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AnTH(pU3HBIE OEIKH IPEACTABIAIOT CO00i Kilacc 6EIKOB, CHHTE3UPYEMBIX TOHKMIOTEPMHBIMHA OPTaHHU3-
MaMH TPH XOJIOZ0BOM CTpecce. ITH OCJIKH UMEIOT pa3HOE 3BOJIOIIMOHHOE IPOUCXOKICHHE, OTIMYAI0TCSI
IO MEPBUYHOMN M BTOPUYHOU CTPYKTYPE, MEXaHU3MY PETYIISIIIMHI, OTHAKO BCE OHU MMEIOT 00I1Iee Ka4eCTBO —
CIOCOOHOCTB aJICOPOUPOBATHCS HA TIOBEPXHOCTH KPUCTAIIIOB JIbJIa U MOTU(PHUITUPOBATH UX pOCT. B 0630pe ¢
AKI[EHTOM Ha 3JIaKOBbIC PACTEHHSI, B TOM YHCJIE MIIICHUILY, 0000IIEHbI IAHHBIC O POUCXOXKICHUH aHTU(DPHU3-
HBIX OEJIKOB, MX TAKCOHOMHUYECKOM PACIPOCTPaHEHUH, CBOMCTBAX U 0COOCHHOCTSIX (pyHKIIMOHHUPOBAHUSI.

KaroueBnble citoBa: antudpusnsie oenku (APII), Tepmorucrepesnc, THFrHOMPOBAHHE PEKPUCTATITH3ALIUH
JIb/1a, XOJO/I0BAsl aKKJIMMAIUs, 3aKaJIUBaHUE, MOPO30yCTONYUBOCTb, 37IaKH, MIIEHUIIA.

Autudpusznasie 6enkn (ADII), win aHTH-
¢pusnabie Tnukonporendsl (ADITI), sBusgroTcs
BaKHBIMHU DJIEMEHTAMHU HU3KOTEMIIEPATypPHOU
apantauuu (Ewart et al., 1999; Griffith, Yaish,
2004; Tpynosa, 2007). elicTByromas KOH-
uentpanuss A®II B 300-500 pa3 Huxke, yem
IpyTuX aHTHGPHU3HBIX BemecTB (Zachariassen,
Kristiansen, 2000). CrtocoOHOCTh HaXOAUTHCS
B CBOOO/IHOM COCTOSIHWH B BOJHBIX PacTBOpax,
a 3aTeM HeoOpaTHMO CBSI3bIBAaThCS C BOJOHU B ee
TBEPAOM COCTOSIHUM SIBISETCS OINpPeneSIOUIIM
¢uzngeckum cporictBom ADII (Jia, Davies, 2002).
Ancop6mus ADII Ha TOBEPXHOCTH JIbJa ITPUBO-
JTUT K pa3HUIE MEX]Ty TeMITepaTypoi 3aMmep3aHus
Y TeMIIepaTypoi MIaBiIeHus, WX TepMOTHUCTEpe-
sucy (TH), a Taxke TOPMOKEHUIO PEKPUCTAIIIH-
3aruu nbna (IR, ice recrystallization inhibition)
(Knight et al., 1984). Tepmorucrtepe3nucHas, Win
anTudpu3Has, akTuBHOCTH ADII — cmocoOHOCTh
MOHMXAaTh TEMIIepaTypy 3aMep3aHus pacTBOpa
0e3 CyIIeCTBEHHOIO BIHUSHUS Ha TeMIEparypy
miaBneHus. [RI-aktuBHocts ADII mo3BomseT
YMEHBIIUTh MEXaHUYECKOE TIOBPEIK/ICHHIE TKaHEH,
MIPETIATCTBYSI PEKPUCTATITU3AIIH — TEPMOIUHAMHU-
4yecku 00yCIOBICHHOMY IPOIIECCy HETPEPHIBHOTO
pocTa KPYMHBIX KPUCTAIIJIOB JIbJIa 3a cueT Oosee

MEJIKHUX B ITpoliecce 3amopakuBanus. Hekoropeie
ABTOPBI CYMTAOT HEKOPPEKTHBIM YIIOTpeOJICHHE
TePMHHA «AaHTU(PPU3HBICY B CUTyallMH, KOTJIA BO3-
MOYKHO 00pa3oBaHue JIbJia, ¥ PEAIaraoT ApyTrue
Ha3BaHUS: «CBI3BIBAIONIUECS CO JIBJIOM OCIIKNY
(ice-binding proteins — IBPs) (Janech ef al.,
2006; Lin et al., 2011), «Iea-akTUBHBIC OCITKI»
(IAPs, ice-active proteins) (Wharton et al., 2005).
BceTpevaroTcs npeisiokeHuss U3MEHUTh Ha3BaHUE
JUts 00Jiee TOYHOTO OTPAXKEHUSI OCHOBHOM (DyHK-
LMY U3y4aeMbIX IpOoTeuHOB. Hampumep, «oenku
tepmoructepesuca» (THP — thermohisteresis
protein) (Ewart et al., 1999; Barrett, 2001) wmn
«OeNK WHTHOUTOPHI PEKPUCTATIIU3AIIHN JIHIA»
(IRIP) (Knight et al., 1995).

[lepBoie ADII onucansl O6onee 40 ner Hazan
(DeVries, Wohlschlag, 1969). C tex mop BbISIBICHO
MHOYKECTBO MX THIIOB Y MPEICTAaBUTENIEH Pa3HbIX
tTakcoHOB (Tabm. 1) (Jia, Davies, 2002). Cyns 1o
BapruaOeIbHOCTH CBSI3BIBAIOIINXCS CO JIBJIOM OeJI-
KOB U MX HEYTIOPSIOYCHHOMY (PHIIOTEHETUYECKOMY
pacnpoCTpaHeHHU0, 3TH OCIIKA BO3HUKAJIN HE3aBU-
CUMO, B OCHOBHOM KaK MHCTPYMEHT IPUCIIOCO0-
JIEHUS BUJA K HOBOW JKOJOTUYECKON HUIIIE WU
B cBs3M ¢ m3MeHeHnsMu kimmara (Cheng, 1998;
Doucet et al., 2009; Deng et al., 2010).
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Haubonee nzyuensr A®II pod NoisipHBIX U
MIPUTIOISPHBIX PETHOHOB, OIMCAHBI TMATH THIIOB
A®DII pp16 — tuner [-IV 1 A®ITI (Tabn. 1) (Jia,
Davies, 2002; Harding ef al., 2003). B xpoBu pbIO
koHneHtpanusi A®Il gocrturaer 10—40 mr/miu
(Graham et al., 2008b). ADI1 uaeHTUPHUIUPOBAHBI
y Pa3IMyYHBIX WIEHUCTOHOTHX: IAayKOB, KIEILEH,
KoJuteM0Oo 1 y Oonee yeM 50 BHIOB HACEKOMBIX
(Duman et al., 2004; Graham, Davies, 2005). O6
AHTU(PU3HON aKTUBHOCTH y PAaCTEHHH BIEpPBbIC
O0bUTO0 cooOmeHo B pabore M. Urrutia ¢ coaBr.
(1992), u ¢ Tex mop ADII ObuIM HalIEHBI Y MHO-
TUX 3UMYIOHNIMX BHJIOB COCYIUCTBIX PAacTCHHIA,
B TOM YHCJI€ y TIAlIOPOTHHUKOB, TOJIOCEMEHHBIX,
OITHOZONBHBIX U IBYAONBHBIX TOKPHITOCEMEHHBIX
(Urrutia et al., 1992; Duman, Olsen, 1993; Doucet
et al., 2000; Jarzabek et al., 2009). ADII Takxe
oOHapyxeHbl y Oaktepuii (Raymond et al., 2007),
Bonopocieil (Raymond, Knight, 2003), rpu6os
(Xiao et al., 2010) n mematon (Wharton et al.,
2005). TH-aktuBHOCTS BapsupyeT ot 0,1-0,6 °C'y
pacrenwuii (Urrutia et al., 1992; Worrall et al., 1998)
10 5—7 °C B reMonuMde MHOTHX 3UMYIOIINX KYKOB
(Duman et al., 2004). OcHOBHBIE XapaKTEPHUCTUKU
A®II cymmupoBansl B Ta0. 1.

Bugpl, cnocoOnsle k HakoruieHno ADIT, Mox-
HO pa3[elWTh Ha JIBE€ TPYNIBI: H3beraromme 3a-
Mmep3anus (freeze avoidant) 1 MOpo30ycCTOIUNBEIE
(freeze tolerant). M30eratomue 3amep3anust BUIbI
MOTYT TIPEAOTBpaIlaTh 3aMep3aHue KUIKOCTEH
OpraHM3Ma B II€JIOM U CIIOCOOHBI K 3HAUUTEIBHOMY
MEPEOXITAKACHAIO, T. €. TEMIIepaTypa KUJAKOCTEH
B UX OpTaHM3MeE HIDKE TeMIIepaTyphl 3aMep3aHusl.
A®DII mpensaTCTBYIOT 3aMOPAKUBAHHIO, CITPOBOLIU-
POBaHHOMY BHEUIHHM JIBJIOM, U CTaOWJIN3UPYIOT
MePEOXIIaKICHHOE COCTOSIHIE ITyTEM HHAKTUBALIN
HykieatopoB Jbjaa (DeVries, 1986; Zachariassen,
Kristiansen, 2000). 3umyromuii xxyk Rhagium
inquisitor n30eraeT 3aMep3aHnsI, HAKaILTUBAs aHTH-
(pu3HBIE aTeHTHI BO BHY TPUKJICTOYHOH KHIKOCTH,
KkuieyHo xuakoctu u remonmMpe (Kristiansen
et al., 1999).

Mopo3oycToiiuuBbIE BUABI BBDKUBAIOT MPH
00pa30BaHWM JIbJIa B OpPTaHU3ME, IIPH 3TOM IIEHT-
pBI 00pa3oBaHMs JIb/Ia TOKATN30BAHBI B MEXKKIIE-
TOYHBIX, BHEOPTAHHBIX OOJIACTSX WM TMOJOCTAX
opranuszma. O6menpu3HaHo, 4To oOpa3zoBaHue
BHYTPHUKJIETOYHOTO JbJa CMEPTEIBHO AJIS JIIO-

ooro opranusma (Cameirus, 1997). EnuncTBeH-
HBIM HCKJIIOUEHHEM SIBJISIETCS aHTAPKTHUYECKas
Hemarona Panagrolaimus davidi, xotopas mipu
PE3KOM CHMYKEHUH TeMIIepaTyphl IEMOHCTPUPYET
MpeIoXpaHnTeNbHOE, IPEeBeHTHBHOE (inoculative),
3aMep3aHue, B pe3yiIbTare KOTOPOro CTaHOBUT-
cs1 Oosiee MOPO30YCTOMYMBON M BBDKHUBACT TIPH
BHYTPHUKJIETOYHOM 0oOpa3oBanuu Jybaa (Wharton
et al., 2005).

AHTHU(pU3HAS aKTUBHOCTH HAONIOMAaeTCA B
Pa3HBIX YaCTAX 3UMYIOIIHUX PACTEHUH, BKIIIOYas
ceMeHa, cteOnu, y3/bl KyIIEeHUs, KOpYy, BETKH,
MOYKH, YEPEIIKH, MIACTUHKHU JINCTHEB, IIBETHI,
SITOJIbI, KOPHHU, KOpHeBuILa 1 kiyonu (Urrutia ef al.,
1992; Duman, Olsen, 1993; Doucet ef al., 2000).
MHOTUM pacTeHUsIM JIJIs1 pA3BUTHS MOPO30YCTOM-
YUBOCTH HEOOXOANMO MPOUTH TIEPHOJT XOJIOJIOBOH
akkIuMmaru, win 3akanuBanus (TpyHosa, 2007).
YV 03uMOli prku ipu X010710B0H akkiuManun ADII
HaKalIMBaIOTCs B alloOIIacTe JIUCTHEB U y3JI€ Ky-
1ieHust. MeToaoM MIMMYHOJIOKaIM3aU1 I0Ka3aHo,
yto ADII cBA3aHbI C ANUIEPMUCOM B ME30(HITh-
HBIMH KJIETKaMH, OKPYKaIOIIIMH MEKKIJIETOUHOE
npoctpanctBo (Antikainen et al., 1996). Ora
JIOKAJIU3aIUsl COOTBETCTBYET U3BECTHBIM MECTaM
(hopMHUpPOBaHUS JIb/la HA NMOBEPXHOCTH JIUCTHEB
U MEXKJIETOYHOM NPOCTPAHCTBE Me30puilia U
noaTBepxkaaet, uto APII MoryT mpenoTBpamarh
3aMep3aHue KJIETOK BCJIEICTBHE KOHTAKTa C BHeE-
mHuM JibaoM (Antikainen et al., 1996). Y nepcu-
Ka ObUI BBISIBIICH OCJIOK M3 TPYIIbI JACTHIPHUHOB
pacTeHuid, UMeIoIINi aHTU()PHU3HYIO AKTUBHOCTD,
OH OKa3aJICsl PAaCHpEeAEsICH 0 BCeH LUTOIIAa3ME,
IJIaCTHAM U SpaM KJIETOK KCHJIEMBI U KIIETOK
napeHxuMbl Kopsl (Wisniewski ez al., 1999).

[Ipu Hammunu HykiearopoB ibaa ADII cauxka-
0T TEMIIEPATYPY 3aMEP3aHUs JINCTHEB 3aKAJICHHOM
pxu npumepno Ha 1 °C. HccnenoBanus in vitro
10Ka3aJIM, YTO AIOIIACTHBIE OCJIKU, U3BJICUCHHBIE
13 JIMCThEB 3aKAJICHHOW O3UMOW pPKH, TOPMO3SAT
PEKpUCTAIN3AIHUIO JIbAA, & TAKKe 3aMEeJISIOT
TEMIIBl MUTPAIUM JIbJJa Yepe3 HACHIIIEHHYIO
pacTtBopoM QuIbTpoBasIbHYIO Oymary. Pons ADII
pacTeHuii, TAKUM 00pa30M, COCTOUT B TOM, YTOOBI
HETNOCPEACTBEHHO B3aMMOJEHCTBOBATH CO JIbAOM
Y YMEHBIIUTH TMOBPEXKIACHUS, 3aMeIIAsT POCT U
pexpuctamsanuio Jpna (Moffatt et al., 20006).
Bo BpeMs HU3KOTEMIIEPATypPHOU aKKIUMallMU
HakorieHne ADII koppenupyer ¢ MOBBIIIEHHBIM
YPOBHEM MOPO30CTOHKOCTH Y O3UMBIX H SIPOBBIX
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Tabauna 1
Xapaxtepuctuxka ADII
Bun Ms, | TH, Oco6eHHOCTH CTPYKTYPHI JlureparypHblit
k/la °C HUCTOYHHK
KocTuctsie pe1ob1
AT DI 2,6— 1,2 | (Ala-Ala-Thr),; n = 4-50; nuneiinbiii | Hsiao et al., 1990;
HOTOTCHOUIHBIC PHIOBI 33 0CJIOK/TICBO3aKpYUYCHHAS TPOITHAS Harding et al.,
(Notothenia coriiceps neglecta, criupaib; qucaxapua (b-D-ramakro- | 2003
Dissostichus mawsoni, Pagothe- 3ui-(1-3)-a-N-aneTmin-D-ranakrosa-
nia borchgrevinki), TpeckoBbIe MUH) CBsI3aH ¢ ocTaTtkoM Thr
I Tun ADIT 3,3— | 0,04— | oborarmennbIit Ala-mosrop u3 11 a.o.; | Harding ef al.,
kepuak Myoxocephalus scorpius, | 4,5 | 0,67 | o-cimpanb 1999; Wierzbicki
3UMHSISI KamOaJia etal., 2008;
Pseudopleuronectes americanus, Hobbs et al., 2011
ryban Tautogolabrus adspersus
I Tvr ADIT 11- | 0,13 | oboramennsriii Cys Oenok ¢ qucyab- | Wierzbicki ef al.,
MOPCKOI BOpoH Hermitripterus 24 (UITHBIMY CBSI3SIMU; JISKTHHONOI00- | 1997
americanus, aTTaHTHYECKas upii; Ca’*-3aucumeiii u Ca2t-nesa-
cenbaw Clupea harengus, BUCHMBIH, [TIOOYIISIPHBIN C y4aCTKaAMU
aMepHKaHCKasl KOPIOIIIKa o-CriMpajel u B-1mucToB, oOpasyer
Osmerus mordax JIUMEPBI, MOJKET COJIEPIKATh OJIUroca-
Xapu/Ibl
IIT Tun ADIT 6,5 | 0,53 | KOMIaKTHBIN MIOOYISIPHBIN ¢ KopoT- | Miura ef al., 1999;
oenpatoru Macrozoarces ame- 7,14 KHMHU y4acTKaMu 3-JIUCTOB Baardsnes et al.,
ricanus, Rhigophila dearborni; 2003
3y0atku Anarhichas sp.
IV tun A®IIT 12,3 | 0,08— | 17 % Glu; my4ox u3 4 antunapa- Davies, Sykes,
Myoxocephalus octodecimspino- 0,5 | mempHBIX O-crMpaneif; romonorudeH | 1997,
sis, Pleuragramma antarcticum, aIlOJIUIIONPOTEUHY Lee et al., 2011
Notothenia coriiceps
T'unepaxtuBubiiit ADIT 16,7 | 2,2 |60 % Ala; a-criupans; odpasyer nu- | Marshall ef al.,
3UMHeH kamOaisl Pleuronectes sp. MeEpbI 2005; Gauthier
etal., 2005
HiieHUCTOHOTHE
Parwmii peGpucTorit 12,8 | 7,7 | 6 paccesHHBIX TOBTOpPOB 13 a.0., Kristiansen et al.,
Rhagium inquisitor MotuB Thr-X-Thr-X-Thr-X-Thr 1999, 2011;
B LICHTPAJILHOW YaCTH [TOBTOPA, Zachariassen et al.,
1 muCynB(QUIHBINA MOCTHK 2002
UepHoTenka y3Kkas 30 0,45 | oboramen Cys; norop Thr—Cys—Thr; | Mao et al., 2011
Anatolica polita B-cripasib
Bonbmioit Mmy4HO# Xpymiak 8,5 2,5— | oboraien Tre, Cys; npaBo3akpy4eH- | Graham et al.,
Tenebrio molitor 5,5 | Has B-cnmpaie Ha OCHOBE MOBTOPOB | 1997;
n3 12 a.0.; MHOTO IUCTEUHOBBIX MOc- | Liou ef al., 1999
THKOB
Dendroides canadensis 73— | 5-6 | moBrop Thr—Cys—Thr; mpaBo3akpy- | Duman et al.,
16,2 | (8-9) | uennas B-crmpans Ha OcHOBeE MMOBTO- | 2002
poB 1o 12 u 13 a.0.; MHOTO IMCTEHU-
HOBBIX MOCTHKOB
IToukoen enoBbIit 9,12 JIeBO3aKpyUYeHHas J-criupaib; mosTop | Graether ef al.,
Choristoneura fumiferana 15 a.0. (Thr—X-Thr); B-ciupamnu ume- | 2000, 2003;
0T TIOTIEpPEYHBIE CeKInu 1 (hopmupyroT | Qin ef al., 2007
napajuiebHbIe B-C1ou
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Oxonuyanne Ta0aunbI 1

M, TH, JlureparypHslit
Bun K/l oC OCOOEHHOCTH CTPYKTYPBI HCTOMHIK
[Isanernnia Campaea perlata | 3,5; 8,3 | 6,4 | oboramen Thr u Ala; B-cimpans Lin et al., 2011
CuexHas Ooxa 6,5 4 | 45 % Gly; TpunenTuIHbIE TOBTOPHI Graham, Davies,
(roytemboa) 15,7 Gly —x,X,, (X, — G, x, — Ala unu Val); | 2005;
Hypogastrura harveyi, 2 nucynb(GUIHBIX MOCTHKA, Mok et al., 2010;
Gressittacantha terranova 6 monmumnponnHOoBLIX criupaseil Il Tuma | Hawes ef al., 2011
B aHTHUIIAPAJUICIILHON OPUEHTALNH
Kpyriabie yepn
AHTapKTHYECKast HEeMaToa 15 0,03 — Wharton et al., 2005
Panagrolaimus davidi
Pacrenus
MopKOBb 36 0,35 | 74 % Leu-06orareix moBropoB (LLR); | Zhang et al., 2004
Daucus carota IJIMKO3UIIMPOBAH
Paiirpac macTOUIIHBIN 13,5 0,1 | B-crmpanp; LLR moBTOpHI; Griffith, Yaish, 2004;
Lolium perenne 29 TIIMKO3UINPOBaH Zhang et al., 2010
Msirkast mieHuIa 26,8, — | 2 wm 8§ LLR moBtopa Tremblay et al., 2005
Triticum aestivum 40,7
Poxb noceBHas 16-35 | 0,3 | 6enku yCTOMYMBOCTH K aTOTe€HAM Hon et al., 1995
Secale cereale ¢ pepMEHTATHBHON aKTHUBHOCTHIO
JIyroBuk aHTapKTUYECKHH 22 - 1-9 LRR u 16 ‘IRIP’ noBTOpOB John et al., 2009
Deschampsia antarctica
Iacnen crnaako-ropbKuit 67 0,4 |24 % Gly; na C-xonie 10 moBTOpOB Urrutia et al., 1992;
Solanum dulcamara n3 13 a.0.; IMKO3UIUPOBAH Duman, 1994
S. dulcamara 47,29 | 0,4 | xuTHHA30I10100HBIA Duman, 1994
Ammopiptanthus 50 0,35 | mmKo3mIMpoBaH Feiet al., 2008
mongolicus
Enn 27-30 2 | XUTHHA30M0NO00HbIE Jarzabek et al., 2009
Picea abies, P. pungens
JlmaToMOBEIE BOIOPOCITH 24 2,5 - Raymond, Knight,
2003; Bayer-Giraldi
etal., 2011
I'pudsI
Antarctomyces 28 0,42 | oboramen Thr; muKO3MITHPOBAH Xiao et al., 2010
psychrotrophicus
CHesxHasl IIeCeHb 23 0,3— —
Typhula ishikariensis, 2%
Coprinus psychromorbidus
Hpoxoxu Leucosporidium 26,8 0,7 - Leeetal., 2010
Bbakrepun
Marinomonas primoryensis | 1000 2 | raamemusIit moBTop 104 a.0.; moBrop | Gilbert ef al., 2005
u3 19 a.0.; B-criupanbHbIC yYaCTKH;
Ca?*-3aBUCHMBII
Colwellia 26 <0,1 | nepBuuHas cTpykTypa romosiornuna | Raymond ef al., 2007

AHAJIOTUYHBIM O€JIKaM M3 CHEXHOK
TUIECEH! M JMATOMOBEIX BOAOPOCIEH

* JlaHHbBIC B pa3HBIX HCTOYHUKAX OTIHYAIOTCS; IPOYESPK — HET JaHHbIX, MB — MosteKysipHbIii Bec; TH — BenudrHa Tepmoruc-

Tepe3uca; a.0. — aMUHOKHUCJIOTHBIEC OCTAaTKH.
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COpPTOB pXH, MiIeHUIBl 1 sumeHst (Antikainen,
Griffith, 1997; Tremblay et al., 2005).

OTMeTHM, 9TO BBIIIEJICHHBIE M3 3aKaJEHHBIX
mucTtheB pku ADII oTHOCATCS K Tpem Kiaccam
0eJIKOB yCTOWYMBOCTH K IaToreHam (pathogenesis-
related — PR): xutnnazam (chitinase-like proteins —
CLP), B-1,3-rtokanazam (GLP) u Taymarunam
(TLP) (Hon et al., 1995). UacTs atux ADII umeer
Kak aHTA(PU3HYIO, TaK U (PEPMEHTATHBHYIO aK-
tuBHOCTH (Hon et al., 1995; Yaish et al., 2006).
Taxum o6pazom, ADII 03uMoi KU UTPAIOT POITH
B MOPO30YCTOMYMBOCTH M HECTEIIM(DUICCKON yC-
toituuBoctH K Oosne3nsam (Griffith, Yaish, 2004).

A®II HaiiieHBI U Y TEIUIOMIOOUBBIX OpTaHH3-
MOB, B 3ToM citydyae ADII ymeHbI11al0T aKTUBHOCTh
CIy4allHBIX W TPYIHO YCTPAHUMBIX HYKIIEATOPOB
JbJIa TIPH BHE3aITHOM YMEHBIIIEHHH TEMIIEPaTypPhI
okpyxatomieir cpeasl (Parody-Morreale ef al.,
1988). Kpome Toro, A®II urparotr KpuonpoTek-
TOPHYIO POJIb B OTHOIIIEHHH HEKOTOPHIX MEMOpaH,
npenoTBpamas (pa3oBbIi epexo; IUMUI0B U CTa-
Oomnm3npys KanplyeBbie kanaisl (Barrett, 2001).

A®II paboTaroT B coueTaHuu ¢ OCIKOBBIMH
HYKJIeaTOpaMH JIbJa, YTO TIO3BOJISIET OPTaHU3MY
KOHTPOJMPOBATh CKOPOCTB POCTA JIbJa B IPOLIECCEe
3aMmopakuBaHus (Zachariassen, Kristiansen, 2000).
WnTepecno, uto y pusobakrepun Pseudomonas
putida, pacipoCTpaHEHHOU B apKTHUECKUX paiio-
Hax Kanazpl, oonapyxen ADIT (164 x/1a), cBsa3an-
HBIH C YIICBOAHBIM U JIMIHUIHBIM (hparMeHTamH,
KOTOPBIA MMEET U aHTU(PPU3HYIO, U HYKICHPY-
rornyro aktuBHOCTH (Moffatt ef al., 2006).

CaotictBa ADII npenoTBpamars HyKIEauio
JbJ1a, TOPMO3UTHh POCT KPUCTAIUIOB JIbJia, WHTHU-
OMpOBaTh PEKPUCTATUIM3AIMIO M 3alHIIATh KJe-
TO4HBIe MeMOpaHbI oT noBpexaeHui (Kristiansen,
Zachariassen, 2005; Pertaya et al., 2008) moryT
OBITH HCIIONB30BAHBI MIPU XPAHEHUHU MPOIYKTOB
MTUTaHUS, B CEITbCKOXO3SIICTBEHHOM TIPOM3BOJICTBE
W JUIsl KPUOKOHCEPBAIUH KIIETOK ¥ OPTaHOB B Me-
murube (Zhang et al., 2007). Iloka3zaHo, 4TO TIpU
3aMep3aHru U OTTauBaHUM B npucyTcTBUU ADII
PBIO KIIETKH MIICKOITUTAIOMINX, TAKUE, KAK OOLIUTHI
KPYITHOTO POTaToro CKOTa, TPOMOOITUTHI YeJI0BeKa,
SMOPHOHBI MBIIIH, CIIEPMATO30H B! OapaHa 1 KIICTKH
TIEYCHHU KPBIC, IEMOHCTPHPYIOT MOBBIIICHUE YPOBHS
BBDKMBAEMOCTH M BOCCTAHOBIICHHS HOPMaJILHOTO
¢dyuxmonuposanus (Fletcher et al., 1999). Benyrest
paboTbl o cuHTE3y MoaudHUIMpoBaHHBIX ADII
C ONTUMHU3UPOBAHHOW UTSI KOHKPETHBIX YCIIOBHM

crpykrypoit (Tam et al., 2009), Tpanchopmanyu
pPacTeHHI M KUBOTHBIX UYKEPOAHBIMH T'€HAMHU
A®II 7151 HOBBILIEHUS X YCTOMYMBOCTH K HU3KUM
temneparypam (Griffith, Yaish, 2004).

Taxum o6pazom, ADII BBIIBICHBI y BUIIOB C
pa3HOU cTpareruell BbDKUBAHUS IIPU MOHUXKE-
HHUM TeMmIepaTypsl okpyxkaromen cpensl. ADII
HaKaljIMBalOTCsl B MECTax Hanboyiee BEPOSITHOTO
00pa3oBaHus JbJ1a, HAIIPABIISIOT U TOPMO3ST POCT
MacCHBOB JIbJIa BHYTpH oprannzMa. Kpome Toro,
A®II MOryT UMeTh JAONOIHUTENbHBIC (QYHKIUH,
CIOCOOCTBYIONINE BBDKUBAHHUIO NMPU HEXBATKE
BJIary WJIM BO3/IEHCTBUH N1aTOI'€HOB.

Mexanu3M gedcTBUSA

B otiuume oT OOJIBIIMHCTBA PacTBOPSIEMbIX
BEIICCTB, KOTOPHIE BBITCCHSIOTCS (DPOHTOM Jib/Ia B
nporiecce 3amopaxupanusi, ADI1 HeoOpaTumo cBsi-
3BIBAIOTCS C TIOBEPXHOCTHIO JIbJIa U BKITFOYAIOTCS B
COCTaB KPHCTAIUITMUECKON perreTky abpaa (DeVries,
1986). CBs13pIBaHHE CO JTHIOM CTAOMITH3UPYETCS CO-
YETaHHEM BaH-JIepP-BaajibCOBBIX B3aUMOJICHCTBUM
U BOJIOPOIHBIX CBsI3€H, BO3HUKAIOIIUX 33 CUET
CTpATErHYECKHU PACTIONIOKEHHBIX B COOTBETCTBHH C
[1aroM PeIeTKH JIbJ]a AMHHOKHUCIIOTHBIX OCTaTKOB
(Jia, Davies, 2002). ADII cnierudraeckn aacopon-
PYIOTCS Ha OTIpe/IeNIeHHbIE TPaHU KPUCTAIIIOB JIbJa
(puc.) ¥ TOBEPXHOCTH MAJIBIX JIBIOTIOJJOOHBIX KJ1ac-
TEPOB MOJICKYJ BOJbI (3aPOJIBIIIEBBIX KPUCTAIIOB
W S]1ep ), COpPMUPOBAHHBIX HYKIICATOPAMHU JIba
(Graether, Sykes, 2004).

AHTHPHU3HAS aKTUBHOCTH (PUKCHPYETCS TIPH
MHUKPOCKOIIUPOBAHUM BOJHBIX pacTBOpoB ADII
M0 U3MEHEHHI0 MOP(OJIOTHH KPUCTAIUIOB JIbJIa B
nporecce ux pocra (puc.) (Knight ef al., 1991) u
[IPH U3MEPEHUM HEIIMHEHHOTO YMEHBIIICHUS TEM-
nieparypsl 3amep3anust pactBopoB (Kristiansen,
Zachariassen, 2005). ®opma KpHCTaJIOB 3aBH-
cuT oT KoHneHtpanuu ADII n cnenuduaeckoit
AKTUBHOCTU KOHKpETHBIX n3odopMm (Meyer ef al.,
1999). lns onpeneneHus rpaHel KpucTasia JIb/a,
¢ koTopbiMu cBsi3biBatOTCs ADII, ucnonb3yror
BEIpAIIUBAHUE JIENITHOM TTOITyc(hephl U3 eMHCTBEH-
HOro Kpucrtaia jbaa B pactBope ADIT Huzkoit
KoHIeHTpanun. Mecta aacopommu ADIT BuaHBI
HEBOOPYKCHHBIM TJ1a30M KaK YYaCTKH MaTOBOWM
MOBEPXHOCTH Ha MPO3pavyHOH JieAssHoH norycdepe
(Knight, DeVries, 2009). DTum METOIOM ITOKa3aHO,
y10 ADII I THITa 3MMHET KaMOaTBI CBS3BIBAIOTCSI C
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12 rpaHaMu OUITMPaMUAATIBLHOTO KPUCTAJIA, TOT/Ia
kak A®II I Tuna kepyakoB CBA3BIBAIOTCS TOJBKO C
6 rpansamu (Harding ef al., 1999).

XapakTep B3aUMOACHUCTBUS OeKa WU yIie-
BOZIOB CO JIBJIOM BO MHOI'OM OCTaercsi B obmactu
npennonoxkennii (Garnham et al., 2011), XoTst ObLTH
TIOJTy4YeHBI JI0KA3aTeJILCTBA B ITOJIb3Yy MEXaHU3Ma aJl-
copOuronHoro naruduposanwus (Knight et al., 1991;
Pertaya et al., 2007). Anannz ADII peIO, HaceKOMBIX
Y PACTEHHUH MOKa3al, YTO, HECMOTPS Ha CXOICTBO
OTZIENBHBIX AIEMEHTOB, HET HUKAKOM KOHCEHCYCHOM
MOCTIeTOBATEIbHOCTH MIIM €IMHON CTPYKTYPBI JUIS
JIBIOCBA3bIBaOIINX ToMeHOB (Jia, Davies, 2002)
(tabi. 2), u yro HexkoTopbie ADI] MeHSIOT KOH-
¢dopmanmro npu HU3KKX Temmeparypax (Uda ef al.,
2007). IlosToMy HE TIpEACTaBIACTCS BO3MOKHBIM
M0 CTPYKTYPHBIM OCOOEHHOCTAM OEITKOB BBISIBUTH
HoBeie ADII B 0a3zax JaHHBIX, €TUHCTBEHHBIN
croco6 obuapyxuth ADIl — npoananu3zupoBarsb
CIOCOOHOCTH 0O€JIKa CBS3BIBATHCS CO JIBIOM.

DKCIIEpUMEHTHI 10 3aMEIIECHUIO Pa3IUYHbBIX
ocTatkoB B nocuegoBarenbHocTsX ADII | Tuna
pr10 1 ADII HacekoMBIX yOEIUTENBHO JOKa3allH,
4TO THPO(OOHBIE B3aNMOIEHCTBHSI, 0OecTIeurBa-
eMble METWIBHOM rpymmoii ocratkoB Thr, umeroT
peraroriee 3HaYeHHUE U1 CBs3bIBaHUs HTUX ADI
co npaoM (Baardsnes et al., 1999; Leinala et al.,
2002a; Wierzbicki et al., 2008). Ogaaxo B cy4ae
AO®I'TI moka3ano, 9To THAPOGUILHBIE B3aHMO-
NEWCTBUS SBIAIOTCA HEOOXOIMMBIM YCIOBHEM
azicopOiuu Ha pemeTky Jibaa (Knight ez al., 1991;

Tam et al., 2009). B mocnennee Bpemst Obu1a U3y-
yeHa ruaparanus AOI'TI u npogeMoHCcTpUpOBaHa
ee posb B MexaHusme neirctBus ADII/ADITI
(Ebbinghaus et al., 2010).

B otnmmane ot ADII pp16 1 HACEKOMBIX TICITBIH
psan ADII pacTeHuit IMeeT MHO)KECTBEHHBIC THI-
podusibHBIEC calThI CBsI3bIBaHMS €O JibaoM (Griffith,
Yaish, 2004; John et al., 2009; Laursen et al.,
2011). Hanpumep, ADII meHuis: numerot 2 caiita
CBSI3BIBAHUS CO JIBJOM, KOMIUIEMEHTAPHBIX ITPH3Ma-
TUYECKOH IMOBEPXHOCTH JIbJIa M PACTIONOKEHHBIX
Harmpotus apyr apyra (Tremblay et al., 2005).

TTonck oOmero MexanusMma cBsi3biBaHusg ADI]
CO JIBIOM OCJIO’KHEH BapHabeIbHOCTHIO CTPYKTYPBI
9THUX OCJIKOB M TEM, YTO OHH PACHO3HAIOT Pa3iny-
HBIE TI0 CTPYKTYpE TIOBEPXHOCTH KPUCTAIIA JIb/IA.
TeMm HEe MeHee HEKOTOpbIE O0IIHE CBOHCTBA U 3aKO0-
HOMEPHOCTH OBLIH BBISIBIIEHBI. CaiiThI CBSI3BIBAHUS
CO JIBJIOM, KaK TPaBUIIO, TUIOCKHE, OTHOCUTENHFHO
ruApoQoOHBIE ¥ 3aHUMAIOT OOJTBIITYIO YaCTh TOBEPX-
HoctH Oenka (Davies et al., 2002). {nst co3nanus
0oJiee YETKOTO TMPENCTaBIeHHST HEOOXOAUMO OXa-
pakTepu3oBath Oombinee komuaectso ADII.

CaoiictBa A®II u BiIMsIHNE Pa3TUYHBIX
(hakTOpOB Ha MX NPOSIBIICHUE

Paszubie Bunbl aktuBHoctd, TH u IRI, nposis-
Js10TCsl Y KOHKpeTHbIX ADII B pa3Hoil creneHu,
B3auMocBs3b Mexay TH- u IRI-akTuBHOCTAMM OC-
TaeTcs nmpeaMeToM u3ydenus (Yu et al., 2010). He-
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Taoauna 2

Uucno reHoB, BO3MOYKHBIE ABOJIOIMOHHBIE TPEIIECTBEHHUKH,
0COOEHHOCTH CalTOB CBsA3bIBaHUS O JbaI0M ADII ppIO, HACEKOMBIX U pacTeHUI

Berok Komnuectso | Tomonoruunsie CaliT cBS3BIBAHUS CO JluteparypHsblit
I'EHOB Oenku JIbJIOM HCTOYHUK
AT'®II (TpeckoBsie, 41* TPUIICHHOTEHO- noBTopsl Gal-GalNAc Cheng, 1998
HOTOTEHOUIHBIE PHIOBI) noyio0OHast mpoTeasa
I tun A®DII pei6 80-100 | Genxm xopmoHa moBTopsifomuecs KoHcep- | Evans, Fletcher, 2005;
(kepuak, 3SUMHS KaM- u xeparuHa Liparis |BaruBHbIe Thr, Ala Hobbs et al., 2011;
Gamna) atlanticus Zhang et al., 2009
II tun ADIT pr16 15 nexTuH C-THIa caiit cBsisbiBanus Ca?”, Nishimiya et al.,
(MopcKoii BOPOH, aTiaH- JKUBOTHBIX Tockas ruapododHas 2008
THYECKasl CeIIb/Ib, aMe- MTOBEPXHOCTH
PHKaHCKas KOPIOIIIKa)
I e ADIT prI6 30-150 | cunTrasa cwiioBodl | B-crupans Ha C-KOHIIE Deng et al., 2010;
(6enmpatoru, 3ydarkn) kuciotsl (SAS) Zhang et al., 2009
IV tun A®DII pri0d HEOOJIBIIIOE | ANOJIMTIONPOTENH - Davies, Sykes, 1997
(ObruKH) CEeMENCTBO
T'uniepaxtuBHbIE ADIT - ADII I Tuma KOHCEpPBaTHUBHBIC Marshall et al., 2005
I Tuma puIO 3umHel kambaner | Thr, Ala B moBTOpe
(3uMHsIs KamOaa)
A®II monu (emoBEIi 17 - “Thr-X-Thr’ motus, -cru- | Tyshenko et al., 1997
moukoen C. fumiferana, pais IeBO3aKpydCHHAS
manenuna C. perlata)
A®II xyxkoB (D. cana- 12; 30-50 - ‘Thr-X-Thr’ motus, B-cnu- | Graham et al., 1997
densis, T. molitor) pajib IpaBo3aKkpydeHHas
A®IT xyxoB ceMeicTBo - 6 Thr-X-Thr-X-Thr-X-Thr | Kristiansen et al.,
(paruii peOpUCTHIit) MOTHBOB, B-CIIUpab 2005, 2011
A®II cHexHON OI10XH 2 - IIUPOKasi TOBEPXHOCTD Mok et al., 2010
n3 B-cimpaneit
Xurnnaza-ADII HEOOJIBIIOE | DHIOXUTHHA3EI - Hon et al., 1995;
(poXx®b MMoCceBHAsT, MST- cemeiictBo | I um Il xiracca Yeh et al., 2000;
Kas IIeHNIa, ITaciaeH Duman, 1994;
CITaJIKO-TOPBKHIT) Winfield et al., 2010
I'moxanaza-A®I1 HEOOIIBIIIOE | PHIOTITIOKOHA3A He mepecekaercs ¢ runpo- | Hon et al., 1995;
(poXb moceBHas) CEMENCTBO JIUTUYECKUM CalTOM Yaish et al., 2006
Taymatun-ADII HEOOJIbILIOE | TayMaTHH - Hon et al., 1995
(poxb moceBHAas) ceMeicTBo
IRIP 31aK0B ** 2-15 KHMHa3a perenrtopa | B-crupas; Tremblay et al.,
¢utocynsdhokuna | aBa ruapodmIbHBIX caiita | 2005; Middleton
puca etal.,2009;

John et al., 2009

DcAFP (MOpKOBB) 1 WHTAOHUTOP TIOITH- — Smallwood ef al.,
raJlakTypHasbl 1999;
Zhang et al., 2004
STHP-64 (nacnen 1 WRKY (¢pakrop - Huang, Duman, 2002
CJIAJIKO-TOPHKHIA) TPAHCKPUIILINH)

* Tlomunporenn n3 41 xonuu rena; ** TalRI (Msarkas nmenunna), LpAFP (paiirpac mactéuminbiii), DalRIP (;ryrosuk antapk-

TUYCCKUR).
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koTtopble MyTanTHble ADII 6e3 TH-akTuBHOCTH, HO
UMEIONIHE Ty K€ OPMY H pa3Mep, TEPSFOT U CII0-
COOHOCTH HHTHOMPOBATh PEKPHUCTAUTH3AITHIO, UYTO
TOBOPUT 00 00TIIeH 3HAYNMOM CTPYKTYpE IJIsT 00SHX
¢yukuuit (Knight et al., 1995). D10 noaTBepxaaeT
CYILIECTBOBaHHE OOPAaTHOW 3aBUCUMOCTH MEXKITY
ypoBHeM TH u pasmepoM KpHCTaIOB JIbJA, T. €.
4YeM MEHbIIIe pa3Mep KPUCTAIUIOB JIba, TeM 00JTb-
me TH-a¢ddexr (Kristiansen et al., 2005).

Hexoropsre ADII oTmudaroTest O9eHb BEICOKOM
TH-aktuBHOCTBIO (4-6 °C) pu CyOMUILTUMOIISP-
HBIX KOHLIEHTPAIMAX, UX Ha3bIBAIOT «TMIIEPAKTUB-
HbeiMm» (Graham et al., 1997). T'unepaxrusubie ADIT
1 ymepeHHo akTuBHbIe ADI], KpoMe pa3HUIIBI B UX
TH-akTHBHOCTH, OTJIMYAIOTCS U 110 KApPTHHE POCTa
KPUCTAJUIOB JibJla Mociie npeBbilieHus nopora TH,
KOT/Ia MOBEPXHOCTHO aficopoupoBannbie ADII yxe
HE B COCTOSIHUH NPEIOTBPATUTh HapacTaHHE JIbJa.
Ymepenno aktuBHble ADIT HanpapmsAtoT pocT cu-
KyJ1 JIbJIa BIIOTh C-OCH KPHCTAILIA JIbJIa, TOI/Ia Kak
Bce runepaktuBHeie ADII criocoOcTByOT pocTy
BJIOJTb a-OCH, TIPUBOJIS K TTOSIBIICHUIO JIEHIPUTHBIX
kpuctaiios (Scotter et al., 2006). Kpome Toro, 3xc-
MIEPUMEHTHI 10 BBIPAILIMBAHUIO MAKPOCKOITUIECKUX
KPHCTAJIJIOB JIbJIa TIOKA3aJIH, 4TO O0JIee BHICOKAs aK-
TUBHOCTb rurnepakTUBHbIX ADII siBrsieTcs pe3ynbTra-
TOM aJICOPOIIMH KaK Ha MPU3MaTHYECKUE TUTIOCKOCTH
KpHUCTaJlIa JIbJIa, TaK ¥ Ha OazanbpHbIe (Scotter ef al.,
2006; Mok et al., 2010). Herunepakrusabie ADII
He CBSI3BIBAIOTCS € Oa3anbHOM mockocThio (Knight
et al., 1991; Pertaya et al., 2008).

He ynmamocw BBISSBUTH KOPPEISAIHUI0 MEXKIY
BbICOKOM TH-akTUBHOCTBIO U BbICOKOM [IRI-akTHB-
HOCTBIO, TutiepakTuBHBIE ADIT 1 ADII co cpemueit
AKTUBHOCTHIO UMEIOT MPUMEPHO OJIMHAKOBYIO
IRI-akTuBHOCTE (YU et al., 2010). BaxHno otme-
TUTh, YTO B HKCIIEPUMEHTAX IO HAIpPaBIEHHOMY
MyTareHe3y Mpy 3HAYUTEITFHOM U3MEHEHUH CBSI3bI-
BAaIOILKXCS CO JIBJIOM OCTaTKOB B CTpyKType ADIIT
yMeHbinanach kak TH-, Tak u IRI-akTUBHOCT®,
MOKa3bIBast, YTO OJHU U T€ K€ aMUHOKHUCIIOTHBIC
OCTaTKH MMEIOT pellaroiiee 3Ha4eHue Al 000ux
BUJIOB aKTHBHOCTH. Kpome Toro, nHoHbl Oukap0o-
Hara, mopeimaromue TH-akruBHOCTE ADII, Takke
noBbIatoT IRI-aktuBHOCTE. [Ipennonaraercs, 4to
TUTIEPAKTUBHBIC W HerunepakTuBHBIE ADII oTiTn-
YaroTCs I10 TUIOIIA/IN CaliTa CBSI3BIBAHUS CO JIBIOM,
a TakKe 1o crabunbHocTH cBa3u ADII u npaa B
YCIIOBUSIX MIEPEOXIIAXKICHUS U PEKPUCTAIITU3ALUU
(Yu et al., 2010).

HccnenoBanus mokasanud 3aBUCHMOCTb YPOB-
Hs1 TH-aktuBHOCTH OT psAna (akTopoB, KOTOpHIE
BKJIKOYAIOT Kak Bapuauuu cTpykrypbl ADII, tak
W BIIUSTHUE PA3IIMYHBIX BEIIECTB, K KOTOPBIM OT-
HOCSITCS HU3KOMOJICKYJsIpHbIe coenuHenus (Li
et al., 1998; Graether et al., 2000; Evans et al.,
2007; Kristiansen et al., 2008; Wang et al., 2009),
paznuunbie 6enku (Nishimiya et al., 2008), B Tom
gucne apyrue ALl (Amornwittawat et al., 2008).
JloGaBnenune coseil MPUBOIUT K MOBBIIICHHUIO aK-
tuBHOCTH TH B Heckonbko pa3 (Evans et al., 2007),
BO3MOYKHO, 9TO MPOUCXOJUT 32 CUET CHUKCHUS
pactBopumocTH Oenka (Kristiansen et al., 2008).
OTMeTHM, YTO aHTU(PHU3HAST AKTUBHOCTb YBEJIH-
YMBACTCSI B IPUCYTCTBUU SHAOTEHHBIX HU3KOMO-
JIEKYJISIPHBIX TIOJIMOJIOB, KOTOPBIE HAKATLIUBAOTCS
y MHOTHX OPTaHU3MOB TIPY HU3KOTEMIIEPaTyPHOM
anantauu (Li et al., 1998).

BaxxHblil pe3ynbraT MONMydYeH B SKCHEPUMEH-
Te mo nepeHocy reHoB A®II xyka Dendroides
canadensis B reaoM Drosophila melanogaster. Boi-
SICHIJIOCh, YTO COBMECTHOE BBEJICHUE JIBYX I'€HOB
IpUBOAWIIO K OomnbiieMy TH, ueM BBezieH1e OTHOTO
u3 3tux renoB (Lin et al., 2010). Dtu naHHbIe CO-
IJIACYIOTCS ¢ HAOMIOAAeMbIM Y 3UMYIOILICH THINHKH
Dendroides canadensis oueHb BEICOKUM 3HaUCHHEM
TH (3-5 °C) u npucyTcTBHEM B TeMOTUM(pE MHO-
*ecTBeHHBIX n30popm ADII, KoTOpEIEe, OUEeBUAHO,
YCHJIMBAIOT JiciicTBUE APYT apyra (Amornwittawat
et al., 2008).

Kpome toro, B remonumbe Dendroides cana-
densis oOHapyKeHO HAJTMYME TayMaTHHOIIOJOOHO-
ro Oenka-ycunutens AIID u BbICOKO# KOHIIEHTpa-
iy runepuna (0,5—1,0 M). Imunepus noseImaeT
akTUBHOCTH ADII myTeM CTUMYISAIMY B3aUMOIeH-
CTBHSI MEX]Y Pa3HbIMU U30()OpMaMH, TaK KaK Mpu
ero 100aBJICHUU B PacTBOP, COIACPKAIIUN OIHY
nzodopmy, apdekt orcyrcrBoBan (Wang, Duman,
2006). Hanmwaue B opranusme ycununrenein ADIL
MIPUBOJIUT K TOMY, 4TO TH-aKTUBHOCTB OUHMIIIEHHOTO
enuauanoro DAFP nwwxke, yem TH B remonumde
(Amornwittawat et al., 2008).

Hawnbonee 3 hexTnBHBIM HU3KOMOJIEKYIISPHBIM
YCHUJIMTEJIEM SIBIISIeTCSl IMTpaT HaTpusl. B npucy-
cTBUM uTpara Harpusi TH-aKTUBHOCTH FreMOJIUM-
(w1 xyka Dendroides canadensis yBennaniach B
6 pa3 (Li et al., 1998). DKkcriepiMEHTHI ITOKa3aJIH,
YTO KOHICHTPAIHSI HU3KOMOJICKYJISIPHBIX YCHIIUTE-
Jeid, HeoOXoaMMast IJ1sl IOBBIICHUST aKTUBHOCTH,
cocTaBisaeT okoio 250-500 MM (Amornwittawat
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et al., 2008). I'munepruH oKkazayics €MHHCTBEHHBIM
YCUJIMTENIEM, KOTOPBII €CTeCTBEHHBIM 00pazom
MPUCYTCTBYET B JOCTATOYHO BBICOKHMX KOHIIEHT-
pauusix y D. canadensis.

Biusaue yBenmudeHus caiTa CBSI3bIBAHHS CO
np10M Ha TH-aKTHBHOCTB 32 CHET OJIMTOMEpPH3AIT
MOKa3aHO TIPY M3YYEHUH €CTECTBEHHBIX W CHHTE-
3UPOBAHHBIX UCKYCCTBEHHBIX MyIbTUMEPOB ADIT
pwi0 111 Tumna (Baardsnes et al., 2003; Zhang et al.,
2009). Oxazanocsk, uto TH Bo3pacraet nponopiu-
OHAJIBHO Pa3Mepy MYJIBETHMEPOB, TIPH 3TOM KayKIbIi
MYJIBETHMED MPHUIAET KPUCTAILTY JIb/Ia YHUKATBHYTO
dhopmy, TIPEACTABIISIIONIYI0O COO0W M3MEHEHHBIH
BapHaHT M3HAYaJIbHOU Ounmpamunbl (Zhang et
al., 2009). AnanorudHoe siBIICHUE HaOJIFOIAIOCh
B pacTBOpax CHUHTE3WPOBAHHBIX aHAJIOTOB MaJIbIX
A®I'TI pei6 ¢ xoHIeHTparmei Oenka > 20 mM,
B KOTOPBIX 00pa3yroTCs TUMEpHl W HaOronaemast
rpu 3toM TH akTHBHOCTH HAMHOTO BBIILIE, YEM B
pacTBopax C MCHBIIUMH KOHIICHTPAIUSIMU, MPU
KOTOPBIX HE MPOUCXOIUT arperanusi OeNkoB. ITOT
(aKT CBHIETEILCTBYET O KOOTIEPATUBHOM XapaKTepe
(YHKIIMOHMPOBaHUS HU3KOMOJIEKYTIpHbIX ADITI.
B3anmoneiicTBue HaOmromaeTcs TakkKe MEXITY
A®DITI pasusix dpakmmii (Bouvet et al., 20006).

Nutepecno, uro ADII ¢ oTIHYIArOIIIMMUCS JIe-
CBSI3BIBAIOIIIIMU JIOMEHAMHU MOTYT 00pa3oBbIBATh
OJINTOMEPBI Pa3HOTO COCTaBa, YTO MO3BOJSET
YBEJIMYMBATh BapUaOEIBbHOCTh U YUCIIO JIE/-CBSI-
3BIBAIOLIUX IOMEHOB, KaK MMOKa3aHo B cityyae ADIT
o3umMoit pxu (Secale cereale) (Griffith, Yaish, 2004).
JIucThs 3aKaneHHON KU COIeprKar 6 aroIUIaCTHBIX
MOJUTIETITUIOB C PA3IMYHON KOMOMHAIMEH TITIOKa-
HA30MO00HBIX, XUTHHA30MOA00HBIX M TayMaTH-
HO1oJ00HBIX ADII B KOMIUIEKCE C IPYTUMH HEH3-
BecTHBIMH Oenmkamu (Antikainen, Griffith, 1997).
Dopmupys onuroMmepHsie komiuiekceobl, ADIT moryt
00pa30BBIBaTh 00JIEE MPOTSKCHHBIC TTOBEPXHOCTH
JUTSL B3AaUMOJEHCTBUS CO JIBJOM, MJIM OHH MOTYT
MPOCTO YBEIMUYUTH MAaccy CBS3aHHOIO CO JIbJIOM
Oenka. B mobom ciydae komrutekcsl ADIT moryT
MOAABIISITH POCT JIbJIA M TIEPEKPUCTAILIH3AINI0 00-
nee 3¢ (HEeKTUBHO, YeM OTACITHHBIC TIOTHUITCTITH I

A®II ygacTo mpencTaBiIeHbl B OpraHU3Me He-
CKOJIBKUMH H30()OpMaMH, OTJIUYHBIMH IO CTPYK-
Type, MOJIEKYJISIpHOI Macce, CPOACTBY K TOBEPXHO-
CTSIM KpHCTAJLIA JIbJIa M MECTY (DYHKIIMOHHPOBAHHS
(DeVries, 1986; Knight et al., 1991; Ewart et al.,
1999), xpome TOTO, B TCHOME OOHAPYKUBAIOTCS
MHOKeCTBeHHBIe Kornu reHoB ADII (Tadm. 2). Ha-

puMep, y 3uMHel kambansl Pseudopleuronectes
americanus €CTh JBa aHAJOTHYHBIX CEMEHCTBa
A®II renos. ['eHbI 0OTHOTO U3 CEMENCTB KCIIPEC-
CHPYIOTCS B [ICYEHU U KHILIEYHUKE, TIPH TOM OCIIKU
HAKaIUIMBAIOTCS B KPOBU U KUIICYHOH >KUIKOCTH,
TeHBI APYTOTO CeMeICTBa (PYHKIIMOHUPYIOT B IO~
BEPXHOCTHBIX TKaHSIX, TaKMX, KaK KOXa, Yemrys,
MIaBHUKY 1 Ka0pel (Gong et al., 1996).

Mmorue cemeiictea ADII BrirouaroT u3odop-
MBI C JOTIOJTHUTENLHBIMH IIOBTOPAMH U [TOBBIILICH-
Holi akruBHOCTBIO (Harding et al., 1999). Bnepsbie
910 OBLTO TOKa3aHo Ha ipuMepe ADITI pri6 (Wu
etal.,2001). Tpecka Gadus ogac, Hanpumep, CHH-
Te3upyet Oombinoe konmndectBo nzogopm ADITI,
U OIIEHKA TePMOTHCTEPE3UCHOM aKTUBHOCTHU pas3-
JTUYHBIX U30(opM nokasana, uto ADITI ¢ bonee
HU3KUM MOJICKYJSPHBIM BECOM UMEIOT MEHBIIYIO
AKTUBHOCTD, TPH 3TOM aMHUHOKHCIIOTHBI COCTaB
He nMeJ cymecTBeHHoro 3HadeHus (Harding et al.,
2003). IIpuauMast BO BHIMaHHE MPEAIoIaraeMyo
nuHelnyto cTpykTypy ADI'TI, npeanonaraiot, 4To
n30(opMsI ¢ 60JIee HU3KOH MOJIEKY/ISIPHOM MaccoH,
CKOpee Bcero, kopode. Takum 00pazoM, CyIIeCTBY-
eT cBsi3b MeXy JUIMHOH ADIT] 1 aKTUBHOCTHIO.
M3odopma ADII | tTrrma 3umMHel kamMOaITkI ¢ 4 TaH-
JeMHBIMH | 1 -aMUHOKHCIIOTHBIMU TIOBTOPaMH B JIBA
pasa Gosiee akTHBHA, YeM U30(opMa ¢ 3 TOBTOpaMH
(Evans, Fletcher, 2005).

N3yuenue cTpyKTyphl OONbIINX U30(OpM
MO3BOJISIET OOBSICHUTH 3TO HAONFOZeHNE: 00JIaCTh
MIPEIIONIaraeéMoro caifTa CBSI3bIBAHMS JIbAA B 00ITb-
X n30(hopMax CHEXKHOM OJIOXHM MPUMEPHO B J1Ba
pasa Ooibliie, yeM y MeHbInx uzodopm (Lin et al.,
2007), a 6onbinas uzohopma ADI Choristoneura
fumiferana umeer B Tpu pa3a 6ounbiryto TH-akTus-
HOCTb U 2 JIOTIOJTHUTEIBHBIX BUTKA BHYTPH B-CITH-
paju, IBISIOLIEHCS CAlTOM CBS3BIBAHUS CO JIbJOM
(Leinala er al., 2002b). [Tokazano, 4To Ooibliiee
gucyio Thr-X-Thr-MoTHBOB B caiiTe CBSI3bIBAHHS
nbaa y ADIT HacekOMBIX yBEIMYMBAET PE3YJbTH-
pytoutyto antTudpusHyto aktuBHocTh (Graether et
al., 2000; Leinala et al., 2002b; Marshall et al.,
2004; Kristiansen et al., 2011).

Peryasinus cunreza ADIIL

Jns pa3BUTHSI YCTOWYHUBOCTH K HHU3KOTEM-
MepaTypHOMY CTpeccy TpeOyeTcs BO3IeHCTBHE
HM3KON MOJIOXKUTEIBHON TeMIepaTypbl, KOTOpast
BBIIIIE TEMIIEPATyPhl 3aMEP3aHUsl, YTO TTO3BOJISIET
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OpraHu3My MOJATOTOBUTHCS K MOCIEAYIOIIEMY
BO3JICHCTBHIO JIETAIBHBIX HU3KHUX TeMIIEpaTyp
(Antikainen, Griffith, 1997). Bo MHOTHX ciy4asx
A®II cuHTE3UpYIOTCS CE30HHO MJIU Ha OIIPEJIEIICH-
HOM CTaJny Pa3BUTHUSA OPTaHU3MA, T. €. PeryIupy-
10Tcst oHTorenernuecku (Barrett, 2001).

Koctucrbie poiobl. Paznuunbie Buabl peid
UMEIOT 0COOEHHOCTH CTPaTETHU CE30HHOTO Pery-
mupoBanus cuaTe3a ADII (Fletcher et al., 2001).
Hexoropsie naunnarot cuare3 ADI1 nepen HacTyn-
JIEHHEM XOJIOZIOB, IpyTHe — TOJIbKO B OTBET Ha I10-
HIDKEHHE TEMIIEpaTyphl, B TO BPEMsI KaK OT/EIbHbIC
BUJIBI MOTYT cuHTe3upoBaTh ADII mocTosHHO.

B kpoBHM HOTOTEHHEBBIX PHIO YPOBEHb AHTH-
¢bpusHBIX muKonporennoB (ADITI) cHmkaercs
npu TertoBoi akkimmManuu (4 °C) B Teuenune 16
He/IeNb, HO KOJIMYECTBO KPYMHBIX KOMIIOHEHTOB
AO®I'TI ymenbiiaetrcst HezHauuTenbHo (Ha 20 %),
B omiiuuue oT manbix ADITI (ma 60 %) (Jin,
DeVries, 2006). A B xpoBu Oenbaroru Lycodichthys
dearborni BHICOKUH ypOBEHb OCIIKOB CeMEHCTBa
AO®II III Tuna coxpaHsieTcst Ha NPOTSHKEHUH roja
(Wang et al., 1995). Ha npumepe MaIbKOB HOTOTE-
HHUEBBIX PBIO TIOKa3aHO, YTO AJIEKO HE BCE aHTaPK-
THYECKHE PHIOBI HA pAHHHUX CTaAUSX )KU3HEHHOTO
nukia oomamatot ADII (Cziko et al., 2006; Bilyk,
DeVries, 2011). [To-BuanmMoMy, MajbKu pbIO, y KO-
Topbix ADII He 0GHApYKEHBI, UCTIONB3YIOT PyTHE
MEeXaHU3MBI 3aITUTHI.

Cunte3 ADI y 3uMHei kaMOaIbl peryupyercs
CE30HHO TOpMOHaMH runo¢usa, u yposenb MPHK
A®II | Tvna B neyeHu JE€TOM U 3UMOM OTJINYAETCS
B 1 ToIC. pa3 (Duncker et al., 1995). [1pu rumodus-
skToMuM ypoBeHb ADII B nieyeHH yBEIUUMBACTCS
Tonpko B 40 pas, a ypoens ADII B npyrux opra-
Hax He Mensiercs (Gong et al., 1995). Poct ypoBHs
MPHK B ocennuii nepron Mogyaupyercst Tunogpu-
30M B OTBET Ha YMEHBIIIEHUE JUTUHBI THSI U BECHOU
MajlaeT B OTBET Ha IOBBIIIEHHUE TeMIIEPaTypHI.
Bb11o BRICKA3aHO MPEANONOKEHNE O TOM, YTO 3TO
YMEHBIIIEHHE MOXET OBITh CBSI3aHO, 10 KpalHeH
Mepe, 4acTUYHO, co cradmibHOCThI0 MPHK mipu
HI3KUX Temieparypax (Duncker et al., 1995). Taxxe
MOKa3aHO, YTO B KOXKE W TTeUEHH 3MMHEH KaMOalTbl
renbl ADII perynupyrorcst He3aBUCHMO, 1axKe ObLT
OXapaKTepU30BaH CHeNU(pUIECKU SHXaHCEPHBIH
B-anement neuenu (Barrett et al., 2001).

[Mpu conepxanum 3ybatku Anarhichas lupus
B TEIJOW BOJE M NMPU CE30HHOM H3MEHEHUHU
CBETOBOTO JIHS aMIUIATY/a CE30HHBIX ITUKJIOB aK-

TUBHOCTH ADII 3HAUNTENIBHO YMEHBIIAIACh, YTO
CBUETEIBCTBYET O HEOOXOAMMOCTH MOHWKCHHS
TeMIEePaTy Pl BOIBI TSI TOCTHKEHUS MAaKCHMaITb-
Horo ypoBHst ADII B mna3zMe kpoBu. Tem HE MeHee
HECMOTps Ha MpeObIBaHKUe PHIOBI B TEIION BOJE,
ypoBeHb aktTuBHOCTH ADII cTan BhIlIe TETHETO B
TO 7K€ CaMoe BpeMsI rofia, KOT/1a PhIObI TOJBEPKECHBI
CE30HHBIM U3MEHEHHSM TEMIIEPaTyPhI BOJBL. ITO
TOBOPHUT O TOM, 4TO (POTOTIEPHOJ UTPAET BAKHYIO
pOJTb B peryIUpOBaHuH rofioBoro ukiia ADII peid
(Desjardins et al., 2000).

Hacexomble. Okpy:karoias cpena siBIsSeTCs
OIHUM U3 (aKTOPOB, KOTOPHIE BIUSIOT HA TIPOU3-
BOJICTBO OEJIKOB HJTH COCAMHEHUH, Y4aCTBYIOIINX
B MOPO30yCTOHUMBOCTH HacekoMbIX. Hanpumep, y
myxu Eurosta solidaginsis ObBICTPBIF pOCT KOHIICH-
Tpalui KPUOMPOTEKTOPOB, IIMIIEPUHA U COPOUTA
MIPOUCXOAUT MOCJE MEPBOT0 OCEHHEr0 MOpo3a
(Graham et al., 2000). Tpanckpuntsr ADII BbI-
SIBIISIIOTCSL Y CHEKHOH OJI0XH, COOpaHHOW B KOHIIE
BeCHBI B TafomieM cHery (Graham, Davies, 2005).
Cesonnsie n3mMenenus aktuBHoctd TH 1 ypoBHen
TparckpunToB ADII ObuIM 3aMEUEHBI Y JTMUUHOK
Dendroides canadensis, npuueM MakCUMalbHBIN
YpOBEHb TPAHCKPUIINH MPUXOJUTCS HA 3UMHEE
BpeMsI U HEKOTOPBIE H30(hOPMBI OOHAPYKUBAFOTCS
B Tetutbie Mecstp! (Andorfer, Duman, 2000). [Ipen-
IOJIATAI0T, YTO JIETHHE U30()OPMBI, BHISIBIISIEMBIE Y
HACEKOMBIX, CIIy’KaT JJIsi CHH)KEHUS aKTUBHOCTH
MOTEHI[MAJIBHBIX HYKJIEAaTOPOB JIbJa B Clydae
pPaHHHX MOPO30B.

Hacexombie, ®uByIIHe B 30HE YMEPEHHOTO
KJIUMara, OObBIYHO 3UMYIOT Ha OMpeAeIeHHON
cTaanu pa3Butus. Takum oOpazom, BHYTpeHHHE
MIPOLIECCHl Pa3BUTHS, B JIOTOJIHEHNE K CUTHAJaM
OKpY’KalolIeH cpesibl, MOTYT UTPaTh CBOIO POJIb B
proOpeTeHNN MOpo3oycToHunBoCTU. Y Tenebrio
molitor, Dendroides canadensis u Choristoneura
fumiferana npucytcreue A®II koppenupyet co
CTaJvel pa3BUTHSI, OTHAKO CYIIECTBYIOT U IpyTHe
CTIOCOOBI PETYISAINH KaK /sl KaXI0TO HACEKOMOTO,
TaK ¥ JUI OTAEIbHBIX m30popM ADII BHyTpH Bua
(Qin et al., 2006; Doucet et al., 2009). UaTepecHo,
uyto Choristoneura fumiferana CAHTE3UpyeT 3HAYH-
TEbHOE KOJMYECTBO APYTOr0 KPHOIPOTEKTOpa —
IJIMIIEpUHA — TOJBKO MOCIIE BO3JEHCTBHUS HU3KNUX
Temmneparyp B cepeaune nuanays3sl (Graham et
al., 2000).

BoszneiicTBue HU3KON Temreparypsl U 3acyll-
JIUBBIX YCJIOBHH B TE€YCHHWE HECKOJIBKUX HeNehb
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NPUBOJMT K YBEJIMUCHHUIO YPOBHS TPAHCKPUIILMN
A®II y muuunox Tenebrio molitor, ogHaxko pe-
HIaloIyM (pakTopoM ocTaeTcs CTaaus pa3BUTHS
(Graham et al., 2000). lanabIie 0 BIUSHAN KOPOT-
koro ororneprona Ha ypoerb ADI1 B remonumde
Tenebrio molitor IPOTUBOPEUUBBL: B OTACIBHBIX
paborax nokasano ysenunuenne TmAFP MmPHK, B
JpYTHX Takoro BiusHUA He oOHapyxkunu (Doucet
et al., 2009). CoxpaHeHne YMEPEHHOTO YPOBHS
A®DII y KyKoJIOK 1 B3pOCIIBIX HACEKOMBIX Tenebrio
molitor B OTCYTCTBHE 3HaYNMBIX YPOBHEH TpaHC-
KPHIITOB MOATBEPXKIAET TO, YTO OCJIKU SBISIFOTCS
CTaOWJIBHBIMH M MOTYT COXPaHSATHCS B KayecTBE
3alUTHl OT HU3KUX TeMieparyp. Kykoiku nmeror
HEOOJIBILYIO XOJIO0A0CTONKOCTD, M TaK KaK JMUUH-
KM OKyKiHuBaroTca BecHOH, ADII obecnieunBaroT
3aIIUTy OT O3THUX 3aMOPO3KOB. B axcniepumente
nr000e BHEIITHEE BO3/ICHCTBIE, 3aMEIISIFOLIEE POCT
JUYUHOK, BBI3bIBAIO yBennuenue TH, mostomy
ABTOPBI MPEINOIOKUIN, YTO MPEKPAIICHUE pa3-
BUTHS JINUMHOK SIBIISICTCS MEPBUYHBIM (HaKTOPOM
perynsiuu cunre3a A®IL y Tenebrio molitor
(Graham et al., 2000).

W3BecTHO, YTO IOBEHUIILHBIH TOPMOH UHY LU~
pyer quanays3y JH4HHOK. Bo3MOKHO, 4TO OH y4acT-
BYET TAaKXe U B MHULIUALIUH XOJIOZ0YCTOMYMBOCTH.
Hampumep, y Dendroides canadensis 10BeHUIbHBIH
ropMoH ctuMyiupyert npoaykunto ADIT (Horwath,
Duman, 1983). Ognako HecMOTpsi Ha OOIIUPHBIE
WCCIE0BAHMS, B IPWIETAIOINX palloHaX I'eHa
TmAFP He ObUIO HAWIEHO HUKAKUX YYaCTKOB
JHK, cBsi3aHHBIX ¢ TOPMOHAJBHOM peryisuuen
ADII (Qin, Walker, 2006).

Pacrenusi. MccienoBanus nokasaiu, 4To y
pactenuii skcripeccusi reHoB ADII mpoucxoaut
BO BPEMsI HU3KOTEMIIEpaTypHOH aKKJIMMAI|H, WIH
3akanmBanus (Urrutia ef al., 1992; Hon et al., 1995;
Yeh et al., 2000; Huang, Duman, 2002). Tonbko
y JIyTOBHUKa aHTapkTuueckoro Deschampsia
antarctica 6pi1a obHapyxkeHna IRI-akTuBHOCTE B
JUCTHSIX HEAKKIMMHUPOBaHHOTO pacTeHus (Bravo,
Griffith, 2005), 4T0, 01HaKO, HE HAIILIO MTOTBEPXK-
JCHHUS TIPU MCIOIBb30BaHUU JPYroro METOAa aHa-
mu3a (John et al., 2009).

YcinoBus, UCIONb3YyEMbIE ISl 3aKaJIUBAHMUS,
MMUTHPYIOT OCEHb, KOT/Ia THA CTAHOBSITCS KOPOUe
u xonoxHee. Takum 00pa3oM, HU3KHE TeMITepaTyphbl
Y CBETOBOH JIEHB SIBJIAIOTCS BaXKHBIMU CUTHAJIaMU
OKpy»Karolel cpeasl A nmpousBoacTBa ADII.
Hanpumep, pacteHust 03UMOI1 p>ku, BBIPAILICHHBIC

MIPY HU3KHUX TeMIepaTypax, HaKarIuBaloT OObLIe
aroIIacTHOro Oeska Ipu 8-4acoBOM AHE, YeM
npu 16-gacoBom (Marentes et al., 1993). ADII
macnena Solanum dulcamara, mopkoBu Daucus
carota u paiirpaca Lolium perenne B €CTE€CTBEHHBIX
YCIIOBHUSIX HAKAIUIMBAIOTCS TOJIBKO MOCIIE HOSOPS
(Smallwood et al., 1999; Huang, Duman, 2002;
Pudney et al., 2003).

UTOOBI OIIpEICINTh, CBsSI3aHa JIM aHTH(DPU3HAS
AKTUBHOCTH C MOPO30yCTOHUNBOCTBIO U SIBISETCS
T HaKOTUICHHE aHTHU(QPU3HBIX OEIKOB NPU BO3-
JeiCTBUM HU3KHUX TeMIIepaTyp 0OIINM CBOHCTBOM
pacteHull, ObUTH HM3y4YeHBl 12 OJHOIOIBHBIX U
IBYZIOJBHBIX TPABSHUCTHIX pacTeHuit (Antikainen,
Griffith, 1997). 3HaunuTEeNbHBIN YPOBEHL aHTH-
(hpu3HOI aKTMBHOCTH BBISIBIICH B alOIUIACTHBIX
9KCTPAKTaX TOJIBKO Y 3aKaJICHHBIX 3J1aKOB, IPUYEM
TOJIKO POJICTBEHHBIE 37aKu (TILIEHUIIa, STYMEHB,
poxb) HakamuBaoT ADII, cxoaHble ¢ Genkamu
yCTOMUMBOCTH K matoreHaM. OKas3alloch, 4TO Y
IBYIIONBHBIX pacTeHHid (Tabak, KarrycTa, IIMHHAT,
paric) MOpo30yCTOMYHUBOCTh HE KOPPEIHPYET C
HaJIM4YMeM aHTH()PHU3HON aKTHBHOCTH B aIloriacTe
(Antikainen, Griffith, 1997).

Perynuposanne A®II sBrsieTcs CIOAKHBIM TIPO-
LIECCOM, TIOCKOJIBKY OHO MMeeT TKaHecnenugpuye-
CKHE 0COOEHHOCTH 1 3aBUCHUT OT CTAJUU PAa3BUTHS,
0 YeM CBHJIETEIHLCTBYIOT NCCIIEIOBAHNS HU3KOTEM-
repaTypHOi HHAYKIIMK ¥ TKAaHEBOW CIICIU(PHIHO-
ctu ADII y mopkosu u pxu (Griffith, Yaish, 2004).
I'ern A®II mopkoBH 3kcnipeccupyetcs B Teuenue 30
MUH I10CJI€ BO3JCHCTBHS HA IPOPOCTKU TeMIlepa-
Typbl 4 °C 1 JOCTUraEeT CTALIMOHAPHOTO YPOBHSI B
teuenue 24 1 (Meyer et al., 1999). Tpanckpunius
reHa TOAJePKUBAETCS Ha CTAllMOHAPHOM YpPOBHE
B JIUCTBSIX, CTEOJISIX ¥ KOPHSIX B3POCIIBIX PACTCHUH
MOPKOBH BO BpEeMs XOJOIHBIX M KOPOTKHX JIHEH,
npuyeM HauOoJbIlask SKCOpeccusi HadIrogaeTcs
B KOPHSX, YTO OOBSICHSETCS IBYJIETHUM LUKIOM
Pa3BHUTHS MOPKOBH, TIPH KOTOPOM COXPAaHHOCTb KOp-
HEU SBISIETCS IPUOPUTETHOM, & HA/I36MHBIE YaCTH
pactenust ormuparot (Smallwood ef al., 1999).

brino nokazano, uto pasnuuneie ADII o3u-
MO DKM HaKaIUIMBAIOTCS C Pa3sHON CKOPOCTBIO:
IJIIOKaHa3bl MOSBISIOTCS IEPBBIMH, 3aTE€M Tay-
maTtuHonoousie ADII, mocieHUMHU CHHTE3HU-
pytores xutuHa3sl-ADIT (Hon et al., 1995; Yeh
et al., 2000).

B otnnune ot ADII MmopkoBu xutHHA36I-AD]]
03MMOH PKU HE CUHTE3UPYIOTCSl HETOCPEACTBEHHO
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B OTBET Ha XOJIOJ W/WUJIM KOPOTKUE THU B JIUCTHSX,
BBIPOCIITUX TIPU BBICOKOW TeMIlepaType U mepe-
HECEHHBIX B 3aKaJMBAIOIINE YCIOBHs. XUTHHA-
3pI-ADI] HaKaIIMBAIOTCS TOJNBKO B TEX JINCTHSX,
KOTOpBIE BBIPOCIIH ITPH ITOHMKEHHOH TeMIeparype,
T. €. akcupeccus xutuHaz-A®Il nnaynupyercs
X0JI0JIOM Ha ONPEAENEHHONW CTAaJNU Pa3BUTHUS
pacrenus (Yeh et al., 2000).

[Ipenmoararot, aro PR-6enkn ¢ aHTHDpU3-
HOW aKTUBHOCTBIO U 0e3 Hee SBISIOTCS WiCHAMH
OJTHOTO CEMEICTBa POACTBEHHBIX T€HOB, KOTOPhIE
nupdepeHnnanbHO PErYIUPYIOTCS B OTBET Ha
X0JION M BozjeicTBre naroreHoB (Gozzo, 2003).
Tak, pacTeHust 03UMO¥ PKH B HOPMAIIBHBIX YCIIO-
BUSAX POCTa, NH(OUIIUPOBAHHBIE TTATOTEHAMH WIIH
o0paboTaHHbBIC CATHUITMIOBON TUIH abCIIM30BOM
KHCIIOTaMHU, XOTh M HakaruiuBaroT PR-Oemku,
MOXOKHE€ Ha T€, KOTOPble CUHTE3UPYIOTCS MpPHU
HU3KOTEMIIEPaTypPHOH aKKIMMalnu, ogHaxo y PR-
0eNKOB U3 He3aKaJICHHBIX PACTEHUN OTCYTCTBYET
antudpusnas aktuBHOCTH (Griffith, Yaish, 2004).
Takxe TIrOKaHa3a HEAKKIMMHUPOBAHHOW 03UMOM
pxu Secale cereale nMeeT 4pe3BBIYAITHO HU3KYIO
aHTU(PU3HYIO aKTUBHOCTb 110 CPABHEHHUIO C TITIO-
KaHa3aMH, CHHTE3HPYIOLIUMHUCS B XOJIOM0aKKIIH-
MUpoBaHHBIX pacteHusix (Yaish et al., 2006). Oto
TOBOPHUT O TOM, YTO OTJEJIbHBIEC YJICHBI CEMEHCTB
PR-6enkoB mprodpenn crmocoOHOCTh IKCIIPECCH-
pOBaThCs MPHU BO3AEHCTBUU XOJIOA.

Ozumas poxb cunresupyer ADII mpu 20 °C
B 3aCyIIJIUBBIX YCIOBHAX WIH IPH BO3JEHCTBUU
STHIIEHA, TOTJa Kak 00paboTka pacTeHui adciu-
30BOH M CATMIIMIIOBOM KHCIOTaMH HWITH HH(DHITHPO-
BaHHE MATONEHHOW PO30BOM CHEXHOW IJIECEHBIO
(Microdochium nivale) He BeneT K TOSBICHHUIO
ADII (Griffith, Yaish, 2004).

Tpauckpunt TalRI-1 y MATKOW NIIEHUIIBI
HadyWHAeT HAKaIUIUBATHCS IOCJE BO3ACHCTBUA
MoHMKeHHOU Temmeparypsl (4 °C) U mocTuraeT
CBOEro MaKCHMAaJIbHOTO YPOBHS mocie 36 mHei
akkiuManuu. JlanpHeiee Bo3eCTBUE HU3KOU
TEMIEpaTypbl He MPUBOJAUT K 00Jiee BHICOKOMY
cojepxanuro Tpanckpunra. Tpanckpunr TalRI-2
Tak)Ke HaKaIlUTMBaeTCs cpa3y Mocje Hadaia 3aKa-
JUBAHUSA, HO IOCTUTAET MAKCUMAJILHOTO 3HAUYEHUS
paHee BO BpeMsd mepuoja akkaumanuu. [locie
JIeaKKIMMAaIK YPOBEHb TPAHCKPUIITOB BO3BpaIlia-
€TCsI K TAKOBOMY Y HEaKKIIMMHUPOBAHHBIX pACTEHHH
koHTposs. Tpauckpunt TalRI-1 obHapyXeH B
JUCTHSIX, y3JI€ KYIICHHUS U KOPHSX, B TO BpEMsI KaKk

Tpa"ckpunT 7alRI-1 — Tonpko B NUCThsAX. TpaHc-
KPHUIITOB HAKAIUTUBAETCS OOJBIIE B 3UMOCTONKIAX
BHJIaX, TaKWX, KaK IIIEHUIA, TI0 CPAaBHEHUIO C
MeHee MOPO30CTOMKIMH OBCOM W SIAMEHEM, U He
00HapyKEHO HAKOTUICHHE B XOJIOJ0YYBCTBUTEIb-
HBIX BHUJAX, TAKUX, KaK PUC U KyKypy3a. Jpyrue
METO/BI BO3/IEHCTBHS, TaKKE, KaK COJIEBOM cTpecc,
HEeXBaTKa BOJIEI, 3K30reHHBIe ABA, TCIIIOBOI IIOK
Y MEXaHUYECKHE MTOBPEKICHNS HE IMEIOT 3aMeT-
HOTO BO3JEHCTBHS Ha HAKOTUIEHHWE TAaHCKPHIITOB
TalRI. JlanHbIC TTOKA3BIBAIOT, YTO OMOTHYECKHUE
CTPECCHI TAKXKE HE BbI3BIBAIOT dKcpeccuu TalRI-
reHoB. OnHako (UTOrOPMOHBI, YYaCTBYIOIINE B
MEXaHU3Me 3alUTHl OT MAaTOTeHOB (KACMOHOBAs
KHUCJIOTa ¥ ATUJIEH), HHIYIUPYIOT IKCIPECCUIO
omHOTO M3 NByX TeHoB — TalRI-1 (Tremblay et al.,
2005).

B sxcnieprMenTe 1o cpaBHUTEIBHOMY H3YUEHHIO
TPAHCKPUIIIUU Y O3UMBIX U SIPOBBIX COPTOB MSIT-
KO TIIIIEHUIIBI B YCIOBUAX HU3KOTEMIIEPATYPHOTO
KpaTKOBPEMEHHOTO CTpecca (XOJI0IOBOTO III0Ka) U
aKKJIUMaIuH ObUTO TTOKa3aHO, YTO TPAHCKPHIITHI
PR-A®II cunTe3upyIOTCS TOIBKO MPH [TUTETHHOM
BO3JICHCTBUN HU3KOU TeMIEeparypsl, a JTalRI-reHsl
aKcIpeccupyroTcst B oboux cirydasx (Winfield et
al.,2010). [Ipuuem rensr TalRI sxcipeccupyroTcst
MEXIy 5-i U 9-i HexensaMH aKKJIMMaluu, TOra
Kak TpaHCKpUNTE PR-A®II mosBiastoTcs Mex-
oy 3-# u 5-#1 Henmensamu BozzeicTBua. B pabote
OTMEUYEHO, YTO HECKOJIbKO TeHoB, TalRI, WLTI0,
BLTI14-1, BLT14-2, nureapuH, KCUIOIIIOKAH HH-
JOTPaHCTIMKO3MIa3a U IPe/ICKa3aHHbIi TPaHCMEM-
OpaHHBIA OCIIOK, UMEIOT OIMHAKOBBIA TIPOQIITH
JKCTIpeccru. ABTOPBI IPEATIOIATAIOT, YTO STH TeHBI
peryaupyroTcst coBMecTHo. MHTepecHo, 4To mpu
AKKJIUMAIUU B JUCTHAX O3WUMOU MIICHHUIIBI IKC-
Mpeccupyercss MpearnoiaraéMblii TeH-MHIHOUTOP
MoNMTralIakTypoHassl (polygalacturonase-inhibiting
protein, PGIP), ananoruunsriii reay ADII mopkoBr
(Worrall et al., 1998).

Taxum 00pa3oM, y pbIO, HACEKOMBIX U pacTe-
uuii rensl A®II sBnsg0oTCS YleHaMU CeMEHCTB
PONCTBEHHBIX T€HOB, IIPU ATOM KaK CEMEICTBa,
TaK M OTJICJIbHBIE TeHbl BHYTPU CEMEHCTBa MOTYT
OTIIMYATHCA 10 MECTY (PYHKIIMOHUPOBAHUS U TIO
criocoOy perynupoBaHus. B Hanbonbieii creneHn
Ha ypoBeHb ADII BiusieT n3MEHEHUE TEMIIEPATYPbI
U JTMHBI CBETOBOTO JHS U B MEHBIIICH CTETICHU —
npyrue (pakTopsl BHEIIHEH cpefbl. Taxoke mokasa-
HO, 4TO 3Kcrpeccus MHOrux reHoB ADII 3aBucut
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OT CTaJInM pa3BUTHUS opranusma. MlHtepecHo otme-
TUTh, uT0 ADII pacTenuit MOryT UMETh AOMOJIHU-
TEJIbHYIO (DYHKIIUIO 3aLUThI OT IIaTOI'€HOB.

ITpoucxoxnenne u 3Boaonusa ADII

I'pynna A®II xapakrepusyeTrcsd HeTaBHUM
HBOJFOIIMOHHBIM ITPOUCXOXKICHUEM, MHOKECTBEH-
HOCTBIO KOMIIOHEHTOB y OJIHOTO OpraHW3Ma, He-
3aBHCHMBIM IIPOUCXOKICHUEM y TIPEJCTaBUTEICH
ONTU3KOPOJICTBEHHBIX TAKCOHOB M KOHBEPTEHTHBIM
CXOJICTBOM Y HEPOJCTBEHHBIX I'PYIIT OPraHU3MOB
(Barrett, 2001) (Tabm. 2).

Koctucroie ppiobl. ADOI'TI anTapKkTHYECKUX
HOTOTEHUEBBIX PBIO MPOM3O0MIEN OT (PYHKIIHO-
HaJIbHO HEPOACTBEHHOW NMaHKPEaTUUYECKON TPHII-
cuHoreHomnono0OHoi nporeassl (Cheng, 1998).
BaxxHbIli IPOMEXKYTOUHBI KOMIIOHEHT 3TOrO
9BOJIIOLIMOHHOTO MPOIEcca — TPAHCKPUIIIMOHHO
AKTUBHBI XMMEPHBIN TI'€H, KOAUPYIOMIUNA Kak
AO®I'TI momumIpoTenH, Tak U MpoTeasy, ObLT 0OHa-
PYXeH B T€HOME TMTaHTCKOTO aHTAPKTHYECKOTO
kibikaua Dissostichus mawsoni (Cheng, Chen,
1999). OnHoBpeMEHHOE MPUCYTCTBUE MPOTEA3-
HOTO TeHa, Hecylero 3apokaaromuiicss Thr-Ala-
Ala-xogupyromuid 31eMeHT, TPaHCKPUIIIIHOHHO
akTuBHOTO XumepHoro A®ITI-nmporeazHoro reua
n "He3aBuCUMBIX ADI'TI reHOB MOATBEPKAACT, UTO
A®ITI-nocenoBaTeIbHOCTL BO3HUKIIA KaK 4acTh
HEPOJICTBEHHOT'0 MMPOTEa3HOI0 reHa, MojBepriach
SKCHaHCUHM M o0pesia He3aBUCUMOCTH, HOTEPSIB
Oompiyro yacTh nporteasHoro gomena (Cheng,
Chen, 1999). HeGoipmrast qmuBepreHIns MMOCIIe-
noBarenbHOCTEH (4—7 %) mexmy reHamu ADITI
Y TPUIICHHOT€HOM HOTOTEHHUEBBIX PBIO TOBOPHUT O
TOM, YTO T€H MPOTEa3bl TPaHC(HOPMHUPOBAJICS B TEH
0eJKa, CBSA3BIBAIOLICTOCS CO JIBAOM, OTHOCHTEIBEHO
HEeIaBHO — OKOJIO 5—14 MITH eT Ha3ajd, 4To corva-
CyeTcs C OIIeHKaM{ BPEMEHH Hadajia 3aMep3aHus
aHTapkTUdeckux Bonm 10—14 muH neT Hazam u
BpPEMEHEM OCHOBHOM (PHJICTUYECKOM TUBEPTCHIUH
CEMEICTB HOTOTEHUEBBIX PbIO 7—15 MITH JIeT Ha3a,
T0 TAaHHBIM aHaJIN3a [TOCJIEA0BATEIbHOCTEN MUTO-
xouapuansHoit p/IHK (Cheng, 1998).

[TocnenoBarensHocTh ADPITI apkTHyeckoit
Tpecku Boreogadus saida cpasammm ¢ ADII re-
HOM HoToTeHHeBbIX pbIO (Cheng, 1998). ADITI
reHbl Boreogadus saida MMEIOT CXOXKYIO C TeHAMH
HOTOTCHHMEBBIX PHIO MOJUIPOTCHHOBYIO CTPYK-
Typy, B KOTOpoi konuu kogupyromux ADITI-

MOCJIeIOBATEIHbHOCTEH pa3jielieHbl HEOOIbITUMHI
cneiicepamu. OnHako renbl ADI TI HOTOTeHHEBBIX
1 TPECKOBBIX UMEIOT OTIWYHsSI, KOTOpPBIE YOeIu-
TEIBHO TMOKA3bIBAIOT HE3aBUCUMYIO IBOJIOIIHIO
A®I'TI-reHOB TpeckH: a) pa3InYHbIE CUTHAJIbHbIE
METNTUIHBIC MOCIIEA0BATCIBLHOCTH; 0) pa3HbIC
MOCJIEAOBATEILHOCTU CIICHCEPOB, COCTUHSIOMINX
otrnenbHble TeHbl ADITI B monunporenHe, 4yTo
MIPUBOJIUT K Pa3IMYHBIM MEXaHNU3MaM IPOIIECCHH-
ra IpeaneCTBCHHUKOB MOJUTIPOTCHHA; B) Pa3HbIC
MOCJIEI0OBATEIbHOCTH, KOMUPYIOIIHAE MTOBTOPHI
Thr-Ala/Pro-Ala; ) renomusie nokycel ADITI
reHa Tpecku u HotoreHueBbIX ADI'TI Toxe oTnu-
gatorcst (Cheng, 1998). Takum oOpaszom, mouTH
uaentruyHbie ADITI n1ByX He CBSI3aHHBIX I'pyII
PBIO IPEACTABISIFOT CO00H TPUMEp KOHBEPTECHITNN
OCIIKOBBIX TOCJIEOBATEIBHOCTEH, T. €. pa3BU-
THE aHAJIOTUYHOTO OeJika M3 Pa3HbIX IPEIKOB B
pe3yabpTaTe BO3ACHCTBUS OAMHAKOBBIX YCIOBHUH
OKpY’KaroIe Cpebl.

A®II I tuma peId ABIAIOTCS TOMUDHICTHYC-
CKHMH TI0 TIPOUCXOXKICHHUIO, OHU OOHAPYKEHBI y
MpEeACTaBUTENEH TPEX HEPOICTBEHHBIX OTPSIOB
KOCTUCTBIX PBIO W MPENCTABISIOT COO0H MpUMep
KoHBepreHTHou oo (Hobbs et al., 2011).
VYcranosnena romonorus mMexay resom A®II I
THTIAa PHIO ¥ TeHaMH OEJTKOB XOPHOHA M KepaTHHA
nunapuca Liparis atlanticus, KOTOPBIE DKCTIPECCH-
pPYIOTCSl B TIeueHU. BO3MOXKHO, Cpeiu STUX TEHOB
HaxoasaTcs npeaku ADII I, or KOTOpBIX B pe3yib-
TaTe CABUTA PAMKH CUUTHIBAHUS IPOU3OIILIN [CHbI
OenkoB ¢ aHTU(puU3HON akTuBHOCTHIO (Evans,
Fletcher, 2005).

I'mnepaktuBabie ADII [ THIa 3UMHEH KaMOaITBI
B 10—100 pa3 OoJsice aKTUBHBI U UMEIOT OOJIBIITHIA
MonekyssipHblii Bec, ueM ADII I tuma. Hecmotps
Ha 310 oTnuue, ganusie ADII, ckopee Bcero, sB-
JISTFOTCS TAPaJIOTMYHBIMU, TaK KaK IMEIOT YUaCTKH
3HAYUTEJIBHON TOMOJIOTUH MTOCIEI0BATEIbHOCTEN
JHK (Gauthier et al., 2005). I'unepakTuBHas
n3odopma OblIa BBISBJICHA Y TPEX BUAOB poja
[PaBOIIa3bIX KaMOaJl, MPUYEM Y OJHOTO U3 3TUX
BHUJOB HET Malblx n30popM. CeMeicTBO reHOB
A®II I tima coctout n3 30—40 sneMeHTOB, MHOTHE
13 KOTOPBIX SIBIISFOTCS TAH/IEMHBIMU TIOBTOPaMH, 1
MTOCKOJIBKY 3TH TE€HBI KOMUPYIOT ()YHKITHOHAIEHO
BOKHBIC OENKHM, HEBO3MOXKHO MPEICTaBUTD, YTO
OHH TUMUHUPOBAINCH U3 TCHOMA WJIH CTAJIA MOJI-
yamumu. Clie0BaTEIbHO, MOXKHO MPEATION0KUTD,
YTO THUIEPAKTHBHAS U Mayas u30hopmMa UMEITH
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0011ero MpeAIeCTBeHHNKA U B XOJI€ HBOJIIOINN
T€H MaJIO N30(OPMBI ITOIBEPTCS AMILTU(UKAIIH
(Gauthier ef al., 2005).

DUNOreHeTHYECKUN aHaIu3 MOKa3bIBAET, YTO
Bce ADITII (Ca?*-3aBucumbie u Ca?*-He3aBUCHMBIC)
MPOM30LLIA OT OOILETo MpeaKa U AUBEPTrUPOBAIIH,
pa3BUBas pa3UUHbIC MEXaHU3MBbI CBSI3bIBAHUS
co mpaoMm (Liu et al., 2007). Bo3aM0OXHO, CBs3BIBA-
roruiics co abaoM nomed ADII I nosiBuics B xone
MOJIEKYJIAPHOM SBOJIIOLIMM caiiTa pacro3HaBaHUsA
YIJICBOJIOB JIGKTHHOTIOMO0OHOTO Tipenka (Ewart et
al., 1998).

He3zasucnumoe nosisnenne A®II 11 tuna B Tpex
HEPOJICTBEHHBIX BETBSAX KOCTHUCTHIX PHIO (CeNbIi,
KOPIOIIKH U MOPCKOTO BOPOHA) SIBJISIETCSI DKCTpa-
OpAMHAPHBIM 10 HeCKOIbKNUM mpuurHaM (Graham
et al.,2008a). DTH rOMOJIOTH JICKTUHOB SIBIISTFOTCS
€IMHCTBEHHBIMU JICKTUHAMH, y KOTOPBIX MSATHII
MUCYIb(GUIHBIA MOCTHK CHENU(PUUISCKHU JIOKaA-
JU30BaH, U OHU TOpa3ao Ooiee MOXOXKU APYT Ha
JIpyTa, 9eM Ha JIF000# IpyTroif TOMOJIOT JIEKTHHOB.
Hx cxomcTBO pacmpocTpaHseTcss U Ha ypPOBEHb
nocnenosarenbHoctd JAHK, rne gaxe WHTPOHBI
umeroT 10 97 % romosioruu. B 0asax JaHHBIX HE
ObuUIM OOHAPY>KEHBI POACTBEHHBIC AMUHOKHCIIOT-
HBIE MTOCIIE0BATEILHOCTH JIPYTUX BUJIOB C TOMO-
norueit 6onee 40 %. ITo cornacyercs ¢ JaHHBIMU
renoMHoM Cay3epH THOpUAN3auN, KOTOPAas MOKa-
3ana orcyTcTBHe romosoroB ADII Broporo tumna 'y
JpYTHX BUOB pbI0. KoHCcepBaTHBHOCTH HHTPOHOB
Y 9K30HOB, OTCYTCTBUE KOPPEISLIUU MEXKTY IBOJIIO-
IIUOHHBIM PACCTOSHUEM H CKOPOCTBIO MYTaIHiA, CO-
OTHOIIIEHUE CHHOHUMUYHBIX U HECHHOHUMUYHBIX
3aMeH B KOJIOHaX HE COOTBETCTBYIOT THIIOTE3E O
CYIIIECTBOBAHUM TPEAIIECTBEHHUKA ITHUX T'€HOB,
KOTOPBIM OBII 2JIMMUHHUPOBAH BO BCEX TAKCOHAX
KOCTHUCTBIX PBIO.

HexoTopbie aBTOpHI CYUTAIOT, YTO TOPU30H-
TanbHbId niepeHoc reHa A®II II tuma sBisieTcs
HamboJiee BEPOSTHBIM OOBSICHEHHEM OOJIBIION
TOMOJIOTMH aMHUHOKHCIIOTHOM MOCJIeI0BaTENbHO-
cti (10 85 %), HU3KOW YaCTOThl CHHOHUMUYHBIX
MyTalUi ¥ BBICOKOM KOHCEPBATUBHOCTU YHCIA,
MOJIOKEHUS U TOCIIEeI0BATEIbHOCTH WHTPOHOB
(Graham et al., 2008a).

B nocnennee Bpems Obiti KiioHupoBaHsl ADI]
JIMaTOMOBBIX Bojopocieit (Janech ef al., 2006) u
aHTapkrryeckoit 6axrepuu (Raymond ez al., 2007),
9TH OEJIKH TMOKa3aJIi BBICOKYIO roMosoruto ¢ ADIT
rpuboB (Xiao et al., 2010). Ectb Bce ocHOBaHHA

cuuTark, 4o romoioru ADII rpudos mmpoko pac-
MIPOCTPaHEHbI B HECKOIBKUX [IapCTBax, Onaromapst
BO3MOYKHOMY TOPHU30HTAIIEHOMY ITEPEHOCY T€HOB
MEX/Ty dYKapHOTHYECKUMH MUKPOOaMH 1 TIpOKa-
puortamu (Raymond ez al., 2007).

VY aHTapKTHYeCKUX OEIbJIOTOBBIX PHIO
(Zoarcidae) ynanoch peKOHCTPYUpPOBATh MPOUC-
xoxaenue A®IIL I Tuna myrem AymiuKauuu u
TMBEPTEHIINH OT IPEBHETO F'€HA CHHTA3bI CHAJIOBOM
kucioTsl (SAS) (Deng et al., 2010). Aymmuiupo-
BaHHBIN r'eH SAS coderaer CHHTA3y CHaIOBOM KHC-
JIOTHI U PYAUMEHTAPHYIO aKTUBHOCTD CBSI3BIBAHUS
CO JIBJIOM. Y oniHOM u3 xonuit N-koHreBoit SAS-
JIOMeH OB IeJISTUPOBAH M 3aMEeIIeH BO3ZHUKITUM
CUTHAJIBHBIM TETNTHIOM, YTO CHHUMAJIO IJIEHOT-
POTIHBIA KOHMIUKT MEXAy GyHKIUAMU SAS u
CBSI3BIBAHMSI CO JIBJOM U ITO3BOJISUIO OBICTPO OII-
TUMHU3UPOBATh C-KOHIICBOH JJOMEH, 4YTOOBI OH CTaJ
CeKpeTOpHBbIM OeikoM, criocoOHbiM K TH. DtoT
MIpUMep WLTIOCTPUPYET DBONFOIMOHHYIO MOJIEIb
n30eTaHus aanTaoHHOTO KOH(INKTA, COTIACHO
KOTOPOH aIalTUBHBIN KOHMINKT MKy CTapOi U
(dopmupyroreiicst HoBol (QyHKIMEH ogHOTO reHa
MOJKET IPUBOJUTH K (PUKCAIIUH JTYTUIMKAIIUY TeHa,
[P 3TOM Y KaXJI0H KOITUHU TPOUCXOIUT ONTUMHU-
3anus OHON U3 (QYHKIIUH.

KommaectBo komuii reHoB ADII ppI6 MOXKET
3HAYATEIHHO BaAPHUPOBATh BHYTPH OJHOTO BHA.
Tak, y 6ensatoru M. americanus Beiasnsetcs 40
roruii reHa ADII B 10KHBIX IUpOTax U okoso 150
KON B CEBEPHBIX, UTO FTOBOPUT O CEICKTUBHOM
JABICHUH CPEJbl B CTOPOHY YBEIUYCHHUS UYHCIa
xonmii reHa (Hew et al., 1988). D10 BaskHOE amarr-
TUBHOE CBOWCTBO TPH KOJIOHW3AIINN HOBBIX MECT
oOuTaHMSI.

[Monunporenn A®II Il Tuna Genbaroru
Lycodichthys dearborni cocrout u3 12 TaHIEMHBIX
MTOBTOPOB, KK U3 KOTOPBIX TPAHCIUPYETCS B
7 xJla monexymy A®II (Yu et al., 2005). Opranu-
3a1ys 9TOTO TeHa aHAJIOTHYHA OPTaHN3aINU TEHOB
A®I'TI pei6. ADII III u ADI'TI otmnuaroTcs 1o
COCTaBy M CTPYKTYPE, OHU BBISBICHBI B Pa3JIHU-
HBIX CUCTEMaTHYECKUX TAKCOHAX, OJIHAKO CXOTHAS
cTpykrypa reHoB 3tux ADII cBuaerenscTByET 0O
HaJMYUHU y PBIO OOIIETO MEXaHW3Ma OpTraHU3aIul
Y9acTKOB TEHOMOB, OTBEYAIOIINX 32 MPHUCIIOCO0-
JICHUE K DKCTPEMAJIbHBIM yCIOBHUSAM MOJSPHBIX
apeasios (Deng et al., 2010).

Hacexombie. Mano u3BeCTHO O COOBITHUSIX
U TIpolieccax, KOTOphIe OB IBUXKYIIEH CHIION
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sBomonuu ADII Hacekombix. M3yueHHbIE BHUIIbI
YKECTKOKPBUIBIX M YETITYEeKPBLIBIX DKCTIPECCUPYIOT
MHOKeCTBO 30(opM ADII B KUAKOCTIX OPraHU3-
Ma (Kristiansen et al., 2005; Graham et al., 2007),
OTJIMYAIONIUXCS 110 YUCITY KONUI BHYTPEHHETO
noBropa (Graham et al., 1997; Tyshenko et al.,
1997; Liou et al., 1999; Doucet et al., 2000). ADIT
Dendroides canadensis SBISrOTCS TOMOJIOTraMHU
(Andorfer, Duman, 2000). B remomumde, xuma-
KOCTH KHIIIKU 1 STIHIepMHUCE THIUHOK Dendroides
canadensis TPHCYTCTBYIOT clieupUUEecCKue
BapuanThl ADII (Graham et al., 2000). D1o moka-
3b1BaeT, 4To ADII MOTIIN 3BOIIOLMOHUPOBATH, IPH-
obperas crienuduueckue GyHkiuu. Hampumep,
rpymma [ ADII Dendroides canadensis sBasieTcs
6onee 2h(HEKTUBHON B MHTHOMPOBAHUU OCITKOB
HYKJIEaTopOB Jibaa TeMonuMdsl, a Tpynmsl 11 u 111
A®II moryT ObITh dddexkTuBHEE B HHTHOMPOBA-
HUM OaKTepUil HYyKJI€aTOpOB Jibja B KUILICUHHKE.
Hpyrast BO3MOKHOCTb COCTOUT B TOM, uTo ADII
KHIIIEYHUKA MOTYT OBITh O0Jiee YCTOHYHUBBIMHU K
npoTeasam.

Kak u B ciyuae A®DIT poIO, cpeny HaCEKOMBIX
MOKAa3aHO TOSIBJIICHHE CTPYKTYPHBIX aHAJIOroB, Ha-
npumep, RiAFP xxyka Rhagium inquisitor n iwAFP
nspenuttsl C. perlata (Kristiansen et al., 2011; Lin
et al., 2011). Kak y xykoB (Liou ef al., 2000), Tak
n y moneit (Leinala ef al., 2002a) ADII sBnstoTcs
B-crimpanbHBIME W conepikar psiabl octarkoB Thr
Ha caiite cBsi3piBaHUst Jiba (Graether et al., 2000;
Marshall ef al., 2002). O6a Buga ADII npu yBenu-
YEHUH YMCIIa IOBTOPOB H, CIIEIOBATENHLHO, pa3mMepa
MTOBEPXHOCTH CBS3BIBAHUSA JIb/Ia J€MOHCTPUPYIOT
noseiienne TH-aktusHOCTH (Leinala ef al., 2002b;
Marshall et al., 2004). HecMoTpst Ha CXOJCTBO,
A®II xyKkoB 1 MOJIEH OTIIMYAIOTCS MO MEPBUYHOMN
MOCJIEA0BATEIBLHOCTH, KOJTMYECTBY M PaCIONIOKe-
HUIO JTUCYIb(UIHBIX MOCTHKOB, a TaKKE UMEIOT
CHHUPAILHYIO CTPYKTYPY pa3HON HalpaBICHHOCTH
(Graether, Sykes, 2004; Qin et al., 2007).

Otkpeitue A®IL Rhagium inquisitor nmeet
0oJbIIOEe 3HAUEHHUE AJI1 MOHUMAHUS JBOJIIOLUN
AO®II HacexoMbIX, Tak Kak RiAFP npexncrasnser co-
0ot coBeprieHHO HOBHIH TUTT ADI 110 cpaBHEHHIO
C OITMCAaHHBIMU Y APYTHUX BUIOB KyKoB (Kristiansen
et al., 2011). He cBs3anabIe MEXKITY CO00M (huio-
reHetndecku ADII Takxe BBISIBICHBI B OTpsAC
yeuryekpbuiblx — iWAFP (Campaea perlata) (Lin
etal.,2011) u sbwAFP (Choristoneura fumiferana)
(Tyshenko et al., 1997). Takum 0Opa3oM, MOKHO

C/IeNaTh BBIBOJ O TOM, YTO aJanTalusl K 9KOJIOTH-
YECKOMY CTpecCy MpHBesia K BOSHUKHOBEHUIO ADIT
y ONTU3KHX BUIOB HACEKOMBIX YK TI0CIIE TOTO, KaK
OHH OTAENMIACH OT OOIIETO TIpeKa.

MHoxecTBeHHOCTh TeHOB ADII y HaceKOMbIX
JlaeT BO3MOYKHOCTH THOKO PEryMpOBaTh YPOBEHb
TPaHCKPHIILUH, CIOCOOCTBYET BEICOKOMY YPOBHIO
TH wu, cnenoBaTensHO, CTpaTeTuu M30ETaHMs 3a-
MOpaXHBAHUSA, TIPH 3TOM HEKOTOpPHIE M30()OPMBI
CHUHTE3HUPYIOTCS B PAa3JIMYHBIX TKAHIX I JKC-
MIPECCUPYIOTCSA B pa3HOE BpeMs B TCUCHHE 3UMBI
(Andorfer, Duman, 2000). Camu reHbl COCTOSIT
U3 TOBTOPSIIOIINXCS OJIOKOB, KOTOPBIE PUBEIHN K
mwractuaHoi TH-akTHBHOCTH, Tak Kak Ooree TH-
HbIE U30(OPMBI UMEIOT OOJIBIITYI0 AKTHBHOCTb.

Pactenusi. ADII Op11H BBIZICIICHBI U3 6 pacTe-
HUH, onpeiesieHa MojHast HyKJIeOTH HAS TTOCIJIe0-
BaTeIbHOCTD 5 U3 HUX (Tadmn. 1). OTMuuTenbHOM
yeptoit ADII pacTenuii ABIsSeTCS TO, YTO MHOTHE
n3 HUX romoyiorndHel PR-6enxam (Hon et al.,
1995; Yaish et al., 2006). Kak npaBuio, PR-6emxu
BBIJIETISIIOTCS B allOTUIACT B OTBET HA BO30OYAUTENS
WH(pEKINHU U IEHCTBYIOT KOOTIEpaTUBHO, JeTpaiu-
Pys TPHOKOBBIC KJIETOYHBIE CTEHKH ()epMEHTATHB-
HO ¥ noAaBJIsist puOKoBbie pepmenTsl. [lokazano,
yto ADII pku He moxBeprarTcs MOTUPUKAIIH
MOCJIe TPAHCISIIIANA, 9TO TOBOPUT O CYIIECTBOBA-
HUAW OTAENBHOW TPYNIIBl HHIAYIUPYEMBIX XOJIO-
noM PR-GenkoB ¢ aHTH(PHU3HOI aKTUBHOCTBIO H
IPYMIIBI POACTBEHHBIX OCIKOB, Y KOTOPBIX 3TOH
aktuBHocTU Het. [losiBnenne PR-OenkoB ¢ aHTH-
(hpU3HON aKTHBHOCTHIO MOXKET OBITh CIIEACTBHEM
OYTITUKAIIN TIpeakoBoit (hopmbl reHa PR-Oemnka
C MOCJIEIYIOIIUM TOSIBJIEHUEM Y OJTHOM M3 KOIUM
caiiTa cBsa3biBaHus o JibgoM (Yeh et al., 2000).

Onun u3z A®II cmagko-ropbKOro macieHa
Solanum dulcamara (sthp-64) cxoneH ¢ TpaHc-
KpUNUMOHHBIMH (akTopamu pactenuii WRKY,
PeryIHUpYIOMHUMHU DKCIIPECCUI0 OENTKOB yCTOM-
guBocTH K matorerHam (Huang, Duman, 2002).
CrpykTypa sthp-64 Takxe HAITOMUHAET CTPYKTYPY
A®II )KUBOTHBIX.

AO®IT MOpKOBH MMEET OOJBIIYIO TOMOJIOTHIO €
0OEITKOM-HHTHOUTOPOM TOJIUTAIAKTypoHa3bl (50—
65 % romMoi0orUM), HO caM HE WHTHOWPYET TIOJH-
ramaktyponasy (Worrall et al., 1998; Meyer et al.,
1999; Zhang et al., 2006). Oxono 74 % 3penbrx
nocnenosarenbHocTelt ADIT MOPKOBHU COCTaBISAIOT
HaCBILICHHBIE JieHMHOM MOoBTOPHI (leucine-rich
repeat, LRR), 4To siBnsieTcs oOmMUM CBOHCTBOM
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TCHOB PE3UCTEHTHOCTH M 00ECIIeunBacT OBICTPO
pa3BUBAIOIIYIOCS CIENU(PUIHOCTH K HOBBIM I1aTO-
reram (Meyer et al., 1999). BiorrHe BO3MOXHO, 4TO
patior LRR mpnobper crmocoOHOCTE CBSA3BIBATHCS
CO JIbJIOM, U TeIephb OCIIOK MOXKET (DYHKIIHOHUPO-
BaTh TOJIbKO Kak ADIT (Worrall et al., 1998; Meyer
et al., 1999). Ecth Bce OCHOBaHHS MPEIIOIATaTh,
yTo ADIT MOPKOBHU B HEJaBHEE BPEMS IIPOU3OIIIEI
ot PGIP-momo6HOTO TIpeanecTBEHHNKA ITyTEM
nymmukanuu reHoB (Yaish et al., 2006). B cBsi3u
C 3TUM CJIelyeT OTMETHUTb, YTO OBLJT BBIIETIEH €I1le
omuH PGIP-1iooOHbI# 610K MOPKOBU, KOTOPHIi
umeet 75 %-10 TOMOJIOTHIO ¢ aMUHOKHCIOTHOMN
nocnenoBarenbHOCTEI0O ADIT MopkoBu (Meyer et
al., 1999). Oror ADII-TomOOHBIH TeH XOTS U HH-
IyIAPYETCs BO3AEHCTBUEM XOJI0f[a, B OTIIMYHE OT
DcAFP xapaxktepu3yeTcs 3HaUNTeITbHBIM YPOBHEM
9KCIPECCHH B TKaHSIX HE3aKaJEHHBIX PACTEHHI.
DTO MOXET O3HadaTh, YTO HU3KOTEMIIEpaTypHas
uHAyKuus skenpeccun rena AQII nmpousonuia ot
Ooxee o0MMX, CTPECC-UHAYITUPOBAHHBIX, CIIOCO-
0OB KCTIPECCHUH TCHOB.

I'enst ADII markoit nmenuns! (7alRI] n
TalRI2) UMEIOT YHUKAJIBbHYIO CTPYKTYpPY, OHHU
COCTOST M3 JABYX 4YacTeH, YTO HUKOTJA paHee He
ob10 orucano it ADII (Tremblay et al., 2005).
B otnuune ot yxe uzBectHbix ADII, oHM UMEOT
N-KOHIIEBOM y4acTOK, TOMOJOTUYHBINA JIEHIINH-
HACBIIIIEHHBIM TOBTOPaM pPELENTOPHOTO JIOMEHA
(LRR) mporennkunas (receptor-like kinases —
RLKS), u C-koHIIEBOW JOMEH, KOTOPBI TOMOJIO-
TUYEH CBS3BIBAIOIIEMY JIe] JOMEHY HEKOTOPBIX
ADII (IRI-gomen).

HawnGomnsiee cxonctso 6enxoB TalRI 1 RLK BbI-
SIBJICHO C Mpe/noaraeMbeiM 0eikoM Oryza sativa —
KnHa3ol peuenropa ¢urocynspokuna (OsPSR).
IToxazano, yto TalRI1-6enok He UMeeT KHHA3HOU
aKTUBHOCTH, YTO HE YIWBHUTEIBHO, TaK KaK OH
nMmeet romosioruto ¢ RLKSs B perienrropHoii o0macTi
MOCJIETHUX, a HE C JIOMEHOM KHHa3bl. Bricokoe
cxoncTBo uacteit 7a/RI-reHoB, pnankupyronmx IRI
nomeH, U OsPSR 103BOMSIET MPEANON0KHUTD, YTO
JHK obnactu koquposanus IRI-nomena sBistorcst
WHCepLHel B KOAUPYIONIYI 00JIacTh OpTOJIoTa
OsPSR y mmiennns (Tremblay et al., 2005; Sandve
et al., 2008).

IIpoucxoxnenue mocieaoBaTeIbHOCTH, KOJIH-
pytouuei [RI-moBTOp, OCTaeTCs HESICHBIM, TaK Kak
OHa He TPOSBIISIET CXOJCTBA C KAKOK-TO0 mocIe-
JTOBATEIbHOCTHI0 aMHHOKHCIIOT (John ez al., 2009).

I'enb1, komupyromue IRIP-romosnoru, Monogue-
TUYHBI TI0 IPOUCXOK/ICHHUIO, H UX PACIIPOCTpaHe-
HUE OTPaHNYHBAETCS TIOICEMENCTBOM MATIMKOBBIX
(Pooideae). Ha ocHOBe CTaTHCTHIECKOTO aHAIA3a
npeanonaratot, 4yto IRIP Bo3HUKIIA B Hauase 3BO-
JIFOLMOHHOM uctopun Pooideae v BIOCICICTBUU
[IPOM30IILIa JUBEPTeHII 110 YUCITY KOITMH U CTPYK-
Type. IRIP-rensl BO3HUKIN MOCHE PACXOKICHUS
noaceMencTB Pooideae v Panicoideae 60 MiH et
Hazal, HO N0 pacxokneHus Triticodae n Poodae
35 mutH et Hazaz.

3aKiIoueHue

CnocobHocte ADII B3auMopeiicTBOBaTH CO
JIBIOM OIPENENSET UX BAXKHOCTh JIJISl OpraHu3Ma:
OHM HEUTPaNU3yIOT HYKJIEaTophl JIbJa, CI0C00-
CTBYSI IEPEOXJIAXKACHUIO; CHIKAIOT TEMIIeparypy
3aMep3aHus JKUAKOCTH OPraHu3Ma; UTPArOT KPHO-
MPOTEKTOPHYIO POJIb B OTHOLIEHUHM HEKOTOPBIX
MeMOpaH 1 0ETKOB; MOIUPHUIHPYIOT (hOpMY KpHC-
TaJUIOB JIbJIa K OCTAHABIMBAIOT UX POCT. MHOrue
A®DII nmeroT MHOKEeCTBEHHBIE N30()OPMBI, T€HBI
A®II sBASIOTCS IPEICTABUTENSIMU CEMEUCTB POJI-
CTBEHHBIX I'€HOB, OT/IEJIbHBIE IPEJICTABUTEIH TUX
CEMEICTB MOTYT O-Pa3HOMY SKCIIPECCUPOBATHCSI B
ONpeAEICHHBIX YaCTAX OPraHu3Ma WM OTAEIbHBIX
TkaHsgX. Ha ypoBenb aktnBHOCTH ADI] BIUSIOT Kak
(haxTOpBI BHEUIHEH CPe/IbL, TAK U (JaKTOPbI, 3aBUCS-
LII1€ OT CaMOT0 OPTaHU3Ma, B TOM YHCJI€ TOPMOHBI
U ctagus pa3Butus. K BHyTpeHHUM (akropam
TaK)Ke OTHOCSTCS: KOJHMYECTBO TEHOB U U30(OPM
A®II, xonuentpanus A®II, yncio moBTOPOB
CTPYKTYPHBIX 3JIEMEHTOB CaliTa CBSA3bIBAHMSI JIB]IA,
HaJM4Yue HU3KOMOJIEKYIISIPHBIX DHXaHCEPOB, MPH-
CYTCTBHE JPyruX OENKOB, BBICTYIAIOMINX B POJIU
YCUJIUTENEN.

Opomonus ADII xapaktepusyercst BO3HUK-
HOBEHUEM HEpPOACTBEHHBIX TUIIOB ADII BHYyTpHu
OJIHOTO M TOTO K€ TaKCOHA, & TAK)Ke KOHBEPIE€HT-
HOH 3BOJIIOLMEN, TP KOTOPOU CXOJHBIE CTPYK-
Typbl AII® nosBigOTCS y OTAAJIEHHBIX BUIOB.
VYnusutensHoe pazHoodpazue ADII napsany c
OYEHb y3KUM PacCIpOCTPAHEHUEM BHYTPH TAKCO-
HOB IPHUBEJIO K TUIIOTE3€ 0 TOM, 4TO TUIlbl ADII
BO3HMKJIM HE3aBUCUMO JAPYT OT Apyra BO BpeMs
HEJAaBHUX C TOYKU 3PEHMSI T€OJOrMYECKON MCTO-
pHUH COOBITUH OXJIAXKACHUS U OJICACHEHHS, MOCTe
TOTO KaK ¢(hOpPMHUPOBATHCH COBPEMEHHBIE OTPSIIIBI
Y BUJIbI )KMBOTHBIX U pacTeHuil. Eie onnoit npu-
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yrHOW pazHoobpasust ADII moxer OBITH TO, UTO
KpHUCTAJI JIbJJa UIMEET MHOXKECTBO ITOBEPXHOCTEN
C PA3JINYHBIM T€OMETPUUECKHM PACIIOIOKEHUEM
aTOMOB KHCJIOPOJa.

A®II nmeroT Ba KOHTPACTHBIX IMYTH IIPOUC-
XoykeHus1. HexkoTopble 13 HUX BO3HUKIIHN ITyTEM Jie-
TeHEPaLUH OTACIbHBIX YJICHOB CEMEICTB OEIIKOB,
MMEIOIIHX COBEpIIeHHO HecBs3aHHbIe ¢ ADI] (hyHK-
un. J[pyrue MOryT CYMTaThCs T0-HACTOALIEMY HO-
BBIMH O€JTKaMH, YbH T€HBI TIOSBUIINCH BCIIEJICTBHE
CPaBHHUTENBHO HEIABHUX T€HETUIECKUX COOBITHIA.
B oTaenbHBIX ciydasx MCCiIeI0BaTeId Mpero-
JlararoT TOpU30HTaIbHBIA nepeHoc reHoB ADII
MEXly HEpOACTBEHHBIMU TaKCOHAMM.

Pa0ora BeITonHEeHA 1TPY (PUHAHCOBOH MOIEPHKKE
PODU (mpoext Ne 11-04-00178) u I'ockonTpakTa
Ne 16.512.11.2223.
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THE MAIN PROPERTIES AND EVOLUTIONARY FEATURES
OF ANTIFREEZE PROTEINS

L.L. Bildanova, E.A. Salina, V.K. Shumny
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Summary

Antifreeze proteins are a class of proteins synthesized by poikilothermic organisms under cold stress. These
proteins have random phylogenetic distribution, differ in primary and secondary structures, have different
regulatory pathways, but they all display a common feature: the ability to be adsorbed onto the surface of
ice crystals and to modify their growth. The review summarizes data on the origin of antifreeze proteins,
activities and mechanisms mediating their action with emphasis on cereals, including wheat.

Key words: antifreeze protein (AFP), ice recrystallization inhibition (IRI), thermal hysteresis (TH), ice-
binding proteins, freeze tolerance, freeze avoidance, cold acclimation, protein structure, protein evolution,

cereals, wheat.



