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®EPMEHTbI AETPAAALINN
PAMHOTA/TAKTYPOHAHA | KAK
DAKTOPbBI BUPYJTEHTHOCTWA
®UTOMATOTEHHOW
BAKTEPUW <i>Pectobacterium
atrosepticum</i>.
http://elibrary.ru

10 Pes 2020 eLIBRARY.RU

[AviccepTaums Ha Temy
«3K30Mn0nmcaxapug baktepuii
Paenibacillus ehimensis:
YCNoBusi GOCUHTE3a, COCTaB U
CBOWCTBa», ckayaTb b6ecniaTHo
aBTopedepat no 19 Okt 2021
cneynansHocT BAK PO
03.01.06 - brioTtexHonorus (B
TOM yncne
61OHAHOTEXHO/IOTN)
https://dissercat.com

206824
http://e.lanbook.com

WHTepHeT Mntoc

10 Map 2016

http://www.bio.bsu.by
/proceedings/articles
/2009-4-1-182-192.pdf
http://bio.bsu.by

04 Mas 2020 VHTepHeT Mnatoc

bonesHun xenyaka

26 AHB 201 M
http://studentlibrary.ru 6 4irs 2018 cAnumMHa

Bacterial disease management:
challenges, experience,
innovation and future
prospects - Sundin - 2016 -
Molecular Plant Pathology -
Wiley Online Library
https://bsppjournals.onlinelibra
ry.wiley.com

04 Anp 2020 ViHTepHeT Matoc

®usnonorua pacteHuii. 2017.
T. 64, Ne 3 21 AnB 2020
http://biblioclub.ru

MonyyeHne TpaHCreHHbIX
pacteHuii kaptodens,
YCTONYMBBLIX K rindocaTty v
natoreHam
http://dep.nlb.by

04 Vron 2017 [Avcceptaumn HBB

CUHTe3 aHTMBMOTHKOB
apoMaTNYecKoi Mpupoabl y
6akTepuin Pseudomonas
aurantiaca B-162
http://dep.nib.by

11 Hos1 2016 [Avcceptaumn HBB

He yKa3aHo 14 OkT 2021 LntnposaHue

[lncceptauma Ha Temy
«3nuaemMmonornyeckoe
06oCcHOBaHVe paHHel
3TMONOTNYECKOV ANArHOCTUKN
1 MOHWUTOPUHra Bo3byauteneit
VHPEKLUMNOHHBIX OC/TOXKHEHW Y
nocTpaAaBLUMX C TAXEeNbIMU
TpaBMamwu» aBTopedepart no
cneumanbHoct BAK 14.02.02 -
Snuaemunonorus | disserCat —
3/1€KTPOH...
http://dissercat.com

19 Map 2019 VHTepHeT Matoc

PaHHee BbisiBNeHVe prcka
VNHGEKLIMOHHbIX NeroYHbIX
OCNIOXHEHWNIA U X
npodunakTmka npu
COYeTaHHOW TpaBme
http://emll.ru

28 Anp 2017 MeauunHa

Muikpo6ronormnyeckas v
KNMHWKO-Moponornyeckas

ANArHOCT1Ka XpOHUYeCKoro 04 Non 2017
TOH3UNUTA

http://dep.nlb.by

[Avcceptaumn HBB

MNepedpasvposaHusa no

MepedpasmposaHus No

CBogHas konnekumsa 36C

CBogHas konnekumsa 96C

1

VICTOUHUK UCKTHOYEH.
MpuunHa: TekcT NCTOYHMKA
HeAOCTYNeH Mo CChiKe.
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KnnHunyeckoe 3HaveHne
61onneHkoobpasoBaHMs y
6aKTepuii - Tema Hay4HoW
cTaTb Mo pyHAAMEHTaNbHON
MegnLMHe YnTaliTe 6ecnnaTtHo
TeKCT Hay4Ho-
nccnesoBaTenbCKol paboThl B
3N1eKTPOHHOW brubnnoTeke
Knbep/leHnHka
https://cyberleninka.ru

13 Anp 2021 VHTepHeT Mntoc

[nobaneHble perynsTopbl

6aKTepuranbHbIX NaToOreHHbIX

reHoB, MPOTeVH NHAKTVBaLn

6aKTepuranbHbIX

ayTONHAYKTOPOB, siBnstowmxca 25 MoH 2015 MNateHTbl CCCP, PP, CHI
MULLEHSIMW /151 CO3AaHMNS

YCTOMYMBOCTM K 6ONE3HAM.

MaTeHT PO 2236462 (2/2)

http://findpatent.ru

Persistence in Phytopathogenic
Bacteria: Do We Know Enough? 13 flHB 2021 CMW Poccnm v CHI
https://frontiersin.org

[AnccepTaums Ha Temy
«/leiicTBME CTPECCOBbIX
bakTopoB Ha 6akTepuasnbHble
61onneHkn ¢ gepekTom
CTPYKTYpbl BHEKNETOUHOTO
NoAMMEPHOro MaTpurkca, 19 OkT 2021 VHTepHert Mntoc
ckavaTb becnnaTHo
aBTopedepaT no
cneynansHocT BAK PO
03.02.03 - Mukpoburonorus
https://dissercat.com

Mapkosa, K0nua

AnekcaHApoBHa AnccepTaumns

... JOKTOpa Bronornyeckmx 29 Hos 2014 CBogHas konnekums Prb
Hayk : 03.02.03 MpkyTck 2013

http://dlib.rsl.ru

Expression of bacterial genes in

transgenic tobacco: methods,

applications and future 19 OkT 2021 WHTepHeT Mntoc
prospects

https://ncbi.nlm.nih.gov

Convergent Evolution of

Pathogen Effectors toward

Reactive Oxygen Species 25 CeH 2020 CMW Poccnm n CHI
Signaling Networks in Plants

https://frontiersin.org

Co3gaHuve yaBOeHHbIX
ranaoujoB rekcanioniHoro
Tputukane (x Triticosecale
Wittm.) B KyNbType NblNbHNKOB
in vitro

http://dep.nlb.by

BACTERIAL STRAINS, GENES
AND ENZYMES FOR CONTROL
OF BACTERIAL DISEASES BY
QUENCHING QUORUM-
SENSING SIGNALS - AGENCY
FOR SCIENCE, TECHNOLOGY
AND RESEARCH (2/2)
http://freepatentsonline.com

11 Hos1 2016 [Avcceptaumn HBB

03 Hosa 2016 MateHTbl CCCP, P®, CHI

effect of bacterial chemotaxis
on host infection and
pathogenicity | FEMS
Microbiology Reviews | Oxford
Academic
https://academic.oup.com

10 Maga 2020 VHTepHeT Matoc

PaspaboTka

6110TeXHONOTNYeCKNX

Cnoco60oB NonyyeHust

VIMMYHOCTUMYNSTOPOB 11 Hoa 2016 Awvcceptauyunn HBB
HyKnenHoBon npupogel - CpG-

AHK v umkno-anrMo

http://dep.nlb.by

207051

http://e.lanbook.com 10 Map 2016 CBogHas konnekumsa 36C

http://ibpm.ru/attachments
/article
/465/kudryakova_diss.pdf
http://ibpm.ru

26 Okt 2020 ViHTepHeT Matoc

Production, extraction and
characterization of Chlorella
vulgaris soluble
polysaccharides and their
applications in AgNPs
biosynthesis and
biostimulation of plant growth
| Scientific Reports

19 Okt 2021 ViHTepHeT Matoc
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MATEPUAJIbI YacTe | BTopoe
n3gaHue - PDF CkavaTb
becnnatHo
http://docplayer.ru

MATEPWA/bI YacTe | BTopoe
n3gaHue - PDF CkavaTb
becnnatHo
http://docplayer.ru

Self-Assembled Quaternary
Ammonium-Containing Comb-
Like Polyelectrolytes for the
Hydrolysis of
Organophosphorous Esters:
Effect of Head Groups and
Counter-lons

https://doi.org

METHODS OF REDUCING
VIRULENCE IN BACTERIA -
DUKE UNIVERSITY (3/6)
http://freepatentsonline.com

M3yyeHune mexaH3mMoB
NpOTVBOBOCMANVTENLHOM
aKTUBHOCTN 6uduraobakTepuii
1 co3aaHne MeToAamu
reHeTUYeCcKon NHXeHepun
LITaMMOB 6udnaobakTepuii ¢
yCUNeHHbIMU
NpPOTUBOBOCMANNTENbHBIMU
CBOMCTBaMM

http://emll.ru

216154
http://e.lanbook.com

CTpoeHUe 1 cocTaB MOKPOBOB
CeMsiH OBOLLHbIX Ky/bTyp B
CBA3M C MPOHULIAEMOCTBIO AN1St
coefNHeHNIA pa3nnyHoi
XVIMNYeCKol NpUpoAbl
http://dep.nib.by

Use of systemically
administrable water-soluble
antioxidant - ZOLLNER,
THOMAS, DR.MED., 60596
FRANKFURT, DE
http://freepatentsonline.com

Enhancing plant pathogen

resistance via increasing BiP
levels - Denecke, Jurgen (2/2)
http://freepatentsonline.com

[Ancceptaums Ha Temy
«3Konoro-dusnonornyeckune n
ceponornyeckune CBonNCTea
6akTepuin poaa Azospirillum
PasNNYHbBIX PacTUTENbHO-
6aKTepuranbHbIX COO6LLECTB,
ckayaTb becnnaTHo
aBTopedepat no
cneynansHocTn BAK PO
03.02.08 - 9konorusa (no
oTpacnam)
https://dissercat.com

Minicell-based bioremediation -
SEGALL ANCA M. (7/18)
http://freepatentsonline.com

dakynbTeT MUKpobUonorun n
6rioTexHoONOr M
http://pushgu.ru

dakynbTeT MUKpobuonornn n
6roTexHonormmn
http://pushgu.ru

Faculty of microbiology and
biotechnology
http://pushgu.ru

AHTUOKCMAAHTHbIE CBOMCTBA
nakTo- 1 budngobakTepuii
http://propionix.ru
Compositions and Methods to
Prevent and Treat Biofilms -
lvanova, Svetlana A. (1/4)
http://freepatentsonline.com

SOLUBLE SALT PRODUCED
FROM A BIOPOLYMER AND A
PROCESS FOR PRODUCING THE
SALT - Newman, John K.
http://freepatentsonline.com

Pa6oThl MO resIbMUHTONOMN
http://emll.ru
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http://emll.ru 21 Bex2016

[AviccepTaums Ha Temy
«brnotexHonoruns
6aKTepuranbHON LIenntonosbl ¢
MCMONb30BaHNeM LUTaMMa -
npogyueHTa
Gluconacetobacter hansenii GH
- 1/2008» aBTOpedepar no
cneynanbHocT BAK 03.01.06 -
buoTtexHosiorms (B ToM Yncne
6roHaHoTexHonorum) |
disserCat — anekTpoHHas 6...
http://dissercat.com

19 Map 2019

[AvccepTaums Ha Temy
«BbrnotexHonorus
6aKTepuanbHON LIenNtoNno3bl ¢
1CMOoNb30BaHWeM LUTaMMa -
npogyueHTa
Gluconacetobacter hansenii GH
- 1/2008», ckayaTb 6ecnnatHo 11 de 2021
aBTopedepaTt no
cneynansHoct BAK PO
03.01.06 - briotexHonorus (B
TOM yncne
61OHaHOTEXHONOT )
https://dissercat.com

PelueHve ApbutpaxHoro cyaa
KpacHosapckoro kpasi ot 29
vtona 2014 r. no geny N
A33-10582/2014 (knro4eBble
TeMmbl: NI0A0POANE 3eMeb
CeNbCKOXO35NCTBEHHOIO
Ha3Hay4eHus -
dUTOCaHNTAPHbLIN HaA30p -
NPOTOKO/1 0CMOTPa - OXpaHa
3eMeJlb - BOMpoChl MECTHOroO
3HaYeHus)
http://arbitr.garant.ru

28 flek 2016

CaHauwsi cTadpyIOKOKKOBOTO
6aKTepOHOCUTENbCTBA -
HOBbI€ BO3MOXHOCTU 1
nepcnekTuebl/The sanitation of
staphylococcus bacteria
carrying: new possibilities and
perspectives

https://medlit.ru

Tom 1
http://kpfu.ru

26 flek 2016

05 AnB 2017

MMrneHnyeckas oueHka

KauyecTBEHHOro CocTaBa

NUTbEBOV BOAbI NpY

LeHTpann30BaHHOM

BOAOCHAGXEHUN B 20 AHB 2020
3aBUCUMOCTL OT TUMOB

BOZOMPOBOAHbLIX TPY6 1

peX1MOoB BOAOMONb30BaHSA

http://emll.ru

ELLAGITANNINS AS INHIBITORS
OF BACTERIAL QUORUM
SENSING - The Florida
International University Board
of Trustees (3/3)
http://freepatentsonline.com

09 Hosa 2016

[AvccepTayoHHble paboThl |

Balukunpcknia

rocy/japCTBeHHbI 19 Okt 2021
yHuBepcuTeT

https://bashedu.ru

[Full text] Chronic tonsillitis and
biofilms: a brief overview of
treatment modali | JIR
https://dovepress.com

18 UtoH 2021

CTpyKTypHble aHTureHsbl Sal.
dublin, Sal. typhimurium B
AMarHoCTuKe 1 npodunakTrke
caNbMOHeN1e3a KpyrnHoro
poraToro ckoTa
http://dep.nlb.by

20 Jlek 2016

He yKa3zaHo
http://kibb.knc.ru

SK3ononuncaxapuapl
MOJIOYHOKUCNbIX BakTepuii 1
X GyHKLMOHaNbHas
3HaYMMOCTb B OpraHn3mMe
KMBOTHbIX + " - cKavaTb
6ecnnatHo aBTopedepar
AvccepTaumm no " + 6uonorun
+", cneymanbHoCTb " +

30 AnB 2017

19 OkT 2021

MeguunHa

ViHTepHeT Mnatoc

ViHTepHeT Matoc

CMC TAPAHT

MeguunHa

MNepedpasnposaHusa no
ViHTepHeTy

MeguunHa

MateHTbl CCCP, P®, CHI

VHTepHerT Mntoc

WHTepHeT MNntoc

[Avccepraumn HBB

MNepedpasvposaHusa no
ViHTepHeTy

ViHTepHeT Matoc

VICTOYHVK NCKJTIOYEH.
MpuunHa: lpyroe. HassaHne
VNHCTUTYTa
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Mwukpo6uonorus
http://earthpapers.net

BNIVAHVIE YCNOBUW
KYNbTUBMPOBAHWA HA
PU3NKO-XUMNYECKUNE
CBOVICTBA
3K30MOINCAXAPUIA
STAMOJAHA.
http://elibrary.ru

TecT-cMcTeMa ANs ANArHOCTUKM
nactepensiesa n KOHTPOAA
nocTBakLMOHaNbHOro
NMMyHUTETa
VIMMYHOEPMEHTHbIM
MeTO/OM Yy Kyp U NHAeeK
http://dep.nlb.by

BecTHMK MUYYPUHCKOTo
rocy,apCTBeHHOro arpapHoro
yHuBepcuteTa. 2011, Ne 2,
yactb 1
http://bibliorossica.com

Mony4yeHne, xapakTepucTuka u
npvMeHeHve
MOHOK/IOHaNbHbIX aHTUTEN K
aHTUreHaMm CUHErHoMHon
nanouku

http://emll.ru

AsTOpedepaT
http://oldvak.ed.gov.ru

T
http://emll.ru

Vibrio vulnificus molecular
probes, antibodies, and
proteins - UMBI - University of
Maryland Biotechnology
Institute
http://freepatentsonline.com

Mepekunce Bogopoaa Kak
perynsiTop ycTonumsoctu
pacTeHuii 1 Kannycos
NLeHWLbl K TPUBHBIM
natoreHam +" - ckayaTb
6ecnnatHo aBTopedepat
AvccepTtaumm no " + 6ronorun
+", cneymanbHoCcTb " +
dur3nonorva n broxmmns
pacTeHwuii
http://earthpapers.net

Boin. 11
http://emll.ru

Frontiers | Biogenic Synthesis
of Silver Nanoparticles Using
Phyllanthus emblica Fruit
Extract and Its Inhibitory Action
Against the Pathogen
Acidovorax oryzae Strain RS-2
of Rice Bacterial Brown Stripe |
Microbiology
https://frontiersin.org

SpdeKTnBHOCTL
¢dunTonpenapata Npvi neveHUn
1 npodunakTrike Kapueca
3y60B 11 KaTapa/ibHOro
rMHrMBMTA

http://emll.ru

Yyactue
LMKNoryaHo3nHMoHodochaTH
oli cMrHanusaunm B
peanvauum CTpeccoBbIX
OTBETOB B PaCTeHMsIX
apabugoncuca
http://dep.nib.by

AKTUBHOCTb 1 GU3NKO-
XMUYeckue cBolicTBa 6enKoB-
VNHIMBUTOPOB CEPUHOBBIX
npoTenHas oTAeNbHbIX
npegcraBuTenein cemeiicTaa
CNOXHOLBeTHble (Asteraceae)
http://dep.nlb.by

CocTosHME aHTUOKCUAAHTHBIX
cucTem Mpy naToreHese
3N1aKOBbIX KyNbTyp
http://dep.nib.by
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XapakTepucTuka
B3aVIMOAENCTBISA HaHOYaCTuL,
KONIONAHOrO 30/10Ta,
AMoKcuaa TUTaHa U MarHeTuTa
C MUTOXOHAPVANLHOW
acnaprtaTaMmuHoTpaHcdepasoi
http://dep.nlb.by

Perynsauys MenaToHMHOM 1
pacTUTeNbHBIMU 3KCTPaKTaMmM
aKTUBHOCTW FNyTaTVOH
S-TpaHcdepas neyeHn Kpbic
Npu 3KCNepUMEeHTaNbHOM
xonecrase

http://dep.nlb.by

dusronorusa pacteHumii. 2017.
T.64, Ne 1
http://biblioclub.ru

VIMMyHorvcToxmMmyeckas
xapaKTepucTvika neikonnakum
CcnM3nUCTol 060N10UKM pTa
http://emll.ru

TBEPAOTE/IbHAA AMP 13C
CMEKTPOCKOMMA B AHAJIN3E
MONNCAXAPUNIOB - Tema
Hay4HoI1 cTaTbu No
HaHOTEXHOOrMsAM YnTanTe
6ecnnaTHo TeKCT Hay4Ho-
nceneaoBaTenbekol paboTel B
3/1eKTPOHHOW brubanoTeke
Knbep/leHnHKa
https://cyberleninka.ru

Bronornyeckue ceoiictea
VNEPCUHNIA 1 oNTUMM3aLmsa
MUKPOBMONOrnYeCcKmxX
METOZOB WX BbIiBNEHNSA
http://dep.nlb.by

MpokapnoTtnyeckme Tect-
MOZAeNV ANS OLeHKN
61010rNYeckoro 4enNcTBus 1
rUrMeHnYeckomn
pernameHTaLun ¢pakTopos
cpegbl 06UTaHNA
http://dep.nlb.by

fnaporenu Ha ocHoBe
MOANPULIMPOBAHHOIO
JeKkcTpaHa ans
KOHTPO/IMPYEMOii OCTaBKM
NpoCcnMAnHa U LcnaaTHa
http://dep.nlb.by

Targeted gene deletions for
polysaccharide slime formers -
Harding, Nancy E. (2/2)
http://freepatentsonline.com
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BBEAEHWE

MocTaHoBKa NPo6neMbl 1 ee akTyanbHOCTb. He06X0AMMbIM YCN0B/EM
pa3BUTUA psaa NHPEKLMOHHBIX 3a601eBaHN PaCTEHNIA, BbI3bIBAEMbIX
duTONaTOreHHLIMN HaKTEPUAMU, SBAAETCS CMOCOBHOCTL MMKPOOPraHN3MOoB
¢dopmmpoBaTh in planta «MHOroKNeTOUHbIe» CTPYKTYpbI, Ha3biBaeMble
6uonnerHkamu (Ramey et al., 2004; Srivastava et al., 2017). OCHOBHYt0 YacTb
MaTpuKca 61onneHokK, 06 beANHSAIOLLEro OTAeNbHbIe KNeTKM MUKPOOpraHi3ma B
e/IVIHYI0 CTPYKTYPY, COCTaBNSIOT 3KCTPakNeTOUHbIe Moncaxapuasl bakrepuii
(ak3ononucaxapuabl uav 3MC) (Wilkinson, 1958; Flemming et al., 2010; Ghafoor
etal.,, 2011). [lOMVMO BbIMONHEHWS CTPYKTYPHbIX GYHKLMIA B COCTaBe MaTpukca
6ronneHok, 3MC MOryT BbICTyNaTk B Ka4ecTBe MMMYHOMOAYATOPOB
(3IMCUTOPOB) NN UMMYHOCYMPECCOPOB, @ Takxke 3aluLLaTb KNeTKn
MWKPOOPraHM3MOB OT Pa3ANyHbIX HebNaronpuATHbIX GakTopoB, Hanprmep, oT
06e3B0OXVBaHWNA, AeCTBUSA TAXENbIX METaNN0B, OKUCNUTeNeR, GUToaneKcMHOB,
MONMIOTAHTOB U aHTU6UOTKKOB (Rolfe et al., 1996; Yun et al., 2006; Aslam {120 etal.,
2008; Nwodo et al., 2012; Kakkar et al., 2015; Wang et al., 2019; Zainab etal (9 .,
2020). Ha npumepe psaga ¢utonaToreHHbIx 6akTepuii NPoAEeMOHCTPMPOBAHO, YTO
3MC cnyxat B KayecTBe $pakTopoB BUpyneHTHocTH (Rudolph et al., 1994;
Condemine et al., 1999; Vuong et al., 2004).

Y 0AHWX 13 Havnbonee BPeAOHOCHbLIX GUTOMATOreHHbIX bakTepuii -
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npeAcTaBuTeneit poga Pectobacterium - 3MC He naeHTUOULMPOBaHbI 1 He
paccmaTpurBaloTCs B kavecTse GpakTopoB, ONpesensatoLLyMX X B3auMOojencTeme ¢
pacteHnsMU. OAHAKO Ha Hannyre 3TUX MOIMMEPOB y MeKTobakTepuii, a Takxe Ha
X BaXKHYIO Po/ib B MaToreHese ykasbiBaeT paj ¢akToB. Bo-nepBbIX, B reHOMe 3TUX
OpraH13MoB eCTb reHbl, aHHOTVMPOBAaHHbIE KaK KOAVPYHoLLe pepMeHTbI
6unocnHTesa 3MC. Bo-BTOPbIX, 3KCNPECCUst 3TUX FeHOB UHAYLIMPYETCS B YCI0BUAX
in planta (Gorshkov et al., 2018). U, B-TpeTbux, B COCyAax NepBUYHON KCUNeMbI
pacTeHusA-x03AnHa NekTobakTepumn 06pasytoT ocobble 6MONNEHKO-MOJ06HbIE
CTPYKTYPbI - 6aKTepranbHble 3M60/bI, B KOTOPbIX OTAE/bHbIE KNeTKM

8

MVKPOOPraHn3Ma o6beArHeHbI B LIeNIOCTHYH CTPYKTYPY NPy NOMOLLM
3KCTpakneTo4Horo matpukca (Gorshkov et al., 2014).

B KauecTBe NepBMYHOro 3KCTPaKNETOYHOro MaTpuKCa 6akTepranbHbIX

3M60/10B CNyXaT NoAVMepPbl He 6akTeprasbHOro NPOUCXOXAEHWS, KaK B Cyyae
TUMNYHBIX BUONNEHOK, @ PACTUTENBHOTO, @ UMEHHO BbICOKOMO/EKYNSIPHbIe
dparmMeHTbl NEKTMHOBOrO Nonncaxapuaa pamHoranaktypoHana | (Pr-1) (Gorshkov
etal., 2016). Takne pparMeHTbl BbICBOOOXAAHOTCA U3 PACTUTENBbHbBIX KNETOUHbBIX
CTEHOK B JIIOMeHbI COCY/0B B pe3ynibTaTe NaToreH-nHAyLMpyemoi peakuyum
pacTeHus-xo3anHa (Gorshkov et al., 2016; Tsers et al., 2020). B ntomeHe cocyz0B
¢dparmeHTbl PT-I dopMUpyYLOT NONMMEPHYIO CeTb, B KOTOPOW YAepXMBatOTCS
KNeTkn nekTobakTepuii, 06pasys NAOTHYH «MHOIOKIETOUHYO» CTPYKTYpY. B
CBA3M C 3TVM, 6akTepunanbHble 3MB0/bI MOXHO paccMaTprBaTh Kak MPOAYKThI
VNHTeprpauum naToreHa 1 xo3sanHa, Nockonbky B Ux GopMrpoBaHun oba
opraHu3ma NpMHUMaloT akTUBHOE yyacTue. MiccnejoBaHve 6roreHesa
6aKTepuanbHbIX 3MBON0B MpejcTaBaseT 60bLLYI0 BaXHOCTb 4151 MOHUMaHNS
npoLLeccoB B3aUMOAECTBMSA NeKTO6aKTePUIA 1 pacTeHWIA, a Takke pa3BuTus
MSArKVX THUNel - 3a60neBaHNiA, Bbi3biBaeMbIX STUMU GpUTONaTOreHaMu.

B xope pa3suTusa bakTepranbHOro asm6ona Pr-l nocteneHHo paspyLuaeTcs,

HO, HECMOTPS Ha 3TO, 3KCTPaKNETOUHbIA MaTPUKC He ncye3aeT 1 Ae3nHTerpaummn
6aKkTepuanbHoOro aM6ona He NPOUCXOANT. B CBS3M € 3TVM, Mbl BbIABUHYN
rMoTesy, YTO MePBUYHBIV MAaTPUKC 13 PT-l, N0 Mepe «Co3peBaHns»
6akTepuaneHoro sMbona, 3amMeLLaeTcs NoMMepPHON ceTbio, cocTosLe ns 3MC,
KOTOpbIe MPVHUMAIOT Ha Cebs GYHKLMIO YAEPXKMBAHNA KNeToK NekTobakTepuii B
paMKax «<MHOTOK/eTOYHOM» CTPYKTYpbl. KpoMe TOro, MoCKoNbKy Npu passuTnm
6akTepuanbHbIX 3MBON0B B COCYyAaX MEPBUYHON KCUNeMbl yBennUnBaeTcs
cofepxaHuve akTuBHbIX popm kucnopoga (Gorshkov et al., 2016), Mbl
NpeAnoaOKMAN, YTO MOMUMO CTPYKTYPHO GpyHKLmK SMC MOryT nrpate posb
aHTVNOKCUAAHTOB 1 MIMMYHOCYNPEeCCOPOB, MPejOXPaHSAIOLLMNX KNeTKN
nekTobakTepuin OT 3aLUMTHBIX peakumii pacTeHWiA.
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Lene v 3agaun nccnegosaHms. Lienbio HacToALero nccnejosanHms

ABNAETCA NgeHTUPMKaLms ak3ononncaxapugos (AMC) Pectobacterium
atrosepticum 1 cTPyKTypHO-YHKLMOHaAbHAasA XapakTepucTika 3TUX NoANMepoB,
HanpaBsfieHHas Ha BbIICHeHVe VX POV BO B3aVMOAECTBIM NekTobakTepuii
pacteHUsMU. s JOCTUXEHUS AaHHOI Lienn 6biin NocTaBneHbl CiedytoLme
3aaun:

1. Boigenutb 3MC P. atrosepticum 1 paclun$poBaTth CTPYKTYpY MX

perynsipHoro 3seHa.

2. OueHnTb Hann4yme IMC P. atrosepticum B cocTaBe MaTpuKca

6aKkTepuanbHbIX 3M6010B, 06Pa3yHOLLMXCS B COCYAaX NePBUYHON KCUNeMbl
pacTeHni, NHPNLMPOBAHHBIX 3TUM GUTONATOreHOM.

3. OnpegenuTtb cnocobHocTb AMC P. atrosepticum BAMATL Ha

peoniornyecke CBOMCTBa BOAHbIX PAacCTBOPOB 1 $OPMUPOBaTL HaAMONEKYNSAPHbIe

arperarbl.



4. MpoBepuTb BO3MOXHOCTb yyacTus IIMC P. atrosepticum B AeTokcnkaumm
aKTUBHbIX GOPM KMCI0POAa.

5. OuennTb BAvsiHWE 3MC P. atrosepticum Ha GUTONMMYHHbIE peakLmn
pacTeHuiA.

HayuHast HoBM3Ha paboTbl. Bnepsble y npeacTaBuTenein poja

Pectobacterium o6HapykeHbl 3MC. Briepsble paclunmdpoBaHa CTPyKTypa
perynspHoro 3seHa 3MC P. atrosepticum. Bnepsble nokasaHo, uto 3MC P.
atrosepticum BXoAAT B COCTaB 3KCTPAKIETOYHOro MaTpukca 6akTepunanbHbIX
3M60/10B - 6LMOMNNEHKO-NOA06HbIX CTPYKTYP, 06pasyeMbix 3TUMU bakTepusaMu B
cocysax NepBUYHOI KcunemMbl MHGULIMPOBaAHHbBIX pacTeHuiA. Bnepsble
npoAeMoHCTpupoBaHo, 4to 3MC P. atrosepticum obnagatoT Taknumm
dU3nYeCcKMMI CBONCTBaMM (CMOCOBHOCTL YBENNUYMBATE BA3KOCTL BOAHBIX
pacTBOPOB, a TakXe 06pa30BbIBaTh KPYMHbIE HaZAMONEKYNAPHbIE arperaTbl),
KOTOpbIe MOrYT CMOCO6CTBOBATL MOAAEPXKaHNIO CTPYKTYPHOW LIeN0CTHOCTH
6akTepuanbHbIX 3MBON0OB B COCYAax KCUAeMbl pacTeHUiA-xo3seB. Bnepsble
BbIACHeHO, 4To IMMC P. atrosepticum obecneunBatoT 4eTOKCMKALMIO aKTUBHbIX
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$OpM KMCI0POAa 1 MOBLILLAKOT YCTOMUYNBOCTL KNETOK K Ae/CTBUI0 OKNCAUTENel.
Bnepsble nokasaHo, 4To 3MC P. atrosepticum obnagatot
$GUTOMMMYHOCYNPECCOPHBLIMM CBONCTBAaMM, KOTOPbIE BbIPaXKatoTCA COCOBHOCTHIO
3TVX NOIMMEPOB NOAAB/SATL 3aLUMTHbIE peakLnn PacTeHWi, MHAYLMpyeMble
3K30reHHbIMY 3nmncnTopamu (MAMII, naToreH-accoLMMpPOBaHHbLIA MONEKYNSAPHBI
naTtTepH). Bnepsble yctaHosneHo, uTo 3MC P. atrosepticum vrparoT BaXKHyH

posnb B OPMUPOBAHIMM CUCTEMbI MAPa3UT-XO35NH.

HayuHo-npakTryeckast 3HaUMMOCTb PaboThl. [onyyeHHble JaHHble

BHOCST BK/1a4 B MOHVIMaHVe MpoL,eccoB B3avMOAECTBISA pacTeHWi ¢
duTONATOreHHLIMN HAKTEPUAMU N PA3BUTUA NHPEKLMOHHBIX 3aboneBaHN
pacTeHwWiA, a Takxke PON 3KCTPaKIeTOUHbIX NOAMCcaxapuaos bakTepuii B
pacTUTeNbHO-MUKPOBHOM B3aUMO/ENCTBUN. BbisiBNEHbI HeoNMCaHHbIe paHee
MeTabonnTbl pUTOMATOreHHbIX NeKTobaKTepuii, KOTOPble BO MHOrOM OMnpeAensioT
NX CMOCOBHOCTL KONIOHM3MPOBaTh OPraH3M PacTeHNA-X0351Ha U BbI3biBaTb
natosornyecknii npouecc. PesynbTaTel paboTbl MOMYT C/TyXXWTb OCHOBOM ANS
CO3/laHVS HOBbIX CMOCO60B KOHTPONSA MArKUX FHUNEN, Bbi3biBaeMbiX
nekTo6aKTEPUAMMU.

MokasaHo, 4To 3MC P. atrosepticum 061a4atoT CMOCOGHOCTLIO

yBeMUMBaTh BA3KOCTL BOAHLIX PACTBOPOB, 06pa30BbIBaTh KPYMHbLIE
HaAMoNeKyspHble arperaThbl, a Takxke obecneunsaTtb AeTOKCMKALIMIO aKTUBHbBIX
$opm kncnopoga 1 3almLLaTh KNeTkn OT AeicTBMS okucamTeneli - To ecTb
CBOMCTBaMU, KOTOPbIe MOTYT 6bITb BOCTPE60BaHbI B Pa3/IMUHbIX OTPACAAX
MPOMBbILLIEHHOCTY, MEAMLMHbI U CENbCKOro X035ACTBa.

JKCneprMeHTanbHble JaHHbIe 1 METOANYECKME NPUEMbI, N3/10KEHHbIe B

pa6oTe, MOryT 6bITb 1CMONb30BaHbI {114 B CENbCKOXO3ANCTBEHHBIX, MEANLMHCKMX,
6110N0rNYECKNX N BUOTEXHONOTNYECKNX YUPEXAEHNSAX, @ Takxe B y4e6HOM
npoLiecce Npu YTEHNN KypcoB NekLmit no ¢utonaTonornm, GU3nMonornm pacteHunia
1N Mukpoburonorun BY3ax.

CBsi3b PabOThI C HAY4YHbIMY NPOrPaMMaMm 1 COBCTBEHHBI BKNaZ,

aBTOpa B UccnesoBaHusA. PaboTa npoBoannack ¢ 2014 no 2021 rr. 5{23
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COOTBETCTBUM C MIAHOM Hay4HbIX nccnegoaHnini KUEB ®ULL KasHL, PAH no

Teme {23 « Pa3BUTME reHOMHBIX 11 MOCTFEHOMHBIX UCCNIEA0BAHNI A5 BbIACHEHS
MOIEKYNAPHBIX MEXaHN3MOB GYHKLIMOHNPOBAHMSA XMNBbIX CUCTEM U CO3AaHNS
OpraHM3MoB C 3aAaHHbIMUN CBOMCTBaMM (134 » (roC. permcTpaLMoHHbIi Homep AAAA-
A18-118022790082-2). ViccneaoBaHVs aBTopa YacTUYHO NOAAepPXaHbl rpaHTaMu

PP®U No 19-34-90124, MK-2191.2017.4., MK-7359.2015.4., PH® No 15-14-
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10022, a Takxe MerarpaHToM MVHUCTEPCTBA HayKW 1 BbiCLLEro 06pasoBaHus
(cornaweHne No 075-15-2019-1881). HayuHble NoNOXeHWs anccepTaLmm n
BbIBO/bI 6a31PyOTCA Ha pe3ynbTaTax CO6CTBEHHbIX NCCNeA0BaHWI aBTOpa U Ha
[AAHHBIX, MOMlyUeHHBIX MPU €ro HeMoCPeACTBEHHOM yuyacTum {23 . Pacluvidposka
cnekTpoB IMP 1 aHanm3 AaHHbIX AMHAMUYECKOro CBeTOpacCcesHNsA NpoBeAeHb!
COBMECTHO C K.6.H. MukwwimnHoi M.B (KMBB ®ULL KasHLL PAH) 1 LLawwkoBbIM

A.C. (MOX nm. 3ennHckoro). Peonormnyeckre cBOMCTBa NOANMEPOB OLeHeHb!
COBMECTHO C K.T.H. KagpliposbiM A.W (MIMT ®UL, KasHLL PAH). AHanus ¢
MOMOLLIbIO 31eKTPOHHOI 1 pyopecLieHTHOM MUKPOCKOMUI NPOBeJeH COBMECTHO C
K.6.H. AreeBoit M.B (KMBB ®UL, Ka3HL, PAH). MonviknoHanbHble aHTUTENA
NPOTVB LieNneBbIX MONNMMEPOB MOAYyYeHbl COBMECTHO C K.6.H. BypbirnHbIM I.J1
(MB®PM PAH).

MonoXeHNs, BEIHOCKMbIE Ha 3aLLuTy:

1. ®dutonaToreHHble 6akTepum Pectobacterium atrosepticum cnoco6Hbl
CYHTe3rpoBaTb pa3BeTBaeHHble IMC, 0CTOB KOTOPbIX COCTOUT M3 OCTAaTKOB -
ranakTonmpaHosbl, a-MaHHOMMPAHO3bI U A-PaMHOMMPaHO3bI, @ 6OKOBbIE Lienu 13
OCTaTKOB O-raNakToNMpPaHo3bl, aLeTUAMPOBaHHON Mo O-2 NON0XeHNIo, 1
3PBUHMNO3bI.

2. 3MC P. atrosepticum BXOAAT B COCTaB 3KCTPAK/IETOYHOro MaTpuKca
6akTepuanbHbIX 3M6010B, 06PA3YIOLLMXCS B COCyAax MEPBUYHON KCunembl
pacTeHni, MHGULMPOBAHHBIX 3TUMIW NaToreHaMu.

3. 3MC P. atrosepticum ABAAOTCA MHOFOPYHKLIMOHANBHBIMY NOIMEPaMK,
KoTopble obecrneunBatoT CTPYKTYPHYHO LIe0CTHOCTL bakTepuraibHbIX 3M6010B,
12

3aLLMLLAIOT KNeTKM 6aKkTepunii OT AeNCTBUS OKMCAMUTeNel 1 NoAABNSIOT
GUTOUMMYHHBIE OTBEThI pacTeHUIA-X035eB.

Anpobauus paboTbl. Pe3ynbTaThl ANCCEPTALMOHHON PaboTbl

npegacTtasneHbl Ha XVIII koHrpecce IS-MPMI 2019 (International Society for
Molecular Plant-Microbe Interactions, Bennko6putanus, Fnasro, 2019), 8-m
koHrpecce FEMS 2019 ( Federation of European Microbiological Societies {115 ,
BenukobputaHus, Fnasro, 2019); Ha 9-o/i  Bcepoccuiickoit KoHdepeHLmn
MONIOZBIX yUeHbIX « {107 CTpaTerusi B3auMOAeNCTBIS MKPOOPTaH3MOB 1 PACTeHUiA
okpy>atoLert cpesoii (134 » (Poccus, CapaTos, 2019); Ha 4-M 1 5-M Poccuiickom
CMMO31YMe C MeX/yHapPOAHbIM yuacTeM {107 « OUTOUMMYHUTET 1 KNeTouHast
CUrHanmM3aums y pacteHnin (134 » (KasaHb, 2016; 2021); Ha V MexayHapoAHOM Hay4YHO-
npakTn4eckon kKoHpepeHUMn «brnoTexHonorus: Hayka n npaktuka» (Kpbeim, fAnta,
2017); Ha 2-0l4, 3-el4, 5-0/i Bcepoccuiickoit KoHpepeHUmn «PyHAaMeHTanbHas
rnvko6uonorus» (Capatos, 2014, Bnagmsoctok, 2016, FaTumnHa, 2021); Ha IX
Cbe3sge 06L1ecTBa GU3M0NOroB pacTeHuit Poccun {23 « dusnonorvist pacteHui -
OCHOBa CO3/aHus pacTeHnin byayuiero (134 » (KasaHb, Poccus, 2019); a Takxe Ha
nToroBbix kKoHpepeHumsax KMBB ®UL| KasHLL PAH (KasaHb, 2018, 2019, 2020,
2021). Mo pe3ynbTaTaM paboTbl ONy6NMKOBaHbI ABe CTaTbi B 3apy6eXHbIX
peLieH3MpyeMbIX N3aHNSX.
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NABA 1. Ob30P JIUTEPATYPbI

1.1. MsArkne rHuAv pacteHuii, BelsbiBaemble bakTepusmmn poaa

Pectobacterium

Msirkvue rHUAN pacTeHWii - pacnpocTpaHeHHoe 3aboneBaHue, MPUBOAsLLee K
roTepe 0 NMOMOBVHbI ypoxas kapTodens 1 oBOLLHbIX KynbTyp (Bhat et al., 2010;
Czajkowski et al., 2011; Marquez-Villavicencio et al., 2011). Bo3byantenn storo
3aboneBaHus - bakTepun pogos Pectobacterium (nektobaktepuu) n Dickeya
(AVIKeiin) OTHeCeHbl K OAHUM W3 Hanbosee BPeAOHOCHbLIX pUTONaTOreHoB
(Mansfield et al., 2012). PaHee npeacTaBuTeneli Pectobacterium un Dickeya (1

psiAa ApYrx pogoB ¢prTonaToreHHbIX 6akTepuii) OTHOCKAN K O4HOMY Poay
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Erwinia. OgHaKo ¢ pa3BUTMEM MeTOZ0B GpUIOreHeTNYeCKOoro aHannsa, a 3atem u
reHOMHOrO CEKBEHNPOBAHWIS, NeKTO6aKTepun 1 ANKelin BbIAENUN B OTAENbHYHO
rpynny «Soft-rot Enterobacteriaceae», KOTOpyto Mo3xe nepevmeHoBanu B «Soft-
rot Pectobacteriaceae» (Van Gijsegem et al., 2021).

1.1.1. CumnNTOMaTINKa B3aUMOAECTBMSA pacTeHnin 1 6akTepuii poaa
Pectobacterium

MekTOBaKTEPUM 1 AVIKENW ABASIOTCA TUMMUYHBIMU NEKTONUTAYECKUMM
6aKTePUAMMN, KOTOPbIE BbI3bIBAOT Pa3/oXeHVe NOAMMEPOB (B OCHOBHOM
NeKTUHOB) KNETOYHOWN CTEHKM pacTeHWi, B MePBY0 ovepesb, CPefNHHON
NNacTUKK. 3TO NPUBOAUT K MaLiepaLmn TkaHel 1 GOpMMPOBaHNIO CUMMATOMOB
MATKUX THUMER B Pa3/IYHbIX OpraHax pacteHunin-xosaes (Puc. 1). Msarkue rHmam
MOTyT Pa3BMBATLCS He TOIbKO Ha PACTYLLMX PACTEHMSIX, HO 1 Ha MPOAYKTax
pacTeHVeBoACTBa (N10Abl, OBOLLM, KNy6HENN0oAbl, KOPHEMNOAbI) MPU XPaHeHNN
(Bhat et al., 2010). HekoTopble Bugbl poga Pectobacterium BbI3bIBaOT CUMMATOMbI
yepHoli HoXKM kapTodens (Puc. 1). 3To 3aboneBaHVe BbIpaxaeTcsi THUeHneM
OCHOBaHUA cTebns.

MOMUMO MArKMX FHUAE 1 YePHON HOXKWN NeKkTobakTepun/ankein Takxe

MOTYT BbI3blBaTb CUMNTOMBI yBSiAaHMSA. CUMTAETCS, UTO yBAAAHWNE NpejLlecTByeT
PasBUTUIO THINEN 1 ABNSIETCS 06paTUMOii cTagunelt nHbeKkUMmn: To ecTb nocne
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nposiBNeHVst CUMNTOMOB YBSAAHUA MHGULIMPOBAHHOE PacTeHMe eLle MOXeT
BOCCTAaHOBUTLCS W He MeTb Kakux-n1bo natonoruin (Ansermet et al., 2016).
VIHAYKUMS THUNOCTHBIX NPOLLEeCccoB, HA060POT, Kak MpPaBuIo, paccMaTpuBaeTCs
Kak HeobpaTuMas CTaaua MHPeKLMM, KOTopas B UTOre NPUBOAUT K rnéenn
XO35IMHa UAW K ero cuibHOMY nopaxeHuto (Lapwood, Harris, 1982; Helias et al.,
2000; Perombelon, 2002).

Puvc. 1. CMNTOMBI 3a60/1€BaHUA, BbI3bIBAEMbIX MPEACTaBUTENSAMUN POAA
Pectobacterium. A - markas rHunb pacteHuii Tabaka (Gorshkov et al., 2014); b -
Msrkasi THUAb pacTeHuii Zantedeschia sp. (Luzzatto et al., 2007); B, I - yepHast
Hoxka kapTtodens (http://ephytia.inra.fr/en/D/4480; Mahdis et al., 2020); J -
Msarkas rHunb KnybHeli kaptopens (AboHuH v gp., 2008).
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HecmoTps Ha To, UTO NekTobakTepry BOCMIPUHNMAIOTCS Kak
BbICOKOBPELOHOCHbIe GUTOMAaTOreHbl, BbI3blBatoLLME FHUAOCTHbIE MPOLIECChI,
B3aVMOZJelCTBYE 3TVX 6akTepuii C pacTeHUSMU-X03s1eBaMm ropaszo Yallle
NPOXOANT 6ECCUMNTOMHO, HEXenn € passuTem natonoruii (Hayward, 1974;
Perombelon, Kelman, 1980; Perombelon, 2002; Toth, Birch, 2005; Charkowski,
2007). U3 knybHel, KOHTaMUHUPOBaHHbIX NeKTobaKTepuaMU/AnKeiaMm, MoryT
npopacTaTh BM3yasbHO 340POBble pacTeHns 6e3 KakMx-1160 NpU3HaKoB
3aboneBaHus (Webb, Wood, 1974; Perombelon, Lowe, 1975; Perombelon, 2002;
Charkowski, 2007). Bo MHOrUX C/ly4asix Aaxe UCKYyCCTBEHHAs HOKY NSNS
pacTeHuii 3TMK GpUTONaTOreHamu He MPUBOAUT K Pa3BUTUIO MaTONOrMYeCKoro
npouecca (Perombelon, 2002; Marquez-Villavicencio et al., 2011).
BeccMnToMHOE B3avMogelicTBIMe nekTobakTepuii/gukeit ¢ pacTeHnsMmn
06bIYHO CBA3LIBAOT C HEONTUMAbHLIMU A PA3BUTUS TUMNYHBIX UHPEKLMI
MOroAHBIMY YCIOBUAMM (HM3Kash BNAaXKHOCTb, HEOMTUMabHas TemnepaTtypa 1 T.4.)
(Perombelon, Kelman, 1980; Czajkowski et al., 2011). OgHako gaxe B yCI0BUSX,
61aronpuUsSTCTBYHOLLNX MHPEKLIMOHHOMY npoLieccy, 6onbLuas YacTb
NHOULMPOBaHHbIX MEKTO6AKTEPUAMY pacTeHWA ocTaeTcs 6e3 Npru3HakoB
3abonesaHus (Perombelon, 2002; Marquez-Villavicencio et al., 2011). Jaxe B Tex
CNyyasix, Korga pa3BrBaeTCA TUMMYHAs (COMPsKeHHas C Pa3BUTIEM XapaKTePHbIX
CUMNTOMOB) MHEKLMA, KaK MPaBWIO, CUMATOMbI MPOABASIOTCA VLWL Ha
HekoTopblx Noberax, a 6onbLIas YacTb NO6EroB 0CTaeTCst BHeLUHe 3/0p0BbIMY,

XOTS 1 KOHTaMUHVPOBaHHbLIMK NaToreHom (Perombelon, 2002). C



AMKOPACTYLLIMMM pacTeHUsIMU NekTobakTepun/ankeit 0CO6eHHO 4acTo
B3anmogeincTByto beccumnTomHo (Tsror et al., 2010; Fikowicz-Krosko,

Czajkowski, 2018).

BaHO, UTO BepTMKanbHas TpaHcMUccKs duTonaToreHa (Nepegada ot

O/JHOTO MOKOJIeHNS (BereTaT!BHOI0) X0351MHa APYroMy) MOXeT MPONCXOANTL Jaxe
B TexX C/ly4asix, Korga CUMNToMbl 3a60/1eBaHst He NPOSIBASIOTCS, TO eCTb Ha
BHELLHE 3/J0POBbIX PacTeHNAX MOryT GOpMMPOBATLCA KTyOHY,
KOHTaMVHVPOBaHHbIe 3TUMW MUKpoopraHn3mamu (Perombelon, 1974;
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Perombelon, Kelman, 1980). Bonee Toro, BepTvKanbHasi TpaHCMUCCUS
nekTobakTepwuii/anKeit He 6bina 6bl BO3MOXHA 6€3 6eCCUMNTOMHON UHbeKLUN.
Ecnn 66l KOHTAMVHUPOBAHHLIN KNyb6eHb U MONOA0E pacTeHune BbICTPO
nornbanu n3-3a arpeccrBHOrO «MoBejeHVs» NapasnTa, HOBOe MOKONeHNe X0351Ha
He NosBASNOCk bbl, M MaToOreH AnLwan 6bl cebst 3KONOrMYecKot HLWK. Mo3Tomy
pasBUTUE MAMKUX THUNEN, Bbi3blBaeMblx NeKTObaKTePUAMUN/ANKEAMU, PEAKO
NPOSIBAAETCS Ha IOBEHWU/bHbIX PACTEHWsIX, 3 B OCHOBHOM MpUypoYeHo k 6onee
MO3/4H1M 3Tanam OHTOreHeTNYeCKOro PasBnTUs pacTeHus-xossaunHa (Webb, Wood,
1974; Perombelon, Lowe, 1975; Perombelon, 2002; Charkowski, 2007).
MHTepecHo, 4To ecn yaanuTb NCXOAHO KOHTaMUHUPOBAHHbIA MaTepUHCKMIA
KkNny6eHb 0 TOro Kak Ha mpopacTatoLLem 13 Hero MaTepUHCKOM pacTeHUn
CcHOPMVPYIOTCS CTONIOHBI, HOBOE MOKO/IEHNE PACTEHNSA-XO3A1HA OKaXeTCs
cBOBOAHbBIM OT MaToOreHa, To eCTb BEPTMKabHasA TPAHCMUCCUS He OCYLLLeCTBUTCA
(Perombelon, 1974; Perombelon, Kelman, 1980).

1.1.2. dakTOpbI BUPYNEHTHOCTW 6akTepuii poaa Pectobacterium

MekTOBaKTEPUMN U AMKENM OTHOCATCS K NaTOreHaMm, UCMob3yoLmnm

«rpybyto cnny» («brute force») gns konoHmnsaumm pacteHuii-xosses (Charkowski
etal,, 2012). Takasa «Cc1na» 3ak104aeTCA B MHTEHCMBHON NPoayKLMmn
3KCTPakeTOUHbIX pepMeHTOB, pa3pyLUatoLLMX Noancaxapuasl 1 6enkm
pacTUTeNbHOI KNEeTOYHOI CTEeHKMN: NeKTaTAMasbl, NeKTUHANA3bI,
nosiMranakTypoHasbl, LiestoNnasbl, NeKTMHMETMAICTePasbl, MpoTeassbl.
Jenonnmepasbl yrneBoA0B NekTobakTepuii 1 AVKelr TPaHCNOPTUPYOTCA BO
BHELLHIOK cpejy (B TOM Uncae B anomniacT) B ABa 3Tana. BHayane pepmeHTbI
TPaHCOLMPYIOTCS B MepunaasMaTyeckoe NpoCTPaHCTBO C MOMOLLbIO cicTem Tat
1 Sec, a 3aTeM NePeHOCATCA BO BHELLUHIO Cpejly Yepes cucTeMy cekpeLnm
BToporo Tuna (Corbett et al., 2005). MomM1MO AenonrMepas yrneBojoB Yepes
CUCTeMy CeKpeLmn BTOPOro TUMa Takxke TPaHCMopTUpyeTcs paj Apyrnx ¢akTopos
BUPYNEHTHOCTW NekTobakTepuid, a meHHo 6e1ku Nip 1 Svx. MyTaHTbl M0 reHam
3TVX 6€N1KOB UMEIOT CHUKEHHYIO BUPYIEHTHOCTb, a 6enok Nip nHayumpyet
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pasBuTMe HeKpo3a pacTUTeNbHbIX KneTok ( Mattinen et al., 2004; {14 Corbett et al.,
2005; Pemberton et al., 2005{14 ; Coulthurst et al., 2008). OaHaKo MexaH3Mbl
Aevicteus 6enkos Nip 1 Svx noka He pacluppoBaHbl. IKCTPaKIETOUHbIe
npoTeasbl TPaHCMOPTUPYIOTCSA 13 KNeTOK NekTobaKkTepuii B OKpYXKatoLLyto cpedy
HernocpeACTBEHHO M3 LMTOMNa3Mbl NPV MOMOLLM CUCTEMbI CeKPeLi NepBoro Tuna
(Fuente et al., 2007).

MoM1MO crcTem cekpeLmn NepBoro 1 BTOPOro TUMOB, Y NeKTobakTepuii

TakxXe eCTb CUCTeMbI CeKPeLn TPeTbero, YeTBepToro, MATOrO 1 LIeCToro TMMoBs
(Bell et al., 2004). Cuctema cekpeuuu TpeTbero Tuna (CCTT) 1 cekpeTnpyemble
yepes Hee 3pPeKTOPHbIE 6ENKM 1 XaprHbI XOPOLLO 0XapakTepr30oBaHbl y
¢duTonaroreHos pogos Xanthomonas n Pseudomonas, Ans KOTOpbIX XapakTepHO
6onee «AenvKkaTHoe noBejeHvie» in planta Mo cpaBHEHWIO C «MoBeAEHNEM»
nektonuTnyecknx 6aktepuii (Alfano, Collmer, 2004). CCTT npegcTtaBnsieT coboi
nWAb (kaHan), NPOHM3bIBAOLLNIA 1 6aKTepranbHyt, 1 PaCTUTENbHYIO KNETKMN.

Bnarogaps aToMy 3dpekTopHble 6eNky MOryT AOCTaBAATLCSA U3 KNeTOK 6akTepuit
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HernocpeACTBEHHO B LIMTOMa3My KNETKM X035MHa. XapmniuHbl, Takxe
TpaHcnopTupyemble depe3 CCTT, BbICBOGOXAAIOTCS B anornaacT, a B npoTonaact
KNeTKn X035MHa He nonaaaroT (Buttner, Bonas, 2002). ®yHKLnM 3G PekTopHbBIX
6enkoB pasHonnaHosble. C 04HOW CTOPOHbI, OHW MOTYT 610KMpPOBaThL
dUTONMMYHHBIe oTBeThI (Siamer, 2014) n/vnn cy>XnTe NHAYKTOPaMu Tak
Ha3blBaeMbIX BOCMPUMMUMBLIX 0TBeTOB (Gorshkov, Tsers, 2021) - To ecTb
peakLuuii, akTBaLms KOTOPbIX He YBeNNYMBAET, a, HA060POT, CHIXAET,
YCTOMYMBOCTb pacTeHnii k napasuTy. C Apyroli CTOpPOHbI, 3$PpeKTopHble 6enkn n
XapnyHbl MOTYT UHAYLMPOBaTb GUTOUMMYHUTET, Urpas Posib creLnduUHbIX
3K30reHHbIX 3n1McMTopoB (Bauer et al., 1995; Ger, et al., 2014).

Y nektobaktepuin CCTT n3yyeHa MeHbLUe, YeM y KCaHTOMOHaZ 1

nceBAOMOHag. Y nektobakTepuii o6Hapy>eH NLb He60bLLION Habop 6enKoB,
TPaHCNOPTUPYeMbIX Yepes 3Ty CUCTeMy. TeM He MeHee, MyTaHTHbIe LUTaMMbl
nekTobakTepwuii no reHam 6enkos CCTT MMEIOT CHUXKEHHYHO BUPYNEHTHOCTb Mo
cpaBHeHuto ¢ ankum Tnom (Ageichik et al., 2002; Holeva et al., 2004). OguH 13
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3pPekTopHbIX 6enkos CCTT nekTobakTepuii - DspE (disease-specific protein E)
- VIHAYLMPYeT NporpaMmypyemyto KNeTouHyr CMepTb Y PacTeHNIA-X035eB U
noAaensieT pa3BuUTLE MMMYHHbIX 0TBeTOB (Siamer et al., 2014). Ponb cnctemsl
cekpeLMu YeTBepTOro TMna (KoTopas y Agrobacterium tumefaciens obecneuvaet
nepeHoc TAHK B kneTky xo3anHa) B BUPYNe@HTHOCTM NeKTobakTepuii octaeTcs
roka He BbISICHEHHOIA.

Cuctema cekpeLmm NATOro Tmna obecneynBaeT TPAHCMOPTUPOBKY

a/re3nHoB, HeObXOANMbIX AN MPUKPeneHNs 6akTepuii K KneTkam pacTeHns-
X03siMHa. [Ins Ankelt NokasaHo, YTO MyTaHTbI MO reHam 6e/1KoB MATOW cucTemsl
CeKkpeLmm Xyxe NPUKPenIstTca K TKaHAM pacTeHnit (Rojas et al., 2002). Cuctema
CeKpeLyu LLIeCTOro TMMa M3HayanbHo 6blla OxapakTepu3oBaHa Kak MHCTPYMEHT
MeXBW0BOI KOHKYPeHLMW bakTepunii. Yepes 3Ty cncTemy TpaHCMopTUpPYOTCS
3bPekTopHble 6enku, TOKCUYHbIe Ana 6akTepuii apyroro Buga (Basler,
Mekalanos, 2012; Ho et al., 2017). OaHaKo Ans LLECTO ceKpeTOPHOW CUCTEMbI
6b1710 TaKXKe NPOAEMOHCTPYPOBAHO y4acThe B PaCTUTENbHO-MUKPOBHbIX
B3aVIMOAeNCTBYSX. LLITaMMbl mekTo6akTepuii, CBepX3KCNpeccupyoLLe reHb
6eN1KOB C1CTeMbI CeKpeLK LeCToro T1na, XapakTepr30BaanCb NOBbILLIEHHOW
BUPYNEHTHOCTbIO, @ MyTaHTHble GOpMbl, AedeKTHble Mo reHam 6eKoB 3Toi
CUCTeMbI, UMV CHUKEHHYIO BUPYNIEHTHOCTb MO CPABHEHUIO C AVKMM TUMOM
(Mattinen et al., 2007; Liu et al., 2008).

daKTOPOM BUPYNEHTHOCTM NekTobakTepuii Takxe SBAseTcs

KopoHadaLeBas K1CA0Ta, KOTOpPas CAYXWUT B KayecTBe GYHKLIMOHAIbHOMO
aHanora xacMoHaToB. MyTaHTbl M0 reHaMm ¢pepMeHTOB b1OCKHTE3a
KopoHadaLeBoin KNCNOTbI UMEIOT CHUXKEHHYHO MO CPAaBHEHWIO C ANKUM TUMOM
BMPYNEHTHOCTb 1 BbI3bIBAOT MNPEVMYLLECTBEHHO flaTeHTHbIe MHdeKLmM (Bell et
al., 2004; Gorshkov et al., 2018, 2021a). C nomMoLLpto KOpPOHadpaLeBoli KNCNOTbI
nekTobaKTepPUM aKTUBUPYIOT XacMOHaT-onocpeyemMble GUTOUMMYHHbIE OTBeTbI,
KoTOpble, BO-NepBbIX, He ABNAOTCA 3GGeKTUBHLIMU AN NOAABNEHNS Pa3BUTUS
3TVX MUKPOOPraHM3MoB in planta, 1, BO-BTOPBbIX, CIyXaT aHTaroH1cTamm
canuumnaT-onocpesyembix GUTOMMMYHHBIX OTBETOB, KOTOPbIE MOJIHOCTBLIO
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610KMPYIOT pa3MHOXeHe nekTobakTepuii B OpraHn3Me pacTeHns-xo3samHa.
Tak1M 06pa3oMm, 3T MUKPOOPraHU3MbI C MOMOLLbIO KOpOoHadaLMeBo KNCOTbI
NPUMEHSIOT 06MaHHYH TakTUKY B OTHOLLEHWW PaCcTeHKS-X03aMHa 1
CMOCO6CTBYIOT «A€30PUEHTALMM» GUTOUMMYHHBIX ccTeMm (Gorshkov et al.,
2018).

K'ycnoBHO nonesHblM GpakTopam BUPYNEHTHOCTW NekTobakTepuii HeAaBHO

6b11 Takke OTHeceH cnaepodop sHTepobakTuH (Gorshkov et al., 2021b).



Cuaepodopbl - 3TO HU3KOMOEKYNSIPHbIE COeANHEHWS, KOTOPble CeKPeTUPYHOTCS
13 KNeTOK 6aKTepunii B OKPY>XXatoLLyto cpejy (B TOM Ync/ie B TKaHW pacTeHunit-
X035eB); 3aTem cngepodopel, 6rarogaps BbICOKOV apGUHHOCTA K xKenesy,
CBA3bIBAOT €ro 1 TPaHCMOPTUPYIOTCA Ha3ag, B kneTky. TakvMm obpa3om,
cnaepodopsbl CyXaT B KayecTBe «4e/THOKOB», KOTopble obecrneynBatoT
noAAepkaHune HeobXoANMMOro YPOBHS Xene3a B MUKPO6HbIX kneTkax (Holden,
Bachman, 2015; Kraemer et al., 2019). [ina nekrobakTepunii HECMOCO6HOCTb
CMHTE31POBaTb CMAEPOPOP 3HTEPOOAKTVH He CKa3biBasacCk Ha BMPY/IEHTHOCTA B
YCNOBUAX, MaKCMMaNbHO CMOCOBCTBYHOLLMX PA3BUTUIO TUMNYHOM
(cmnTOMaTUYHOM) NHPeKLmK. OfHAKO B OTHOLLEHUN «NPaiM1POBaHHbIX»
pacTeHwuli (y KOTOpbIX 6blna NpoBejeHa npejblHdeKkLoHHas akTuBaLus
NMMYHUTETa C MOMOLLILIO CANNLMNOBOV KNCIOTbI) BUPYNEHTHOCTb SHTEPO6AKTVH-
AePULMTHOrO MyTaHTa bblla 3HaUUTENBHO HIKe, YeM y ankoro Tuna (Gorshkov et
al., 2021b).

JAukelin, B 0TIMYUME OT NeKTObaKTepUiA, He CUHTE3MPYIOT SHTEPOBAKTUH, HO
Npoun3BOAAT ABa APYrunx cnaepodopa - axpoMobakTuH 1 Xpr306aKkTuH, oba 13
KOTOPbIX HEOBXOANMBI AN151 UHAYKLIM NaTONOrMYeCKMX NMPOLLeCcCcoB Yy pacTeHnii-
xo35eB. MyTaHTbl AVIKEN, He CUHTe3VpytoLLMe NMB0 axpoMobakTUH, 60
XPU306aKTUH UMEIOT CHKEHHYIO BUpPYneHTHOCTb (Enard et al., 1988; Franza et
al., 2005). MoMUMO yuacTVst B TpaHCropTe xenesa, Ans Xpu3obakTnHa 6biam
TakxXe NPOAEMOHCTPUPOBAHbI CUrHa/IbHbIE CBOCTBA B OTHOLLEHWW pacTeHUA.
3T0T cnaepodop BOCMPUHMMAETCSH PaCTUTEbHBIMU KNeTKamu Kak curHan
AedurunTa Xenesa, B pesy/bTaTe Yero B pacTeHNM akTUBUPYIOTCA CUCTeMbI
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ACCUMUNALMMN 3TOTO S/1IEMEHTA U3 OKpYXKatoLLeit cpegpl. 3TO NPUBOANT K
YBE/IUYEHMIO COAepPXKaHWst Xene3a B MHPULMPOBAHHbIX TKaHsIX, YTO MOBbILLaeT
BOCMPUMMYMBOCTL PacTeHW 1 BUPYyNeHTHOCTb natoreHa (Dellagi et al., 2005;
Segond et al., 2009; Kieu et al., 2012).

MpoayKLMst NepeuncieHHbIX Bbille GpakToOpoB BUPYNEHTHOCTM He ABASeTCs
KOHCTUTYTUBHOW, a@ MHAYLMpYyeTCs/penpeccrpyeTcs pasHbIMM CEHCOPHO-
perynsTopHbIMy cricTeMamMu. Perynsiuus cviHTesa GpakTopoB BUPYIEHTHOCTY, BO-
nepBbIX, MO3BO/IAET 3KOHOMUTL 3HepreTNyecke pecypchl KNeToK, a BO-BTOPbIX,
NpenaTcTByeT NpexAeBpeMeHHOMY 06pa30BaHNI0 SHAOTeHHbIX 3ANCUTOPOB
(NpoAyKTOB pacnaja NosMMepoB pacTeHuit) 1, cnesoBaTeNbHO, MHAYKLN
dUTONMMYHHBbIX oTBeToB (Mae et al., 2001).

CncTema KBOPYM CEHCMHTa (quorum sensing) AaeT BO3MOXHOCTb

6aKTepuaM perynnpoBaTb NPOAYKLMIO GakTOPOB BUPYNIEHTHOCTY B 3aBUCMOCTH
OT NAOTHOCTM nonyasumu (Barnard, Salmond, 2007; Crépin et al.,, 2012). Ksopym
CEeHCVHT - 3TO peHOMeH MeXKNeTOUHOM KOMMYHMKaLMK 6akTepuii, koTopas
OCYLLLeCTB/ISETCS C MOMOLLBIO N1erko AN YHANPYHOLLMX N3 KNeTok
H3KOMONEKYNAPHBIX MeANaTOPOB (ayTOVHAYKTOPOB) 1 perynnpyeTtcs no
NPVIHLMMNY MNONOXUTENbHON 06paTHO CBﬂ3M{111 (Fopwkos, 2017). OCHOBHbLIMUK
KOMMOHEeHTaMu cMcTeMbl KBOPYMa SBAAKOTCA CUHTa3bl ayTOVHAYKTOPOB 1 UX
CeHCopbI, KOTOPbIE PEryaMpPYHOT SKCMPECCUio KBOPYM-3aBUCUMbIX TeHOB, B TOM
yncne, KOAVPYOLLMX MHOTVe GakTopbl BUPYAeHTHOCTU. Koraa naoTHOCTb
nonyasLun yBeNYMBaEeTCA A0 ONpeAeneHHOro 3HaueHns, ayTonHAyKTopbI
HakannneatTca B 6akTepranbHOM MUKPOOKPYXEHNM 40 MOPOroBoit
KOHLeHTpaLmun. HakonneHve ayTonHAYKTOPOB MPMBOANT K UX B3aUMOAENCTBIIO C
COOTBETCTBYHOLLVIMI CEHCOPaMK, YTO obecneyrBaeT UHAYKLIMIO IKCNpeccnm
60/1bLLOro Habopa KBOPYM-3aBUCUMbIX F€HOB, B TOM Y1C/Ie 1 FeHa CUHTa3bl
ayTOVHAYKTOPOB. BCnescTBre 3TOro NPONCXOANT AabHelillee NaBnHoobpasHoe
HaKomM/eHVe ayTOMHAYKTOPOB /O ellje 60/1bLUMX KOHLeHTpaLuii, 4To 1 popmMupyet
MONIOXMNTENbHYIO 06paTHYO CBA3b B Perynsaummn KBopym ceHcrHra (Whitehead et

al., 2001). ¥ nekTobakTepuii «MHaKTMBALMSA» CUCTEMbI KBOPYM CEHCUHTa


https://users.antiplagiat.ru/report/print/15?v=1&c=1#
https://users.antiplagiat.ru/report/print/15?v=1&c=1#

21

pernpeccupyeT NPOAYKLMIO MHOTUX GaKTOPOB BUPYNEHTHOCTU, YTO MPUBOANT K
HeCnocobHOCTY MyTaHTHbIX $OPM MUKPOOPraHN3MOB Bbi3blBaTb CUMMTOMbI
3aboneBaHWin y pacteHnii-xo3seB ( Pirhonen et al., 1993; Burr et al., 2006; Liu et
al., 2008).

Y nekTtobakTepuii Takxe ecTb cucTeMa, obecrneuyrBatoLLas perynsLmo

CHTe3a GpakTOPOB BUPYNEHTHOCTM (9 Ha MOCTPAHCKPUMLMOHHOM YPOBHE —
Regulator secondary metabolite, Rsm (perynauuu cuHTe3a BTOPUYHbBIX
MeTabonnToB). B cocTas 3TOl perynsTopHOW CUCTeMbI BXOAUT ABa OCHOBHbIX
KoMnoHeHTa: PHK-cBsA3bIBatoLLMiA 6enok RsmA 1 HeTpaHcnmpyemas PHK rsmB.
RsmA, cBsizbiBasicb ¢ MPHK reHOB BUPYNEHTHOCTW, 6N10KMPYeT NX TPaHCAALMIO, a
TakKe CNocobCTBYET paspyLUeHnto TpaHckpunTos. Hekoaupytowas PHK rsmB
HeliTpanusyeT AelicTBre RSMA 3a cyeT cBA3bIBaHWS C 3TUM 6enkoM. Taknum
06pa3oMm, n3MeHeHVe banaHca RsmA/rsmB onpegenseT yposeHb NPOAyKLMM
dakTopoB BupyneHTHocTK (Cui et al., 1995; Chatterjee et al., 1995; Mukherjee et
al., 1996).

MockonbKy NPoAyKLUns GakTOPOB BUPYNEHTHOCTV HEOOXOANMA TOTLKO MpK
KOIOHM3aLMW PacTeHWiA, HO He B XO/e 3TanoB XM3HEHHOTO LKA, NPOTeKaLLNX
BHe X03AMHa, CUHTEe3 JeTePMMHAHT NaTOreHHOCTM HaXoANTCA NoJ KOHTpoaeM
perynsiTopHbIX CUCTEM, BOCMIPUHMMAIOLLMX MeTaboNnTbl pacTeHui. Ans
nekTobakTepuin Hanbonee N3BECTHbIM CEHCOPOM PaCTUTENbHbIX METaboNNTOB
ABNATCSA PENPEeCCcop TPAHCKPUMLMK FreHOB BUPYyNeHTHOCTK KdgR. 3ToT 6enok
B3aVIMOJENCTBYeT C MPOMOTOPHbLIMMN 061aCTAMMN FreHOB BUPYIEHTHOCTA U
6noKuMpyeT nx akcnpeccuto. OfHaKo Npu CBA3bIBaHMM C 2-KeTo-3-
Ae3okcurntokoHaTom (KA - npoAykTom kaTabonmsma nekTUHOBBIX BELLLEeCTB -
KdgR nepecraeT B3avMoAelicTBOBaTb C MPOMOTOPAMM LieNIeBbIX FeHOB, B
pesy/nbTaTe Yero ypoBeHb UX TpaHcKpunumm noseiwaetcs (Liu et al., 1999;
Kazemi-Pour et al., 2004).
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1.1.3. Pusmonornyeckrie oCHOBbl yCTONYMBOCTA 1 BOCMPUNMUYNBOCT

pacTeHwuii k 6akTeprsam poga Pectobacterium

Mpw B3aMOAENCTBIM C NeKTOBaKTEPUAMU/ANKENSMU B PaCTEHNSAX
VNHAYLMPYEeTCS LUMPOKMIA Habop OTBETHbLIX PeaKLuiA, MHOTVe 13 KOTOPbIX
CKa3bIBalOTCA Ha 0COHBEHHOCTAX GOPMMPOBaHUSA PACTUTENBHO-MUKPOBHOW
natocmcteMbl. O4eHb HacTo peakLMm pacTeHns, HAyLMpYyeMble Npu natoreHese,
paccmaTprBarOTCs Kak 3/1IeMEHT MMYHHOrO OTBETa, KOTOPbIA HanpasneH Ha
nojas/eHne pasBITUA Napas3nNTNYeCKoro MMKpoopraHnsma in planta. OgHako
MHOTVie peakLMmn pacTeHniA, MHAyLMpyeMble Npy B3aMMOAECTBIM C NaToreHoMm,
npeACTaBnstoT coboli Tak HasbiBaeMble peakLmmn BOCMIPUUMYMBOCTYA UK
BOCMPUMMYMBbBIE OTBETbI, KOTOPbIE HE MOBLILLAIOT, 8, HA0BOPOT, CHIXAOT
YPOBEHb YCTONYMBOCTM pacTeHns k napasuty (Gorshkov, Tsers, 2021). VHaykuus
peakLuii BOCMPUUMYMBOCTYM - 3TO 0bsA3aTe/IbHOe YC/I0BMS Pa3BUTUS
naTosI0ryYeckoro npoLecca Npu B3aMMOAENCTBMN PACTEHNSA C NaTOreHOM.

B xo/e B3aMOZENCTBMS pacTeHUiA C NeKTobaKkTepuUaMun/ANKeaMn MeHsieTcst
rOPMOHaNbHbIV CTaTyC PaCTeHWIA, MOBbILLAGTCA YPOBEHb aKTUBHbLIX pOPM
kucnopoga (APK), 3anyckaetcs nporpaMmmMmvpyemMas knetouHas cmepts (MKC),
MeHseTca NPodUIb BTOPUYHBLIX METab0INTOB, HAYLIMPYOTCA peakLyn pacTeHN,
CBAiI3aHHble C MOAVPYMKaLMEN pacTUTENbHOW KNeTOUHOW CTeHKW. Mpuyem Bce 3Tn
peakLuy MOTyT NPMBOANUTL K PasHbIM MOCNIEACTBUAM A5 PACTUTENBHO-
MWKPOBHOr0 B3aMMOANCTBUA U AeTePMUHNPOBATL KakK YCTOMUYMBOCTb, Tak 1
BOCMPUMMYMBOCTL XO35IMHa.

OAHO 13 Hanbonee APKO BblPaXeHHbIX M3MEHeHW, MPONCXOAALLNX B
NHOULMPOBAHHbBIX NEKTOHAKTEPUAMU/ANKEAMMN PACTEHNSAX, — 3TO UHAYKLIMA

XacMoHaT-perynmpyembix oTBeToB (Montesano et al., 2005; Luzzatto-Knaan et al.,
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2014; Expert et al., 2018; Gorshkov et al., 2018; 2021a). HecmoTps Ha To, L|To{112
acMoHaT-peryvpyemMble peakuuu CHUTATCA KOMMNOHEHTaMM UMMYHHOTO
oTBeTa (Robert-Seilaniantz et al., 2011), nx akTVBaLWs Npy B3aUMOAENCTBAN
nekTobaKTepuii 1 pacTeHNA He MPenATCTBYeT pPa3BUTUIO0 CUMNTOMOB 3a60/1eBaHNA
(Gorshkov et al., 2018; 2021a).
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B TO e Bpemsi, peakumu, NHAyLMpyeMble CannumaoBoii kncnotoi (CK) -

N60 He aKTVBMPYHOTCS, IM60 NOAABAAIOTCA MPU B3aVIMOAENCTBIN PacTEHUIA C
nekTobakTepusmMun. bonee Toro, cpemn 3KCTPaKNETOUHbIX MeTa60nNTOB P.
carotovorum 6binv 06HapyXeHbl Takune, KOTopble penpeccupytoT CK-
perynupyemble oTBeTbl pacteHunii (Vidal et al., 1997). Kpome Toro, nockonbky
)acmoHaTt- 1 CK-perynvipyemble 0TBeThI ABNSOTCA aHTaroHNCTaMu 1 NoAaBAstoT
apyr apyra (Thaler et al., 2002; Robert-Seilaniantz et al., 2011), nornyHo
NpeAnonoXnTb, YTO MHAYKLMSA NepBbiX MPUBOAWT K PENPeccui BTOPbIX.
Mogaenerne CK-perynnpyemblx OTBETOB (UM OTCYTCTBUE UX UHAYKLNN)
ABNSAETCH KPUTUYHBIM 151 Pa3BUTUS CUMNTOMOB 3a60/1€BaHUNIA, Bbi3bIBa€MbIX
nektobakTepusMun u agnkeiamu (Palva et al., 1994; Burra et al., 2015; Czajkowski
etal., 2015). MekTobakTEPUW, a TakKe AVKelin 04eHb YyBCTBUTENbHbI K CK 11 K
CK-perynvipyembiM oTBeTaM pacTeHuid. [loMnmMo 6akTeprLmaHbIX CBOICTB B
OTHOLLIeHWW NekTobakTepuid, CK B ManbIx (CyOUHIMOMPYIOLLMX) KOHLLEeHTPaLmsX
CNYXUT B KayecTBe 6710KaTopa CUCTEMbI KBOPYM CEHCUHTA, @ 3HAUUT 1 NPOoAYKLMMN
60nbLIMHCTBA GakTOpOB BUPYneHTHOCTM (Joshi et al., 20164, b). Takum obpasom,
VNHAYKLMIO aCMOHaT-peryavMpyemblx 0TBETOB MOXHO K1accuduLmMpoBaThb Kak
peakLuo BOCMPUMMUMBOCTN PacTeHUIA kK NeKTobakTepusaMm; 1 3Ta peakLus, no
KpaiiHeli mepe, oTHacTy, HanpasneHa Ha nogasnerHne CK-nHAyLMpyemblix
OTBETHbIX peakLuii.

FopMoHanbHble Npeobpa3oBaHKA NPV B3aMMOAENCTBUN pacTeHuli ¢
nekTobaKTePUAMU/ANKEAMU CBA3aHBI HE TO/IbKO C XacMoHaTaMu 1 CK, Ho 1
abcum30Boii KncnoToit (ABK) 1 aykcHoM. YpoBeHb ABK npu pasBuTum MSrkmx
rHWAel, Bbi3blBaeMbIX AvKeisiMu, nosbiwaeTcst (Van Gijsegem et al., 2017).
CepxnpogyKums ABK MprBOANT K yBENYEHWNIO BOCMPUUMUYNBOCTY PAacTeHWA, a
noaaeneHve cMHTesa ABK noBbILLaeT yCTONYMBOCTb PacTeHNIA K
nektobakTepusim/aukeiism (Kariola et al., 2006; Asselbergh et al., 2008; Plessis et
al., 2011; Aalto et al., 2012; Van Gijsegem et al., 2017). Kpome Toro, 3k3oreHHas
06paboTka pacTeHnit ABK yBennumBaeT BOCMPUNMUMBOCTL PACTEHMIA K 3TUM
¢dutonartoreHam (Asselbergh et al., 2008; Survila et al., 2016). Mo Bceit
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BUANMOCTY, ABK HeraTMBHO BAVSIET Ha YCTONYMBOCTN PacTeHNI K
NeKTONUTUYECKUM BaKTepUsiM 13-3a TOro, YTO 3TOT PUTOrOPMOH MHAYLMPYeT
3alUUTHbIe peakLunn Ha abnoTtunyeckne ctpecc-pakTopsbl B yLLep6 GUTonMMyHHbIM
oTBeTam (de Torres Zabala et al., 2007; Robert-Seilaniantz et al., 2007; Bari,
Jones, 2009). TakvM 06pa3om, noBbileHe ypoBHS ABK 1 akTuBaumio ABK-
perynnpyembix OTBETOB B MHPULMPOBaHHbIX NeKTobaKTepusMu/gnkenamm
pacTeHMsX MOXHO paccMaTpMBaTh Kak BOCMIPUVMYMBBLIA OTBET, HanpaBaeHHbI Ha
nojas/ieHne cMcteM GUTOUMMYHMTETA.

AYKCVH TOXE MOXHO OTHeCTU K pUTOropMoHam, onpeAenstoLmm
BOCMPUMMYMBOCTL PacTeHWit kK nekTobakTepuam/ankeiam. P. carotovorum
CMOCO6CTyeT NOBLILLIEHWNIO YPOBHS 3TOro GUToropmoHa Bo mxe Physcomitrium
patens (paHee Physcomitrella patens) (Alvarez et al., 2016), a MyTaHTbl pacTeHuiA,
MMetoLLye MOBbILLEHHYIO HYyBCTBUTENbHOCTb K ayKCUHY, 601ee BOCMPUMMYMBBI K
3ToMy natoreHy (Lee et al., 2009; Piisila et al., 2015). Kpome Toro, gukein camu
CMOCO6HbI CUHTE3NPOBAaTL ayKCWH, KOTOPBIA, MO-BUANMOMY, HEOOXOANM ANA
«/ile30preHTaLMm» ropMOHaNbHbIX CUCTEM pacTeHusi-xo3sivHa (Yang et al., 2007).

MpeobpasoBaHie pacTUTeNbHOM KNETOUHOM CTEHKM NpK natoreHese
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06bIYHO CBA3bIBAIOT C «hopTUPMKALIMEN» STOrO KOMNAPTMEHTa C Lie/bio
npenATcTBUA pacnpocTpaHeHusa natoreHa (Du et al., 2015). OaHako Ha npumepe
paja pacTUTeNbHO-MUKPOBHBIX MaToCMCTEM 6bI10 MPOAEMOHCTPUPOBAHO, YTO
MOANPUKALIMA KNETOUHOM CTEHKMN «CnaMu» (To ecTb depMeHTamu 1 benkamm)
pacTeHMs MOXeT, Ha06bopOT, CNOCO6CTBOBATL CUCTEMHO KOIOHM3aLMK pacTeHWi
MVKPOOPraHu3Mamu U/vav NPUBOANUTL K Pa3BUTUIO MAaTONOrMYeCKMX NpoLLeccos
(Gorshkov, Tsers, 2021). Tak, Hanpumep, P. atrosepticum uHayLvpyeT
BbICBOBOX/AEHNE OJHOrO 13 TUMOB NeKTVHOBbIX MNOAVCaxapuaoBs -
pamHoranakTypoHaHa | (Pr-1) - n3 pactTenbHbIX KNeTOYHbIX CTEHOK B MON0CTN
COCYZJ0B NepBUYHOI Kcunemsbl. B cocypax pparmMeHTbl 3TOro nonvcaxapmaa
NCNonb3yoTcst 6akTepusiMm B kKadecTBe KOMMOHeHTa NepBUYHOIo BHEKIETOUYHOro
MaTpUKCca, Heo6XoANMOrO A1 GOPMMPOBaHNA bakTepuanbHbIX 3M60I0B - 0CO6bIX
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«MHOFOKeTOUHbIX» 61OMNNEHKO-MOA06HbBIX CTPYKTYP, 06pasyembix kneTkamu
nektobakTepuii (Gorshkov et al., 2016).

BblcBO6OXAEHME PpparMeHTOB Pr-I U3 KNETOUHbIX CTEHOK HEBO3MOXHO
06BACHUTb HEMOCPEACTBEHHbBIM AeiicTB1eM bakTepranbHbiX GepMeHTOB,
MOCKOJ/IbKY 3Ta peakLa OCyLLIECTBASETCA B COCYAax eLle 40 TOro, kak B HMX
NPOHMKatoT 6akTepuaneHble kneTkun (Gorshkov et al., 2016). Kpome Toro, Ha
HauaNbHbIX 3Tanax KOAOHM3aLMmN COCy0B IKCnpeccus bakTepranbHbIX FreHoB,
KoaupytoLwmx pepmeHTbl kKaTabonunsma Pr-I, nogaeneHa (Gorshkov et al., 2018);
npwv 3TOM YPOBEeHb 3KCMPeCccun PacTUTENbHbIX FTeHOB, KOAVPYHOLLMX
paMHOranakTypoHaHANa3bl, MHAYLMPYETCS Ha HECKONBKO MOPSAKOB BENNYNH
(Tsers et al., 2020). B fononHeHMe K 3TOMY, Ha HayaslbHbIX 3Tanax
B3aVIMOAENCTBISA NeKTobakTepuii 1 pacTeHWi akTUBUPYeTCst SKCnpeccust
PacTUTENbHbBIX TeHOB, KOAVPYIOLLMX IKCMAHCUHbI
KCUNOTIFOKaH3HAOTPaHCIMKo3unasbl/ruaponassl (XET), - To ecTb
6enkn/depmeHThl, 0becrneyrBatoLLme pa3pbixieHne Leatoa03HOro kapkaca
KNETOYUHOM CTEHKM, KOTOPOe MOXeT CroCcobCTBOBaTh BbICBOOOX/AEHIO
¢dparmerToB Pr-l (Tsers et al., 2020). TakM 06pa3oM, BbICBOGOXAeHVEe
¢dparmeHTOB PI- B MON0OCTb COCYA0B OCYLLIECTBAARTCA 3a CHET NaToreH-
VNHAYLVPYeMOU peakLm BOCMPUMMUYNBOCTY, 1 3TN pparMeHTbl GopMmpyoT
nepBUYHbIA MaTPUKC 6akTepranbHbIx 3M6010B. OHaKo Mo Mepe pasBUTUSA
6aKTepuanbHbIX 3M60N0B MEPBUYHBIV MATPUKC 13 pparmeHToB Pr-l nocteneHHo
paspyLUaeTcs, 1 Kakue NosvMMepsbl B COCTaBe MaTpuKca obecrneunsaoT
CTPYKTYPHYHO LIeNI0CTHOCTb BakTepranbHbix 3MB0NO0B, 40 HALLWX UCCNeA0BaHW
0CTaBanoCh HEBbIACHEHHbIM.

TUNUYHOM peakLmeit pacTeHW Ha NaTOreHHbIVi OpraHn3Mm, B TOM YKce Ha
MNHBa3Wo NeKTobakTepuii, sBnseTca ysennyeHne ypoBHs ADK. APK
TPaAVLMOHHO PaccMaTPUBAOT Kak HEOTbEMIEMBbIVI KOMMOHEHT UMMYHHOTO
0TBeTa, MOCKOJIbKY OHW, BO-NEPBbIX, MOTYT 061a4aTb MPAMbIM aHTUMUKPOBHBLIM
fieiicTBMEM, U, BO-BTOPBbIX, CNOCOBCTBOBAaTL CLUVBKE MOMIMEPOB KNeTOYHO
CTeHKW, YUTO NPenATCTByeT pa3pyLUEHMIO 3TOro KOMMapTMeHTa 13-3a AelicTBrSA
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depmeHTOB MUKpoopraHnaMoB. Kpome Toro, APK onocpeaytoT MKC, koTopas
obecneyrBaeT GopMMPOBaHME «MePTBOI 30HbI» BOKPYT KNeTOK naToreHa, 4to
NPVBOAWT K UX 3nnMunHaumu (Pontier et al., 1998; Bolwell et al., 2002; Torres et
al., 2006; Zurbriggen et al., 2010; Lai et al (9 ., 2011).

APK 1 MKC, c 04HO CTOPOHBI, MOTyT 06ecrneyrBaTh 3aLmUTy OT
nektobakTepuit/ankeri. NMokasaHo, Hanpymep, YTO HOKayT reHa, KoAMpYoLLLero
cy6beannnuy HAJ®H-okcnaasbl (04MH 13 0CHOBHbIX APK-Npor3BoAALLMX
$epMeHTOB), MPVBOANT K YBENNYEHMIO BOCMIPUMMUMBOCTW pacTeHnii k D. dadantii
(Fragard et al., 2007; Expert et al., 2018). MiHakTMBaLus reHa bos1, npoaykT

KOTOPOro AB/AETCA HeraTBHbLIM perynatopom MKC, NprBoAnT K CUNbHOMY
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OKMCAMTeNbHOMY B3pbIBY Nocie UHBasum D. dadantii, B pe3ynbTaTe koToporo
obpasyeTcs «<MepTBas 30Ha», KOTOpas NPenATCTBYeT Pa3BUTUIO MATKON THUAN
(Kraepiel et al., 2011). CBepxakcnpeccus reHa peppeoKcrH-NoA06Horo benka
NPUBOANT K MHAYKLMW PeaKkLMmn rmnepyyBCcTBUTENbHOCTM NoCe NHBa3un P.
carotovorum 1 obecneynBaeT yCTONYMBOCTb K 3TOMY naTtoreHy (Ger et al., 2014).
C apyroii cTopoHbl, A®K 1 MKC ABASIOTCA HEOOXOAVMBIM YCI0BUEM A1st

Pa3BUTUSA MATKUX FTHUNEN, BbI3biIBaeMbIX NeKTObaKTEPUAMUN/ANKEAIMA. ITI
¢duTONaTOreHbl MOryT LieneHanpasneHHo NHAyLMpoBaThb MNKC kneTok pacteHuws-
XO0351MHa C MOMOLLbIO CeLanbHbIX $akTopoB BUPYNEHTHOCTY, U ANLLIEHNe
MWKPOOPraHM3MOB CMOCOBHOCTY CUHTE3UPOBATh 3TN GpaKTOPbI BUPYIEHTHOCTA
HeraTVBHO OTpaXaeTcs Ha BUPYEHTHOCTN bakTepuid (Bauer et al.,, 1995; Mattinen
etal., 2004; Kim et al., 2011; Davidsson et al {9 ., 2013; Hogan et al{120 ., 2013). 310
03HayaeT, YTo AN Pa3BUTUSA MATKUX FHUNeR TpebyeTtcs nHaykums MKC n
HakonneHne APK. C 3TuM cornacyetcs 1o, 4to ADK, npogyunpyemble
pacTeHusMY, He OKa3bliBanun NPSIMOro aHTMMNKPo6HOro addekTa Ha D. dadantii
(Miguel et al., 2000). Kpome TOro, npun popmrpoBaHun knetkamu P. atrosepticum
6aKTepuanbHbIX 3M600B B COCYAaX NEPBUYHON KCMAEMbI MPONCXOANT
VNHTEHCVBHOE HakomeHne ADK; npu 3ToM noBpexaeHns 6akTepuanbHbIX K1eTok
He NponcxoAnT. bblNo NpesnonoxeHo, 4To B 3ToM cydae ADK MoryT BHOCUTb
BKN1a/, B pa3pbix/ieHVe KNeTOUHOW CTeHKM 1 BbicBOGOXAeHMe PT-| (KOMMOHeHT

27

MaTpukca bakTepuranbHbix 3M6onos) (Gorshkov et al., 2016). 3To npegnonoxeHne
6b110 OCHOBaHO Ha TOM, 4TO ADK MOryT BbI3blBaTb HepepMeHTaTUBHYHO
dparmeHTaLMio Nonncaxapuaos, 1 Takas APK-onocpeayemas pparmeHTaLms
aKTVBHO peanusyetcst in planta, Hanpumep, Npy PocTe pacTUTe/bHbIX KNeTOK
pactsxxeHvem (Fry, 1998; Fry et al.,, 2001). Takum obpa3om, HakornneHne AQK n
MKC, nHayurpyemble nekTobakTeprsmMu, MOTyT MO-pasHOMY CKa3blBaTbCA Ha
cTpaTernmn B3avMoAeCTBISA 3TUX MUKPOOPraHU3MOB C X035ieBaMui 11 onpejensiTe
KaK yCTONYMBOCTb PacTeHWiA, Tak U UX BOCMPUVMUYMBOCTb.

TYNUYHOM peakLet Ha MHBA3WIO NeKkTobaKTepuii ABSETCS akTUBaLWS
BTOpPUYHOro Metabonmsma (Brader et al., 2001; Montesano et al., 2005; Kréner et
al.,, 2011; Alvarez et al., 2016; Tsers et al., 2020). Mpw 3TOM NOKa3aHo, YTO PAj
BTOPUYHbIX MeTaboNNTOB PacTeHWA MOXeT NoAaBNATb NPOAYKLMIO paKTOpOB
BMPYNEHTHOCTM NekTobakTepuid, a Takxe pernpeccupoBaTb CUCTEMY KBOPYMa 3THX
MuUkpoopraHusmos (Lagonenko et al., 2013; Joshi et al., 2015, 2016 a, b). OgHako
BTOPUYHbIE METaboNNTLI PACTEHMIA MOTYT BbICTYyNaTb HE TONBbKO B KayecTee
pernpeccopos $pakTOPOB BMPYNEHTHOCTV NeKTO6aKTepUiA, HO 1 MHAYKTOPOB (Yang
et al., 2008). CnegoBaTeNbHO, 3MeHeHVe NPOoGUS BTOPUYHBLIX METaBOINTOB Npu
NHbEKLMIN MOXET BbITb CBA3aHO C 0becrneyeHneM Kak yCTOUMBOCTY, Tak U
BOCMPUVMYMBOCTU PACTEHNI K NEKTONNTNYECKMM BaKTepUsiM.

1.1.4. CTpaTervsi KONOHM3aLUMKN pacTeHNl bakTepuammn poaa Pectobacterium
MHBa3ua nekTobakTepuii/anKeit B pacTeHne-xo3sa1MHa MoXeT

OCYLLeCTBAATLCS Kak Yepes HaJ3eMHble, Tak 1 Noj3eMHble opraHbl (Perombelon,
Kelman, 1980; Czajkowski et al., 2010a, b). CunTaercs, 4To NeKToNUTMYeCcKMe
6aKTepun B OCHOBHOM NMPOHMKAIOT B PacTeHMNe Yepes NopaHeHus,, a Takxe ¢
nomotbto utodaros-nepeHocynkos (Grenier et al., 2006; Costechareyre et al.,
2010; Mongae et al., 2013; Rossmann et al., 2018). OAHaKO 3T MUKPOOPraHN3Mbl
MOTYT BHePSATLCS B TeI0 PacTeHWI 1 6e3 3K30reHHOro nopaHeHus, Hanprmep,
yepes YeueBMYKUN N MeCTa OTBETBAEHWSt 6OKOBbIX KOpHeli (Perombelon, Kelman,
1980; Czajkowski et al., 2010b). OCHOBHBLIMU «NCTOUYHMKAMMN»
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nekTobaKTepuii/AVKei ABASIOTCA NOYBa U MaTePUHCKMNe KAY6HW (MAn apyrue
31MyloLLVe BereTaTuBHble opraHbl) (Perombelon, Kelman, 1980).

MekTobaKTepun 1 AnKein CnocobHbI KONOHU3MPOBaTL BCe BereTaTuBHbIe


https://users.antiplagiat.ru/report/print/15?v=1&c=1#
https://users.antiplagiat.ru/report/print/15?v=1&c=1#
https://users.antiplagiat.ru/report/print/15?v=1&c=1#
https://users.antiplagiat.ru/report/print/15?v=1&c=1#

opraHbl pacTeHuli-xo3seB. PoOpMUPOBaHME CUMATOMOB MSAFKUX THUNEA NPY 3TOM
CBSI3aHO C KON1aMNCcoM NapeHXnMHbIX TkaHel (Perombelon, Kelman, 1980). B
OCHOBHOM, MeKTONNTUYECKe BaKTePUW KONOHN3VPYIOT anonnacT; 04HaKo 3Tn
6akTepun Takxe obHapyxXunBanu B npoTonnacrtax (Jones, Paton, 1973; Meneley,
Stanghellini, 1975; Czajkowski et al., 2010a, b; Goshkov et al., 2014) (Puc. 2 O-

L.

MOMVMO MapeHXMMHbIX TKaHel NeKTonnTMYeckre 6akTeprn MHTEHCUBHO
KONMOHW3MPYIOT COCyAbl Kcunembl (Puc. 2 A-H). Mo cocyaam 3T 6aktepun
OCYLLLeCTBAAIOT HUCXOASLLYIO MUTPaLmIo K NoA3eMHbIM opraHam (Czajkowski et
al., 2010a; Kubheka et al., 2013; Gorshkov et al., 2014; Moleleki et al., 2017).
MoA06HBIV CNoco6 MUrpaumm, No Bcein BUANMOCTY, obecrieyrBaeT 3¢ GeKTUBHYHO
BEPTMKANbHYI TPAHCMUCCUIO (Nepejady) NaToreHoB OT OAHOrO BereTaTVBHOMO
MOKO/IEHUA X035MHa APYroMy. B OCHOBHOM CuMTaeTCs, YTo BepTMKanbHas
TpaHCMUCCUA NekTobakTepuii CBA3aHa C rHUeHNeM MaTePUHCKOro KNy6HS,
BbICBOBOXAEHMeM bakTepurii B MOYUBY 1 NocaeAytoLLyM nonagaHvem
MWKPOOPraHN3MOB Ha J0YePHUIA knybeHb. Takol cnocob KoHTaMrHaLum,
AeNCTBUTENBHO, BO3MOXEH, OAHAaK0 OH CBA3aH C BbICBOBOXAeHNeM bakTepuii B
arpeccuBHYHO A1 HUX NMOYBEHHYI0 3kocucTeMy. B cBoto ouepesb, BO3SMOXHOCTb
HUCXOAALLLE MUrpaLIMK MO COCyAam MOXeT obecrneyunTb nonajaHne 6akTepuii 13
MaTepUHCKOro pacTeHus B JO4epHUIA knybeHb HanpsiMyto, MUHYst noysy. B
nosib3y Takoro crnocoba BepTUKasbHOM TPAHCMUNCCUN CBUAETENLCTBYET Psij
$akToB. Bo-nepBbIx, MOC/Ne MHOKYNALMU CPeHeR YacTn cTebns pacTeHnii
nekTobaKTepUAMU, TUTP KNETOK NaToreHa B 30He HiKe 061acTy MHGULMPOBaHUA
npeBbILLAeT TUTP B 30He NHOKYNSALMN 1 Bbile Hee (Moleleki et al., 2017). Bo-
BTOPbIX, MOKa3aHO, YTO NeKTO6aKTEPUN NHTEHCUBHO KONOHWU3UPYIOT MPOBOASLLYHO
cnctemy ctonoHos (Helias et al., 2000; Czajkowski et al., 2010a, b) (Puc. 2 /1, M).
Taknm 06pa3oMm, KONOHU3aLUMSA NeKTONUTUYECKUMYN 6aKTEPUSMI COCYA0B
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KCunembl MeeT 60/bLUIOe 3HaUeHWe A1 Pa3BUTUS NaTONOMMYECKON CUCTEMbI U
BEPTUKANbHOW TPAHCMUCCUN 3TVX GUTOMNATOreHOB.

MpK KONOHM3ALUN PACTEHMS-X035MHa B MOMYASALMMN NekTobakTepuii MoryT
06pa3oBbIBaTLCA MOP(ONOrMUECKN pasnyatoLLmecs KneToUYHble GeHoTUMbI
(Gorshkov et al., 2014). 3To cornacyeTcs € TeM, YTO MUKPOBHas Nonynaums He
ABNSAIETCSH COBOKYMHOCTbLIO «OAMHAKOBbIX» K/IETOK, a NpeACcTaBaseT coboi
AMHAMUYHYIO Pa3BMUBatOLLIYIOCS CUCTEMY, COCTOSILLYHO 13 AnddepeHLPOBaHHbIX
KNeTouHbIx peHoTunos (Lidstrom, Konopka, 2010; Ackermann, 2015). Ans
nekTobakTepuit/ankeri in planta 6biau onucaHbl KNeToYHble GOPMbI, CXOAHbIE C
nokosLmmuncst (Gorshkov et al., 2014), L-opMbl, He MetOLLE KNETOUHYHO
cTeHKy (Jones, Paton, 1973), 61onneHKo-NoA06HbIe CTPYKTYpPb! 1 6akTepuanbHble
am6onbl (Kubheka et al., 2013; Gorshkov et al., 2014).

Ocoboe BHUMaHWe B NocnejHee BpeMs 3ac/1y>KMn «MHOrOKIEeTOUHbIe»
CTPYKTYPbI, pOpMUpyeMble bakTepranbHbLIMK kneTkaMu - bruonneHkn. bronneHkm
LLINPOKO OMMnCaHbl Ha MPUMepe MHOTVX BUAOB 6akTepuid, B TOM Ymnce
¢duTonartoreHHbIx (Danhorn, Fuqua, 2007; Castiblanco, Sundin, 2016; Antony et
al., 2017). PopmmpoBaHme Takmx CTPYKTYp onpeAensieT BUPYIeHTHOCTb MHOIMX
6akTepuii. PutonatoreHHble 6akTepuu, kak Npasunno, 06pasyroT b1onaeHkn Ha
MOBEPXHOCTU pPacTeHNsA-x03anHa (puanocdepa, pusocdepa) nam B cocyaax
Kcunembl. ns GopmrpoBaHuUsa GronneHok TpebyeTcs BHEKIeTOUHbIN MaTPUKC,
KOTOpbI 06beANHSAET OTAe/bHbIe KNeTKMN B LIeNIOCTHYHO «TKaHeMnoA06Hy0»
CTPYKTYPY. OCHOBHLIM KOMMOHEHTOM 3TOro Matpukca cnyxat 3MC,
CUHTe3VpyeMble MUKPOOPraHn3MaMu.

BakTepuu poaa Dickeya cMHTe3MpytOT pasHble No cTpykType 3MC un

dopmMupytoT in vitro ABa Tvna 6uonneHok: 1) SAL-6uonneHku (surface-air-liquid),

obpasytoLyecs B BUAE KoNbLa, NPUKPENIeHHOro K MoBepXHOCTY cybcTpaTa



(NpobupkK) Ha rpaHunLe pasgena ¢as (MoBepPXHOCTb-BO3AYX-KUAKOCTb); 2)
nennvikynel (pellicles) - rnagkue n o6beMHble CTPYKTypbl, 06pasytoLymecs Ha
rpaHuLe pasgena ¢as XunakocTb-Bo3gyx (6e3 npukpenieHuns K TBepAoi
nosepxHocTy) (Yap et al., 2005; Jahn et al., 2008, 2011; Yang et al., 2008; Haque |9
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etal?9 ., 2009, 2012). Aukelin 06pasyroT 6MOMNEHKO-NOAO6HbIE CTPYKTYpbI U B
pacteHuun-xo3svHe (Czajkowski et al., 2010a; Prigent-Combaret et al., 2012) (Puc.
2 A, B). OaHako kakoli Tun 6ronneHok GopMupyHOT AMKeiin in planta, ocTaeTcs
He N3BeCTHbIM.

Y nekTobakTepuii OCHOBHbIe CTPYKTYpPHble KOMMOHEHTbI MaTpUKca

6uonneHok, 3MC, He onucaHbl. Mpy 3TOM NOKa3aHo, YTO HEKOTOpPbIe BUAbI
nektobakTepuii (P. brasilence) cnocobHbl 06pa3oBbiBaTb 6MOMNNEHKO-MOA06HbIE
cTpyKTYypeb! in planta u in vitro (Kubheka et al., 2013; Moleleki et al., 2017) (Puc.

2). OgHako apyrue Bugpl (P. atrosepticum) He 06pa3ytoT 61MOMNAEHKM B KyNbTypax
in vitro (Perez-Mendoza et al., 2011). B To e Bpems MyTaHTHasi ¢opma P.
atrosepticum ¢ NoBbILLEHHbLIM YPOBHEM BTOPUYHOMO MNOCPEAHNKA LIMKINYECKoro
AnryaHosvHMoHodocdaTa (U-an-rM®) 6bina cnocobHa popmmposaTe 6ronaeHkn
in vitro (Perez-Mendoza et al., 2011). B cBA3u ¢ 3T1M, aBTOpaMu 66110
npeAnonoxeHo, YTo GopmrpoBaHme bronneHok knetkamm P. atrosepticum, no
BCeli BUAMMOCTY, ABNSIETCA UHAYLMPYEMbIM MPOLLEeCccoM 1 TpebyeT NoBbILLEHHOro
YPOBHS L-An-TM®,

B pacTeHun-xo3avHe 6ronaeHkn P. atrosepticum Toxe He 6bI11 ONmncaHbI.
OAHaKo 31 6akTepun GOPMUPYIOT APYroV TUM «MHOFOKNETOUHBIX» CTPYKTYP -
6akTepuanbHble 3M60Ibl, KOTOPbIE OTANYAKOTCA OT TUMMYHBIX GUOMEHOK MO PAAY
xapakTtepucTuk (Gorshkov et al., 2014) (Puc. 2 3-K). Bo-nepBbix, 6akTepunanbHble
3M60/1bl, B OTNINYKE OT 6BUOMNNIEHOK, 06pa3ytoTcsa KneTkamu nektobakTepuii B
CTPOro OnpejeieHHOM MecTe - B COCYAax NepBUYHO KCUIeMbl pacTeHUs-
X0351MHa. Bo-BTOPbIX, 6akTepranbHble 3M60/1bl 11 6UOMNNEHKN MMET pasHyo
Mopdonoruto. B cTpykType 61onneHok 06bI4YHO eCTb MHOXECTBO KaHanoB
(NycTOT), HEOBXOAMMBIX /151 aKTUBHOTO B3aUMOZENCTBIS C OKpY>KatoLLei cpesol,
a KNeTKM B cocTaBe 61OMNaeHOK PacrnonoXeHbl 4OCTATOUHO PbLIX/IO 1
6ecrnopaaoyHo. B cocTaBe 6bakTepmanbHbIX 3M600B KNETKN PacroNoXeHbI
NNOTHO 1 6onee-MeHee ynopsAoUeHO (BA0b MPOAOILHO OCU KONOHW3PYEMOro
cocypa) (Gorshkov et al., 2014) (Pmc{181 . 2 3-K).
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MpoAosIKeHVe pUCyHKa Hxke
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Puc. 2. KonoHunsaumsa pacteHnin 6akTepuamm, OTHOCALLMMUCA K rpynne soft

rot Pectobacteriaceae (npeactaButenu pogos Pectobacterium u Dickeya).
KonoHwusauus cocypos kcunemsl (A-H) 1 konoHusaumsa napeHxmumsl (O-L1).
KonoHusauus cocyoB Kcunembl: (A) BruonneHko-nogobHbIe CTPYKTYpbI,
dopmupyemble GFP-meyeHHbIMY kneTkamu Dickeya sp. B cTebnsix kaptodens
(Czajkowski et al., 2010a); (B) GFP-meueHHble kneTku D. solani B cTebnsix

nacneHa ropbkoro (Solanum dulcamara) (Fikowicz-Krosko, Czajkowski, 2018);

(B) GFP-meueHHble kneTkn Pectobacterium carotovorum ssp. brasiliense B
ctebnsx kaptodens (Moleleki et al., 2017); (T-3) MNocneaoBaTeNbHbIe 3Tanbl
06pa3oBaHMAa KneTkamu P. atrosepticum 6akTepuranbHbIX 3MO600B B COCYyAax
nepBUYHOI Kcunembl cTebneit Tabaka (Gorshkov et al., 2014, 2016); 3eneHble
CTPesKM yKkasblBatoT Ha MaTPUKC U3 pamMHoranakTypoHaHa I,
BbICBOOOX/AIOLLEroCst U3 PacTUTeNbHbIX KNeTOUHbIX cTeHoK; (U, K) NMpoaonbHble
cpesbl cTebneli Tabaka ¢ 6akTepranbHbIMU 3Mb6onamu P. atrosepticum (Gorshkov
etal., 2014); (J1, M) GFP-me4yeHHble kneTku Dickeya sp. B cTonoHax kaptodens
(Czajkowski et al., 2010a); (H) GFP-meyeHHble kneTkun Dickeya sp. B KOPHAX

kapTodens (Czajkowski et al., 2010b). KonoHwmzawums kopoBoi napeHxmmbl: (M-
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C) KneTku P. atrosepticum B pacTUTENbHbIX KNETOUHbIX CTEHKaX 1 MEXKNETHMKaX
KOpOBOW NapeHx1Mbl cTebns Tabaka; (T-L) KneTkm P. atrosepticum BHyTpu
pacTuTenbHbIX kneTtok (Gorshkov et al., 2014); (T-X) KneTku P. atrosepticum
BHYTPY KNETOK NapeHXunmMbl cTebneit Tabaka; (LI) GFP-meueHHble kneTku Dickeya
Sp. BHYTpW KJe€TOK NapeHxnmbl KopHel kapTodpens (Czajkowski et al., 2010a).
CyHMe 1 6enble CTPenkmn Ha pUCYHKax yKasblBaloT Ha bakTepuabHble KNeTKu.

W, B-TpeTbUX, CNocobbl POPMUPOBaHNA bakTepuanbHbIX 3M6010B U

61onneHok pasnunyatoTca. HauanbHol cTagnein popmMmpoBaHns 6UonaeHKn
CNYXWUT NPUKPenaeHre KNeTok k cybcTpaTy (Hanprmep, K CTeHKe cocyaa
KCUnembl) U MHTEHCMBHOe 0bpasoBaHune maTtpukca 13 3MC. Mpu popmmpoBaHn
6aKTepunanbHbIX 3MO00B KNETKN He MPUKPeNnastoTCA K CTeHKe COCY/AO0B, a
NepBUYHbIA MaTPUKC 3TUX CTPYKTYP COCTOUT He 13 6akTepuanbHbix 3MNC, a n3
dparmMeHTOB NEKTMHOBOrO NoANcaxapuaa - paMmHoranaktypoHaHa | (Pr-1)
(Gorshkov et al., 2016). Mpwu 3ToM pparmeHTbl PT-I BbicBO6OXAAOTCS U3
pPacTUTeNbHbBIX KNETOUYHbIX CTEHOK B MO0CTb COCYAa B pe3ynbTaTte
BOCMPUMMYMBOro OTBeTa pacTeHuna-xo3sanHa (Gorshkov et al., 2016; Tsers et al.,
2020). U3 pparmeHTOB Pl-I 06pasyeTcs renenofobHas cybCcTaHLMs, B KOTOPOIA
yAepxuBaroTca kneTku P. atrosepticum (Puc. 2 -X).

TaknMm 0bpasom, bakTepuanbHble 3MEO0/bI MOXHO OXapakTepu3oBaTh Kak
NPOAYKT MHTerpaLmy naToreHa 1 Xo3siMHa, Nockosbky B GOPMUPOBAHMNN ITHX
CTPYKTYP y4acTBytOT 06a opraHusma. Mpu 3Tom bakTepranbHble 3M60bI
06pasyoTca Kak npu TUMUYHOIA, Tak 1 Npu naTeHTHo nHekuun (Gorshkov et al.,
2018). CnepoBaTenbHO, 3T CTPYKTYPbI cCaMu Mo cebe He okasbiBatoT
CYLLIeCTBEHHOrO HEeraTMBHOIO BAUSIHUA Ha POCT 1 pPa3BUTVE pacTeHNs-X0351MHa.
BnokunpoBKa cocyA0B NepBUYHOL KCUNEMbI He MOXET CyLLieCTBeHHbIM 06pa3oM
CKa3aTbCA Ha BOAHOM TPaHCMopTe, MOCKO/IbKY OCHOBHO BOAOMPOBOASLLEN
TKaHbIO B PaCTeHWN CAYXWUT BTOPUYHAA KCuema, KoTopas 0cTaeTcs He
KOIOHV3MPOBAHHO NeKkTobakTeprsMU.
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BakTepuanbHble 3M60bl, 610KNPYS COCY NEPBUYHO KCUAEMbI, MOTYT
obecneynTb YCNOBUA ANS HUCXOAALLLE MUTPaLn 1, ClefoBaTesbHo,
BEPTUKaNbHOW TPaHCMUCCUM NaToreHa, KoTopasi, Kak M3BecTHO, MOXeT
OCYLLLeCTBAATHLCS He TOIbKO MPU TUMMYHOW, HO 1 NPY NaTeHTHOW nHbekLmnn
(Perombelon, 1974; Perombelon, Kelman, 1980). B cBA3u ¢ 3TUM, 6akTepuanbHble
3M60/1bl MOXHO paccMaTprBaTh Kak BaXHbI KOMMOHEHT pacTUTebHO-
MVKPOBHOI NaTONOrMYeCcKOol CUCTeMBI. Ha CeroHALWHNIA eHb CyLecTByeT elle
MHOro Npo6enoB B MOHMMaHWK NpoLecca broreHesa bakTepranbHbIX 3M60I0B.
OAVMH 13 HUX CBSA3aH C TeM, Y4TO NMepBUYHbIN MaTPUKC 6akTepranbHbIX IM60N0B 13
Pr-I paspyLuaeTcs no mepe pasBUTUA STUX CTPYKTYP; HO MPU 3TOM CTPYKTYpHas
LIeN0CTHOCTL BakTepranbHbIX SM60/10B He HapyLUaeTcs. 3TO 03HaYaeT, UTo B Xoje
pa3BuUTUA bakTepranbHbIX 3M6010B GOPMUPYETCH AONONHUTENBHAA NOAMMepHas
ceTb, yAep>XnBatoLLan 6akTepunanbHble KneTku B paMKax LieNoCTHOW CTPYKTYpbI.
Ha ponb Takmx CTPYKTYPHbIX KOMMOHEHTOB MaTprKca noaxoaat 3MC, koTopble y
nekTobakTepuin A0 HaLIMX NCCNeAO0BAHWNI He Bbiav onucaHbl.

1.2. Ox3ononvcaxapuabl (3MC) bakTepuii

3MNC cocTaBAAOT OBLLNPHYIO rPYMNMy MHOFOPYHKLMOHANBHbIX U

pa3HO06pa3HbIX MO CTPYKType NosvMMepoB. Y psaja ¢utonatoreHHbIx 6akTepuii
3MC cnyxat B KayecTBe BaXHbIX JeTepMUHaHT B3aUMOAEeNCTBIS
MVKPOOPraHN3MOB C pacTeHUSIMU-X035eBaMU.

1.2.1. CtpykTypa 3IC bakTepuii

BakTepunansHble SMC NpeACTaBASIOT COBOW NNHENHbIE NAW Pa3BeTBNeHHbIe
nosMmepsbl, 60bLINHCTBO 13 KOTOPbIX MMEEeT MONEKYNSPHY0 Maccy oT 15 k/a Ao

100 MJa (Freitas et al., 2011). Cpeam 3MC BCTpeyatoTcst Kak roMomnosMMepbl, To



eCTb COCTOsILLMe TONBbKO 3 OAHOrO TWMNa MoHocaxapuaa (Hanpumep, AekcTpaH
(Leuconostoc mesenteroides), kypanaH (Rhizobium meliloti n Agrobacterium
radiobacter), uenntonosa (Acetobacter sp.), anbTepHaH (Leuconostoc
mesenteroides), peyTaH (Lactobacillus reuteri), myTaH (Streptococcus mutans),
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nynnynaH (Aureobasidium pullulans)), Tak 1 retepononnmepsl, B COCTaB KOTOPbIX
BXOASAT ABa 1 60/1ee MOHOCaxapuAa (HanpumMep, KCaHTaH (BUAbl posa
Xanthomonas), cykumHoravkaH (Alcaligenes faecalis), amnnoBopaH (Erwinia
amylovora), anbrnHat (Pseudomonas syringae), knasaH (Clavibacter
michiganensis), cteBapTaH (Pantoe stewartii), pactnanan (Xylella fastidiosa),
AnyTaH (Sphingomonas sp.)) (Puc. 3) (Becker et al., 1998; da Silva et al., 2001;
Dumitriu {129 et al., 2004; Kumar et al., 2007; Chawla et al., 2009; Koczan et al.,
2009; Freitas et al., 2011; Kaur et al {120 ., 2013; Tabibloghmany, Ehsandoost, 2014;
Mohd Nadzir et al., 2021). 3MC, koTopble NpeACcTaBASOT CO6OA

reTepononvMepbl, COCTOST U3 PeryNspHbIX (MOBTOPSIHOLLIMXCS) 3BEHbEB, KaXA0e 13
KOTOpPbIX MOCTPOeHO 13 2-8 MoHocaxapuaos (Osman et al., 1986; Evans et al.,
2000). B ocHoBHOM 6akTepuranbHble 3MC cOCTOAT U3 HeNTpanbHbIX
MOHOCaxapuAoB: rtoKo3a, paMHo3a, apabnHo3a, ranakrtosa, MaHHo3a, pyko3a 1
Kcuno3a; oAHako MHoruve 3MNC cogepxaT B CBOEM COCTaBe U 3apsixKeHHble
YPOHOBbIE KMCNOTbI (F1H0KYPOHOBAs, ranakTypoHoBasi, MaHHYpPOHOBas,
rynypoHoBas, naypoHosas) (Osman et al., 1986; Marty et al., 1992; Ferreira et
al.,1997).

Monuncaxapuapl, CUHTE3VPyeMble XNBbLIMU OpPraHn3Mamu, XapakTepusyTcs
601bLUMM CTPYKTYPHbBIM pasHoo6bpasmem. 3To pasHoobpasue AocTuraeTcs
6narozgaps psgy ¢akTopos. Bo-nepBbix, 3TO 40CTaTOUHO 60/1bLLIOIN Habop
MOHOCaxapyAoB, BXOAALLMX B COCTAB MOANCAXapUA0B. Bo-BTOPbIX, KaXAblii
MOHOCaxapwg crnocobeH 06pa3oBbiBaTh MMKO3MAHYH CBA3b C Pa3HbIMU aTOMaMu
yrnepoza Apyroro MoHocaxapuza, B pesyabTarte yero GopMmpyroTcs pasHble TUMbl
cesizeit (12, 153, 1-4 n 7.4.). Kpome Toro, rmnkosnAHble CBA3M B Moaekynax
nosMcaxapuzoB MOryT UMeTb pPasHyto KoHdopmaLmio (a unu B).
Tvnbl/KOHPOPMaLMK CBA3eI MexXAy MOHOCaxapuAaMmn B MoeKynax
nosimcaxapuzoB BO MHOFOM OMpeAensitoT CBOMCTBA NMOMMEPOB.
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Puc. 3. CTpyKTypa perynsipHbIxX 3BeHbeB 3K30MoNmcaxapuzgos

duTONnaToreHHbIx 6akTepuii. Fuc - ¢pykosa, Rha - pamHo3a, Ara - apaburHosa, Gal
- ranakTo3a, Glc - rntokosa, Xyl - kcnnosa, GalA - ranakTypoHoBast KUCNOTa,
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GIcA - rntokypoHoBas kncnota, ManA - MaHypoHOBast KUCNOTa, P - MMpaHo3Has
dopma, OAC - aueTunbHas rpynna, Pyr - nupyBuabHas rpynna, Suc -
CyKUnHUNbHasA rpynna (fopwkos, 2017).

B-TpeTbuXx, A1t NONVNCaxapUA0B XapakTepeH HeMaTPUYHBbIA CUHTE3, UTO
dopMUMpyeT OCHOBY 419 BO3HNKHOBEHWSA HEOAHOPOAHOCTH Aaxe B npejenax
OZHOrO TUMNa noancaxapuaa. 3Ta HEOAHOPOAHOCTb B MePBYHD oYepe/b CBA3aHa C
BapbVpOBaHNeM CTerneHu NoavMepusaLm oTAeNbHbIX MOeKy Nonmcaxapuaos, a
Takxe C HaNN4Mem/oTCyTCTB1EM Pa3HOOBPa3HbIX 6OKOBbIX Lienoyek u
3amectuteneii (TopLukosa, 2007; Mopkosa v Ap., 2013).

OCHOBHYIO ponb B 06ecrneyeHn CTPYKTYPHOro pasHoobpasus

nonvncaxapuioB pacTeHuli 1 6akTepuii UrpatoT pasHble pakTopbl. Ans
noancaxapuioB pacTeHuli onnucaH 0THOCUTENBHO OrpaHUYeHHbIn Habop «6a3oBbIX
CTPYKTYp» (0K0/10 10), KOTOPbIe ONPeAeNATCA OCHOBHbLIMW 31eMeHTaMmn 0CTOBa
1 60KOBbIX Lierei. O4HaKo B pamMmKkax OTAe/IbHO B3TOW 633080V CTPYKTYpbI
BapnabenbHOCTb MOIEKY MONNCcaxapuAoOB MOXeT 6biTb O4YeHb BblCOKa
(Albersheim et al., 2010). Takyto BapnabensHoCTb obecrneyrBaeT To, YTO

nonncaxapuabl paCTEHVIVI CUHTE3VPYHTCA nocaiejoBaTe/lbHO, TO €CTb OAVH


https://users.antiplagiat.ru/report/print/15?v=1&c=1#
https://users.antiplagiat.ru/report/print/15?v=1&c=1#
https://users.antiplagiat.ru/report/print/15?v=1&c=1#
https://users.antiplagiat.ru/report/print/15?v=1&c=1#

MOHOCaxapwz NpucoeAnHaeTcs K NoavMepHoi Lenu. bnarogaps sTomy (a Takxe
HeMaTpUYHOMY XapakTepy CMHTe3a) MOBbILIAETCA CTeneHb reTeporeHHOCTH
noancaxapuios, B TOM YAC/E 13-3a BO3HUKHOBEHWS Pa3INyatoLLnXCs JOMEHOB
JaXe B paMKax OT/e/lbHO B3STOW MONeKyY/Ibl; pa3Hble JOMeHbI MPpY 3TOM MOTYT
MMeTb pa3Hblii NPodMb 3aMeLLieHNs 6OKOBLIMU LienaMu 1 MOANGULMPYHOLLMMMN
rpynnamu, 4To cyLeCTBeHHbIM 06Pa30M CKa3biBAETCA Ha CBOMCTBAX NOMMepPOB
(Fopwkosa u ap., 2013).

B oTAnume oT nonvcaxapuAos pacTeHni, 60NbLUMHCTBO MUKPOBHbBIX SMC

MMeeT perynsipHyto CTPYKTypy (TO €CTb COCTOAT M3 NAEHTUYHbIX MOBTOPSAOLLMXCA
oNnMrocaxapujHblx 3BeHbeB) 6narogaps 6104HOMY XapakTepy C1HTe3a (CM. pasjen
1.2.2.). BcneactBue 3TOrO, A1t MUKPOBHbIX SMC JOMeHHas opraHmn3saums
MOJIeKy/1 He XapakTepHa, YTO CHUXaeT CTerneHb BapuabenbHOCTU OTAeNbHbIX
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Monekyn. OgHako pasHoobpa3sue IMC bakTepuii gocTuraeTcs 6narogaps
60/bLUEeMY (HYeM y pacTeHWit) Habopy MOHOCaxapWAOB, BXOAALLMX B COCTaB
pasHbix nonumepos (Evans et al., 2000). [TOMUMO «knaccnyeckmnx»
MOHOCaxapug0B, MepeyncIeHHbIX Bbille, B COCTaB MUKPOBHLIX IMC MOryT Takxe
BXOANTb «3K30TMYeCKMe» MOHOCaxapWAbl, HexapakTepHble AN pacTeHuni
(3pBMHMO3a, iepcnHKO03a, kaprodunosa, Kaprosa, LeBaHen03a, anbTpo3a W Lenblii
paa apyrux) (Zubkov et al., 1992; Adinolfi et al., 1995a, b; 1996; Kilcoyne et al.,
2002; Shashkov et al., 2002; Mattos et al., 2005; Zdorovenko et al., 2012;
Kondakova et al., 2013).

Kpome Toro, 3MNC 6akTepuii (Tak Xe Kak 1 noancaxapuisl pacTeHnii) MoryT
cojepxaTb B CBOEM COCTaBe U HeyrneBo/Hble KOMMOHEHTbI - MOANGULMPYIOLLe
rpynnbl, Takme Kak cynbdaTtHble, pochaTHble, CyKLUHUAbHbIE, aLeTUbHbIE,
aMUHHble VU NUPYBU/bHBIE. Takne MOANULIMPYHOLLME FPYMMbl YacTo onpeAensoT
MHOrVe CBOCTBa NOANMMEPOB, B TOM YMC/1e CMOCOBHOCTL 06pa3oBbIBaTb FOMO- 1
reTeposiornyHble komnnekcol (Evans et al., 2000; Sutherland, 2001 a; Bazaka et
al.,, 2011).

1.2.2. BrocuHTes 3MC

OTgenbHble 3Tanbl 6rocnHTesa IMNC 6akTepuii MOryT NpoTekaTb He TONbKO

B LTONNasme (Kak B ciydae nonnmcaxapugos pacTeHnid), Ho 1 B
nepunaasmMaTyeckom NPOCTPaHCTBe, a Takxke CHapyXW OT BHellHel MeMbpaHbl.
CuHTe3 3MMC ocyLecTBAAETCA rNKO3UN-TpaHchepazamm (I'T), koTopble
obecrneyrBatoT NpucoesnHeHne MoANGULIMPOBAHHOIO MOHOCaXapyaa
(Hykneotua-andocdat caxapa (HAP-caxapa)) K pacTyLer Lienovke Moneky bl
nonuncaxapuga (Breton et al., 2006).

OnurcaHo YeTblpe OCHOBHBbIX NyTW 6rocnHTe3a 3MC 6akTepuii: Wzx/Wzy-
3aBUCUMBIN NyTb, ABC-TpaHCNopTep-3aBUCKMBIA MyTb, CUHTA303aBUCUMbIA NYTb
N BHEKNeTOuUHbIl crHTe3 (Puc. 4). C6opka roMonoavmMepoB OCyLLeCTBASETCA No
CUHTA303aBUCMOMY NYTW 1 NP BHEKIETOYHOM CUHTE3e, a reTepononmMepsl B
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OCHOBHOM CUHTe3upytoTca No Wzx/Wzy- n ABC-TpaHcnopTep-3aBUCcMbIM NYTAM
(Schmid et al., 2015).

Puc. 4. CxemaTuyHOe nsobpaxeHuve nyTtei buocrnHTesa 3MNC 6akTepuii:
Wzx/Wzy-3aBucumeblii nyTs (1), ABC-TpaHcnopTep-3aBucumblIli nyTo (I1),
CMHTa303aBMUCUMBIN NyTh (I1) 1 BHekneTouHbIV cuHTe3 (IV). Fru - ppykTo3a; Rha

- pamMH033; Glc - rntoko3a; Man - MaHHo3a; ManA - MaHHYpPOHOBas KMUCNOTa;
HA®-Glc - Hykneotugandocdat-rnokosa; HAP-GIcA - HykneoTuaandocdar-
rntokypoHosas kucnota; HA®-Rha - Hykneotnaandocdar-pamHosa; I'M -
ravkosuntpaHcdepasbl; OAL, - ateTunbHasa rpynna; Wzx - pannnasa; Wzy -
nosMMepasa, y4acTeytoLlas B NoMMepusaLnmn perynspHbix 3seHoes 3MC; Wzz -
6en0k, y4acTBytoLLmii B nonnmepusaumm 3MNC; PCP - polysaccharide co-

polymerase (ko-nonumepasa); OPX - outer membrane polysaccharide export



(3KCMOPTHbIN 6enok BHelLHeli MembpaHbl), TPR - tetratricopeptide repeat (6enok,
yyactytowmii B TpaHcnopte 3MC v cogepKalynin TeTpaTpukonenTuaHbIn
nostop) (Schmid, 2015).

B Wzx/Wzy-3asucrmom nytu 13 HAP-caxapos Npu y4acTUn HECKObKNX
rnKo3un-TpaHcdepas GopMUPYIOTCA ONMrocaxapuiHble peryasipHble 3BeHbs
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3MC, KoTOpble TPAHCMOPTUPYHOTCA B MepUnIasmMaTnyeckoe NpoCcTPaHCTBO C
nomotybto davnnasel Wzx (Islam, Lam, 2014). B nepunnasmatnyeckom
npocTpaHcTBe novmepasa Wzy npu yuactum Ko-nonvmepassl Wzz kaTanunsunpyet
06pa3oBaHue rMKO3NAHbIX CBS3eli MeX/y PerynsipHbliMu 3BeHbAMM, obecrneunBsas
cbopky nonumepa (Cuthbertson et al., 2009, Morona et al., 2009).
TpaHcnopTtuposka 3MC, cuHTe3npoBaHHbIX No Wzx/Wzy-3aB1cMmMomMy nyTu, 3a
npejenbl KNeTKX OCyLLLeCcTBASETCA Yepes 3KCMOPTHbIe 6e/1Kn BHeLlHel MeMbpaHbl
OPX (Puc. 4).

Mo Wzx/Wzy-3aBUCMMOMY NyTV CUHTE3NPYeTCS P LUMPOKO N3BECTHbIX

3MC, HanpuMmep, CYKUMHOIMKaH, BeNaH, KcaHTaH, rennaH (Glucksmann et al.,
1993; Pollock et al., 1993; Rehm et al., 2010). Han6onee agetanbHO NpoLiecc
6U1OCMHTe3a OMKrcaH AN KCaHTaHa, MPoAyLpyeMoro puTonaToreHHbIMN
6akTepusamu poga Xanthomonas (Tait et al., 1986). OctoB 3T0oro 3MC noctpoeH

113 TIIOKOMMPAHO3HbIX OCTATKOB, CO@AMHEHHbIX 1—4 TUMOM CBA3K, a
TprcaxaprAHble 60KOBbIE LIeMN COCTOST U3 ABYX O-MaHHOMMPAHO3bIX OCTATKOB 1
O/HOrO OCTaTKa FOKYPOHOBOW KncnoThl (Puc. 3). Cbopka perynspHoro 3seHa
KCaHTaHa HauMHaeTCa C MPUCOeAMHEHVIS [H0KO3bI K YHAeKanpeHuapocdary,
3aKpenneHHoOMy Ha BHyTpeHHeli MembpaHe, ¢ nomollbto ' GumbD. 3aTem gpyras
I'T (GumM) npucoeanHsEeT K NepBOMY OCTaTKy I/1H0KO3bl BTOPOWA. Mocne aTtoro

I'T GumH kaTtanvsnpyeT NpucoeArHeHne octaTka MaHHO3bI, KOTOpas B COCTaBe
6yayLuero nonvmMepa byaeT ABAATECA NepBbiM (MPUCOeANHEHHBIM K OCTOBY)
MOHOCaxapuzgom 60KoBO Lienu. 3aTem K 0CTaTKy MaHHO3bl € momoLLbto I'T GumK
NPpUCOeAVNHSETCA 0CTaTOK MIHOKYPOHOBO KUCIOTbI, KOTOPbIV Npu ydactum T
Guml cBsi3bIBaeTCS CO BTOPLIM OCTaTKOM MaHHO3bl 60KOBOW Lienu.

PerynspHble 3BeHbs KCaHTaHa MOTYT CoAepxaTb 1 HeyrneBojHble

KOMMOHEHTbI: MMPYBUbHbIE 1 aLeTUAbHbIe rpynnbl. AueTunTpaHdepasbl GUumF n
GumG obecneunBaroT aLeTUIMPOBaHKE OCTAaTKOB MaHHO3bI: KOHLEBOro ocTaTka
60KOBOWA Lienu 1 ocTaTka 60KOBOW Lieni, COeNMHEHHOTO C OCTOBOM,
COOTBETCTBEHHO. [PYBMAMPOBaHME KOHLIEBOrO OCTaTKa MaHHO3bI
ocyLecTeaseTca 6enkom GumL. TpaHCMOPTUPOBKY perynspHbIX 3BeHbeB
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KcaHTaHa obecneymBaeT pavnnasa Gumj (Wzx-6enok), a ux nonmeprsauumio B
nepunnasme katanmsmpyet ¢epmeHT GumE (Wzy-nonnmepasa). TpaHcnopT
MosIMMepHOIA Lienun KcaHTaHa 3a npejesbl K1eTkn obecneymsatoT 6enkm GumB u
GumcC (Katzen et al., 1998).

Mo nyTw, 3aBUCcMMOMY OT TpaHcnopTepa ABC, kak npasuno,

CUHTE3MpPYHTCS KancybHble nonvcaxapuel (KMNC) v amnononncaxapuabl

(JINC), koTopble, kak v 3MC, TPaHCNOPTUPYIOTCH U3 KIETOK B OKPYXXatoLLLytO
cpeay, HO B oTanyume oT 3MC oCTakTCA CBA3aHHbLIMU C MOBEPXHOCTLIO K/IeTKMN
(Nwodo et al., 2012). Monncaxapuabl, CUHTE3VPyeMble Mo 3TOMY NyTH,
06pasytoTcs Ha LMTOMNa3MaTNYeCcKoi CTOpOHe BHYTPeHHel MembpaHsb!
nocpe/CcTBOM NoC/1eA0BaTeNbHOr0 NPUCOeANHEHNS MOHOCaXxapyAoB K
HeBOCCTaHaBNMBatoLLLeMY KOHLLY pacTyLLeli Lienu. B 6rocuHTese Takmx
noJsincaxapuzos MoryT NpvHUMaTh ydactuie Kak ogHa T (B 3ToM ciydae
CUHTE3MpYyeTCa roMonoanMep), Tak N HeCKObKO pasHbIx T (B TakoM ciyyae
obpasyetcs retepononvmep) (Katzen et al., 1998). CHTe3npoBaHHbIV NonMmep
nepeHoCHTCA B NepuniasmMaTnyeckoe NpoCTPaHCTBO C MOMOLLbIO TpaHcnopTepa

ABC (Puc. 4). MprHUMNbl OPMUPOBaHUS perynsipHbIX 3BeHbEB NOAMCaxapuios,



CnHTe3mpyembix No Wzx/Wzy- n ABC-TpaHcnopTep-3aBUCUMbIM NyTAM,
Pa3NNYaloTCs; OAHAKO 3KCMOPT TaKMX NOANCaXapyAoB OCYLLLECTBASIOT CXOAHbIe
6enky BHelHeln membpaHbl OPX.

B c1HTa303aBMCMMOM MyTW 61ocnHTe3a obpasosaHue 3MC 1 nx
TPaHCNOPTUPOBKa B Nepunaasmy ocyLLecTBAAIOTCA OAHUM
MynbTUGYHKLMOHaNbHbLIM 6enkoM (Rehm et al., 2010). M3 nepunnasmel Takune
3MC TpaHCNOPTUPYHOTCA Yepes cneuuanbHbIli MOPUH. Mockonbky B
CMHTa303aBMCIMOM MYTV MPUHUMAET yyacTue oAHa [T, 06bIYHO Mo 3TOMy NyTW
CUHTE3VPYIOTCH FOMOMONMMEPSI, Takue Kak KypAnaH v uenntnosa. OgHako B
3TOM MyTN BUOCMHTE3a MOTYT 06Pa30BbIBATLCA U reTeponoMMepbl (aNbruHar,
COCTOALLMNIA N3 MaHHYPOHOBOW 1 ryNypOHOBOM KNCAOT). [pr 3TOM Ha Ha4anbHOM
3Tane 6MOCUHTE3a CHTa3a OCyLLeCTBAAET NOMMEPU3aLMI0 MaHHYPOHOBOM
KNCNOTbI, OPMUPYSA FOMOMOMMEPHYIO LieMb; 3aTeM B Nepunaasme
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ocyLecTBaseTcs O-aLeTUANPOBaHNE HEKOTOPbIX OCTaTKOB MaHHYPOHOBOW
KMCNOTbI, @ HeaL,eTUAVPOBaHHbIE OCTATKV, yXe HaXOAsSCb B COCTaBe NosIMMepHo
Lenu, NpeobpasytoTcs annmepasoit B rylypoHoByto kucnoty (Franklin et al.,
1994) (Puic. 4).

B xo/e BHekneTouHoro nyTu 6nocutesa 3MNC, KOTOPbI TakKe Ha3biBaeTCA
caxapaso3aBUCUMbIM, Cy6CTPaTOM A1t 06pa30BaHWs MOVMEPOB CYXUT
3KCTpakneTouHas (3k3oreHHas) caxaposa. Caxaposa BHayvase ruaponnsyercs
depmMeHTOM caxapasoli, a 3aTeM 13 OAHOrO U3 BXOAALLMX B COCTaB Caxapos3bl
MOHOCaxapvAoB (rNoKo3a unmn GppykTosa) popmMmpyeTtcs noarmepHas Lenbs (Puc.
4). Tnaponns caxaposbl MPUBOANT K BbICBOOOX/EHWIO 3HEPrum, kotopas
MCNoNb3yeTcs AN KaTannTMYecKoro nepeHoca rMmMKo3nabHOro ocTaTka Ha
PacTyLLyto NoNnCaxapuAHYHo Lierb. B 3aBUCMMOCTI OT TOrO, Kakoil MOHOCaxapuz
yyacTeyeT B OPMUPOBaHNN MONMMEPHOA Lienn, NPy BHEK/IETOYHOM CHHTe3e
MOryT 06pa30BbIBaTLCA PPyKTaHbI (1IeBaH) UK FtOKaHbI (abTepHaH, AeKcTpaH,
MyTaH, peyTepaH) (Coté et al., 2002; Sanalibaba, Cakmak, 2016).

HekoTopble 6akTepui CnocobHbI MPOV3BOAUTL Heckonbko Tinos 3MC,

KoTOpble 06pasyTCca B pasHbIx buocnHTeTMYeckmX NyTax. Hanprmep, Rhizobium
radiobacter (n3BecTHbI kak Agrobacterium tumefaciens) npovssoaut
cyKuMHornvkaH (Wzx/Wzy-3aBUcnmMbIii NyTb GUOCUHTE3a) 1 KypAnaH
(CMHTa303aBUCUMBIN NyTb 6LoCcKMHTE3a) (Zhan et al., 2012). Pseudomonas syringae
CYHTE3VpYeT aNbrmHaT (CMHTa303aBUCKMBIA NyTb) U N1eBaH (BHEKNETOUHbIA CUHTe3
C nomoLLbIo pepmeHTa ieBaH-caxapassbl). P. aeruginosa npovssoAnT Tpu Tuna
3MC - anbruHaT, PSL 1 PEL, nepBsble ABa 13 KOTOPbLIX CUHTE3UPYHOTCS MO
CMHTa303aBUCUMOMY NyTH, @ TpeTui - no Wzx/Wzy-3asucumomy nyTu (Franklin
etal., 2011).

1.2.3. Perynauuns npoaykumu 3MC

BrocnHTes bakTepuanbHbix IMC, Kak NpaBuIo, He SBNAETCA

KOHCTUTYTUBHBLIM NPOLIECCOM, @ UHAYLIMPYETCA TEMU UK MHBIMK pakTopaMu.
YpoBeHb npoaykuuu 3MNC 3aBUCKT OT cpe/ibl 06MTaHNA MUKPOOPraHN3MOB, a
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MMEHHO OT POCTOBOro Cy6CTpaTa, TeMmnepaTypbl, KUCIOTHOCTY, OCMOTUYHOCTM (Li
etal., 2001; Nichols et al., 2005; Marx et al., 2009). ¥ 6akTepwuii Enterobacter sp.
cnHTe3 3MNC MHAYUMpYyeTCs Npu N36bbITKe yraepoAa 1 OAHOBPEMEHHOM
HegocTaTke a3oTa (Freitas et al., 2011). B 6onbLlunHcTBe cnyyaes IMC
CYHTE3VPYIOTCS B @3PO6HbIX YCIOBUSX; OAHAKO CYLLECTBYIOT NPMMepbl TOro, YTo
MaKcMasbHbI ypoBeHb Npogykummn 3MC (anbrHat, Npovn3BOANMbIA
Pseudomonas aeruginosa) obecneunsaeTcst MUKPOaspodUILHLIMU YCI0BUAMM
(Rehm et al., 2009). Kpome Toro, sobaBneHvie B cpesy KynbTUBUPOBAHMNS
BUTaMVHOB, aMWHOKNC/IOT U MeTaIoB MOXET CTUMYMPoBaTb cMHTe3 3MC

6akTepusamm Sphingomonas paucimobilis (rennan), Alcaligenes sp. (BenaH),



Acetobacter xylinum (uenntonosa), Agrobacterium sp. (kypanaH) (McIntosh et al.,
2005; Bajaj et al., 2006; Premjet et al., 2007; Li et al., 2010; Caruso et al{120 ., 2018).
Pa3HbIli yposeHb Npogykuun 3MC obecneunsaeTcs TeM, YTO CUHTES 3TUX
MoNIMMePOB KOHTPONINPYeTCS PAAOM PerynsTopHbIx cuctem. Mpogykums 3MC
perynupyeTcs Ha NonyasaLUMOHHOM YPOBHE MpW y4acTUN CUCTEMbl KBOPYM
CeHcuHra (4yBCTBO KBOpyMa, quorum sensing) (Hay et al., 2014) (pa3gen 1.1.2).
VHaKTBaLs perynsaTopHol cucTeMbl KBOPYM CeHCMHra y Pseudomonas
aeruginosa, Pantoea stewartii, Ralstonia solanacearum, Sinorhizobium meliloti
BbIPaXaeTCs HeCNMoCobHOCTLI0 MUKPOOPraHN3MoB crHTe3npoBaTh 3MMC, uTo
NPVIBOAMWT K NoTepe BUpYNeHTHoCTU 6akTepuii (Davies et al., 1998; Marketon et
al., 2003; Roper et al., 2011; Hayashi et al., 2019). B To e Bpewms, y
¢duTonatoreHHoi baktepun Xylella fastidiosa nHaykLma cnctemsl KBOpyM
CeHcuHra, HaoboporT, nogaenset cmHTe3 IMC (Newman et al., 2004), uTo, no-
BUANMOMY, OMpejeNnsieTc 0CO6eHHOCTAMY B3anMO/eiCTBIA 3Toi bakTepum ¢
pacTeHneM-xo3s1HoM. X. fastidiosa KONOHN3MPYET NCKAOUNTENBHO COCY /b
KCUNeMbl PacTeHNSA-X0351Ha (HO He Apyrie KneTku/TkaHu), rae opmmpyet
61onneHK, KOTopble, B Cly4ae Ype3MepHOro paspacTaHuns, MOTYT MOMHOCTbIO
610kMpoBaTb TpaHCMopT BoAbl (Chatterjee et al., 2008). ToTanbHas 3akynopka
cocyza 61oNeHKOM MOXeT HeraTMBHO CkasblBaTbCs Ha pa3suTum X. fastidiosa
BHYTPU PaCTEHNSA-XO3A1HA, MOCKOIbKY POCTOBOM Cy6CTpaT ANt 3TUX
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MVKPOOPraHN3MOB JOCTaBASETCA TPAHCMNPALMOHHBIM TOKOM. Kpome Toro,
3aKyrnopka cocyia MOXeT MPUBECTU K T’Mbein pacTeHUA-X035a1Ha, YTO Takxke
KpaiiHe HebnaronpuaTHO AN naTtoreHa. MiMeHHo noatomy y X. fastidiosa
npogaykumst 3MNC 1 GopMrpoBaHne BUOMNIEHOK HaXOAATCA MO/ HeraTUBHbIM
KOHTpoOniem cucTeMbl KBOpyM ceHcuHra (Chatterjee et al., 2008).

B kauecTBe NoNOXUTENLHOrO perynaropa npogykuumn 3MC cayxmt

BTOPUYHbIV MOCPeAHVK LMKANYeCKUiA guryaHo3rHMoHopocdaT (U-aun-rMad).
OpHol 13 Hanbonee U3BECTHbIX GYHKLUMI U-an-TMD aBnsieTcs obecneyeHne
nepexofa 6akTepuii OT NOABMXKHOrO, MIAHKTOHHOIO 06pa3a XU3HM K «OCeA0MY>,
NpUKpenaeHHOMY, KOTOPbI peannsyeTcs, Hanpumep, Npy 06pasoBaHKn
6ronneHok, GopmMMpoBaHVe KOTOPbIX BO MHOFOM 3aBUCUT OT NpoAykLmmn 3MC
(Tischler, Camilli, 2004; Waters et al., 2008; Boyd et al., 2012). Moka3aHo, 4To L~
AN-TM® akTBMpYeT NpoAyKUMo ammunoBopaHa (Erwinia amylovora),
6akTepuanbHoli Lenntonossl (Agrobacterium tumefaciens), anbruHara
(Pseudomonas aeruginosa), kcaHTaHa (Xanthomonas oryzae) u KypanaHa
(Agrobacterium sp.) (Hengge et al., 2009; Hay et al., 2010; Ruffing, Chen, 2012;
Whitney et al., 2013; Edmunds et al., 2013; Liang et al., 2015).

Ponb U-an-TM® B popmMurpoBaHum 61onaeHoK (1, BEpOATHO, crHTe3e 3MMC)
npoAeMOoHCTpupoBaHa 1 Ans Pectobacterium atrosepticum. Aukuii Tun P.
atrosepticum He 6b11 cnocobeH 06pa3oBbIBaTb GUOMIEHKN B YCIOBUAX in vitro; ay
MyTaHTHOW GpOpMbI 3TOV BaKTepuK C MOBbILLEHHbBIM YpoBHEM L-An-TM®
nosiBAsiAack CNocobHOCTbL K bronieHkoobpasoBaHuto (Perez-Mendosa et al.,
2007).

AKTMBaATOPOM NpoAyKumn 3MC Yy MHOMMX MUKPOOPraHN3MOB Takxe

ABNSAETCS aNbTEPHATUBHbIN CTPECC-MHAYLMPYeMbIli crurma-gakTop RpoS
(Jergensen et al., 1999; Sauviac et al., 2007; Shee et al., 2011). RpoS cnyxut
O/JHVIM U113 K/ItOYEBbIX KOOPAMHATOPOB CTPeCccoBOro oTeeTa 6akTepuii (Winkler et
al., 2005; Karpinets et al., 2006). ¥ MyTaHTHBbIX M0 reHy rpoS (9 LWTamMMoB
Escherichia coli, Ralstonia solanacearum, Pseudomonas aeruginosa n Erwinia
amylovora cHuxancs yposeHb npoaykuun 3MC (Jorgensen et al., 1999; lonescu,
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Belkin, 2009; Dong, Schellhorn, 2010; Santander et al., 2014). MonoxunTensHas

perynauus cvHtesa 3MNC cTpeccoBbIM curMa GpakTopoM npejcTaBaseTcs
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NOrNYHO, NOCKONbKY Anst paja 3MC NpoAeMOHCTPUPOBaHbI 3aLMTHbIE CBOMCTBA,
1 MO3TOMY MHTEHCUBHASA NPOAYKLMS STUX MONNMEPOB B CTPECCOBbIX YCIOBUSX
MOXeT 06ecneyunTb BbXMBaHWe 6akTepuii Npu AeincTBUM HebnaronpuaTHbIX
dakTopoB.

1.2.4. dyHkumK MC 6akTepuii

1.2.4.1. CTpyKTypHbIe GpyHKLMK IMC

3MC cnyxat B KayecTBe OCHOBOMOMAratoLLMX CTPYKTYPHbIX KOMMOHEHTOB
BHEK/1eTOYHOr0 MaTpuKca bakTepranbHbIX GMOMIEHOK 1 APYrX
«MHOFOKNETOUHbIX» CTPYKTYP, GOPMIUPYEMbIX MUKPOOPraH13Mamu (arperaTbl,
MaTbl, KONOHMM). HauanbHble 3Tanbl 06pa3oBaHNA BMOMIEHOK YacTo CBA3aHbI C
nprikpenneHnem baktepunanbHbIx KneTok k cybctpaTty (Palmer, White, 1997).
CumnTaeTcs, YTO ajresuto keTok obecreyrBatoT He cToNbko 3MC, CkoNbko
6akTepunanbHble NN 1 agresviHbl 6enkoBoii npupogel (O'Toole et al., 2000;
Donlan, 2002). Tem He MeHee, agresnBHble cBoricTBa y 3MC (no kpaliHeli mepe, y
HEeKOTOPbIX) TOXe MOryT 6bIThb BblpaXeHbl. IMC, Ha3BaHHble Pel u Psl,
CUHTe3VpyemMble bakTepuei Pseudomonas aeruginosa, BHOCAT BKNaj B
aAre3vBHOCTb KJ1eTOK 3TOro MMKPOOPraHm3ma. AAre3aviBHOCTb MyTaHTOB P.
aeruginosa, He cnHTe3npyoLmx Pel  Psl, 6bina 3HauMTeNbHO HIXE, YeM ANKOro
Tuna (Tian et al., 2014). Kpome TOro, 371 MyTaHTbl He 6bI11 CMOCOBHbI
bopmmpoBaThb bronneHkn. AaresnBHble CBOCTBA BbIIN Takxe
npoaeMoHcTpupoBaHbl 415 3MC FucoPol, nponssoanmoro Enterobacter A47
(Araujo et al., 2016).

MomrMo agresun bakTepuii K NOBEPXHOCTH, AnS GOPMUPOBAHMNA 1 Pa3BUTUA
6ronneHok TpebyeTcs cneyndryeckmii MMKPOKOCM, KOTOPbI 06beanHseT
060C06N1eHHble KNETKN B eAHY0 CTPYKTYpY. Takoil MUKPOKOCM 1 co3aaeTcs
6narofapst HANNMUNIO BHEKNETOYHOIO MaTpukca. To, UTo B KayecTBe K/HoHeBOro
KOMMOHEHTa 3TOro MaTPMKCa CyXaT IMEHHO Mosincaxapuapl, Mo-BUAMMOMY,
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CBAI3aHO C TeM, UTO 3TV NOAVMEpPbI B HanbobLUel cTeneHu (Mo CpaBHEHWIO C
APYrVIMU NOIMMEPaMK) BCTYNatoT B Pas/iyHble FOMO- 1 reTeponornyHble
B3aumogenictema (Sutherland, 2001b; Jennings et al., 2015). Takne
B3aVIMOAENCTBISA HE06X0ANMBI 4151 GOPMMPOBAHNS eNHOV MONMMEPHOWA ceTu,
cnyxatlen B kayecTBe KOMGOPTHOM cpespl 06UTaHWA ANa 6akTepuii.
CnocobHOCTb K GOpPMUPOBAHUIO NMOAMMEPHbIX CeTeli obecneynBaeTcs
dursmKo-xmmmnyecknmm ceoncteamu 3MC. na mHorvx 3MC
NPOAEMOHCTPMPOBAHO, YTO OHW MOTYT CYXWTb B KaUeCTBE Xe/VPYHLLMX
areHToB U/UNN yBeNNUNBAaTL BA3KOCTb PAaCTBOPOB, YTO ABAAETCS CNeACTBEM
B3aNMOAENCTBMSA OTANbHbIX Monekyn Apyr ¢ gpyrom (Wyatt et al., 2009; Peng et
al., 2019). HekoTopsble 3MC cnocobHbl GOpMUPOBaTL KPYrHbIe
cynpamosnekynsipHble arperatbl C pasmepamiy, Aaxe NpeBbILLALWMMN pa3mepbl
6akTepuanbHbIx knetok (Cai et al., 2017; Kavitake et al., 2019).

Peonornyeckne napameTpsbl (BA3KOCTb) pacTBOPOB pa3HbIx IMC
(NpoayLMpyeMbIx pa3HbIMK 6aKTepUsAMIM) MOTYT Pa3NNYaTbCA Ha HECKOIbKO
nopsiakos BennuuH (Ding et al., 2003; Wyatt et al., 2009; Niknezhad et al., 2018;
Xu et al., 2018). Hanbonee «Bsizkm» M C cUMTALTCA KCAHTaH, CUHTE3NPYeMbIii
¢duTONaTOreHHLIMN BakTEPUAMUN Poja Xanthomonas. bnarogapsi cBouM cBolicTBaM
KCaHTaH aKT1BHO UCMOb3YyeTCa B NULLEeBON, apMaLleBTUYeCcKoN,
61oMeAnLMHCKOM NpombllLneHHocTr (Wyatt et al., 2009; Habibi et al., 2017;
Kumar et al., 2018).

MoandouumpytoLLme rpynmbl, MPUCYTCTBYOLLME B COCTAaBE MHOTMX
nonuncaxapuaos (paszgen 1.2.1), MOryT BHOCUTb CYLLLECTBEHHbI BKNAZ,
MeXMOosIeKyNspHble B3arMogencTeuns nonnmepos (Sutherland, 2001b; Lima et al.,
2018). Moka3aHo, YTO NNPYBW/bHbIE 1 aLeTUbHbIE FPYMMbl B COCTaBe KCaHTaHa

BO MHOIOM oripezensatoTt CNoCo6HOCTL 3TOro nosviMepa yseindmBaTb BA3ZKOCTb



BO/AHbIX pacTBopoB (Silva et al., 2009). Hannuwre 3TVX rpynn Takxe onpegensiet
XenvpyoLue ceolicTea amunosopaHa (Erwinia amylovora) n knasaHa
(Clavibacter michiganensis) (Nimtz et al., 1996; Vanhooren, Vandamme, 2000).
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Kpome Toro, 3MC MoryT BbINONHATE GYHKLMIO CypdaKTaHTOB, CHIMXKas
NMoBEPXHOCTHOE HaTsXeHVe BOAbl 1 yBeNnuMBas TakMm 06pa3om 3$pekTUBHOCTb
nepesBIKeHNs bakTepuii, B TOM Yncne B TkaHax pacteHus (Neu et al., 1992;
Flemming, Wingender, 2010). Tak1mM CBONCTBOM, Hanpumep, obnagaeT cTeBapTaH
- 2MC, cuHTe3npyemblin Pantoea stewartii (Herrera et al., 2008).

1.2.4.2. 3awmTHble GyHKUMKM IMC

3MC 3aWmMLLAoT KNeTKM MUKPOOPraH3MOB OT AeCTBMSA PasNyHbIX
HebnaronpuaTHbIX GakTopoBs. bnarogaps BbICOKON BOAOYAEPXMBatOLLeit
CMOCO6HOCTM 3TV MONNMEPbI MOTYT MPENATCTBOBAaTL 06€3BOXMBAHWIO KNeTOK
6akTepuii Npy HegocTaTtke BoAbl (Khan, Bano, 2019). Kpome Toro, 3MC MoryT
CNYXWUTb B KauecTBe aHTNPU30B, MPeoTBpaLLatoLLVX 06pa3oBaHMe KpUCTanIoB
NbAa, NpeAoxXpaHas TakMM 06pa3oM KneTku oT 3amopaxusaHus (Liu et al., 2013;
Casillo et al., 2017).

Y 3MC BbIpaXeHbl MOHOOBMeHHbIe CBOWCTBa, 6n1arogaps Yemy oHu

CMOCO6HbI CBA3bIBaTb TOKCUYHbIE COEAVHEHNS (QHTUBMOTUKI, KCEHOBNOTUKM), He
MO3BOJISIS UM MPOHUKHYTb BHYTPb KNEeTOK. 10 3Tol Xe npuynHe 3MC
CMOCO6CTBYIOT MOAZEPXKAHMIO CONeBoro banaHca. Mpw stom 3MC moryT
3alMLLaTb OT CONEeBOro CTpecca He TONbKO KNETK MUKPOOPraHN3MOB, HO 1
pacTeHus, KONOHM3VPYyeMble NPoAyLeHTamun 3TUX nonumepos. Tak, 3MMC,
CUHTe3Vpyemble pusochepHbiMy BakTepusiMu (Pseudomonas sp., Bradyrhizobium
japonicum, Bacillus subtilis), nosblwanu yctoiiumsocTb pacteHumin coun k NaCl
(Khan et al., 2020). loHoo6MeHHbIe cBoiicTBa IMC Takxe obecneymBaroT
MMMOBUAN3ALMIO TSXKE/bIX MEeTaIoB, 3aLyMLLas OT UX AeACTBUSA He TONbKO
KNeTKN MMKPOOPraHN3MOB, HO 1 KOJIOHM3MPOBaHHbIe 6aKTepPUSMI pacTeHNs
(Gupta, Diwan, 2017; Zainab et al., 2020).

BasHyto posib MC nrpatoT B 3aLLMTe He TOIbKO OT abUOTUYeCKX, HO 1 OT
6NOTUYECKMX CTPECCOPOB, B YaCTHOCTM OT 3aLLNTHbIX MeTaboNTOB pacTeHWIA-
xo39eB. MyTauus, NprMBoAsALLas K HecrnocobHoctu Rhizobium leguminosarum
crHTe3npoBaThb IMMC, He cka3blBanacb Ha POCTe MUKPOOPraHN3mMa B CTaHAaPTHbIX
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yCnoBuAX in vitro; o4HaKko MyTaHTHas popma B CpaBHEHUM C AVKUM TUMNOM bbina
3HauMTEILHO Bonee YyBCTBUTENBHA K pAay duToanekcmHos (Rolfe et al., 1996).
OAHVMU 13 KHOYEBbIX 3aLLMTHBIX METab0oINTOB PaCTeHWI CUMTAKOTCA

A®K, koTOpble onocpeAytoT pasHble TUMbl IMMYHHbIX OTBETOB 1 06N1ajatoT
NPAMOI aHTUMUNKPOBHOW akTMBHOCTLIO (Bissett et al., 1990; Herb, Schramm,
2021). B coctas 3MC BXoAAT pasHble GyHKLMOHaNbHbIE FpyMbl

(kapboKCUbHBbIE, TNAPOKCUIbHBIE, Pa3/INYHbIe HeYrNeBOAHbIe 3aMeCTUTenNN),
KOTOpbIe CyXaT B Ka4ecTse JOHOPOB 3/1eKTPOHOB, 0becneynBatoLLnX
faeTokcmkaumio APK. CnocobHOCTb oCyLLecTBAATE geTokcmkaumio A®K 6bina
NPOAEMOHCTPMpPOBaHa Ha NpumMepe 6onbLIoro Ymncna pasHeix 3MC (Yildiz et al.,
2018; Andrew, Jayaraman, 2020; Nguyen et al., 2020); ogHako cpean 3MC
duTonaToreHHbIX 6akTepuii Takmne CBOMCTBA BbINV NPOAEMOHCTPUPOBAHbI TONBKO
ANSA KcaHTaHa n Ansa 3MNC, cnHTesmpyembix P. agglomerans (Wang et al., 2007;
Sran et al.,, 2019).

3MC cnocobHbl He TONbKO obecneunBaTh AeTokcmkaumo APK, Ho u
NpensTcTBOBaTb UX MHTEHCUBHOMY CUHTE3Y. STV NOANMEPbI MOTYT UHIM6MPOBaThL
HAA®H-okcngasy - GepmeHT, Npomn3BOAALLMIA OCHOBHOM nyn ADK B
pacTuTeNbHbIX kKneTkax npu 6roTmnyeckom ctpecce (Bylund et al., 2006). Kpome
Toro, 3MC cnocobHbI CBA3bLIBaTb NOHbI XeNe3a, KOTopble HE06XOANMbI AN

reHepupoBaHWs rMAPOKCUA-paAMKana B xoge peakuynu deHtoHa (Cho et al., 2013).



Momummo 3Toro, 3MC CBA3BLIBAIOT MOHbI KasbLMS - KNOUYEBOro BTOPUUHOIO
nocpeaHnka, 3a4eiCTBOBaHHOIO B MHAYKLN UMMYHHOrO oTBeTa. Bxog Kanbuus B
LUMTOMNa3My 13 anonnacTta, B YaCTHOCTU, MPUBOAUT K MHAYKLMW aKTUBHOCTY
HAA®H-okcngasel 1, cnegoBaTtensHo, reHepuposaHuio AGK (Dey et al., 2010;
Dubiella et al., 2013; Stael et al., 2015). Takum 06pa3om, UMMOBUAN3aLMS
KanbLums npu ydactum SMC MoxeT NOAABAATL OKUCAUTENbHbIV B3pbIB B
NHGMLMPOBAHHOM pacTeHnY, 61aronpuaTcTBya PasBUTUIO GUTONATOreHHOro
MUKpoopraHusma in planta (Lattner et al., 2003; Aslam et al., 2008; Bianco et al.,
2016). Mpu 3TOM B XenaTMpoBaHU KaibLsa BaXHYH po/b UrparoT
mMoanduumpytowme rpynnsl IMC. Tak, kcaHTaH (3MC, Npon3BoAUMbIN X.
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campestris), IMLLIEHHbIV aLeTUNbHbIX 1 MAPYBUIbHBIX FPYMM, 3HAUYNTENBHO XyXe
CBA3bIBA MIOHbI Ka/IbLMS, YeM HaTUBHbIN KCaHTaH, 1 B OT/IYME OT NCXOAHOMO
nosMMepa He penpeccrpoBan onocpejyemMble KaabLem 3aLMTHble peakLum
pacTteHuii ( Yun et al., 2006; Aslam et al., 2008{37 ).

1.2.4.3. dutonMmyHHbIle cBoricta 3MC

3MC nrpatoT BaxKHYH po/b BO B3aUMOAECTBUN PaCTEHNIA 1

MWKPOOPraHn3mMoB. [ToOM1MO TOro, YTO 3TV NOAVMEpbI UTPatoT CTPYKTYPHYH POk
B COCTaBe natosnornyecknx cucrem (1.2.4.1) 1 npefoxpaHstoT KNeTkun
MUKPOOPraHN3MOB OT AeNCTBUA 3aLLNTHBIX MeTabonnToB xo3auHa (1.2.4.2), 3MNC
MOTyT KOOPANHMPOBATbL UMMYHHbIe OTBETbI PACTEHUIA.

VIMMYHHbIe OTBETbI MOTYT MPUBOANTL K Pa3BUTUIO ABYX TUMOB

YCTORUMBOCTYU: 1) KONMYECTBEHHAs YCTOMUNBOCTb (FOPU30OHTaNbHas nav MAMIT-
NHAYLMpyeMas) 1 2) KauyeCTBeHHas YCTONYMBOCTL (BepTUKanbHas nnm sgpdektop-
nHayumpyemas) (Zhang, Zhou, 2010; Henry et al., 2013; lopLukos, 2017).
VHAYKTOpaMun KONNYECTBEHHO YCTONUYNBOCTI CNyXaT MeTabonunTbl
$u1TONATOreHOB, KOTOPbIE COCTABASIOT Tak Ha3blBaeMbIl MaTOreH-
accoUMMpPOBaHHBbI MonekynspHbIv natTepH (MAMI) (Hanpumep, pparMeHTb
dnarennnHa v psga Apyrux 6enkos, XMTUHa U paja APYr1x Noancaxapuaos), a
Takxe 3HAoreHHble anmcuTopbl (damage-associated molecular pattern, DAMP,
MONeKyNAPHbIV NaTTePH, aCCOLMMPOBAHHBIN C NOBPeXAeHVeM), Takune, Hanpumep,
Kak 0NMrocaxapviHbl, B TOM YMCAE ONIUTOranakTypoHuabl - GparmeHThb!
NeKTUHOBBIX BeLlecTB pacteHuid. MAMIM 1 DAMP pacnosHatoTcs
cneundunyecknmm perentopamu - PRR-knHasamu (pattern-recognition receptor) n
WAK-knHasamu (wall-associated kinase), cooTBeTcTBeHHO. B pesynbTaTe
B3anmogencTemsa anncntopos (MAMI n/unn DAMP) ¢ cooTBeTCTBYOLLMMUN
peLienTopamy reHepypyeTca CUrHan, KItoYeByo posib B nepejade u
amnandukaumm kotoporo urpatoT MAT-knHasel (MAP-kinase, mitogen-activated
protein kinases) 1 BTOPUYHbIN NOCpesHVK - KanbLuii. Mepegaya curHana npu
3TOM NPUBOANUT K aKTUBaLV UMMYHHOIO OTBeTa: reHepupoBaHunto APK, cnHTesy
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$UTOANEKCMHOB 1 3aLLUTHbIX 6e1KOoB, GOPTUPUKALIMN KNETOUHOW CTEHKM C
MOMOLLbO OTNI0XEHWS Kanno3bl 1 AUrHWHA U T.4. (Jones, Dangl, 2006; Zipfel,
Robatzek, 2010; Foplikos, 2017).

Ansa paga 3MC 66110 NPOAEMOHCTPUPOBAHO, UTO OHWU MOTYT CIYXWUTb B

kayectse MAMI - TO eCTb 31MCUTOPOB MUKPOBHOTO MPOUCXOXAEHWS,
VNHAYLUMPYIOLLMX UMMYHHBIV OTBET pacTeHwit. 31C, nponssognmMele Pseudomonas
syringae, Xanthomonas campestris 1 Ralstonia solanacearum aktusmpoBanu B
pacTeHusx HakonneHve A®K, cHTes prUToaNekCMHOB, 3aKpblBaHMe YCTbUL, - TO
ecTb TUNUYHble NMAMI-nHAyUMpyemMble oTBeTbl (Romeiro, Kimura, 1997; de Pinto
et al., 2003; Milling et al., 2011; Bianco et al., 2016).

B 7o xe Bpems 3MMC MOryT Ciy>XXuTb 1 B Ka4ecTBe penpeccopos

KonmyecTBeHHOW ycToumocTu. 3MC, cMHTe3npyeMble X. campestris, P.

syringae, E. amylovora 1 R. solonasearum nogasnsinu NMAMM-UHAyLMpyeMblii
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UMMYHUTET y pacTeHuii (Aslam et al., 2008). Mpu 3ToM geaLeTUANPOBaHHas
dopMa KcaHTaHa nMena ropasfo MeHee BbipaXeHHble GUTONMMYHOCYNPecCopHble
CBOWCTBa, YeM HaTVBHas, aueTunnpoBaHHas popma. ObHapyxeHve
MNMMYHOCYNPeCCcopHbIX CBOMCTB y SIMC XOPOLLO COrnacyeTcs € Tem, YTO MyTaHTbI,
He CMHTe3MpYtoLLMe 3TV NOVMEpbI, BbI3blBaiN Yy PaCTEHNIA-X034€B 3Ha4YNTENbHO
60/1ee CUNbHble UMMYHHbIe OTBETbI, YeM COOTBETCTBYIOLLME Ankie GOpMbI,
npowussoadame 3MC (Bugert, Geider, 1995; Araud-Razou et al., 1998; Yu et al.,
1999; Kemp et al., 2004; Keshavarzi et al{129 . 2004{37 ;Yun et al., 2006). Mo Bcel
BEPOSTHOCTH, BaXKHYH PO/b B eTEPMUHNPOBaHNN GUTOVMMYHOCYMPECCOPHbIX
cBoiicTB 3MNC UrpaeT cNocobHOCTb 3TVX NOAMMepPOB obecneynBaTb
Aetokcmkaumto AOK 1 cBA3bIiBaTb MOHbI KanbLus.

KauecTBeHHas yCTORUMBOCTb MHAYLIMPYETCSt B OCHOBHOM 3G $eKTOPHbLIMU
6enkamun GUTONaToreHoB, 0CTaBNSEMbIMU MUKPOOPraHU3Mamu B LIUTOMNAa3My
KNeTKM X03511MHa C MOMOLLbIO CreLanbHbIX CeKPEeTOPHbIX CUCTeM, B MepBYyHO
ouyepespb, CMCTEMbI cekpeLmmn TpeTbero Tuna (He et al., 1998; Buttner, Bonas,
2002). BHyTpn npoTonnacta 3t 3G¢$eKTopbl MOryT pacno3HasaTbcs R-
peLenTopamMu pacTeHNA-X03amnHa, B pesyibTaTe Yero reHeprpyeTca MOLLHBbIA
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OKMCWTENbHbIV B3PbIB, MPUBOAALLMIA K MHAYKLMM ocoboro Tina MKC - peakuyun
rMnep4vyBCTBUTENbHOCTU. Takas peakumst NPUBOAUT K BbICTPOW, HO 10KanbHOM,
rméenn KNeTok pacTeHnin BMecTe ¢ BHeAPMBLUMMCS B HUX NaToreHom. Takast
$opMa MMMYHHOrO OTBETa, Kak MPaBWIO0, BbIPaXaeTcs NMOAHON (KayecTBeHHO)
YCTOMYMBOCTLIO pacTeHuid k natorery (Jones, Dangl, 2006; Spoel, Dong, 2012;
loplukos, 2017).

HecmoTps Ha TO, UTO rNaBHbLIMU UHAYKTOPaMU KayeCTBEeHHOW

YCTORUMBOCTY CUNTAIOTCA 3G PeKTOPHbIE 6eKK, 3TOT TUMN NMMYHUTETa MOXeT
6bITb aKTVBMPOBAH W APYTMUN MeTabonnTamMmn ¢putonaToreHoBs. Tak, Hanpumep,
curHanbHas monekyna DSF (diffusible signal factor) - megmnaTop cuctembl KBOpyMm
ceHcuHra ¢uTonaToreHHbIx 6akTepuin pogos Xanthomonas u Xylella -
NHAYLMpPYeT peakLuio rmnepyyBCcTBUTENbHOCTI Y psiga BUAOB pacTeHuii (Kakkar
etal., 2015). Anst 3MNC paHee He 6b110 MOKa3aHO, YTO OHW CMOCO6HbI
VNHAYLMPOBaTb peakuuio rmnepyyBCTBUTeNbHOCTU. OAHAKO CynpeccopHble
cBoiicTBa 3MNC B OTHOLLEHWM 3TOrO TWMNa UMMYHHOTO OTBeTa 6bin
NpoAeMOHCTPMPOBaHbI. KcaHTaH nogasnsn nHAyumpyemyto DSF peakumto
rmnepuyBCTBUTENBHOCTL Y pacTeHnii pesyxoeuaku (Arabidopsis thaliana), Tabaka
(Nicotiana bethamiana) n puca (Oryza sativa) (Kakkar et al., 2015). Kpome Toro,
370T 3MC NoAaBNAN peakLuio rmnepyyBCTBATENEHOCTY, UHAYLIIPYEMYIO
aBVIPY/NIEHTHBIMYM WTaMMaMu Xanthomonas campestris pv. malvacearum, koTopble
aKTMBUPOBANW 3Ty peakL1io, eC/iN pacTeHUs npejBapuTeNbHO He obpabaTbiBany
KcaHTaHoMm (Leigh, Couplin, 1992).

MomMumo Toro, 4to HekoTopble 3MC cnocobHbI NOAABNATL GUTOUMMYHHbIE
OTBETbI, 3TV NOAVIMEPbI MOTYT 3KPaHNPOBaTb 3NCUTOPbI GUTOMATOreHOB,
NpenaTcTBYs UX B3aVMOAENCTBIIO C COOTBETCTBYIOLLMMM peLienTopamu
nocneaytoLet HAYKLMM 3aLLMTHBIX CUCTEM pacTeHKs-xo3arHa. Kpome Toro,
3MNC mMoryT NpeAoTBpaLLaTh CBA3blBaHVE 6akTepuanbHbIX KNeTOK pacTUTebHbIMU
arrMtTUHUHAMK, KOTOPbIE UMMOBUIN3MPYHOT MAaTOreHOB U MPUBOAAT K MX
anMuHaumn. He npoussogsiume SMMC wrammel Erwinia amylovora, Pantoea
stewartii, Ralstonia solanacearum cBsa3blBan1Cb pacTUTENbHLIMUN arrMIIOTUHUHAMWU,
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a LITaMMbl 3TWX Xe BUAOB bakTepuii, cuHTesnpytowme 3MC, - HeT (Bradshaw-
Rouse et al.,, 1981; Young, Sequeira, 1986; Menggad, Laurent, 1998).
MepeyncneHHble cBoiicTBa IMC onpeAenstoT X HEOBXOAMMOCTb ANS
$opMMPOBaHNS PacTUTENbHO-MUKPOBHBIX NaTOCUCTEM, 1 MO3TOMY 3TV MOAUMEPbI

OTHOCAT K paKTopam BUPYNEHTHOCTM GUTONATOreHHbIX 6akTepuii 1
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JeTepMUHaHTaM pacTUTeNbHO-MUKPOBHbIX B3aUMOAEACTBUIA.

1.3. MNocTaHoOBKa Lenn nccnesoBaHns

MpuBeseHHbIN Bbille 0630p AaHHbLIX NTepaTypbl CBUAETENLCTBYET O TOM,

4TO NekTobakTepnmn 061a4atoT BHYLLMTEbHLIM apceHanom pakTopos
BMPYNEHTHOCTM, KOTOpble 0becneynBatoT BO3MOXHOCTb B3aMMOAENCTBIS 3TUX
MVKPOOPraHU3MOB C pacTeHUsIMU-X035eBaMu. B xoze B3anMoaeiicTBus ¢
pacTeHAMN NeKTobaKTePUK MOTYT Bbi3biBaTb Kak TUMUYHbIE MHEKLMN,
BbIPaXatoLLMecs pasBUTUEM MATKMX THEN, Tak U TaTeHTHble, 6eCCMITOMHbIe
NHPEKLMK, He CoNpsKeHHble C naTonornyeckmu npoueccamu. CueHapuii
B3aVIMOAENCTBISA NeKTobakTepuii C pacTeHUSAMYM OnpejensieTcs B 3aBUCUMOCTY OT
YPOBHS NPOAYKLMM TeX UK MHbIX GaKTOPOB BUPYNEHTHOCTW, peakumnii pacTeHni
Ha MHBAa3MIO NATOreHOB, a Takxe CTpaTernmn KOOHN3aLun Xo03seB
MWKPOOPraHn3Mamu.

W npuv TUNNYHBIX, 1 NpK 6@CCUMNTOMHBIX MHEKLMSAX B coCyAax

nepBUYHO KCuneMbl MHGULMPOBAHHbLIX NEeKTO6aKTepUSMUM pacTeHNn 06pasyroTcs
0CObble «MHOrOKNEeTOUHbIE» CTPYKTYPbI - 6akTepuanbHble 3M60AbIl. 3T
CTPYKTYPbl MOXHO Ha3BaTb 6a30BbIMU KOMMOHEHTaMW UCCesyeMoi
PacTUTENbHO-MUKPOBHOW MaTOCUCTEMBI, TaK Kak OHW 06pa3ytoTcsa Mpu pasHbIX
dopmax B3anMoeiCTBIA ABYX OpPraHM3MoB. bakTepunanbHble 3M60bI
npeACTaBAstoT cob0li NPOAYKT UHTErpaLmmn pacTeHNs-xo3arHa 1 naToreHa,
nockosbKy B OPMUPOBAHUN 3TVX CTPYKTYP NMPUHUMALOT yyYacTne oba opraHvmMa.
O6pa3oBaHme «<MHOTOK/IETOUHbIX» CTPYKTYP 13 6aKTepuanbHbIX KNeTok, Kak
npasuo, CBA3aHO C GOPMUPOBaHMEM 3KCTPAKIETOYHOrO MaTPUKCa,
06BbeAVHAIOLLErO MUKPOBHbIE KNETKN B eAVHYt0 cncTemy. OCHOBHbIM
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KOMMOHEHTOM Takoro MaTpuKca ciyxaT npoayuyvpyemslie 6aktepuamm MC.
MoOMVMO BbINMOAHEHMSA CTPYKTYPOO6pasyroLmx GyHKUMIA SMC MOryT CRyXuTb B
KayecTse 3aLMTHbIX MeTaboNNTOB, MPeJOXPaHSAIOLLMX KNETKN OT Pa3HbIX
CTPeccopos, a Takke GUTOMMMYHOMOAYNATOPOB U GUTONMMYHOCYNpeccopos. B
€BSI31 € 3TUM, IMC OTHOCAT K GaKTOpam BUPYNEHTHOCTU MHOTMX MaTOreHHbIX
6aKTepuii (B TOM umcne GpUTonaToreHHbIX).

Y npeactaButeneii poga Pectobacterium 3MC onvcaHbl He 6b11K, HeCMOTPS

Ha TO, YTO 3TV MUKPOOPraHM3Mbl 06Pa3yoT «MHOrOKNETOUHbIE» CTPYKTYPbI C
BHEK/eTOUYHbIM MaTPMKCOM. [ MOCTPOeHMst NepPBUYHOro MaTpuKca
6akTepuanbHbIX 3M60N0B NeKTobakTepun NCNoNb3ytoT He 3MC, a pparmMeHTbI
MeKTMHOBOTO NONMCaXapUAA PaCTUTENbHBIX kneTouHbix {124 cTeHok
(pamMHoranakTypoHaHa |, PT-1). 9T ¢pparmeHTbl BbICBOOOXAAOTCSA B MONOCTh
COCy/0B B pe3ynbTaTe BOCMIPUMMUYMBOro OTBeTa pacTeHNs 1 0bpasyroT
renenof06Hyto cybCTaHLmIo, KOTOpas BbIMOMHAET GYHKLMIO BPEMEHHOro
HocuTenst MUKPOBHBbIX kneTok. OAHaKo Mo Mepe pas3BUTUS bakTepuanbHoOro
3mbona Pr-I nocTeneHHO paspyLlaeTcs; HO MpY 3TOM 3KCTPaKAETOUHbI MaTpUKC
He 1cye3aeT 1 Ae3nHTerpaummn 6akTepnansHoro smbona He nponcxoanT. Bornpoc o
MONIMMEPHOI CeTW, NoAAEPXXMBatOLLLEe CTPYKTYPHYHO LLeNOCTHOCTb
6akTepuanbHoOro am6ona, ocTaBancs OTKPbITbIM.

Hamu 6blna BbIABMHYTa rMnoTesa o0 TOM, UTO Ha MO3AHMUX 3Tanax pasButus
6aKTepunanbHbIX 3MO600B NMEPBUYHbIN «MEeKTUHOBBIV» MAaTPUKC 3TUX CTPYKTYP
3amellaetcst MaTpUKcom 13 IMMC nekTobakTepuid. B cBA3M C 3TUM, B HacToALLEM
nccneoBaHNM Mbl NPEANPUHAAN NOMbITKY MAeHTUdMLMpoBaTb IMC
nekTobaKTepuii, pacluMppoBaTh NX MONEKYNSAPHYHO CTPYKTYPY 1 OLLEHUTD
BO3MOXHOCTb y4acTu1si 3TUX NOAVMePOB B GOPMUPOBAHUN PACTUTENBHO-
MWKPOBHOW naTocmcTemsl.
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SKCNEPUMEHTAIbHASA YACTb

[TTABA 2. MATEPUA/BI I METOAbI MCCNEAOBAHNA
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2.1. KyneTmBMpoBaHue Pectobacterium atrosepticum

LLitamm Pectobacterium atrosepticum SCRI1043 nto6e3Ho npegoctaBneH

K.6.H. E.A. Hnkonaiiunkom (benopycckunii rocyiapCcTBeHHbIV yHUBEepCUTET,
MwuHck, Benapyce). Ana MHGULMPOBaHWS pacTeHWNIA, a Takxe AN NonyYeHus
ronojaroLwmx KynbTyp, KneTku P. atrosepticum KynbTVBUpPOBanu B cpeje
Lysogeny broth (LB), cogep>atieii Ha 1 a1 10 r nenToHa, 5 r 4poXoKeBoro
aKkcTpakTa, 10 r NaCl, pH 7,5, B TepmocTaTpyemom Lielikepe-nHky6aTope (JEIO
TECH, Kopes) npun 180 06/mMuH 1 28 oC. B kauecTBe MHOKYASTa UCMOAb30Banu
KynbTypbl {58 Mo3aHel orapudMUUEcKoil dpasbl pocTa B KONNYECTBE, AalOLLEM
HayanbHyH ONTUYECKYH MIOTHOCTb KNETOUYHOM cycneHBmm{Ss 0,1 OE (A = 600 HMm).
TUTp KyNbTYp ONpeaensiv no KONNYecTBy KONOHNEeo6pasyoLmMxX eAVHNL, B
munavantpe (KOE/mn). KynbTypbl nocnegosatensHo passoannv B 10 pas B
dursmonornyeckom pacteope (0,9% BoaHbIV pactBop NaCl). Mo 0,1 ma 13
KaXz0ro passefeHns HaHOCUAM Ha Yallku MeTpu, cogepxatyme 20 M
arapusoBaHHoW cpeabl LB (1,5% arap-arap Industrias ROKO SA, McnaHus) n
pasMasblBanv MO MOBEPXHOCTM NPV MOMOLLY LunaTens puranbckoro. 3acesHHble
yalku MeTpu BblgepXnBann B Tepmoctate npu 280C. MNoAcyeT KONOHW
NPOBOAVAN Yepes ABoe CyTok nocae nocesa. Tutp KOE B ncxogHoM KynbType
onpezensinv No cpeHeMy YNCy KONOHWIA C y4eTOM CTerneHn pa3BejeHns.

Ansa aHannsa noancaxapuios NCNONb30BaNN KyNbTypbl KNETOK, PacTyLUMX B
CUHTeTMYecKo cpeje /15, 1 ronogatoLime KynbTypbl, UHKY6Upyemble B
6e3yrnepogHoii cpese AB. Cpeay A5 (13,6 r/n KH2PO4; 1 r/n NHA4CI; 10 MM
MgS04, 2 r/n caxaposa; pH 7,5) MHOKYMPOBanu OTMbITbIMU 3TOW Xe cpesoi
Knetkamu P. atrosepticum Ao HayanbHoro TuTpa 1-3x106 KOE/mn;
KynbTUBMpPOBaHWe NpoBoAMan npu 180 06/MuH 1 28 oC B TeyeHMe 24 4acoB A0
paHHe cTaumoHapHol ¢asbl pocta (~5x108 KOE/Mn). Ans nonyyeHus
ronojatoLLmx KynbTyp, cpeay AB (cogepkatuyto Ha 1 11 1 NH4CI; 0,62 r
MgS04x7H20; 0,15 r KCl; 0,013 r CaCl2x2H20; pH 7,5) nHokynvposanun
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ABaX/bl OTMbITLIMW 3TOW Xe cpeaoli kneTkamu P. atrosepticum Ao HavanbHOro
TMTpa 2-3x108 KOE/Mn; KynbTypbl nHKy6uposany npu 28 °C 6e3 aspauun B
TeyeHue 14 cytok. Mocne 14 cyTok HkybuposaHusa TnTp KOE B ronoaaroLmx
KynbTypax coctaBnsan 3-5x107 KOE/MA. YCTOTY KynbTyp KOHTPONNPOBan C
MOMOLLIbIO MUKPOBMONOrNYecknx BeiceBoB U MNLIP-aHann3a co cneynduyHbiMm
npavimepamu (FopLukos 1 ap., 2009; Petrova et al., 2014).

ANA NHAYKLUMN peakuun runepyyBCTBUTENIbHOCTI Y pacTeHnii Tabaka
ncnonb3oBanu Wtamm Pseudomonas syringae DSM 50256 (German Collection of
Microorganisms and Cell Cultures); kynbTBMpPOBaHWe KNeToK 3TOro WraMmma
npoBoAMNN B cpeje LB kak onvcaHo Bbllle 415 KNeTOoK nekTobakTepuii.

2.2. BoigeneHwue 3TC 1 BHYTPUKAEGTOUHbIX MONCaxapuioB 13

CyrnepHaTaHTOB Ky/bTyp U 13 KNeTok P. atrosepticum

Monncaxapuapl BelAENANN U3 CyNepHaTaHTOB KyNbTyp, a Takxe 13 K1eTokK,
KyNbTUBMPYEMbIX B CUHTETMYeCKO cpege /15, nmn nHKybunpyembix B
6e3yrnepoaHoii cpese AB. CynepHaTaHTbl KyNbTyp OTAENANN OT OCHOBHOW Macchbl
KNeTOK € NOMOLLbIO LieHTpryrnposaHus (10000xg, 4 °C, 10 MuH). Mony4eHHbIe
CynepHaTaHTbl Nocaes0BaTeNbHO NPOMYCKan Yepes HTPOLLe/THON03HbIe
dunbTpLI € gnameTpom nop 0,45 Mkm 1 0,22 MkM (Sartorius, Fepmanus) 4ns
yAaneHns oCTaBLLNXCA Nocae LeHTPUdYrpoBaHns KneTok. 1S o4ncTku
06pasLoB OT OCHOBHOI YacTW 6eNKOB CynepHaTaHT TepMocTaTpoBany npwu 100
°C B TeyeHne 10 MMH{SS , nocne Yero NOBTOPHO LIEHTPUPYrMpoBani 1 nponyckanu
yepes HTPOLLE/I/IIONO3HbIE GUALTPLI. VI3NIULIHIOW XUAKOCTb U3 CynepHaTaHToB
BbiMapuBanv Ha poTopHoM rcnaputene (IKA RV 8 V-C, FepmaHust) 4o o6bemMa
o6pasua ~10 M. 3aTeM NonyyeHHbI 0bpaseL, Ananv3oBani NPoTnB

[leMOHM3POBaHHOM BOZAbI (06beM 2 IMTPa) C MOMOLLbIO AVanN3HbIX MeMbpaH 13
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uenntonosbl 12000-Da (Sigma-Aldrich, FepmaHus) B TeueHve 12 Yacos npu
KOMHaTHOV TemnepaTtype, MeHss BoAy kaxaple 2 yaca. lNocne gnannsa obpased,
KOHLIEHTP1POBany C MOMOLLLIO BakyyMHoOro ncnaputens Eppendorf Concentrator
Plus (Eppendorf, Fepmanus).
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Ansa onpegenenHns ctpykTypbl IMC P. atrosepticum ¢ nomoLsto AMP-
CMeKTPOCKOMNWY, a Takxe AN BCeX 3KCNeprMeHTOB MO aHann3y CBOCTB LieneBbIX
MO/IMMEPOB NCMO/b30BaIN OYMLLEEHHbIA C MOMOLLEIO reNlb-NPOHVKatoLLen
xpomatorpadum (NyHkT 2.3) npenapat 3MC: 100->400 k/la - ppakums,
COOTBETCTBYOLLAA 06bemaM dntoLmnn 9-18 MA € y4eToM BblveTa MepTBOro obbema
(8 mn), a Takxke geaueTnanposaHHyto popmy SMC. JeaueTnanposaHne
OUNLLEHHBbIX C MOMOLLIO reNb-NpoHuKatoLein xpomatorpaduu 3MC npoBoANAN B
12% NH40H (37 °C, 16 u).

KneTku, ocaxzeHHble C MOMOLLbIO LIeHTPUYrMpoBaHus, A4BaxXabl

OTMbIBaNV cpefoit AB 1 pacTmpanu B kepammyeckux CTyrnkax B X1AKOM asoTe A0
COCTOSIHVS MyApbl. K nonyyeHHoW cybcTaHummn gobaensinv cpedy AB (1/10
06BbeMa 0T MCXOAHOro 0bbeMa Ky/bTypbl) 1 TLATebHO NepeMeLLnBani.
MonyyeHHyto cycneHsunto LeHTpudyrnposanu (10000xg, 4 °C, 10 MuH),
CynepHaHTaHT 0T6Mpann 1 NoABepranu Tem xe npotegypam (prnbTpoBaHue,
KMnsyeHne, ynapusaHue, Ananis), 4To 1 CyrepHaTaHTbl Ky/bTyp (CM. BbiLLe).

2.3. AHanu3 nonncaxapuios C MOMOLLbIO reNb-NPOHMNKatoLLeit

xpomatorpadum

Monncaxapuabl aHaN3MpPoBaNu C MOMOLLbHO FreNlb-NMPOHMKatoLLel
xpomatorpadum Ha konoHke (12x400 mm) ¢ cedaposoii CL-4B (Pharmacia,
Lseums) npu{71 ckopoctn anmoLMy 0,25 MA/MUH. O6beM cobrpaembix GpakLmii
coctaenan 1 mn (konnektop pakumin FC203B, Gilson, ®paHuuma). Ans kaxaoro

13 06pasLoB cobupanv no 40 ¢ppakumii C y4eTom MepTBOro obbema (8 mn). B
KayecTBe 3/1t0eHTa 1cnonb3osanyt 10 MM NUPUANH-YKCYCHOKMCNbIN Bydep (pH
4,5). O6pasLpl NynnynaHoB MonekynsipHoii maccoii 1660, 380, 186, 100 1 48 k/la
(Showa Denko, Tokyo, Japan) ¢ H/3KUM UHAEKCOM nonaunamcrnepcHocTy (1.09-

1.19) ncnonb3oBany B Ka4ecTBe CTaHAAPTOB ANSA KaMOPOBKN KONOHKN.

Mocne NpoBeAeHVs refib-NpoHVKatoLLeli XxpoMaTorpadum B kaxaon s 40
cobpaHHbIX ANs KaxAoro obpasta Gppakuuy onpeaensny KONMYecTBO yr1eBoioB
deHonbHbLIM MeTogoM o [ltobya (Dubois, 1956). B cTeknsiHHbIE NPO6GUPKA
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fobaenanv no 125 mkn 5% peHona n 125 mkn obpasuya. MNocne TwaTenbHOro
nepemeLLnBaHns K cmecr fo6aenanm 0,625 M KOHLEHTPUPOBaHHOL cepHO
KNCNOTbI. [ofy4eHHyto cMech Bblgepxusani 10 MUHYT NPy KOMHaTHOM
TemnepaType 1 3aTeM TepMOCTaTMPOBaNN Ha BOAAHOW baHe B TedeHne 15 MUHYT
npwu 100 °C. ONTUYecKyto NIOTHOCTbL PacTBOPa U3MepPANn Ha cnekTpodpoTomeTpe
(Carl Zeiss Jena type MK 6/6, TepmaHust) npun 490 HMm. CoaepxaHue yrnesoios
onpejensiiv OTHOCUTEIbHO KaNMBPOBOYHOM KPUBOIA.

2.4. OnpegeneHne MOHOCaxapyAHOro cocTaBa MNoancaxapunios
MoHocoxaprAHbI cocTaB onpeensinv Bo ¢ppakLysx, 0TO6paHHbIX nocnie
renb-npoHuKatoLLe xpomatorpadun. AMMKBoOTY Gpakuum, cogepxkaliyto 60 mkr
YrNeBO/0B, BbICYLLNBAAV Ha CKOPOCTHOM BakyyMHOM KOHLieHTpaTope Eppendorf
Concentrator Plus (Eppendorf, FepmaHus) 4o o6bema 300-500 Mk, nepeHocuan B
14 Mn npobupkun 13 AtopaHeBoro cTekna (Sigma, CLLUIA) 1 BbicyLLMBanu B Toke
BO34yxa npu 60 °C go cyxoro ocagka. O6pasupl rugponmsosanv B 400 mkn 2 M
TPUPTOPYKCYCHOM KncnoTbl (TOY) npn 120 °C B TeveHne 60 MUHYT. Mocne
rmaponmnsa obpasubl nepeHocuan B 1,5 Mn NaacTukoBble MPOGUPKL 1 BbICYLLVBANN
B TOKe Bo3Zyxa npu 60 °C go cyxoro ocazgka. O6pasupl pactBopsau B 50 MK/
[leMOHN3POBaHHON BOZbI.

MoHocaxapuAHbIli COCTaB NONMCaxapuAoB aHaM3MPOBaan C MOMOLLLIO
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MeTo/a BblCOKO3pdeKTUBHOW aHMOHO0BMeHHOW xpomaTorpadun (HPAEC) Ha
KonoHke CarboPac PA-1 (4x250 mm, Dionex, USA), nCnonk3ys MMAyNbCHbIN
amnepomeTpuyeckunin getektop PAD (Dionex, USA). CKOpoCTb 3/110MpOBaHNs
coctasnana 1 Ma/MuH. TemnepaTtypy KONOHKIN noagepxusany npu 30 oC.
Bydepbl: A- 100 MM NaOH B 1 M AcNa, B - 15 MM NaOH. MpagneHTHoe
3710VpOBaHKe NPoOBOAVAN cieaytoLnm obpasom: 0-20 MuH B-100%; 20-21 muH (23
B-90%, A-10%; 22-41 muH B-50%, A-50%; 42-55 muH A-100%; 56-85 MuH B-
100{71 %. AHann3 Kaxaoro obpasta NPOBOANIV B ABYX MOBTOPHOCTAX. Pe3ynbTaThbl
aHanM3MpoBan C NOMOLLbIO NPOrPaMMHOro o6ecnequV|$-|{71 Dionex PeakNet.
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2.5. AHanu3 cogepxkaHns 3-e30Kcun-D-MaHHO-2-0KTy1030HOBOW KUCNOTbI

(KAO)

CogepaHue 3-ae30kcn-D-MaHHO-2-0KkTyN1030H0BO kncnoTel (KA0)
aHanusmposanu B obpasuax IMC n annononncaxapuaa (JIMNC) P. atrosepticum.
Ans BblgeneHns JINC ncnonb3oBany KNeTKW CTaLMoHapHOW dasbl pocTa,
KyNbTUBUPOBaHHbIe B cpee LB. KneTkn cobupanu ueHTpudyrnposaHnem
(4000x%g, 10 °C, 30 MUHYT), 06e3BOXMBaNN aLLeTOHOM, BbICYLLVBAAN Ha BO3jyxe 1
ANCneprupoBany.

JIMNC aKkcTparMpoBanu 13 KNeTok ropsayrimM BoAHbIM pacTBopoM 45% deHona

npu TemnepaTtype 67 °C Npu NOCTOSHHOM NepeMeLLVBaHUN B TedeHre 45 MUHYT
6e3 pasgeneHus cnoes (KynbLivH, 1987). CMeck oxnaxaanu, NnepeHocnnm B
AVIaNN3HBIA MELLOK 1 MPOBOAUAV ANaN3 MPOTUB AVCTUNNNPOBAHHON BOAbI B
TeyeHue 5-7 cyTok. Inann3oBaHHbIN 0bpaseL, KOHLEHTPUPOBaV Ha POTOPHOM
ncnaputene. Mpumecy 6enkos ocaxganu gobasneHnem 40% TPUXN0PYKCYCHON
KncnoTbl Ao pH 2,7. CMecb LeHTpudyrnposanu npu 6000xg, 4 °C, 20 MUH.
CynepHaTaHT ANann30Baan NPOTUB ANCTUANIMPOBAHHOW BOAbI 1
KOHLieHTpVpoBany Ha POTOPHOM 1cnapuTene. MonyyeHHbIi npenapat JINC
nnodunmsosanu c nomoueto Benchtop 2 K freeze dryer (VirTis, CLUA)
(Senchenkova et al., 2003). Beixog J/INC coctaBun 5,8% 0T MacChl KNETOK.
CogepxaHue KO aHannsvposan KONopuMeTpuyeckn no peakumm ¢
Tnobapbutyposoii kucnotoii (Karkhanis et al., 1978). B npobupky ¢ HaBeckol 1
mr npenapata 3MNC nan INC gobasnann 1 mn 0,2 H H2SO4 1 HarpeBann Ha
K1nsALWwen BoasHon 6aHe B TedeHne 30 MUHYT. CMeCb oxnaxaanu 4o KOMHaTHOM
Temnepatypbl 1 LeHTpudyrmposanu npu 10000xg, 4°C B TeyeHne 5 MuH. K 0,5 mn
cynepHaTaHTa gobaensinau 0,25 mn pactsopa 0,04 M NalO4 B 0,125H H2S04.
CMechb BblAepXMUBaNu Npu KOMHaTHOW Temnepatype B TedeHne 20 MUH. MOTOM K
cmecu gobasnanm 0,25 mn 2,6% NaAsO2 B 0,5 H HCI n BcTpaxvBanu 40 NONHOro
obecLBeunBaHMs pactBopa. 3aTeM B cMech gobaensnuv 0,5 mn 0,6% BogHOro
pacTBopa TMob6ap6buTypoBOW KNCIOTLI U NepeMeLLBani Ha BopTekce. [lanee cmecb
TepmocTtatuposanu npu 100 °C B TeueHre 15 MyH. lMocsie TepMocTaTMpoBaHua
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cpasy gobasnanv 1 mn gumetuncynbdokcmaa. Nocne ocTeiBaHNS CMeCH 40
KOMHaTHOW TemnepaTypbl M3Mepsan ONTUYeCKYH NAOTHOCTE NpK 548 HM
OTHOCUTE/IbHO KOHTPOJILHOrO 06pasLia, 06paboTaHHOrO, Kak yKa3aHo BblLLe, HO
6e3 3MC nan /IMNC (Karkhanis et al. 1978). OnTyeckyto NNOTHOCTb U3MEPANN €
nomotbto cnektpopotomeTpa Specord 40 (Analytik Jena AG, Germany).
Cogepxarue KO onpesensiiv 0THOCUTENbHO KaNMbpOoBOYHOM KpUBOK
(3axaposa, KoceHko, 1982).

2.6. AHanm3 cTpyKTypbl € NomoLlso AMP cnekTpockonum

O6pasubl 3MC P. atrosepticum, nonyyeHHble Nocne pasjgeneHns Ha

KonoHke ¢ cepaposoit CL-4B (ppakuyms 100->400 k/la, cCOOTBETCTBYIOLLANA
obbemam antoumn 9-18 M € y4eToM BblyeTa MepTBOro obbema (8 mn)), a Takxe
O-peaueTunmposaHHoro 3MMC (Nony4eHHOro nocie MHKYbMpPoBaHWS HaTUBHbIX

3MNC B 12% NH40H, 37 °C, 16 u), pacTBopanu B okcuge gentepus (D20 99,9%,
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Ferak, FfepmaHus) ans obMeHa rApoKCUIbHbBIX MPOTOHOB Ha AeiTepuii,
BbICYLUMBANV 1 MOBTOPHO PacTBOPSV B OKCuje Aeitepus (99,994%, Sigma
Aldrich, CLUA). ins onpeaeneHns CTPyKTypbl MONMMepa CHUMaAu OAHOMepHbIe
(1H, 13C, 13C-JMOD), aBymepHble reTeposgepHble (HSQC, HMBC) n
romosgepHsble (COSY, TOCSY, ROESY) cnekTpbl. CnekTpbl AMP cHuManu npu
Temnepatypax 303 K (ncxoaHble nonncaxapugbl) n 333 K (O-
ZealeTUANPoBaHHbIe Nonmcaxapuabl) € Mcnonb3oBaHnem AMP-cnekTpomeTpa
Bruker AVANCE lll, pa6oTatowero npv 600 My, JBymepHble cnekTpbl 6bi1u
3anncaHbl 1 06paboTaHbl C UCMO/b30BaHNEM  CTaHAAPTHbIX NPoTokonoBs Bruker.
06paboTKy 1 aHanM3 JaHHbIX MPOBOAWIN C UCMONb30BaHNEM NPOrPaMMHOro
obecneyeHns Topspin 2.1 (Bruker, I'epmaHm;l{ZB ).

2.7. Tony4yeHmne NOANKNOHABHbIX aHTUTEN

[ns nonyyeHna NoVKNOHaNbHbIX aHTUTen npoTtus 3IMC P. atrosepticum
NPOBOAWIV TPEXPA30BYIO MMMYHW3ALIMIKO KPONKOB B NOAKONEHHbIe
NUMPaTNUecKme y3nbl C AByXHeAebHbIM MHTEPBAZIOM MyTeM NnocaeAoBaTebHbIX
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NHBEKUNIA, cogepxatimx 0,5, 1,0 1 1,5 mr oumieHHoro npenapata 3MC P.
atrosepticum. Nt NepBO MHBEKLMN BOAHbBIV pacTBOP aHTUreHa (1 mr/mn)
CMeLUVBaIN C NONHbIM aibloBaHTOM PpeliHja B COOTHOLLEHWW OANH K OAHOMY, a
ANA NOCNeAYOLWNX NHBEKLMIA NCNONb30BaNMN HENOHbI agbloBaHT PpeliHaa.
AHTUCBLIBOPOTKY MNONYYanut U3 KPOBW, B3STON Y KPONIMKOB 13 KPAeBO YLLIHOM
BeHbI, Yepes 1 HeAeNto nocne NocnegHen MMMyHusaumm. dpakumio
NMMyHOrn06ynnHa G noayyYanu 3 aHTUCbIBOPOTKMN OCaxJeHnem
noslyHacblLLeHHbIM PacTBOPOM Cy/ibpaTOM aMMOHWUS. AHTUTeNa obecconnsani
/leVIOHV31POBAHHOW BOAOW C MCMO/Ib30BaHNEM MUKPOKOAoHOK (Vivaspin 500,
3000 MWCO PES, Sartorius Stedim Biotech, FepmaHus). ¥xo4 3a XUBOTHbIMU 1
obpalleHne C HUMKW OCYLLLeCTBASIV B COOTBETCTBUM C PYKOBOACTBOM MO YXOAY U
1CMob30BaHNI0 1ab0paTOPHbIX XMBOTHbIX, EBponeiickoi KoHBeHUMeR o 3awuTe
MO3BOHOYHBIX XUBOTHBIX, NCMO/b3yeMbIX B IKCNEPUMEHTANIbHBIX 1 APYrnX
Hay4HbIX Liensx, 1 3akoHogatenbcTBoM Poccuiickoin Pegepaunu. Vicnonb3osaHune
XMBOTHBIX 6bIN10 TakXKe 0406peHo yupexaeHunem, rae NnpoBoAUINCL
3KCMEepUMeHTbI. [1onyyYeHne aHTUTeN NpoBoAWUAN Ha 6aze MBDPM PAH (r.
CapaToB) COBMECTHO C K.6.H., C.H.C. BypbIrvHbIM 1.

2.8. KynbTrBMpPOBaHWE pacTeHWn 1 UX MHPULMpPOBaHME

PacteHuns Tabaka (Nicotiana tabacum copt Petit Havana SR1),

BbIpaLLieHHbIe in Vitro B CTepUAbHbIX YCI0BUAX, a TakxKe pacTeHus kaptodens
(Solanum tuberosum copT KoHzA0p), BbipalleHHble B MOYBe, UCMOb30BaaV ANS
nMMyHogeTekumn 3MC P. atrosepticum B TKaHAX MHGULMPOBAHHbBIX PACTEHWIA.
PacTeHust kapTodens Toro xe copTa, BblpallieHHble B NMoYBe, UCNOb30Banu ANs
aHanuMsa nonvcaxapuaos bydep-akcTparnpyemoii ppakumy KOHTPONbHbIX U
NHOULMPOBaHHbLIX P. atrosepticum pacTeHuii. PacTeHns Tabaka TOro xe copTa,
BbIpallieHHble B MOYBe, UCMONb30BaNV AN aHann3a GUTONMMYHHBIX CBOCTB IMC
P. atrosepticum. KynbTuBupoBaHue pacteHuii npoBoauau npu 22 °C, 16-tn
4acoBOM CBETOBOM /JHe 1 ocBelleHnr 5000 toKC B KaMaT-Kamepe.
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CTepuibHble pacTeHuns Tabaka BbipalumBanu Ha cpege MS (Murashige -

Skoog) (Murashige, Skoog, 1962), B cocTaB KOTOPOW BXoAUAN (Ha 1 n): 825 mr
NH4NO3; 950 mr KNO3; 850 mr KHPO4; 0,83 mr KJ; 6,3 mr H3BO3; 22,3 mr
MnS04x4H20; 8,6 mr ZnSO4x7H20; 0,25 mr Na2Mo04x2H20; 0,025 mr
CoClI2x6H20; 0,025 mr CuSO4x5H20; 185 mr MgS04x7H20; 220 mr

CaCl2x2H20; 100 Mr me301HO3KTa; 1 Mr TMaMWHa; 2 MI NMPUAOKCMHA. PacTBop
XenaTHoro xenesa rotosuau B suge 100-kpaTHoro ctoka 13 Na23/TA (3,73 r/n)

1 FeSO4x7H20 (2,78 r/n) n gobaensinu B cpedy. B cpeay Takke BHOCUAM

caxapo3y 20 KoHLeHTpauwum 30 r/n caxapo3sbl 1 arap-arap (Industrias ROKO SA,
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Mcnanus) go 0,4%. Crepunusauunio cpedbl nposoguav npun 0,8 atm B TeyeHne 45
MUH. CeMeHa cTepunnsosanu 2 % pacTBopom runoxnopuaa Hatpus ¢ 0,5 %
foaeumncynbdatom Hatpus (SDS) B TedeHre 15 MUHYT.

Mpoae3nHPnLMpoBaHHbIe CeMeHa CeMb Pa3 NPOMbIBaV CTEPUILHOW
ANCTUNNNPOBaHHO BOZOW 1 MoMeLLanm B YaLlku MeTpu ¢ 20 Mn arapnsoBaHHON
cpeabl MS. Mocne NosiBNeHUs ceMSZ0bHbIX INCTBEB MPOPOCTKN paccaxmnBanv B
cTepunbHble 6aHkM co cpegoit MS. Yepes 5 Hegenb nocie nocesa, pacTeHns
nH$MUMpoBanu knetkamu P. atrosepticum.

Ans MHGULMPOBaHNA pacTeHWi KneTku P. atrosepticum BbipaLLvBan B

cpege LB (onucaHo B pasgene 2.1) 4o paHHel ctauymoHapHoli ¢asbl pocta. Knetku
ocaxaanu LeHTpudyrmposaHmem (6000xg, 10 MUHYT, KOMHaTHas TemnepaTypa) 1
3aTeMm ABax /bl OTMbIBaNN 1 pecycneHanposann B 10 MM pacTtBope cynbdpata
MarHus. MNoTHOCTL NHOKYNSATa AosoAMAN A0 (1-3)x107 KOE/Mn ¢ nomoLLbio
CepuiiHbIX pa3BeAeHWiA. [lecaTe MKA CycneH3nn bakTepuanbHbIX KNeTok (4To
cootBeTcTBOBaNO (1-3)%x105 KOE) HaHOCUAW NpY MOMOLLM aBTOMATUYeCKOro
/l03aTopa B Nasyxy AnCTa B cepeaviHe CTebnist 6e3 MexaHNUYecknx NoBpexaeHunii.
Ha KOHTpO/NbHbIe pacTeHus TaknM xe 0bpasom HaHocuan 10 mka 10 MM pacTeopa
cynbdaTa MarHus.

PacTeHns kapTodens pasmHoxanu YepeHKOBaHNEM B CTEPUIIbHbIX YCNOBUSX

Ha cpege MS. AnvKanbHble 4acT No6eros (~2 cM) oTpesanu 1 NoMeLLanu B
CTepuIN30BaHHbLIN BepMuKyuT (Peter Peat, Poccus) Ha 14 CyTOK A1t yKOpPeHeHMs.
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3aTeM pacTeHus nepecaxunsany B rpyHT (Technoexport, Poccrst) B nnacTukoBble
ropku o6bemom 300 M. Yepes 4 Hegenu nocae Nocajky pacteHuns
NHbMLMpoBanu knetkamu P. atrosepticum 1 nomMeLLanm B CTeKNSIHHbIE
(cBeTonpoHuuaemble) kamepsbl (40x40x60 cM), UTOBbI 06ecneyYnTb BbICOKYHO
BNAXHOCTb BO3gyxa. IHOKYNAT roToBWAM Kak OnuncaHo Bbliwe. MNpu
NHOULMPOBaHMYM 10 MK/ CyCMeH31M KNeTOK BHOCUAW B CPEAHIOI YacTb CTebns ¢
MOMOLLIbIO CTEPUNBHOTO LUMPULA. B KOHTPO/IbHBIE PAaCcTeHNS TakUM Xe 06pa3om
BoAMAM 10 Mkn 10 MM pacTBopa cynbdpata MarHus.

PacTeHns Tabaka, NCnonb3yemble AN aHann3a GUTOVMMYHHbIX CBOCTB

3MC P. atrosepticum, Bbipalymeanu B noyse (Technoexport, Poccus) B
NNacTUKOBbLIX ropLukax 06beMoM 50 MA B TeueHMe YeTbipex Hejelb.
NHOUNBbTpaLMIo NMNCTbEB OCYLLIECTBASANN Kak ONUCaHo B MyHKTe 2.13.

2.9. mmyHogeTekums 3MC

O6pasubl cTebneli (0,5 - 0,8 MM TONLLMHOW) 6bIAV BbiCEYEHbI C MOMOLLbHO
CTePWILHOr0 6PUTBEHHONO N1€3BUA Y HEMHPULIMPOBAHHBIX 1 MHPULMPOBAHHbIX P.
atrosepticum pacTeHwuii Tabaka (2 cyTok nocne MHGMLMPOBaHUS) 1 kapTodens (3
CYTOK nocsie MHGULUMpPOoBaHUA). Y MHGULMPOBAHHbBIX PacTeHWIA aHaNN3MpoBanm
30HY CTe6/15, rAe 6bin BblpaxeH HeKpPO3; y KOHTPObHbIX pacTeHWi
aHaNN3MPOBaNN aHaNorMYHyto 061acTb CTebnis. Bce 06pasubl pukcnposanv B
cmecu 2% napadopmanbgerviga n 0,5% rnyTapoBoro anbAernaa, NpUroToBaeHHon
B 0,17 M Na-pocpaTHomM Bydepe (pH 7,2), B TeyeHue 4 4 Npu KOMHATHO
Temnepatype. Mocne {58 npombIBKK B pochaTHOM Bydepe 06pasLbl MHKYEUPOBau B
TeyeHue 1 yaca B 0,5% (Bec/o6bem) OsO4, passegeHHom B 0,1 M Na-pochaTHOM
6ydepe (pH 7,2) c caxapo3oii (25 mr/mn). erngpataunio npoBogNIN,
BblAep>XX1Bas 06pasLibl B 3TUI0BOM CMMPTE MPU PasHbIX KOHLEeHTpauumsax (30-100%
c warom 10%) v B aueToHe. lanee obpasLibl Norpyxanu B cMecb cMonbl LR White
(akpunoBasi cMona cpegHero knacca; Ted Pella, Redding, CA) n aueToHa B
nponopuusax (06/06) 1:3, 2:3, 3:1, Npu 3TOM Kax /bl 3Tan BKAYan 12-4acosyto
NHKy6aLuto.
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3aTemM o6pasLbl 3an1Banu cMosoit LR White B kancynax Beem u

NpPoOBOAVAN MNONMepPU3aLMIo TedeHnn 24 yacos Npw 60 °C. YAbTpaTOHKME cpesbl
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(TonLwmHoM 300 HM) 1 NONYTOHKMeE cpe3bl (TOMLLMHOM T MKM) 06pasLoB noayyanu
C UCMONb30BaHNEM CTEKNAHHOrO HOXa Ha ynbTpamukpoTome LKB Ultracut llI
(LKB, LBeyus).

MonyToHkMe cpe3bl cTebnelt Tabaka cObMpani Ha NpeAMeTHbIX CTeknax,
MOKPbITbIX CMAAHOM, U MpejBapuTenbHO MHKYbMpoBanu B TedeHne 1 yaca B Na-
dochaTHOM Bydepe, pH 7,4, cogepxaliiem 3% (Bec/06bem) bblubero
CbIBOPOTOYHOrO anbbymuHa (ECA), aAns 61okMpoBaHNa Hecneumpuyeckoro
MeueHus. ImmyHomeyveHe STC P. atrosepticum npoBoAWAN C UCMONb30BaHNEM
NOANKNOHANbHBIX aHTUTeN, cneunduryHbIx k IMC (Gorshkov et al., 2017a).

Cpesbl MIHKY6UPOBaNM C MEPBUYHLIMU aHTUTENaMW B TedeHre 1 Y.

MepBuUYHbIE aHTUTeNa pa3BoAuUAN B cooTHoLLeHnK 1:1 0,1 M dochaTHO-conesbIM
6ydepom (PCE) (8,0 r/n NaCl; 0,2 r/n KCI; 1,42 r/n Na2HPO4; 0,24 r/n KH2PO4;

pH 7,45), coaepxatiem 0,06% (Bec/o6bem) BECA. [lanee cpesbl TPMXAbI
npomeianv B 0,1 M ®CE v 3aTem MHKY6UpoBanu B TedeHrie 1 4 B TeMHoOTe C
BTOPUYHbIMU aHTUTenamu. Ansa nmmyHogetekumm MC B pacTeHWsx Tabaka
MCMOb30BasIv KO3bW aHTU-KPOANYbW aHTUTENa, CBA3aHHbIe ¢ payopecLienH-
nsotmoumaHatom (Sigma, CLLUA), pa3BegeHHble TeM e 6ypepoM B COOTHOLLEHUN
1:100. Anst ummyHoAeTekumm ITMC B pacTeHnax kapTodens Ncnonb3osanu
OC/MHbIe aHTU-KponnybK aHTUTena (Alexa Fluor® 488, Abcam, CLLA),
pasBegeHHble TeM xe 6ydepom B cooTHoLLeHMK 1:1000.

3aTem cpe3sbl NpombiBanyt Na-gpocdaTHbIM Bypepom 1 ANCTUANNPOBAHHON

BOZOW MO TPY pasa KaxaelM 1 nomelanu B pacteop CFM-1 ansa 3akpenneHus
(Electron Microscopic Sciences, Hatfield, PA). Cpe3bl aHanv3unposanu c

MOMOLLbIO 1a3ePHOro KOH$OKaNbLHOIO GpayopecLeHTHOro  Mukpockona (LSM 510
Meta; Carl Zeiss{58 , Mlena, Fepmanua). IMMyHOGNyopecLeHLyo  perncTpruposant
npu anvHe Bong|{58 BO36YXAeHMs 488 HM 1 smuccun 503-550 HMm.
YnbTpaToHKkue cpesbl (0010 300 HM), MOHTUPOBANV Ha HUKeNeBble

CeTOUKM 1 MHKYBMPOBaau B TeyeHne 15 MUHYT Npu KOMHaTHOI TemnepaType B 20
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MM B 6ydepe Tpurc-HCl (pH 7,4) ¢ 3% BCA. Jlanee o6pasLbl MHKy61poBanu
TeyeHwue 2 4 Npu KOMHaTHOI TemnepaTtype € NepBUYHbIM NOANKIOHANbHBIMA
cneunduuHbiMm K IMC P. atrosepticum aHTWTeNaMu, passeAeHHbIMM 1:1
6ydepom Tpuc-HCl ¢ 0,06% BCA. Mocne aToro cpesbl TPVXKAbLI NPoMbIBanu 20

MM 6ydepom Tpuc-HCl (pH 8,2) 1 HKybupoBanu B TeYeHMe 2 Y Npu KOMHATHO
TemnepaType Co BTOPUYHBLIMU aHTUTeNaMU (KO3bW aHTU-KPONNYbLW aHTUTeNa,
CBSI3aHHbIMU C KOoUAHbIM 30/10ToM 10 HM, Amersham Pharmacia Biotech),
pasBegeHHbIMK 1:50 B 6ydepe Tpmc-HCl ¢ 0,06% BCA. 3aTeM cpe3bl MpoMbIBanv
6ydepom Tpuc-HCl (pH 8,2) n AenoHN3MPOBaHHOWN BOAOIA. YacTuLbl 30/10Ta,
KOHBIOrMPOBaHHbIE CO BTOPUYHBIMW aHTUTENaMW, YyCUAVBaNu cepebpom ¢
ncnonb3oBaHnem Habopa BBInternational Silver Enhancing Kit (Ted Pella);
pacTBOP HAHOCW/IN Ha 2-5 MUHYT B TeMHoTe. O6pasLibl aHaNn3nposan ¢
MOMOLLbIO  3N1eKTPOHHOro Mmnkpockona JEM-1200 EX (Jeol, AnoHus) npm{ss paboyem
HanpsxeHun 80 KB{SS .

2. 10. BblgeneHvie nonvcaxapunios bydep-akcTparmpyemoit pakumm ns
HeNHPULMPOBaHHbIX 1 MHGULMPOBAHHLIX P. atrosepticum pacteHuii

Kaptodens

Monucaxapugel 6ydep-akcTparupyemori Gpakumm BelAENann 13
HeMHOULIMPOBAHHbIX 1 MHOVULMPOBaHHbIX P. atrosepticum pacternii {124 kapTodens
(Tpoe cyTok nocne NHGULMPOBaHKS). 15 aHanmM3a UCNob30Banv 30Hy cTebns, B
KOTOPOW 6bIN BbIPaXeHbl CUMMATOMbI MATKOM THUAW; COOTBETCTBYIOLLLYIO 30HY
oTbMpany y HeMHGULIMPOBAHHBIX PACTEHWNIA. YUacTku cTebielt pactvpanv B
KepaMmnyeckmnx CTyrkax B XuAakom asoTe. K nonyyeHHol nyape Aobasnsanv nstb
o6bemoB (Bec/o6bem) 50 MM Na/K-pocdaTHoro bydepa 1 npogomkanm

romMoreHms3auunto o6pa3u,a A0 MNOJIHOTO ero OTTanBaHUSA. I'IonyquHue roMoreHaTbl
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ueHTpudyrrposanm npu 10 000xg (4 °C, 10 MuHYT). CynepHaTaHTbl,

cojepxatume bydep-3kcTparmpyemble NoANCaxapusibl, OTAGNANN OT 0CajKa v
nHkybuposanu npu 100 °C B TeyeHve 10 MUHYT 415 AeHaTypauum 6enkos. Mocne
3TOro NPOBOAWAV NOBTOPHOE LiIeHTPUYrpoBaHMe Npu Tex Xe napameTpax; K
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cynepHaTaHTaMm 406aBnsiin YeTblpe ob6bema 96% 3TaHoONA U BblgepXuBanu B
TeyeHune Houn npwu 4 °C. bydep-3kcTparvpyemble Nofmncaxapuasl ocaxaani
ueHTpudyrnposaHviem (10 000xg, 4 °C, 20 MURYT) 1 TPUXALI NpoMbiBany 80%
3TaHO/0M. 3aTeM MONyYeHHbI 0cajoK PacTBOPS/IV B leMIOHN3NBaHHOL BOje 1
aHaNN3MpPOoBaNN C MOMOLLIO reNlb-NMPOHMKatoLLel XxpomaTorpadum Kak onnmcaHo B
nyHkTe 2.3.

2.11. smepeHue peonornyecknx CBOMCTB BOAHbIX pactopos 3MC P.
atrosepticum

Peonornyeckue cBoiicTBa BogHbIX pactBopoB 3MC P. atrosepticum (B
KOHUeHTpauuax 0,62%, 1,25%, 2,5%, 5,0%) oueHnsann Ha peometpe MCR 102
(Anton Par, ABCTpVSt) C NCNONb30BaHNEM N3MEPUTENbHOW CUCTeMbI NanTa-NanTa
PP50 (anameTp BepxHel 1 HxHel nanT 50 Mm). TemnepaTypHbIA KOHTPOb
06pa3Lia 0CyLLeCTBAANCSA C MOMOLLLIO HUXKHEN CMCTeMbl HarpeBa Ha 3/1eMeHTax
MenbTtbe P-PTD200 1 akTUBHOIO KOXyXa Ha 3nemeHTax Menbtbe H-PTD200
(norpewwHocTb 0.01K). Vi3mepeHue BsaskocTn pacteopos 3IC P. atrosepticum
nposoAMAN Npu ckopocTsx casura ot 1 4o 120 ¢-1 n temnepatype 20 °C. LvipuHa
3a30pa Mexay AByMSA nivtamu Bapbuposana ot 0,249 mm g0 0,341 mm.
JKcneprMeHTanbHble JaHHble annpoKCMMMPOBaHbl Mogenbto Kpocca (Cross-
equation), NapameTpbl KOTOPOI PacCUNTLIBaNN C UCMO/b30BaHVEM NPOrpamMMHOro
obecneyeHunss RheoCompass (Anton Paar, Austria).

2.12. OnpegeneHvie ruapoAnHamMmmnyeckoro paguyca yactuy 3rcC p.

atrosepticum

MmapoanHammnyeckme paanycel Yactuu, 3MC P. atrosepticum (npu
KOHUeHTpauwmax 0,05%, 0,15%, 0,31%, 0,62%, 1,25%, 2,5%, 5,0%), a Takxe
JeaLeTuanpoBaHHo popmel SMC (Npu KoHLUeHTpauwmmn 0,05%) onpegensinn
MeTOAOM ANHAMUYECKOTO CBETOPACCeAHNS. VI3MepeHns NPOBOAMIN C  MOMOLLbH
MHoOroyrnosoro cnektpomeTpa Photocor Complex (Photocor Instruments Inc.,
Poccus), ocHaLLeHHOro roHNOMETPOM, KOPPEeNaTOPOM B pealbHOM BpeMeHn (200{154
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KaHanos{154 , 10 HC), TepMOCTaTOM 1 MOHOXpPOMaTU4eCcKM nasepom (657,29 Hm). Bee
3KCMepUMeHTLI MPOBOAWNAN B A@MOHN30BaHHOM Boje npu Temnepatype 20 °Cn
MONOXEHUN cHeTHMKa GOTOHOB Mog yraom 150°. ABTOKOPPEensaumoHHble GyHKLMN
3anuceiBany B TedeHne 40-120 cek (B 3aBUCMMOCTI OT KOHLLEHTpaLum) ¢
NoMoLLbto NporpaMmHoro obecneveHuns Photocor (Photocor Instruments Inc.,
Poccus). Kaxaaa aBTokoppensuroHHas GyHKLMA NpejcTaBasia coboli CpesHIo0
3aBUCUMOCTb, OnpeAeneHHyto ans 25-30 nsmepeHnii. JlaHHble aHann3npoBani ¢
MCNoNb30BaHNeEM MeTO/Aa peryaspusaLii ¢ MHOrompoXoAHbIM afiropuTMom
06paboTKM (MONNANCNEPCHBIA aHaNW3 AN HAXOXAEHNSA pacrpejeneHns 4acTuL,
no pasmepam, Distribution Analysis, multi-pass algorithm) c npumeHeHnem
nporpamMmHoro obecneyeHuns DynalsS. MNMepeg nsmepeHnamu obpasubl 1
pactBoputens GuabLTPOBaNu Yepes nonmtetpadropatuneHossle (PTFE)
MembpaHbl ¢ AnameTpom nop 0,22 MkM. ins pacyeTa pasmepa vactuuy, IMC
1CMNoNb30BaHbl CTaHAAPTHbIE 3HaYeHWs BA3KOCTW 1 NoKa3aTens npesoMaeHuns
Bozbl Npu 20 °C. YcpeAHEHHbIN rTMApoANHAMMYecKin pagmyc Yactuy, (Rh) 6bin
paccunTaH C UCNoNb30BaHneM ypasHeHna CTokca - DHLWTelHa:

Rh = kBT/6mtnD

rje - BA3KOCTb pacteopuTens, kB - koHcTaHTa bonbumaHa, T -

a6contoTHas TemnepaTtypa {154 , D - Ko3pduLMeHT camoandbysnn.

BecoBoii Bknag 4actuL, Kaxzaoro Tmna B 06LLy MHTEHCUBHOCTb
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cBeTopaccesiHMs 06pa3LOM pPaccUMTbIBaNN cornacHo Teopum LLnbasma
(Shibayama et al., 2006).

2.13. AHanu3 aHT1oKcMAaHTHbIX cBoicTs AMC P. atrosepticum
AHTUOKCMAAHTHbIe cBoiicTBa IMMC P. atrosepticum oLeHnBanu no nx
CMOCOBHOCTU MHIMBMPOBAaTb OKUC/IEHNE Pa3NINYHbIX Cy6CTPATOB aKTUBHBIMU
dopmamu Knucnopoga.

OKUCNeHNEe CaNVLMIOBOI KUCNOTbI TMAPOKCUI-PAAMNKANIOM, FeHEePUPYEMbIM

B Xo/ze peakuny PeHToHa (Fe2++H202—Fe3++0OH-+-OH), nsmepsanu B
peakuUMoHHol cmecu (3 M), cogepxatyein 25 MM FeSO4x7H20, 2 MM
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canuumnata Hatpus, 6 MM H202 1 100 Mkn nccneayemoro obpasua: 3MC (0,02%,
0,04%, 0,08%), nnn aeauetTnnpoBaHHbI MC (0,02%, 0,04%, 0,08%), nnn
JleVIoOHV30BaHHas BoAa (KOHTpob). CMeck nHKybrposanu npu 37° C B TeyeHue 1
4. O HaKOMEHUW OKMCNEHHOTO NPOAYKTa CyAWN MO U3MEHEHMIo abcopbLum npu
AnviHe BoAHbI 510 HM (Wang et al., 2007).

OKUCNeHNe NMPOraniona cynepokcuA-paavikanoM, reHeprpyeMbim B Xo4e
aBTOOKMNC/IEHVS MPOrannona B caboLLeNoyHbIX YC/I0BUSX, U3MepPsiin B
peakuUMoHHOl cmecu (3 mn), cogepxatlein 50 MM Tpuc-HCl, pH 8,2, 3 MM
nuporannona n 100 mkn nccnegyemoro obpasua: 3MC (0,02%, 0,04%, 0,08%),

nnn geavetnnmposarHblin MC (0,02%, 0,04%, 0,08%), U AeNOHN30BaHHAsA
BOAA (KOHTPO/Ib). O HaKOMNEHWV OKUCIEHHOrO Nporaniona Cyauav no
N3MeHeHNo abcopbLnm Npu AnHe BoaHLI 325 HM (Wang et al., 2007).

YpoBeHb NepekVCHOro OKUCIEHUA IMMWAOB OMPeaensan B peakLMoHHON
cmecy, cogepkaluert 2 mn docpatHo-conesoro bydepa (PCE) (8,0 r/n NaCl; 0,2
r/n KCl; 1,42 r/n Na2HPO4; 0,24 r/n KH2PO4; pH 7,45), 6 MM FeSO4x7H20, 0,5

MA CycneH3unn anyHoro xentka u 100 mkn nccnegyemoro obpasua: 3MC (0,02%,
0,04%, 0,08%), nnn aeauetTnnnpoBaHHbI MC (0,02%, 0,04%, 0,08%), nnn
/leMOoHN30BaHHasA BoAa (KOHTPO/b). CyCMeH3MI0 ANYHOTO XeTka noaydanu
cneayroLm obpasom: xentok pasbasnanm ®Cb 1:1 (Bec/06bem) 1 UHTEHCUBHO
nepemeLLnBany Ha MarHUTHOW MeLLakKe; Noy4eHHyto cybcTaHLmIo pas3baBnsnu
40-kpaTHbIM 06bemoM bydepa PCH. PeakLmtio NepekncHOro OKUCIeHNUA IUNNA0B
ocTaHaBvBanu gobasneHnem 0,5 M 20% TPUXIOPYKCYCHOM KMCNOTLI. 3aTeM K
cmecu AobaBnsnm 2-Tnmobapbutyposyto kucnoty Ao 0,8% 1 Harpesanu npu 100 °C
B TeueHue 15 MUHYT. B XoAe peakummn TMo6apbuUTypoBOW KNCOTbI C MaOHOBBIM
AManbAerniom (BTOPUUHBIM NPOAYKTOM NepekncHOro oKMCIeH1s IMNnAoB)
o6pasyeTca AnaAAyKT, O HaKOMAEHN KOTOPOro CyAVN MO N3MEHEeHVI0
abcopbunm npw gaviHe BonHbl 532 HM (Wang et al., 2007).

OnNTNYecKyto MNIOTHOCTb PACTBOPOB U3MEPSIN C MOMOLLEH0

cnekTpopoTomeTpa PB2201B (SOLAR, Benapych). HrnébuposaHmne APK-
ornocpesyemMoro okUCIeHNst CybcTpaToB paccumTbiBanm no opmyne:
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CTeneHb VHTM6MpoBaHua (%) = (A-B) / A x 100%,

rae A - abcopbuus pactBopa KOHTPOIbHOro 0bpasLia (peakLMoHHasA cMech +
BoJa), B - abcopbLms pacTBopa onbITHOro obpasLa (peakLyoHHas cMecb +
pacteop 3MC/aeauetnnmposarHHoro 3MC). MpeacTaBneHHbIe 3HaYeHUs
paccyrTaHbl Mo NSTVM NOBTOPHOCTSIM.

Ans oueHkn cnocobHocTy IMC P. atrosepticum 3awumwats kneTkum P.
atrosepticum oT AelicTBISA NepekncK BOAOPOAA, KNeTKMN paHHel cTaLmoHapHon
dasbl pocTa ABax/Abl OTMbIBaNAV 1 CycneHAMPOBanu B 6e3yrneposHoii cpese AB go
naoTHocTy ~108 KOE/MA 1 3aTem anvksoTUpoBasnu. B oTAeNlbHbIe annKBoThI
fobaenann 1/4 obbema 0,2% IMC P. atrosepticum vam 0,2% AeaueTUAVPOBaHHOIO
3MC P. atrosepticum (koHe4YHas kKoHUeHTpaumsa 3MC 0,05%). B kaxablii 13
BapvaHToB fobaensinv 1, 2, unm 4 MM nepekncy BoAopoaa Unm Boay (KOHTPOb).

CycneHsumn nHkybuposanu npu 28 °C 24 4 6e3 aspaumu, U Nocae 3Toro



onpegensnu Tutpbl KOE. MpejcTaBneHHble 3Ha4eHWst paccumTaHbl No Tpem
6110/10rNYeCKM MOBTOPHOCTAM.

2.14. AHann3 GUToMMMYHHbIX cBoiicTB IMC P. atrosepticum

Ans nposepku cnocobHocTn 3MC P. atrosepticum MHAYLMPOBaTb UK
penpeccpoBaTth peakumto rmnepyyBCcTBUTENLHOCTY (KavecTBeHHas
YCTONYMBOCTb) NPOBOAMAN MHGUNBTPALMIO INCTLEB pacTeHW Tabaka: 1)
crepunbHbIM 10 MM pactBopoM MgSO4 (koHTponb); 2) 0,05% pactsopom 3MMC P.
atrosepticum; 3) knetkamu Pseudomonas syringae DSM 50256,
cycneHamposaHHbiMy B 1T0MM MgS04 ao koHueHTpauuu ~108 KOE/mn; 4) 0,05%
pactsopom 3MMC P. atrosepticum v kneTkamu P. syringae; B nociegHem BapuaHTe
06paboTkn MHGUNBLTpaLMto pacTBopa 3MC npoBoAWaM 3a 12 4 A0 MHGUABLTPaLMN
Knetok P. syringae; npv 3TOM COOTBETCTBYHOLLE KOHTPO/IbHbIE BapUaHTbl 6binn
3a 12 4 0 BHeceHUs kneTok P. syringae o6paboTaHbl BOAO. MposiBieHve
peaKkLu rmnepyyBCTBUTENBHOCTY OLleHMBanW Ha 1-3 cyTku nocie 06paboTok.
AHann3 NpoBOAWAN B TPeX 61MON0rNYeckX MOBTOPHOCTSIX.

[Ansa nposepku cnocobHocTn 3MC P. atrosepticum MHAYLMPOBaTb UAK
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penpeccupoBaTb MNAMI-MHAYLMPYEMbIV UIMMYHUTET (KONNMYeCTBeHHas
YCTONYMBOCTL) NPOBOAMAN MHOUNBTPALIMIO INCTLEB pacTeHW Tabaka: 1)
CTepunbHOM BOAOM (KOHTponb); 2) 0,02% nnun 0,05% pacteopom 3I1C P.
atrosepticum; 3) 0,02% wnnun 0,05% pactBopom AeateTunmposaHHoro 3MC P.
atrosepticum; 4) 1 MkM pacTBopom xuTorekcaosbl (Carbosynth China Ltd.,
Kutait); 5) 1 MKM pacTBopoM xuTorekcao3ssl 1 0,02% van 0,05% pacteopom IMMC
P. atrosepticum; 6) 1 MKM pacTBopom xutorekcaosbl 1 0,02% van 0,05%
pacTBopoM geaueTuanposaHHoro 3MC P. atrosepticum; B NOCAeAHNX 4BYX
BapvaHTax 06paboTkn MHUALTpaumio pactsopa 3MC nposoanav 3a 12 4 ao
NHOUABLTPALIMK PaCTBOPA XUTOreKCaosbl; NPV 3TOM COOTBETCTBYOLLME
KOHTPO/IbHbIE BapnaHTbI 6b111 3a 12 4 0 BHECEHWSA XUTOrekcao3bl 06paboTaHbl
BOJAO. Yepes 6 U nocne 06paboTok B MHGUNLTPUPOBAHHBIX yHacTKax NCTbEB
N3MepsV YPOBHU Nepekncy BOAOPOAA U KaTanasHo akTMBHOCTU.

[ns oLeHKN coaepXaHuns Nepeknc BoA0POAa NHPUILTPUPOBaAHHbIE

yyacTku amctbes (100 Mr) pactvpani B KepaMmnyecknx CTyrnkax B 1 Ma Xon04HOro
(4 °C) 50 MM 6opatHoro 6ydepa (37 r/n KCl; 31 r/n H3BO3; 3,4 r/n NaOH), pH

8,4. TomoreHaTbl LeHTpuyruposanm (7000xg, 10 MyH), 1 100 MKn
cynepHaTaHToB fobaensanu k 500 Mkn peareHTa, B cOCTaB KOTOPOro Bxoaunaun 500
MM cynbpata ammoHus-xenesa, 50 MM H2S04, 200 MM kcrieHon0Boro
opaHxesoro 1 200 MM copbuTa. MornoLeHne komnnekca Fe3+-KcuneHonoBbI
opaHxeBblil (A560) onpesenanun yepes 45 MYH. AGCOPOLMIO 3MepSAn Npu A/IVHe
BO/IHbI 240 HM C NoMoLLbio cnekTpodoTomeTpa PB2201B (SOLAR, Benapychb).
CofepKaHuve nepekncy BoAOPOAa onpeAensiivi OTHOCUTENbHO KannbpoBoOYHOM
Kp1BOW. [laHHbIe BbIIN HOPMaNV30BaHbI U BbipaxeHbl B MKMOAb H202 Ha rpamm
CbIpoli Macchl. [peAcTaBieHHbIe 3HaUYEeHNA PacCUMTaHbl MO NATW 61MONOrNYECKM
NMOBTOPHOCTAM.

NS N3MepeHns KaTanasHoW akTUBHOCTA MHPUIbTPMPOBAHHbIE yYacTKm
nvctbes (100 Mr) pactrpanv B KepaMmnyeckmnx ctynkax B 1 Ma xonogHoro (4 °C)
50 MM K-docdaTHoro bydepa, pH 7,0. FomoreHaTbl LleHTpudyrmposan

(7000x%g, 10 MMH) 1 10 MK CynepHaTaHTOB AobaBnsav K 490 Mk peakLMOHHOW
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cmecy, cogepkateri 50 MM K-docdatHoro bydepa (pH 7,0) 1 2 MM H202.
Abcopbuuto n3mepsann Npun AnnHe BoNHbl 240 HM C MOMOLLbIO cnekTpodoTomeTpa
PB2201B (SOLAR, benapyce). laHHbIe 6bIA HOPMaNN30BaHbI 11 BbIPaXeHb! B
MMOJIb H202 B MUHYTY Ha rpaMm cblporo seca (€ = 43,6 M-1 cm-1).
MpeAcTaBNeHHbIe 3HaYeHNSA paccyMTaHbl MO NATU 6MONOrNYECKM MOBTOPHOCTAM.

2.15. Cratctnyeckas 06paboTka AaHHbIX



CTaTUCTUYECKMI aHaNM3 AaHHbIX NMPOBOANAN C NPYMEHEHNEM CTaHAAPTHbIX
mMaTemMaTuyecknx MeToAoB (pacyeT cpejHeKBaApPaTNUeCKOro OTKNOHEHNS, OLeHKa
[OCTOBEPHOCTM pa3nyunii No kputepuio MaHHa-YuTHM) B nporpamme Microsoft
Excel-2007. KpuTepuin BeposiTHoCcTV P<0,05 NpvHVUManu A0CTaToOUHbIM A5
ZOCTOBEPHOI Pa3HILIbI OMBITHON 11 KOHTPOLHOM FPyNn AaHHbIX. {23
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TIABA 3. PE3Y/IbTATbI {23 1 OBCYXXAEHVE {174

3.1. NaeHTndurKauwms, BolfeNeHNe 1 NepBLUYHas XapakTepucTuka
3Kk3ononuncaxapungos (AMC) Pectobacterium atrosepticum

CornacHo Halleii runoTese, MHTEHCMBHOe obpasoBaHue SMC P.

atrosepticum NPoONCXoANT Ha No3AHen cTagnn GopMmpoBaHKsa bakTepranbHbIX
3M60/10B B COCyAax MEPBUYHON KCUNeMbl MHOULIMPOBAHHbIX PAaCTeHWIA, Koraa
NepBUYHbIA MaTPUKC, COCTOALLNIA 13 pparMeHTOB NeKTUHOBOrO MoAncaxapunaa
pamHoranaktypoHaHa | (Pr-1), paspywaetcs (Gorshkov et al., 2016). OgHako
BblAeNNTb YMCTbIli Npenapat 3MMC P. atrosepticum 13 UHPMLMPOBAHHBIX PacTeHWR
He NpeACTaBAAeTCA BO3MOXHbIM, MOCKObKY B PaCTUTENbHbIX TKaHAX
NpUCyTCTBYeT 60/1bLLIOE Pa3HOO6pPasne yrneBo0B, KOTopble MpuBeayT K
BbICOKOMY YPOBHIO KOHTaMUHaLUMV npenapata v c4enatT HeBO3MOXHbIM
nccnefoBaHme CTPYKTypbl M CBOMCTB LieneBbix MONNMEPOB. B cBA3N ¢ 3TuM, Ans
BblgeneHua npenapara 3MMC P. atrosepticum Mbl MICNOABL30BaNM KyNbTypsbl in Vitro.
KneTku P. atrosepticum kynbTUBMPOBaNu B CUHTETUYECKON cpege A5 (MCTOUHNK
yrnepoja - caxapo3sa) 0 Mo3/jHel CTaunoHapHoN ¢pasbl pocTa (4Boe CyTok). 3aTeM
13 CyrnepHaTaHTOB KyNbTyp, OTAE/NEeHHbIX OT KNeTOK, BbIAENANN YTNEBOAbI (CM.
pasgen 2.2). BoigeneHHble yrnesobl aHaAn3npoBaau C MOMOLLLIO reflb-
npoHMKatoLLiein xpomaTorpadum; coctaB MOHOCaxapuAoB ornpeAensinm c
NPUMEHEeHNeM aHNOHOOBMeHHOI XxpomaTtorpadun (CM. pasgensi 2.3, 2.4).
OCHOBHa#sA 4acTb YrNeBoA0B, COAEPXAaLLMXCA B CynepHaTaHTax KyibTyp P.
atrosepticum cTauLnoHapHoi ¢asbl pocTa, 311MpoBana C KONOHKM 3a NpeAenamm
obnactu geneHns copbeHTa (cedpaposa CL-4B), 4To COOTBETCTBYET MONEKYNSAPHOW
macce meHee 30 k/a (Puc. 5). lomuHupytowmm (91 monb%) cpean
NAGHTUOULIMPOBAHHBLIX MOHOCaXxapWA0B B 3TON HN3KOMONEKYISPHOW Gpakuun
6blna rNtoko3a. 3To, Mo BCel BUAMMOCTY, 03HaUaeT, YTO OCHOBHYHO JOJTH0 3TOA
dpakumm cocTaBnsna caxaposa, KOTopas He 6bina A0 KOHLa yTWAM3MpoBaHa
MWKpPOOPraHn3mMamu B npoLiecce pocta. Hapsagy ¢ HU3KOMONEeKyNApHbIMU
yrneBojamu B cynepHaTtaHTax KynbTyp P. atrosepticum cTaumoHapHon pasbl
pocTa HaMu BbIn TakxKe BbISBAEHbI C1e/j0Bble KOMYeCTBa NOIMMEPOB C
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MonekynspHoii maccoli 50-400 k/la (Puc. 5). OCHOBHbIM MOHOCaXapuAoM B 3TOW
dpakumm bbina ranakTosa (72 Monb%), a Takxe NPUCyTCTBOBaAN MaHHo3a (14
Monb%) 1 apabuHosa (13 Monb%); 40N paMHO3bl COCTaBAANa 0Kono 1 Monb%
(Puc. 5).

Puc. 5. Tipodunb 3n0UMN 1 MOHOCaxapUAHbIA cocTaB (MoNb%) yrneBoAoB,
cojiepxallmxcs B cynepHaTaHTax KynbTyp P. atrosepticum cTaumoHapHoi ¢pasbl
pocta. PaszeneHue yrneBoAoB NPOBOAWUAN Ha KONOHKe ¢ cedapo3oli CL-4B. B
KayecTBe MapkepoB MOIEKYNIAPHOM MacCbl MCMOAb30BaHbI NynynaHsl (P)
MonekynsipHoii Maccoi 1600, 400, 200, 100 1 50 kZa {175 . Vi - 06bem pacTeopuTens
BHYTPW YacTuL, rens.
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MonyyeHHble pesynbTaThl CBUAETENLCTBYIOT O TOM, YTO B poLecce pocTa B
KynbTypax P. atrosepticum HakannnBalTCa AVLb CleAoBble KONn4ecTsa
BbICOKOMO/IEKYIPHBIX YT1eBOJ0B. 3TO COracyeTcs ¢ TeM, 4To Ans P.
atrosepticum paHee 6bi1a MPOAEMOHCTPUPOBaHa HECMOCO6HOCTL B POCTOBLIX
ycnoBumsax ¢opMmnpoBaTb 61OMNEHKMN, OCHOBHbIM KOMMOHEHTOM MaTprKca KOTOPbIX

cnyxat 3MMC (Pérez-Mendoza et al., 2011). Mo Bceit BUANMOCTK, B NpoLiecce
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pocta cuHTe3 3MC B kneTkax P. atrosepticum penpeccrpoBaH, 1 ANns ero
aKkTMBaLuy TpebyroTcs cneynduyeckme NHAYKTOpbl U/1an 0cobble YCnoBuSA.
CnocobHOCTb Kk 06pa3oBaHO 6UOMNNIEHOK B POCTOBbIX YCOBUAX bblna paHee
NpoAeMOHCTPMpOBaHa ANS MyTaHTHO ¢opMebl P. atrosepticum, B kneTkax
KOTOpOW B pe3ynbTaTe HokayTa reHa ¢pocdoamaCcTepasbl HakanIMBaeTcs
NOBbILLEHHbI ypOBEHb BTOPMYHOMO NOCPeAHNKA LIMKANYECKOro
AnryaHosnHmoHodocdaTta (U-an-rMao) (Pérez-Mendoza et al., 2011). B cBA3m ¢
3TVIM aBTOPbI NPEAMONOXNAN, YTO 06pa30BaHNe BMOMIEHOK (a 3HaUNT, BEPOSTHO,
1 cuHTe3 3MMC) P. atrosepticum NPONCXOANT B TeX YCIOBUSAX, KOTAa B KNeTkax
NoBbILLAETCA ypoBeHb L-An-ITMP.

HakonneHwne U-An-TM®, B 4aCTHOCTW, MPOUCXOANT NpU CTpecce, B TOM

yucne Npy HegocTaTke pocToBoro cybcrpata (Boehm, 2009; Yeo, 2018). MosTomy
Mbl IPEANONOXKMNAN, UTO cUHTE3 ITC MOXET 6bITb NHAYLIMPOBaH Yy P.
atrosepticum B yCN0BUMAX rof104aHns. 3TO NpeAnoioxXeHre NoAKPenasanoch eLle n
TeMm, YTo Npu AeduumTe cybcTpaTa HekoTopble KieTku P. atrosepticum
$opmMMpoBanM CTPYKTYPbI, HAMOMMUHAOLLME KarCy/lbl, OCHOBHbLIM KOMIMOHEHTOM
KoTopbix cnyxat 3MNC (HeonybankoBaHHbIE AaHHbIe COTPYAHMKOB labopaTopum
MonekynapHoii 6rionorun KUEB ®ULL KasHL, PAH). Kpome Toro, npu

ronogaHum P. atrosepticum NponcxoAmnna NHAYKLMS 3KCNPeccum reHos,
NPOAYKTbI KOTOPbIX 06ecrneynBatoT cMHTe3 L-A4n-FTM® 1 3MC (Gorshkov et al.,
2017b). B cBA3M C 3TUM, Mbl IPOBEPWM CMOCOB6HOCTL P. atrosepticum
crHTe3snposaThb 3MMC B ycnoBuAX ronoganvs s 6esyrnepogHoli cpeae AB.
FonogatoLime KynbTypbl MOAYYany Mo paHee ONMCaHHOMY B Halleii
nabopatopuu metogy (Gorshkov et al., 2010). B TeyeHne nepBbIx CyTOK TUTP
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KonoHneobpasyrowmx eanHuL, (KOE) B ronogatomx kynbTypax P. atrosepticum
CHUXanca npumepHo B 4 pasa (40 4,8x107 KOE/M) No cpaBHEHUIO C TUTPOM
nHokynsaumm (2,0x108 KOE/mn) (Puvic. 6). [lanee ao 14 cyToK TUTP KNeTokK
npakTU4eckn He MeHANCS 1 cocTaBnan B cpeaHem 2,8x107 KOE/mn. K 28 cyTkam
T1Tp KOE cHuxancs go 1,2x107 KOE/mn (Puc. 6).

1,E+06

1,E+07

1,E+08

1,E+09

0147142128

Bpewms (cyTkn)

KOE/Mn

Puc. 6. IvHamuka Tmpa KOE B ronogaroLumx kynetypa P. atrosepticum.

B npoLiecce ronogaHns B KynbTypax HakanimBaauch yrneBospl, KoTopble
pasjensinNchb Ha ABe OCHOBHble dpakuymu. MepBsas, AOMUHUPYIOLLas, 6onee
BbICOKOMOIeKyApHas Gpakumsa cocTosNa 13 novMepoB C MONEKYIAPHOR Maccor
50->400 k/la (06bem antouumm 9-20 mn) (Puc. 7). YrneBogbl BTOPOA, MUHOPHOW,
60/1ee HN3KOMOeKyNApHOW GpaKLuM Menn MonekynspHyto Maccy meHee 50 k/la
(06beM antoumm 27-33 mn). Mocne NepBbix CYyTOK roN0AaHVs B KyNbTypax
HakannMeanucb MLLb CNe0Bble KONMYecTBa yrneBojoB obenx gppakuuii. B
TeyeHue 14 cyToK ronogaHuns cojepxaHuie yrneBojoB B KybTypax
yBennunBanock 6onee yem B 10 pas; Ha 6os1ee MNO34HNX CPOKaX FONOAAHNSA UX
coZiepxaHue cyLecTBeHHO He MeHanock (Pyc. 7). B npouecce ronoaaHns 4ons
BbICOKOMO/EKYNIAPHBIX MOVMEPOB B 06LL,eM My/e BHEKNETOUHbIX YTN1eBOA0B
yBenmuvBanace. Mfocse nepsbIxX CyTOK FONI0AAHNS cofepaHue yrneBoAos 6osee
BbICOKOMOIEKYAPHO ppakun 66110 v B 1,5 60/bLUe, YeM coepXaHve
yrneBozoB 60/1ee HN3KOMONeKYNAPHO Gppakuuu; Ha 4, 7, 14 1 28 cyTkn
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ronofaHus cogepxaHuve 6osee BbICOKOMONEKYNSAPHbIX Yr1eBoAOB 6bi10 B 2,2, 3,4,



4,8, 5,8 pas, cOOTBETCTBEHHO, 60/1bLUE, YeM COAepXKaHMe yrneBoloB 6onee
H3KOMONEKYNSPHOM ppakLnn.

Puc. 7. Mpodunn antouunn (A) n coaepxxaHue (b) yrneBogos,

HakannMBarLLMXCH B CynepHaTaHTax ronoAatoLmx KynbTyp P. atrosepticum
yepes 1 (CMHAA INHKA), 4 (3eneHas IMHKSA), 7 (KopuyHeBas AnHNA), 14 (kpacHaa
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NVHWA), 28 (YepHaa nHNs) 1 360 (opaHxeBas IMHKA) CYTOK Nnoc/ie Havana
ronojaHus. PasseneHvie yrneBooB NPOBOAWAM Ha KONOHKe ¢ cepapo3oin CL-4B.
B kauecTBe MapkepoB MONEKYASAPHON MacChl MCMOb30BaHb! MyanynaHbl (P) ¢
MonekynspHoii maccoli 1600, 400, 200, 100 1 50 kAa. Vi - o6bem pacTBoputens
BHYTpU Yactu, rens. CogepxaHue yrneBoJoB Ha pucyHke b npusejeHo
pasgenbHoO Ans 6onee BbICOKOMONEKYNAPHON (TEMHO-Cepblii) 1 6onee
HN3KOMONEKYNSAPHOV (CBETNO-Cepblii) dpakumii. NyHKTUPHBIMU TMHUAMY Ha
pucyHke 0603HaueHbl GpakLMn, B KOTOPbIX ONpeaensinv MOHOCaxapuaHblii
COCTaB, NPVBeAeHHbIN B Tabnuvue 1: dpakums 1 - o6bembl antoummn 12-19 mn,
dpakums 2 - o6bembl aoUnK 27-33 M. YKasaHHble dpakuum (0603HaueHb!
NYHKTVPHBIMW IMHUAMW) COOTBETCTBYIOT MaKCMMabHOMY COAEPXKaHNI0
YrNeBoA0B ANA KaXKAOr0O U3 ABYX BbIABNEHHbIX Ha Mpoduie 3LUN NMNKOB.
Mocne oaHoro roga ronoganHus (tntp KOE npun 3ToM coctasnsan 7,8x104

KOE/Mn) B cynepHaTaHTax KynbTyp AeTeKTMPOBaAn yrneBoAbl ToNbKo 6onee
BbICOKOMOEKYNISPHOM GppaKLM; HU3KOMONEKYNSPHbIE YINIEBOAbI NPY 3TOM
obHapy>eHbl He 6biau (Puc. 7).

B cocTaB 6onee BbicOkOMONekynspHoli ¢ppakuum MC BXOAUAM PpaMHO3a,
ranakTosa 1 MaHHoO3a B COOoTHoLeHun 1:2:1 (Tabn. 1). bonee H13KoMonekynspHas
dpakuyms cocTosiNa 13 paMHO3bI, raNakTo3bl, FOKO3bl U MAHHO3bl B COOTHOLLEHMMN
2:1:4:3. MoHoCaxapuaHblli cocTas GppakLii CyLLLleCTBEHHO He MeHANCS B npolecce
ronoganus (Taébn. 1).

Taknm 06pasom, HaMU BbIICHEHO, YTO B YC/IOBUAX rON0AAHNSA B

cyrnepHaTaHTax ronoAatoLmx KyabTyp HakananBaroTCsA yrneBobl, B OCHOBHOM
BbICOKOMONEeKYSpHble. KpoMe Toro, B CynepHaTaHTax Takxke Hakanamsanunce
YrNeBo/pl, SN0Vpyemble C KONOHKM B 06beme 27-33 M1, TO ecTb B 061aCTu
MWHVManbHOI paspeLuatoLLeli CnocobHocT copbeHTa. B cBA3M ¢ 3Tum
BbIfiBNeHHast bonee HU3KoOMoNekynspHas ppakLms Morna BkaoYaTb B cebst
Hebo/bLUVE MNONMEPbI, OIUTOMEpbI, a TakXke MOHOMepbI.
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Tabn. 1. MoHocaxapvAHbIV COCTaB yrNeBOAOB, COAePXaLLnXCcs B

CcynepHaTaHTax rofiofaroLmx KyneTyp P. atrosepticum uepes 1, 4, 7, 14, 28 n 360
CyTOK Moc/e Hayana ronogaHuvs. MoHocaxapuAHblii cocTaB onpeaensnu
anddepeHUmManbHO Ans ABYX BbISBAEHHbIX Gpakumii yrneBogos: 1) 50->400 k4a u
2) meHee 50 k/la. Anst kaxaoro nuka Ha npoune anounn (Puc. 7)
aHanM3nMpoBanu ppakLmmn, COOTBETCTBYIOLLME MaKCMMabHOMY COAEPXKaHMIo
yrneBosoB (0603HaueHbl MYHKTVPHBIMU TIMHUAMW Ha PUCYHKe 7).

[lons yrneBoA0B HU3KOMONEKYNSPHOM ppakLmm B 06LLEM My/e YyrNeBOAOB,
CofepXKaLLmxcs B cynepHaTaHTe, yMeHbluanacb B NpoLiecce ronoAaHus, 1 Ha
No34HNX Cpokax ronoAarus (1 rog) coeagnHeHns aTon Gpakummn He
AeTekTposanu. Mpu 3TOM cofepxaHie BbICOKOMOEKYNSPHbIX YTNeBOAOB B
cynepHaTaHTax KynbTyp yBeIM4YMBanock B npoLecce ronogaHus. bonee Toro, 3t
NoAvMepbl COXPaHSANMCh B CynepHaTaHTax Aaxe Ha No3gHux cpokax ronoganus (1
rog). B cBA3M € 3TUM, € 3TOro 3Tana UccnejoBaHNA Mbl akLLEHTVPOBaNX CBoe
BHMMaHWe TO/IbKO Ha Nosimepax 60/1ee BbICOKOMOEKYNAPHON pakumm.
MockonbKy Ha Npoduae 3LUUM MOMUMO OCHOBHOTO Muika (06BbeM 3oL mn

9-18 M) NpUCYTCTBOBANO BblpaXeHHOe naeyo (06bem antounn 19-25 mn) (Puc.
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8), AN151 OLLEHKW CTeMNeHW reTeporeHHOCTY LieNeBoi GppakLmm yrneBooB no



COCTaBY MNOAVIMEPOB Mbl CPaBHVBaAV MOHOCaXapUAHBbIV COCTaB B pa3HbIX 061acTsxX
3TOro NuKa, B TOM YnC/Ie B €ro naeve.

Puc. 8. Mpodunb 3n0UMN N MOHOCaXapUAHbIA COCTaB YrneBOA0B,

cofiepXaLlmxca B cynepHaTtaHTax rosogaroLmx Kynstyp P. atrosepticum vepes 14
CyTOK Moc/1e Havana ronogaHus. PasaeneHue yrneso40B NpoBOANIN Ha KONIOHKe C
cedaposoin CL-4B. B kauecTBe MapkepoB MONEKYIAPHOM MacChl MCMO/b30BaHbI
nynnynaxel (P) c monekynsipHoli maccoii 1600, 400, 200, 100 n 50 k/a. Vi -

06BbeM pacTBopuTeNs BHYTPY YacTuy, renst. Ppakuum, B KOTOPbIX ONpesensav
MOHOCaxapWAHbI cOCTaB, 0603HaueHbl Ha PUCYHKE MYHKTUPHLIMU IVMHUSMU.
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®pakumu, cooTBeTcTByOLLME 06BbeMam saouum 9-11 ma, 12-15 mMa n 16-18

Ml M@V OAMHAKOBbLIV MOHOCaxapyAHbI/ COCTaB (PaMHO3a, ranakTosa, MaHHO3a
1:2:1). Hu3komonekynapHas ¢ppakumsa (06bem antouum 26-33 Ma) coctosina 13
pamHO3bI, ranakTo3bl, FMHOKO3bl U MaHHO3bI B COOTHOLWeHWUY 2:1:4:3. ToanmMepsl,
BXOAALLME B COCTaB naeya (06bem antoumm 19-25 Ma) oCHOBHOro nuika (06bem
3aUMn 9-18 M), COCTOANN U3 PaMHO3bI, FanakTo3bl, M1HKO3bl 1 MAHHO3bI B
cooTHoweHuK 3:9:1:4. OTInYre MOHOCaxapuAHOro coctasa B Maeye nuka ot
COCTaBa OCHOBHOTO MWKa, B 4YaCTHOCTV MOsAB/IEHNE T/IOKO3bl, CBUAETE/ILCTBYET O
TOM, YTO B COCTaB MNJieya BXOAWIN He TO/IbKO LieNeBble NoauMepb!
BbICOKOMOEKYNIPHOM PppaKLm, HO 1 NPUMeCh yr1eBooB 6onee
HU3KOMONEKYNipHOM dpakLmm. B cBA3K € 3TUM B AanbHelLeM 415 onpejeneHns
CTPYKTYpbI perynsipHoro 3seHa 3MC P. atrosepticum v A1 NpoBepKM CBONCTB
nccneayemblx MOANMEPOB HaMM BbIIN UCMOIL30BaHbI NoAVCaxapuabl,
anovpyemMble B 06beme 9-18 mn.

Mockonbky Lenesble nonvmMepsb! (bpakums 1, 06vem antoumm 9-18 mn) 6bi1m
BbISIB/IEHbI HAMY B CyrnepHaTaHTax ronoAatLLmx KybTyp, B KOTOPbIX NMPOXOAAT
NpoLecchl KNeTOYHOro Nn31nca, HeobXxoANMMO bbINI0 MPOBEPUTh, He ABASKOTCA N
OHW BHYTPVKNETOYHbBIMY MeTaboNTaMu, BbICBOGOXAAIOLLMMACA B
KYyNbTYpasbHYH XUAKOCTb 13-3a paspyLUeHns KAeToK. 15 3TOro Mbl Noay4nnmn
roMoreHaTbl ro0aoLLMX KNETOK 1 KNeToK CTaLMOoHapHO ¢asbl pocTa 1 nposenmn
3KCTpakuuio cpeaon AB (cpeaa, KOTOPYHO MCMONb30BanV ANt MONyYeHUs
ronoAatoLmx KybTyp). 3aTeM Mbl yAANNAN KNETOYUHbIA Ae6puC C MOMOLLIbIO
LeHTpUdYrnpoBaHNsa 1 GUALTPOBAHWS, 1 C NOYYEHHbIM 3KCTPaKTOM NpoBenu Bce
Te Xe MaHUMYAALMK, YTO 1 C CynepHaTaHTamu rooAatoLLmX KyabTyp, B KOTOPbIX
6b1111 06HAPYXeHbI LieneBble NovuMepbl (pasgen 2.2). Y BblAeneHHbIX TaknumM
06pasoM yrnesoAoB (BHyTPUKIETOUHbLIX 1 3KCTParmpyembix cpeaoi AB)
onpejensiiv MoNeKyNapHO-MaccoBoe pacrnpejeneHie n MOHoCaxapuAHbI cocTaB.
OCHOBHas 4acTb YrNeBo0B, IKCTParMpyembix cpesoit AB 13 romoreHaTos

knetok P. atrosepticum cTauvoHapHo ¢pasbl pocTa, 3nMpoBana C KONOHKM 3a
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npegenamu obnactu geneHns copbeHta (cedpaposa CL-4B), uto cooTBeTCTBYET
MonekynspHoii macce meHee 30 kAa (Puc. 9).

Puc. 9. Mpodunb s3n0LMN 1 MOHOCaXapUAHbIV COCTaB Yr1eBoAOB,
JKCTparvpyemblx 6e3yrnepojHoii cpeoii AB 13 roMoreHaToB KneTok
cTayMoHapHol ¢gasbl pocTa (MyHKTUPHAsA VHNA) U FONOAAOLLNX KNETOK
(cnnowHas nuHug) P. atrosepticum. PaszgeneHvie npoBOAWN Ha KOIOHKE C
cedaposoiin CL-4B. B kauecTBe MapkepoB MONEKYNAPHON MacChl MCMO/b30BaHb!
nynnynanel (P) c MmonekynsipHoli maccoii 1600, 400, 200, 100 n 50 k/a. Vi -
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o6bem pactBopuTens BHyTpu Yactul, rens. CogepxaHuvie yrnesooBs npuseieHo
ANA KONMYECTBA KNeTOK, HaXoAALUMXCA B 1 AUTpe KynbTypbl. TUTPbI KNETOK B
KyNbTypax Ha MOMEHT aHanu3a coctasnann: 3,1x108 KOE/Mn Ans KyneTypbl
cTaymoHapHoli ¢asbl pocta 1 2,8x107 KOE/Mn ans ronogatoLieli KynbTypbl (14

CYTOK rofiofaHus). BepTukanbHbIMU MyHKTUPHBLIMU IMHUAMMN 0603HaYeHbI



dpakumm, B KOTOPLIX aHaNN3MPOBaNV MOHOCaXapUAHBI COCTaB.
JOMVHMPYOLLIMM MOHOCaXapyAOM B 3TOV HU3KOMOEKYNAPHOWM GppakLmm

6blna rntokosa (56 Monb%); Kpome Toro, B cocTaBe 3Tol dpakuum 6binu
apabunHo3a (26 Monb%), ranaktosa (15 Monb%), MaHHo3a (2 Monb%) 1 pamHo3a (1
Monb%). Mpu 3TOM B BblICOKOMONeKynsapHoi dppakumm (50-400 k/a) 6binn
obHapyeHbl IMLWb CNeAoBble KOANYeCcTBa yrneBooB, COCTOALLMX U3 PAMHO3bI
(37 monb%), apabuHo3el (10 Monb%), ranakTosbl (28 Monb%), rtoko3bl (18
M0/1b%), MaHHO3bI (7 MoNb%).

W3 ronogatomx knetok P. atrosepticum (14 cyTok ronogaHus) cpegoin AB
3KCTparnpoBanoch NNLb CNej0BOe KOMYECTBO YreBOA0B. YrneBobl 6onee
BbICOKOMOeKyNspHol ppakuuu (50-400 k/la) cocTosinm ns pamHosbl (1 Monb%),
apabuHosbl (11 Monb%), ranakTosbl (40 Monb%), rNOKO3bI (28 MONL%), MAHHO3bI
(20 monb%), a 6onee HM3KOMoONekynspHoli (veHee 50 k/a) - 13 pamHO3bI (9
Monb%), apabrHo3bl (14 Monb%), ranakTosbl (18 Monb%), rtoko3bl (47 Monb%),
MaHHO03bI (12 Monb%).

Taknm 06pasom, coAepxaHune BblICOKOMONEKYNAPHbIX YI1eBOA0B B
cynepHaTaHTax ronoAatroLmx KyabTyp P. atrosepticum 6b110 HAMHOTO BbILLe, Yem
BbICOKOMOJIEKYIPHBIX YT€BOA0B, 3KCTPArMpyembix cpesoi AB 13 KNeTouHbIX
romoreHaToB. B onosiHeHre Kk 3TOMy, MOHOCaxapuAHbI cocTaB
3KCTPAKNETOYHbIX 1 BHYTPUKIETOUHbIX BbICOKOMONEKYNAPHbBIX YI1€BOA0B
pasnunyancs. 3To JaeT OCHOBAHWUA CYMTaTh, YTO BbICOKOMONEKYNAPHbIE
nonncaxapuzpl, BbliBIeHHbIe B CyrepHaTaHTax rofogatoLmx KynsTtyp P.
atrosepticum, asnsatoTca 3MNC. Kpome TOro, BaXXHO Takxe 0TMeTUTb, UTO
AnHamuka TuTpa KOE 1 cogepxaHuns yrnesoAoB B CyrnepHaTaHTax ronojaroLmnx
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KyNbTyp Takxe CBUAETeNbCTBYeT O TOM, YTO BbiiBNeHHble BbICOKOMONEKYNApHbIe
YrneBo/bl ABNSOTCA SKCTPAKNETOUHbIMY MoMcaxapuaamu, a He
BHYTPUKIETOUYHBLIMU MeTabonTaMu, BbICBOOOXAAIOLLMMUNCS 13 KNeTOK B
npouecce nmsmnca. Hanbonbllee yBennyeHve CogepXaHus 3TUX YrNeBooB B
KyNbTYpanbHON XUAKOCTM MPOUCXOAMO0 B TOT Nepurog (4-14 cyToK ronogaHuns)
(Puc. 7), koraa Tutp KOE B Ky/NbTypax npakTnyecku He meHancs (Puc. 6). Mpn
3TOM Hambonee BblpaxeHHOe CHeHve TuTpa KOE (B nepBble cyTku nocne
Hayvana ros04aHvs) He CONpPoBOX/AAN0Ch PE3KNM YBEIMUYEHNEM COAePXaHNA
YrNeBO/OB B Ky/bTypaibHOM XUAKOCTH.

Taknm 06pasom, Hamu Brepsble BbIABNEHO, UTO NpejcTaBUTenn poja
Pectobacterium (P. atrosepticum) cuHTe3unpytoT 3MC. MpoayKLmns 3TX
Mo/IMMepOB penpeccupoBaHa B POCTOBbLIX YC/IOBUSX, HO /10 KaKOW-TO CTeneHn
aKTUBUPYETCA B NPoLecce ronoaHns. BosmMoXHOCTb NHAYKUMK cnHTesa IMC B
CTPEeCCOBbIX YCNIOBUAX paHee 6bina NPOAEMOHCTPUPOBaHa A/1st APYriX (He
duTOnaToreHHbIX) bakTepuii. Hanpumep, 6aktepum Bacillus licheniformis
npoayumnposany 6onblue 3MNC B NPUCYTCTBMN TOKCUYHOTO ANSt MUKPOOPraHnu3Ma
MeTanna (xpom), a Takxe npu NosblLLEHHOW TemnepaType (Marx et al., 2009).
Kpome Toro, y ncnxpodunbHbix 6aktepuii Pseudoalteromonas sp. cHTes 3MMC
aKTUBUPYETCS Npu oTprLaTeNnbHbIX Temnepatypax (Nichols et al., 2005).
MHaykuma cnHtesa 3TMC npeAcTaBnseTca ajekBaTHbIM OTBETOM Ha CTPeccoBble
YCNoBWSA, MOCKONBLKY ANS 3TUX MOANMEPOB A0CTaTOYHO LUNPOKO
NPOAEMOHCTPUPOBAaHbI Pa3VYHble MPOTEKTOPHbIE CBONCTBA (CM. pasgen 1.2.4.2).
B cBA3u ¢ Tem, uto cnHTe3 3MC P. atrosepticum nHAyLMpyeTcs B

OTCYTCTBMM POCTOBOro CybCTpaTa A1t HapaboTKM LieneBblX MOMMEPOB C Lie/ibio
XapakTepuCTUKN NX CTPYKTYPbI 1 CBOMCTB Mbl UCMOABL30BaNu ronojatoLlme
KynbTypbl. Takas Mogenb Ans nonyderHns 3MC, HECMOTPA Ha A0CTaTOUYHO HU3KYH
NPOV3BOANTENBHOCTE — OCTaTOYHO HM3KWMIA Bbixog IMC (okono 1 Mr c antpa
KyNbTYpbl C y4eTOM NOTepb Npu BblAENEHUN 1 OYNCTKE), UMEEeT BaxHOe

[lOCTOVHCTBO. B cpeje, NCMonb3yeMoit ANs NonyUYeHNs ronoAatoLyx KynbTyp,
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OTCYTCTBYHOT 3K30reHHble YrNeBo/bl, YTO obecreyrBaeT MakCMMabHyo CTerneHb
UMCTOTHI LieIeBOro Nnpenapara.

3.2. PaclwunépoBka CTpyKTypbl perynspHoro 3seHa IMC P.

atrosepticum

Mpw aHannse npenapata 3MC P. atrosepticum (dpakums,

COOTBeTCTBYtOLan obbemy antouum 9-18 ma, cM. pasgen 3.1) ¢ nomoLbio AMP
CMEeKTPOCKONUW BbIO BBIAABNEHO, YTO PEryNSPHOCTL CTPYKTYPLI MoaAMMepa
(cuTyauwms, Npu KOTOPOWi MOBTOPAIOLLIEECH 3BEHO 0becrneyunBaeT eAVHCTBEHHBI
Habop cnrHanos AMP Ansa kaxAoro octaTka MoOHocaxapu/a) 3amackpoBaHa 13-3a
NPUCYTCTBUS B CTPYKTYpPE OAHOIO 13 MOHOCaXapuAHbIX OCTaTKOB
HecTexnomeTpuyeckoro O-auetata (curHan CH3 npu & 21,6 m.4., Puc. 10 A). B
CBSI3U C 3TUM A1t YCTAHOBNEHWNS TOUHO cTpyKTypbl SMC P. atrosepticum 66111
nonyyeHsl O-fealeTUNNpoBaHHble NMPOVN3BOAHbIE STUX MOANMEPOB, A1 KOTOPbIX
6b111 3anuncaHbl ogHomepHble (1H, 13C, 13C JMOD) n gBymepHble ( COSY,
TOCSY, HSQC, HMBC, ROESY) cnektpbl AMP (Puc. 11). MonHoe oTHeceHWe
curHanos Ha cnektpax COSY, TOCSY n HSQC 19 aeauetunviposaHHoro 3M1C P.
atrosepticum No3B0/VIO BbIABUTE HaMUKMe B CTPYKTYpe PeryasipHOro 3seHa 3Toro
nosvcaxapuga CeMu CMHOBbIX CUCTEM: ABYX A5 OCTATKOB O-TaNakTonmpaHosbl
(G1 1 G2), ogHO Ans ocTaTka a-MaHHOMNMPaHo3bl (M), O4HON ANA ocTaTka a-
pamHonupaHossl (R) n tpex cuctem (9 (H-1-H-3; H-5-H-8; H-1-H-2),
nprHagnexallyx AecsTuyrnepoAHoMy pasBeTBIeHHOMY MOHOCaxapuay -
3pBuHnose (E, 3,6,8-tpuaesokcn-4-C-(R-1-rugpokcnatn)-D-ryno-oktosza (9 ) (Puc.
12, Tabn. 2).

Takoi MOHOCaxapuy Kak 3pBUHIMO3a, Y KOTOPOro K YeTBepTOMY aTOMy

yrnepoja rvko3uabHOro ocTaTka NprcoeAMHeHa BOCCTaHOB/IEHHas 3-
rmapokcnbytupansaerngnas rpynna (C(5)-C(8)-pparmeHT) (Puc. 12), paHee 6bin
obHapyxeH B O-nonucaxapuge (OMNC) P. atrosepticum GSPB 9205 (paHee
Erwinia carotovora ssp. atroseptica GSPB 9205) (Senchenkova et al (9 ., 2005).
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Puc. 10. 13C cnekTpbl ncxogHoro (A) n O-geavetuanposaHHoro (B) 3MC P.
atrosepticum SCRI1043.
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Puc. 11. ®parmeHTel HSQC (A), ROESY (B), HMBC (B) IMP cnekTpos
O-geaueTnnnposaHHoro 3MC P. atrosepticum SCRI1043.

Pa3BeTB/IeHHble MOHOCaxapyAbl 6b1 BbisiBAEHb! B cocTase JIMC 1 psga

Apyrvx 6akTepwii: Yersinia pseudotuberculosis, Budvicia aquatica, Pseudomonas
mandelii, Burkholderia brasiliensis - iepcuHwnosa (yersiniose; 3,6-gnge3okcu-4-C-
[(S)-L-ruapokcmnaTtnn]-D-kecmunorekcosa) (Zubkov et al., 1992; Mattos et al., 2005;
Zdorovenko et al., 2012; Kondakova et al., 2013), Pseudoalteromonas independenta
- 5-aueTtamnAo-3,5,7,9-tetTpagesokcu-7-popmamugo-L-ravyepo-L-maHHo-
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HOHyn030HOBas k1cnoTa (Muldoon et al., 2001), Morganella morganii n
Shewanella putrefaciens - grucaxapuwa, coctosumii n3 5-auetaMmgnHo-7-
auetamnao-3,5,7,9-tetpagesokcu-L-ramuepo-D-ranakTo-HoH-2-y1030HOBOM
KNCNoTbl 1 2-aueTamnao-4-C-(3'-kapbokcamng-2',2"-anrngpokcunponun)-2,6-
Angesokcn-D-ranakTo3sbl (LeBaHeno3a, shewanellose) (Kilcoyne et al., 2002;
Shashkov et al., 2002), a Takxe y puTonaToreHHo bakTepuu, napasutmpytoLLer
Ha reo3guuHblx, Burkholderia caryophylli - kapnodwunosa (caryophyllose, 3,6,10-
TpuAaesokcn-4-C-(D-ranuepo-L-rugpokcnatinn)-o-3pntpo-D-ryno-gekosa) 1
Kapwvo3sa (caryose, 4,8-4nkno-3,9-anae3okcu-L-a3putpo-D-ngo-HoHo3a) (Adinolfi et
al., 1995; 1996). OgHaKo Ha CeroAHAWHNI feHb HeT nHopMaLmn, Kakne
CBOICTBa MOTYT NpuAaBaTk NOA06HbIE MOHOCaXapUAbl CoAepXaLLnM NX

nonvimepam.
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Tabn. 2. Xumunyeckme caurn 13C 1 TH (NonyXnpHbIii) B yrneBoAHbIX
octaTtkax MC P. atrosepticum SCRI1043.
C1

H-1

c2

H-2

c3

H-3

C-4

H-4

C-5

H-5

C-6

H-6/6

—3)-a-D-Galp-

(1—(G1)

102,4

5,25

3,81/3,81
—3)-a-D-Galp-
(1-(G2)
102,2

5.29

69,1

3,76/3,76
—2,3)-a-D-
Manp-(1— (M)

101,1



61,8

3,72/3,72
—4)-a-L-Rhap-
(1—-(R)

102,9

5,08

H-3eq/ax
c-4
C-5

H-5

H-7
c-8
H-8
Cc1
H-1
c-2
H-2
3-D-Erw-(1—

(E)

2,00/1,70

758714



1,19

[Ansa onpeaeneHns NocneAoBaTeIbHOCT MOHOCaXapUAHbIX OCTaTKOB B
perynsipHoMm CTpykTypHOM 3BeHe 3MMC 1 BbIBNEHNS NO3ULWI 3aMeLLeHns
0CTaTKOB MPOBOANNN aHaNN3 KOPPensLuii aHOMepPHbIX MPOTOHOB OAHOMO OcTaTka
1 BA13KO PacrnoNoxXeHHbIX NPOTOHOB (paccTosHue MeHee 5 A) apyrux ocTaTkos ¢ {9
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NMOMOLLbIO CrieKTpockonuu saepHoro s¢pdekTa OBepxaysepa B cucteme
BpaLjatowmxcsa koopanHaTt (ROESY) (Puc. 11 B). Hannune ceasu noarsepxgani
AaHHbIMN HMBC cnekTpoB No curHanam, CooTBeTCTBYOLNM AaNbHUM
KoppensumaM Mexzy aHoMepHbIM aTOMOM yrnepo/a OAHOro ocTaTka U MPOTOHOM
JPYroro ocTaTka, HaxoAALLMMCS NPy aToOMe YrnepoAa, y4acTBytoLLero B
obpasoBaHuK rnkosnaHoi cessu (C-O-C-H) (Puc. 11 B).

ConpsixeHne COBOKYMHOCTW BCeX aHHbIX, MOAYYeHHbIX C oMol AMP
CNeKTPOCKONUK, N aHannsa MoHocaxapuaHoro coctasa 3IMC P. atrosepticum
(pa3gen 3.1, Tabn. 1) NO3BOANNO YCTAHOBUTb, YTO OCTOB PEryasapHOro 3BeHa 3Toro
noancaxapuja nocTpoeH 13 tpucaxapuaa [—3)-a-D-Galp-(1—2)-a-D-Manp-
(1—4)-a-L-Rhap-(1—1], a 6okoBble Lenu, NprucoeanHeHHble K ocTaTkaM
MaHHOMMPaHo3bl B NofoxeHun O-3, cocTosT n3 gnumepa B-D-Erw-(1—-3)-a-D-

Galp 9 -(1— (Puc. 5).

Puc. 12. CTpykTypa perynsapHoro 3seHa SIC P. atrosepticum SCRI1043

(A) 1 XMUYecKkas CTpyKTypa 3pBuHKO3bI (B).

Ansa onpezeneHns NONOXEHUA aueTUIbHbIX rpynn B cTpykType 3MC P.
atrosepticum nposoawan conoctaeneHve 13C CNekTPOB NCXOAHOIO Moamncaxapuaa
1 ero JeaLeTVAMpPOBaHHOIO MPOn3BOAHOro. OTHeceHMe CMeLLeHHbIX CUTHaNoB
(MCxoAHbIV nonvcaxapua) 40NOAHUTENbHO KOHTpoanposanu no HSQC n COSY
cnektpam. CpasHeHue 13C cnektpos 3MNC 40 1 Nocne AealeTuvpoBaHNs
MO3BONIN/IO BbIABUTL CyLLIECTBEHHOE CMeLLeHe MONOXEHNA XMMUYECKNX CABUTOB,
oTHocsAwmxcst kK C-1 1 C-2 aTomam ocTaTka ranakTonvMpaHo3bl 60KOBOW Lienu, B
6onee cnaboe none. Tak, curHanel Npn <9 §99.7 1 § 69.1 m.4., oTHocsAwmecst K C-1 119
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C-2 ranakTo3bl MICXOAHOrO NOAMCaXapuAa, CMeLLanncb nocne JealeTuavpoBaHns
20 6102.2 1 6 71.4 m.4., cooTBeTCTBEHHO (Puc. 106). Ha NPOTOHHBIX cnekTpax
6bIN BbIABNEHbI CMeLLeHNs (B 6onee cMbHOe Nose) U ANS COOTBETCTBYHOLLMX
npoTtoHoB (9 (H-1, H-2): §5.39 1 6 5.13 M.4. - Ans ncxogHoro IMCum §5.29 1 6§ 4.03
M.A. - N5t O-AealeTUNMPOBaHHOIO NMPOV3BOAHOIO (CMEKTPbl He MPUBOAATCS).
BbiSiBNeHHble M3MeHeHWs CBUAETeNbCTBYIOT 06 aLeTUIMPOBaHMM OCTaTKa
ranakTosbl 60KoBOW Lienu nonvcaxapuaa (G2) no O-2 nonoxeHuto (Puc. 12A).
CTeneHb N3MeHeHWs MHTEHCUBHOCTM crHana C-2 npeAnonaraeT, YTo B CTPYKType
3MNC gonsa aLeTUAMpPOBaHHON ranakTo3bl 6OKOBbIX Lienei coctaBnseT nopsaka
50% (Puc. 10).

YcraHoseHHas ctpykTtypa 3MMC P. atrosepticum SCRI1043 okasanace

NAEHTWUYHOI CTPYKType paHee onvcaHHoro O-noancaxapuaa (OMNC) P.
atrosepticum GSPB 9205 (paHee Erwinia carotovora ssp. atroseptica GSPB 9205)
(Senchenkova et al {9 ., 2005). 3To 03Ha4aeT, UTo perynspHble 3BeHbsa IMC 1 ONC
P. atrosepticum MMetoT 04NHAKOBYO CTPYKTYpPY. VI3BECTHO, UTO perynsipHble
3BeHbs 3MMC, OMNC 1 kancynbHbIX noancaxapungos (KMC) moryTt nmeTs
O/MHaKOBYO CTPYKTYPY Yy OAHUX BWAOB 6akTepui, a'y Apyrux moryT
pasnuyaTbcs. Hanpumep, y Rhizobium trifoli, Kingella kingae, Erwinia amylovora,
Xanthomonas campestris, Azospirillum lipoferum perynsipHble 3BeHbs OMNC 1

3MNC nan 3MC n KMC nmetoT pasHyto cTpykTypy (Jansson et al., 1979; Gidley et

al.,, 1987; Ray et al., 1987; Torres et al., 1993; Bukharov et al., 1993; Stankowski
etal., 1993; Nimtz et al., 1996; Molinaro et al., 2003; Smol'kina etal©9 ., 2010; Starr
etal., 2013). B 1o xe Bpewms, y Salmonella enteridis, Rhizobium meliloti, Erwinia

futululu, Azospirillum irakense, Sphingomonas sp {9 . OMNC v 3MNC uan 3MNC n KNC
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NMeLoT MAEHTUYHYIO  CTPYKTYpY (Reuber, Walker, 1993; Reinhold et al., 1994;
Chouly et al., 1995; Yamazaki et al., 1996; Videira et al., 2001; Yang et al., 2002;
Fedonenko et al., 2004, 2013; Snyder et al {9 ., 2006). PyHKLMOHaNbHAsA PO/b TaKMX
CXO/CTB WAV Pas3nnynii B CTPYKTYpe MOBEPXHOCTHBIX MOMCcaxapuAoB 6akTepuii Ha
CeroHALHWA AeHb He BbIiCHeHa.
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MockobKy CTPYKTypa perynsipHoro 3seHa sbigeneHHoro Hamm 3MMC

okasanacb MAeHTMYHa CTPYKType peryaspHoro 3seHa O-noincaxapugHon Luenm
JINC P. atrosepticum GSPB 9205, Mbl NpoBepuan, He ABAAIOTCA N Lienesble
nonumepsl JIMC, a He 3MC. [Ins 3TOro Mbl CPaBHUNN COAepxKaHune 2-keTo-3-
/1e30KCMOKTOHOBOW KncnoTel (KAO) B npenapatax JIMNC (MeTos BblaeneHns
onucaH B pasgene 2.5) n 3TC P. atrosepticum. KO npeactasnsieT coboin
xapakTepHblii 415 JINC BOCbMUYTr1epOAHbIN caxap, KOTOpbIN cBA3bIBaeT
yrnesogHyto yactb JIMNC (OMNC) c avnuaom A. B npenaparte J1MC cogepxaHue

KAO coctaBuno 2,2 + 0,1%; npv 3Tom B npenapate IMMC 6biu BbiSBAEHbI NLWb
cnegossble konnyectsa KAO. Kpome Toro, cotpygHukom UBEPPM PAH Curuaa

E.H 6bino nokasaHo, uto y JINC P. atrosepticum 1 y BblgeneHHbIx Hamu SIMC P.
atrosepticum pasnvyanace 3nekTpodopeTryeckas NoABUXHOCTE (Gorshkov et al.,
2017a). Takum 06pa3om, obHapy>XKeHHble HaMu nonancaxapugsl P. atrosepticum
(3MNC) otanyatotcsa o1 JIMC P. atrosepticum, HeCMOTPSA Ha NAEHTUYHOCTb
CTPYKTYpPbl PErynsipHOro 3seHa 3T1X NoJMMepoB.

3.3. mmyHogeTekms 3MC P. atrosepticum B cocygax Kcunembl
NHGULMPOBaHHbBIX pacTeHNi

Ha cnepytolliem 3Tane nccneoBaHNSA Mbl BbISICHANN, BXOAAT

BbISIBIEHHbIE HAMW B KyNbTypax in vitro 3MC P. atrosepticum B cocTaB maTpukca
6akTepuanbHbIX 3M60N0B - «<MHOFOKNETOUHBIX» BLMONNEHKONOA06HLIX CTPYKTYP,
obpasyembix kneTkamu P. atrosepticum B cocyAax NepBMYHON KCunembl
NHMLMPOBaHHbIX pacTeHnii Tabaka (Gorshkov et al.,, 2014, 2016). Ans npoBepku
3TOro B COTPYAHMYECTBE C C.H.C. UBPPM PAH K.6.H. BypbIrvHbIM /1. 6bi1n
nosty4eHbl KPONNUBLN NOAMKAOHANbHbIE aHTUTeNa, creunduryHble K 3MC P.
atrosepticum. BypbirHeimM /1. 6b1na NoATBEPXAEHA CNEeLMPUUYHOCTL
nosayyeHHbIx aHTUTen k MC P. atrosepticum; B nepekpecTHble peakuum ¢
nosvcaxapuaamu kneToUHOW CTeHKM pacTeHWii (KCnnaH, KCUAOrItoKaH, apabuHaH,
paMHoranakTypoHaH |, ranaktaH, noavMranaTypoHoBas K1cIoTa, MaHHaH)
nonyyeHHble aHTUTeNa He Bctynanu (Gorshkov et al., 2017a).
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MonyyeHHble MONVKNOHaNbHbIE aHTUTeNa, cneunduydHblie K IMC P.

atrosepticum, 6611 UCMONB30BaHbI ANS UMMYHOAETEKLM LieNeBbIX MOAVMEPOB B
cocyaax kcunembl UHGULMPOBaAHHbIX P. atrosepticum pacteHnii Tabaka (Puc. 13).
Mocne 06paboTkn cpe3oB NHGULMPOBAHHbIX P. atrosepticum pacteHunin Tabaka
NepBUYHBLIMUN 1 BTOPUYHBIMW @aHTUTENaMU NMPONCXOANI0 NHTEHCBHOE
NMMYyHOMeYeHe NoaocTeli COCYA0B KCUAeMbI, KONOHN3MPOBaHHbIX
nektobakTepusimMu (Puc. 13 A); npy 3TOM 0CO6€HHO MHTEHCVBHO METUACS
BHeKNeTOYHbIN MaTpukc (Puc. 13T, [).

Puc. 13. mmyHogeTekums 3MMC P. atrosepticum B cocyAax nepBUYHOM

KCUNnembl pacTeHnin Tabaka, MHGMLUMPOBaHHLIX P. atrosepticum (2 cyTok nocne
NHULMpoBaHUs). Cpesbl MHGULMPOBAHHBIX pacTeHwuiA, obpaboTaHHbIe U
NepBUYHBIMU 1 BTOPUYHBIMY aHTUTenamu - A, T, /1. Cpesbl MHGULMPOBaHHbIX
pacTeHwuii, obpaboTaHHbIe TOILKO NepBUYHBIMK aHTUTenamu - b, E, X. Cpes
HEeNHPMLMPOBAHHOIO pacTeHWs, 06paboTaHHbIN 1 NePBUYHbLIMI 1 BTOPUYHBLIMU
aHTUTenamu - B. MacwrabHasa metka cooTetcTByeT: A-B - 20 mkm, I, E -1

MKM, [, X - 0,5 MKMm.
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Mpu 06paboTke cpe3oB MHGULMPOBAHHBIX PACTEHWNIA TONLKO BTOPUUYHBLIMU
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(HO He NepBUYHBIMM) aHTUTENaMW IMMYHOMeYeHUs He Habatoganu (Puc. 13 b, E,
XK), Tak xe Kak 1 Ha cpe3ax HeMHOULMPOBAHHbIX pacTeHNA, 06paboTaHHbIX U
NepBUYHBLIMY, 1 BTOPUYHBIMW aHTUTenamu (Puc. 13 B). Takum o6pasom, Hamu
NpoAeMOHCTPMPOBaHO, 4To JMMC AelicTBUTENEHO BXOAAT B COCTaB
3KCTPaKIeTOYHOro MaTprKca bakTepuranbHbIX 3M600B, 06pasyemblx kneTkamu P.
atrosepticum B cocyax NepBUYHON KCneMbl MHPULMPOBAHHbBIX PACTEHWIA.
PaHee 66110 MOKa3aHo, YTO MePBUYHBIV MAaTPUKC BakTepraibHbIX SM6010B
COCTOUT 13 MEKTUHOBOrO MONCaxapuAa PacTeHUA-X035a1Ha -
pamHoranakTypoHaHa | (Pr-1), TouHee 13 ero ¢pparmeHToB (50-400 k/a) C HU3KUM
YPOBHEM 3aMeLLieHI s 0CToBa 60KOBbLIMM LiensimMu 13 ranaktossl (Gorshkov et al.,
2016). Takue pparmMeHTbl 06pasyoTCs 1 BbICBOBOXAAOTCS U3 PACTUTENBHbIX
KNeTOUHbIX CTEHOK B pe3y/ibTaTe BOCMPUNMUMBOrO OTBETA PACTEHNA-X0391Ha
(Tsers et al., 2020) v akcTparvpytoTcst 6yGepom 13 roMoreH3npoBaHHbIX TKaHew
pacTeHwui (B OTIMYME OT «HATMBHOMO» P-I, yaep>XrBaemMoro pactutebHbIMU
KNeToUHbIMY cTeHkamu) (Gorshkov et al., 2016). OgHako no Mepe pa3BUTUS
6aKTepuanbHbIX 3M6010B GpparmeHTbl P-l nocTeneHHo paspyLlatoTcs, 1 Kakune
COe/AIHEeHWSt MOTYT NOTEHLManbHO NOAAEPXNBATEL CTPYKTYPHYHO LIeIOCTHOCTE
6akTepunanbHoOro sMbona 0CTaBasoCk HeBbIACHEHHbLIM. Hallle nccnegosaHve
[leMOHCTPVMPYET, YTO B KaYecTBe Taknx CoeAVHeHWA MOryT, No-BUANMOMY,
BblcTynaTtb 3MC P. atrosepticum, KoTopble No Mepe paspyLleHuns Pr-l
HakannMBatloTCa B COCTaBe MaTpurKca 6akTepuanbHbIX 3MOOOB.

Ob6paszoBaHune bakTepuranbHbIX 3M6010B kneTkamu P. atrosepticum 6b110
OMKMCaHO B XO/e B3aMOAENCTBIMN 3TUX 6aKTepuii TONbKO C HecneLynduyHbIM
pacTeHneM X031MHOM - TabakoM. [1pr 3TOM BO3MOXHOCTb 06pa30BaHNA 3TUX
CTPYKTYp B cneunduyHoM xo3suHe (kapTodene) He bblna NPOAEMOHCTPYPOBaHa.
He 6b1710 TakXe BbISICHEHO, 06Pa3ytoTCs N KOMMOHEHTbI MaTPUKCa
6akTepuanbHbIX 3M60N0B (HU3KO3aMelleHHbIe dparMeHThl Pr-1 n 6akTepunansHble
3MC) B UHMLMpPOBaHHbIX P. atrosepticum pacteHusx kaptodens. Ans NnpoBepku
3TOro Mbl NPOaHanM3MpoBanun coctas bydep-akcTparnpyemblx Noancaxapuaos
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pPacTUTeNLHON KNEeTOYHON CTeHKM MHGULIMPOBaHHBIX P. atrosepticum pacteHwii
kapTodens 1 nposenn nMmyHogeTekumto IMC P. atrosepticum B cocyaax
nepBUYHOI KCUNEMBI.

Cogzep>aHue yrneBoZoB B 6ydep-akcTparvpyemoii dpakumu ctebneii
NHOULMPOBaHHbIX P. atrosepticum pacTeHuii kapTodens 66110 B 6 pas 6o/bLue,
yem BO GpaKLuK, MONYHEHHOW aHaNOrNYHbIM 06Pa30M 13 KOHTPOBbHbIX
HeNHPVLMPOBAHHbIX PacTeHWIA. NPy 3TOM 1 A1 KOHTPOIBHbIX, U ANA
NHGULMPOBaHHbBIX PacTEHNIA 6bINO BbISBNEHO /Be OCHOBHbIe dpakLmmn bydep-
JKCTparvpyemblx nonncaxapugos (Puc. 14), cooTBeTCTBYOLLME MONEKYNSAPHBIM
maccam 50-400 kJa (ppakums 1) n meHee 50 ka (ppakuyms 2).

CornacHo MoHocaxapuaHOMy COCTaBy, 60/1ee BbICOKOMOEKYNAPHas

dpakums (dpakums 1, Puc. 14) KOHTPONbHBIX PacTeHW B OCHOBHOM COCTOsANA U3
¢dparmeHTOB Pl-l, NOCKONBKY COOTHOLLIEHWNE COAePXaHNA PaMHO3bI 1
ranakTypoHoBoii kncnotbl (Rha/GalA) 66110 NPUMEPHO PaBHO eAMHMLEe, HYTO
XapakTepHo Ans octosa Pr-1, coCToALLEero 13 YepeayroLnx 0CTaTKoB 3TUX ABYX
MOHOCaxapuAoB. B KOHTPONEHBIX pacTeHnsX y bydep-akcTparnpyemMbix
¢dparmeHToB PT-l 6bIna BbICOKas CTeNeHb 3aMeLLeHNSA ranakTo3HbIMU 1
apabuHO3HbIMK 60KOBbLIMU LienoyKamu, O YeM CBUAETENbCTBYET BbiCOKOe
cofiepxaHue B 3TOM dppakLmm COOTBETCTBYHOLLIMX MOHOCaxapuzaoB (Gal, Ara). B
60onee HM3KOMONeKYNAPHOM pakumm (ppakums 2, Puc. 14) KOHTPONbHbIX
pacTeHnii JOMVHNPOBaNV GparMeHTbl MONTanakTypOHOBOM KNCNOTbI, MOCKOILKY
cooTHoLleHre Rha/GalA 6bi10 0,25.

B MHOULMPOBaHHbIX pacTeHUsIx 6onee BbICOKOMONEKYsipHas Gpakums

(dpakums 1, Prc. 14) Tak e KaK 1 B KOHTPOJIbHbIX PaCTeHMsIX cocTosNa



npenmMyLiecTBeHHol 13 parmeHToB Pr-I (cooTHoLleHre Rha/GalA=1); ogHako
cojiepxaHue yrneso/oB B 3TOV GpakLmy B UHGULIMPOBAHHLIX PACTEHNSAX 6bIN0
60/1ee uem B 5 pas BbILLE, YeM B KOHTPO/IbHbIX pacTeHusx. Kpome Toro, B
KOHTPO/bHbIX PacTeHNsAX bydep-akcTparmpyemble GparmeHTsl Pr-l umenn
BbICOKYHO CTEMeHb 3aMeLLeHNSA raNakTo3HbIMU 6OKOBbLIMU LienoyKamm
(cooTHoweHMe Gal/Rha=3,2), a B UHPMLMPOBAHHbIX PacTEHNAX CTeneHb
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3amelLleHVst 0CToBa bydep-aKcTparnpyemoro Pr-1 6bi1a 3Ha4UMTeIbHO MeHbLLe
(cooTHoLeHMe Gal/Rha=0,7). Bonee HM3KOMONeKynspHas Gppakums
NHOULMPOBaHHbIX pacTeHuii (bpakums 2, Puc. 14) cogepxana npenmMyLLecTBeHHO
NoANranakTypoHOBYH KNCNOTY (cooTHoLeHue Rha/ GalA=0,25).

Puc. 14. Tipodunm antoummy 1 MOHOCaxapuAHBbIA COCTaB Yr1eBoA0B,
aKkcTparvpyembix 50 MM Na/K-pochaTHbiM 6ydepomM 13 roMoreH3npoBaHHbIX
TKaHel cTebneit KOHTPObHbIX HEMHPULMPOBAHHbIX (CMNOLLIHAA TNHNS) U
NHOULMPOBaHHbIX P. atrosepticum pacteHuii kapTodens (3 cyTok nocse
NHMLMpoBaHWSs). PasgeneHne yrneBoA0B NPOBOAUAN Ha KONOHKe ¢ cedpapo3oli
CL-4B. B kayecTBe MapkepoB MONEKYSPHOV MacChl MCMOIb30BaHb! NyAayaHbl
(P) maccoii 1600, 400, 200, 100 u 50 k/a. Vi - 06bem pacTBopuUTens BHyTpU
yacTuu, rens. Ppakumu, B KOTOPbIX OMNPeAensn MoHocaxapyAHbIN cocTas,
0603HaueHbl Ha PUCYHKEe MYHKTUPHBLIMU TMHUSAMU.
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Taknm 06pasom, B MHGULMPOBAHHbIX pPacTeHUAX kapTodens (Tak xe Kak v B
NHMLMPOBaHHbIX pacTeHnsx Tabaka, Gorshkov et al., 2016) npw pa3suTn
MSArKUX FHUNeN, Bbi3blBaeMblx P. atrosepticum, HakananeaTcs
BbICOKOMONekynsipHble (50-400 k/la) pparmeHTbl PT-1, 0OCTOB KOTOPbIX MMeeT
HW3KMI ypoBeHb 3aMeLLieHNs ranakTo3HbIMY 60KOBLIMU Lienoyvkamu. ITu
dparmMeHTbl He yAepXMBaKOTCS PacTUTENbHbIMUN KNETOYHbIMW CTEHKaMK (B
OTNNYMNE OT «BCTPOEHHOM0» B K/IeTOUHbIE CTeHKW PI-1) 1 skcTparupyroTcs
6ydepoM 13 roMoreHN3NPOBaHHbIX PaCTUTENbHbIX TKaHel. Takme
HM3KO3aMeLLeHHbIe 1 He YAepXrBaeMble KNeTOUHbIMUN CTeHKaMy dparMeHTsl Pr-|
$OPMUPYHOT NEPBUYHbIN MaTPUKC 6akTepuanbHbIX 3M6010B, 06pasyembix
Knetkamu P. atrosepticum B cocyAax KcuiemMbl MHGULIMPOBAHHLIX PacTEHNIA
(Gorshkov et al., 2016, 2021c¢).

3MMC P. atrosepticum He AeTeKTMPOBaAN B KOHTPOJIbHbIX

HeVHPVLMPOBAHHbIX PACTEHMSX KapTOdpens C MOMOLLbI0 UMMYHOMeYeHUs
NOANKNOHANbHBIMW aHTUTeNaMW, CneunPuUHbIMMU K 3TUM noanmepam (Puc. 15A).
Puc. 15. mmyHogeTekums 3MMC P. atrosepticum B cocyAax nepBUYHOM

KCunembl pacTeHnin kaptodens, MHULUMpoBaHHbIX P. atrosepticum (3 cyTok
nocne nHoUUMpoBaHus). Cpes HeMHPULMPOBAHHOMO pacTeHusi, 06paboTaHHbIA 1
nepBUYHBIMY, 1 BTOPUYHBIMK aHTUTenamu — A. Cpesbl MHGULMPOBaHHbIX
pacTeHuiA, obpaboTaHHbIe 1 MePBUYHBIMU, Y1 BTOPUYHBIMI aHTUTenamu (b) nnm
TONbKO BTOPUYHBIMU (B) aHTUTenamun. MaclutabHas meTka cooTseTcTByeT: A - 50
MKM, B, B = 20 MKM.
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Mocne 06paboTkn cpe3oB NHOGULMPOBAHHbIX P. atrosepticum pacteHnia
KapTodens nepBUYHbLIMU 11 BTOPUYHBIMI @aHTUTENaMM NMPONCXOANI0 NHTEHCMBHOE
MMMYHOMeYeH1e NofocTelt cocyAoB Kcunemsl (Puc. 156), cogepaLimx
cpopmMrpoBaHHble bakTepuanbHblie 3M60Abl (Puc. 16). Mpu 06paboTke cpe3oB
NHOULMPOBAHHbBIX PAaCTEHWIA TONIbKO BTOPUYHBIMY (HO He MepBUYHbBIMM)
aHTUTeNaMu MMyHOMeYeHus He Habntoganu (Puc. 15B).

Taknm 06pasom, Hamun NPoAeMOHCTpUpoBaHo, 4To IMMC P. atrosepticum
[eCTBUTEIbHO BXOAAT B COCTaB 3KCTPaKIeTOYHOMO MaTpuKca bakTepuranbHbIX
3M60/10B, 06pasyeMbix K1eTKaMu 3TOro MUKPOOPraHn3Ma B COCy/ax NepBUYHoON

KCUnembl pacTeHWn Tabaka (HecneLMPrUHbI X0351H). Kpome Toro, Hamu



nokasaHo, 4To B MHGULMPOBaHHbIX P. atrosepticum pacTeHusix kapTodens
(cneumnduUHbIZ X03581H) ToXe GOpMUPYIOTCA BakTepuanbHblie 3M60nbl. Mpy 3ToM
B MHGULMPOBAHHbIX pacTeHuaxX kapTodens, Kak 1 B pacTeHnsx Tabaka,
HakannMBatTCa KOMMOHEHTbI MaTpUKCa bakTepranbHbIX 3M60I0B:
BbICOKOMO/IEKYNAPHble dparMeHThbl Pr-l ¢ HM3KO3aMeLLeHHble ranakTo3HbIMU
Liernoykamu, HeyepxmBaemble pacTUTeNbHbIMU KNETOUHbIMM CTEHKaMW, a Takxe
3MC P. atrosepticum.
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Puc. 16. Cpe3sbl KOHTPONBHbBIX HENMHOULMPOBaHHBIX (A, B) 1

NHOMLMPOBaHHbIX KneTkamu P. atrosepticum (B, I') pacTeHuii kapTodens (3 cyTok
nocne MHGMLMpPOBaHWS). bakTepuanbHble 3M60/bI B COCyAaX MEPBUYHON KCunembl
NHPULIMPOBAHHbLIX PacTeHNI 0603HaYeHbl cTpesikamu. Cpesbl OKpaLleHbl
MeTUNeHOBbIM CUHUM. MacluTabHas meTka cooTBeTcTByeT: A, b - 200 MkM, B -

50 MKM, [ = 25 MKM.
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3.4. OnpegeneHue BaskocTn pactBopos IMMC P. atrosepticum

Pactsopbl 3MMC P. atrosepticum B KOHUeHTpaumsx 1,25-5,0% B

nccneayeMom guanasoHe ckopocteli casura (1-120 c-1) npossasan
HeHbIOTOHOBCKMe CBOWCTBA, @ UMEHHO yBe/MYeHne CKOPOCTH CABMIa NPUBOAWO K
CHUKeHMI0 3¢ deKTUBHOI BA3KOCTH (MCeBAoNNacTMYHoe nosejeHune). OgHako npu
6onee HM3KOM KOHLEeHTpauumn nonnmepos (0,625%) ans pacteopos 3MMC 66110
XapaKTepHO HbIOTOHOBCKOE MoBejeHNe (Korja yBennyeHre CkopocTu CABnra He
OKa3blBaNo BAUAHME Ha 3HauYeHVe 3G PeKTUBHOW BA3KOCTM). MakcManbHoe
3HayeHue 3¢pdeKTMBHON BA3KOCTN pacTBopoB IC P. atrosepticum (0)
orpezeneHo TeopeTU4eckm ¢ MoMoLLpto Mogenun Kpocca (Tabn. 3, Puc. 17)):

F'ae 0 v~ - 3HauYeHNsa BA3KOCTL Npu O 1

; A - xapakTepHoe

BpPeMs pacTBopa; N - NokasaTe/b CTeneHu.

Tabn. 3. MapameTpbl Mogenn Kpocca Anst pasnnyHbix KoHLeHTpauuii 3MC

P. atrosepticum.

KoHueHTpauusa

3NC (%)

0

(MMa-c)

(mMa-c)

A

(@

n

5,016,973 15,839 0,2785 0,9557

2,511,093 10,546 0,0499 1,3592

1,25 4,893 4,688 0,0566 1,6465

0,625 2,362 2,362 - -

MonyyeHHble pesybTaTbl CBUAETENLCTBYIOT O TOM, YTO yBeIMYeHne
KoHLeHTpauun 3TC P. atrosepticum NpuBOANT K MOBbILLEHNIO BA3KOCTV BOAHOTO
pacTtBopa. MceBgonnacTnyHoe nosejeHve BoAgHoro pactsopa 3MC craHoBUTCA
60/1ee BbIpaXeHHbIM M0 Mepe yBennyeHns KoHueHTpaumm 3MC. Pasanuuns mexay
MakcuManbHbIM (0) U MUHUMaNbHBIM («) 3HaUeHUAMU 3G PeKTUBHON BA3KOCTU B
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nccnesyemMom AranasoHe CKopocTeit CABmra AoCTaTouHo HebobLLIOe (Harnpumep,
ansa 5% pactsopa 3MMC coctaBnseT meHee 7%).

Puc. 17. 3¢ dekTrBHasA BA3KOCTb BOAHbIX pacTBopoB 3MC P. atrosepticum.

A - 3aBUCMMOCTb 3 PeKTUBHO B3KOCTH pacTBopos IMC P. atrosepticum ot

CKOPOCTM CABUra anmnpoKCcMupoBaHa Mojenbio Kpocca. b - 3aBrcmocTb



TEOPeTUYECKNX 3HAYEHWNIA MaKcUManbHOM (0) 1 MUHUMAaNbHOM (=) BA3KOCTA B
nccneayeMomMm guranasoHe CKopocTelr ¢aBura oT KoHueHTpauum MC P.
atrosepticum. Vi3mepeHusa nposoguav npu 20 °C. Hynesoli koHUeHTpauum 3MC
COOTBETCTBYeT 3HaueHve BA3KOCT AUCTUNMPOBaHHOM BoAbl (1,002 mMa-c).

Mbl NpoBenn cpaBHUTENbHbIV aHann3 3$pdeKTUBHON BA3KOCTN PacTBOPOB

3MC P. atrosepticum (Hale nccnegosaHve) 1 pacteopos IIMC gpyrux
duTonaToreHHbIx bakTepuii (paHee ony6nMKOBaHHbIe AaHHbIe) (Tabn. 4).
HanbonbLas BA3KOCTh (BA3KOCTL MpW HY/I€BOW CKOPOCTW cABura, 0) xapakTepHa
AN BOJHbIX PAaCTBOPOB KCaHTaHa, CHTe3rpyeMoro Bugamu poga Xanthomonas, a
Takke BoAHbIX pactBopos IMC, npoayunpyemoro Pantoea sp (Wyatt et al., 2009;
Niknezhad et al., 2018). BAskocTn pactBopoB kcaHTaHa v 3MC Pantoea sp.
npeBbILLAOT BA3KOCTb pacteopa IMMC P. atrosepticum Ha 3-4 nopsiaka BeVYNH
(NpV CXOAHBIX KOHLEHTPaLMAX NonnMepoB). Mpy 3TOM pacTBOPbI anbruHata,
cnHTe3mpyemoro Pseudomonas oleovorans (Freitas et al, 2009), conocTaByMbl Mo
YPOBHIO BSI3KOCTU ¢ pacTBopamu IMC P. atrosepticum (Tabn. 4).
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Tabn. 4. BaskocTn pactBopos IMMC pas3Hbix pUTONaTOreHHbIX baktepuii. B
yeTblpex KONMOHKax (Co 2 Mo 5) yka3aHbl 3Ha4eHNs 3pGeKTUBHOM BA3KOCTH AN1st
AnanasoHa KoHueHTpaumii 3MC B pactBopax: 2) 0,5-0,6%, 3)1,0-1,2%, 4) 2-3%,

5) 4-10%; ToUHas KOHLIeHTpaLMs NprBeAeHa AN KaxAoro KOHKPeTHOro cayyas
(yKasaHo Kypc1MBOM B CKOBKax B Kax ol aueiike). [ns Kaxa0ro BapraHTa
npeAcTaBneHO TP 3HaYeHUs BA3KOCTU (MMMa-C): BA3KOCTb NMpu Hy1eBo CkopocTn
casura (0), npu ckopoctu casurra 10 ¢-1 (10) n npu ckopoctu casumra 100 c-1
(100). B Tex cnyyasix, korga 3HaydeHne ans 0 He 6bI10 NpeACTaBNeHO B
ony6MKOBaHHbIX AaHHbIX, 3@ 0 NPUHUMAaNN MaKCMabHOe 3Ha4YeHNe BA3KOCTU.
[AnanasoH KoHLEeHTpauuni (%)

Hassanwue 31C, 0,4-0,6 1-1,25 2-3 4-10

BUA bakTepumn

BsizkocTb, 0/10/100 (MmMa-c)

Cebinka

3MC¢,

Pectobacterium

atrosepticum

24124124

(0,625%)

49747148

(1,25%)

1M/711/1

(2,5%)

17/16/16

(5%)

Hawwe

nccnefoBaHme

3MC80, Erwinia

chrysanthemi*

32/32/23

(0,5%)

Ding et al., 2003

3MCY, Erwinia

chrysanthemi*

1127109747

(0,5%)

Ding et al., 2003

JleBaH, Erwinia



amylovora
44/38/33
(2%)

101700/
20600 / 4387
(8%)
Pengetal., 2019
CAS 3NC,
Rhizobium
radiobacter
10271027/ 27
(2%)
186/186/43
(6%)

Andhare et al.,
2017
AnbruHar,
Pseudomonas
oleovorans
-26/25/25
(10%)

Freitas et al.,
2009

JNlesaH, Brenneria
sp.
06/06/0,6
(3%)
643/26/12
(6%)

Xu et al., 2018
CyKLMHOTINKaH,
Agrobacterium
radiobacter
29/171/5
(0,5%)
37/33/74
(1%)
112/95/25
(2%)
Moosavi-Nasab
etal., 2012
3MC, Pantoea sp. 1250/ 1250/
1250

(0,5%)

34300/ 17180
/2500

(1%)

61200 / 30000
/2600

(2%)

Niknezhad et al.,
2018

KcaHTaH,

Xanthamonas sp.



39000/ 343/62

(0,4%)

Wyatt et al.,

2009

3NCs10,

Rhizobium

radiobacter

4400/173/51

(0,5%)

1,4x106 / 6373

/576

(1%)

Zhou et al,, 2014

BaxHo, UTO Yy NpoaHann3npoBaHHbIX HaMV BOAHbIX pacTsopos SMC
nceBAOMNACTUYHOE NOBeAeHVe BbipaXeHO B pa3Holi cTeneHun. Hanpumep, 0,4%
BO/|HbI/ pacTBOP KCaHTaHa MMeeT BA3KOCTb NPW HyneBoW ckopocTu casura 39000
MmIa-c, o4HaKo BA3KOCTL 3TOr0 Xe pacTtBopa npuv ckopoctu casura 100 ¢c-1 B8 600
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pa3 MeHbLue (62 MMa-c) (Wyatt et al., 2009). Takas e TeHAeHLUMUA 0cO6eHHO
OTYeTNNBO NPOABASANACL ANA BOAHbBIX PAaCTBOPOB NleBaHa Erwinia amylovora n
3MC Pantoea sp. (Niknezhad et al., 2018; Peng et al., 2019, Ta6n. 4). Mpu 3ToM
ANA Yccneayemblx Hamm BoAHbIX pactBopos 3MMC P. atrosepticum pasnnuns
Mex Ay BA3KOCTSMM MpW HY/N1€BOW CKOPOCTW CABUra 1 Npu ckopocTtu casura 100 c-1
6b11n MeHee 7% (Tabn. 3, 4). Moxoxasa cMTyaums bbina xapakTepHa 1 Ans
pacTBOpoB anbruHata P. oleovorans (Freitas et al., 2009) (Ta6n. 4).

HebonbLioe pasanune mexay 3¢pekTMBHON BA3KOCTLIO NPU HyneBon
CKOPOCTW cABUra 1 Npu ckopoctu casumra 100 c-1 B KaKOR-TO cTeneHun
«ypaBHuBaeT» C P. atrosepticum ¢ HekoTopbIMU ApyrumMu SMC € TOYUKM
3peHVs obecneyeHns BA3KOCTU. Tak, BA3KOCTb 6% neBaHa Brenneria sp. npu
HYNeBoW ckopocTu cagura (643 mMa-c) noutn B 38 pas 6onbLue BA3KOCTU 5%
3MC P. atrosepticum npu HyneBoit ckopoctu caura (17 mla-c); npy sTom
BA3KOCTb 5% pacteopa 3IC P. atrosepticum npw ckopoctu casura 100 c-1 (16
Mla-c) gaxe BbllLe, YeM aHaNornYHbIV NnapameTp y 6% pacTBopa nesaHa (12
MMa-c) (Tabn. 4). Y 2% pactBopa cykumHoravkaHa Agrobacterium radiobacter
BA3KOCTN NPY HY1eBOW CKOPOCTU cABUra 1 npu ckopoctu casura 100 c-1 (251 112
MIa-c, COOTBETCTBEHHO) pasnyarTcs B 4,5 pasa, B To Bpems Kak y 2,5%
pactsopa 3MC P. atrosepticum 371 napameTpel (10,9 1 11,1, COOTBETCTBEHHO)
pasnuyatoTcsd e Ha 1,5%. Jpyrummn cnoBamu, CTpyKTypa pactesopa SIM1C P.
atrosepticum (a Takxe anbriHata P. oleovorans) B COCTOSIHWM NOKOS
CYLLIeCTBEHHO He OTIMYaeTCs OT YNopsioueHHOl CTPYKTYpbl pacTBopa,
BO3HVIKaOLLe 13-3a CABUrOBOrO HaMpPsXXeHWs, KOTOPOe, B YaCTHOCTY, MOXeT
€03/4aBaTbCs TOKOM XUAKOCTW. DTO 03HAYaeT, UTO BOJHbIE PACTBOPLI HEKOTOPbIX
3MMC (B Tom umcne 3MC P. atrosepticum), HECMOTPSA Ha TO, UTO XapaKTepU3yrTCa
HebOoNbLUNMUN 3HaUeHVSIMU 3P EKTUBHOW BA3KOCTA, MOTYT NOAAEPXMBATb 3TOT
YPOBEHb BA3KOCTY Aaxe Npu MHTEHCMBHOM BO3AENCTBMMN CABUIOBOro TeYeHns
OMbIBaeMoW Xunakoctu. 3to cBoiicteo IMC, no Bceill BUANMOCTU, MO3BONIAET
6aKkTepuaM NPOTMBOCTOATEL NepUPePUAHOMY OMbIBAHMIO XINAKOCTY, YTO OCOBEHHO
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BaXHO AN GUTONATOreHOB, KONIOHM3VPYHOLLMX MPOBOASALLME BOAY COCY/Abl
KCUNeMbl PacTeHMA-X03AMHa.

3.5. Ouenka cnocobHocTu 3MC P. atrosepticum K opMrpoBaHmo
CynpamoneKkynsapHbIX arperatos

Cnoco6HocTb IMC P. atrosepticum Kk 06pa3oBaHUo arperaToB OLEeHNBaNu,

onpeAensis ruApoANHaMNYeckunii paanyc Yactul, GopmMrpyembix LienesbimMm



noavMepamu Npu pasHblx KoOHLeHTpaumsx (0,05%-5%), ¢ nomMoLeto
AVHaMUYecKoro ceetopaccesHus. Mpu HU3KUX KoHUeHTpauumsax (0,05%)
monekynbl IMC P. atrosepticum ¢popMmpoBanv ABa TMMNa YacTuL, CO CPeAHVMMN
rMApoANHaMnYecknumu paguycamu 11,4 Hm (Manble Yactuupl, R3) n 60,3 HM
(cpegHue yactuubl, R2) (Puc. 18). TnapoAnHaMNYecknii pagnyc cpeaHmnx 4actumy,
MOHOTOHHO YBENNYMBANCS MO Mepe yBeNNYeHNs KOHLLeHTPaLMm nonuMepa B
pactsope v coctasnan 78,0, 92,5, 125,3, 168,0, 264,0 1 496,3 HM npu
KOHUeHTpauuax 0,15, 0,31, 0,62, 1,25, 2,5 n 5,0%, cooTseTcTBeHHO. Mpn
HanboNbLINX (M3 MPOaHaNM3MPOBaHHbIX) KOHLIeHTpaLmsx IMC P. atrosepticum
(2,5 1 5,0%) B pactBope Takke GopMUPOBaNnNCh KPyrHble arperatbl C
rmapoanHammnyecknm paguycom 6onee 8000 HM (R1) (Puc. 18).

BecoBoli BKNaj, pasHbIX MO pasmepy YacTuL, B 06LuiA ypoBEHb

CBETOPACCEAHNSA Pa3INYancsa B 3aBUCMMOCTI OT KOHLeHTpauuu 3MC P.
atrosepticum B pacTBope. BecoBoii BK/1aZ Masblx HacTUL, yMeHbLUANACs npu
yBeNNYeHUM KOHLeHTPaLMK, @ CPeAHNX YacTuL, - yBENNYMBaCS B AranasoHe
KOHLeHTpaunii 0,05-1,25%. Mpu 6onee BbICOKNX KOHLeHTpauusax (2,5 n 5,0%),
Koraa B pacTBope nosiBAAANCL KPyrHble arperatbl okono 8000 HM (R1), BecoBol
BKNa/ CPesHVX Mo pasmepy Yactul, (R2) ymeHbLUanca. 3To 03HavaeT, uTo
KpynHble YacTubl (R1) opMrpoBanvce B pesybTaTe arperaumm cpeAHux 4actut,
(R2).
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Puc. 18. TugpoanHamuyeckmnin paguyc (R) 1 BecoBoi Bknaz (w) B 06LLMiA
ypoBeHb cBeTopaccesHus vactuy, IMC Pectobacterium atrosepticum,
06pasyoLLMXCA B BOAHOM pacTBOpe Npu pasHbIX KOHLEHTPaLMaX Noanmepos. A
(1) - amnantysa ot BpemeHu. 0,05 geOAL, - AaHHble ANs YacTuL,
AeaueTnnnpoaHHo popmbl SMC Npu KoHUeHTpauumm 0,05%. Becosble BKaabl
4acTuL, B 06LLMIA ypoBEHb CBETOPACcCeAHMSA paccumTaHbl No ¢opmyne LLnbasmel.
[ANns Toro YTo6bl NOAYUNTL MHGOPMALIMIO 06 «3NeMEeHTapPHbIX» YacTuLax

3MC P. atrosepticum Mbl NONbITaAUCh Pa3pyLUMTL arperathbl LieneBbiX NONMMepoB
¢ nomoLLbto HarpesaHus (90 °C), BbIcoKo ocMoTnUHOCTM (3 M KCl), a Takke
ynbTpassyka (37 Ky, 80 °C, 1 4). O4HAKO HW OAWH 13 NePeUNCIeHHbIX
BapVaHTOB BO3AENCTBUS He MPUBOANA K YMEHbLLEHWIO TMAPOANHAMNYECKOro
pagunyca arperaTtos.

M3BeCTHO, YTO MOAMGULIMPYIOLLME FPYNMbl, B TOM YAC/IE aueTubHble,

BHOCST BK/1a4 B arperaLyiio Moiekyn pasnnyHblx noamncaxapugos (Lima et al.,
2018). Y 3MC P. atrosepticum ocTaTky ranakTo3bl B 60KOBbIX LieNax 3aMeLLleHbl
aueTUNbHbIMK rpynnamu (pasgen 3.2). B ¢BA3M € 3TUM Mbl NPeANOA0XUAN, YTO
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3TV rpynnbl MOryT obecneynBaTb arperaumio monekyn 3MC P. atrosepticum. /ins
NpOBePKM 3TOr0 NPeAnoNoXeHNs mbl {71 npoaHanv3npoBann rmApoANHaMuYeckme
paanycbl YacTuL, AeauetTunmposaHHoi popmbl IMC (4eAOL).
JeaueTnnnposaHHble 3MC, kak 1 HaTVBHbIE (aLEeTUIMPOBaHHbIE), pOpMUPOBaNU
ABa Tuna yYactuu. OgHaKo ruApogMHaMUYecKe pagnycbl YacTuL,
AeaueTunnpoBaHHbix 3MC 6bIAN MeHbLUe (7,2 1 25,1 HM), YeM HaTUBHbIX
nonumepos (11,4 n 60,3) (Puc. 14). 3To 03HaYaeT, YTo aueTWibHbIe rPynnbl
BHOCAT BKNaJ B arperauuio monekyn 3MC P, atrosepticum.

CnocobHOCTb K OPMUPOBAHUIO arperaTos bbina paHee

NpoAeMOHCTpupoBaHa Ha npumMepe 3MC dpuTonaToreHHbIX 6akTepuii OTANYHbBIX
oT P. atrosepticum: Rhizobium radiobacter, Xanthomonas sp. 1 Brenneria sp. (Cai
etal., 2017; Xu et al., 2018; Kavitake et al., 2019). Pasmepbl yactuy, 3MC

Brenneria sp. 661111 0K010 90 HM 1 CYLLIECTBEHHO He Pa3nyanncs nNpu
KOHLeHTpauusx noanmepos 0,1% 1 1% (Xu et al., 2018). 3MC R. radiobacter n
Xanthomonas sp. popmunpoBan 4OCTaTOUHO KPYMHble arperaTbl

rmapoanHaMmyeckumm pagnycamm okono 1000 1 800 HM, cooTBeTcTBEHHO (Cai et


https://users.antiplagiat.ru/report/print/15?v=1&c=1#
https://users.antiplagiat.ru/report/print/15?v=1&c=1#

al., 2017; Kavitake et al., 2019). OgHako pa3mepbl arperatos 3T1x 3MC 661K
NpoaHanM3npoBaHbl TONLKO NPY OAHON KoHUeHTpauun (0,5 % ana SMC R.
radiobacter 1 0,2% ans kcaHTaHa Xanthomonas sp.), 1 NO3TOMy Hen3BeCTHO,
pasnunyaeTcs M pasMep arperatos 3TUX NoJvcaxapyAos Npu UX pasHbIX
KOHLeHTpauuax. B HallemM ncciesoBaHny Mbl NPOaHanv3npoBa pasmepsl
yactuy, 3MMC P. atrosepticum B LUMPOKOM AnanasoHe kKoHueHTpauwuii (0,05-5%),
6narozaps Yemy Ham yganocb onuncaTb AHaMuky vactuy 3MC npu
YBEMUMBAIOLLENCS KOHLLEHTPaLWM MOVIMEPOB 1 BbISBUTL KPYMHble
MosieKynsipHble arperaTbl C r’MAPOANHAMUYECKUM paanycom 6onee 8000 HM.
Taknm 06pa3om, Hamu BbisicHeHo, YTo 3MMC P. atrosepticum obnagatoT

TakUMu CBOMNCTBaMM (CNOCOBHOCTL yBEIMUMBATL BA3KOCTL BOAHOrO pactBopa
(pa3gen 3.4) 1 popmMmnpoBaTh KpyMHbIe CynpaMoneKkynsipHble arperatbl (pasaen
3.5)), KOoTopble MOryT obecneynTb CTPYKTYPHYHO LIeIOCTHOCTb 6akTepuanbHbIX
3M60/10B (Aaxe KorAa nx NepBrYHbIA MaTPUKC 13 pparMeHTOB NeKTMHOBOro
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nosvcaxapua paMmHoranakTypoHaHa | paspyiaetcs). K coxaneHuto, mbl He
MOXeM orpeAenTb TOUHYH KoHLeHTpauuio 3MMC P. atrosepticum B coctase
MaTpukca bakTepuaneHbIx 3M60108B 1AV B Lenom in planta. OaHako
aHanMsMpyemble HaMU KOHLLEHTpaLMK (faxe camble 60M1bLUVE), CYAS MO BCeMy,
ABNAIOTCA GM3MONOrNYECKUMU. VI3 ronoAatoLmx KynbTyp Mbl BblAeNsnm
3HaYUTE/IbHO MeHbLLIee KOIMYeCTBO o4unLeHHoro npenaparta 3MNC - 1-1,5 mr/n
(0,0001%) (pa3aen 3.1). OAHaKO B roNoaroLwmnx KyaeTypax TUTP KNeToK
npuMepHo B 50 MeHbLLIe, YeM TUTP KNeTOK B MHPULIMPOBAHHbIX PaCTEHNSAX
(Gorshkov et al., 2014). MNpwv 3TOM pacnpeaeneHne 6akTepuanbHbIX KNeToK B
TKaHSX MHOULMPOBAHHbIX pacTeHNiA HepaBHOMEPHOE, U B COCTaBe H6akTepunanbHbIX
3M60/10B MNOTHOCTL KneTok P. atrosepticum Kak MUHVMYM Ha NOPSAOK BENNUYNH
(a 7o 1 BbILLE) 6ONbLUE, YeM B CPeAHEM B TKaHAX pacTeHUs-xo3s1Ha (Puc. 2).
Kpome Toro, yaenbHas (B nepecyete Ha o4Hy bakTepuranbHyto K1eTKy) MpoAyKLmMa
3MCin planta npumepHO B NATb pa3 6onbLue, YeM in vitro (Gorshkov et al.,
2017a). B gononHeHwue k 3Tomy, Nnpu BblgeneHnn 3MC 13 cynepHaTaHTOB KybTyp
Ha NepBOM 3Tane Mbl yaansnv 6akrepranbHble KNeTku, C MOBEePXHOCTBIO KOTOPbIX
MOXEeT 6bITb acCoLMMPOBaHO 6onbLuee Konnyectso IMC, YeM HaxoaUTCA B
pacTBOpe, a 04NCTKa NpenapaTta, 6e3yc/10BHO, MPUBOAMNA K €r0 YaCTUYHOIA
notepe. MpuHYMas BCe 3TO BO BHUMaHNE MOXHO CAeNaTh 3aK/IyeHne, 4To
aHanusupyemble KoHueHTpauun 3MC (B TOM YnC/Ie caMble BbICOKME) XapakTepHbl
ANA MaTpuKca bakTepuanbHbIX 3M6010B.

3.6. AHanM3 aHTMOKCUAAHTHBIX cBONCTB ITC P. atrosepticum

Monucaxapuabl, B Tom uncne 3MMC, MOTYT CNYXUTb B Ka4ecTBe OHOPOB
3N1eKTPOHOB 1 0becneynBaTh TakMM 06pa3oMm geTokcrkaumo APK. Mpu 3Tom
BaXKHYIO POJb B leTEPMUHNPOBAHNN aHTUOKCUAAHTHBIX CBONCTB 3MC moryT
nrpate MoAMGULMPYIOLLME rPynmbl, B TOM Yncae aueTuabHble (Andrew,
Jayaraman, 2020). O6pa3oBaHue 6akTepuanbHbIX 3M6010B KneTkamu P.
atrosepticum conpsikeHo ¢ yBennyeHviem yposHs APK B cocyaax NepBryHOiA
kcunembl (Gorshkov et al., 2016); No3aToMy Hanv4yKe B cocTaBe MaTpuKca
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6aKTepuanbHbIX 3M60I0B COAVNHEHWNIA C aHTUOKCUAAHTHBIMI CBOCTBAMU
npeACTaBNseTcs HeObXOAVMMBIM 15 YCMELHOrO BbIXNBaHWS KNeToK
nektobakTepuii. B cBA3M ¢ 3TMM Mbl npeanonoxmnu, 4to 3MC P. atrosepticum
MOTYT BbINONHATE GYHKLMIO aHTUOKCUAAHTOB.

[1ns NPOBepKYI 3TOr0 NPeAnonoxeHus Mbl {71 CpaBHUAN NPOLIECCHI OKMCAEHNS!
canuumnaTa HaTpus rmApoKCU-pagnKanom, MMporanaona cynepokcua-
pazvKanom, a Takxe NepekncHoro OKUCIeHUA MNUA0B B MPUCYTCTBUN U B
OTCYTCTBME HAaTMBHbIX UK AealeTuanpoBaHHbIx MC P. atrosepticum. 3MC P.

atrosepticum NoAaBAANN OKMCNEHME CaNNLMAOBOMN KMCNOTbI FTUAPOKCUA-
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pagvkanom Ha 10, 22 1 27 % npu KoHueHTpaumsx 0,02, 0,04 1 0,08 %,
cooTBeTCTBeHHO (Puc. 19A). leauetunmpoBaHHble STC B 3HaUNTENbHO MeHbLLeR
CTeNeHN MHrMBMpoBany OK1CIeHVe canuuymnaTta HaTpuyst 1 TONbKO B HanbosnbLUei
13 NpoaHann3poBaHHbIX KOHLEHTpaLuK.

B HamnbonbLLUeli cTeneHn aHTMOKCMAaHTHble cBoiicTBa SMC P. atrosepticum
6b111 BblpaXeHbl B OTHOLLIEHWI CyrnepoKcna-paaunkana. 3MC nogasnsanv
aBTOOKMCNEHVE Nuporannona Ha 46, 64 1 71 % npu koHueHTpauusx 0,02, 0,04 n
0,08 %, cooTseTcTBEHHO (Pyc. 196). leaueTunnposaHHble IMC He NPUBOANNN K
CHUXXEHWIO YPOBHS aBTOOKMC/IEHUA MPOrannoa. YposeHb nepekcHoro
OKUCNEHVS NUNUAOB 6bIN MeHbLUe Ha 11, 22, 1 32% npu KoHLeHTpaumsax IMC
0,02, 0,04 1 0,08 %, cOOTBETCTBEHHO; MNPV 3TOM JealeTnanpoBaHHble 3MC He
BAVANN Ha NepekncHoe okncneHve annuaos (Puc. 19B). Takum obpasom, Hamu
npojeMoHcTpupoBsaHo, 4to MC P. atrosepticum ciyxaT B kayecTse S10ByLLIeK
A®K, 11 3TO CBOWCTBO BO MHOrOM OMpejenseTca Hannumem aueTubHbIX rpynn B
coctaBe 3MMC. CnocobHOCTb obecrneymnBaTh geTokcnkaumo APK Winpoko
pacnpoctpaHeHa cpeau 3IMC pa3Hbix baktepuii (Yildiz et al., 2018; Andrew,
Jayaraman, 2020; Nguyen et al., 2020); ogHako cpeau 3MC puTONaTOreHHbIX
6aKkTepuii ToNbKo ANs kcaHTaHa Xanthomonas sp. 1 3TC P. agglomerans 6bi10
NpPoAeMOHCTPUPOBaHO Takoe cBoicTBo (Wang et al., 2007; Sran et al., 2019).
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Puc. 19. AHTroKCnaaHTHbIe cBolicTea IMC P. atrosepticum. Ha

AnarpamMmmMax npeAcrtaBneHbl YPOBHM MHIMOUPOBAHNS OKUCIEHWS canmumnaTa
HaTPUA rMAPOKCUN-PaAAMKANOM (A), OKUCNEHNA NMPOTranaoaa Cynepokcua-
paavkanom (b), a Takxe NepekcHOro okMcaeHns nunugos (B) B npucytcrene
3MNC P. atrosepticum (cBeTN0-cepble CTON6LI) UK AeaLeTnanpoBaHHbIx 3MC P.
atrosepticum (TeMHo-cepble CTONBLbI). DKCMEPUMEHTLI NPOBeAEHbI B MATY
MOBTOPHOCTAX; @ U b yka3biBalOT Ha CTaTUCTUYECKM 3HAUMMBble Pa3nnyms (Tect
MaHHa-YuTtHu, P<0,05).

YTobbI NpOBEPUTbL, ObecneyrBaeT N cnocobHocTe IMC P. atrosepticum
BbI3blBaTh AeToKcMKaumio APK NOBbILEHHYH YCTONUYNBOCTL KNeToK
nekTobakTepuii K AeCTBIIO OKNCNTENEN, KNeTKM MHKYBMPOBaIM NPy pasHbIX
KOHLeHTpauuax nepekncy sogoposa (0, 1, 2 v 4 MM) B NpucyTCTBUAY UV B
otcyTcTBue 3MC (nnv geaveTnnnposaHHbix 3MC). Mpu 3Tom KneTkn P.
atrosepticum cTauMoHapHoii ¢asbl pocTa OTMbIBaNN 1 pecycrneHANMpoBani B
6e3yrnepoaHoii cpese AB, a 3aTeM B K/I€TOYHblE CyCNeH3Un J06aBsnu (Mm He
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fo6asnanv) IMC 1 nepekncb BOAOPOAA; Yepes 24 Y noc/ie 3TOro onpeaensnm
TnTp KOE.

Mpun 4 MM nepekncu Bogopoga TUTp KOE B cycneH3nax KneTok

nekTob6aKTepuii, He coAepXKaLLyx 3k30reHHo AobasneHHble SMMC, 6bln Hxke
[eTeKTUPYEMOro YPOBHS, a B CyCMeH3MsX C 3K30reHHo gobasneHHbiMu IMC (40
0,05%) coctaBnsan 2x103 KOE/mn (Puc. 20). Mpu 601ee HU3KMX KOHLIEHTPaLMsaX
nepekucn sogopoaa (1 1 2 mM) Tutp KOE B cycneHsmsax ¢ sk3oreHHbImMn 3MMC
6b11 B 5 1 250 pas, cOOTBETCTBEHHO, 60/1bLUE, YeM 6e3 3k30reHHbIX IMC.
JeavuetnnnposaHHble SMC ToXe 3alyLani KNeTku nekTobakTepuii ot AeincTens
nepekncy BOAOPOAa; o4Hako TUTp KOE B CycneH3mnsax ¢ 3k30reHHbIMN HaTUBHbIMU
3MNC 6bin B 7-10 pa3 60nblUe, YeM B CYCNeH3MAX C IK30TeHHbIMU
JeaueTunmposaHHbimu SMC.

Puc. 20. BansiHme 3TC P. atrosepticum Ha yCTORYMBOCTb KNeToK P.
atrosepticum k nepekucn Bogopoaa. Knetku MHKy6npoBanu B OTCYTCTBUM
(3aLUTPUXOBaHHbIe CTONOLbI) AW B MPUCYTCTBUE HAaTUBHBIX (aLeTUMPOBaHHbIX)
3MC (cBeTno-cepble CTON6LBI) MW AealeTUAMpoBaHHbIX MC (TeMHo-cepble
cronbubl). Tutp KOE onpegenann yepes 24 4 nocne BHeCEHUS Nepekncu

BOAOPOAA (1, 2 nn 4 MM). SKCNeprMeHT NpoBeeH B Tpex 61MON0rnYeckmnx



MOBTOPHOCTSAX; @ M b yka3blBatoT Ha CTAaTUCTUYECKM 3HaUMMble Pa3nnuns (Tect
MaHHa-YutHun, P<0,05).

108

Taknm 06pa3om, Hamu BbisicHeHo, YTo IMC P. atrosepticum obnagatoT
BbIPaXeHHbIMN aHTUOKCUAAHTHBLIMI CBOCTBaMM 1 CMOCO6HbI 3aLLMLLATL KNeTKM
nekTobakTepuii OT AeiCTBUS OKUCAUTENEA.

3.7. AHanu3 puToMMMYHHbIX cBOCTB IMMC P. atrosepticum

Mockonbky psg AMC puTonaToreHHbIX 6bakTepuii obnaaaet

GUTOUMMYHHBIMY CBOMCTBaMU (cM. pasgen 1.2.4.3), Mbl NpOBepUAV Hannuve
3/IMCUTOPHBIX 1 GUTOMMMYHOCYNPeccopHbIx cBocTB Y IIMC P. atrosepticum.
MpK 3TOM Mbl @aHaNM3MpPOBaM CNOCO6HOCTb LieNleBbIX MOMMEPOB akTVBMPOBaTb
Nnbo penpeccrpoBaThb Kak KauecTBeHHY (3G eKTop-nHAYLMpyemMyto), Tak v
KonuuectseHHyt (MAMM-MHAYLMPYEMYHO) YCTONUYMBOCTL. KayecTBeHHas
YCTONYMBOCTb aCCOLMMPOBAaHA C Pa3BUTUEM peaKLMMN r’Mnep4YyBCTBUTENbHOCTM -
NOKaNbHOW BbICTPOIA rnMbenu KNeTok B 06nacT NPUCyTCTBUSA aamncuTopa (Jones,
Dangl, 2006; Spoel, Dong, 2012). Takyto peakuuto y pacteHnin Tabaka, B
YaCTHOCTY, BbI3bIBalOT puTONaToreHHble 6akTepun Pseudomonas syringae.

[ns BEIACHEHWSA TOrO, ABNAOTCA nM{GG 3MMC P. atrosepticum vHAyKTOPamm

NN penpeccopamu Ka4eCcTBEHHOM YCTOMUYNBOCTM, MNCTbS Tabaka
NHGMNLTpUpoBanu: 1) ctepuabHbiM 10 MM pactBopom MgSO4 (KOHTposb); 2)
BoAHbLIM 0,05% pacteopom 3MC P. atrosepticum; 3) kneTkamu P. syringae,
cycrnernamposaHHbiMu B 10 MM MgSO4 (tutp ~ 108 KOE/mn); 4) 0,05% 3MC P.
atrosepticum v kneTkamu P. syringae. B nocnegHem ciydae, MHGUALTPaLMIO
pacTtBopa 3MC P. atrosepticum npoBoAWAY 3a 12 4 40 06paboTKN pacTeHnii
Knetkamu P. syringae.

B TeyeHue 3 cyTok nocne 06paboTkm pacTeHnin knetkamu P. syringae B

30He HPUABbTPaLMN pa3BrBanace peakuuns runepyyBcTBuTeNnbHOCTH (Puc. 21).
O/HaKo Takoii peakLymn He 6bI10 BbIBNEHO Npu MHGUALTPaLmKn pacTeopa SMC.
MpeaBapuTenbHas obpaboTka IMC He caepxmBana pasBUTUS peakLun
rMnep4yBCTBUTENbHOCTY, Bbi3blBaeMoii P. syringae (Puc. 21). Takm obpasom,
Hamwu yctaHoBneHo, 4to 3MC P. atrosepticum He UHAYLIMPYIOT 1 He MNOAABAAIOT
KayeCcTBeHHYH YCTOMUMBOCTb PAaCTeHUIA.
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Puc. 21. BansHue 3MC P. atrosepticum Ha pa3suTtne peakumm
rMnepyyBCTBUTENBHOCTL Y pacTeHnii Tabaka. JInctba Tabaka MHGUALTPUPOBaNK
10 MM MgS04 (koHTponb) (A); 0,05% 3MC (B); kneTkamn Pseudomonas syringae
(B); 0,05% 3MC n yepes 12 4 knetkamu P. syringae (I'). ®oTorpadpuu caenaHsbl
yepes 3 cyTok noc/e NHPUALTPaLMN.

KonunuectseHHas yCTONYMBOCTb MHAYLMPYeTCS LienbiM HabopoMm
KOHCepBaTMBHbIX MeTaboNMTOB MUKpoopraHusmos (MAMI, natorex-
aCCOLMMPOBAHHbIA MONEKYNAPHbIV MAaTTEPH), B TOM YMcie GparMeHTamMm XUTuHa
- xuToonurocaxapugamu. fMockonbky MAMIM-MHAYLMPYEMbI UMMYHHBI OTBET
He CoMpsXeH C Npr3Hakamu, KOTOpble MOXHO OL@HWUTL BU3YasbHO (Kak peakuus
rMnepyyBCTBUTENILHOCTN NPY KaueCTBEHHOM YCTONUYNBOCTI), HO CBA3aH C
yBeNMyeHneM ypoBHS nepekncy BoAopoaa U MHAYKLER aHTUOKCUAAHTHbBIX
cncTeM (BKNKOYas KaTanasHyo akTMBHOCTB) (Jones, Dangl, 2006; Zipfel, Robatzek,
2010), Mbl UCMONb30BANV 3TV MapaMeTpbl A/If TOro, YTO OLeHUTL BO3MOXHOE
BnvsHMe IMMC P. atrosepticum Ha 3TOT TMN GUTOUMMYHHOrO OTBeTa.

NncTba Tabak MHGUNBLTPUPOBanu: 1) CTepUNLHON BOZOW (KOHTPOAb); 2)
BOZHbIMW pactBopamu MC P. atrosepticum (0,02 nawn 0,05%); 3) BOAHbIMYK
pactBopamu geaueTtunmposaHHbix 3MC P. atrosepticum (0,02 nnn 0,05%); 4) 1
MKM xnToonurocaxapuzos; 5) 0,02 nan 0,05 % 3MC P. atrosepticum v 3atem 1
MKM xunToonurocaxapuzos; 6) 0,02 nan 0,05 % geauveTnnnposaHHbiM IMC P.

atrosepticum n 3atem 1 MKM xuTOONUrOCaxapuios. B nocnegHnx AByx ciydanx
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nHoMbTpaumto pacteopa 3MC P. atrosepticum nposoAwan 3a 12 4 4o 06paboTkm
pacTeHuli XMToonurocaxapuaamu.
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WHunbTpauyms 3MC P. atrosepticum B IMcTbsA Tabaka NpYBoOAMAA MWL K
He3HaunTeIbHOMY YBEIMYEHNIO YPOBHS Nepekncy Bogoposa (Puc. 22A) n He
NHAYLMpOBana kaTanasHy akTMBHOCTb (Puc. 226). [leauetunmposaHHble SMC P.
atrosepticum ToXe He BAVSIIV Ha YPOBHW Mepekuncy BoAopoaa 1 kaTanasHom
aKTUBHOCTW. B cBOKO oYepesb, MHGUNBLTPALIMS XMTOONNIOCaxapyaoB NPUBOAMAA K
yBEeNYEHWNIO CoAepXaHna nepekncy Bogoposa (Puc. 21A) n K MHAYKLN
KaTanasHow aktmeHocTy (Puc. 226). OaHako ecnm obpaboTke
XMUTOONIMrocaxapuiamu npeaLlectsoBana obpabotka 3MC, cogepxkaHue nepekncu
BOZOPO/AA YBENINYMNBANOCh B rOPa3/jo MeHbLUel cTeneHu, Yem 6e3
npeasaputensHoi 06paboTkm IMC (Puc. 22A), a kaTanasHas akTMBHOCTb BOBCE
He NHAYLMpOoBanack Mo CPaBHEHMIO C KOHTPOIEM, He06paboTaHHbIM
XuUToonurocaxapugamu (Puc. 22B). AHanornyHblii adpdekt IMC Mbl
perncTpupoBan, v OHY BHOCUNUCH He 3ab1aroBpeMeHHO, @ COBMECTHO C
XUTOOIMrocaxapuaamu (4aHHble He MPUBOAATCS).

B T0 e Bpems, eciv npesobpaboTky McTbeB Tabaka MPOBOANAN
JeaueTUAnpoBaHHbIMK (a He HaTUBHbIMK) ITMC, NocneaytoLwas NHGUNLTPaLMS
XWUTOOIMrOCaxapuAoB NPUBOAMAA K yBENNUYEHIO YPOBHE Nepekncy BOAOPOAa 1
KaTanasHoW aKTUBHOCTY B TOI Xe CTerneHn Kak B HenpeAobpaboTtaHHbIx MC (nan
npesobpaboTaHHbIX BOAOM) INCTbAX. TakM 06pa3om, Hamu
NpPoAeMOHCTpUpoBaHo, 4To 3MNC nekTobakTepuii NogasnatoT passutne MAMI-
NHAYLPYEMOro MMMYHHOTO OTBeTa (KONNYeCTBeHHOI YCTONYMBOCTH) 1
obecneyrBatoT CHuXeHVe ypoBHsS APK B MHGULIMPOBAHHOM pacTeHUN.
AueTunbHble rpynnbl, BXoAdLme B coctaB 3MMC, BHOCAT 3HaUMTeNbHbIV BKNaj B
GUTONMMYHOCYNPeCcCopHble CBOWCTBA 3TUX MOVIMEPOB.

®dUTOMMMYHHbIe cBolicTBa 3MNC pasHbIX pUTONATOreHHbIX 6akTepuii
pa3Hoo6pa3Hbl. Hanprmep, kcaHTaH, NpoAyLmpyeMblit X. campestris, nogaenset
pasBUTUe peakLym rmnepyyBCTBUTENBHOCTY, UHAYLIMPYEMO MegnaTopamm
CUCTeMbl KBOPYM CEHCMHTa, Y pacTeHnii Arabidopsis thaliana, Nicotiana
bethamiana v Oryza sativa (Kakkar et al., 2015).
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Puc. 22. BansiHue 3MC P. atrosepticum Ha MAMI-MHAYLMpPYeMbIii

VNMMYHHBIA OTBeT pacTeHuli Tabaka. A - cogepxaHue H202, b - kaTanasHas
aKTUBHOCTb B INCTbAX Tabaka nocae NHGUAbTPaLMK BOAb! (KOHTPOb, Cepble
cronbubl), 1 MKM xuToonmrocaxapugos (XO, kopuyHeBble cTonbubl), 0,02% nan
0,05% 3MC P. atrosepticum (3MC 0,02 / 3MC 0,05, 3eneHble cTonbupbl), 0,02%

nnn 0,05% peauetunmposaHHbix 3MMC P. atrosepticum (4eOAL 3MC 0,02 /

AeOAL 3MC 0,05, 6uptososble cTonbubl), 1T MKM xutoonmrocaxapugos u 0,02%
nnn 0,05% 3MC P. atrosepticum (XO + 3IMC 0,02 / XO + 3MC 0,05, kopn4yHeso-
3eneHble cTonbubl), 1 MKM xutoonurocaxapugos 1 0,02% van 0,05%
JeaueTunmposaHHbIx IMC P. atrosepticum (XO + 4eOAL 3MC 0,02 / XO + 3MC
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0,05, KopryHeBo-61pto30Bble cToN6bLbl). CogepxaHne H202 1 katanasHyo
aKTUBHOCTb OMpejensny yepes 6 4aco nocae 06paboTky B NATU BMONOrNYeCcKmX
MOBTOPHOCTAX 1 HOPMaN30BaIM Ha FPaMM CbIPOro Beca. a 1 b ykasbiBatoT Ha
CTaTUCTMYECKN 3HaUYUMble pa3nuuuns (Tect MaHHa-YutHu, P<0,05).

HekoTopble 3MC (cuHTe3mpyemble P. syringae, X. campestris 1 Ralstonia
solanacearum) cny>at B KayecTse 311cuTopoBs (MAMIT) 1 UHAYLMPYHOT y
pacTeHuii Takmne 3alMTHbIe OTBETbI Kak HakonneHne ADK, cnHTes
duUTOANNEKCNHOB, 3aKpbiBaHWe ycTbuL, (Romeiro, Kimura, 1997; de Pinto et al.,
2003; Milling et al., 2011; Bianco et al., 2016). B HaLueln paboTe Mbl He HaLLAK

noATBepXAeHWst ToMy, 4To SMC P. atrosepticum KakvM-To 06pa3om



Pacrno3HatoTCsA 3aLUMTHBIMK CUCTEMAMU PACTEHWUIA 1 UTPatoT POsb SNNCUTOPOB.
MmmyHocynpeccopHble cBorictea 3MMC B oTHoLweHun MAMIT-

VNHAYLMPYEMOro MMMYHUTETa TOXe Obl MPOAEMOHCTPUPOBAaHLI PaHee Ha
npvmMepe puTonaToreHHbIx 6akTepuii X. campestris, P. syringae, E. amylovora n
R. solonasearum; npu aToMm feaLleTUApoBaHHas popMa KcaHTaHa,
Npon3BOAMMOro X. campestris, B MeHbLLUeR cTeneHn Nposeasna
$UTOMMMYHOCYNpPeccopHble CBOVCTBA, YeM HaTuBHbIe noanmeps (Aslam et al.,
2008). Kpome TOro, HeoZHOKPaTHO NPOAEMOHCTPUPOBAHO, YTO MyTaHTHbIEe
LUITaMMbl pa3HbIX GUTONaTOreHHbIX 6akTepuiA, HeCMocobHble MPoAyLpoBaTh
3MNC, aKTUBMPYIOT UMMYHHbIE OTBETbI PaCTEHNN-X0351€B 3HaUNTENBHO CUIbHe.,
yem poauTenbCKme WTaMmbl AUKOro Tuna, npomssogawume 3MC (Bugert, Geider,
1995; Araud-Razou etal., 1998; Yu et al., 1999; Kemp et al., 2004; Keshavarzi et
al{129 . 200437 ;Yun etal., 2006).

Taknm 06pa3oMm, HamM1 NPOAEMOHCTPUPOBAHO, YTO MOMUMO BbIMOHEHNS
CTPYKTPOO6Pa3syoLLMX U aHTUOKCUAAHTHBIX GyHKLMIA, DMC P. atrosepticum
CMOCO6HbI MOAABNATL Pa3BUTVIE IMMYHHOMO OTBETA Y PaCTeHWIA-X0351eB.
Bnarogaps Bcem 3TnM cBoricTBaM 3MC MOXHO paccMaTpuBaTh Kak pakTop
BUPYNEHTHOCTY P. atrosepticum v OA1H 13 KNHOYeBbIX y4aCTHUKOB
B3aNMOAENCTBMSA NeKTO6aKTepUin N pacTeHNIA.

113

3AK/THOYEHWE

MpoBeseHHOe HaMV 1CCae0BaHNe MO3BOINIO 3aMOHNTL BaXHbIV Mpoben B
MOHNMaHWK broreHesa 6akTepunanbHbIX 3M6010B - CTPYKTYP, KOTOPbIE ABAAIOTCA
NpoAyKTOM B3anMO/AeiCTBUA NekTobakTepuii U pacTeHniA-xo3seB. Ans nHuumaumnm
6akTepuanbHbIX 3MBON0B 1 HaYaNbHbIX 3TarNoB UX Pa3BUTUS pacTeHNe-X0351H
«MOCTaBAACT CTPOUTENIbHBIA MaTepuan» - cneumpuyeckne pparmeHTbl
NeKTVHOBOr0 MoaMcaxapuia PaMHOranakTypoHaHa | ¢ HU3K1M ypoBHeM
3amelLleHVst 60KOBbLIMU LienoYkaMu 13 OCTaTKOB ranakTo3bl. 3TV pparmeHTbI
$OPMUPYIOT NEePBUYHbIA BHEKNETOUHbIN MaTPUKC 6akTepuanbHbIX SM600B,
KOTOpbIN, 0jHAaKO, MOCTENEHHO paspyLLaeTcs, U 6narojaps kakmm metabonutam
COXPaHARTCH CTPYKTYPHAas LLeNOCTHOCTL BakTepuanbHbIX 3M60/10B - 6a30BbIX
KOMMOHEHTOB 1CCaeyeMOol pacTUTeIbHO-MUKPOGHO NaTONOrMYeCcKoi cncTeMsl,
0CTaBanoCh Her3BeCTHbIM.

Mbl NPeAnoNoXMUAW, YTO NOMMepHas CeTb B COCTaBe BTOPMYHOMO MaTpuKca
6akTepuanbHbIX 3MBON0B MOXET COCTOSATL 13 3MC, CUHTE3MPYeMbIX
nekTobakTepuaMU. ITO NPEANONOXKEHNE BbII0 OCHOBAHO Ha CeAYHLLIMX
OCHOBHbIX pakTax. Bo-mepBbIX, y CX0AHbLIX C 6akTepranbHbIMK 3M6onaMun
CTPYKTYp - 6aKTepranbHbix 61onaeHOK (GopMUpyeMbIX APYrMMA
duTONaTOreHHLIMN HAKTEPUAMU) — BHEKNETOUHBIA MaTpuKC cocTonT 13 MC. Bo-
BTOPbIX, Y NeKTObaKTepuii aHHOTVPOBaHbI FeHbl, KOAUPYHOLLe GepMeHTb!
6rocnHTesa IMC; Npuyem 3KCnpeccus 3TUx reHoB MHAyLMpyeTcs in planta.

Ans aeTekunn v JanebHeiiwe xapakTepuCcTVKA LieneBbiX MONNMEPOB Mbl
noAo6panu ycnoBus in vitro, B KOTOpbIx nektobakTepum npoayumpytot 3MC.
OKa3anock, YTo NeKTobaKTePUN He CUHTE3UPYIOT 3TV NOMMEpPbI B POCTOBbIX
ycnosuax, 1 npoaykums 3MC in vitro MHAyLMpyeTcsa Npy ronoAaHUN KNeTok.
3aTem Mbl NONy4nAn YncTbii Npenapat MC nekTobakTepuid, paclumpposan
CTPYKTYPY peryasipHoro 3seHa LieieBbiX NOMMepOB 1 MOKa3ain, YTo OHK
[leiACTBUTENIbHO BXOASAT B COCTaB MaTpukca 6akTepunanbHbIx 3M6010B. Mpy 3TOM
Mbl MPOAEMOHCTPUPOBANY, YTO bakTepuranbHble 3M60/bl MOTYT 06pa3oBbIBaTLCS
He TONbKO B HecneunduyHoMm Ana nektobakTepuii pacTeHnn-xo3anHe (Tabak), Ho
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1 B cneynduyHom xosanHe (kaptodesb). MpryeM NprHLMN 06pa3oBaHNA
6akTepuanbHbIX 3M60N0B B CneLdnUHOM 1 HecneyndUYHOM X03aMHE, No-

BUAVIMOMY, CXOAHBIN, MOCKONBKY B MHOULIMPOBaHHbIX pPacTeHUax kapTodens, Tak
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Xe KaK 1 B MHOMLMPOBAHHbIX pacTeHKsx Tabaka, HakananmBakoTCs «3aTpaBKW» 4151
dopmMupoBaHMs bakTepranbHbIX 3M60N0B - cneyndpuyeckre pparmeHTbl
paMHoranakTypoHaHa |. B coctas BTOPMYHOro MaTpukca 6akTepuanbHbIX
3M60/10B, POPMUpPYeMbIX B 060X BUAAX pacTeHuiA, BxoasaT MC nekTobakTepuii.
Mpw aHannse pusnyeckmnx ceoiicTs IMC nekTobakTepuii Mbl
NpPOAEMOHCTPMPOBAY, YTO 3TV NOAVMEPDI, AeACTBUTENLHO, MOTYT BHOCUTL BKNaJ
B CTPYKTYPHYHO LIeI0CTHOCTL 6akTepranbHbIx 3M60710B. 3MC cnocobcTeyroT
yBEe/IMUYEHWIO BA3KOCTU BOAHbLIX PAaCTBOPOB, NpUYeM BA3KOCTb pacTBopos 3MMC
COXPaHAETCH Aaxe Npu MHTEHCVBHOM BO3AENCTBIN CABUrOBOro TeYeHns
OMbIBaeMoli X1AKOCTW. 3To cBoricTBO 3MMC, No BCeli BUAMMOCTY, MO3BOASET
nekTo6aKTEPUSM NPOTUBOCTONATL NepudepUiHOMY OMbIBaHNIO XUAKOCTH, YTO
nmeeT 60NbLLYI 3HAUMMOCTL A1 KONIOHM3aLIMMN BOAONPOBOASALLIEN CUCTEMbI
pacTeHus-xo3anHa. Kpome Toro, 3MNC nekTobakTepuii cnocobHbl popMrpoBaTh
KpynHble cynpamosnekynsipHble arperaTbl. Baxylie cBONCTBa Monekyn, a Takxe
NX arperauys ABASIOTCA Pe3ybTaTOM MeXMONEKYNSPHbIX B3aUMOAeACTBUN,
KOTOpble, MO BCel BUAMMOCTI, 0becneunsatoT GopMmpoBaHme NoAVMePHOU ceTu,
HeobxoANMOV ANA NOAAEPXKaHNA CTPYKTYPHOW LIeNOCTHOCTY BakTepranbHbIX
3M60508B.

Kpome Toro, Mbl BbisicHuAw, 4To IMC nekTobakTepuii obecneynsatoT
AeTokcrkaumio APK 1 npesoxpaHsitoT kKNeTku nekTobakTepuin oT gencTBumst
OoKMCAVTeNen. 3To CBONCTBO MMeeT 60/bLIOE 3HaYeHne ANs BbKMBAHNSA KNeToK
6akTepuii B cocTaBe bakTepranbHOro 3M60/1a, MOCKObKY GOPMUPOBAHIME STUX
CTPYKTYpP COMPSXeHO C HakonneHnem A®K B cocyjax nepBrYHOI Kcuaembl. B
fononHeHne K aTomy, 3MC cnocobHbl CHUXAaTh ypoBeHb ADK B pacTeHmm-
X03siMHe. 3TK nonmepbl 061a4atoT GUTOUMMYHOCYNPECCOPHBLIMUN CBONCTBAMU 1
MOAABASIOT aKTUBALMIO 3aLLUMTHbBIX CUCTEM NPU AeCTBUM IK30reHHbIX
3/IMCUTOPOB.
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Taknm 06pa3om, NpoBejeHHOe HaMU 1CCNe0BaHne AeMOHCTPUPYeT, UTo

3MNC MOXHO paccmMaTpuBaThb Kak GakTop BUPYNEHTHOCTM NekTobakTepuii 1 oAnH
13 KNHOYEBbIX YyH4aCTHNKOB B3aVMOAENCTBUS 3TUX MUKPOOPraHN3MOB C
pacTeHusMU.
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6. Hannuue 3MC B cocTaBe MaTpuKca bakTepuranbHbIX 3M60N0B

obecreyrBaeT nogaepxaHune 1x CTPYKTYPHO LLeNOCTHOCTA 11 3aLLUTY KNeToK
MVKPOOPraH13MOB OT UMMYHHbIX OTBETOB PacTeHUii-X03s1eB.
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