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Ilpu  63aumooelicmuu  pacmumenbHblx KIEmMoK JUCIMO06020 calama U O6a3unuKa
¢ Ps.aeruginosa ATCC B3994 npu ucnonb306anuu d1eKmpoHHO20 MUKPOCKONA ObLIU 8biasieHbl Oe-
@opmayuu K1emoyHol CIMEHKU ¢ HAPYUEHUAMU ee YeNOCHMHOCTNY, 4 MAKICce OOHAPYICEHbl YEenu-
YenHo20 pasmepa XJ10Ponaacmol ¢ yiompacmpykmypuvimu usmenenuamu. Ps.fluorescens ATCC 948
JIOKANU308ANUCH 8 YUMONTAIME U XTOPONAACIAX KIemOoK De3 yumomokcuueckozo sgpgpexma. Hoen-
mugurayust 6b10€1eHHbIX U3 PACEHUI USOIAMOE OCYUeCMBIIANACH C NOMOWbIO OKpacku no I pawy,
ouoxumuueckux mecmos u I1L[P. Konmamunayus 3eieHHbix KyIomyp, He n008epearujuxcs menjio-
80l 0bpabomie eupyrenmuovim wmamvmom Ps. aeruginosa, npedcmagisiem nOMeHYuaibHylo yepo3y
0711 300P08bSL U HCUZHU JTHOOELL.

Kniwouesvie cnosa: Pseudomonas aeruginosa, Pseudomonas fluorescens, 3senenmvie
KYIbmypul, OUHAMUKA YUCIEHHOCMU Oakmepuil, @eHonbHble COeOUHEeHUs, YAbMpAacmpyKmypd
XJI0pONAACMO8.

BBenenue

MuKpoOHO-paCTUTENBHBIC ACCOIMAIMU SIBISIOTCS OCHOBOM TOJJICPIKAHUS KHU3-
HU Ha HalleH riaHeTe. MI3BeCTHO, UTO pacTeHUs] UMEIOT Kak CyOCTpaTHyI0, TOI3EMHYIO,
OOMIIBHO 3aCENICHHYI0 PH30C(hEpHBIMA MUKPOOPTaHM3MaMHU, TaK U HaJ3eMHyI0 yactu. [1o-
YBEHHBIE OaKTEepPHH, TPUOBI CIOCOOHBI MPOHUKATH B KOPHU PacTEHUI MITH KOJIOHH3UPOBATh
UX MOBEPXHOCTh. DMUPHUTHI U HEKOTOpBIE OaKTepHUaIbHbIe U TPUOHBIC MTAPAa3UTHL, B CBOIO
ouepelb, Pa3BUBAIOTCS Ha MOBEPXHOCTH JIUCThEB B pusutoctepe [7, 14].

Kak npaBuiio, Mekay MUKpOOPraHU3MaMu M MaKpOOpPraHM3MaMH BO3ZHHKAIOT B3a-
MMOOTHOUICHUS, HOCSIIIUE XapaKTep JIMOO TOJIOKHUTEIBHOTO CUMOMO03a (To ecTh OHU 000-
IOIHO TOJIE3HBI M PAaCTEHUSIM, U MHKPOOpPraHW3MaMm), JIMOO JEeCTPYKTUBHOTO Mapa3uTH3-
Ma, CoCOOHOTO TPUYMHHUTH Bpel HE TOJBKO OPraHU3MYy-XO03SUHY, HO (TIPH HCIOJIB30Ba-
HUH TPOPHUECKUX 1enell) U ApyruM opranu3mam. [IpeOriBaHHe aTOTeHHBIX OPraHU3MOB
B paCTCHUAX SABJISICTCA YaCThIO UKJIA UX MUPKYJIALUU BO BHEIIIHEH cpeac. BepOHTHCe BCEC-
T0, OHU UCTIOJIBb3YIOT PACTCHUS KaK aJIbTCPHATHUBHOI'O XO3sMHA U IEPCHOCUMUKA B OPraHru3M
YyeJIoBeKa UK KUBOTHOTO [6, 11, 14].
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dopmupoBanue J1000H MUKPOOHO-PACTUTEIEHON MaTOJIOIHYECKOM CUCTEMBI OIpe-
JensieTcs, IIaBHBIM 00pa3oM, «COBMECTHMMOCTBIO» T'€HOTHIIOB XO35IMHA W MAaTOreHa: Ha-
JMYUEM MM OTCYTCTBHEM MEXaHHU3MOB YCTOHUMBOCTH pacTeHUH U ()aKTOPOB BUPYJICHT-
Hoctu Oakrepuii [20]. BHyTpeHHHE TpoIecchl, 3alIMIaoIie OpraHiu3M pPacTeHUH, Ha-
XOASATCS MOJA KOHTPOJIEM CHUCTEMBI TOPMOHANBHOU peryisiuuu [12], akTuBamus KOTOpOu
NPUBOAMT K YCTPAHEHHUIO NPOHUKIIEH yrpo3bl BHYTPH OpPraHU3Ma U CIIOCOOCTBYET HOBBI-
LICHUIO0 YCTOMYMBOCTH MakpoopranusMma [24]. B HEKOTOpBIX ciydasX MUKPOOPTaHU3MBL,
UCIIOJNB3Ysl CUCTEMY FOPMOHAJIBHON PEry/SIUH B Ka4€CTBE MULICHHU, TEM CaMbIM CIIOCO0-
HBl MaHUITYJIMPOBATh «IIOBEACHUEM» XO35IMHA, OKa3bIBasi BO3ACHCTBUE HA €r0 BOCHPUUM-
yuBocTh [30].

HawuOospiee BHUMaHNWE YYCHBIX B MOCIEIHEE BpeMsl IPUBIICKAIOT B3aMMOOTHOILIE-
HUSI PaCIIPOCTPAHEHHBIX YCIOBHO-IIATOI€HHBIX M MATOTCHHBIX MUKPOOPTaHU3MOB C 3€JICH-
HBIMH KyJBbTYpPaMH, HE MOJBEPralOLUIMMUCS TEIIOBOM 00padOTKe M MPEenCTaBISIOLIMMU
OMacHOCTb JUJIS )KM3HU U 310POBbs uenoBeka [18].

W3BecTHO, 4TO B 3aBUCUMOCTH OT BHJA KYJIbTYPbl M YCJIOBUH BBIpAIMBAHUS LU-
KJIMYECKUI MOpQoreHe3 BHICIINX PACTCHUH, 00JIaAAOMINX CIOXKHBIM CTPOCHUEM, MPOTE-
KaeT Mo-pasHoMy. B Hacrosiiee BpeMsi OLEHUTH B3aMMOJCHCTBHE HEKOTOPBIX IITAMMOB
MHUKPOOPTaHU3MOB B CBS3HM C HaJuuueM (haKTOpOB MATOT€HHOCTH W BBICIIMX PacTeHHUN
HE MPEICTABISETCS BOSMOKHBIM B €CTECTBEHHBIX YCIOBUAX. AHAIN3 UMEIOLINXCS SKCIIe-
PUMEHTAJIBHBIX TAHHBIX U COOOIIEHUH B 00JaCTH KyJIBTYPBI in Vitro TO3BOJISIET MOTYy4aTh
MOZEJH PAaCTUTEIbHBIX OPTaHU3MOB B CTPOT'O KOHTPOIHUPYEMBIX CTEPHIIbHBIX YCIOBHUIX [8].

Henb1o paGoThl SBIISIETCS H3YYSHHE B3aUMOACUCTBUS OakTepuit poaa Pseudomonas
(Ps.aeuginosa v Ps.fluorescens) ¢ pacteHussMU TMcTOBOTO canara (Lactuca sativa L.) u 6a-
3unuka KkpacHoro (Ocimum basilicum L.) B yCIOBUSAX in Vitro.

Ps.aeruginosa (cuHerHoWHas mMajoyka) — IpaMOTPULATENbHBIE NaJIOYKOBHIHBIC
BO30YIHUTEIN THOHHO-BOCTIAUTENLHBIX 3a00IeBaHMit YenoBeka [4, 13]. BrzpiBaeMble nuMu
MH(EKIUN 0OBIYHO XapaKTePU3YIOTCS [UINTEIBbHOCTHIO U CIIOKHOCTBIO JIGUEHUsI, YTO Ha-
OPSMYIO CBSI3aHO C NPUOOPETEHHOW yCTOWYHMBOCTHIO MH(EKIIMOHHOIO areHTa K pas3iny-
HBIM aHTUOMOTHKAM WJIM HETOCPEICTBEHHO C MPUPOAOH camoro Bo3Oyamrtens [5]. Ux
COIIPOTHUBIISIEMOCTh TEPAlEBTUUECKUM MeEpaM CBsizaHa ¢ (POPMHUPOBAHHUEM YCTOWUYHMBBIX
K (haKTopaM OKpYy’Karomiel cpenpl OMOMICHOK. BO3MOXHOCTh HEKOTOPOTO «COOOIIEHUS
Y KOOpAWHALMY TOBEACHUS P TOMOIIHU BBIJICJICHHUS MOJIEKYJIIPHBIX CUTrHaNIOB (Quorum
Sensing) nMeeT ocoboe 3HaYeHHE HA Pa3NIUYHBIX dTalax pa3BuTus OowuoruieHku [33, 19].
Wudexunu, BbI3bIBa€Mble CHHETHOMHON MaOUYKOH, XapaKTepPU3YIOTCS AOCTaTOYHO BBICO-
KHM YPOBHEM JieTanbHOCTH — A0 40-50% [28, 13]. YcraHoBNEHO, HATPUMED, YTO CHHET-
HOWHON MH(EKIUH MOABEP>KEHBI OHKOOOIbHBIE, OepeMEHHbIE KECHIIMHBI, IIOKUIIBIE, IETH,
a TaKKe JIFOJU ¢ OCJIa0JIeHHBIM UIMMYHUTETOM |3, 29].

Bo3moxxHOCTE TOpaskeHus P. aeruginosa 1o00ro opraHa ¥ TKaHW 00yCJIOBIEHA 3Ha-
YUTENbHBIM YHCIOM Pa3JIMYHBIX (PAKTOPOB MATOTEHHOCTH (SK30TOKCHH A, HK303H3UM S,
LIUTOTOKCUH), & TAKXX€ BBHICBOOOXKACHUEM 3HIOTOKCHHOB IpH T'MOenu M pacmane OakTe-
pHuanbHOi KieTkH. Kpome BbLAEISIEMBIX TOKCHHOB, BO30YIUTEIb CHHETHOMHON HH(EKINH
NposIBsieT (PEPMEHTATHUBHYIO aKTHBHOCTb, YBEJINYHMBAIOIIYIO IAaTOI€HHBIE CBOIICTBA MH-
KpOOpraHu3Mma, BeIIEISs, HAPUMED, IPOTea3y U HelpaMuHuAasy, u ap. [27].

Ps.fluorescens — IUPOKO pacripoCTpaHEHHbIE HEMATOTE€HHbIEC IS YEIOBEKa U JKHU-
BOTHBIX CanpoTpodHbIe OaKTepHH, BCTPEUAIOIINECS B PAa3IMYHBIX cpefax OOUTaHus, B TOM
YHCcJie Ha Pa3IMYHBIX KUBOTHBIX U PACTHUTENBHBIX cyOcTpartax. YacTo oHM OOHapyKuBa-
10TCsl B pu3ocdepe u pumnochepe pacTeHUH, SIBIASIOTCS €CTECTBEHHBIMH PETYIATOPaMU
(UTOMAaTOreHHBIX MHUKPOOPIaHU3MOB, a TAaK)KE YCHJIHMBAIOT POCTOBBIE IPOLIECCH Yy pac-
TEHHUH, MOBBIMLAIOT UX MPOAYKTUBHOCTh U YCTOWYMBOCTH K HEOIArONPHUATHBIM (pakTopam
OKpyXxarowiei cpensl [32].
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MarepuaJjibl 1 METOAbI HCCJIETOBAHUS

B skcniepriMeHTax OBUTH MCIONB30BaHbI mTaMMbl Ps. aeruginosa ATCC B 3994™
u Ps.fluorescens ATCC 948™, nony4ennsie u3 komekpu OO0 «BEJIEC», a Takxe 3eneH-
HBI€ KYJIBTYpbI: TUCTOBOM canar (Lactuca sativa L.) n 6azunuk kpacuslii (Ocimum basili-
cum L.), TOTy9deHHEIE B YCIIOBUSIX N Vitro.

Bbaxrepuii poga Pseudomonas kynsTuBUpoBanu Ha cpene MITA mpu Temmeparype
28°C B Teuenue 3-X CyT. 3eJIeHHBIE KYJIBTYPHI JINCTOBOTO canara (Lactuca sativa L.) u Oa-
3unka kpacHoro (Ocimum basilicum) BeIpalliiBajIy 0 CTaJUU JJUCTOOOPA30BaHUs Ha CPe-
Je MS B CTeKJISIHHBIX cocyaax IMpHy BiIakHOCTH B TeueHue 18 cyT. [10, 15].

3apakeHre pacTeHUH AJIsl YIBTPACTPYKTYPHBIX UCCIIEIOBAHUIA MPOBOIMIIH C TIOMO-
IO IITIPUIIA, BBOISI OAKTEPUAILHYIO CYCIICH3HIO MO KaXKI0€ pacTeHue B 1o3e 10° M.x/mit.
B kadecTBe KOHTPOJIS OCTABIISUTH PAaCTEHUSI, MO KOTOpbIe BBOAMIH 1o 1,0 MIT M30TOHHYE-
ckoro pacteopa NaCl [15, 16].

buoxumudeckue CBOWCTBA U UACHTU(DHUKAIIMIO U30JIATOB U3 PACTUTEIBHBIX TKaHEH
orneHuBau ¢ nmomoirsio CHb-TectoB, meTona okpacku 1o ['pamy, ITLP [16].

s TLP-uccnenoBanusi U30JIATOB ICEBIOMOHA]] MCIIOIB30BAIM BUAOCIEIU(BUY-
Hbie (PA-SS-F/PA-SS-R) nns BeisBnenus Ps. aeruginosa v popocnennpuIHbie TpaiMepbl
(Ps-for/Ps-rev) (Tabm. 1).

Tabnuya 1
IIpaiimMepbl, ncnosb3yemblie B IIIP-ananuze nisa naeHTuukanuu ncesaoMonan [9]
BobisBnsiembivi BUA, . Pa3mep dparmeHTa,
NOCrenoBaTeNnbHOCTL I'Ipavnvlep HyKJ'IeOTI/I,EI,HaFI nocnenoBaTernibHOCTb M.H.
Ps-for 5-GG TCTGAGAGGATGATCAGT
Pseudomonas spp. 969
Ps-rev 5-TTAGCTCCACCTCGCGGC
PA-SS-F 5-GGGGGATCTTCGGACCTCA
Ps. aeruginosa 956
PA-SS-R 5-TCCTTAGAGTGCCCACCCG

OTnenpHyI0 KOJOHHIO KaXKAOro mrTamMma pecycnenaupoBand B 500 MK cBepX4u-
CTOH BoZBI, MHKYOUpPOBaIu B TBEpAOTeNbHOM TepMmocTare « Tepmur» (Poccus) B TeueHue
10 mun nipu 95 °C u nentpudyruposanu B TeueHue 5 mud nipu 13 000 06/mun. Hagocamou-
HYI0 KUAKOCTh ucnonb3oBanu as [ P-uccnenoBanuii.

ITporokonsl aMIUIM(HUKALIUK COOTBETCTBOBAIM PEKOMEHIALMAM aBTOPOB, MPEIIO-
JKUBILUX HCIOJIb3yeMbIe IpaiMepsl. Temmeparypa oTKura Ajsl ImpailMepoB coCTaBsia:
65°C — 60 c; nnst PA-SS-F/PA-SS-R: 58°C — 20 c. DnexTpodopeTHiecKoe pasneneHie npo-
IOYKTOB PEeaKkuuu npoBoauiu B 1,2%-M arapo3HoM rene B Tpuc-0opatHoM Oydepe npu Ha-
MpsDKEHUH AeKTpraeckoro nois 6 B/em [1] (puc. 1).

Jnst u3yyeHus yapTpacTpyKTYphl KJIETOK MH()UUIHUPOBAHHBIX PACTEHHUH OTpE3-
KM U3 CPEAMHHON YacTH A0 LEHTPAJbHOH >KUIKH MOJOIBIX JMCTHEB CPEIHETO pas-
Mepa (puKcUpoBaiIN B TeueHHe 4 4 «Ha xonone» 2,5%-HbIM IITyTapoOBBIM ajlbACTUIOM
U 4%-HbIM PacTBOPOM OKCHIA OCMHS, KOHTPACTUPOBAIU 2%-HBIM PacTBOPOM ypPaHHU-
nanerara u 00e3BOXKHBAIH, a 3aTeM 3aIHBalu cMoloil «DmoH-812» o meroxy Caba-
TuHHU [2, 32].

C nmomomnipro yasrpamuikporoma LKB3 (1LIBerwist) momyyany yasTpaTOHKHAE CPe3bl JIH-
CTBEB PACTEHHH, TPOCMOTP KOTOPBIX OCYILLECTBIISUIH ITPY IIOMOIIIH 3IEKTPOHHOTO MUKPOCKOIA
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Libra-120 («Zeiss», I'epmanns) npu cpennem yBemmdeHnu oT 2500 mo x4000 ¢ mocnemyro-
et MophomMeTprYecKoil 00pabOTKOM.

Bo Bcex skcnepuMeHTax OMOJOrMYecKas U aHaJUTUYeCKas MOBTOPHOCTb M3Mepe-
HU Obl1a 3-kpatHoi. Ilpu MopdomeTpuyecKrX UccaeqoBaHUSIX 00paOOTKy HOMy4YeHHbBIX
Pe3yJIBTaTOB MPOBOAMIIN HA OCHOBAaHHMH JAHHBIX, MOMY4YeHHBIX Ha 100 xmoporuiactax Kax-
noro BapuanTta. Craructuieckast 00paboTka mpoBoamiIack B mporpamme Microsoft Office
Excel 2007. B Tabnunax u Ha rpadukax NpeAcTaBIeHbl CPeIHUE 3HAYCHUS U UX CTaHIapT-
Heie ommoOku. Kpurepuit BepositHoctr P <0,05 npuHUMany [oCTaToYHBIM IS TOCTOBEP-
HOU pa3HUIIBI OIBITHOM U KOHTPOJIBHOW I'PYII JaHHBIX.

Puc. 1. Dnexrpodopes ammmupunupoBanHbix ¢pparmentoB JJHK Ha 1,2%-HOM araposzHom reme
(A — Pseudomonas spp. b — Ps. aeruginosa: 1 — JJIHK-mapxkep;
2 — OTpHUIATENEHBIA KOHTPOIB; 3 — TOJOKUTECIBHBIN KOHTPONIb (Ps.aeruginosa);
4, 5 — ITIP-iponyKTel (M30IATH Ps.aeruginosa 3 IUCTOBOTO cajara v 0a3miInKa);
6 — MOJIOKUTENBbHBIA KOHTPOIb (Ps.fluorescens);,
7, 8 — IIIP-poxykTsl (u3054THL Ps.fluorescens W3 TUCTOBOTO cajyaTa u Oa3wUTHKA)

Pe3y.IIl>TaTLI HCCJIeA0OBAHUA

B pesynbrare skcriepuMeHTOB 00HAPYKEHO, YTO KOHTPOJIbHBIE HEMH(UIIUPOBAHHEIC
pacTenus Oaswimka 00Janaiv MPaBWIBHON OBajibHON (hOPMOW C POBHOM, HEMHOIO U30-
THYTOH KJIETOYHOM CTEHKOH. BHYTpHU KJIETOK HAaXOAMIIUCH LIUTOIUIA3Ma, LICHTpalbHas Ba-
KYyOJIb, MHOTOYHCJICHHBIE MUTOXOHIPHU U OKPYIJIbIE MJIOTHBIE XJIOPOILIACTHL, COACPKALIHE
1—4 kpaxMallbHBIX 3€PEH, HEMHOTO IIaCTOrI00YI (puc. 2).

Puc. 2. Knerku cronbuaroii mapeHXUMBI JUCTHEB PACTEHHUN Oa3ninka
0e3 3apakeHHs (KOHTPOIIB):
1 — xyopomyacTel; 2 — KpaxMajbHbIE 3epHa; 3 — MUTOXOHIPUH;
4 — mracToro0yIbL; 5 — KIIeTOuHast CTeHKa
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Kiterkn cron0uaroif mapeHXMMBbI He3apa’keHHOTO JIMCTOBOTO cayara (KOHTPOJIb)
ObLTH 110 (hOpME BBITSHYTBIMH, ¢ M3THOaMH Ki1eTouHO# cTeHku. [Ipu uccnenoBannu 6ob-
IIOTO YMCIIa CHUMKOB OOHapykeHa 0Oojee omHOOOpa3Hasi yiabTPacTpPyKTypa KIETOK, YeM
y Ga3uiika, ObLI BUJICH MPUCTEHHBIN CIIOW UTOILIA3MbI 1 MHOTOYHCIIEHHBIE XJIOPOTLIACTHI
TpyHIIaMH 1O 4—5 MIT. 10 KpasiM KIIETKU Y KJIETOYHON CTEHKH.

B kJeTkax JHCTOBOTO caara HaOMIONAIKCh OBAJIBHON (DOPMBI XJIOPOILIACTHI C ILIOT-
HO CTPOMOM, MHOTOYMCIICHHBIMU JINIIMAHBIME KaIULSIMU ¥ 0€3 KpaXMaJIbHBIX 3epeH. MuTo-
XOH/IPHU HaOMIONANINCh B KJIETKaX BEChbMa peKo. BakHO OTMETHTB, 4TO HA MHOTOYHCIICH-
HBIX CHUMKaX CpPe30B JIICTOBOTO cajiaTa U 0a3mivKa B KOHTPOJIBHBIX BapUaHTax HU H3yda-
€MBIX TICEBJIOMOHA/I, HHA APYTHX OaKTepUi-KOHTAaMUHAHTOB OOHAPYKEHO He ObLTO (pHC. 3).

Tum NS -2 - - Tum

Puc. 3. Kinetku pacteHuii TUCTOBOTO cayiata 6e3 3apakeHus (KOHTPOJIB):
1 — xyopormacTsr; 2 — MIacToro0ybl; 3 — KJIETOYHAs CTCHKA

bakrepun Ps.aeruginosa MUTPUPOBAIIN B KIIETKU pacTEHUH Oa3wiIMKa Yepe3 pasphl-
BbI KJIETOYHOH CTEHKH, YTO, IMO-BUIUMOMY, SBJISCTCS CICACTBHEM TOKCHYECKOTO BO3ZICH-
CTBUS YCIIOBHO-TIATOTEHHBIX TICEBIOMOHAJ Ha KJICTKM pacTeHHil. PacmnpocrtpaHeHue wvH-
(beKImu 1Mo PacTeHUIO MPOUCXOIUIIO CKOpEe BCETO Yepe3 00pa3oBaBIIMECs TOBPEKIACHUS
B KJICTOYHOH CTEHKE, U TaKUM 00pa30oM CHHETHOMHAs IMajiodyka MOoNTy4Hia BO3MOXKHOCTh
MEPEMEIICHUS U3 KJICTKH B KJIETKY.

YCTaHOBIICHO, YTO IIPU COXPAHCHUHU KJIETKAMU PACTeHUH OKPYIIIOH (DOpMBI XJIOpPO-
IUTACThI HECKOJIBKO BUIOU3MEHSUIUCH — B OCHOBHOM 3TO OBUIO YBEJIMYCHHE UX Pa3MEepOB
0 CPABHEHUIO C KOHTPOJIbHBIMY BapraHTamMu. [1oyueHbl CHUMKH, Ha KOTOPBIX BUIHBI Ps.
aeruginosa, KOTopble MPH MPOHUKHOBCHUH BHYTPh XJIOPOIUIACTA Pa3pyllaii ero U3HyTPH.
Ha HekoTOpBIX CHUMKaX MOKHO HAOJIIONIATh JIM3UC KPaxMaJIbHBIX 3€PEH, IOCKOJIbKY OaKTe-
pHUH MOTJIH, BUAMUMO, UCIIOIB30BaTh UX KaK UCTOYHHUK MUTaHUS (puc. 4).

[IpoHukHOBEeHHE CanTPOTPOGHBIX TICEBIOMOHA/ B PACTUTEIbHbBIC KJIETKH OBLIO TaK-
JKe TIOATBEPKIIEHO C MOMOIIBIO AIEKTPOHHON MUKPOCKOIIMU CPE30B JIUCThEB 0a3mIInKa, 3a-
pakenHoro Ps.fluorescens. CanpoTpogHbie IICEBIOMOHA/IbI ObLIM JIOKAIM30BaHbI B KIIETKES
HEOOJIBIITUMHU TPYIIIaMu 0e3 BUAUMBIX HAPYIICHHI CTPOCHHS KJICTOUHOM CTeHKH. Ha MHO-
TUX CHUMKAaX YETKO BUJHBI [0 CPABHEHHUIO C KOHTPOJIEM SO, armapar [ obKu, MHOTO-
YUCJICHHBIC MUTOXOHJIPHH, YTO CBUACTEIBCTBYET 00 YCHJICHUH YHEPIeTHUYCCKUX MPOIIEC-
COB B KJIeTKax Oa3winka. KpoMe Toro, ObUIM BUHBI JTUITHIHBIC KAIUIH, WM IJIACTOTIIO0Y-
JIbI, KOTOPBIC CIIOCOOCTBYIOT B PACTHUTEIBHBIX KJICTKaX OOpPa30BaHUIO WM Pa3pyIICHUIO
THJIAKOUJIOB XJIOPOIUIACTOB (pHC. 5).

Ha oTaenbHbIX MUKPOCHMMKAX 3a(pMKCHPOBAHO IPOHUKHOBEHUE OaKTepUi B XJI0PO-
TUTACTHI Oe3 MOCIIEAYIONIET0 IIUTONATOTeHHOTO BO3CHCTBH. BhIJIO OTMEUEHO, Y4TO Kpax-
MaJlbHble 3€pHa B OKPYXEHHH (DIIOOPECHUPYIOIINX TICEBIOMOHA/l HE IpeTepreBain
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HUKaKHX MOP(OJIOrHIeCKIX U3MEHEHUH, HO B pe3yJibTaTe B3aumoneicTsusi ¢ Ps.fluorescens
ObUIa MTOJIHOCTHIO YTpaueHa 000JI04Ka Xjopormiacrta (puc. 6).

ITpu unduuupoBanuu Ps.aeruginosa TUCTOBOTO cajara HaOIIOOANOCh MPOHUKHO-
BEHHME CHHETHOIHOM MajouKu B KJIETKU cajlaTa ¢ MOCIEAYIOMNM HapyIIeHHEM LEIOCTHO-
CTH KJICTOYHBIX CTEHOK M JeTPaJaTUBHBIM BO3IEHCTBUEM Ha XJIOPOILIACTHI, KAK U B OIIBITE
¢ 6asznnukoM. JlecTpyKuus KJIETOYHBIX OpraHesll ¢ MOCIEAYIOINM YBEINUEHUEM KOJTHYe-
CTBa IUIACTOINIOOY (JIMITUAHBIX KaIlelb) MPOMCXOAHIa, O-BUANMOMY, BBUILy OTPHLIATEIb-
HOTO BO3ACHCTBHS CHHEIHOMHOW manodku. Takke oTMedeHa 3HauMTeNbHas Aedopmanus
KJIETOYHBIX CTEHOK canaTa u 0oJiee BRITSHYTHIX Y3KHX XJIOPOIIacToB (puc. 7).

55

Puc. 4. VI3MeHeHHBIEC XJTOPOILIACTHI KJICTOK Oa3MIMKa IPU BO3ACHCTBUY Ps. aeruginosa:
1 — GakTepum; 2 — KpaxMaJbHBIC 3epHa

% Tpm § % ¥ ¥ Latan 1um 5
Puc. 5. Kietku pacteHuit 6a3uimka npu B3anMojieiicteuu ¢ canporpodom Ps.fluorescens:
1 — GaxTepuu Ps. fluorescens; 2 — s1po; 3 — MuToXOHApHUH; 4 — armmapat [onbmku;
5 — nmactornoOyibl; 6 — KIIETOYHAs! CTEHKa

I'ncronoruyeckoe u3ydeHue B3auMoIeHcTBUS Ps. fluorescens M TUCTOBOrO caiara
00HapYKHUJI0 MUTPALIMIO 3THX CallPOTPO(OB B KJIETKH cajaTa PH COXPAaHEHUH LEIOCTHO-
CTH KJICTOYHOH CTEHKH. B pacTUTENbHBIX KJIE€TKaxX HaONIONANNCh YBEINIEHUE KOJMUECTBA
MUTOXOHIIPUH U U3MEHEHHE (HOPMBI XJIOPOIIIACTOB Ha Oonee BHITAHYTYIO (puc. 8).

W3onupoBaHHbIe U3 PACTEHUH OakTepHH Ha BCEM MPOTSHKEHUH ONbBITA HE MEHSJIH
CBOUX KYJBTYPaJbHBIX, MOP(OIOTHUECKUX U OMOXMMHUYECKHX CBOHCTB. sl yTOUHEHHMS
MOJyYEHHBIX PE3yNbTaToB Hcnonb3oBaics Meror IIIP. MonekynspHO-reHeTHIeCKUE HC-
CJICZIOBAHUS M30JIATOB OaKTEpUil C HCIONB30BaHUEM POAO- U BUAOCTICHU(PUUHBIX TpaiMe-
POB HOATBEPAMIM UX NPUHAICKHOCTD U3y4aeMbIM OaKTEPHUSIM.
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e 2 v
Puc. 6. XnoporracTs! 6a3uimka,

1 um

3apaxxeHHoro 6akrepusimu Ps. fluorescens: Puc. 7. Knerku ctonOuaroi mapeHX1UMBI JINCTHEB
1 — 6axrepuu Ps.fluorescens; pacTeHuil JIMCTOBOTO callaTa Mocye 3apakeHUsI
2 — KpaxMasbHBIE 36pHa; Ps.aeruginosa:
3 — rpaHsI ¢ THIAKOUIAMH; 1 — Gakrepun Ps.aeruginosa; 2 — XJIOpOIIIACTHI;
4 — m1acToro0yIbI 3 — mmacToro0yIibl; 4 — KJIETOYHAs CTEHKa

Puc. 8. Knerku cronbuaroii mapeHXUMBbI JTHCTHEB
pacTeHui JUCTOBOTO canara nocie 3apaxenus Ps.fluorescens:
1 — Gakrepun Ps.fluorescens; 2 — XJIOPOIUIACTH; 3 — KJIETOYHASI CTCHKA;
4 — MUTOXOHJpPHUH; 5 — AAPO

Oobcy:xnenue

Ilpn anannze myOnamKamuil psiga aBTOPOB MOXKHO OTMETHTH, UTO IOBEICHHE
TICEBAOMOHA/ MOXXET UMETh HEKOTOPBIE CXOJICTBA W PA3NUYUSA MO CPABHEHHUIO C TIO-
BEIIEHNEM JIPYTHUX Bo3OyauTened numessix nHpexnnii. Tak, B.W. [lymkapeBoii ¢ co-
aBT. [17] ObITM mMOKa3aHBI aKTHBHOE Pa3MHOKCHHE W COXpaHEHWE B KOHIICHTpAITUU
107 KOE/r B Teuenue Mecsna B puiuiocdepe mpopoCcTKOB MIIEHUIBI L. monocytogenes,
KyZla OHH NIPOHUKIIH Yepe3 KopHeByto cuctemy. B padore M.T. Brandl m R. Amundson
[16] mo nHGUIUPOBAHUIO JUCTOBOTO caiara mramMoM E. coli cepotuma O157: H7
MOKa3aHo, YTO B MEPBBIE CYTKH MOCIE 3apaKeHN HaOII0aI0Ch YBeIHYeHHE YUCIIEH-
HOCTH KHIleuHO# najgouku B 100 pa3, nnpekrant coxpansics va yposae 10" KOE/r
B TE€UECHHE 7 AHEH.
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B npyrux uccnenoannsx M.T. Brandl [22] cMonmenupoBan 3KCIIEpUMEHT C y4acTH-
€M PHTEPOINATOreHHbIX KUIIEYHBIX MaJl04YeK, KOTOPbIE HCIIOIb30BAN IPH HH(UIMPOBAHUN
JaTyKa, HaHOCS OaKTepualIbHYIO KyIbTypy Ha JIMCThs pacTeHus. HecMoTps Ha akTHBauio
cHHTe3a (PEHOJBbHBIX COCOMHEHHH PAacTeHHH Kak 3alllUTHOM PEaKLUUH, YUCIEHHOCTH Ia-
TOTeHHBIX OakTepuil yBenuumiack B 20 pa3 B IepBbIC Yachl MOCIE 3apakeHHUs. ABTOPOM
YCTaHOBJICHO, YTO OAKTEPUHU IMPOHUKAIN B PACTEHUsI JIaTyKa Yepe3 YCThUIA MU TOBPEXK-
JEHHBIE JINCThHS C MOCJIEAYIOIINM HEKPO30M TKaHEH JlaTyKa.

B nHammx skcniepumenTax [18] ObL10 mokazaHo npoHukHOBeHme E. coli O157: H7
yepe3 KOPHEBYIO CUCTEMY B MOJIOZbIE IPOPOCTKU Oa3MIIMKa, BHIPAILIEHHOTO A0 CTAANU JIU-
CTOOOpa30BaHus. YKe Ha BTOPhIE CyTKH KOJIMUECTBO 3TUX OaKTepHil Bo3pacTaio Jorapud-
MHYECKHU: 10 7 CYTOK COKYJIBTUBHUPOBAHUS AJIS1 SHTEPONIATOTEHHOTO ITaMMa, 110 5 CYyTOK —
JUISl HETIATOTCHHBIX KUIIEYHBIX HalOYeK.

s u3yuenus B3auMoOIeHcTBUS BO30ynuTeNe MUIIEBBIX HHPEKIUH C 3eIeHHBIMU
KyJIbTYPaMH MHOTHE HCCIICOBATENN TAKXKE MOJb30BATHMCH JIEKTPOHHBIM MHUKPOCKOIIOM,
OIJHAKO LIENH U XapaKTep TaKUX 3KCIEPUMEHTOB OBLIM HECKONBKO IPYTUMH IO CpaBHE-
HUIO ¢ HamuMu uccienoanusamu. Tak, M.T. Brandl u R.E. Mandrell [22] u3zyuanu cramuu
¢dbopmupoBanusl OMOIUIEHKH S. enterica Ha MOAEIH PACTEHUSI KMH3bI ¢ nmoMoisio KJIICM
(rxoH(OKAITEHOM JTa3epHON CKaHUpYoIIeld MUKpockonuu). B padorax Y. Dong u ap. [26]
IUISL U3y4YEeHHSI CIOCOOHOCTH 3HTEPOOAKTEPH pa3MHOXKATHCSI BHYTPU TKAHEW U Ha KOpHe-
BBIX BOJIOCKAX PacTEHHH TaKXKe MCIOIb30BAIN EKTPOHHBIH MUKpocKkon. MccnenoBanus
L. Dinu u S. Bach [25], u3y4aBmux B3aumoseiictsust nucroporo canara 1 GFP-myranTa
E. coli O157: H7 ¢ nomompsto meroga KJIICM, oOHapyxunu MHOTOYHCIEHHBIE MOp(hO-
JIOTMYECKH U3MEHEHHbIE HEKYIBTUBHPYEMbIE KJIETKH OaKTepuil KyTHUKYJIE U IOBEPXHOCTH
M3y4aeMOro pacTEeHUsL.

B HacTosimee BpeMst BO30yIUTENN NUILIEBBIX HH(EKINI HAXOISIT HOBBIC Pe3epBYyaphbl
B PACTHUTEJBHBIX OpraHN3Max, MapasuTUPYs B X KJIETKaX, CTAHOBSICh YTPO30M IJIs 310PO-
BbS U JKU3HM Jtoziel. Pemienne nanHoi npo6ieMsl TpeOyeT 00beAMHEHHbIX YCUIIUN CIICLH-
anucToB pasHoro npoduist. [IpoBeaeHHbIE HAMU HCCIIEAOBAHNUS TO3BOJISIOT IPUOTU3UTHCS
K pacun(ppoBKe MEXaHW3MOB BHYTPHKJIETOUHOI'O MapasuTU3Ma BO3OyAHUTENEH MHIIEBBIX
MH(EKINH, KOTOPBII 10 CHX MOp c1abo M3yueH Kak B HALlel CTpaHe, TaK U 3a PyOEKOM.

JlaHHBIE SKCIIEPUMEHTHI O0Jiee MOJTHO ONMPENEIAIOT XapaKkTep U pe3ylbTaT BO3IeH-
ctBus Ps.aeruginosa u Ps.fluorescens Ha pacTUTENbHBIE KIETKU, @ UMEHHO:

— Ilpu B3aumoneiicTBum Ps.aeruginosa ¢ KineTkaMu 0a3uinKa HaOJIOOaIiCh pa3phIBbI
KJIETOYHOH CTEHKH, yBENNYEHHBIE 10 pa3Mepy XJI0POILIACTHI C OOJIBLINM COACP)KaHUEM KPaX-
MaJIbHBIX 3€PEH; OTMEUEHA TAKOKE MOJIHAS IECTPYKLMS XJIOPOIJIACTOB P BBICOKOI KOHLICH-
Tpauuu Ps.aeruginosa. 3apaxeHue CUHETHOMHOM Majo4yKO JUCTOBOTO cajlaTa MPUBOAUIIO
K CHJIBHOH Je(opMaliiy KIETOYHOH CTEHKH M XJIOPOILIaCTOB, MPHOOPETAIOLINX BEITSHYTYIO
3ay’)KeHHY10 ()OpMYy C HOCJIEAYIOLUINM pa3pylieHreM 1 (popMHUPOBaHUEM IIIACTOITIO0YII.

— Ilpu B3ammoneiicTBuM pacTeHnil OaswIMKa U JHUCTOBOTO cajara ¢ OakTepHsiMHU
Ps.fluorescens Gaxtepun OOHAPY)KMBAJINCH B LUTOIJIA3ME M XJIOPOILIACTaX KIETOK 0Oe3
LUTONATOTeHHOTO 3¢ (eKTa, NUIIb ¢ HEKOTOPBIMU M3MEHEHUAMHU (OPMBI XJIOPOIIACTOB;
HaOII0aI0Ch YBEIMUEHHE KOIUYECTBA JUMUIHBIX Kalejb, YBEIUICHUE KOJHMYECTBAa MH-
TOXOHJPUI1, CBUAETENbCTBYIOIINX 00 yCUIEHUN HHTEHCUBHOCTH SHEPreTHUECKUX MPOLEC-
COB, IIPOUCXOAALINX B PACTUTEIBHBIX KIIETKAX.
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HISTOLOGICAL STUDY OF LETTUCE AND BASIL BY INFECTION
WITH PS. AERUGINOSA AND PS. FLUORESCENS IN VITRO

G.V. GODOVA?, A.A. OVOD?, N.V. ASTAKHOVA', E.A. KALASHNIKOVA?

(" Institute of Plant Physiology named after K.A. Timiryazev
at the Russian Academy of Sciences, Moscow;
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3LLC “EkzakteLabs”, Moscow)

Studies based on the use of an electronic microscope revealed ultrastructural changes
in plant cells of lettuce and Basil in interaction with Ps.aeruginosa ATCC B3994, expressed
in deformation and violation of the integrity of the cell wall, increasing the size of chloroplasts,
sometimes full destruction accompanied by the increased number of plastoglobuli. Ps.fluorescens
ATCCY948 were localized in the cytoplasm and chloroplasts of cells without a cytotoxic action.
Plant isolates were identified with gram staining, biochemical tests and PCR. Contamination
of non-heat-treated leaf vegetables with virulent strain Ps. aeruginosa is a potential threat to hu-
man health and life.

Key words: Pseudomonas aeruginosa, Pseudomonas fluorescens, leaf vegetables, bacterial
population dynamics, phenolic compounds, chloroplast ultrastructure.
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