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HccnenoBaHa aHTaroHMCTUYECKAsi aKTUBHOCTD IITAaMMOB Pantoea brenneri B OTHOILIEHUM IIMPOKOTO CIIEKTpa
¢GUTONMAaTOreHHBIX MUKPOOPTaHM3MOB. YCTAHOBJIEHO, YTO LITAMMbI XapaKTepU3YIOTCs (YHTULIMIHON aKTHUB-
HOCTBIO B OTHOLLIEHUY MUKPOMULIETOB Fusarium sambucinum, F. oxysporum, F. solani, Rhizoctonia solani, Alter-
naria sp., Ascochyta kamchatica, Colletotrichum coccodes, n aHTUOaKTepHaIbHOII aKTUBHOCTHIO B OTHOIIICHUN
duTonaroreHa Erwinia amylovora, BbI3bIBaIOILETO OAKTEpUAIBHBIN OXKOT TTOAOBBIX AepeBbeB. [TokazaHo, 4TO
CYCIIEH3US KJIETOK M CYIIEpHATAHT KYJIbTYPalIbHOM XUIKOCTU IITAMMOB Pantoea brenneri CioCOOHBI MOIAB-
JISITh (Dy3apro3bl Ha KITyOHSIX KapTodeisi IPY ero XpaHeHUU. YCTaHOBJIEHO, YTO IITaMMbl P. brenneri SIBASIIOTCS
6e30IMaCHBIMH TSI MOAEIbHBIX XXMBOTHBIX. CAeIaHO 3aKJIIOYeHHE O NePCIIeKTUBAX UCIIOIb30BaHUs IITAMMOB
P. brenneri B KauecTBe 0OBEKTOB ISl CO3JAHUS IKOJIOTUYECKU OE30IaCHbBIX CPEACTB 3allMTHI paCTeHU OT (Pu-
TONATOr€HOB.
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BBEAJEHUWE

3a nocaemnue 50 JeT HaceJeHUe TJIaHEeThl BBIPOC-
JIo Oojiee yeM B JIBa pasa. DTOT (paKTop HEeMn30esKHO
MPUBEJ K COKPAILIEHUIO TIOLIAAN 3€MJIU, TOCTYITHOMI
IJIsl BBIPAILIMBAHUSI IIPOJOBOJILCTBEHHBIX KYILTYP.
B arponpou3sBoncTBe Ha IepeIHUIi IIaH BbIIBUTAIOT-
Csl BOIIPOCHI 3alIUThI CETbCKOXO3SIMCTBEHHBIX pacTe-
HUI, IIOCKOJIbKY YPOBEHb pa3BUTUS MATOTeHHO
MUKPOQDJIOPHI B MOYBE Y HA CEMEHHOM MaTepHaJe 10-
CTUT KPUTUUYECKOTO 3Ha4YeHUs. YiepO, NMpuduHsie-
MBI CEILCKOMY XO3SMCTBY MAaTOr€ HHBIMU MUKPOOP-
raHM3MaMM, pacTeT U3 roja B roja Bo BceM Mupe. bo-
smee 80% Bcex W3BECTHBIX O0OJE3HEW pacTeHU
BBI3BIBAIOTCSI MUKPOMMIIETAMM — CAMOM IIMPOKOit
rpy1mmnoii Bo3oynurteneit 3adboneBanuii (Titova, Kras-
nobaeva, 2019).

dyzapuosHast cyxast THUJIb KapTodesi, BRI3bIBae-
Mas MUKpoMmureTaMu Fusarium spp., SIBISIETCS OC-
HOBHBIM pa3pyIlIUTebHBIM 3a00JIeBAaHUEM, BbI3bIBa-
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OIIIM 3arHUBaHue KiyOHel mpu xpaneHuu. [lorepn
ot Fusarium — acCOLMMPOBAHHOI Cyxoii THWIHU, IO
HEKOTOPBIM OIIeHKaM, CHIDKAIOT YPOXKAWHOCTD 10 25%
MPY BIMSIHWM Ha pa3BUTUE MMPOPOCTKOB KapTodes, U
6osee 60% KiryOHE MOTYT OBITh OPaXKeHBI [P TN -
TeJIbHOM XpaHeHuu ypoxas (Lastochkina et al., 2020).
OnacHbIM U IIMPOKO paclpOCTPaHEHHBIM 3a00J1eBa-
HUEM PaCTeHUI BO BCEM MUPE CUUTAETCSI ACKOXUTO3,
BO30yIuTENIeM KOTOPOTO SIBJISIFOTCSI TPUOBI Ascochyta
Spp., a moTepu ypoxas coctaBisior no 50%. Cospe-
MEHHbIE Mepbl OOPHOBI C ACKOXUTO30M BKJIIOYAIOT B
cebs1 YHUUTOXEHUE 3apakeHHbIX paCTeHUI U TpUMe-
HeHre XUMMYeCcKUuX QYHTULIMAHBIX Tpenapartos (Bar-
betti et al., 2021). IIpencraButenu pona Rhizoctonia
SIBJISIFOTCS] TIOYBEHHBIMU (DPUTOMATOTEHAMU, MULIEJTUIA
KOTOPBbIX OOBOJIAKMBAET KOPHU PACTEHUIA U MOXKET
MIPOHMKAaTh B IIOYBY Ha MIyOuHY Oosiee 25 cMm. Pacrte-
HUS, TIOpaXXeHHbIe JaHHBIMM MUKPOOPTaHU3MaMHu,
rnOHyYT. Mepbl 00pHOBI BKITIOYAIOT B ce0sT arpoTeXHIIe-
Kue u xummnaeckue puemsl (Liet al., 2021). B 2019 rony
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BIIEpBBIe OBLIO OOHAPYKEHO CHUIbHEMHIIee 3a00ieBa-
HUe pacTeHuil (aHTpakHO3) B KuTae, Bo30ymuTesieM
KoToporo sBisietcss T1pub popa  Colletotrichum.
Bcmbimka 60j1e3HM, BRI3BaHHAS STUM BO30OYIUTEIEM,
npuBeia K 60% rubenu CceabCKOXO3SMCTBEHHBIX
KyJabTyp. B HacTosiee BpeMst 111 60pbObI ¢ huTora-
TOTeHHBIMM MHUKPOMMIIETAMU HWCTOJB3YIOTCS CUJIb-
HbIe XUMHYECKUEe (DYHTUIIUIBI, KOTOPHIE BHI3BIBAIOT
MECTULIMAHBIN CTpecC y PacTeHUI U CHUXKAIOT Kave-
CTBO CEJIbCKOXO3sMCTBeHHOM npoaykimu (Zhang et al.,
2021).

IToMuMO MUKPOMUIIETOB, OOJBIIIONM yIIepO HAHO-
CAT U ¢uTonaTroreHHble 0akTepuu. OXOr IIOAO0BbIX
KYJIBTYP — OIHO 13 OTTaCHEMIIIMX 3a00JIeBaHUI, ITopa-
Xammux pacteHus. Ero Bo3oynurens Erwinia amylo-
vora BbI3bIBa€T HEKPO3bl BCEX OPraHOB PacTEHUIT-X0-
3geB (Ordax et al., 2015). DkoHOMUYECKMIi yiiepO OT
oXora IUIOIOBBIX IEPE€BbEB BhIpaXKaeTcs KaK B IOTE-
psIX ypoKasi U ruOeiu TI0A0BBIX, TaK 1 B 3aTpaTax Ha
BBIKOPYEBKY M YHUUYTOXEHHE OOJBHBIX PaCTCHUIA,
IpoBelIeHNe MPOPIIAKTUIECKNX XMMHUYSCKNX o0pa-
0OTOK MPOTUB BO3OyaUTEJISI OOJIE3HU U €TI0 MepeHOoC-
YMKOB, a TaKXKe KapaHTUHHBIX (PUTOCAHUTAPHBIX ME-
ponpusituii. Metonsl 60ps0bI ¢ E. amylovora siBastioTCs
MpeaIMEeTOM MHOTUX MccienoBaHuil. IlepBoHavyaibHO
OBUIO IIOKAa3aHO, YTO AHTUOMOTUKM, B YaCTHOCTU
CTPEIITOMULINH, SBISTIOTCS 3(@EKTUBHBIM Cpel-
CTBOM KOHTPOJISI 6aKkTepruaabHO MHMEKIINU MTpU 00-
paboTke pacteHuii BOo Bpems uBereHust (Johnson,
1993). JInuTtenbHOE WCHOJIb30BaHME aAHTUOMOTUKA
MPUBEJIO K MOSIBJICHUIO YCTOMYMUBBIX K CTPEITOMMUIIM -
Hy nonyissuuii E. amylovora, 9To BBI3BIBAaET OECIIO-
KOMCTBO MEIUIIMHCKUX COOOIIECTB, MCIOIb3YIOIINX
aHTUOMOTHUK B TepareBTuueckux 1esix (Forster et al.,
2015). B Mupe B KadecTBe areHTOB OMOJIOTMYECKOM
0OpBOBI ¢ OaKTEpUATBHBIM OKOTOM IHUPOKO MCITOJIh-
3yloTcsl mTammbl Pantoea vagans C9-1, P. ananatis
BRT175, P. agglomerans E325 u P10c, Pseudomonas
Sfluorescens A506, Bacillus subtilis QST713 n BD170
(Walterson, 2014). B Haieii ctpaHe 4acTHbIE 1 MPO-
MBILIUIEHHBIE Calbl 3aHUMAIOT OOJIbIIME TIJIOIIAaN, a
pUMeEHsIEMbIe Mephbl OOPHOBI HE TIPETSITCTBYIOT aK-
kauMaTuzaiuu Bosoyautens. CornacHo “Crimcky
MECTULMIOB ¥ aTPOXUMUKATOB, pa3pellleHHbBIX K ITPU-
MeHeHMI0 Ha Tepputopumn Poccuiickoit ®enepariyum”
B HacTosllliee BpeMsl B Hallleil CTpaHe He 3aperucTpu-
pOBaHO OMOIIpEIapaToB IJisk OOPHOLI C BO30OYyIUTEIEM
0aKkTepUaJIbHOIO OXKOTa IUIOIOBBIX KYJIbTYP.

Ha coBpemeHHOM 3Talle O4YeBWIHA BakHeHIIast
POJIb OMOJIOTMYECKUX METO/IOB MOBBIIIIEHUS yPOXKAHO-
CTH U COXPAaHHOCTH CETbCKOXO3STMCTBEHHBIX KYIBTYp, B
TOM YHCJIe WCTIOIB30BAHMS TTOUBEHHBIX pU30ChHEPHBIX
MUKpoopraHu3MoB. Ilojie3Hble pU300aKTepuu MOKHO
Ha3BaTh “pacTUTEJIBHBIMU IIPOOMOTHKAMM~’, KOTOPEIE
YBEJIMIUBAIOT POCT, YPOXKANHOCTH, 3¢ GhEeKTUBHOCTD
WCIIOJIb30BaHUSI TUTATENbHBIX BEIECTB, YCTOWYM-
BOCTb pacTeHUM K OMOTUYECKUM M aOMOTUICCKHUM
crpeccam (Rochlani et al., 2022). B cBoio ouepensb,
KoOMMepLaau3alus ouoygoopeHunit Ha oCHOBe Oak-
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Tepuii OorpaHUYEHA B CBSI3U CO CIIOKHOCTBIO MCITOJIb-
30BaHMs JaO0OPaTOPHBIX IIITAMMOB B MOJEBBIX YCIIO-
BUSIX W3-3a psaa (pakTopoB ((hUBUKO-XUMUYECKUE
CBOIICTBAa MOYBHI, B3aUMOJIEIICTBIE C IPYTUMH PU30-
cepHBIMM OpraHM3MaMHU, DKOJOTHUYEeCcKHe (aKTo-
pul). BaxxHoii cTpaterueil misi NpPeOmOJIEHUSI 3TUX
OrpaHUYECHUN SBJISIETCS MPUMEHEHHUE aBTOXTOHHBIX
MUKPOOPTAaHU3MOB, afallTUPOBAHHBIX K KJIMMaTH4E-
ckuMm yciaoBusiM pernoHa (Etesami et al., 2021). Bce
OOJIBIIIYI0O 3HAYMMOCTh MPHUOOpPETAaeT IIPUMEHEHUE
OakTepHaJIbLHBIX YIOOpEeHMIT Ha OCHOBE acCOIIATUB-
HBIX pU300aKTepuil, CTUMYIUPYIOIINX POCT pacTe-
HUIi, KOTOPBIC SIBIISTIOTCSI HEOTHEMJIEMOI YaCThIO PU-
30cgepHoii OMOTHI. B CBsI3M ¢ BEICOKOI aganranueii K
IIMPOKOMY JMANa30Hy MUTATEIbHBIX Cpel, ObICTPhIM
TeMIIaM POCTa U OMOXMMUYIECKOI YHUBEPCAIIbHOCTHIO
MeTabonu3Ma, pu300aKTEpUM paccMaTpUBAIOT Kak
HEeOOXOAUMBIIA KOMIIOHEHT B YIIPaBJICHUU arpOKYJib-
TypaMu. MHUKpPOOMOIOTUYECKAMN CITOCOO 3alInTHI
pacTeHuii oT 6oJie3HEe OCHOBAH Ha ITPUPOTHOM sIBJIC-
HUUJ aHTaroHU3Ma 0aKTepuii 10 OTHOIIEHUIO K (DUTO-
natoreHaM. OH peaan3yeTcs C MUCIIOJIb30BAHUEM Ta-
KMX MEXaHU3MOB, KaK CIIOCOOHOCTb K KOHKYPEHIIUN
3a MUTaTEeJIbHbIC BEIIECTBA U IPOCTPAHCTBO, IIPOAYK-
s cuaepodOopoB, IUTUIECKUX (PEPMEHTOB, aHTHU-
ouoTukoB (Santoyo et al., 2021).

Panee Hamu 13 mouB Pecry6siuku TatapcTaH Obl-
JI1  BbIIEJCHBI (PUTATTUAPOIUIYIONINE IITaAMMBI,
naeHTUGUIUpoBaHHBIE ¢ ToMoIbio MLSA-anam3a
Kak Pantoea brenneri 3.1,3.2,3.5.2 1 3.6.1 (Suleimano-
va et al., 2015, 2021). B npeabiaynmx UCCaeI0BaHUSIX
yXKe TTOKa3aHBI MOJIOKUTEIbHBIE 3(PPEKTH OTIENb-
HBIX IITAMMOB Ha pPacTEHMs: YCTAaHOBJIEHA CIIOCO0-
HOCTh K CEKpeUMUd KOMIUIEKCAa TUIPOJIUTUUYECCKUX
¢depmeHTOB (pUTa3bl, MpoTeas3bl, LEJUIIOIA3bl), Ie-
crpykuuu umanugoB (HCN), cuHTe3y dutoropmo-
HoB u cuaepodopos (Itkina et al., 2021). Llenbro naH-
HOIi paboThI IBUJIOCH U3yYE€HME aHTAarOHUCTUYECKOM
aKTUBHOCTY LUTaMMOB P, brenneri 3.1,3.2,3.5.2 1 3.6.1
B OTHOILIEHMM IIMPOKOTO CIIEKTpa (PUTOIIATOreHHBIX
MUKPOOPTaHU3MOB.

MATEPHAJIBI U METO/bI

O0mbekT uccaenopanus. Mccienosaiach aHTHOWO-
TUYecKasi aKTUBHOCTb OaKTepHAJbHBIX IITAMMOB
P. brenneri 3.1, 3.2, 3.5.2 n 3.6.1. B kayectBe TecT-
KYJAbTYp HMCHOJIb30BaId OaKTepHadbHBIIA IIITaMM
Erwinia amylovora (Koinekuusi MUKpPOOPraHU3MOB
®OI'bHY “Bcepoccuiickuit HaydYHO-HMCCea0BaTEb-
CKUIi MHCTUTYT (PUTOIIATOJIOTUM ) U IITAMMbl MUK-
pomunietoB Fusarium sambucinum, F. oxysporum, F. so-
lani, Rhizoctonia solani, Alternaria sp., Ascochyta
kamchatica, Colletotrichum coccodes (KONIEKIIUS MUK-
poopranuzmoB HUJI “ArpobuounnzkeHepusi” @PITAOY
BO “KazaHckuii (ITpuBojKckuit) dhenepalbHbIi
YHUBEPCUTET”).

ITutaTenbHble cpenbl U YCAOBUS KYJIbTHBHPOBAHWS
MHKpoopranusmoB. KyJibTUBHpOBaHUE OakTepuasb-
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HBIX IITAMMOB OCYIIECTBIISIIN Ha MUTATEJILHOM cpelie
LB (r/n): Tpuniton — 1.0, npoxokeBoii akcTpakT — 0.5,
NaCl — 0.5. KynsTuBrMpOoBaHUE IITAMMOB MPOBOIMIN
B IIPOOMpPKAaX IIPU COOTHOIIIEHN 00beMa Cpebl K 00b-
eMy Tpooupku 1 : 5 Ha 1a00paTOPHBIX OPOUTATTHBHBIX
KayaJikax ¢ MHTEHCUBHOCThIO KauaHus 200 00./MUH
pu Temrrepatype 30°C.

IHITaMMbl MUKPOMUIIETOB KYJIGTUBUPOBAJIN B JIa-
GopaTopHbIX TepMocTaTax pu 25—28°C Ha cpene Ya-
neka (r/n): caxaposa — 30.0, NaNO; — 3.0, KH,PO, —
1.0, MgSO, x 7H,0 — 0.5, KCIl — 0.5, FeSO, < 7H,0 —
0.01, arap — 20.0.

CoBMecTHOE KyJIbTUBUPOBaHUE IITaMMOB Pantoea
brenneri u Erwinia amylovora ipoBooyIM Ha CIEIYIO-
UX MUTaTtelbHbIX cpenax (r/n1): NAS (caxapo3a —
50.0, arap — 15.0), King B (menton — 20.0,
rmuuepuH — 10.0, KH,PO, — 1.5, MgSO, x 7TH,0 —
1.5, arap — 15.0), LB, R2A (mpoxckeBoii akcTpakT — 0.5,
nenroH — 0.5, ruaponm3ar KazenHa — (0.5, kpaxman —
0.5, nmrokoza — 0.5, K,HPO,— 0.3, MgSO, < H,0 —0.3,
NaCl — 0.3, arap — 15), NAG (tmoko3za — 10.0, arap —
15.0), 925 (mmroko3a — 5.0, K,HPO, — 3.0, NaH,PO, —
1.0, NH,CI — 1.0, MgSO, x H,0 — 0.3, arap — 15.0).

N3mepeHue omntuyeckoit miaotHoctu (OIT) cyc-
MEH3UNU KJIECTOK MPOBOAWIN Ha CHEKTPpOdOTOMETpE
(Bio-Rad, CIITA) npu mjivHe BoaHbI 590 HM.

ITonyyenune cynepHaranra. B pabore mcroib3oBa-
JIV CyTIepHATAHT KYJIbTYyPaabHOI XUIKOCTH IITAMMOB
Pantoea brenneri. Knetku KyJbTUBUPOBAIN Ha MUTa-
tesibHOU cpene LB nipu temnepatype 30°C B TeueHue
18 u. Janee KIeTKU ocaxKaaau myTeM LIeHTpUdyrupo-
BaHus npu 10000 06./MuH B TeueHue 15 muH. ITony-
YeHHBII CylepHATaHT MPOITyCKaIM 4yepe3 MeMOpaH-
Hblii puabTp (Millipore, I'epmanust) ¢ auaMeTpom
nop 0.22 MKM ¥ UCIIOJIb30BaIN JIJISI JaJlbHEHIIe pa-
OOTHI.

Onpenenenne aHTATOHNCTHYECKOH AKTHBHOCTH.
AHTaroHUCTUYECKYIO aKTHUBHOCTb OaKTepuaabHBIX
IITAMMOB MO OTHOIIIEHUIO K TECT-KYJIbTypaM MUKPO-
MUIIETOB OIIPEACIISIN METOAOM IBOMHBIX KYJIBTYp Ha
cpene Yameka (Egorov, 2004). bakrepuanbHbie
LITAaMMBbI TIpeIBapUTEILHO BbIceBaJIU Ha yaliky Ilet-
pu ra3oHOM, ncnoiab3ys 100 Mk 18-4acoBoii KyIbTy-
pbl. ajiee B LICHTP YalllKW BBIKJIAIbIBAJIM arapOBBIi
OJIOK ¢ KyJIbTypoil matoreHa. B KOHTpoJIbHOM Bapu-
aHTe MCIOJIb30BaJIU KyJIbTypy I'pruda 0e3 6aKkTepHralib-
HBIX IITAMMOB. AHAJIM3 YaIlleK MpoBOANIN yepe3 10—
14 cyT, onpenensis pa3Mep 30H MHTMOMPOBaHUS pOCTa
munenus. CterieHb MHIMOMPOBaHUS ONPEaSIISIN 110
dopmyne: U= (1 —A/B) x 100%, rne 1 — uHrn6mpo-
BaHME poCTa KOJOHMU maroreHa (%), A — nuameTp
pocTa rpuba B BapraHTe C 0aKTepHUaIbHBIM IITAMMOM
(cm), B — nnametp pocta rpuba B KoHTpoJe (cm) (Ne-
trusov, 2005).

AHTaroHMCTUYEKYI0 aKTUBHOCTh OaKTepUaJIbHBIX
IITAMMOB TI0 OTHOIIEHUIO K TeCT-KYNIbType Erwinia
amylovora onipeneIsiIi aHAJIOTUYHO ITyTEM COBMECT-
HOTO KyJbTUBUPOBAHUS HA PA3IMYHBIX MTUTATEIbHBIX
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cpenax (NAS, King B, LB, R2A, NAG, 925). I'otoBu-
1 18-4acoBble KyJIbTYPhl IITAMMOB U IOBOJIUJIM OI-
Tudeckyto rioTHocTh (OIl) cycneH3um kieTok Pan-
toea brenneri — no 1.0, Erwinia amylovora — no 0.1. I1o-
BepxHOCTh yvamku Ilerpu 3aceBaium ra3oHoM
cycneHsueii E. amylovora, mocjie 4ero B LICHTP YalllKy
MUIIETKOM BHOCWJIM II0 5 MKJI CyCIIEH3MM IITaMOB
Pantoea brenneri. B XOHTpOIBbHBIX BapyuaHTaX UCITOIb-
30Bajiu KyAbTypbl Erwinia amylovora v Pantoea bren-
neri, pacTymue 1mo-otaeabHocT. OO0 ypoBHE aHTaro-
HUCTUYECKOM aKTMBHOCTH ILITAMMOB CYIWJIM I10 11a-
MeTpaM 30H 3aJIePXXKHU POCTa TECT-KYIbTYPbl BOKPYT
KOJIOHMI OakTepHii-aHTarOHWCTOB. AHAJIM3 IPOBO-
I yepes3 48—72 4 KyJTbTUBUPOBAHUS.

O1eHKa JKU3HECTOCOOHOCTH MUKPOMHULIETOB. O1IeH-
Ky >XM3HECITOCOOHOCTU MMKPOMUIIETOB B MPUCYT-
CTBUM OaKTEpUATbHBIX IIITAMMOB MPOBOAWIN MyTeM
OKpallvBaHUsI rpaHUYaIEero ¢ 0aKTEPUSIMU MULIETUS
rpuba KpacuTelsiIMy [HeUTpaJibHbIII KpacHBIN (Sig-
ma, I'epmaHusi) B KoHueHTpauuu 0.1 Mr/mja wiu
DBaHc roayooii (Sigma, ['epmaHus) B KOHIEHTpaL1
0.5 Mr/mi] 1 TanbHENUIIEro MUKPOCKOTTUPOBAHUS Ha
cBeToBOM Mukpockorne “MC300” (ABctpusi) (Jiang
et al., 2019). B kauecTBe KOHTPOJISI IPOBOAMIIM aHA-
JIOTUYHOE OKpalllMBaHWE U MUKPOCKOITMPOBAHUE MU -
Heaus rpuda, KyJbTUBUPYEMOTO 0€3 0aKTepUaTbHBIX
LITAMMOB.

Onpenenenye CioCOOHOCTH MCCIEyeMbIX IITAMMOB
MOAABJIATH (py3apuo3bl KayOHei KapTodend. 11 pado-
Thl UCIIOJIb30BAJIU BhIPALLIEHHbIE B TEIJIMYHBIX YCIIO-
BUSIX 3I0POBbIE, HETTOBPEXIEHHbIE KITyOHU KapTode-
1 copra “bantuk Poy3”, mo0e3HO mpemocTaBiIeH-
Hble K.0.H. 3. CrameBcku, TatHHUUNCX OUIIL
KasHII PAH. Copt “bantuk Poy3” BocnmpuumMyuB K
OCHOBHbBIM T10CJIEyOOPOUHBIM 3a00JIeBaHUSIM KapTO-
dens, Bkiaoyas (py3apro3HyIo Cyxyio THUIb. KiyoHu
MPOMBIBAJIM B BOJOMPOBOAHON BOAE IJIs yAaJdeHUS
MOYBbl U JNEe3UHMULIMPOBAIN TyTeM ITOTpYyKEeHUS B
10%-i1 pacTBOp TMITOXJIOpUTA HATPpUst Ha 20 MUH, MO~
cJie Yero TPUXKIbl MTPOMBIBAJIN CTEPUJILHON JUCTUII-
JIMpPOBaHHOW BOJAOW W BbICylIMBaNU. B KiIyOHsX
MpoaeabIBaIN OTBEPCTUS IyOuHOM 1.5—2 cM mn nua-
metpoM 1—1.3 cMm. B akcneprmeHTe MCIOJb30BAIU
cllelyIollue KOHTPOJIbHbIE U OTIBITHBIE I'PYIIHI.

KonrtponbHas rpynmna 1 — KiiyOHU UHOKYJIUPOBa-
JIV arapoBbIMU JUCKaMU CO IITaMMaMu Fusarium sam-
bucinum u FE oxysporum. KoHTpoJibHas1 rpyrima 2 —
KJIyOHU MHOKYJIUPOBAIN MyTeM BHECEHUS TTUTIETKOM
CYCIIEH3UM KaxXJ0ro u3 OaKTepualbHbIX IITAMMOB
Pantoea brenneri B oobeme 200 mxi. KoHTpospHas
rpymnna 3 — KIIyOHU MHOKYJIMPOBAJIU CTEPUIIbHOM BO-
noit B ooeme 200 MKIT.

Jlast 00ouX UcCaeayeMbIX ITaTOTE€HOB TIPOBOIMIIN
KaK IPEeBEHTUBHYIO OOpabOTKy IITaMMaMM OaKTe-
puii, TaK 1 00pabOTKY OAKTEePUSIMU TTOCIIE 3apaKeHUS
rmatoreHoM. OrnbITHas rpynna 1 — KJIyOHU MHOKYJIU -
poBajM CYCIICH3USIMM OaKTepUaJIbHBIX IITAMMOB B
ooweme 200 Mk, yepe3 24 4 moOaBISUIA arapoBbIC
JIIUCKU co mTammaMu Fusarium oxysporum vim F, sam-
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Taomuna 1. KoadduumeHT nHrno6upoBaHusi pocta UTOMATOTEHHBIX MUKPOMUILIETOB OaKTEpUaAJIbHBIMU IITAMMaMU

Pantoea brenneri (%)

KoaddulimeHT MHrubMpoBaHUs pocTa
HIrammbr Fusarium . Rhizoctonia . Ascochyta | Colletotrichum
. F oxysporum E solani . Alternaria sp. .
sambucinum solani kamchatica coccodes
P, brenneri 3.1 88.8+4.4 38.8+ 1.9 38.2+2.0 86.8 = 4.1 375+ 1.2 65.5+3.5 52.3+£29
P. brenneri 3.2 89.8 £4.7 17.7 £ 0.9 75.0+ 3.3 86.8 £ 3.9 250t 1.9 66.6 + 3.5 56.7+£3.2
P. brenneri 3.5.2 68.8 £3.4 222+ 1.15 85.3+4.0 85.8 £4.2 77.5+2.7 82.2+3.9 50.0 £3.0
P. brenneri 3.6.1 87.8+4.3 55.5+29 779+ 3.9 86.8 £ 3.6 87.5+3.9 86.6 £ 3.8 40.6 £ 1.9

bucinum. OnibITHAS TpyIIa 2 — KIYOHU MHOKYJIUPO-
BaJIM arapoBbIMU AWCKaMU CO IITaMMamu F. oxyspo-
rumunu F. sambucinum, aepe3 24 94 1o0aBJIsLIN ITUTIET -
KO cycIieH3nn OakTepraabHBIX IIITAMMOB B 00ObeMe
200 mxJ1. OnibiTHas rpynna 3 — KIIyOHU MHOKYIUPO-
BaJIM CyIIepHATaHTOM KYJIbTypPaJlbHOM XUIKOCTH OaK-
TepHATLHBIX IITAMMOB B 00beMe 200 MKI1, uepe3 24 4
J100aBJISIM arapoBblie TUCKU ¢ F. sambucinum. OTIBIT-
Hag rpynmna 4 — KJyOH! MHOKY/JIUPOBAJIM arapoBbIMU
muckamu ¢ F sambucinum, 9epe3 24 4 100aBIISIIN Cy-
TepHATaHThl KYJIbTYPaJbHOM XXUIKOCTU OaKTepUaib-
HEBIX IITAMMOB B 00beMe 200 MKIT.

KiyoHu nukyouposaiu mnpu remieparype 25°C B
teueHnue 21 cyt. Hanee nemanau pa3pe3 OT ITOBEPXHO-
CTH BIIOJIb YYaCTKA MHOKYJISIIWHY JIJISI U3MEPEHUSI 11 -
PUHBI ¥ NIyOMHBI HEKpo3a TKaHeu (B MM). [1youny
MMPOHUKHOBEHMUS (Py3aprO3HOI THIUJIU PACCUUTHIBAIN
o opmyie (Mejdoub-Trabelsi et al., 2017): P=[1/2 +
+ (p — 6)]/2, tme P — npoHuKHOBeHUEe THWIN (MM),
1 — MakcuMaJspbHasl IIIMPUHA 30HBI HEKpo3a (MM), p —
MaKCHUMaJIbHas IIyoMHa 30HbBI HeKpo3a (MM). Ilepe-
BOMWIM 3HAYEHUS B MPOLIEHTHOE COOTHOIIEHUE OT-
HOCUTEJIbHO KOHTpoJisl. KoadduiimeHT mopaxeHus
¢dy3aprO3HON THUJIN PaCCYUTHIBAIIU 1O (popmyie: P =
= [(W/2) + D —5)] % 2, tne W — mmmpuHa Hekpo3a (MM),
a D — myouna Hekpo3sa (MM) (Sellem et al., 2017).

OnpeneneHne BUPYJIEHTHOCTH, TOKCMIHOCTH M TOK-
cureHHocTH Oakrtepmii. OTipermesieHe BUPYJIEHTHO-
CTU, TOKCUYHOCTU M TOKCUTEHHOCTU OaKTepuil mpo-
BOIMJIM Ha OesbIX Mblax oboero mnoja guHuu ICR
(CD-1) B mabopaTopuu XMMHUKO-OMOJIOTUYECKNX UC-
cienoBanuit MOPX um. A.E. ApoGy3sosa KasHII
PAH. XKuBoTHBIX coaepXajii B CTaHAAPTHHIX YCJIO-
BUSIX BUBapUsl, JIsI KOPMJIEHUST UCTIOJIb30BaIi CTaH-
ITapTHBIN KopM. I KaxXImoil »KcrepuMeEHTaTbHOM
IPYINbl ObUTM OTOOpaHbl MO MATb MBIIIEH OTHOTO
Bo3pacTta Maccoit 16 & 0.5 r. BupyjaeHTHOCTb 1ITaM-
MOB OMNPEAESIIN IMYyTEM OJHOKPATHOIO MepOpaibHO-
ro, TM00 BHYTPUOPIOIIMHHOTO BBEICHUSI XKMBOTHBIM
24-yacoBoii 0aKTepuaIbHOM KYJIbTYPbI B CTEPUJIBHOM
(dbusmonorndyeckoMm p-pe B nosax 10°, 107 u 108 KOE
Ha ONHO XWBOTHOE. TOKCUYHOCTb M3ydyaiu MyTeM
BHYTPUOPIOIIMHHOIO BBEIEHUSI MbIIIaM B3Becu 18-
4acoBOU KYJIbTYpbl MUKPOOPTaHU3MOB B CTEpUJILHOM
¢du3nonornueckKkom p-pe, UHAaKTUBUPOBAHHOM Harpe-
BaHueM npu 60°C B reuenue 90 MuH. TOKCUTE€HHOCTD
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OIpEeAessIM MyTeEM BHYTPUOPIOIIMHHOIO W MEpO-
PaJILHOTO BBEICHUSI CTEPUIIBHOTO (PUIIbTPATA KYJIbTY-
PaIBLHOM XKMAKOCTH TPEXCYTOUHBIX U CEMUCYTOUHBIX
KynbTyp 0akTepuii. [Ipy 3TOM KOHTPOIBHOM TpyIIIie
>KMBOTHBIX BBOIUJIN CTEPUJIbHYIO XXUIKYIO TTUTATEb-
Hylo cpeny. HaGoneHue 3a )XKUBOTHBIMUM OCYIIIECTB-
st Ha poTsikeHnu 30 cytok. M3 Kaxkmoit ombITHOM
IPYIIIBI ObLIX OTOOpaHBI CJIydaiiHBIM 00pa30oM Mo TpU
MbIIU. 2KUBOTHBIX YCBITUISUIM TP MTOMOIIM BHYTPU-
OpIOIIMHHOTO BBEIEHUSI p-pa XJopajlbruapara u3
pacuetra 8 mr/0.1 mu Ha 20 © Macchl XXHMBOTHOTO.
B acenTryeckux ycJIOBUSX IMPOU3BOAMIN 3a00p 00-
pasloB TKaHel. BHyTpeHHUe opraHbl o0cienoBaiv
Ha BbIsIBJIeHUE NTaTojioruii. [IponsBoauu moces Kpo-
BU, B3SITOI U3 cep/lia, IeYeHU 1 CceJIe3eHKHU Ha NUTa-
TeIbHYIO arapn3oBaHyio cpeny LB.

Bce skcniepruMeHTBI C XKMBOTHBIMHY IIPOBOIVIIVCH B
cooTBeTcTBUM ¢ dupekTuBoii EBponeiickoro mapia-
MeHTa 1 CoBeTa Mo 3allUTe XUBOTHHIX, UCIIOIb3ye-
MbIX 11sT HaydHbIX 1Leleit (2010/63/EC). ITpoTokombl
9KCIIEPUMEHTOB 0100peHbl KOMUTETOM 110 colepKa-
HUIO 1 MCIIOJIb3oBaHMIo kuBOTHEIX DHUII “Kazan-
ckuii HayuyHbli neHTp PAH” (mporokon Ne 2 or
09.06.2022).

Cratuctuyeckuii anamm3. CTaTUCTUYSCKUIA aHAJIU3
pe3yJIbTaTOB MPOBOAWJIU C MCIOJb30BaHUEM IIPO-
rpamMMmbl Microsoft Excel. st onmcaHust U cpaBHe-
HUSI NPU3HAKOB MCIIOJNb30BaIU 95%-ii 1OBepUTEIb-
HbIIl MHTEPBaJI 151 CPEAHUX BEJIMUMH.

PE3VJIIBTATbBI 1 OBCYXIEHHWNE
DyHrunuaHAs aKTUBHOCTD INTaMMOB Pantoea brenneri

W3ygaemble mutamMmbel P. brenneri o6nagaau cro-
COOHOCTBIO MHTMOMPOBATh POCT UCCIIEIYEMBIX (DUTO-
MMaTOTeHHBIX MUKpOMMILIETOB (puc. 1, a, 6; Tada. 1).
MaxkcuManbHBIil aHTaTOHU3M OTMEUEH B OTHOILIEHUN
Fusarium sambucinum, F. solani, Rhizoctonia solani v
Ascochyta kamchatica, Toe cTerieHb MHTMOMPOBAHUS
pocTa (puTonaToreHa HaxoauIach B CPEIHEM B IIpeJie-
nmax 70—85%. I1pu aToM Hanboee BEICOKME MTOKa3a-
Teau KkoaghdunreHTa UHruoupoBanus Fusarium sam-
bucinum ormMedeHHl y mITaMMOB Pantoea brenneri 3.1
(88.8+4.4%),3.2(89.8 £4.7%)n 3.6.1 (87.8 = 4.3%);
Fusarium solani — y mrammoB Pantoea brenneri 3.5.2
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P. brenneri 3.1

Konrpoas

Fusarium
sambucinum

Fusarium
0Xysporum

Fusarium
solani

Kontpoab P. brenneri 3.1

Ascochyta Alternaria sp. Rhizoctonia
kamchatica solani

Colletotrichum
coccodes

P. brenneri 3.2 P. brenneri 3.5.2 P. brenneri 3.6.1

P. brenneri 3.2 P. brenneri 3.5.2 P. brenneri 3.6.1

Q)

Puc. 1. AHTaroHucTHYecKasi aKTUBHOCTh IITAMMOB Pantoea brenneri B OTHOIIEHUM (DUTOMATOTEHHBIX MUKPOMMIIETOB Fusarium
sambucinum, F. oxysporum, F. solani (a) u Rhizoctonia solani, Alternaria sp., Ascochyta kamchatica, Colletotrichum coccodes (6).

(85.3 £4.0%) u 3.6.1 (77.9 £ 3.9%); Ascochyta kam-
chatica — y mitaMmoB Pantoea brenneri 3.5.2 (82.2 =
+39%) u 3.6.1 (86.6 £ 3.8%). Bce ucciaemyembie
mTaMMbl P. brenneri IMeIn CXOXUE 3HAYEHUST CTeTle-
HU MHTUOUpoOBaHUsI pocTa Rhizoctonia solani (ot
85.8 4.2 10 86.8 = 4.1%) (Tabu. 1).

g u3ydyeHus MpUpPOIbl aHTAaTOHMCTUIECKOM aK-
TUBHOCTH TTOYBEHHBIX U30JISITOB, OLIEHUBAJIM XKU3HE-

MUKOJOI'A U PUTOIIATOJIOTUA

CITOCOOHOCTh MUKPOMMUIIETOB B IPUCYTCTBUM OaKTe-
pUaIbHBIX ITaMMOB. 2KM3HECTTOCOOHOCTb MUIIETUS
MIPpU COBMECTHOM POCTE C OaKTepUaJIbHBIMU IITAMMAa-
MU (ONBIT) U 6€3 (KOHTPOJIb) OLIEHUBAIU ITyTeM OKpa-
IIMBaHUS U NAJIbHENUIIIET0 MUKPOCKOIIMPOBAHUSI KyIb-
Typ. B KadecTBe KpacuTtessi, u3dbupareibHO MpPO-
KpallvBaIollIero JIMIIb >KMU3HECITOCOOHBIE KIIETKMU,
MCIOJB30BaI HEUTPaIbHBIN KpacHbIN. JJaHHBINA areHT
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Puc. 2. Dddekr B3aumoneiictBus mramma Pantoea brenneri 3.2 ¢ (puTONnaTOreHHBIMU MUKpOMULIETaMU Fusarium sambucinum,
FE solaniw Colletotrichum coccodes. Mutienuit OKpaImBaiyd KpaCUTEISIMU DBaHC ToJlyObIM (MEPTBBIE KJIETKH OKPAIITUBAIOTCS B CH-
HUI1 LIBET) M HEUTpaJIbHBIM KpaCHBIM (3KU3HECITOCOOHBIE KJIETKM OKPAIIIMBAIOTCS B KpacHBIH 11BeT). OIBIT — MULICINIA TprUba, pac-
TYLIETO COBMECTHO C OaKTepUabHbBIM LLITAMMOM, KOHTPOJIb — MULIEJIUI, pacTyluii 6e3 6akTepuanbHOro mramma. CBeToBast MUK-

pockorusi, X40.

BBUAY TUHO(PUIBLHON IIPUPOIHI IIPOXOIUT UYepe3 Kile-
TOUHYIO MEMOpaHy (HeImpoTOHUpoBaHHas popma), a
B KUCIIBIX KOMIIAPTMEHTAX IIPUCOEAUHSIET IIPOTOH
(mporoHMpoBaHHas (hbopMa) 1 OKpalllMBaeT UX B Ma-
JuHoBBIN 1BeT (Dubrovsky et al., 2006). Kpacurenb
DBaHC Toj1y00ii GbLT UCMIOIL30BaH JIJisl OOHAPYKEHUS
MOBPEXIEHHBIX WJIM MEPTBBIX KJIETOK, IJIa3MaTHue-
cKast MeMOpaHa KOTOPbIX JIETKO MPOMyCcKaeT KpyIHbIe
AHUOHBI JAHHOTO KPACUTEJISI U KJIIETKU OKPAIIMBAIOT-
cs B cuHuii 1BeT (Evans, Schulemann, 1914).

CoBMecTHOE KYJIbTUBHpOBaHUE ITaMMa Pantoea
brenneri 3.2 c MukpomuuieTamu Fusarium sambucinum,
F solani, n Colletotrichum coccodes mpruBOINIIO K OKpa-
IIMBAaHWIO MULIEJIMS B TEMHO-CUHUI (IIPY UCIIOIb30-
BaHMU KpacuTelIsT DBaHC roiaydboro) U CBETJIO-Kpac-
HbIIi 1BET (MpU HMCIIOJb30BAHUM KpacuTeNsl Heli-
TpaJbHOTO KPAaCHOIrO), TOTAA Kak IJIs MULEIUST C
KOHTPOJILHBIX YallleK IT0Ka3aHa cj1abast CUHsISI OKpac-
Ka M sipKas KpacHasi, COoTBeTCTBeHHO (puc. 2). ITo-
BUIMMOMY, IPUCYTCTBUE OaKTepUaIbHBIX KJIETOK B
OMHaApHOM KYJIbType BBI3BIBAJIO pa3pylleHue rpud-
HbIX TM(, yKa3biBas Ha QYHTMLIMAHYIO IPUPOLY aHTa-
TOHMCTUYECKOTO ACUCTBUS 1uTamMMa Pantoea brenneri
3.2 B OTHOILIEHUU MUKPOMULETOB Fusarium sambuci-
num, F. solani n Colletotrichum coccodes.

AHaJIoTMYHas TIPOTUBOTPUOHAS aKTUBHOCTH ITIpeN-
craBuTeneii poga Panfoea yctaHOBJIEHA B psilie UCCIe-
npoanuit. Tak, mtamMmm Pantoea sp. OXWOG6B1, Boine-
JIEHHBIN ¢ MOBEPXHOCTH CEMEHU TUKOTO OBCA, MHTH-
OmpoBaJI pocT BO30ymuTess puTodTOopo3a KapTodes
Phytophthora infestans B yClIoBUSIX in Vvitro W in vivo
(Town et al., 2016). I[TokazaHbI 3(ppeKTUBHBIE (PYHTH-
LUIHBIE CBOMCTBA IITaMMOB Pantoea dispersa RO-18,
RO-20, RO-21 u SO-13 no oTHOIIeHUIO K GUTOIATO-
reny Ceratocystis fimbriata, BISIOIIEMYCSI BO30YIM-
TeJeM YepHOIM THUIM Ha ciaagkoMm Kaptoderne. Cyc-
MeH3Usl KJIeToK MmHruouponana poct C. fimbriata B
cpenHeM go 70%, a cymepHATaHT KyJbTypallbHOM
KMUIKOCTA MHTMOMPOBaJI IpopacTanue crop Ha 36%.
ITpu sTOM HaGIIOMAIUCH AaHOMAJIbHBbIE UBMEHEHUS B

MUKOJIOTHUA N ®UTOIIATOJIOTI A

ToM 57 Ne 5

Mopdorornm rpuOHBIX T, BKIOYast MX HabyxaHMe,
JIM3WC KJIETOYHOM CTEHKM, Pa3pbiB, FPaHYJISLIMIO U
Bakyosu3anuioo. C Ipyroil CTOpoHsl, mTaMMbl Pan-
toea ananatis SH-9 n SH-3 o61aganu He QYHTUALIMI-
HOM, a (PyHIMCTaTUYECKOI aKTMBHOCTBIO B OTHOIILIE-
Huu Ceratocystis fimbriata (Jiang et al., 2019). ITony-
YeHHbIEe HaMM pe3yJibTaTbl IOKa3ajau, 4YTO IITaMM
Pantoea brenneri 3.2 obnagaetr (pyHrucTraTUUECKUM
MEXaHU3MOM JENCTBUSI B OTHOLIEHUW MUKPOMUIIE-
TOB Fusarium oxysporum, Rhizoctonia solani, Alter-
naria sp. u Ascochyta kamchatica, TIOCKOIbKY CyIIIe-
CTBEHHBIX Pa3jInuMii B OKpacke MULIEJIUs, PACTYIETO
B KOHTPOJIbHBIX U B OTIBITHBIX YalllKax, BbISIBJIEHO HE
ObL10, TOT/IA KaK MHTMOMpOBaHUe pocTa (putornarore-
HOB Habmomanocs (puc. 1).

Cnoco6nocts mrammoB Pantoea brenneri
K nojasJieHuio (py3apno3oB Ha KiIyOHsAX KapTodes

ITomuMo mabopaTOpPHBIX MCCIeOOBaHUN (HyHTH-
OUIHOM aKTUBHOCTHU IITAaMMOB P. brenneri, IpoBOIN-
JI1 OOIOJHUTEIbHBIE SKCIEPUMMEHTHl Ha KIyOHSIX
Kaprodensa. UHuumpoBaHme KJiyoHe MUKPpOMUILIC-
tamu Fusarium oxysporum v F. sambucinum TIipuBeio K
oOImMpHOMY HeKposy TkKaHel (puc. 3). bakTepuanb-
HbIe IITaMMBbI, KaK ¥ KOHTPOJIb CO CTePUJIbHON IU-
CTUJUIMPOBAHHOM BONION, HE BBI3BIBAJIU 3apakeHUe
KJIyOHeii, HeKpo3a TKaHeil He Habmonanu. bakrepu-
ajibHbIEe IITaMMBbl MPOSIBUINU CUJIBHYIO MHTUOUPYIO-
IIYI0 aKTUBHOCTB:. POCT (PMTONATOTCHHBIX MUKPOMU-
neroB ObLT moxaBineH. [lokazaHo, 4To mpu nmpodu-
JIaKTUYeCKOl 00paboTKe KIIyOHeil cyclieH3ueit
OakTepuaIbHBIX IITaMMOB 3a 24 4 Tiepel 3apakeHIeM
Mukpomuueramu F oxysporum u F. sambucinum vHrn-
OupoBaHMe pocTa Ipuba Ha KIyOHSIX COCTaBMJIO OT
44.7+2.3% n050.3+2.4% nor43.6 £2.1% 00 59.2
+ 2.9% cooTBeTcTBeHHO (TabJ. 2). B ciayyae Teparnes-
TUYECKOM 00pabOoTKM OaKTepHATLHBIMU CYyCIICH3USI -
MU yXXe 3apakeHHbIX MUKPOMUILIETAMU KIIyOHet Kap-
Todesist uHrMbupoBaHue pocta F oxysporum cocTaBU-
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I'pynma 1

I'pynna 2 I'pynma 3

Is N Is

F oxysporum

F sambucinum

Kontpons

Tpynmna 1: P. brenneri + Fusarium sp.

OrnbIT

P. brenneri 3.1

AIT1T

I'pynma 3: cynepHarant P. brenneri + Fusarium sp.

P. brenneri 3.2 P. brenneri 3.5.2 JlucT. Bona

I'pynmna 2: Fusarium sp. + P. brenneri
1

I'pynna 4: Fusarium sp. + cynepHuaranr P. brenneri

Puc. 3. Pe3ynbraT 00paboTKM KITyOHE! KapTodess cycneH3uel KIeTOK U CyNepHATAaHTOB KYJIbTyPaIbHOM XKUIKOCTUA IITAMMOB
Pantoea brenneri no v mocne 3apaxxeHust GUTOMATOTeHHBIMU MUKpOMULIeTaMu Fusarium oxysporum v F. sambucinum.

j0 otr 38.8 + 1.8% nmo 50.7 + 2.5%, a F. sambucinum —
ot 40.8 + 1.9% 1o 50.7 + 2.5%.

OKCIIEpUMEHTHI MpPU HCIOJb30BAaHUM CyIlepHa-
TaHTa KyJIbTypaJlbHOM KMAKOCTU JISI PO UITaKTUKN
M Tepalliy KJIyOHel KapTodelst moKa3ajau B CpeaTHEM
OoJiee BRICOKHME 3HAYEHUSI MHTMOMPOBaHUS pocTa (pu-
TOIIATOT€HOB B OTJIMYME OT UCIIO/Ib30BaHUS OAKTEpU-
aJIbHOI cyclieH3uu. B ciiydae mpodmiIakTU4ecKOu
00paboTKN, MTHTMOMpPOBAaHME pocTa naroreHa F sam-
bucinum coctasuno ot 50.7 = 3.2 no 56.3 + 2.8%, B
cliyyae TeparneBTudeckoii — ot 33.8 £ 3.1% no 57.3 =
+2.8% (tabn. 2). Bo Bcex ciydyasix MakKCHUMaJibHOE
WHIOWpPOBaHUE OTMEUEHO MpU 00pabdoTKe IITAMMOM
Pantoea brenneri 3.2 (Ta6m. 2).

PaccuuteiBanu koaddunmeHT nopaxkeHus ¢ysa-
PMO3HOU THWIBIO KIIYOHel KapTodeisi, C TIOMOIIbIO
KOTOPOTO OLICHUBAJIM TsDKECTh 3a0oJieBaHus (Tabir. 3).
YcTraHOBIEHO, 4TO TIpU IMMpodUIAKTUYECKON oOpa-
0O0TKe KIyOHel 6akTepualbHbIMU IITAMMaMU 3a 24 4
o nHuuupoBanus Fusarium oxysporum Ko3hduim-

€HT MopakeHHsI ObLI B CPEIHEM HITKE ITO CPaBHEHUIO
¢ 00paboTKOI1 IToCIe 3apaXkeHUsI maToreHoM. Makcu-
MaJIbHBIM (DYHTULIMIHBIM AeHCTBUEM TIPU BCEX CIIO-
cobax oopaboTku obmaman mramm Pantoea brenneri 3.2
(Tabma. 3).

bonee acddekTBHOE 3aIIMTHOE OCHCTBUE IIITAM-
MOB Pantoea brenneri oTMe4eHO TIpU WHGULIMPOBa-
Huu kaprodenst Fusarium sambucinum — nopaxeH-
HOCTb KJIyOHEe (hy3aprO3HOM THUJILIO CHU3WJIACH MO~
uyrn BaBoe (T1abn. 3). Takke mokazaHo, 4YTO HpU
npoduIakTUIecKoil 00padboTKe KIIyOHEH CyCIIeH3M-
el KJIETOK U CyTiepHaTaHTOM 3a 24 4 nepen 3apakeHu -
eM F sambucinum WHTEHCUBHOCTb MOpaxkeHUs1 Oblia
HMKE, TI0 CPaBHEHMIO C 00pabOTKOIl KITyOHel mocie
nHOUIMpoBaHUusd. MakcuMalbHbIM (YHTULMIHBIM
neiictBueM obOianan wramMMm Pantoea brenneri 3.2 —
npy NpodUuIaKTUIECKO 00paboTKe KIyOHEeil 3TuM
mTaMMoM KoadduiineHT nopaxeHust Fusarium sam-
bucinum ObL1 CHUXEH IIOYTU BABOE OTHOCHUTEJIBbHO
KOHTpOJIsI (Tabu1. 3).

Taomuuna 2. UnrubuposaHue pocrta ¢utonaroreHoB Fusarium oxysporum v F. sambucinum tipy npoduiakTHUECKO 1 Tepa-
MEBTUYECKOM 00paboTKe KIyOHel KapTodes CyclieH3uel KIETOK 1 CyIIepHATAHTOM KYJIbTYpaIbHOMN KUIKOCTU OaKTEpU-

aJTbHBIX IITaMMOB Pantoea brenneri (%)

JleiicTBue

P. brenneri 3.1

44.7+2.3
388+ 1.8

IIpodunakTuka (cycneH3us1 KJIeTOK)
Tepamnust (cycrieH3usI KJIETOK)

IMpodunakTuka (CycrieH3ust KJIETOK) 436 2.1
Tepamnust (cycrieH3usI KJIETOK) 423124
IMpodunakTrka (cyrepHaTaHT) 54.8 £3.6
Tepanust (cynepHaTaHT) 33.8+ 3.1

FE oxysporum

F. sambucinum

P. brenneri 3.2 P. brenneri 3.5.2
50.3+2.4 447 +24
50.7 £ 2.5 40.3+£2.0
59.2+29 437 + 2.1
50.7 £ 2.5 40.8 = 1.9
56.3+£2.8 50.7 £ 3.2
57.3+£2.8 51.7 £ 2.8
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Taomuna 3. KoaddunmeHT mopaxeHus: ¢hy3apro3HO THUIbIO KIyOHel KapTodens (MM) mpu oO6paboTKe mTaMMaMu
Pantoea brenneri 1o 1 mociie 3apaxkeHus (puTormaToreHHbIMU MUKpoMmulietaMu Fusarium oxysporum n F. sambucinum

[HeiicTBue P. brenneri 3.1 P. brenneri 3.2 P. brenneri 3.5.2 | F oxysporum (KOHTPOJIb)
[MpodunakTuka (cycrieH3ust KIeTOK) 40 £ 1 39+ 1 415+ 2 44.5+2
Tepanust (cycnieH3usl KJIETOK) 43 +2 42 +2 43 +2

F sambucinum (KOHTPOJIb)
IIpodunaktuka (CycneH3usT KJIIETOK) 385+2 34+ 1 44 +2 71+ 3
Tepanust (cycrieH3us KJIETOK) 39+2 395+ 1 60.5+3
IIpodunaktuka (CynepHaTaHT) 382 335+%1 381
Tepamust (cyriepHaTaHT) 63+3 381 51+3

Takum o0Opa3zoM, M3 BCeX M3y4aeMbIX IIITaMMOB
Pantoea brenneri HanboJjiee BBICOKOW aKTHUBHOCTbHIO
nomaBlieHNs (dy3apmo3a KiayOHeil Kaprodelsi, BBI-
3BAHHOI'O (PUTOIMATOTeHHBIMU MUKpoMUlleTaMu Fu-
sarium oxysporum 1 F. sambucinum, obnagan mraMmm
Pantoea brenneri 3.2. I1pu aToM HauOonbImMit 3 dexT
IOCTUTAJICS TIpM HCIOJb30BAaHUMM CyIepHaTaHTa
KYJIbTYpPaJIbHON XXUIKOCTU. BeposiTHO, HauOobIIei
GYHIMLUIHOIT aKTUBHOCTBIO 00JIagaloT MMEHHO 3K-
30MeTab0UTHL P. brenneri, 9TO COIIACYeTCs C JaHHbBI-
MU JINTepaTyphl. Tak, OMHUM 13 CBOMCTB CTUMYJIMPY-
IOIIMX POCT pacTeHUIl MUKPOOPTAHU3MOB SIBJISICTCS
X CIIOCOOHOCTD YTHETaTh IIaTOT€HHYIO (hJIOPY ITyTeM
MPOAYKIIMU OMOJIOTMYECKU aKTUBHBIX COSIMHEHUIA, B
YaCTHOCTH, aMMMaKa, CUHUJIbHOM KHCJIOThbI, MHOXE-
crBa pepmenTtoB (Khan et al., 2018). UmeroTcsa maH-
HBIE O TIPOIYKIIMH OaKTepusIMU OMocypdaKTaHTOB C
BbIpa>K€HHBIMM  MYJIbTUMDYHKIIMOHATbHBIMU CBOi-
crBaMu. 1o XuMHYeCcKoMy CTpOECHUIO OHM Pa3HOO0-
pa3Hbl, HO UMEIOT O0IIIee IIPEUMYIIECTBO — Oe301ac-
Hbl C 2KOJIOTMYECKOU TOYKU 3peHUss. MUKpOOHBIe
cypdakTaHTbhl MOTYT U3MEHSATH (PU3UKO-XUMUUECKIE
CBOIiCTBa cpedbl OOMTAHUS M OKa3bIBaTh BIMSHUE HA
CTPYKTYPY Ppa3BUBAIOLIECTOCS MHKPOOHOIroO COOOIIe-
CTBa, TIpedoTBpallasi O0akTepuajabHble SMUACMUU U
rpuOHBIC 3a001eBaHMsI, SIBJISISICH (PaKTOPOM OMOKOH-
tpoiist cpensbl (Chernyavskaya et al., 2016). K cunTesy
ouocypdakTaHTOB crocobeH 1wmramMM P ananatis
BRT175, BreHOME KOTOPOTO UASHTU(UIIUPOBAHBI T'e-
HbI 7h[A 1 rhiB, yyacTBylolMe B OMOCUHTE3€E OUOCYyp-
¢dakTaHTa paMHOJIUNNIA, OKA3bIBAIOIINE IIUTOTOKCH -
yeckoe neiictBue (Smith et al., 2016). baktepuu poma
Pantoea cnocoOHBI K CUHTE3Y OAlIMJIZIOMUALIMHA 1 UTY-
pYHa, TIOAABIISIIONIMX BO30yOUTENIE KOPUIHEBOI
THUIW TUIonoB — Monilinia fructigena v M. laxa
(Lahlali et al., 2018). IlITtamm Pantoea sp. npoaeMOH-
CTPHUPOBAJI CITOCOOHOCTh K CMHTE3y OMocypdaKTaHTa
DJIMKOJIMITMIAa aHaHATO31aa A U paMHOJUAOB, 00Ja-
JAIOIINX TOBEPXHOCTHO-aKTUBHBIMU CBOICTBaMU,
HM3KOI TOKCUIHOCTHIO, BEICOKOI CTAOMIBHOCTBIO U
ouopasnaraemoctsio (Tan, Li, 2018).

MUKOJIOTHUA N ®UTOIIATOJIOTI A
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AHTHOAKTepUAIbHAS AKTUBHOCTD
mrTamMmMoB Pantoea brenneri

ITpu uccnenoBaHUM aHTATOHUCTUYECKOW aKTUB-
HOCTU IITaMMOB P. brenneri B OTHOILLIEHUU (DUTOMATO-
reHHoil O6akrtepuu FErwinia amylovora Habmonanmm
30HBbI TIOJABJIEHUS POCTa TECT-KYJbTYpbl Ha TMUTa-
TeJbHBIX cpenax R2A u 925. B oboux ciyyasx Hau-
OOJIBIINI IMaMETpP 30H CAEPXKMBAHUSI POCTa OTMEUEH
st uraMMoB Pantoea brenneri 3.2 (1724 mMm), 3.5.2
(17—23 mm) 1 3.6.1 (20—22 mMm). [1pu 3TOM Ha OCTaNTb-
HBIX TIMTaTEIbHBIX CPelax aHTaroHM3Ma He HabJtoaa-
Ju. BeposTHO, cocTaB cpenbl ONpeneisieT aHTarOHU -
CTUYECKYIO0 aKTUBHOCTb OakTepuii. PaHee Ob110 moka-
3aHO, 4YTO TMPHU MCMOJIb30BAaHWM B J1aOOPATOPHBIX
9KCIIEPUMEHTAaX Pa3IMYHbBIX MUTATEIbHbBIX Cpell Ha-
O1101aJI0Ch KaK MHTMOMPOBaHUE, TaK U CTUMYJISILIVS
pocta niatoreHa Erwinia amylovora mitammamu Pseu-
domonas vancouverensis, P. congelans, P. protegens,
P. chlororaphis subsp. aureofaciens, Enterobacter lud-
wigii (Mikicinski et al., 2020).

BupyiaeHTHOCTb, TOKCHYHOCTH H TOKCHTEHHOCTD
mramMmoB Pantoea brenneri

BaxxabIM 3TarioM pu pa3paboTKe SKOJTOTHIECKUX
OMoynoOpeHuid SIBJISIETCS U3yYyeHUue Ux Ouode3omnac-
Hoctu. [To pesynbTaTaMm MPOBEAEHHBIX SKCIIEPUMEH-
TOB C MICITOJTb30BaHMEM OEJIBIX MEITIIEH TTOKa3aHo, 4TO
uccienyeMmble 1TaMMbl P brenneri sIBASIOTCS 0€3-
OTMaCHBIMU JJ151 )KU3HEASSITETbHOCTU XMBOTHBIX: B Te-
YeHWe SKCITepUMeHTa JKUBOTHBIE OCTaBAINCh aKTHB-
HBIMU, (PU3MOJIOTUYECKHE OTIPABICHUS M TTOBEICH-
YyecKre peaklMM COXpaHsUIMCh 0e3 W3MeHEeHUN.
BupyneHTHOCTB, TOKCUTEHHOCTD M TOKCUYHOCTD OaK-
TepUATBHBIX IITAMMOB He OOHapyXeHa.

Takum oOpa3zoM, B pe3ylbTaTe NPOBEICHHBIX MC-
ClIeNOBaHUI YCTaHOBJIEHO, YTO M3ydyaeMble OaKTEpU-
aJibHBIE IITaMMbI P. brenneri XapaKTepU3yIOTCSI BBICO-
KOIf aHTArOHUCTUYECKOM aKTUBHOCTBIO B OTHOILIEHUU
IIMPOKOIO CHEKTpa (PUTONATOTeHHBIX MMKPOMMUIIE-
TOB, B YacTHOCTU Fusarium sambucinum, F. oxysporum,
F solani, Rhizoctonia solani, Alternaria sp., Ascochyta
kamchatica, Colletotrichum coccodes, SBISIOIIUXCS
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BO30OYIUTEISIMU MHOXECTBA CEPbEe3HbIX 3a001eBaHU
pacteHuit. [Ipu 3TOM, cycrieH3us KJIETOK U CyliepHa-
TaHT KYJIbTYypaJdbHON XXUIKOCTU IITaMMOB Pantoea
brenneri mogaBnsiiu (py3apro3bl HA KIIYOHSIX KapTo-
dens ripu ero xpaHeHnH. LlITaMMBI TTpOSIBASIIN aHTA-
TOHUCTUYECKYIO aKTUBHOCTh B OTHOIIIEHUU (PUTOMNA-
TOoTeHHOI1 OakTepuu Erwinia amylovora, BBI3BIBaIO-
mei OaKTepUalbHBIM OXKOT INIOHOBBIX KYJIBTYP.
YcTaHOBJIEHO, YTO OakTepualibHbIe IITAMMBI SIBJISI-
I0TCSI 0€30IMacHbIMU IS MOJAEIbHBIX >XUBOTHBIX.
Ha ocHOBaHMM TIOJIyYEHHBIX PE3YJIbTATOB MOXHO
cAeaTh 3aKJII0YEeHUE O TOM, UTO 10 OCHOBHBIM Xapak-
TepUCTUKAM 1 01100€30MaCHOCTH IITaMMEL P. brenneri
00J1a71a10T BBICOKMM MPAaKTUYECKUM MOTEHIIMAIOM U
MOTYT CJTy>KMTb OCHOBOI ISl pa3pabOTKU SKOJI0rnye-
CKU 0€30IacHBIX CPEACTB 3alllMThl pacTeHUit oT hu-
TOMATOTE€HOB.

Pa6ota BeimoHeHa B pamkax [Iporpammel ctpate-
TMYEeCcKOro akajgeMudeckoro jaumepcrBa Kazanckoro
(IlpuBoyxckoro)  denepaibHOTO  YHUBEpPCUTETa
(ITPUOPUTET-2030) u duHaHCHMpOBaHa TpaHTaMU
PH® Ne 21-76-00017 u PH® Ne 19-76-00020. ABTo-
pbl BeIpaxaroT oyaromapHocTth 3. CrameBcku 1 ®UIL
KazHII PAH 3a npenocTtaBiieHUe KiIyOHei KapTode-
JIST 111 9KCIIepUMEHTA.
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Antagonistic Strains of Pantoea brenneri as Plant Protectors

D. S. Bulmakova+#, G. 1. Shagieva®*, D. L. Itkinaa**#, Q. A. Lenina®#*##,
M. R. Sharipova“*##_ and A. D. Suleimanova®*####
?Kazan Federal University, Kazan, Russia
b Institute of Organic and Physical Chemistry, Kazan Scientific Center, Russian Academy of Sciences, Kazan, Russia
#e-mail: daria_bulmakova@mail.ru
#eo_mail: gulsatsagieva2@gmail.com

H#Hu#

HH#H
HHHHH
#HHu##H#

e-mail: laia9301@mail.ru
e-mail: leninaox @mail.ru
e-mail: marsharipova@gmail.com
e-mail: aliya.kzn@gmail.com

The antagonistic activity of Pantoea brenneri strains against a wide range of phytopathogenic threats was studied.
It has been established that the strains are characterized by fungicidal activity against the micromycetes Fusarium
sambucinum, F. oxysporum, F. solani, Rhizoctonia solani, Alternaria sp., Ascochyta kamchatica, Colletotrichum coc-
codes as well as antibacterial activity against the phytopathogen Erwinia amylovora, which causes bacterial burn
of fruit trees. It has been shown that the cell suspension and supernatant of the culture liquid of Pantoea brenneri
strains suppress Fusarium on potato tubers during storage. Pantoea brenneri strains have been found to be safe for
model animals. A conclusion was made about the prospects of using P. brenneri strains as objects for the creation
of environmentally friendly plant protection products against phytopathogens.

Keywords: biocontrol, biosafety, Erwinia amylovora, phytopathogenic microorganisms, rhizospheric bacteria
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