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[Mpu u3y4yeHUM BIMSTHUSI CE30HHOTO CHMXKEHMSI TEMITepaTyphbl Ha COCTaB CBOOOTHBIX aAMUHOKHUCIOT U HUHTUI-
PUVHIIOJIOKUTETbHBIX BTOPUYHBIX METAOOJIMTOB B MBIIIIIAX JISITYIIKY R. temporaria BBISIBICHO YBEIUICHUE Y-
Jla aJJaHMHa B Havajie 3UMHEM CIsTYKU, OT 2.43 MKMOJIb/T ChIPOI Macchl B JIETHUI niepuon A0 6.10 MKMOJIb/T,
a Takke 3-MeTWITUCTUANHA, OT 1.52 mo 2.80 MKMOJIB/T. BiiepBhie B MBIIIIIIAX MTOMKIJIOTE PMHBIX XXUBOTHBIX, —
a UMEHHO, y JISITyIlIeK, — OOHApy>XeHbI LIMCTEMHOBasI KUCa0Ta U (ocho3TaHOIAMUH, KOJIUYECTBO KOTOPHIX K
Havyajgy 3MMHEH CISYKM 3HAYMTEJbHO TMOBBIIIAIOCHh, OCOOEHHO MJIs LIMCTeMHOBOUW KucnoTel: oT 0.91 mo
2.15 MKMOJIb/T. YPOBEHb TaypuHa B MBIIILAX R. femporaria oKa3ajicsi HAIMHOTO HUKE 110 CPAaBHEHMIO C XXUBOT-
HBIMU 60JIee HU3KOM 1 60J1ee BHICOKOM CTyIeHel (hritoreHe3a, 0JHaKo B Hauajle 3UMHEM CITSTYKY OH YBEJTUUU-
BaJics 1TouTH B 3 paza. [Ipenrosiaraercsi, 4To akKyMyJIsilMs Ha3BaHHBIX METabOJIMTOB CBsI3aHA C IMPOTEKTOPHOM
POJIBIO 3TUX COSAMHEHMI TTPU TEMITepaTypax, IKCTpeMaTbHO HU3KMX JUIST BEDKUBaHUS R. temporaria.

Karouesnie crosa: HMU3KOTEMIICpaTypHad agartaiuyd, MbIIILbI JIATYIIKW, TAYPUH, (I)OC(I)OBTaHOHaMI/IH, IUCTEU-
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BBEAEHUE

DKTOTEepMHBIE XOJIOJ0CTONKNE KMBOTHBIC, HE 00-
JNafgamliye COBEPIICHHONM TePMOPETYJISIIUCH, BBIKM-
BalOT B CTPOTO OIIPeAeIeHHBIX IMpeaeiaX MTOHMKEHHBIX
TeMIepaTtyp OJjlarogapsi ClIOCOOHOCTH K HU3KOTEMIIe-
paTypHOIi aganTauuu. B sBomonnyn 6MOXUMHUYECKOM
amarnTaluyy MOMKIIOTEPMOB BBIIEIEHO TP OCHOBHBIX
TUIA CTpaTeruu: KOJIMYEeCTBEHHAas afanTaiust — u3Me-
HEHMs B KOHIICHTPAIUSIX KOMITOHEHTOB OMOXUMUYE-
CKHUX IPOIIECCOB; KAYECTBEHHASI — BKIIIOUCHME B METa-
00JIM3M HOBBIX BUAOB MaKpOMOJIEKYJI; MOIYJISIIIMOH -
Has M3MEHEHUSI aKTUBHOCTH CYILIECTBYIOIIUX
MakKpoMoJieKy [1]. AganTains K HI3KMM TeMIIepaTy-
paM MOXET OCYIIECTBIISITHCSI COBMECTHBIM JIefiCTBUEM
BCEX TPeX TUITOB U KaxKIO0ro B OTAeAbHOCTU. [ToMuMO
CHIDKEHUSI MHTEHCUBHOCTY MeTaboIM3Ma, CMEHBI Ha-
0opa n30epPMEHTOB U TTOATOTOBKM JIMITUAHOTO KOM-
MOHEHTa MeMOpaH, MHOTHE XXMBOTHBIE CUHTE3UPYIOT
W pa3IWYHbIe BUOBLI 3alIMTHHIX COCTWHEHUI, KpHUO-
MpPOTEKTOPOB, WU aTallTOTEHOB.

CBOOOIHBIE MPOTEMHOTEHHBIE AMUHOKMCJIOTHI BbI-
MOJHSIOT BaXXKHEUIIYI0 (DYHKIIMIO CO3daHUsI MeTabo-
JImyeckoro ¢oHa HU3KOTEMIIEpAaTYpHOM agamnTalliH,
KOTOPHBIH oIpenenseT afanTUBHbIE BO3MOXKHOCTU Op-
raHusma |2, 3]. HekoTopble U3 aMUHOKHUCIOT, aKKYyMY-
JIMPYSCh IPY HU3KUX TeMIlepaTypax B OpraHax WM B

165

remoiauM@e B 3HAYUTEIBHOM KOJIMYECTBE, BBIITOJIHSI -
JOT, BEPOSITHO, 1 TIPOTEKTOPHYIO poJib [2—4]. Cornac-
HO HAIIMM MCCJICIOBAaHUSIM, B HU3KOTeMIIEPaTypPHBIX
aganTalusax 9KTOTEPMOB, — B YaCTHOCTH, PbIO, — OCO-
Oy10 poJIb UTPAIOT TaKXKEe HEKOTOpPHIE BellleCTBa, KOTO-
pBie, B OT/IMYME OT IIPOTEMHOT€HHBIX aMHUHOKMCIIOT,
He SBJISIIOTCS aKTUBHBIMUY YYaCTHUKAMM MeTaboJIm3Ma
U OTHOCSITCS K BTOPUYHBIM MeTa0oJIMTaM, HO UX ypo-
BEHb IIPU OKOJOHYJIEBBIX TEMIIEpATypax ITOBBIIIAECTCS
BEChbMa 3HAYUTEIBHO [5, 6]. K HuM oTHOCATCS hocdo-
po- M cepocoaepKalire coeTuHeHus: hochoaTaHOI-
amMuH, ¢dochoceprH, MUCTEMHOBAsI KMCIIOTa, TaypuH
[5, 6]. AKKyMYJISLIAST 3TUX METAOOIUTOB IIPU HUBKUX
TeMIiepaTypax cnetuduIHa 111 OpraHOB M JKUBOTHBIX
M, BEPOSITHO, UTPAET BAXXHYIO POJIb B afalTalliu.

Mepmins aMmduourit aHaTOMUYEeCKU M MOP(OJIoTn-
YEeCKW OTJIMYAIOTCSl OT MBIIIL] pbIO, HO ydyacThe CBO-
OOMHBIX aMMHOKMCJIOT B MBIIIEYHON amamnTaiuu K
HU3KMM TeMIlepaTypaM, B COCTOSHUM aHabmo3sa,
MpakTUYECKU He u3ydyeHo. JIuib 1Be padboThl, BHIMOI-
HEHHblE Ha CBUCTALIEH KBakile Pseudacris crucifer v
JIecHOU nAaTymke Rana sylvatica, TIOCBSIIIIEHBI U3yde-
HUIO COCTaBa CBOOOIHBIX aMUHOKMCIIOT B MBIIIIEYHOI
TKaHU IpHY BO3IEMCTBUM HU3KUX Temneparyp [2, 7]. B
KayeCcTBe OOBEKTOB IIJIsI AaHAJIOTUYHBIX 1IeJIei ObLIHN HC-
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MOJIb30BaHbI U PENTUINM: ABa BUIA YeperiaxX U MOABs -
304HBIN YK Thamnophis sirtalis |8, 9].

J1J1s1 TOHMMaHUS SBOJIIOLIUY MTPOLIECCOB HU3KOTEM-
nepaTypHOU aganTtaluud UHTEPECHO UMETh MpPEACTaB-
JIEHHWE U O BO3MOXXHOM y4aCTUM B MBIIILAX aMbuOuii
BbIIIIEHA3BAaHHBIX BTOPUYHBIX MeTaboauTOB ((Pocdo-
pO- U cepocoepXkallluX COeIUHEHU) — NaHHbIE T10
3TOI TEME B JIMTEPATYPE COBEPIIEHHO OTCYTCTBYIOT.

TpassiHas nsaryimka Rana temporaria, NpencTaBu-
TeJb CEMENCTBA HACTOSIIUX JISITYIIEK, SIBJISIETCSI OObIU-
HBIM BUJIOM 0€CXBOCTbIX aM(pUOUii B yMepeHHOM KJIU -
MaTUYECKOM ITosice eBporreiickoii yactn Poccuu. Ham-
O6osiee KOoM(MOpPTHO amMpUOUU YYBCTBYIOT cebsl MpHU
temriepatype 17—20°C; noHMXeHHasT TeMIleparypa
BO3/lyXa HE OTPAaHUYMBAET UX aKTUBHOCTD JIaXKe TTpU 2—
3°C, HO ¢ HACTyIJIEHHUEeM peryJIsipHBIX 3aMOPO3KOB UX
aKTUBHOCTb TIpeKpallaeTcss U HaCTyIaeT COCTOsSIHUE
aHabuo3a, oTauyaloleecs: OT rudepHalliu MJIEKOTIU -
TAIOIIUX, IPEXJIe BCETO, OTCYTCTBUEM TTepUOA0B 001p-
CcTBOBaHU [6]. AHAOKMO3 TPaBIHBIX JISATYIIEK HE CTOJb
MPOAOJIKUTENEH 151 36MHOBOJHBIX, OOMTAIOIIMX B HA-
IIMX IIIAPOTax, U IUIMTCA B cpenHeM 180 mHeli, oqHaKo
B OYEHb CypOBbI€ 3UMbI, KOT/Ia BOJOEMbI, B KOTOPBIX
OHU 3UMYIOT, TIPOMEP3AIOT 10 AHA, MOXET CIy4aTbCs
1X MaccoBasi Tu0eJb.

WN3yyeHne MexaHN3MOB TOJEPAHTHOCTU K HU3KUM
TeMIlepaTypaM 3€MHOBOIHBIX, TI€PEXOMHBIX MEXIY
TUIPOOMOHTAMU U HA36MHBIMU XKUBOTHBIMU,, BBISIBIIE-
HUE COeIUHEHMI, SIBISIOIINXCS aKTUBHBIMU (U TIOM-
yac, crneuuduyecKruMM) YyYaCTHUKAMM TIPOILECCOB
amarnTalyy Ha TeX UJIW UHBIX 3Talax 3BOJIOIAYN, TPE-
CTaBJISIET HECOMHEHHBI MHTEpeC U J00aBUT HOBOE
3HaHME IJIs1 TIOHMMaHUsI MEXaHU3MOB HU3KOTeMIIepa-
TYpPHOU amanTanuy, HEOOXOOWMOTO [UIST TpaKTUye-
CKUX 3a7]a4 KpMOOUOJIOTUU U KPUOMEIWUIIUHBI.

3amaya JaHHOTO MCCIeNOBaHUS 3aKiaouaiach: 1) B
BBISIBJIEGHUM OCOOEHHOCTEl cocTaBa CBOOOIHBIX aMU-
HOKWCJIOT U HUHTUIAPUHITONOXUTEIbHBIX BTOPUYHBIX
MeTaboauToB (hochoMoHOI(DUPOB U cepocomepxka-
IIMX KWUCJIOT) MBILIL JISATYIIeK B 3UMHUI mepuon B
CpaBHEHUU C JIETHUM; 2) B CpaBHEHUU MOTYyYEHHBIX
MaHHBIX C WMEIOIIUMUCS JIUTEPATYPHBIMU TaHHBIMU
JUUISI )KMBOTHBIX, CTOSIIIUX Ha OoJjiee paHHUX U Oosiee
MO3IHUX CTaAusX (hUIoreHeHe3a.

MATEPHAJIbI U METOJ1bl UCCJIEJJOBAHUN

Obsexm uccaedosanus. IlonMKa TpaBsTHBIX JISATYIIIEK
R. temporaria ocymectBiastiack B 2015—2017 rr. B
HerIyooOKMx BomgoeMax okpecTHocTeil IlymuHo
(54°50' c.1m1., 37°36' B.1.) B cepenrHe WIOHS TIPU CPe-
HeCyTOYHOM TeMmnepatype +172 C u B TpeThell neKaie
Hos16ps1 (—2°C) — M3 BomoeMa, YaCTUYHO MOKPHITOTO
PBHIXIIBIM JIbIOM. Bec >kuBOTHEIX cocTaBisut 34 + 5 T.
JexanuTtanusi JIETHUX JISITYIIeK W U3BJIEUEHUE UKPO-
HOXHBIX MBI OCYIIECTBJISUIMCH Ha CIEAYIOIIUIA 1€Hb
rnocje MOUMKM; JeKalUTalrsl 3UMHUX JIATYIIEeK OCy-
LLIECTBJISIJIACH CIYCTSI HECKOJIBKO JHEN TTOCIe OTJIOBa, B

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U OUIUOJIOTUU

TIePBBIX YMCIIaxX IeKabps; B 9TOT MepUOI OHU HaXOIN-
JIMCh B akBapuyMe npu temneparype +4°C. O1ioB u
coliep>KaHUe KMBOTHBIX, TOCTaBJICHHBIX B JlabopaTo-
pHIO, OCYIIECTBIISIIA B COOTBETCTBUM C TIpaBUJIAMMU,
npuHITEIMU “I1 EBporteiicKoii KOHBEeHIIMEH 110 3aIIn-
T€ >KMBOTHBIX, WCIOJb3yeMBbIX IJIsI 3KCIEPUMEHTOB
WJIH B APYTUX HayIHBIX Hesstx” (1986). [lemmporenHm3a-
IO ¥ TOMOTE€HU3AIINIO MBIIIIEYHO# TKaHU ITPOBOIVUITH
B 0.2 n XJIOpHOI KMCJIOTE B COOTHOILIIEHUM Beca TKaHU
u obbeMa Kucjiotsl 1:9 (w/v) U neHTpudyrupoBaiu
npu 20000 o6/MuH B TeueHue 15 muH, npu 0°C Ha
ueHtpudyre Centricon. CynepHaraHr (S,) HEUTpaiu-
3oBanu 0.2 n KOH (S,); 1o ucnonb3oBaHusT XpaHWIN
npu —20°C.

Konuenmpauyuto c60000HbIX aMUHOKUCAOM W HUH-
TUAPUHITONOXUTENIbHBIX coeauHeHunit (HITC) ompe-
JIEJISLIA METOIOM MOHOOOMEHHOM XXKUAKOCTHOM XpPO-
maTtorpaduyd Ha aBTOMAaTUYECKOM aHaJIM3aTope
amuHokuciaor LC-2000 (I'epmanus). PaszgeneHue
aMWHOKMCJIOT HPOBOAMIM Ha MOHOOOMEHHOI KO-
nmoHKe (0.37 X 35.0 cM), B KOTOPOI HETTOABIKHOIM ¢ha-
30i gBisIach KaTuoHooOMeHHas1 cmoiyia Ostion LG
ANB [10]. 115 a110MpoBaHUST NCIOJIB30BaIM TPEXCTY-
MeHYaThIlid TpagueHT HaTpUM-LIIMTpaTHOro Oydepa c
BO3pacTarolleit noHHo cvnoit u pH: Ne 1 — 0.3 M, pH
298, Ne 2 — 0.4 M, pH 3.81, Ne 3 —0.45 M, pH 9.97.
PaGouasg TeMrmiepaTtypa KOJOHKHU nocTtossHHast, 55°C. B
KOJI0HKY BBoaWaM 100 Mxi1 Guomarepuana (S,), coor-
BETCTBYIOIIETO MCXOOHOMY 1 MI MBIIIEYHOM TKaHU.
IMTocTkomoHouHasT MogupUKaIIMI aMIHOKUCIOT IIPO-
BOAWJIACh C HUHTUAPUHOM, MHTEHCUBHOCTb OKpalllu-
BaHus1 amuHokuciioT 1 HITC usmepsiiack cieKTpodo-
toMmeTrpudecku npu 570 M. [1penens oOHapyKeHUs
aMUHOKUCIOT — OT 0.3 HMOJIb, Ipeaesibl OIpeaeie-
HUS — oT 1 1o 20 HMOJIb.

U1 KOJTMYEeCTBEHHOTO OTpelesieHUsI aMUHOKHUC-
JIOT B KaXJI0i CEpUU OMBITOB TMOJIy4aJIu XpoMaTorpam-
My cTaHaapTHoii cMecu amuHokuciaoT u HITC: taypu-
Ha, ¢pocdoaTaHoammHa, ¢pochoceprnHa U HUCTEUHO-
Boii kuciaotel (dpupm “Sigma” wu “Hitachi”).
ConepxaHue CBOOOTHBIX aMUHOKUCJIOT BbhIpaxkaiud B
MKMOJIb/T CBIPOI MacCHhl.

Cmamucmuueckuil aHaiu3 BbITIOTHSLIU, UCTIONb3YS
MakKeT CTaTUCTUYECKUX Iporpamm it Microsoft Excel
2010. JaHHble BbIpaKajd KakK cpelHee u3 3 mapa-
JIETBHBIX TIPo0 (7 = 3), B KaXMOii 13 KOTOPHIX UCTIOJIb-
30Bajioch 2 ocobu (uToro 6 ocodeit) = ommodKa cpel-
Hero 3HayeHus1 (M * s.e.m.).

PE3VJIBTATDBI

IIpomeunoeennvie aMUHOKUCAOMbL U 3-MemMUAUCU-
OJur. KoHueHTpalsi CBOOOAHBIX TMPOTEMHOTEHHBIX
AMUHOKUCJIOT MbILIEYHOM TKAaHU U3 JIETHEU U 3UMHE
nonynsuuii R. temporaria TipencraBsieHa B Ta6m. 1 u 2.
XapaKTepHOI 0COOEHHOCTHIO JIETHETO IIepruoia cpe-
IV 3aMEHUMBIX aMUHOKHUCJIOT (TabJ1. 1) ABIsIeTCS CO-
OTHONIEHWE ajJaHMHa K TJIYTAaMHUHOBOM KMCIOTE,
No 2
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MpU KOTOPOM MyJ ajlaHWHa COCTaBJsIeT NMPUOINU3U-
TE€JbHO NIBE TPETH OT IyJa TJIyTaMUHOBOMN KUCIOTHI
(2.4 1 4.0 MKMOJIB/T CBIPOI MacChl COOTBETCTBEHHO
JUJISI aJlaHWHA U TIyTaMUWHOBOM KUCIOTHI). YPOBEHb ac-
naparuHOBOM KUCJOTHI B MBIIIIIAX JIETHETO Teproa,
1.35 MKMOJBb/T, COCTaBJsSIET TPUOIU3UTEIBHO OIHY
TPeTb OT ITyJia TIyTAaMUHOBOU KUCIOTHI. B MblllIeuHOM
TKaHu R. temporaria B 3HAUUTEJIBHOM, HO MEHBIIIEM,
KOJIMYECTBE OOHAPYKEHbI TAKXKEe TUCTUIUH 1 €T0 Ipo-
U3BOIHOE, HEMPOTEeMHOTeHHAasi aMUHOKMCIIOTa 3-Me-
TuarucTuanH (2.2 1 1.52 MKMOJIb/T COOTBETCTBEHHO).

CooTHollIeHHEe aJlTaHMHA K TJIyTAMUHOBOI KUCJIOTE
MBI R. temporaria 3aMeTHO M3MEHSIETCS B Hadaje
3UMHETO Mepuoaa o CPaBHEHUIO C JIETHUM: KOJIMYe-
CTBO aJlaHWHA yBeJIu4duBaercs ot 2.4 1o 6.1 MKMOJIb/T.
3aMeTHOE yBeIMUYEeHME KOHIICHTpallMd OTMedaeTcs
o1 3-MeTWIrucTuanHa, ot 1.52 no 2.8 mxmonns/r. Ha
¢oHe MOBBIIIEHUST YPOBHSI Ha3BaHHBIX COCIMHEHUI B
Havajie TMOepHALIMM TPaBSIHOM JISITYIIKY IIPOUCXOIUT
3aMETHOE YMEHBIIIEHUE ITyJIOB IUKAapOOHOBBIX aMUHO-
KMCJIOT: acraparuHoBoii — ot 1.35 mo 0.55 MKMoub/T,
rayraMuHoBoil — oT 4.0 o 3.0 MkMmoJb/T (Taba. 1).
YpoBeHb cepuHa u riuimnHa, 1.24 1 1.50 MKMOJIB/T, CO-
OTBETCTBEHHO, NTOYTU HE U3MEHWUJICS; YPOBEHD Y-aMU-
HoMmacstHol kuciiotel (TAMK) GBLT HIKE TIpenena ee
KOJIMYECTBEHHOTO ompeneiacHus (1 HMoIb).

XapakTepHOii OCOOEHHOCTBIO JIETHEero Iiepuoia
cpeliy He3aMEeHUMbIX aMUHOKUCIIOT (TabJ1. 2) SIBIsieTCs.
CYLIECTBEHHAas] KOHLEHTpalrs TUAPOKCUAMUHOKMUC-
JIOTHI TpeoHUHa (2,05 MKMOJIb/T) U OCHOBHOI aMUHO-
KkucioThl Im3uHa (1.38 MkMmois/T). B Hauane anabuo3sa
R. temporaria ypoBeHb 3TUX aMUHOKHUCJIOT U3MEHSIETCS
MPOTHUBOIIOJIOXKHBIM 00pa3oM: Yy TPEOHMHA YBEIUYM-
BaeTcs 10 2.90 MKMOJIb/T, a Yy TM3MHA YMEHbIIIAaeTCs 10
0.94 MKMOJB/T.

B oTinumne oT TpeoHMHA U JIM3UHA, CEPOCOAEpKa-
masi aMAHOKKCJIOTA METUOHUH M aMWHOKMCIIOTHL C
pa3BETBJICHHOM OOKOBOM IIETbIO, — BaJIMH, M30JICHi-
LUH U JISULIMH, — IIPUCYTCTBYIOT B OYE€Hb HEOOJIBIION
KOHIIEHTpALlMM 1 B Havajie rudbepHaumnu R. femporaria
MX YPOBEHb IIPAKTUYECKU HEe U3MeHsIeTCs (Taba. 2).

CyMMapHO€ KOJHUYECTBO 3aMEHUMBIX aMMHOKKC-
JIOT Y 3UMHUX XXWBOTHBIX BHILIIE, YeM Y JIETHUX, U CO-
craBisieT 17.5 MKMoab/r (Tabdn. 1). CymMMapHBIit 1Ty
He3aMEHUMBbIX aMUHOKHWCIOT Y 3MMHUX KUBOTHBIX MO-
4TH HE OTJIMYaeTCs OT JIETHero myna (tabi. 2). Takum
oOpa3zoM, oOmmuii GajaHC aMMHOKMCIIOT, BEPOSITHO,
oTpaxaeT TpeobjiagaHue MPoILeCCOB MPOTEO0an3a Hal
IpolieccaMy CMHTe3a OEIKOB.

Bmopuunsie memaboaumsi. Pe3ynbTarbl M3ydeHUs
BJIUSIHUS CE30HHOTO CHIDKEHMS TeMIIEpaTyphbl HAa COCTaB
BTOPUYHBIX METAOOJIUTOB MBIIIEUHON TKaHU R. tempo-
raria ipencrTaBieHbl HA puc. 1. CBoeobpa3ue 1 CIoX-
HOCTb IIepexoa OT BOJIHOTO 00pa3a XXM3HU K Ha3eMHO-
MY OTpakeHbI B TTOSBIIEHUU HOBBIX COCIUHEHUIA: 1I1-
CTEMHOBOI KHUCIOTHI U docdosraHoramuuHa 0.91 u
0.30 MKMOJIb/T, COOTBETCTBEHHO, a TaKXe B HU3KOM
JIETHEM YPOBHE 2-aMUHO3TAaHCYIb(OHOBOI KUCIOTHI,
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Ta6muua 1. [Tynel 3aMeHUMBIX aMUHOKHUCIIOT MKPOHOXKHBIX
MBI JIATYIIKKA R. femporaria 1eTOM U B Havyaje rubepHa-
UK (MKMOJIM,/T CBIPOI MacChl)

AMMHOKMCITOTBI Hronp Jexabpb
AcTmaparud 1.35+0.13 0.55 £ 0.05*
CepuH 1.24 £ 0.11 1.0 £ 0.1
I'nyramuu 40+0.3 3.0 £0.3*%
I'myuomnn 1.50 £0.13 1.35£0.12
AnaHuH 24102 6.1 £0.6*
TAMK <0.01 <0.01
Tuctuoun 2.21+0.2 2.6+0.2
3-METUITUCTUIVH 1.52 £ 0.14 2.8 £0.2*%
OO6wmit mymn 143+ 1.3 17.5 £ 1.8

IIpumevanus. TUpo3uH, LIMCTEUH, apTUHUH, TIPOJIMH, TPUIITOMAH,
dbeHmwIanaHuH He oOHapyXeHbl. JlaHHbIe MPEICTaBISIOT CPeIHee
U3 3 mapauiebHbIX ONBITOB (M = s. €. m.), B K&KI0M U3 KOTOPBIX
KCITOJIb30BAJIUCh 2 0CO0U; * — 1OCTOBEepHOCTh 3HaueHus p < 0.05
0 OTHOIlIeHUIO K UIoHI0. TAMK — y-amuHoMmacsiHast Kuciora.

Ta6mauua 2. [Tyabl He3aMEHUMBIX AMUHOKHUCIOT UKPOHOX-
HBIX MBI JISITYIIKY R. femporaria 1eTOM U B Hayajie rubep-
Hanuy (MKMOJIH,/T CBIPOIA MacCHl)

AMMHOKMCIIOTBI Nionp Jexkabpb
TpeoHuH 2.05+0.19 2.9 +£0.3%
Banun 0.39+0.03 0.30 £ 0.03
MeTrnoHuH 0.09 +£0.02 0.08 +0.01
WzoneitnuH 0.14 £ 0.02 0.11 £ 0.02
Jleiiuun 0.23 +0.02 0.20 £0.02
JInzuH 1.38 £ 0.12 09=*0.1
OO01mii myJ 43+04 45+0.5

IIpumevanns. [JlaHHBIC TIPEICTABISIOT CpeaHee U3 3 mapauieJIbHBIX
onbITOB (M =+ s. e. m.), B KaXI0M M3 KOTOPBIX UCIHOJIb30BAIUCH
2 ocobu. * — moctoBepHOCTH 3HaueHUs p < 0.05 Mo OTHOIIEHUIO
K UIOHIO.

v TaypuHa (0.61 MkMoIb/T). K Havamy 3uMHero me-
puoja ITyJibl TaypruHa, HIMCTEMHOBOM KUCIOTHI 1 poc-
dosTaHOJAaMMHA YBEJIMYMBAIOTCS B 2—3 pasza, IIpu
5TOM yPOBEHb HUCTEMHOBOM KUCJIOTHI IMO-IPEXXKHEMY
BBIIIIE, YeM YPOBEHb TaypMHa UM (pochosrTaHOIaAMU--
Ha, ¥ cocTaBisieT 2.15 MKMOJIb/T.

OBCYXIEHHE

Pe3ynbTaToM 3BOJIIOIINA MBIIIEYHONW CUCTEMBI aM-
¢bubuii cTasio pe3Koe M3MEHEHME XapaKTepa UX IBUXKe-
HUIl B CpaBHEHUM C pbIOAaMM U COOTBETCTBYIOIEE
yCITOXKHEHUE MYCKyaaTypsl [11]. MBIIbsl KOHEYHO-
CTE y JISITYIIEK, B OTJIMYME OT PBIO, AESITCS Ha IBE
TJIaBHBIE TPYIINbI, IPUBOISIIME U OTBOASIINE, & MBI -
LBl TYJTOBUIIA YK€ HE NESTCS Ha MUOMEDPHI, a TIPUHU -
MaroT BUI MPOAOJBHBIX U KOCHIX JICHT. Takue aHaTo-
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Puc. 1. BropuuHbie MeTabOJIUTHI UKPOHOXKHBIX MBIIIILL JIITYIIKK R. temporaria 1STOM U B HadaJie TMOSpHAIIUN.

MHUYeCcKUe U Mopdonorndeckue U3aMeHeHUsI, Hapsiay ¢
M3MEHEHNEM 00pa3a XXKM3HU, HaBEpPHO, MOTYT COIIPO-
BOXXIATHCS ¥ OMOXUMWNYECKUMU U3MEHEHUSIMU COCTa-
Ba MBIIIEYHOI TKaHU, BKJIIOYas U3BMEHEHHE COOTHO-
IICHUS ITYJIOB CBOOOIHBIX AaMUHOKMCIIOT M BO3MOXHOE
MOSIBJIEHNE KaKNX-TO “HOBBIX~ BTOPMYHBIX METa0OIN -
TOB. OTU UBMEHEHUSI OCOOEHHO SIPKO MPOSIBISIIOTCS B
mpolecce ajanTaluy K HU3KMM TeMIlepaTypaM U Y
Pa3HBIX BUAOB XKMBOTHBIX UMEIOT CBOM OCOOEHHOCTH.

Taxk, B maHHoI paboTe MOKa3aHO, YTO B MBIIIIIAX
nsaryuiek R. temporaria, B oTIW4YUE OT pwlO Perccottus
glenii [12], cBOOOmHAs acrapariHOBasI KMCJIOTa MPU-
CYTCTBYET YK€ B 3HAUYUTEJIbHOM KOJTUIECTBE, oOpeTas,
BEPOSITHO, CYIIIECTBEHHYIO POJIb B YCIOXKHEHHBIX 3aa-
yax MeTabonmn3ma amduomit. B MpImax geTHero me-
profa OHA COCTAaBIISIET OKOJIO OMHOM TPEeTH OT Iyja
MIyTaMUHOBOM KUCIOTHI, 1.35 MKMOJIB/T (Tab. 1), HO
31MOI1 ee ypoBeHb MOHMXaeTcsa 10 0.55 MKMOJIb/T.

Becomoe yuactre ataHrmHa B HUBKOTEMITEpaTypHOM
anarnTay TPaBSHOM JISITYIIIKA COTIPSIKEHO C YOBUIBIO
IIyTAMUHOBOM KMCJIOTHI (Taba. 1), OT KOTOpOii, BO3-
MOXHO, ¥ 3aMCTBOBAaHBI aMHHOTPYITIHI JUTSI CHHTE3a
ajaHnHa. Bo3pacTranue KoJimiyecTBa aJlaHWHA COOTBET-
CTByeT (heHOMEHY MOBBIIIEHUS €T0 YPOBHS Y JIECHBIX U
CBUCTSIINX JIATYIIIEK, 3MMOM BMEP3aIOIINX B JIeI 1 BbI-
NEeP>KUBAIOIINX IKCIIEPUMEHTAIFHOE 3aMOpakKMBaHUE
o —4°C B TeueHmne 36—48 4 [2, 7]. Y JeCHBIX JATYIIEK
R. sylvatica B pe3ynbrare sKcro3uuuu npu —2.5°C B
TeyeHUe 2 CyT BBISIBIICHO YBEJIMUEHUE ITyJia aJJaHuHA OT
5.34 no 13.15 MKkMob/T [2]. Y cBUCTSILIMX KBaKIl Pseu-
dacris crucifer ipu 3amopaxkuBaHnu 10 —4°C B TeueHHE
36 4 IIPOMCXOIUT €ellle 060JIee 3HAYUTEIHHOE YBEJIMYEHUE
YpOBHS ajlaHMHa, oT 1.68 mo 5.85 MKMOIB/T, 06yCIIOB-
JIEHHOE, KaK MPEIoJiaraloT aBTOPhI, KpUOIIPOTEKTOP-
HBIM BO3JCHCTBHUEM B3TOM aMUHOKMCIOTHI [2, 7]. B
MOoJIb3Yy KPUOMPOTEKTOPHOTO 3ddeKTa ajaHMHA CBU-
IEeTEebCTBYET TAKKe OTPOMHOE BO3pacTaHME ero KOH-

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3ZUOJIOTUU

LHeHTpanuu, B 14 pa3, B reMonuMde 0abouku Pieris
brassicae npu —6°C [4].

OoOpalaer Ha ce0s1 BHUMaHNUE 3HAYUTEIbHOE KON~
YecTBO TUCTHMAWMHA W 3-MeTmaructuanHa, 2.20 m
1.52 MKMOJIB/T, BBISIBACHHBIX B JIeTHUM mnepuon. O
MPUCYTCTBUM TMCTUAMHA, IIPUYEM B HAaNOOJIbIIEM I10
CPaBHEHUIO C IPYTMMH aMUHOKKCIOTaAMU KOJIMYECTBE
(ocobeHHO, y TOJIOBACTMKOB), COOOIIAIOCh TOJILKO B
paboTe, BBIITOJHEHHOM Ha MBIINAX JISTYIIKI-ObIKa
R. catesbeiana [13]. UHTepeceH m oOHapyXeHHEBIIl B
Haileii pabotre GakT CylIeCTBEHHOIO YBEJIWYEHUS
3-MeTWJITUCTUAWHA B Havajie TubepHauuu R. tempo-
raria, 1o 2.80 MKMOJIb/T (Ta0. 1), BEISIBISIONINI OCO-
OeHHOCTH MeTaboIM3Ma 1 CIIeIM(UKY YIaCTHUSI B HU3KO-
TeMIIepaTypHOM aganTalui CBOOOMHBIX AMUHOKUCIIOT
TpaBsHOM aarymku. O GyHKIIMKY HETIPOTEMHOTe€HHOM
aMMHOKMCJIOTHI 3-METWJITUCTUAMHA U3BECTHO HE TakK
MHOTI'0; U3BECTHO, UTO OH SIBJISICTCS IIPOAYKTOM MeTa-
Oosm3Ma aKTMHA 1 MUO3MHA M OTpaxKaeT YpOBEHb pac-
naga OeJIKOB B MBIIIEYHONM TKaHMW. Asatoor U COaBT.
[14] xorma-To MOCBITUIN 3-METWITUCTUANHY paboTy,
II0KAa3aB eTo MPUCYTCTBUE B aKTUHE KPBIC.

AMWHOKMCIIOTHBIIA COCTaB MBIIIL Pa3HBIX BUIOB
PENTUWINI KaxKeTCs, 10 CPAaBHEHUIO C TAKOBBIM R. fem-
poraria, 6ojiee CBOEOOPa3HbIM M J1aXke HEOOBIYHBIM.
Hampumep, mns wmbinn gepenax Chrysernys picta
rnarginata n C. picta bellii xapakTepHO HEOOBIYATHO
BBICOKOE COJIep>KaHUe META00INUYEeCKH MaJTOAKTUBHO-
ro BaiauHa, 2.488 u 3.409 MKMOJIb/T, COOTBETCTBEHHO,
M Oo4eHb BhICOKOe copepxkanmne 'AMK, gacto orcyr-
CTBYIOIIIe!l HE TOJILKO B MBIIILAX JIATYIIEK, HO U B
MBIIIIIIAX IPYTUX IIO3BOHOYHBIX [8].

BonbIIMHCTBO He3aMEHUMBIX aMUHOKUCIIOT (Me-
TUOHWVH, BaJIMH, U30JIEUIIVH, JIEHLIVH) IPUCYTCTBYET B
MbIax R. femporaria B 04eHb HEOOJBIIIOM KOJHMYE-
ctBe (Tabu1. 2). B mpouecce Ce30HHOTO CHIKEHUST TEM-
repaTypbl M HACTYITUBIIIETO 3aTEM OLIETIEHEHUS UX ITy-
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JIbl TPaKTUYECKU He U3MeHsTIoTcsl. ICKITloueHueM siB-
JIIeTCs Iyl TpeOHWHA, Bo3pociuii ot 2.0 MKMOJIb 10
2.9 MKMOJb/T, U JU3UH, YPOBEHb KOTOPOTO, HAIPO-
TuB, cHU3WJICcs oT 1.38 1o 0.9 Mmkmonb/T (Tab. 2). YBe-
JIMYEHUE KOJIMYECTBA TPEOHUHA KOPPEIUpPYeT C
yMEeHbIIIeHHEeM KOJIMYECTBa acliapariHOBOM KUCJIOTHI
(Tabi. 1), 13 KoTopoii oH Mor ob6pa3oBarbest. CTaOMIIb-
HbIil ypOBEHb HE3aMEHUMbBIX CBOOOJHBIX aMUHOKMUC-
JIOT 0OCOOEHHO BaKeH IS CUHTE3a OeJIKOB U peryJs-
TOPHBIX TIETITUAOB, U B 3TUX Tpolieccax OajlaHC He3a-
MEHUMBIX aMUHOKUCJIOT UIPAET OCOOEHHO BaXKHYIO
pOJIb: 3aMEHUMBbIE MOTYT OBITh JIETKO CUHTE3UPOBAHBI
U3 KETOKWCIIOT WU APYTUX OTHOCUTEIBHO ITPOCTBIX
NpeaecTBeHHUKOB. B CBSI3u ¢ 3TuUM clienyeT oTMme-
TUTh, UYTO B MBIIILAX CBUCTSIIEH KBakiuu Pseudacris
crucifer, HampoOTUB, YPOBEHb HE3aMEHUMBIX aMWHO-
KMCJIOT, M30JIeiIInHA, JIEHIIMHA U JU31HA (TPEOHUH U
BaJIMH HE OOHAPYKEHbBI) TPU 3aMOPAKUBAHUM KUBOT-
HbIX 10 —4°C B TeueHue 36 4 yBemnuuBaeTcs B 3—6 pas
[7]. HezameHMMBbIe aMTHOKHMCIIOTHI JIECHOM JISTYIIIKNA
R. sylvatica mpu 3aMopaXuBaHUM HE3HAYUTEIBHO
YMEHBIIAIOT cBou myibl [2]. Hammume cBOOOTHBIX
HE3aMEHUMBbIX aMUHOKUCIIOT TOJIbKO B CJIETOBBIX KO-
JIMYeCTBax U HabI0JaeMoe TIOCTOSTHCTBO MX KOHIIEH-
TpalMii yKa3bIBalOT Ha CylIeCTBOBaAaHUE YPe3BbIUaitHO
3(pPEKTUBHBIX MEXaHN3MOB PETYJIMPOBAHMSI.

CyMMapHO€ KOJUYECTBO 3aMEHUMbBIX aMMHOKKC-
JIOT Y 3MUMHUX XHWBOTHBIX BBIIIE, UeM Y JISTHUX, U CO-
cTaBisieT 17.5 MKMOJIb/T IO CpaBHEHUIO C JICTHUMU
14.3 mxMmoun/T (Tabi. 1). CymMmmapHOe KOJIMYECTBO He-
3aMEHUMBIX aMUHOKMCJIOT Y 3UMHUX KUBOTHBIX MO-
YTH COBITAAAET C JIETHUM ITysioM (Tadi. 2). Takum 00-
pa3oM, oOIIMiT 6ajaHC aMUHOKUCIIOT MOXET TIPEIITO-
JlaraTb mnpeo0jagaHue MPOLECCOB MPOTEOJM3a Hal
npolieccaMmu CUHTe3a OeTKOB.

B manHoii paboTe BepBBIe B MBIIILIAX 36MHOBO/I -
HBIX OOHApPYXKEeHBI LIMCTEMHOBas Kucjiota u ¢ocdo-
sTaHojlaMuH. O0 3THUX BellleCTBaX HE COOOIIAIOCh Aa-
XKe B Kiraccmueckux pabdorax Churchill u Storey, BbI-
MOJIHEHHBIX Ha MBIIIIAX JATymeK [2, 7]; BeposiTHO,
WUCIOJIb3YEeMbIii aBTOpaMu METOI He ITO3BOJISIT BbI-
ssuth 3t HIIC. IlpucyrcTBue Ha3BaHHBIX BTOPUY-
HBIX METa0OJIMTOB B MbIlIIAX R. femporaria CBUIETENb-
CTBYeT O clielM(puKe 0OMEHHBIX MTPOLIECCOB JISATYIIEK,
a MX aKKyMYJISIIINS B COCTOSIHUY aHa0103a — O CIIeL-
¢duKe aganTaluuy Npyu HU3KUX TeMmIieparypax (puc. 1).
3HAYMMOCTb MOJYyYeHHOI MH(MOPMALIU TOTIOTHSIETCS
OTCYTCTBMEM Ha3BaHHBIX BTOPUYHBLIX METAOOJIMTOB B
MBIIIIIAX PBIO-TEJIEOCTOB M Op. [5], 4TO CcBUIETEIb-
CTBYET O MOSIBJISHUU B MBIIIEYHON TKAaHU 3€MHOBO/I -
HBIX HOBBIX OMOXMMMYECKNX OCOOCHHOCTEI MO CpaB-
HEHMIO C IIPEAbIAYIIM YPOBHEM (bUIOreHe3a.

ILIncTtenHoOBass KMCIoTa HE OOHAPYKMUBACTCS B MbI-
IICYHBIX TKAHSX NPEOIISCTBYIOIINX CTaguil dpujore-
He3a, — Mo KpaifHeid Mepe, y pbl0 He BBISIBISIETCS |3,
12], 3aT0O B CYIIIECTBEHHOM KOJIMUECTBE IPUCYTCTBYET
Ha OoJice BBICOKMX CTYNEHSIX 3BOJIOLMU M yXE& He
TOJIBKO B MBIIIIAX. DTOT IIPOMEXYTOUHBINA ITPOIYKT

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUN

cepocoiepKaliuxX KUCIOT OOHAPYXKEH B MBIIIIIAX MJIC-
KOIMTAIONINX (BKJIIOYAS Y€JI0BEKA), B IJIa3Me KPOBU, B
spuTpouuTax Jwoaeu [15—17], B runoTtagamyce KphbIc,
YyBCTBUTEIBHOM K paIuKadbHBIM TeMIEpaTypHbIM
casuraM [ 18]. Bo BpeMms copeBHOBaHMIA, KOTIa BO3pac-
TaeT KOJIUYECTBO CBOOOIHBIX PaIUKAIOB, YPOBEHbD 111~
CTEMHOBOIT KMCJIOTHI IIOBHILIACTCS B IIa3Me YeJIoBeKa
B TPU pa3a; BO3MOXHO, 3TOT 3P deKT 0O0yCIIOBJICH aH-
TUOKCUIAHTHBIMU CBOMCTBAMHU 3TOM cyOcTaHUMu |16,
17]. LluctenHoBasi KMcaoTa odpa3yeTcsl B pe3yabTaTe
OKMCJICHUSI LIMCTeMHA B IIMCTEMHCYIb(UHOBYIO KHUC-
JIOTY, KOTOpasi 3aTeM OKHUCJSIETCSI B IIUCTEMHOBYIO, a
Ta, 4yepe3 o0pa3oBaHUE TUIIOTaypUHA, IIpeBpalllacTCs B
TaypuH [16, 19]. Huskoe comepkaHue TaypuHa B MbI-
1IeYHOM TKaHU R. temporaria (pyc. 1) — HeOXUTaHHBIN
¢dakT MTaHHOTO MCCICAOBAaHUS, BEPOSITHO, HAIIPSIMYIO
CBSI3aHHBII C HAaKOIUIEHHMEM IIMCTEMHOBOI KUCJIOTHI,
MpealIeCTBEHHUKA TaypyHa.

TaypuH K Havyay 3MMbI B MBIIILIAX JSTYIIEK BCE XKe
HakarjuBaeTcsi, HO He B TaKOM KOJHUYECTBE, KakK y
pBIO-TEIEOCTOB, Toe OH aKKyMYJIHMPYeTCsl 3UMOIi, He-
CMOTPSI HA TO, YTO €T0 MYJI U JIETOM JOCTaTOYHO BEJIUK
[3, 5, 12]. CornacHo nuTepaTypHbIM JaHHBIM, TaypyuH
HEe CHMHTE3MpPYeTCS B MBIIIIIAX 1U3-3a OTCYTCTBUS IIM-
CTEMHINOKCUTEeHAa3bl — IepBoro pepMeHTa KaTaboau-
YEeCKOro IyTHU LUCTEWHA, MPUBOASIIET0o K TaypuHY
[20]. ITyn TayprHa B MBILILAX 3ABUCUT OT €0 10CTaB-
KM, OCYIIIECTBIISIEMOIA 3aBUCSIIIMM OT XJIOpa TPAHCIIOP-
Tepom TaypuHa (TauTl, SLC6A6 gene) [20]. B TkaHsx
OpraHm3MoB 0oJiee IpeBHUX (PMIOTCHETUIECKUX YPOB-
Hell KOJMYEeCTBO TayprMHa Hauboyiee 3HAUYUTEIbHO —
HampuMep, y JIMTOPaJIbHBIX MOJUIIOCKOB W pbIO [3].
JI100O0IIBITHEIM MOMEHTOM SIBJISIETCSI U TO, YTO 3HAUM-
TEJIbHOE ITaJIcHNE YPOBHS TaypHMHA B MBIIIIAX JISITYIII-
KU IO CPAaBHEHUIO C MBIILILIAMU PbIO HOCUT, “C TOUKU
3peHMs] BBOJIIOLUM’, BPEMEHHBIN XapakTep M, BO3-
MOXHO, CBSI3aHO C OTCYTCTBHEM B HUX TpaHCHOpTepa
TaypuHa. B MmbllImax 6oiee BbICOKOPa3BUTHIX KUBOT-
HBIX TaypUH IIPUCYTCTBYET BHOBb B OOJIBIIIOM KOJIHMYE-
ctBe [9, 12, 19, 21], HO Tenephb BHE 3aBUCUMOCTHU OT
HU3KOM TemIiepaTypbl. UCKIIIOUUTETBHO SPKO UILTIO-
CcTpaleil K 3TOMY YTBEPKICHUIO SIBJISTIOTCS KCIEpU-
MEHTBI, IPOBEeACHHBIC Ha YxKax Thamnophis sirtalis, oT-
JIOBJIEHHBIX B CEHTSOpe-Mecsle Tpu TeMIlepaTtype
okpyxatoieit cpeabl +15 °C [9]. ITocne oTnoBa ku-
BOTHBIX TeMIIEpaTypy CHUKanu Ha 1°C B IeHb 0 ycTa-
HoBieHus1 +3°C, n pajiee IMOANEPXKUBAJIM Ha YPOBHE
+3°C B TeueHue 2—3 Hea. B 3To BpeMst XKMBOTHBIE Ha-
XOOWJIMNCh B COCTOSSHUM THMOEpHALMHU. AKKYMYJISIIAN
TaypuHa (KakK W TIPOTEMHOTEHHBIX aMUHOKUCIIOT) B
MBIIIEYHON TKAaHU OXJIaXXICHHBIX, TMOSPHMPYIOIINX
yKeil He HaOIIogaIoch, HO Bedb KpaifHe BaXKHO UMETH
B BUJIY, UTO YPOBEHb TaypUHA U3HAYAILHO, B KOHTPOJIE
(+15°C), 6bUT 0OYeHb BEICOKMM, 18.06 MkMoJteii/T [9].

B MeHbIlIeM KoinyecTBe, UeM B MbIIILIAX yXKei, Ta-
YPUH MPUCYTCTBYET B MblllIax yepenax Chrysernys pic-
ta rnarginata u C. picta bellii, onHaKO U3MEHEHUE €ro
nyja MpU CHUXeHUM Temneparypbl 1o —2.5°C ycra-
HOBJICHO JIMIIIb YACTUYHO: TAyPUH BBIXOAWJI U3 XpOMa-
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TOorpad®m4IecKoil KOJIOHKHU, BCIEACTBHE HEIOCTATOY-
HOM CeJIEKTUBHOCTH COpPOEHTa, B OMHOM ITMKE C aja-
HUHOM, TI03TOMY aBTOPBI MPEACTaBWIN CYyMMAapHYIO
BeMYMHY ux nyiaoB (7.4 m 7.7 MKMonb/T Tipu +5 u
—2.5°C) [8]. MoxXHO NpeanoaoKUTh, YTO BO3pacTa-
HUE KOJWYecTBa TaypMHa TIOCje OXJaXISHUS eciu
MMEJIO MECTO, TO OHO OBUTO HE3HAYNUTEITBHBIM.

CorylacHO UTepaTypHbIM TaHHBIM, B MBIIILIAX Ye-
JIOBEKa TaypWH SBIISIETCSI aMHHOKWCIIOTOM, caMoit
npeobiagaloneil B KOIMIYeCTBEeHHOM OTHOIICHUM, HO
ele 6oJiee BbICOKAsi KOHILIEHTpAlIMS ee — B cepalle, B
ceTyaTKe Ija3a, B SpUTPOLIMTAX, 3HAYUTETbHAsS KOH-
HeHTpauus u B Moare [19, 22]. O MIMpoKOM creKkTpe
a9 deKTOB TaypruHa HAMUCAHbI COTHU, €CJIY HE ThICSIYU
craTeii, HO3TOMY MPEATIONIOXEHUE O ero PYHKIIUU ITPU
HU3KUX TeMIepaTrypax MOXKHO AejaTb, YYUTHIBASI €rO
BJIMSIHAE Ha CHUCTEMbl AHTMOKCHIAHTHOM 3alllUTHI,
(GYHKIIMOHMPOBaHME TPAHCIOPTHBIX CUCTEM, IIPOLIEC-
Chl CMHTE3a U Jerpafgallii CBOOOIHBIX cepocoaepKa-
IIMX aMUHOKUCJIOT, CTAOMJIN3ALINIO KIETOYHBIX MEM-
6paH u T.1. [19].

®docdosTaHOIaAMUH, OTCYTCTBOBABIIMI B MBIIIIIAX
puI6 [12], HO OOHApPY:KEHHBIN B JTaHHOUW paboTe B MBI-
IIEYHOI TKaHMU JISATYIIIEK, ObLJI BIIEPBbIE BBISIBJIEH aBTO-
POM B MO3re TIpyIOBbIX pbIO P. glenii, ipyyeM B 3HAUYU-
TEJIbHOM KOJIMYECTBE — MMEHHO IIpY HM3KUX TeMIIepa-
typax, 0°C [5]. O npucyrcrBumn pochosTaHoIaMUHA B
MBIIIIAX aM(UuOnii 1 peNTUINi He YITOMUHAJIOCH HU B
OIHOI1 paboTe, IIOCKOIbKY pa3aeicHre U NIeHTU(dUKa-
LUST OTOTO COEAMHEHUS TPeOyeT UCIIOJIb30BaHUS APY-
roro MeToJa, C HUHTMIPUHOM B Ka4eCTBE OKpallliBa-
IOIIETo areHTa (B HallleM cirydae, 3To Mmeton Illmaxma-
Ha u coaBT. [10]). OmHako ddochoaTaHOTaAMUH,
Opu4yeM B 3HAYMTEILHOM KOJMYECTBE, OBLI OOHAapy-
JKE€H aBTOPOM B MO3I€ HCCJIeIyEeMBIX JIATYIIeK R. tem-
poraria [6], a Tammku n bakctepoM — B MO3Te 3MIMHUX
XKab Bufo boreas, Tie ero KOJIMYECTBO MPEBHIIIAJIO MYJI
taypuna B 10 pa3 [23]; ©13BECTHO O €r0 IPUCYTCTBUU U
B Mo3re miekonutaiomux [18]. Obpa3zoBaHUEe 3TOro
BTOPUYHOIO METa0OoJIMTa, BO3MOXKHO, OOYCJIOBJICHO
mporeccaMy OMOCHHTE3a M pacHaga MeMOpaHHBIX
dochorunuaoB WiIN XKe, HAIIPOTUB, — CHUHTE30M U3
AT® u sraHONaMMHA C HOCJIEAYIOIIMM MCITOJIh30Ba-
HHUEM Ui IIOCTPOEHUS TIULepodOoCchOINIUIOB U
chunrommenuna [24]. IlpenniecTBylolire faHHBIE 00
aKKyMyJstiuy ¢pocoaTaHOJIaMIUHA B MO3TE JISTYIICK B
3UMHee BpeMs [6], B COBOKYITHOCTH C HACTOSIIIIUMU
pe3yabTaTaMU, HO yXe€ MO OTHOIIEHMUIO K MBIIIIaM,
MOTYT IIpearojiaraTh aganTOreHHYIo (YHKIIUIO 3TOTO
COeOUHEHMSI, KaK Y LIMCTEMHOBOI KMCJIOTHI, IIPU HU3-
Kux temrieparypax. O Tom, uto GyHKIMS pocdoaTa-
HOJIAaMMHA, BEPOSITHO, U3MEHSIETCS B 3aBUCUMOCTHU OT
opraHa u cTaguu (ujoreHesa, CBUAETEIbLCTBYET Ha-
KOIUIEHUE JIUTEpaTypHBIX HAHHBIX O 3HAYUTEIbHOM
M3MEHEHUY KoJimuecTBa (pocoaTaHOIaMUHA TIPU He-
KOTOPHIX MATOJIOTHSIX U CTpPeccax, O €ro aHTUAaHTHO-
T€HHOM M aHTUMETACTa3HOU aKTUBHOCTH Y YEJIOBEKa,
00 yJyacTUM B aKTMBU3aLIMM UMMYHHOM cucTeMbl [25].
Takum o6pa3oM, MexaHU3MBI, (PYHKIIMOHUPYIOIINE B

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U OUIUOJIOTUU

MBIIIIIaXx aM(UONi TP HU3KUX TeMIlepaTypax Kak
amaTrTUBHBIE, TIEPEXOIsIT Ha Ooyiee BHICOKYIO CTYIICHB
dunoreHesa u GyHKIIMOHUPYIOT TaM TPU HOPMalb-
HBIX TeMITepaTypax, y9acTBYS B KAKUX-TO APYTUX MPO-
1eccax.

BbIBO/1bI

1. ITpu mepexone OT BOGTHOTO 0Opa3a XXWU3HU K Ha-
36eMHOMY TIPOUCXOJIUT YCIOXHEHNE MEeXaHU3Ma HU3-
KOTEeMIIEpaTypHOU ajanTalliv, HaXOHsIlee OTpaxe-
HUE B KA4eCTBEHHOM WM3MEHEHUU OWOXWUMUYECKOTO
COCTaBa €€ 3BEHbEB.

2. B uKpOHOXHOIi MBbIIIILIE JIrYyIIKU R. temporaria B
Havayie aHabuo3a npu temneparype +4°C BhIsIBIIeHa
CyLIIECTBEHHAsI MepecTpoiika MeTabojm3Ma CBOOOI-
HBIX AaMUHOKMCJIOT, KOTOPasi COIIPOBOXKIAIaCh 3HAYU -
TEJIbHOM aKKyMYJSILMEN alaHWMHA W, B MEHbIIEH CTe-
MeHU, 3-MeTWITUCTUANHA.

3. BriepBbie B MBIIITAX TOWKMJIOTEPMHBIX XUBOT-
HBIX, TPAaBSIHBIX JISITYIIEeK R. femporaria, oOHapy>KeHBbI
LUCTeMHOBas Kucjaora u pocposraHonamuH. Kojm-
YeCTBO 3TUX BTOPUYHBIX METAaOOJMTOB B Haydajle I'-
OGepHallU 3HAYUTEIBHO BHIIIE, YeM B JIETHUM MEPUOI.

4. Huszkoe comepaHue TaypuHa, BBISIBIEHHOE B
MBILILIAX JATYIIEK U HE CBOMCTBEHHOE MBIIIIIAM KM-
BOTHBIX TIPEIIICCTBYIOIIC U MOCACAYIOLIUX CTaauit
dunoreHesa, rpeanosaraeT U3MeHeHe CBOMCTB dep-
MEHTOB (MJI1 COCTaBa YYaCTHUKOB), 3a1€MCTBOBAHHBIX
B MeTaboJIM3Me cepocoiepXKallluX aMUHOKHUCIOT 3eM-
HOBOJIHBIX.

5. AKKyMyIsILmst MeTaOOIUTOB, BEI3BaHHAsI HU3KOM
TEeMIIepaTypoOit, MOXKET OBITh CBSI3aHA C IIPOTEKTOPHOM
POJBIO 3TUX COCTUHEHUIA.
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LOW-TEMPERATURE ADAPTATION OF THE RANA TEMPORARIA
GASTROCNEMIUS MUSCLE AT THE ONSET OF ANABIOSIS

M. V. Karanova

Institute of Cell Biophysics, Russian Academy of Sciences, Pushchino, Moscow, Russia
e-mail: karanovari@mail.ru

A study of the effect of a seasonal decrease in ambient temperature on the composition of free amino acids and
ninhydrin-positive secondary metabolites in gastrocnemius muscles of the frog Rana temporaria revealed that at
the onset of winter anabiosis, as compared to the summer season, the alanine pool increased from 2.43 to
6.10 umol/g w.w., and the 3-methylhistidine pool rose from 1.52 to 2.80 umol/g w.w. For the first time, muscles
of poikilothermic animals (namely, frogs) were found to contain cysteine and phosphoethanolamine, the level
of which increased by the onset of hibernation, particularly for cysteine (from 0.91 to 2.15 umol/g w.w.). The tau-
rine level proved to be far lower compared to animals both of lower and higher phylogenetic ranks, but by the on-
set of hibernation it increased almost threefold. Presumably, the accumulation of the above metabolites relates
to their protective role at temperatures that are extremely low for the survival of R. femporaria.

Keywords: low-temperature adaptation, frog muscles, taurine, phosphoethanolamine, cysteine, phylogenesis
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