MUKPOMUIIETOB
K ABUOTHYECKHUM ®AKTOPAM

B. M. Tepémmunal, E. A. STayuesuu’, O. A. lanuiaosa’,

I'. A. Koukuna?, C. A. Bonnapenko'” E. H. Bunanenko’,

M. JI. Teopruesa®*, O. A. T'pym-T'pixumaiisno®
Mucturyt mukpo6uonorun um. C. H. Bunorpajckoro ®UI] «DyHaaMeHTaIbHbIE OCHOBBI
ounorexnonorum» PAH, Mocksa, info@fbras.ru
MuctutyT 6uoxuMuu u husnonorun Mukpoopranuzmos um. I'. K. Ckpséuna PAH,
[ymmuo, adm@ibpm.ru
SMockoBckuii rocynapcTennbliii yauepeutet uM. M. B. Jlomonocosa
Mockga, info@mail.bio.msu.ru, info@wsbs-msu.ru
4 HayuHo-uccle10BaTeNbCKUI HHCTUTYT MO H3bICKAHUIO HOBBIX aHTHOHOTHKOB
um. I'. ®. I'ayse, MockBa, instna@sovintel.ru

SVuusepcuter Barenunrena, Barenunren, Humepnanst

Cpenun SKCTpeMOGHIIOB BBIACISIOT Pa3InYHbIe TPYIIIIBI 10 ONTUMAIbHBIM
YCIIOBUSIM pOCTa, BKIIOYas Temmepatypy (mcuxpodwibl, Tepmodwibl), pH
(aummodrutel U amkanoQuisl), naBineHne (0apoduibl), HOHHYIO CHIY (Taxogu-
JIbI), aKTUBHOCTH BOJBI (Kcepodmiibl). DKCTpeMO(UIbHbBIE MHUKPOMHIETHI B
MIPOIIECCE DBOIIONUK TPUOOPENH CIOCOOHOCTh OCYIIECTBISITh CBOHM JKU3HEH-
HBIH IIUKJI B OKCTPEMANBHBIX JUIS OOJBITMHCTBA TPHOOB YCIOBHAX. AJTamTaIus
K JII0OOMY CTpeccOpHOMY (hakTopy SIBISETCS KOMIUIEKCOM 3aIlUTHBIX MPOIIEC-
COB, BKJIIOYAIOLIMX aHTHMOKCHJAHTHYIO 3alIUTy, CHHTE3 OEJIKOB TEIUIOBOTO LIO-
Ka, M3MEHEHHE CocTaBa MeMOpaH, MOBBILICHHE YPOBHsI OcMONIUTOB. Harrie BHU-
MaHue Oyner c(OKyCHpOBaHO Ha KITFOYEBOM 3BCHE — 3alllUTe MEeMOpaH M Mak-
POMOJIEKYJT KJIETOK Y MHILEIUAIBHBIX I'PUOOB-3KCTPEMO(HIOB, KOTOpasi OCy-
IIECTBISIETCS KaK 3a CUET M3MEHEHMS COCTaBa MEMOpAaHHbIX JIMIHIOB, TaK U MPH
TIOMOIIA CHHTE3a POTEKTOPHBIX COSTMHEHUN YTIICBOJHON MPHPOIIBHI — OCMOJIUTOB.

[To coBpeMeHHBIM MPEICTABICHUSIM OPTaHUYCCKUE OCMOIUTEI, SBISFOTCS
HE TOJIBKO «COBMECTHMBIMH COeMHEHUsIMI» (compatible solutes), kak cuuTa-
JIOCHh paHee, HO M MeTabOJIMIeCKUMH ITUTONpoTekTopamu [Yancey, 2005]. V
TprOOB OCMOJIMTHI MPEACTABICHBI, B OCHOBHOM TPErajio30i U monuoiaMu. Tpe-
rajgo3a, KaKk M HOJIMOJIBI, MOXKET 3aMelaTh BOAY B TUAPATHBIX 000JI0YKAX MakK-
POMOIIEKYJI, HO, B OTJIMYHE OT MOJIHMOJIOB, 00JIaJaeT CIIOCOOHOCTBIO BCTPAUBaTh-
cs1 B MEMOpaHBI M CTAa0MIIN3NPOBATh UX B YCIOBHAX CTPECCOPHBIX BO3ICHCTBH.

[onnepxanne (QyHKIMOHAIBHOTO COCTOSIHUSI MEMOpaH IIPH CTpecce siB-
JSIeTCsl KIFOYEBBIM 3BEHOM 3aIIMTHOW CHCTEMBI M 00ECIeuMBaeTCsl HE TOJIBKO
MyTeM HM3MEHEHHs MX COCTaBa M CTPYKTYpbI, HO M CTAOMIIM3UPYIOIIUM JIeii-
ctBUeM ocMosuta Tperanosbl [The significance of ... , 2005; Involvement of
small ... , 2016; Yancey, 2005]. Tak, oOHapy>KeHO, 4TO B YCIOBUSIX TCIUIOBOTO
IIOKa Y TPETano30 AC(HUIUTHBIX IITaMMOB APOACKEH MPOHCXOAAT Oojiee Mac-
mtabHbIe TIePECTPOMKH cocTaBa MEMOPAaHHBIX JIUITH/IOB, Y€M Y JJUKOTO IITaMMa
[Lipids and Trehalose ... , 2021]. I[ToaToMy MBI CUUTaeM Ba)KHBIM HCCIICIOBa-
HHE cocTaBa MEMOpPaHHBIX JIMIIMAOB U OCMOJIMTOB BO B3aUMOCBSI3H.
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Lenb paboThI — M3YYUTH POIH OCMOJIMTHON 1 MEMOPaHHON CHCTEM KIIETOK
B a/IalTalll{ SKCTPEMO(IIBHBIX TPUOOB K SKCTPEMAILHOMY (DakToOpy, a TaKkxKe
I0J] BO3JIEUCTBUEM JIPYTUX CTPECCOPOB.

B xauecTBe OOBEKTOB HCCIICAOBAHMSA OBUIM BBIOPAHBI  ATKAIO(DUIBI
Sodiomyces tronii, S. alkalinus, S. magadii; tepmoduier Rhizomucor miehei,
R. tauricus, Myceliophthora thermophila; ranoankanoronepant Emericellopsis
alkalina, ramoxcepodun Aspergillus penicillioides, ammnodunsr Mollisia sp.,
Phlebiopsis gigantea, Sistotrema brinkmanii; ncuxporonepanr Mucor flavus,
ncuxpoduia Mucor psychrophilus.

JIunuasl SKcTparuposanu MetonoM Hukonca v aHaaM3MpOBAIU METOJOM
nsymepHoit TCX m nercutomerpun (mporpammuoe obecrieuenune Dens). Co-
CTaB XUPHBIX KUCIOT omnpenemnsiiu merogoM I0KX. YriueBoas! skcTparupoBain
KUIISIIIEeH BOZOM, Mocie yialeHnsl OSJIKOB 1 3apsDKEHHBIX COSAMHEHUH MOITy-
YaJi TPUMETUICHINIbHBIE IPOU3BOIHBIC, aHATH3HpoBanu Metogom [KX.

Ha nmpumepe TepMOPUIBHBIX, aNKadO(QUIBHBIX, alUAO(WUIBHBIX U TICH-
XpOGHIBHBIX TPUOOB BIIEPBBIC YCTAHOBICHO KIIIOYEBOE 3HAUCHUE TPETATIO3bI B
ONTHMAJIBHBIX YCJIOBUSIX POCTa. Y BCEX 3THX 3KCTPEMO(]MIIOB Tperauosa Jo-
MUHHPYET B COCTaBe yIJIeBOJOB U moiuonoB (Yull) muto3oms, u ee Koaude-
CTBO YBEJIMYHMBAETCS B Tporiecce pocTa 10 8 % OT cyxoil Macchl. Y kcepodu-
JIOB, PACTYILUX B CPEAAX C MOHMKEHHOM aKTUBHOCTBIO BOJBI, OCHOBHBIM OCMO-
JIUTOM LIUTO30J1s1 CTAHOBUTCS TNIUIEPHH.

B oTBeT Ha TeMmIOBOI MIOK Y TePMO(DUIOB CHIKAETCS KOJIIMYECTBO Tpera-
JI03BI B KJIETKE, U HE BO3HHMKAET MPHOOPETEHHOH TepMOYCTOHYNBOCTH, KaK y
Me30(miIoB. Y amkanoQuiaos, anua0QHIOB U MCUXPOPHIOB TEIIOBOH IOK BBI-
3bIBA€T ABYKPATHOE YBEIMYEHHUE KOINYECTBA TPErao3bl, T. €. IPOABISIETCS aj-
OUTUBHGI 3 dekT. Y Kcepodmia, KOTHIECTBO TPETaIo3bl TAKXKE BO3PACTAET B
OTBET HA TEMJIOBOH LIOK, HO He mpeBbImaeT 1 % oT cyxol Macchl, TOra Kak
KOJIMYECTBO TIIHIIEPUHA CHUXKAETCs. B OTBET Ha OCMOTHUYECKHI LIIOK y aJIKaio-
¢unos, aunnoduiioB U TEpMODHUIOB 3HAUYUTENHHO IMOBBIIAETCS YPOBEHB I10-
JIMOJIOB, HO IIPU 3TOM KOJIMYECTBO TPETANIO3bl HE CHUIKAETCS, UTO yKa3bIBAET HA
Ba)KHOCTb ITUX OCMOJIUTOB B aJanTaluu. XO0JI0J0BOH IIOK HE BbI3BIBAET U3ME-
HEHUI B COCTaBE OCMOJINTOB y BCEX M3YUYEHHBIX 3KCTPEeMO(MIIOB, YTO, BO3-
MOYKHO, CBSI3aHO C BEICOKHMM HMCXOJHBIM YPOBHEM TPETrajo3bl.

W3zydyenne coctaBa MeMOpaHHBIX JHIHIOB y SKCTPEMO(DUIOB BBIIBHIO
00IIyI0 3aKOHOMEPHOCTh — B Ka4eCTBE OCHOBHOT'O WJIM JIOMHHHUPYIOIIETro ¢oc-
¢dommnuaa BeIBICHBI (ochaTuaHble KUCIOTHI, KOTOPbIE OTHOCSTCS K He-
OHMCIIONHHBIM JTUITKUAaM. B OTBET Ha TEIIOBOM, OCMOTHYCCKUN 1 XOJIOIOBOH II10-
KN B MEMOpPaHHBIX JIMMNAAX IKCTPEMODHIOB 3HAYUTEIIbHBIE U3MEHEHUS MPO-
HCXOJAT TOJBKO B CIydae CyIECTBEHHOI'O CHM)KEHHsI Tperajaossl B KieTke. B
cilydae TOAJCP)KAaHWS WIH yBEIHMUYCHHS YPOBHS TPETalo3bl B KIETKE COCTAB
MEMOpPaHHBIX JIMITHIOB OCTACTCS] CTAOUIBHBIM.

BaXHBIM afanTannOHHBIM (AKTOPOM SIBJISICTCSl TEKydecTh MeMOpaH, Ha
KOTOpPYI0, IO COBPEMEHHBIM IIPE/ICTABICHUSAM, BO3JCHCTBYIOT CTENECHb HEHa-
CBIIIIEHHOCTH JKUPHBIX KHUCIOT (POCOHOIHUITHIOB, COOTHOIICHHE CTCPHHBI/
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docdonmunupl, CHHTE3 MalbIX OENKOB TEIIOBOro Ioka. Hamm uccnegoBanus
MOKA3aJTi, YTO CTENEHb HEHACBIIIIEHHOCTH MEMOPAHHBIX JIHITUIOB Y YKCTPEMO-
¢unoB pasnas. OOHApPYKEHO, YTO CTENCHb HEHACHIIICHHOCTH BO3PacTacT y
BCE€X HCCJICAOBAHHBIX FpI/I6OB TOJIBKO B OTBET Ha XOJ'IO[[OBOI\/’I 1I0K. KOHe6aHI/IH
CTENEeHU HEHACHIIIEHHOCTH B TPOIIECCE POCTA, B OTBET Ha TEIJIOBOM M OCMOTH-
YECKHUM MOKH HE3HAYNTEbHBI.

Takum 00pa3om, BIiepBbIC MOKa3aHa KIFOYEBasi POJIb OCMOJIHMTOB B afarl-
Tarmn dKcTpeModnioB. [lomydeHHBIE pe3yabTaThl ITOATBEPKIAIOT THIIOTE3Y O
B3aMMOCBSI3U M3MEHEHHI B OCMOJIMTHOW U MEMOPaHHOW CHCTEMaX KJIETKH MpU
ajanranuu 3kcTpemModuiioB. OOHApy)KeHHBbIE HaMH OOIIHE 3aKOHOMEPHOCTH
cocTaBa MEMOpaHHbIX JIMITUIOB, B COCTaBE KOTOPBIX MMPe00JIaaoT HeOUCIoii-
HbIe (HOCQOIUIHIBI, YKa3bIBAIOT HA OCOOYIO CTPYKTYpy MEMOpaH 3KCTPEMO-
(HUIBHBIX MUKPOMHUIIETOB.

Jlutepatypa

Involvement of small heat shock proteins, trehalose, and lipids in the thermal stress manage-
ment in Schizosaccharomyces pombe / A. Glatz, A. Pilbat, G. L. Németh, K. Vince-Kontar // Cell
Stress Chaperones. 2016. Vol. 21. P. 327-338.

Lipids and Trehalose Actively Cooperate in Heat Stress Management of Schizosaccharomyces
pombe / M. Péter, P. Gudmann, Z. Kéta [et al.] // Int. J. Mol. Sci. 2021. Vol. 22. Art. 13272.

The significance of lipid composition for membrane activity: new concepts and ways of as-
sessing function / L. Vigh, P. V. Escriba, A. Sonnleitner [et al.] // Progress Lipid Research. 2005.
Vol. 44. P. 303-344.

Yancey P. H. Organic osmolytes as compatible, metabolic and counteracting cytoprotectants in
high osmolarity and other stresses// Journal of Experimental Biology. 2005. Vol. 208, N 5.
P. 2819-2830.

TPAHC®OPMAIIUS COETUHEHWUIN CEJIEHA
HA IIPUMEPE BAKTEPU POJA AZOSPIRILLUM

A. B. Tyraposa, A. A. Biagumupoa, A. A. Kamuen

HuctuTyT OMOXUMIHK M pU3HOIOTUH pacTeHuit u MukpooprannzmoB PAH, Capartos
tugarova_anna@mail.ru, vladimirova-nastyusha@bk.ru, a.a.kamnev@mail.ru;

B npupoze GakTepuu MrparoT KIOYEBYIO POJb B BOCCTAHOBJICHHH OKCO-
AQHHOHOB CEJICHAa M Y4acCTBYIOT B ero Ouoreoxumuueckom nukie [Developments
in the study ... , 2020; Tugarova, Kamnev, 2017; Selenite reduction by ... ,
2022]. OKCOaHMOHBI CEJICHA — XOPOILO PACTBOPUMBIC BBICOKOIIO/IBIKHBIC B BO-
nie ¥ nouBe coepuHenns: ceneHat — Se04> (Se™®) u cenenur — SeO3> (Se™) —
SIBIIIFOTCS. CAMBIMH TOKCHYHBIMH ()OPMaMH CENCHA, 3arpsA3HSIOLMMH OKpPYKa-
IOIIME MOYBBI, BOJOEMBI M CTOYHBIE BOJBI NPOU3BOACTB. BoccraHoBieHne OK-
COAHHMOHOB Y MHOTHMX OaKTEPHUIi IIPOMCXOIUT JI0 3IeMeHTapHoro cenena (Se’) ¢
(dopmupoBanrem HaHodactuil (Se-HY).

B pabote mpecTaBieHbl pe3yNbTaThl U3YYeHHUs TpaHCHOpPMALUH OKCO-
AHHOHOB CEJICHA Pa3INYHBIMK BHIaMu GakTepuii poga Azospirillum. OcroBHble

383



Ppe3yJIbTaThl ObLIN TOJTyHYEHBI TIPH UCTIONb30BAHUH HanOOJIEe N3yUEHHBIX THIIO-
BBIX IITaMMOB asocnupuint: A. brasilense Sp7 u A. baldaniorum Sp245, a tak-
xe wramma A. thiophilum BV-S. IMocneanuii nokaszan HanOOJbIIYIO YCTOWYH-
BOCTb K TOKCHYECKOMY JICHCTBHIO CEJICHUT-UOHOB U OBIJI CIIOCOOEH K 0CTaTO4-
HoMy pocty tipu 15 MM NaySeOs, B OTiMYne OT MEPBBIX JIBYX IITAMMOB, JIJIS
KOTOpBIX OblIa OmpeJiesieHa MUHUMAJIbHASI JIeTajdbHas KOHIEHTparus 5 MM,
IIPU KOTOPOI POCT OTCYTCTBOBAJI.

s A. brasilense Sp7 u A. baldaniorum Sp245 6suta mokasaHa Criocoo-
HOCTh K BOCCTaHOBJICHHIO CEeJIEHUTa, HO He ceneHara [Reduction of selenite ... ,
2014], B To Bpems kak mrramm A. thiophilum BV-S, Hapsiay co croco6HOCTBIO
BOCCTaHaBJIMBATh CEJICHUT, ObLI TAKXKE CIIOCOOEH K BOCCTAHOBJICHHIO CelleHaTa
B CTATHYHBIX YCJIOBHSX BBIPAIIMBAHUS IIPH OrPAHUYCHHH JOCTYIA KUCIOPOIa.
CrnocoOHOCTh K BOCCTAHOBJICHHIO CEJIEHAT-HOHOB B JIMTEPATYpEe OIMCAHA IS
CTPOTUX aHa’pOOOB, KOTOPBIE HCIOJIB3YIOT CEJIeHAT KaK KOHEUHBIH aKIenTop
QJIEKTPOHOB TIpH JbIXxaHuK OakTepuid. [lyOnmmukamum o criocoOHOCTH K BOCCTa-
HOBJICHHIO CEJICHaTa B HEAHA’POOHBIX YCIOBHAX CAWHMYHBL; JUISL a30CTIUPHILI
9TO sIBJIICHHE OOHAPY)KEHO HaMH BIICpPBBIC.

bBbln mpoBeneH TPAaHCKPUITOMHBIN aHAJIU3, ¢ IOMOLIbIO KOTOPOrO OIpe-
JICTICHBI TEHBI, SKCTIpeccupyemMbic B reHome mramma A. thiophilum BV-S mpu
BOCCTQHOBJICHUH CEJICHAT-MOHOB B CTATHYHBIX YCJIOBHSX ITIPU OTPaHUYCHUH
KHCJIOpOJia. Y CTaHOBJIGHO, YTO MPOMCXOJUT 3Kcnpeccust Oosiee yeM 60 reHos,
BKJIIOYasl T€HBI, CBSI3aHHBIC C PA3JIMYHBIMH IMPOIECCAMH — META0OIM3MOM Ce-
JICHOCOIepIKaIINX COCAMHEHNH, MeTabOIII3MOM JKHPHBIX KHCJIOT; TeHBI, yJacT-
BYIOIIME B JIPYTHMX META0OJIMYECKHX IYTSIX, a TaK)KEe B CHHTE3€ OTAEIbHBIX
0eNnKoB, B TOM 4YHMCIIe NepMeasbl M pa3inuHble TpaHCHopTepsl, U ap. Ha cero-
JIHSIIHUN JIeHb TPOBOAMTCS AHAJIU3 IMOJYYCHHBIX JAHHBIX JUISl ONpEIeIeHHs
OCHOBHBIX MMyTe# BOCCTAaHOBIEHUs ceeHara mrrammoM A. thiophilum BV-S.

OJHMM M3 OCHOBHBIX METOJIOJIOTHYECKUX IMOJXOA0B IPHU U3YyUYEHHH BOC-
CTaHOBJICHHS OKCOaHHOHOB CeJieHa Obuia KoJjieOaresbHasi CHEKTPOCKOIIHS,
BKITIOYAIOMIAs B ce0s B3aMMOAOIIOIHSAIOIINE METOABL: CIIEKTPOCKOIHIO KOMOH-
HaronHoro paccessuuss (CKP) u umH(DpakpacHyr0 (ypbe-CreKTpOCKOIHIO
(MK®C) [FTIR and Raman ... , 2018; Selenite reduction ... , 2020; FTIR spec-
troscopic ... , 2017]. UK®C Opna ncmosns3oBaHa Ipu aHanuse: 1) Onomaccel
IIPY BOCCTAHOBJIEHUH OKCOaHMOHOB CEINICHA; 2) OMOOPTraHNYECKOH COCTaBIISIO-
mieit BeiaeneHHbix Se-HY [FTIR and Raman ... , 2018; FTIR spectroscopic ... ,
2017]. CKP Obl1a MCHONB30BaHA IPU ONPEAENIEeHUH alI0TPONHON MoaAnu(pUKa-
IIUH JIEMEHTApHOTO CeJIeHa Kak B OMomMacce, Tak M B CHHTE3WpoBaHHBIX Se-HY
[FTIR and Raman ... , 2018; Selenite reduction ... , 2020].

NK®C nokazana npucyTcTBue OEIKOB, IOJINCAXAPUI0B H JIMIINIOB B CO-
crase Se-HY. C momompio CKP, 9yBCTBUTETBHOM K Pa3IHYHBIM aJUIOTPOIHBIM
MOAM(UKALUSIM CElIeHa, TOKa3aHo: 1) HaXOXKAEHHWE DIEMEHTapHOTO CeJICHa B
HaHo4JacTHIax B amophHoi Momudukanuu [FTIR and Raman ... , 2018, Sele-
nite reduction ... , 2020]; 2) BO3MOXHOE y4yacTHe COeJAMHEHHH cepbl ¢ HOpPMU-
poBanmeM cBszell S—Se (coeaWHEHHWE HE WACHTH(HUIIMPOBAHO) B KIETOYHOH
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6romMacce Ipu BOCCTAHOBIICHUH CEJICHUTA B IPUCYTCTBUH CyJNIb(aTa, 4TO CBH-
JIETENILCTBYET O B3aMMOCBSI3M OaKTEepHaJbHBIX META0OIMYECKHUX ITyTeH TpaHC-
(opManum CoeTMHEHNH CelieHa U CePhl Y a30CTTUPHILIL

IIpu u3y4eHNH MEXaHU3MOB BOCCTAHOBJICHUS CEJICHUT-HOHOB yCTaHOBIIE-
HO, YTO TIEPEHOC CEICHUT-UOHOB B OaKTEPHAIbHYIO KICTKY Y a30CHHPHILT MPO-
ucxoanuT 0e3 y4acTHsi MPOTOH-3aBUCHMOTO TPAHCIIOPTa, a BBIHOC 3apOJbIIIeH
Se-HY u3 KIeTKH MPOXOJUT C €r0 Y4acTHEM; CaMO BOCCTAHOBJIEHHE IPOUCXO-
JIIT TIPH yYaCTHH CHCTEMbI ACHUTPU(PHUKAIINH, TIPH 3TOM PEIOKC-CHCTEMa TIIy-
TaTHOHA, B OTJIMYME OT MHOTUX JPYrHX OaKTepui, HE MIPaeT CyLIECTBEHHOH
pOJIM B BOCCTAHOBJICHUH CEJICHUT-MOHOB a3ocrupuiuiaMu. Takke ObuTH paspa-
60TaHBI OMOTEXHOJIOTHYECKHE IPHEMBI OaKTepransHOro cuaTesa Se-HY.

JletanpHOE BBIICHEHNE MEXaHU3MOB TpaHC(OpMAINN COSTNHEHUH celIeHa
MIPEe/ICTABIISACT NPHUKIIAHON HHTEpEC, B IEPBYIO OYEPEb, Ul HCIONb30BaHNS B
O6uopemMenualuy 3arpsA3HEHHBIX COCJUHEHHUSIMU CEJIeHA II0YB, BOAOEMOB MU
CTOYHBIX BOJI IPOM3BOACTB, a TAKOKe IS IPYTHX HANpaBlICHUN B OMOTEXHOIO-
T'MH, TAKUX KaK HAaHOOMOTEXHOJIOTHS, IPOU3BOACTBO IHUINEBBIX J00ABOK H MPO-
JIYKTOB, 00OTaIllCHHBIX CEJICHOM.

Paboma noodepaicana epanmom PH® Ne 23-24-00582.

Jlutepatypa

Developments in the study and applications of bacterial transformations of selenium species /
J.J. Ojeda, M. L. Merroun, A. V. Tugarova [et al.]/ Critical Reviews in Biotechnology. 2020.
Vol. 40, N 8. P. 1250-1264.

FTIR and Raman spectroscopic studies of selenium nanoparticles synthesised by the bacterium
Azospirillum thiophilum/ A. V. Tugarova, P. V. Mamchenkova, Yu. A. Dyatlova, A. A. Kamnev //
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy. 2018. Vol. 192. P. 458-463.

FTIR spectroscopic studies of selenite reduction by cells of the rhizobacterium Azospirillum
brasilense Sp7 and the formation of selenium nanoparticles / A. A. Kamnev, P. V. Mamchenkova,
Yu. A. Dyatlova, A. V. Tugarova // Journal of Molecular Structure. 2017. Vol. 1140. P. 106-112.

Reduction of selenite by Azospirillum brasilense with the formation of selenium nanoparti-
cles/ A.V.Tugarova, E.P. Vetchinkina, E. A. Loshchinina [et al.]// Microbial Ecology. 2014.
Vol. 68. P. 495-503.

Selenite reduction by Proteus sp. YS02: new insights revealed by comparative transcriptomics
and antibacterial effectiveness of the biogenic Se”nanoparticles / Y. Wang, Q. Ye, Y. Sun [et al.] //
Frontiers in Microbiology. 2022. Vol. 13. Art. 845321.

Selenite reduction by the rhizobacterium Azospirillum brasilense, synthesis of extracellular se-
lenium nanoparticles and their characterisation / A. V. Tugarova, P. V. Mamchenkova, V. A. Khana-
deev, A. A. Kamnev // New Biotechnology. 2020. Vol. 58. P. 17-24.

Tugarova A. V., Kamnev A. A. Proteins in microbial synthesis of selenium nanoparticles // Ta-
lanta. 2017. Vol. 174. P. 539-547.
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MEPBBIE CBEJEHHS O IUTMEHTHOM COCTABE
NOSTOC COMMUNE U3 AHPOIIOTEHHO-HAPYIIEHHBIX
TEPPUTOPHUM NPEJBAMKAJIbS

I'. C. Tynuxosa, U. H. Eroposa, O. B. lllepruna

Cubupckuii HHCTHTYT (u3nonoruu u 6uoxumun pacrenunit CO PAH
WpkyTtck, shambueva93galina@mail.ru

Nostoc commune — siBisieTcss Ma30TPO(HBIM, OKCUTEHHBIM (POTOCHHTE3H-
PYIOIIAM OpraHu3MOM. V3ydeHne cocTaBa MUTMEHTOB JTOTO BHJA SBISETCS
Ba)KHBIM U IOHUMaHUs1 0COOCHHOCTEH ero (pyHKIHOHHpoBaHus. CBEICHUS O
nurMeHTHoM coctaBe NOStOC commune HemHOTOUMCIEHHBI [Briones-Nagata,
Martines-Goss, Hori, 2007; TTotennuan mpupomasix ... , 2013; Recovery of
photosynthetic ... , 2002; u ap.]. BOXBIUHCTBO HCCIIEIOBAHUN TPOBOJAMIIOCH C
KyJIbTUBHPYEMBIM MaTEpPHUAJIOM, €JIMHUYHBI JIAHHBIC 110 COAEPIKAHHIO ITHI'MEH-
TOB B IPUPOJIHBIX 00pasax BUA.

Hamwu OpuT M3y4YeH MUTMEHTHBIN COCTaB HOCTOKA, COOPaHHOTO Ha TeppH-
TOPHSIX C Pa3HBIM YPOBHEM aHTPOIIOTCHHON HAPYIICHHOCTH. TaJlIOMBI HOCTOKA
ObUTH O0TOOpaHBI BOJIHM3H aBTOTpacC M TEXHOT€HHOro oTBajia (Okp. c. basgHnmaii,
r. UpkyTck u 1. Yconse-Cubupckoe), a Takke B OKpecTHOCTSX ¢. bombmoe I'o-
JIOYCTHOE — TEPPUTOPHH CO CIabOH aHTPOIIOTCHHOW HapyIIeHHOCThI0. Ompe-
JIeJIeHHEe COJIepKaHus XJI0pOo(UIUIOB M KAPOTHHOUIOB TIPOBOJMIN CHEKTPOdO-
ToMeTpuieckuM metoaoMm [Wettstein, 1957].

YcraHoBIeHO, 4TO B HOCTOKe U3 [Ipenbaiikanbst oTMedyaeTcs CHIIbHAsS Ba-
PpUadeIBFHOCTD COACPIKAHMS ITUTMEHTOB: Xsopodmnt «a» (23,85+6,36), xiopo-
¢but «6» (8,39+3,26), kapoturou sl (21,09+6,80). KoHueHTpanus MUrMeHTOB
B TaJUIOMaxX HOCTOKA M3 aHTPOIIOTEHHO-HAPYIIEHHBIX TEPPUTOPUI BapbUPOBa-
JI0 B mpenenax: oT 16—41 mr/r ¢. M. i xiopoduiuia «a», oT 1-6 Mr/r s
xmopodmnta «6» U oT 835 Mr/r s KapOTHHOUIOB. B 00pasnax Buma u3 Me-
Hee HapyIIEHHOI TepPUTOPHH PErUCTPUPOBAIN OT 9—24 MI/r Xnopoduiuia «ay,
oT 510 Mr/r xopodpwmina «6» u ot 9—18 Mr/r kapornHOHI0B. B Tamiomax BH-
Jla U3 3arpS3HCHHBIX TEPPUTOPHHA PETHCTPUPOBAIH MTOBHIIICHHOE COJICpKAHUC
Bcex nmurMeHToB (B 1,3—1,5 pa3za) no cpaBHEHHUIO C COACPKAHUEM MTUTMEHTOB B
HOCTOKE U3 MEHee HapyIIEHHOH TepPUTOPHH.

[omy4eHHBIe HAMU JaHHBIC TIO COMACPIKAHUIO XJIOPO(HIUIA «a» COMOCTa-
BUMBI C COJCP)KAHHWEM JTOr0 IHIMEHTa B KyJbTHBHpyemMoM N.commune w3
Poccun (Kupogsckast 06macts) (7—22 mr/r) [[loTeHIuan npupoHbIX ... , 2013].
B kynbType HOocToKa M3 SlnoHun u OUIMINUH PErMCTPUPOBAIU HHU3KOE CO-
nepxanue xyopodmnia «ay (2—4,5 mr/r.) [Briones-Nagata, Martines-Goss, Ho-
ri, 2007]. I1o cpaBHEHHIO ¢ APYTHMHU NPEACTABUTEIIIMHI KYJIBTHUBUPYEMBIX IIHA-
nonpokapuot: Anabaena variabilis (Ca — 13 mr/r; Cs— 8 Mr/r; Cyap. — 2 MI/T),
Nostoc calcicola (Ca— 13 mr/r; Cs— 9 mr/r; Ciap. — 3 Mr/r) [Dusmonoro-
OMOXMMHUYECKHE CBOWCTBA ... , 2024 u jip.], comepkaHue XJIOpoPriuIa «ay» U
kapotuHOM70B B N.commune u3 IIpen6aiikanbs ObLIO B pa3bl BBIIIE.
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CHCI[yCT OTMETUTD, YTO OTO IICPBBIC IMOJYYCHHBIC HAMU NAHHBIC. HUccie-
JAOBaHUS MPEACTABIISIIOT OOJIBIION HWHTEPEC U NOJIKHBI OBITH MPOAOJIKCHBI.

Jlutepatypa

IMortenman npupoaHbIx ororuieHok NOStOC commune kak COpOCHTOB TSDKEIBIX METAIIOB B
BoaHOi#t cpene / E. A. Toprocraesa [u 1p.] // Boga: Xumus u sxonorus. 2013. Ne 1. C. 93-101.

DH310710r0-0HOXMMHYECKHE CBOMCTBA MUKPOBOAOPOCTIEH B YCIOBHAX 3arpsA3HEHHs HOHAMU
TSDKEJIBIX METAJUIOB Me/M, KobanbTa, kaamus u ceutua / I'. X. Kageiposa [u ap.] // Universum: xu-
must 1 6uororust. 2024. Ne 116. C. 22-28.

Briones-Nagata M. V., Martines-Goss M. R., Hori K. A comparison of the morho-cytology
and chemical comrosition of the two forms of the cyanobacterium, Nostoc commune Vauch., from
the Philippines and Japan // J. Appl Phycol. 2007. N 19. P. 675-683.

Recovery of photosynthetic systems during rewetting is quite rapid in a terrestrial cyanobac-
terium, Nostoc commune / K. Satoh, M. Hirai, J. Nishio [et al.] // Plant and Cell Physiology. 2002.
Vol. 43. P. 418-423.

Wettstein D. Chlorophyll — letale und der submikroskopische Formwechsel der Plastiden //
Experimental Cell Research. 1957. Vol. 12, N 3. P. 427-506.

NU3MEHEHUE HEOGTEOKUCJISIIOILEN AKTUBHOCTH
ABOPUT'EHHBIX BAKTEPUI 1P BHECEHUU B [IOYBY
JIETKOM IJIACTOBO HE®@TU

A. A. XynokopmoB, A. A. Camkos, H. H. Bo1uenko,
E. B. Mouceesa, M. H. Kpyruoga, J. B. Kapacésa

Ky6anckuii rocyrapcTBeHHBIN YHHBEPCHTET
r. Kpacnonap, sashokas@yandex.ru

Okonoruueckas CHCTEMa MOMJICPKAHUS TOMEOCTa3a IOYBHI JOJDKHA
BKITIOUATh B ce0s ONpe/eNIeHHYI0 BETMIUHY pasHOOO0pa3ust OMOTHI B Onoreorie-
HOTHYECKHX CBsi3ed. CIIOXKHBIE CHCTEMbI 00J1a1al0T JIydIel yCTOMYMBOCTBIO 1
MEHBIIeH ySI3BUMOCTBIO K HEraTUBHBIM (hakTopaM. PacTymiast ¢ Kax/IbIM roioM
AQHTPOMOTCHHAs Harpy3Ka Ha MOYBY MPUBOIUT K YMEHBIIECHHIO Onopa3sHooOpa-
3usl, a TaKKe SBIAETCS OJHUM M3 OCHOBHBIX (DaKTOPOB OOMIEH Aerpamarun
noyBeHHOTro NoKpoBa [bynaxos, 2003]. Ilpu 3arpsi3HeHHH TOYB HEPTHIO MPO-
UCXOJUT yBEIMUYECHUE YHCICHHOCTH OaKTepUii, HO yMEHbIIICHUE YUCICHHOCTU U
KagecTBa MUKpOMHIIETOB. [lo cTermeHn Bo3pacTaHWs MpeACTaBUTENEH WX pac-
MOJIATAIOT CIIEAYIOIMM 00pa3om: rpuds! (yBeanuenue ot 0,5 1o 2 pas), cropo-
obpasyromue Gakrepun (yBennueHue B 2 pasza), aMMOHU(HULUPYIOIINE MUKPO-
opranusmsl (yBequ4yeHue OT 2 10 5 pa3), aKTHHOMHUICTHI (YBEIMYECHHE OT
1,5 mo 20 pa3). K rimaBHOW MpUYnHE POCTa MPH 3arPsS3HEHUU MOYKHO OTHECTH
MOCTYIIJIGHUE JIOTIOJTHUTEIBHOTO HCTOYHUKA YIJepoja s TeTepoTpodHBIX
HEe(PTEOKHCIAIOMNX MHKPOOPIaHU3MOB, MPU 3TOM YyBCTBHUTEIbHAs K HePTH
MuKpodopa morn6aer. Ho mpm BBICOKMX KOHIEHTPANMSAX YTIEBOJOPOJIOB
(6omee 10 % oT Macchl OYBBI) HETATHBHOE BO3JCHCTBUE OKa3bIBACTCS HA BCEX
0e3 MCKIIIOUEHHMsI TIpeJicTaBuTeNed MHUKpoopranusmoB [bopoxynuna, [lonon-
ckas, 2011]. AGopurenHas MukpogIopa MOUYBEl CIIOCOOHA YTHUIM3UPOBAThH
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He(TSHBIC 3arpsS3HEHUS, HE MPEBBIIIAONIIE TIPEIEIFHO TOITYyCTHMOM 3KOIOTH-
4ecKoil Harpys3ku. brmaromaps 3ToMy cucTema criocoOHa K CaMOOYHILNCHHIO H
camoBocctanoBnennto (Lednev, 2021). JlanHbIil mporiecc OCHOBBIBaeTCS 3a
CYeT BOBJICUEHHsS] B METa0OJIM3M BHYTPHKJIETOYHOTO OKHUCIECHUS HepTH u
HePTENMPOIyKTOB. MUKPOOPTraHN3MBl HAYMHAIOT TIepecTpauBaTh (epMeHTa-
TUBHYIO aKTHBHOCTB CIICAYIOIINM O0pa30oM: YMEHBIIACTCS aKTHBHOCTH OJHHUX
(depMeHTOB (KaTaniassl, MpoTeasbl, ACTHIPOTeHA3bl, MOIU(PEHOIOKCHIA3bI), HO
B TO K€ BpEMs YBEJIMUMBACTCSI aKTUBHOCTH JIPYTHX (DEPMEHTOB, HANpPUMEp, TIEPOK-
CHJIa3bl, ypeasbl, HHBEPTa3bl, e/UToNa3kl [ DepMeHTaTHBHA aKTHBHICTS ... , 2013].

Jlisi OLCHKM HATHBHOT'O HE(PTCOKUCIIAIONICTO TOTCHIMAda a0OpUTeHHOMN
MHUKpPOQIIOpB! ObUTO0 0TOOpaHO 5 00pa3moB MOYB pa3NIUYHBIX TUIOB. Ha mepBom
9Tare MPOBOIIIN OIEHKY HE(PTEOKHUCIIAIONEeH aKTHBHOCTH MOYBEHHBIX OaKTe-
PHIi IT0 OTHOIICHHIO K JIETKOH He(TH, YIIIEeBOOPOAHBIA COCTaB KOTOPOH Tpe/-
CTaBJIeH Ha puc. 1.
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Puc. 1. YrieBonopoHblii cOCTaB J1erkoi Hedru

[pu paznuBax HedTH U HEPTENPOAYKTOB OMOPEKYJILTUBALIUS TPOBOIUTCS
HE Ccpasy, HEKOTOpOe BpeMsi a0OpUTeHHOEe MUKPOOHOE COOOIIECTBO MOABEpra-
eTCsl BO3JICHCTBUIO HE(YTEPOIYKTOB, YTO MOXKET NMPUBOJNUTH K YTHETCHHIO JIH-
00 MHTEHCH(UKALMK TEX WM MHBIX METa0OJIMUECKUX IpoleccoB. B cBs3m ¢
9TUM HW3y4danu BiusHHE | % jerkoil mmactoBod HeTH HA aganTalMOHHBIC
BO3MOKHOCTH a0OpPHUTEHHOT0 MHUKPOOHOTO coobmecTBa. [yt 3TOro B msiTh 00-
Pa3LoB ITOYB BHOCHIIN CTEPUIIBHYIO INIACTOBYIO HE(Th M 3KCIOHUPOBAIN B Te-
yeHue 4 cyr. [lo OKOHYaHUM DKCIIEPUMEHTA OLIEHMBAIN HE(PTEOKUCISIONIYIO
aKTHBHOCTh a0OPUTEHHBIX HE(PTCOKUCIAIOIUX MUKPOOPraHU3MOB. CpaBHH-
TeJIbHAsl He(PTEOKUCIIAIOmAsl aKTUBHOCT A0OPUT€HHOM MUKPOOHOTHI ITOYBEH-
HBIX 00pa3ioB 10 nodasnenus 1 % Jerkol mactoBoi HeTH W uepe3 4 CyT.
niociie nodasyenns 1 % Jierkoi 1miacToBoil He)TH IpeJcTaBlieHa Ha pyC. 2.

M3HavaIbHO CTETNIeHb JECTPYKIIUU JIETKOH TIaCTOBON HETH OblITa HU3KOH
U MaKCUMaJbHO cocTaBisiia 25 % (MHKpOOpraHm3MaMu B oOpaslax MOuB
Ne2wm Ne3), nmpu UCIIOIB30BAHMM MHKPOOHOTO COOOIIECTBAa 00pa3LOB IMOYB
Ne 1, Ne 4, Ne 5 mectpykums jerkod 1mactoBoii HedTH He HaOmomamack. Ilo
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OKOHYAaHUM JKCIIEPUMEHTa HE(DTEOKHCIIAIOIAs aKTHBHOCTh MUKPOOHOTHI B 00-
pasuax nouB Ne 2 u Ne 3 yBenmmuminach Ha 50 %, B oOpasmax mous Ne 2 m Ne 3 —
Ha 25 %. MakcumanbHOe yBelIndeHHe He(TeeCTpyKInu ObUIo 3aduKCHpOBa-
HO B o0pasie mouBsl Ne 1 — Ha 75 %. Takum oOpazom, depe3 4 CyT. mocie J0-
6aBnenus 1 % wedTH B 00pasmbl MOYB OTMEYAIH aJanTallMI0 aBTOXTOHHOW
MHKPOOHOTHI K IOJUTIOTAHTY, MPOSIBISIIONIYIOCS B YBEIMYCHHH HEPTCOKUCIS-
IOMIEro MOTEHINAaNa (IeCTPYKIHs He(TH yBeNn4uBanach ot 25 1o 75 %).

B cxonnag HedTeoKHCTAIOMAS
AKTHBHOCTh Aa00PHIeHHOH
MHKPO('B[OTBI, %

OHedTeoKHCIA0AL AKTHBHOCTE
aGopHUresHHOH MHKPOGHOTEL
OpeIBapHTeIbHO BEIAEPKAHHOM C 1
% MIacTOBOH HeDTH, Yo

HedreokHcaromas akTHBEOCTB, %

OGpasel IOYBEL

Puc. 2. Hedreokucnsromnast akTHBHOCTb a0OPUT€HHO MUKPOOHOTBI TIOUYBEHHBIX 00pa3IoB
1o nobasnenus 1 % yierkoii mactoBoi HeTH U yepes 4 cyT. mocie gobasnenus 1 %
JIETKOM TJIaCTOBOW He(BTH

Jlutepatypa

boponymuna T. C., ITononckas . E. Bausuue ypoBHs HedTe3arpsA3HEeHUsl Ha COCTaB 10Y-
BEHHBIX MUKpoopranu3mMoB // Bectuuk Kpacl'AY. 2011. Ne 7. C. 47-52.

bynaxos B.JI. buopasHooOpasue kak (yHKIHOHAIbHAs OCHOBA 3KocHucTeM / BicHuk
JIHIIPOIIETPOBCHKOTO yHiBepcuTety. bionoris. Exomnoris. 2003. Ne 11. C. 3-8.

DepMeHTaTHBHA aKTUBHICTh Ha(TO3a0pYAHEHOrO IPYHTY B KOpeHeBii 30Hi pocnun Carex
Hirta L./ JI. B. bynso, O.JI. Kaprun, O. I. Tepek, O. M., Lsinuntok / Ipynto3nascto. 2013.
Bum. 14, Ne 3. C. 43-51.
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BBIABJIEHUE OIITUMAJIBHOI'O HICTOYHUKA A30TA
JUISI POCTA U1 PA3BBUTHSA NODULARIA SP.

J. . OpipenoBa, J. B. lanuniaosa, /1. /1. bapxyroBa

WuctutyT 001Iei 1 axcniepumenTanbHoi ouonornn CO PAH
Van-Y 13, baldanovad@rambler.ru

Ponb azordukcanyu B mouBe BeNHMKA U 3aKIIFOYACTCS B TpaHC(HOpMUpPOBa-
HUHM MOJIEKYJISIPHOTO a30Ta B IOCTYNIHYIO Ui IPYTUX OPTraHU3MOB (hopMy H
BKITIOYEHUH €r0 B OMOJIOTHUYECKHHA KpyroBopoT. Cpean MHOT0oOpasusi OHOTHI
(UKCHPOBATh MOJICKYIIIPHBIA a30T MOTYT MCKITFOYUTECIHHO MPOKAPUOTHYCCKHE
(hopMBI, B TOM YHKCIIe THAHOOAKTEPUH. DTa YHUKAIbHASI CIOCOOHOCTD MO3BOJISI-
€T IMAaHOOAKTEPUSM BBDKUBATh B PA3IMYHBIX IKCTPEMAIBHBIX 3KOCHCTEMAax
(Ilmanobakrepun, 1990). YV GonbIIMHCTBA ITHAaHOOAKTEPHt a30THUKCAINS TTPO-
HCXOAWT B CHELMaIM3UPOBAHHBIX KieTkax — rerepouuctax (Konmparbesa,
1996; Jaseimos, 2010). B kadecTBe MCTOUYHUKOB a30Ta IMAHOOAKTEPHH HC-
TIOJIB3YIOT AMMOHUH, HUTPATHl 1 MOYCBHHY.

UzBectHo Gonee 200 pomoB a30THUKCHUPYIONIMX TETEPOIMCTHRIX HHUTYA-
ThIX IaHoOakTepuii. CriocoOHOCTh K (PUKCAIMKM a30Ta OTMEYCHA U y IHa-
HOOaKTEepHid, He 00pa3yIONMX T'eTEePOIHCTHI, HAPHMEpP, Y HEKOTOPHIX INpes-
craureneit poxos Oscillatoria, Pseudanabaena, Lyngbyaun np. (Konaparsega,
1996; Prasanna et al., 2014). [To nanuem E. M. [TankpaToBoii [1979], Hakon-
JICHHE a30Ta JJIS TOYB YMEPEHHOM 30HBI, 3@ CUET a30T(HHKCAIUN I[HaHOOAaKTe-
puii, coctaBisieT oT 2 10 51 Kr/ra B rof.

Lenbto maHHOI pabOTHI SBISLIOCH MOJOOP M BBISBICHUE ONTHMAIBHOTO
HCTOYHHUKA a30Ta JJsI POCTa U Pa3BUTUS a30TPUKCUPYIOIICH IeTepOLUCTHOM
kyapTypst Nodularia sp. B 1abopaTopHOM SKCIIEpUMEHTE.

Kynbrypa Nodularia sp. Obuia BbizieneHa u3 cyxoi KOpKU cOJI0BO-COJIICHOTO
03. Xwiranra (3abaiikanbckuil Kpaif), B 3acynummBbiii nepuon (2006 1.). Ypo-
BEHb BOJIbI B 03€pe MOJBEPKEH 3HAUUTENILHBIM KOJeOaHHUsIM, 00yCIOBIEHHBIM
KIMMaTHYECKAMU O0COOCHHOCTAMH perroHa. OTMEUYCHBI ITUKINYECKIe H3MEHe-
HUS TOIOBOH CyMMBI aTMOC(EpHBIX 0caaKoB — ¢ 1965 mo 1998 r. Habmronancs
LIMKJI, BKIIFOYAIOLINHI «CYXyIo» M «BIaxHyto» dasel. C 1999 o 2021 r. B peru-
OHE HaOII0AaNach TCHJCHIUS K CHMKCHUIO TOJOBONH CyMMBI aTMOC(HEpPHBIX
0CaJIKOB, ¢ OoJiee BBICOKOM TeMmepaTypoi Bo3ayxa [O0s308, 2007]. Hauwnnas ¢
2022 r. HaONrOJaTUCh OOMIIBHBIC HOXKIH, 03€PO HAYAIO HATIONHATHCS BOJIOM,
YTO TOBOPUT O BO3MOKHOM Havalie «BJIAKHOTO» MEPUOa.

B kadyecTBe MCTOYHWKOB a3oTa ObuM BBIOpaHBI 5 % pactBopbl NH4CI,
NaNOs u armocdepHbiii a30T. KynbTHBHpOBaHHE MPOBOAMIN TPU Pa3TMIHBIX
KOHIICHTpAIHAX KapOOHATOB M XJIOPHUIOB B CPEIC.

B nepBoM 3KcTIeprMEHTE B Ka4eCcTBE HCTOYHMKA a30Ta B CpeLy JOOABIISITH
5 % pactBop NH4CIl. BusyanbHas oneHka pocTta IpH pa3iMYHbIX KOHIIEHTpa-
IUsAX KapOOHATOB MOKAa3alo, YTO MpU KOHIEHTpanusax ot 1-100 /1 poct Kyib-
Typsl ObLT MeIeHHbIM. OJJHAKO OTMEUEH POCT KYJbTYpHI pU 00Jiee BBICOKUX
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koHIeHTpamsax: 125 u 150 r/n. Panee He oTMeUaNoch pa3BUTHE T'E€TOPOIUCT-
HBIX KYJIBTYp IMaHOOAKTEpHH NMpU TAKUX BBHICOKMX 3HAUCHMSAX KOHIIEHTPALMN
kapOoHatoB. M3BecTHbIe B muTepaType KynbTypsl Nodularia ciocoGHsr pa3su-
BaThCs MPH COJICHOCTH He Bhiie Mopckoii [Characterization of Nodularia ... ,
2000]. Ipu pazmmunbix koHIeHTpausx NaCl pocT KyIbTypbl He HaOJIIOIaICS.

Bo BTOpoM »sKCHEpHMEHTE HCTOYHHKOM a30Ta CIyXkua 5 % pacTBop
NaNOs;. Poct kyneTyp Habmrogancs Mpu KOHLEHTpaLuu KapOoHATOB OoT 1 1o
75 r/n, ¢ ontumymoM nipu | r/m. TIpw pasaWYHBIX KOHIEHTPAIHAX XJIOpUAA
HATpHS B CpeJie KyIbTypa pociia BIUIOTh 10 75 /11, ¢ ontamyM tipu 1 1 50 /.

Tperuii sKCIepUMEHT NPOBOIMIM Oe3 J0OaBJIEHMS a30Ta, MPOLECC a30T-
¢uKcanuy MPOMCXOAWT B NPHCYTCTBHH aTtMoctepHoro asora. Heobxommmo
OTMETHTB, YTO KyJbTypa pocla aKTHBHO. JIMama3oH pocTa HpH Pa3IUYHBIX
KOHIICHTPANUAX KapOOHATOB OBUT MHUPOKUM OT 1-125T1/1, ¢ onTuMyMm mpH
1 r/n. Jlnanazon pocra npu pasnnuHbiX KoHueHTpaimsx NaCl 6bul HeMHOTO
MEHbIIIe, UeM ¢ kapOoHaTamu: oT 1-75 /1. Ontumym otmedeH nipy 10 u 25 1/7.

Taxkum 00pa3oM, SKCIIEPUMEHTAIBHO OBIIO BBISIBICHO, YTO Hauboiee Xa-
PaKTEpPHBIMU U JOCTYIHBIMH UCTOYHMKAMU a30Ta Ul F€TEPOLHCTHON KyJIbTY-
pel S 134 aBnsnuch Kak HUTPAT HATPHs, TaK U MOJICKYJISIPHBIN a30T, GUKCHPY-
eMBbIii KyJIbTypol u3 armocdepsl. B cimyuae moOaBieHus] HUTpaTa aMMOHHS B
cpely B KauecTBE MCTOYHMKA a30Ta POCT KyJbTYPhl ObUI MEAJICHHBIM, XOTS 1
HaOJII0/1AJICS! TIPU BEICOKHUX KOHIIGHTPALIUSIX.

Paboma evinonnena 6 pamkax membl 20Cy0apPCMEEHHO20 3A0AHUSA
MNe 121030100229-1.

Jluteparypa

005308 B. A. VI3MeHeHHUs TeMIepaTypbl BO3yXa U YBI&KHEHHOCTH TEPPUTOPUH 3abaiiKkaibs
U TIpUrpaHnyHbIX paitonoB Kuras // I[IpupogooxpanHoe coTpyqaudectBo YurnHekoi obnactu (Poc-
cuiickast deznepanys) U aBTOHOMHOro paiiona BHyTpeHHsist Mouronust (KHP) B TpaHcrpaHnuHbIx
3KOJIOTMUYECKHUX paiioHax : Marepuaibl KoH. 3abaiikai. roc. rym.-nes. yn-ta. Yura. 2007. C. 247-250.

TMankparoBa E. M. Yuactue a30T(UKCHPYIONIMX BOJOPOCICH B HAKOIUICHUM a30Ta B MOuBe //
W3zB. AH CCCP. Cepus: buonorus. 1979. Ne 2. C. 188-197.

Characterization of Nodularia strains, cyanobacteria from brackish waters, by genotypic and
phenotypic methods / J. Lehtimiki, C. Lyra, S. Suomalainen [et al.] // Int. J. Syst. Evol. Microbiol.
2000. Vol. 50. P. 1043-1053.
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POJIb BTOPUYHBIX METABOJINTOB B AJAIITAIIUA
MOPCKUX I'PUBOB K YCJIOBUSAM OBUTAHUA
N INEPCHEKTHUBbI UX MNPAKTHYECKOI'O TIPUMEHEHUSA

E. A. IOpuenko, A. H. FOpuenko

TuxookeaHckuit MFHCTUTYT Ouoopranndeckoii xumun um. I'. b. Enaxosa IBO PAH
BnaauBocrok, eyurch@piboc.dvo.ru

Bropuunble MeTabOINTHI — HU3KOMOJICKYIISIPHBIE COSIMHEHWSI, TTPOTYIIN-
pyeMble MUKPO- U MaKpOOPTaHU3MaMH T10]] KOHTPOJIEM CIIEITU(PUUECKAX T€HOB.
Knacrepsl TeHOB BTOPHYHOTO MeTabOJHM3Ma TPHOOB KOHTPOIUPYIOTCS CIIOXK-
HOU perysiTOpHON CEThIO, BKITIOUAOIIEH B3aMMOCBS3aHHBIE MOJICETH, COCTOS-
[Me U3 MHOKECTBA OEITKOB M KOMILUIEKCOB, KOTOPBIE PEarupyroT Ha pa3IndHbIe
CTUMYJIBL. B OoT/IMYMe OT MepBHUYHBIX META0OJIMTOB, 3TH COSAMHEHUS HE PEry-
JIUPYIOT HEMOCPEICTBEHHO POCT OPraHM3MOB, KOTOPBIE MX MPOIAYLHUPYIOT, HO
YYacTBYIOT B PETYJSITOPHON pEakiMy Ha BO3JCHUCTBUE Pa3IMUYHBIX (DaKTOpOB
OKpyXarormei cpensl. [Ipn 3TOM WX poiib B OpraHU3Me-TIPOAYIEHTE U TO, Ka-
KYI0 OMOJIOTHYECKYI0 aKTHBHOCTB STH BEIIIECTBA IIOTOM IMPOSBILIOT B Pa3iIHy-
HBIX IN Vitro u in VivOo skcriepuMmeHTax, He Bcerjaa copmajaaet. Jis yesoBeka
a()TaTOKCUHBI TOKCUYHBI, JUISI TPUOOB 3TH COCTUHEHHS — PEAKIUs Ha OKUCIIH-
TEJBHBIN CTpecC U COOCTBEHHBIC aHTHOKCH/TAHTHI.

Mopckre TpuObl OKa3bIBAIOTCS O] BO3JCUCTBHEM TakuX (HaKTOPOB
OKpYXKaroIlel cpefibl Kak JaBJIeHUE, COJIEHas! BOJa, TeMIepaTypa, HeJOCTaTOK
KHCIIOpoJia. DTO, OYEBHIHO, TOTPEOOBAIO ONIPEICIICHHON aanTaIuy, 4To MpH-
BEJIO K TOMY, YTO HEPEIKO M3 MOPCKUX I'PHOOB BBIACISIOTCS TAKHE BTOPHYHBIC
MeTabOoJIUTHI, KOTOPBIE HE MPOAYIHPYIOTCS Ha3eMHBIMU. bronormueckas poib
ATUX COEIMHEHHUH He BCETa sSICHA, HO UX OMOJOTHUYECKasi aKTUBHOCTh aKTHBHO
usy4aercsi. Hanpumep, u3 obnuratHoro mopckoro rpuba Asteromyces crucia-
tus KMM 4696 6bu1 BbizeneH akpyuuxuHoH C — €TUHCTBEHHBIM Ha JaHHBIN
MOMEHT TPE/ICTABUTENb AHTPAXWHOHOBBIX MPOM3BOAHBIX ¢ 6/6/5 NMKIMIECKOH
cucreMoii. B akcrepumenTax in Vitro mist Hero Oblaa MmokasaHa ciiabast aHTH-
MHUKpPOOHAsi aKTHBHOCTh, HO €ro OMOJIOTHYECKasl POJib HE SICHA, XOTS U OYCBH/I-
HO CBsI3aHA ¢ ajanTanuel rpuda K COJICHOCTH MOPCKOU BOJIBI — BEIb aHTPAXH-
HOHBI PAaCCMaTPUBAIOTCA KaK XeJIaTOPhI B OTBETE TprOOB Ha metal stress.

[loHnMaHue poNM TEX WIM WHBIX BTOPHYHBIX META0OJIUTOB B YKH3HEHECS-
TEIBHOCTH TprOa MOXKET MOMOYb TaK M3MEHUTHh YCJOBHUS €ro J1JabopaTOpHOTO
KyJIbTHBHPOBAHUS, YTOOBI TPUO OBLT BBIHYXKIEH YBETHUUUTH TPOIYKIIUIO dTHX
COCIMHEHHI. DTO, HECOMHEHHO, IIEHHO C MPAKTUYECKON TOYKH 3pSHHS | JIeia-
€T MOPCKHE TPHOBI YHUKAILHBIMH ITOCTABIIUKAMHU I[CHHBIX OHOJIOTHYCCKHU aK-
TUBHBIX COCTMHEHUH.

Hccneoosanue noooepoicano epanmom Munucmepemea nayku u gvicuie2o
obpaszosanusi Poccuiickou @edepayuu 6 pamxax @edepanrbHoli HAYYHO-

MEXHUUECKOU NPOSPAMMbL PA36UMUsL 2eHemuueckux mexnoaoeuil xa 2019—
2027 20001 (coenawenue Ne 075-15-2021-1052).

392



Cekuus 4.2
AOANTAUMNA MUKPOOPIrAHU3MOB
KycnoBusam OBUTAHUA B OPTAHU3ME XO3AUHA
(X)XUBOTHOE, YEJNIOBEK)

TUIUPOBAHUE KUIIIEYHOW MUKPOBUOTHI
YEJIOBEKA

H. JI. BeabkoBa

Hay4Hblit IeHTp mpo6eM 310pOBbs CEMBH M PEHIPOTYKIHN YeI0BeKa
HpxkyTtck, nlbelkova@gmail.com

[ToHrMaHue B3aMMOCBSI3M MHUKPOOHMOMA YEJIOBEKa C PUCKOM M IPOrpec-
CHpOBaHUEM 3a00JI€BaHMI SBISAETCS BaKHEWINEH 3amadell Ui COBPEMEHHOM
MEIUIUHBL. DTa MHPOPMANus, CHCTEMAaTU3NPOBaHHAs B BHJIEC WHIMBHUIYab-
HBIX MUKPOOHBIX PO(QHICH/IATTEPHOB WM CUTHATYP, MOKET UMETh KIMHHYE-
CKYI0 3HAQYMMOCTb ISl IIPOrHO3MPOBAaHHS MOJENIH 3a0oieBaHuii, 4yro Oyner
croco0cTBOBaTh AP PEKTUBHON TPOPUIAKTUICCKON Teparmuy 1 MepCOHUPHIIN-
POBaHHOMY TTOJXOJY B JiedeHHH. Llenpio HACTOSIIEero ncciaeoBanus CTal Io-
UCK W cUCTeMaTH3alus (akTOPOB, ONMPENEISIONMX W BIHMAIOIIMX Ha COCTAaB,
CTPYKTYPY U pa3HO0Opa3re MUKPOOHOTHI KUILIEYHNKA YETOBEKa.

COBOKYIHOCTh MUKPOOOB B OpraHM3ME YEIOBEKa UMEET PsiJi OCOOCHHO-
CTEH, KOTOpbIC IMO3BOJISIIOT XapaKTEPU30BaTh 3Ty CIIOKHYIO SKOCHCTEMY Kak
€aMOJIOCTaTOYHBI MUKPOOHBIN opraH. B mpenenax kaxaoro 6mortomna (Koxa,
KHIIEYHUK, POTOBAs MOJIOCTh M JP.) MHKPOOMOTA MPEnCTaBIsIeT co00il PpyHK-
LIMOHAJIBHYIO €IUHUILY, YCTOWYUBYIO B 3J0POBOM OpraHH3MeE, HO M3MEHSIOILY-
10CSI KaK B TEUYCHHE JKU3HU YeJIOBeKa 3a CYeT COIaHCUPOBAHHOTO PAa3BUTHS
OTIIENBHBIX TIPEACTaBUTENCH, BBIOMHIIOMINX CXOaHble (QyHKuuu [Diversity,
stability and ... , 2012; Gut microbiome stability ... , 2021], Tak u pu pa3nmud-
HBIX 3a00neBanusix [Next steps after ... , 2022]. C oaHO# CTOPOHBI, YYUTHIBAS
BBICOKO€ Da3HOOOpa3ne MHUKPOOPTaHW3MOB, ACCOLMHPOBAHHBIX C Pa3HBIMU
OuoTONAMHU OpraHM3Ma YeslOBeKa, aKTYaJIbHBIMHU SIBISIOTCS MOJXOMAbI K CTpa-
TUPUKANN W TUIHPOBAaHHI0O MHKpoOHWOTH [Enterotypes of the human ... ,
2011, Gopinath, Iwasaki, 2015]. C napyroi cTopoHsl, paccMaTpuBas MHUKpPOO-
HOE COOOIIECTBO KUIIEYHNKA KaK HKOJIOTHYECKYIO CUCTEMY, HEOOX0AUMO OLie-
HUTh (DAKTOPBI pasiinuHble (aKTOPbI, KOTOPbIE MOTEHIMAIBHO MOTYT OKa3bl-
BaTh BIMSIHUE HA €r0 (OPMHUPOBAHKE U PA3BUTHE.
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W3BecTHO, 9TO CTAOMIIBHOCTh M YCTOHYMBOCTH JIIOOOTO MHUKPOOHOTO CO-
oOrmrecTBa oOecreunBacTCsl pa3HOOOPa3UEeM COCTABIIOIINX €r0 MHKPOOpTa-
HU3MOB, UX METa0OJMYECKOW «THOKOCTHIOY», (DYHKIHMOHAIBHON H30BITOYHO-
CTBIO M (POPMHUPOBAHMEM MEKMUKPOOHBIX B3amMojeicTBuil [Gut microbiome
stability ... , 2021]. Co cTOpoHBI X03MHA KOHTPOJIbh B3aUMOJCHCTBUI C MUK-
POOHOTOI OCYIIECCTBISETCS 32 CUCT PA3IUYHBIX CEIICKTHBHBIX (PaKTOPOB, TAKHX
KaK MPEIOCTABISICMbIC MUTATCIbHBIC BEIICCTBA, MMMYHHAsl TOJICPAHTHOCTb,
3aIIUTa CIM3HUCTBIM CIIOEM, MEPUCTAIBTUYECKHE JBHXKCHHUS, KOHTPOJIb YPOBHS
kuciopona [The evolution of the ... , 2017]. B 3ToM KoHTeKcTe, QYHKIHO-
HAJIBHO 3JIOPOBBIA MUKPOOHUOM JIOJDKCH MPECTABIATh HE CTATHYSCKOE COCTOS-
HHE, a JUHAMHUYECKYI0 KOCHCTEMY CO CIIOCOOHOCTBIO BOCCTAHABIMBATHCS 10
COCTOSTHHSI paBHOBECHSI TOCIIE JTF000H CTpeccoBoil Harpy3ku. OHAKO MPH JUTH-
TENBHOM CTpecce, KOTJia CTaOWIBHOCTH 3I0POBOTO COCTOSHHS MHKpPOOHOMa
HApYIIAETCs, MOTYT Pa3BUBATHCS MATOIOTUIECKUE, HO OTHOCHTEIILHO CTa0MIIb-
HBIE COCTOSIHHMS C OTPHLATENbHBIMU MOCIEICTBUSIMU ISl YEIOBEKa, KOTOpbIe
XapaKTepU3yIOT OIPEICIICHHBIH THI MHKPOOHOTO coolmmiecTBa MpHU OTIpesie-
JICHHOM 3a0oseBannn — natoouom. Tak, M. Fassarella ¢ coaBTopamu, paccmar-
pHBasi BAPMAHTBI YCTOHYMBOCTH MHKPOOHOMa B3pPOCIIOTO YEJIOBEKa, BBIICISET
TpU CTAOMIIBHBIX COCTOSIHMSI MUKPOOMOMa KHIICYHHKA: 310pOBOE, albTepHa-
THBHOE, HO 3[I0poBOe U HeznopoBoe [Gut microbiome stability ... , 2021]. Pa3-
BUBAs 3Ty HJICI0, MOXKHO IMPE/IIOIIOKUTh, YTO CTAOMIIBHBIC COCTOSIHUS KHIICU-
HOTO MHKpPOOMOMa MOTYT OBITh KaK B 3/I0POBOM, TaK U B MATOJOIMYECKOM BH-
Jie, 3aHUMasl TIPU STOM SHEPIreTHYECKH BBITOJHBIE COCTOSIHUSI B BH/IE TIOTEHIIU-
AIBHBIX SIM (pHC.). ATBTEPHATHBHOE COCTOSIHUE SIBJISICTCSI HECTAOMIBHBIM U HE
MOJKET OBITh YCTOHUYHBBIM, IOTOMY 4YTO O] BO3ACHCTBUC BHEIIHUX M BHYT-
peHHUX (HAKTOPOB MPOMCXOAUT MEPECTPONKA CTPYKTYPhI KHIICYHOTO MHKPO-
ouoma. [lo pesynpraTaM 3TOH MEPECTPOMKH W3 AIBTCPHATHBHOTO WIH Tepe-
XOIHOTO COCTOSHHS KHIICYHAS MHUKPOOHMOTa MOXKET JIHOO BOCCTAHOBHUTCS IO
CBOEr0 HCXOJHOIO 3JI0POBOIO COCTOSIHMSI, JIMOO HEPEeHTH B MATOJIOTHYECKOEe
COCTOSTHHE, CTaOMIBHOCTH OOECIeunBacTCs MaTO(PHU3MOIOTHYECKHMHI (HaKTo-
pamH, XapaKTepHBIMU JUIs TOTO WM HHOTO 3a0oieBaHus. OUeBHIIHO, YTO B 3a-
BHUCHMOCTH OT OCOOCHHOCTEH 3THX (PaKTOPOB COCTaB M CTPYKTypa KHUIIEYHOTO
naTo0MoMa MOKET BapbHpOBaTh. TakuM 00pa3oM, MpU pa3IMyHBIX 3a0051eBa-
HUSX MOXHO OXapaKTepHU30BaTh CHEHU(PHUYHBIE UII HUX MHKPOOHOM-
ACCOIIMUPOBAHHBIC MAPKEPHI.

Kpome Toro, He ciiefyeT HEJIOOICHUBATh BIMSHHUE TaKUX (PAKTOPOB Kak
TeHeTHKa X03sMHa Ha cocTaB MuKpoOuoma [Large-scale association ..., 2021].
[TostHOreHOMHBIE acconuaThBHble HccienoBanus (GWAS) mo3BosIioT UaCH-
TU(GUIHUPOBATH JICCATKU JIOKYCOB, KOTOPBIC MOTYT OBITh CBSI3aHBI C IPEICTAB-
JICHHOCTBIO OIPE/ICNICHHBbIX OaKTepHaIbHBbIX TAKCOHOB, U B HACTOSIIEE BPEMs
MIPOMCXOANT HAKOIUICHHE (hPaKTHUCCKUX JAHHBIX, TIOyYCHHBIX B PAa3HBIX TIOITY-
JSAIHAAX ¥ IS Pa3IHyHBIX 3a00JeBaHU. ABTOPBHI OOCYXIAIOT TEXHHYCCKUE
CJIOYKHOCTH B BOCIIPOM3BOAMMOCTH IOJYYSHHBIX PE3YJIbTATOB, METO/I0JIOTHYe-
CKHe pas3nuuus B cOope, 00padOTKe W aHHOTAIMU KUIIEYHOH MHUKpPOOHOTHI B
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Pa3HBIX HCCIICOBAHMAX, HPH 3TOM OTMEYAIOT, YTO HEKOTOPBIE CHTHAJBI
GWAS, cBsi3aHHBIE C COCTaBOM MHKPOOHOMa, MOTYT OBITH IOIYJISIIHOHHO-
crnenu(UYHBIMH, T. €. OHH MOTYT NPEACTABIATh COOOH HACTOSIIHUE MOIYJISIH-
OHHBIE Pa3NINYMs B TCHETHUECKON CTPYKTYpPE H/WIH OKPYXKAIOIIeH cperie.
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NCIIOJBb30BAHUE COBPEMEHHBIX METOJAOB
JIJISI OIEHKH YCTOMYUBOCTH FRANCISELLA TULARENSIS
K CTPECC-®AKTOPAM

C. B. bopucosa, O. A. Bosox
Poccuiicknii npoTuBouyMHbIH HHCTUTYT «MuKpoO» Pocniorpebnanzopa
CaparoB

Tynspemns — 300HO3Has! IPUPOAHO-0UAr0OBast NH(EKIHSA, 11T BO3OyAUTE-
st koTopo#, Francisella tularensis, xapakrepen HIMPOKUI KPYT X035€B U TIepe-
HOCYMKOB, OOUTAIOUINX B Pa3sHBIX MPUPOJHBIX 30HAX, HECKOJIBKO MyTeH mepe-
JIa9 ¥ CIIOCOOHOCTD PETIMIIUPOBATHCS B 3YKAPHOTHUCCKHUX KIETKaX. JTO CBS-
3aHO C TeM, YTO BO30YAUTENb TyIsIpeMHH oOnanaer (paKTopaMu BHPYJICHTHO-
CTH, KOTOpBIE HAIIPABJICHbI HA MHAKTHBAINIO MEXaHU3MOB €CTECTBEHHOHU IpO-
TUBOMH(EKIINOHHON PE3UCTEHTHOCTH M MHUHHMH3UPYIOT BPEA OT BHEIIHETO
Bo3eiicTBus. B To ke Bpems F. tularensis ornuyaercs TpeboBaTeIbHOCTHIO K
MTUTATENbHBIM CpeJlaM M JUTUTEIIBHOCTBIO KyJIbTUBHPOBAHUS, YTO OTPAHIIHBACT
UCIIOJIb30BAHUE MUKPOOHOJIOIHYECKHX METO/OB IIPU H3y4YeHHH (DaKTOpPOB, HE
obagarontux OaKTePUIMAHBIM HITH OaKTePHOCTAaTHIECKUM ICHCTBHEM.

Lenpto paboOTHI SBISUIOCH 3KCHEPUMEHTAIbHOE 0OOCHOBAHHE BO3MOXHO-
CTH HCIIOJIb30BaHUS KOMIUICKCa MUKPOOHOJIOTHIECKHX, OMOPHU3NICCKUX B MO-
JICKYTSIPHO-TCHETHUCCKUX METOJOB ISl M3Y4EHHUs BO3JCHCTBHSA CTpecca Ha
kietkn Francisella tularensis Ha momyssIHOHHOM, KIETOYHOM H MOJICKYIISIp-
HOM YpOBHSIX.

VccnenoBanus mpoBOAMIM Ha maHenn u3 8 mrrammoB F. tularensis mon-
BujoB holarctica, tularensis, novicida, mediasiatica. B kauectBe crpecc-
BO3JICUCTBHS UCIOJIb30BAIM KOMIUIEKCHBI CTpPECC: TEeMIEpaTypHBbIA U Tiepe-
KHCHBIH, IMUTHPYIOIINI yciioBus B (paroamsocomax KieTok xozsuHa. st co-
3/1aHUSI TAKOTO CTpPECcca MCIOJB30BAIM MOBBIIICHUE TeMiepaTypsl 10 42 °C u
nobasinenne H>Ox 1o xoHeuHoW koHieHTpanuu SMM. OIEeHKY JKH3HECIoco0-
HOCTH OaKTepHalIbHOM KyJbTYPBhI MIPOBOIMIN ITyTEM BBICEBA HA YAIIKH C ara-
POM ISl KyJIbTUBHpOBaHUs TyJjsipemuitnoro mukpoda FT (I'HI[ IIMB, O6Go-
JICHCK). ByJIbOHHYIO KyJbTYpy IOCJIEIOBATENIbHO Pa3BOAMIN B (HU3HOJIOIHYE-
ckoM pactBope ¥ BhiceBanmn Ha damku 100 KOE. Yder konndecTBa BEKHABIITIX
KOJIOHUI NpoBOIWIM 4epe3 48 4. DIIEKTPOONTUYECKHI aHaIu3 NPOBOJMIM Ha
aBTOMAaTHUYECKOM JJIEKTPOONTUYECKOM AaHAIN3aTOpe OaKTEepUANBHBIX KIETOK
EloTrace 3.0 (EloSystems, I'epmanus) B pexumMe peanbHOro BpeMeHH. Em-
KOCTb C KyJIBTYpOH IOJCOCAMHSIN K aHAIN3aTOPy W MPOBOIMIN HU3MEPEHHS
ATl GakTepHaNtbHBIX KIETOK JI0 U T0cie CTpecc-Bo3aecTBus. st mpoBeaeHus
MOJMMEPA3HON IeTHON peakiuu ¢ oopatHoit Tpanckpumniueit (OT-ITLIP) panee
ObUTH pa3paboTaHbl CHEIU(UIHBIC YKCICPHIMEHTAIbHBIC MpaiiMepsl W 30H]IBI
[Bopucosa, Tyukos, Bonox, 2022]. AHanu3 3KCHpPEcCHH I€HOB cTpecca TyJs-
peMuiiHOoro MukpoOa npoBoauiaM Ha amiumdukatope Rotor-Gene Q. Ilpo-
rpaMMa aMIUTHGHUKANIUN ObUTa ONTHUMAIBHON JUTS MCHOIB3YEMBIX NMPaiMepoB:
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95 °C — 5 mun, 3arem 40 nukioB, BkiIroudanmux aeHarypamuio kJIHK mpu
95 °C — 30 ¢, omxkwur mpaiiMepoB mipu 55/56/63 °C — 30 ¢, cuHTE3 KOMILICMCH-
TapHoii nenu npu 72 °C — 30c.

Br110 ycTaHOBIIEHO, YTO BO3/IEHCTBHUE MEPOKCHAA BOJOPO/IA COBMECTHO C
MOBBIIIICHUEM TeMmIepaTypsl 10 42 °C B TeueHHe 2 9 CHIDKACT JKU3HECIOC00-
HOCTB TYJIIPEMHHHOTO MHKpoOa, B cpeanem, Ha 50 %. Ilpuuem sroT nokasa-
Tenb Y BHUPYJICHTHBIX IITAMMOB, Takux kak F.tularensis subsp. holarctica
503/840 u F. tularensis subsp. nearctica B-399 A’Cole (DCL = 1m. ki), ObL1, B
cpenHeM, Ha 15 % Bbllle, 4eM y aBUPYJIEHTHBIX LITAMMOB, BKIIIOYas BAKLIHH-
HbIit ramm F. tularensis subsp. holarctica 15 HUNUOT .

IIpy n3ydyeHUU BO3NEUCTBUS CTPECC-YCIOBUH Ha I1OKA3aTeJd aHU30TPO-
mun nonsapusyemMoctr (AIT) METoOM 3JIeKTPOONITHYECKOTO aHaJI3a HCIIOINb-
30BAJNCHh paHee MOJ00paHHBIC MapaMeTpbl YacTOT OPHEHTUPYIOIIETro IO —
900 m 2100xI'1, KOTOpBIE XapaKTEPHU3YIOT COCTOSHHUE IUTOMIA3MbI U IIUTO-
IUTa3MEHHOM MEeMOpaHBI COOTBETCTBEHHO [JJIEKTPOONTHYECKHH aHAIU3 ... ,
2020]. beimo mokazaHo, 4To M3MeHEeHHME mokazatenei All y Bcex moaBumaoB
MPOUCXOAMIO B IIEPBBIE MUHYTHI 1TOCTE JEHCTBUS CTPECC-yCIOBUH, TOCIE YEro
MIPOMCXOANIA UX IJIaBHAs HOpManu3anus. [lo okoH9aHUM ABYX 4acoB, 3Haue-
Husa All 3HaUNTENBHO CHUBMIIUCH TI0 CPABHEHUIO C TOKa3aTelsiMU /10 cTpecca,
YTO TOBOPUT O IMOBPEXKICHUHM OaKTEpHANBHBIX KJICTOK. BBIIO mokaszaHo, 4TO
nokasarenu All v *KM3HECIIOCOOHOCTH Ha YalIKaX KOPpPEelIupoBal MEXIY CO-
601t He3aBUCHMO OT MoABHAA. TakuMm 00pa3oM, JaHHBIM METOM SABISETCS YHU-
BepcaJibHBIM IS Beex moasuaoB F. tularensis.

Panee HaMu ObIIM CKOHCTPYHPOBAaHBI HAOOPHI PaliMepOB M 30HJOB K Te-
HaM CEKpeTHPYEeMBIX cTpecc-0enkoB TymaspemuitHoro Mukpoda GroEl/GroEs u
Bfr, a Taxxke x curma-gpaxTopy rpoH, KOTOpHIi SBIAETCS MHIYKTOPOM T'€HOB
pEaKLMU Ha TEMIIEPATYPHBI U OKUCIUTENBHBIN cTpecc. B pamkax naHHOro Hc-
CJIC/IOBAHMSI MBI M3y4alll, KaK CTPECC-BO3JCHCTBUE OyJIeT BIMATH Ha DKCIIpEC-
CHIO TaHHBIX T€HOB, U KaK UX dKCIpeccus OyJeT 3aBUCETh IPYT OT Apyra.

BbI10 1OKa3aHo, UTO YpOBEHb dKcIpeccuu 'POH pesko BospacTan B mep-
Bble 30 MHH TIOCIIE TIOBBIMICHUS TeMiepatypsl U nodasnerus H>O;. Drto mpo-
HCXOIWJIO HE3aBUCUMO OT MOJBHJA, @ YPOBEHb SKCIPECCUU I'eHa ObLI BHIIIC B
10 pa3 oTHOCHTENBHO KOHTpOJIA. Jlanee, ero 3KCIpeccHst CHUXKAIACh U OCTaBa-
Jlach Ha YpOBHE, B 2 pa3a IpeBbINIAIONEM KOHTPoJb. Bmecte ¢ rpoH Bospacra-
Jla aKTUBHOCTB U reHa groEl, sxcnpeccus rena Bospocna B 20 pa3 U He CHIKa-
Jach 0 KOHIA KCIEpUMeHTa. BbIio mokaszaHo, 4to akcmpeccust groEl Gpuma
3aBHCHMa OT POCTa 3KCIpeccHu FPOH, 9To cormacyercs ¢ JIMTepaTypHBIMH
naaHbeiMu [Pivotal role of the ..., 2009]. Takas aKTHBHOCTbh 3THX I'€HOB TOBO-
PHUT O TOM, YTO OHM HEOOXOJMMBI IIPU BBDKMBAHWM B OPraHM3ME XO3sIMHA U
CIOCOOCTBYIOT YCIICIITHOM MEPCUCTEHIIMU B Makpodarax. Dxcmpeccus rena bfr
TaK K€ MOBBIIIAIACH IPU U3MEHEHHH YCIOBUI KyJIbTUBHPOBAaHHS, HO ATH U3-
MEHEHHUS ObUTM HEe3HaYMTENbHBL. Tak jxe, He ObLII0 00HAPY>KEHO KOPPENSLHUN C
9KCIpeccrel OCTalbHbIX ABYX reHoB. s bfr makcumywm skcmpeccun (Bo3pac-
TaHue B 3 pasza) mpuxoauics Ha 1—-60 MHH mocie cTpecc-BO3ACHCTBHSA, ITOCIE
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4Yero ypoBeHb HKCIPECCHUHU I'€HA CHU3WIICSA 10 UCXOAHBIX 3HaueHHi. Tak ke,
OBLIO OTMEYEHO, YTO IKcIpeccHs Dfr He KoppenupoBana ¢ IByMs APYTHMH re-
Hamu. Takoll heHOMEH MOXKET OBITh CBsI3aH ¢ TeM, 4To reH bfr, B oTnnume ot
groEl, ue perymupyercs rpoH, uto cormacyercst ¢ TUTEPATYPHBIME JTaHHBIMA
[Pivotal role of the ... , 2009].

Takum 00pa3om, HCIIOIB30BAHHE COBPEMEHHBIX METOJIOB Ul M3YyYCHUS
BIMSHUSL CTPECC-yCIOBUIl Ha KIETKH TYISIPEMHHHOTO MHUKPOOa MO3BOJISET
OIICHUTH CTETIEHb BO3/ICHCTBUS HA TOMYIAIIMOHHOM, KICTOYHOM W MOJICKYIIpP-
HOM ypoBHsX. [IpuMeHeHre KOMIUIEKCHOIO METOANYECKOTO MOAX0Aa BO3ZMOXK-
HO JAJIs ONpeJeNieHHss MOMEHTA BBIXOJa CTPECC-0€NKOB B OKPYIKAIOLIYIO CPEeLy
¢ 1enbi0 uX noiydeHus. IlomydeHHbIE JaHHBIE TOBOPAT O TOM, YTO BCE MPE.-
CTaBJICHHBIE METOMBI CIIOCOOHBI paboTaTh HE3aBHCHMO OT ITOJBHAA TYJIsIpe-
MHUHHOTO MHKpO0a, a BpeMsl MOIyUCHHUS Pe3yJIbTaTOB rOpa3fo MEHBIIE, YeM Y
CTaHJAPTHOTO YAIlIeYHOTO METOJa — B CIIy4ae C MIEKTPOONTUIECKUM aHAIN30M
pe3yIaBTAaTHl BO3MOXKHO HONyduTh cpasy, it OT-TIIIP cpox momyuenns pe-
3yJabTara cocTaBisieT 12 u.
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BAPUAHTBI KNIIEYHOI'O MUKPOBMOIEHO3A
Y HOJAPOCTKOB C O’ KUPEHUEM

E. C. Kiumenko, H. JI. BeabkoBa, A. B. IToroaguna,
M. A. Japenckas, JI. B. PerukoBa

HayuHslii 1ieHTp Ipo0IeM 310pOBbsI CEMbH H PEIPOLYKIIIHN YeI0BEKa
r. Upkyrck, klimenko.elizabet@gmail.com

B Hacrosiiee Bpemsi Bce OOJIbIIE HCCIEI0BAHUI MOKa3bIBAIOT, YTO MHK-
POOMOM KHIIIEYHHKA TECHO CBSI3aH C OXKUPEHHUEM, & KUILICYHbIE OAaKTEPUH MOTYT
BIHATH Ha MeTabomm3m genoseka [Gupta, Osadchiy, Mayer, 2020]. [Tockonsky
pa3Hoo0Opa3ue MHKPOOPraHM3MOB B KHIICUYHHKE YeJIOBEKA OTHOCHUTEIBHO He-
BBICOKO, HIPOBOJHUTCS THITUPOBAHWE KOMITO3MLMOHHBIX MATTEPHOB ITHUX BHUJIOB
OaKkTepuil B pa3HBIX BO3PACTHBIX KOIOpTax HaceleHMs. Pa3BhBas KOHLCNIHIO
9HTEPOTHIA, HAIPABICHHYIO Ha CTPATU(UKALUIO KHIICYHBIX MHKPOOHOMOB
YeJIoBeKa, MPOBE/ICHBI MCCIIEA0BAHMS KHIIEYHOH MHUKPOOHOTHI MOJIPOCTKOB C
0’)KUPEHUEM U HOPMaJIbHOU Maccoi Tena.
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Panee MBI oncBIBaN 0COOCHHOCTH MUKPOOHOMA KHIIIEYHHUKA y TTOIPOCT-
KOB, CTpaJaroIluX OKAPEHUEM, HA OCHOBAaHUH CCKBCHHUPOBAHUS aMILTHKOHOB
V3-V4 ¢parmenra rena 16S [PasnooOpasue u Meradbonnyeckuii ... , 2021; Pas-
muuus B cocTase ... , 2022]. Beero B uccnenoBanue Bouun 125 moapocTkoB —
59 moIpoCTKOB ¢ HOPMAJIBHOM Maccod Tena U 66 MOAPOCTKOB C OKHUPEHHUEM.
I'pymmbr chopMupOBaHBI M3 YHCIa MOJPOCTKOB, MPOXOJUBIINX 00CICIOBAHHEC
B Kimuuuke ®I'BHY HII I13CPY (Mpkytck). Kpurepun BKIIOYEHUS B UCCIIEN0-
BaHme: Hammane oxupenust (SDS UMT>2) unmn HopmansHOM Maccsl Tena (SDS
NUMT>-2, vo < 1). Kpurepun uckiIroueHus: aHTHOAKTepHaIbHasl Teparus B Te-
YCHUC MPEIIICCTBYIOIIUX 3 MeC.; KUIICYHbIC UH(EKIUH, IepeHECEHHBIC B Te-
YEeHHE MPEANIECTBYIONNX 6 MeC.; HAIMYHEe XPOHUUECKUX BOCIIAJTUTEIBHBIX 3a-
0oeBaHMI KUIIEYHUKA W/WITH APYTOH TSHKEMONW COMAaTHYECKOH IMaTOIOTHH, Jie-
YeHHE Tpe- W/WIA TPOOHMOTHKAMH B TEUCHHE TPEIIISCTBYIOMNX 6 Mec.

Kumeunsrii MUKpOOMOM B OCHOBHOM OBIT MpPEICTaBICH (DUITyMaMu
Bacteroidota (46,35+1,88 %), Bacillota (43,17+2,14 %), Pseudomonadota
(7,45+0,83 %) m Actinomycetota (1,90+0,57 %). ®umym Bacteroidota Obux
MpPEJICTABIEH B OCHOBHOM TakMMHU pojamu, kak Bacteroides, Prevotella u
Alistipes, koTopbie SBISIFOTCS TOMUHAHTHBIMH WICHAMH OaKTEPHAIBHOTO CO-
obmiectBa kumeuynnka. [ Bacillota 6p110 xapaktepHo Hamwume Dialister n
TaKCOHOMHYECKHX rpymn  Ruminococcaceac UCG-002 u  [Eubacterium]
coprostanoligenes. B cocraBe ¢umyma Pseudomonadota mpucytcTBOBa M
Sutterella, Serratia u Takconomuueckas rpymma Escherichia-Shigella, a cpeau
Actinomycetota onpenenensl npeacrasuteau Bifidobacterium u Collinsella.

Taoauna
PacripocTpaHeHHOCTh THITOB KHIIICYHOTO COOOIIECTBA B BRIOOPKE MAIIUECHTOB

Twun coobuie- [TanueHTs! ¢ HOpMab- ITaneHTs! ¢ 0XKUpEHH-

JloMUHUpYIOLHIA TAKCOH

cTBa HOI Maccoil Tena eM
B Bacteroides 36 20
P Prevotella 10 7

JlBa u GoJee TakcoHa,
MMEFOIINX CXOXKUE JIONH

CMenranHbIi 13 39%

*Yacrora BCTPEYAEMOCTH CMELIAHHOI'O THIIA BBIIE B TIpyHne IMOAPOCTKOB C OXKUPECHUEM
(2 =17,765; p < 0,05)

Hamu Obuto TpOBEICHO THIHPOBAHHWE COOOMICCTB IO JOMHHAHTHOMY
KOMITOHCHTY — CTEIICHH IMPECTABICHHOCTH IOMHHHUPYIOIIUX TAKCOHOB. BbUin
BBIJIC/ICHBI TPU TPYIIbI: B TEPBOH JOMHHUPYIONIMM TaKCOHOM OBUI POJ
Bacteroides, Bo Bropoii — Prevotella u tpersst rpymma Obuta npeacraBieHa
CMCIIaHHBIM BapHaHTOM COOOIIECTBa, MPH KOTOPOM JBa M 0Oojee TakcoHa
MMEIOT COMOCTAaBUMYIO MPEJICTABIEHHOCTh B KOHCOpIIMYME (TallL.).

PacnipocTpanennocTsh Tuna B B BeIOOpKe coctaBmia 44,8 % (56 u3 125),
tumna P — 13,6 % (17 u3 125), a cmemanHoro tuma — 41,6 % (52 u3 125). Ilo-
MHMO 3TOT'0, CMCIIAHHBIA THIT KAIIEYHOTO COOOIIECTBA MOYTH B TPH pa3a Yalle
BCTpEYaeTCs y MALMEHTOB ¢ oxkupeHueM (N = 39), yeM y MaIUeHTOB C HOp-
MaJbHOM Maccoii Tena (n = 13).
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Takum 06pa30M, Ha6HIOZ[aCTC}I B3aMMOCBA3b MCKAY CMCIIAHHBIM THUIIOM
KHUIIICYHOT' O COO6H.[€CTBa 1 O)KUPEHUCM Y IOAPOCTKOB.

Jluteparypa

Paznmuuus B coctaBe M METa0OIM3ME KHIIEUHOMN MHKpOGI/lOT]:I: IMUJIOTHOEC HCCJIICA0OBAHUC
TIOJIPOCTKOB ¢ HOpPMaJIbHO# Maccoi Tena u oxupenneM / E. C. Kiumenko, H. JI. Benbkosa, A. 1. Poma-
Hula, [ 1p.]// BromnereHb SKclepuMeHTalIbHOW Omonormm u Meauumubel. 2022. T. 173, NeS.
C.597-601.

PazHooOpasue M MeTaOONMYeCKHil IIOTEHIMAad KHIIEYHOr0 MHKPOOHOMa MOJPOCTKOB C
(yHKUHOHANBHBIM paccTpoiictBoM kuieynuka / E. C. Knumenko, H. JI. BenbkoBa, A. U. Pomanuia,
[u np.] / Bromerenb KCnEpUMEHTAIBHON Ononornu u MeauiuHbL. 2021. T. 172, Ne 12. C. 675-680.

Gupta A., Osadchiy V., Mayer E. A. Brain-gut-microbiome interactions in obesity and food
addiction // Nature Reviews Gastroenterology & Hepatology. 2020. Vol. 17. P. 655-672.

CEJbCKOXO3SiICTBEHHBIE )KUBOTHBIE - MICTOYHHUK
MVYJBbTHUPE3UCTEHTHBIX HITAMMOB ESCHERICHIA COLI
C BBICOKUM TPAHCMUCCHUBHBIM ITOTEHIIUAJIOM
B. C. Muxaiijockas’', M. Star¢i¢ Erjavec’, M. B. Kysneuosa'

"MHCTUTYT 5KONOTUH U reHeTuKU Mukpoopranuzmos YpO PAH — dusuan [TOUIL]
VYpO PAH, ITepms, veranikamihailovskaja@yandex.ru, mar19719@yandex.ru
University of Ljubljana, Ljubljana, Slovenia, marjanca.starcic.erjavec@bf.uni-lj.si

[IInpokoe MCIoIp30BaHNE aHTHMUKPOOHBIX TPETApaToB B MEIUITHHCKOM
U BETEPUHAPHOW MpAKTUKE TMPHUBEIO K TOSBICHUIO MYJIbTHPE3UCTEHTHBIX
(MJIY) martoreHoB. brnaromaps BBICOKOH TEHETHYECKOW IUIACTHYHOCTH
Escherichia coli siBisiercst omHON W3 OCHOBHBIX OaKTEpHi, YJaCTBYIOIIUX B
pacnpoCTpaHEeHUH JIEKapCTBEHHON YCTOMYMBOCTH B KIIMHUKE, CETLCKOM XO3STH-
cTBe M OoKpyxkaromien cpene [Wei et al., 2019]. Dtu GakTepun 0OMEHHUBAIOTCS
TCHEeTHYECKUM MaTEPHAIOM TOCPEACTBOM MOOMIIBHBIX 3JIEMEHTOB — HHTETPO-
HOB, TPAHCIO30HOB M IUIA3MUJI, MIPAIOIINX BaXKHYIO POIIb B (hOPMHUpPOBAHUH
mynaa KyabTyp ¢ ¢genorunom MJIY ¢ BBICOKMM 300HO3HBIM MOTEHIHAIOM B
YCJIOBUSIX CEJIbCKOXO035MCTBEHHbIX npeanpusatuil. Leab uccaenoBanus — oue-
HUTH PaCIpPOCTPAHEHHOCTh MOOWJIBHBIX T'CHETHUYCCKHX DJIEMEHTOB U 3(QeK-
TUBHOCTh KOHBIOTATUBHOTO TepeHoca y mrammoB E. coli, u30mupoBaHHbIX OT
CEeNbCKOXO03SIMCTBEHHBIX JKUBOTHBIX.
MeTtoabsl ¥ MaTepualibl. B pabore OBIIM HCIIOJB30BAHBI INTAMMBI
E. coli, Benenennnie u3 dekanuit kpynHoro poratoro ckora (N = 49), cBunei
(n = 3), kposukoB (N = 4), cenbCKOXO3sIMCTBEeHHBIX NTUI (N = 16) 1 opraHoB
Kyp ¢ Mpu3HAKaMH KojubakTepuo3a (N = 28) mpeAnpuaTHi TPOMBIIIICHHOTO
’)KMBOTHOBOJIcTBa [lepmckoro kpas. Meromom IIL[P perextupoBanu reH-

peryisitop KOHBIOTaTHBHOTO nepeHoca traJ
(F: TCCAAAAAATGATGATGAAT, R: ATAGGAACCTCCTCACAAAGQG),
KOHCEpPBaTUBHBIN (parmeHT HUHTETPOHOB 1 xiacca intl

(F: GGCATCCAAGCAGCAAG, R: AAGCAGACTTGACCTGA). Hanuune
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Oakreprodara B KIETKaX OMPEACIUIN C MOMOIIBI0 METOAa MHAYKIHH Y D-
n3aydeHneM. OmpenencHrne YyBCTBUTEIBHOCTH MTaMMOB K 11 aHTHOHOTHKaM
MPOBOJIMIIM COTJIACHO KJIMHMYECKUM pekoMmeHaanusm «OrpeneneHue 1yBCTBH-
TENBHOCTH MHKPOOPTaHU3MOB K aHTHUMHUKPOOHBIM mpenapatam» (MAKMAX,
Bepcusi-2018-03). Pe3ucTeHTHOCTh MTAaMMOB XOTS ObI K OJJHOMY Tperapary
Tpex u 0oJiee KiIaccoB aHTHOMOTHKOB ObLTa ornpenencHa kak MJIY [Multidrug-
resistant, extensively ... , 2012]. B KOHbIOraTUBHOM TeCTE IJIsl OLICHKH JOHOP-
HOM crnocoOHocTn E. COli ObutM OTOOpaHbI PE3UCTEHTHBIC K AMIMIHIUIHHY,
qyBCTBHUTENIFHBIC K TeHTAMHIMHY, coepkaiue reH tral monessle mramMmel. B
KauyecTBe penunuenta wucrnons3oBamu  E.coli N4i ¢ xpomocomuO-
OTIOCPEIOBAHHON YCTOIUMBOCTBIO K TeHTAMHIUHY. /I OLICHKH PEelNIHEHT-
HOW CHOCOOHOCTH OTOWpaid KyJIbTYpHl, YCTOWYHMBBIE K aMIUIJUINHY, TyB-
CTBHUTENBHBIC K XJIOPaM(pEHUKOIY ¥ TEHTAMHUIIMHY, a B Ka4eCTBE JOHOpA HC-
MONTB30BATM  peKoMOWHaHTHBIA 1nTamm E. coli N4i, Hecymmii mmasmumy
pOX38:Cm". KonproraTuBHBIN NepeHOC MPOBOIMIN B INIAHKTOHHOH KyJIbType.
YacToTy KOHBIOTAI[MM OIICHMBATM KaK OTHOIIEGHWE YHCIa KOJIOHUH
TPAHCKOHBIOTAHTOB K YHCITy KOJOHHWH pernunueHToB [Transfer of plasmid-
mediated ..., 2009].

Pesyabtatsl. E. coli ¢ penornniom MITY Oblin BhIACICHBI U3 (heKaTHit
KpPYIHOT'O pOraToro cKora M CeJIbCKOX03HCTBEHHBIX NTHL ¢ yacToTol 32,7 %
(16/49) u 18,8 % (3/16) coorBercTBeHHO. OOHApyKeHA OOJbBLIAsT JOJSI TAKUX
KyJIBTYp B 00pa3Iax OpraHoB NTHI[ C IPU3HAKAMH CHCTEMHOTO KOJIHOAKTEPHO-
3a— 75 % (21/28). Unrerponst nerektupoBamu y 12,2 % (6/49) mrammoB
E. coli, BeigeneHHbIX OT KpymHOro poraroro ckora, 18,8 % (3/16) — ot 310po-
BBIX CEJIbCKOXO03sHCTBEHHBIX NTHUIL, 28,6 % (8/28) — oT nTHIl ¢ IpU3HAKAMHU KO-
nubaKTepro3a U He BBISBICHBI cpen E. coli cBuHel n kponukos. B Beimieyro-
MSHYTBIX Tpynmnax oakrepuodaru 6sutn oOHapyskeHsl B 32,7 % (16/49), 37,5 %
(6/16), 7,1 % (2/28), 66,7 % (2/3) u 25 % (1/4) ciydaeB, COOTBETCTBCHHO.
BaxxHO OTMETUTH BBICOKYIO PACHPOCTPAHEHHOCTH MITAMMOB C KOHBIOTATHBHBI-
MH TUTa3MHJIaMH B 9YeThIpex rpymmax: 59,2 % (29/49), 50 % (8/16), 53,6 %
(15/28) u 100 % (3/3), Torna kak kpoawuby tralJ" mramMel He ObUTH OOHApY-
sxeHbl. Cpean E. coli, BBIIETCHHBIX OT KPyMHOro poratoro ckora, MJIY Kyib-
TyphbI vaiie coaepxanu uaterponsr (31,3 % vs 3 %, p < 0,001, Tounslit kpuTe-
puit @umepa), 6axrepuodaru (68,8 % vs 15,2 %, p=0,01) u traJ (81,3 % vs
48,5 %, p=0,03), uem mrammel 6e3 Gperoruna MJTY (puc.).

U3 14 mpoTecTHpOBaHHBIX TOHOPHBIX (eKaTbHBIX mTaMMOB E. COli reHb
YCTOWYMBOCTH K aHTHOMOTHKAM OBLTH YCIIEITHO MepEeHEeCeHBI ITyTeM KOHBIOTa-
muu B E. coli N4i B 100 % ciyuaeB. YacToTa KOHBIOTAIlMH BapbHpOBaJia OT
(1,0£0,1):107° mo (7,942,6)-10*. Cnenyer orMmeTuth, uto 64,3 % (9/14) momne-
BBIX IITAMMOB-IOHOPOB Obutm MIIY, mpuuem cpeaHee 3HAYEHHE YacTOTHI
KOHBIOTAIUK OT J0HOPOB ¢ MJIY cocraBuna 2,1-107™, 11 mTaMMOB-I0HOPOB
Oe3 MJIY — 1,3:10*. AHanoru4so, KOHBIOTATUBHBIA NEPEHOC ILIA3MHIBI
pOX38:Cm" GbLT OCYIIECTBICH BO BCe permmueHTtHbie knetku E. coli (n = 12),
ero 3¢ dekTHBHOCTL BapbupoBana ot (5,4+7,6)-107° no 7,8+0,1. Cpexu mram-
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MOB-perunueHToB peroturr MJIY uMmenu ToJIbKO 2 KyJIbTypbl, OHU IPUHUMAITN
miasmuay pOX38:Cm' B cpeneM ¢ wactotoit 4,4-107°, nusa ne MJTY peuunu-
€HTOB YaCTOTa KOHBIOralluK BapbupoBaia ot (5,4+7,6)-107% 1o 7,8+0,1.

ATMHRPOE

Jloan urrassaoe

® ot s
Puc. lons 13011poBaHHbIX U3 (eKaluii 310pOBOro KPyIHOIO poraroro ckota (A),
CeNbCKOXO03sICTBeHHO nTUIb (B) MM OpraHoB NMTHIL C CHCTEMHBIM KostnbakTepro3om (B)
mrammoB E. coli, ycroituusbix k antubuotukam (0, 1-2, 34 wm 5-8) u Hecymux

MOOH/IBHBIC TEHETHIECKHE IIEMEHTBI

JlaHHBIE HCCIIEOBAHUS IOKA3alld, YTO YKMBOTHBIE CEIbCKOXO3SIICTBEH-
HBIX MPEANPHUITUI NMPEICTABISIOT YKOJOTMUIECKUE PE3epBYaphl YCTONUUBBIX K
aTHOHOTHKaM E. COli ¢ BBICOKMM TpPaHCMHCCHBHBIM MOTCHIMAnoM. Takwe
KYJBTYPBl MOTYT TPEICTABIATh BBICOKMI PUCK IS 3/I0POBBS UEJIOBEKa, a Iie-
pelada TeHOB PE3UCTEHTHOCTH MOJKET CIIOCOOCTBOBATH IBOJIOLUH YCTOHIHUBBIX
K aHTUOMOTUKAM SHTEPONATOTCHOB.

Hccreoosanue evinonrneno npu gunancogou nodoepoicke PH®D, epanm
No 24-24-20048 [lepmckui kpaii.

JlnTeparypa

Multidrug-resistant, extensively drug-resistant and pandrug-resistant bacteria: an internation-
al expert proposal for interim standard definitions for acquired resistance/ A.P. Magiorakos,
A. Srinivasan, R. B. Carey [et al.] // Clin. Microbiol. Infect. 2012. Vol. 18. P. 268-281.

Transfer of plasmid-mediated resistance to tetracycline in pathogenic bacteria from fish and
aquaculture environments / E. Guglielmetti, J. M. Korhonen, J. Heikkinen [et al.] / FEMS Microbiol.
Lett. 2009. Vol. 293. P. 28-34.

Transfer potentials of antibiotic resistance genes in Escherichia spp. strains from different
sources / Y. Wei, T. Tiantian, Y. Qingxiang, R. Lugman// Chemosphere. 2020. Vol. 246. Art.
125736.
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AHA3POBHBIE MUKPOOPI'AHU3MbI
TYBEPKYJIE3HOI'O OYAT A

0. B. Orapxkos', B. B. Cunbkos!, E. A. Opsosal,

A. E. Cyspansnuukuii®>, U. T. Konaparos!, H. JI. Beabkosa'
"Hayusblii 11leHTp NpoGIEM 3710pOBbS CEMBH M PETPOTYKIMU YeToBeKa
UpkyTtck, obogarkov@mail.ru
“UpkyTckas o6nacTHas KIMHUUecKas TyOepKyiesHas Gonbauna, UpkyTck, irksae@mail.ru
SHpxyTcKuii rocy1apCTBEHHBIH MeIUIMHCKKI yHuBepenTeT, MpkyTek, irksae@mail.ru

TUMUYHEIME TTOpaKEHUAMH TyOepKyjie3a JIETKHX SBISFOTCS 3aKpBITHIC
rpanyiembl. Ka3eo3Hblil HEKpO3 B LEHTpE SIBISIETCS OTIMYUTEIBHBIM NPU3HA-
koM atoii nmaronoruu. C Toro Bpemenu kak B 1955 r. XKopxx Kanerru npenso-
XKW 4 BO3MOYKHBIX MEXaHM3Ma, JISKAIIUX B OCHOBE M3MCHCHHH Ka3€03HOTO
TyOepkyne3Horo odvara, mponuto mouytn 70 jmer [Canetti, Kaufmann, 1955]:
1) BBICBOOOX/ICHNE TIPOTEOIUTHIECKIX (EPMEHTOB BO BPEMSI BTOPHUYHON He-
TyOepkyne3Hoi nHpeKuy; 2) peakTuBaIys MPOTEOTUTHIECKUX (DepPMEHTOB U3
HEKPOTHU3UPOBAHHBIX KJICTOK-X035€B; 3) MPUTOK MOIMMOP(HHOATESPHBIX KICTOK;
4) cumsHbIi poct M. tuberculosis.

[TpoBoyMbIe HAMHU HCCIICIOBAHMS, TAK e KaK U PadOThI IPyrHX aBTO-
POB, MCKJIIOYAIOT BO3MOKHOCTH aKTHBHOTO pa3MHokeHus M. tuberculosis B
aHAdPOOHBIX yCIOBUAX TyOepKynesHo rpanynems [Ulrichs, Kaufmann, 2006].
MO’KHO yTBEp)KAATh, YTO Mpu (POPMUPOBAHUS THITIOKCHIECKOTO IIEHTpa TyOep-
KyJIE3HOTO OYara B aHa’pOOHBIX YCJIOBUSIX BO3MOXKHOCTH ISl Pa3MHOMKEHHMS
MMEET TOJIbKO OTPaHWYEHHOE YHCIO BHIOB OakTepuil [AHamm3 pasHooOpa-
3us ... , 2024; Beiaenenue u mMogHOTEHOMHOE ... , 2023]. OOmmM cBOHCTBOM
9TUX MHKPOOPTaHM3MOB SIBIISIETCSI BO3MOXKHOCTb YTHIIM3ALMM JIMIUIOB Ka3e-
yMa B aHa’poOHBIX ycioBusix. Cieayer OTMETHTBh, YTO B CTOJIb creluduye-
CKHX YCJIOBHSIX OCHOBHBIM CBOHCTBOM (DOPMHPYIOIIETOCS MOIMMHUKPOOHOTO
coo0mecTBa SBISIETCST OTPaHUYCHHOE BHIOBOE Pa3sHOOOpasne M OTCYTCTBHE
HE00X0IMMOCTH (POPMHUPOBAHHUS MAKPOCKOMMYECKUX OHOIIIICHOK.

Kak BugHO M3 TaOMUIBI, MO KOJMUYECTBY KOPOTKHX MPOUYTECHUIl TOJIBKO
IATH 00pa3IoB Ka3eyMa MOKHO OTHECTH K KJIACCHYECKHM Ka3eoMaM, ¢ Mpeod-
naganueM Mycobacteriaceae (BblelIeHO XHPHBIM KypCcHBOM). B ocTanbHbIX
ciry4asix HaOJIIoJaeTcs npeodiagaHieM HMOJMMUKPOOHOro coollecTBa, 3ame-
HUBILIETO WM JOMOJHUBIIETO MCXOAHYI0O MHUKOOAKTEPHAIBHYIO MUKPOQIIOPY
Kazeyma. MerabonoMuKa mTaMMOB CTaQ(PUIIOKOKOB U KOpHHEOAKTEpHHl, BbI-
JISTICHHBIX HAMH M3 Ka3eyMa TyOepKyJseM, MO3BOJISIET Mperoararh, YTo BHYT-
pH HOIMMUKPOOHOTO coobIiecTBa kaseyma (OPMHUPYETCs MaTOIOTMYeCKuit
KOHCOPITIYM, CIIOCOOCTBYIOIINI YCBOSHHIO JIMITHIHOTO cyOcTpaTa. MBI Tak xe
MPEINoNIaraeM, YTO BHYTPU 3TOTO TAaTOJIOTHYECKOTO COOOIIECTBA MOXKET BO3-
HUKAaTh SBJICHHE aHA’POOHOTO JIBIXaHHMs MUKPOOPIaHM3MOB C Y4acTHEM Opra-
HUYECKIMH CyOCTPaTOB B Ka4eCTBE KOHEYHOTO AKIIENTOPA 3JIEKTPOHOB.
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Tabmuma
MerareHomHoe cekBennpoBanue shotgun JIHK u3 kaszeyma tyOepkysem

TP Pazmep
> | Pasmep |kaszeosa, WnduabTpanus
No |F@seYMAl o lam pac- Kanprm- Kaseyma Jomuanpyromne TakcoHsl WGS
" |(ycr./uys i natel (KT)| . (%)*
% prch.) (KT), mm | man HelTpoduaamu
pHO Ja/HeT

Mycobacteriaceae 32 %
777 | +/ayB. | 14x16 | 15/ner na HET Streptomycetaceae 18 %
Enterobacteriaceae 14 %
Mycobacteriaceae 11 %

1010 | +/ays. | 18x19 |17/mer | Her HET Acetobacteraceae 34 %
Enterobacteriaceae 14 %

1124 | otp. | 27x27 | 25/na HET HET Mycobacteriaceae 92 %
Mycobacteriaceae 63 %

1197 | +/ays. | 34x34 | 20/na HET HET Eggerthellaceae 23 %

Enterobacteriaceae 3 %
Mycobacteriaceae 75 %

1198 | +/ays. | 17x21 | 15/mer| Her HET Staphylococcaceae 11 %
1?37 */ays. 28%28 n/a na n/a Mycobacteriaceae 96 %
1(8ii9)1 *ays. 26x26 n/a na n/a Mycobacteriaceae 86 %
Mycobacteriaceae 14 %

Staphylococcaceae 7 %

1731 | +/ycr | 46x38 |23/mer| Her HET Eggerthellaceae 5 %

Enterobacteriaceae 14 %

Mycobacteriaceae 22 %

Eggerthellaceae 24 %
1742 | +/ays. | 2828 a na a Pseudomonadaceae 22 %
Enterobacteriaceae 7 %

Mycobacteriaceae 38 %

1800 | +/ays. n/a n/a n/a n/a Pasteurellaceae 50 %
Streptomycetaceae 5 %

HeiiTpogu- Mycobacteriaceae 18 %
1828 | +/ays. | 13x13 | 15/na HET i Staphylococcaceae 72 %
HET Mycobacteriaceae 13 %

Staphylococcaceae 33 %
Streptomycetaceae 15 %
Enterobacteriaceae 8 %
HET Mycobacteriaceae 28 %
Staphylococcaceae 10 %
Eggerthellaceae 5 %
Enterobacteriaceae 10 %

1881 | +/yct | 20%30 | 25/Her na

1882 | +/uys. | 25%25 |30/uer Ja

10169| +/ayB. | 39x29 |20/meT | HeT HET Mycobacteriaceae 93 %

* Kpurepuit Xu-KkBagpar ¢ Koppekiueii mo ercy: y2=9.8; p < 0,01; n/a — ner aaunsix; (i) u (i) 06-
PasLpbl OT OJJHOTO MALMEHTA BO BPEMSI PA3HBIX ONEpALii ¢ HHTEPBAIOM 6 Mecs1a.

Paboma evinoanena npu noooepacke epanma PH® 23-15-00280/
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Jlutepatypa

Ananus pasHooOpasust 1 (QYHKIHOHAJIBHOTO MOTEHLHMANa OaKTEPHAIbHBIX COOOIIECTB TyOep-
Kyné3HbIx ouaros / E. A. Opnosa [u ap.] // Knerounsie TexHOMOruu B 6uosiorun u Meauimae. 2024.
N 1. P. 29-36.

Brizienenye 1 MOIHOIeHOMHOE CEKBEHHPOBAHHE JIHIOMIIBHOI aHAdpOOHOI OaKkTepHy, mpen-
craBurens BugoBoro komruiekca Corynebacterium tuberculostearicum, us tyGepkynésnoro ouara /
O. B. Orapxos [u p.] // Acta biomedica scientifica. 2023. Vol. 8, N 4. P. 12—-19.

Canetti G. The tubercle bacillus in the pulmonary lesion of man: histobacteriology and its
bearing on the therapy of pulmonary tuberculosis / Springer Publishing Company. 1955. Vol. 28,
N 1. P. 72-73.

Ulrichs T., Kaufmann S. H. New insights into the function of granulomas in human tuberculo-
sis // J. Pathol. 2006. Vol. 208, N 2. P. 261-269.

KOJIOHU3AIIMOHHAS PEBUCTEHTHOCTD
MPOBUOTUYECKUX BAKTEPUI

B. JI. lloxuaenko, U. A. lynaiiues, 1O. B. bataeBa, A. P. TexytoB

TCocynapCTBeHHBII HAYYHBII IIEHTP IPUKIAIHON MUKPOOHOIOTHI
u 6norexHosoruu PocnorpedHanzopa, O6oneHck, aveatab@mail.ru

Bce Gomplire TaHHBIX CBHJICTEIBCTBYET O TOM, YTO MOAIEPKAHUE C TIOMO-
b0 MPOOMOTHUKOB CTAOMIBHOCTH KHIIEYHOT'O0 MHKpOOMOMa OOJierdaeT Tede-
HHE MHOTMH XPOHMYECKHX, WH(EKIHOHHBIX, ayTOMMMYHHBIX 3a00JICBaHUM.
BMmecte ¢ TeM MHOTHE BOIPOCHI MPOOMOTUKOTEPANTNH OCTACTCS €Ie OTKPHITHI-
MH U TpeOyIoT 6omee riry0oKoi TeopeTHIecKoil U MPaKTHIECKON MPOPabOTKH.
B ux uncne or60p M coxpaHeHHE CBOMCTB ITAMMOB ITPOOHOTHKOB, TOJIyYEeHHE
BBICOKHX BBIXOJIOB KJICTOK NPH TTyOMHHOM KYJIbTHBHPOBAHHH, CTAOMIM3AIMS
WX KM3HECIIOCOOHOCTH B MPOIEccax downstream, cosnanue (YHKIIMOHATBHBIX
IpenapaTuBHBIX (OpM, 00eCIEUNBAIONINX 3AIIUTY JKUBBIX KJIETOK OT IHINEBa-
PHUTEIBHBIX COKOB, a/IPECHYIO IOCTABKY C MOCIEAYIOIeH NX nponudepanueit u
MeTaboJ0MHUKOW. Bee aTH BONMpOChl BaKHBI JUIsl HOAJEPIKaHUS LEIOCTHOCTH
MHKpOOMOMa C TIOMOINBI0 TPHEMa BO BHYTPHh JKHUBBIX IITaMMOB COJIpYKe-
CTBEHHBIX MHUKPOOPTaHW3MOB, HHUIUHUPYIOUIEH OCYIIECTBICHHE UMH KOJIOHH-
3aI[MOHHOM PE3UCTEHTHOCTH MIPOTHUB MONABLINX B OPraHU3M MAaTOTCHOB.

Jnst Toro uTo0B! MPOOHOTHYECKNE OAKTEPUH OCTABANNCH (QYHKI[HOHATIBHO
AKTHBHBIMU U XM3HECIIOCOOHBIMH TIOCJIE NPOTJIATHIBAHMS, MPOXOKACHUS XKe-
JyZIKa ¥ BCETo NUIEBAPUTEIBHOTO TPAKTA, COMPOBOKAAIONIETO AEHCTBHEM CO-
JISTHOW KUCIIOTBI, KETYHBIX KHCIIOT, 00nimeM (pepMEHTOB (aMuIIa3, JIUNas, Ipo-
Tea3), MX CIEIMAIbHO 3aMHNIIAoT. TabneTnpoBaHHbIe (HOPMBI, HATPAMEp, TIO-
KPBIBAIOT KUCIOTOYCTOWYMBBIMH 000J0UKaMHK (aneTmin(TaTaTHenIrono3a, oi-
nparut E100), a cyxue mopoumky MOMEIaT B KUIIEUHOPACTBOPUMBIE TBEp-
JIbIe KaTCyJIbl Ha OCHOBE JKeNaTHHA WM IeJUTI0N03bl. Ecan u 3Toro Hemocra-
TOYHO, KJIETKH 3aKJIIOYAIOT B TPAHYJIBI HA OCHOBE aJbTHHATA, XUTO3aHA H JIPY-
rux noaxoasmux nogumepos [KamcynupoBanHbie B anbruHar ... , 2022; Pas-
paboTka crocoba ... , 2023]. Bece 9Tu npuemMbl HEOOXOAUMBI JIJIsl TOTO, YTOOBI B
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HIDKHHE OTJEIBI KHIIEYHUKA U TOJICTYIO KHIIKY, TJie INIOTHOCTh MHANTEHHOU
mukpoopsr gocturaet 10'2 KOE/MiI, Homano JocTaTOYHOE KONHYECTBO HKH-
BBIX OaKkTepuii MpOOMOTUKOB. JIMIIIE B 3TOM Cilydae MOCTYIMBIINE B KUILIEYHHUK
MPOOUOTHKH CIIOCOOHBI BOCCTAHABIMBATh HAPYIICHUS LIETOCTHOCTH MHUKPO-
Oroma depe3 aJre3wio Ha KUIIEYHOM SIUTEINH M MOCIEIYIOIYI0 UX KOJIOHH-
3aIMI0 ITyTeM Pa3MHOKEHMS W KOHKYPEHIMIO 32 ITHIIEBBIE pecypchl. B aTom
IIPOIIecCe MOJIOYHOKHUCIBIE OAKTEpUH AKTUBHO HCIOJB3YIOT TaKHe aHTHMHUK-
poOHBIE METa0OIHUTHI KaK KOPOTKOIIETIOYEUHBIC JKHUPHBIC KHCIIOTHI, IMEPEKHUCHh
BOJIOPOJIA, AlIbJICTH/IBI 1 OAKTEPUOIMHBI.

Taknm 00pazoM, OCyIIECTBICHHE aKTUBHOW KOJIOHM3ALMOHHON JESTENb-
HOCTH SIBISCTCS OJHMM W3 KJIFOYEBBIX (DAKTOPOB MOIAEPKUBAIONICH MPOOHO-
THKOTEpaniu MUKpoOrnoma. OHa peam3yeTcs ¢ IPUMEHSHHEM ITperapaTHBHBIX
¢dopM, oOecreunBaIOMNX MAKCUMAIBHYIO 3allUTy JKUBBIX KJIETOK OT pa3py-
IIAIOMIET0 JeWCTBHUS HAa HUX MUIEBAPUTEIBHBIX COKOB H II€JIEBYIO JOCTaBKY.
[Tonnmanne n peanu3anus 3TUX (AKTOPOB B MPAKTHKE CO3TAHUS HOBBIX 3a-
IIXIEHHBIX (HOPM HPOOMOTHUKOB OyNET CIOCOOCTBOBATH OCTHKCHUIO €IIIe
OoJbIIIeH MX MOJIB3BI TS HAIIETO 37I0POBBSI.

Paboma evinonnena 6 pamkax ompaciegoll Hay4HO-UCCIe008amenbCKol
npoepammsl Pocnompebnaosopa.

Jlutepatypa

KarncynupoBaHHble B aJbrUHAT MPOOMOTHKH: MOJyYeHHE M HeKoTopble cBoiictBa/ A. H. Co-
moB, B. JI. [Toxunenko, W. A. lynaiiue [u np.] // buorexuomorms. 2022. T. 38, Ne 5. C. 44-52.
DOI: 10.56304/S0234275822050131

Paspaborka crnocoba karncyaupoBanus cumOuorudeckux Oaxrepuit / B. [I. IToxunenko,
W. A. lynaiiues, T. A. Kanmantaes, [u np.] // bakrepuonorns. 2023. T.8, Ne3. C. 16-25. DOI:
10.20953/2500-1027-2023-3-16-25

B3AUMOCBS3b MEXKY TOCTAJABHON CHEHIU®UYHOCTBIO
JIEIITOCIIHUP PA3JINYHBIX CEPOJIOT'MYECKHUX I'PYIIIT
U PA3JIUYUSIMHU B STHOJOTMUYECKOMN CTPYKTYPE
JENTOCHUPO30B JIOJIEA HA TEPPUTOPUU CCCP/POCCUN
B OTJAEJIbHBIE BPEMEHHBIE OTPE3KH C 1962 110 2022 T.

A. II. CamconoBa

HUIBM unm. H. ®@. 'amanen Munsapasa Poccun
ITepsorit MI'MYVY um. U. M. Ceuenosa (CeuenoBckuii yauepcureT) Munsnpasa Poccun
Mockga, lepto@gamaleya.org

.HCHTOCHI/IPOBI)I B HACTOAIIECEC BPEMS ABJIAIOTCA OAHUMHA U3 CaAMbIX pacpo-
CTpaHEHHBIX B MHUpE MPUPOJIHO-0YArOBbIX 300HO30B [AHaHbuHa, 2019]. [u-
POKOE pacrpoCTpaHEHHE MPUPOJHBIX M AHTPOIYPTrHUCCKUX OYaroB 3TOW HH-
(eKunm CBS3BIBAIOT C JOCTATOYHO OOLIMPHBIM CIEKTPOM PE3EPBYAPHBIX X035~
€B MMAaTOTCHHBIX JICMITOCIIUP U BOCTIPUUMYUBBIX K HUM BUJI0B KUBOTHBIX [J'[en-
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TOCTIUPO3bI JIrosien ... , 1971; Uepnyxa, Ananbuna, 1991]. bonee cra BumoB
JMKHX ¥ JOMAIIHUX XHBOTHBIX MOT'YT OBITH pe3epByapaMi (HOCHUTEISAMH) I1a-
TOTEHHBIX JIENTOCIHP: B MPUPOJAE CPEIU AUKUX MIEKOMHUTAIOMIUX —TPBI3YHbI U
HACEKOMOSAHBIE, B XO3SHCTBCHHBIX (AHTPOIYPrHYECKUX) Odarax —IOMaIllHHie
KMUBOTHBIE (COOAaKM, CBUHBM, KPYMHBIH POTATBIl CKOT, OBIBI, pEXe- KO3bI 1
nomagy). HempepeIBHOCTB Ipoliecca HUPKYISIUM NaTOTEHHBIX JENTOCHHP B
HpUpOZie 00ECHEYNBACTCSI UX CIOCOOHOCTBIO K KOJOHW3ALMK SIHUTEIHs U3BH-
TBIX KAaHAQJIBIIEB KOPKOBOTO CJOS ITOYCK TEIUIOKPOBHBIX XO035€B, y KOTOPBIX
dopMupyeTcss XPOHHUECKOE, YacTO MOXXU3HEHHOE JIETOCTIMPOHOCHTEINLCTRO.
Bo30yauTeny OTHENBHBIX CEPOrpPYHIl M CEPOBApOB MOTYT HMEPCUCTUPOBATH B
CIIM3UCTOI 000J0YKEe TeHUTAIBHOTO TPAKTAa M TKAHAX IICHTPAIbHONW HEPBHOU
CHCTEMBI JKHBOTHBIX-X0351€B. VI3BECTHO, UTO MATOTEHHBIM JICNTOCIIHPAM CBOIi-
CTBEHHA TOCTaJbHas (XO3siMHHAsS) crenuduaHocTs. OHM DUPKYIUPYIOT Tpe-
UMYIIECTBEHHO B MOMYJISANMAX OJHOTO WJIM OTPAaHMYEHHOTO Kpyra BHIOB JKHU-
BOTHBIX, SBJISFOIIIXCSI OCHOBHBIMH pPe3epByapaMi HH(PEKINH, YTO MOXKET OBITH
00YCIIOBJIEHO pa3BUTHEM aJaNTA[M MUKPOOPTaHM3M-TEINIOKPOBHBIN XO3SUH B
npouecce sBosonuu [YepHyxa, AHanbuHa, 1991].

JlemTocnMpsl MPEACTABISIOT OO0 TeTepOreHHYIO IPYIINY BO30yUTENEH,
Yy KOTOPBIX BKJIQJ IPEACTABHUTENCH Pa3IMIHBIX TAaKCOHOMHYECKHX TPYII, B
YaCTHOCTH, CEPOBAPOB M CEPOTPYIII, B 3THOJIOTHIECKYIO CTPYKTYpy 3a0oieBa-
€MOCTH JIF0IeH U KUBOTHBIX JENTOCIMPO3aMHU MOXKET pa3nuuaTbes. V3BecTHO,
9TO ITHOJIOTHYECKas CTPYKTypa JICITOCIUPO30B HEMPEPHIBHO M3MEHSACTCS BO
BPEMEHH U TIPOCTPAHCTBE, HO MEXAHMW3MBI ATHX M3MEHEHUH He BCerja MOHSAT-
HBI, @ UX M3YyYCHUE TTO3BOJIUT TTOJIYYUTH JJaHHBIEC, BXKHBIC JUTS Pa3pabOTKH HO-
BBIX IOAXOJ0B K MOHHMTOPHHIY, IPOTHO3UPOBAHHUIO, JHATHOCTHKE M MPOpH-
JIAKTHKE JIETITOCIHPO30B. [103TOMY 1ebi0 TaHHOHW pabOoTHI ABISAECTCS U3yUCHNE
BKJIa/1a TIPEJICTABUTENEH PA3IMUHBIX CEPOTPYII AENTOCHHP B 3THOIOTHYECKYIO
CTPYKTYpy 3aboseBaemocty senrocnuposamu Ha tepputopun CCCP/Poccun B
nepuon 1962-2022 rr.

BbimM mpoaHaM3MpOBaHEl apXUBHBIE 3aIllUCH B JKypHalIax J1adopaTopuu
JIEITOCIIUPO30B O Pe3yNbTaTax UCCIEA0BAHUS B PEAKIMA MUKPOATTIIOTHHALIUI
(PMA) cbIBOPOTOK KpOBH OOJBHBIX, MOJO3PUTENILHBIX Ha 3a00JI€BaHUE JICITO-
criupo3amu. beimn uccnepoBanbl 00pasiiet oT 4773 6onpHbIX. PMA npoBounm
COTJIACHO METOJMYECKUM yKa3aHHsM, rocaeanss Bepcus [MY 3.1.1128, 2002].
Pe3ynbrarel McciaeOBaHUS MOJOBOTO M BO3PACTHOTO COCTABOB OOJBHBIX, a
TaKXKe UX CEpOINPEBATIEHTHOCTU OBLIM OMUCAHbI HaMH paHee [AHamu3 JOKy-
MEHTHPOBAHHBIX ... , 2022].

[TokazaHo, YTO JTOMHUHUPYIOMINMH BO30YJUTEISIMU CYMMapHO 33 BECh HC-
caenyemblit mepuoy (1962-2022 rr.) SBASIOTCS JIENTOCHUPBI CEPOTPYIIIbI
Grippotyphosa (23,86 % ciydaeB). [IpeacraButenu 3TOM CepOrpyMITbI JOMHU-
HUPOBAJIA TaKXke Ha NpoTshKeHuu nepruoaoB 1970-1984 u 2000-2009 rr. Hon-
roJieTHee JOMUHHUPOBAHKE B 3THOJIOTMYECKOI CTPYKType 3a001eBaeMOCTH JIeT-
TocMpo3aMu Bo3Oyautenel ceporpymmbl Grippotyphosa MOXHO OOBSICHHUTS, €
OJTHOH CTOPOHBI, HATMYHEM JOCTATOYHO ITHPOKOTO KPyTa )KUBOTHBIX-X035€B, a
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C Ipyrod — YCTOMYMBOCTHIO WX K HEOJIATONPHATHBIM BO3ACHCTBHAM OKpYKa-
oIl Cpebl BILIOTH 10 BOBMOXKHOCTH MIEPE3UMOBBIBATH B BOJE OTKPBITHIX BO-
JI0EMOB B MeXKCe30HHBII nepuon [UepHyxa, Ananbuna, 1991].

[IpencTaBUTENBCTBO JIENTOCIIUP CEPOTPYMIBI Sejroe B o0IIeM Mmylie Cco-
craBnsier 16,42 % (Bropoe mecto mocie Grippotyphosa). PocT Bkilaga nento-
CITHP 3TOW CEPOTrPYIIIBI B 3200I€BaEMOCTh MOYKHO OTMETHUTH elle ¢ KoHIa 80-x
rOJIOB, a UX JOMUHHMPOBAHHE B HACTOSIIEE BPEMs SBISETCS MHUPOBBIM TPEHAOM
[Tpennmer coBpemennoro nenrtocmuposa, 2018, Anansmuna, 2019]. BompmmH-
CTBO aBTOPOB CBS3BIBAIOT 3TO C JByMsA (pakropamu. IlepBrIM siBisercst Oornee
WHTCHCHBHBIM, YeM B NPEIBIAYIINE TOMABI, POCT YUCICHHOCTH W WU3MCHCHUC
apeasyoB TPBHI3YHOB —XO03s51€B BO30YIUTENEH MPUPOTHO-0YATOBBIX MH()EKINUN B
YCIIOBUSIX BO3ACHCTBUS Ha NPUPOJAHBIE OYarn MHTEHCUBHOM XO3SIMICTBEHHOM
JeSITEHOCTH JIIOACH W M3MEHEHUH KIMMATHYCCKUX YCIOBHH, MPEXKIE BCETO
TIOBBIIICHHSI CPETHEr0/I0BOM TeMIepaTypbl MPU3EMHOIO CIIOSi aTMOC(EepBbI.
BropsiM (hakTOpOM B yCIOBHAX TII00ANHM3AINH SKOHOMUKH SIBIISICTCS MTOBBIIIIE-
HUE WHTEHCHBHOCTH TPAHCTPAHWYHOTO TIEPEMEIICHHS OONBIIOT0 KOIUYECTBa
ckoTa [AHanbuHa, 2019] npu OTCYTCTBUM KapaHTHMHHOIO JOCMOTpa Ha TpaHU-
11aX, YTO MOBBIIMIACT PUCK 3aHOCA BO30yAUTEICH Ha HOBBIE TEPPUTOPUH.

CrnemyeT OTMETHTHh 3HAUYMTEIBHBIA BKIIQA B STHOJIOTHUYECKYIO CTPYKTYpPY
3200JI€Ba€MOCTH JICNTOCTIMPO3aMH TIpeACTaBHUTENeH ceporpymnmsl Icterohaem-
orrhagiae (11,71 % B obuiem nyse, Tperbe Mecto). B 1985-1989 rr. nentocnu-
PBI ATOH CeporpymIbl, XOTh U ¢ HE3HAUUTENBHBIM TNpeBbIeHHEM (22,38 %)
Haj ceporpymnmoi Grippotyphosa (19,13 %), 3anumanu nepBoe mMecto. Kak ot-
MEYaJoCh BEIIIE, OCHOBHBIMHU X035I€BaAMH JICIITOCITUP ATOH CEPOPYIIIHI SBIISIOT-
csl cepble U YepHble KpbIChl. Bo30yauTenu 3Toi ceporpynmnsl (Hapsay ¢ JIenTo-
criupamu ceporpyribl Canicola) ¢ HanboIee BRICOKOH YacTOTOH Cpea IPYTHxX
BO30YAUTENCH JICNITOCIIPO30B BBI3BIBAIOT Y JIIOACH TSDKENbIC CIydau 3adolie-
BaHUs C JIETAIbHBIMU UcXo/aMu [ TpeH bl COBpeMeHHOr o JienTocnuposa , 2018,
Amnanpuna, 2019]. B 80-90-x rr. XX B. oTMeYanach TEHACHIUS K MEPEXOy
9THX BO30YIHTENCi Ha HOBBIX X035€B (KPYIHBIH POTaTHIi CKOT), YTO MPHBO/IU-
JI0O K M3MCHCHHIO XapakTepa 3a0O0JICBaHUS: BMECTO CIIOPAJUYCCKUX CITyYacB
HaOJII0aINCh «KYMadbHBIE» BCHBIIIKH, MPOUCXOJHUI CIABHI' K OOJiee JIETKOMY
TEUEHHIO 3a00IeBaHMs.

B 60-e¢ rr. XX B. cpenu o0pa3oB CHIBOPOTOK KPOBH, MOCTYIMHUBIIAX B
HaIy J1JabopaTopuIo, OONBIIMHCTBO OBUTH B3SATHI OT JIFOICH, 3aHATHIX B JKUBOT-
HOBOJICTBE. DTHUM, MO-BUIUMOMY, U OOBsICHsACTCS aomuHupoBanue (29,7 %)
JIETITOCTIHP ceporpymmsl Pomona.

[IpencraBurenbeTBO Nentocnup ceporpynmsl Canicola B obmeM mmyie co-
craBisier 3,61 %. Caenyer OTMETUTh 3HAUYUTENBHBIM POCT BKJIA/a 3TUX JICTITO-
CIHP B 3THOJIOTHYECAKYIO CTPYKTYpY 3a0oaeBaemocTd B ieprox 1990-1994 rr.
(25,64 %), oHH yCTymaiIH TOJIBKO JIeTITOCIIpaM ceporpymnmsl Sejroe (35,90 %).
Peskoe moBbIIeHHE MPOIEHTAa OONBHBIX, Y KOTOPBIX OOHAPY)KEHBI aHTHUTEIa
npotuB Jienrocnup ceporpymibl Canicola B mepuox 1990-1994 rr., coBnaznaer
C POCTOM YHCJIa CITydaeB JICITOCIIMPO3a TOH ATHOJOTHH B yKa3aHHBIE TOIBI,
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npexzae Bcero B KpymHbIX roponax (Mocksa, Cankt-IletepOypr) [Kimuauko-
SMHUIEMUAOJIOTHYECKHE OCOOCHHOCTH ... , 2007]. MHOTHE aBTOPHI CBSI3BIBAIOT
3TO C POCTOM YHUCIIA OPOITINX COOAK — OCHOBHBIX X03sI€B JICIITOCIIUP ITOM Ce-
POTPYIIIBI B TOPOJIAX.

TakuMm 0Opa3zom, HAMH TIOKa3aHO, YTO B OTACILHBIC BPEMEHHBIE MEPHOJIBI
MIPOMCXOAUT M3MEHCHUE BKJIA/IA JICHTOCIIUD PAa3HBIX CEPOTPYIIL, 00JaIa0MINX
rOCTaJbHOM CIEHU()UIHOCTHIO B OTHOILICHUH JKUBOTHBIX-XO35ICB, B 3THOJIOTH-
YECKYIO CTPYKTYPY 3200JIeBAEMOCTH JIFOJIEH JIETITOCTIMPO3aMH.
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Cekuus 4.3
BUOMNNEHKOOBPA3OBAHUE KAK OOHA U3 ®OPM
AJAOTALMAN MUKPOOPITAHU3MOB

HUHTUBUPYIOIMAS AKTUBHOCTH JEMKOIIUTAPHOI'O
HNEINITUIHOI'O KOMIIVIEKCA HA BUOIIVIEHKOOBPA3OBAHUE
MHUKPOOPI'AHU3MOB

JI. B. BosikoBa!, U. C. Besmatepubix', A. I'. Boakos', JI. 1. Kononosa®

1HepMCKI/Iﬁ HAIMOHAJIbHBII HCCIIEJ0BATENILCKUH TOJUTEXHUYECKHH YHUBEPCUTET
Ilepmb, wolkowalw@mail.ru
2MHCTUTYT SKOJIOTHM M FeHETHKU MUKpoopranusmos YpO PAH, Tepmb

IlepBbie coobmIcHUST O PO OaKTEPHATBHBIX OUOIUICHOK MOSBIUIHCH 00-
nee 35 ner Hazan. Ha cerogusiiHuil AeHb OUOTIIEHKH OMHUCaHbl A 65 % Bo3-
OyauTesneil MHPEKIMOHHBIX 3a00JIeBaHUH, N3yUeHBI TIPOIIeCChl (HOPMUPOBAHUS
1 JKU3HENEeSTeTbHOCTH OMOTUICHOK, KaK Ha OMOJIOTHYECKHX, TaK W Ha aOWOTH-
yeckux noepxHoctax [Corues, 2013].

Hay4HbIM cO00IIECTBOM MPOAOIKAIOTCS HCCISIOBAHUS 110 MOUCKY HOBBIX
9 PEKTUBHBIX CPEICTB, KOTOPBIE CHU3WIH OBl arpecCHBHBIA MOTCHIIMAN MHK-
pPOOHBIX OWOIUICHOK M, KaK CIEICTBHE, PUCK HH(MEKIMOHHBIX 3a00JCBaHUI
[TComny0, 2012; CocTosiHue U TeHACHIWH ... , 2015].

OTHOCHTENBHO HEABHO OBLT TOJTyYeH OENKOBO-TICTITHIHBII KOMIUIEKC W3
noHopckux JerikonuToB (JIITK) mocpeacTBoM HMX yIbTPa3BYKOBOHM JE3UHTE-
rparmu [[1at. Ne 2737730]. BeisiBiaeHHble aHTHOaKTepHANbHBIE cBoiicTBa JITIK
MTO3BOJIAIOT PACCMATPHUBATh €TO B KaUeCTBE OCHOBBI JUIS aHTUMUKPOOHBIX Jie-
KapCTBEHHBIX CpeAcTB. HaMu moirydeH mepBhlif MOTOKHUTENBHBIN OIBIT OLECHKH
s¢pdexruBHOCcTH JITIK Ha aaresmro GakTepuii K MOIUCTUPOITY [BimsHuIe neiKo-
LUTApHOTO ... , 2022].

Ienbio nccnemoBanns SBUIIOCH M3YYEHHUE BIUSHHA JICHKOIMTApOro Oern-
KOBO-TICTITHTHOTO KOMITJIEKCa Ha aAre3Hi0 M TNICHKOOOpa3oBaHNe OaKkTepuii Ha
rUIPOPOOHBIX MOBEPXHOCTSIX.

Marepuajbl 1 MeToAbl. OOBEKTAMH HCCIICAOBAHUS CIYXKHIN TPaMIIO-
noxurenbHbie Oaktepun Staphylococcus cohnii BKM  B-3165 u  Listeria
welshimeri Bel-19.

Bawusinue JIIIK Ha anresuro Oakrepuit kK rugpohoOHON MOBEPXHOCTH U3Y-
Yaal C HCIONb30BaHMEM ITOJIMCTUPONIOBBIX Hamiek Iletpu (nmamerp 45 mm).
Jliis aToro B wamiku BHocHiH pactBopsl JIIIK B 06bemMe 2 Mit, B KadecTBE KOH-
Tposeil ucronk3oBanu pactBopbl NaCl ¢ KOHIIEHTpaIuel, COOTBETCTBYIOIICH
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TakoBOW npurotoBieHHbIX pa3senennit JIIK. Yamku ¢ pacTBOpaMu BbIIEPKH-
Banu 1 4 mpu temnepatype 20-22 °C. Ilocae yaaneHus )KUAKOCTH MOBEPXHO-
ctn npombiBaiu ocdarHeM Oydepom (10 MM, pH 7,2), noxcyimmBany 1 BHO-
cuu 2 M OGaKkTepualbHBIX CycHeH3ui ¢ copaepxkanueMm B Hux 107 KOE/mi.
Kynbtypbl nHKyOHpOBanu 0e3 nepememuBanus B Tedenne 30 mun nipu 37 °C.
3aTeM IUIAaHKTOHHBIE KJIETKH YAQJISUIM aclMpanyei, JTHO YallleK IPOMbIBAIN
docharaeiM OydepoM, BoicymmBaiu ¥ okpammBaiu 0,1 % reHIraHBHOICTOM
B TeUCHHE 2 MUH, OTMBIBAIA OT KPACUTEIS BOJOH, BRICYIIMBAIH H OTPEACIISIH
YUCICHHOCTh aJre3WPOBAaHHBIX KJIETOK Ha MHKpoBH30pe WVizo-103 («Jlomoy,
Poccus), npocMaTtpuBasi B ABaAATH MOJISIX 3peHus pH yBenudernuu x 1000.

Wzyuenne Bausaus JIIIK Ha mureHkooOpasoBanue OakTepuil MPOBOIMIN B
IUIOCKOJJOHHBIX 96-ITyHOUYHBIX MOJMCTUPOIOBBIX IUIaHmeTax («Meamomumepy,
Poccust) B murarensHol cpene LB (r/m: TpuntoH — 10, qposoKxeBoil IKCTPakT — 5)
¢ nobasnenneM rmoko3sl 10 0,25 % u JITIK no xonnentpanuu 0,5 u 1 Mr/mi.
BakTepuanbHble MHOKYJIATH BHOCHIM B JIYHKH IuianmeToB 10 106 KOE/mn n
nHKkyoupoBanu npu 37 °C B cTaTHUECKUX YCIOBHSX B TedueHue 24 4. 1o ucre-
YEHHIO CPOKA MHKYOAIMH IIJIAHKTOHHBIC KIJIETKH yIaJsUTH, 1Ba Pas3a IPOMbIBAIN
0,95 % pactBopom NaCl, moacymmusanu u oxpamusanu 0,1 % pacTBopom res-
nuanBuosera B TedeHue 20 MuH. Ilocne okpammBaHus TeHIMAHBUOJIET Yyaalls-
JIM, JIyHKH IIPOMBIBAJIM [JBa Pa3a BOJOMW, BBICYIIMBAIM U BHOCHIH 10 150 MK
95 % sranona. buomaccy 00pa30BaHHBIX OHOIUICHOK ONPEEIIsUIN IMyTeM U3Me-
PEHHS ONTHYECKOW MIOTHOCTU CHHPTOBBIX AKCTPAKTOB CBSA3ABINETOCS TCHIU-
aHBHOJIETa Ha MUKpOIUTaHmeTHOM cnekTpodoromerpe Benchmark Plus (Bio-
Rad, CHIA) npu amuse BoiHEI 570 HM. B KauecTBe MONOKHUTEIBHBIX KOHTPO-
ned ciyxunn Oouorutenkn 6e3 JITIK. OTpuuaresnbHBIM KOHTPOJIEM SIBIISIACH
CTepriIbHAs UTaTeNbHas cpena 6e3 JIIIK.

PesyabTaTthl U o0cyxkaenne. CpaBHCHHE aare3MOHHBIX CHOCOOHOCTEH
uccieayeMbIX OaKkTepui MMokasano, YTo NMpeJoOpaboTKa MOINUCTUPOIA JIEHKO-
IUTApPHBIM TPEnapaToM B KOHIEHTparuu 10 Mr/Mi cHMXaja CTeNeHb aAre3uH
K HeMy Oaktepuii 06oux pomoB. OqHako Ha afresuto O6akrepuit S. cohnii Biust-
HHE IpernapaTa ObUIO BBIPAKEHO B OOJBIICH CTENEHH, TaK KaK IPOHCXOIUIO
CHIDKEHHME cOpOLMM OaKTepHalIbHBIX KiIeToK Oosiee ueMm Ha 50 % mo cpaBHe-
HUIO ¢ KoHTpoJeM (puc. 1). B To BpeMsi kak Ha muctepuii — Ha 22 % OT KOH-
Tponei (puc.2). buto ycraHoBieHO, YTO HpenoOpabOTKa IOIMCTHPOJIA pac-
tBopoM JIIIK B koHmentpamum 20 MI/Mil CHMKaJla COPOLMIO HCCIETYyEeMBIX
OakTepuil B 0JJMHAKOBOM cTenenu — 6osee yem Ha 70 % ot koHTponei (puc. 1, 2).

B 10 xe Bpems Op110 00HApYxeHo, uTo JIITK B MCIIonp30BaHHBIX KOJIHYE-
ctBax (0,5 m 1 Mr/mim) He OKa3bIBAN JOCTOBEPHOTO WHTHOUPYIOIIETO ICHCTBHS
Ha npouecc GopMHUPOBaHHS TNICHOK 000MX OaKTEepHAIbHBIX IITAMMOB.

Taxum oOpa3oM, JeHKOIUTApHBIN OETKOBO-MENTHUAHBIN KOMIUIEKC 00Ia-
Jlall BBIPAKCHHBIM aHTHAJI€3UBHBIM IOTEHINAJIOM NPOTHUB M3YYEHHBIX BHIOB
Oaktepuii.
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Puc. 1. Axresust Gakrepuii S. cohnii Ha Puc. 2. Axresus Gaxrepuii L welshimeri na
MOBEPXHOCTH TIOIHCTHPOIIA B IPHCYTCTBUM  [OBEPXHOCTH IIOJHCTHPOINA B TIPHCYTCTBHU
JITIK: JHIK:
1— 10 mr/mi; 2 — 20 mr/mi. 1— 10 mr/mi; 2 — 20 mr/m.
Jlutepatypa

Bisinne nelikonuTapHOro OeIKOBO-NENTHAHOIO KOMIUICKCA HAa aAre3uio OaKTepuid K IONH-
crepoury/ U. C. beamarepusix, JI. 1. Kononosa, B. I1. Kopo6os, JI. B. Bonkosa // Xumust. Dkonorus.
VYpbanucTuka : MaTepuansl Beepoc. Hayu.-npakT. koH}. ¢ MexayHap. yuactuem. B 4 1. T. 2. 2022.
C.27-31.

Tony6 A. B. baktepuanbHble OHOIIICHKH — HOBas 1ienb Tepanuu // KnuHuueckass MHKpoOHo-
JIOTUSL ¥ aHTUMUKPOOHas xumuotepanus. 2012. T. 14, Ne 1. C. 23-29.

Tar. Ne 2737730 Poc. ®enepauus. Criocod (pakiHOHUPOBAHMS JIEHKOLHUTAPHBIX OEJIKOB :
Ne 2019114590 : 3asiBin. 13.05.2019; omy6ut. 13.11.2020 / JI. B. Bonkosa, T. A. I'puiunna, A. I'. Boi-
KoB, bros. Ne 32,

CocTosiHME M TEHJCHUMH Pa3BUTUS KIMHUYECKON M CaHUTapHOU MHUKpoOHosioruu B Poccuii-
ckoil Denepaunn u npodiema nmnoprozamenienus / U. A. Iamios, A. 10. Muponos, A. I1. Illene-
sH [u 1p.] // Knuanaeckas naboparopHas auarnoctuka. 2015. T. 60, Ne 8. C. 61-65.

Corues [I. A. Postb OMOIUICHOK B TTATOT€HE3E THKEIBIX HH(PEKIIMOHHBIX OCIOKHEHUN U COBpe-
MeHHbIe Bo3MokHocTH Tepanuu // Consilium MEDICUM. 2013. T. 15, Ne 11. C. 75-78.

BAKTEPUAJIBHBIE BUOIIVIEHKN 1 COBPEMEHHBIE METO/IbI
X OBHAPYKEHUS HA PA3JIMYHBIX CYBCTPATAX

C. C. EBcTurneesa, /. C. Yymakos, O. U. I'yimii

WHCTHTYT GHOXUMIHU U (HU3HOJIOTHH PACTCHHI I MHKPOOPTAHH3MOB —
obocobnerHoe ctpykTypHoe noapasneneane UL «CaparoBckuit Hay4uHblit nentp PAH
rCaparos, Stels20295@yandex.ru

B nipupoHO# cpejie 00UTaHMs MOJIABIISIONIee OONBITHHCTBO MUKPOOPTra-
HU3MOB 00pa3yrT OUOIICHKH, KOTOPBIC MPEICTABISIOT co0ol copmupoBaH-
HBI Ha TpaHUIE pas3juena (a3 MyJIbTHCION KICTOK, MOIPYKCHHBIX B OKCTPaK-
JIETOYHBIA OUOIOIMMEPHBIA MAaTpPUKC. BakTepun opraHu3yioT OHOIUICHOYHbIE
coo0IIecTBa TSl MOBBIIICHNS BBKUBAEMOCTH TP aaNTAlMd K HETaTUBHBIM
Bo3zeicTBusAM cpeabl [Microbial biofilms, 1995]. M3yuyenue OUOMICHOK MMEET
OTPOMHOE MPAKTHYECKOE 3HAYCHUE JUISl pa3inuHbIX cdep nesrenbroct. C of-
HOH CTOPOHBI, OHOIJICHKH y4acTBYIOT B TPOM3BOJICTBE MPOAYKTOB MUTAHUS U
HATMTKOB, 3a/ICHICTBOBAHBI B OYUCTKE IMOYB U CTOYHBIX BOJI, 3AIUINAIOT pacTe-
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HUs 0T puromaroreHHoN Mukpodaops! [Biofilm — a syntrophic ... , 2023]. On-
HAaKo, ¢ APYroi CTOPOHBI, ITOABIIAIONIEE YHCIIO BO30y IuTeNeH HH(EKIIMOHHBIX
3a00yIeBaHU YeJIOBEKa 1 KMBOTHBIX 00pa3yloT OMOIUICHKH, TEM CaMbIM CHJIb-
HO YCJIOXHSSI aHTUMHKpPOOHYyI0 Tepamuio [Microbial biofilm ... , 2023]. B
HACTOSIIIEE BPEMSI CYIIECTBYET Ipo0OiIeMa, CBA3aHHAs C HEJOCTATKOM METOANK
CBOEBPEMEHHON U 3()(hEKTUBHOM JIeTEKIIMN OMOIUICHOK, HE3aBUCHMO OT UX JIO-
KaJIM3aluy ¥ pUpojsl cyocrpara.

[esrs HACTOSAIIIETO NCCIIEIOBAHMUS COCTOsUIA B pa3pabOTKe HOBBIX METOJIOB
0oOHapy>KeHUs OaKTEepUAIbHBIX OMOIUICHOK Ha Pa3HOOOPA3HBIX MOBEPXHOCTAX C
HCIIOIb30BAHUEM Pa3IMYHBIX OMO(QU3NUECKUX IIPUHIIUIIOB.

Ha ocrHoBe perucrpanui N3MEHEHHUS MOJSPU3YEMOCTH OaKTEepPHATbHBIX
KJIETOK TTOJT ICHCTBHEM TIEPEMEHHOTO AIICKTPHUIECKOTO TIOJNIS B PEXKIME peallb-
HOTO BpPEeMEHH Obla co3iaHa MUKpodronaHas OnoaHaInTHIeCKass CEHCOpHast
cucTeMa Ul HHIUKAlUU 00pa3oBaHus OMOIUICHOK. brlna onucana gusnueckas
KapTHHA U3MEHEHHS CEHCOPHOT'O CHTHAJIA IIPU Mepexo/ie KIETOK OT CBOOOIHO-
KMBYIIETr0 WIN IUIAHKTOHHOTO COCTOSHMA K OnoreHounomy [Guliy, Evstign-
eeva, Bunin, 2022a]. Taxxe ObiT pa3paboTaH AICKTPOONTHYCCKUI CCHCOPHBIH
METOJ 3KCIIPECC-THArHOCTUKU HadanbHOU (as3bl (hopMHpOBaHHS OaKTepHalb-
HBIX GHOIUICHOK IN Vitro, KOTOpsIil mo3BONIseT 3aQUKCUPOBATE TIEPBBIC ATAIIBI
00beIMHEHNs KJICTOK B KOHITIOMEpATHl, a Jajiee B MOJHOLIEHHOE COOOIIECTRO.
Takoii MeToJ1 onpeaesieT pa3Hully dIeKTpodu3nueckux npoduiieil mIaHKToH-
HBIX ¥ OMOIUICHOYHBIX KJIETOK 3a cUeT KOH(POPMAIIMOHHBIX H3MEHEHUN KOMIIO-
HEHTOB BHEIIHEH MeMOpaHbl, B TOM YHUCIIE, MOJIEKYJ JTUMonoaucaxapuaos [Gu-
liy6 Evstigneeva, Bunin, 2022b]. ITpu ucrons30BaHUN JaHHBIX CEHCOPHBIX CH-
CTeM BpeMs aHaIHu3a 00pa3loB He mpesblaeT 30 MUH, KpoMe TOTO, JUI MOHU-
TOPHHTA POCTa OMOIUIEHOK He TpeOyeTcs MOMOTHUTENBHBIX MPOOOIOIIOTOBOK
U CIICIMANIBHBIX KpacuTeaed. MUKpOGUIIONTHBINA 1 3JIEKTPOONITHYECKUIT CEHCO-
PBI MO3BOJISIIOT OCYLIECTBISITH OBICTpOE OOHApyKEHHE OHMOIIEHOK B JKHJIKHX
mpo0ax, B TOM YHCJIe Ha PAaHHUX CTaAUsIX MX (HOpMHpOBaHMsA, Oe3 mpeaBapu-
TEJILHOTO MUKPOCKOIMpoBanus oopasma [Guliy, Evstigneeva, Bunin, 2022a,b].
JlaHHbIe METOABI MOTYT YCIICIIHO MPUMEHSTHCS B MEANIIMHCKOH JANarHOCTHKE
JUISL IETEKIMH OMOTUIEHOK B OMONTATax, HAlPUMEpP, B COHUKAIMOHHBIX KHIKO-
CTSIX, MOJTY4EHHBIX C SHAOMPOTE30B TOCIE yIbTPa3BYKOBONH 00pabOTKH, a TaK-
K€ TIPH IKOJIOTWYECKH OPUEHTHPOBAHHOM CEIILCKOM XO3SIHCTBE Ul aHalIM3a
pu30chepHOro MEUKPOOHOMA.

BriepBbie Obla pazpaboTaHa TEXHOJIOTHSI YHUBEPCAIBHOIO OKPALINBAHUS
1 Ka4eCTBCHHOW/KOJIMIECTBEHHON IETEKIMH OMOIUICHOK IpaMOTPHUIIATEIFHBIX
U TPAMIIOJIOKHUTEIBHBIX OaKTepuil ¢ MOMOMIbI0 (DIIyOpeceHTHBIX 30J0ThIX Ha-
HokiactepoB [Detection and imaging ... , 2023]. JlaHHbIE HAHOCTPYKTYPBI OT-
JIUYAI0TCSl BRICOKOH (POTOCTAOMIBHOCTBIO, ITMPOKUM CTOKCOBBIM CIIBUTOM, MC-
KITIOYUTEIIBHOW TPOCTOTONH CHHTE3a, BBICOKOH OHMOCOBMECTMMOCTBIO M BO3-
MOYKHOCTBIO CIEKTPAJIHOM HacTpoiiku sMuccun (uryopecuennnu. Hamu Obum
CHHTE3UPOBAHBI 30J0THIC HAHOKJIACTEPHI HA OCHOBE PA3IUYHBIX OPraHUIECKUX
MOJICKYJI M TIPOBEICH CKPUHHUHT MX CIHOCOOHOCTH B3aMMOAEHCTBOBATH C MaT-
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pUKCOM OMOIIEHOK. Bbulo MmokazaHo, YTO CTAOWJIM3HPOBAHHBIE OCTATKAMH
riyraTrona HaHOKIacTepsl (GSH-AuNCs) criocoOHBI 0e3 y3HAFOIIIX MOJICKYIT
CBA3BIBATHCSI ¢ KOMIIOHEHTAaMH AKCTPAKIETOUYHOTO MAaTpPUKCa, B YaCTHOCTH, C
aMUJIOUIHBIME OenmkaMu U mosucaxapunamu. OmnncaHHOe HaMu  SIBICHHE
HAIUIO MPAaKTHYECKOe MPHIOKEHHE B CO3[AHMM TEXHOJOTWH JUIS JKCIIPECC-
JICTEKIMK OWOIUICHOK Ha pa3JIMYHBIX IOBEPXHOCTSX, BKIIOYAs IMOKPOBHbIE
CTEKJIa, IPOOUPKU U YPOJIOTMYECKHE KaTeTepbl. Pa3spaboTaHHbIl HAMU METOJ
okazaincs B 10 pa3 4yBCTBUTEIbHEE CTAHAAPTHOTO METO/A JCTEKI[MH OHMOTIIC-
HOK Ha OCHOBE KPaCHTEIsI KPUCTAIIINIECKOTO (DHOJICTOBOTO, @ TAKXKE OTIHYa-
€TCsl IPOCTOTOH MCIIOMHEHMS M JIydlieil BocnponsBoanMoctsio [Detection and
imaging ... , 2023]. B otnuume OT 37IEKTPOONTHYECKUX CHCTEM JACTEKIIHU, Me-
TOJl HAa OCHOBE (pITyOPECIIEHTHBIX HAHOKIIACTEPOB MOXXHO MPHUMEHSTH I 00-
HapyXeHHsl OMOIUICHOK HE TOJBKO B CMbIBaX M OMOITAaTax, HO M HEMOCpe.-
CTBEHHO Ha TIOBEPXHOCTH MEIHUIIMHCKUAX YCTPOUCTB iN SitU BKIFOYAst KaTeTepPBbl,
SH/IOTpaxeaabHble TPYOKH, OWJIMapHbIE CTEHTHL. B 1eioM, (IyopecieHTHBIN
METOJ] ACTEKINH OHOIIICHOYHBIX COOOIIECTB MOXET HAWTH MIMPOKOE IPHME-
HEHUE B KJIMHUYECKOH MHKPOOMOJIOrHH, MO3BOJISI ANAarHOCTHPOBATh OIACHbIE
JUTSL KU3HM JIFOJIE TIATOTEHBI, a Tak)Ke MOXKET CTaTh dPQPEKTUBHOU 3aMEHON
METO/Ia Ha OCHOBE KPHUCTAJUTMIECKOTO (PHOJICTOBOTO IMPH BHITIOIHEHHH MHKPO-
OMOIOTHUECKUX TECTOB JII000H HAIIPABICHHOCTH.

Pa3paboraHHble CEHCOpPHBIE CHCTEMBbI OyIyT MMETh BakKHOE (yHIaMeH-
TaNbHOE 3HAUEHHE IS BBIACHEHUS KITIOUEBBIX MEXaHH3MOB OHOIMIEHKOOOpa30-
BaHUS y pa3HBIX THIOB OakTepmil. [loMrMO 3TOTO, TaHHBIE CEHCOPHI CMOTYT
BHECTH BKJIa]] B CO3/1aHHE TIOJIHOIIEHHOH KOMOMHUPOBAHHON JMarHOCTHYECKON
CHCTEMBI JIJIsl paclio3HaBaHHsl OMOIUICHOK B KIIMHWYECKO MMpakTHKe U 1mogdopa
ONTHUMAJIBFHON aHTUMHUKPOOHOH Tepanuu It 60pPBOBI CO CMEPTETHHO OMACHbI-
MU HH(DEKIIMOHHBIMHA 3200JIeBaHUSIMU.

Hccnedosanue evlnonneno 3a cuem epanma Poccuiickoco HAy4YHO2cOo d)OH'

oa Ne 23-24-00246, https://rscf.ru/project/23-24-00246/.

Jlutepatypa

Biofilm— a syntrophic consortia of microbial cells: boon or bane?/ S. Mukherjee,
S. Bhattacharjee, S. Paul [et al.] // Appl. Biochem. Biotechnol. 2023. Vol. 195. P. 5583-5604.

Detection and imaging of bacterial biofilms with glutathione-stabilized gold nanoclusters /
S. S. Evstigneeva, D. S. Chumakov, R. S. Tumskiy [et al.] // Talanta. 2023. Vol. 264. Art. 124773.

Guliy O. I, Evstigneeva S. S., Bunin V. D. Microfluidic bioanalytical system for biofilm for-
mation indication // Talanta. 2022a. Vol. 247. Art. 123541.

Guliy O. L, Evstigneeva S. S., Bunin V. D. Electrical sensor system for in vitro bacteria bio-
film diagnostics // Biosensors and Bioelectronics: X. 2022b. Vol. 11. Art. 100174.

Microbial biofilm: a review on formation, infection, antibiotic resistance, control measures,
and innovative treatment/ S. Sharma, J. Mohler, S. D. Mahajan [et al.] / Microorganisms. 2023.
Vol. 1. Art. 1614.

Microbial biofilms / J. W. Costerton, Z. Lewandowski, D. E. Caldwell [et al.] / Annual Re-
view in Microbiology. 1995. Vol. 49. P. 711-745.
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KOMILJIEKCHBI AHAJIN3 AHTUBAKTEPHAJIBHOI'O
U AHTUBHUOILUIEHOYHOI'O IEMCTBUS BEIIECTB
PACTHUTEJIBHOI'O ITPOUCXOXKJIEHNA

M. B. Kapaxo3osa', I1. A. Hazapos>

'Beepoccuiickuit Hay4qHO-UCCITEI0BATENLCKUIT HHCTUTYT JIEKAPCTBEHHBIX
U apoMaTHUYECKHUX pacTeHuii, Mocksa, mvk752002@gmail.com
2MocKoBcKHif ToCyapCTBEHHBIH yHIBepcHTeT uM. M. B. JlomonoCOBa
Mockga, nazarovpa@gmail.com

ITonck HOBBIX aHTHOMOTHKOB SIBJISCTCS HACYIITHONW NMPOOIEMOM COBpEMEH-
HOTO 37JpaBOXPAHEHHUS BO BCEM MHpe. brIcTpoe pacmpocTpaHeHHE PEe3UCTEHT-
HOCTH CHIDKACT BEPOATHOCTH TOTO, YTO MHBECTUIMH (hapMKOMIIAHWH B pa3pa-
0OOTKY HOBBIX aHTHOMOTHKOB OKYIISTCS, TAKMM 00pa3oM OBICTpBIH M CBOEBpE-
MCHHBIH aHAJIM3 MEPCHEKTUBHOCTH TOMYyYaeMBIX BEIIECTB KaK aHTHOAKTepH-
ANBHBIX areHTOB HEOOXOANM ISl COBPEMEHHOM O0Tpacin pa3paboTKH aHTHOAK-
TEPUAIBHBIX MIPEHapPaToB.

HoBble moaxoas! K MOMCKY aHTHOAKTEPHATIBHBIX MpErnapaToB CpeIu Be-
IIECTB PACTUTEIBHOTO TPOUCXOXKACHHUS TPEOYIOT BBICOKOIPON3BOIUTEIHHOTO
aHaJ3a MoJlydyaeMbIX BEUICCTB, TaK KakK JIMIIh HEOOJNbIIAs 9acTh U3 ITHX CO-
€AMHEHUH TMpPOIIIA TIIATENIbHOE MCCIEAOBAaHUE UX MEXaHM3MOB JCHCTBHSA Ha
OaKkTepuaNbHbIE KIETKH.

B namreii pabote [Antimicrobial and Cytotoxic ... , 2023] MbI nmpoaHam-
3MPOBAIIM BELIECTBO, MOIYYCHHOE U3 SHIO(MUTHBIX IPUOOB, COCYIICCTBYIOMINX
C pacTeHHEM HCCOII JIeKapcTBeHHBIH. HammMu komuteramu u3 Y30ekcTana Obul
BbIZIeJIeH mTamM rpuda Chaetomium elatum u u3 Hero monydeHo aHTHOAKTe-
pHaJbHOE BEIICCTBO — MCHUIIUIOBAas KHCIOTAa. Hamiedd rpymmoil ObL1 OoCy-
IIECTBIEH aHANM3 aHTUOAKTEPUATBLHOTO JEHCTBUS NMEHHUIMUIIIOBONW KHUCIOTHI.
[lernnrHOBas KHUCIOTa MPOJSMOHCTPHpPOBAia CHIIBHYIO aHTHOAKTepHailb-
Hyt0 akTHBHOCTE rpoTuB Bacillus. subtilis u Staphylococcus aureus.

B cuity TOrO, 4TO MOMITBI MHOYKECTBEHHOM JICKAPCTBEHHON YCTOWYHBOCTH
(MJIY) MOTyT IpHHHMATh ydacTHe B OTKAa4YKe aHTHOAKTEpHaJIbHBIX Mpenapa-
TOB, YTO MOXKET JATh TEPAIEBTHUECKOE OKHO B JIBA MOPSIKA BEIWIMH MHUHHU-
MaJIbHOH MHTHOUPYIOMIeH KOHIIEHTPAIWH, MBI IIPOAHATH3HPOBAIN ICHUIUILIO-
BYIO KHCJIOTY Ha CIOCOOHOCTh PACHO3HABAaThCS M OTKAUMBATHCA § MOMIIAMHU
MJTY Escherichia coli, Bkirouas riasayro mommy MJIY E. coli — AcrAB-TolC.

Hammane anTHOaKkTepHanbHON aKTHBHOCTH HE BCETIa O3HAYacT HAJIMYHE
AQHTUOMOIJICHOYHO! aKTHBHOCTH. Tak, HampuMmep, aHTHOMOTHK XJIOpaM(eHH-
KOJI B CyOJIeTaNbHBIX KOHIICHTPAIMAX BBI3BIBACT MHIYKIIHMIO OMOIIEHKOOOpa-
3oBaHms [Conjugates of Chloramphenicol ... , 2022], 9To orpaHW9YHMBaeT €ro
MPUMEHEHHUE M3-32 BO3MOXKHOCTH XPOHH3AIUH WH(PEKIIMOHHOTO MPOIecca MpH
JICUCHUH C TOMOMIBI0 XJopambpenukona (puc.). IToaTroMy MBI IpHUMEHHIH
anpoOMPOBAaHHBIN HAMH METOJ aHaNN3a OWOIUIEHOK M YCTaHOBWIIM, YTO TICHU-
[IUJUTOBAsI KMCIOTa 00TaaeT Kak aHTHOAKTEpHAIEHBIM, TaK U aHTHONOIIICHOY-
HBIM JIEHICTBUEM.
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Puc. ®opmupoBanne OGHOIIICHOK MO/ IciiCTBIEM XJIopaMpeHUKOIIA (ClieBa) U
NEHUIMIIIOBON KHCIIOTHI (crpaBa) [Antimicrobial and Cytotoxic ... , 2023; Conjugates of
Chloramphenicol ..., 2022]

Takum 06pa3zoM, Hamu ObLT pa3pabOTaH KOMIUIEKCHBIN MOAXO/ K aHAIHU3Y
JICHCTBHSI BEIICCTB PACTUTEIBHOTO MPOUCXOXKICHHS, U OH ObLI MPUMEHEH Ha
MPAaKTUKE B OTHONICHUHU MCHHUIIUIIOBON KUCIOTHI, MOJYYCHHON U3 SHIO0(HT-
HBIX TPHOOB.

Paboma 6wira evinonnena npu ¢unancoeoii noddepoicke Poccutickozo
Hayunozo ®@onoa, npoexm Ne 22-15-00099.

Jlutepatypa

Antimicrobial and Cytotoxic Activities of the Secondary Metabolites of Endophytic Fungi Iso-
lated from the Medicinal Plant Hyssopus officinalis / F. Eshboev, M. Karakozova, J. Abdurakhmanov
[et al.] / Antibiotics (Basel). 2023. Vol. 12, N 7. Art. 1201.

Conjugates of Chloramphenicol Amine and Berberine as Antimicrobial Agents / J. A. Pavlova,
A. G. Tereshchenkov, P. A. Nazarov [et al.] // Antibiotics (Basel). 2022. Vol. 12, N 1. Art. 15.

OCOBEHHOCTH BOCHHPUMMYMBOCTU BAKTEPUAI
K AHTUBUOTHUKAM B CMEIHNAHHBIX COOBIIECTBAX

A. P. KaiomoB

Kazanckuit (ITpuBomkckuit) GenepanbHblii yHUBEpCUTET
Kaszans, kairatr@yandex.ru

[Nonasistomee OOMBITHHCTBO MH(DEKIMOHHBIX 3a00JIEBAaHUN UYEIIOBEKa U
JKHBOTHBIX TaK WJIM WHA4YE CBSI3aHO ¢ 00pa30BaHHEM OHMOILICHOK — MUKPOOHBIX
KOHCOPIIMIYMOB, MOTPYKEHHBIX B BBIJCISACMBIA HMU BBICOKOMOJIEKYISIPHBIHA
MaTPHUKC, COCTOAINN M3 OEIKOB, HYKJICOTHOB M IOJHCaXapuaoB. B cocrase
OWOIICHKA MHUKPOOPTaHW3MBI 3alIUIICHEI OT MIMMYHHOW CHUCTEMBI XO35SHHA U
XapaKTepH3yIOTCSl TOJIEPAHTHOCTBIO K IIPOTHMBOMHUKPOOHBIM IIpernaparam Olia-
rogapst MaTpukcy OnorieHkn. HecMOTpst Ha TO 94TO K HACTOSIIEMY BPEMEHH
MIPEIOKEHO MHOKECTBO TIPETIapaToB M CTPATETHH IS SpaJnKaIiy ONOTIICH-
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KH, TIPOJIEMOHCTPUpPOBaHHAs B JlabopaTopui 3((eKTHBHOCTH, HE Bcerja ra-
PaAHTHUPYET YCIEUIHOE JICYCHUE B KIIMHUYCCKUX YCIOBHSX.

B noknazie mpuBoIATCS JaHHBIE 10 M3MEHEHHIO CTPYKTYPBI, COCTaBa Mart-
PHKCa IBYBHOBBIX OHOIICHOK M MX MPOHUIIAEMOCTH AJISI aHTHOMOTHKOB. O0-
CYXKTAIOTCS MEXaHW3MBI 3THX W3MEHEHHI Ha OCHOBE JTaHHBIX TPAHCKPHUIITOM-
Horo aHaymsa u kosmdectBeHHoM OT-IIL[P-PB. Tlo manHBIM MUKpOCKOTUU
nByBu0BbIe OuorieHku S. aureus-E. coli u S. aureus-K. pneumoniae craHo-
BATCS OoJiee TOPUCTBIMU U S. aureus pacriojoXeH B HIDKHUX CIOSX OHOILIe-
HOk. brorienka S. aureus-P. aeruginosa Hao60poT cTaHOBHTCS O0JIee IIOTHOM
¢ mepeMelieHrneM cTadUIOKOKKa B BepxHue ciion. B Ouoruienke S. aureus-K.
pneumoniae yBEIUYMBACTCSl COJIEpKaHUe OeTa-MoJIMcaxapyuioB U CHIDKACTCS
KOTM4YeCcTBO OenkoB. B MaTpukce OmornieHku S. aureus-P. aeruginosa cHmka-
1otcst anbda-monmcaxapunsl U Oenkn. Kpome Toro, B 6mormienkax S. aureus ¢
P. aeruginosa wnu K. pneumonia moaasisieTcss TPAaHCKPUTIIHS ica-omepoHa S.
aureus W MOBBIIIACTCS TPAHCKPHUIIIHSA TCHOB MOJHMCAaXapruaoB B P. aeruginosa u
K. pneumonia. B 1ByBHIOBBIX OHOIUIEHKaX MOBBIIIACTCS IIPOHUIIAEMOCTh MaT-
pukca it (GropxuHONOHOB. JlaHHBIA S(GEKT COXpaHsACTCS MPHU BHECCHUU
KyJIBTYpaJbHON *KUAKOCTH S. aureus k OmoruieHkaM P. aeruginosa, E. coli, K.
pneumonia ¥ MOBBIMIACT YyBCTBUTEIHHOCTh OAKTEpHH K aHTHONOTHKAM.

3nanue YQPEKTUBHOCTH PA3IMYHBIX T'PYIIT aHTHOMOTHKOB JUIS TEParuu
Pa3IMYHBIX CMENIaHHBIX MH(PEKIN, 3aKOHOMEPHOCTH B3aUMO/ICHCTBHS MEWKLY
Pa3IMYHBIMU BHIAMH OaKTEepHii B COCTaBE CMEIIAHHBIX OMOIUICHOK, B TOM YHC-
JIe MOJIEKYJISIpHBIE MEXaHW3MbI JAHHBIX B3aWMOICHCTBHM, ONPENEIIIONNe B
TOM YHCJIe U3MCHEHHE d(P(PEKTUBHOCTH aHTUMHUKPOOHBIX IPErapaToB IpH Te-
paruy CMELIaHHbIX HHPEKINH, TO3BOJIUT CKOPPEKTUPOBATH PEKOMEH ALK 110
panMoOHANEHOMY HCTIONB30BAHUIO PA3TUYHBIX TPYNI aHTUMHKPOOHBIX IIpera-
paToB B 3aBUCHMOCTH OT MUKPOOHOTO cocTaBa HH(EKINH M TOBBICUTH d(h(pexk-
TUBHOCTb €€ TCPAIIHH.

Hccneoosanue svinonneno npu noodepaicke epanma Poccutickoeo nayuno-
20 onoa Ne 24-14-00194, https://rscf.ru/project/24-14-00194
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BUOIIVIEHKH MYCOLICIBACTERIUM SMEGMATIS
HA ITOBEPXHOCTHU INOJIUCTUPOJIA 1 X
YYBCTBUTEJBHOCTb K AHTUMHUKPOBHbBIM NIENTUJIAM

A. H. Jlo6anos', T. B. IToronosa’

Tepmckuit dpenepanbublii uccnenosarenbekuii uentp YpO PAH
[epmb, lobdn26@mail.ru
2MHCTUTYT 3KOJOTMH M FeHETUKU MUKpoopranuzMos YpO PAH
Ilepmb, polyudova@iegm.ru

YCTOHYMBOCTh MHUKOOAKTEpHT K aHTHOMOTHKAaM OOyCIIOBIEHA XHMHYe-
CKOM MpUPOAOH JIMIUAOB BO BHELIHEM CJIO€ KIETOYHOM CTeHKH. Marpukc
OMOTUICHOK MHKOOAKTEpHIl TaK¥Ke CONCPIKUT TIIMKOIICTITHIOIUIIHIbI, KOPOTKO-
L[ETI0YEYHBIE MUKOJIOBBIE KHCIIOTHI M APYTHE COCAMHECHMS, O3BOIIIOMmNE (Hop-
MHpPOBAaTh UX CIOXHYIO apxuTekTypy [Muioz-Egea, Akir, Esteban, 2023].
D¢ PeKkTHBHOCTD 3TOro Oapbepa MOKHO M3MEHHTb C ITOMOIIbI0 WHTHOMTOPOB
OMOCHHTE3a OCHOBHBIX KOMIIOHEHTOB, OJIHUM M3 KOTOPBIX SIBJISIETCS ITOJIHUIIETI-
TUJIHBIA aHTHOMOTHK OalUTPAIMH, YBEINYMBAIOUIMI TPOHUIAEMOCTh KIIETOY-
HoOWM cteHkH [Activities of fluoroquinolone ..., 1993]. [lenTuaHbIe aHTHOHOTH-
K{ MTOJMMHUKCHHOBOTO Psijia TaKkKe 00JIaJaloT aKTUBHOCTBIO B OTHOLICHHU MH-
KobOakTepuil, AEUCTBYS HA IUTOMIA3MATHUECKYI0 MEMOpPaHy U BBI3BIBAS YTEUKY
conepxxkumoro kietok [Koen, Van Breda, Loots, 2018].

Lenpro HacTosmeil paboTHl OBIIO M3y4eHHE aHTHOAKTEPHAIBHOTO JEH-
CTBHS NENTHIHBIX AaHTHOMOTHKOB OalMTpalnHa, IOJIMMUKCHHA b 1 KonncTnHa
(monmuvukcuH E) B OTHONIEHHH TIIAHKTOHHBIX OakTepuii u Guorutenok Mycol-
icibacterium smegmatis mc?155.

B pabore Mcronb30BaHbl MENTHHbIE AaHTHONOTHKY MOJIMMHUKCHH b Cyib-
¢ar, konmcTHH cynbdar u danurpaunt (Sigma, CIIA) MuHUMaNbHbIe UHTH-
6upytomue xonnentparum (MUK) ompeaensmn MeTogoM ABYKPAaTHBIX pa3Be-
JeHuH, kKak ommcano paHee [Suppression of planktonic ... , 2024]. bromnneHkn
BBIPAIIMBAIM B TEYEHHE TPEX CYTOK HA IOBEPXHOCTH MOJUCTUPOIA
(96 nynounble MIOCKOMOHHBIC IIaHmIeTs! (Mennmomumep, Poccust)) B cpene
M63, OTHOKPAaTHO TMPOMBIBAJIH, & JIYHKH 3aIlOJHSIN CTCPHIHLHON MUTATEIBHON
cpeloil ¢ pa3HBIMH KOHIICHTPALMSIMA aHTHOHMOTHKOB. BriiepxuBamu 24 4,
yIAISUTH JKHIKOCTh U OKpatuBain 2 4 pactsopoM (0,05 mxr/mi) thiazolyl blue
tetrazolium bromide (Sigma, CIIIA). ®opmazaH SKCTparupoBIU JIU3HPYIO-
MM PacTBOPOM, MHTEHCHBHOCTh OKPAacKH M3MEpsUIM Ha crektpodoromerpe
(Benchmark Plus, BioRad, CIIIA) [Polyudova, 2024]. [leiicTBre KOMOMHAIMIA
aHTHOMOTHKOB OLICHUBAJIM METOJOM «IIaxMaTHas JI0cka» B OyinboHe Mioiie-
pa-XMHTOHA HA TUIAHKTOHHBIX KJIETKAaX M OMOIUICHKAX, BBIYMCIS (PaKIMOH-
HBIe MHTHOMpYyomue KoHeHTpamun u ux uHaekchl (MDUK) [Synergy tests
by ..., 2005]. Ouenky cuHeprusMa NpoBOAWIN B mporpamme SynergyFinder
Plus [lanevski, Giri, Aittokallio, 2020].
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B pesynbrare uccnepoBanuii ycranoninensl MUK nentuaHbx aHTHOHO-
THKOB JUIsl TUIAHKTOHHBIX KiIeTok M. smegmatis mc?155, cocrapnsomue
100 Mxr/mn st Garurpanuaa ¥ 3,13 MKI/MIT IS K&KIO0TO U3 TTOJTUMHUKCHHOB.
[onaBnenuss OakTepuil OAUUTPAIMHOM B COCTaBE 3pENbIX OWOIUICHOK HE
HAOJIFOAIOCh TIPU KOHIEHTpaluu | Mr/Mi, a MUHUMAJbHAs WHCHOUPYOIIas
KOHIIEHTpanus 000nX MOJMMUKCHHOB Bo3pacTtana a0 100 mxr/mi. CoBMecTHOE
WCIIONIb30BAHNE OamuTpalHa € TOJUMHKCHHAMHU IIO3BOJIHJIA CYIIECTBCHHO
CHH3HThH KOHIICHTPAI[H aHTUOUOTUKOB B mape (TaduL.).

Taoauna

DpaxnOHHBIC HHTHOUPYIOIIE KOHIICHTPANH (MKI/MII) X HHACKC (PaKIHOHHOI

nHrubupytoieit konuentparmn (MOUK) koMOnHaIuii NeNTHAHBIX aHTHOMOTHKOB,
JICHCTBYIOIINX HA IUTAHKTOHHBIC KJICTKN U OnoruieHku M. smegmatis mc?155

I1771aHKTOHHBIE KJIETKU NODOUK Buomnnenku NOUK
Bauurparun 12,5 0,36 250 0,63
Konuctun 0,75 50
Bamurpara 25,0 0,73 125 0,56
TTonumukcun b 1,5 50

Pacuer UDUK nokaszan, 4To CUHEPTU3M COBMECTHOI'O JEHCTBHS IMPOSIB-
JISUICS. TOJIBKO JUIsL Iapbl OalMTPaLH/KOJIMCTHH, ASHCTBYIOIICH Ha IIAHKTOH-
uele Knetkn M. smegmatis mc?155 (MDUK < 0,5). B ocTanbHBIX cirydasx
HaOJI0ANIOCh aIMTUBHOE JeicTBre aHTHOMOTHKOB (0,5 < MDUK < 1,0) (cm.
Tabmn.). Ilpyn u3ydeHun nedcTBUS aHTUOAKTEPUANBHBIX MENTHIOB Ha 3pEible
OmomeHkn ObUIO HccienoBaHo 20 KOMOMHAIMK KOHIEHTPAIM aHTHONOTH-
KOB. Pe3ynbTarsl TecTa ObIIM MPeoOpa3oBaHbl B IPOIEHT KHU3HECTIOCOOHOCTH
OakTepuii, OTHOCHTENILHO KOHTpOJs (0e3 aHTHOMOTHKOB). MareMaTH4ecKHid
aHanmu3 mpoBeneH ¢ npuMeHeHuneMm wmojenn HSA (Higher Single Activity
model). CormacHo naHHOW MOJENH TOKa3aTelb CHHepruu MeHee —10 cBuie-
TENBCTBYET 00 aHTArOHUCTUYECKOM B3aUMOJICHCTBHUU JIBYX COCIMHEHMH, OT —
10 to 10 — annutuBHOE neifctBue, a Oonee 10 — cuneprusMm. B Hammx skcre-
PUMEHTax BbISBICHBI CHHEPTHIHBIC COYETAaHWs Iap aHTUOMOTHKOB. Tak mis
napbl OalUTPAIMH/KOJIMCTHH II0Ka3aTelb CHHEpPrHMu paBeH 18, a s mapsl
OauuTpanuHa/monumMukcud b — 22 (puc.).

Puc. TpéxmepHbIil rpadik CHHEPIUH aHTHOAKTEPHATBHOTO ICHCTBHS Ha OUOTUICHKH
M. smegmatis mc?155 OanuTpanyHa ¢ KOJMCTHHOM (ClIeBa) M OaluTpayHa ¢
nonumukcuHoM b (cripaBa). Ha ocu Z ykasan nokasaTenb CHHEpPTuu (synergy score)
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Takum 00pa3oM, pe3ysbTaThl HCCIEAOBAHHS IOKA3ald BO3MOMKHOCTb
COBMECTHOTO JICUCTBHUS MENTUAHBIX aHTHOMOTHUKOB C IEJIBIO MOIaBICHUS JKH3-
HecrocobHocTH M. smegmatis mc?155 He TONIbKO IUIAHKTOHHBIX (JOPM, HO U B
COCTaBe 3peIbIX OUOTIEHOK.

Paboma svinoanena ¢ pamxax eocczaoanus Ne 124020500028-4.

Jlutepatypa

Activities of fluoroquinolone, macrolide, and aminoglycoside drugs combined with inhibitors
of glycosylation and fatty acid and peptide biosynthesis against Mycobacterium avium / W. W. Bar-
row, E. L. Wright, K. S. Goh, N. Rastogi // Antimicrobial agents and chemotherapy. 1993. Vol. 37,
N 4. P. 652-661.

Ianevski A., Giri A. K., Aittokallio T. SynergyFinder 2.0: visual analytics of multi-drug com-
bination synergies // Nucleic acids research. 2020. Vol. 48, N 1. P. 488-493.

Koen N., Van Breda S. V., Loots D. T. Elucidating the antimicrobial mechanisms of colistin
sulfate on Mycobacterium tuberculosis using metabolomics // Tuberculosis. 2018. Vol. 111. P. 14-19.

Muiioz-Egea M. C., Akir A., Esteban J. Mycobacterium biofilms // Biofilm. 2023. Vol. 5. Art.
100107.

Suppression of planktonic and biofilm of Escherichia coli by the synergistic lantibiotics—
polymyxins combinations / T. Polyudova, L. Lemkina, D. Eroshenko, A. Esaev // Archives of Mi-
crobiology. 2024. Vol. 206, N 4. Art. 191.

Synergy tests by E test and checkerboard methods of antimicrobial combinations against Bru-
cella melitensis / G. Orhan, A. Bayram, Y. Zer, 1. Balci [et al.] // Journal of clinical microbiology.
2005. Vol. 43, N 1. P. 140-143.

BJIUSTHUE YTJIEPOJHBIX HAHOMATEPHAJIOB
HA BUOILIEHKOOBPA30OBAHUE MUKPOOPTAHU3MOB
W UX AJATITAIIMOHHBIE PEAKIIUU

10. T'. Makcumosa'?, E. B. ITeankosa!, A. 0. MakcumoB

"MHCTUTYT DKOJIOTMHU M FeHETHKH MUKpoopranusMos YpO PAH —
¢dumman [epmckoro ITOULL VpO PAH, ITepms, yul max@mail.ru
TlepMcKkuii rocy1apcTBEHHBI HAIMOHATBHBIH HCCIIEI0BATEBCKUH, yHUBEpCHTET, TTepMb

buorienkn — ocHOBHasl (popMa CyIIeCTBOBAHHS MUKPOOPTaHHW3MOB, 3HA-
YUTEIbHO OTIMYAIOLIAACA OT IUIAHKTOHHOM POCTOBBIMU XapaKTEPUCTUKAMH,
9KCIPECCUCH TCHOB, MOBBIIICHHON YCTOHYUBOCTHIO K HEOIArONPUSITHBIM (haK-
TOpaM Cpebl. YCHIIEHHOE OHOIIIEHKOOOpa3oBaHHE MOXKET OBITh aJanTalloH-
HOW peakifeil Ha pa3nudHble (PaKTOPhI BHENTHEH CPEJIbl, U CaM MPOIECC MOXKET
MIPUHOCUTH THOO0 Bpex (B Clydae MHKPOOPTaHM3MOB, BBI3BIBAIOIINIX MEPCUCTH-
pyromiye WHPEKIUH, KOPPO3UI0, KOJIOHH3ALUI O0OPYAOBAHUS W T. 1.), JTHUOO
MOJIb3y, KOTJa MHUKPOOHBIE OWOIMJICHKH OCYIIECTBISIIOT OHOTEXHOIOTUYECKU
3HAYMMEBIE TIpoIiecchl (OnokaTams, OposkeHne, OHoIerpaannio, OYUCTKY CTOY-
HBIX BOJ, JJICKTPOreHe3, OMoJeTeKnuo). B cBszu ¢ atiM Tpedyercs pa3paboTka
MOAXO/IOB K MPEOTBPAIICHUIO (POPMUPOBAHUS U HIUMHHUPOBAHUIO «BPEIHBIX)
MHUKPOOHBIX OMOIIIEHOK WITH, HA00OPOT, K MOACPIKAHNIO «TIOIE3HBIX).
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B mocrnennee Bpems Oonbiioe BHUMaHHE YACTSETCS HAHOPAa3MEpHBIM Ma-
TepuaiaM, B TOM YHCJIE YIICPOAHBIM HAHOTPYOKaM W TpadeHy, B CBS3U C HX
YVHHUKAJIbHBIMA MEXaHUYCCKUMH, XUMUYCCKUMH U (DU3NYCCKUMH XapaKTepu-
cTUKaMH. JlaHHbIE O BIMSIHUM HAHOYTJIEPO/ia Ha MUKPOOPIaHU3Mbl IPOTHBOPE-
YHUBBI: TaK, €CTh HEMAJIO CBEICHUN 00 WX aHTHMHUKPOOHBIX U aHTHOHMOIIICHOY-
HBIX cBoifcTBax [Review on antimicrobial ... , 2023], ogHako caMu yriaepoj-
HbIC HAHOMATEPHAJIbl HE 00CCIEYHBAIOT TAKOW CHJIbHBIN aHTUMHUKPOOHBIN (-
dekr, Kak, HalpuMep, HAHOYACTUIBI OJIArOPOIHBIX MeTasIoB. Hanomarepuabt
MOTYT IPOSIBIISATH CBOKO aHTHOWOIICHOYHYIO aKTHBHOCTH MOCPEACTBOM MHO-
JKECTBAa MEXaHHM3MOB: 1) IPSIMOTO B3aMMOJICHCTBUS C KIETKOM (amcopOrws, 00-
pa3oBaHHME aKTUBHBIX (GOpM Kuciopona, B3amMoneiicteue ¢ JIHK w/nnn Gen-
KaMH); 2) HHTHOUPOBAHUS MPOIYKIIMN BHEKIETOYHOTO MAaTPHUKCA, MEKKIETOU-
HOWl KOMMYHHKAIHH; 3) 3aIlycKa HMMYHHOTO OTBETa XO3SHHA MpPU KOJOHHU3a-
1uu Makpooprannima [Maksimova, Zorina, 2024].

Llenbio paboOTHl SBUJIOCH M3YyUeHHE BIUSHUS (YHKIMOHATM3UPOBAHHBIX
yrIepoHbIX HaHOTPYOOoK (GYHT) u nmpon3BoAHBIX TpadeHa Ha KISTKH B OHO-
TUICHKH MTPOTEOOAKTEPHIA, HMEIOMINX OHMOTEXHOJIOTHYECKOE 3HAUCHHE.

Ha mpumepe nporeobaktepun Alcaligenes faecalis 2, Beinenennoii Hamu
paHee W3 akTUBHOTO Wia [bakrepun akTWBHOTO Wia ... , 2015], M3y4eHo Bo3-
nevicteue YHT u mponsBogHBIX TpadeHa Ha OHOIIIeHKOOOpa3oBaHHue, MeTabo-
JIMYECKYI0 aKTMBHOCTh U MOP(POMETPUYECKHE XAPAKTEPUCTUKH KIIETOK OHO-
mieHoK. buomaccy Ouoruienku orneHuBany mo Olls4o SKCTparupoBaHHOTO Kpa-
cUTENsT KpucTamniaeckoro ¢uosieroBoro (Peaxum, Poccust), MmeTabomnaeckyro
AKTUBHOCTB — 110 m3MeHeHut0 OIls7o Ipu BOCCTAHOBICHUU COJIM TETPA30JIHS 10
okpauienHoro (opmazana (peaktuB MTT, Servicebio, Kurait), mopdonoruto n
MophoMeTprUecKrne XapaKTepUCTHKH u3ydanu ¢ mnomomipio ACM  Asylum
MFP-3D-BIO (Asylum Research, CLIA).

YcranosieHo, uro okcun rpadena (I'O) npuBoaUT B OOJBIIHMHCTBE CITy4a-
€B K JIOCTOBEPHOMY CHUKeHHIO Oromacchl Ouorutienku A. faecalis 2 kak mpu
POCTE B MIPHCYTCTBHH HAHOMATEPUAJIOB, TaK M TIPH 4-9aCOBOM BO3/ICHCTBHU Ha
3penyro omoruieHKy (puc. 1). Taxke HOCTOBEpHO CHIIKAETCs MeTaboImYecKast
AKTUBHOCTh KJIETOK OumoruieHoK. OpHako Bo3zaeicTBue Ooisiee ruapodpoOHOro
BOCCTaHOBJICHHOTO okcuia rpadena (B['O) mpuBOAMT K HaAKOIUIEHHIO Ha 7-€
CYTKH pocTa OMOMACCHI, MIPEBBIIIAIONICH KOHTPOJIBHYIO OMOIUICHKY B 2 pasa.
Merabonmdeckas akTUBHOCTh KJIETOK OMOIUICHOK CHIYKAeTCs Kak Ha 3-e, TaK |
Ha 7-¢ CyT. pOCTa IIPU BO3ACHCTBUU TUX YITIEPOJHBIX HaHOMarepuasnos. 1lpu
9TOM HE MPOHMCXOTUT HH IOJHOIO TOJABICHUS] METaboNnu3Ma WM UHIHOUpO-
BaHUs OMOIUICHKOOOpa30BaHMUs, HU aOCOJTIOTHOW dpaJUKAIlK OHOIICHOK IO
BO3/ICHCTBUEM MIPOU3BOAHBIX rpad)eHa.
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Puc. 1. Bimsinue npoun3BoHbIX rpadena Ha Ouoruienkoobpasosanue A. faecalis 2.
Buomacca 3 (1,3,5,7) u 7 (2,4,6,8) cyrounoii buorutenku Ha cpeae BTH ¢ YHM (1,2,5,6) n
nocie paspyurenus B 0,9 % NaCl ¢ YHM (3,4,7,8), okpacka KpUCTaLTHYECKUM
(duoneroBeim, OlTss0 (1-4), okpacka peaktusom MTT, OlIls70 (5-8), *p < 0,05 (n = 16)

YHT onuoctennsle Hemomuduuupoanusie (OYHT) u pyHKmoHanmsu-
poBaunbie rpynmamu -COOH BbI3bIBaNM yCHJICHHE OHOILUICHKOOOpPA30BaHUS
A. faecalis 2. Mzyuensr MOpHOMETPHICCKHE XapaKTEPUCTHKH KICTOK OHOTLIC-
HOK, OTMEYEHO YBEIHMYCHHE IIEPOXOBATOCTH ITOBEPXHOCTH KJIETOK IPH BO3-
neiictBun OYHT u OYHT-COOH (142,91£11,42 u 149,15+5,44 M 1mpoTuB
115,47+7,63 1M B KoHTpoJIe). [Ipn 3TOM KJIeTKH ObUIN HOKPBITHI arperupoBaH-
HBIM MaTepUaioM, IPEIMOI0KUTETHHO, IK30TIOIUMEPOM (pHcC. 2).

Puc. 2. Usmenenre mopdosorun kietok ouoruienok A. faecalis 2 mos Bozaeiicruem YHT:
A — xontpons, b — OYHT, B - OYHT-COOH.

TakuMm 00pa3oM, He OOHAPYKEHO CHIBHOrO AHTHOMOIUICHOYHOrO Jeid-
cTBUs mpon3BoaHBIX rpadena, a OYHT u OYHT-COOH oxka3eBanm, Hao60-
poT, pobuorieHouHoe aeiictere Ha A. faecalis 2.

Hccneoosanue svinoaneno sa cuem epanma Poccuiickozo nayunoeo gponoa
Ne 24-24-20008.
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Jlutepatypa

bakTepun akTHBHOIO MiIa GHOIOTMYCCKHX OYUCTHBIX COOPYXKCHHIL, TPAaHCHOPMUPYIONIUE LH-
AQHOMMPUANHBI WM aMHIbl NHPUANHKApOOHOBBIX KucaoT/ B. A. Jlemakos, JI. M. Bacuibes,
10. T'. MakcumoBa, [u ap.] // Mukpo6uosorus. 2015. T. 84, Ne 3. C. 369-378.

Maksimova Yu. G., Zorina A. S. Antibiofilm and Probiofilm Effects of Nanomaterials on Mi-
croorganisms (Review) // Appl. Biochem. Microbiol. 2024. Vol. 60, N 1. P. 1-16.

Review on antimicrobial mechanism and applications of graphene-based materials / K. Shan-
kar, S. Agarwal, S. Mishra [et al.] // Biomat. Adv. 2023. Vol. 150. Art. 213440.

MOHO®TAJIATBI KAK BEPOATHBIE PETI'YJIATOPBI
KJIETOYHOI'O POCTA U BUOINIEHKOOBPA3OBAHUSA
SERRATIA PROTEAMIACULANS

JI. A. Makcumona, T. H. llla¢uxona, A. I'. EnHukeeB, A.A. CeménoB

Cubupckuit MHCTHTYT (usnonoruu u onoxumunu pactenuit CO PAH
Upkytck, VendyS@yandex.ru

PacripoctpaneHo MHeHHE, YTO (hTaNaThl SBISIOTCS MCKIIOYMTEIBHO KCe-
HOOMOTHKAMU-MIOJUTIOTAHTAMHY, @ BBICOKMH YPOBEHb HAXOXJICHHSA UX B OKpY-
KAOIIeH cpeae — CIeACTBHE 00JerdeHHON Aud(dy3HH 3THX COCIWHEHHH W3
IJIACTMACCOBBIX M3eauid. B Hacrosmee BpeMs HSKCHEPHMMEHTAIbHO J0KazaHa
BO3MOYKHOCTh OMOCHHTE3a JHJIOT€HHBIX (DTajaTroB B OpraHu3Max pasInYHBIX
TAaKCOHOMHYECKUX TPYMI: PAcTeHHAX, Ipubdax M MHUKpOOpraHusMax. Panee
HaMH OBIIO CHENAaHO MPEIONIOKEHHE O OMOIOTHYECKOW PO IHIOTEHHBIX
¢ranaToB pacTeHHI Kak COCIMHEHHH BTOPHUYHOTO MeTaboiM3Ma IperMylie-
CTBEHHO C 3aIUTHON (DYHKIIMEH, Y4aCTBYIOIINX B CETH MEKBHIOBBIX B3aUMO-
JICHCTBUM MEXTy PacTCHUSAMH, KUBOTHBIMHU, TPUOAMU M MHKPOOPTaHHU3MaMH.
Konnemnmus Onorenesa (ramaroB mpennosaracT HaJIW4HWe OMNpeIeNCHHBIX
GyHKUMIT 9THX COeTMHEHNH B XMBBIX cucteMax. Ha ¢usnonornyeckom ypoue
(ranaTel MOTyT JIeHCTBOBATh KaK META0OJIMUECKUI M3PANTOp, HAPYILAIOLIINI
KOOPJMHAITUI0 OOMEHHBIX MpOIleccoB. V3BecTeH OJWH W3 MEXaHU3MOB JIEH-
CTBHS TUX COEAMHEHMH — JIMTraH-PELIENTOPHBIN, YTO HE MCKIIOYAeT HaIU4YHe
U IpyTUX MOJCKYJIIPHBIX MeXaHu3MoB [MakcumoBa, I1ladukosa, 2022].

OKCHepUMEeHTaIbHbIC HCCIECOBAHUA (DU3HOJOTHYCCKOTO BO3ICHCTBHA
(dTanaToB BemyTCSl C CHHTETHUECKUMHU aHAJIOTAaMH, B CBS3U C TPYIHOCTBIO BBI-
JIENeHNs] HaTHUBHBIX COE€AMHEHHHA. Mekay TeM CHHTETUYECKHE M DHIOTEHHbIE
(TanaTbl UMEIOT CYIIECCTBEHHBIC CTEPEOXUMUYECKHE PA3INUNs, YTO MOXKET SIB-
JATHCS MIPUIMHON Pa3sHOHANIPABICHHOCTH WX BO3/ICHCTBHS Ha )KUBBIE OpTaHU3-
Mbl. bronoruueckas poib MpUpOIHBEIX (ramaTtoB ocTaeTcs HEYyCTAHOBICHHOM.
Kiacc dranaroB pazHOOOpa3eH 10 CTPOSHHIO KOHIIEBBIX PAIAMKAIIOB, U 110 BCEH
BEPOSITHOCTH, UMEHHO OHH SIBIISIFOTCS OMNpeJelsiomell (yHKIHOHAIBHON Je-
tepMuHaHTOW. CpaBHEeHHEe Qu3nonornueckoro 3ddekra ¢ranaToB paszHOTO
CTPOCHUSI SIBIIACTCS LIENIBIO JAHHOH PabOTHI.
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HccnenoBanns HaYadwMCh C M3YYCHUS BIMSHUS CHHTCTHYCCKUX aHAJIOTOB
MoHodTanaToB (MoHOMeTHIPTaTaT (MH®); MoHOHOHIIpTAaTaT (MH®) 1M MO-
noatmirekcundranar (MOI'®) Ha poct u OGnomeHkooOpa3zoBaHne y OakTepun
Serratia proteamiaculans (urramm nr06e3no npemocrasnen FO. B. 3aiiesoii u3
SlpocinaBckoro rocyaapcTBeHHOTO yHUBepcutTera uM. [1. T'. Jlemumosa).
S. proteamaculans xoporio u3yueHa Ha MOJIEKYJSIPHO-TE€HETHYECKOM YPOBHE U
SIBIISICTCS.  yIOOHBIM MOJEIBHBIM OOBEKTOM M HU3Y4YEHUS PACTUTENBHO-
MHKPOOHBIX B3aNMOJICHCTBHN Ha PA3IMIHBIX YPOBHIX OpPTaHW3AIUH.

[ToromcTBO OnHON OakTEepHu — OJHA KOJOHEOOpasyromas eIuHHLA — pe-
CYCIICHIUPOBATIACh B 3 MII )KHIKOW MHUTATeIbHOH cpensl 1/4 YPD u Breipamu-
BaJach CyTKH IIPH TIOCTOSTHHOM TIepeMeInBaHuu B TeMHoTe mpu 25 °C. [lanee
9Ta UCXoaHas cycneHsus paspoamnack 1o 80 mi 1/10 YPD u paspensnace Ha
BapuaHThl 110 20 Mi1. MoHO(TaNaTel [OOABISUTUCH B KOHIEHTparmu 20MKM B
KOHeuyHOM oObeme. Kakaplii BapHaHT pacKambIBaICS B OTAENBHBIN 96-
JYHOYHBIM OTJAENBHBIN IUIAHIIET, KOTOPHIE IOMEIIAINCh B TEPMOCTAT IPH
28 °C. Yepes 7 cyT. COBMECTHOTO KYJbTHBUPOBAHHS C (hTajaraMu n3Mepsuiach
ONTUYECKAs IUIOTHOCTH, 10 KOTOPOW CYAMIIA O pOocTe OaKTePHAIbHOU KYyIbTY-
PHBI ¥ INIOTHOCTH OHOIUICHOK.

BrisBiIeHO, YTO B NPHCYTCTBHE B Cpeie HCCIEAYeMBIX MOHO(TAIaTOB
pOocCT GaKTepUATLHOM CYCIIEH3UN YCHUIIMBAETCs (pHC. ).
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Puc. Pocr (@) n 6Guoruienkoobpaszosanue (6) S. proteamiaculans B npucyrcrun
MOHO(TANAaTOB. [JaHHbIC TIPEICTaBICHBI B Buie M3, N = 65,0 — HCXOHASI CyCIICH3HS

Ha mporecc 6uorieHK00Opa3oBaHUs JEHCTBHE HCCICAYSMBIX MOHO(TA-
JIATOB PA3IMYHO: Kak HedTpambHoe (MOI'®), yMepeHHO BBIpaK€HHOE IO/aB-
nerne Gopmuposanus onormieHok (MH®), Tak n crumyssimus (MMO).

W3BecTHO, YTO MHKPOOPTaHU3MBI MOTYT HCIIOJNB30BaTh (hTamaThl Kak op-
TaHUYECKHUil CyOCTpaT, OJJHAKO COOTHOIICHUE UCIIONIb3yeMOW B JaHHOW paboTe
KOHIIEHTpAINH JIEHCTBYIONIETO BEMIECTBA U 00BheMa Cpeibl MPEeHEOPEIKUMO Ma-
50. [ToaToMy HaOmomaeMbIit ekt MOHOPTATATOB HA POCT U OMOTUIEHKOO0-
pa3oBaHue OaKTepHil CBUACTEIBCTBYET B IOJB3Y HX JCHCTBUS Ha PEryJsTOp-
HOM YpOBHE.
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B pabore Dominelli mokazano, 4to (heHOTHIIHYECKas TeTepOreHHOCTh
Photorhabdus luminescens siisiercst pe3ynbTaToM MUTEHETHYECKUX Mpeodpa-
30BaHMH. XOTs MeXaHU3M (PEHOTHIHMYECKOTO MEPEKIIOYESHUsI OCTAeTCs MOKa
HEH3BECTHBIM, €CTh CBEJCHUS, YTO HEMAJIOBKHYIO POJIb B 9TOM COOBITHH HI-
paroT TpaHCKpHUNIMOHHBIE peryisTopbl [High-throughput sequencing ... ,
2022]. IInankToHHAs (a3a W OMOIUICHKH TaKXKe SIBIIFOTCS TUCKPETHBIMHU (he-
HOTHITMYECKUMH (pOpPMaMH CYLIECTBOBAHHMS MHUKPOOPIaHM3MOB. MBI mpenro-
JlaraeM HaIM4pe aHAJOTWYHOTO «mepekmodarens» (phenotypic switching) u
st (a3 TIaHKTOH/OMOIIIICHKA, HE MCKIIoYas WHble (opMbl peryisiunu. Bos-
MOKHO, 4TO (hTajaThl (a TakKe Jpyrue coeuHeHus kiacca QS) sBIsIOTCS UH-
JIYKTOpaMH ()eHOTHITHYECKOTO MTEPEKITFOUCHHMSI.

Paboma evinonnena 6 pamkax npoekma noo HOMepoM 20Cy0apCmeeHHO
peaucmpayuu — 122041100050-6.

Jlutepatypa

Maxkcumosa JI. A., [lla¢ukosa T. H. DunoreHHsle (ranarsl KaKk BEPOSTHBIN PEryIsTOp Mex-
BUJIOBBIX B3aUMOOTHOIICHMH B Ouonenose / W3Bectust Bys3oB. IlpuknagHas Xumus H
6uotexHonorus. 2022. T. 12, Ne 3. C.424-437. https://doi.org/10.21285/2227-2925-2022-12-3-424-
437.

High-throughput sequencing analysis reveals genomic similarity in phenotypic heterogeneous
Photorhabdus luminescens cell populations / N. Dominelli, H. Y. Jdger, A. Langer, A. Brachmann,
R. Heermann //Ann Microbiol. 2022. Vol. 72. https://doi.org/10.1186/s13213-022-01677-5

BJIMAHUE TOBPAMUIIMHA HA BUOIIJIEHKOOBPA30BAHUE
HITAMMOB PSEUDOMONAS AERUGINOSA,
BBIAEJEHHBIX Y BOJIBHBIX MYKOBHUCIHIUJ1030M

Y. M. Hemuenko, H. JI. besskoBa, P. E. 3yreesa, E. JI. CaBusion

Hay4Hblii eHTp mpo6IieM 30pOBbsI CEMBH H PEIPOIYKIHH YEIOBEKA
WHCTUTYT 31IHIEMHOIOTHH U MUKPOOHOJIOT UK
UpkyTck, umnemch@mail.ru

MyxkoBucuuno3 (MB) oTHOCHTCS K ayTOCOMHO-PELECCHBHBIM HACIE/I-
CTBEHHBIM 3a00JIEBAHUSAM, C MHOTOOOPA3HBIMH KIIMHUYECKUMHE MPOSIBICHHUSMH,
BEYILYIO POJIb B KOTOPBIX UTPACT HAPYILICHHE CEKPETOPHOU (DYHKIIUH BCEX K-
30KPUHHBIX JKEJIE3, IPUBOIAIICE B OOJBIIMHCTBE CIIydacB, K MOPAKECHHIO JIET-
kuX. Her3MeHHON KOMITOHEHTOH, OnpeIesisifoleil MporpeccupoBatue O0Ie3HH ,
SIBISICTCSL  XPOHHWYECKAsl KOJOHHM3AlUs JbIXaTeNIbHBIX myTedl mnpu MB
Pseudomonas aeruginosa [Ilepenoscka, CrosinoBa, Ctparesa, 2015]. Crioco6-
HOCTh K 00Opa30BaHWIO  OWOIUICHKH  MOIACPKUBACT  IEPCUCTEHIIMIO
P. aeruginosa, u MoxeT crmocoOCTBOBATH MATOreHE3y JErOYHBIX 00OCTPEHHI.
B cBsi3u ¢ 3THM HapyllleHHE TPOHUKHOBCHUS IPOTUBOMUKPOOHBIX MPEIapaToB
gyepe3 OakTepuasbHYI0 OMOIUICHKY CYMTAETCS OJHON M3 BaXKHEWINTNX MPUYNUH
HeycIexa MpOTHBOCHHETHOWHOM Tepanun ipu MB [Parkins, Somayaji, Waters,
2018; Taccetti, 2021].
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BaxHBIM 37IeMEHTOM Teparui MyKOBHCIIHI03a B TIOCIIEIHEE ACCATHIICTHE
CTaJI0 MHTAJSIIHOHHOE MPUMCHEHHE aHTHONOTHKOB. OHUM W3 HanboIee IIu-
POKO IIPUMEHSIEMBIX MpernapaToB, 00JIaIAI0NMM MHUHUMAIBHBIMU TOOOYHBIMH
sddexTamu, ABISIETCS aMHUHOTIMKO3UAHBIN aHTHOMOTHK ToOpamunuH [Ilepe-
HOBCKa, 2015].

Leab padoTsl: ucciae0Bath iN VIitr0 akTUBHOCTH TOOPAMUIIMHA B OTHO-
IIeHnH OMOIIICHOK TaMMOB P. aeruginosa, BeIIeIeHHbIX 0T 60nbHBIX MB.

MatepuaJjsl 1 MeToAbl. OOBEKTOM HCCIICIOBAHNS CTAJIH JCBITH KIIMHH-
YeCKHUX IITaMMOB P. aeruginosa m3 paboueil KoIeKuu J1abopaTopuu MUKPO-
ouoma u mukpodkonorun UOM HII TI3CPY, BeIeIEeHHBIX OT MATH MAIIHEHTOB
¢ MB. Cnocobrocts k Ouorrenkoo6pasoBanmto (BII), ompenenenne MIIK
ToOpaMHUIIHA B OTHOIICHHWH TUIAHKTOHHBIX KJIETOK OIICHHBAIH MO METOIHMKAM,
onmcaHHbIM panee [Tamanbckuii, 2018; Hemuenko, 2022]. Biusaue TodOpaMu-
muHa (Tobramycin, Sigma-Aldrich) Ha OuOIUIeHKH OLIEHMBAIM IyTEM BHeECe-
HHUS pacTBOpa aHTHOMOTHKA (50 MKIT), MIPUTOTOBIEHHOTO 10 CTaHJApTHOH Me-
toauke (COCT P ICO 20776—1-2010) B myHKH 96-TH JIYHOYHOTO CTEPHILHOTO
IUTOCKOZOHHOTO MMMYHOJIOTHYECKOTO TuTaHmera. [IpeaBapuTeisHO TyHKH ObI-
JI1 MHOKYJIHPOBAHbI CyCleH3HueH MHUKpoopraHu3mMoB (150 Mk GakTepuanbHOI
B3BecH, 1-10° KOE/Mi). CiocoGHOCTE ToOpaMUIIMHA BO3AEHCTBOBATh Ha GHO-
IUICHOYHYIO aKTUBHOCTH OIICHWBAJIHM HAa HAYaIBHOM JTalle aAre3dH KIETOK K
IUIACTUKY M Ha CyTO4YHYyI0 OuorieHKy. Koadduunenrt BnusHust ToOpamMunnHa
paccuntsiBany 10 Gopmyiie: OIT Bllon/OIT BIlges amm, rie OIT Bllonur — onTn-
YecKasl IUIOTHOCTh ATAHOJIBHOTO KCTPaKTa OWOIIICHKH, TOABEPTIICHCS BIHS-
uuto Toopamuuaa, OIT Bllse; amm — onTHYECKast MIOTHOCTD 3TAHOJIBHOTO JKC-
TpaKTa OMOIJICHOK KyJIbTYyp HE MOABEPraBIIUMCS BIUSHUIO aHTUOMOTHKA. [Ipn
ko durmente < 0,9 cuntanu, uro AMII Bmuser Ha Omomenky; ot 0,9 mo
1,0 — AMII cnabo Bnusietr Ha OuoruteHKy; ot 1,0 n Beimie — AMII He BimseT Ha
OuoIUICHKY [BiHsHUEe aHTUMUKPOOHBIX ... , 2022].

Pe3yabTarbl. CiocoOHOCTRIO K OHOIUIEHKOOOPAa30BaHMIO O0JIANaIu BCe
HCCIIeyeMbIe IITaMMBI, TIPH 3TOM CEMb H30JIATOB (POPMHPOBATH YMEPEHHO
BeIpakeHHbIe BII, nBa m3omsaTa obOmamanu cinaboil crocoOHOCTBIO 00Pa3OBbI-
Batb BII.

B skcnepuMeHT mo Bo3AeHcTBHIO ToOpamunuHa Ha ¢opmupoBanue bIT
OBUTH B3ATHl pabOYHe PacTBOPHI TOOpAMHUIIMHA B KOHIICHTpArMax 2,0 MIK/MiI,
0,25 mrx/mi, 0,12 Mrk/mir, BXOISINUE B JAMAIA30H LEJIEBBIX U JIOMYCTUMBIX
3HAUYEHUH.

IIpoBeneHHBIE MCCIIEIOBAHMUS MTOKA3aH, YTO TOOPAMHUIIMH B KOHIIEHTpa-
muu 2,0 Mrk/mi HambOosee S(PQGEKTUBHO TOMABIISI PaHHUW OSTal  ajre3uu
mrammoB P. aeruginosa (y2 =4; x2 = 5,84 npu cpaBHEHUH BIHSHHS KOHIICH-
tparwmii 2,0 mrr/mia u 0,25 mrr/mit; 2,0 mri/mit u 0,12 mrr/ma, (p < 0,05). Tpu
cpaBaennu OIT BIT kynbTyp, He TTOIBEPTaBIIMXCS BO3JICHCTBHIO TOOpAMHUIIMHA
u OIT BII kynbTyp, mocie Bo3aeicTBUS TOOpaMUIIIHA Ha HA9aIbHOM JTaIle aj-
re3sud TaKXKe YCTAHOBJICHA 3HAYMMAas pasHHUIA TOJBKO IPH BO3ACHCTBUH
tobpamunmHa B koHIeHTparun 2,0 Mrk/mMit (Usyn = 3; €CTh pa3HUIIa MEXITY OI-
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TUYECKOW ITUIOTHOCTBIO /10 M mocie BozxaeictBust AMII, kpurepuit Manna-
YutHu, p < 0,05).

ToOpaMULIMH B TECTHUPYEMBIX KOHIEHTpALUAX HE MPOHMKAN B CyTOUYHbIE
ouorutenku, OIT chpopmupoBannbix BIT mocne Bo3nedcTBUS aHTHOMOTHKA Oblia
BEIIIIE, YeM Y OMOTIICHOK Ha HAa4aIbHOM JTare aire3ud, MPH BO3ICHCTBUHN KOH-
nerrpamuit 2,0 Mre/Mit (Usyn = 1) 1 0,25 mre/mit (Usyn = 16) (kputepuit Man-
Ha — YUTHH, pa3HUIA 3HAUMMa MEXAY ONTUYECKOW IJIOTHOCTBIO (popMHUpPYIO-
mieticst OMOTUTEHKH M CYTOYHBIX OHOTUIEHOK, P < 0,05). ToOpaMuIuH B KOHIICH-
Tparwmu 0,12 Mrr/mit ObUT He (G PEeKTUBEH Ha 000UX cTausx popmupoBanust BIT.

3akmodyenne. Xopoiio U3BECTHO, YTO MUKPOOHOTa, popMupyromas Ouo-
IUICHKH B JIETKUX, JEMCTBYET KaK 3aIlUTHBINA Oapbep ISl MHTAJSIIUOHHBIX aH-
THOMOTUKOB ¥ MHTHOMPOBaHUE 00pa30BaHUsI OMOIUICHOK, TO-BHIANMOMY, OKa-
3BIBAa€T MOJIOXKHUTENBbHOE BIHstHAE Ha TedeHne MB [Cystic Fibrosis ... , 2021].
[ToaTOMY KOHIIEHTpALUX MPOTUBOMUKPOOHBIX MIPENapaToB, 10CTABIsIEMbIE TIPU
WHTAJSIAHA B JIETKUE, JOJDKHBI MPEBBIIATh PEKOMEHIyEeMbIe IS CHCTEMHOTO
BBEJICHUSI MHHUMAaJbHBIC WHTHOWpPYIOIIHE KOHIeHTparwu. Hamie wmccmemoBa-
HHE [I0KAa3all0, YTO BO3JeCTBOBATh Ha OHormieHku P. aeruginosa meo6xoamumo
AMII B KOHIIEHTpALUSX, MPEBHINAIONINMHU JOMyCTUMBIC 3HaYeHUs. Tobpamu-
IIMH TOJIKO B KOHIIEHTpamuy 2,0 MIK/MJI TIPETISITCTBOBAJ PAaHHEMY dTaIy OHo-
IUIEHKO0Opa30BaHus, a COPMUPOBAHHBIC OMOIUICHKH OBLIM yCTOWYHBEI K aH-
TUOMOTHUKY BO BCEX TECTUPYEMbBIX KOHIICHTPAIIHAIX.

Paboma evinonnena ¢ pamkax nOUCKO80U MEXHOIOUU, HOMeED 20C. pecil-
cmpayuu Ne 123051600027-1.

Jluteparypa

BrnusiHne  aHTHMHKPOOHBIX — MperapatoB Ha  OHOIUIEHKooOpasoBanme —Pseudomonas
aeruginosa / V. M. Hemuenko, K. O. Curnukosa, H. JI. BenbkoBa [u 1p.] / BaBUIOBCKMiA *KypHAIT
reHeTuku u cenekuun. 2022. Ne 26 (5). C. 495-501. DOI: 10.18699/VIGB-22-60

Iepenoscka I1. U., Crostnosa I'. T1., Ctpatea T. B. AHTHOaKTepuaibHas akTHBHOCTb TOOpa-
MHIMHA B OTHOIICHHH [TaMMOB Pseudomonas aeruginosa, BbIACICHHBIX y OONBHBIX MyKOBHCIIHIO-
30M // Poccuiickuii BeCTHHK nepuHaToiaoruu u neauarpun. 2015. T. 60, Ne 1. C. 89-92.

Tanansckuit J{. B., bunsckuit . A. OnpenenieHne 4yBCTBUTEILHOCTH K aHTHOMOTHKAM METO-
JIOM MHKPOpa3BeJIeHNH B OyiboHe: MoAU(HUKAIHs, TOCTyIHAas Ul BeeX // Kimundyeckas Mukpo6uo-
Jorust 1 anTUMHUKpoOHast xumuorepanust. 2018. T. 1. C. 62-67. DOI: 10.36488/cmac.2018.1

Cystic Fibrosis: Recent Insights into Inhaled Antibiotic Treatment and Future Perspectives /
G. Taccetti, M. Francalanci, G. Pizzamiglio [et al.] // Antibiotics (Basel). 2021. Vol. 22, N 10 (3).
P. 338. DOI: 10.3390/antibiotics 10030338

Parkins M. D., Somayaji R., Waters V. J. Epidemiology, Biology, and Impact of Clonal Pseu-
domonas aeruginosa Infections in Cystic Fibrosis // Clin Microbiol Rev. 2018. Vol. 29, N 31 (4).
Art. 00019-18. DOI: 10.1128/CMR.00019-18.
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BJIMAHUE BUOT'EHHBIX IOJIMAMWHOB
HA MEXKXKJETOYHBIE B3AUMOJIEMCTBUA BAKTEPHI

JI. 1O. Hecteposa, JI. B. I'enbuep, A. I'. Tkauenko

"MHCTHTYT 9KOTOTHH M TeHEeTHKH MUKpoopranusMoB YpO PAH —
¢unman [IOUL] YpO PAH, Ilepms, larisa.nesterova@bk.ru
[TepMcKuii rocy1apCTBEHHBIH HAIMOHANBHBII HCCIIEI0BATENbCKHIT yHIBEpCUTET, ITepMb

brorenHsle TMOMMAMUHBI — annu(paTHIeCKHe YTIIEBOJOPOMABI, KOTOpPEIC
HMCIOT B CBOEM COCTAaBE aMHHO- WJIM UMMHHOTPYIIIBI, KOTOPBIC IPU (DU3UOIIO-
THYECKUX 3HAUeHUsAX pH HeCyT MOJIOKUTENbHBIA 3apsf. JTO MO3BOJISIET UM
B3aMMOJICHCTBOBATh C OTPHUIIATENHHO 3aPSHKEHHBIMH KJIETOUYHBIMA KOMITOHEH-
TaMH, TAKUMH Kak (pochorumnuapl, HyKICHHOBBIC KHCIOTHI U IPYTUMH TOJIHa-
HUOHHBIMH CTpPYKTypamMu. K monmamMuHam, MpeUMYILECTBEHHO CHUHTE3HUpYE-
MBIM 9YKapUOTUYECKHUMH KJIETKaMH, OTHOCSTCSI CIIEPMHH U CIIEPMUIUH, TOT/Ia
KaK JUlsl IPOKapHOT XapaKTepHa NPOAYKLUS MMyTPECIMHA, KaJaBepUHa U CIIep-
muuHa [Michael, 2016]. [lTomumo 3TOTO, MPOKAPUOTHIECKUE KICTKHA 00Jama-
IOT TPAHCIOPTHBIMH CHCTEMaMH, KOTOPBIC MO3BOJIIOT UM S(PPEKTUBHO IO-
TJIONIATh TIOJIMAMHHBI U3 CPEJbl, B TOM YHCJIE CIIEPMUH, KOTOPBIN, TPUCYTCTBYS
B TKaHJX XO35MHA, MOJKET OKa3aTh BIMSHHC Ha )KU3HEICSITEIIFHOCTh CHMOHMOHT-
HBIX Y MATOr€HHBIX MUKPOOPTaHU3MOB. BHOT€HHBIE TIOIMaMUHBI, IPUCYTCTBYS B
JKUBBIX KJIETKAX, IPUHUMAIOT yYacTUE B PETYISLMU TaKUX KM3HEHHO BayKHBIX
MIPOIIECCOB, KaK KIETOUHBIA POCT, PETUTHKAIIHS, PETYJISIIHS SKCIIPECCHH T€HOB U
TPAHCHOPT BELIECTB, B TOM YMCJIE MIPU aJanTally K CTPECCOBBIM yCIOBHSIM. Pa-
Hee M0Ka3aHo, YTO MOJIMaMUHbI MOTYT BJIMATH TAK)KE€ Ha HEKOTOPBIE BU/IbI MEXK-
KJICTOYHBIX B3aNMOJICHCTBHI y OakTepHii, B YaCTHOCTH — pabOTy CHCTEM KBO-
pym cencunr [Hecrepoa, Heropenosa, Tkauenko, 2019].

Lenbto maHHO# pabOTHI SBISICTCS U3YyUYCHUE BIMSIHUS OMOTCHHBIX IMOJIHA-
MUHOB — MyTPECIMHA, KaJlaBepHHA, CIIEPMHUIIMHA U CIIEPMHUHA — HA KOHBIOTA-
MO ¥ OMOILIEHKOOOpa3oBaHue MpUPOAHBIX mTamMmmoB Escherichia coli.

B skcnepumeHTax 1Mo M3y4eHHIO KOHBIOTAllMM B KauecTBE JOHOpPA IuIa3-
mugaoit JIHK wucnomssoBamu E. coli N4i pOX38 GenrCmr ¢ XpOMOCOMHO-
OMOCPEI0BAaHHON YCTOMYMBOCTBIO K TEHTAMUIIMHY M ILIa3MU/1-0MIOCPEI0BAaHHON
YCTOWYMBOCTBIO K XJopamM(peHHKoIy (IF00e3HO mpeaocTaBieH mnpodeccopom
M. Crapunu-Opsssen, yausepcutet JIro0nsasl, CnoBenns). [Ipu sTtom B kaue-
CTBE PELMIUEHTA UCIIOIb30BaH MpUpoaHblil mramm E. coli K55, obnanarormii
YCTOWYMBOCTRIO K aMOUIMUIAHY (JIF00€3HO TIpefocTaBieH mpodeccopom
M. B. KysuenoBoii I'DI'M VpO PAH, Ilepmb, Poccust). KonbloraTuBHyto
cMmech popmupoBanu u3 pasBereHHON B 50 pa3 LB Oyinb0HOM HOYHOH KyJIbTY-
pBI IITaMMa-peluIIneHTa U pa3BeIeHHOW B 25 pa3 KyJIbTyphl IOHOPA B COOT-
HomeHnH 4:1. K KOHBIOTaTUBHOM cMecH J00aBIISITH PACTBOPHI THIPOXIOPUIOB
nonraMuHoB (Sigma, CIIIA) B LB-0OyinboHe 10 KOHEUHOH KOHIeHTpanuu | MM
u 5 MM. Tlocne MHKyOAIMU JeTai BHICEBBI CCATHKPATHBIX Pa3BEICHHUN KYITb-
TYpbI Ha CEJEKTUBHBIE arapu30BaHHBIE CPE/Ibl, COJepKAIIue aHTUONOTHKH. Ya-
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CTOTYy KOHBIOTAIIMH PACCUUTHIBAIN KaK OTHOILICHHE KOJIMYECTBA TPAHCKOHB-
toranToB (KOE/mi) k wucny perumuentoB (KOE/MiT) u BIpakainu B IpOLICH-
Tax, npuanMas 3a 100 % xonTposs (6e3 100aBIeHNs OIMAMUHOB).

VIHTEHCHBHOCTh OMOMICHKOOOPA30BaHUSI OICHUBAIM METOJOM, HpEeAaso-
xeHHBIM O’Toole, ¢ mocneayOmIM OKpaIINBaHUEM IIIICHOK TeHIIMAHBHOJICTOM
[Genetic approaches ..., 1999].

[MTokazano, yTo j00aBKa IOJMAMHHOB B Cpelly NMPHUBOJMIA K CHU)KEHHIO
4acToThl KOHbIOranuu E. coli B miankTonHo# Kyibtype. Haubomnpimit addexr
OKa3bIBaJIM CIIEPMHUJIMH U CIEPMHH, KOTOpbIE B KOHIEHTpauu | MM yMeHb-
ajgyd OTHOCUTEIbHOE KOJUYECTBO TPAHCKOHBIOraHTOB Ha 51 u 61 %, a B KOH-
nerpanuu 5 MM Ha 651 81 %, coorBercTBeHHO. [lyTpecruH M KagaBepHH
TaKKe CHMJKAJIM YacTOTY KOHBIOTAIlMU B TUIAHKTOHE: HAa 36 n 38 % B KOHIICH-
Tpauuu 5 MM, COOTBETCTBEHHO.

W3ydeHne BIHSHHS MOJTHAMHHOB Ha KOHbBroranuio E. coli B Guorenke
MI0KAa3aJI0, 9TO HA PaHHUX cTaguax (6 1) popMupoBaHus OHOIIIEHKN HaOIIOMa-
JIOCh 3HAUYUTENILHOE YBEJIMYCHNE OTHOCHTEIBHOTO KOJIWYECTBA TPAHCKOHB-
foranTtoB. CraTUcTHYecKn 3HAYMMBIA 3(dexT Habmrozaincs B NPUCYTCTBHU
BCEX HCCIICyEMBIX MOIMAMHUHOB, IIPU 3TOM HauOoJbIIee JeHCTBHE OKA3bIBATIH
CHEpMUJVH B KOHLEHTpauuu 1 MM U kajaBepuH B KOHLEHTpauuu 5 MM, ko-
TOpbIC TIOBBIIIATH OTHOCHTEIIBHOEC KOJIMYECTBO TPAHCKOHBIOTAHTOB B OHO-
wiéHke Oosee, yeM B 3 pasza. [Ipu oueHKe BIMSHUS ITOJMAMHHOB HA KOHBIOTa-
MO B 3pesioi OMoruiéHke mocie 24 4 nHKyOanuu HaOIr0/1aI0Ch 3HAYUTETHHOE
CHIDKEHHE YacTOTHI KOHbIoranni. Hanbomsumiii 3 GexT B 3ToM ciaydae 3aduk-
CHpOBaH B IIPUCYTCTBHHU CIEPMHUJINHA U CIIEPMHHA, KOTOPBIC B KOHIIEHTPALMN
I MM cratucTHYecKM 3HAUYMMO YMEHBIIATH OTHOCUTEIBHOE KOJIMYECTBO
TPAHCKOHBIOTAHTOB Ha 75 1 65 %, a B koHeHTparuu 5 MM Ha 81 u 70 %, co-
otBeTcTBeHHO. OOpamaer Ha ceOs BHUMaHUE PAa3HOHAINPABICHHOE JeiCTBHE
MOJIMAMUHOB Ha YaCTOTY KOHBIOTAIMU B IUIAHKTOHHOH KYJIBTYpe U OHMOIUICHKE
Ha paHHUX cTagusx e€ GpopmupoBaHus. B cBsi3u ¢ 3THM ObUIM NPOBEACHBI UC-
CJICIOBAaHMS BIMSHMS OMOTCHHBIX IOJMAMHHOB Ha OMOIUICHKOOOpa3oBaHME
HOPUPOIHBIX mTaMMOB E. COli, KOoTOpble MOKa3anu, 4To BCe M3y4YCHHBIC HAMU
MOJIMAMUHBI, 33 UCKIIOUCHNUEM KaJlaBepHHa, YBEJIMYMBAIM OHOMaccy Ouoruie-
Hok. HambGomnbliee neiicTBHe OKa3bIBaIM CIEPMUIMH M CHEPMHH, KOTOPHIE B
KOHIIEHTpanu# oT 1 10 5 MM moBbImanu OHOIIIEHKOOOpa30BaHNWE HCCIEIye-
MbIX mTaMMoB Ha 20—40 %. YuuTeiBast 5TU JaHHbIE, Mbl UCIIOIb30BAIH IPYTOi
MOJXO0JI K UCCIICOBAHUIO BIUSHUA MOIMAMHHOB Ha KOHBIOTALUIO B OMOIUICHKE,
a UMEHHO: OWOIIICHKA IITaMMa-peIunieHTa (OopMHPOBAIACh B IUIAHIIETE 3a-
panee. KynbTypa n1oHOpa HaHOCHIIach Ha c(DOPMUPOBAHHYIO OHOIUICHKY pelu-
MHEHTa ¥ MHKYOMpPOBAJIaCh B IPUCYTCTBUHU OJIMAMUHOB B TeueHue 6 u 24 4. B
3TOM Ciy4ae ACHCTBHE MOJIMAMIHOB HA YaCTOTY KOHBIOTaMH OBIJIO aHAJIOTHY-
HBIM WX BIHMSHHMIO B IUIAHKTOHHOH KynbType. B OoipmmHcTBE BapnaHTOB
HaOJII0/1aJI0Ch CHMKEHHE YaCTOTHI KOHBIOTAINU, OHAKO CTaTHCTHYECKH 3Ha-
9UMble U3MEHEHMS HaOMIOJaliCh TONBKO B MPUCYTCTBHU 5 MM cliepMuHa B
00enx BpeMeHHBIX ToUKax (yMmeHbmieHne Ha 70 u 85 % COOTBETCTBEHHO).
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XOoTs MEXaHW3MBI BIUSHUA MTOJTHAMUHOB HAa KOHBIOTAIHIO OCTAIOTCS He-
M3BECTHBIMHU, MOKHO TIPEAIOI0KNATh, YTO OJHOU M3 MPUYHH OOJBIIOTO KOIH-
4YecTBa TPAHCKOHBIOTAHTOB B OHMOIUICHKE HA PaHHHUX CTaAUsAX ee (GOopMHUpOBa-
HUS SIBJISIETCS MOBBIIICHHAS aATe3Usl KIIETOK K cyOCTpary B MPUCYTCTBUU TIOJIH-
aMHHOB. Y 3aKpeIUICHHBIX HETIOIBIKHBIX KIETOK OoJiee d((PEeKTHBHO yCTaHAB-
JIUBAFOTCS. U JIOJIBIIC HE HAPYIIAIOTCS MEKKICTOYHBIC KOHTAKTBI, YTO IPUBO-
JIT K YBEJIIMUCHUIO YUCIIa TPAHCKOHBIOTAHTOB CPElIU aAre3upPOBaHHBIX KIETOK.
B T0 e BpeMs Helb3sl UCKITIOYHUTh BIUSHIE IMTOJIMaMHUHOB HAa TEHHYIO dKCIIpPeC-
CHIO KJICTOK B OmorureHke. Kpome Toro, paHee moka3aHo, 4TO ITOJ IeHCTBHEM
MTOJIMAMUHOB MCHSICTCS TIOBEPXHOCTHBIN 3apsia KieTok [Hecteposa, L{piranos,
Tkagenko, 2020], uTo Takke MOKET BO3JIEHCTBOBATh HA YacTOTY (OPMHUPOBa-
HUS MEXKIIETOUHBIX KOHTAKTOB.

Paboma evinonnena npu ¢unarcosoii noodepoicke Munucmepcmea HayKu
u gvicuteco oopazoeanus Poccutickoit @edepayuu (124020500028-4).
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OBPA30OBAHUE BUOILTEHKHU ITPU COBMECTHOM
KYJbTUBUPOBAHUU MYCOBACTERIUM BOVIS VAR.BCG
M CORYNEBACTERIUM KEFIRRESIDENTII
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E. A. Opaosa', U. I'. Konapatos', 5. I11. IlIBapr?,
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'Hayusp1ii 1ieHTp mpobieM 310pOBbs CEMBU H PEMPOIYKIIHH YenoBeka, UpKyTck,
*Hosocu6upckuit HUM ty6epkyneza Munzapasa Poccun, HoBocuGupek
elizaveta.a.orlova@gmail.com

bakrepuanbabie acconmanuu (OMOTUIEHKH) MOTYT OBITH 0Opa3oBaHBI OJI-
HUM OaKTEpUAIbHBIM IITAMMOM, OJHAKO OOJIBIIMHCTBO €CTECTBEHHBIX OHO-
IUIEHOK COCTOSIT M3 HECKOJIBKMX BMIOB Oakrepuil. B opranmsme muduunmpo-
BAaHHOTO YeJIOBeKa OaKTepHH CIIOCOOHBI OOpa30BBIBATH OMOIIEHKH C ITOBHI-
IIEHHOH IaToreHHOCThI0. Bo30yuTens Tybepkynésa (TB) Mycobacterium tu-
berculosis (MBT) moxer popMupoBaTh moBepxHOCTHY0 OHOMIEHKY (pellicle),
CIOCOOCTBYIOIIYIO YKJIOHEHHUIO AaTOTeHa OT UMMYHHOH cHCTeMbl, Hea((ek-
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THBHOCTH JICUCHHSI aHTHOMOTHKAMK U peruauBy uHbeknun [Biofilm formation
in ..., 2021]. Ogaako ocTarcsi HESCHBIM, YYaCTBYIOT JTH HEMHOTOYHCIICHHEIC
MPE/ICTAaBUTEIN MUKPOOHOTHI JNErKUX [AHanu3 pazHoodpasus ... , 2024] B 00-
pa30BaHUM OMOIIIEHOK M aCCOLHMAIUU ¢ MUKOOAKTEpUSAMH, a TaKKe KaKue Io-
ciesicTBUS 3TO UMeeT B nmarorenese Th. Llenbio nanHO# paboTel cTano uccie-
JIOBaHWE BIMSHHUSA NPEICTABUTENICH MHKPOOMOTHI Kaseyma TyOepKyJIE3HBIX
04aroB M UX KOMIIOHEHTOB Ha POCT MUKOOAKTEPHIA.

Panee mamu Ol BcciteoBaHbl Oonee 50 00pa3oB Kazeyma XUpyprude-
CKH HMCCEYEHHBIX TYOepKynéM, M3 ABYX 00pa3loB ObUIM BBIJCICHBI YHCTHIC
KyJIbTYPBI TPEX MTaMMOB (paKyJIbTaTHBHO-aHAPOOHBIX JHITO(UIBHBIX MUKPO-
opranm3moB — jaBa mramma Staphylococcus epidermidis (2206/1 u 2206/2) u
omua mramm Corynebacterium Kkefirresidentii [Boigenenne u MOIHOTEHOM-
HOE ..., 2023]. BriaesneHHbIe IITaMMbl XapaKTEPU30BAIUCh BEICOKOM JTUMa3HON
AKTUBHOCTBIO U OTHOCUTEIBHO HEOOBIINM CIIEKTPOM YCTOMYHBOCTU K IMPOTH-
BOTYOEpKYJIE3HBIM B MPOTHBOMUKOOAKTEPHAIBHBIM IIpETapaTaM MepBoro psa.
Kierounble nu3aThl IITAMMOB B KaueCTBE CMECH AHTHICHOB, a TaKKE >KHBBIC
xinerku mwramma C. kefirresidentii ucrionbs3oBanu i ucciieioBaHUs UX BIIUS-
HUS HA POCT MUKOOAKTEPHH.

s aroro xnumaMYeckuit mramm MBT rerortuma Beijing BO/W 148 Brico-
KOW CTENeHM TATOTCHHOCTH KyJBTHBHPOBAIN C KICTOYHBIMH JIM3aTaMU
C. kefirresidentii u S. epidermidis 2206/1 u 2206/2 (B xoHueHTpaiusx 10 u
100 mxr/mi). Iponudeparuro 6akrepuii GUKCUPOBAIN MPU MOMOIIN CBETOBOH
MHKPOCKOIINH, a TakXKe C WCIONIB30BaHNEM clieKTpodoTtomerpa. ONTHUECKYIO
IUIOTHOCTh M3MEPSUIM B 3 TOYKAX KaKAOW JIYHKH HPH JIMHE BOJHBI 450 HM.
Uepes 7 nHel KyIbTUBHPOBaHUS OblIa OOHApy>KeHa OYEHb Cadas aHTUMHKO-
OakTepHrabHas aKTUBHOCTDH KJIeTOUHBIX Ju3aToB — C. kefirresidentii B konuen-
tpamuu 10 mxr/ma (U =3, p=0,02), S. epidermidis 2206/1 B KOHIIEHTpAIHIX
10 100 mxr/ma (U =0,5, p=0,006; U=3,5, p=0,03 cOOTBETCTBEHHO) W
S. epidermidis 2206/2 B xounentparuu 100 kr/mu (U =1, p = 0,008). Makcu-
MaJbHBIH 3Q(PEKT — CHIKEHUE ONTHYECKON IIOTHOCTH KYJIBTYPhl MUKOOAKTE-
puii B 1,2 pasza, — naOmiomancsi npu J00aBJICHUM KJIETOYHBIX KOMIIOHEHTOB
S. epidermidis 2206/1 B koutenTpanuu 10 MKr/mit.

Jis u3ydeHus: BAMSIHUS KOpPUHEOAKTepui M3 TyOepKyJIE€3HOTO oyara Ha
pPOCT MHKOOAKTepHil MPOBOIMIN COBMECTHOE KyJIHTHBHPOBAHUE BAKI[HHOTO
mramma M. bovis var. BCG ¢ knerkamu mramma C. kefirresidentii. Cycnensuto
Oaktepuil B cooTHOUIeHWH [:1 B MSTH MOBTOpax MOMeUIaad B 7 MI Cpelbl
[TxonpHuIKOBOH ¢ modasieHneM 0,1 % Tween-80 u 2 % ¢eTanpHON CHIBOPOTKH
TeNAT M KyibTuBupoBaiu npu 37 °C B Teuenue 48 aueil. B kauectBe KOHTpOIs
KyJbTHBHPOBAIN YHCThIC KynbTypbl M. bovis var. BCG u C. kefirresidentii B Tex
xe ycnoBusax. [Ipommdeparuro 6akTepuii OIEHHBAIN CIIEKTPO(POTOMETPUIECKH
IpH JUTMHE BOJIHBI 565 HM Ha neHcutomerpe DEN-1 B ennnunax Mak®apnanyia.
Masku okpammBany o Lmwtro-Huieceny u Jleddiepy.

3a 2 Mecsma Omomacca H30JMPOBAHHBIX MUKOOAKTEPHH yBEIHYMIIACH
TOJIBKO B 2 pa3a, KOpHHEOaKTepHH HE TaBaIN BUANMOTO POCTa, B TO BPEMsI KaK
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coBmecTHOe KynbruBupoBanue C. kefirresidentii ¢ M. bovis var. BCG npuseino
K 00pa30oBaHMIO OBICTPO PACTYILEH MOBEPXHOCTHON OMOIUIEHKM Ha TpaHHUIle
pasznena a3 Bo3ayx — cpeaa (puc.). Onruueckas MmIOTHOCTh OUOIUIEHKH YBe-
nuuunack B 7,5 pa3. [lo qaHHBIM MHKPOCKONHM OMOIIIEHKA HA PAaHHUX 3Tamax
cocrosia u3 kaeTok C. kefirresidentii, mocTerneHHO BLITECHAIONMXCS KIETKAMU
MHUKOOAKTEPHIA.
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Puc. [Tlunamuka pocra M. bovis var. BCG u C. kefirresidentii
U U30JINPOBAHHOM U coBMecTHOM (Biofilm) kyneTuBUpOBaHUN

MsI npesmonaraeM, 9YTo KOPUHEOAKTEPHU M CTA(DMIOKOKKH OTHOCSITCS K
NEroYHOMN IMaTOONOTE U MOTYT OBITh AKTHBHBIMH yYaCTHUKAMHU IPOLIECCOB CYK-
LIECCUM IIPY OpraHu3aluy Ka3eo3Horo Hekposa npu Th. MoxxHo npeamnonarars,
YTO COBMCCTHBIN POCT KOPUHE- U MI/IKO6aKTCpI/II71 SBJIACTCA CICACTBHUEM KOOIIC-
pPaTUBHOTO MOBEJEHUS, HAIIPUMED IMOCIE0BATENbHON YyTUIN3AlMN TUTATENb-
HBIX BeIleCTB (Haubojiee BEPOATHO, JUMUAOB). B TO ke BpeMs BHYTPH KIETOK
BBIACJICHHBIX U3 Ka3€yMa MUKPOOPIraHU3MOB MOTYT COACPKATHCA KOMIIOHECHTEI,
MIPOSBIIAIOIINE AHTUMUKPOOHYIO aKTHBHOCTbD, TAaKHUE KaK TIIMKO3MIATHIPOIA3EI,
T'eHBI KOTOPBIX OOHAPYKEHBI B TEHOMAaX HCCIIEyeMbIX OaKTepuil.

Paboma evinonnena 6 pamxax memvi eocyoapcmeennozo 3adanus «Mone-
KVISIDHbIE, OP2AHUSMEHHble U NONYJAYUOHHbIE 3AKOHOMEPHOCMU (opmMuposa-
HUSL SNUOEMUUECKO20 NPOYeccd aHmMpONOHO3HbIX U MPAHCMUCCUBHBIX UHGDEK-

yuii na meppumopuu Cegepnotl A3uu u conpeoeibHbiX MepPPUmMmopusax»
(M 121022500179-0).

Jlutepatypa

Ananus pasHooOpas3ust ¥ (QYHKIHOHAIBHOTO MOTEHIHANA OAKTEPUAIbHBIX COOOIIECTB TyOep-
kynésupix ouaros/ E. A. Opmosa, O. B. Orapkos, U. I'. Konapatos [u ap.] / Knerounsie TexHOIO-
run B 6nonorun u megunune. 2024, Ne 1. C. 29-36.

Berienenne u MOJHOIGHOMHOE CEKBEHHPOBAHUE JTUMO(GUIBHOM aHadpoOHOil OakTepuu, mpe/-
craBuTeNs BUAOBOro komruiekca Corynebacterium tuberculostearicum, u3 TyGepkysésHoro ouara /
0. b. Orapkos, A. E. Cy3nansaunxuii, 1. IT'. Konaparos [u ap.] / Acta Biomedica Scientifica. 2023.
T.8,Ned. C. 12-19.

Biofilm formation in the lung contributes to virulence and drug tolerance of Mycobacterium
tuberculosis / P. Chakraborty, S. Bajeli, D. Kaushal [et al.] / Nature communications. 2021. Vol. 12,
N 1. Art. 1606.
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BJUSHUE ®EHOJIBHBIX COEIUHEHUI HA
BUOILUIEHKOOBPA3OBAHUE BAKTEPHI ESCHERICHIA COLI,
MYTAHTHBIX IO THOJIOBBIM CUCTEMAM

3. 10. Camoiiniosa, I'. B. CmupnoBa, O. H. OxkTsi0pbekuii

MHCTUTYT 3KOJIOTHM M TEHETHKH MUKpoopranuzmos YpO PAH
Iepmckuit henepanbHblit nccaenoBarensckuii neHTp YpO PAH
IMepmb, samzu@mail.ru

@enonpubie coepuHeHuss (PC) pacTUTENBHOIO NPOUCXOKACHHS Mpel-
CTaBJISIIOT COOOM HYTPHEHTHI C BBICOKOW OMOIOTHYECKOH aKTHBHOCTHIO, CIO-
COOHBIE MOAYJIHUPOBATH OOMEH BEIIECTB M OKA3bIBATh 3HAUUTEIHFHOE BIHMSHUE
Ha COCTOSIHHME OpraHu3Ma 4enoBeka. Ha ceromHsmHui 1eHb MMeronyecs 1aH-
HBIE HEIOCTaTOYHBI JJIsl TOTO, YTOOBI C/IeJIaTh BBIBOJIBI O MOJICKYJISIPHBIX MeXa-
HHU3Max, IPUBOAIINX K MIPOTUBOOMYXOJIEBEIM, KapANO-, HEHPOIMPOTEKTOPHBIM
U IPYTHM NOJIOXKUTENbHBIM 3 dextam. Xummuecknii anamn3 @C yka3plBaeT Ha
X TOTCHIMAIBFHO BBICOKYIO peloKc-akTUBHOCTH [Eghbaliferiz, Iranshahi,
2016]. IIpu stom ocobennoctu accumuisinuun OPC B opraHuzMe UCKIIOYAIOT
BO3MOXKHOCTh UX MPSMOTO aHTHOKCHIAHTHOTO JAEHCTBUS B TKaHSX M OpraHax
[Koltover, 2010]. B GombIiroM KoJu4ecTBe (PEHOIBHBIC COSTUHEHHS HAKAILIH-
BAIOTCS B JKEJIYJJOYHO-KHIIIEYHOM TPAKTE, I'JIe OCHOBHOW MHIIIEHBIO HX BO3/ICH-
CTBHSI CTaHOBSITCS MPEACTABUTENN KUIICYHON MHKPOQIIOPHI, KOTOPBIE y4acT-
ByIoT B accummmaimu OC MakpoopraHum3MaMH ¥, TaKHM 00pa3oM, KOCBEHHO
BHOCST CBOW BKJIAJ B MOJIOKUTENBHBIC 23 ekt [Kawabata, Yoshioka, Terao,
2019; Polyphenol health effects ... , 2019]. Onaum U3 MyTEel MOIYIANHUU aK-
TUBHOCTH KHIIEYHONH MUKPOGIOPH! (PCHOTBHBIMH COSTUHEHUSIMH MOXKET OBITh
BO3/ICHCTBHE Ha OAaKTEPHAITbHBIE PEJJOKC-CHCTEMBI TITyTaTHOHA U THOPEIOKCHHA.

Penokc-cucrema riyrarnoHa BKItouaeT Tpunentua riaytatuon (GSH),
nepBbIil hepMEHT CHHTE3a KOTOPOrO KOJUPyeTCsi reHOM gShA, TiryTapemokcu-
HBI (Grx) (grxA, grxB, grxC, grxD u NrdH) u rmyratnonpexyxrasy (gor) [Thi-

oredoxins and Glutaredoxins ..., 2009]. B cocTaB pegokc-CHCTEMBI THOPEIOK-
cuna (Trx) Bxomar Trx1 n Trx2 (trxA u trxC) u Tnopenokcunpenykrasa (trxB)
[Regulation of the OxyR ... , 1999]. Grx u Trx — HeOoabIIKue OEIKH, OCY-

IIIECTBIIAIOIINE BOCCTAaHOBICHNE S-S CBsA3eil B OENKOBBIX MoJekymnax. Okmc-
nennble Grxl, Grx2wm Grx3 HedepmenrtatuBHo BoccraHaBimBatorcss GSH,
OKHCJICHHBIE THOPEIOKCHHBI U INIyTaTHOH — C y4aCTHEM THOPEIOKCUHPETyKTa-
361 U riryTaTHoHpenykTassl [Thioredoxins and Glutaredoxins ... , 2009]. Cy6-
crpartamu Grx m Trx sBusitorest SH-conepxamue GepMeHThI, CECHCOPHBIC B pe-
TYJSTOpHbIE O€JIKU, MHOTME M3 KOTOPBIX, B TOM YHWCJIE TPAHCKPUIILIMOHHBIN
¢daxTop OxyR, Urparor BaxXHyI0 pOJb B 3all[UTE OT OKUCIUTEIBHOTO CTpecca.
Kpome toro, Trx m Grx mojjiep>kuBatoT B BOCCTAHOBICHHOM cocTostHua SH-
rpymmsl OSNKOB, CIIOHTAHHO OKHCIISIOLIMECS B a’poOHBEIX ycnoBusix [Regula-
tion of the OxyR ..., 1999]. Trx u Grx BKJIIOUCHBI B CAUHYIO PErYJIATOPHYIO
ceTh OaKTepHaIbHOM KIETKH M KOHTposmpyrorcs ¢ ydactueM OxyR, RpoS u
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anapMmoHa ryanosuHTerpadochara (ppGpp). [myTaTroH criocoOeH mpsiMo B3a-
MMOJICHCTBOBAaTh CO BCEMH THIIAMH aKTHUBHBIX (opMm kuciopona. B mpucyrt-
CTBHU (DEHOJIBHBIX COEJMHEHHUI THOJIOBBIE PEIOKC-CHCTEMBI MOTYT MEHSTh
cBoI0 akTUBHOCTH [Carreon-Gonzalez, Alvarez-Idaboy, 2023], uto HenpeMeHHO
CKa3bIBACTCA HAa COCTOSHUM OAaKTEPUATIBbHBIX KJIETOK W HMX YCTOHYMBOCTH K
OKHCJIUTEIIEHOMY CTpeccy, KOTOPbIH, KaK M3BECTHO, SIBJISICTCSI IPUYMHOM pa3-
BUTHSI MHOKECTBA MATOJIOTHYECKUX COCTOSHUIL.

Lenpro HacTOSIMIIEH PabOTHI SIBUIOCH U3yUCHUE ACHCTBHSA (PEHONBHBIX CO-
eIMHCHUH (KBEPIIETHHA, TAIIOBOW, XJIOPOTreHOBOH, KO(eiHOM, TAHHHHOBOH 1
P-KyMapoBoii KHCIIOT) Ha GHormieHkooOpasoBanue Gaktepuii Escherichia coli,
MYTaHTHBIX TI0 THOJIOBBIM peIoOKC-cucTeMaM. B pabote ncmonp3oBamichy nene-
roHHble MyTaHThl E. COli mo renam gshA, gor, trxA, trxB, grxA, grxB (Keio
collection), a Takke CKOHCTPYHPOBAaHHBIC HAMH JBOWHBIC MyTaHTbI JShALIXA,
gortrxB.

Kynsrusuposanue ripu 37 °C B Teuenue 22—24 4 npoBo i B 96-ITyHOUHBIX
MIOJIMCTUPOJIOBBIX IUIAHIIETaX co cpenoi M9 ¢ noGaBneHueM 4 /1 TIIOKO3b! 1
5 UM HuCHBITyeMBbIX BellecTB. VIHTEHCHBHOCTh OHOILICHKOOOPA30BaHUS OLICHHU-
BayM 1o Metoauke [Measurement of biofilm ... , 2008], oxpammBast ITaHIIETHI
T'eHLMaHBHOJICTOM U OLICHHBAs IT0KA3aTes b ONTHYECKON IIOTHOCTH npH 540 HM ¢
TIOMOIIIBIO TUIAHIIETHOro criekTpodoTomerpa xMark™ (Bio-Rad, CILA).

B Hammx ycnoBHAX B OTCYTCTBHHU (DEHOIBHBIX COCIMHECHUI 3HAUCHHE TI0-
KazaTens yzaenpHoro OmoruieHkooOpaszosanusa (SBF) y mramma nukoro tuma
cocraBuio 0,365+0,03, y uCHBITYEMBIX MYTAHTOB JAHHBIA [OKa3aTelb CHU-
xkaues B 1,4-1,2 pasa.

Crumynupyromniee BIMSHIE Ha OHOIUIEHKOOOpa30BaHMe y BCEX IITaMMOB,
3a HCKIOUYeHHeM (rxB-mytanTta W nBoitHoro myranta gShAtrxA, okassiBaia
TaHHMHOBAs KHMCJIOTa, yBeauuuBas nokaszatenb SBF B 1,4-3,5 pa3a no cpasHe-
HHUIO C COOTBETCTBYIOIIUMH KOHTPOJIIMH. DTOT MOJIOKHUTEIBHBIN 3 HEeKT OBLT
0COOEHHO BBIPAKEH Y MyTaHTOB 110 reHam gShA u grxA.

[Toutn y Bcex MCHBITYEMBIX IITAMMOB JJIJIaroBas M P-KyMapoBasi KHCIIO-
TbI, HaNpOTUB, noAaBis SBF Ha 35-50 % mo cpaBHEHHIO C COOTBETCTBYIO-
IMAMH KOHTPOJISIMU. VICKITIOYEeHHE COCTaBMII TOJIBKO JOr-MyTaHT, y KOTOPOTO
9JUIAr0Basi KMCJIOTa HE3HAYNTENBHO cTUMYyupoBaia SBF.

B oraenbHBIX ciiydasx OTMEYaluCh ciiadble MoIysupyomue 3GpQeKTs B
MIPUCYTCTBHH TAJIOBOH, XJIOPOT€HOBOM 1 KO(EITHOH KHCIIOT.

Hamm pe3ynbraTel IOKa3bIBalOT, YTO HEKOTOPBIE PEHOKC-aKTUBHBIE (e-
HOJIbHBIE COEIMHEHHS MPUPOAHOTO MPOUCXOXKICHUS MOTYT MOJYJIMPOBAThH
6uormieHkoobpasoBanue y Gakrepuii E. coli, u BemenmctBre 3TOr0 MoOryT pac-
CMaTpUBAThCS KaK ITOTCHLUAJBHBIC MPEOMOTHKH, CTHUMYJIHUPYIOUINE AKTHB-
HOCTb M YMCJIEHHOCTh MpeACTaBUTENeH KuleuHoH MUKpodiopsl. [lomyueHusle
JTAaHHBIE CBUJETENILCTBYIOT O PA3HON CTEIEHU BOBJIICUEHHOCTU JIEMEHTOB Oak-
TepHABHBIX THOJOBBIX CHCTEM B TIporiecc GuoruieHkooopaszosanust y E. coli B
npucyrctBuu OC. Tpebyrorcs nanbHEHIIIE UCCIIET0BAHMS PO THOJIOB B MO-
JyJISIMU OMOTIIIEHKO0Opa3oBaHus (PeHOIbHBIMHU COSTMHEHUAMH Y OaKTepHii.

434



Paboma evinoanena 6 coomeemcemeuu ¢ 2oczaoanuem Ne 124020500028-4.

Jlutepatypa

Carreon-Gonzalez M., Alvarez-Idaboy J. R. The synergy between glutathione and phenols —
phenolic antioxidants repair glutathione: closing the virtuous circle — a theoretical insight / Antioxi-
dants. 2023. Vol. 12, N 5. P. 1205-1125. DOI: 10.3390/antiox12051125

Eghbaliferiz S., Iranshahi M. Prooxidant activity of polyphenols, flavonoids, anthocyanins and
carotenoids: uptake review of mechanisms and catalyzing metals / Phytother. Res. 2016. Vol 30.
P. 1379-1391.

Kawabata K., Yoshioka Y., Terao J. Role of intestinal microbiota in the bioavailability and
physiological functions of dietary polyphenols // Molecules. 2019. Vol. 24. Art. 370.

Koltover V. K. Antioxidant biomedicine: from free radical chemistry to systems biology
mechanisms // Russ. Chem. Bull. 2010. Vol. 59. P. 37-42.

Measurement of biofilm formation by clinical isolates of Escherichia coli is method-
dependent / P. Naves, G. del Prado, L. Huelves [et al.] // J. Appl. Microbiol. 2008. Vol. 105. P. 585—
590.

Polyphenol health effects on cardiovascular and neurodegenerative disorders: a review and
meta-analysis / F. Poti, D. Santi, G. Spaggiari [et al.]// Int. J. Mol. Sci. 2019. Vol. 20, N 2.
DOI: 10.3390/ijms20020351

Regulation of the OxyR transcription factor by hydrogen peroxide and the cellular thiol-
disulfide status / F. Aslund, M. Zheng, J. Beckwith, G. Storz / Proc. Natl. Acad. Sci. USA. 1999.
Vol. 96. P. 6161-6165.

Thioredoxins and Glutaredoxins: unifying elements in redox biology / Y. Meyer, B. B. Bu-
chanan, F. Vignols, J. P. Reichheld // Annu. Rev. Genet. 2009. Vol. 43. P. 335-367.

BUOIIVIEHKOOBPA30BAHUE HUTPUJITUAPOJIU3YIOHIUX
BAKTEPHI1 BBICOKOMUWHEPAJIM30BAHHOM
3KCTPEMAJBHOM CPEJIbI AHTPOIIOTEHHOI'O
MNPOUCXOXAEHNSA

I'. A. CeipoBanxas’, FO. I'. Makcumona'?

'MHCTHTYT 9KOJOTHH M TeHEeTHKH MUKpoopranu3MoB YpO PAH» —
¢dumman [IOUILL YpO PAH, Ilepms, gsyrovackya@gmail.com
[TepmcKkuit roCyIapCTBEHHbII HAITHOHATBHBIH HCCIEA0BATENbCKIH YHHBEPCUTET
IMepms, yul max@mail.ru

Hutpunsl — opraHudeckue COeIMHEHUS C (YHKIUOHAIBHON TIpymmoit
C=N. DT0 yHUBepcajgbHbIE MPEIIICCTBEHHUKH JUII CHHTE3a Pa3HOOOpPa3HBIX
COCIMHECHHH, BRICOKO PEaKIIHOCIIOCOOHBIE Oaroaapsi TpOHHOH HEHACHIIICHHOM
MOJLIPHOM cBsi3u. OHH SBIISIIOTCST PACTBOPUTEIISIME, SKCTPAreHTaMU, MOHOME-
pamu Juisi CUHTe3a nonmMepHsix coeannenuid [The Renaissance of Organo ... ,
2022]. Hutpuisl o0Hapy>KeHBI B OaKTepHUsX, TpUOax, pACTCHUAX U KUBOTHBIX B
MOPCKOH W Ha3eMHOH cpenax oburtanus. Hambosee pacripocTpaHeHHBIMA HUT-
pWIIaMu B MPHUPOJIE SIBISIOTCS IIMAHOTEHHBIE TIIMKO3UJIbl. BOJBIIMHCTBO HUT-
PWIOB TOKCHYHBI, YTO OOYCIIOBJICHO BBICBOOOXKJICHHEM ITHAHKIA BO BpEeMs UX
JIeTpafaii, OHW MHAKTUBUPYIOT CHCTEMY JBIXaHUS, IPOYHO CBSA3BIBASACH C IIU-
ToXpoM-c-okcuaa3on [Impact of nitriles ... , 2019]. Kak nerpaganust Toxcud-
HBIX HUTPHWJIOB B TEXHOJOTHUAX OYHMCTKH OKPYXKAIOIIEH Cpenbl, TaKk U CHHTE3
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aMHJ0B ¥ KapOOHOBBIX KHCJIOT M3 HUTPHIIOB MOXKET OCYIICCTBISATHCS MHUKPO-
OpraHu3MaMu, 00JTaJaroNIIMU (PePMEHTAMHU THAPOIIA3a HUTPUIOB.

W3BecTHBI Ba MyTH (PEPMEHTATHBHOTO THUAPOIHM3a HUTPUIIOB JO KapOo-
HOBBIX KHCJIOT: JBYCTaUHHBIN ¢ omorbio HuTpmiaruapatassl (EC 4.2.1.84) u
amunasel (EC 3.5.1.4), mu6o ogHocraaniineii HuTpritasuaeiil (EC 3.5.5.1). DtoT
OMOTEXHOJOTHYCCKHI TTPOLIECC MOXKET IPOXOAUTH B YCIOBUSIX, OTIIMYAOIINXCS
OT HOPMAJIBHBIX «(PH3HOJIOTHYCCKHUX», B CBSA3M C YEM BO3PACTaeT MHTEPEC K
HUTPHITHAPOIM3YIOINM OaKTepHsM SKCTPEMaJIbHBIX OHWOTOMOB. I3ydenue
aIaNTalMOHHBIX PEaKIHil TaKUX OaKTEPHii, B TOM YHCIe OMOIUICHKOOOpa3oBa-
HUS, TIO3BOJISICT THOHITh MX (DPU3UOJIOTUYECKUE OCOOCHHOCTH, 00YCIIOBIMBAIO-
M€ CYIIECTBOBAHME B SKCTPEMAJIbHBIX OHoTonmax. Ha OCHOBaHNMHM 3TOTO HETBI0
paboThI SIBUJIOCH M3YyYCHHE BAMSHUS pH, MOBBIIICHHON MUHEpATU3aIMA U TEM-
mepaTypbl Ha OMOIICHKOOOpa30BaHIE M30JIATOB HUTPHITHIPOIN3YIONINX OaK-
TepUil, BBIICIICHHBIX U3 IPYHTA COJIOBOTO IIJIAMOXPAHIIHIIA.

Ha MuHepanbHO# cpejie ¢ alleTOHUTPHIIOM (aITH), JTH00 areTaMuoM (arr)
B KayecTBE AMHCTBEHHOTO MCTOYHHKA YTIEPOAa U3 PO TpyHTa MIIAMOHAKO-
mutenst AO «bepe3HHKOBCKHI COHOBBINA 3aBOI» OBUTH BBIICICHBI W3OJSTHI
HUTPHUI- ¥ aMUATHAPONU3YIOMUX OakTepuid. [IpoOsl oTOMpany ¢ moBepXHOCTH
(CCOIN), a Tarxxe Ha riryoune 5 cm (CCO35) u 10 ecm (CCO310).

H3ydeHa crmocoOHOCTh OakTepuii K 00pa30BaHUIO OMOIUIEHKH. BHOTIIICHKH
noiay4anu B 96-IIyHOUHOM IIIaHIIeTe Ha nuratensHoil cpege BTH (Poccus).
ITocne 10 cyT. pocta mipu 30 °C oTMbITyI0 OHOTUIeHKY okpamuBanu 0,1 % xpu-
CTaIUINIeCKUM (proseToBsIM. bromienkooOpa3oBaHie OIEHUBAIH 10 ONTHYE-
CKO TUIOTHOCTH JKCTParupOBaHHOTO Kpacuteis mpu 540 HM Ha IUTaHIIETHOM
punepe Infinite M1000 pro « TECAN» (1lIBeiinapust). 3HaueHUsI COCTABHIIN OT
0,113+£0,015 1o 1,108+0,194, nmnst madpbHEWIIMX HWCCIEAOBAHUN OTOOpaHBI
4 u3071Ta ¢ HAMOOJBIIMMU U3 HUX (pHC. 1).

Hanee uccrnenosano ouorménkoobpazosanue m3omsiros CCOIT 1, CCOIT 2,
CCO3 3 u CCO3 4, BhIACICHHBIX HAa alleTAMHUJE, B YCIOBUSAX MOBBIIICHHON
koHneHTparuu cosm (5-200 r/n NaCl), paznuanoii menognocTr cpeabl (pH 7—
12) u Temneparyp B nuamnazone ot 8 1o 37 °C (tabin. 1). Onpepensin OTHOILIE-
Hue Olls403KCTParupOBAaHHOTO KPACUTENsl KPHCTAIUIMYECKOro (hHOJIETOBOTO
(6nomacca d6uomnenkn) k Ollsi cycrieH3uH KIETOK MOcie KyJIbTHBHPOBAHUS.

VYcranosieHno, uyto npu koHreHTpanusx NaCl eime 50 1/1 B cpeae poct
onomacchl n3oisAToB cHipkaercs. Y uzoisto CCOIL 1 u CCO3 3 OuoruiéHko-
o0pa3oBaHue JIOCTOBEPHO yBeIWuMBaeTcs npu koHueHtpauuu 10 u 50 r/n co-
OTBETCTBEHHO. B IenouHoi cpelie BO3pacTaio COOTHOIIEHNE OUOTIIICHOTHOH K
ITAHKTOHHOU hopme 6romacchl u30iaToB. Y CCOII 1 1 2 MakcuMasbHbIe 3Ha-
yenust ormeuensl pu pH 11, ay CCO3 3 u 4 npu pH 12. TloBbiienue temnepa-
Typsl nHKyOarwm 10 37 °C nomaBisno OHOMIEHKO0Opa30BaHNE, OJHAKO B THA-
nazone Temmepatyp ot 8 10 15 °C ormedeHo hopmMupoBaHue OHOTUIEHOK.

436



1.2
g 1
E 0.8
o 06
0.4
0.2
0
S FETE SIS SIS SIS S
& S S ST S S S
oL L & & & &L &SI
Puc. 1. bruorénkooOpa3zoBaHue HUTPUITHIPOIU3YIOIIUX H30JISITOB COJJOBOTO
HITaMOX PaHUITHIIA
Taoauna
Bnusiaune xounentpannu NaCl u pH Ha dhopmupoBanre OHOmIEHoOK n3oistos, *p < 0,05
v OII 540 uM, GuoTUIEHKA/TUIAHKTOHHAS (hopMa
CJIOBHs
CCOIT 1 amyg CCOII 2 amy CCO3 3 anjx CCO3 4 anyg
5 0,154+0,016 0,236+0,027 0,151+0,019 0,143+0,041
(n=218) (n=%) (n=218) (n=238)
NaCl 10 0,536+0,057 0,165+0,049 0,106+0,010 0,094+0,020
r/n (n="7)* (n=5) (n=5)* (n=4)
50 0,066+0,010 0,165+0,042 0,479+0,028 0,028+0,007
(n=06)* (n=4) (n=4)* (n="7)*
7 0,154+0,016 0,236+0,027 0,151+0,019 0,143+0,041
(n=218) (n=18) (n=218) (n=28)*
3 0,620+0,123 0,548+0,130 0,283+0,039 0,335+0,080
(n=5)* (n=5)* (=7* (=7*
9 0,492+0,086 0,616+0,083 0,256+0,035 0,342+0,054
pH (n=5)* (n=5)* (n="7)* (n="7)*
10 0,519+0,059 0,647+0,059 0,268+0,059 0,284+0,039
(n=6)* (n=5)* (n=06)* (n=8)*
1 0,574+0,083 0,851+0,172 0,360+0,076 0,348+0,067
(n=28)* (n=8)* (n=06)* (n="7)*
12 0,429+0,050 0,535+0,046 0,513+0,103 0,409+0,062
(n="7)* (n=6)* (n=06)* (n=6)*
3 0,775+0,041 0,420+0,049 0,818+0,110 4,651+0,892
(n="7)* (n=8)* (n=6)* (n=7)*
0,969+0,063 0,403+0,025 1,364+0,107 0,455+0,051
Bl = (n=8)* (n="7y* (n=8)*
T.°C 30 0,154+0,016 0,236+0,027 0,151+0,019 0,143+0,041
(n=218) (n=18) (n=219) (n=218)
37 0,048+0,031 0,023+0,004 0,119+0,019 0,02240,005
(n=6)* (n="7)* (n=06) (n="7)*
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TakuMm o0paszom, Bce OakTepuu (HOPMUPOBATH OHOIUIEHKH, HO €€ Tpo-
JYKIMS KaK aJalTHBHAS PEaKIus H30JSTOB Oblla HE OIMHAKOBA OTHOCUTEIHEHO
Pa3IMYHBIX CTPECCcOBBbIX (hakTopoB. lllenoynas cpena ¥ MOHMKEHHBIE TEMIIE-
paTypsl co3/1aBainy OOIIYIO Uil OakTepuil TEHASHIMIO K YCUJICHUIO OUOTLIEH-
KOOOpa30BaHMsA, TOT/Ia KaK BBICOKAs MHHEpAIM3AIHs BIMsUIa HA 00pa3oBaHHE
onormiénok Topko y CCOII 1 u CCO3 3. IIpu NOBEIMICHUU TEMIIEPATYPhI J10-
MUHHUpYIOIIEeH (opMoii GakTepuii ocTaBasiach MJIAHKTOHHASL.

Paboma evinonnena 6 pamxax zoczadanus, pecucmpayuoHHblll HoMep
124020500028-4.
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OPTIKA

MIcROSCOPES
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CseToBble MUKpOcKonbl, Optika (UTanusn)

UTanbaHcKasa komnaHua Optika — ogHa U3 BeAyLLMX KOMNAHWIA MO NPOU3BOACTBY
y4ebHbIX U N1abopaTOPHbIX MUKPOCKOMOB A5 BUON0rMU U MeaULMHbI. Moay/bHOCTb
KOHCTPYKLMW M HaiMume 60NbLLIOro acCOPTMMEHTA aKCeccyapoB NO3BOAAIOT
bopMMPOBaTL KOMMNEKTALMN MUKPOCKONOB NOA MHAMBUAYANbHbIE NOTPEOHOCTH

nonb3oBaTenen.

OCHOBHble npevmmyuiecrea

* [Ipamble, MTHBEPTUPOBAHHbIE
W cTepeocKkonmyeckue
MWKPOCKONbI

* MeToabl KOHTPACTUPOBAHUA:
BF, DF, FLUO (LED n HBO), PH,
POL, DIC n ap.

* [lonHaa KoppeKuwma
chepuyecKkux n XxpoMmaTuyecKkmx
abeppauyuii

* Bosbwune paboune paccTosaHUA

* Llinpokoe none 3peHunn

o DKCK/IIO3MBHAA CBETOANOAHAA
cucTema ocselleHma

* MoTopu3sauma aBuKeHUA
cToNnKa no ocam X, Y, Z
N peBosibBepa 06bEKTUBOB

* DProHOMWKa aKCNepTHOro
YPOBHA

YHuBepcanbHOCTb, KA4eCTBO, LieHa

e 7T
;-.:\:3.-.- -

Bbibupaa mukpockonbl Optika, nonb3osatenn nosyyatotT o6opyaoBaHME BbICOKOrO
€BPONENCKOro YPOBHSA MO AOCTYMHbIM LleHam, CNocobHOe cnpaBUTbCA C 10601

NOCTaB/EHHOM 3a4a4Yen.
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Ten.: +7 495 780 07 95, +7 495 956 05 57

OdunumnanbHbii gnctpuboiotop OPTIKA Email: lab@stormoff.ru, www.stormoff.ru
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HABOPbI /14 BbIAEJTEHUA OHK U PHK
N3 PACTUTE/IbHbIX OBPA3LIOB HA KOJTOHKAX

NMPEMMYLLECTBA UCIMOJIb30OBAHUA HABOPOB:

OdopmuTe 3aKas ¢ 4OCTaBKOW: \M
e-mail: sales@biolabmix.ru
Ten: 88006008876

Ha caﬁTe www.biolabmix.ru BiOlabmiX®
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CVHTOA

HAYHHO-NMPOMN3BOACTBEHHAA KOMIMAHWUA

MpOn3BOACTBO LIMPOKOro CNeKTpa HabopoBs peareHToB 1 o6opyaoBaHUA ANA
BblAeNeHMA, aMNIMOUKALNKN, KONMYECTBEHHOIO aHaM3a HYKNENHOBbLIX KMC/IOT U
MX KJIaCCUYECKOTO M MACcCOBOrO NMapasl/iefibHOTrO CEKBEHUPOBAHUS.

CUHTE3 0/IMrOHYK1e0TUAO0B, 30HA0B AnA MLP B peanbHOM BpemeHMU,
MOANPULMPOBAHHBIX ONUTOHYKNeoTA0B (6onee 100 mognduKkaumii).

KomniekcHOe ocHaleHne MOJIeKYNAPHO-TeHeTUYeCKNX na6opaTopm71.

O6yqume MOTEKYNIAPHO-TEHETUYECKMM METOOAM MCCJ'IEAOBaHMI‘/II.

Pa3pa60TKa HaGOpOB peareHToB ANnAa MOJIEKYIAPHO-TEHETUYECKUX VICC}'Ie,CI,OBaHVIﬁ
Ha 3aKas.

127434,r. MockBa, Tummpazesckas, 42
syntol@syntol.ru +7(495)984-69-93
www.syntol.ru
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ten. +7 (3952) 78-25-78
Ten. +7 (3952) 78-25-79

KoMmnneKkcHoe ocHaujeHue
naéopatopui

O6opyaoBaHHe, pacxogHble
Marepuarbl, peareHTbl

O6opyaoBaHue ans
aBTOMaTu3auum nabopatopum

CepBMCHbIN LEHTP M
JIMLEH3UMPOBAHHbIE UH)KEHepbl

NPOAYKLMA ANA AUATHOCTUKMA MHOEKLIMOHHBIX
3ABOJIEBAHWUI

JocTaBKa B pasHble y "
peroHsl PoccHm @ www.siblabservice.ru
. www.siblabpribor.ru

& info@sls-irk.ru
— sale@siblabservice.ru
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SkyGen Kits NA

LLinpokui BbIGOP HABOPOB peareHToB
Ons BblaeneHnsa n ounctkm OHK

n PHK 13 KneTtok, TKaHen, ApOXxKen,
HeCTaHA4apPTHbIX U peaKux obpasLoB

ApTukyn: EDC336

Ha6op "SKYAmp Soil DNA Kit"
B Ha6ope SKYamp Soil DNA Kit ucnonbayeTcsi yHuKanbHas
6ydepHas cucTema, C MOMOLLbIO KOTOPOWA MOXHO
NONHOCTBIO YAANUTb TYMUHOBYO KUCNOTY M3 o6pasLa
NoYBbIl. B aTOM Habope TakXXe UCMNonbayloTeA
rOMOreHWU3UpyoLLMe YacTuLbl JuaMeTpoM TMMm

LNA npoLecca N13nca KOMNOHEHTOB o6pasLia NoYBbl,
YTO6bI rapaHTVPOBaTh LiefloCTHOCTL reHoMHon [IHK.
leHomHasa [OHK, BbigeneHHaa aTuM Ha6opoM, o6nagaeT
YUCTOTOW W BbICOKON Lie/IOCTHOCTbIO, MO3TOMY

OHa MOXET MOCNY>XWUTb MPEBOCXOHbIM LUIAGIOHOM

ANA panbHerLmnx MoneKynsapHo-61onornyecKmx
3KCMepUMEHTOB, Takux Kak lNL|P-aHanns, peCTpUKLMOHHbIN
aHanms 1 npoyue
(hepMeHTaTUBHble peakLun.

® TexHos0rvs BblJeneHns:
Ha cnnH-konoHkax

e Tun HK: JHK

e (dopmart: Habop

e Twn 6uomatepunana: Moysa

Onsa ceasu:

DA sales@skygen.com

ApTtukyn: ERC501

Ha6op "Ha6op SKYAmp miRcute miRNA Isolation Kit"
Ha6op npeaHasHayeH A9 CENEKTUBHOIO BbleNeHus
MuKpoPHK. Mpu ucnonba3oBaHnm faHHoro Ha6opa
NpoucXoamnT BbleneHne Manbix PHK, Takux Kkak Manble
nHTepdepupytowme PHK (MUPHK), Manble saepHble
PHK (MsiPHK),a Takxe ToTanbHon PHK.

B Habope peasn3oBaHbl MHHOBALMOHHbIE peLleHns,
ONTUMW3MPOBAH COCTaB NU3upytoulero 6ydepa,

a Takxke MeMEpaHa KpeMHWeBOW KONTOHKU, CMOCOGHasn
afcop6upoBaTbh PHK Manbix pasmepos (<200 n.o.),
nonyyas BbICOKOKa4yeCTBEHHbIN NPOAYKT.

® TexHOMornsa BbljeNneHus:
Ha crmnH-KonoHkax

Tun 6uomaTepnana:
CbiBOpOTKa/MNnaama KpoBu
Tun 6uomatepuana: PacteHns
Tun 6nomatepuana: TkaHb
Tun HK: PHK

®opmat: Habop
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KOMMJIEKCHOE OCHALLEHUE NTABOPATOPUI

Xpomarorpaduueckue CraHpapTHble Pactsopurenu
KOJIOHKM obpasupbl ans BOXX / 0CH
AHanuTnyeckue JlabopatopHoe O6opynosaHue

npuoopsi obopynoBaHue Life Sciences

Mukpobronorus Xumunyeckue brnoxumunyeckne
peaKTuBbl peaKTuBbl
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