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O0600611IeHbI Y TPOaHATU3UPOBAHbI COBPEMEHHbIE 3HAHUSI O MIEPCIIEKTUBHOCTY IPUMEHEHUS OaKTepUii po-
na Pseudomonas B KadecTBe TPOIYLIEHTOB 3(h(MEKTUBHBIX MUKPOOHOJIOTUUECKHX MpeTiapaToB ISl GMOKOH-
TpoJIst GUTONMATOTeHHBIX OPraHU3MOB. Pr3ocdepHbIe ICeBIOMOHABI ABJISIOTCS MOTEHIMATBHBIMU OObEK -
TaMU arpoOMOTEXHOJIOTUU B CBSI3U C HAJTMYMEM Y HUX HEOOXOIUMBIX JJIsI OMOKOHTPOJIST U (PUTOCTUMYJIS -
K (HU3NOJIOrO-OMOXUMHUUYECKUX 0COOeHHOCTe. K 3TUM 0COOEHHOCTSIM OTHOCSITCSI TOJIEPAHTHOCTh K
aKTUBHBIM (DOpMaM KMCIOPOIa, XeMOTaKCHC B OTHOIIIEHUHM KOPHEBBIX 9KCCYIaTOB, OGMOCUHTE3 cuaepodo-
POB ¥ aHTUOMOTUUYECKUX METAOOIUTOB pa3inyHoii npupoxabl. [IpencraBurenu pona Pseudomonas n3BecT-
HBbI CBOUM OOJILIIIUM METabOJUYECKMM Pa3HOOOpa3reM, YTO MO3BOJISIET UM KOJIOHM3UPOBATh IIMPOKUIA
CHEKTpP 3KOJOTMYECKMX HUII, BKIoUasi puszocdepy. Bunbl Pseudomonas, nzoimpoBaHHbIE U3 pU30CheEpHI,
oGamaroT 6oJiee IMMPOKOM KaTaboIMYeCKON aKTHBHOCTBIO, YeM M3OJMPOBAHHBIC M3 OCHOBHOM MacChl
MOYBBI, 0OCOOEHHO B OTHOIIEHUU OIpPEIeICHHBIX CaXapoB, MOJMOJIOB U aMUHOKHUCJIOT, KOTOPbIE MOXHO
HalTH B KOpHEBBIX 3Kccynarax. [IImpokoe MeTabommieckoe pasHOOOpasue Mo3BOJISIeT OAKTePUSIM TTOTy-
YUTH ITOBCEMECTHOE PaclpoCTpaHeHUe, 00pa3ysl 3alllUTHbIC OUOTUIEHKU U KOJIOHU3UPYS Pa3IMYHbIE 9KO-
Jormyeckre HUIM. [Ipu 3TOM yaydinaoTcsl BOZOYAEpPXKMBAIOIIasi CIIOCOOHOCTD, TUIOAOPOINE U TTOPHY-
CTOCTb MOYBBI, & TAKXKE YCJIOBUS MUHEPAJIbHOTO MATAHUSI PACTEHUI 32 CUET MOBBIIIEHUS JOCTYITHOCTU N,
P, K u Fe. B paboTe monpo06HO oImcaHbl OCHOBHBIE OMOJIOTUYECKN aKTUBHEIE META0OIUTHI, IIPOXYLIPYE-
MBbI€ TICEBAOMOHAIAMU U WX POJIb B MOAABIEHUU (PUTOMATOTeHOB U (DUTOCTUMYIISILUM. B mccienoBaHusix
HMCIOJIb30BaHa MaTepHualbHO-TexHnYeckas 6aza YHY “Texnomorndeckast TMHMS ST HOTYyISHUS MUKPO-
OMOJIOTMYECKHX CPENCTB 3allUThI pacTeHuit HoBoro nmokonenust” (https://ckp-rf.ru/catalog/usu/671367/).
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TMYCCKHU aKTUBHBIC COCAMHCHMUS, 6I/IOKOHTDOJ'IB.
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BBEAEHUE

HWcnonp3oBaHue MONIE3HBIX MUKPOOOB IS pOoCcTa
YPOXAMHOCTU PACTEHU U TSI 3alIMTHI OT BPEIHBIX
OpraHM3MOB TMPEACTABIISIET COOO MHOroooeua-
LU UHCTPYMEHT, KOTOPBI1 MOXET OTBETUTDH Ha BbI-
30Bbl COBPEMEHHOTO CEJIbCKOTO XO3S1iCTBa. XOPOIIIO
MPOAYMaHHOE BHECEHUE €CTECTBEHHBbIX MUKPOOpra-
HH3MOB M OPraHUYECKUX J1O00aBOK MOXET 3aMEHUTD,
1o KpailHeil Mepe, 4aCTUYHO XMMUYECKHUE yaoope-
HUSI, THCEKTULIMABI U (pyHTUUMIbI. MUKPOOHI, CIIO-
cobcTByoiue pocty pacrenuii (PGPR), sBasitorcst
BaXXHbIMU JETEPMUHAHTAMU TUJIOAOPOAUS TTOYBBI U
3I0POBbsSl pacTeHUii, OHM 00JIafalOT TOTEHIMAIOM

1 WccnengoBaHue BBINOJMHEHO MOpU (DUHAHCOBOM MOMIEPIKKE
MuHKCcTepcTBa HayKU U BhICIIero oopaszoBaHust P B pamkax
rocyIapcTBEHHOTO 3aaHusi B cdepe HaydHOM NesaTebHOCTU
FGRN-2022-0005.
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JUTST TIOBBIIIIEHUST YPOKAMHOCTU CETbCKOXO3SICTBEH-
HBIX KYJTbTYP U UX IATATEbHBIX KadyecTB [1, 2].

PGPR 3ammmamoTt oT (¢UTONAaTOTEeHOB C IOMO-
IIbI0O MHOXECTBA MEXaHW3MOB, BKJIIOUasi CIOCOO-
HOCTB ITOJTy4aTh KOHKYPEHTHOE MPEUMYIIIECTBO B OT-
HOIIEHWU TIMTATEJbHbIX BELIECTB U MUKPOJIEMEH-
TOB W NOPOU3BOAUTbL OOUH WM  HECKOJBKO
AaHTUOMOTUKOB, 3(@EKTUBHBIX ITPOTUB I1aTOTCHOB
[3—5]. Pusocdepunie 6akTrepum pona Pseudomonas
SIBJISTFOTCS TIOTEHUMAJBHBIMUA OOBbEKTAMU arpoouo-
TEXHOJIOTUM, TIOCKOJIbKY OO0JIaIaloT LeJIbIM PSIIoM
GU3MOIOTO-OMOXUMIIECKNX OCOOCHHOCTEM, HEe00-
XOOUMBIX IJIsI OMOKOHTPOJS (PUTOITATOTEHOB N (PH-
TOCTUMYAALIMMU [6]. OTae/IbHbIE IITAMMBI IICEBIOMO-
HaJ CIOCOOHBI aKTUBHO KOJIOHU3UPOBATh pU3ocde-
Py pacTeHMii pa3IMYHBbIX CUCTEeMAaTUUYECKUX TPYII,
MPOAYLIMPOBATh (DUTOTOPMOHBI (AYKCUHBI U IUTOKM -
HUHBI), AHTUOMOTMYECKM AKTUBHBIE COCIVUHEHUS
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pa3nuaHoO TIpuponsl (peHa3snHbI, (QIOPONTIONNHEI,
MUOJIIOTCOPUH, TTUPPOIHUTPUH, OAKTEPUOLITHBI),
WHIYLIPOBAaTh UMMYHHBIN OTBET paCTeHMIA 1 3aIl1-
IIaTh PACTEHUsI OT CTPECCOBLIX (pakTOpoB. IlceBmo-
MOHAIbI UMEIOT KOPOTKOE BpeMsI TeHepalluK, BEICO-
KyI0 CKOPOCTh POCTa MO CPABHEHUIO C APYTUMU PU-
30cepHBIMU GAKTEPUSIMU U JIETKO KYJTBTUBUPYIOTCS
B JITaOOpaTOpHBIX ycnoBusax. Llenb paboTel — 0606-
IIUTH COBPEMEHHbIC 3HAHUS O IIEPCIIEKTUBAX MC-
MOJIb30BaHUs GakTepuii poma Pseudomonas B Xaue-
CTBE IIPOAYHEHTOB 3(h(MEKTUBHBIX OMOIpEIapaToB
IJIsl 3alIUTHI pacTeHUIT OT OOJIe3HE M 3KOJIoTHYe-
CKUX CTPECCOB.

BAKTEPUUN PSEUDOMONAS
KAK IMPOAYLEHTBI 5®®EKTUBHbIX
BHUOITPEITAPATOB

Ha ocHoBe 6akTepuii pona Pseudomonas pa3paba-
THIBAIOT OwWoIpenapaTsl, O0OJIANAlOIIUE BBICOKOI
ouosiorndyeckoit 3¢pdeKTUBHOCTRIO (65—88%) mpo-
TUB 1I€JIOTO psiia 3a00JieBaHUI pacTeHU, BKITIOUYast
MYUYHHCTYIO pocy, GuTodTopo3, napiiy, pu30KTOHU-
03, TeJIbLMUHTOCIIOPUO3, (Dy3apuo3bl, CIU3UCTBINA U
COCYIOVCTBIN OakTepno3 u T.0. [6]. I[lpuMmeHeHMe
OuorpenapaToB Ha OCHOBE IIPUPOIHBIX OaKTepUii-
AHTAaroHNCTOB HE BbHI3bIBACT HapyLLlCHI/Iﬁ B OKOCUCTE-
M€, a UX L[eﬁCTBI/IC Ha ITOYBEHHbIC (I)I/ITOI'[aTOFCHbI SAB-
JISIETCS CHC[J,I/I(I)I/I‘{HbIM U IIPOJIOHI'MPOBaAaHHBIM 3a
cueT criocooHocTu mramMmMoB PGPR konoHu3oBaTh
KOPHU paCTCHUM.

MHorue mtaMMbl Pseudomonas BBIIEICHBI W3
OKPYKaIOLIE Cpelbl, CBI3aHHOM C pPAaCTEHUSIMU, U
ONMCaHbI KaK pu300aKTepun, CIIOCOOCTBYIOIINE PO-
CTy pacTeHU W MUHMMM3UPYIOLIWE BO3ICUCTBUE
dutonaroreHoB. YUTOOBI ITPOSIBUTH CBOU IIOJIE3HBIC
CBOICTBa IS pacTeHMUI, OAKTEpUM NOMKHBI OBITh
KOHKYPEHTOCITIOCOOHBIMU U CITOCOOHBIMM KOJIOHU-
3UpPOBAaTh MOBEPXHOCTh TKaHEW pacTteHuit. PopMu-
poBaHUE OUWOIJIEHKHM IIOJIE3HBIMU, CBSI3aHHBIMU C
pacteHusiMu Pseudomonas UrpaeT BaxkKHYIO pOJib Kak
JUIST pacTeHMWii, Tak W Iy OakrTepuii. buonmeHkn,
MPOU3BOAUMEIE PU30CHEPHBIMU OAKTEPUSIMU, YCU-
JIMBAIOT arperaiuio Mo4YBkl, YTO YJIy4IlIaeT BOIOYAEP-
KMBAIOIIYI0 CIIOCOOHOCTbh, IJIOAOPOIME U TOpU-
CTOCTb ITOYBHI.

ITo crmocoGHOCTH MTaMMOB K MTOIABJICHHUIO POCTA
pPaCTUTETBLHBIX TTATOTEHOB OTOOPAHBI IIITAMMEBI-aHTa-
TOHMUCTBI, KOTOPblE OTHOCATCS K BuaaMm P. chlorora-
phis, P. fluorescens, P. putida, P. brassicacearum, P. pro-
tegens u P. lurida |6, 7]. B KynbTypallbHOM XKUIKOCTU
OTHENbHBIX M30JIITOB OOHApYKeHBI aHTUTPUOHBIE
AHTUOWOTHKY (peHA3MHOBOTO PsIa B Pa3IMIHBIX CO-
yeTaHUSIX. [loMUMO TPOIYKIIMM aHTUOMOTUKOB
mramMMbl P. chlororaphis (P4-1, Or3-3, Kr31, IG1) u

P. putida 09-10 BpIACISIIOT LOUAHWA BOJOPOIA.
IItamm P. chlororaphis PA23 cnocoOeH NomaBisiTh
THUJIb cTeOJieli KaHOJIbl, BbI3bIBAEMYIO I'PUOHBIM Ma-
TOoreHOM Sclerotinia sclerotiorum, KaK B TETUINYIHBIX,
TaK U B MOJIEBBIX UCCAEA0BaHUSIX. BUOKOHTPOIb pU-
306aktepuii P. chlororaphis PCL1606 o6nanaeT crno-
COOHOCTBIO 3alllMIIaTh PACTEHUSI aBOKago OT Oeoit
KOpPHEBOI THWJIM, BbI3bIBa€MOIi (DUTOMATOTEHHBIM
rpudoM Rosellinia necatrix. P coemMHEHMN, BKIIIO-
yasi MMPPOJHUTPUH, (peHa3uH, IMaHUCThII BOAOPO.
(HCN), mipoTeassl, mumassl U cunepodopbl, BHOCST
BKJIag B CHOcOOHOCTh Oaktepum P. fluorescens
BBc6R8 momaBasaTte  Streptomyces — ambofaciens
ATCC23877 [8—10]. Ilponmyumpyromue deHasuH
TCEBIOMOHA/IbI, TIpeaCcTaBIsIoNIe 4 OCHOBHBIX BUA
(P. aridus, P. cerealis, P. Orientalis u P. synxantha), no-
JaBJISIOT BO30OYAWTENb KOPHEBOW THWIM MIIEHULIbI
Rhizoctonia ipy IpuMeHEHUM 11 0OpPabOTKU CEeMSIH
[11]. Baktepuu P, fluorescens, P. parafiulva n B. velezensis
paccMaTpMBaloTCsl KakK MOTEeHIMaIbHbIe OMOAareHThbI
TSI O0PBOBI € 3200JIEBAHUEM MSITKOU THUJIBIO, BBI3bI-
BaeMbIM D. zeae [12]. @unbTpaT KyJabTYphl LITAMMa
P. fluorescens WH6, BbIIeIeHHBIIT W3 pu3ochepsl
MIIEHUIIbI, 3alep>XKMBaeT MpopacTaHue psiia BUIOB
COpPHBIX TpaB, B TOM YHCJIE MSTJIUKA OTHOJIETHETO
(Poa annua L.), mogaBisieT poCcT OaKTepUaJbHOIO Ma-
ToreHa pacteHuit Erwinia amylovora, Bo30ynuTens
THUEHUS cafoBbIX KyabTyp [13—15]. Illtamm P. bras-
sicacearum 3Re2-7 BbIOpaH KaK yCHEIIHBIN IJ1sT OUO-
KOHTPOJISI TIOYBEHHBIX MATOTEHOB, TaKUX KakK R. sola-
ni, Ha cajilaTe U caxapHoii cBekJe [16].

ITOJIOXKHUTEJIBHOE
BJIMAHUE HA PACTEHUA

bonbIMHCTBO pacTeHUIA B MPUPOJIE HAXOIUTCS B
aCCOLIMaTUBHOM B3aUMOJICICTBUM C TTOJIE3HOU pU30-
u duntocdepHoit Mukpodaopoii. ITousa pusocge-
pbl PACTEHUI SIBIISIETCS HUINEH IJISI CIIOKHBIX MUK-
POOHBIX COOOIIECTB, B KOTOPBIX MUKPOOPTAHU3MBI
YacTO YYaCTBYIOT BO BHYTPUBUIIOBBIX, 4 TAKXKE MEX-
BUJIOBBIX Y MEXIIAPCKUX CUTHAJIBHBIX ceTsaX. Heko-
TOPBIE YJICHBI 3TUX CETEI MOTYT YIYUYIIIUTh 310POBbE
pacTeHult 6aarogapsi BaXXHOMY pa3HOOOpa3uio 61o-
AKTUBHBIX BTOPUYHBIX METa00MUTOB. [1o cpaBHEHWMTO
¢ dunnochepoii, U3BMEHEHUST OKpYXKaloleil cpelbl,
mpoucxoasine B pusocdepe, cirabbie 1 OydepHbIe.
Tem He MeHee, puzochepa HE CUMTAETCS OTHOPOJ-
HOIT M CTaOMJILHOM Cpeioii, MOCKOJIbKY YCJIOBHUS MO-
TyT pe3Ko MeHsThbed [17]. Pu3omeno3nTsl, BeIOEsIC-
MBIE€ PACTEHUSIMU, OCOOEHHO KOPHEBbIE 3KCCYIATHI,
MpenjiaraloT MUKpoouomMy pusocdepbl pazHOOOpas3-
HBIE CyOCTpaThl [UTST Pa3BUTHSI, TAKHAE KaK OpTaHWUYE-
CKHW€ KUCJIOThI, YIJIEBOMABI, XXUPHBIE KUCIOTHI, aMU-
HOKMCJIOTHI 1 O0enku [18]. MexaHU3MBbI II0JI0KUTEIIb-
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HOrO »(ddeKkTa OakTepmii HA pacTeHUS MOXHO
YCJIOBHO pa3nenuTh Ha 2 tuna: 1 — mpsmas (Hermo-
CPEICTBEHHAs) CTUMYJISILIMS POCTa paCTEHUI 3a CYET
CUHTe3a (UTOTOPMOHOB U YIIyJIIEHUSI MUHEPAJIbHO-
ro MATAHUS PACTEHMIi; 2 — OMoCpeaOBaHHAsI CTUMY-
JISILUS pOCTa PACTEHMI 3a CYeT BLITECHEHUS U TTOAB-
JIEHUSI Pa3BUTUSI MOYBEHHBIX (DUTOMATOTEHHBIX TPU-
60B M GaKTepuii, YTHETAIOIIUX POCT pacTteHuit [19,
20].

bakrepun poma Pseudomonas M3BECTHBI CBOUM
OOJILIINM META0OJIMIECKUM pa3HoOOpa3neM, UYTo
MO3BOJISIET MM KOJOHU3MPOBATh IIUPOKUM CIIEKTP
9KOJIOTMYECKMX HUII, BKIIo4Yass pusocdepy. Cyie-
CTBYET CJIOXHAsI MOIYJISILIMS BTOPUYHOTO MeTabo-
JIm3Ma 0aKTepuii B COOTBETCTBUU ¢ KOMOMHAIIMEH Te-
HOTHUITOB pacTeHUI M mITaMMOB Oaktepuit [21, 22].
KoHTponb maToreHoB 1 CTUMYJIMPOBAHME POCTa pac-
TEHUI TECHO CBsI3aH CO CIIOCOOHOCTBIO OaKTepHii
Pseudomonas KOHKypEHTHO KOJIOHM3MPOBATh PU30-
chepy U COXpaHSAThCS B HEli, UTO OMpeaesieTCss Kak
puzokoMIieTeHTHOCTh [18]. Bakrepum poma Pseudo-
monas COCTaBJISIIOT 3HAYUTEJIBHYIO TOJII0 MUKPOOHOTO
coo011ecTBa 3HAO(PUTOB, KOTOPhIE MMEIOT IIPEUMY-
IIECTBO mMeped OaKTepusIMU, HACE/SIOIIMMU PU30-
cdhepy u pwuIomIaHy, T.K. HAXOMATCS B HEIOCPEd-
CTBEHHOM “KOHTaKTe” C KJIeTKaMu pacteHus [23, 24].

MuKpoopraHu3Mbl B3aUMOJEMCTBYIOT C paCTeHU -
SIMU, CIIOCOOCTBYS X POCTY, UTO CTUMYJIMPYET MUK-
pobHoe cooObI11ecTBO 0Opa3oBaHMEM 3KCCYIaTOB.
OpraHuyeckuii yrjiepo, BbIAEISIEMbIi KOPHSIMU
pacTeHuii, CTUMYJIMPYET POCT MHMKPOOHBIX CO00-
11IECTB B pusochepe, KOTopbie, B CBOIO OUepelb, TPO-
U3BOJAT KJIeliKre BHEKJIETOUHbIE TOJIMMEPHbIE Be-
11IECTBA, COCTOSIIIII€ B OCHOBHOM M3 MOJIMCaXapuIo0B,
oenkoB 1 JIHK, cmocoOGCTByIOT arperaiii mo4YBhI 1
YBEJIMUMBAIOT MPUIUTIAHUE TTOYBBI K KOpHSIM. [Ipo-
MU3BOJACTBO MOJIMCaXxapuaoB B pusocdepe pacTeHuit
3alllMIIAeT OKPYXKAIOIIYIO Cpely OT BbICBIXaHUS U 13-
MEHEHM BOAHOTO MOTeHIKaja, yBeJINYnBasi Morao-
IIeHUEe MUTATEIbHbIX BEIIECTB PACTEHUSIMU U CHO-
COOCTBYSI MX POCTY, 3allMIIAET CaXKEeHIIbl OT CTpecca
3acyXyd U CTUMYJIMPYeT KOPHEBbIEe dKCCyAaThl. Yyu-
IIEHUE arperaiyv W CTPYKTYpbl MOYBBI YIydlllaeT
POCT IIPOPOCTKOB, ITOCKOJIBKY CITOCOOCTBYET 3(hpeK-
TUBHOMY TOIJIOLIEHUIO TIUTATEJIbHBIX BEIIECTB U BO-
nbl. [TpucyrcTBue 6akTepuii, 06pasyroinx OMOIIeH-
Ky, WIM MHOKYJISILIUS 1ITaMMaMu OakTepuii, Mpoay-
LIMPYIOIIMMY BHEKJIETOUHbIE TTOJIMMEPHbIE BE1IECTBA,
Ha 3pOAMPOBAHHBIX 3€MJISIX MOXKET B 3HAYUTEJIbHOM
CTeTleHU MMOMOYb B MOAIEPXKAHUU apXUTEKTYPbI 110U -
Bbl U clieJIaThb 3TU 3eMJIU TUJIONOPOJHBIMU IJISI Celb-
CKOTO X03siicTBa [25, 26]. DT 6aKTepr TaKKe OIl-
TUMU3UPYIOT YCIOBUSI MUHEPAJIBHOIO MUTAHMS pac-
TeHUI, T.K. WHOKYJSIUMSI PACTEHUIN TIOJIE3HBIMU
MUKpOOAMU MOXET YBEJUYUTh JOCTYITHOCTb MUTa-
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TEeNIbHBIX BellecTB, Takux Kak N, P, K u Fe. x nc-
MONB3yIOT B KadyeCTBE OCHOBBI OMOJIOTMYECKUX
CPENCTB PETyJIsSIIUM POCTa 1 3alUTHI paCTeHUI, pac-
CMaTpUBAIOT KaK IePCICKTUBHBIE areHThl OMOKOH-
Tpons [27, 28].

3HaYNTEIbHOE MOBBIIIEHUE YPOBHS (peHNaTaHU-
HaMMUaKJIMasbl, epokcuaassl, B-1,3-mmokaHassel 1
XUTHHA3bl, HAKOIUICHUE B JINCThSIX JIMTHUHA 3aperh-
CTPUPOBAHO Yy pacTeHuii, oOpaboraHHbix P. fluo-
rescens UBSPF-10. Iloka3zaH pe3yabTar HpOTUBO-
IrpUOKOBOII AKTMBHOCTM IIPOU3BOIHBLIX (DeHa3uHa,
KOTOPHI  BhIpabaTbiBaeTCs  (DIyopecleHTHBIMU
IICeBAOMOHAIaMHM i1 OOpPHOBI C MOpaXkKeHHEM 000-
Jnouek puca. Pseudomonas sp. CMR12a crtoco6eH BbI-
3bIBaTh CUCTEMHYIO PE3UCTEHTHOCTh K Magnaporthe
oryzae Ha puce U K natoreHy Rhizoctonia solani AG2-
2 Ha dacomm [29, 30]. PocTcTumynupylonine cBOi-
CTBa BBISIBJICHBI Yy Ja00OpaTOPHBIX (OYHTULIMIHBIX
ouomnpenapaToB Ha ocHoBe P. chlororaphis 245 F [31].
P. simiae PICF7 (panee P. fluorescens PICF7) — ecre-
CTBEHHBII oOuTaTeNlh pr30ocdephbl OINBOK, CIIOCO0-
HBI 3HIOMUTUYECKU KOJIOHU3UPOBATH TKAHU KOP-
HsI, SIBJsIETCS Hanboyiee oXapaKTepU30BaHHBIM 3(-
(EeXTUBHBIM  areHTOM  OWOKOHTPOJSI  IMPOTUB
V. dahliae VWO [32, 33]. llltamMm P. putida 1A00316
MOXET BBI3BIBATh CUCTEMHYIO YCTOMYMBOCTH TOMAa-
TOB 3a CUET YBEJIUUEHMSI aKTUBHOCTU 3-X 3aIIUTHBIX
depMeHTOB: PeHMITATaHNHAMMMAaKIINAa3kl, TToande-
HOJIOKCUIA3bl M TEPOKCHIA3BI B pacTeHUsIX [34].
bakrepust P. aurantiaca SR1 sBIsIeTCSI CTUMYJISITO-
pPOM pocTa pacTeHU TIOLEPHBI, MIIIEHUIIBI, COU, KYy-
Kypy3bl, POXXKKOBOTO JAepeBa, CAXapHOI'o TPOCTHUKA, a
TakXXe ITOKa3bIBaeT MPOTHUBOTPUOHYIO aKTUBHOCTH
MMPOTUB HECKOJIIbLKUX IMATOTeHHBIX IITAMMOB, B TOM
yucie Fusarium, Pythium, Rhizoctonia n Sclerotium
spp. [35]. AKTuBaLIMI0O KOPHEBOIO UMMYHUTETa I10O-
JIESBHBIMU MUKPOOaMU HAGII0Ja]IM BO MHOTUX acCo-
LHUALUSIX KOPEHb—MUKPOO. Pseudomonas simiae
WCS417 u Pseudomonas capeferrum WCS358, 3armyc-
KaloT MMMYHHBIE OTBETBHI B KOPHSIX Arabidopsis n
KJIeTKax Tabaka [36].

POJIb BUOITJIEHKU
JJ151 BUOKOHTPOJIMPYIOLIUX
CBOUCTB BFAKTEPUW Pseudomonas

buonieHKr — 3To acCOLIMUPOBaHHEBIE C TIOBEPXHO-
CTbIO COOOIIIECTBAa MUKPOOPraHU3MOB, 3aKJIIOUEHHbBIC
B TOJMMEPHYIO MaTpUIly COOCTBEHHOIO MPOU3BOI-
crBa. PUKCUPOBAHHEINM 00pa3 3KU3HU JacT OAKTePUSIM
MHOXECTBO 3allIMTHBIX IPEUMYILIECTB, ITO3BOJIsISI OaK-
TEpUSIM OCTaBAThCS B OJArONpHUSITHON 3KOJIOTrHYe-
CKOM HUIIIe WM B cpede xo3sauHa. I1o cpaBHeHUIO Co
CBOOONHO IUIaBalOIIMMU OaKTepUSIMU OUOILJICHKU
JIy4Iille IpUCIIOCOOIEHBI K TOMY, YTOOBI IPOTUBOCTO-
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SITh JIUIICHUIO MATATSIbHBIX BEIISCTB, U3MEHEHUSIM
pH, KxuciaopomHbIM pagukaiaaMm, GHMOLUMAAM U aHTU-
MUKPOOHBIM areHTaM. Afarnrauus K cuastaueMy oopa-
3y XKM3HU COBIAJAET C UBMEHEHUEM SKCIIPECCUU MO~
BEPXHOCTHBIX MOJIEKYJ, UCIIOJIb30BAHUS MTUTATEIb-
HBIX BellleCTB U (h)aKTOPOB BUPYJIEHTHOCTH, a TaKXKe
YCTOMYMBOCTH K UMMYHHOM CHUCTEME M IPOTUBO-
MUKpPOOHBIM areHTam [37].

Cnoco6HOCTh 00Pa30BbBIBATH OMOILICHKY SIBJISIET-
Csl MPEUMYIIECTBOM JIJISI MUKPOOPTaHU3MOB, TI03BO-
JISTIOIIUX UM OBITh KOHKYPEHTOCIIOCOOHBIMU B PU30-
chepe. PopMupoBaHue OMOIIEHOK — 3TO AUHAMWY -
HBII TIPOLIECC, KOTOPBI 3aBUCUT OT MHOXKECTBA
OMOTHYECKUX U aOMOTUYECKUX (PaKTOPOB, TAKUX KaK
JIOCTYITHOCTb IMUTATEIbHBIX BEIIECTB, CEKPELIUsI BHE-
KJIETOYHOTO Marepuaja M ColMalibHasi KOHKYPEH-
1usi. CpaBHeHME OMOIUIEHOK U YCJIOBUM MJIaHKTOHA
10Ka3ajio, YTo OaKkTepHalbHbI 00pa3 KU3HU SIBJISI-
eTCsl KJIIOYEBBIM (DAaKTOPOM, BIUSIOIIMM Ha MeTabo-
JioM Pseudomonas.

O6pa3oBaHre OUOTIJIEHOK MOXET UMETh OTHOIIIe-
HUe K 06pasy xu3nu P. chlororaphis PcPCL1606, yto
MOXET OIPeAesiTbC HEKOTOPhIMU Mpearojarae-
MBbIMM KOMITOHEHTaMM BHEKJIETOYHOTO MaTpuKca B
apXUTEKType OUMOIUIEHKY 1 OMOYTpaBsieMOit aKTUB-
HOCTbIO 3TOIi 6akTepuu [38]. CocTaB BHEKJIETOYHOTO
MaTpUKCa MOXET BapbUpPOBaTh MEXIy IITAMMaMU U
SIBJISIETCSI CJIOKHBIM, BKJIIOYasl JIUTOMOJIMCAaXapUuibl,
JIMKOJIMTIUIbI, TUTUIBI, O€JIKW WU MEeNTUAbI, HyK-
JIEMHOBBIE KUCJIOTHI 1 HEKOTOpPbIe BTOPUYHbBIE MeTa-
oonuTtel. PacnpocTpaHeHHUe KJIETOK MOKET IIPOUCXO-
JIUTh B OTBET Ha pa3jMUYHbIE YCJIOBUSI OKpYXKaIOIIeii
Cpellbl, YTO MO3BOJISIET OAKTepUsSIM U3 KOJOHU3UPO-
BaHHbBIX KOPHEN pacTEeHUI IMepeMeIaTbCsd B TIOTOKE
MOPOBBIX BOJ M MTOCPEACTBOM XeMOTaKCHCa K APYTUM
MeCcTaM KOJJOHU3aluu. PeryisiTopHble CUCTEMBbI, KO-
TOpbIE YMpPaBJsSIOT oOpa3zoBaHUEM OWMOIUIEHOK, Ta-
KMM 00pa3oM, UrparoT BaxKHYIO POJIb BO B3aUMO/Ieli-
CTBUM OaKTEepUil C UX pACTEHUSIMU -XO35I€BaMU.

AHTUMUKpPOOHBIE (DeHa3MHBI CIOCOOCTBYIOT 00-
pa3oBaHuIo OuoIieHOK y P. chlororaphis 30-84. Dx-
30ITOJIMMEPHBIC BeIlleCcTBa OWOIUICHOK 3alllUIIaioT
GaKkTepHUaJIbHBIEe KICTKU OT (DU3NIECKNX U MEXaHU-
YeCKMX Harpy3oK (HampuMep, BBICHIXaHUsI, aHTH-
OMOTUKOB, MMMYHHOM CHUCTEMBI XO3sSMHA), WUTrpas
BaXHYIO POJIb B MX BEDKMBAaHUM W YCTOMYMBOCTU B
€CTECTBEHHBIX cpenax [39, 40].

POJIb BUOJIOTUYECKHN AKTUBHbBIX
METABOJIMTOB B BUOKOHTPOIJIE
OUTOIIATOT'EHOB

Bunwr Pseudomonas siBIsItoTCSl HauboJjiee yHUBEP-
CaJIbHBIMM M3 BCEX W3BECTHBIX OAKTEpUil C TOUYKH
3peHus MeTabomueckoi ruokoctu [41—43]. ¥V 6ak-

Tepuii pona Pseudomonas ooHapyxeHo 6oee 300 pa3-
JIMYHBIX aHTUMUKPOOHBIX COeMMHEeHU, Oosiee 100 u3
KOTOPBIX — aHTUOMOTUKY apOMATUYECKOTO CTPOEHMSI.
IMonynsauuu dayopecueHTHBIX Pseudomonas spp.,
JTIOCTUTHYB OIpeNe/IeHHOTO Mopora, o0agaloT Cro-
COOHOCTBIO TTPOAYLIUPOBATh HECKOJBKO aHTUOUOTH -
KOB, a TaKXe Jpyrve BTOpUYHbIE METaOOJIUTHI, KOTO-
pbI€ MOTYT BO3AEHCTBOBATh HA IIMPOKUI CIIEKTP Ia-
TOT€HOB pacTeHUit U obecneuyrBaTbh BO3MOXHOCTb
Ouosiornuyeckoro KOHTpoJisi. CriocoOHOCTb OaKkTepuit
P. putida nponyuupoBaTh OMOJOTMYECKU aKTUBHbBIE
METa0OJUThI U3yUyeHa C UCTIOJIb30BAHUEM COBPEMEH-
HBIX METONIUK [44].

MDeHa3uHBI IPEICTABISIOT CO00I OKUCIUTETBHO-
BOCCTAaHOBUTEJIbHbIE a30TCOACPKAIIME TeTePOLNK-
JIMYECKNE MOJIEKYJIbl, CLIOCOOHBIE MOAABISATH MHO-
rie maToreHbl pacTeHUil. AHTUMUKpPOOHAas aKTUB-
HOCTb U IIpU3HaKMW BUPYJICHTHOCTHU, CBA3AHHBbIE C
MPOU3BOACTBOM (peHa3MHa, OOYCIOBJICHBI MX CIIO-
COOHOCTBIO TEHEpUPOBATh aKTUBHBIE (POPMBI KUCJTO-
pona. deHa3WHBI TakxKe BHOCAT 3HAYMTEIbHBIN
BKJIad, B 00pa3 XXM3HU NPOAYLMPYIOIINX OaKTepuii,
HampuMep, CIIOCOOCTBYS 0OOpa30BaHMIO M POCTY
OMOIUIEHOK B OECKUCIOPOAHBIX YCTOBUSIX. OCHOB-
Hble (DeHa3uHbI, IpoayLpyembie Pseudomonas spp.,
MIPEACTaBIISIIOT cO00M (peHa3mH-1-KapOOHOBYIO KIC-
JIOTY, 2-TuApoKcudeHa3uH- 1 -KapOOHOBYIO KUCJIOTY,
2-ruapokcudeHasnH peHa3nH- 1 -kapookcammu,. [1po-
OykKousl (peHa3Ha HampsMyl YYacTBYeT B KOHKY-
PEHTHOM KOJIOHU3aLuuu puszocdeps [45, 46].

ITokazaHo, 4TO (heHa3UHBI NPOSIBISIOT AaHTUOUO-
TUYECKYIO aKTUBHOCTb ITMPOKOTO CIEKTPa ACUCTBUS
10 OTHOIICHUIO KO MHOTMM T'PpUOHBIM, OaKTepHUajlb-
HBIM M1 OOMUIICTHBIM MIaTOT€HAM PAaCTCHMI, BKITIOYAs
G. graminis var. tritici, R. solani, F. oxysporum f. sp.
radicis — lycopersici, S. scabies, Pythium spp. u P. infes-
tans [47—50]. IIponykuus ¢peHa3rHa BasKHa 11T KOM-
METEHTHOCTU IIPOAYLICHTOB pU30cdephl, CIOCO0-
CTByeT 00pa3oBaHNIO OMOTLIEHOK ITOCPENCTBOM MPO-
IYKIIUM BHEKJIETOYHOro Matpukca [51] u MoxeT
MOBJUSITH HA JOCTYITHOCTh METAJUIOB WU IPYTUX M1~
TaTeNIbHBIX BelllecTB. [1ceBmIoOMOHaIbl, UMEIOIINE Te-
HbI, HeoOXOoAMMbIE MJIsi TTPOU3BOACTBA (peHasuHa,
npeobyiagaoT B pu3ocdepax MileHUlbl, BbIpalinuBa-
€MOM1 B yCJIOBUSIX 3aCYIIUIUBBIX 3eMeb [52].

HMHTEeHCUBHOCTDh TTUTMEHTAIIUM KOJOHMI IITaM-
MOB P. chlororaphis ipy BbIpallluBaHUU Ha Oorartoii
cpelie CoCOOCTBYET IIPOCTOTE MX BBIACICHUS U 00-
HapyXeHHST BO BpeMs MCCIIeTOBaHMA. DTa TMTMEH-
TaluMs TMTPOUCXOIUT U3-3a TIPOAYKLUMU TPEXKOJbIIE-
BBIX a30TcoAepXaunx (peHa3nHOB, KOTOPhIC 001a1a-
0T aHTUMUKPOOHBIMM CBONCTBAMM W BIMSIOT Ha
rnepeaavyy CUTHaJIOB B KjeTke [53].

Lyukindeckre TUITOMENITUABI TTPEICTABISIOT CO-
00if o4eHb pa3HOOOpa3HbIe ITOBEPXHOCTHO-AKTUB-
HbIe BellleCTBA C AHTUMUKPOOHOI aKTUBHOCTHIO.
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OHM copepxXaT HUKINYECKUIT omuromnenTtun (8—
25 aMMHOKMCIIOT) U JUHEHHYIO XUPHYIO KHUCIIOTY
[54]. Ha ceromHsIIHUMi AeHb MASHTUMUIIMPOBAHO
okoyio 100 HUKIMYeCKNX JUTONETITUIOB, YTO CTaJIo
BO3MOXHBIM OJIarogapsi IOJJHOTEHOMHOMY CEKBEHU -
POBAaHWIO MHOTUX IITaMMOB Pseudomonas B coueta-
HUU ¢ pa3pabOTKOI MOIITHBIX MHCTPYMEHTOB OMOMH-
dopmaroHHoro aHamuza [55, 56]. Lluknnueckue
JIMIONENTUABI TIPOAYLIUPYIOTCS HEPUOOCOMHBIMU
NEeNTUIHBIMA CUHTETa3aMM, a UX aHTUMHUKpPOOHas
aKTUBHOCTD IIPOSIBIISIETCS B HApPYIICHUN MeMOpaH U
00pa3oBaHUU MOP KJIIETOYHBIX CTEHOK (PUTONATOTEH-
HBIX MUKPOOPTaHU3MOB, YTO OOYCIIOBJIEHO UX aM(pn-
¢unpHOiT mpupomoii. [logodbHO (eHasmHaMm, POJb
LIMKJINYECKUX JIMIIONENTUIOB BBIXOAUT 3a paMKU MH-
TMOMpPOBAaHUS MHUKpPOOOB: OHM MOTYT TMO-pa3sHOMY
BIMATL Ha (QOpMHUpOBaHME M pPaACIpPOCTpPaHECHUE
OMOIUIEHOK B 3aBUCUMOCTHU OT IIPOAYLIMPYEMOTO JIM-
nonenrtuaa [57].

PaMHOMMIIMABI B OCHOBHOM  IIPOM3BOISTCS
P. aeruginosa, coctosT U3 -TUIPOKCUKUPHBIX KHC-
JIOT, CBSI3aHHBIX C OCTaTKaMM paMHO3bl. PamHoMM-
MUABl 00JIamaroT aHTUOAKTEPUATBHBIMU, TTPOTUBO-
IPUOHBIMU U MTPOTUBOBUPYCHBIMU CBOMCTBaMU. OHU
BaXXHBI JUIST TOIBUKHOCTHU, MEXKJIETOUYHBIX B3aNMMO-
JIeMCTBUI1, KIeToYHOU nuddepeHIMam 1 00pa3o-
BaHMsI BOIHBIX KaHAJIOB [58].

IMonukeTuabl MpencTaBsiioT COO0I CTPYKTYPHO U
(YHKIIMOHAIBEHO Pa3HOOOPa3HBIi KJIaCC BTOPUIHBIX
MeTa0O0IUTOB, IIPOAYLIUPYEMBIX OAKTePUSIMU U TPU-
0aMM, ¢ aHTUMUKPOOHBIMHM, TepPaNeBTUYESCKUMU U
(GUTOTOKCHMUIECKMMU cBOMicTBaMU. brnmocuHTes mmonm-
KETUIOB aHAJIOTUYEH OMOCHHTE3Y KMPHBIX KMCJIOT U
omnocpeayeTcs TOJUKEeTUACUHTa3aMu. Ilone3Hbie
Ui pacTeHuit Pseudomonas mponyumpyioTr 2,4-mi-
aleTUI(MIOPONIIONUH, MYITUPOLMH U MUOJIYTOPHUH.
2,4-nraneTunIoporTIOIUH UTpaeT BaxXHYIO POJIb B
3aluTe MueHUIbI oT G. graminis var. tritici [59].

baxkrepuonHbl — 3TO aHTUOAKTepUaJIbHbIE TIeTI-
TUABI W O€JIKU, KOTOpbl€ BKIIIOYAIOT IIUPOKMIA
CIIEKTP CTPYKTYPHO U (PYHKIIMOHAITBHO pa3HO0O0Opas-
HBIX coenuHeHuii [58]. Pseudomonas spp. CMHTE3Upy-
10T JIEKTUH-TIOJ0OOHbIE 0AKTEPUOLIMHBI, MUKPOLIMHBI
U TIMOLIMHBI, BIUSIONINE HAa BBDKMBAEMOCTb KJIETOK
¢duTonaToreHHbIX OaKTEpUil MOCPEACTBOM pPas3iny-
HBIX CIOCOOOB AEUCTBUSI, TAKMX KaK HyKJiea3Hasl ak-
tuBHOCTh npotuB IHK, TPHK u pPHK, nezopranu-
3alMsl KJIETOYHOU CTEHKHW WJIU JeNOsIpU3alus MeM-
OpaHbI 3a c4eT 0Opa3oBaHUs MOP.

TpormojioHsl — HeOEH30UIHbIE CEMUYJIEHHBIE
apoMaTMyeckue COeqUHEeHMs, coaepKalue Kapoo-
HuJbHYI0 Tpynmy [50, 60]. bakTepuanbHbie TpoOmo-
HbI, TAKWE KaK TPOIIOJIOH, TPOIMOAUTUETUHOBAST KMC-
JioTa WIM PO3000aKTUIIUIbI, UTPAIOT PElIarollylo
pOJib B DPa3IMYHbIX CUMOUOTUUYECKUX B3aMMOAEH-
CTBUSIX KaK (haKTOpbl BUPYJIEHTHOCTH, aHTUOMOTHU-
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KW, aJbrAIUIbl WIW CUTHAIBI KBOpyMma. B mepByio
ouepenb OHU OBLIM OIMCAHBI Y TPUOOB M PACTCHUIA,
HO TakKXXe W y HEKOTOPBIX IITaMMOB Pseudomonas,
0COOEHHO U3-32 UX MHTEPECHOM aHTUOMOTUYESCKOMN U
XeJIaTUPYIOIIE KeIe30 aKTUBHOCTA. MeXaHu3M, Jie-
KaIll1ii B OCHOBE ITPOTUBOTPUOHOI aKTUBHOCTHU TPO-
MOJIOHA, TAKXKE€ MOXET OBbITh MPSIMbIM MHTUOMpPOBa-
HUEM B3YKapUOTHYECKMX OUSIEepHBIX MeTauiodep-
MEHTOB, COJIepXKallluX IBYXBaJCHTHbIC MOHBI, TAKNE
kak Cu?", Mg?* u Zn?>*. OTKpbITME OOUTAIOILETO B
nouBe mTamma Pseudomonas, TpOU3BOASIIETO TPO-
MOJIOH, TI0KAa3bIBAET, YTO OMOCHMHTE3 3TOr0 COSAUHE-
HUSI MOXET OBbITb BaXKHBIM MPU3HAKOM BBIKMBaHUS
OakTepHii B mouBe M pusocdepe.

ITpoTBOTPUOHOI METabOIUT MUPPOTHUTPHUH,
ouocunte3upyemMbiii B P. chlororaphis G05, urpaer
CYIIECTBEHHYIO POJib B oAaBieHuu pocta F gramin-
earum [61]. Baktepuu Pseudomonas sp. JJTBVK npo-
IYOUPYIOT MeTa0OJHUT TOJyOOBaTO-3€JICHOTO 1IBETA,
MOKa3bIBAIOIIUN aHTUOAKTEpUATIbHYI0 aKTUBHOCTD
[62]. Baktepun P. fluorescens BBCOR8 mpoayumpyior
cunepodopbl PHAHTUOINMUOXEJIUH U THMOBEPAWH, a
TakxXe 6rocypdakTaHT BUCKO3UH [63]. P. fluorescens
NAIMCC-B-00361 mpoayuupyeT Habop aHTUOUO-
THUKOB, BKJTIOUasl TaKe COeNMHEHUsI, KakK 2,4-nualie-
TWIGhIOPITIONUHOI, (DeHA3WH, TUPPOTHUTPHH TTUOITY-
TEOPHH, a TAKKe aHTUOMOTUKH-OMoCcypdaKTaHTHI [64].
P. resinovorans WMT16-1-1, P. putida WMCI16-1-1,
WMC16-2-5, P. fluorescens WMC16-1-8 3HaUUTETHLHO
MHTUOUPYIOT pocT Mmutienus F oxysporum f. sp. niveum.

Jleryune opraHuuyeckue COeNUHEHUS, MPOU3BO-
IUMble MUKpPOOaMU, 3alllUIIAIOT pacTEeHUsI 3a CueT
mnddys3nu ra3zos [65]. DTO MOJIEKYIIBI ¢ HU3KAM MO-
JIEKYJISIPHBIM BECOM, KOTOPbIE OOBIYHO COiepXKaT Me-
Hee 12 aTOMOB yriepoia U MOTYT ObITb CBSI3aHBI C
IpYyTUMU DJIEMEHTaMU, TaKMMU KakK as3oT, cepa,
OpoM, Kuciiopox, ¢rop 1 xjaop. LlmaancTeIit Bogmopoxn,
(HCN) — oueHb mpocToe JieTyyee coeaAuHeHue, 00-
pa3oBaHHOE U3 IIMLIMHA, SIBJISIETCS ellle OAHOI Ja-
CTBbIO TOKCMYHOTO apceHaja rpymnnsl P. chlororaphis.
HemaTtouynHasi aktuBHOCTE u3oista P. chlororaphis
PA23 xoppenupyeT Kak ¢ IMPPOJTHUTPUHOM, TaK U C
HCN. Uzonar P. putida Takke youBaeT HEMAaTol C
MOMOIIIBIO HECKOJIbKUX MEeXaHW3MOB, BKJIFOUYAIOIINX
sneryyne BemiectBa [66]. Kpome Toro, Flury ¢ coasr.
[67] mokasamu, uto usonat P. chlororaphis PCL
1391nponyuupyer HCN. Tlponykumnsa HCN wu3zons-
ToM P. chlororaphis O6 BbI3bIBaeT rmbeb KJIIETOK KaK
y Hemaroq [68], Tak 1 'y HuM® teit [69]. CoobiaeT-
cs1 00 ycIelHoM 6oprde ¢ HeMaTogaMu, MopaxKaro-
IIMMU KOPHU, C MoMolubio P. chlororaphis Sm3 Ha
KJIIyOHUKe, BRIpalnBaeMoii B termmmnax [70].

BruisiBiieHO, 4TO JIeTydyne opraHuYecKue CoeauHe-
HUS UTPAIOT BaXXHYIO POJIb B PA3JIUYHBIX IPOLECCAX,
MOCPENCTBOM KOTOPBIX TPOUCXOIUT PA3BUTHUE paCTE-
HUMA, UHIYKLIUS CUCTEMHOU YCTOWYMBOCTU U Iepe-
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JleiicTByIOIIECE . Oo6pabaTteiBacMast
Haspanue Hasnauenne JleiicTBUe
Hayajo KyJabTypa
Puzoruran P. fluorescens buodyurunun | [lomasisier pa3BuTre Bo30ynuTe- | 3epHOBBIE, OBOIIHBIE,
AP-33 JIel TeIbMUHTOCIIOPUO3HOI 1 IUIOAOBO-SITOAHBIE
¢y3apro3HOIl KOPHEBOM THWIH,
DPA3TUYHBIX BUIOB MATHUCTOCTH,
Oypoii p>kaBUMHBI, CENITOPHO3a,
MYYHUCTOU POCHI, 1IEPKOCIIOpO3a,
TMEPOHOCIIOPO3a, PU30KTOHNO34,
IJIeCHEBEHUS ceMsiH, GUuTodTO-
po3a, YepHOIl HOXKH, MapIlu U
MOHMJINO3a
IlceBnob6akTepun-2 | P. aureofaciens buonectununer | [lomasiser pa3zBuTue Bo30ynuTe- | 3epHOBBIE, OBOIIHbBIE
BS 1393 Jieit KOpHEeBbIX THWJIEH pa3inyHoil | (B TOM YucCIie KyJb-
IlceBnob6aktepun-3 | P. aureofaciens 3TUOJIOTUH, OYpOIi p>KaBUMHEI, TYPBI 3a1ALIEHHOTO
BKM B-2391]1 Oypoii MATHUCTOCTH, CEIITOPHO3a, |TPYHTA)
MYYHUCTOU POCHI, LIEPKOCIIOpO3a,
pU30OKTOHMO3a, (puTodTOpO3a
Arat-25K MeTtaboauTel Perynsitop YcunuBaer pocTt, ycToituMBoCTh K | OBOIIIHbIE, 36pPHOBbIE,
mramMma P. aureo- | pocta pacteHuii | 601e3HSIM U HEOJIaronpUSITHBIM 0000BbI€E, ATOTHEIE,
faciens H16 (hakTopaM cpenbl, a TAKXKE MOBbI- | LIBETOYHO-EKOPATUB-
(UYK, ananuH u 11aeT ypoxKaitHOCTb HbI€, XBOITHbIE
NIyTaMUHOBasI
KHCJIOTa)
bunopam Cwmecs 3-x mtam- | buonectuuun | IlomaBisieT pazButue Bo30yaute- | 3epHOBBIE, OBOIIHBIE
MoB P. fluorescens Jieil TeTIbMUHTOCTIOPUO3HBIX U
7T, 712K, 17-2 (hy3apuO3HbIX KOPHEBBIX THUJIEH,
PU30KTOHMO3a, COCYIUCTOTO U
CJIM3UCTOro 6AKTepPHO30B
Enena P. aureofaciens buonectunun | Ilomasnsier pa3BuTHe BO30ynuTe- | 3epHOBLIE
b 51 Jieii ¢py3aprMO3HOI U TeJIbBMUHTO-
CIIOPMO3HOI KOPHEBOU THUIIN,
TJIECHEBEHUSI CEMSIH
layrncun CwMmech IByX Bbuonectuuua, |O6magaer aHTUTPUOHOM, SHTOMO- | OBOIIIHBIE, 36PHOBHIE,
mraMMoB P. chlor-| GMOMHCEKTULIU | TATOTEHHOM aKTUBHOCTBIO M OKa- | TIJIOIOBO-SITOMHBIC,
oraphis subsp. 3bIBAET IMOJOXUTEJIbHOE BIUSHUE | [IBETOYHO-IEKOPATUB-
aureofaciens Ha ypoXXaifHOCTh U KaYeCTBO pacTe-| Hble
HUEBOAYECKOM MPOIYyKIINU

Jaya XMMHMYECKMX CUTHaJIOB B pacteHusx [71, 72].
CuHTe3 JIeTy4YUX OpraHWYeCKUX COeAUHEHMIi, Ha-
Otomaemblit y n3onsatoB P. fluorescens [73], npenmno-
JIaraeT, 9TO 3TO SIBJISIETCS OOIIei YepToit cpeau IceB-
JTOMOHAaJ, aCCOIIMUPOBAHHBIX C PACTCHUSIMU.

Cunepodopbl — 3TO HEOOJBIINE OpTaHUYECKUE
MOJIEKYJIBI, BEIpabaThIBacMble MUKPOOPTaHU3MaMH B
YCIIOBUSIX OTpaHMYCHUS COIEPXKAHMS KeJie3a, YBe-
YUBaIOT CIIOCOOHOCTh ycBauBaTh Xkene3o. P fluo-
rescens CEKpeTUpPYET ruapoKcaMat cugepodop, dpep-
pUOAKTUH. BOJBIIMHCTBO THAPOKCAMATHBIX TPYMII
coctout u3 C (= O) N-(OH) R, rme R nipencrasisier
c0060if MO0 aMUHOKMCIIOTY, JIN0O ee TTPOU3BOTHOE.
XOTs Kene30 SIBIASeTCS] MUKPOHYTPHUEHTOM, OHO He-

obxoauMo sl OMocuHTe3a XJaopoduiiia, OKUCIU-
TEJIbHO-BOCCTAHOBUTENBHBIX PEAKIINIA 1 HEKOTOPBIX
BaXKHBIX (PU3UOJOTUUECKUX TTPOLIECCOB B PACTEHUSIX
[74]. Pazmuunble Buabsl Pseudomonas MoryT ycuian-
BaTb POCT pacTeHUM, TPOAYIUPYS ITMOBEPIWH.
ITroBepaMHBI MOTYT U30JUPOBAThH XKEJIE30 U3 PU30-
chepsl U crnenaTh €ro HeAOCTYHMHBIM IS TTUTaHUS
puszochepHbIX TpUOOB, MNPOAYLIMPYIOIIUX MEHee
cuJibHBbIE cuaepodopbl. PaziuyHble TUMNBI CUIEPO-
¢OopoB CIIoCOOCTBYIOT POCTY HECKOJBKUX BUIOB pac-
TEHU U YBEJIIMUYMBAIOT UX YpOXKai 3a CUET yBeIUYE-
Hus noroueHuss Fe pacreHusmu. Cunepodopbl
JIEMCTBYIOT KaK IMOTEHILIMAJIbHBIN areHT OMMOKOHTPO-
JIsi IPOTUB BPENHbIX (DUTOMNATOTEHOB U 00JaAalOT
CITOCOOHOCTBIO 3aMEHSITh OITaCHbIE€ MECTULIMIBI.
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Ta6muna 2. KOMMep‘{eCKI/IC 6I/IOHp€1'[apaTI>I MHOCTPaAHHOTO ITPpOMU3BOACTBA HA OCHOBE IICEBAOMOHAaA OJIf 3allIUThI paCcTe-

HUI1 oT 60se3Heill [76]

HasBanue 6uonpemnapata
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Michrodochium nivale

I110THO CBSA3BIBASICH C KEJI€30M U CHMXKasl ero Ouo-
JMOCTYITHOCTb JIJISI TTATOTEHOB PaCTEHUI, OHU CITOCO0-
CTBYIOT UX YHUYTOXeHUIO. [IMOoBEepIMHOBEIE CUIEPO-
¢dopsl, npoayLupyemble Pseudomonas, ydacTByIOT B
0opbOe ¢ 00Ie3HSIMU YBSIIAaHUS KapTodes, BRI3bIBa-
eMbIiMU F. oxysporum. TlmoBepauH TakXKe aKTUBEH
npotuB Gaeumannomyces graminis [74].

JIutnaeckme pepMeHTHI yYacTBYIOT B AeTpagalluy
KJIETOYHBIX CTE€HOK (PUTOMNATOINEHHBIX MUKPOOpra-
HU3MOB, YTO SIBJISIETCSI OOHUM M3 HauboJiee U3BECT-
HBIX MEXaHU3MOB OMOJIOTUYECKOTO KOHTPOJIS TpUo-
HBIX MATOTEHOB ITyTeM BO3AEMCTBUSI Ha MX KJIETOU-
HYIO CTEHKY, BBI3bIBasl JIM3UC U T'MOeNIb KIIEeTOK [4,
75]. Cpenu HanboJee N3yYeHHBIX JUTUUECKUX (ep-
MEHTOB, IPOIYLIMPYEMBIX arTeHTaM1 OMOJIOTMYECKOM
OOpBLObBI, SIBISIIOTCS XUTUHA3bI, LE/UI0Jga3bl, IIPOTe-
asbl 1 -1,3-m1oKaHasbl, KOTOPbIe MOIUMDUIIUPYIOT,
nep@opUpyIOT U pa3pylIaloT CTPYKTYPY KIECTOYHO
cTeHKU [75]. U3BeCTHO O pOJiM BHEKJIECTOUHOM XUTU-
Ha3bl, BbIIAEICHHON U3 P. aeruginosa, B uojoruye-
CKOM KOHTpPOJIe Haa Xanthomonas campestris., BbI3bIBa-
o1eii 0oJie3Hb yepHoi rTHuIu. Lltammel Pseudomonas,
BbIIE/ICHHBIC 13 pu3ochepbl HyTa, MPOAYLNPYIOT X1-
TUHA3BI U LIEJUTIONIA3bI C AHTATOHUCTUYECKOM aKTUBHO-
CThIO TIPOTUB R. solani v Pythium aphanidermatum [4].

SAKJIIOYEHHME

Buonornyeckast 3amura pacTeHMid OT BpPEIHBIX
OpraHU3MOB HaOMpaeT Bce 0OJIbIIIME 0O00OPOTHI B CBSI-
31 C TEM, UTO TP YCIOBUSIX TOBBILICHUS aHTPOIIO-
TeHHOM Harpy3kKud Ha OKpYXXaloIIyIo cpely HeoOXo-

ATPOXMUI

Ne5 2023

IUMO obecreynTh 06€30MacHOCTb MPOAYKTOB MUTa-
Hus. [lpencraBurenu 6aktepuit pona Pseudomonas,
Onarogapsi UX TOBCEMECTHOMY PacIpOCTPAHEHMUIO,
IIMPOKOMY METa0OJIMUEeCKOMY pa3HOOOpa3uio, Ha-
JIMYUIO HEOOXOIMMBIX JIJISI OMOKOHTPOJIST (pUTOIIATO-
TeHOB 1 GPUTOCTUMYISIINN (PU3NOIOTO-OMOXUMITIE-
CKMX OCOOEHHOCTEU, SIBISIOTCS IMEePCNeKTUBHBIMU
o0BeKTaMM IS pa3padboTKu 3 PEKTUBHEBIX OMOIIpe-
napatoB. OrpelnesieHHbIe IITaMMbl TICEBIOMOHA
CITOCOOHBI AaKTUBHO KOJOHU3UPOBATh puU3ochepy
pacTeHUi pasAIUYHbIX CUCTEMAaTHMYECKUX TpyIId,
MPOAYLIUPOBaTh (UTOTOPMOHBI, AHTUOMOTUYECKU
aKTHUBHBIE COCIMHEHUS pa3IMUHO pupoasl (heHa-
31HBI, QIOPOTTIOLUMHbBI, TUOTIOTEPHUH, TUPPOTHUT-
pUH, OaKTEepUOLIMHbI), UHIYLUUPOBATb MMMYHHBI
OTBET pacTeHU U 3alluIlaTh pAaCTeHUSI OT CTPECCO-
BhIX (pakTOpOB. baktepuu pona Pseudomonas coctaB-
JITIOT 3HAYUTEJbHYIO JOJI0 MUKPOOHOTO cooOlle-
cTBa 3HA0(MUTOB. IlceBOIOMOHAIbBl UMEIOT KOPOTKOE
BpeMsl Te€Hepaluu, BBICOKYIO CKOpPOCTb pocTa IO
CPaBHEHUIO C IPYrMMU PU30CHEPHBIMU OaKTEpUsI-
MU, JIETKO KYJbTUBUPYIOTCS B JJaDOpATOPHBIX YCIO-
Busx [7—10]. Bo BceM Mupe aKTUBHO BBIIEIISTIOT BCE
HOBBIE€ IITaMMbl OakTepuit pona Pseudomonas, vc-
CleayoT UX (PU3U0JIOTO-O0MOXUMUYECKHEe CBOICTBA,
KOTOpbIE HEOOXOIUMBI JJIsI MpoaylieHTa 3(P(heKTUB-
HbIX OuonectulinaoB. HaM mokasajoch JOTMYHBIM
MPUBECTU 3[€Ch IPUMEPHI HanboJiee U3BECTHBIX OTe-
YECTBEHHBIX U 3apyOeKHbIX OMOIpenapaToB 1Jis pac-
TEHUEBOJICTBA Ha OCHOBE NICEBIOMOHA/ U UX META00-
nuToB (Tabmn. 1, 2) [76].
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Role of Pseudomonas Bacteria and Their Metabolites
in the Biocontrol of Phytopathogenic Microorganisms
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The current knowledge on the prospects of using bacteria of the genus Pseudomonas as producers of effective
microbiological preparations for the biocontrol of phytopathogenic organisms is summarized and analyzed.
Rhizospheric pseudomonads are potential objects of agricultural biotechnology due to the presence of phys-
iological and biochemical features necessary for biocontrol and phytostimulation. These features include tol-
erance to reactive oxygen species, chemotaxis in relation to root exudates, biosynthesis of siderophores and
antibiotic metabolites of various nature. Members of the genus Pseudomonas are known for their great meta-
bolic diversity, which allows them to colonize a wide range of ecological niches, including the rhizosphere.
Pseudomonas species isolated from the rhizosphere have a broader catabolic activity than those isolated from
the bulk soil, especially for certain sugars, polyols, and amino acids that can be found in root exudates. The
wide metabolic diversity allows bacteria to become ubiquitous, forming protective biofilms and colonizing
various ecological niches. At the same time, water-retaining capacity, fertility and porosity of the soil, as well
as the conditions of mineral nutrition of plants are improved by increasing the availability of N, P, K and Fe.
The paper describes in detail the main biologically active metabolites produced by Pseudomonas and their role
in the suppression of phytopathogens and phytostimulation.

Key words: ecological niche, rhizosphere, rhizobacteria, bacteria of the genus Pseudomonas, biologically ac-

tive compounds, biocontrol.
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