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Pesrome

CTpyKTypa W CBOHCTBa INOBEPXHOCTHBIX AHTHICHOB PH30C(EpHBIX OAKTEPHH COCTABIAIOT OCHOBHON
npeaMeT uccienoBanuii aboparopun uMmyHoxumun MB®OPM PAH c¢ ucnosnb3oBaHmeM aHTHTEN K
OENKOBBIM U YIJIEBOJIHBIM OaKTepHaJIbHBIM CTPYKTYpaM — KIIOUEBbIM Y4YacTHHKAaM pacTHTENIbHO-
MHUKPOOHBIX B3aUMO/ICHCTBHII IPH aCCOLMAaTHBHOM CHUMOKO3¢e B pu3ocepe pacteHuil. [lomydeHsl aHTHTEa
K TIOBEPXHOCTHBIM cTpykTypaMm 27 mTamMMoB 11 BHIOB 7 poaoB accouuaTHBHBIX Oakrepuil. [ns psaa
mrrammMoB Azospirillum mpomeMoHCTpHpOBaHa CTPYKTYPHAS M aHTHTCHHAs TETEPOTeHHOCTh nX O-aHTUTEHa,
ITOKa3aHO OTCYTCTBHE MHAMBUAYaIbLHOTO aHTUTeHa Kancynsl. C 74 mtaMMaMu JaHHOTO poJia pa3paboTaHa
TECT-CHCTeMa CEPOTUIIMPOBAHMS a30CHUPWILI. B cocTaBe INIMKO3MIMPOBAHHOTO (hrareuimHa IOJSPHOTO
KryThka THnoBoro Iuramma Azospirillum brasilense Sp7 ycraHOBIeHO HanW4UMe HECKOIBKHX
MOJIMCaXapUIHbIX [eneld, UIMMYHOXUMHYECKH WACHTUYHBIX JIMIOMNOJHMCAaXapuly JaHHBIX Oakrepuil. Ha
OCHOBE HMMMYHO(EPMEHTHOrO aHalW3a IPOBEICHO H3y4YCHHE PACIPOCTPAHEHHOCTH a30CHHPWILT B
oOpasiax HoyYs, OLIEHEHA AWHAMUKA YHCIIEHHOCTH MHTPOJYIIMPOBAHHBIX B MOYBY OAKTEPUIl M BBISBICHO
HaJIMYHe aHTUT€HOB a30CIHPHILI B TEYCHHE BEreTaTUBHOTO Ce30Ha B 6 Tumax nouB CapaToBCKo# obnacTH.
OxapakTepu3oBaHa CIOCOOHOCTh IITaMMOB K  KOJOHM3allMM KOpPHEH  pacTeHHWH, BbISIBICHEI
crumynupymomne 3pQekTsl OakTepuil 1 X U30JUPOBAHHBIX MOBEPXHOCTHBIX KOMIIOHEHTOB Ha pPacTCHUS
110 MOp(OMETPHUYECKUM U IIUTOJIOTMIECKUM NoKasaremsaM. [lokazaH n oleHEH BKIAJ JIMIONOINCaxapHuia,
¢narennuHa M OEJKOBBIX TMHJICHOJOOHBIX CTPYKTYP a30CIHUPWILT B OaKTEPUAIBHYIO KOJOHHM3AIHIO
pacTeHHHd W WHAYKLUIO POCT-CTUMYJIMpyromuXx 3¢dekroB. IIpoBoasTcs paboThl MO BBIACICHUIO H
WIeHTU(GHUKAUK ~ HOBBIX  pu3ocepHBIX  OaKkTepUalbHBIX  INTAMMOB-CUMOMOHTOB  pacTeHUH
(npexncrasureneit pomos Enterobacter, Ochrobactrum, Ensifer, Acinetobacter, Kocuria u mp.) ¢ onenkamu
HX POCT-CTUMYJIMPYIOIIETO MOTEHINANIA.

KmioueBbie ciioBa: Azospirillum; pacturensHO-MUKpOOHBIE B3aUMOICHCTBUS; aCCOLMATHBHBIA CUMONO3; YTIICBOJHBIC
1 OEJIKOBBIE aHTUTEHBI; MUIIETIOI00HBIE CTPYKTYPHI; OakTepHalbHasi KOJOHHU3ALMS;, POCT-CTUMYIUpYonue 3pdexTs.
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Resume
Structure and properties of the surface antigens of rhizosphere bacteria is the major scope of research of the
IBPPM RAS Laboratory of Immunochemistry. We use antibodies raised to bacterial protein and
carbohydrate structures — the surface structures of 27 strains belonging to 11 species of 7 genera of
associative bacteria — that play a key part in associative plant-microbe interactions in the plant rhizosphere.
While using a variety of Azospirillum strains, we showed that their O antigens were structurally and
antigenically heterogeneous and several Azospirillum strains lacked an individual capsular antigen. We
developed a test system for Azospirillum serotyping with the use of 74 Azospirillum strains. Glycosylated
flagellin of the polar flagellum from A. brasilense type strain Sp7 was shown to contain several
polysaccharide chains that are immunochemically identical to the lipopolysaccharide of this bacterium.
Enzyme-linked immunosorbent assay was used as the basis for analyzing the occurrence of Azospirillum in
soil samples, allowing us to assess the population dynamics of soil-introduced bacteria and to detect
Azospirillum antigens in six types of soil in Saratov Oblast during the vegetative season. The strains’
abilities to colonize plant roots were assessed. Plants” morphometric and cytological variables were used to
detect promoting effect of bacteria and their isolated surface components. We showed the contribution of
Azospirillum lipopolysaccharide, flagellin, and proteinaceous pilus-like structures to the bacterial
colonization of plants and to the induction of growth promotion. We are now isolating and identifying new
rhizospheric strains that engage in symbiosis with plants (members of the genera Enterobacter,
Ochrobactrum, Ensifer, Acinetobacter, Kocuria, etc.), with assessment of their growth-promoting potential.

Keywords: Azospirillum; plant-microbe interactions; associative symbiosis; carbohydrate and protein antigens; pilus-
like structures; bacterial colonization; plant growth promoting effects.
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HMTepaTyprle JaHHBIE W HaIW PpeE3yJibTaThbl
W3Y4EHUS] CTPYKTYPHI W CBOWCTB HOBEPXHOCTHBIX
QHTUTEHOB  pu3ocepHbIX  OakTepuil  MO3BOJIAIOT
KOHCTAaTHPOBATh BEICOKYIO 3¢ PEKTHBHOCTH
NMMYHOXHMMUYECKOTO  aHalW3a HE  TOJNbKO B
TPaAUIIMOHHONW i Hero o0jacTh OWOMETUIIMHCKUX

HCCIIEIOBAaHUM, HO TaKkKe M AN U3y4YEeHHs
(yHIaAMEHTAIBHBIX OCHOB  B3aUMOJCHCTBHHA  MEKIY
pacTeHUsIMM W TOYBEHHBIMH  MHMKpPOOpPraHM3MaMHU,
yYaCTHUKaMHU JIpYTUX KOMMYHUKAIIUH,
MPEACTABISIIONINX ~ MHTEpeC  JI1  OHMOTEXHOJIOTHH,
BeTepuHapuu U JAp. Ero TImaBHBIM HHCTPYMEHTOM
SBISIFOTCSL  BBICOKO — crienuduuHble  aHTHTena (Ar),

MOJIYYEHHIO KOTOPHIX, HAUYMHAs ¢ paboThl [MaTopa u 1p.
(Matora et al.), 1998], mocBsieH psAg  HAIKMX
HCCIIEIOBaHWA, B TOM UHCIE C TIPUMEHEHHEM
nano6uorexuonoruii [ Dykman, Khlebtsov, 2017]. B uux
HCITONIb3YIOTCS aKTHBHBIE B3aMMOJCHCTBHS C KIETKAMH
UMMYHHOM CHCTEMBl ~KOHBIOTATOB HAHOYACTHUIl C
pasIMYHBIMH ~ AHTHTCHAMH,  TMPOSIBISIOIIKECS, B
YaCTHOCTH, B OOHApPYKEHHBIX aJBIOBAHTHBIX CBOMCTBAX
koyutouaHoro 3osora [Dykman et al, 2010]. Dror
3pPeKT HAXOOWT NPUMEHEHHE, TPEKIEC BCEro, Ui
pelieHus npobaem HOJTyYeHHs Ar Ha
cabOMMMYHOTEHHBIE OaKTepHalbHBIC, PACTHTEBHBIC U
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JKUBOTHBIE AHTUTEHBI, HO UMEET TAKXKE MEPCIEKTUBY B
pa3BUTHM HAHOOMOTEXHOJOTHH TOJIYYEHHS BaKIMH
HoBoro nokojeHus [Dykman, Khlebtsov, 2017].

B HacTosmee BpemMs MBI pacmonaraeM AT K
MOBEPXHOCTHBIM KOMITIOHEHTaM 27 mrtammoB 11 BumoB 7

pPOJIOB  acCONMATUBHBIX OakTepwii — OENKOBBIM H
YTIICBOTHBIM OakTepHaIbHBIM CTPYKTYpawm,
BBITIOJIHSAIONIMM ~ KITIOYEBYIO pOJIb B PACTUTENHHO-
MHUKPOOHBIX B3aMMOICHCTBHIX Ha CTaguu

(dbopMupoBaHus U (YHKIIMOHUPOBAHUS aCCOIMATHBHOIO
cuMbmo3a B pusocdepe pacteHuid. PaspaboTaHHast
cepoyornyeckas Tect-cucrema [Bogatyrev et al., 1992]
00ecreuynBacT CO3MAaHHE CHCTEMBl CEPOTHITUPOBAHHUS
Azospirillum, wa pganHOM oTane ¢ 74 mTaMMamu
O0akTepuil 3TOTO pOJA, PACIPEIACICHHBIMH IO TpPEM
ceporpyimnaM. M3y4arorcst KOppeisiu CepoIOTHUECKUX

JaHHBIX C pe3yiJbTaTaMd aHajiu3a XHUMHYECKOTI'O
crpoerns O-crenududaeckoro noiucaxapua [Curuga u
ap. (Sigida et al), 2014], TaKCOHOMHYECKHMHU

xapakrepuctukamu mrammoB [Ilerones (Shchyogolev),
2018], 9T0 MOXKET CTaTh BaXXHBIM 3TANIOM UX CHCTEMHOTO
aHanM3a,  OTPAXalOIUM  CBS3b  YCTAHOBJICHHBIX
(eHO(Cepo)THIIOB C HBOIIOIMOHHON HCTOpHEH OakTepuit
poJia a30CIUPHUILIL.
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A

Puc. 1. CtpykTypa MOBTOPSIOIIETOCs 3BeHa moukcaxapuanoro ¢pparmenta (A) [Belyakov et al., 2012]
u GonauHr nonunentuaHoi ocHoBsl (B) drareninna nonsiproro xrytuka A. brasilense Sp7.
Fig. 1. Structure of the repeating unit of the polysaccharide fragment (A) [Belyakov et al., 2012] and the main
polypeptide chain folding (B) of the A. brasilense Sp7 polar flagellum flagellin.

IOna  mopensHeIx 1mtamMoB A, brasilense
MPOJIEMOHCTPUPOBAHA CTPYKTYypHass ¥  aAHTHTCHHAs
rereporeHHocTs ux O-antureHa [Maropa u ap. (Matora
et al), 2008], y psma [ITAMMOB a30CIHUPHILI
KOHCTATHPOBAHO OTCYTCTBHE HHIUBHIYATEHOTO
KancyiapHOro antureHa [Maropa, Illerones (Matora,
Shchyogolev), 2002]. Ananmu3 XMUMHYECKOTO CTPOCHHS
TIIMKO3UITMPOBAHHOTO ()JIareJUTMHa TOJSPHOTO JKT'yTHKA
tunosoro mramMa A. brasilense Sp7 nokasan Hanuuue B
€ro COCTaBe HECKOJBKHX TIIOJIMCAXapUAHBIX IIETeH,
UMMYHOXHMHUYECKH MIEHTHYHBIX JIMIIOTIOIUCAXAPUILY
(JIIC) pmammbix Oaxrepuii [Belyakov et al., 2012].
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Meronom TOMOJIOTHYHOTO MOJCITUPOBAHHUS
(zhanglab.ccmb.med.umich.edu/I-TASSER)  BmepBsie
onpenencHa 3D cTpykTypa TPOTECHHOBOW OCHOBBI
¢naremmnua azocnupwin (puc. 1B) ¢ ucnonb3oBaHneM
AMHUHOKHCIIOTHOM MIOCJIeIOBATEILHOCTH Oenka
(www.ncbi.nlm.nih.gov/protein/WP_059398886.1).
BrepBble METOIOM MMMYHORJEKTPOHHONM MUKPOCKOIIUU
Ha MOBepxXHOCTH Gakrepuii poxa Azospirillum seisiBienst
0eNKOBBIE IMIENONOOHBIE CTPYKTYPBI, CM. IIpUMEp Ha
pucynke 2 mist mramma SK048, sBITIOIErocss MyTaHTOM
A. brasilense Sp245, nuiiieHHBIM MOJSIPHOTO KT'yTHKA.
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Puc. 2. IMMyHO31€KTPOHHAS MUKPOCKOIIHS KJIETOK
Gri* myranTa A. brasilense SK048 ¢ ucrons3osanuem
ponocrerupuyHbIX AT Ha TIOBEPXHOCTHBIC OCITKOBBIC

JACTEPMHUHAHTBI, MEYCHHBIX C(i)CpI/I‘ICCKI/IMI/I
HaHOYACTUI[aMU 30JI0Ta (auametp 15 HM)

Fig. 2. Immune electron microscopy of the A. brasilense
SK048 Gri* mutant cells made with the use of the genus
specific antibodies to protein surface determinants
labelled with the gold spherical nanoparticles
(diameter 15 nm).
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Puc. 3. MDA o6pasnos nmous CapaToBCKO# 001acTH
¢ anturenamu Ha JITIC A. brasilense mrrammos Sp245
(cBetnas okpacka) u Sp7 (TeMHasi OKpacka).

Fig. 3. The enzymoimmunoassay of the soil samples
from Saratov region with the use of antibodies to A.
brasilense lipopolysaccharides of Sp245 (light dye) and
Sp7 (dark dye) strains.

Ha ocHoBe nmMmyHodepmenTHoro ananmsa (MDA)
C MONYYCHHBIMH cHemU(pUISCKUMH AT pa3paboTaHbI
TIPUEMBI OTIPEJIeNICHUs] PACTIPOCTPAHEHHOCTH 30 CIIUPHILI
B obOpasmax mous [Kpacos u ap. (Krasov et al.), 2009;
Hlupokos u ap. (Shirokov et al.), 2015], no3eonuBIHEe
OLICHUTH JUHAMHKY YHCICHHOCTH HHTPOIYLHPOBAHHBIX
B II0YBY OakTepuii M BBISBHTb HAJIWYHEC AHTHICHOB
A30CIHUPHIUT B TEYEHHE BEreTaTHBHOIO Ce30Ha B 6 THHax
II0YB CaparoBckoit oOiacTu. Orenka 1504
pacnpoCTpaHEeHHOCTH B PAa3IMYHBIX NoYBax (puc. 3)
BIIEPBBIC BBIABHIIA O0Jiee 3HAUNTENBHBIA BKJIAJl CEPOTHUIIA
Sp245 mno cpaBHeHHIO ¢ cepoTunoM Sp7 cpeau
A30CHHUPHIUI, IPEACTABICHHBIX B MHKPOOHMOME MOYB
CaparoBckoit oonactu. beuta uccienoBana criocoOHOCTb
pa3HbIX LITaMMOB K KOJIOHM3alMM KOPHEH pacTEeHH,
BEISIBJIICHBI CTHMYIHpPYIOUIHE dPQPEKTH OakTepuit u UX
W30JMPOBAaHHBIX IMOBEPXHOCTHBIX KOMIIOHEHTOB O
MOP(OMETpUYECKUM W LUTOJOTHYECKUM HOKa3aTesiM
pacrenuii. [IpogeMoHCTpHUpOBaHa pOJIb M OLEHEH BKJIA[
JIIIC, (¢nareuivHa W OEIKOBBIX  MHJIETONOOHBIX
CTPYKTYp a30CHHPUILT B OAKTEPUATIBbHYIO KOJOHH3ALHUIO
pacTeHMH M MHAYKOUIO  POCT-CTUMYJIHPYIOIIUX
sdppexroB [Evseeva et al, 2011]. Bnepssie st
accoLMaTHBHBIX OakTepuil 0OHApPYKEHO IMOJIOKHUTEITHLHOE
BIMSHHAE W30JMPOBAHHOTO  (IareJulMHa IOJSPHOTO
xryruka A. brasilense Sp245 na uponudepaTuBHYIO
AKTHBHOCTb MPOPOCTKOB IMIICHUIIbI, YTO WJUTIOCTPHPYIOT
Ppe3yJIbTaThl, IpeICTaBICHHbIE B TabmuIe 1.

Ta6muma 1.
MHUTOTHYECKHI HHICKC IPOPOCTKOB IMILICHHUIIBL,
00paboTaHHBIX MperapaToM H30JIMPOBAHHOTO (IIarenInHa
NOJIIPHOTO Kr'yTHKa ITamma A. brasilense Sp245
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MuToTuueckuil HHACKC, %o
Oo6paboTka Bpewmsi mociie MHOKYJISILIMHY, CYTKH
1 3 7
IIpenapaTtom
(arennuna Sp245 56106 | 6,3106 6,7+0,6
Konrpons (63| 37,04 | 30404 | 52406
J100aBOK) - - -
IIpoBomsrcss  pabOTBI MO  BBIACICHUIO U

UICHTU(UKANMA HOBBIX PH30C(hEpHBIX OaKTepHATbHBIX
[ITAMMOB-CUMOHOHTOB ~ pacTeHuil  (IpejcTaBUTeneit
pomoB  Ochrobactrum,  Acinetobacter, Ensifer,
Enterobacter, Kocuria u np.) ¢ olneHkamMu HX poOCT-
CTHMYJIMPYIOLIET0 noTernuana [Bypeirun u ap. (Burygin
et al), 2017, IleroneB, bypeirua (Shchyogolev,
Burygin), 2018].
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