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BBEJIEHUE

PemuTh IPOGIEMY XOIOI0- ¥ MOPO30CTORKOCTH PAaCTEHHN BaX-
HO IS CeJbCKOXO3MMCTBEHHOro TMpou3BofcTea. IloaToMmy ycuims
MHOTHX HCCIIeIoBaTeNEN B OCHEHAE MOJIBeKa ObLIU HAallpaBICHBI Ha
TO, YTOOBI TIOHATH SIBJI€HHE HU3KOTEMIIEPATYPHOTO CTPECCA M HU3KO-
TeMIlepaTypHOH ajanTauuy (3aKalnBaHus), B TEUCHUE KOTOPOU pac-
TeHIe TOBBIIAET CBOK) X0JIO[0- © MOPO30CTONKOCTb.

Bonblnag 9acTh pacTeHuH Ha 3eMile B TEYEHHE I'O/ia IO[BEPraeT-
cs TeHCTBIIO X0Noa (HU3KHX TIOJIOKUTENHHBIX TEMIIEpaTyp), MOpo3a
(temneparypam Hizke 0 °C) 1 Apyrux HeOIaronpuATHBIX COIyTCTBYFO-
mux ¢akTopoB. B cyOTrponmkax TemnepaTrypa 4acro OIyCKaeTCs
amxke 0 °C, B yMEpPEHHBIX 30HaX — J10 MUHYC 2040 °C. CeBepHee 3THX
pafiOHOB JIEXKUT 30HA BEYHOH MEp3IIOTHI, I7I€ TEMIIEPATypa BO3[yXa
6eiBaeT eme Hke (puc. 1) (Sakai, Larher, 1987). [leucTBHIO HU3KHX
TeMIepaTyp IOABEPraloTCad KaK BO3[EIbIBAEMBIE KYyIbTYphl, TaK H
MUKOPACTYILAE PACTEHUs, XHU3HEHHBIY IUKJ KOTOPBIX 3aXBATHIBACT
suMHMH nepuofl. Iloaromy mpo6neMa afanTalidyl PACTCHHN K HU3KO-
TeMIIepaTypPHOMY CTpeccy BechbMa akTyajlbHa, OCOOEHHO B CBSI3H C
GOMNBIIAMY IOTEPSAMHE, KOTOPbBIE HECET CEILCKOE XO3SIUCTBO B PE3YIIb-
TaTe NEPUOTUYECKUX CHIDKCHHU TeMIepaTypbl, KpUTHYECKUX MOPO-
308 1 3amopo3koB ([posgos, Kypen, 2003; Cannyxanse u ap., 2003).

KpoMe CcelbCKOX03sICTBEHHOTO aclekTa, Npobuema MOPO30CTOM-
KOCTH uMeeT OOIBIN0OE NPHPONHO-3KOJIOTHIESCKOE 3HAYCHHE, TAK KaK
cocOOHOCTH PACTeHNH afaTUPOBATLCSA K KOHKPETHBIM YCIOBUSM TIE-
PE3MMOBKY B Pa3HBIX pailOHaX HAILICH INIAHETHI — 9TO OJIUH U3 dakTo-
pOB, ONpefeNsIONHX apeaibl PacHpOCTPAHEHUS NHUKAX BHJIOB
7 BO3MOXKHOCTE UX HHTpOIyKIuK. Bennka pojib MHOTOJIETHUX 3UMYIO-
IUX PACTEHU B CHAOXEHNHA aTMOCGEpbl 3E€MIA KHACTOPOTOM.

3a npomequue JecATUIETHs OMyOIHKOBAHbI THICTIH cTaTel, KO-
TOpBIE CYLECTBEHHO MPOJBUHY/IN IOHUMAHUE MPOOIEMbI HU3KOTEM-
nepaTypHOTO CTpecca II0 MHOTMM HampaBiieHHSM. OTMETHM, YTO B
pSIIY STHX HCCIE[OBAHMII TOIETHOE MECTO 3aHUMAXOT PaGOThI OTEYe-
cTBEeHHBIX yuensix (Makcumos, 1952; Tymanos, 1979 u MHOTHE [pY-
rue), paboTaoIKX B 9TOH 061acTH (PU3HOTOrHH PaCTCHUM.

B pesynbTare MpOBEJEHHBIX HCCIETOBAHMM YCTAHOBICHO, UTO
MOBPEXIEHHS OT JEHUCTBYS HU3KHAX NOJIOKUTEIBLHBIX U OTPUIATE/b-
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Puc. 1. [noGansHOe pacnpefielicHue HHU3KOH MONOXKHUTEIbHOH M OTPHIATENBHOM
tenepartyp (Sakai, Larcher, 1987):

A — oTcyTcTBHE MOPO308B; B — amm3onueckne MOpo3bl; C — cpefHsii MAHHMAJIbHAS TeMIepaTypa
or 10 °C no mmmye 40 °C; D — cpenmss MuHMMalbHasg TemmepaTypa Hipke sumyc 40 °C
E — nonsipHbA 1€l

HBIX TEMIEPATYP HAYMHAIOTCS C HAPYLICHHI B CTPYKType MeMOpaH,
OTpaXKaroUXCs HA X QYHKIUH, a MyJIbTATCHHBIC CBONCTBA XOJIO-
I0-  MOPO30CTOMKOCTH PACTEHUH Pa3sBUBAIOTCA B IPONECCE HA3KO-
TEeMIOEpPaTypHO! ajalTaiuy TMPpW HUASKUX 3aKTWBAIOIUX TEMIIC-
paTypax.

[To HegaBHErO BPEMEHH ITOHUMaHWE CBOMCTB XOIO[O- M MOPO30-
CTOMKOCTH pacTeHHil 6a3upoBaNoCch IIaBHBIM 00pa3oM Ha (PU3HOJIO-
IYecKol I OMOXIMIYIECKON OCHOBE. 1T 0OJIFKO B IIOCIIEHIE FOIbI UIEH-
TihUIEPOBAHE] TeHLI W KOAUpYeMble UMH crienuduyeckue GeNku ¢
onpeneneHHol (pyHKIMOHATLHOR POJBIO B Pa3sBUTHU 3TUX CBOMCTB.

B nocnenune aBa AecCATAIETHUS [JIsi A3YIEHHST HU3KOTeMIIepaTyp-
HOrO CTpecca W HU3KOTEMIIEpATypPHOM aJanTaldi YCIIEUIHO MCIOJIb-
3VIOT MOCTHIKEHUSI MOJIEKYISIPHOM I'eHETUKH B CO3[IaHMH B Ka4CCTBE
MOMENY MyTAaHTHBIX PACTeHHUA, CPEIE KOTOPBIX 0CO00e MECTO 3aHsIN
pacTeHus apabuporcuca, oONafalolEe H3BECTHOW MOPO30CTOHKO-
CTHIO. B TOTIOTHEHNE K 9TOMY CTalld U3y4aTh CUI'HANIbHbIE CHCTEMBI 1
PETYISTOPHbIE yTH AKTUBAIMH MCHOB, YIACTBYIOIIHUX B HU3KOTEMIIC-

paTypHOM ajanTaluu.

1. IOBPEXIEHUI PACTEHUU
NP HU3KOTEMIIEPATYPHOM CTPECCE

[Ipexxpe Bcero gaguM ONpeReIeHHE OCHOBHBIM, HCITOIb30BAHHBIM
B TEKCTE TEpMUHAM.

IousiTue HuskomemnepamypHoz0 cmpecca (cold shook) Bkinroua-
eT B ce0s BCKO COBOKYIHOCTh OTBETHBIX PeaKIUil PACTEHUN Ha JEHCT-
BHE XO0/10/la WIU MOpPO34a, IPpUYEM pEaKkIUui, COOTBETCTBYIOLIUX I'€HO-
TUINY paCTEHUU U NPOABIAIOLIUXCS Ha pa3HbIX YPOBHSIX OpraHu3alun
PacTATENBHOTO OPraHu3Ma OT MONEKYISPHOTO 10 OPraHU3MEHHOrO.

X0A000CcmMoOUKOCHIb — CBOMCTBO PACTEHMI BBIIEPKUBATH JIIO0OBIE
HU3KHE IIONOXKUTEIbHbIE TeMIepaTypbl, HO XOJIOAOCTOMKHE pacTe-
HUs IOTU0aroT IMocne o0pa30oBaHud Jblla B TKaHIX.

Moposocmolixocmb BKIOYaeT B ce0s CBOMCTBO XOIONOCTOMKO-
CTH, HO B OTJIHYHE OT XOJNOJOCTOUKHIX MOPO30CTONKHE PACTEHUS CTIO-
COOHBI BLIXKUBATD IIPH AEHCTBUUA MOPO3a, T.€. OTPHUATEILHON TEMIIE-
paTyphl, COTPOBOXKJaroIeMcs OOpa30oBaHHEM (HYKII€aluen) MeXK-
KJIETOYHOTO ¥ BHEOPTraHHOIO JIbJa.

Tenaoarobusbie pacTEeHUS TNOBPEXAAKOTCI MPU TeMIEpaType
ke 8—10 °C 1 UMEroT MEeXaHu3M ajanTalliy K OrpaHuYEeHHOMY JH-
arla30HY JEUCTBUS NOHWXKEHHBIX TEMIIEPATYDP.

HusxomemnepamypHaa adanmaiyus — OpoLecc (popMuApOBaHUA
CBOWICTB XOJIOO- HJIH MOPO30CTOUKOCTH PAaCTEHUUA B COOTBETCTBYIO-
[[AX FEHOTHUIY ycaoBusX. JIJsi MOPO30CTOMKUX pacTeHMd Hambolee
3¢h(EeKTHBHBI OKOJIOHYJEBbIE TEMIEPATYPHI, AJIS XOTOJOCTOUKHX —
okono 3-5 °C, a g remmonroomseIX Beille 5 °C. Hu3kue 3akanmnBa-
IOIIEe TeMIEPATyphbl [AOJXKHLI NPEAINIECTBOBATH MOBPEXKJaKOIIUM
TEMIIEpaTypaM.

M3ydyeHne CBOWCTB XOJIOHO- B MOPO3OCTOMKOCTH BKIIOYAET B
ce6Gs: 1) BEISBIEHHE MEXaHU3MOB MOBPEXICHAS U THOENU COOTBETCT-
BYIOIIUX TPYIII PACTEHUM OT HU3KHUX TEMIIEPATYP (HU3KOTEMIIEpATYP-
HOTO CTpecca) U 2) UCCNEeJOBAHUE MPONECCOB HM3KOTEMIIEPATyPHOU
ajanTaiiy K HI3KOTEMIIEpaTYPHOMY CTpeEcCCY.

Mop030CTONKOCTE — YHUKAIILHOE CBOWCTBO, IIPUCYINEE HCKITIOYH-
TEJIbHO pacTeHusiM. Hukakuwe Jpyrue OpraHM3Mbl HE OCTAIOTCS
SKMBBIMH TOCIHIE AEUCTBUS OTPHUATEIBHBIX TEMIIEpPaTyp, COIIPOBOX-
nalollerocs Hykiueanuen ibaa. CBOMCTBO MOPO30CTOMKOCTH JIEXKHAT B
OCHOBE CYIIECTBOBAHMS OrPOMHOM I'PYIIbLI MHOTOJIETHAX PaCTEHHH,
MPOU3PACTAIOIKX B PAalfOHAaX XOJIIOJHOIO U YMEPEHHOI'O KIIMMAaTa.

Hacnaxpgasch KpacoToll 3MMHHUX Tel3askeu, MbI JaXke He IIO03-
peBaeM, Kakue JipaMaTH4YecKue COOBITHS Pa3BOPAYMBAIOTCS BHYTPH

2. T.W. TpyuoBa 5



KJIETOK pacTeHuil B 3TOT nepuop. C HaCTyNJIeHHEM 3HMHHX XOJIO/IOB
npu cHIKeHHN temnepatypsbl HuKe 0 °C, pacrenus, KOTOpBIE COfep-
kaT 80% Bopbl, “crosT” nmepel npobiieMOol B rITy0OKOro nepeoxia-
KIIEHHS 9TOM BOMABI, HJIX €€ IIepexofia B TBEPAVIO a3y Ibaa.

M3BECTHO, YTO MOPO30CTONKOCTh 3UMYVIOIIUX PACTEHHI OCHOBA-
Ha TIaBHBIM 00pa3oM Ha oOpa3oBaHMM JIba B MEXKIeTHUKaxX. Heko-
TOpbIEe TKAHW MPH 3TOM OCTAKOTCA IEPEOXIAXKIEHHBIMHU, COXpPaHIA
BOJY B KJIE€TKaX B HE3aMEP3IIEM COCTOSHUH, B MOI'YT IEPEHOCHTH MO-
po3bl go Munryc 3040 °C.

B cnyuae ke 00pa3oBaHMsl MEXKIETOYHOTO Jibla MPH TEMIIEpa-
type Hike 0 °C HaumHaeTcs ero 2emepozenHasn nykneanus. OHa mpo-
VICXONUT 0053aTEeNbHO NPH HAJHYAN HYKJIEAaTOPOB JIFO00M NIPUPOJLI.
vy Moryt OBITH Ja’kKe LIMPOKO pPacCIpOCTPaHEHHBIE B IIPUPOJE
canpocuTHbIE ODAKTEPHUHN.

[omoz2eHHasn HyKaeauus Ab0a OTIIMYAETCS OT 2eMmepo2eHHOU TEM,
YTO OHA IIPHUCYINA TOILKO aOCONIOTHO YACTOH BOJE M pacTBOpPaM, U B
3TOM Clly4yae HyKjealus HAYNHAETCs IIPU TEMIIEPATYpPEe OKOIO MUHYC
40 °C 3a cyeT caMO3apoXACHUS MENKNX KPHCTaIOB (3apOABIIIEH)
abga. B pacTeHnsIx Ke nNpH cHkeHwny teMrepartypsl Hike 0 °C npo-
VICXOUT 2eMepoReHHan HYKACAUU.

[Toka3aHo, YTO caMH IO ceOe caxapa, JUIUAAbI U OEJIKH HE BbI3bI-
BaroT oOpa3oBanms 3aponbinieit apga (Ashworth et al., 1985). bonee
TOrO, BLIABIEHO, YTO BLICOKO Pa3BETBIECHHbLIE MOJIEKYIIBI MIOJIACAXaA-
PHIOB MOTYT (DyHKIMOHUPOBATE B KAYECTBE AHTHHYKJIEATOPOB ¥ CHA-
XKaTh TEMIIEpaTypy HyKJealUdH Jiba B pacTBopax fo muHyc 7 °C
(Goldstein, Nobel, 1991). [1oBOJIBHO A€TalIbHO I'€TEPOTreHHBIE HYKIIE-
aTOPHI Jibjla ObLIM MCCIAEN0BAHbBI B IUCTHIX P3KH, HCIIOIL3Ys CyCHCH-
3UIO0 KJIETOK Me30(WIIa, MONYIECHHYIO IIyTeM NEKTOINTAIECKOH fie-
rpaganuu ucteeB (Brush et al., 1994). Y craHoBlieHO, YTO HYKJI€aTO-
pPOM JIbJIa B JIUCTHSX O3UMOH P3KHU SIBIISIETCS KOMILIEKC (DOCHOIHAIHUNA,
yriaeBopa u 6eyika, XapakKTepu3yeMbli HAIMYHEM JUCYIbMUTHBIX CBsl-
3eil B OTCYTCTBHEM CYNb(PrAAPUIBHBIX Ipym. Takue HyKIeaTophl
nbaa, Kak canpodutHbie Oakrepun Psevdomonas syringae n Erwinia
herbicola, npeacTaBIsOT COO0H MeMOpaHCBA3aHHBIA KOMINIEKC,
cocrosinmil u3 6enkoB, GochaTHIUIHHOZUTOJIIOB H CaxapoB B BHJE
MaHHO3bI, TIIFoK030aMuHa 1 ragakTossl (Kozloff et al., 1991).

Y npeBecHBIX KYNBTYp, HAIpUMEP, V POAOACHAPOHOB, HyKJI€a-
TOPBI JIb[JA AIMEIOT BBICOKYIO CTENIEHb aKTHBHOCTH CHAPYKH YEIIy-
€K IBETOYHBIX IIOYEK, B CBSI3W C UEM HavaBIIAsiCs B 3THX MeCTax
HyKJIeaus Jba NpefoXpaHsideT MEPUCTEMAaTHIECKHE TKaHU MOYEK
OT 3aMep3aHusl.

Ha ocHOBaHMM MOJYYEHHbBIX JAaHHBIX MOKHO CHENIaTh BBIBOJ, 9TO
HYKJICaTOPHI JIbJa Y YCTOMYMBBIX K MOPO3y PacTeHHN MOTYT pa3nu-
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TPU TUIIA OBPA30BAHUSI JIB[IA B MOPO30CTOMKUNX PACTEHHAX

o i

BHYTPUKJIETOYHbIN BHEKJIETOYHBIV BHEOPI'AHHBIA

— penKo HabmonaeTcs — HaOJIrOJaeTCA BO BCEX — BOJIM3H MEPUCTEMATH-
B NMpHpoe PacCTEHUSAX 3UMOH YECKHX TKaHeH

— pe3yJbTaT HBICTPOro — Pe3VyJIbTaT MEJIEHHO- — OKa3sIBaeT
3aMep3aHus ro 3amepsanns, < 5 °C/a HalMeHee

— TIOBPEKIEHHS Mexa- — BBI3LIBAET MOBPEXAaoEee
HHYECKOU IPHPOJIL] TOBPEXICHHA, HelcTBHe
(paspbiB MeMOpaH) pefiko rudelb

— BCErpa JETANbHO

Puc. 2. Tunel oOpazoBaHus Jb[a B pacTeHHusX (reTeporeHHas HyKieamus)

9aThCs MO COCTaBY ¥ U3MEHATHCS B TEUEHHE rojla Kak MO KOJIUYECTBY,
TaK M II0 aKTHBHOCTH. JTHU XapaKTEPUCTUKHU — AOKA3aTENbCTBO TOTO,
4YTO HyKJIealldsl JIbJa HE SBJISETCS CIEICTBHEM HecneuupudecKom
AKTMBHOCTH KOMIIOHEHTOB KJIETOYHBLIX CTEHOK, a CBs3aHa C MOSBIIE-
HHAEM KOMIIIEKCOB, WHUIUMPYIOLIUX 3TOT IPOLIECC.

YYeHbIX BCErO MUpPA JaBHO HHTEPECOBAJ BOMPOC: THie Xe 00pa3zy-
€TCsl €] B paCTCHUSIX?

biarogapss UCHONB30BaHMWIO METOHAa 3aMOPAXKHUBAFOIIUX CTOIHU-
KOB MHKPOCKOIIA CTal0 HU3BECTHO, YTO Jie]] MOXET 00pa30BbIBATHCS
BHYTPH KIIETOK, HO BHymMpuKaemoyHoe ob6palosanue ab0a BCErna
OOWHAKOBO JIETAJIBHO HE TOJNBLKO IS XONOJOCTOUKHX W TEIUIONMIOOH-
BBIX, HO W O MOpo3octoukux pacreHui (Cambirmu, 1994, 1997.
1999, 2000). Kak npasuno, 0 TakoMy THITy oOpa3oBaHKe JbJa IpH
OTPHIJATENILHBIX TeMIIEpaTypax NPOUACXOOUT B KIIETKaxX TEIIONIO0U-
BBIX U XOJIOJOCTOMKHUX PACTECHUN, W MPUINHON WX T'HOENN IpPH 3TOM
SIBJISICTCS. MEXaHUYECKOE pa3pylleHue KIIETOK O] BIUsSHIEM 00pa3o-
BAaBINUXCA KPUCTAILIOB Jibaa (puc. 2).

HawmboJiee pacnpocTpaHEeHHO B MPHUPOJIE 8HEKAEMO4HOEe 0Opaso-
8aHue Ab0a. ITO OCHOBA MOPO30CTOMKOCTH BCEX 3UMYVIOIIAX pacre-
HHH, XOTS OHO TOXE He OE3BpEIHO.

B cBoe#t sBONONMY pacTeHNsI UMENTA TPU IIyTH afanTallii K OTPH-
HaTEeJIbHBIM TEMIIEpaTypaM (HU3KOTEMIIEPATYPHOMY CTpeccy —
CM. pucC. 2). BHyTpHKIE€TOYHOE O00pa3oBaHUe JIbJa — 3TO TYITHUKOBBIHA
IIyTh, IIPA KOTOPOM BCE PaCTEHHS, KOHEYHO K€, [IOJIKHbI BEIMEP3HYTE.
BHekneToynoe o6pa3oBaHme Jb[ja (HECMOTPsS Ha BCE OTPUIATENLHBIE
MOCIIEACTBHS €r0 JEUWCTBUS) — €IUHCTBEHHO BO3MOXHBIA ITYTh JJIS
BbKHMBAHHUA PACTECHUH NOCIE IIUTENLHOI0 3MMHETO NIepuoa.



EcTh ele OfuH MyTh 06pa30BaHusi ibfia B PACTEHMSAX, Ha3BAHHBIN
8HEOD2AHHbBIM, KOTOPBIA MIPHUCYI] TOJbLKO MEPUCTCMATHICCKUM
TKAHSIM, HE MMEIOIIIM BHEKJIETOYHBIX MPOCTPAHCTB. 110MUMO 3TOTO,
MEPHCTEMATAYECKHE KIETKU HE HMCIOT BaKyOJIEl M KaK CIEICTBUEC
JBIISIIOTCS MEHEE OBOJHEHHBIMH MO CPaBHEHNIO ¢ TH(MHEPEHINPOBAH-
HLIMHA KJeTKaMHu. Bce 3TO CO3[JaeT YCIOBHs TpaHCIOpTa BOJBI U3
MEPHCTEMATHYECKAX KIETOK K IEHTPAaM KPUCTATIN3ANNN JIb[a B APY-
rux TKaHgx. IIprMepoM MOTYT CIY>XHWTh ITOYKH 3UMYIOIIAX paCTCHUY,
HAXONSIIMXCS. B COCTOSIHMM TIOKOS, B KOTOPbIX OOpasoBaHME IIba
TIPOMCXOJAT B HIDKHUX Yenlysix. Takon myThk oOpa30BaHus JIbJla Hau-
Gomee Ge3omaceH, ¥ Ipupofa “‘Harpaguia’ UM IMEHHO MEPUCTEMATH-
yeck@e TKaHHW, KOTOpbIE CIYKaT OCHOBOU IPOAOIKCHHSA KW3HH
pacTenuil. B GONBIIMHCTBE K& TKaHEU 3UMYFOIIIX pacTeHu 00paszo-
BaHWe JIbJa HAYMHAETCSA BHE KIIETOK (B MEKKIJIETHUKAX ).

PaccMOTpHUM YCITOBUSA U MOCHEACTBUSA BHEKICTOTHOI'O oOpa3oBa-
HUS TBJA Y MOPO30CTONKNX pacTeHni. 11pu cHIDKEHNH TeMIICPaTyphl
uke 0 °C MOpPO30CTOMKOMY PAaCTCHUIO MPEXK/E BCETO Heo0XOIuMO
“y36esKaTh’ BHYTPHKIETOYHOTO 00pa30BaHms Jbaa. Kakue axTo-
pbl O6ecneynBaroT 3TOT mpouecc? V13 BHEUIHAX (hakTOpPOB OCHOB-
HBIM SIBISIETCS TOCTEIEHHOE CHIDKEHWE TemmepaTypbl H, CIEA0-
BaTENLHO, MEJIEHHBIH BBIXOJ BOMABLI H3 KJIETOK H 3aMEp3aHuC €€ B
MEXKJIEeTHHKAX, KOTOpOoe OOBLIYHO MPOUCXOAUT B CCTECTBEHHDLIX
ycnoBusx. VI3 BHYTPEHHHX (PAKTOPOB STOMY CIIOCOOCTBYIOT O0Opa30-
BaHWe MENKHX BaKyoJled U yBelM4eHHE pasMepoB 00BeEMa UTO-
TIIa3Mbl, KOTOPbIE IPHOOPETAIOTCs BO BPEMsl HUI3KOTEMIIEPATYPHOU
aganTanpd. Bonploe 3Ha4YCHWE TAKXKE UMEET YBEJIIMYECHUC BOTHOM
IPOBOAMMOCTH MeMOpaH, oOjerdaromee BbIXOA BOABI HAPyKy,
3a MpEebl KIIETKH. -

VI3BECTHO, YTO ¥ MOPO30OCTOMKHX pacTeHUil MHAIHALMSA 00pa3o-
BaHUS JIba KOHTPOIUPYETCs KOIIATATUBHBIMA U HEKOJUTHT ATHBHBI-
mu MexaHu3zMaMu. K nepBbIM OTHOCHTCSI MOBBIMIEHHEC OCMOTHICCKO-
ro mOTEHIMAaJa KIETKH 3a cYeT YBEeINYEeHNUs KOHICHTPpanuu 0OCMOpPe-
IYIAPYIONAX BEIIECTB, CPEIH KOTOPBIX BaXXKHYIO POJIh HIPAIOT HAKA-
[IMBAIONIHEcS K 3uMe B GONBIIMX KOITWYecTBax caxapa. PacTBopu-
MBbIe YIIIEBOMIBI U CONHY CHIKAFOT TOUKY 3aMEP3aHIst paCTBOPOE B HP5i-
MOl IPOMOPIMOHANBHOCTH OT KOJHYECTBA MOJIEKYJ, HaXOALIIXCH
B JaHHOM DPacTBOpE. DTH KOJUIMIaTHBHBIE arcHTBI HE BKJIIOYAIOTCAH
B COCTaB TBJa, HO MOTYT BIHSITH Ha ero Mopdonoruto, T.e. GopMy
(Williams, 1992). K HeKOIIAraTUBHLIM CBOMCTBAM MOKHO OTHECTH
MEXaHW3M JeHCcTBUS aHTH(PU3HLIX OCIKOB, U3y4aTh KOTOPbLIEC HAH4d-
mu kapanckue ucciaenosatenu (Griffith et al., 1996). Yxke TOT C])aKT:
gT0 JeJ] 00pa3yeT NUCKPETHbIC MACChl B TKAHAX 3aMEP3arOTIIX 3UMOHA
pacTeHWH, CBUAECTENBLCTBYET O HAIUIAN ¢hakTOpOB, OrpaHAIHBAIO-
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IUX POCT KpucTanios Jbaa. [IpucyrcrBue anTu(pU3HBIX OEIKOB B
3aKaJIeHHBIX pacTeHusaX 06110 gokasano (Kurkela, Frank, 1990) nocne
TOr0, Kak OBLIO TPOBEJICHO CHKBEHHPOBaHHE aMHHOKUCIOT Oelka
reda Kin I, akcnpeccupyemMoro xonofgoM. B 3ToMm 0enke cofpepXanock
00JIbIIIOE KOTWYECTBO aJIAHWHA.

IHyman m Oncen (Duman, Olsen, 1993) BeigBunm aHTHPPU3HYIO
AKTHBHOCTb BbIXKATOr0 coka 30 pa3nuyHbIX BHAOB pacTeHni. lakue
3KCTPAKTHI ObLIN ITOJYYEHBI U3 BETBEU KYCTAPHUKOB U [IEPEBLEB, JIN-
CTBEB, IECTHKOB, ThIYHHOK, IIOYEK, [[BETOB, KOPHEN U KIyOHEN pas-
JIMYHBIX 3UMYIOIIUX PACTEHUl. JTO CBHAETENLCTBYET O TOM, 4YTO
aHTA(pU3HAsA aKTHUBHOCThE — IHUPOKO pacIpOCTpaHEHHOE B PacTH-
TEJILHOM I[apCTBE SIBJIEHWE, MPUCYIIEe BCeM opraHamM. bomee Toro,
OBLJIO IIOKA3aHO, YTO AHTAUQPHU3HAYd AKTUBHOCTH HMEET CE30HHbIMN
XapakTep: OHA BO3pPAcTaeT K 3UME W CHUKAETCS BECHOH C IOBBIIIEHAEM
TEMIIEPATYPBI.

AHRTHAGpPHU3HbIE OeKW HMMEKT [BE YHHUKalbHbIE OCOOEHHOCTH.
Bo-nepBbIiX, OHM B3aUMOJEUCTBYIOT ¢ KPHUCTAIUIAMH INbJa IYTEM
adsorption-inhibition, Biusiss Ha MOP(OIOTHIO U pa3Mep KPHUCTAIIOB,
H, BO-BTOPBIX, 3TH O€lKM 00Jafai0T TEPMAIIBHBIM THCTEPE3HCOM,
BCJIEJICTBHE KOTOPOTrO TEMIEpPATYypsl 3aMep3aHus U TassHUA JIbJa HE
COBHAMIatOT. Y phIO CEBEPHBIX MOPEHN TEPMaJIbHBIN TMCTEPE3NUC JOCTH-
raetT 1-1,5°. TepManbHbIN TUCTEPE3NUC OEJIKOB Y PACTCHUN MEHBIIE,
4YeM Yy PbIO U HAaCEKOMBIX. B CBsI3W ¢ 3TUM TepMalbHbIA THCTEPE3NC —
HE OCHOBHAasi XapakTepUCTHUKa aHTU(PU3HBIX OEIKOB paCTCHUI.
Tem He MeHee, OeNIKA 9TH HA3bIBAKOTCA aHTH(PPU3HBIMY, TaK KakK BCE
XXE& OHH COOTBETCTBYIOT OCHOBHBLIM CBOWCTBAM TaKHX OENKOB.
AnTH(dpHu3HbIe O€NKH HHTHOHPYIOT (MOJABISIOT) POCT KPHUCTAJIOB
TbJia, OCYIIECTBIISIOT TepMalIbHbIN rucrepesuc B npegenax 0,1-0,7 °C
1 [IPENSITCTBYIOT PEKpUCTaNIu3anui nbaa. HekoTopele faHHbIe yKa-
3BIBAXOT HA TO, YTO aHTU(PpU3HbIE OSJIKH 1axKe B HEOOILIINX KOIHYE-
CTBAaX, aficOpPOUPYSCH HA MOBEPXHOCTY MEJIKAX KPUCTAIIIOB JIBJad, MO-
IyT OPENSATCTBOBATh UX pEKpHUCTAIIM3auuy B 0ojiee KPYNHBIE Kpu-
cramnbl (Knight, Duman, 1986). EcTs npegmonoxeHue, 4TO aAHTHU-
(bpu3HbIE OEJKA MOIYT CHOCOOCTBOBATH MEPEOXTANKACHUIO H CHU-
XaTh TOYKY 3aMEp3aHusi pacTBOPOB, CBS3bIBasi HYKIIEATOPH! JbJA.

Bce anTudpuzasie 0enky, onuCcaHHbIE OIS PbIO U HAaCEKOMBIX,
TOKANM30BaHbl Ha MOBEPXHOCTH KIJIETOK, TEM CaMbIM OTrpaHUYNBAas]
NPOHUKHOBEHHUE MEJIKUX KPHUCTANJIOB JIbla BHYTPbL KIIETKHA. Y pacTe-
HUY 3TH OelKW OBbUIA 3KCTparmpoBaHbl W3 anoluiacTa JIHCTHEB C
ucnonb3opanueM “intercellular washing” meromuku, paszpaboTaHHOU
chuTOnaTONIOraMu AJsl U3YYEHHUS IMaTOTEeHHBIX opranm3MoB. Iloka3za-
HO, YTO B JINCTBSIX O3UMOM P3KU KOHIEHTpalus OOJIbIIHHCTBA OENKOB,
CEKPETUPYEMBIX B alOIIACT, B NEPUOJ] IIUTEIHLHOM afjanTanny npu
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5 °C yenmuuBaiach jio 0,3 Mr/r cbIpoii Macchl # OBICTPO YMEHBIIA-
nack npu 20 °C. IlpucyTcTBrE TaKux OSIKOB B paCTBOPax U3MEHSIO
dbopMy ¥ BenMUUHY KPUCTAJIOB Ib/ia. Ha OCHOBaHMH 3TOTO CHEIaHO
3aKIIOYEHHE, UTO aHTU(MPU3HbIE OEJIKM CEKPETUPYIOTCS B allOILIACT
1 UTPAIOT OrPAHMYNTENLHYIO POIB B POCTE KPHUCTAIUIOB IIbJa. B Ha-
cTosiee BpeMsl HIeHTA(UIMPOBaHbl aHTH(PU3HbIC OCIKH, JIOKAIH-
3YIOLIUECS B allOIIACTe O3MMOM pxki, ¢ 13, 19, 26, 32, 34 u 36 x][la, n
MOKa3aHa BX BO3MOXKHOCTb MOTU(PUIUPOBATH POCT KPHCTAIJIOB JIb/14.
BoisiBlIeHO, YTO aHTH(pHU3HbIE OEJIKH MOAAEP>KUBAKOTCA BHYTPHMO-
NEeKYISIPHBIME AUCYIb(UIHBIMA CBA3SIMHE, COIEPXKAT OKO0JIO 23% IiH-
MUHA W CBSI3aHbI C YIJIEBOAHBIMHA KOMIIOHEHTaMHU THIIA TaJlaKTO3bI,
T.€. OTHOCATCY K 6ekaMm, ceasbiaronmM yriaesop (Knight et al., 1993;
Duman, 1994). CoctaB anTH(hPU3HBEIX OENKOB P3KU HMEET Majo 00-
mero ¢ aHTH(hpPH3HLIME Oeikamu ppI0 m Hacekombix (Hew, Yang,
1992).

Takum o6pazom, Onarofaps NEepPEYHCICHHBIM paHee CPEICTBaM
3aIATLI, B TOM YHCIIE HATNUnio auTH(PU3HBIX OEIKOB, KIIeTKa u30e-
raeT BHYTPHKJIETOYHOr0 06pa30BaHus Jibjja. MOpO30CTOUKME pacTe-
HEAs, OpuobpeTasi TaKhe CBOMCTBA B MEPUO]| afalTaluH, “yxopsar’ OT
BHYTPHKJIETOYHOrO 00pa3oBaHus Jb/la, M HyKjeanus JibJa MPOuCXo-
MUT BHE KIJIETOK (B MEXKJIETHHKAX) M Ha3bIBAE€TCA OHA BHEKIIETOY-
HBIM (MJIH MEXKIIETOYHBIM) 00pa3oBaHUEM Jbja (puc. 3).

Ho Tak nu Ge30TmacHO BHEKJIETOYHOe oOpa3oBaHue jbaa’? Pac-
CMOTPHM TIPOIIECCHI, KOTOpbIe NpU 3TOM MpoTekawT (puc. 4). B
5TOT IIEPHOJ, KIETKN MPEXe BCETO HCIBLITHIBAIOT CHIIEHOE O0E3BO-
>kuBanye. IIpy H3y4eHHH MPOLECCOB BbIXONA BOABI M3 KJIETOK INpH
3aMep3aHui ObLIO MTOKa3aHo, YTO MOPO30CTOMKas 6epesa B 3UMHEE
BpeMs TepseT g0 80% Bopsl. IIpu TakoM 00e3BOXMBAaHUM B YCIIOBU-
X MOJMOKUTENBHBIX TEMIIEPATYP HE MOXKET BBIKUTH HU OffHA pacTU-
TenbHas Kinerka. O3UMbIe 3J1aKV MEHEE YCTOMYUBEL K 00€3BOXHUBA-
HUIO (YeM JApEBECcHbIE KYJIbTYPhl): MPU 3aMOPAXKHMBAHMU O3UMBIC
371aKW BbIiepKuBaioT Jmmb 50%-Hyr0 moTepio Boabl (KpacaBles,
1972), 4eM B 3HAYUTENbHOU MEpPE 00YCIIOBIIEHA UX MEHBIIAasl MOPO-
30CTOUKOCTB.

O6e3BOXKMBAaHUE KJIETOK 1 MOBBIILIEHAE KOHIEHTPAUA KPUOTOK-
CHUECKUX BEIIECTB MpH 00pa30BaHNU MEXKIETOYHOTO IbJa, d TAKZKE
HU3KAas TeMIIepaTypa caMa no cebe OTpaskaroTCsA Ha H3MEHEHUH YIIbTPa-
CTPYKTYphI MEMOpaHHOW cHCTeMbl KNIETKH. CTPYKTYPHYHO OCHOBY
MeMOpaH COCTaBIAIOT nonspHbie mumanbl (ILUI) n B mepByro oYepens
thochomumusl (PJI), KOTOPIE BXOAAT B COCTaB BeeX 0€3 HCKIIIOYe-
Husi MeMOpaH. JIns mojjiepsKaHus CTPYKTYphl B (PYyHKIMOHATBHOM
AKTUBHOCTH MeMOpaH MEepBOCTEINEHHOE 3HAYCHHE HMEIOT TEPMO-
TpOIHBIE CBOMCTBA (hOCCONUNHELOB, KOTOPBIE B 3HAYUTENIBHOR MEPE
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Puc. 3. CxeMa cTpyKTYpBhI KJIETOK B 3aKaJI€HHOM COCTOSHUH:

d — J0 3aMCD3aHWHA, 6 — nmocne 3dMEpP3aHHs
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