YYEHBIE 3ATIMCKU KABAHCKOI'O YHUBEPCUTETA

Tom 153, kn. 1 EcrecTBeHHbIE HAayKU 2011

YAK 581.1:577.171.54

BJIUAHUE AHTUIIUTOCKEJIETHOI'O
N MEMBPAHOTPOIIHBIX ITPEITAPATOB HA PACTEHMSI
O3MMOMU ININEHUIIBI PASHBIX 'TEHOTHUIIOB

M.A. bBoukapesa, M.A. Yenypenrosa, JI.II. Xoxnosa

AHHOTAIMS

HccrenoBanu 3aBHCUMOCTh MIPOHHUIIAEMOCTH MEMOpPaH U BOJAOYICPIKHUBAIOIICH CIIOCO0-
HOCTHU KOpHEH He3aKaJICHHBIX U 3aKaJeHHBIX K xononay (3 °C, 3 cyT) IpOpPOCTKOB Pa3HBIX IO
MOPO30yCTOWYMBOCTH COPTOB O3MUMOM TIIeHUIH! (Triticum aestivum) OT COCTOSTHHS MeMOpa-
HO-ITUTOCKEJIETHOTO KOMIUTeKca. MoIu(HUKaui0 KOMILIEKCa OCYIIECTBISUIH C HCIOIBh30Ba-
HHEM MeMOpPaHOTPOITHBIX MPENapaToB, H3MEHSIOMINX TEKy4eCTh MEeMOpaH — ITUMETHICYIIb-
¢doxkcuna (IMCO, 2%) u 6ensmnoBoro cnupra (bC, 0.2%), a Takxke creruduuecKoro HHru-
O6uTopa MONMMMEpPU3aIN PACTUTEIBHBIX TYOYJIHHOBBIX OEIKOB — opm3aiuHa (3,5-AUHUTPO-
N4,N4—LII/IHpOHI/IJICyJIL(bOHI/IJIaMI/I,Z[a) (10 MxM). HccnemyeMble areHTHl YBETHYHUBAIHA BBIXOJ
JJIEKTPOJIMTOB M3 TKAHEH KOpPHEW MPOPOCTKOB IIICHHUIIBI BCEX COPTOB Kak 70, TaK M IOCIE
3aKaJIMBaHMs, YTO YKA3bIBACT HA IMOBBIIICHHE MPOHHUIIAEMOCTH MeMOpaH. JlecTpykius TyOy-
JIMHOBOTO IIUTOCKEJIETa B OOJBIICH CTEIIEHH MHIYIHPOBAIA 3K30CMOC JICKTPOJIUTOB U3 TKa-
HEW 3aKaJIeHHBIX PACTCHUI, YeM U3MCHCHHE TeKydecTH MeMOpaH. [Ipu coBMecTHOH 00paboTKe
pactenuii opusanuaoMm ¢ BC (vt [IMCO) BBISBICHO B3aUMOYCHIIHBAOIIEE UX JACUCTBHE HA
MPOHHUIIAEMOCTh MEMOpaH 10 CPaBHEHUIO C BIUSHHEM ITHX IIPEIapaToB IO OTACIHHOCTH.
B ompiTax ¢ opuszammaoM u BC cureprerndeckuit 3pQexT mpsiMo KOPPeTHpoBai ¢ ypOBHEM
MOPO30yCTOMYMBOCTH PACTEHHUH, OIHAKO, IMOCIE 3aKaJMBaHHUSA OBUI MEHEee BBIPaKCHHBIM.
Ha BomoyaepxuBaronyro CriocoOOHOCTh KOpHEH M JeCTpyKTop Imutockenera, u bC Bnusm
OJTHOHATPABJIEHHO, CHIKAs ATOT Mmokazarelns, a JIMCO, HanmpoTHB, MOBBIMIAT €T0. 3aKaliBa-
HUEe B OCHOBHOM yMeHbmano aeficteue bC, IMCO u opuzannHa Ha BOJOYAEPKUBAIOIIYIO
crocoOHOCTh TKaHed. CenaHo 3aKIF0UeHUE, YTO BKJIA OTJCIIbHBIX COCTABISIONIMX MEMOpa-
HO-ITUTOCKEJIETHOT'O KOMIUIEKCA B MPOHUIIAEMOCTh MEMOpaH 3aBUCUT OT (PH3HOJIOTHYECKOTO
COCTOSIHMSI pacTeHHi. B HOpMe JTOMUHMpYET BIMSHHE TEKyuecTH MeMOpaH, a Mociie HU3KO-
TEMIEPaTyPHOU aanTaliy PaCTCHAN — BIMSIHUE CTPYKTYPHOH ETOCTHOCTH ITUTOCKEIETA.

KutioueBble cj10Ba: MPOHUIIAEMOCTh MEMOpPaH, MEMOPaHO-IIUTOCKEJIETHBIA KOMILICKC,
COCTOSIHUE W TPAHCHOPT BOABL, Triticum aestivum.

BBenenune

[Ipu M3MeHeHNHN BHEUIHMX YCJIOBHUH KJIETKa IMepecTpanBaeT (yHKIMOHAIBHYIO
AKTHUBHOCTb BCEX CBOMX CTPYKTYp, IPHUYEM 3HAUUTEIBHYIO POJib B (HOPMHUPOBAHUH
a/ICKBaTHBIX PEaKLHUil Ha 3K30TCHHBIE (PaKTOPbI OTBOAAT MEMOPaHO-IIUTOCKEIETHOMY
KOMIUIEKCY, BKIIIOYAIOIIEMY B3aHMOJEHCTBHUS LUTOCKEIETA C IUIa3MAJIEMMON H 3H-
nmomeMOpanamu [1-3]. Lutockenet, cocTosmmii u3 MUKpoTpyOouek (MT), aktuHO-
BoIX (M®) u npomexyTounbix punamentoB (I1D), B3aNMOCBsI3aHHBIX MEXIY COOOM
U C IPYTUMH KOMIIOHEHTaMHU KJIETKH, UIPAeT BaXXHYIO POJb B MHTErPalld MeTabo-
TM3Ma M ero cyOkieTouHou opranusamnuu [4]. U3BectHo, uto MT ¢ turasmarndeckoi
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MeMOpaHOI MOTYT B3aMMOZEHCTBOBATh KaK C YIaCTHEM CIICIIHaIbHBIX OSITKOB-TTOCPE/-
HUKOB [5], TaKk U HEMOCPEACTBEHHO [6], H 3TO CONMPOBOXKIACTCS CTAOWIH3UPYIOIIAM
apdexkrom Ha MT [5, 7]. IMeroTCs aHHBIE O KOHTAKTaX IIMTOCKENETa ¢ JIOKAJIU30-
BaHHBIME B MeMmOpanax Ca’’- u K'-xanamamu [8, 9]. KpoMe Toro, MHTOCKENETHBIC
KOMITOHEHTBI MOTYT BJIMSITh HAa aKTMBHOCTb aKBallOPUHOBBIX BOJIHBIX KaHayoB [10],
CIOCOOCTBYIOIIMX JIBUKEHUIO BOJBI Yepe3 MeMOpaHy COTJIACHO TPaJHeHTy BOIHOTO
MOTEHIHAIA.

TexydecTh MeMOpaH CUMTAETCS BaKHOW AETEPMUHAHTOH KIETOYHOTO MeTabo-
nmu3Ma. Kietounsie MeMOpaHbl OBICTPO U O0PAaTUMO pearupyroT Ha SK30T€HHEIC BO3-
JISVCTBHSA, B YACTHOCTU TeMIIepaTypHble H3MEHEHUS uepe3 yCriieHne (TIOBBIIICHUE TEM-
neparypbl) WIM YMEHBIIEHHE (CHIKEHHE TeMIlepaTtyphl) TekydecTd [11], 4To mMoxeT
OBITH TPUITEPOM, 3aITyCKAIOUIMM TPAaHCIYKIIHIO CUTHAIOB M CIIOCOOCTBYIOIIMM TEM
cambIM afantauuu pacteHuit [11-13]. Ha cycneH3noHHO# KylnbType KIETOK JHOLEPHBI
OBUTO TIOKa3aHO, YTO JCHCTBHE Ha pacTeHUs BhICOKHX Temmepatyp (37 °C) MOXHO
UMUTHPOBaTh 00paboTKoi OeH3mnoBbIM criupToM (BC), ycHInBaroUMM TEKy4ecTh
MeMOpaH, a feiictBue HU3kux temmeparyp (4 °C) — qumeruncyibdokcunom (AMCO),
YBEIMYMBAIOIINM UX 5kecTKOCTh [12, 13]. Ilpu 3TOM 3HaUUTENBHYIO POJIb B TEMIIEpaA-
TYpHO#l UyBCTBUTEIBHOCTH, Hapsidy ¢ MoHamMu Ca’’, aBTOPHI OTBOIAT IHTOCKENET-
HBIM CTPYKTypam.

AnexBaTHas peakiys KJIETOK pacTeHUH Ha JeHCTBHE XOJ0ja TECHO CBs3aHa C
perymsaiueit BomHoro oOMeHa [14], HHTerpaIbHBIM (DU3HOJIOTHISCKAM TTOKa3aTelieM
KOTOpPOTO SBIISIETCS BOJIOYASPIKUBAOIIAS CIIOCOOHOCTH. [lOBBIIIIEHNE BOJOYIEpKIBA-
IoIIeH COCOOHOCTH B MPOIecCe HU3KOTEMIIEPATypHOIO 3aKaTUBaHUs CIIOCOOCTBYET
3aIIUTe TKaHEH O3MMBIX 3JIAKOB OT 00E3BOXKHBAHHS IPH MOpPO3HOM cTpecce [15].
3HAYNTENBHBINA BKIAJ B 3Ty BEIIMYHHY, HAPSAY C OCMOTHYECKHUM M TYPTOPHBIM I1O-
TEHIHAIAaMH, BHOCUT MaTPUYHbIA BOAHBINA MOTEHIHAN, 00YCIOBICHHBII NpoLecCCaMu
ruApaTania MeMOpaH 1 OnomoauMepoB [16], ¥ B 9aCTHOCTH ITUTOCKEIICTHRIX CTPYK-
Typ, 00JaAaroIuX OOIBIION MTOBEPXHOCTHIO CBSI3bIBaHUS C BoAoH [17]. Panee Hamu
OBUIO YCTaHOBJICHO, YTO MHIHOMTOPHI MOJMMEPHU3aLUN TyOyTHHOBBIX U AKTHHOBBIX
0OENTKOB CHIKAIOT BOJOYAEPKHUBAIONIYI0O CIIOCOOHOCTh TKaHEH MPOPOCTKOB O3UMOM
TIIICHUIIBI MTPEIMOIOKUTENFHO H3-32 YCHIICHHUS TIPOIECCOB JACTUAPATAIINN ITUTOCKE-
JieTa ¥ TIOBBIIECHHS BOJOIIPOHULIAEMOCTH MeMOpaH [18].

HecmoTpst Ha TO 9TO MHOTOE WM3BECTHO O CTPYKTYPHBIX M (PYHKIIHOHAITBHBIX
KOHTAKTaX IUTOCKEJIeTa U MeMOpaH, TeM He MEHee HEeJOCTATOYHO W3YYCHHBIM SIBIIS-
€TCsl BOTIPOC O BJIMSIHUH THUX B3aUMOJICHCTBUN Ha CBOWCTBA MEMOpaH U MX TCHOTHU-
MTUYECKYI0 3aBUCUMOCTD B CBSI3H C aJallTalyeil pacTeHH K N3MEHSFOIIUMCS YCIIOBHSIM
cpenpl. C y4eTOM CKa3aHHOTO IIeJIb HACTOAIIeH pabOTHI 3aKI0Yajiach B BBISCHEHHU
BJIMSIHUS HalPaBJIeHHOW Moau(pUKaiuy MeMOPaHO-IIUTOCKEIETHOTO KOMILIeKca, 00y-
CIIOBIIEHHON WM3MEHEHHEM TEeKy4eCTH MeMOpaH W peopraHu3aluedl IMTOCKeeTa, Ha
MPOHUIIAEMOCTh MEMOpaH AJIsl JCKTPOIUTOB U BOABI PACTEHUH O3WMOW TIIECHUIIBI
Pa3HBIX TEHOTUIIOB MPH 3aKaTMBAHUK HU3KUMHU TeMIIepaTypaMu.

1. MaTtepuaJjbl 1 MeTObI UCCJIEI0BAHUS

OOBEKTOM HCCIIEIOBAHUN CITY )KWJIA KOPHU MPOPOCTKOB TPEX OTIMYAIOIIUXCS 10
MOPO30yCTOWIMBOCTH COPTOB 03UMOH mimeHuItsl (17iticum aestivum): be3octoit 1 —
MaJnoMopo30ycToiiunBoro, MupoHosckoit 808 — cpeaHEMOpPO30yCTONYMBOTO U AJb-
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oumayMm 114 — BEICOKOMOPO30yCTOHUHMBOTO. PacTeHus BeIpaniuBaiy B 1a00paTOPHBIX
YCIIOBUSIX B T€YEHHE 7 CyT B KIOBETaX Ha BOJOINpPOBOAHOH Boae mpu 23 °C, ocBe-
mensoctd 100 Br/M” u 12-uacoBoM (oTomepuone. B 7-cyTouHOM BO3pacTe uacTh
MPOPOCTKOB 3akanuBany 3 cyT npu 3 + 1 °C B Tepmokamepe ONEGA (Poccus).

Moaudurkauo TUTOCKENETa in situ OCYIIECTBIISUIM C TOMOLIBIO BHICOKOCHELIU-
(udeckoro U pacTUTENBHBIX KIETOK aHTHMHUTOTHUYECKOTO MpenapaTa — Opu3ainHa
(3,5-muauTpo-N',N'- Iumponuicy mb(pOHUIAMUIA), OTHOCAIIEr0Cs K JUHHTPOAHHITIHO-
BeIM repOunmaam [19]. HaBecky opuzanmHa pacTBOPSIM B HEOOJBLIOM KOJHMYECTBE
MeTaHoJa U pa30aBIsLIH OUIUCTHLTUPOBAHHON BOJIOW JI0 TIOJTYYEHUS] KOHICHTPALIUH
10 MxM. KoHeuHast KOHIIEHTpalysl METaHOJa B pacTBope opusainHa cocTasisiia 0.02%.

B kxauecTBe MEMOPaHOTPOMHBIX NPENapaTOB UCIOIB30BANN TUMETHICYIb(MOKCH
(AMCO, 2%), noBbIIIalOMKH BI3KOCTh KICTOUYHBIX MEMOpaH, U OCH3MIIOBBINA CIUPT —
¢ernnmnponanoin (bC, 0.2%), ycunuparonmii ux Tekydects [12, 13]. B pacTBopsl 3THX
npenapaToB U B KOHTPOJIbHBIM BapuaHT (OMAMCTHIUIMPOBAaHHAS BOJAA) TakXke H00aB-
nsin metanon (0.02%). Ilpu ananm3e cOBMECTHOTO JeMCTBHSA aHTHIIMTOCKEIETHOTO
¥ MeMOPaHOTPONHBIX areHToB K 2%-Homy pactBopy JAMCO wmmu k 0.2%-HOMy pac-
TBOpY bC 100aBIsIITM COOTBETCTBYIOUIYIO alTMKBOTY opu3anuHa (10 MkM).

OunrieHHBIE OT 3HAOCIEpMa U MIPOMBITHIE BOJOIPOBOIHON BOJOH IMyUYKH MPOPO-
CTKOB C OTCEYECHHOH HAJ3eMHOM 4acThio (OCTaBIsUIM 2—3 cM mobera) HHKYOHpOBaIH
B TeueHue 3 4 B pactBopax opusanuna, bC wiu IMCO oTaensHo U COBMECTHO € OpHU-
3asTrHOM. J[7151 OTIBITOB Opaiii KOpHH, OTACICHHBIE OT OCTABIICHCS HAI36MHONW JacCTH.

[IpoHumaeMocTs MEeMOpaH ISl 3IEKTPOIUTOB KOHTPOJIUPOBAIHU IO UX 3K30CMOCY
U3 TKaHel MyTeM OlNpeneiaeHNs KOHAYKTOMETPUYECKUM METOJIOM 3JIEKTPOIPOBOIHO-
ctu (OI1) BOMHBIX BBRITSKEK, KOTOPBIC TIOTydYaiid, ToMeIas HaBeckKy KopHei (0.25 1)
B KOJIOY ¢ 25 MJ OMAMCTHIUIMPOBAHHOM BOJBI M NepeMeLInBas B TeUCHHE 2 4 Ha Po-
tatope. DII BeIpakaiu B MPOLIEHTaX OT MOJHOTO BBIXOJA JJIEKTPOIUTOB U3 YOUTHIX
kursiaeHreM Tkanei (100 °C, 30 mun) [20].

B kauecTBe mokaszaresisi BOAOYACPKUBAIOIIEH CIIOCOOHOCTH MCIONB30BAIN COAEP-
JKaHUe BOJIbI, OCTaBILIECICS B KOPHAX MMOCIIE UX UHKYOAluu B TedeHue 1.5 4 B rumepro-
HUgeckoM 20%-HoM pacTBope mommdTHIEHTIHKOII-600 (I131-6000) ¢ ocMoTHYecKnM
notreHuuanoM paBHeiM —0.65 MIla. KonnuecTBo 3TOH BOIBI ONpeAessuid 10 pa3HULE
MEXIy OOILIMM COZEp>KaHHEM BOJBI B HABECKE M KOJIMYECTBOM OTHATOW BOABI. [lyis
pacdeTa U3BJIEKaeMOM U3 TKaHH BOJBI UCIIOJIB30BAIN U3MEPEHHBIN Ha pedpaKkToMeTpe
NP®-454b (Poccust) mokasatens npenomieHus pactsopos [131-6000 [18].

Ha puc. 1, 2 npencrasieHsl cpeqaue apuMeTnIecKue 3HaueHus Tpex Ouoioru-
YECKHX OIIBITOB M UX CTaHAAPTHBIC OIIMOKU. AHAIUTUYECKAsi HOBTOPHOCTh Ka)KIAOTO
orbITa ObLIa 4-KpaTHOM.

2. PesyabTaThl M X 00Cy:KaeHHE

W3MmeHeHne MpOHUIIAEMOCTH MEMOpPaH, TECTUPYEMOE IO BBIXOAY JJIEKTPOIHUTOB
U3 TKaHEH, SBIAETCS OJHUM W3 WHTETPANBHBIX MOKa3aTeled WX CTPYKTYypHO-(QYHK-
rmroHabHOTO coctostHms [20]. U3 puc. 1 u 2 BUIHO, 9TO A7 KOHTPOJIHHBIX BAPUAHTOB
HE3aKaJICHHBIX PACTEHUI MPOCIEKHUBACTCS HEKOTOPOE CHUXKEHUE BBIXOJIA DJICKTPOJIU-
TOB M3 TKaHel KopHeh B psamay beszocrtas 1 — MuponoBckas 808 — Anpouaym 114,
YTO yKa3bIBaeT HA OOPaTHYI0 3aBUCHMOCTH MEXAY MPOHUIIAEMOCTHI0 MEMOpaH U MO-
PO30YCTONYMBOCTHIO pPACTEHUH.
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ne opm3anmaa U BC Ha BeIXOI 31eKTponuToB (BD) M BOOOYIEpKUBAIOIIYTO

H
03UMOM MIIEHUIBI: @ — KOHTPOIb; 6 — opusanuH (10 MxkM); 6 — BC (0.2%); 2 — BC (0.2%) +

opusanun (10 MxM). [IpuBeneHsl cpequue apuPpMETHUSCKUE 3HAYCHHUS U WX CTaHIAPTHHIC
omuOKy; UUPPBl HAJ CTOIOMKAMHU COOTBETCTBYIOT 3HaueHusiMm BD u BC B mpoueHtax or

cnocobHOCTh (BC) TKaHe# KopHEH He3aKaJeHHBIX U 3aKaJICHHBIX IPOPOCTKOB Pa3HBIX COPTOB
KOHTPOJIS

Puc. 1. Bnus
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Muponosckas 808
Ansbunym 114
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— IMCO (2%); 2 — AMCO

opuzanuH (10 MKM); 6
(2%) + opuzanun (10 MmxM). [IpuBenens! cpenHue apupMeTHUECKHE 3HAYEHHUS M MX CTaH-

— KOHTPOJIB; 6 —
JapTHbIE OMKOKY; 1IM(PHI HaJl CTOJIOMKaMH COOTBETCTBYIOT 3HadeHusiM BD u BC B mporien-

cnocob6HOCTh (BC) TKaHe# KopHel He3aKaJeHHBIX M 3aKaJIEHHBIX IPOPOCTKOB Pa3HBIX COPTOB
Tax OT KOHTPOJIS

Puc. 2. Bimsane opuzanuna u JIMCO nHa BeIxo[ 31ekTponuToB (BD) u Bonoyaep kuBaromnyio

03UMOM TIICHUIIBI: a
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OO0paboTka He3aKAICHHBIX MTPOPOCTKOB OPU3aTMHOM YCHIIMBAIA 1O CPABHCHHIO
C KOHTPOJIEM BBIXOJI ANEKTPOJINTOB U3 TKaHEeH KOpHEl 03MMOM MIIEHMIIbI BCEX HCCIe-
JIYEMBIX COPTOB. DTO CBHJETENBCTBYET 00 OPH3AIHH-UHIYLMPOBAHHOM MOBBIIICHUN
MIPOHUIIAEMOCTH MeMOpaH (puc. 1, 2). OpuzanuH, ABIAICH HHTHOUTOPOM MOJIUMEPH-
3aluK TyOYJIMHOBBIX OEJKOB, ITUPOKO MCIONB3yeTcs B (hapMaKOJIOTHYECKHX HCCIIe-
noBaHusix MT pacteHuid. TOT npenapat ObICTPO U C BHICOKOW KOHCTaHTOH CpOCTBa
CBSI3BIBACTCS C AUMEPOM TyOynuHa, 00pa3yst TyOyJIHMH-OPH3AIMHOBBIA KOMITIEKC, KO-
TOpBIN, B CBOIO OYepe]lb, MPEMATCTBYET MmoauMepusannu HoBeIX MT. ITomumo 3toro
OpHU3AIMH MOXET OTLICIUISATh TyOyJIMHOBBIE TUMEPHI KaK C «+», TaK M C «—» KOHIA
yxe nonmnMeprn3oBaHHBIX MT u BbI3bIBaTh WX pazbopky [19]. CormacHo coBpemeH-
HBIM MPEICTABICHUSIM IIEPBUYHBIC OTBETHBIC PEAKLUN PACTUTENBHBIX KIETOK Ha JK-
30TeHHBIE BO3JICHCTBHS BO3HHUKAIOT B TUIazMaTtmdeckoir memopane [11, 21]. Mogudu-
Kallus TocJIeTHEN TECHO CBI3aHa C M3MEHEHUSIMHU B IIUTOILUIA3MAaTUIECKOM MaTpUKCe,
KOTOpBIN 00pa3oBaH IHUTOCKEIETOM, aCCOLIMMPOBAHHBIMU C HUM OEIKaMH M CTPYK-
TypaMH, CBS3BIBAIOLUIUMH LIUTOCKeNET ¢ MeMOpaHamMu. CTpYyKTypHBIE MEpecTpONKH
UTOCKEJIeTa MOJUPHUIMPYIOT TPOHUIIAEMOCTh MEMOpaH Yepe3 N3MEHEHHE TTOJBUK-
HOCTH MEMOpPaHHBIX OEJIKOB M UX crocoOHocTH K arperanuu [22]. Kpome Toro, mm-
TOCKEJIET YYacTBYET B PETYJSIIUU paboThl MOHHBIX KaHAJIOB IIa3MajeMMBI, B 4acT-
noct Ca’’- u K'-kananos [8, 9]. B cBsI3U ¢ 9THM BO3MOXKHOI MPUYUHON MOBBIIICHUS
NPOHUIIAEMOCTH MEMOpaH MpHU AEHCTBUU OpU3AJIMHA MOXKET ObITh M3MEHEHHE aKTHB-
HOCTH MOHHBIX KaHAJIOB BCIIEACTBHE HApPYNICHWH IHUTOCKEIEeT-MEMOpPAHHBIX KOHTAaK-
TOB, OOYCIIOBJICHHBIX JaecTpykuueidl xopTukanbHeix MT. CuibHee Bcero opHu3aivH
YBEIMYUBAJ 3K30CMOC 3JIEKTPOJIUTOB U3 KOpPHEH He3aKaJeHHBIX MPOpPOCTKOB Mupo-
HOBCKOH 808, B KJIeTKaX KOTOPHIX, KaK YCTaHOBIECHO [23], comepkaHue TyOyIIHHO-
BBEIX OEJIKOB BHIIIE, YeM y JABYX JIPYTHX COPTOB, M, COOTBETCTBEHHO, OOJBIIE MUIIIE-
HEl JUIsl aHTUIIUTOCKENETHOTO IIpernapara.

[Ipu neticteun bC mpoHUIIaeMocTh MeMOpaH IS DJICKTPOJIMTOB y HE3aKaJIeH-
HBIX PACTEHHUN TaK)Ke YBEIMYMBAIACH, IPUYEM B OOJbBIIEH CTEIIEHU 10 CPaBHEHUIO C
TaKOBOH «opHu3aluHOBOro» Bapuanta (puc. 1). [lockonpky mnazmanemma oOmagaer
HaWMEHBINEH cpenn MeMOpaH TeKydecThio [21], To B HamieM cirydae Oojee 3HAYH-
TENBHOE TI0 CPABHEHHIO C JECTPYKTOPOM LIUTOCKEINETa YBEIHMUYEHUE IK30CMOCa AJIEK-
TPOJIUTOB TOJ BIUSHHEM MEMOPAHHOTO «Pa3KIKUTEISD» MpPEACTaBIseTCS 3aKOHO-
MEpPHBIM CIIEJICTBHEM WHAYIIUPOBAHHOTO IaHHBIM areHTOM YCHIJIEHHS TEKy4decTH
MemOpaH [13] u, 3HaUnT, UX NpoHHnaeMoctu. Kak BuaHO M3 puc. 1, HANMEHBIIHN
3¢ EKT Mo CPaBHEHHUIO C KOHTPOJIEM M IPYTMMHU COpPTaMH TpenapaT okas3all Ha He3a-
KaJleHHbIe TIpopocTku MuponoBckoit 808 u bezocToii 1 1 Hanbonpmmii — Ha AJTEOU-
nyMm 114, U3BectHO, 4To y O0Jiee YCTOMYMBBIX COPTOB B HOPME (TO ecTh 0e3 3aKaiiBa-
HUs1) MEMOpaHHI SBJISIOTCS OoJiee BA3KMMU, a Yy MEHEE YCTOMIUBEIX, HA000pOT, OoJee
tekyuumu [24]. Takum oGpazom, nmpeodnagaromiee nericrBue bC Ha Ansoumaym 114
OOBSICHAETCS TEM, UTO, YCHIINBAsi H3HAYAITEHO HEBBICOKYIO TEKYYeCTh MEMOPaH KIETOK
KOpHEH He3aKaJIeHHBIX MPOPOCTKOB 3TOTO COPTA, «Pa3KMKUTEIH» MeMOpaH B OOJb-
e Mepe TOBBIIIACT X MIPOHUIIAEMOCTh. BeposSTHO, Ha MeMOpaHBI ¢ MEHBIIICH TEKY-
yecThio BC meficTByeT cuiibHee, 4eM Ha MeMOpaHbI ¢ OOJbIIEH TEKy9eCThIO.

JAMCO, ananornyHo opuzanuay U bC, Takxke yBeTHUNUBaI BBIXOJ] JIEKTPOIUTOB
13 TKaHEH He3aKaJeHHBIX pacTeHui (puc. 2) M, CIEIOBATEILHO, IMOBBIIMIAT MEMOpaH-
HYIO TIPOHUIIAEMOCTh, OJHaKo ciadee, yeM BC. YcuieHue 3x30cMoca 3JIEKTPOIMTOB
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nox BiausHueM [IMCO sBisercst HeOKUIAaHHBIM, IIOCKOJIBKY 3TOT Ipernapar yMEeHb-
1aeT TeKy4ecTb MeMOpaH [12, 13] u, ka3anoch Obl, JOKEH CHUXKATh UX MPOHHIAC-
MOCTh. B CBSI3u ¢ 3TUM MOKHO BBICKa3aTh MPEANOI0KEHHE O TOM, YTO WHAYIIUPOBaH-
Hoe /IMCO yBenndeHne )ECTKOCTH MeMOpaH COnpoBOXKaaeTcs GopMupoBaHHEM OeIT-
KOBO-JIMITUTHBIX JOMEHOB C HAPYIICHHOH MEMOPaHHOH CTPYKTYpOH (IIPOUCXOIHUT TaKk
Ha3bIBaeMOE «KOMKOBaHHE» MeMOpaHsbl). DT0, B CBOIO OUepe/lb, MOXKET BhI3BaTh 0Opa-
30BaHHUE JIOIMOJIHUTENBHBIX «IE(EKTHBIX» TOP, CIOCOOCTBYIOIIMX MOBBILICHUIO MEM-
OpaHHOM MPOHULIAEMOCTH, OTPAKEHUEM YETO U SIBISIETCS OTMEUEHHOE B ONbITaX YBEJH-
YeHHe IK30CMOca 3JIEKTPOIMTOB. BimsiHue «3aTBepauTensy MeMOpaH Ha BBIXOJ 3JIeK-
TPOJIMTOB W3 TKaHEH HE3aKaJCHHBIX PACTEHHH ObUIO BHIPAXKEHO CHJIBHEE CPEIH BCEX
coptoB y MupoHnoBckoii 808 u cnadee — y Anbouaym 114 1o cpaBHEHUIO ¢ KOHTPOJIEM.

AHanu3upys IOJdy4deHHbIe JaHHBIE, MOKHO 3aKIIIOYUTh, YTO YBEIHMUEHHUIO MPO-
HHULIAEMOCTH MEMOpaH HE3aKaJICHHBIX PAacTeHHH B OOJbIIEH Mepe CIIOCOOCTBYET ycu-
nenue texkydectd MmemOpaH (bC), uem nobimenue ux Bsizkoctu (AMCO) unm gect-
PYKIUS IATOCKETETa (OpU3AIHH).

[Tpu coBmecTHOU 00paboTke mpopocTkos opuzanuHoM ¢ bC wmu JIMCO mponu-
aeMOCTh MeMOpaH YCHJIMBAJIACH, PEBHIIIAS B OOJIBIIMHCTBE CITyyaeB JEUCTBUE Kax-
JIOTO M3 3THUX TpPEenaparoB MO OTAENBHOCTH (puc. 1, 2), UTO CBUAETEIBCTBYET O CHHEP-
TeTHYECKOM XapakTepe BIMSHMS JaHHBIX areHToB. CHHEPIu3M OpU3aJiMHa ¢ MEMOpPaHO-
TPOIHBIMH MpenapaTaMy BIIOJIHE MTOHATEH, IOCKOJIbKY HAIPaBIEHHOCTh AEHCTBUS KaxkK-
JIOTO M3 HUX SBJISICTCS] OMMHAKOBOM (B CTOPOHY TOBBIIICHHS IIPOHUIIAEMOCTH MEMOpaH).

[Ipu coBmectHOM peiictBun BC ¢ opHU3aMHOM y HE3aKaleHHBIX pacTeHUI Ha-
OJIIOIANIOCH YCHUIIEHHE CHHEPTETUYECKOT0 A eKTa necae yeMbIX MpenapaTroB Mo Mepe
HOBBIIICHNS MOPO30yCTOWYMBOCTU COpTa. B CBSI3M ¢ 3TMM MOXXHO IPEAIOIOXKHUTH,
4yTO OoJiee BBICOKAs CTENeHb CUHepreTuky Aericteus bC u opusanuHa Ha IpoOHULAe-
MOCTb MEMOpaH MOXET CIYXKUTh TUATHOCTHYECKUM KPUTEPUEM MOPO30YCTOWYNBOCTH
pacTeHuil.

VY o6pabdorannpix JIMCO ¢ opusairHOM KOpHEH He3aKaJeHHBIX PACTeHUH B3au-
MoycuiInBaomui 3((GeKT mpenapaToB Ha BBHIXOJ SJIEKTPOJUTOB BO3pacTall B PsIy
Muponosckas 808 — besocras 1 — Ansounym 114. U3 atoro cimemyer, 4To HaW-
OOoJIbIIEH YyBCTBUTEIFHOCTHIO SK30CMOCA 3JIEKTPOIUTOB K OJHOBPEMEHHON Momudu-
Kallu{ IIMTOCKeJIeTa M TEeKy4ecTH MeMOpaH (Kak B CTOpOHY YCHIICHHS, TaK M YMEHb-
IEHMS) XapaKTepU3YIOTCS KOPHU He3aKaJCHHBIX MPOPOCTKOB Ansommym 114. Drto
YKa3bIBa€T Ha BBICOKYIO JIAOMJIBHOCTH M OT3BIBUMBOCTH MEMOpaH JaHHOTO COpTa
K UCCJIEyEMBIM Iperaparam.

Ha done rumorepmunm (puc. 1, 2) 3K30CMOC 3JEKTPOIUTOB M3 TKAHEH MTPOPOCT-
KOB KOHTPOJIbHBIX BAPHAHTOB HE3HAYUTENILHO, HO JOCTOBEPHO YCHJIMBAJICA, TO €CTh
MIPOHUIIAEMOCTh MeMOpaH HECKOJBKO MOBBIIIANACh B OTIMYHE OT TaKOBOM He3aka-
JICHHBIX PAaCTECHUI, OJJHAKO TaKOH cOpTOCHenU(UUHOCTH €€ U3MEHEHUs], KaKkas Obuia
BBISIBJICHA /10 3aKaJIMBaHUs, 0OHAPYKEHO HE OBLIO.

BnusiHne opuzanuHa Ha TPOHUIIAEMOCTh MEMOpaH KOpHEH 3aKalieHHBIX IPOpPO-
CTKOB B OCHOBHOM YCHJIMBQJIOCH Y Pa3HBIX COPTOB C HEOJMHAKOBOW CTENEHbBIO, YTO
BBIPa3HJIOCh B TOBBIIICHHH 3K30CMOCA 3JICKTPOJIHMTOB M3 TKAHEW IO CPaBHEHUIO C
HE3aKaJIeHHBIMH pPAcTeHHUsAMHU. B KieTkax KOpHeH XO0JI0703aKajJeHHBIX MPOPOCTKOB
(hopmupyeTcs IIIOTHAsE THTEHCUBHO (IIyOpeCLUpYIONasi CETh BHICOKO arperupoBaH-
HBIX TyOYJIMHOBBIX CTPYKTYP, IMMYHOBH3YIN3UPYIOIINXCS B BUIE TOJICTHIX MTyYKOB
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MT [23]. Hamume Takux CTaOMIN3HPOBAHHBIX MydykoB MT MOXeT crmocoOCTBOBAThH
o0pazoBaHuio OoJiee MPOYHBIX KOHTAKTOB IIUTOCKENETa C MIa3MaleMMOM, U UX pas-
pyLIeHre oA IeHCTBUEM OpH3aIiHa MPUBENET K MOBBIIICHUIO CTETICHH MOBPEXKICHHS
1, 3HAYUT, IPOHULIAEMOCTH MEMOPaH 10 CPAaBHEHMIO C HE3aKAJCHHBIMHU PAaCTEHHUSIMU.

Huskue remneparypbl B OOJIBIIMHCTBE OMBITOB OCIA0IsUTH AeiicTBUe MeMOpaHo-
TPOIHBIX MPENapaToB Ha 3K30CMOC AIEKTPOJIUTOB U3 TKaHEH, B OTJINYHE OT BapHaH-
TOB 0 3aKaJHMBaHUS U ¢ opu3aduHOM. Tak, BocnpuuMunBocts K BC Ha done rumo-
TepMuH cHIKanack y besoctoit 1 u Ansbuaym 114, HO HECKONBKO yBEIHYMBAIach y
MuponoBckoii 808 1Mo cpaBHEHHIO ¢ He3aKaJeHHBIMH mpopoctkamu (puc. 1). Ilox
BiusiHEeM JIMCO y Muponosckoit 808 u be3zoctoil 1 BBIX0 37EKTPONIUTOB U3 KOPHEH
3aKaJeHHBIX PACTeHUI MPOUCXOHI B MEHBILICH CTeNeHH, a y Ansouaym 114 — B 601b-
IIeH, YeM /10 TUIIOTepMuH (puc. 2). Y TIpOPOCTKOB MaTOMOPO30YyCTOHUHMBOIO COPTa Ha
(hoHe 3aKaNMBaHMS CHIKAJIACh YyBCTBUTEIEHOCTh MeMOpaH kak k bC, tak u k JIMCO.

W3 nonmyueHHBIX pe3yJabTaToOB CIEAyeT, YTO MOCIe HU3KOTEMIIEpaTypHOTO 3aKa-
JMBaHMsI CUIIbHEE BIHSI Ha 3K30CMOC 3JIEKTPOJIMTOB OPU3AIMH, a HE MEMOPaHOTPOII-
HBIE areHThl. TakuM 00pa3oM, paspylieHHe TyOyJIMHOBOTO LIUTOCKENETa B OOJbILICH
Mepe YCHIHMBAaeT MEMOpaHHYIO0 MPOHHIAEMOCTh KOPHEH 3aKaJleHHBIX MPOPOCTKOB,
YeM IMOBBIIICHHE TeKy4ecTH MeMOpaH. MOXHO 3aKJIFOUUTh, YTO BKJIAJ pa3HbIX MeXa-
HHU3MOB, PEryJHPYIOIIMX MPOHUIIAEMOCTh MEMOpaH HE3aKaJleHHBIX M 3aKaJeHHBIX
pacTeHHi, pa3IHyeH U COpTOCHeUUPUYICH.

[Ipu omHOBpeMeHHOI 00paboTke mpopocTkoB bC ¢ opu3ammHOM Ha (DOHE THIIO-
TEPMHH TaK e, KaKk M Y He3aKaJCHHBIX PacTeHUI, OTMEUEH CHHEpPIu3M UX IEHCTBHS,
HanOonpIuii — y Ansouaym 114 n Haumensmmii — y besoctoii 1, ogHako MeHee BbIpa-
JKEHHBIH, 4eM 10 3akanuBaHus. [locnennee, BO3MOXKHO, 00bACHsETCS (HOPMUPOBAHUEM
B aJalTHPYIOIIMXCS K XOJOAy KieTKax Oojee cTaOMIBHOTO MeMOpaHO-IUTOCKENeT-
HOTO KOMIUIEKCA, MEHBIIEC PEearupyromero Ha (hakToOphl, yCHIIMBAIOLIME MPOHHUIIAC-
MOCTb MeMOpaH (IeCTPYKIIMIO IIUTOCKENIETa U TIOBBIIIICHNE MEMOPaHHOH TEKYJIEeCTH ).

Cosmectasiit 3¢ ekt IMCO ¢ opu3alInHOM Ha BBIXOJ] DIEKTPOIUTOB U3 XOJIO-
JI03aKaJCeHHBIX TPOPOCTKOB B OCHOBHOM OBL1T BBIIIIE, YeM JI0 3aKaJHBaHus (pucC. 2).

[Ipu umccnemoBaHny BOJOOOMEHA KOPHEHW 1O BEIIMYMHE BOAOYACPKUBAIOIICH
CIOCOOHOCTH YCTaHOBJICHO, YTO y HE3aKAJICHHBIX PACTEHHH KOHTPOJIBHBIX BapUAHTOB
CIOCOOHOCTh KOpHEW YyJep)KWBaTh BOAY YBEIMUMBAIACH B HANpaBIEHMH OT Majo-
K BLICOKOMOPO30YCTOHYHUBOMY COPTY, YTO TOBOPUT O MPSMOU CBSI3U MOPO30YCTOM-
YUBOCTH HPOPOCTKOB C BOAOYACPKUBAIOIIEH CIIOCOOHOCTBIO.

BnusHue opuzannHa Ha BOJOOOMEH KOpHEH He3aKaleHHBIX PacTeHUH MpOsSBU-
JIOCh B YCHUJIEHHH BBIXOZA BOZbBI U3 TKaHEH, TO €CTh B CHIDKCHUH BOAOYAEPKUBAIOIIEH
ciocoOHocTH. OHOHM U3 MPUYMH TaKOro OTBETA, ITO-BHIMMOMY, SIBJISICTCSI M3MEHEHHUE
COCTOSIHUSI KJIETOYHOM BOJBI, @ UMEHHO TOBBIIIEHHE BOJHOTO IMOTEHIMAa B CBSI3H C
JEruIpaTalMOHHBIMK MPOLIECCaMH KaK (PMIaAMEHTOB IIMTOCKEIIETa, CO3JAIOLINX B IH-
TOIUIa3ME BCJIEICTBHE CBOEH CHJIBHOW Pa3BETBICHHOCTH OOJBLIYIO THAPOQIILHYIO
MOBEPXHOCTH [17], Tak U CBA3aHHBIX C HUMHU KJIETOUHBIX CTPYKTYp. Jpyrum He MeHee
BO)XHBIM (DaKTOPOM, IPUBOSIIUM K YMEHBIIECHUIO BOJOYAEPKUBAIOIICH CIIOCOOHO-
CTH MOXET OBITh TaKXe YCHJICHHE BOJONPOHHIAEMOCTH MEMOpaH, MPOHCXOIIIee
B pe3yJIbTaTe CTPYKTYPHON peopraHu3alii aKBallOPHHOBHIX BOJHBIX KaHAJIOB M3-3a
HapyIICHHUs IUTOCKEIET-MEMOPAHHBIX B3aUMOAEHCTBUM /UM BE3UKYJISIPHOTO TPaHC-
MopTa U IpoLeccoB 3HIonuUTO3a [18].
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BC, Tak ke Kak W OpH3aluH, CTUMYJHPOBAJ BBIXOJ BOIBI M3 TKaHEW, TO €CTh
YMEHBIIAT BOJOYACPKUBAIOIIYIO CHOCOOHOCTh. [IpH 3TOM MO aHaIOTUU C MPOHHU-
[AEMOCThI0 MeMOpaH 3¢ (eKT MeMOPaHOTPOITHOTO Hperapara Ha BOOYACPIKHUBAIO-
Y0 CITOCOOHOCTh HE3aKAJICHHBIX PACTCHHUH OBLI 3HAYMTEIHLHO OOJIBIIE, YeM OpH3a-
muHa (puc. 1). OTcroa MOXHO 3aKIIOYUTh, YTO y HE3aKaJCHHBIX MPOPOCTKOB WH-
OyKIUsl TeKydecTn MeMOpaH npu AedictBur bC oka3bpiBaeT Ha MX BOJIOIPOHUIIAC-
MOCTh 0OoJlee CHIIBHOE BIHSIHHE, YeM BBI3BIBAEMOE OPH3AIMHOM pa3pylieHHe TyOy-
JMHOBOH ceTH. BO3MOXXKHO, CHHIKEHHE BOJOYACPKUBAIOLICH CIOCOOHOCTU CBSI3aHO
¢ TeM, uTo bC, moBkImas TeKy4ecTh MEMOpaH U aKTUBHPYS TEM CaMbIM aKBaIllOPHUHEI,
a TaKXKe MPOIIECChI 3K30- M IHOLMTO3a, YCHIMBAET TPAHCMEMOPaHHBIH IEPEHOC BOJIBI,
YTO U OTPAXKAETCs B YBEIIMYCHUH BBIXO/A €€ U3 KIETOK.

O6paborka [IMCO kopHell He3aKaIeHHBIX PACTEHUI MPUBOJMIIA K MOBBIIICHHUIO
BOJIOY/ICPKUBAFOIIEH CITOCOOHOCTH OTHOCHUTEIFHO KOHTPOJIA Y BCEX TPEX COPTOB (pHLC.
2). CpaBuuBas neiicteue opusanuna u JIMCO, crenyer OTMETUTh, YTO 3TH MPEIapaThl
OKa3bIBAIM MPOTHBOMOJIOKHOE BIUSHHE, CHUKAs WM yBEIHMYUBAs BOJOYIEPKHBAIO-
IIyI0 CHOCOOHOCTh COOTBETCTBeHHO. M3BectHOo, uto JAMCO sBnsieTcs Qaxrtopom,
UMHUTHPYIOIIAM BIMSHUC HU3KHX TEMIIEPATyp U CIIOCOOHBIM CTA0MIU3UPOBATH KOPTH-
KkanbHble MT y BBICIIMX pacTeHMH, BBI3bIBas MMOMUMepH3anuio TyOyiauHa [12, 25]. B
HAIIIUX OIBITaX 3TOT TPENapar, BEPOSTHO, CTAOMIU3UPYSI IIUTOCKEINET, YCUINBAI CBSI-
3BIBAHUE BOJBI, UTO MPOSBUIOCH B CHIXKCHUH M3BICKAEMOCTH €€ U3 KJIETOK KOpPHEU H,
COOTBETCTBEHHO, B TIOBBIIIIEHUH BOAOY/IeP KUBAIOIIeN criocoOHOCTH. [IpH 5TOM Hemb3s
UCKJIFOYUTH U BO3MOXKHOCTB TPSIMOTO cTabmmu3upytoiero aeicteus JIMCO kak Mem-
OpaHOTPOIHOTO areHTa, YBEIUYMBAIOIICTO KECTKOCTh MeMOpPaH, Ha CHI)KEHUE (DyHK-
[IUOHAFHON aKTHBHOCTH aKBAallOPHHOB IUIa3MaJeMMBI B pe3yJIbTaTe WX CTPYKTYypPHOH
TIEPECTPONKN W/WIIA 3aMeJUICHHs] CEKPETOPHBIX TMPOIEcCOB. Takoe ke BIHMSIHUE Ha
BOJIHBIC KaHAJbI 3TOT Mpernapar MOT OKa3aTh KOCBCHHBIM IYTEM, MOJUPHIUPYS KOP-
TUKAIBHBIN 1uToCcKeneT. CireoBarenbHo, HHIynupoBanaoe JIMCO 3amenneHe MeM-
OpaHHOTO TIEPEeHOCa BOJBI MOXKET OBITH €Ile OJJHOM M3 MPUYMH HAOIF0IaeMOT0 B OIIbI-
Tax BO3PACTaHHUS BOAOYACPKUBAIOIIEH CIOCOOHOCTH KOpHEel. OTMETHM, UTO, Kak U B
Cllydae TIPOHMIIAEMOCTH MeMOpaH, HauOOJNBIIEeH YyBCTBUTEIHHOCTHIO BOJOYIEPIKH-
Baroriel crrocooHoctH k aeticteuto JIMCO oTnu4anuch KOpHA He3aKaJIeHHBIX pacTe-
Huit Muponosckoii 808 n besocroii 1, a HauMeHbmel — Anpougym 114.

JlBoiinas o6pabotka opm3ammHoM u JIMCO (puc. 2) yBenn4uBaga BOAOYICPKH-
BaloOIIasi CIOCOOHOCTh KOPHEW He3aKaJICHHBIX PACTEHUI OTHOCHUTENFHO BapHaHTa C O
HUM JTUIIb OPU3AIMHOM, HO YMeHbInana 1o cpasHeHnio ¢ JIMCO y Bcex Tpex COpTOB.

Ha ¢done runmorepmum HarpaBIIeHHOCTH JEHCTBHUS OpH3AIMHA HA BOJIOOOMEH CO-
XpaHsIack, TO €CTh BOAOYICPKUBAIOIIAS CIIOCOOHOCTh CHIKAJIACh OTHOCHUTEITFHO KOH-
TPOJIsI, ¥ B TO ’K€ BpeMs [0 CPaBHEHUIO C HE3aKaJIEHHBIMU MPOPOCTKAMHU, aHTHIIUTO-
CKEJICTHBIN TpenapaT B OCHOBHOM OKa3bIBaJl MEHBITHI 3¢ dekT. bonee Hu3Kkas dyB-
CTBUTEIILHOCTh BOJIOYIEP>KUBAIOIICH CIIOCOOHOCTH KOpHEH 3aKaJeHHBIX MPOPOCTKOB
K JICWCTBHIO OPU3aJIHHA MOXKET OBITh CJIECTBUEM TOBBIIICHUS XOJIOJ0CTa0MIEHOCTH
TyOyJIMHOBOTO IIUTOCKEINIETa 33 CUET IMOSIBICHUS B KIETKaX O3MMOM IMIIIEHHUIIH Ooee
xonogoctokux momyssimuid MT [26] w/unm BKITIOYEHHS psAAa CTAOMIU3UPYIOLINX
MEXaHU3MOB, K KOTOPBIM OTHOCAT ycuiieHue B3anmoaencTeuit MT ¢ memOpanamu [27]
1, BO3MOJKHO, C 3aIIUTHBIMU OEIIKaMH, a TaKK€ N3MEHEHHE COCTaBa M30TUIIOB TyOy-
JUHOBBIX OeIKOB [26].
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VY 3aKaJeHHBIX PACTCHUM OTMEYEHO CHUKEHUE BOCIPUMMYHUBOCTU BOJOYIEPIKU-
Batoleit cnocoonoctr k bC mo cpaBHeHHUI0 ¢ He3akaneHHbBIME (puc. 1). MeHee 3Ha-
YUTEThHO M3 Bcex copTroB bC neiicTBOBaNm Ha BOJOYAEP KMBAIOIIYIO CIHOCOOHOCTH
3aKaJICHHBIX MTPOPOCTKOB be3ocToif 1, To eCTh UCCIIeayeMBbIid TIOKa3aTeah BOJI0OOMEHa
yMeHblIancs B MeHblneil crenenu. Biausaue [IMCO Ha (oHE THIOTEPMHH TaKkKe
OBLTO BRIpaXKEHO ci1abee, UeM 10 3aKaTuBaHus, JIUIIb y besocToii 1 (puc. 2).

Ha ¢one 3akanmuBanus BzammoocnaOmsromiee neiictue IMCO u opuszanvHa
Ha BOJIOYACPKUBAIOILYIO CIIOCOOHOCTh YMEHBIIAJIOCh B PSLy Majio- — BBICOKO- —
CPEIHEMOPO30YCTOMUUBBIN COPT.

Takum oOpa3om, B HOpMe (0€3 XOJOJOBOTO 3aKAMBaHHS) MEXIY MPOHUIIAEMO-
CTBIO MEMOpaH M MOPO30YCTOWYHMBOCTBIO cOpTa 0OHApY>KeHa MpsiMasi 3aBHCUMOCTE. B
OCHOBHOM aHTHUIIMTOCKEIETHBIN (OpH3aiuH) U MeMOpaHoTpomnHble nmpenapats! (bC u
JIMCO) cxogapiM 00pa3oM BIHSIM Ha MPOHHUIAEMOCTb MEMOpaH, YCHUIIMBask BBIXOJ
9JIEKTPOJIUTOB U3 TKaHEW KOpHEH. Paznuuus nmposiBUIKMCH B Pa3HOM CTENEHU MOBBIIIE-
HUSI IPOHUIIAEMOCTH MeMOpaH IMoJT AEHCTBUEM 3THX areHTOB 0 U MOCIE TUTIOTEPMHH.
VY He3akaleHHBIX MPOPOCTKOB 3K30CMOC 3JEKTPOJIIUTOB W3 TKAHEH ycUIuBaics B
OoublIel Mepe BCICACTBHE MOTU(HKAINU TEKy4eCTH MeMOpaH, a y 3aKaJICHHBIX — B
pe3ybTaTe OpU3aNUH-UHIAYIUPOBAHHON JECTPYKINHU IIUTOCKEIETa, U 3TH U3MEHEHHS
HOCHWJIM COPTOCTICITU(HUYECKIIA XapakTep. BrIxoa Bobl 3 TKaHEH He3aKaJleHHBIX TPO-
POCTKOB, KaK M 9K30CMOC 3JICKTPOJIUTOB, TAKXKE CHIIbHEE Bo3pacTal o BausaueMm bC
1o cpaBHeHHIO ¢ opm3anuHoM. JIMCO oka3siBal MPSIMOIIPOTHBOIIONOKHBIN AP EKT,
MOBEIMAs ATOT mapamerp. Ha ¢oHe rumorepMuu 4yBCTBUTEIHHOCTH BOJOYIEPIKH-
Baloliel CrocOOHOCTH K aHTHIIMTOCKEIETHOMY M MEMOPaHOTPOIHBIM TIperaparaM B
OCHOBHOM cHIkanack. Ha mpumepe mefictBus JIMCO, nposBUBIIIEMCSI B YCHJICHUH
AK30CMOCa 3JICKTPOJIUTOB U3 TKAHEH, HO CHM)KEHUHM BBIXOAA BOJbI, CIEIAH BBIBOJ O
CYILIECTBOBAHUH PA3HBIX MyTEH PEryJIsIUU TPAHCIIOPTA HOHOB U BOJIBI.

Bcst COBOKYNHOCTB MOTYYEHHBIX PE3YNIBTATOB MO3BOJISET 3aKIOYUTh, YTO BKIJIAJ
pa3HBIX MEXaHU3MOB B MIPOHHUIIAEMOCTh MEMOpaH OmpeAenseTcs (PU3NOIOTHISCKUM
COCTOSIHUEM PAacTeHHH. Y aJanTUpPOBAaHHBIX K HU3KUM TeMIepaTypaM pacTeHUM 1o-
MUHHUPYIOMAM (DaKTOPOM SIBIISIETCSI CTPYKTYpHAs IENOCTHOCTh IIUTOCKeNeTa, a B
HOpME — TEeKy4eCTh MEMOpaH.

Summary

M.A. Bochkareva, M.A. Chepurenkova, L.P. Khokhlova. The Effect of Anti-Cytoskeletal
and Membrane Modulators on Winter Wheat Plants of Different Genotypes.

The dependence of membrane permeability and water-holding capacity in the roots of
non-hardened and cold-hardened (3 °C, 3 days) winter wheat (Triticum aestivum) seedlings
of different frost resistance on the state of the membrane-cytoskeleton complex was investi-
gated. The complex was modified using the membrane fluidity modulators — dimethylsul-
foxide (DMSO, 2%) and benzyl alcohol (BA, 0.2%), and a specific inhibitor of plant tubulin
protein polymerization — oryzalin (10 mkM). These agents increased the electrolyte leakage
from the seedling root tissues in all wheat cultivars both before and after their acclimation,
which indicated the rise of the membrane permeability. The destruction of tubulin cytoskeleton
was more effective for the electrolyte exoosmosis of the cold-hardened plant tissues, than the
modification of the membrane fluidity. The joint treatment of the plants with oryzalin and BA
(or DMSO) intensified their actions on the membrane permeability compared with the effects
of these agents separately. In the experiments with oryzalin and BA, synergism correlated
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directly with the level of frost resistance of the plants, whereas it was less expressed after
hardening. Both the cytoskeleton destructor and BA decreased water-holding capacity of the
roots, unlike DMSO, which, on the contrary, increased it. Cold-hardening generally reduced
the effects of BA, DMSO and oryzalin on the water-holding capacity of the tissues. We assume
that contribution of the individual components of the membrane-cytoskeleton complex to the
membrane permeability depends on the physiological state of plants. In standard conditions,
the effect of membrane fluidity predominates, but after low-temperature adaptation of plants,
the influence of the cytoskeleton structural integrity prevails.

Key words: membrane permeability, membrane-cytoskeleton complex, state and trans-
port of water, Triticum aestivum.
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