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B monorpaduu mpuBoguTcs moapoOHas CBOIKAa O BHJOBOM pa3HOOOpasuu ManakogayHbI
Yeproro mops. Ocoboe BHHMaHHE YICICHO COCTOSHHIO DPsila MOJIEKYJSIPHBIX CHCTEM H
JUHAMHKE METa0ONMYeCKUX TMPOLECCOB B TKAHAX MAacCCOBBIX BHUAOB MOJUIIOCKOB.
3HAYHUTENBHBIT 00bEM MOHOTpPa(UU  TOCBAIIEH AHTHOKCHIAHTHOMY  (hEpMEHTHOMY
KOMIUICKCY TKaHeW. BmepBple mNpuBOmATCS pe3ynbTaThl HOAPOOHOH HACHTH(PHUKAIIIH
KadeCTBEHHOTO COCTaBa KapoTHHOWIOB. OOCyXmaeTcs MpHpoAa IIBETOBOTO HOIMMOPQH3Ma
pakoBuH Muauu. llpeacraBieHbl pe3ynbTaThl HCCIEIOBaHHM OCOOCHHOCTEH aJanTHBHOMN
peopraHm3aIid TKaHEBOTO MeTa0OoJIM3Ma y MOJUIIOCKOB B YCIIOBHSIX AHOKCHH, TOJIOJAHUS,
TOKCHYIECKUX HArpy30K, COCTOSIHUU HEPECTa.
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B MoHorpagii npuBOANTBECS JOKIATHI BiIOMOCTI NMPO BUAOBE PI3HOMAHITTS MayakodayHu
Yopuoro Mops. OcoOnuBa yBara HaJaHa CTaHy pPAY MOJIEKYJSIPHMX CHCTEM 1 JAMHAMIKH
MeTaOOJIIYHKUX TIPOIECIB y TKAHWHAX MACOBHX BHJIIB MOJIOCKIB. 3HaYHM 00'eM MoHOTrpadii
MPUCBSYCHUH aHTHOKCHIAHTHOMY ()epMEHTHOMY KOMIUIEKCY TKaHWH. Brieprie HamaioThes
pe3ynpTaTd JOKIAJHO1 iAeHTUdIKallii SKICHOTO CKJIaay KapoTHHOiAiB. OOroBOprOETHCS
MIpHpPOJIa KOJIIPHOTO MoJiiMopdi3My deperamok minii. [IpemcraBiieHi pe3yiabTaTd JOCTIIKCHD
0COOJIMBOCTEH aJlaTHBHOI peopraHizailii TKAaHUHHOTO MeTa0oIi3My Y MOJIIOCKIB B yMOBaX
AHOKCI{, rOJIOTyBaHHS, TOKCHYHUX HaBaHTaKECHb, CTaHI HEPECTY.
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The monograph provides a detailed summary of the species diversity of the Black sea
malacofauna. Special attention is paid to the state of some molecular systems and the
dynamics of metabolic processes in the tissues of mass species of molluscs. A significant part
of this monograph is devoted to antioxidant enzyme complex in tissues. For the first time the
results of detailed identification of qualitative composition of carotenoids are shown. The
nature of color polymorphism of mussels’ shells is discussed. The results of research in the
field of adaptive reorganization characterization of the mollusks’ tissue metabolism in
conditions of anoxia, starvation, toxic load, the state of spawning are present.
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MONTIOCKH  SIBJISIFOTCS.  BaYKHEHIIMM KOMIIOHEHTOM OCHTOCHBIX COOOIIECTB
Uepunoro wmops. DopmMupoBaHHe COBpeMEHHOW ManakodayHbl ITaHHOTO OacceifHa
MPOUCXOAMJIO HA NPOTSDKEHMH NodtH 8§ Thic. JeT [Aumwurpos, Humurpos, 2008;
Amnuctparenko, AmnuctpareHko, 2012]. Pemaromiee 3HaYeHHE CBHITpalId COOBITHS,
MPOM3OIIEIIE B TOJOIEHE W MPHBENIINEe K COCTUHEHHIO CPEIU3EMHOMOPCKOTO M
MMOHTO-KACTIMACKOTO  (payHUCTHYECKUX KOMIUIEKCOB [AHUCTpaTeHKOo U 1p., 2007,
Anmnctpatenko, Anuctpatenko, 2012]. Ha «MemuTeppaHu3aiuio» YepHOMOPCKOTO
peruoHa B cBoe BpeMs oOpatmin BanManue mpodeccop .M. Ilyzanos [Ilyzanos, 1965;
1967]. CnexyeT OTMETHTB, YTO 3TOT MPOIECC MPOIOIIKAETCS W B HACTOSIIEE BpEMSI.
CBHIETENBCTBOM TOMY SIBIISIETCS OTHOCHUTEIBHO HeJaBHEe MPOHHKHOBeHHWE B UepHoe
Mope OpIOXOHOTOro MOJUIFOCKa Rapana Vvenosa, ABYCTBOpYATHIX MOJUIIOCKOB Mya
areneria u Anadara inaequivalvis, kotopble 00pa3oBald HE TOJBKO YCTONYHBBHIC
MOMYJISIIMK, HO W CTaJd MacCOBBIMH, COPMHUpPOBaB, B psijie CIy4aeB, OTHOCHUTEIHHO
cTaOuiabHBIE BO BpeMeHHM 3001eH03bl  [YyxumH, 1984; Gomoiu, 1984; 3omoropes,
3onoropes,1987]. B nocneqHee Bpems Bce Ooplliee 3HAYCHHE B PACIIMPEHHH BUAOBOTO
pazHoOOpa3us TMPHOOpEeTaeT W TMPOLECC HHTPOMYKIIMH MOJUTIOCKOB, B YaCTHOCTH
THUXOOKeaHCKoit yctpuubl (Crassostrea gigas), KOTOPYK paccMaTpuUBaIOT — Kak
MIEPCIIEKTUBHEIN 00BEKT MapuKyIbTypHI [ 3omoTHUIKHHA, 2002].

Bo BTOpOi#i monoBuHe mporwioro cronerus mocne pador I'.I. Bunbepra u B.C.
WBneBa B TUAPOOHOIOTUN TOJIYYMIH IIHPOKOE paclpocTpaHeHue OanaHCOBbIE METOJbI
W3YYCHUS YHEPreTHYECKOro oOMeHa ruipoononToB [Bunbepr, 1956; 1979; Uenes, 1966;
1977]. OcHoBHBIM (MOJEITHHBIM) OOBEKTOM UCCIEAOBAHUS ISl YEPHOMOPCKOTO PErHoHa
cran aByctBopyatsiii Mmosutrock Mytillus galloprovicialis Lam., kak Hanbosiee MaccoBbIit
EHO03000pa3yoUIiid BU/I, UCIIOIB3yEMBIN JJIsl MPOMBIIIICHHOTO BhIpamuBanus. Ha Hem
OBLT anpOOMPOBAH MHUPOKHUNA CHIEKTP COBPEMEHHBIX (PU3NOJIOTHIESCKUX 1 OMOXUMHUIECKIX
METOJIOB MCCIIEIOBAHMSI U YCTAHOBIIEH Pl HHTEPECHBIX 3aKOHOMEPHOCTEMH.

3HAYUTENbHBIH 00beM paboT ObUT BBIMOJHEH IO TPO(OIOrHMH MOJUIIOCKA.
OneneHa ero (QUIbTPAIlMOHHAS AKTHBHOCTb, W3y4YEHBl THINEBBIE pAlUOHBI U
WHTEHCUBHOCTh IUTAHHS, OIPENEICHBl CKOPOCTH COMAaTUYECKOTO M TEeHEPaTHMBHOTO
pocTa, pacCYMTaH 3HepreTHueckuii O pker [Abonmacora, 1978; ®unenko u ap., 1990].
Oty paboThl WMENH HE TOJBKO TEOPETHYEeCKOe, HO W MPAKTUYECKOE 3HAYEHHeE.
®dakTU4eCKH OHU 3AJIOKWIM HAy4YHbIE OCHOBBHI JUIS CO3JIaHUS COBPEMEHHBIX MOPCKHX
(hepM 3aHUMAIONTNXCS TOBAPHBIM BBIPANMBAHIEM MUIHA.

[TpuMeHeHne UHTErpalibHBIX METOJIOB OIEHKH MHTEHCUBHOCTH YHEPTrEeTHYECKOTO
oOMeHa (HempsiMas KaJIOpUMETPHs, SKCKpElus aMMOHUIHOTO a30Ta) MO3BOJIUIO
YCTaHOBUTH (DAKT WCHONB30BaHMs OEIIKOB B KAa4€CTBE DHEPTETUYECKHX CyOCTpPaTtoB B
ycnoBusax anaspobuosa [[yaeman u ap., 1993; Shulman, Love, 1999; Shulman et al.,
2002]. Dra 3akOHOMEpPHOCTh B JalibHEWIIeM ObUla TMOKa3aHa W Ui JPYTHX
CHCTeMaTHYeCKUX rpymn ruapoouontos [[lynsman u ap., 1993; Shulman, Love, 1999].
YcranoBneHa oOpaTHas 3aBHCUMOCTh MEXKIY OSHEPTETHUSCKMMU W IUIACTUYECKUMHU
MpoleccaMu B TKaHAX Mosioau uepHoMmopckoi muauu [Lllymeman, Bsmosa, 2000].
[Tocnennee nmeeT 0OLIEONONTOTHYECKOE 3HAYCHHE.

Ocoboro BHHMMaHHS 3acly)KHBAIOT HCCIEJOBAaHUS JUHAMUKM IIPOLIECCOB
TKaHeBoro metabonusma y Mytillus galloprovicialis Lam. B TedeHue rogoBoro iukia, B
ycioBusix HopMokcuu u runokcuu [lllanupo, babkosa, 1975; 'opomocoBa, TamoxHss,
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1979; 1980]. ABTOpHI OmIpeaeNWid AKTUBHOCTH KIIOYEBBIX (PEPMEHTOB TIIMKOIHU3A,
IuKapOoHOBOro ywactka Iukmna KpeOca, mpoueccoB mNepeaMUHUPOBAHUS U
TJTIFOKOHEOTeHe3a, a TAaKXKe CONEep)KaHUe B TKAHAX psijia CyOCTpaTOB M META0OIUTOB. DTO
MO3BOJIMJIIO WM BBIIBUTH TPYHIy NPOLECCOB, JIEXKAIIYyI0 B OCHOBE YCTOWYHBOCTH
YepHOMOPCKON MuIMH K Aepuuuty xuciopoaa. OCHOBHBIM Pe3ylIbTaTOM pabOTHI 3TOTO
KOJIJIGKTHBA aBTOPOB SIBWIACH II€pBasi Al YEPHOMOPCKOI'O perMoHa MOHOTrpaduueckas
CBOJIKA MO OMOXWMHH JHEPreTHYecKOro OOMEHa MHUAMH, KOTOpas cTaja HacTONbHBIM
PYKOBOACTBOM JIJIsl MHOTHX HccnenoBaTeneil [['lopomocosa, [llanupo, 1984].

B mocnenHee BpeMsl CyLIECTBEHHO PpacCIIMPWICS HHTEPEC K APYIMM BUAAM
YEePHOMOPCKHUX MOJUIIOCKOB: XMIIHOH paraHe, 3KCTPeMOOHMOHTHOMY MOJUITFOCKY-BCEJICHILY
aHazape, THXOOKEaHCKOMY HMHTPOAYLEHTY — YycTpuue. MccieayloTcs He TOJBKO
MHTETpaJIbHBIC XapaKTepUCTHKH oOMeHa [3ooTHUIKHM, MonuHa, 1992; 3010THUIKHAIT,
2002], HO W COCTOSHHE OTIENBHBIX MOJEKYJSIpHbIE CHCTeM (aHTHOKCHIAHTHBII
(epMEHTHBI KOMILJIEKC, KAYEeCTBEHHBIX W KOJMYECTBEHHBIH COCTaB KapOTHHOHOB)
[Soldatov et al., 2007; Toctioxuna, I'omosuna, 2012; Bopoauna u ap., 2010; TocTioxuna
u 1p., 2010; 2012; Maoka et al., 2011; Tonouna u ap., 2011; Comngaros u mp., 2013],
MeTa0O0IMYECKUE TIPOIECCHl Ha TKAHEBOM M KJIETOYHOM ypoBHsiX [ConmaToB u jap., 2008;
2009; 2010; Auapeenxo u ap., 2009; Hosunikas, Congatos, 2013].

[Ipeanaraemas BHUMaHHMIO YUTATENsl MOHOTpadus — 3TO pe3ynpTaT 0000LIIeHus
padoT MO CpPaBHUTEIBHOM M 3KOJIOTMYECKOM OMOXMMHH YEPHOMOPCKHX MOJUIIOCKOB,
KOTOpbIe MpOBEIEHBI B OTAedC (U3MOJOTHHM KUBOTHBIX M OHOXMMHUH HMHCTHTyTa
omonorun 10kHBIX Mopei uM. A.O. KoBanesckoro HAH Ykpawnns! 3a nocnenaue 15 ner.

Monorpadus Bkmodaer 7 riiaB. B mepBoii riiaBe paccMaTpuBaeTcsi CTPYKTypa
TaKCOILIEHa YEPHOMOPCKUX MOJUIFOCKOB U IPOIECCHI, CTOSIINE 32 €r0 (POPMUPOBAHUEM.
Bropasi riaBa mocBsilieHa aHTHOKCHJAHTHOMY (PEPMEHTHOMY KOMILIEKCY TPEX BHIOB
JBYCTBOPUYATHIX MOJUIIOCKOB (MHAWH, aHaAapbl, ycTpulbl). PaccmarpuBaeTcst TKaHeBas
cneur(uKa ero OpraHu3alyy, COCTOSHUE B YCIOBUSAX €CTECTBEHHOTO M MCKYCCTBEHHOI'O
OKHCIHUTENBHOTO cTpecca. OOCyKmaloTcsi IMyTH €ro HCIOJb30BaHUS B KauecTBe
MHCTPYMEHTA 3KOJHAarHOCTUKU. TpeThsl Ii1aBa cBs3aHa C ONpeesIeHNEM KaueCTBEHHOTO
COCTaBa U COAEP)KaHMs KapOTHHOMJOB B TKaHAX OPIOXOHOTHX (panaHa) ¥ JByCTBOPYATHIX
MOJUTIOCKOB (MHIMH, aHajgapel, ycrpuiel). Ocoboe BHUMaHHME YHAENSeTcs MpoleccaM
TpaHc(OpPMaIIMK 3TUX COCAMHECHUN B TPOMUUYESCKOW IIEMH: BOJOPOCIH —> MOJUTIOCKH-
¢wIbTpaTOpel —  MOJUIIOCKM-XMIIMHUKH. B  4eTBepTOdl rjlaBe NpeACTaBJICHBI
pe3yibTaThl UCCIEeOBaHNI 0COOCHHOCTEW TEUEHHsI NPOIIECCOB TKAHEBOTO METa0oIM3Ma
y JIBYCTBOPYATOTO MOJUIIOCKA-BCENICHIIA — aHaJapbl B YCJOBUSIX HOPMOKCHUH,
9KCIEPUMEHTAIILHON aHOKCHH M TOJNOoAaHus. B NATOH ri1aBe MpHUBEICHbI MaTepUabl MO
(GYHKUMOHAIBHOW MOPGOJIOrHH SPUTPOMIHBIX 3JIEMEHTOB TeMOTUM(BI aHagaphl.
Ilectas riaBa TOCBsAlIEHa MpoOJeMe IBETOBOTO TMONUMOpPPHU3MAa PAKOBUHBI
yepHOMOpckoi muaun. [lpeanararoTcs HoBble METOAMYECKHE Pa3pab0OTKH U OLCHUBACTCS
3¢ eKTUBHOCT, MX NpUMEHEHHs. B ceabMoil IiaBe paccMaTpuBalOTCS IPOLECCHI
COMAaTHYECKOTO POCTa M PereHepalni TKaHe y JBYCTBOPUYATHIX MOJUTIOCKOB Ha OCHOBE
npumenenus naaekca PHK/THK.

[IpencraBneHHbie B MOHOTpaQUH MaTepHAIBI TOTYYSHBI Ha TPOTshKeHUH 1995-
2012 r.r. B pamkax rocoopkeTHpIx TeM HAH YkpanHbr: « 9KOIOTO-(PU3N0IOTHIECKUE U
($U3N0I0r0-0MOXMMHUYECKUE OCHOBBI  CYIIECTBOBAHWS TOMYJISIIUHA  JKUBOTHBIX B
coobmectBax u 3kocucreMax Yepnoro mops» (Ne rocpeructpauuu 01.9.10 056168);
«MeTtaboanyecKre OCHOBBI CYILIECTBOBAaHHS MAaCCOBBIX BUJOB OECIIO3BOHOYHBIX U PHIO B
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ycInoBUsX MeHsomero pexuma Yeproro mops» (Ne 0196U022102); «CrtpykTypHO-
(YHKIIOHANBHBIE OCHOBBI MPOMYKIIMOHHBIX MPOIECCOB Y THAPOOHOHTOB»  (Ne
0199U001389); «buoxuMuyeckue ©  METAOOIMYECKHE  CTPATErMH, KOTOPHIC
obecmeunBalOT QPyHKIHOHATIBHOE OHOpa3HooOpasue ruapoduonTosy (Ne 0103U001049).
OO011ee pyKOBOACTBO TEMaMH OCYIIECTBISUIOCH WieH-KoppecnonaeHToM HAH Ykpaunst
I'.E. lynemMaHOM.

ABTOpBI BBIPOKAIOT TPU3HATENBHOCTh CTapIIEeMy HAaydHOMY COTPYIHHKY
NubOM HAH VYkpaunsl, kKanauaaty xumudeckux Hayk M.B. HexoporeBy u noktopy
T. Maoka (Research Institute For Production Development, Japan) 3a koHCyJIbTaIllK U
TTOMOIIIb B OTIPECTICHINH Ka4eCTBEHHOTO COCTaBa KAPOTHHOMIOB B TKAHIX MOJUTFOCKOB.



NMEPEYEHb YC/TIOBHbIX COKPALLEHUM

I'iaBa 2
AQO — aHTUOKCUIAHT, aHTHOKCHIaHTHBIN
AOC — aHTHOKCUIaHTHAs CUCTEMA
ADK — axTuBHBIE (HOPMBI KHCIOPOAA
I'T] — rnyTaTHoHNIEpOKCUA3a
I'C — rmyratnoHOBas cuctema
I'P — rmyraTuoHpeyKTasa
AT — nenurMeHTUPOBaHHbIE TKAHU
MJ[A — MaJIOHOBBIN AUAJIbICTH]
OC — OKUCIHTENBHBIN cTpece
110JI — nepeKkrcHOe OKUCIIEHUE JIUITUI0B
COAP — cynepOoKCUIHbIN aHUOH-PAIUKAI
COJ] — cynepokcuaaucMyTasa
CP — cBOOOTHOpAIMKATILHBIN
CPO — cBOOOTHOpAIUKAIEHOE OKUCIIEHUE
ThK-axmueHbvle npo0ykmsl — aKTUBHBIE TIPOAYKTHI 2-THO0apOUTYPOBON KHUCIOTHI
T/ITMA — TeTpagenuiATpUMETHIAMMOHIN OPOMUIT
GSH — riiyTaTHoH BOCCTaHOBJICHHBIH
GSSG — royTaTHOH OKHCIICHHBII

I'maBa 3
HUubIOM HAHY — WucTUTyT OMONOTHH FOKHBIX Mopei HarmonanbHOW akageMun Hayk
YKpauHsl;
KX — kononounast xpomarorpadus
M’ — TIONOKUTENBHO 3apKEHHBIA HOH — PajIHKa;
br.s — o6mmmii cunraer (8 H'-NMR);
CD — kpyroBo# Tuxpou3m;
d — nymer (B H'-NMR);
Et,0 — nuaTiioBsIii a¢up;
FAB MS — mMeTon Macc-cieKTpoMeTpur ¢ 60MOapAHPOBKOI YCKOPEHHBIMU aTOMaMU;
H'-NMR — MeTo npoTOHHO- S7IepHOTO MarHUTHOTO PE30HAHCA;
HPLC — BeicokoapdexTrBHAS )KUAKOCTHAS XpoMaTorpadus
m — myneTHLET (B H'-NMR);
M/Z — OTHOIIIEHHE MACCHI K 3apsily €€ HOHa;
MS — macc criexTp;
NMR —sinepHO-MarHUTHBIA PE30HAHC
ODS - o6paiennas ¢asza Ha kogoHoYHOH nin HPLC xpomaTorpadun
g — xBaprer (B H'-NMR);
Rf — BenuuMHa, paBHAas OTHOILUCHWIO PACCTOSHHUSA NPOMIECHHOTO IUIMEHTOM K
paccTosIHUIO, MPOIIEHHOMY pPaCTBOPUTEIIEM;
s — cunrJet (B H-NMR);
TLC — Tonkocnoiinast xpomaTorpadus (TCX)
TMS — reTpamerniicunan;
UV-VIS — cnektp Bugumoii oomactu (400 — 800 Hm);
I'T] — renaronaHkpeac;
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nasa 4
AJ]®D — aneno3urudochar
AnAT — anannHaMuHoOTpaHcdepasza
AcAT — actlapraraMrHOTpaHC(Eepasza
AT® — aneno3unTpudochar
AM® — aneno3zuamonodochar
AD3 — aneHWIIaTHBIN SHEPTETHUCCKHM 3apsT ATKHHCOHA
IT'T] - renaTonaHkpeac
I'T® — ryano3untpudochar
HUM® — nnozuamonopochar
JIII" — naktataeruiporeHasa
MJ[I"— manaTaeruaporeHasa
HAJ[+ — aneHuHIUHYKICOTH T
@A/l — bnaBuHANEHUHIUHYKICOTH]
@EIIKK - pochoeHonmHpyBaTKapOOKCHKHHA
@, — Heopranndeckuit Gocdar
@I — GochoprnbHBII MOTEHIIHAT
1]® — menounas ocdaraza
Hbl 1 Hbll — el reMorToOHHA
HIF-1 — uaaynupyemblii ipu runokcuu GpaxTtop 1
LCygo— TeTasbHast KOHIIEHTPALKS KACIOPOAa
LCsy — moporoBast KOHLIEHTpALUs KUCIOPOAa
SLCs— cyOeTanbHasi KOHIIGHTPAIUS KUCIIOPOIa
y-I'TI] — raMMa-TIIyTaMIITpaHCHIENTUAA3a

I'aJaBa S
C, — OonbIas 0Ch KICTKH, MKM;
C, — Majas och KJIETKH, MKM;
C1 — C, — pazHHIIa MEX Ty OOJBIIION U MAJIOH OCSMU KIETKH, MKM;
V. — CpeIHEeKIeTOUHBINH 00BeM, MKMS;
S, — mIomank MOBEPXHOCTH KIIETKH, MKM?;
S /V. — ynenpHas IOBEPXHOCTD KJIETKH, MM
N; — Gosbinas och AaApa, MKM;
N, — mManas och sapa, MKM;
N;—N; — pa3nuna Mexxay OOJNbIIONH U MANOH OCSIMHU KJIETKH, MKM;
V, — 0o0wem spa, MEM;
Sy, — IO TIOBEPXHOCTH SI7Ipa, MKM?;
S/, — yenbHast HOBEPXHOCTS SI/Ipa, MM ™
ViV, — simepHO-TIa3MaTn4ecKoe OTHONICHHE .

I'1aBa 6
R — kpacHbIif KOMIIOHEHT 1BeTa B cucteMe RGB;
G — 3enenblii KOMIIOHEHT LBeTa B cucreme RGB;
Bl — cunuii koMmnoueHT nBera B cucteme RGB;
H — orreHok 1Bera B cucreme HSB;
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S — HachlEeHHOCTh 11BeTa B cucreme HSB;

B — sipxocTh 1Bera B cucreme HSB;

A — moka3zaTenb aCHMMETPHH. ;

Xyp — 3HAYEHHE N3y4aeMOl XapaKTEPUTHKHU MIPaBOi CTBOPKH;
X, — 3HAUCHUE U3YYaeMOM XapaKTCPUTHKH MPABOU CTBOPKH;
Nyo — YUCIIO ACHMMETPHUYHBIX 0CO0ei;

AJIT — anannHaMuHOTpaHCc(hepasa;

ACT — acnapraTaMHHOTpaHCc(epasa;

CO/] — cyniepoKCHIINCMYTa3a;

COAP — cyniep-OKCHIHBIA aHHOH PaJHKall.

I'nasa 7
Y — yepHbIit penorun (mopda)
K — xopuuneBsiii peHoTHn (MOpda)
T-K — TeMHO-KOpHYHEBHIH (heHoTHIT (MOpda )
BIIIT — BbIMETaHHBIE [TOJIOBBIE IPOAYKTHI
CH — cBOOOIHBIE HYKJIEOTHIBI
AK — aMUHOKHUCIIOTHBIH My
I1XE — nonuxnopoueHUIOBbIE COSTMHEHUS
T/ITMA — TeTpageniATpUMETHIAMMOHIN OPOMUIT



I'maBa 1

MOJI/TFOCKU B MEHSAIFOLLEEUCSl 9KOCUCTEME
YEPHOIo MOPH

HecrabunusupoBaHHasl 3kocucTeMa YepHOTO MOpsi MpeTepreBacT B MOCIEIHUC
JIECSTHIIETHS CyIIECTBEHHBIE TpaHC(OpMalMu B OTBET Ha TIIOOAJIbHBIE KIMMATHYECKHE
M3MEHEHUs (PEeKUMOB BETPOB, aTMOC(EPHBIX OCAIKOB, TEMIIEPATYPHI) H Pa3HOOOpa3HbIS
AHTpOIIOreHHbIe Bo3zekcTBHs [3aiiueB, 2006]. BeposTHOo, B HacTosimiee Bpems OHa
HaXOJIUTCA B Tpoliecce ASCTa0MIN3alMK WK/ MIepexo/ia B albTePHATUBHOE YCTOHUNBOE
cocrosinue. TakcolleH MOJUTFOCKOB UepHOTro Mopsi — BaXKHBIM KOMIOHEHT YepHOMOpCKOM
HKOCHUCTEMBI: B3POCIIbIE MOJUTIOCKU B IOHHBIX COOOIIECTBAX, a UX TMYMHKH B TUIAHKTOHE,
UTPAIOT BaXXHYIO POJIb B TPOQUUECKHX CeTsIX dKkocucTeMbl YepHoro mops [3auka u mp.,
1990]. PakOBHHBI MOJUTIOCKOB SIBJSIFOTCSI BEIYIIEH COCTABIIAIOIICH TBEP/bIX HAHOCOB,
dopmupyromux wipku [Meiuesa, 2009; Shadrin et al., 2012]. derpagauust ruspkeit —
OJIHA U3 OCTPEUIIMX MPOOJeM OKpPYKAIIIEH Cpelbl peruoHa. Psii BUIOB MOJUIFOCKOB —
LEHHbIE OOBEKTH MNpoMbicia. B mocnempnue roapl Ha YepHoM Mope HMHTCHCHUBHO
Pa3BHUBACTCS MApHKYJIbTypa MOJUTIOCKOB [3omotHuikuii, 2011]. TakcomneH MOJITIOCKOB B
MOpe KaK BaXXHBIH 3JEMEHT €ro 3KOCHUCTeMbl H3MEHSAETCS, BIMSIS TeM caMbIM Ha
JaIbHEHITyl0 TpaHcopMalMio SKOCHCTEMbl MoOps. [loHMMaHHEe 3aKOHOMEpPHOCTEH
MPOUCXOMSIINX W3MEHEHUH, COOTHOIICHHUS PAa3IWYHBIX TPUYWH, BBI3BIBAIOIINX OSTH
W3MEHEHUS, aHajn3 TIOCIEJACTBHA OTHX W3MEHEHHH; pa3pa0d0TKa HAyYHBIX OCHOB
MPOTHO3MPOBAHMSI BO3MOXHBIX JalbHEHIINX TpaHchopMamuii 3KOCHCTEMBI MOpS —
aKTyalbHEeHIIre 3aa91 COBPEMEHHOM MOPCKOI OMOIOTHH.

1.1. PasHoo6pa3ue 1 poJsib MOJUTIOCKOB B YepHOM Mope

CTpykTypa COBPEMEHHOTO TaKCOIlEHa MOJUTIOCKOB B A30Bo-UepHOMOpCKOM
OacceifHe, kak W Bcel (QayHbl B 1IeJI0OM, CPOpPMHUpOBajach IOCIE BOCCTAHOBIICHHMS
coenunenus Yeprnoro mops co CpenuszeMHbiM uepe3 nposiuB bocdop B rononene = 5600
aet g0 1.9. [Jumurpos, Jumutpos, 2008]. To 3T0ro B MOpe CIIOKHIACH U CYIIIECTBOBAIA
abopureHHass HOBOIBKCHHCKas! (hayHa COIOHOBATOBOJIHOTO Xapakrepa [HeBecckas u np.,
2006], TpaHcrpeccusi MOPCKHX BO/I ITO3BOJIMIIA €i OCTAThCS, B OCHOBHOM, JIMIIb B YCThSX
pex u naryHax/numanax. Mcropus daynsl A3oBo-UepHoMmopckoro OacceiiHa naHa B
o63opax [Mopayxaii-boarosckoit, 1960; CrapoboratoB, 1970]. B coBpemeHHOM
TAKCOLIEHE MOJUTIOCKOB YepHoro m A30BCKOTO MOpEH BBIIENSIOTCS [Ba OCHOBHBIX
(ayHUCTUYECKUX  KOMIUIEKCa —  CPEIU3EMHOMOPCKHH M TIOHTO-KaCITUHCKHI
[Anuctparenko u np., 2007].

Cpenu npumepHo 2100 BuIOB O€ClO3BOHOYHBIX >KMBOTHBIX, OTMEUYEHHBIX K
HacrosimeMy BpemeHH B YepHom Mmope [3amka u ap., 1997], Gomee 200 BumoB —
Mouttocku [Onpenenurens. .., 1972; Con, 2009].

Cospemennsie mpenacraButenu Tumna Mollusca OTHOCSTCS K BOCBMH XOPOILIO
000c00IEHHBIM KJIaccaM, U3 KOTOPBIX B UepHOM MOpe 0OOUTAIOT MPEACTABUTENN TONBKO 3
kiraccoB [Onpenenurens. .., 1972; Con, 2009]:

1. Tlaummpubie wMosuttocku — Polyplacophora/Loricata — B YepHom Mope
npezacTaBieHsl 2 orpsaamu — Chitonida (cemeiictBo Lepidochitonidae ¢ 2 Bumamu
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— Lepidochitona cinerea (Linnaeus, 1767) u Lepidochitona corrugata (Reeve,
1848)) wm Chitonida (cemeiicteo Acanthochitonidae ¢ omaum BuHmOM —
Acanthochitona fascicularis (Linnaeus, 1767).
2. Bproxonorue mommockun — Gastropoda — B UepHOM Mope XapaKkTepU3YHOTCS
MaKCHUMaJIbHBIM BHUJOBBIM p33H006p33HeM CpCau BCCX KJIACCOB MOJUIFOCKOB! Ooitee
130 BUIOB, KOTOPBIC OTHOCATCS K 5 moxakimaccam, 24 otpsmaM, 56 cemerictBam. O
pa3HooOpa3un OPIOXOHOTUX MOJUTIOCKOB B UepHOM MOpe Ha ypOBHE pa3iIM4YHBIX
TaKCOHOMUYCCKUX KaTel“OpI/Iﬁ AacT NpCACTaBICHUC Ta6nnua 1.1.
Ta6mmma 1.1

Crmcok ceMeicTB u poaoB Gastropoda, oOuTaromux B UepHoM Mope

[Tonxmacc HancemeiictBo CemelicTBO Pon (uncno BumoB)
1 2 3 4
Patellogastropoda | Patelloidea Patellidae Patella (2)
Vetigastropoda Fissurelloidea Fissureidae Diodora (1)
Scissurelloidea Scissurellidae Scissurella (1)
Phasianelloidea Phasianellidae Tricolia (2)
Trochoidea Turbinidae Turbo (1)
Trochidae Gibbula (7)
Calliostomatidae Calliostoma (2)
Neritimorpha Neritoidea Neritidae Theodoxus (5)
Caenogastropoda Cerithioidea Turritellidae Turritella (1)
Rissooidea Assimineidae Paludinella (1)
Rissoidae Rissoa (4),
Mohrensternia (2),
Pusillina (1),
Alvania (2), Setia (1)
Rissooidea Tornidae Tornus (1)
Hydrobiidae Caspiohydrobia (2),
Caspia (5),
Turricaspia (19),
Hydrobia (6),
Potamopyrgus (1)
Caecidae Caecum (2)
Trancatellidae Truncatella (2)
Naticoidea Naticidae Payraudeautia (1),
Lunatia (1)
Littorinoidea Littorinidae Melaraphe (1),
Littorina (1)
Calyptraeoidea Calyptraeidae Calyptraea (1)
Stromboidea Apporrhaidae Aporrhais (1)
Cerithioidea Cerithiidae Cerithidium (1),
Bittium (1)
Triphoroidea Cerithiopsidae Cerithiopsis (3-4)
Triphoridae Triphora (2)
Buccinoidea Columbellidae Mitrella (1)
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1 2 3 4
Nassariidae Nassarius (2),
Cyclope (3)
Buccinidae Neptunea (1)?
Muricoidea Muricidae Rapana (1),
Trophonopsis (2),
Ocenebra (1),
Siratus (1)
Conoidea Mangeliidae Mangelia (2),
Bela (1)
Eulimoidea Eulimidae Eulima (1),
Vitreolina (1)
Epitonioidea Epitoniidae Epitonium (2)
Heterobranchia Omalogyroidea Omalogyridae Omalogyra (1)
Murchisonelloidea | Murchisonellidae | Ebala (1),
Pyramidelloidea Pyramidellidae Odostomia (7),
Eulimella (3),

Acteonoidea
Haminoeoidea
Philinoidea

Limapontioidea

Parhedyloidea
Acochlidioidea
Doridoidea
Nudibranchia
Fionoidea
Dexiarchia
Fionoidea

Flabellinoidea
Valvatoidea
Onchidoridoidea

Ellobioidea

Acteonidae
Haminoeidae
Cylichnidae
Retucidae

Philinidae
Limapontiidae

Parhedylidae
Acochlidiidae
Dorididae
Dotidae
Pseudovermidae
Embletoniidae
Tergipedidae

Flabellinidae
Valvatidae
Onchidorididae

Ellobiidae

Noemiamea (1),
Chrysallida (6),
Turbonilla (2)
Acteon (1)
Haminoea (2)
Cylichna (1)
Retusa (2),
Cylichnina (3)
Philine (1)
Stiliger (1),
Limapontia (1),
Ercolania (1)
Pontohedyle (1)
Microhedyle (1)
Doris (2)

Doto (2)
Pseudovermis (1)
Embletonia (1),
Tenellia (1),
Tergipes (1),
Trinchesia (1),
Cuthona (1)
Calmella (1)
Valvata (?)
Corambe
(Doridella) (1)
Ovatella (1),
Myosotella (1)
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3. JIByctBOpuaThie Mommrocku — Bivalvia — sBistorcst BTOpo# mo pasHooOpasuio
rpynmnoil MomockoB B UepHoMm Mope. M3 Tpex CyHIECTBYIOIIMX HAAOTPSAOB
IBYCTBOPYATHIX MOJUIFOCKOB B MOpE OOWTAlOT TPEACTABUTENN [BYX W3 HUX,
oTHocsmecs K 4 nojakiaccaM, 14 orpsnam, 34 cemeiictBam (Tadm. 1.2).

Tabmuna 1.2

Criucok cemeiicTs 1 pomoB Bivalvia, oburarorux B HepHoM Mope

[Moxxmnacc Otpsin CemeiicTBO Pox (konmuuecTBO BUIOB)
1 2 3 4
Protobranchia Nuculida Nuculidae Nucula (2)
Nuculanoida Nuculanidae Nuculana (1)
Autobranchia Euheterodonta Gastrochaenidae | Rocellaria (1)
Pteriomorphia Arcoida Arcidae Anadara (1-2), Arca (2)
Noetiidae Striarca (1)
Mytiloida Mytilidae Mytilaster (1), Mytilus (1-2),
Modiolus (2), Musculus (1)
Ostreoida Ostreidae Ostrea (1), Crassostrea (1)
Pectinoida Anomiidae Anomia (1), Monia (1)
Pectinidae Mimachlamys (1),
Flexopecten (1-2),
Pecten (2)
Limoida Limidae Limaria (1)
Heterodonta Anomalodesmata | Thraciidae Thracia (1)
Euheterodonta Hiatellidae Hiatella (2)
Lucinoida Thyasiridae Thyasira (1)
Lucinidae Lucinella (1), Loripes (1),
Lucinoma (1)
Veneroida Montacutidae Kurtiella (1)
Lasaeidae Hemilepton (1)
Donacidae Donax (2)
Cardiidae Acanthocardia (2),
Cerastoderma (2),
Parvicardium (2),
Papillicardium (1),
Cardium (1), Monodacha
(3), Hypanis (1)
Veneridae Gouldia (1), Pitar (2), lrus
(1), Timoclea (1),
Clausinella (1), Chamelea
(1), Polititapes (3)
Petricolidae Petricola (1)
Mactridae Spisula (2), Mactra (2),
Mesodesmatidae | Donacilla (1)
Solecurtidae Solecurtus (1)
Semelidae Abra (4)
Psammobiidae Gari (?)
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1 2 3 4
Kelliidae Kellia (1)
Tellinidae Gastrana (1), Moerella (2),
Angulus (1)
Dreissenidae Dreissena (4)
Euheterodonta Solenidae Solen (1)
Pharidae Ensis (2)
Myoida Myidae Mya (1)
Corbulidae Corbula (1), Lentidium (1)
Pholadidae Pholas (1), Barnea (1)
Teredinidae Teredo (2), Lyrodus (1)

Cucremarnka, Kak 1 Jir00asi HayKa, HAXOJUTCS B Pa3BUTHH, a TIOATOMY MEHSIOTCS
Ha3BaHUA BUAOB. C OTy4YeHHEeM HOBBIX JJAHHBIX, 0COOCHHO MOJIEKYJISIPHO-TEHETUIECKHX,
MOXET TMepecMaTpuBaThcd WX CHCTEMaThieckoe TmoJjoxeHue. Kakue-to  BHIBI
NpU3HAIOTCS HeBanuAHBIMUA. CleayeT OTMETUTh, YTO OOonblIas 4YacTh MJaHHBIX,
MIpUBENIEHHBIX B Ta0bnuiax 1 u 2, B3sATa U3 U3BECTHOTO onpenenutens [Onpenenurens. . .,
1972]. OgHako B cUCTEeMaTHKE MPOU3OIUIA CYIIECTBEHHBIC U3MEHEHHUS — MEPECMOTpPEHA
CTPYKTypa pPa3UYHBIX TAKCOHOB, U3MEHEHBI Ha3BaHUsI OTPSAJOB, CEMEUCTB, POJIOB H T.1.,
MO3TOMY Ha3BaHMS MHOTHX TAaKCOHOB B TaONMMIIAX HE COOTBETCTBYIOT TE€M, YTO
npuBoAATCS B utupyeMoM Omnpenenutene. OHU BCe YTOYHEHBI U TaHBI B COOTBETCTBUH
¢ World Register of Marine Species. DTo Heo0XOJUMO MOMHHTBH, YTOOBI HE OBLIO
MyTaHUIBI B pab0OTax HECUCTEMAaTUKOB — OMOXHMHKOB, (PH3HOJI0TOB, S3K0I0TOB. Hepenko
HaOMOJaeTcsa, 4YTO WM BHAAa HM3MEHEHO, a B BBIXOMAMMX paboTax MpoAoIKaeT
WCIIOJIB30BaThCsl CTApOE HEBAMIHOC HAMMEHOBAaHUE BHJA; ObIBACT JaxKe, YTO B CIIUCKE
BUJIOB CTapo€ W HOBOE HAa3BaHUsI JAIOTCS KaK pasHble BUABL. JTO, ObIBaeT, MPUBOAMUT K
MyTaHUIE U HETPAaBOMEPHBIM CpaBHEHHsIM. [I[pOBO/S SKCIIEpHMEHTABHEIE WIIH TIOJIEBBIE
WCCIIECIOBAHUS C KaKUM-THOO BHIOM, CIIEAyeT, He OyIydd YBEpEeHHBIM B CTaTyce BUAA,
KOHCYJITHPOBAThCSl ¢ HMMelomumucs B MHTepHere Oazamu-perucrpamu BuioB. Jlis
MOPCKHX BHJIOB >KHBOTHBIX MOKHO DPEKOMEHI0BaTh, Hampumep, WORMS — World
Register of Marine Species: www.marinespecies.org/.

TouyHOe KONMMYECTBO BUIOB MOJUIFOCKOB, OOMTAarONIMX ceifuac B YepHOM Mope,
Ha3BaTh HEBO3MOXKHO: HEKOTOPHIE OJIMH-/[BA pa3a OTMEUEHHBIE BUJIBI, B MOpE OOJbIIE He
HAXOJWIH, KaKHUe-TO BHJBI BCEISIFOTCS, KaKhe-TO, BO3MOXHO, MCUE3al0T, MPU3HAIOTCS
HEBAJIUIHBIMU U T.J. JluHaMuKa 3aceneHusi UepHOTro MOpsi HOBBIMU BHJAMH MOJLTIOCKOB
B MOCJIEHIE AecATheTHs aana B paborax [Con, 2007, 2009]. Cremyer 3aMETHTh, UTO
JTAJIEKO HE BCE BH/BI MOJUIFOCKOB, TMomaBmiue B UepHoe Mope, CMOTIHM cO37aTh B HEM
6onee-menee ycroiuusbie nomyssiiud. M.O. Con [2009] mpuBoaut 11 HOBBIX BHIOB,
orMeueHHBIX B Mope (Aporrhais pespelecani (Linnaeus, 1758), Ha wHamr B3OS,
HENPaBUJIBLHO OTHECEH K BCEJICHIIaM), M3 KOTOPHIX IUIIb 5 BUIOB yxke chopmupoBamu
ycToitunBbie momyssiiuu B YepHoM Mope, a Ercolania viridis (Costa, 1866), Bo3MoxHO,
HauuHaeT ee co3/aBarh B OJIECCKOM 3alIuBe.

Ob6nacte pacnpoCTpaHEHHS! MOJUTIOCKOB B YepHOM MoOpe OXBaThIBaeT BCIO
KHUCJIOPOJHYIO 30HY OT cynpanutopanu (goHauwa [Illagpun, Adanacosa, 2009],
muTwisictep [3amka u o Ap., 1990], ractpomomsr [UYyxumn, 1984]) mo rpanun
CEepOBOAOPOAHON 30HBI ((haseonmua [3amka u ap., 1990]); oHM HaCeISIOT BCE BHIBI
MSTKHX M TBEPABIX CyOCTpaToB, HMeEIOIIUXCS B Mope. Jlnama3oH COIEHOCTHOM
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TOJIEPAHTHOCTH TAaKCOLIEHa MOJUTIOCKOB B MOPE UPE3BBIUANHO IIUPOK — OT IPECHOM BOJIBI
10 TunepconeHsix ycioBuii 65—80%. — Cerastoderma glaucum (Bruguicre, 1789) B
bakanbckom ozepe (cobctBeHHbie HabOmiogeHus). CTONb BBICOKAs COJEYCTOWYHBOCTH
BUJIa HE YAUBIISCT, TaK Kak u B Apane Cerastoderma cmorna agantupoBatbes kK 80-90 %o
[Aunpees, Anapeesa, 2003]. Jluteparypa o quana3oHax TOJCPAHTHOCTH Pa3HbIX BHIOB
MOJITIOCKOB OOIIMpHA, TIO3TOMY 37IeCh 00JIee 3TOTro KacaThes He OynemM. OTMETHM JIHIIb,
YTO B ILEJOM TaKCOICH MOJUIIOCKOB HWMEET Upe3BBIYaHO INUPOKUHM JHana3oH
TOJIEPAHTHOCTH K pa3HbIM (hakTopam, 4To 00YCIOBICHO €r0 BUOBBIM Pa3HOOOpa3HeM.

B HenmasexoMm mpouuioM, HECOMHEHHO, B UEpPHOM MOpPE OCHOBHYIO POJIb CPEIH
JBYCTBOpPUYATBIX MOJUIIOCKOB HWIpajd mpeactaButenu cemeiictea Mytilidae. [laxe
000CHOBAaHHO YTBEPKAAIOCH, YTO «C TOUYKH 3PEHUsI CIEIHAINCTOB Mo OeHrtocy, YepHoe
MOp€E MOKHO CUHTATh MOpPeM MUTHIHI [3auka u ap., 1990]. B mocmennue rofs, B CBI3H
C COKpallleHHeM IUIOIIafei, 3aHATHIX moceleHneM wmutwinn [Tepentses, 2007;
Cragaudenko, 3oi0Tapes, 2009], u pacimpeHneM apeaioB ¢ yBEIUYCHHEM YUCICHHOCTH
psna BHUIOB-BCEJICHIIEB, B IEPBYIO oOuepeab, ATO — aHajgapa, MHs, paraHa, Takoe
YTBEP)KICHUE YK€ HE BBIISIAUT OOOCHOBAaHHBIM. OJHAKO B LEJIOM MOJUIIOCKH
MPOJOJIKAIOT UIPaTh B MOPE CYIIECTBEHHYIO pOjb. B3pocible MOIIOCKH JAOCTHTaIOT
BBICOKHX UHCIICHHOCTEi/6HoMAace (10 HECKONBKHX ThICSY 3K3-M° U Ooiee 46 kr-m?) u
UTPAIOT CYNIECTBEHHYIO POJIb B IOHHBIX 3KOcHcTeMax [3auka u ap., 1990]. TlnankToHHBIE
JUYUHKK MOJUIIOCKOB BPEMEHAMH MOTYT OBITh JOMHUHHUPYIOIIMM KOMIIOHEHTOM
300IUIAHKTOHA, TpeBbimas nHoraa 10 Tsic. 3x3-M™° [3amka u gp., 1990].

He kacasicb B&XXHOCTH MOJUTIOCKOB B TPO(MHUUECKUX CETSIX MOPCKOH 3KOCHCTEMBI,
OTMETHM PsiZi MOMEHTOB, OOYCIaBIMBAOLIIMX HX 3IU(PHUKATOPHYIO poiib B Mope. B
MEPBYIO OYepe/b, BEPOSTHO, HAJI0 BCIIOMHUTb, YTO Pa3BUTHE JOHHBIX MHUKPOBOJOPOCIIEH
W psga TPYII MEJIKUX KUBOTHBIX JIUMUTHPYETCS HAIMYHEM B MOpE TBEPIOTo cyOcTpaTta.
CyMmMapHasi IUIOLIagb TOBEPXHOCTEH pPAKOBMH MOJUIIOCKOB B MOpE OTpPOMHA, YTO
BBIPOKACTCA B BBICOKMX IIOKa3aTeNsiX pPa3HOOOpasus, YHCICHHOCTH W OHMOMAacChl
SMHUOMOHTOB (aBTOTPOMHBIX M TETEPOTPOPHBIX), OOUTAIOIINX HA WX PaKOBHHAX. JTO, B
YaCTHOCTH, OBUIO TIOKAa3aHO Ha NpUMEpPe THIPOUIOB, OOWMTAIOMIMX HAa MHIUSIX
[TpuminueBa, Manpun, 1999]. IloceneHus MOJUIIOCKOB HEPEAKO SBISIOTCS SApaAMHU
CJIOKHEUITNX KOHCOPIIUHA, BKITIOYAIONTAX MHOTHE BUJBI OpPraHU3MOB [3auka u ap., 1990;
laesckast u np., 1990; I'aeBckas, 2006 u ap.]. bosbpinoe 3HaUCHUE UMEET M OCBETICHUE
OPUAOHHOTO CJIOA BOABl IUIOTHBIMH IOCENEHUSMU ABYCTBOPYATHIX MOJUTIOCKOB-
¢uneTpaTopoB [3auka u ap., 1990; Iosopun, Kyparun, 2011]. [logoOHble moceneHus,
KaK W KOJUICKTOPHBIC TIOMYJISIUM MHUIWH, BEAyT K OOOTamleHni0 OWoreHaMu U
OpPraHMYECKUMH BEILECTBAMH JIOHHBIX OTJIOXEHHH. DTO, B CBOIO OuYepedb, C OIHOU
CTOPOHBI, MOKET CO3/1aBaTh YCJIOBHS Ul CYLIECTBOBAHHUS Psiia BUAOB APYTHX TAaKCOHOB,
a ¢ JIpyroi — Bectd K (POPMHPOBAHHIO BOCCTAHOBUTEIBHBIX YCIOBUH B JIOHHBIX OCAJKaX
U HaJl UX MOBEPXHOCTHIO C JS(HUIUTOM WM MOJHBIM OTCYTCTBHEM KHCIIOpoaa [3anka u
ap., 1990]. C momorpio OMCCYCHBIX HHTEH WM BBIICISIEMOM WUMH CIIM3U MOJUTIOCKH
MOT'YT MPEMSTCTBOBATh Pa3MbIBY PHIXJIOTO FPYHTa, cKperuisis ero [Tapacos u ap., 1979].
U, nakoHern, pakOBHHHBIM MaTeprajl MOJUTIOCKOB, BEIOpACHIBAEMBIM BOJIHAMH Ha Oeper,
MOXeT (OPMHPOBATh IUISDKM, NMPENOXpaHssl KOPEHHOH Oeper oT pa3MbiBa. PakoBHHBI
MOJUTIOCKOB MOTYT JlocTUraTh O0osee 50 % BcexX TBEpJbIX YacTHII, ((OPMUPYIOMIHX TIISHK
[MBnuesa, 2009 u ap.]. TIpu 5TOM co3mgaercss GHOTOI MECYAHOTO IUISDKA, HACETEHHBIN
MHOTMMH BHJIaMH OPTaHW3MOB, BKIIOYasi M JBycTBopuaroro mojuirocka Donacilla cornea
[lanpun, AdanacoBa, 2009]. Jlerpamamus TmOCeNEeHHH MOJUIIOCKOB B MOpe —



15

Mouttocku B MEHSAIOLIEHCS SKOcucTEME YepHOro Mops

YMEHBIICHUE MOCTYIUIGHUS] PaKOBHHHOTO Marepuana Ha Oeper — OJHAa W3 NPHUYUH
COBPEMEHHOTO COKpAIeHUs IUIOMAAeH Tisbked Ha modepekbe UepHOro M A30BCKOTO
mopeii [Meauesa, 2009; Shadrin et al., 2012], uro BemeT 1 K OOIBIINM SKOHOMHYECKHM
norepsiM. CHWKEHHE IUIOIIAJell TOCeNeHHH JBYCTBOPYATBIX MOJUIIOCKOB M HX
MPOAYKTUBHOCTH B MOPE MOXET 3aIllyCKaThb CaMOYCKOPSIOUIUICS MEXaHH3M IPOIIECCOB
pa3MbIBa IUISHKA, YTO, B CBOIO OdYepellb, Oy/eT CONEHCTBOBATH AallbHEHINIEH Aerpagariun
noceneHuit MosutrockoB B Mope [Shadrin et al., 2012]. TIpu sToM XuiHble OPrOXOHOTHE
MOJUTIOCKH, TaKUe, HAIIpUMep, KaK BCEJIEHEI] palaHa, BeleJask OCEIeHHs IBYCTBOPUYATHIX
MOJUIFOCKOB, ~ MOTYT  CTaTb  OCHOBHOM  NPUYMHOW,  3alyCKaroled  Takou
CaMOYCKOPSIOIIUIICS MeXaHU3M. YCHIIEHHE 303U Oepera, BCIEACTBHE, HAIpUMED,
KIMMaTHYECKUX MPUYMH WJIM AHTPOIIOTCHHOW JESTENbHOCTH, TaKXKe MOXXET OBITh
TIEPBONIPUYMHON JIeTpajallii TOCEJeHM MOJUTIOCKOB W BKIIIOYCHHS MEXaHH3Ma,
YIOMSIHYTOTO BBIIIIE.

B ycnoBusix pocTa KOHIEHTPAlUK YIIIEKUCIIOrO ra3a B aTMocdepe, BEpOsSTHO, He
cleyeT YIycKaTh M3 BHIY M Takyr (DYHKIIUIO MOJUTIOCKOB, Kak BbiBeaeHue CO, u3
OMOJIOTHYECKOT0 KpyroBopoTa u 3axopoHeHue ero B Buae CaCOz; pakoBuH.

1.2. CoBpeMeHHble B3rnsaabl Ha AMHaAMUKY
6MonornyecKknx/3Kono0rM4yecKknx CMcTem

Heo0x011umMo KpaTko KOCHYThCS CMEHBI NapaJiurM B MOHUMAHUU YCTOWYHBOCTH U
JMHAMHUKHA CHCTEM, YTOOBI Jier4e IOHATh, YTO MPOUCXOAUT € YepHbIM MOpeM U
TaKCOLICHOM MOJLTIOCKOB B HEM.

Buonornyeckre/3K0I0rHuecKiue CHCTEMbI BCEX YPOBHEH — OT MOJIEKYJISIPHOTO JI0
9KOCHCTEMHOT0, KaK W COIMaJbHBbIC CHCTEMbl, KaK IPAaBWIO, MMEIOT HE OJHO, a
HECKOJIbKO YCTOWYMBBIX ajbTepHATHBHBIX coctostHuit [Scheffer et al., 2009]. 3to
MOKa3aHO JKCIEPUMEHTAIBHO, & TaKKe HEM30€KHO CICAyeT M U3 OOIIMX MOJIOKEHHI
TEOPUH TUCCUNATHBHBIX CTPYKTYp [[Ipuroxun, Crenrepc, 2003] u cunepretuku [XakeH,
2003]. Oco3nanue 3TOr0 — CYyTh HOBOM IMapagurMbl B OHOJIOTHH ¥ SKOJIOTHH, B3aMEH TOM,
YTO paccMaTpUBAET OMOJIOTHYECKUE/IKOIOTNIECKAE CHCTEMBI KaK HMEIOIINE OJJHY TOUKY
rI00abHON YCTOMYMBOCTH, & BCE U3MEHEHUS CUCTEMBI — JIHIIb (DIYKTyaIl[ii BOKPYT 3TOH
toukn [agpun, 2012]. JlaHHBIE MOMEHT HEOOXOJIMUMO YYHUTHIBATh, AHAIUIUPYS
U3MEHEHHsI JFOOBIX OHONOTHYECKUX/IKOJIOTHUECKUX cHcTeM. YepHoe Mope, Kak H
TaKCOLICH MOJUTFOCKOB B HEM, — HE HCKIIFOUCHHE.

CoBpeMeHHbIE MPEACTABICHUSI 00 YCTOWYMBOCTH M JUHAMHUKE OMOJOTHYECKHX,
9KOJIOTMYECKUX M COLMAIBHBIX CHCTEM, BEPOSITHO, HamOojee YETKO BBIPAKCHBI B
KOHIICMIIMK aIaliTHBHOTO IMKJIA, MPEeUI0KEHHOr0 BUAHBIM dKkosoroM K.C. XosuHrom.
Hwxe mansl ocHoBHBIe monokenus koureruu [Holling, 2001; Walker et al., 2004].
JlMHAMUKa CHCTEMbI OITUCHIBACTCS B BHJIC IIMKJIA, H3BECTHOTO KAK aaNTAIlMOHHBIN UK,
rae cucrema mpoxomut 4 craauu [Walker et al., 2004]. Ise u3 Hux — (aza pocra u
skcmutyartanu — I (growth and exploitation) mepexomur B ¢asy coxpanenus — K
(conservation phase) — sIBASIOTCS MEJICHHOHM, KyMYJSITUBHOH HampaBJCHHO# Briepesn
neriel nukia. DT0 KOrepeHTHas CTausl, KOria AMHAMHKA MTPOUCXOAUT 0] KOHTPOJIEM
CIIO)KHMBIICHCST YCTOWYMBOW CTPYKTYPhI OSKOJOTMYECKOrO COOOIIECTBA, B YCIOBHSIX
OCTpOil KOHKYPEHIIUH, ¥ B 3TOT MEPHOJ IMHAMUKA CHCTEMbI KOPPEKTHO TpeacKa3yema.
B nponomkennn daser K pecypcebr ctanoBsTcs Bce 60see u 0oyiee TPYIHOIOCTYITHBIMH,
UCTOLIAIOTCS, U CHCTEMA IPOTPECCUPYIOIIE CTAHOBUTCS MEHee TMOKOW W OT3hIBYMBON Ha
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BHEIIHUE IOKU. B KOHEUHOM cueTe, Hen30eXHO clienyeT (paza XaoTHIeCKOro Koyanca u
ocBoOOKIeHnst oT B3amMozaBucumocteir — Q (collapse and release phase), xoropas
OBICTpO BeneT K (pase peopranusamnmu — o (phase of reorganization). ®asa peopranuzaryn
MOET TPOXOAUTH OBICTPO WIIM MEJICHHO, B IMPOLECCE €€ CO3MAITCS MHHOBALUH, Y
CHCTEMBI TOSIBJSIFOTCS HOBBbIE BO3MOXKHOCTH. Da3pl M 0 BMECTe COCTaBIISIOT
HETpeICKa3yeMyl OOpaTHYI0 TETII0 [UKIa — HEKOTEepEHTHAas CTajus JWHAMHKH B
YCIOBHSX pPa30aJaHCHPOBAHHON CTPYKTYPbl CHUCTEMbl U OCIAOJICHHOW KOHKYPEHIIMH
anemeHToB. Daza o NPUBOAUT K (haze I, KOTOpasi MOXKET IMOXOUTh Ha MPEAbLAYLIyI0 (asy
I, 2 MOXET O4YeHb CHIBHO OTIMYaThcs OT Hee. Kak yKasplBAlOT aBTOPHI JAHHOMN
kounemnmu [Walker et al., 2004], aganTanpoHHBINH LUK, B ONpPENEIEHHOM CMBICIE, —
Metadopa, Oasupyromiascs Ha HaOMIOAACMBIX W3MCHEHHSIX DPEaTbHBIX CHCTEM, a He
JKecTko (ukcupoBanHOe uepemoBaHume (a3. Cumcrema MoxeT u3 coctosHESI K
BO3BPAIATLCS B I, FUIA U3 I TIpsAMO B €2, I U3 oL 00paTHO B (2. Ba)KHO OTMETHUTH, YTO 3TO
peanu3yercs Ha pa3lUyYHbIX MaclTadaX, JKOCHCTEMbI CYIIECTBYIOT KakK MaHAPXHU
[Gunderson, Holling, 2002]. [Tanapxus — HaOOp TUHAMHYHBIX CUCTEM, BIIOYKCHHBIX Yepe3
pasnuunble Macmitabel apyr B apyra [Gunderson, Holling, 2002]. BszaumoneiicTBue
IPOLIECCOB CBSI3BIBACT UX B IEJIOE CKBO3b BCE, KaK MPOCTPAHCTBEHHBIC, TaK BPEMCHHBIC,
mKanpl. [IpuMepbl: OIUH JICHb MOJieTa MOJCHOK OMpENeisieT B 3HAYMTEILHON Mepe HX
MHOTOJICTHIOIO JTUHAMHUKY; HECKOJBKO YacOB CHJILHOTO IIITOPMAa MOTYT OOYCIIOBHTH
TOJIOBYIO JWHAMHUKY 3pO3MM Oepera M OOMEH TOBEPXHOCTHBIX W TIIYOWHHBIX BOJ;
KOMITAaKTHOE MECTO 3MMOBKH KAaKOTO-THOO BHJA CKa3bIBACTCS HA €ro YHMCICHHOCTH Ha
TEPPUTOPUH B TIOPSIIKUA pa3 OOoJbIIeH; MUKPOIBOIIONUOHHBIC U3MCHEHUS B MOMYJISIMA
KIIIOYEBOr0 BHWJA, HAMpPUMEp, MOJUIFOCKA, MOTYT TOJHOCTBIO TOMEHSTH CTPYKTYPY
OMOTHYECKHX CBS3CH B PKOCHUCTEME, PAaBHO Kak M €¢ AMHAMUKY W IBOJIOLHI. BakHO
HNOHUMATh, YTO MEPEXO0J B COCTOsIHHE () — HE KpaX CUCTEMBI, & OTKPBITUE ISl HEe HOBBIX
Bo3mokHocteit [Holling, 2001; Walker et al., 2004]. Y 3T0 Hamo y4uThIBaTH Kak B
HKOJIOTHUYECKUX MCCIICAOBAHMSX, TAK H B COITUATIBHO — 9KOJIOTHIECKOM MCHEDKMEHTE.
PaccmarpuBasi IUHAMHKY HM3MEHEHHI, TNPOMCXOAAT JIM OHU B JKOCHCTEME
YepHOro MOpS UK B OTJIEIEHOM MOJUTIOCKE, CIICAYET MOHSATh, C YeM MBI HIMEEM JeJI0 — C
KOTEPEHTHOM CTaguel, Korja JAWHAMHMKA CHCTEMBI MPOHCXOJUT B Mpeieiaax OJHOTO
YCTOHYMBOTO COCTOSIHUSI (OIHOM HOPMBI PEAKIIMHU), WK JK€ MbI HIMEEM JIJIO C TPAH3UTOM
B HOBOE€ QJIBTEPHATUBHOE YCTOWYMBOE COCTOSIHME. B IEepHoa KOT€peHTHOW AMHAMMKHU
W3MEHEHUS MapaMeTPOB CUCTEMbI TIPOUCXOJIAT MIABHO M MPOMOPIUOHATEHO H3MEHEHHUIO
BO3JCHCTBYIOIEr0 (pakTopa, a B HEKOTEPEHTHYIO CTaIMI0 — CKavyKooOpasHO U
HEMPOTOPIMOHANFHO CHUIIBHO B CPaBHEHHMH C M3MEHEHHMEM YMpABISIOIIETro (akropa. B
3aBHCUMOCTH OT XapakTepa M3MEHEHUH HEOOXOJMMO MO-pa3HOMY MPOBOJIUTH aHAIH3 U
WHTEPNPETAUI0 KOJIUYCCTBCHHBIX JaHHBIX, YTOObI HE OOMaHyTh ceOs Kaxymencs
OeCIpUCTPACTHON CTPOTOCTHIO CTATUCTUYECKOrO aHaiu3a. [IpuMepoM HEBIYMUYHBOTO
MPUMEHEHHUS] CTAaTUCTHYECKOTO aHali3a AKCIECPUMEHTAIbHBIX [aHHBIX, BEAYIIEro K
HEONpPAaBJAHHOMY BBIBOJIy, MOXET CIYKUThb pucyHOK 1.1., B34ThIH U3 OaHOU
IKCTIEPUMEHTAIBbHON paboThl. Kak BUIHO M3 pacmpeiesieHuss TOYeK Ha PUCYHKE, YeTKO
BBIZICTSIFOTCSI [IBA COCTOSIHUSI CHCTeMbl. OJIHAKO aBTOp TOTrO HCCICIOBaHHS, MPOBEIs
HEea/leKBaTHBIM CTATUCTUYCCKUN aHalM3 JAaHHBIX, TPHIIET K BBIBOAY O JIMHEHHOCTH
B3aMMOCBSI3M MEXKIy 3HAYCHUSIMH BO3JCHCTBYIOIIETO (hakTopa ¥ OT3BIBAOLICTOCS
napaMeTpa u, Kak pe3yJsbTar, MOJyqmI HPsSMYo 1, almpOKCHMHUPYOIIYIO 3aBUCUMOCTh B
npezenax BCero M3ydeHHoro pasdpoca ¢akrtopa. Koadduuument koppensiuuu npu sToM
OBUT JTOCTaTOYHO BBICOK W JIOCTOBEpeH. B TO jke BpeMsi U3 pacrpelesieHus] TOYeK SIBHO
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MPOCMATPUBAETCS HEOOXOUMOCTh JIBYX Pa3jIMUYHBIX alIPOKCHUMHUPYIONUX MPSIMBIX (2 U
3), «mepeckok» ¢ OIHOW Ha MAPYIyI0 MPOWUCXOAWT B HHTEpBAJIE, Tlle HaOIIOmaeTcs
TIOBBINIICHHAS H3MEHUYUBOCTD MapaMeTpa-oTKIMKa. ClieyeT OTMETHTD, YTO MPH Mepexoe
B CTaJIMI0 HEKOTEPCHTHOW JMHAMUKH — B OKPECTHOCTSX TOYKH HEBO3Bparta/OudypKaiuu
— BCerjla TNPOWCXOMUT JecTaOWIu3aIis CHUCTEMBl C POCTOM BapHUaOEIBLHOCTH ¢
napameTpoB [Scheffer et al., 2009; Hlagpun, 2012], B ToM 4Yncie U y MOJITFOCKOB
[[Magpun u ap., 2005]. TIpxr 3TOM MOMKET MPOUCXOIUTH HE TONBKO MEPEXO] B OJHO U3
paHee pean30BaHHBIX ATBTEPHATUBHBIX YCTONYMBBIX COCTOSHUMN, HO U K WHHOBAITUH —
CO3JJaHUIO HOBOTO, TO €CTh K IBOIOIIMOHHOMY coObIThio [[lampun, 2009].

PaccmarpuBas mepexolibl Ha WHIUBHIYaTbHOM YPOBHE, MOXXHO BBIICTHTH JBa
THTIA TOYCK HEBO3BpAaTa — TOYKHU TEPEKIIOUYCHUS C OJHOTO KPEoaa pa3BUTHUS Ha JPYron
(oHTOreHEeTHYEeCKHEe) WM C OXHOTO (DYHKIMOHAIBHOTO COCTOSIHHSI Ha JIpyroe
(bynxuonansueie) [[agpus, 2013]. B HacTosiee BpeMs yKe €CTh sl IPHMEPOB TOTO,
KaK pa3JInYHbIC (PaKTOPHI, HAIIPUMED COJICHOCTD, BIHUSIIOT HAa BBIOOP OJTHOTO YCTOHYHUBOTO
COCTOAHUA q)yHKHI/IOHI/IPOBaHI/ISI OCO6I/I 1 MOy U3 MHOXCECTBAa BO3MOKHBIX WA
OJTHOM 3 psiZia BO3MOXKHBIX peanu3aruii renoruna [[lagpun, 2013]. AnbTepHaTHBHOCTH
MEeTa0OIMYECKUX MyTeH, KOTOPhIE MOTYT MUCIOJIb30BaTh MOJIIFOCKH, — JaBHO M3BECTHBIN
¢denomen [I"opomocosa, Illamupo, 1984].

OTKITHE

dakrop

Puc. 1.1. CxemaTru3upoBaHHBIH pUMep HEaJeKBaTHON alpOKCUMAIINN
9KCHEPUMEHTAIBHBIX TOUEK (TpsimMast 1), Korna HaOI0AaeTCsl «IEePECKOK» C OAHOM
3aBUCUMOCTH (TIpsiMast 3) Ha IpyTyio (mpsmas 2).

1.3. I3MeHeHUsA CTPYKTYpPbl TaKCOLleHa MOJIJIIOCKOB:
MNPUYUHBbI U NOCNIEACTBUSA

W3meHeHus: BUIOBOW CTPYKTYPHI (CTFICKa BUIOB, COOTHOIIEHHUS YMUCIEHHOCTEN U
Omomacc) TakcolleHa MOJUTIOCKOB B UepHOM MOpE MPOUCXOAIT B PA3IMYHBIX €0 paifoHax
[Tepentser, 2007; MsanoB, Cunery6, 2008; Masnymsin u ap., 2009; CragHu4eHKO,
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3omotape, 2009]. TIpuuuHBI 3TOrO pPA3IHYHBl, B YaCTHOCTH, K HHM OTHOCSTCS
W3MEHYHBOCTh THUAPOMETEOPOIIOTUYECKIX YCIOBHH, 3arpsi3HEHHE Cpelbl, BCEICHUE
9K30THYCCKUX BHIIOB, JIOHHOE TPAJICHUE, THIPOTEXHMYECKUE COOPYKCHHUS U T.1. [3aiiien
u ap., 1993; 3aitues, 2006; bonrtaues, 2006; Mpanos, Cuneryo, 2008 u ap.]. Cneayer
OTMETHTh,  YTO  YacTb  THUAPOMETCOPOJIOTHUECKUX  (QUIyKTyauud  sIBASiETCA
KBa3UMEPHUOINIECKIMH, 00YCIIaBINBAIOIIMMHA KBA3UITNKIMIECKHE KOIeOaH!s CTPYKTYPHI
TaKCOLIEHa, YTO, HampuMep, TMOKa3aHO Ha MpUMepe TaKCOLEHa MOJUIFOCKOB OYXTEHI
Kpyrnoit [Ulanpun u np., 2004]. M3meHeHHs BHAOBOH CTPYKTYphl TaKCOICHA
MOJITIOCKOB OOYyCIIOBIIEHBI MPOIECCAMH, TNPOUCXOSIIMIMMU Ha DPA3IMYHBIX YPOBHAX
OpTraHm3aIyy — OT TII00ATFHO-0MOC(HEPHOTO 10 MOJNEKYISIpHOTO. B TIepByto ouepensb, OHU
OTIPEIENISIOTCS Ha BBIILIENEKAIIEM YPOBHE — B cO0O0IIECTBE (TPOPHUECKUE, TOMUUECKUE U
JIp. OTHOIICHUS), ¥ HIDKENE)KAIeM — B MONyJsIusx. [IpITasich CBSA3aTh B €AMHOE IIETI0C
KOMIUIEKC TPUYMH W CIEICTBUI B M3MEHEHHAX TaKCOIIEHa MOJUTIOCKOB, HEW30E€XHO
MIPUXOJUIIb K OCO3HAHUIO BaXKHON pOJIM NPUHIUIA TAaHAPXUH.

N3meHeHus BUAOBOM CTPYKTYphl — JOMUHHUPYIOIIETO BHJIa — MOYKET MOJTHOCTHIO
W3MEHATH (DYHKIIMOHAJIHHYIO POJb JOKATBHOTO IOCENEHHUS MOJUTFOCKOB, B YaCTHOCTH, B
(dopmupoBanuu mwisbked. [Ipumep — 3aMeHa MUIUU BCEIICHIIEM MHUCH B aKBaTOPUHU MbICa
Kaprkazak (Kapkunutckuit 3amuB) [Iaapun, CocHoBckas, 2001], apyrue moaoOHbIe
npumepsl [MBiuesa, 2009]. PakOBUHBI yMEPIIHUX MOJUTIOCKOB-BCEIEHIIEB OCTAIOTCS, Kak
MPaBWIIO, B 30HE MPOIYIUPOBAHUS W HE TOCTYMAIOT Ha Oeper, 4To OOYCIOBICHO WX
MAacCCHUBHOCTBIO M 3Koyiorued. [lerpamanus moceneHuid Muanii/(ha3eonHbl, HampuMmep,
BCJICICTBME BBICNAaHWS WX XHUIMHUKAMH WU 3aWjieHWs JHAa B pe3yiabTaTe JOHHBIX
TpalleHu#, BeJeT K YMEHBIICHUI0O UX KyMYJSITHBHON (DUIBTPallMOHHON CIOCOOHOCTH,
YBEJIMYEHUIO MYTHOCTH BOJIbI, PE3KOMY HM3MEHEHHUIO MPOIECCOB CeIMMEHTAIlMd B3BECU
[CoBopun, Kyparuu, 2011]. Beime ye ymoMuHaICS BKIaJ HM3MEHCHHH IMOCEICHUI
MOJUTIOCKOB B AETPajallfio OeperoB, IUISHKEH — OMHOW M3 OCTPEUIINX SKOIOTHYECKHIX
mpo0iieM peruona Yeprnoro mops. [IpruMepoB 3TOro MOXHO TPUBOAUTH MHOTO.

B nacrosee Bpemsi B UepHOM MOpE MPOUCXOJUT HE TOJIBKO U3MEHEHHUE BUAOBOM
CTPYKTYpPBI TaKCOIIEHA MOJUIIOCKOB, HO MEHSETCS TOIMYISAIUOHHAS CTPYKTypa WX
MacCOBBIX BHJIOB — pa3MepHas, I0JIOBas, MPOCTPAHCTBEHHas. PaboT, MOCBSIIEHHBIX
3TOMY, MMEETCS YK€ JOBOJIBHO MHOTO, HO 0030p HMX HE SIBJSIETCSl Hallel 3ajgadeii.
OTrMeTrM JHIIb OAHY U3 OOmMUX TEHACHIWA W3MEHEHHS pPa3MEpHO-BO3PACTHOU
CTPYKTYPBI TIOMYJISINI y pa3HBIX BHUIOB — YMEHbBIIIEHHE CPEHETO BO3PacTa U pa3MepoB.
K atomy mMoryt Bectu pasnuutblie haktopsl. Hanpumep, 3arpssuenune [[lanpusn, JIexHes,
1990] B mepByro ouepear, OOYCIOBIEHO TEM, YTO YCTOWYMBOCTH JKHBOTHBIX K
HEOJArONPUATHBIM BO3JIEHCTBHSIM YaCTO YMEHBINAETCS C BO3PACTOM — IMPH CTPECCOBBIX
BO3JCHCTBHUSAX C OOJbIIEH BEPOSTHOCThIO THOHYT Oosiee crapiiue ocobu [IIlagpum,
Jlexues, 1990]. Ilpecc XHMIIHUKOB TaKKe HEPEIKO BEIACT K YMEHBIICHUIO CPEIHHX
pa3MepoB MOJUTIOCKOB B TOCENEHUSAX/TIOMYNSNUAX. Tak, HanmpuMep, YCTAaHOBIEHO, YTO
pamnana, B IIEpPBYIO OUYepe/lb, BhIeNaeT OoJiee KPYITHBIX 0CO0ei KaK B MOIyJISAIUSX MUIAN
[CoBopun, Kyparun, 2011], tak u goxamwmut [[lanpun, Adanacosa, 2009]. TToBbieHne
TEMIIEpaTypbl CpEeAbl TaKKe MOXKET BECTH K YMEHBUICHHIO pPa3MepOB >KUBOTHBIX.
W3MeHeHus B MOMyISIIAAX MOJUTIOCKOB HE OTPAaHHYUBAIOTCS H3MEHEHHUEM HX Pa3MEpHO-
BO3pACTHOW CTPYKTyphl. llom meiicTBeM OBITOBBIX CTOKOB, HAlpUMEpP, MEHSETCS
CTPYKTypa DHEPreTHYECKOro OanaHca, YTO MOXET BECTH, B YACTHOCTH, K YMEHBIIICHUIO
JOJM CTBOPOK M TOHaJX B OOIIEH Macce Tela y MHIMHA, 3aMEMJICHHI0 UX IOJOBOTO
cospeBanus [Illanpun, Jlexnes, 1990]. B pesynbrare 3arpssHeHHs NecTaOMIM3HPYETCS
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OHTOTEHE3, 0 YeM CBHUJICTENBCTBYET, HAIIPUMEpP, BO3pacTaHHE YPOBHs (QIyKTyHpYIOLICH
aCUMMETpUH y Muaui u3 Oosiee 3arps3HeHHbIX OyxT [Shadrin et al., 1994]. Cuenyer
3aMETHTh, UYTO Y BHJOB, BCEJIMBIINXCS B HOBbIE MECTOOOWTAHHUS, PE3KO YBEINYUBACTCS
W3MEHYUBOCTH — JECTaOMIN3UPYETCsl OHTOTeHE3, YTO, HAPUMEp, TIOKa3aHO ISl aHaJaphl
B Uepnom mope [lagpun u ap., 2005] u Syndosmya segmentum, mepecencHHON W3
Yepuoro mops B Apanbsckoe [AHapees, Aunpeesa, 2003]. Jlecrabuam3anms OHTOTEHE3a C
POCTOM H3MEHYMBOCTH MOXKET 3aBEpIIATbCs «IEPECKOKOM» B HOBOE YCTOHYHBOE
COCTOSIHUE, TZe 0cOOM M TMOMyNSUMH BHAa OyoyT NpOSBISATH HOBBIC, paHee Ui BUAA
HeXapaKkTepHbIe, 0COOCEHHOCTH W CBoiicTBa. HOBBIE CBOWCTBAa MOTYT MPOSIBIATHCA Ha
PA3NIUYHBIX YPOBHSIX OPTraHU3aIluK — OT MOJICKYJISIPHOTO JIO MOMYJISIIHOHHOTO.

[NomynsuuoHHas CTpyKTypa 1 OMOTUYECKHE CBSI3M Pa3HBIX BUIOB MOJUTFOCKOB, HX
KOHKYPEHTHasi CHOCOOHOCTb, BO3MOXKHOCTH OTKIMKAa HA HM3MEHCHHS aOWOTHYECKUX
napamMeTpoB, HampuMep, YMEHBIICHHE KOHICHTPAIMH KHUCIOPOJa, YBEIHUCHHE
TEeMIIepaTypsl CpeAabl, aluJU(QHUKAIMN U T.A., B 3HAYUTEILHOW Mepe OMPEeNessIOTCs UX
aJanTalMOHHBIMU  TOTEHIMAJaMHU. AJanTalMOHHBIA MOTEeHIHan Jro0oro BuAa
CKJIaJIBIBACTCS U3 JIBYX THUIIOB/JTAIOB OTKJIMKA HA U3MEHEHUS cpelibl — (PU3noIorHIecKast
peakuus B TpeleNnax OJHOTO YCTOHYMBOIO COCTOSHHA (YHKIMOHUPOBAHUS H
«TIEPEKITIOYCHUE B HOBOE IbTEPHATHBHOE COCTOSIHUE YCTOHYUBOTO
(GYHKIIMOHUPOBAHUS, KaK MMPABUIIO, CBA3aHHOE C U3MEHEHUSIMH B 3KCIIPECCUU I'CHOB.

PaccmarpuBasi 3K0IOr0-QU3HONOTUYESCKUE OTKIMKH TOTO WJIM HWHOTO BHJIA
MOJUTIOCKOB Ha JIFOObIe U3MEHEHUs CPelbl, CIEAYET YUUTHIBATH ONECPATHBHBIC OTKIHKU
(moBeneHUECKUE, (PU3HONOTMYECKIE) U MPOIECChl AKKIMMAIINH, KOTOPBIC MPOSBISIOTCS
Ha pa3HBIX BpeMeHHbIX mikamax [MBmesa, 1981; Xie6omuu, 2012]. Kak mnpumep
MHOKCCTBEHHOCTH  B3aWMOJIOTIONHSIOIIMX W ANbTEPHATHBHBIX  MEXaHU3MOB
OMOXMMHYECKUX aJanTallii MOJUIIOCKOB, pPAacCMOTPEH KOMIUIEKC WX ajanTaluid K
runokcuu [@okuHa u ap., 2011].

Iepexonas ¢ MHAUBUIYATBHOTO YPOBHS aHAM3a aJaNTAllHOHHOTO MOTEHIIMANA Ha
MOy ISIIMOHHBIN, ceyeT He 3a0blBaTh O Pa3sHOOOpa3u T'eHOTUIOB M ()EHOTHIIOB B
nonyssiusx  [Wennersten, Forsman, 2012]. M3 storo, B 4acTHOCTH, CIIEAYET, YTO B
MOMYJSIIIMA  Pa3Hble OCOOM MOTYT HCIOJb30BaTh pa3HbIe AaJbTCPHATHBHBIC MyTH
aIalITHBHOTO OTKJIMKA Ha BO3/IeHCTBYIOIHUE PpakTopbl. HEBO3MOXKHO TpeicKkazaTh OTKIMK
MIOMYJISIIIMK Ha M3MEHEHHUE CPEJIbl, HE YUUTHIBas pasHooOpasue ocobeil B MOIMyISIAN 110
BCEM MapaMeTpam.

[Ipu pe3koii cMeHe SKOJIIOTHUECKOW OOCTAHOBKH, KaK TPABHIIO, MPOUCXOIST
U3MEHEHUs] B OMOXMMHYECKOM cTaryce ocobeil. V3meHeHuss BO BHyTpeHHEH cpeje
OpPraHu3MOB BEJYT K MEPEKIIOYSHUSIM IKCIIPECCHU T€HOB, a HEPEJIKO — U K YBEJIMYCHUIO
yactorsl MyTanuii [Kopoukun, 1999]. B konre 30-x rof0B OBIJIO YCTaHOBIEHO, YTO Y
JIpo30( MBI YacToTa MyTHPOBAHHS T'€HOB YBEIMUYMBACTCS KaK MPH TOBBIIICHUH, TaK H
MpY MOHMKESHUU TEMITEPATYPhI IO CPABHEHHUIO C ONTUMaIbHOM. Mcxoas u3 aroro, 0. 4.
Kepkuc  [1940] npemnokun — «OU3HONOTHYSCKYIO — KOHIIETIIMIO»  MyTarcHesa,
BrocieacTeun pa3sutyio M. E. Jlobamesim [1947]. DTa KOHIEMIMS OCHOBBIBAIACH Ha
JIOTTYIICHNUH, YTO CIIOHTAHHBIC MYTAIIMH BO3HHKAKOT B PE3yNbTaTe (PU3HOJOTHUYCCKUX U
OMOXMMHUYECKUX TPOIIECCOB B KIETKAX M OTPAKAIOT CTETMECHb HEYMOPSIOYCHHOCTH 3THX
nporieccoB. Bo3pacranue HEYNMOPSIOUSHHOCTH, COMTPOBOXK/IAIONIEE OTKIIOHEHHUE YCIIOBHH
obuTaHuss OT KOMQOPTHBIX, JOJDKHO YCHJIHMBAaTh CIHOHTAHHBIH MyTareHe3 u
BapuabenbHOCTh JKcrpeccuu reHoB [Koporogumn wm ap., 1990]. BcenenctBue 3toro
HapacTaeT U3MEHYMBOCTb, MOBBIIIACTCS pa3HooOpasue ocobdeit B nmomyssiiuu [[lagpuH,
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2009]. Ilpu 5TOM MOJIFOCKH MOTYT pPAaclpOCTPAHSTHCS B HOBBIC aJallTHBHBIC 30HBI,
pacmmpsisi cBOH OHMOTOI, SKOJOTHIO M THM NHUTaHUSA. DTO, HApuUMep, MOKa3aHO s
JBYCTBOpUYATBIX MOJUTIOCKOB poxaa Cerastoderma B yCIOBHSX —OCOJIOHSIOIIETOCS
ApanbCKOro MOpsi TIPM HCYE3HOBEHWH JPYTUX BHUIOB JBYCTBOPYATHIX MOJUIIOCKOB
[AunpeeB, Anapeea, 2003]. M3meHeHuss B mpuOpekHbIX akBaTopusix Kpeima, kak
MOKA3bIBAIOT  OTJIOXKEHHWS, HE pa3 TNPHUBOAMIN K  OTHOCHUTENBHO  OBICTPBIM
MOP(OJIOrHIECKUM HM3MEHEHHSIM U POCTY pazHooOpasus (GopM y MOJUIIOCKOB poja
Cerastoderma, urto Brepsbie a1t YepHoro Mopst nokaszano JI.M. Pay3uep-UepHoycoBoii
[Pay3uep-UepHoycosa, 1928], a ceiiyac mpociexuBaercs B ApaabckoMm Mope [AHIpees,
Amnnpeesa, 2003]. He BbI3BIBa€T COMHEHMS, YTO IIOSBIISIONIHECS MOP(OIOTHUECKUE
pasnuuMsl BCerAa SBISIOTCS PE3yJNbTAaTOM HM3MEHYHMBOCTH MOJIEKYISPHO-KIETOYHBIX H
(bM3UOTIOTHYECKUX TIporieccoB. Mopdomornueckne mpeoOpa3oBaHus, B CBOIO OdYepeb,
WHAYIUPYIOT OIpe/eleHHbIe H3MEHEHHS B MPOIeccaX MeTadoJ3Ma, 00eCTIeINBAIOIINX
CYILIECTBOBAHNE MOJUIIOCKOB B U3MEHUBIIEHCSA U MEHSIOILENCS cpesie.

Karactpopuueckue wu3MeHEHUs cpeibl, KaK 3TO IIOKa3aHO, HampuMep, s
JIBYCTBOPYATHIX MOJITIOCKOB ApPalIbCKOTO MOPS, MOTYT BECTH K CPaBHHUTEIHHO OBICTPHIM
IBOJIIOIMOHHBIM HM3MeHEeHUsIM [AHzapeeB, AnzapeeBa, 2003], KoTopble HEBO3MOKHO
0O0BSCHUTH MOJIHOCTRIO B paMKkax CHHTeTHUecKo# Teopun somonuu [[agpun, 2009]. B
SBOIIOLIMOHHBIX, KaK U B AKOJIOTUYECKHX, MTPOIECCaX OPTaHU3M HE SIBISIETCS] TACCHBHBIM
00BEKTOM BHEIIHUX BO3JIEHCTBHIA, OH BCETJ]a aKTHBHO pearupyer Ha HuX. lIpornosupys
JIOJITOBPEMEHHBIN OTKJIMK MOIYJISALUNA MOJUIIOCKOB B MEHsOIIEMcs UepHOM MOpE, HElb3s
WCKITIOYAaTh BO3MOXKHOCTh UX OTHOCHTEIBHO OBICTPHIX 3BONIOIHMOHHBIX IPe0Opa3oBaHUM,
TO €CTb TOSIBIICHUSI HOBBIX CBOMCTB M KadecTB. Pasymeercs, Bce oHM OyIyT 60a3upoBaThCs
Ha HEKOTOPBIX OMOXMMHUYECKUX HOBalMsAX. Mcxoas u3 atoro, cieqyeT ocoboe BHUMaHKE
o0Opamiate Ha pe3yJbTaThl ONBITOB U aHAIM30B, KOTOPbIE HETUITMYHBI, PE3KO OTIHYAIOTCS
oT oxkumaeMbix. CpeiHre 3HAYeHUs IOMOTAIOT MOHATh (YHKIIMOHHUPOBAHHE OPTaHU3MOB
B IIpefesax OJHOTO YCTOWYHBOTO COCTOSHUS, a YKIJIOHSIOIIUECS OT CPETHETO JaHHBIE —
MpeJICKa3aTh BO3MOXHOCTh U BEPOATHOE HANpaBJICHHE «IIEPEeCcKOKa» B ajlbTepHATHBHOE
YCTOHYHMBOE COCTOSIHWE WIIM BOSHHKHOBEHHE 3BOFOIMOHHBIX HOBAIMI. DBOIIOIMOHHBIC
HOBAIIMH B OIPEJIEIICHHBIX PaMKaX MpeICcKa3yeMbl, TaKk Kak BO3MOXKHOCTh MX 3aJI0’KEHa B
TEHOTHIIE — psjbl roMojoruueckoil mamenunmBoctu H.M. Baumosa [1922, uwmr. 1o
BaBunos, 1967]. CnemoBaTenbHO, ejas MpeacKa3aTb BO3MOXKHBIC ABOJIIOIMOHHBIC
CABUTM B TIOMYJALHUSAX TOTO WM WHOTO BHUAA, HAJAO CMOTPETh HE TOJNBKO Ha
M3MEHYMBOCTh HMHTEPECYIOIIEr0 BHJIA, HO M Ha W3MEHYHMBOCTH OJIM3KOPOJCTBEHHBIX
BuoB. Crenyer mpu 3TOM MOMHUTH, YTO Takas KaHAJM3UPOBAHHOCTh U3MEHUMBOCTH HE
MOIMEHSIeT NeiicTBre 0TOOpa, a JIMIIb 33aJaeT TPaHUIBl BO3MOXKHOTO MaTepuaia s
or6opa [Tpamesos, 2007].

DBOIIOIMOHHBIE MTPE0Opa30BaHKs OJHOTO BUIAa MOTYT KapJAHHAILHO TOBIHSTH
Ha (pyHKIIMOHWpOBaHWE BCEW BOJHOW SKOCUCTEMBI. TE€OpeTH4YecKH 3TO JOITyCKAIOCh
JIAaBHO, HO ceiuac yXe 3TO JOMyIIeHHe JO0Ka3aHO Ha MpHUMEepe SKOCHCTEM 03ep, T/e B
pe3yibTaTe ObICTPHIX YBOJIOIMOHHBIX MPEe00pa30BaHUi OJJHOTO BU/Ia PHIO M3MEHWIUCH U
mapameTpsl QyHKITHOHMPOBaHHs dKocucTeMsl B Tiesom [Walsh et al., 2012].

B mHacTosmee BpeMs Hayka HE MOXET IPEJCKa3bIBaTh BO3MOXKHBIE TPACKTOPUHU
M3MEHEHUI SKOCHCTEM MIIM UX KOMIIOHEHT — MOJUTIOCKOB B HamleM citydae. B wactHoctn,
M TOTOMY, YTO MBI €Ml JajJeKd OT MOHUMAaHHS POJIM OTAEIBHBIX METa0OIHMYECKUX
OTKJIMKOB Ha HW3MEHEHUs] MapaMeTpOB BHEIIHEH cpelsl B AMHAMHKE HAaIKIETOYHBIX
cucreM. llocnepyromme rhaBsl MoHOrpaduum OyayT, B OCHOBHOM, HOCBSIIEHBI
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Mouttocku B MEHSAIOLIEHCS SKOcucTEME YepHOro Mops

HEKOTOPBIM MeEXaHH3MaM oOecrieueHuss MeTaboaM3Ma Ha KICTOYHOM M TKAaHEBOM
YPOBHSIX, YYACTBYIOIIMM B DKOJIOTO-(PH3HOJIOTUICCKUX OTKJIMKAX MOJLTIOCKOB. be3 aToro
HEBO3MOXXHO TOHUMAaHUWE W3MEHEHWH TAaKCOIEHA MOJUTIOCKOB, MPOUCXOJSIIUX B
MeHsIoIIeiics skocucTeMe YepHOro Mopsl.
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AHTVIOKCUVIAAHTHbIVI ®EPMEHTHbIA KOMIMJIEKC
TKAHEW YHEPHOMOPCKUX ABYCTBOPYATbIX
MOJIJTHOCKOB

B nacrosieli raBe npejcrasieHa nHGopManus 06 0COOCHHOCTAX OpraHU3aIUN
AHTHOKCHAAHTHOT'O (bepMeHTHOFO KOMIUICKCA B TKAHAX TPEX HanboJIee MAaCCOBBIX BUIOB
JBYCTBOpUYATBIX ~MOJUTFOCKOB YepHoro Mmops — abopurenHoro Buma Mytilus
galoprovincialis Lam., Bceneniia Anadara inaequivalvis Br. u untpoaynenta Crassostrea
gigas Thunberg.

2.1. CpaBHMTE/IbHaA XxapakTepucTtuka AO KkKoMniekca n
npoueccos NMOJ1 y MONIOCKOB U ApPYrux
OpraHu3smoB

CoctosHue aHTHOKcHIAHTHOTO (AQO) KOMIUIEKCA M YpPOBEHb MEPEKHCHOTO
okucnenus nunuaoB (I[1OJI) B TKaHAX ABYCTBOPYATHIX MOJUIIOCKOB B3aUMOCBS3aHBI C
OCOOCHHOCTSIMH WX JKH3HEAESITECIHHOCTH. BbicOKas (puIbTpallioHHAs aKTHBHOCTh U
MMOCTOSIHHBI KOHTaKT C MHOTOYMCICHHBIMH PACTBOPEHHBIMH B BOJIE BEIICCTBAMH,
BEPOSATHO, CIIOCOOCTBOBaIM ()OPMUPOBAHUIO Yy JAHHON TPYIIBI OPraHU3MOB B XOJE
ABOIIOLIMOHHOTO Tmporecca 3ddexTuBHOr0O AO KOMIUIEKCA H  COATAHCHPOBAHHOTO
COOTHOUIEHUS €ro akTUBHOCTH ¢ ypoBHeM [1OJI B TkaHsX.

2.1.1. Ilpomueccer [10OJI

Conepxxanne mnpoaykroB I[IOJI y MOMIIOCKOB BBINIE IO CPaBHCHHIO C
KUBOTHBIMH JIPYTHMX TaKCOHOB: PaKOOOpa3HBIMHU, WIJIOKOXKUMH, pbldaMu — 110 25 pa3
[Livingstone et al., 1993; Livingstone et al., 1995; Oseukuna u mp., 2001; Anekcanaposa
u 1p., 2001; Porte et al., 2002; J{osxkenko, 2006; Amado et al, 2006], MieKomUTaAIOIIMA
— 1o 200-300 pas3 [Livingstone et al., 1992; Livingstone et al., 1993; Porte et al., 2001;
Honmarosa u zip., 2004; Jxazaspiu, assinos, 2006; Soldatov et al., 2007]. Pesynbrars
Hammx omnpenaeneanii nHTeHcuBHOCTH [1OJ] B pa3HBIX TKaHIX MUAMH, aHAJAAPBI, YCTPHIIBI
TaK)Ke MOATBEPXk AT 3TOT ¢akT [[ocTroxuna u ap., 2005; I'octioxuna, ['onosuna, 2010;
lNoctroxuna u ap., 2010; ['onoBuna u ap., 2011].

Bricokue mokazarenu [10J] y ABycTBOpYATHIX MOJITIOCKOB, OYEBUIHO, CBSI3aHBI C
OCOOCHHOCTSIMH TE€UYCHHUSI METa0OJUIECKHUX TPOIIECCOB B UX TKAHSX.

VY 3TUX KUBOTHBIC B COCTaBe KJICTOYHBIX MEMOpaH OTMEUAaeTCs CPaBHUTEIHHO
Huskoe coaepxanus nonu- (ITHXKK) u mononenacwimennbix (MHXKK) sxxupHBIX KHCIOT
(KK) B cpaBHeHuu ¢ apyruMu opranusmamiu [Livingstone et al., 1993; Livingstone et al.,
2000; Shulman et al., 2002]. OgHako cpeau HUX SIBHO JOMHHHUPYIOT JOKO30T€KCACHOBAs
22:6n-3, siiko3oneHTaeHoBas 20:5n-3, apaxumonoBas 20:4n-6 u nmHoneBas 18:2n-6, a
takxke kucnothl 18:1n-9, 18:1n-7 u ap. [Ribera et al., 1989; Bnagumupos, 2004]. Umenno
st KK sBisrores npeumymnectBeHHbIMU cyOcTpatamu [10J1, okuciasieMpIMu B TIEpBYIO
ouepenpb. [lokazaHo, yro u3 3tux BujoB JKK B mporecce CBOOOIHO-paIUKAIBHOTO
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okucnenuss (CPO) ¢opmupyrorcs MHOrouucieHusle npoaykTel [1OJI — ManoHOBBIH
maansaerun (MJIA) (3 KK 20:4, 20:5, 22:6), angkeHanw, alKaIWCHATd H WX
npomsBoanbie (M3 KK 18:2, 20:4, 20:5, 22:6), mepekucu nunuaoB u ap. [Keprwmdna,
2006; JlykesiHoBa u ap., 1982; Pan et al., 2009]. Haubonee npempacnoiokensr k [TOJT
dochonumuasr MemOpan, uMetomue oombinee cootHomenue [THXK/MHXK, uto Gonee
XapaKTepHO VI MOJIIFOCKOB I10 CPaBHEHUIO C IPYTMMHU IpylIiaMu opranusmos [Porte et
al., 2001].

IIpoueccsl, mpoTekaromye B aIeKTpoHTpaHcopTHOU nenu (OTL]) Mutoxonapuit
MOJUIIOCKOB, OTJIMYAIOTCSl MOBBIIIEHHONW MHTECHCUBHOCTBIO B CBSI3U C HEOOXOIMMOCTBHIO
HeiTpanusanuy 60JIBIIOro Yrcia Kcenodnotukos [Livingstone et.al., 2000; Livingstone,
2001]. Kak wusBectHO, mipu pabote DT obOpasyercs psja akTUBHBIX (OPM KHCIOPOIa
(A®K) u asora (A®A) [Livingstone, 2001, Lionetto et al., 2003], a TaxKke
HEIOOKHCIICHHBIE TPOAYKThI TpaHchopmaimu nosumorantoB [Livingstone et al., 2000;
Livingstone, 2001], uro Takke JOKHO CITOCOOCTBOBATH ycuieHu o mporeccos TTOJ.

TkaHH MOJUTIOCKOB XapaKTEpPHU3YIOTCSI BBICOKOI(P(GEKTHBHBIMU TPOLIECCAMHU
MUKpocoMmanbHOro okucieHus B xome HAJ(P)H-3aBucumoit renepanmun H,O, npum
o6roTpaHchopMaIMy U IETOKCHKAIIMK pa3nuuHbIx coequrennii [Regoli, Principato, 1995;
Livingstone et.al. 2000; Livingstone, 2001; Anekcaunaposa u ap., 2001; Funes et al.,
2006]. OT0 Takke MOXKHO paccMaTpUBaTh KaK OJHY U3 NPUYUH POCTA MHTEHCUBHOCTHU
npoueccoB [1OJ] B TKaHAX TaHHBIX )KUBOTHBIX.

MOJTIOCKH OTJIMYAIOTCS BBICOKAM YPOBHEM COOCTBEHHOM 3HJIOT€HHOU (hepMEHT-
3apucumoit  mponykimn  ADPK ¢ yuactmem HAJI(®)H-mmroxpom-c-pemyKTassbl,
KCaHTHHOKCH/Ia3bl, TIIUKOJIAT- U allbJCTHIOKCHIA3bl U Ipyrux depmenros [Livingstone
et.al., 2000], 4ro CcBsI3aHO ¢ PETYIATOPHBIMHU U 3AIUTHBIME CBOcTBaMU MHOTUX ADPK 1
A®A [Ribera et al., 1991; Livingstone et.al., 2000; Livingstone, 2001]. Tak, BbissBiIcHa
BaxxHeimas pors AOK u ADA B dopMUpOBaHHMN UMMYHHBIX PEaKIUii, B pa3BUTHU
BOCIIAJICHUS], 3allyCKE aroNTo3a, aKTUBALMKM MHOTMX (EPMEHTOB M HX KOMILIEKCOB
[Wenning, Di Giulio, 1988; T'opaeesa, Jlabac, 2003]. Monookcua azota (NO) u ero
MeTaboUThI TAKXKE UMEIOT aHTHOKCHIAHTHBIC M LIUTOMPOTEKTOPHBIE cBoiicTBa [Lionetto
et al., 2003]. Ipennonaraercs 1 HamH4YKre BO3MOKHOTO nepekpectHoro AO a3 dexkra NO
u cynepokcunannonpagukaina (COAP, O,") [Ribera et al., 1991]. A®K u ADA B HU3KHX
KOHIICHTpAIMAX MOTYT MHAYLIHpOBaTh dKcmpeccuto reHoB [Wenning, Di Giulio, 1988;
Oxkcenenko, 2005]. DToT fajeko He MOTHBIN NEPEeYeHb MPOLIECCOB C YYaCTUEM aKTUBHBIX
(opM KHCTIOpo/ia M a30Ta OTPAXKAET WX YPE3BLIYAHO BaXKHYIO POJIb KaK PETYJIATOPHBIX U
CUTHAJILHBIX MOJIEKYJI, YITPABISIOIINX KU3HBIO KICTKH.

Cpenu mpouumx KCEHOOHMOTHKOB B OPraHM3M MOJIIFOCKOB MOTYT IIOCTYINATh
COCIMHEHMs, BOBIEKaeMble B pelnokc-uukiabl (noHoB Cu, Fe um ap.), uto TaKxke
conpspkeHo ¢ ycunennem reHepannn ADK u ADA [Livingstone et al., 2000; Livingstone,
2001; Lionetto et al., 2003]. Hanpumep, npu MeTabosM3Me MECTHIMIA MapakBaTa H
JIpyrux MOAOOHBIX BELIECTB 0Opa3yloTCs MX IMPOU3BOJHBIE, KOTOPHIE B MPHCYTCTBHU
KHCJIOPOJIa BHOBL OBICTPO OKHCIISIFOTCS 10 UCXOMHON Gopmbl ¢ oopazoBanneM COAP u
npyrux AD®K, uto cHosa aktuupyer CPO [Livingstone, 2001; Funes et al., 2006].

Y IBYCTBOpYATHIX MOJUIIOCKOB BBISIBICH OCOOBI MEXaHHW3M CIOHTaHHOW
renepannn ADK, konrponupyemsiii HAJI®H-okcunazamu [Gamble et al., 1995]. On
SBISIETCSL OJHUM W3 AaKTUBHBIX HCTOYHUKOB ADK B KieTke W Takke JOJDKEH
crniocodcTBoBath pocty [1OJI B TKaHsAX 3THX KMBOTHBIX [Livingstone, 2001].
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2.1.2. AO dpepMeHTHBII KOMILIEKC

Jnst 3amutel kitetok oT HeratuBHOTO AeiicTBua ADK n ADA y aBycTBOpUaTHIX
MOJUTIOCKOB chopmupoBaics AQO KOMIUIEKC, IMOKa3aTeld KOTOPOTO BHIIIE, HYeM Y
OpPraHu3MOB APYT'HX TAKCOHOB, U MIMEIOT KaUECTBEHHBIE OTIUYHSI.

AHanmu3  JUTEpaTypHBIX  WCTOYHUKOB  IIOKAa3bIBACT, 4YTO  AKTHBHOCTh
rnyratuonnepokcunassl  (I'T) u  royratmonpenyktassl  (I'P) y  naBycTBOpuaThIX
MOJUTIOCKOB 3HAYHMTENBHO BBIIIE, YeM Yy pakooOpa3HbIX, HTIIOKoxux [PymHeBa-Tutona,
1996; Doyotte et al., 1997; Cheung et al., 2001; Pavlovi¢ et al., 2010], psi6 [Livingstone,
1993; Oseuknna u ap., 2001; dosxenko, 2006; Kosans u mp., 2006; Lemaire, Pavlovic et
al., 2010] u mnexonuraroumx [Cossu et al., 1997; Livingstone et.al. 2000; Cheung et al.,
2001; JlommaroBa u jp., 2004]. TkaHH MOJITFOCKOB OTIHYAIOTCSI M BBICOKHM PECypcoOM
BoccTaHoBiieHHOro riryratnona (GSH) no cpaBHenuto ¢ peibamu [Lemaire, Livingstone,
1993] u mnexonurarommmu [Livingstone et al., 1993; Yenomun u ap., 1998; Cheung et
al., 2001; MTonmaTosa u ap., 2004; Congatos u ap., 2008].

[onTBepxkaeHreM BBICOKON 3P PekTHBHOCTH AO KOMITIEKCa MOJUTFOCKOB MOYKET
CIIy’)KUTh OTCYTCTBHE HEKOTOpbIX AQO (epMEeHTOB Yy OpraHM3MOB APYTHMX TaKCOHOB.
Hanpumep, y psaa MHKpPOOPTaHW3MOB, PACTCHHMU, OECIIO3BOHOYHBIX OTCyTCTBYyeT I['TI
[Livingstone et al., 2000], a y akyn — karanmasza [Sen, Semiz, 2007]. B To e Bpems
KaTtaja3a MPUCYTCTBYET B OPraHM3ME HIDKECTOSINMX Ha (DUIOTCHETUYCCKOW JICCTHHIIC
BUJIOB YepBel, pakooOpa3HbIX, MOJUIFOCKOB. [loaToMy yTpara XpsIEeBBIMH phIOaMH
Katajasbl paccMaTPUBACTCS KaK MPSIMOE CBUACTENLCTBO HecoBeplieHcTBa ux AO
cucrtembl [Sen, Semiz, 2007]. CpaBHeHHE BEJMYHWH aAKTHBHOCTH Kartanassl u ITI
MOKAa3bIBAET, YTO OOJBITUHCTBO MOPCKUX MOJUTIOCKOB MMEET MOBBIIICHHYIO aKTHBHOCTD
atux ¢epmentoB [Kenus u ap., 1993; Doyotte et al., 1997; Cossu et al., 2000; Cheung et
al., 2001; Ixaszaspau, HaBeimos, 2006; ConmatoB u ap., 2008]. Tak, akTHBHOCTb
Katayiadbl y MOJUTIOCKOB MHOTOKDATHO BBINIE, YeM Y MOPCKHX 3BE3J, pakooOpasHbIX
[Uexomun u ap., 1998; Hosxkenko, 2006; Pavlovi¢ et al, 2010], rogotypuii [PyaneBa-
Turosa, 1996; Pavlovi¢ et al, 2010], psi6 [Zhang et al., 2004; JTykbsHoBa, 2006; Pavlovi¢
et al, 2010; Ucromuna-2011], muekomuraromumx [Livingston et al., 1992; Dickinson,
Forman, 2002; JT>xa3aspiu, JaBbimos, 2006; Paviovi¢ et al, 2010].

Cpemun AO moxkasarenieli HE COCTaBHIJIa MCKIIOYEHHE W CYNEPOKCHIINCMYyTa3a
(COM), axkTUBHOCTH KOTOpPOil y MOJIOCKOB poma Mytilus Beime, yem y npyrux
rUApOOMOHTOB: rpederka, pakooOpasHbiX, uriokoxux [Pavlovi¢ et al, 2010]. Ipu
aHajgm3e paboT psAga aBTOPOB HaxonauM Oojiee BBHICOKYIO akTHBHOCTH COJl y Mumuit mo
cpaBHeHHIO ¢ pbibamu [Lemaire, Livingstone, 1993; Doyotte et al., 1997], pasnuuuns
MEKTy MOJITFOCKaMH M MIICKOITMTAIONIMMH eie Oosbiie — 10 2-3 mopsakos [Livingston
et al., 1992; Yenomun u ap., 1998; Porte et al., 2001; Oseukuna u ap., 2001; JJoamarosa
u ap., 2004; Josxkenko, 2006; Pavlovi¢c et al, 2010]. YcranoBinena o00OpaTHO
MPOTIOPIIUOHATBHAS 3aBUCHMOCTh MEXTy akTuBHOCThIO COJl u QuioreHeTHYECKUM
MOJIOKEHHUEM OpTaHu3Ma B ANy «pbIObI-aMpuOnu-penTmimu-miekonuratommumey [Wu et
al., 2007]. VYwmenbmenue axtuBHOocTH COJl € pOCTOM YpOBHS 3BOJIOIMOHHOMN
OpraHM3allid aBTOPHI CBS3BIBAIOT CO CHIKeHHMeM uHTeHcuBHocTH CPO, uTO, B CBOIO
ouepesib, OOYCIOBIICHO BO3pacTaHUEM HHJICKCA HACBIICHHOCTH J>KHUPHBIX KHCJIOT B
TUmraaX OnoMeMOpaH.

[lo mammM pmaHHBIM, XapakTepucTHKH AQ cHCTEMBI (aKTHBHOCTh KaTajasbl,
COH, Ill, TP u conmepxanne GSH) uMer0T TKaHEBYI0O M BHAOBYIO CHEUUPUKY,
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3HAYUTENFHO 3aBUCSAT OT €CTECTBEHHOW MOJBMKHOCTH >KUBOTHBIX M CTaJuH 3PEIOCTH
TOHAJ[, 9TO HEOOXOINMO YUHUTHIBATh IIPH CPABHEHNN TAKCOHOMUYECKH YIAICHHBIX BHIOB
[Toctroxmaa m mp., 2005, T'octroxmaa m gp., 2010, Toctroxmua, ['onosmna, 2010,
l'omoBuna u gap., 2011]. Ecnu Bo Bcex HCCIENOBaHHBIX TKAHSIX MHIWHU, aHAZapbl U
ycrpuibl akTuBHOCTH ['P Obia B 40-100 pa3 BhilIe, 4yeM y KamOanbl-KallkaH, TO YPOBEHb
OCTaJIBbHBIX TTOKa3aTeNNel Y MOJUTFOCKOB W KaMOaJTbl ObLT OJIM30K.

PaccmaTpuBas pe3ynbTaThl HCCIeIOBaHHUM psiia aBTOPOB, MOKHO C/ETaTh BBIBO,
0 TOM, YTO JBYCTBOpYATBIE MOJUTIOCKM OOJIafaloT Takke 0oJiee BBICOKOH aKTHBHOCTBIO
dbepMeHTOB OMOTpaHcopMmalii, padboTa KOTOPHIX compsikeHa ¢ AO KOMIUIEKCOM, —
rimytatnoHTpancdepassl (I'T), DT-guadopaszsr, muroxpomoB P-450, stokcupesopydhun
O-nesTunasbl, METANIOTHOHEUHOB U Apyrux [Kenus u ap., 1993; Pyauesa-Tutosa, 1997;
Livingstone et al. 2000; Livingstone, 2001; CommaroB u gmp., 2007]. Ot (epMeHTHI
crocobcTByrOT 3amuTe AQO KOMIDIEKCAa OT OKHCIUTENBHOW JECTPYKIHH TPH
obe3BpexuBannu kceHoonorukor [Winston, Di Giulio, 1991; Regoli, Principato, 1995;
Livingstone et al. 2000; Livingstone, 2001; JIyksstHoBa, 2006].

Mopckre aBycTBOpYaThleé MOIJDTIOCKA OTIWYAKOTCS M OONBIIAM, YeM Y
HEKOTOPBIX MOPCKHX DbIO, cojepkaHueM He()epMEHTATUBHBIX HU3KOMOJIEKYIISPHBIX
BellecTs, nposBigomux AO cBoiicTBa: KAPOTUHOUOB, BATAMUHOB, aMUHOKHCIIOT U Jp.
[Holland, Brown, 1993].

CymectByeT (yHKIMIOHANbHASA CBS3p KapoTHHOWOOB ¢ japyrumu  AO
KOMIIOHEHTaMH. B Hammx #ccienoBaHUSIX HAa YEPHOMOPCKOM MMIUHM TOKa3aHO, YTO
HU3KWA YpOBEHb KapOTHHOWIOB Yy O0CO0EH ¢ JEeMUTMEHTUPOBAHHBIMH TKaHSIMHU
COTIPOBOX/IAJICSI M 3HAYUTENHHBIM CHIDKeHHEeM AQO TOTeHIHala TKaHe — aKTUBHOCTH
CO/l, xarana3sbl, nepokcuaasbl u ypoBHs GSH [Connaros u ap., 2003; ['ocTioxuna u 1p.,
2012], 4ro OTpakaeT BaXHYIO pOJIb KapOTHMHOMAOB B MexaHm3dmax AQO 3amuThl
MOJIITFOCKOB.

TakuMm o6pa3om, aHATN3 MPUBEICHHOW MHPOPMAIIUY MTO3BOJISET 3aKIIOUYNTh, YTO
TKaHU JBYCTBOPYATHIX MOJUTIOCKOB OTJIHMYAIOTCS TOBBIMIEHHBIM ypoBHeM [IOJI mo
CPaBHEHHIO C >KMBOTHBIMH JIPYTHX TaKCOHOB. HamOomnpiime pa3nnyusi UMEIOT Camble
JTAJIEKVie B DBOJIOIMOHHOM OTHOIIEHHUH TPYIIBI — MOJUTIOCKA W MJIEKONHTAIONINE, B TO
BpeMsl KaKk MEXIy THIpPOOMOHTaMH OTIIMYMs MeHblle. B oTtHomennn AO komIniekca
WHQOpMAIUS HE CTOJbh OJHO3HA4YHA. B CpaBHUTENBHBIX HCCIEIOBAaHHUIX HEOOXOANMO
YYUATHIBATh TKAHEBYIO CITEIU(UKY aKTHBHOCTH (DEPMEHTOB, SKOJIOTO-(PU3UOIOTHIESCKHE
0coOeHHOCTH BUAa (IIEPUOA TOJOBOTO IWKJA, CTAJUIO 3PENOCTH TOHAJ, TMOJBMKHOCTh
>KUBOTHBIX U Jp.).

2.2. AO (pepMEeHTHbIN KOMIJIEKC TKaHeun
M. galloprovincialis

Mytilus galloprovincialis Lam. — TUOW4HBIA NpeCTaBUTENb JABYCTBOPYATHIX
MOJUIIOCKOB B YEPHOMOPCKOM peruoHe. OOpasyeT 3HauMTeNbHBIE CKOIUICHHS B
NpUOpEKHBIX akBaTopusx KpbiMa. MHOTHE HCClieoBaTeNn OTMEYAIOT HEOTHOPOJAHOCTh
MIOMYJIALIMOHHOMN CTPYKTYPBI JAHHOTO BHU[IA, BBIJENAS JOHHbBIE M CKAJIbHBIE TPYIIITUPOBKH,
BHEIIHUM TPOSIBJIGHUEM KOTOPBIX SIBISETCS LBET pakoBuHBl [MBanoB m np., 1989].
CuuTtaercsd, 4T0 3TOT NPU3HAK F€HETHUYECKU JAETEPMHHUPOBAH, O YEM CBUJAETEIBCTBYIOT
pe3ynbTaThl MOPUIO0NIOTHYECKOro aHalIK3a, UCCIIEeOBaHUE H30()EPMEHTHOIO CIEKTpa
Hecrienuduueckux dctepa3 u  6-pocdormykoHaraeruaporesassl  [bymaros, 1984;
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IMupkoBa u np., 2000]. OgHako STOT BHIBOJ OCHAPHBAETCS B CEPUHM IMTyOJIMKAIUA
[Newkirk, 1980; Ka3zaunkosa, 2010]. Bmecte ¢ TeM oT™MeYaeTCsl, 4TO MEXK/IY CKATbHBIMU H
JOHHBIMU TPYHIUPOBKAMH MOJUIIOCKA CYIIECTBYET psii (PYHKIMOHAIBHBIX OTIMYUI B
CKOPOCTH COMAaTH4ecKOTO0 POCTa, a TaKKe B CKOPOCTH OOpa3oBaHMs W MPOYHOCTH
OouccycHbIX HUTeH u T.1. [MIBaHOB U 1p., 1989].

Brigenstor 1Be OCHOBHBIE IIBETOBBIE TpyHmbl (MOpdBI) — dYepHyI0 (UepHO-
(hMOJIETOBYI0), KOPHYHEBYIO U Pl MPOMEXYTOUHBIX (Gopm [bynaros, 1954; MBaHoB u
ap., 1989]. Mugum depHoii Mop(dbl HMEIOT YepHO-(QHUOIETOBYIO OKpacKy CTBOPOK
PaKkoOBUHBI, TEMHO-(UOJIETOBBIN, TIOYTH YEPHBI MaHTHHHBIN Kpail, TEMHO-KOPUIHEBYIO
HOTY M XOPOILIO Pa3BUTYIO OKPAcKy BHYTPECHHUX OPTaHOB (TE€MHBII 3€J1€HO-KOPUYIHEBBIN
renaronaHkKpeac, po3oBaro-0exxeBbie ka0phl) (puc. 2.1).

Puc. 2.1. Buemnuit Buz pakoBuH 1 Markux Tkanew mumuu M. galloprovincialis Lam. (1 —
MUY C JETUTMEHTHPOBAaHHBIMH TKaHAMH, 2 — KOpu4HeBas Mopda, 3 - uepHast Mmopda,
A —xabpsl, b — Hora, B — renaronankpeac, I — MaHTHITHBII Kpaii)
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PakoBnHa MuaMii KOPHYHEBOH MOP(BI HMEET >KENTO-KOPUYHEBYIO OKPAacKy
(CoBepIIEHHO JHUIICHHYI0 CHHEr0 IHWIMEHTa) HECKOJbKHUX OTTEHKOB — OT CBETJIO- A0
TEMHO-KOpUYHEBBIX TOHOB [MBanoB u np., 1989]. Ha pakoBuHE OTACIBHBIX OCOOEH
MPUCYTCTBYIOT TEMHBIE TOJIOCHI, PACTIONIOKEHHBIE B MPOJOJFHOM HampaBiIeHUH. MsrKue
TKaHd MHUIWH JaHHOW TPYINIBl TaK XK€, KaK M Yy YEepHBIX 0C00€H, MMEIT XOpOIlIo
BBIPQXCHHYIO OKpacky (TEeMHO-KOpHUYHEBbIE MAHTHMHBIA Kpalli W HOra, TEeMHBII
3eJICHOBATO-KOPUYHEBBI TemaToNmaHKpeac, po30BaTo-OekeBble kaOpbl) (puc. 2.1).
Mugun yepHoil MOpdBl OOMTAIOT MPEUMYIIECTBEHHO B MPHOOWHOW 30HE HA TBEPABIX
cyOctparax (ckamoBast ¢opma). KopudHeBbie o0coOM MPHUYpPOYEHBI K TOHHBIM
nangmadrtam [MBanoB u nap., 1989; 3amka u np.,1990]. YcinoBus cymniecTBOBaHUS B
YKa3aHHBIX AKOTOMAaX OTIUYAIOTCS MO Py MapaMeTpoB, B TOM YHWCIE U TI0 CTENEHH
HACBIILEHUS BOJBI KHCIOPOAOM, YTO MOXKET CKa3bIBaTbCi HAa YPOBHE OKHCIMTEIBHOU
Harpy3Kkd B TKaHAX MOJUIIOCKOB.

B ecrectBennbix ckomienusx Mytilus galloprovincialis kpaiine penko
BCTPEUAIOTCSl 0COOU C JACTMIMEHTUPOBAHHBIMH TKaHEBBIMU cTpyKTypamu (manee [[T). Ha
HUX npuxonutcs He 6onee 1-2 % ocobeil. OHM XapaKTEepHU3YIOTCS HAINYMEM MaHTUHHOTO
Kpas W HOTH MOJIOYHO-OEJIOro IIBeTa, Cab0 OKpalleHHBIX jkabp (OyiegHO-OexkeBas
OKpacKa) U remnaTonaHkpeaca (cBeTiao-KoprudHeBas okpacka) (puc. 2.1). LIBeT pakoBUHBI —
CBETJIO-KOPUYHEBBII. BriepBble MOMyIALHMOHHO-TEHETUYECKHE 0COOCHHOCTH 3TOH MOP(QBI
owun nccenoBanbl A.B. ITupkoBoii ¢ coasropamu [IIupkosa u ap., 2000].

[Tpu uccnenosannu AO ¢depmeHTHOrO Komruiekca u npoueccoB I1OJI B Tkansax
M. galloprovincialis MbI yauThIBaIK 0COOEHHOCTH IIBETOBOTO MOJIUMOP(HU3MA PAKOBHHBI
MOJDTIOCKa. B paboTe MCHOIh30Balid B3POCIBIX 0OCO0OE 000€ero moja OJHOTO CpoKa
ocellaHus ¢ JUIMHOM pakoBHHBI 50-60 MM.

2.2.1. Yepnas mopda

JKabpwi. Conepxanne TBK-akTHBHBIX TpOIyKTOB y ocobeil uepHol MOp(]HI B
9TOM Oprase ObIO0 HauOOJBIIMM. B cpaBHEHHH C renmaTONaHKpeacoM M HOTOH pa3inyus
cocrapumun 1,6 (p<0,01) u 2,2 (p<0,001) paza (tabm. 2.1), TO ecTb YypOBEHBb
OKHCJIUTEBbHBIX TIPOIIECCOB B xkabpax ObLT MakcuMaibHbIM [["ocTioXiHa, 2008].

Tabnuua 2.1
Conepxxanne TBK-akTHBHBIX TPOAYKTOB B TKaHSIX MHIUM pasHBIX TPYII, MKMOJIb
MJIA-Mr'* Genka

I'pynna MoJuIt0CKOB

Txanu YepHble Kopuunessie AT

n X £ SX n X+ SX n X+ SX
I'EIT 19 883,1+£59,0* 15 | 1123,24223,0 9 1520,3+148,3*
Kabpsr | 19 | 1446,3+133,9** | 14 | 1412,242342 | 10 | 2819,3+£260,7**
Hora 15 648,9+134,1 9 632,6+180,6 12 607,3+102,5
[Ipumeuanue: I'EIl — renatonankpeac; N — 4uciio 0co0eii; OTIUYMS JOCTOBEPHBI MEKIY
mMopdamu: * — p=<0,05, ** —p=<0,01
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OxucnuTenbHas Harpy3ka B OCHOBHOM  KOMIIGHCHpOBajach 3a  CHET
riryratioHoBoi cuctemsl (I'C: T'TI, I'P, GSH), mockonbky Ha (oHE HU3KOTO COACPIKAHUS
GSH (154,8+18.,4 Mkr-T" TkaHu) y MOJUTIOCKA YCTAHOB/ICHA MAKCHMATbHAS AKTHBHOCTb
I'P (139,9+17,9 mxmons HAI®OH Mun™ mr '6enka) u TTI (40,5+3,9 Mxmomns GSSG-Mun’
Lvmr! Gemka) (pmc. 2.2, 2.3). AxtuBHOCT, I[P B kabpax IO CpaBHEHHIO C
rermaronaHkpeacom u Horoil 6suta B 1,7 (p<0,05) u 3,2 paza (p<0,001) Bbume, a
conepkanue GSH — B 2,5 pasza mmke (p<0,001), yem B remaromankpeace (puc. 2.3).

Takoe COOTHOIIICHHE MPOIIECCOB CBHICTEIBCTBYET 00 aKTHBHOM HCIIOJIB30BAHUU pecypca
GSH B AO 3ammure [["octioxina, 2008].
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Puc. 2.2 TkaneBas cneunduka akrusHocT ['T1 u I'P y Muanii pazusix rpymm (1 —
renaromnaHkpeac, 2 — xa0psl, 3 — Hora, A — uepHas Mopda, B — kopuuneBas mopda, C —

mumuu ¢ JIT)
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Puc. 2.3 TxaneBas cnennduka conepxanns GSH B Tkansx Muanii pazusix rpymm (1 —
rernaronaHkpeac, 2 — xa0psl, 3 — Hora, A — yepHas Mopda, B — kopuunesas mopda, C —
muguu ¢ JIT)

Ponp ocransbix hepmentoB (COJl, katamasbl ¥ nepokcugasbl) B AO 3amure
J)KaOepHOW TKaHW, MO-BUAMMOMY, ObLlla MEHEE CYIIECTBEHHOW. AKTHBHOCThH KaTaja3bl
coctaBuia 417,4+44,3, a nepokcunassl — 5,5+0,59 MxMonb HZOQ'MI/IH_l‘MF_l Oenka. B
CpaBHEHWH C TeIMaTONaHKpeacoM JaHHBIE 3HA4YeHHWs OBUTHM COOTBETCTBEHHO B 3,2
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(p<0,001) u 1,7 pasa (p<0,05) mmxe (puc. 2.4, 2.5). Axtusaocts COJ] cocrasisiia

2038,9+221,5 MKMOJIb HAI[H'MHH'l'Mr'1 Oenka, 9To OBLTO B 4,2 pa3a HIKE YeM B HOTE,
IJie 3aperucTpupoBanbl HanOosbiue 3HaueHus (p<0,001) (puc. 2.4) [Toctioxina, 2008].
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Puc. 2.4. TkaneBas cnienuduka aktusHoctd COJ] u katanasel y Munnii pazasix rpyn (1
— TeraTornankpeac, 2 — )kaopsl, 3 — Hora, A — uepHas Mopda, B — kopuuneBas mopda, C
— muguu ¢ J(T)
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Puc. 2.5 TkaneBas cnenudrka akTHBHOCTH TIEPOKCHAA3BI Y MUAMIA pa3HbIX rpymm (1 —
remnaTornaHkpeac, 2 — )aopsl, 3 — Hora, A — yepHas mopda, B — xkopuunesas mopda, C —
muanu ¢ J(T)

T'enamonankpeac. B renatonaHkpeace MuAuii dYepHOH MOp(GBI OTMEYaTH
BBICOKYI0 aKTHBHOCTH Karamassl (1327,1£180,9 mxmomp H,Op mum-mMr 6Genxa™) u
nepokcuaassl (9,4+0,82 mmons Hy0, -Mun™-mr Genka) (puc. 2.4, 2.5). DTH BeIHUHHbI
B 1,7-3,2 pa3za (p<0,05-0,01) mpeBpIany 3Ha4eHHs, OTMeUEHHBIE 11 xabp, u B 4,5-9,0
pa3 (p<0,001), moayuennsie s HOTH MouTtocka [[octioxuua u ap., 2005; TocTroxiHa,
2008]. Ilpu stom aktuBHOCTH COJl ObLIa HEBBICOKOW, a comepikanue TBK-akTHBHBIX
MPOAYKTOB HE MPEBBIIIANIO 3HAYSHHIA, 3aPETUCTPUPOBAHHBIX JUIs Ka0p (Tadi. 2.1).

VYyactue I'C B Helrpanmuzannu npoaykros [10JI u popmupoBannn aganTUBHOTO
OTBETA HWMENO MEHee CYIIeCTBEHHOEe 3HaueHwe, d4eM B kabpax. OO0 »3ToM
CBUJICTEILCTBOBANIO BBICOKOe cojepxanne GSH (384,8+56,8 MK T TKaHu) Ha (oHe
ToBBIIeHHON akTuBHOCTH [P (83,2+7.4 mkmoms HAJIOH-mun™-mr™ Gemka) u I'TI
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(39,3+4,3 mxmons GSSG-mun'-mMr' Genka) (puc. 2.2, 2.3) [Soldatov et al., 2007;
T'octroxina, 2008].

Hoea. JIna cuctemsr AO 3amuThl TKAHW HOTH MOJUTFOCKOB YepHON MOPQBI ObIIa
xapakTepHa BbIcokas aktuBHOocTb COJ] — 8634,1+£1003,8 mMrMoib HAJTH mus ™ mr™
Oenka. B cpaBHeHnu c xabpaMu W TenaTomaHkpeacoM pasiauuus gocturana 4,2 u 7,6
paza (p<0,001) coorBerctBenHo (puc. 2.4). Conepxanne GSH B Hore hakTHyecku He
oTaMyanoch OT Apyrux Tkaned (puc. 2.3). Ilpm 3TOM aKTUBHOCTH KaTaslasbl,
nepokcuaasel, I'P, I'Tl n ypoBenr TBK-akTHBHBIX NpOTYKTOB HMeENM HaWMEHbBILINE
sHadenus (puc. 2.2, 2.4, 2.5; tabm. 2.1) [Soldatov et al., 2007; T'octroxina, 2008].

2.2.2. Kopuunesas mopda

JKabpovl. AHATOTMYHO MHIWSIM dYepHOH MOp(dB B jkabpaX MOJUIIOCKOB C
KOPDUYHEBOW OKpacKol paKOBHUHBI OOHapyxeHO HamOojbiee conepxanue THK-
AKTHBHBIX TPOIYKTOB — 1412,24223,0 MKMOJIb MI[A‘MF-l Ocnka. JlaHHas BemnuuHa ObLIa
B 1,3 u 2,2 paza Beme (p<0,05), uem B remaTomaHKpeace U HOTe€ COOTBETCTBEHHO (TalIl.
2.1).

CymectBenHass poiab B peakmmsx AQO 3amurtel  npunamiexana ['C.
CBUIETEILCTBOM JTOI0 SBHIMCH MakCHManbHble akTuBHOCTH 11 — 52,3+5,5 MxMmoib
GSSG-mun™mr Genka u I'P — 80,7+13,5 mxmons HAJIOH Mun™ Mr™ Genka (puc. 2.2)
Ha (OHEe CpaBHHTEIBHO HU3KOro comepxkanns GSH (171,2+36,0 mkr-r™ Tkann) (puc.
2.3). B cpaBHEHUM ¢ OCTaJIbHBIMH TKaHsAMU akTMBHOCTH Il B xabpax Obuia B 1,6-2,1
paza Bbime (p<0,05-0,01). B akrtuBHoctm [P oTimumsi oOHapyXeHbI TOJBKO IIO
OTHOINICHHWIO K TKaHU HOTH, OHU cocTaBmi 2,0 paza (p<0,01) (puc. 2.2).

Hapsiny ¢ I'C, Bkiax B KOMICHCAIMIO OKUCIUTEIHHON HArpy3KH B TKaHH KalOp
BHOCWJIA U MEPOKCUIA3a, aKTUBHOCTh KOTOpo# coctaBuina 9,1+1,54 mxmons H,O, Mun
Lmr Genka. B CpaBHEHHH C reMaTONAaHKPEacoM M HOTOi pasmmums coctaBumn 1,3 pasa
(p<0,05) u 3,2 paza (p<0,001) (puc. 2.5). ITo Benuunnam aktuBHOCTH COJI M Katamassl
»)abepHast TKaHb 3aHMMaJIa MPOMEKYTOYHOE nostokenue [[ocTroxina, 2008].

I'enamonankpeac. 3Ha4WTENbHAs POJb B MPOTHUBOJACHCTBHHM OKHCIHUTEIBHOM
Harpy3ke B TelaTonaHKpeace MHIUN KOPHYHEBOM MOpQBI, Kak U y ocoOeil 4depHOH
Mop(bI, TIpHHAUIeKANa KaTanaze. AKTHBHOCTh QepmeHTa coctaBisiia 1369,9+103,5
mimoutb HpOp mua ™t mr™ Oenka, 4TO COOTBETCTBEHHO B 3,8 1 9,5 pasza Bemme (p<0,001),
yeM B KaOpax u Hore (puc. 2.4). B oTnnumne ot KaTanasbl, aKTUBHOCTh COTIPSDKEHHOM C
neit COJ] 6bina MuanManbHa — 708,2+94,5 mxmons HAJTH -mun™ -Mr* Genka (puc. 2.4).

XapaxTepHoit ocobeHHOCThI0O AQ KOMIUIEKCa TemaTolaHKpeaca OBUIO Takke
MakcuManbHoe copepxkanne GSH — 409,7 mMxr-r Tkauu, uto B 2,4 pasa (p<0,01) Bbie,
4yeM B ykabpax, u B 3,2 pa3a (p<0,001) — uem B Hore (puc. 2.3). Ha atrom doHe 00Hapy eH
CpPaBHHUTEIHHO BBICOKMI ypoBeHb akTuBHOCcTH GSH-3aBucumbix ¢epmento: Tl —
33,3422 mxmoub GSSG-mun ™ mr™ Genka u I'P — 82,5+3,8 mxmons HAJI®H Mun ™ mrt
6enka (puc. 2.2) [Toctioxuna, 2005; Soldatov et al., 2007; T'octroxina, 2008].

Hoea. OtnuuurensHoii yeptoii AO cUCTEMBI HOTM 0cOoO€H ¢ KOPHYHEBOM
PaKOBUHOM, TaK K€ KaK ¥ y MOJUTFOCKOB YEPHOUW MOP(QBI, SIBIISIETCS BRICOKAsT aKTUBHOCTh
COJI. Ee BenmumHa cocraBwia 6376,3+1239,8 mxmoms HAJH-mun " Mr' Genka u
NpeBbIIIala TaKoBbIe B jkabpax M remaromankpeace B 2,5 (p<0,001) u 9,0 (p<0,001) pa3
COOTBETCTBEHHO (pHcC. 2.4). AKTUBHOCTb OCTaNbHBIX (epMeHTOB (puc. 2.2, 2.4, 2.5) u
ypoBeHb TBK-akTHBHBIX TIPOYKTOB ObUIH MUHHMANBHBI (Ta0i. 2.1) [[ocTroxina, 2008].
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2.2.3. MOJIIIOCKH C ACMIUTMCHTUPOBAHHBIMU TKaAHAMUN

Kabpwi. YpoBenb ThK-aktuBHBIX TIpoaykToB B kabpax muawit ¢ T, kak u y
TUIMYHO OKPAIIeHHBIX MUAMH, OBI MaKCUMAaJdbHBIM UM TPEBBILAN aHAJIOTUYHbIC
3HAYEHUsI, MOJyYeHHBIE [T TelaTonaHkpeaca 1 Horu coorBeTcTBeHHo B 1,9 (p<0,001) u
4,6 paza (p<0,001) (Tabm. 2.1).

Ha ¢one Boicokoit maTeHCcMBHOCTH TpoueccoB [1OJI B xabpax muamii ¢ T
oOHapyxeH MUHUMaIbHBIH ypoBeHb GSH, kotopsiii O6bu1 B 2,2 (p<0,01) u 1,7 pasa
(p<0,05) Hmke, YeM B rematomaHkpeace W Hore, coorBeTcTBeHHO (puc. 2.3). IIpu stom
JlaHHas TKaHb XapaKTepHU30Bajach MAaKCHUMAIbHOW aKTHUBHOCTHIO (epmentoB [C.
Hocrorepubie oTmuus B aktuBHOCTH ['T1 u I'P 0oOHapyxeHBI TOJIBKO B CPaBHEHUU C
TKaHBIO HOTH, OHH COCTAaBMJIM cOOTBEeTCTBEHHO 2,5 (p<0,001) u 3,2 pa3za (p<0,001) (puc.
2.2). Bemmumnsr aktuBHOCTH COJI, KaTayma3sl W MEPOKCHIA3H B TKAHW KaOp 3aHUMaIH
MPOMEKYTOYHOE TOJ0KEHHE B CPAaBHEHHH C OCTAJbHBIMH TKaHAMH MOJUTIOCKa (puc. 2.4,
2.5), 9TO CBUAETEIHCTBOBAJIO O HEBBICOKOM BKIIAJIC 3THX (PEPMEHTOB B HEUTpaIH3aLIUIO
okucuTenbHON Harpy3ku [Comnmaros u ap., 2003; Toctroxina, 2008].

T'enamonanxpeac. Y muanii ¢ IT OGonpmmHcTBO XapakTepucTuk AO KoMIIIeKca
UMENI0 MaKCHMalbHbIe 3HauUeHHS. AKTHBHOCTh KaTajla3bl M MEPOKCHIA3bl TIPEBOCXOAMIA
COOTBETCTBYIOIIME 3HaueHHs B xabpax u Hore B 8,1-10,5 pa3 (p<0,001) u B 2,2-7,0 pa3
(p<0,001) (puc. 2.4, 2.5). AktuBrocts I'Tl u I'P GblTa JOCTOBEPHO BBIIIIE, Y€M B HOTE B
3,2 (p<0,001) u 2,0 paza (p<0,01) coorBercTBeHHO (pHc. 2.2). OT™eueH Hambojee
BoIcokmii pecypc GSH B Tkanm, uro B 2,2 pasza (p<0,01) mpeBblmano 3HaYeHHS,
OTMEUYeHHBIE I 5kalp (puc. 2.3).

Hoea. AO xommuiekc Horu y muauii ¢ AT xapaktepuzoBaincs MakCUMaJbHOU
aktuBHOCTRIO CO/l, KOTOpast ObLIA BBINIE, YEM B TelaTolaHkpeace U xabpax B 6,7 u 4,2
paza (p<0,001) coorBercTBerHO (puc. 2.4). Ha 3ToM poHE aKTHBHOCTH BCEX OCTaIbHBIX
¢depmeHTOB, a Takke coaepkaHne TBK-akTHBHBIX MPOIYKTOB HWMENH MHHHMAIHHBIE
3HaueHus (puc. 2.2, 2.4, 2.5, tadn. 2.1). Ypoenb GSH 0bL1 OJU30K K OTMEUCHHOMY B
remaronankpeace u B 1,7 pasa (p<0,05) mpeBslag BETUYHUHBI, TOJTYYSHHBIE IS xKaOp
(puc. 2.3) [ConmaToB u ap., 2003; I'octroxina, 2008].

Takum oOpa3om, TkaHeBas chnenuduka opranuszaiuu AO  depMeHTHOTrO
KOMITJIEKCA Y MOJUTFOCKOB Pa3JIMYHBIX IIBETOBBIX MOP( OblIa OIM3KOH.

e KaOpsl moaBepramuch Hamboyiee BBICOKOW OKHCIUTEIHHOW HArpy3ke, O 4eM
CBUJIETENLCTBOBAJIO MOBBIIEHHOE coaepkanne TBK-akTHBHBIX TPOAYKTOB B
TKaHH.

e OkwucnuTeNnbHas Harpy3ka B KaOepHOW TKaHH MOJITFOCKOB KOMIIEHCHPOBAJach
MPEUMYIIECTBEHHO 32 cUeT ()epPMEHTOB BBICOKOTO CpoJCTBa K cyOctpary. OO
3TOM CBHJIETENBCTBOBAN BBICOKMH o00opor GSH B 3TOM oOprane: Hu3Koe
conepxkanue GSH coueranock ¢ Beicoknmu aktuBHOCTSIMU [P 1 I'T1.

e AO (epMeHTHBIH KOMIUIEKC TemaTonaHkpeaca MUAWN ObUT OpUEHTUPOBAH
MPENMYIIECTBEHHO Ha HEUTpalu3alfio rujporepexuceii. B HeM oOHapykeHbI
cambl€ BBICOKHE aKTUBHOCTH KaTaja3bl M MMEPOKCHUA3bI, KOTOPHIE B Ps/IE CIIydacB
(xopuuneBast Mopda, Momttocku ¢ J[T) TOTONHSITUCH MOBBINIEHHONW aKTHBHOCTHIO
I'TI u I'P. AxtuBHOCTE CO/] 1pH 3TOM OBIJIa HANMEHBIIIEH.

e B Hore Mommocka OTMEYaldM BBICOKYIO akTWBHOCTh COJ] mpum MUHHMAaTBHBIX
3HAYEHUSIX aKTUBHOCTHU KaTaja3bl. DTO MMO3BOJISIET TOBOPHUTH O TOM, YTO B JJAHHOM
oprase ckopee npoucxonut reuepauus COAP, a He ero HeWTpanu3anusi.
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2.2.4. Bo3aMoXxHbIe MPUYHHBI, ONpEAeTIonre TkaHeByto cienuduxky AO dpepMeHTHOTO
KOMIUIEKCa MAIUH

Kabpvi. Haubompmmii  ypoBeHb TBK-akTHBHBIX TpPOAYKTOB B jkabpax
MOJUTIOCKOB TPEX TPYII yKa3bIBaeT HA MAKCUMAaJbHYI0 HHTEHCHBHOCTh OKUCIUTEIHHBIX
MPOIIECCOB B JaHHOM opraHe. lccrmemoBarenn OTMEYalOT TOBBIMIEHHBIH YPOBEHB
npoaykroB I1OJI B xabpax moiuntockoB pasueix BuaoB: M. galloprovincialis [Regoli,
Principato, 1995; Gorinstein et al., 2003], M. edulis [Viarengo et al., 1988; Livingstone et
al., 1988; Lemaire et al., 1993; Power, Sheehan, 1999; Cancio et al., 1999;], M. trossulus
[Uexomun u ap., 1998; Homxenko, 2006], Crenomytilus grayanus [dos:xenko, 2006;
JlyxwsinoBa, 2006], Geukenia demissa [Wenning, Di Giulio, 1988a; Wenning, Di Giulio,
19886; Wenning, Di Giulio, 1988¢], U. tumidus [Cossu et al., 1997; Doyotte et al., 1997;
Cossu et al., 2000], Perna viridis [Arasu, Sreenivasula-Reddy, 1995], Anadara
broughtonii u Modiolus kurilensis [domxenko, 2006]. DT0 COCTOSHHE MOXKET OBITH
00YCIIOBJICHO CJICAYIOIIMMHU PUIHHAMU.

1. [loctynmenue Kuciaopoma w3 MOPCKOH CpeIasl B OPTaHU3M MOJUTIOCKOB
MPOMCXOJUT NPEUMYILECTBEHHO Ha YPOBHE PECIUPATOPHBIX TOBEPXHOCTEH (xKaOpsbl),
KOTOpbIE TOCTOSHHO KOHTAKTHPYIOT CO 3HAaYMTEIbHBIMH oObemaMu Boabl [LlImunt-
Huenscen, 1982, Regoli, Principato, 1995]. HM3BecTHO, 4YTO TOJIIMHA >KaOEPHOTO
SMUTEIMs HEBEIWKAa M MpeJAcTaBieHa oaHuM cioeM kietok [Cui et al., 1996]. Dto
SBTISIETCS HEOOXOJMMBIM YCIIOBHEM JJISl TIOJTHOIIEHHOTO Ta3000MeHa MEKAY TeMoaruMpoit
W MaHTHHHOH KHUAKOCThIO. HempepplBHOE B3auMOJEHCTBHE KIETOK xabp ¢
MOJIEKYJISIPHBIM KHCIIOPOJIOM, PACTBOPEHHBIM B MOPCKOW BOJE, a TaKXKe€ OTCYTCTBHE
3aIIUTHBIX CTPYKTYP B SMUTEIHH MOXET OOBSICHUTH BBICOKYIO OKHUCIUTENBHYIO HATPY3KY,
KOTOPYIO HCHBITBIBACT AaHHBI opraH. Ortciofa ciieayer, 4yTo (QYHKIHsS Tra3000MeHa
SBIISIETCS. TPEOINOCHUIKOH K TOBBIIIEHHOMY ()OHOBOMY VYPOBHIO OKHCIIHTEIBHBIX
MPOIECCOB. YCTAaHOBIEHO, YTO B HWHTEHCHBHO a’pHUPYEMBIX TKAHSIX MOJUIIOCKOB
BepoaTtHocTh HAJI(®)H-3aBucumoit (3unorenHoi) mpoaykumu ADK, kak mnpaBuio,
sSBJIIETCST Hambojiee BBICOKOWM, 4YeM B oOCTalbHBIX opraHax [Lemaire et al., 1993,
Livingstone, 2001].

2. B omnmume or napyrux TKaHe#d, B >kabpax MOJUTFOCKOB TIOCTOSTHHO
MPOUCXOJST TIPOLIECCH PEreHepaluy, CBS3aHHBIE C pa3pylleHHeM H OOHOBICHHEM
TKaHeBbIX cTpykTyp [Farley, 1988; Sunila, 1988]. D10 00yc/OBIEHO MOCTOSHHBIM
KOHTAaKTOM >Kabp C OKpYXKalolleHd Cpeliod, a TaKKe BBHIMOJIHEHHEM HMHU HE TOJBKO
¢byukimu razoobmMena, Ho u duasTparmu [[IImuar-Huenscen, 1982; Cossu et al., 2000].
[ToaTomy >xabepHbIe (QUIAMEHTHI MOTYT WCHBITHIBATH MOBPEKIAIOIIEE NEHCTBHE, KaK B
pe3ysbTaTe XMMHYECKHX, TaK U MEXaHHUeCKuX Bo3jeiicTauii [Farley, 1988; Sunila; 1988,
Pynuesa, 2006]. Ilpomecchl AecTpyKIMHM TKAaHEBBIX M KJIETOYHBIX CTPYKTYp, Kak
M3BECTHO, COMPOBOXKAAIOTCA HAKOIUICHWEM MPOAYKTOB PACIaja, B TOM YHCIE Pa3IHIHBIX
MPOYKTOB JIMTIONIEPOKCHIAINKA U CBOOOTHBIX PaJMKAIOB — Mepokcuaa Bogopoaa, OH',
'0,. BO3MOXHO, WMEHHO JaHHbIC tdopmbl AOK ompenenuim BBICOKHH YPOBEHB
OKHCITUTENBHOM HArpy3KH, BBISIBICHHBIH B ska0bpax [["ocTroxina, 2008].

3. Hns xaOp xapaktepHa Hu3Kasg (oHoBass AO akTUBHOCTb. DTO OBLIO
mokazano B otHomrenun karamasbl, COJI, a Take I'TI, TP [Regoli, Principato, 1995;
Cossu et al., 1997; Doyotte, 1997; Regoli, 1998]. IToBbImieHHass yI3BUMOCTE jKa0epHOI
TKaHU MPU OKUCIIUTEIHLHOM MOBPEKACHUH MOATBEPKAACTCS TaKKe U MHIMOMpPOBaHUEM
psana depmentoB AOC (I'Tl, I'P, xartanmaser, COJ) mnpu peiictBun A®DK, wame
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HabdronaeMoe B 3TOWM TKaHM, YeM B remaTomaHKpeace. JTO OOYCIOBICHO, TJIABHBIM
00pa3oM, OTCYTCTBHEM B 3TOM OpPTraHE MOIIHBIX CHCTEM JETOKCHUKAIUN M aKKyMYIISIIHU
Pa3IMYHBIX KCEHOOMOTHKOB M TOKCHKAHTOB, B TOM uucie u npoaykros ITOJI [Regoli,
Principato, 1995; Cossu et al., 1997; Yenomus u ap., 1998; Regoli, 1998];

4, B ortnmume oT mpyrux TKaHe# smuTenuil xalOp WCHBITBHIBaeT Ha cebe
mpsiMoe eHCTBHE KCEeHOOMOTHKOB. HamOombImmii ypoBeHb OKHCIMTENBHON HArpy3Kd B
TKaHU >Ka0p MOJUIFOCKOB U MX MaKCHMaJbHAsi YyBCTBUTEIBHOCTD K IIUPOKOMY CHEKTPY
MOJUTIOTAHTOB OTMEYEHBI B paboTax MHOTUX HccienoBateneii. HeratuBHbie 3¢ ¢deKTh
3apeTUCTPUPOBAHBI CO CTOPOHBI TSKENBIX MeTaiwioB [Viarengo et al., 1990; Livingstone
et al., 1992; Regoli, Principato, 1995; Doyotte, 1997; Cossu et al., 1997; Yenomun u ap.,
1998; Cossu et al., 2000; JlykesHoBa, 2006; Pyauesa, 2006;], XJIOpOpraHUYeCKHX
[JIykbsiHoBa, 2006] u (docdhopopranmyeckux coemuneruii [Pena-Llopis et al., 2002],
nonuxiopoudenunos [Cheung et al., 2004], getsipexxnopuctoro yriaeposa [Ribera et al.,
1991], opramuueckux kuciaor [Gravato et al., 2005], HepTAHBIX U aPOMATHUYCCKHX
yraesogopomoB [Wenning, Di Giulio, 19886; Khessiba et al., 2001], xaTHOHHBIX
nereprentoB [Soldatov et al., 2007], KOMIUIEKCHOTO OpPraHUYECKOro 3arpsisHenus [Porte
et al., 1991]. CoriacHO MHEHHIO psijia UCCIIEIOBATEIICH, KaOphl MOJLTFOCKOB B CHIIy HX
TIOBBIIICHHOH YyBCTBUTEIHHOCTU K YCIIOBHSM BOJHOW Cpelbl MOYKHO CUHATATH OpraHaMH-
MHUIIEHSMH JUTS BBISIBJICHHUSI IIMPOKOTO CriekTpa kcenoonoTukos [Regoli, Orlando, 1994;
Regoli, Principato, 1995].

Cpenu npuyWH, JEKAIIUX B OCHOBE YCHJICHHS WHTEHCUBHOCTH OKUCIUTEIBHBIX
MPOIIECCOB TIPX BO3JECHCTBHM TOJUTIOTAHTOB, VKA3bIBAIOT HAPYIICHHWE CTPYKTYpHI H
¢byuxmuii memopan [Regoli, Principato, 1995; JlykesiHoBa, 2006], HHrHOMpOBaHUE psiia
AO o¢epmenToB [Cossu et al., 1997; Doyotte, 1997; Cossu et al., 2000], okucnenne SH-
rpynn OeNKOB M HU3KOMOJICKYIISIPHBIX THOJIOBBIX COeAWHEHHU, B ToM uncie GSH
[Winston, Di Giulio, 1991; Livingstone, 2001], murotokcuueckoe aeiicteue psiga ADPK
[MenbmmkoBa, 3enkos, 1993; Livingstone, 2001], a Ttaxke yuactue IIOJI B
(opMHpOBaHNH HECTIENU(PUUECKOTO aJaNTallMOHHOTO OTBETa HA JICWCTBHE PAa3IMYHBIX
kcenoounoTHkoB [Livingstone et al., 1990; Winston, Di Giulio, 1991; Livingstone, 2001].

Orcroma crnenyer, 4ro MakcuManbHeld ypoBeHb IIOJI B ikabpax munuii
00yCIIOBJIEH Kak (DYHKIMOHAJIBHON CHEIM(PHUKONW JAHHOI'O OpraHa, TaK U BbICOKOH
YYBCTBHUTEJILHOCTBIO €T0 K IEHCTBUIO PsiJia KCEHOOMOTHKOB.

Kak ormeuanoch, B a0Opax MOJIJIIOCKOB YEPHOH W KOPUYHEBOH MOP(]HI
ycraHoBJIeHa Bbicokas akTuBHOCTh [Tl wm I'P w Huskmit yposenr GSH, uro
CBHJICTENILCTBYET O BBICOKO CKOpPOCTH 000pOTa JaHHOrO coenuHeHus [["ocTroxiHa,
2008]. Ilpu stom GSH MoxeT BBICTYINaTh, Kak B poau kKodakropa ['Tl, Tak 1 BEINOTHATH
camoctosiTenbHylo AO  ¢dynkumto. Ilokazano, uro GSH cnocoben 3ddexTuBHO
o6e3BpexuBath psig ADOK u nponykros CPO:

e HemocpeacTBeHHO pearupyeT ¢ H,O, [Mewep, 1980; Kenus u np., 1993];

e XOpOIIO YIABIMBAET CHHIIETHBIH KHCIOPox 'O, a TaKkKe AarpecCHBHBIA H
PEaKIMOHHOCTIOCOOHBIN rHApOoKCcHIbHBIH pagukan (OHY) [Ocumnos u ap., 1990; Kenus u
op., 1993]. D10 ocobeHHO BaxHO, MOCKONbKY naHHBIH Bux ADK He wnmeer
CHENHAIN3UPOBAHHBIX HHTHOUTOPOB B CHITY BBICOKOW HECTICIM(UIHOCTH €Tr0 Peakiuii ¢
OpraHMYECKUMH MOJIEKyIaMH [3eHKoB, MeHpImKoBa, 1993];

e mepexBaTbiBaeT opranudeckue paaukaisl ROO™ ¢ oOpaszoBannem GS-paaukana u
ero mocienyroomerd aumepusaruein B mucyibdun (GSSG) [Kocorep, Kocosep, 1979;
Kymunacknii, Konecanmaenko, 1990a; Kenus u np., 1993].
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W3BecTHO, UTO KaOphl B €CTECTBEHHBIX YCIOBHUSAX MOIBEPTAOTCS BO3ICHCTBHIO
MHOT'OYHCIIEHHBIX MEXaHMUECKHX M XUMHYECKUX areHTOB BHEIIHEH cpensl. B pesynbrare
MPOMCXOAUT HENPEPHIBHOE Pa3pyLlICHNE TKAHEBbIX U KIETOYHBIX CTPYKTYp kaodp. B psazxe
WCCIICIOBAaHUN TIOKa3aHO 3HAYMTENBHOE JIECTPYKTUBHOE BIMSHUE HA KaOpbl TSHKENBIX
metamtos [Farley, 1988; Sunila, 1988], HedTaHBIX ¥ apOMATHUYECKHX YTIIEBOIOPOIOB
[Moore et al, 1988; Moore, 1988; Moore, 1992]. D1tu u3MeHEHUS HOCAT XPOHUUECKUI
xapakTep. B mpoliecce mocneayromeil pereHepalun Takke MPOUCXOTUT AedopManus
xabepHoit Tkanu [Sunila, 1988], rucromaTtomorumyeckue H3MEHEHHs — pPa3pbiB WU
cnunaHue xKaOepHbIX (UIAMEHTOB, Pa3beIMHEHHE COCIUHUTENIBHBIX 3JIEMEHTOB MEXIY
HUMH, HApYLIEHUE CTPYKTYPHI ¥ (PYHKIMI KaOepHOr0 AMUTENHS BIUIOTh A0 AET€HEpaH
M Hekposa kietok W Tkaued [Farley, 1988; Sunila, 1988]. B pesynabTare momo0HBIX
M3MEHEHUH B jkabpax MOXKET Pa3BHTHCS OCTpas BOCHAIUTEIbHas peakius [Farley, 1988].
Ona peanusyercsi PH aKTUBHOM yd4acTuH ¢aroruroB u gusocom [Moore et al., 1988;
Sunila, 1988], koTopble OCYIIECTBIAIOT (AroIKUTO3 TMOBPEIKACHHBIX KIECTOUHBIX
anmemenToB [Sunila, 1988]. AxTuBarus ITM30COMAIFHOTO amapara B IIUTOIIa3Me KIECTOK
MOKa3aHa MpH HapyIICHWH CTPYKTYypsl u arpoduu Tkaneidr y M. edulis [Moore et al.,
1988; Viarengo et al., 1988; Moore, 1992]. Ilpomeccsl ayrodaruu MPOTEKAOT MpU
yuactuu paga A®K — OH', H,O,, 'O,, HHTEHCHBHO TeHEPUPYEMBIX (harolHTHPYIOLIHMY
KJIeTKaMu B ouare BocmaieHusa [OcumoB u ap., 1990; 3enkoB, Menbuukoa, 1993;
MenbiukoBa, 3eHKkoB, 1993].

AKTHBanus J1U30coM U pocT coaepxkanngd ADPK B nuromiazMe KIETOK MO3BOISIET
NPEIIOJIOKUTD, YTO UX 00€3BPEKUBAHUE OCYLIECTBIETCS 3a CUET LUTOMIa3MaTHUECKUX
KOMIIOHEHTOB AO KOMIUIEKca, B MEPBYIO ouepeab riyratuoHa. Yuactue I'Tl B nanHOM
MpoIlecce MaJOBEpOSTHO, TaK KaK dTOT (epMeHT Hed(P(PEeKTHBEH B OTHOIICHHU
MOBBIMICHHBIX KoHIeHTparuit H,O,. Ponb kaTanassel, JOKaIU30BaHHONW B MEPOKCHUCOMAX,
MOET OBITh TAK)KE HE3HAUUTENbHONU B MHakTUBauu H,O,. O0 5TOM CBHAETEILCTBOBAJIA
HHU3Kasl aKTUBHOCTh (hepMeHTa B >kabpax, KoTopas Obljla 3HAUUTENBFHO MEHBINIE, YeM B
renatonankpeace. ClenoBaTeNbHO, BEAyIlas pOJNb B KOMIICHCALMM OKHCIHTENHLHON
Harpy3ku B xaOpax NPHHAAJIECKUT TITyTaTHOHY, KOTOPBIH PEaM3yeT CaMOCTOSTENbHOE
AO neiictBue B oTHOIIEHUH yKka3aHHbIX BUI0B ADK [[octroxina, 2008].

Oynkunonuponanue [Tl n nepokcuaassl B KieTKax xabp, BEPOSITHO, CBSI3aHO C
00e3BpeKUBAHNEM THIPONEPEKUCHBIX coequaenuit smmuaoB (ROOH). O6 stom
CBUJICTENILCTBOBAJIA BBICOKAs AKTHMBHOCTh 3TUX (EPMEHTOB, OOHApy>KCHHas HaMu Y
muanu [[octioxuna u ap., 2005]. B nutepatype umeroTcst cBefeHns o BaxkHou ponu ['TI
B 00e3BpexuBanuu pa3nuuHbix BuoB ROOH. I'TI cmoco6Ha BOCCTaHABIUBATh MOYTH BCE
BHUJIbI OpPraHMYECKUX ruaponepekuceil B kinetke [bonmaps u np., 1989; Kynunckuid,
Konecunuenko, 1993], npenynpexxgaTe HAKOIUIEHHE  BTOPUYHBIX  MPOTYKTOB
nepoxcumanuu [Komecunuenko, Kymunackuit, 1989; Kynunckuii, Konecanuenko, 1993].
[lepokcuaaza Takxke urpaer BaxHyo ponb B nHaktuBanuun ROOH B xabpax. [laHHbIiH
(epMEeHT MMEeeT JOCTATOYHO BBICOKYIO CHEIH(PUIHOCTh U 3PPEKTUBHO 00E3BPEIKUBAET
PN TUAPOTEPEKUCHBIX COEAMHEHHWH: METWJI- M OTWITHAPONEPEKUCH, METUIIOBBIH,
STHJIOBBIA W Apyrue anudarudeckue crupthl [JlykbsHOBa U jp., 1982]. OueBuaHo,
nepokcugasa pomosHseT (ynkuuonupoBanue ['C, obecneuuBas 3amuTy >Xadp OT
nercteus mporieccoB [10JI Ha cTaguu pa3BETBICHHUS LEMHBIX PEaKIUid U 00pa3oBaHUS
BTOPUYHBIX TIEPEKUCHBIX MPOayKTOB [['ocTioXMHa U 1p., 2005; Toctroxina, 2008].

Takum oOpa3oMm, B >xabpax MHIOMA BCEX HCCIICAOBAHHBIX TPYII BbISBICHA
BBICOKasi MHTEHCUBHOCTH mporeccoB [IOJI, o dem cBHIETENbCTBYET MaKCHMalbHOE



35

AHTHOKCUAAHTHBINA (PEPMEHTHBIN KOMIUIEKC TKaHEH YEPHOMOPCKUX .. .

conepxanue TBK-aktuBHBIX mnponykToB. KommeHcanus OKHCIMTEIBHONM Harpys3ku
OCYIIECTBISUIACH MpenmyniecTBeHHO ¢ ydactuem I'C. Huskuit ypoBenb GSH Ha done
Bbicokoi aktuBHOCTH Il m I'P cBMmeTenpCcTBYeT 0 BBICOKOH CKOPOCTH 000pOTa 3TOTO
COCIMHEHMs. 32 3TUM MOXKET CTOATH Kak camocTtoaTesnbHast AO pons GSH, Tak u ydacTtue
JAHHOTO coeluHEHUs1 B KadecTBe Kodakropa ['Tl. B mHaKTHBamuM THAPONEPEKHCHBIX
coeauHeHni Hapsiny ¢ I'C mpuHMMana y4acTie U MepoKCcuaa3a, O YeM CBUICTEIbCTBYET
BBICOKas! aKTUBHOCTH 3TOTO (pepMeHTa B JAHHOM OpraHe.

T'enamonankpeac. Kakx otMedanoch Bbilie, AO KOMIUIEKC TemaTonaHKpeaca
MOJUIIOCKOB OTJIMYAJICS BBICOKOW AaKTMBHOCTBIO KaTajla3bl M IIEPOKCHAA3Bl IIPH
NOBBIICHHOM ypoBHE TBK-akTHBHBIX MPOAYKTOB B TKaHU. DTO Habionanock Ha (oHe
munumaneHoit  aktuBHOCTH COJl. Coctosnue I['C xapakTepu3oBaloCh BBICOKOU
aktuBHOCTHIO ['TI 1 I'P mpu MakcumanbpHOM cofepxkannu GSH B TKaHH.

Crienuduka OKMCIUTEIBHOIO CTaTyca TIENaToIaHKpeaca B IEPBYIO OYepelb
ompenenseTcs TeM, YTO B 3TOM OpraHe MPOUCXOIAT MPOLECCH OMOaKKyMYJSIHUA U
JETOKCHKAIIMK Pa3InYHbIX XMMUUIecKkuX coeauuennii [Winston et al., 1990; Winston, Di
Giulio, 1991; Cossu et al., 1997; Cossu et al., 2000; Livingstone, 2001]. 9To moxer
MPOUCXOANTH Ha (POHE BBICOKOH CKOPOCTH MPOILECCOB pEreHepally remaTolUTOB IyTeM
aKTHBAIIMHK JIM30COMAILHOTO ammapara KieTkd ¢ yaactuem ADK [Farley, 1988; Sunila,
1988; Moore, 1992]. Orcrona cienyer, uto ¢oHoBbIl ypoBeHb [10J] B remaromankpeace
JOJDKEH OBITh CPaBHUTEIBHO BBICOK. M3BecTHO, uTo 3HAOreHHas nponykuus ADK, kak
NpaBUIIo, SBIAETCS HanboJjiee WHTEHCHBHOW B OpraHax, OCYIICCTBISIOMIMX MPOIECCHI
ouorpanchopmaruu [Lemaire et al., 1993; Livingstone, 2001].

MakcuManbHelE ~ ypOBEHb ~ aKTHMBHOCTHM  KaTaja3bl U NEPOKCHIA3BI,
YTUJIU3UPYIONINX TEPOKCHI BOAOPOAA, OTpaXkaeT CYIIECTBEHHBIH BKJIAJ 3TOTO
COEJIMHEHMs B pa3BUTHE OKHCIUTEIbHBIX IPOIIECCOB B remaronaHkpeace. Hecmorps Ha
o0mHoOCcTh cyOcTpara, 3TH (EpMEHTHl HMMEIOT pPa3HOE CPOACTBO K HEMy, 4YTO U
o0ycrmoBnrBaeT cienu(uKy y4acTus KaKI0ro U3 HUX B obe3BpexuBanun H,O, [Memnep,
1980; YaiiT u ap., 1981; MenbimnkoBa, 3eHkoB, 1993]. Kartanaza — ¢pepmenT ¢ Hanboiee
BBICOKMM YHCJIOM OOOpOTOB, UMEIOLIMH HU3Koe cpoacTBo K HyO,. Oto ompexnensier ee
BEAYILYI0 POJNb B HHAKTHBALMH BBICOKMX KOHLEHTPALMH IOaHHOTO COEAWHEHHS
[©punoBuu, 1979; Vaiitr u ap., 1981; MensmmukoBa, 3enkoB, 1993; bpioxaHos u 1p.,
2004]. [lepokcuaasa, HAIIPOTHB, MPOSBISET BHICOKOE CPOJICTBO K CyOCTpaTy W YCTyIaeT
KaTajia3e B CKOPOCTH (PEPMEHTATUBHOM peakIyy, OCYIIECTBIISS MHAKTUBALMIO HE TOJIBKO
H;0,, HO m nmpyrux mnepekucHbix coenuHeHuid [@puposud, 1979; JlykpaHoBa u 1p.,
1982]. MakcumainbHasi akTUBHOCTh NEPOKCH/A3bl B T€MAaTONAaHKpPeace CBUACTEIHCTBYET
00 s¢¢exTHBHOM nepexBaTe TUApoInepekuceidl imnuaos, a Takke H,O, B MaibIx
KOHLIEHTpauuax. Pasnnuns B (yHKIMOHAIBHONW aKTUBHOCTH (PEPMEHTOB IMEPOKCHAHOTO
KOMIUIEKCa MO3BOJIAIOT MM, BKIIOYasch B Kackan AQO peakuuil Ha pasHBIX JTamax
passutuss CPO, oGecnieunBath caepxuBanue pocta npoaykToB I1OJI u 3ammry kieTok
renaronaHkpeaca OT OKUCIMTENILHOTO moBpexaeHus [[ocTroxina, 2008].

B ycmoBusx ¢yHkiuoHanpHolH HOpMmbl H,O, Moxker 00pa3oBbIBaThCS B
pasIUYHBIX opraHouaax kietku [JIykesHOBa U np., 1982; Ocunos, 1990; 3opos u mp.,
2005].

e B mepokcucomax — 70 45 % oT 00m1ero KoJudecTBa B peakusax OKUCICHUS psiaa
cyOCTpaToB. DTH MPOIECChl MPOUCXOJAT € YYaCTHEM CIICIIUATU3UPOBAHHBIX (PEepMEHTOB
— okcumasel D-aMUHOKHUCIOT, L-Q-THAPOKCHOKCHIA3bI, OKCHAA3hl XUPHOTO anmui-KoA,
yparokcuaassl u qpyrux [JIykesHoBa u np., 1982; 3opos u ap., 2005].
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e B gpixarenpHol nenu MutoxoHapuid — 10 15 % ot obmero komudectsa HyO,. B
3TOM Cllydae MEPOKCHJ BOJOPOJA SABJISAETCA MPOMEKYTOUHBIM MPOAYKTOM B pPEaKLUAX
MIPEeBpaIIeHAs CyOCTPaTOB MUTOXOHAPUATBHOTO OKHCIIEHHUS, OCOOCHHO TPH BBICOKOM
CTETICHH BOCCTAaHOBJICHHOCTH KOMITOHEHTOB JBIXaTeNbHON 1enn — yOWXWHOHA,
CYKIMHATICTUIPOTeHa3bl, IUTOXpoMa b, xene3ocepHsix 1eHTpoB U apyrux [JlykbsHOBa
u 1p., 1982; Livingstone et al., 1992; 3opos u ap., 2005].

e B muro3one obpasyercs 1o 5 % ot obmero yposHs H,O, B kieTke ¢ ydactuem
(hepMEHTOB KCAHTWHOKCHIA3hl W ajJbJCTHIOKCHAA3bl, a TAaKXKe B PEAKIUH TUCMYTAIlHH
COAP, xarammzupyemoit COJl [Mumun, JlsxoBuu, 1976; JlykesHoBa U ap., 1982;
[Nobepe3kuna, Ocunckas, 1989; 3enkoB, Menbimkosa, 1993].

e B mpomecce wmukpocomanbHOro okucieHus B xoje HAJIDPH-3aBucumoit
reneparuu H,O, mpu 6motpanchopManuy U TeTOKCHKAITMH KCCHOOMOTHKOB Pa3THIHOM
XuUMHUUeckoit pupoasl [JIykesHoBa u ap., 1982; Winston, Di Giulio, 1991; Livingstone,
2001; 3opos u ap., 2005].

[lepBrie nBa U3 yKa3aHHBIX MyTeH XapaKTEPHBI AJIS TEMATOIUTOB U MPOTEKAIOT B
MEYeHN a’pOOHBIX OpraHm3MoB. Mexanusm obpazoBanust H,O,, cBsi3aHHBIN ¢ peakmueit
nucmytaiuu COAP, B 1aHHOM ciydae ManoBeposiTeH B cuily HU3Koi aktuBHocTH CO/L,
nHaktuBupytoneir COAP. Mexanusm HAJI®H-3aBucumoit renepaumu H,0O, crout
MIPOKOMMEHTHPOBATH 0OJIee AeTaIbHO.

OcymiectBiieHre QyHKIMN JETOKCHKALIMY M pereHepaluy CBA3aHO ¢ aKTUBAIHEH
psana aromUTUPYIOIKX KIETOK, B TOM yucie Makpodaros medenu [JlykbsHOBa U 1p.,
1982; Sunila, 1988; Moore, 1992]. CoriiacHO JTUTEPaTypPHBIM CBEACHHSM, STOT MPOIECC
COTPOBOXACTCS CHeNU(PUISCKUM SBICHHEM — TaK Ha3bIBAEMON «IBIXaTEIhbHON
BCIBIIIKOWY», BKJIIOYAIOIIEH pSJ 93TaloB, B TOM 4YHCIE YCHICHHOE MOTpediieHHe
kucinopoga 1 HAJI®H-3apucumyro renepanuro COAP u H,O, [JlykbsHoBa u np., 1982;
Livingstone, 2001]. Beimensiror aBa OCHOBHBIX HCTOYHHMKAa H,O, mpu OKcHmalmu
HAJI®H muxpocomamu — ¢yHkuuonuposanue drasonporenna HAJIDH-uuToxpom-c-
penyktaszel  (P-450) u mpomecc ero ayrookcumanuu. HAJDH-3aBUCHUMBIH TIyTh
ONpeNENseTCsl OKCUAa3HOM akTUBHOCTHIO 3HA0oreHHoro HAJI®H. Muunuanus mpouecca
ompezenseTcss mpoTekaromei B Mukpocomax peakiueir HAJ(P)H c monexynspHbIM
KHCIIOPOJIOM, MPOAYKTOM KoTopoi siisiercss H,O, [JlykbsHoBa u ap., 1982; Jewell,
Winston, 1988; Winston, Di Giulio, 1991; Livingstone, 2001].

VYcranoeneHo, uro HAJ[(®)H-3aBucumMoe MUKpOCOMAllbHOE OKHCJICHHE B
TeraToIMTaX MOJUTIOCKOB OTBETCTBEHHO M 3a obOpasoBanme COAP [Jewell, Winston,
1988; Washburn, Di Giulio, 1988; Winston et al., 1990]. Onnako COAP, obpasyroruiics
B JIaHHOW peaknuu, He mHruoupyercs ¢ nomomsio COJl, a moaBepraeTcsi CHOHTAaHHON
Hesnzumarndeckoi qucmytaruu [Jewell, Winston, 1988; Winston et al., 1990]. Jlanuas
0COOCHHOCTh BIIOJIHE COTIJIACYETCSl C pe3yjbTaTaMHd HACTOSIIEr0 HCCIIEIOBAHUS:
aktuBHocTh COJl, oOHapykeHHass B remaTonaHkpeace, Obula MHUHUMaJIbHOH. [lo-
BUIMMOMY, B HamieMm ciydae peakius aucmytanuu COAP He ompenensia BBICOKHE
3HAYEHUS] aKTUBHOCTH Kartanasbl. ClienoBaTeNnbHO, B €CTECTBEHHBIX YCIOBHSAX OOWTaHHS
MoOIUTIOCKOB ~ Hm3kas mponaykmms COAP B rematomankpeace  00yCIOBIHBAaEeT
muHumaneHoe ydactue CO/[ B AO nponeccax.

AxtuBaOCT HAJI(D)H-penykra3 oOHapyKUBaeTCs B pa3IMYHBIX THUIAX TKaHEH
runpo6noHToB (prIO, MomTrockoB), a HAJI®H-3aBucumoe obpazoBanme H,O, — onuH u3
KJIFOYEBBIX MyTel B METa0OJIM3ME 3TOr0 COeMMHEHHs B rematonankpeace [Livingstone et
al., 1990; Livingstone et al., 1992]. MakcumalibHasi HHTCHCUBHOCTh JIAHHOTO TpoIecca
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3aperucTpUpOBaHa JUIsl OpPraHoB NHINEBapeHHs W OuoTpaHcopManuyu KCEHOOHMOTHKOB
(meuens, renaronankpeac). Hammuane HAJ[(®)H-3aBucumoro mytu renepannu H,O, u
npyrux ADK mokazaHo B MUKpPOCOMaXx IEYeHH psima BHIOB pbi0: kambansl Platichthys
flesus, Limanda limanda [Lemaire et al., 1993; Livingstone et al., 1993], pamxyxHoit
dopemu Oncorhynchus mykiss [Di Giulio et al., 1989], xedamu Mugil cephalus [Wofford,
Thomas, 1988]. A taxke — y pakooOpasubix Procambarus clarkii [Jewell, Winston,
1988] u B MuKpocoMax TemaTOIMTOB pasHeIx MoimrockoB — Mytilus edulis [Garcia
Martinez et al., 1992; Lemaire et al., 1993; Garcia Martinez, Livingstone, 1995;
Livingstone, 2001], Geukensia demissa, Rangia cuneata [Wenning, Di Giulio,
1988a;Wenning, Di Giulio, 1988b, Wenning, Di Giulio, 1988c].

Kak ynomwuuanock Beime, B xone HAJ[®H-3aBucumoii reHepanuu cBOOOIHBIX
panukaioB Hapsay ¢ H,O, obpasytorcs u apyrue Buasi AOK — O, OH u 0,.
CrnemoBaTenbHO, aKTHBHOE 00pa3oBaHME MEPOKCHA BOJOPOIa U Ipyrux npoaykros CPO
UMeeT BaKHOE (PU3MOIOTUYECKOE 3HAUCHUE U SIBIISICTCS HEOOXOAMMBIM ISl pealu3aliu
JETOKCUKAIIMOHHBIX, aHTHOAKTEpUANBHBIX, PETYISTOPHBIX M JIPYTUX CBOWMCTB KIETKH
[JIykbsaHoBa u ap., 1982; 3enkoB, MenbimukoBa, 1993; MenpirkoBa, 3eHkoB, 1993]. B
YaCTHOCTH, MOKa3aHo, uyTo MpoaAyKTsl [10J] B HU3KKUX (HU3NOTOTHYECKAX KOHIEHTPAIUIX
YUYaCTBYIOT B PETYJIMPOBAHHUH PsiJia BAXKHBIX (QYHKIMI OpraHn3Ma, a Takke B OMOCHHTE3e
HEKOTOPBIX OWONIOTMYECKH aKTHBHBIX BemecTB [Bmagmmmpon, Apdakos, 1982;
JIykpsHoBa u nap., 1982; ByprnakoBa, XpamoBa, 1985; 3enkoB, MenbuiukoBa, 1993;
MenbiukoBa, 3eHkoB, 1993].

B remaromankpeace MOITIOCKOB Ha (hOHE MaKcHMalbHOTO coxaepkanus GSH
OTMEUYEeHa CPaBHUTENHHO BBICOKAst aKTHBHOCTH (epMeHTOB ['C. CooTHOIIEHHE ypOBHS
GSH wu Bemmuun aktuBHOocTH [TI m I'P roopur o ¢ynkuuonuposanuu ['C,
HanpaBJIEHHOM Ha HapamuBaHue pecypca GSH B kieTke. DTo M0O3BOJNSET MPEAIONIOKHUTD,
yto I'C He NpUHUMAaeT aKTUBHOTO y4yacTus B paznoxeHud H,O,. Takas cTpaTerus Moxer
OBITH 00YCTIOBIICHA CIEAYIOMIUMA TIPUINHAMHA:

e noaroroBkod ['C Kk MHAKTUBAIIMK HU3KUX KOHIICHTPAITUI MEPOKCUIA BOJAOPOA U
THIPOTIEPEKUCEN TOCie YyCTpaHEHHs OOoNbIlel YacTH JaHHBIX COEAMHEHUH C
MTOMOIIIBIO KaTalla3bl M MEPOKCUAA3HI;

® TOAJEpKAHUEM pecypca JaHHOTO METa0OIUTa Ha BHICOKOM YPOBHE, YTO Ba)KHO
kak ams pabotsl GSH B kauectBe kodakropa I'TlI [Kocosep, Kocosep, 1979;
MenbmnkoBa, 3eakoB, 1993; Kenus u np., 1993], Tak u 1 BBINOJHEHUS] UM
camocrostensHor AO dynkiuu [Kocorep, Kocosep, 1979; Cokonorckuii, 1988;
Kymunckunii, Konecamuenko, 1990a; Kynunckuii, Konecanuernko, 19906; Kenus
u ap., 1993].

MaxkcumanbHeiii pesepp GSH B renaromaHkpeace coriacyercsi U ¢ BBICOKOH
aKTHBHOCTBIO KaTaja3bl U TIEPOKCHUIa3bl, KOTOphIe obecnieunBatoT paciierwienne H,O, u
rumpornepekuceir B kierke. MHaktuBupytomee neiicteBue GSH B oTHOmEeHHn
TOKCHYECKOTO TIEpPOKCHIa BOAOPOAA M THIPOIEPEKHCHBIX COEAMHEHUHN, BEPOSTHO,
JomomnHseT padoty naHHbIX hepmeHToB. Coueranue AO cBoiictB GSH u ykazannsix AO
¢depmeHTOB  oOecrieunBaeT THOKyI0  peryisaiuio ©  3(QPeKTUBHYO  3alIuTy
rernaTronaHKpeaca OT OKUCIUTEIBHOTO AEUCTBUS IEPEKUCHBIX MPOTYKTOB.

Takum oOpa3zom, AO KOMIUIEKC TemaTomaHKpeaca MUIAUI HaNpaBJIeH Ha
HEeUTpanu3aluio BbICOKMX KoHueHTpauuil H,O, m npyrux ruaponepekuceit. Ha 3to
YKa3bIBaeT BHICOKAsl aKTUBHOCTH KaTasla3bl U MEPOKCHAA3bl. DTH MPOIECCH HE CBA3AHBI C
peaknueit aucmytanmn COAP, Ha uro ykaspiBaeT MHUHMMajibHast akTuBHOCTE CO/I.
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Yuactue ['C B HelTpanu3anuu OKHCIUTEIBHBIX TMPOIECCOB B TeMaTONaHKpeace
BBEIPaKEHO CI1a0o0.

Hoza. B omimume oT xa0p W remaromaHkpeaca YpPOBEHb OKHCIHTEIBHBIX
MPOIECCOB B JaHHOM OpraHe MHIUN ObUT MUHHMAIbHBIM, HA 4YTO YKa3bIBAJIO
HauMeHblnee cojepxkanue THhK-aktupHbIX mpoaykToB. AxtuBHOocTh COJl, Hampotus,
JIOCTHTaJla HamOoJiee BBICOKMX 3HAYEHWH, TOrJa Kak aKTUBHOCTh Karanasbl Oblia
HauMeHbIel. Takoe COOTHOIICHUE TPOIECCOB CBUICTEILCTBYET O BHICOKOW MPOIYKITUU
COAP 6e3 nocienyroleil HeMTpain3aluy JaHHOTO COCIUHCHMYSL.

Nuaktusarus COAP nmocpencrsom CO/l mpeamnosnaraet oo0pa3oBaHue B Ka4eCTBE
npoaykra peakuun H,0, [MummH, Jlsxosuu, 1976; [lyOununa, 1989; Ilobepeskuna,
Ocunckas, 1989]:

202._"" 2H+ — H202 + 02.

Omuako B 9TOM ciydae Hanmuuue BbicokoakTuBHOM COJ[ BcTymaer B
NPOTUBOpPEUME C HU3KOW aKTUBHOCTHIO KaTajasbl, 3apPErHMCTPUPOBAHHOM B HACTOAIIEM
UCCIICIOBAaHWU. 3aKOHOMEPHO BO3HHKAET BONPOC O CyAp0Oe oOpasyromierocs B AaHHOU
peaxiuu nepoxcuIa BoJIopoa.

VYcranoeneHo, uto COAP cnocobeH 4acTHYHO WHAKTHBHUPOBAThH KaTallazy, YTO
MOJKET CIy’)KATh NPUYMHON ee Hu3Koi akTuBHOCTH [/lyOmnmua, llyrameit, 1993]. B
paboTax psiia aBTOpOB OMHUCAHBI Mpolecchl ¢ ydactueM H,0,, B pe3ynbrare KOTOPBIX
MPOMCXOAMT PACIICIUIEHHE 3TOI0 COSANHEHUSI HepepMEHTATUBHBIM IIyTeM — 0€3 yJacTus
Katajazpl. B dYacTHOCTH, OTMedaeTcs, YTO NEpPOKCUI BOAOPOAA, OOpasyroIuics B
peakiuu JOUCMYyTaluH, CIHOCOOCH BCTyNMaTh BO  B3aMMOJCHCTBHE CO  CBOUM
crexuoMeTprueckuM npeamectBeHHUKOM (COAP) B nenHoit peakuuu ["'abepa-Beiicca ¢
00pa3oBaHHEM BBICOKOPEAKTHBHOTO THIPOKCHIbHOrO pamukana OH' u cuHrIeTHOro
KHCIIOpoJa 0, [©pumoBuy, 1979; 3enkoB, Menbinnkosa, 1993]:

0, + H,0, — OH + OH +'0,.

W3BectHO, uto BosHukHOBeHMe OH' u O,' Kak COMyTCTBYIOIIMX MPOIYKTOB
MPOUCXOANT BO MHOTHX peakiusx (¢ ywactuem COJl, karama3pl, NHepoKCcHIa3)
[JIykpsanoBa u ap., 1982; 3enkoB, MenbmukoBa, 1993]. D10 paeTr ocHOBaHHE
MIPENON0KNUTh, YTO YKa3aHHBIA TMPOLECC SBISIETCS BeCchbMa pAaCIpOCTPaHEHHBIM U
npejrnonaraeT jganpHedmee mnpeBpamenue Hp;O,, o0Opasymomerocs B peakiyu
nucmyTtauu COAP.

CywecTByIOT M UWHBIE pPEaKUWH NPEeBpalleHus] MEpOKCHIa BOIOPOAa C
obOpazoBanmeM Jpyrux BuaoB A®DK, koropesle, B CBOIO oOdYepeqb, MOTYT OBITh
WHAKTHBUPOBAaHbI HE(EPMEHTATUBHBIM IyTeM [3eHK0B, MeHbInKoBa, 1993]:

e peakuusi PEHTOHA C y4acTHEM METAJUIOB IEPEMEHHOH BaJCHTHOCTH (TJIaBHBIM
o6pazom Fe’™):
H,0, + Fe*" — Fe*" + OH + OH ;
®  peaxIus AUCIPONOPIIHOHUPOBAHHUS:
H>0, + H,O, — 2H,0 + 102;
® pEaKIUM C yYaCTHEM MHUEJIONEPOKCHUIA3bI:
H,0, + Cl— Hgo + OCIi,
OCl™ + H,0, — CI” + H,0 +*0,.
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O6pasyrommecst ‘O, 1 OH B cHily BBICOKOH PEAKIHOHHON CIMOCOGHOCTH HE
UMCIOT CIICIUATU3UPOBAHHBIX TEPEXBATYNKOB U OOE3BPEIKUBAIOTCS C  MOMOIIBIO
HU3KOMOJICKYJISIPHBIX aHTHOKCHJAHTOB — ackopOara, o-ToKodeposa, KapOTUHOHIIOB,
MOYEBOH KHCIOTHI, a Takke Apyrux AO areHToB — ypauunia, CaluLWIATOB, TIIIOKO3BL,
TUCTUIUHA, JAMUMETUICYJIb(OKCHIa, aMUHOKHCIOT, OJHO- M MHOTOATOMHBIX CITUPTOB
[3enkoB, MenbmukoBa, 1993; Kenns u ap., 1993; Menpmukosa, 3eakoB, 1993]. Onrako
OOJBIIMHCTBO W3 YKa3aHHBIX ICPEXBATYMKOB SBJISICTCS BHEKJICTOYHBIMH. BcrnemcrBue
3TOr0 00pa30BaHUE BBHICOKOAKTUBHBIX BHJIOB PAJUKAIOB JIOJDKHO OBUIO MPHUBECTH K
ycuieHnto cozaepkanus B kietke THBK-aktuBHBIX mponykToB. OJHAKO B HACTOSIIEM
HCCJICIOBAaHUH ATOT0 He HaOmomanoch. CliemoBaTebHO, BEPOATHOCTE mMpoTekanus AO
MPOIIECCOB B TKAHU HOTH IO YKAa3aHHOMY MEXaHH3MY HEBEJIMKA.

HecMmotpst Ha BhIcOKyIo criennpuaaocts K COAP, B ompeneneHHBIX yCIOBHIX
CO/] criocoOHa B3aMMOJEHCTBOBATH C MPOAYKTOM PEaKIUU AUCMYTAIMU — MEPOKCUIOM
BOJIOPOJIA, U BBICTYIIATh B KAYECTBE MPOOKCHIaHTa, HHUIMUPYs reHepanuio COAP u OH'
paaukana [MenbiukoBa, 3eHKOB, 1993]:

Cu**-Ccoq + H,0, < Cu*-COL + O, + 2H"
Cu*-Col + H,0, < Cu**-COJ + OH + OH .

O6pazoBanue COAP B xieTkax pasHBIX TKaHEH MOXKET OBITH OOYCIIOBJIEHO €ro
HETOCPEACTBEHHBIM y4YacTHEM B TIpOLlECCaX IMOBPEXKACHUS OMOJIOTMYECKUX CTPYKTYP:
nanaykuuun [IOJI memOpaH, okucinennn SH-Tpynm 0enkoB, HapyIIeHHH CTPYKTYpPHI
MHOTHX OWOJIOTHYECKN BAXKHBIX COCIWHEHHWH, B TOM YHCIE B JIEHNOJUMEpPU3AIUN
TJIMKO3aMUHOTJIMKAHOB  (THAJypOHOBOM KHCIIOTBI) W pPa3pylIEHUH KOJUIar€HOBBIX
CTPYKTYp MbIIIeUHOW TKaHu [MurmmH, JIsxoBuy, 1976; ®dpumosuu, 1979; Lemaire,
Livingstone, 1993; ly6unumna, Illyraneii, 1993; Menbinukosa, 3eHkoB, 1993; Uenomun u
Ip., 1998].

B ocunoBanmu wnHorm wmuaumu M. galloprovincialis waxomuTcs kenesa,
BeIpabaThIBatomas ouccyc [3amka u ap., 1990], OCHOBHBIM KOMIIOHEHTOM KOTOPOTO
aenserca kommared [Qin, Waite, 1998; Coyne, Waite, 2000; Lucas et al., 2002]. B
TIpoIIECCe KUIHEAEATEIHHOCTH MOJUTIOCKA MEPHUOJUYECKH MPOUCXOIUT MOBPEXKICHUE U
o0Opa3oBaHHe HOBBIX BOJIOKOH [3amka u 1p., 1990]. [Ipuanmas Bo BHuManue pois COAP
B JICTIONIMMEPU3ANMM KOMITOHEHTOB KOJIJIareHa, MOXHO TIPEAINOJNIOKHTh, YTO JaHHBIN
paaMKag akTHBHO Y4YacTBYeT B IIpolieccaX BOCCTAaHOBJIEHHS HHTeH Owuccyca. 3To,
BEpOSTHO, W ompeaenuio BbicOkui ypoBeHb COAP B Hore. YcuieHuwe MNpoIyKIUU
COAP, kak oTMeuaeTcs B IUTEPAType, O MPUHIUITY OOPAaTHOM CBSI3M MOXKET PUBOANTH
K aKTHBallMd TPAHCKPHUIIIIUM COOTBETCTBYOIMUX TeHOB (SOXRS-ob6mactu JIHK),
samyckarorux cuHTe3 COJl [MenbmmkoBa, 3enkoB, 1993], 4To mpUBOIUT K eImie
Oompmeild aktuBaumu (epmeHta. Bo3zmoxno, pabora COJ] Obula HampaBineHa Ha
obpazoBanne COAP, u B Xome yKazaHHOTO TpoIlecca HE IMPOUCXOAMIIO HAKOTUICHUE
H,0,, uto cormacyercss ¢ HU3KOH aKTUBHOCTHIO KaTaja3bl M1 MUHHUMAJIbHBIM YPOBHEM
TBK-akTUBHBIX TPOAYKTOB, BBISBICHHBIMM HaMH. OTO TIO3BOJISIET paccMaTpUBaTh
JNAHHBIA MeXaHW3M KaK Hauboliee BEpOSITHBIM Ui OOBSCHEHHS COOTHOIICHHS
axktuBHOCTEHAO (epmentoB B Hore Mommocka [CommaroB u ap., 2003; Soldatov et al.,
2007].

Takum oOpa3zom, AQO KOMIDIEKC HOTH MUAHNA, MPEINOIOKUTEIEHO, ObLT
opueHTrpoBaH Ha reHeparuio COAP. OO0 3ToM CBUAETENHCTBYET BHICOKAS aKTHBHOCTh
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CO/l Ha (oHe HM3KOW aKTHMBHOCTH Karana3bl M MHHHMaIbHOTO cojepxanus TBK-
aKTUBHBIX MPOAYKTOB B TKaHW. Takoe COOTHOIIEHHE MPOIECCOB, BEPOSTHO, CBSI3aHO C
(YHKIIMOHANBHOHN crienuann3anuell HOTH MOJUTIOCKa — TPOAYKIMEW W pereHeparueit
OMCCYCHBIX BOJIOKOH.

2.2.5. lipetoBoit mommMopdu3M pakoBUHEI 1 AO (pepMEeHTHBII KOMIUIEKC TKaHEH MU

W3 mpencraBieHHoi Bbimie WH(OpMAIUHM ciexyer, uyto opranumsanus AQO
KOMIUIEKCa TKaHeld 0coOell pa3imMyHBIX IBETOBBIX Tpymil Oblia Onm3koil. OgHako mpu
COTIOCTAaBJIICHUH aOCONIOTHBIX 3HAYEHUH pPErHCTPHPYEMBIX IIOKa3aTelned Mexay
MOJLTFOCKaMU C MUTMEHTUPOBAHHBIMU (YepHBIC, KOPUYHEBBIC) U JICTUTMEHTHPOBAHHBIMHU
TKaHAMH OBUTH OOHAPYKEHBI CyIIecTBeHHBIE paznuans. Y muanii ¢ T:

e B OONBIIMHCTBE TKaHEeH (TernaTomnankpeac, xaOpsl) HAOIIOIaIH BRICOKHA yPOBEHb
TBK-akTUBHBIX MPOAYKTOB, YTO OTpaxkaeT Oojiee BHICOKYI0 HHTEHCHBHOCTH
nporieccoB I1OJI B Tkausx (tad:. 2.1) [ConmgaToB u np., 2003];

e B cucremMe I'C oTmedaroch sBHOe HampspkeHue: conepkanue GSH Obuto
CHIDKEHO, a aKTHBHOCTD conpsbkeHHbIX ¢ HUM (pepmentoB (I'T1 u I'P) moseimena
(puc. 2.2; 2.3); akTUBHOCTH TIEPOKCHAA3BI TaKkXke ObLTa BRICOKOU (pHc. 2.5); 310
MO3BOJIIET TOBOPUTH O TOM, YTO B TKaHSIX MOJUTOCKOB ¢ JT maer akTuBHOE
oOpaszoBanue runponepekuceii [Commaros u ap., 2003; [N'octioxuna, 2005];

e aktuBHOCTh COJl, HampoTuB, Oblia cHWKEeHa (KaOpbl, HOTa), UIA KaTalasbl
paznuuus He ObUTH BBIsBIICHBI (pHcC. 2.4) [ComnaToB u np., 2003].

ComnocraBnenne coctostHust AO GepMEHTHOTO KOMILIEKCA TKAaHEW MOJUTIOCKOB C YEpPHOMH
1 KOPUYHEBOH OKPAaCKOW PaKOBUHBI HE TO3BOJIHIIO BBISIBUTH KaKHX-JIMOO CYIIECTBEHHBIX
otnnuuil [Anekcanaposa u ap., 2001; Anexcangposa u ap., 2002; T'octroxuHa u ap.,
2005]. Tonpko B otHOmeHUH ['P oTMeuena Oonee BBICOKAsh aKTUBHOCTHh Y MOJITIOCKOB
yepHoil Mopdsl (puc. 2.3). [nsa TkaHeit ocoOeil KoprHuHEBOM MOpQBI ObUIa XapakTepHa
MOBBIIIICHHAS aKTHBHOCTH Tepokcuaasbl [['octroxuna, 2005] (puc. 2.5). B ocranpHOM
MOJTyYeHHbIE 3HAYCHUS TIOKa3aTelNeil ObITH OMM3KUMHU.

Pasnmuuust B NHrMEHTAMU  TKAaHEH  MOJUTIOCKOB  MOTYT  ONPEACISATHCS
MPUCYTCTBUEM B HHUX KapOTHHOUIOB. M3BECTHO, YTO 3Ta TPyIa COCIAUHCHHM SIBIISICTCS
BaxHBIM 3BeHOM AQ KoMmruiekca TkaHel ruapoOnoHToB [bpurron, 1986; Ilomskos,
Jlemmua, 2006; Maoka, Etoh, 2010; I'octioxuna u mp., 2012; CommatoB u ap., 2013].
Kaporunon sl criocoOHbI 3 heKTHBHO TIepexBaThiBaTh CUHIJICTHBIN Kucaopos [Shimidzu
et al., 1996], ux comepkaHHe B OpPraHHU3Me MOJUTFOCKOB-(PHIBTPATOPOB B 5-6 pas
MIPEBBIIIIAET OTMEUEHHOE YIS IPYTHX CHCTEMATHYECKHX TPYII OPTaHWU3MOB W SIBIISETCS
ux crnenuduueckoi ocobennocteio [bpurron, 1986; Bjerkeng et al., 1993; Vershinin,
1999]. 3HaunTeNnbHOE CHUIKEHUE COJICPKAHHS KapOTHHOHJOB O€3yCIOBHO JOJDKHO
CKazaTbCsa Ha cocTossHUH Bcero AQO KOMIUIEKCca TKaHEe MOJUTFOCKOB W MPUBECTH K €T0
KaueCTBEeHHON TpaHcpopmanuu. ITO OOYCIOBHIO HEOOXOAMMOCTh ONpeIeIICHUs
CYMMapHOI'O COJICpaHUsI JaHHOM TPYMIbl MUTMEHTOB B TKAHSIX TPEX I[BETOBBIX MOpQ
MOJITIOCKA (Tab. 2.2).

W3 tabmuiier 2.2 BUAHO, 9TO COep)KaHNE KAPOTHHOUIOB B TEJIE Y BCEX IIBETOBBIX
TPyl MOJUTIOCKA HMEET SBHYIO TKAHEBYIO CrHenupuKy. MakcuMyMm oOTMedaercsi B
remaronaHkpeace, a MUHMMyM — B Hore. [Ipy 3TOM ypOBeHb COACPIKAHUSA OTHUX
coenuHeHM y MOJLTIOCKOB ¢ JIT Obu1 MHOTOKpaTHO HIbKe. Pasmuums mocturamu 24-33
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pa3. Y MOJUIIOCKOB C IUTMCHTUPOBAHHBIMU TKaHSIMHU (YEpHBIC, KOPHUYHEBHIC)
MoTydeHHbIe 3HaYeHns1 Obutn Onm3kumu [ ConnaTos u np., 2003].

Tabnuna 2.2
CopeprxkaHrue KapOTUHOUJIOB B TKaHSAX MHUJWN Pa3HBIX BETOBBIX MOPd, Mr+ 100 rt CBIpOH
TKaHU

I'pynmel MOITIOCKOB
Txanu Yepubie Kopuunessie Momntocku ¢ AT
n X+ SX n X+ SX n X+ SX
I'EIl 7 17,5€3,61 11 17,44+2,04 5 0,73+0,1314
Kabpot 7 0,53+0,11 13 1,24+0,34 5 0,049+0,0117"
Hora 6 1,75+0,65 12 2,0+0,41 5 0,061+0,0129"

pumeuanue: [EIT — rematonaHkpeac; N — 4ucio ocobeii;  — xoctoepHsl mpu p<0,001

B wuccnenoBaHusX, BBINOMHEHHBIX Ha JBYCTBOpYaTOM Moiuttocke Anadara
inaequivalvis, 6bUTO TIOKa3aHO, YTO MEXKIY COJACpPKaHMEM KapOTHOHOWIOB B TKAHAX U
cocrossnueM AQO (epMEeHTHOr0 KOMIUIEKCa CYIIECTBYeT oOpaTHas 3aBUCHMOCTh
[Toctroxuna u np., 2012]. M3BecTHO, 4TO AaHHAs Tpynna COCAUHEHUMN SIBIAECTCA OTHOU
13 caMbIX SQ(PEKTHBHBIX «IOBYIIEK» CHHIJIETHOro kucioponaa ('0,), kotopas B 35-540
pa3 MPEBOCXOIUT CBA3BIBAIOIIYIO CIIOCOOHOCTE o-ToKodepona [Shimidzu et al., 1996].
OjHa MOJIEKy/Ia P-KapoTHHA CIIOCOOHA «IIOTYIIHTEY 0Kono 1000 momexyn ‘O, mo Toro,
KaK [(-KapOTHH TOJBEpTHETCS JAerpajanuu B pesynbTare okucieHus [Ocumos, 1990].
OTcroza cieayer, 4To JIeMUIrMEHTAMs TKaHel y MU MOTJIa COMPOBOXKAATHCS POCTOM
comepxanust B HuX 'O, K mpoueccam, oGecrednBaomuM oOpasoBanue O, MOXKHO
OoTHecTH cienytonue peakiuuu: Gerrona, ['abepa-Beiicca, cnonTannoit nucmytanuu O,
paznoxkenuss H,O, katanazoi u psn npyrux [@puposud, 1979; Ocunos u ap., 1990;
MenbmukoBa, 3¢HKoB, 1993].

CUHITIETHBIH KHCIOPOX MpPEACTaBIsieT coOOW OAMH W3 BHIOB 3JEKTPOHHO-
BO30Y)KIEHHOTO COCTOSIHHMS KHciaopoAa. OT OCHOBHOTO (TPHUIUIETHOTO) COCTOSIHUS
MOJIEKYJSIPHOTO ~ KHUCIIOPOAAa €ro  OTJIMYaeT BHYTPUMOJIEKYJSIpHAs — IMepecTpoika
DIIEKTPOHOB W HamOoJiee BBICOKHH OHEPreTHYECKHH YypOBEHb. OTO OMpEAeNseT
TOBBIMICHHYI0 XHMHYECKYI0 aKTHBHOCTH 'O, ydacthe B wuHayuupoammu I110]I,
LUTOTOKCUYECKOE U MyTareHHoe aeiictaue [JlykpsHosa u ap., 1982; Ocunos u ap., 1990;
MeHbmuKoBa, 3eHkoB,1993]. B kauecTBe MpHMepoB myTell 06pasoBaHus ‘O, MOXKHO
NPUBECTH PEaKLMU CHIIBHBIX OKHCIUTeNnel (Hampumep, runoxiopura) ¢ H,O,, a Takxke
HeaH3uMatnuyeckyro nucmyranuio COAP [JlykssHoBa u 1p., 1982; Ocunos u np., 1990]:

20, + 2H" — H,0, + *0,.

OnHoil U3 Hambosee TUIWYHBIX IS 102 peaxkuuii siBisieTCd B3aUMOJICUCTBUE C
JIBOMHON CBSI3bI0, B PE3yJIbTaTe KOTOPOrO0 OOpPa3yIOTCS TUOKCHATAHBI, CIIOCOOHBIC B
JaJbHEHIIeM MepexouTh B ruaponepekucu [Ocumos u ap., 1990].

Dta ocobenHocTh 'O, MeeT 0coboe 3HaueHHe B MHHIMAMK mponeccos [10JT B
o6momemOpanax. IlokazaHo, 4To oOpa3oBaHWE THIPONEPEKHCEH JHIHUIOB C Y4aCTHEM
CHUHIJIETHOTO KHUCJIOpOJa NIPHUBOJUT B JaJbHEHIIEM K Pa3BUTHUIO LIETHBIX PEaKLUi
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OKHCIIeHHs1 OMocyOCTpaToB. JTO MPOMCXOAMT B pe3yibTaTe 00pa3oBaHMs pPazIHYHBIX
BunoB ADK B mporecce pasioKeHUS THAPONEPEeKUCeH B POTOXMMHYECCKUX PEaKIHsX,
b0 B TPHUCYTCTBUM METAUIOB IEepeMeHHOW BajeHTHOCTH [OcumoB u ap., 1990].
CI1e/I0BaTe/IbHO, POCT COEPIKAHMS aKTHBUPOBAHHBIX hopM kuciopoaa (*0,, Hy0,, Oy)
Ha (oHe CHMXKEHUS pecypcoB (epMEHTHOM cucTeMbl AQO 3alUThl KICTKH MPEAIoIaracT
YCHIJIEHHE TPOIIECCOB MEPEKHCHOTO OKHCIeHHs unuaoB. CpaBHeHne comepxanns ThK-
aKTUBHBIX TMPOJYKTOB B TKAaHSIX [HUICMEHTHPOBAHHBIX M JACTIMTMEHTHPOBAHHBIX
MOJUTIOCKOB TOATBEPAWIO JaHHYI0 3aKOHOMEPHOCTh — Yy TIOCIEAHHX OHa ObLia
CYIIIECTBEHHO BBIIIIE.

CuHrneTHsId KHCTIOPOJ sBisieTca KopoTkokmBymmM BuaoM ADK. Bpems ero
CYLIECTBOBAHUS COCTAaBIISIET 10°-10" ¢ [MensmukoBa, 3enxoB, 1993]. Oxnako npu
OTCYTCTBHH MJIH HH3KOM COJEP)KAHHM TTMIMEHTOB, HEHTPATH3YIOMMX 'O 3TO MOXKET
MPUBOJANTh K HAKOIUICHWIO B TKaHAX NPYruX (OpM aKTHBHPOBAHHBIX METAOOIHMTOB
kucinopona, Hanpumep H,O, u O, [JlykesnoBa u ap., 1982; Ocumnos, 1990; 3eHkos,
MensbmmukoBa, 1993]:

2H,0+'0, = H,0, + H,0,
H>,O,+ 102 =0, +0, + 2H".

Poct conepxxanus H,O, 1 O, MOXKET UMETh PsJl HETAaTUBHBIX MOCIEACTBUIM IS
¢depmentoB AO 3amutel kietku. COAP cmnocoben aktmBupoBath peaknuu [10J],
paspymarb MeMOpaHbl KJIETOK, YaCTHYHO WHAKTHBHPOBATH KaTallady, OH YYacTBYET B
obpasoBanny GombImoro unciaa apyrux gopm A®K (H,0, HO,, OH', '0,) [MummuH,
JlsxoBuu, 1976; OcumoB, u np., 1990; JlyOownwna, Llyraneir, 1993; MensmmkoBa,
3enkoB, 1993; 3opoB u gap., 2005]. Ilepoxcuna BoOAOpoAa OKa3bIBAET HA KIETKY
UTOTOKCHUYECKOE JICHCTBUE, YIaCTBYET B 00pa30BaHUU KpaiiHe peakMOHHOCTIOCOOHOTO
THIPOKCHIIBHOTO pajfiKalia, HapyllaeT CTPYKTYpPY U (PYHKIMHM MHOTHX OHOJIOTHYECKU
BXHBIX MOJIGKYJ, B TOM 49ucie (¢(EepMEeHTOB, 3a cdeT okucieHus SH-rpymm u
METHOHWJIBHBIX OCTaTkOB OenkoB [®pumoBmu, 1979; JlykesHoBa u nap., 1982;
MenbimkoBa, 3enkoB, 1993; 3opoB u ap., 2005]. M3BecTHO Takke WHAKTHUBHPYIOIIEE
neiicteue H,O, B orHomenun COJl [[yOununa, Ulyrameir, 1993]. B nHacrosmem
WCCIIEIOBAHNN dTa CHUTYyalllsl ACWCTBUTENBHO MOTJIA MMETh MeCTO. Y MOJUTIOCKOB C
JIETUTMEHTUPOBAaHHBIMHU TKaHEBBIMU CTPYKTypamu akTUBHOCTH CO/l BO Bcex M3y4eHHBIX
TKaHSX Obllla 3HAYUTEJIBHO HIDKE, YeM Y 0Co0ei uepHol u kopuuHeBoi mMopd. Huskas
aktuBHOCTH CO/Jl, B CBOIO ouepenpb, NMpeanoyaraeT ypenuueHwe cogepxkanud O, B
KJIETKE, KOTOPBIM CIOCOOCH MOJaBNIATh aKTUBHOCTh KaTtanasbl [[/lyOumnuna, Illyranei,
1993].

CBugerenscTBOM  pocra  cogepxkaHud  mpoaykroB  IIOJI B TkaHsx
JIETUTMEHTUPOBAHHBIX KUBOTHBIX SBWJIOCH M 3HaYMTEIbHOE CHIbKeHHe ypoBHsA GSH mo
CpPaBHEHHMIO C THUTMEHTHPOBAaHHBIMH MUAMSAMHU. B jkaOpaXx M rematonaHkpeace 35TO
mpoucxoamsio Ha ¢oHe yBenmdeHuss axtuBHoctH [TI. ITlogoOGHoe cooTHOIIEHHE
cogepxkanusi GSH wu aktuBHoctn [Tl ykaseiBaer Ha akTuBHOEe ywactue ['C B
KOMIICHCAIINH OKUCITUTENILHON Harpy3ku y ocobeit ¢ [ T.

W3BecTHO Takke, 4YTO OKpacka TKaHEH >KMBOTHBIX MOXET OMpPEeeNsThCs
NUTMEHTaMH  MEJIAaHWHOBOTO psifa. IJTO OOYCIOBIEHO AaKTHBHOCTHIO THPO3MHA3BL,
Karanusupyromeil cuare3 meiaannda [Hearing, Ekel, 1976]. B mureparype ormedaeTcs
HaJIM4YHe B3aUMOCBSI3M MeXIy cocTossHuEM AQO CHCTEMBI U METAaHWHOBBIMH ITUTMEHTAMHU.
Tak, moka3aHo, YTO BaXKHYIO PETYJISITOPHYIO poiib B MeTabonu3Me Tupo3uHa urpaet GSH
U compsokeHHble ¢ HuM ¢epmentsl [Crnupugonosa, 1990; baiikoBa u ap., 2000].



43

AHTHOKCUAAHTHBINA (PEPMEHTHBIN KOMIUIEKC TKaHEH YEPHOMOPCKUX .. .

OTmevaeTcsi Takke MpsiMasi B3aMMOCBS3b MEXIY (YHKIHMOHAIBHONW HEAOCTATOYHOCTHIO
CHCTEMBI TIyTaTHOHA W HapyIIeHWsIMU MeTabonm3ma TuposuHa [baiikoBa u ap., 2000]. B
HACTOSIIIEM KCCIIEJOBAaHUHA OTMEUYCHO 3HAYUTEIbHOEC yMeHbIeHue pesepBa GSH psma
TKaHEeH MOJITFOCKA. DTO MOTJIO MOCIYKUTh OJHON M3 MPUYMH BBISBJICHHOHW Y MOJUTIOCKOB
JIenMUrMeHTaIu Tkanei Ha ¢one cHmwkenus AO pecypcea [Congaros u np., 2003].

Takum oOpa3om, Hambosee CylmecTBeHHbIE pa3nuyus B opranmsamun AQO
(depMeHTHOrO  KOMIUIEKca  ObUTM  OOHApyKeHBl ~ MEXAy  MOJUIIOCKaMH ¢
MMUTMEHTUPOBAHHBIMU (KOPHYHEBBIC, YEPHBIC) W JICTUTMCHTUPOBAHHBIMU TKAHECBBIMHU
CTpyKTypamu. JlemurMeHTanuss MpUBOIMIA K TOBBIIIEHHI0 WHTEHCHBHOCTH IPOIIECCOB
[TOJI, o yem cBUAETENHCTBOBANIO yBennMueHue conepxkanus THK-akTHBHBIX TPOIYyKTOB B
TKaHsX. DTO MpOHMCXoAWwno Ha ¢oHe yMmeHblleHus copepkaHuss GSH u yBenmueHus
aKTUBHOCTH (PEpMEHTOB, HEHTpanm3yrommx pasiwdHbie BUAB ruaporepexuceit (I'TI u
mepokcuaasel). AktuBHOCTE COJl ObuTa cHIDKeHA. [IpranHO# JAHHOTO COCTOSIHHS MOKET
CIIy’)KUTh KpaliHe HU3KOE COIEpKaHWE KapOTHHOWIOB M, KaK CIEACTBHE, yMEHbILICHHE
CIIOCOGHOCTH ~ TKaHell NPOTHBOCTOATH  obpasoBammio 'O, Hu  Apyrux  (GopM
aKTHBHAPOBAaHHBIX KUCIOPOIHBIX META0OIUTOB.

2.3. Cucrema AO 3awmTbl TKAHEW MUAUN B YCJIOBUAX
€CTEeCTBEHHOI0 OKMC/IUTEJIbHOIO CTpecca

JIBycTBOpUYaThIC MOJUTIOCKH OTBEYAIOT BCEM TPEOOBAHUSM, MPEIbSIBIACMBIM K
oprann3mam-ouomonuropam [Xpucropopona, 1989; Ringwood et al., 1999; Romeo et
al.,, 2003]. OHM aKTHBHO HCIONB3YIOTCS B JMATHOCTHKE COCTOSHHS BOIHON CpEJbI,
ocobenno mpencrasurenu poxa Mytilus [Pellerin-Massicotte, 1994; Porte et al., 1991,
2001; 2002]. Cuuraercs, 4To KOHTPOJb 3a cocTosHueM AQO (epMeHTHOro KoMIuiekca
TKaHEeW MOJLIIOCKOB-(PUIBTPATOPOB IMO3BOJIIET KOCBEHHO CYAUTh O KAauyeCTBE MOPCKHUX
akBaropwuii [Doyotte et al., 1997; Rodriguez-Ortega et al., 2002; Gorinstein et al., 2003].
[Tpu 3TOM MHOTHE aBTOPHI OOBIYHO HE YYUTHIBAIOT €CTECTBEHHYIO JMHAMHUKY aKTHBHOCTU
AO ¢depmeHTOB, KOTOpas MOXET TECHO KOPPEIMPOBATh C COCTOSHHUEM >KUBOTHBIX,
a0MOTUYECKUMH YCIIOBUSAMH CpeIbl M MMOJTOMY HE BCerJa aJeKBaTHA BEIUYHMHE
AHTPOIIOTCHHOW Harpysku. Pasrpanudenue 3THX 3(PQPEKTOB — HEOOXOJUMOE YCIOBHE
KAUeCTBCHHON HSKOJMAarHOCTUKHA MOPCKOW Cpefbl. ODTHM acleKTaMm MpoOjieMbl |
MOCBSIIEHBI HACTOSIINHA U TOCICIYIOIINE Pa3Iebl.

2.3.1. BiusHue ecTeCTBEHHBIX COCTOSHUM Ha cructeMy AQ 3anuthl u nporeccs [10J1
Y MOJUTIOCKOB

Bo wmHOrmx HCCICOOBAHUAX OTMECYACTCA, 4YTO COCTOSAHHEC AO Q)epMeHTHOFO
KOMIUIEKCa TKaHeH ABYCTBOpYATbIX MOJUIFOCKOB  NPETEPIICBACT MNCPUOANYCCKUC
M3MEHEHHUS] Ha TPOTSHKEHHH TOJO0BOrO IMKIA. DTO TMOKa3aHo Kak st Mopckux (M.
galloprovincialis, Saccostrea cucullata, P. viridis, Dreissena polymorpha, Scapharca
inaequivalvis) [Wenning, Di Giulio, 1988; Sole et al., 1995; Power, Sheehan, 1996;
Sheehan, Power, 1999; Cancio et al., 1999; Niyogi et al., 2001; Gorinstein et al., 2003;
Vlahogianni, Valavanidis, 2007], tak u npecroBoaubsix BumoB (U. tumidus, Corbicula
fluminea) [Power, Sheehan, 1996; Doyotte et al., 1997; Sheehan, Power, 1999; Cossu et
al., 2000; Cheung et al., 2001; Vidal et al., 2002a; Vidal et al., 20026; Coxmaros u ap.,
2008]. B netHuii nepros B remaronaHkpeace M xadpax MOJUIIOCKOB PETHCTPUPYIOT, Kak
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npaBuio, yBenndenue aktuBHocTH AQO ¢epmentos, copepxkanus GSH, a-Toxodepona,
ButamMuHa C ¥ KAPOTHHOHUIOB, a B 3UMHHI — CHIDKeHHe. JInHamuka uaTeHcHBHOCTH [10J]
HOCHT OOpaTHBIN XapakTep: HamOomblmee comepkanue mpoaykroB IIOJI ormeuaror
3UMOH, a HauMeHbIee — JieToM [Viarengo et al, 1991; Sole et al., 1995b; Power, Sheehan,
1996; Viarengo et al., 1997; Regoli, 1998; Niyogi et al., 2001; Vidal et al., 2002].

Ceenenust o ce3oHHOl nuHamuke AO aktmBHOCTH W MHTeHcHBHOcTH [IOJI y
MU HEOJHO3HAYHBI. MIMeeTcs nHpopMaIs 0 TOM, YTO B renaToraHkpeace u xadpax
Ha TPOTSDKEHUU I0J1a aKTUBHOCTh KaTalas3bl HE MPETEPIICBACT CYIISCTBEHHBIX U3MCHEHUH
[Power, Sheehan, 1996], Torma xak B mcciemoBanmsax [Cancio et al.,1999], manporus,
3apEruCTPUPOBAH OJHO3HAYHBIA POCT AKTUBHOCTH JAHHOTO (epMeHTa C ampens To
utoHb. AKTUBHOCTB ['T B 5ka0pax pacTeT ¢ CEHTAOpS 10 MapT, MaKCUMaJIbHA — B JieKadpe
[Sheehan, Power, 1999], a B remaromaHkpeace He WIpETEpIEBaeT CYIIECTBEHHBIX
mmeHenuit [Power, Sheehan, 1996; Sheehan, Power, 1999].

[TpuuuHbI, onpenensrIUe Ce30HHYI0 JUHAMUKY akTUBHOCTH AO (epMeHTOB U
npoueccoB [IOJI, cBsA3bIBalOT, B MEPBYIO OuYepelb, C PENPONYKTUBHBIMH LUKIAMHU
[Power, Sheehan, 1996; Sheehan, Power, 1999], u3meHeHreM Coep>KaHUsS YIICBOIOB U
nunuoB B TKausax [Vidal et al., 2002], obecrieuennocThio muiieii [Viarengo et al., 1991]
U T.1.

Hepecr sBnsercs BaxHEWIIUM (U3HOIOTHUIECKUM COCTOSITHUEM MOJLUTIOCKOB
[Viarengo et al., 1991; Power, Sheehan, 1996]. Ha mpumepe 4epHOMOPCKOW MHIAUK
PacCMOTPHUM €r0 OCOOCHHOCTH, KOTOPhIE MOTYT OKa3biBaTh BiHsHUE HAa AO KOMIUIEKC U
npouecchl [IOJI. PenpolyKTUBHBIA LMKI Y MHJIWMA BKJIOYACT TPHU MOCIEAOBATEIBHBIX
JTara — raMeToTreHe3, COOCTBEHHO HEPECT U TOCTHEPECTOBOE COCTOSIHUE.

B mepuon rameroreHe3a B TCHEPATHMBHONW TKaHU MOJUIIOCKOB MPEOOIaIaroT
MPOIIECCHI CHHTE3a OesKa, TUIHMI0B U riiukorena [MotaBkuH, Bapakcun, 1983; Viarengo
et al., 1991]. Tlocnemuuii crocobeH MpeoOpa3OBLIBATHCS B JIMITHIBI PA3BHBAOIINXCS
roHan [MotaBkuH, Bapakcun, 1983; HMBanosuu, 2005]. IloBblueHue conep:KaHus
JUMUI0B co3aaeT mpeamockuiku s aktuBanuu [1OJI [Mortaskun, Bapakcun, 1983;
Power, Sheehan, 1996; HMeanosu4, 2005]. Ha sTtomM ¢oHE MPOMCXOTUT yBETUYCHHE
TKaHeBoro japixanus [Viarengo et al., 1991], uto cnoco6ctByer unrencudukamu CPO,
1, KaK CIIEJICTBUE, KOMIIEHCATOPHOU akTUBAIMd AQO CUCTEMBI.

BbIMeT raMeT y MUAMI MPOUCXOIUT MOPLIMOHHO, FTOHABI IIPH 3TOM HAXOASTCS B
COCTOSTHUH 4aCTHYHOTO HepecTa. [laHHast ctafusi XxapakTepu3yeTcss HadaioM pe3opOruu
TCeHEPaTHUBHON TKaHW, KOTOpas MPEICTaBIsAeT cO0OM MacCOBBbI HEKPO3 KIIETOK, YTO
COIMPOBOXK/IACTCS aKTUBAIMEH aBTOJIMTHYCCKUX TPOIIECCOB, NECTPYKIIUCH MEMOPaHHBIX U
JIPYTHX CTPYKTYP, KaTaboJIM3MOM Pa3WYHBIX coeArnHeHnl [MoTaBkuH, Bapakcun, 1983;
Viarengo et al., 1991]. B ostux mporeccax BelWKa posib (HaromuroB, KOTOPBIE
YHHUTOXKAIOT CTaphie U Pa3pylIalomuecs KIeTKH ¢ momolsio ADPK myreM moBpexaeHus
KJIETOYHBIX MEMOpaH MPH OKUCIHUTENbHON Moaudukarmn. [Iponcxoaut Tak Ha3bIBaeMBbIi
«IBIXATEeNbHBIA B3PBIB», TO €CTh OBICTPOE TOTJIONMIEHHE KIETKOW KHCIOpoAa C
nocienytommm oopazopanrneM ADK mpu momomu HAJIDH-okcumassl ApIXaTeIBHOTO
B3pbIBa [JIykpsHOBa 1 ap., 1982]:

20, + HAJ]®OH, = HAJ]® + 2H".

VkazaHHbIE peakiMud MPOTEKAIOT HE TOJBKO B TOHagaX, 4YTO OOYCJIOBICHO
WHQWIBTPAIVe TeHEPAaTHBHON TKaHW B JIPYT'He OpraHbl MOJUTFOCKOB B TIEPUOJ HEpecTa
[Power, Sheehan, 1996; lBanosuy, 2005].
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BaXHBIM 3BEHOM KOHTPOJSI PENPOAYKTUBHBIX IPOIECCOB Y JIBYCTBOPHYATHIX
MOJUTIOCKOB ~ SIBJISIETCA HEHpOTOpMOHallbHAasi perynsaius. [lpm BbIMeTe MOIOBBIX
MPOAYKTOB B TEMOIIENb IIOCTyHaeT OONBIIOEe KOMMYeCTBO Heipocekpera. llomoBreie
TOPMOHBI MOT'YT MOTIaTh B pasinynbie Tkanu [Viarengo et al., 1991] u ycunusath TeM
campiM AO ¢dyrakmuu kiretok [Viarengo et al., 1991; Jac, Monuk, 2004]. Bo3moskHo,
3TUM O00BsicHsIeTcs moBbImeHHe AQO aKTHBHOCTH B TEPHOJ HepecTa HEe TOIBKO B
TeHEPAaTUBHON, HO W B JPyrux TKaHsx MoyurrockoB [Wenning et al., 1988; Power,
Sheehan, 1996; Yenomun u ap., 1998; Dickinson, Forman, 2002]. Hapsiny ¢ ropMoHamu,
MOKa3aHO y4acTHe psiga OMOT€HHBIX aMHHOB B TOHAIOTeHe3e JABYCTBOpOK [Viarengo et
al., 1991]. VYcraHOoBieHO, YTO OHH OKa3bIBAIOT PErYIATOPHOE JEiCTBHE Ha
uatencuBHocTh [1OJI u cuctemy AO 3amuter [Viarengo et al., 1991]. Dto Taxxe MOXKeT
croco6cTBOBaTh pocTy akTHMBHOCTH AQO (epMEHTOB, BBIIBICHHOMY B NIEpHON HEpecTa
mosutrockoB [Wenning et al., 1988; Yemomun u ap., 1998; Niyogi et al., 2001; Dickinson,
Forman, 2002; Vidal et al., 2002; Gorinstein et al., 2003].

OnHUM U3 €CTECTBEHHBIX MIPOIIECCOB, BIUAIOUINX Ha aKTUBHOCTh AO (epMEHTOB
u mporeccel [10J1 y MmommtockoB, siBnsieTcst craperne. [lokazaHo, 94To Hanboree BEHICOKAM
ypoBHeM npoaykToB I1OJI B remaTomankpeace OTIMYAIOTCS MOJUTFOCKM CaMOW CTapIiei
Bo3pacTHoil rpynmnbl (cBbimie 10 set) [Viarengo et al., 1989]. B cpaBuenuu ¢ Gosee
MoIoAbIME ocobsimu (2-4 roma) pasmuumsi coctaBmid 120 %. Y cTapeix MOIDTIOCKOB
HaOmronanu 3HauntensHoe (Ha 30-40 %) cumwxenue ypoBHs GSH um a-Toxodepona B
TKaHsX.

HononxnuTtensHbIM noaTBepxkaeHueM ycunenus 11OJI npu ctapeHnn MOJUTIOCKOB
SIBHJTUCH PE3YJBTAThl BO3JCHCTBYS HA HUX aHOKCHH C TOCIENYIOIIeH pEeOKCHUTEHAIIHEH.
[Tokazano, 4To OBICTpOE BO30OHOBIICHHE MCXOIHO BBICOKOTO ypoBHs mpoayktos ITOJI
HaOJromaeTcss TOJNBKO y MHIUM camod crapmeid rpynnel. Copepkanne GSH u o-
TOKO(epolla B WX TKaHAX, HAPOTHB, XapaKTepU3yeTCs MUHHMAaIbHBIMH BETWYHMHAMU
[Viarengo et al., 1989]. Anagornyssle TEHACHIMN B U3MeHEHUH COCTOSHHA AO CHCTEMEI
u TTIOJI B mporiecce crapeHus mokasaHbl Takxke Ha mpumepe muauii (M. edulis) Bemoro
mops [Sukhotin et al., 2002] u pakoo6pasusix Gammarus locusta [Correia et al., 2003].
[Ipu crapeHMH MOJUTIOCKOB B TKaHAX TMPOMCXOJUT HAKOIUICHHE JUNO(yCIrHa,
oTpakaromero ycuienue npoueccoB [10J] Ha ¢oHe CHUKEHUSI aKTUBHOCTH KaTaias3bl U
CO/I, oTBeyaromux 3a yTHIU3aImio BeicoknX KoHmenTparmii COAP u H,O, [Vidal et al.,
2002a; [Hxazaspnu, HaBeimoB, 2006]. OTu pe3ymnbTaThl COMNIACYIOTCSI C JaHHBIMHU,
MOJYYeHHBIMHU JUTSt MJIEKOTIMTAIOIINX, u SIBIISTFOTCS MOJTBEPIKIACHUEM
cBOOOAHOpaUKaANbHON Teopun ctapeHus [Ckynaues, 2005]. Aktupanus CPO sBrnsercs
YHHUBEPCATBHBIM MEXaHHU3MOM IPOIECCOB CTAPEHHS, O YeM CBUJICTEIHCTBYET YCHIICHHE
ITOJI mpu crapeHun opraHW3MOB pa3HbIx TakcoHOB [Viarengo et al., 1991; Ckynaues,
2005]. Ponr AO cucrtembl 0OCyKJgaeTcs Kak OJHAa M3 KIHOYECBBIX B MEXaHU3MAX,
OMPEAEISIIONIAX MPOJODKUTEILHOCTh JKU3HH Yy JABycTBOpok Arctica islandica wu
Margaritifera margaritifera, »xuBymmx gecsatku u gaxe cotu jet [Ckynaues, 2005].

CymecTByeT psifi JPYyrUX €CTECTBEHHBIX NPOIECCOB B KIETKE, CIIOCOOHBIX
OKa3bIBaTh BIUSHHE Ha 00pa30BaHUEe CBOOOIHBIX pajuKanoB, uHTeHCUBHOCTH [10JI 1 AO
aktuBHOCTh. Hampumep, AD®K u A®DA (akTuBHBIE (OpPMBI a30Ta) YYacTBYIOT B
PETYISTOPHBIX U CHUTHAIBHBIX PEAKIMAX OpPTaHW3Ma — PETyISIHMU JIEHCTBUS TOPMOHOB,
(GEepMEHTOB W psifa OMOJIOTMYECKH aKTUBHBIX BemiecTB. Y MojunockoB ADK u ADA
MOTYT CIIYKUTh B Kau€CTBE BTOPWUYHBIX MOCPEIHHKOB, OOECIEUMBAIOUIMX PETYIALHUIO
JEHCTBUS TOPMOHOB TIyTeM MOJU(PHUKAUMU HX peuentopoB. OHH  SABISIOTCS
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aKTUBaTOpaMU MHOTUX (EPMEHTOB (IIPOTCMHKWHA3 W Jp.), OMOCPEAYIOT HMMYHHBIN
OTBET TEMOIIMTOB ABYCTBOPYATHIX MOJIIIOCKOB ITyTEM BO3JIEHCTBHS Ha WX PEIETOPHI
[Oxcenenko, 2005]. B Hu3kux koHmeHTparmusasx ADPK u pagukaimbsl JTUMHIOB CIIOCOOHBI
BIUATh HA JKCIPECCHIO TCHOB, JICJICHUE KJICTOK, & TaK)KE BBI3BIBATH CHCTEMHBIH OTBET
opraHM3Ma Ha JEHCTBHE (AKTOPOB BHYTPCHHEH WJIM BHEUIHEH Cpeibl — pa3BHUTHC
BOCTIAJIEHUS, IMMYHHBIX TPOIIECCOB, CHHTE3 OEJIKOB OCTpOil (ha3bl, amomnTo3, a TaKKe
PETYJIALMI0O U MOIU(PUKAIIMI MHOTHX JPYTMX KJICTOYHBIX (YHKIMI [MEHBIINKOBA,
3enkoB, 1993; Topaeera, JlaGac, 2003; Oxcenenko, 2005]. Yka3aHHbIC pEakIUH C
yaactueM ADK n ADA moryt mpuBoAWTh K 3amycky memHbix peakmuit [10JI, n kak
ciencteue, — aktuBanuu GpepMeHToB AO 3aITUTHI KJICTKH.

B HacrosimeM pasnene paccMOTPEHO BIMSHUE OKHCIUTEIBHOIO CTpecca
€CTECTBEHHOTO TPOUCXOXKIEHN Ha ocobeHHoctn AO KomIuiekca Mumuii. B kagecTse
MOJIEJIH BBIOPAHO COCTOSIHHE HEpPECTa MOJUTIOCKOB. McciemoBaHus BBITONHEHB HA ABYX

rpynmnax MUAWNA — 4epHOW W KopuuHeBoH Mopdax. CpaBauBamu ocobeHHoctn AQO
CHUCTEMBI TKaHEH MOJUTIOCKOB, HAaXOZSIIMXCS HAa PAa3HBIX CTaAUAX PENpPOIyKTHBHOI'O
mukiaa [@ureHko u ap., 1990]: -1l cragus (mpeasepectoBoe coctosirue) u |V craans
(aepecr).

2.3.2. NurencuBHOCcTh npoueccoB [1OJ] B TKaHAX MUAMM B YCIOBHSIX HEpECTa

Hepect BbI3BIBaNI CYIIECTBEHHBIH pOCT HMHTEHCHMBHOCTU mpoueccoB [IOJI B
renaronaHkpeace u xabpax wmumnii depHoi Mopdsl. Comepkanme TBK-akTmBHBIX
MPOAYKTOB MOBBIIAIOCH COOTBETCTBEHHO Ha 54,3 % (p<0,01) u 92,7 % (p<0,001) (Tabm.
2.3). B Hore 3amertHoro ysenuueHusi mnponykroB [IOJI He ormewanu. CTaTUCTHYECKU
3HaYUMBIX pa3nuuuil B ypoBHe TBK-akTHUBHBIX MPOAYKTOB B JAaHHOM OpraHe MeEXay
MIPEeTHEPECTOBON M HEPECTOBOM TPYIIIaMH MOJUTIOCKOB He oOHapyxuinu [ConmaToB u 1p.,
2008].

Tabmnuua 2.3
Conepxanne TBK-akTHBHBIX TPOAYKTOB B TKaHAX MUAMH YepHOW Mopdbsl B
IIPEAHEPECTOBBIM U HEPECTOBBIN EPHUOBI, MKMOJIb MJIA -mr'" Genka

-1l cTamuu 3penoctu roHan Hepecr (IV cTamus)
Txann
n X + SX n X + SX
I'EIT 18 883,14+59,0* 16 1361,2+157,9
Kabpwr 17 1446,3+£133,9** 16 2787,7+£310,8
Hora 16 648,9+134,1 18 584,2+97.8

[Ipumeuanue: pa3nuuus B OJHOTHUIHBIX TKAHAX [0 OTHOIICHUIO K TPYIIIe
HEPECTSIINXCS MOJUTIOCKOB TOCTOBEPHBL: * — mipu P<0,05; ** — p<0,01;
n — gucno ocobeii; ['EIl — renaTonankpeac

B otnmmume ot ocobeit uepHoit MopdsI, conepxanre TBK-akTHBHBIX TPOAYKTOB B
WCCIICIOBAHHBIX TKAHAX MHJIUH KOPUYHEBOH MOPQBI NPU W3MEHEHUHU CTAJUH 3PEIOCTH
TOHAJ CYIECTBEHHO He m3MeHsIoch (Tabm. 2.4) [ConmaroB u ap., 2008]. Pazmudms He
OBUIN CTATHCTUYECKH BBIPAXKEHBI.

CymectBeHHbIH pocT ypoBHs TBK-akTHBHBIX TpPOIYKTOB, OOHApYXEHHBIA B
rermaronaHkKpeace M )xadpax MWJIUH 4epHOro (peHOTHIa, CBUACTENLCTBYET 00 yCHUIICHUH
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MEPEeKUCHBIX TPOLECCOB W  OTPaKAeT CIBUT PABHOBECHS MPOOKCHUAAHTOB U
AQHTHOKCHUJIAHTOB B CTOPOHY pAa3BUTHS OKHCIUTEIBHOTO MOBPEXKICHUS TKaHed. Poct
naTeHcuBHOCTH [10JI MOXkeT OBITH 0OYCIIOBIIECH CIEIYIOIINMHI TPUIHHAMH.

Tabnuna 2.4
Copnepxanne TBK-akTHBHBIX TPOAYKTOB B TKaHAX MHIWNA KOpPHYHEBOW MOpP(EI B
MPEHEPECTOBBIA U HEPECTOBBIN NEPHUOABI, MKMOJIb MI[A‘MF-l Oernka

I1-11 cragum 3penocTu roHaz Hepect (IV cragus)
Tkanu n - n =
X+ SX X+ SX
I'EIl 14 1123,2+223,0 12 945,1+115,4
Kabpst 13 1412,2+234,2 12 1913,3+321,2
Hora 12 632,6+180,6 12 734,9+£206,5

[Mpumeuanwue: n — uucno ocobeii; I'EIl — renatonankpeac

Kak wu3BecTHO, (PHU3MOIOrO-OMOXUMHUYECKHE W3MEHEHHS, COMPOBOKIAIOIINE
HepecT MOJUTIOCKOB, OKa3bIBAIOT CYIIIECTBEHHOE BIMSHUE HE TOJBKO Ha COCTOSIHUE TOHA,
HO ¥ MHOTHE TKaHM OpPTaHHW3Ma MOJUTIOCKOB. B muTeparype HepecT XxapakTepu3yeTcs Kak
«TeHepaJn30BaHHAS HEPBHO-Pe(IIEKTOpHAs peaknusi, B KOTOPOH YYacTBYeT BeCh
opranusm» [Bapakcun, 1976; MotaBkun, Bapakcun, 1983]. Ctaaust BrIMETa IMOJIOBBIX
MPOAYKTOB COMPOBOXKIAETCSI HAYAJIOM PE30pOIMU TOHAJI, YTO MPUBOIUT K 00pa30BaHUIO
MHOTOUYHCIICHHBIX  TPOAYKTOB  pacmaja TKaHEBBIX W KIETOYHBIX  CTPYKTYP,
HEIOOKHCIICHHBIX COeAMHEeHU u aktuBHpyer nporeccel ITOJI [Viarengo et al., 1991;
Vidal et al., 2002a]. CaenoBarensro, ADPK, obOpasyromuecss B MpoIecce pe3opoIiuu
TOHaJ W Tmoctynarmomue B remonnMmdy, morim ycmmmBath CPO B remaronmankpeace u
)kabpax wmommockoB [CommatoB u ap., 2008]. DTo moATBepKIAlOT NaHHBIE O
criocoonoctn ADK npeononeBath MeMOpaHHbIe Oapbepbl. D(PPEeKTh TpaHCIOPTa Uepe3
KJIETOUYHBIE W BHYTPUKJICTOUHBIE MeMOpaHbl NyTeM An(Qy3ud WIH [0 aHUOHHBIM
KaHaJlaM W3BeCTHHI Jisi HamOonee ctabmipHbIX M3 ADK — H,0, u COAP [[yOununa,
[Myraneit, 1993].

Henp3s uckimouats u3 BHUMaHus U ycuiienue peakiuii [10J] B TkaHsx mMunnii B
pe3ynbTaTe aKTHBAallMM Katabomm3ma COOCTBEHHBIX TKAHEBBIX CTPYKTYp  JJIs
obecrieueHnst (OPMHUPYIOIIMXCS TOHAA IUIacTHYeckuM MarepuaioM. CopepikaHue
TITIUKOTEHa W CYMMapHBIX JIMIIMAOB B >kabpax W TemaTonaHkpeace CyIeCTBEHHO
MOBBIIIIAETCS K MOMEHTY 3aBEpIICHUs CO3PEBaHUS TaMET, a IOCJe BBIMETA IMOJIOBBIX
npoayKTOB pe3ko cHmkaercs [Wu et al., 2007]. CrenoBatensHo, TpancopMarms 3THX
COCJIMHEHW, CBs3aHHAas C WX JalbHEUIINM MOCTYIUIGHUEM B TEHEPATHBHYIO TKaHb,
MOJKET COTIPOBOXKIAThCs ycuineHneM nporeccoB [1OJI u mpuBOIUTH K POCTY COJlEep>KaHUS
TBK-akTHBHBIX TPOAYKTOB y ocoOeil uepHoit Mop¢sl [ConnaToB u ap., 2008].

YBennueHue coaepKaHus MOHOAMHUHOB B TE€HEPATHBHOW TKAaHHM K MOMEHTY
BBIMETa IOJIOBBIX IPOJYKTOB MOET NPUBOJIUTH K TIOBBIIICHUIO YyBCTBUTEIHHOCTH
TKaHe MOJUTIOCKA K (PU3MYECKUM M XHMHUYEeCKHUM (aKTopaM BHEUIHEeW cpenpl. DTo
OTMeYaeTcs He TOJIBKO B OTHOIIEHWH TOHAJ, HO M JPYIHX TKaHEH MUAWNA, B TOM YHCIIE
)kabp [MoraBkun, Bapakcun, 1983]. B uacTHOCTH, YCTaHOBJIGHO, 4YTO CEPOTOHHH
MU3MEHSIET TPOHUIAEMOCTh KIETOYHBIX MEMOpaH W MEXaHHW3Mbl BHYTPHKIETOYHOIO
Tpa"cnopta [Bapakcun, 1976; MoraBkun, Bapakcun, 1983]. Iloxg neiictBueM
CEpOTOHHMHA TMPOWCXOJUT YyCWICHUE (GWIHTPAIMOHHON aKTHMBHOCTH JBYCTBOPYATHIX
MOJUTFOCKOB U, KaK CJeICTBHE, WHTeHCHBHOCTH mnwmrTanus [[pskoHoBa, 2001]. Dto



48

I'maBa 2

MO3BOJIACT MPEANOJIOKUTh, YTO IMOA0OHOE BIHMSHHE MOHOAMHHOB CIIOCOOCTBOBAJIO
aktuBaruu [10J] u pa3BUTHIO OKHCIUTEIHHOTO CTpecca B Kadpax MUIUH YepHOH MOP(]BI
[Conmator u ap., 2008]. Ilpuumael oTcyTcTBHsS M3MeHeHHH ypoBHA TBK-akTHBHBIX
MPOJYKTOB B OPraHU3ME MUJINH KOPUIHEBOH MOP(BI OCTAIOTCS HEBBIICHCHHBIMHU.

2.3.3. Cocrosaue AO GhepMeHTHON CHCTEMbI TKAHEH MUJINU B YCIIOBUAX HEpecTa

Yepuas mopga. Peakuun I'C B renmaronankpeace Muanii yepHod MOp(hbl ObLTH
OTMEUYEHBbl TOJIKO CcO cTOpoHBbl [TI, aKTUBHOCTH KOTOpOH B COCTOSIHUM HepecTa
Bo3pocna B 1,75 pasa (p<0,001). Ee Bennunna coctaBuna 68,9+4,9 mxmonp GSSG-MuH
Lmr™ Genka (puc. 2.6). AkturocTh I'P 1 comepxanne GSH ocraBamich 6e3 H3MEHEHH
(puc. 2.6, puc. 2.7) [Conmaros u ap., 2008, I'octroxuna, 2008].
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Puc. 2.6. AxtuBrocth I'Tl u I'P B TRansx muanii uepHoi Mopds (1 — remaronankpeac, 2
— abpsl, 3 —Hora, A — lI-11l cramuu 3penoctu ronan, B — IV craaus 3penocTu roHam)
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Puc. 2.7. Conepxanne GSH B Tkansx muanii uepHoit Mmopdsl (1 — remaTonankpeac, 2 —
xabpsl, 3 —Hora, A — lI-1ll craguu 3penoctu ronax, B — IVcranus 3penoctu roHan)

AKTHBHOCTH KaTajas3bl B TeMaTOMaHKpeace B YCIOBUAX HEPECTa YBEIWYMIACH HA
45,5% (p<0,05), nocturnyB BenmuuHbl 1606,3£170,2 MKMOIB H,0, munt-Mr? Genka
(puc. 2.8). B akruBroctd COJl u mepoKcHIa3bl 3HAYUTEIbHBIX W3MCHEHHH B MEPHOJ
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HepecTa 0OHapyxeHo He Obuio (puc. 2.8, 2.9) [['octroxuHa u ap., 2005; Congaros u np.,
2008].
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Puc. 2.9. AKTUBHOCTP TIEPOKCHAA3BI B TKAHIX MUAMNA YepHOU Mopdsr (1 —
renaronaHkpeac, 2 — xa0psl, 3 — Hora, A — lI-11l ctamuu 3penoctu ronan, B — IV cragus

3peNOCTH TOHA)

Hepect He BbI3bIBaN CyIIECTBEHHBIX H3MeHeHMH B AQO KomImuekce xadp
mosuttocka. Copepkanne GSH, a Taxke BEIMYMHBI AKTUBHOCTH BCEX M3YYEHHBIX
(bepmeHTOB y 0cobeii 06enx rpymi Obun Onu3kumu (puc. 2.6-2.9).

B Hore, HampoTWB, 3apervCTPUPOBAHBI BBIPAKCHHBIE PEAKLUH CO CTOPOHBI
cuctembl COJl-xatanaza u mnepokcuaassl. YpoBeHb akTuBHOCTH COJl BBIpOoC 10
8634,1+1003,8 mxmons HAJIH-mun™-mr' Gemka. B CpaBHEHHH C MpeIHEPECTOBBIM
cocTosiHMEM pasnuaus coctaBmwin 1,45 pasza (p<0,05) (puc. 2.8). [ns xaramasel u
MEePOKCHIa3bl YBEIMYEHNE COCTaBUIIO cooTBeTcTBeHHO 1,7 m 1,8 pasa (p<0,001). Ilpu
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5TOM aOCOJIOTHBIC 3HAYEHWsA MOAaHHBIX IOKasareied pocturanu 186,0+23,8 MKMOIb
H,0, mun ™ mMrt Genka u 2,5+0,48 mxmons H,O, mun-Mr 6enka (puc. 2.8, 2.9)
[CommaToB m mp., 2008; I'ocTroxuna u ap., 2005].

N3 mnoxkazareneit ['C cymiecTBeHHbIE HW3MEHEHHS BBISBICHBI TOJBKO B
conepkanuu GSH, ypoBeHb KOTOpOTO B YCIOBUSX HepecTa yBenudmics Ha 76,4 %
(p<0,05) 1 mocturan 335,4+48,2 Mxr-r" Tkanu (puc. 2.7), Toraa Kak akTuBHOCTH ['TI 1
I'P ne uzmensnacey [CongaToB u ap., 2008].

Kopuunesas mopgha. AxtusHocts ['Tl B remaronankpeace ocoOeil KOPUUHEBOMA
MOp(EI, TaK ke KaKk M YEePHOM, B YCIIOBUSAX HepecTa yBennuuBaiack B 1,7 paza (p<0,001).
OnHOBpPEeMEHHO OTMeuanu M pocT akTuBHOCTH ['P — B 1,65 pasza (p<0,05) (puc. 2.10).
AOCOIOTHBIE 3HAYEHHUSI aKTUBHOCTH cocTaBuiu 1 ['TI — 55,5+4,2 mxmons GSSG-Mun
Lvr! Genka, a mis TP — 110,2+15,9 mxmons HAI®H mun™ Mr' Genka (puc. 2.10).
Yporernb GSH mipu 3TOM He TpeTepreBan CTATUCTUYECKU 3HAYMMBIX W3MEHEHUH (puC.
2.11) [ConpmatoB u nap., 2008]. Takoe coortHomenue mpoueccoB B ['C mo3Bossier
KOHCTaTHPOBaTh yckopeHnue obopora GSH B renmaromankpeace.
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Puc. 2.10. AxktuBHOCTh I'Tl 11 I'P B TKaHAX Mumuit kopuaHeBoit Mopdst (1 —
renaronaHkpeac, 2 — xa0psl, 3 — Hora, A — lI-11l ctamuu 3penoctu ronan, B — IV cragus

3peNOCTH TOHA)

B remartomankpeace HEpEeCTHUBIIUXCS MOJUTFOCKOB OTMEUEHO TaKXKE YBEITUUICHHE
aKTUBHOCTH Tiepokcuiasel B 1,5 paza (p<0,001), kotopas coctaBmna 10,141,25 Mxkmonb
HZOQ_‘MI/IH-l‘MF-l Oenka (puc. 2.12). Dra peakuus HE COBHagajga C JaHHBIMH,
MOJIYYCHHBIMU JJIS TemaTonaHKpeaca MOJUTIOCKOB C YepHOM PaKOBUHOM, T/Ie aKTUBHOCTh
MepOKCHUIa3bl B TeUeHHE Hepecta He m3Mmensuiach [CommaroB u ap., 2008; T'ocTioxuHa U
Ip., 2005].

B aktuBHoctn COJl u kaTama3sl B TemaTONAaHKpeace MUAMA KOPHUYHEBOTO
(eHOTHIIA, HAXOAIMIUXCS HA Pa3HBIX CTAIUAX PEMPOIYKTHBHOTO ITMKIA, JOCTOBEPHBIX
pasnuumii He Habmroxanu (puc. 2.13) [Connmatos u ap., 2008].

B TeueHwe Hepecta B kaOpaX MOJUIIOCKA OTMEYAJId CHH)KCHUE YPOBHS
THAPOTIEPEKUCEH, O YeM KOCBEHHO CBUJIETEIIHCTBOBAN POCT akTHBHOCTH I P, OoBBIIIIEHNE
conepkanuss GSH u moHmKeHHe aKTHBHOCTH Nepokcumasbl (puc. 2.10, 2.11, 2.12).
AKTHBHOCTh OCTaJbHBIX (epMEHTOB He wu3MeHsutach (puc. 2.10, 2.13). bnuskue
M3MEHEHUS TIPOUCXOIUIN U B HOT€ )KUBOTHBIX (puc. 2.10, 2.11).
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COBOKYIHOCTh ~ MPEJCTABICHHBIX PE3yJIbTaTOB  IO3BOJSET  CHENATh  PSIJT
00001IIeHIA.

e HauGoiblnyr0 OKUCIUTENBHYIO HarPpy3Ky B MEPHUO HEPECTa UCIBITHIBAIOT TKAHU
MUIMIA YEPHOU MOP(QBI, 0 YeM CBUACTENbCTBYET pocT THK-akTUBHBIX MPOIYKTOB
Y TIOBBIIIICHUE aKTUBHOCTH OOJIBLIIMHCTBA (hepMeHTOB AQ KOMILIEKCa.

o [IOBBINICHHYIO YyBCTBUTECIBHOCTh K COCTOSHUIO HepecTa y O0CHX IIBETOBBIX
Mopd TpOSBISUT TemaromaHkpeac. B HeM oTMedalics pOCT aKTHBHOCTU
(hepMeHTOB, conpshKeHHBIX ¢ pecypcoM GSH, a Takke karanassl (uepHas Mopda)
U TepokcHiasbl (KopuuHeBas Mopda). DTO KOCBEHHO CBHJIETCIILCTBYET O
TIOBBIIICHUN COZIepKaHus B JaHHOM oprane H,O, u Ipyrux ruapornepekuceii.

e Hepecr He ckaspiBajicss Ha coctossHUE AQO (epMEHTHOTO KOMIDIEKCa Kaop
muauii. Conepikanne GSH u aktuBHOCTH BceX AO (epMEHTOB COXPAHSIUCH Ha
MPEHEPECTOBOM YPOBHE.

2.3.4. BeposTHbIE yTH BIUSHUSA cOCTOsHUS HepecTa Ha AO (pepMEeHTHBIN KOMITIEKC
TKaHeW MUJIUN

BbIsIBICHHBI POCT aKTUBHOCTU CHCTEM YTWIIM3ALUHM MEPEKHUCHBIX COEAMHEHHMH
(I'C, mepokcupasbl, kKaTanasbl) OOYCIOBICH, BEPOSITHO, BO3POCIIMMH KOHIIEHTPAIUSIMHU
H,0, u ruagponepexuceil TUMHUIOB B TKaHSIX MOJUIIOCKOB. Cpeau NMPHUMH aKTHBALUU
YKa3aHHbIX KOMITIOHEHTOB AO CHCTEMBbI MOJKHO BBIICTUTD CICAYIOIIHUE.

O pocme axmuenocmu ITl. B mponecce rameToreHe3a y MUAHM IPOUCXOIUT
YCUJICHHE HEHPOCEKPETOPHON AaKTHMBHOCTH TaHIJHEB U OOWJIbHOE HAaKOIUICHHE
Helpocekpera B INIHANbHBIX KieTkax. K MOMEHTy BbIMeTa IOJNOBBIX HPOIYKTOB
HACTYyMaeT MOJHOE OCBOOOXKIECHHWE 3THX KIETOK OT HEHPOCEKPETOPHOTO MaTepuasia,
KOTOpBIA TIOCTyNaeT B TreMmolenb Moiuliocka [MotaBkuH, Bapakcun, 1983]. C
AKCOHANBHBIM TOKOM W TOKOM TeMONMM(BI IOJOBBIE TOPMOHBI  CIIOCOOHBI
TPaHCHOPTUPOBATHCS HE TOJIBKO B TOHAAbl, HO M B JAPYrH€ TKAaHH MOJUIIOCKA —
renaronaHkpeac, xabdpsr [Wenning et al., 1988; Kynunckuii, Konecunuenko, 1990a;
Yenomun u np., 1998; 3opos, 2005]. M3BecTHO aKTUBHpYIOILIEE BIMSHHE HEKOTOPBIX
MIOJIOBBIX TOPMOHOB, B 4YacTHOCTH 17-B-actpammona, Ha ['Tl m karamasy [Kymmuackwmit,
Konecanyenko, 1993], 49TOo CTaHOBUTCS OCOOCHHO BaKHBIM B COCTOSHUHM HepecTa
MoJuTrockoB. AktuBarus [Tl ropMoHamMu y HEpeCTHBIIHMXCS MOJIIIOCKOB TeM Oolee
BeposiTHa, uro [Tl — He KOHCTUTYTHBHBIA, a MHAYUMOebHbIH (pepmenT [KymmHCkmiA,
Konecuuuenxo, 1993; bauypun, 2001].

Heo0xomuMo OTMETHTh M pOJIb OMOTEHHBIX AMWHOB B YCWJIEHHH aKTHBHOCTH
¢depmentoB AO 3ammThel KieTkdu. [lokazaHo ydyacTHE KaTEXOJaMHUHOB, CEPOTOHHHA,
noaMuHa B perysiiMd TOHAJOTEHe3a JBYCTBOPYATHIX MOJUIIOCKOB [MoTaBKuH,
Bapakcun, 1983]. Haubomee BbICOKOE coaep)KaHHWE CEPOTOHWHA COBIAJAET C
MaKCHMaJIbHON HMHTEHCHUBHOCTBHIO TPOAYKIIMU HEWPOCEKpPeTa M COOTBETCTBYET CTaJAWUU
HepecTa MOJUTIOCKOB [Bapakcun, 1976; MotaBkun, Bapakcun, 1983]. MonoaMuHsbl, B
YaCTHOCTH CEPOTOHMH M €ro MPOM3BOAHBIE, CHOCOOHBI OKa3bIBaTh HEIOCPEACTBEHHOE
uHTHOUpYyIomee AeiictBue Ha mponaykTel [IOJI, a takxke axtuBupoBaTh cuctemy AO
3alIUTHl B YCJIOBUSX OKHCIUTEIBRHOTO CTpecca, B 9acTHOCTH Karamazy u ['1l [bauypum,
2001; Jlocsw, 2001].

Kak yxe ormedanoch, B NpOIECCE BBHIMETA MOJOBBIX MPOAYKTOB BBIAEIAETCS
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OTPOMHOE KOJIMYECTBO OPraHMYECKOTO BEHIECTBA, B TOM YHCIE M MPOAYKTOB pacrajaa
6enka [bpaiiko, 1979]. OmanM U3 IPOAYKTOB OEIKOBOTO KaTaboIM3Ma SIBIIETCS MOUYEBast
kucnora. [lokazaHo, YTO 3TO BEMIECTBO IPEACTABISIET COOOW OCHOBHOW CyOCTpar
MIEPOKCHCOM IE€YEHH, IJIe OHO pa3pyllacTcsi B yPaTOKCHIA3HON peakuuu ¢ 00pa3oBaHHEM
H,0, [JlykbsiHoBa 1 np., 1982]. Bonbinas yacTh 00pa3oBaBIIErocs MEPOKCHIA BOIOPO/Ia
YTWIM3UPYETCS. BHYTPU MEPOKCHCOM KaTajla3od, ¢ YeM BEPOATHO CBS3aHO BBIABICHHOE
MOBBINICHHE AKTMBHOCTH 3TOro ¢epmenta. Oanako yacte H,O, (11-42 %) moxer
IUQPYHAUPOBATH U3 EPOKCHCOM B LIUTOIJIa3My, TJie HHAKTUBUPYETCS peo0Iagaromei
tam [Tl [JlykestHOBa W np., 1982; MenbpmmkoBa, 3eHkoB, 1993; 3enkoB, MeHBIINKOBA,
1993].

[Ipouecc pe3opOuMHU HE MOXKET HE 3aTparuBaTh 1 MHOTOUUCICHHbIE MEMOpaHHBIE
CTPYKTYphl KJETOK, B pe3yJbTaTe pa3pylIeHHs KOTOPbIX MOrYyT OOpa30BBIBATHCS
TUIpONepeKUCHbIe Ipou3BoaHble JunuaoB. [Tl cnoco6Ha 3 deKTUBHO yTUIN3HPOBAThH
HEBBICOKHE KOHIICHTPAMH THIPOGUIBHBIX THAPONEPOKCHIOB C MalbIMH pa3Mepamu
Mouiekyn [bonmaps u mp., 1989]. 310 MO3BOISET MPEANMOIOKUTh, yTO akTuBanusa 11 B
rernaTonaHKpeace MOXeT ObITh 00yCJIOBJICHA YKa3aHHBIMH PEAKLUMSAMH, TaK KaK y4acTHe
3TOro (hepMeHTa B HEHTpaM3alMu BBHICOKMX KoOHIeHTpanui HyO, — MeHee BeposTHBIN
nporecc. YBENWYCHUE COJACP)KaHHs THAPOIEPOKCHIOB, BEPOSTHO, CIOCOOCTBOBAIO H
aKTUBALlMM NEepOKcHAa3bl, ydacTBytoumied Hapagy ¢ [Tl B o0e3BpexuBaHMM 3THX
coenunennii [Conmatos u jap., 2008; ['ocTioxuHa u ap., 2005].

HeoOxomuMo Ttakxke oTMeTUTH cnocodHocts [Tl k 3amure karamassl OT
OKHUCIJICHHUS B YCIIOBUSAX IOBBIIIEHHBIX OKUCIUTENHHBIX HAarpy30k [[yOoununa, [lyramei,
1993], duro TaKke MOTJIO TOCHY)XHTh TPUYNHOW TIOBBIMICHUS] AKTUBHOCTH OOOMX
(bepMeHTOB.

O pocme coodepoicanus GSH. Tlobiienue ypoBuss GSH, 3apeructpupoBanHoe B
TKaHd HOTM MOJUIFOCKOB, BEPOSITHO, ONPEACISIETCS caMOCTOATENbHEIM AQ nercTBHEM
nanHoro coemuneHus [Soldatov et al., 2007; ComnmatoB u map., 2008]. Kak wu3BecTHO,
Ouosoruueckue GyHKIMH MIyTaTHOHA Ype3BbIYaiiHo mmpoku. GSH criocobeH oka3piBaTh
npsMoe uHruoupymomee aeicrsue Ha H,O, [Kenus u ap., 1993] u psa apyrux onacHbIX
BinoB ADK — O,", OH= a TakkKe NepexBaThIBAET OpraHMdYecKue pajgukamsl ROO=
[Kocoep, Kocoep, 1979; Kymunckuit, Konecanuenko, 1990a; Kenus u ap., 1993].
CrnenmoBarenbHO, YUUThIBas MHUPOKUH auana3zoH ADK, 3amuTy OT KOTOPHIX CIIOCOOEH
obecrieunBath GSH, MOXXHO MPEATONOXKHUTh, YTO €r0 (YHKIIMOHUPOBAHWE B OpraHU3ME
MoJuTIOcKa nomonHseT padoty AO ¢epmenroB. CamoctostenbHas AO pons GSH
CTaHOBHUTCS TeM OoJiee 3HAYMMOW, €CJIM NPUHATH BO BHUMAaHUE XapaKTEpPHOE JUIs
MBIIIEYHON TkaHu Hebonbmoe konmndectBo ['T1 [JlykpsiHOBa U mp., 1982]. bonee Toro, B
JIUTEpaType OTMEYAETCs, YTO B YCJIOBUSX aKTHUBHOTO HapamuBaHus B kKietke ADK,
3alIUTHOE JICWCTBHE HU3KOMOJIEKYJSIPHBIX aHTHOKCHJIAHTOB, W B dacTHOCTH, GSH,
okasbiBaeTcs Oonee 3dpdekruBHbIM, yeM pabora AO depmeHTOB. DTO 00YCIOBICHO B
MIEPBYIO O4epeIb H30BITOYHOCTHIO U OTHOCUTENBHOU cBOOOMON Murpanmu GSH B kneTke
[Kenus u gp., 1993].

Poct aktuBHOCTM I'P, OueBMumHO, CcBs3aH ¢ mporeccamu pecunre3a GSH.
U3zBectHO, uTO npu ¢yHKunonupoBauuu I'C, B ornuume ot apyrux GSH-3aBucuMBIX
CHUCTEM, HE MPOUCXOAMT HEBOCCTaHOBUMBIX NoTeph GSH, Tak kak mepexom GSH B ero
mucynbbuaayro  opMy B gaHHBIX AQ peakmusXx HOCHT OOpaTHMBIA XapakTep.
KinroueBBIM MOMEHTOM B 3THX Hpoueccax siBisieTcs BoccTaHosineHne GSSG B GSH.
Karanu3 nanHo# peakiym u ocymectBisier ['P. DTOT ¢pepMeHT BBICOKO CIEIU(HUUEH K
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cBouM cyoctparam — GSSG u HAJI®H, nosToMy HakoIJICHHE B KICTKE OKHCICHHOMN
(GOpMBI TIyTaTHOHA BCETNia BBI3BIBACT €0 aKTHBHOE BOCCTAaHOBJIEHUE TOcpeacTBoM [P
[Kymuackwuit, Konecandenko, 1990a; Kymunckuit, Konecanaenko, 19906; Kenuns u ap.,
1993]. MeHHO 3TOT mpolecc, NO-BUANMOMY, M PEalu30BajIcad B pslie TKaHEW MUANH,
HaXOIAIINXCS B HEpecToBOM coctostuuu [Soldatov et al., 2007; Connmatos u ap., 2008].

O nosviuenuu axmugnocmu cucmemvt CO/{-kamanasza ¢ noee. Kak ymoMuHanoch
BBIIIIC, B HOT'¢ MUJIUH YepHOM MOP(BI B COCTOSIHUU HEPECTa YCTAHOBJICHO CYIIECTBCHHOS
MOBBIIIICHHE AKTUBHOCTH CHUCTEM HHU3KOTrO CpoiactBa k cyocrpary — COJl u karanassl,
(YHKIIMOHUPYIOMKUX BO B3auMocBs3u. Kak mokaszano B paznene 2.2, AO KOMITIEKC TKaHU
HOTM MHJIHA B OCHOBHOM OpHEHTHpOBaH Ha reHepaunro A®PK, ydacTByromux B
pEeryJIllud CHHTE3a KoJulareHa OWMCCYCHOro ammapara. BoO3MOXHO, TOBBIIICHHE
aktuBHocTH COJl u Karanaspl, BBIIBICHHOEC B HOTE, TAKXKE CBS3aHO C MPOIECCAMU
obpa3oBaHusi W paspyuieHus Hureil 6uccyca [Soldatov et al., 2007; ComngaroB u np.,
2008].

B wuccnemosanumsx na Mytilus edulis mokasana ce3oHHast TUHAMHKA Pa3BUTHS
OWCCYyCHBIX ~ HHUTEH,  OOYCJIOBJIICHHAS  THUAPOJAVMHAMHYCCKHMH  SIBICHHSAMH W
PETIPOyKTUBHBIM COCTOSIHMEM JKMBOTHBIX [Carrington, 2002]. MakcumanbHas cuia
MIPUKPCIIIICHUSA HUTEHN MIpUXOOAUTCA Ha TIMO3OAHIOK0 3MMY W PAHHIOKO BCECHY, UYTO
COOTBETCTBYET CE30HY IITOPMOB M MPEIIECTBYEeT MEPHOAY Havajga rameToreHesa. B
nepuo]; (HOPMHUPOBAHUS TIONOBBIX TPOJYKTOB Y MOJUTFOCKOB HAOIOMAETCS 3aMETHOE
CHIDKEHHE CHIIBI IPUKPETUICHUS K cyOCTpaTy, KOTOPOE TOCTUTAET MUHAMAIBHOTO YPOBHS
K MOMEHTY BbIMeTa rameT. MexaHH3M CE30HHOW JWHAMUKM TMPOYHOCTH Ouccyca,
NPE/JIOKCHHBIH ~ aBTOpaMH,  TPEINONIaracT  YMEHBIICHHE  DHEPreTHYECKHX U
IUIACTUYECKUX  TpaT, CBSI3aHHBIX C HMHTCHCUBHOW TNPOAYKIUEH Ouccyca, u
nepepacrpeiesicHUe 3TUX PECYpCOB Ha CO3pEBaHHE TOHaA. ODTOT <«IHEPreTHYSCKUH
KOMIIPOMHUCCY» TPOSIBIIACTCS B CHW)KEHUM YHCNA MPOAYIHPYEMBIX HHUTCH, yXYIIICHUH
PacCTSHKUMOCTHU BCJICJICTBHE M3MEHCHHS 3JIACTUYECKUX CBOMCTB KoJutareHa. Takol cIiBUT
B pachpeesicHUH 3HEPTUU COIMPOBOXKIACTCS YCHUJICHHBIM pa3pylICHHEM OHCCYCHBIX

BOJIOKOH, B WaCTHOCTH KOJUTareHa, BXosiiero B ero cocras [Carrington, 2002; Moeser,
Carrington, 2006]. Hanuume 3THX MPOLECCOB IMO3BOJISET MPEANOIOKUTh AKTHBHOE
yaactue COAP B peaknusax pa3pylIieHUs KOJUIareHa, Ha YTO YKa3bIBAIOT U UCCIIEIOBaHUS
npyrux aBropoB [®pumosud, 1979; Lemaire, Livingstone, 1993; lyoununa, Illyraneii,
1993]. CnenoBatenbHo, pocT ypoBHI COAP 00ycioBjieH, NPEANONoKUTEIBHO,
noBbllieHneM akTuBHOCTH COJl, WHHIMUPYIOMIEH TEeHepalmuio JTOro pajuKaia B
peaxIuu ¢ EPOKCHUIOM BOJIOPO/IA.

Urak, yBenuuenue aktuBHocTH CO/Jl B COCTOSIHMM HEpeCTa, MPEIIOI0KUTEIBHO,
MOXeT ObITh HampaBieHo Ha reHepaumto COAP kak ¢axTopa paspylieHus
KOJUTareHOBBIX HUTel Ouccyca [Soldatov et al., 2007; Connaros u ap., 2008]. B cBs3u ¢
3THM BO3HHMKAeT 3aKOHOMEPHBIN Bompoc: kak Ha ¢one reHepaiuu COAP mocpencTBom
CO/l 0OBSCHUTH POCT AKTUBHOCTH Karaja3bl MPH IOCTOSHHOM conepkanuu TBK-
aKTUBHBIX TPOIYKTOB. B KkauecTBe NpPUYMHBI, OOBSICHSIOIICH BBISBICHHBIC DPEaKIIHH,
MOXXHO pPacCcMaTpUBaTh OCOOCHHOCTH BIJIMSHHUS MEPOKCHIA BOJOPOJA HA MOJICKYJIbI
kosutarena. CoryiacHo JaHHBIM Jutepatypsl, H,O,, Hapsagy ¢ COAP, Takxe ydacTByeT B
peryisnuu Meradoin3Ma KoJulareHa. B psiie MOAenbHBIX SKCIEPUMEHTOB MOKa3aHO
uHruoupytoree neiicreue H,O, Ha cuHTe3 3Toro Oenmka [Ramp et al., 1987; Asada et
al.,1999]. 3To MO3BOIAET MPEIIIOIOKUTD, YTO B YCIIOBHUIX HEPECTa MEPOKCH] BOAOPOIa
CIocoOCTBOBAJI CHI)KEHHUIO CUHTE3a KOJIIareHa OMCCYCHBIX BOJIOKOH.
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Posie H,O, B MeTabonu3me KoiutareHa HE UCYCPIBIBACTCS TOJIBKO YKa3aHHBIMU
nporieccamu. M3BeCTHO, 4YTO B MPHUCYTCTBHHM Muenonepokcuaassl H,O, sBusercs
OCHOBHBIM HCTOYHHKOM OOpa30oBaHMs T'MIIOTaJOMIOB B PEAKIHUAX C rajiuaaMu [3eHKOB,
MensmukoBa, 1993]:

HzOg +X + H+ — HOX + HzO,
rac
X =CI,Br, I, SCN".

l'umoranonapl ke CIIOCOOHBI aKTUBUPOBATH (EepMEHT KoJutareHasy [3eHKOB,
MenbmukoBa, 1993], koTopas OCYIIECTBIISIET MAETpPafalldi0 KoJulareHa MU APYTHX
bubpmIApHEIX  OemkoB  coenmHHMTENbHOM TKanm [ComoBeeBa wm  ap., 2001].
CrnemoBaTenbHO, TMEPOKCHA BOAOPOJA CIIOCOOCH MPHBOAWTH K CHIDKCHHIO CHHTE3a
KOJJIar€éHa KaK HEeMOCPEICTBEHHO, TaK M OIOCPEIOBAHHO, YYaCTBYs B T€Hepaluu
TUIOTAJIOU/I0B, aKTUBUPYIOUINX KOJIJIareHasy.

Uctounnkamu renepammu H,O, B ycmosusix paborsl COJl, mHanmpaBneHHOH Ha
obpazoBanue COAP, a He ero qucMyTaluio, MOTYT OBITh MHOTOUYHCIICHHBIE ()epMEHTHBIE
cuctemsl kietku — HAZIH- u HAJI®H-3aBucuMble OKCHAOPEIYKTa3bl, TPaHCIIOPTHAs
[IeNb MUTOXOHIPUHN, OKCHIa3bl aMHUHOKHCIIOT, KCAHTHH- U aJbJACTHAOKCHAA3a U APYTUE
[/lykpstHOBa M Ap., 1982]. Kpome Toro, B MeHee BbICOKHX KoHIeHTpamusx H,O, Bcerma
oOpa3syercss B peakiuu crioHTanHod mucmytarnu COAP, mporekaromieii 6e3 ydacTus
COJ [OcumnoB ap., 1990; 3enkoB, MenbmukoBa, 1993].

[loBrimenne B KieTke KoHIeHTpanuu H,O, 3akOHOMEpPHO TPHUBOTUT K
YBEITUYEHUIO AKTUBHOCTH KaTajas3bl, CHENU(UUSCKH HHAKTHUBHPYIOUICH NAHHBIA BUJ
AODK, a Takke MepoKCUa3bl, YIaCTBYIOLICH HapsAy C KaTana3oi B ero 00e3BpeKHUBAHUH.
Poct akTMBHOCTH TmepOKCHIA3bl MOXET OBITh BBI3BAaH TakXKe W HAapacTaHUEM
KOHIeHTparuu ruapornepekucHpix coenuHennii (ROOH) B kinerkax Horum m paboToit
¢depmenta mo ux yrunmsanun. OOpazoBaHue ykazaHHbIX MpoaykToB [1OJI moxer
IPOUCXOAUTh PA3IHUYHBIMU MyTSAMM, B TOM YHCIIe M HHHUIMUPOBATHCA OTpbiBoM H' OT
MOJIEKYJT OpraHHYecKux cyberparos ¢ yuactuem COAP, OH', 'O, u apyrux tumnos A®K
[Bragumupos, Apuakos, 1982; Ocumos, 1990; MenbmukoBa, 3eHK0B,1993].

BeposithHo, Ha (one nHampasienHou redepaiuun COAP u H,O, B coctosHuu
HEpecTa MOJUTFOCKOB AaKTHBANMs 3al[UTHOTO TMOTEHIHAa KIETOK HOTH SBISETCS
JIOCTaTOYHOW JIISl  «TalllCHHWs» IOBBIIICHHBIX KOHIeHTparmii A®K. 006 »stoMm
CBUJIETENLCTBYET MOCTOSAHHBINA ypoBeHb T BK-akTHBHBIX TPOAYKTOB.

AO xomnnexc acabp. Bo Bpems HepecTa B jkabpax MuAMN 4epHOH MOpP(EI
peakiuii co cTopoHbl AQO KOMIUIEKCa MOJUTIOCKOB He HaOII0Aanoch, HECMOTps Ha
3HaunTenbHbINA pocT THK-akTHBHBIX MPOIyKTOB B 1aHHOM oprane. AO KomIuiekc xalp B
ecTecTBEeHHBIX ycioBusix oburanus mumuu M. galloprovincialis [Soldatov et al., 2007]
okazajcsi HanmMmeHee S((EKTHBHBIM CpEIN HCCIEAOBAaHHBIX TKaHEH MOIUIFOCKA, YTO
MOJTBEPIKIAIOT HCCIIEOBaHus U apyrux aBropos [Cossu et al., 1997; Doyotte et al.,
1997; Cossu et al., 2000; JIykesrosa, 2006; Soldatov et al., 2007]. Bo3moxkHO, uTo B
ycoBusix Hepecta AQO xommiekc kabp sBhsieTcss Hauwbollee  YSA3BUMBIM K
OKHCTTUTEIIBHOMY NeicTBHIO poaykToB ITOJI.

OTcyTcTBUE 3alUTHBIX peakiuii ¢gepmeHToB AQO KoMIDIekca xalp, ITo-
BUAMMOMY, OOYCJIOBJIEHO BBICOKOM WHAKTHBHpYIOIIEH crmocoOHocThio psga ADK mo
OTHOIIEHMIO K KoMmmoHeHTaM AQO cucTeMbl 3TOro opraHa. B gacTHOCTH, MOKa3aHO
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MHrHOUpYyloee JaeiicTBue creayromux paaukanoB [dyOununa, [Hyrameit, 1993;
MenbpmukoBa, 3eHKOB, 1993]:

e COAP - na aktuBHOCTB KaTaja3bl u ['T];

e H,0;, —B orHomeHuu katana3el U COJI;

® THIPOKCHJIBHOTO pamukana — Ha akTuBHOCTH [ T1 m CO/J;

e [iepeKucei JUNua0B — 1o oTHomeHuto K I'T1.

WzBectHa Bhicokas wyBcTBUTeNbHOCTH KaTanmasbl, COJl u I'll x mpomykTam peakuwi,
KOTOpBIC OHU KOHTpoympytoT [[AyOununa, [lyraneit, 1993]. YuuteiBas cocoOHOCTh K
CBOOOJHOMY B3aMMHOMY TIpEBpallleHnI0 Hanbosee arpeccuBHbIX hopm ADPK (H,0, O,
u OH’) B yclnoBusix OKUCIUTENBHOTO cTpecca [[lyoununa, [llyraneii, 1993; Menbinkosa,
3enkos, 1993; 3opos u 1p., 2005], MO)XKHO TONYCTUTH, YTO PE3YIBTATOM UX COBMECTHOTO
BO3/ICHCTBHS SIBIACTCS HApyIICHHE CTPYKTYpBl yKa3aHHBIX (epmeHTOB. Poct ypoBHs
AOK B KIeTKe HEpemKo BedeT K CTPYKTYPHO-QYHKIHOHAIBHBIM H3MEHEHHSIM
¢depmentoB AO 3amuTs! [Branumupos, Apyakos, 1982; Ocunos u 1p., 1990; JlyounuHa,
lyraneii, 1993; 3enkoB, MensimmkoBa, 1993; 3opoB u ap., 2005]. Kak npasuio, 310
CBSI3aHO C HAapyLICHHWSMH B OOJIACTM aKTHBHOIO IEHTpa. Takue MOIU(QHULUpPOBAHHBIC
OenKoBbIE MOJICKYJIBI SIBIISIIOTCS Oojiee YyBCTBUTEIBHBIMH K mporteonusy [[lyOununa,
[Myraneit, 1993]. Ilpu ycunenun uHTeHCHUBHOCTH mpoueccoB [IOJI oxuciaurensHbIE
W3MEHEHUS] MOTYT SIBUTHCS NPUUMHON majeHuss AO TOTeHIraia, a BO3MOXKHO U rubenn
kinetok [@pumosud, 1979; Coxomosckuit, 1984; OcumoB u ap., 1990; JlyOwnwuHa,
Hlyranei, 1993; Livingstone, 2001].

Mescmopghnvie omauuus. Peakumm AO KoMIUIeKCca MU YEPHOTO M KOPUIHEBOTO
(eHoTHNA Ha COCTOSHIE HEPeCcTa UMENHU P MIPUHLIUIIMAIBHBIX OTINYHUIL.

e Momnrockd uepHOW MOpdBl B COCTOSHHM HEpPECTa XapaKTepHU30BaJIHCh
CYLUICCTBEHHbIM  NOBbIICHWEM ypoBHA TBK-akTHBHBIX  NPOAYKTOB B
remnaTonaHkpeace U jkabpax, a Takke MmoBblmieHHe akTUBHOCTH AO (epMeHTOB,
KaK BBICOKOTO, TAK M HU3KOTO CPOACTBA K CyOCTpaTy, B CPaBHEHUHU C OCOOSIMHU,
HaxXOISIIMMUCS B MPEIHEPECTOBOM COCTOSIHUM. JTO YKa3bIBa€T HAa Pa3BUTHE B
OpraHu3Me MUIUI COCTOSHUS OKUCIUTEIHHOTO CTpecca.

e VYV Muauii KOPUYHEBOTO ()EHOTHUIIA, HAIPOTHUB, HEPECT HE MHAYIIMPOBAI IIPOIECCHI
ITOJI. TIpu sTOoM HabIIONAIOCH yBENHUYEHHE AKTHBHOCTH TOJBKO ()EPMEHTOB
BBICOKOTO cpojicTBa k cyoctpaty (I'TL, ['P).

[TpuuuHBI BBISBIEHHBIX pa3nuduii B cocToIHUU AO KOMITJIeKca TKaHel U ypoBHE
I[MOJI y MOJMTIOCKOB pasHBIX IBETOBBIX MOpP(, MO-BHIUMOMY, CIEIyeT HCKaTh B
0COOEHHOCTSX UX 3KOJIOTHH.

B mpupoAHBIX YCIOBHUSIX MOJUTIOCKH 3TUX (DEHOTHIIOB MPUYPOUECHBI K PA3IMYHBIM
skorornaM. Ocobu YepHOH MOP(QBI HACENSIOT MPEUMYIIECTBEHHO TBEp/AbIE CyOCTpaThl B
npruOOHON 30He MOpckHX akBaTopuid. [locnenHue XapakTepus3yrOTCS HHTECHCHBHBIM
BOJIOOOMEHOM H, Kak CJEJCTBHE, BHICOKMM COJEpKaHHEM KHCJIOpOJa B BOJE, a TaKkKe
3HAYUTENLHBIM YPOBHEM MEXaHWYECKOW Harpy3Ku Ha OMCCYCHBIH ammapar MOJUTIOCKOB.
Oco0u ¢ KOpPUYHEBOW PAKOBMHOM HACENSAIOT B OCHOBHOM JOHHBIC OWMOTOIBI, TJIE
WHTEHCHBHOCTh BOJOOOMEHA IO CPaBHEHHIO C MPUOOMHON 30HON cHIKeHa [MBaHOB u
ap., 1989; 3amka m gp., 1990]. OHM ycTymaroT 4YepHBIM MUAMSIM IO CKOpPOCTH
00pa3oBaHus ¥ MPOYHOCTH OMCCYCHBIX HUTEH [BaHOB 1 ap., 1989].

Pasnuunda B peaknusax AO kxommuiekca u ypoHe [1OJI B TKaHAX MUAMN ABYX
(eHOTHIIOB, B IEPHOA HEPECTa, MOKHO OOBSICHUTH CIEAYIOMIMMHU IPHYUHAMH.
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e B cocrosHum Hepecta y MHIUK uepHOW MOpPQBI JOKHA TMPOUCXOIUTH
3HAYMTENbHAsE MHTEHCU(HUKALUS MPOLECCOB SHEPIeTHUECKOr0 OOMEHa C y4eToOM
0coOeHHOCTeH X oOuTaHus (adpupyemble ciou Bojwl) [bpaiiko, [epemkeBud,
1978; bpaiiko, 1979; Tamoxwussa, 1989]. D10 00ycioBieHO HEOOXOTUMOCTHIO
JIOTIOJTHUTENBHBIX SHEPreTHYECKUX 3aTpaT Ha pPa3BUTHE T'€HEPAaTHBHOW TKaHH,
KOTOpasi 1o Mepe co3peBaHMs MOXKeT cocTaBiATh oT 20 mo 60 % maccel Tena
[Bpatiiko, [Jepemxesuy, 1978]. 3BecTHO, 9TO 32 OAMH HEPECT MUINN PACXOIAYIOT
11-29 % WuCXOAHOTO JOHEPECTOBOTO JHEPreTHYECKOTO OJKBHBAJCHTA Tena
[©@unenko u ap., 1990].

e B mnepuox Hepecta OHOreHHBIE aMHUHBI, B YAaCTHOCTH CEPOTOHHMH, MOTYT
MOBBIIATh YYBCTBUTEIBHOCTh Xa0p K (akropam BHemHed cpeabl. MoxHO
JOIIyCTUTh, YTO PA3JIMYUs B COAEPKAHMU KHUCIOpPOJAa B Cpele ONPEACIUIH
pasHblil ypoBeHb npoueccoB CPO B TKaHAX MHAMHA YepHOH M KOPHYHEBOI MOpd:
0osiee BBICOKYI0 MHTEHCHBHOCTb OKHCJIUTENIBHBIX PEAKIMH B TKAHIX CKaJOBBIX
muanii (depHast Mopda) u, Ha000pOT, OoJiee HU3KYIO — Y HMIIOBBIX MOJITIOCKOB
(xopuuHeBast Mopda). ITo, B CBOIO 0Uepe/ib, ONPEACINIO PA3IINUUS B XapaKTepe
OTBETHBIX peakunit AO KOMITIeKca MOJITIOCKOB CPaBHUBAEMBIX TPYIIIL.

e MeTabonu3M TIMKOTEHa MOXET CTaTh MPUYMHON yBenmndenus ckopoctu CPO B
TkaHsax. CopepkaHue HTOro MeraboiuTa TECHO CBS3aHO C MEpUOJaMH
PETPOAYKTUBHOTO IIMKJIA MOJUTIOCKOB, & TaKKe C YCIOBUAMH WX OOWTaHHS, B
YaCTHOCTH C KHUCJIOPOIHBIM DPEXUMOM MOpCKHX Boja [['opomocosa, Iamupo;
1984, MBanosuy, 2005]. KoaudecTBO TNIMKOTeHA B TKAHAX MUOUH CKAIBHBIX
¢opM (uepHast Mopda) CYIIECTBEHHO BHIIIE, YeM Yy OOHMTAIONMUX B MPUAOHHBIX
cnosix Boabl (kopuuHeBas Mopda) [MBanoBuu, 2005]. DTUM Takke, OTYACTH,
MOJKHO OOBACHUTH paznuuus B coctossHud AO komruiekca u yposHe I1OJI Ha
MEXMOP(QHOM YPOBHE.

JIBycTBOpUaThble MOJUTIOCKH SIBISIIOTCSL  (aKyJIbTaTUBHBIMH aHa’poOamMH U
CIOCOOHBI BBKHBATH MPH HU3KUX KOHIICHTPAIMIX KUCIOPO/a, Iepexo/is Ha aHa3pOOHBIH
obmen [['opomocona, [llamupo, 1984; MeanoB u ap., 1989]. IlokazaHo, uto mumuu M.
edulis, akkuMEpOBaHHBIE K HHU3KOMY HalpshHKEHHIO Kuciopoaa B cpeae (40-80 mm pr.
CT.) ¥ TIOMEIIEHHbIE 3aTeM B THIOKcHYeckue yciaoBus (20 MM pT. CT.), OOHApYKHUITU
M0CJI€ PEOKCUIEHALMN TOHWXEHHYIO CIHOCOOHOCTh K MOIVIOIIEHHIO KHCIOPOAa
[AyOoununa, Hlyraneit, 1993]. DTu pe3ynbTaTbl MO3BOJSIOT IPEANONIOXKUTh, YTO
nporecchl [1OJI B TkaHSX MOJUTIOCKOB JOHHOH (POPMBI TOJDKHBI MPOTEKATh C MEHBIIEH
WHTEHCUBHOCTBIO, YEM Y CKAJIOBOW TPYTIIIBI.

Ha xapaktep 3amuTHbIX peakuuid AQO KOMIUIEKca TKaHM HOTH, BEPOSTHO,
pelaroiiee BIHMSIHAE OKa3zald MEKMOP(HBIE pa3Iuuus B KOJMYECTBE U KAdeCTBE
ouccycHpix Huted. W3BectHo, uro COAP u mepokcua BOJOpojaa HEMOCPEICTBEHHO
NPUHUMAIOT YyYacTHe B MeETa0OJM3ME KOJUIAr€HOBBIX BOJIOKOH Ouccyca [®puagoBud,
1979; Ramp et al., 1987; Lemaire, Livingstone, 1993; lyoununa, Hlyranei, 1993; Asada
et al., 1999]. AxtuBarus AO KOMIUIEKCa B HOT€ YePHBIX 0COOeil B Meproj HepecTa, mo-
BUAMMOMY, CBs3aHa C IIepepaclpelesieHNeM IUIACTUYECKUX PEecypcoB OpraHm3Ma B
MOJIb3y TCHEPATUBHOM TKaHU. DTO CIOCOOCTBYET pa3pyIICHHIO OHCCYCHBIX HUTEH M
axtusmsupyer CPO B mamHoMm oprane [Soldatov et al., 2007; Commaros u mp., 2008].
Oco0u xe KOpUYHEBOH MOpQBI, B OTIMYHE OT YEepPHOW, OOMTas Ha PHIXJIBIX T'PyHTaX,
UMeroT OoJiee caalblii OMCCYCHBIN anmapar, YTO M HalLIO OTPaKeHHE B HE3HAUNUTENbHBIX
M3MEHEHUSIX B cOCTOSTHUM AO CHCTeMBI TKAaHW HOTH 3THX 0COOEH B yCIIOBUAX HEpecTa.
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Kak u3BecTHO, 0lHAa M3 OCHOBHBIX POJIEH B CO3JAHUU OKUCIUTEIBHBIX yCIOBUH
MOPCKOH Cpeapl IPUHAIIEKHAT TIepoKCcuay Bomopoaa. Ilpennoceutkoil mist oOpasoBaHus
H,0, B MOpcKo#i Boie CITY>KUT HaJIMYHE MPOTOHOB BOAOPOa M Kuciopoaa [CKypiiaToB 1
np., 1984]. M3meHeHnue pemnoKc-COCTOSHHUSI MOPCKOM Cpedbl MPOUCXOIUT B IpoIliecce
HOpMaslbHO#  sku3HenestenbHocTH  Mytilus — galloprovincialis  [Tamoxnsist, 1989].
HauOonbiee moguduuupymomee BIMIHAE HA MUKPOYCIIOBHS CBOEro OOMTaHUS MUAWU
OKa3bpIBalOT B nepuon Hepecta [bpaiiko, 1979]. Ilo Mepe akTHBaluu penpoOmyKTUBHBIX
MPOILIECCOB Y MOJUTFOCKOB BO3pacTaeT MHTEHCUBHOCTH MOTpeOieH s kKuciopoa [bpaiiko,
1979; Tamoxnstsa, 1989; dunenko u np., 1990]. Comepxanne H,O, B MOpckoit Boae B
3TOT MEPUOJ CHMKAETCS BIUIOTH A0 MOJNHOW yTwinzaiuu. Iloka3aHo, 4To mepokcun
BO/IOPOJA, MOCTYMNAIOIIMNA B OPraHW3M MOJUTIOCKOB M3 MOPCKOH cpezapl, OKa3bIBaeT
mpsiMoe JieiicTBre Ha MHAYKIWIO HepecTa. Pors H,0, 3aximrouaeTcst B HEMOCPEICTBEHHOM
YYaCTHH JAHHOTO COCAMHEHHS B CHHTE3€ IPOCTarjaHIWHOB IOCPEICTBOM AaKTHBALMH
nukiaookcurenassl [Morse et al., 1976]. IlpuHumas BO BHHMaHUE pa3IU4Hsi B
COJIEp)KaHUHU KHCIIOpOJia B BOJE Pa3HBIX 3KOTOIMOB, HEOOXOAMMOIO JJs 0Opa3oBaHHs
H;0;,, MOXHO MNpEeaNoNOoXUTh, YTO 3TO COCOUHEHHE ONpenessaao Oojiee BBICOKYIO
HHTEHCUBHOCTD TiporieccoB I[TOJI umenHo B TKaHsIX ocobeit ueproro ¢henoruma [Soldatov
et al., 2007].

Takum o0pa3om, COCTOsSHHE HepecTa oka3ayso HauOounblnee BiusHue Ha AQO
CTaTyC TKaHeW MHUIUI YepHO MOpdBI, MHAYIHPYS B HUX nporecchl [IOJI. OT1o orpaxkaer
yBenuueHne conepkanus TBK-akTHBHBIX TpPOAYKTOB B ka0Opax, remaromaHkpeace H
noBbIieHne akTUBHOCTH AO (hepMeHTHBIX cucTeM Kak Hu3koro (karanaza, COJl), Tak u
Beicokoro (I'P, I'Tl, mepokcmmasa) cpoactBa k cyocTpary. Y MOJITIOCKOB C KOPUYHEBOH
OKpacKol PaKOBHHBI COCTOSIHHME HEpecTa He MPHUBOAMIO K Pa3BUTHIO OKUCIHUTEIHHOTO
ctpecca. OO0 53TOM CBUAETENHCTBOBAIO HeW3MeHHOoe cojepkanue THBK-akTuBHBIX
MpOoAyKTOB B TKaHsx. Helitpammsamus CPO obecreunBaniach NPEUMYIIECTBEHHO Ha
ypoBae I'C. OTmeueHHblE pa3iInyusi, MO-BUAMMOMY, ONPEACISIOTCS OCOOCHHOCTSIMU
9KOTOIMOB, K KOTOPBIM TPHUYPOUEHO OOWUTAHHWE MOJLIFOCKOB C KOPHUYHEBOH M UEpHOU
OKPAaCKOW PaKOBHHBI.

2.4. Cucrtema AO 3awWmTbl TKAHEW MUAUN B YCJI0BUAX
3KCNEepUMMEeHTaJ/IbHON OKMCIIUTENIbHOW Harpy3Ku

IIpencraBieHHble HWXE HCCIEAOBAHMS BBIIOJHEHBI C LENBIO0 MOCIEAYIOIIEro
comocTaBieHUus] ¥ JTuQdepeHnupoBannss IPPEKTOB  OKHCIUTENBHBIX  HArpy30K
€CTeCTBEHHOTO (pa3naen 2.3) U NCKYCCTBEHHOTO MTPOUCXOKICHUSI.

CymectByer obmmupHast nHpopMmanys o BaussHAM Ha AO KOMIUIEKC M YpPOBEHb
npoaykToB [IOJI B TKaHSIX MOJUIIOCKOB KCEHOOMOTHKOB Ppa3jIMYHON XHMHUYECKOH
TMpUPOABL: TsHKeIsIx MeTamtoB [Livingstone et al., 1992; Yenomun u ap., 1998; Regoli,
1998; Canesi et al., 1999; Da Ros et al., 2000; Khessiba et al., 2001; Romeo et al., 2003],
oprannveckux kucior [Gravato et al., 2005], HedTAHBIX yrIeBOJOPOIOB, MECTUIMIOB
[Wenning, Di Giulio, 19886; Viarengo et al., 1989; Di Giulio et al., 1989; Da Ros et al.,
1995; Sole et al., 1996; Stein et al., 1998; Suteau et al., 1998] u mp.

Cpenu HOJUTIOTAHTOB, MPHUCYTCTBYIOIIMX B MOPCKOW CpeIe, MOXKHO BBIIEIHUTH
JIBE€ OCHOBHBIE TPYIIIHI BEIIECTB:

®  TIPOSBISIONINE TOKCHYECKOE AEHCTBHE N0 MEPE HAKOIUIEHHUS B OPraHU3ME;
e  OKa3bIBAIOIINE HETIOCPEACTBEHHBIN MOBpex a0l 3hdexr.
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K mocnenneii rpymie 0THOCSTCS JeTepreHThl. [[oMHUMO BBICOKOM CKOPOCTH TOKCUYECKOTO
JeHCTBUSL OHU TephOopUpyIOT OnoMeMOpaHbl W WHHUIMHPYIOT B HUX mporeccsl [10J]
[JIeBOBa, 1999; Bemyrenko u ap., 2003; Ying, 2006]. V3y4eHu0 TOKCHYIECKOTO BIUSHHUS
3TUX COCAUHCHUN U MOCBSIICH HACTOSIIUN Pa3/Iei.

2.4.1. Toxcnueckue u omoyorndeckue 3hHeKTh AeTEPTeHTOB Ha OHOOOBEKTHI

JleTepreHTsl MOHMKAIOT MOBEPXHOCTHOE HATSKEHHE BOJABI U BXOJAT B COCTaB
MOIOIIMX CPEICTB, MIUPOKO MPUMEHSEMBbIX B OBITY M mpoMblnuieHHOCTH. [IpucyrcrBue
CHHTETHYECKHX IOBEPXHOCTHO-aKTUBHBIX BemecTB (IIAB) B cTouHBIX Bomax CBSI3aHO C
WCIIOJIb30BaHUEM HX IPU CHUHTE3€ MOJUMEPOB, PA3JEICHUU MPOTYKTOB XUMHYECKHX
TEXHOJIOTHH, (IOTAIMOHHOM oOorameHuu pyxa, 6oppde ¢ Kopposuelt o0opyaoBaHHA,
OypeHnu He(TSHBIX M ra30BBIX CKBaXuH M T.1. [[lapmmkosa, Herpyrkwuii, 1988; Madsen
et al., 2001; Aiznaituep, 2006].

Cmpyxmypa I[IAB u mexanuzmul ux moxcuueckux s3¢pgexmos. B 3aBucumocta ot
CTPYKTYphl MOJIEKYJ1 W TIOBEACHHUS MX B pPAacTBOpPax BBIACISIOT AHHOHOAKTHBHBIC,
KaTHOHOAKTUBHBIE, aMporepHbie u HeuoHoreHHeie [IAB [[lapmukoBa, Herpyuxwid,
1988; Madsen et al., 2001].

BozneiictBue IIAB Ha 3KUBble OpraHu3Mbl CBSI3aHO C HMX XUMHYECKOU
CTPYKTypoii. MOoIeKyNnbl AETepreHTOB COCTOAT w3 THAPOohOoOHOH (HEmoIsApHOH) U
ruapoQuIbHON (ToApHOM) Tpynmbl. HemonsipHas 4acTh MMeeT amu@aThvecKyro WiIn
annpaTHIeCKH-apOMaTHUECKYI0 Ipupoay. B rumpodmibHyt0 9acTb MONEKYJIBl MOTYT
BXOAWUTH pa3In4Hble (YHKIHOHAJIbHbIE TIPYNIBl — CHUPTOBBIC, aMUHHbBIC, UMHUHHBIE,
kapOokcunbuble  [[lapmmkoBa, Herpyukuii, 1988]. Ot o3Tux rpynm  3aBUCHT
MOBEpXHOCTHAasl ~ aKTMBHOCTb  JeTepreHToB. B coctaBe  katuoHHeix [IAB
(YHKIIMOHANBHYIO aKTUBHOCTh omperenseT MakpokatuoH [[lapmmkoBa, Herpymkui,
1988; Benyrenko u ap., 2003]. Y Terpameumnrpumerunammonuii 6pomuna (TATMA),
MIPUMEHAEMOTO B HacToALIeH pabore, UM SABIISIETCS KaTHOH
terpagenmnitpuMmeTriiammonns [Madsen et al., 2001; Beayrenko u ap., 2003], KoTOpbIii
BCTYHaeT BO B3aUMOJCHCTBHE C YIVICBOOHBIMM y4YacTKaMH Ha IOBEPXHOCTH
TIIMKOKaJINKca KineTku. [lomucaxapuipl IIIMKOIUIINIOB U TIHKOIPOTENHOB TITMKOKATUKCA
YaCcTO OKaHYMBAIOTCA OCTATKAMM CHAJIOBOH KHCJIOTHI. VIMEHHO OHM COOOMIAIOT Beeil
Hapy>KHOH MOBEPXHOCTH KIIETKH OOIUil OTpuUIaTeNnbHbIN 3apsn [Anbdeprc u ap., 1986;
Yennos, 1995]. Drto 00yclOBIMBAET BBICOKYIO pPEAKTHBHOCTh W  TOBBIIICHHBIC
aZre3uBHBIE CBOMCTBA KAaTHOHHBIX JIETEPIreHTOB TMPH HX B3aMMOAEWCTBUU C
OnomeMOpaHaMy. YKa3aHHbIE OCOOCHHOCTH CIOCOOCTBYIOT ycuienuto peakuuii CPO u
PasBUTHIO TOKCHYECKUX 3((HEKTOB B KJIETKE, UTO BIMAET Ha cocTosHue AO KOMIUIEKca
THPOOHMOHTOB, B TOM YHCIIe B MOJUTIOCKOB [ Ying, 2006].

I'pynna KaTHOHHBIX JAETEPreHTOB XapaKTepH3yeTcs Haubojee BBICOKOH
TOKCHYHOCTBIO ISWCTBUSI IO CPAaBHEHHIO C aHHOHHBIMU M HEMOHOTeHHBIMU [Vincenzini et
al., 1985; Bindu, Babu, 2001; Bindu et al., 2005; Ying, 2006]. Katnouusie ITAB moryt
00pa3oBBIBaTh  YIJICBOAOPOJHBIE  paJWKaNbl, y4acTBys, TakuM oOpa3oMm, B
OKHCIUTENBHOM MeTabonm3me kietku [[lapmmkoBa, Herpynkuii, 1988]. I[loatomy oHM
NPEJICTABISIOT TPSAMYI0 YIrpo3y JUIS IEIOCTHOCTH OWOMEMOpaH M OKHCIHTENBHO-
BOCCTaHOBUTEIFHOTO PABHOBECHS B KIIETKE.

B psne MOAENBHBIX OSKCIEPUMEHTOB HCCIEJOBAH MEXAaHU3M JEHCTBUSA
KaTHOHHBIX JI€TEPreHTOB Ha OHOMEMOpaHBl. YCTAaHOBJICHO, YTO B MPUCYTCTBUHU
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kaTHOHHBIX [IAB B HEOONBIINX KOHIEHTPAIMSIX B 3HAYMTEIHHOW CTETICHU TOBBIIIASTCS
CKOPOCTh OKHCJICHUS TIPUPOJHBIX JKUPHBIX KUCIOT C 00pa30BaHUEM THAPOIIEPEKUCEH U
npyrux npoayktos I[TOJI [Tonssun u ap., 2003; Konaparosuu u ap., 2003]. Ha neprom
stame  B3aumojeiicteust [IAB ¢ cyOcTpatamu  mpoucxomuT — oOpa3oBaHUE
THIpONEpeKHceii, KOTopble B JanbHelmeM GopmupyioT BMecte ¢ [IAB arperupoBanHbie
CTPYKTypsl THma oOpameHHbIXx Munemn [[omsBur u mp., 2003]. B HEX MoryT
COpOMPOBAThCS TOJSAPHBIC MPOAYKTHI OKHCICHHS (KHUCIOTHI, CITUPTHI, BOJa W JPYTue)
[Beayrenko u mp., 2003; Kongparosuu u ap., 2003]. B pesynabpraTte 00pa3oBaHus MUIIEILT
MPOUCXOJUT HAPYNICHUE CTPYKTYPHO-(QYHKIIMOHAIBHBIX CBOWCTB MEMOpaH, MHIICILIBI
Kak OBI 3aXBaTHIBAIOT MEMOpaHHBIC TUITUABI U BRIBOAAT MX U3 cocTaBa MeMmOpaH [JIxBoBa,
1999]. VkazaHHble W3MEHEHUS] B KOHEYHOM HUTOT€ NPUBOIAT K JIOKAIBHOMY
nepdopupoBanmuio MeMOpans! [JIbBoBa, 1999; Kacankuna, Kapramesa, 2003].

[MpeanoxkeH MEXaHNW3M B3aWMOJICHCTBUSI KAaTHOHHBIX JCTEPIeHTOB (HA IpuUMepe
netnwiITpuMeTHaamMmmonnii 6pomuaa — [{TAB) ¢ oprannyeckumu cybctpatramu (ROOH)
[Benyrenko u mp., 2003; Kacankuna, Kapramesa, 2003]:

ROOH + I[TAB — {{[TAF + ROOH} — RO,"+ I[TAB.

O6pasyiommecss B pe3ylbTaTe dTOi PEeaKUHH aKTHBHbIC pagukambl RO,
CIOCOOHBI HEMOCPEACTBEHHO WHUIIMUPOBaTh nenHbie peakuuu [10JI B Ouomembpanax, a
TaK)X€ y4acTBOBAaTh B UX MPOJOJIKEHUU U pa3BeTBIeHUU [Brnagumupos, Apuyakos, 1982;
Ocwros u ap., 1990; 3enkos, MenbinkoBa, 1993].

Buonocuuecxue s¢pgpexmuvr I1AB. Katnonnsie [IAB oka3piBaloT MHrHOUpYOLIEE
neiictBue Ha (uibTpanMoHHy0 akTHBHOCTH Muauit M. galloprovincialis u M. edulis
[Octpoymor, 2003; Octpoymos, Bummoyc, 2004], mpecHoBomubix yHHOHHA UNIO.
pictorum u U. tumidus [OctpoymoB, Konecuukos, 2003] u xomoBpatok Brachionus
angularis [OctpoymoB u mp., 2003], TpoduUeCKyrO0 aKTHBHOCTH O3EPHOTO IMPYIOBHKA
Lymnaea stagnalis [OcrpoymoB, Konecuukos, 2003], yrHETalOT pocT MPECHOBOIHBIX
BojiopocIiel u nnanodakrepuii [Konotunosa u ap., 1998].

VYcranosneHo, uro KITAB crocoOHBbI OKa3bIBaTh CEJICKTUBHOE WHTHOMPYIOIIEE
JeiictBue Ha (pepMEHTHl MIIEKONMTAIOMIUX (KPBIC, CBUHEH) — AETHIPOreHas3bl U JIMIA3bI
[Sanford et al., 1981; Vincenzini et al., 1985]. TloguepkuBaeTcs, 4TO KaTHOHHBIE
JNETepreHThl BO BCEX HCCIICJOBAHHBIX TKaHSIX OKa3bIBalOT Ooliee BBIPAKEHHOE
HHAaKTUBHpYIOIce aeicTBHEe Ha (epmeHTsl, yeMm anuoHHbie [Siegel, Gordon, 1985a;
19856; 1986; Vincenzini et al., 1985].

Opnaxo uadopmanus o Bo3aciicteun [1AB Ha AO xommiekce u [TOJI sKUBOTHBIX
HEMHorouyucinenHa. W3ydeHo BnugHue KaTuoHHoro IIAB neruntpumeTrniaMMoHUN
opomuaa (LITAB) ma AO kommiekc peioer Oncorhynchus mossambicus, B meueHwH,
MoYKax u cep/ie kotopoi mpu aericteuu LITAB Ob110 00HApYKEHO MOBBIIIICHUE YPOBHS
ITOJI u GSH, a rakke poct aktrBHOCTH Katanassl, COJl u ¢pepmenror I'C [Bindu, Babu,
2001]. U3BectHO Takke O XapakTepe BIMAHUSA Ha AO KOMIJIEKC MHIWN AHHOHHOTO
nerepreata LAS (linear alkylbenzen sulphonate). JlanHoe coenvHeHHe HE OKa3bIBAJIO
cymiecTBeHHOTo BiustHus Ha akTuBHOCTH CO/l, karana3er u I'T] remaronankpeaca Muaui,
32 MCKJIIOUYEHHEM HEeOOJIBIIOr0 CHHMXEHHUS! aKTUBHOCTH (pepmeHTOB mocie 30-gHeBHON
skcnio3unyu [Da Ros et al., 1995]. Dtu pe3ynbTaThl TOMOIHUTEIBHO CBUICTEIBCTBYIOT O
MeHee BBIPAKEHHOM OHOIIOTHYeCKOM JIeHCTBHHM aHWOHHBIX [IAB 1o cpaBHeHHmIo c
KaTHOHHBIMH, YTO TIOATBEPKAAETCS W APYrUMH uccienoBanusmu [Madsen et al., 2001;
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Bindu et al., 2005; Ying, 2006]. Ceenenus xe 00 »ddekrax karnoHusix [TAB Ha
cocrostare AO xommuiekca u [10JI 1BycTBOpUYaTHIX MOJUTIOCKOB OTCYTCTBYIOT.

Urak, cpenn Bcex [TAB Hanboiree BBIpaKECHHBIM JICHCTBHEM Ha OHMOMEMOpaHBI
KJIETOK 00JaJaloT KaTHOHHBIE JETEPreHThl. DTO MOKAa3aHO B OCHOBHOM JJIsl HA3€MHBIX
no3BOHOYHBIX. MH(popmanus xe 06 apdextax [IAB Ha AO cuctemy u npoueccsl [10J1
TUAPOOMOHTOB OTpaHUICHA.

Oto onpenenuino Beioop TTMA B kauecTBe HHAYKTOPa TOKCHYECKOW Harpy3Ku.
HaMi HCCIE0BaHO BIMSHHE JAHHOTO COCAMHEHMS B KOHIEHTparmu 0,8 Mr o Ha
opranusM uepHoii W kopmunHeBoit mopd Mytilus galloprovincialis Lam. Dxcmosumms
cocraBisuia 8 cytok. Temreparypa MOpckoit Boasl — 6-8 °C. Pe3ynbTarsl HCCiie10BaHMHI
MIPEJICTaBIEHbI HUXKE.

2.4.2. Bnusane TATMA Ha nporneccet [TOJT u AO cratyc TkaHel MUTUH

TATMA oka3biBan HanOoJiee BEIPAXKEHHOE ICHCTBUE HA COCTOSTHUE cUCTeMBl AQ
3amuThl U iporiecckl [10JI Tkanel ocobelt uepHOi MOPQBI.

Yepnas mopgha. B xabpax MOJUIIOCKOB JaHHOW MOpPQBI, IOABEPIIINXCS
JEHCTBUIO JIETEPreHTa, BBISIBICH HauOoNbni pocT ypoBHS TBK-akTHBHBIX TPOIYKTOB.
B cpaBHeHNH ¢ KOHTPOIBEHBIMU OCOOSIMH COJIEp)KaHUE TAHHBIX COSAMHEHUH MOBBIIIANIOCH
Ha 42,3 % (p<0,01) (tab:. 2.5) [Conmaros u ap., 2007].

Tabmuna 2.5
Conepxxanne TBK-akTUBHBIX MTPOAYKTOB B TKAHSX MHUIUH 4epHOH MOP(BI B KOHTPOJIE U
yenoBusix aeiicteus TATMA, Mkmonb MJIA-Mr™ Gernka

I'pynna MoJIIOCKOB
Txauu KonTpois TATMA
n X £ SX n X £ SX
Kabpwr 12 649,9+57,4* 11 925,1£101,0*
I'enmaTomankpeac 15 355,0+£34,8 12 436,1+£51,7
Hora 9 220,0445,1 11 354,0+63,9

[Tpumeuanue: *

— paznuums noctoBepHs mpu P<0,05; N — uncio ocodeit

Peakims AO xommuiekca xabp ©Ha npucyrctBue TJATMA  Hocuia
muddepenunpoBannblii  xapaktep. ConepkaHHE  BOCCTAHOBJICHHOTO — IIyTaTHOHA
YBEJIMYMIIOCH B CpPaBHEHMU C KOHTPOJBbHOM Tpymmoil B 1,7 paza (p<0,05), nmocturays
sHauenuit 113,4+16,9 mxrr” tkanu (puc. 2.14). TIpu 9TOM H3MEHEHHS B AKTHBHOCTH
GSH-3aBucumbpIx QepMeHTOB OBLTH pa3HOHanpaBieHHbIMHU. [lms T'P  oOHapyxeHo
yBEJIMUEHHE aKTUBHOCTH B 1,45 pasa 10 yposrs 166,2+14,1 mxmons HAJDOH mus mr
oenka. B akruBHOcTH ['TI, HanpoTus, 3aUKCUPOBAHO JTOCTOBEPHOE CHIDKEHHE 3HAYCHUS
10 28,3+2,4 mxMonb GSSG-mun-Mr' Genka. B cpaBHEHHH ¢ KOHTPOIBHOH Ipymoit
pasnumuust coctaBunu 1,6 pasza (p<0,05) (puc. 2.15). Takoe cooTHOIIEHHE MPOIECCOB
MTO3BOJISIET TOBOPUTH O CHIDKEHHWH 000pOTa IIyTaTHOHA B ykabpax, To ecth yuactue ['C B
KOMIIEHCAIINX OKHUCIUTEIBHON HAarpy3ku OblT0 orpaHndeHo. OTHOBpeMEeHHO HaOIIoaamu
Y CHI)KEHUE aKTUBHOCTHU TiepoKcuaassl 10 4,1+0,91 mxmonb HZOZ-MI/IH'I-MF'l Oenka (puc.
2.16). AkTHBHOCTH (pepMEHTa B KOHTPOJIHHON W OINBITHOW TpyImax pazinyaiuch B 1,9
paza (p<0,05) [Connmatos u ap., 2007].
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Puc. 2.14. Cogeprxanuie BOCCTAHOBJICHHOT'O TIIyTaTHOHA B TKAHIX MUIUHA YePHOI MOPQBI
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Puc. 2.15. Aktusnocts ['TI u I'P B TKaHsIX Muauil 4epHOi MOpdBI TP IeHCTBUU
TIATMA (A — koHTpOIE, B — ombIT, 1 — rematonankpeac, 2 — xabpsl, 3 — HOTa)
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Puc. 2.16. AKTHBHOCTb MTEPOKCHUIA3bI B TKAHSIX MUJAHN Y€PHOU MOPQBI MPH JCHCTBUH
TIATMA (A — koHTpOINH, B — omEIT, 1 — renaTonankpeac, 2 — xabpsl, 3 — HOTa)
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HaubGonee 3HaunMbie W3MEHEHHsI OBUIM BBI3BaHBI JICTCPICHTOM B KJIFOYEBOM
3BeHe cucteMbl AO 3amuTel — CO/l-katamaza. AkruBHOCTh CO/] B jxabpax yBenmIuiIach
B 6,0 pa3 (p<0,001) — 1o 3Hadenns 5107,0+1101,7 mxmons HAJITH-mun"-mr Genka (puc.
2.17). AKTUBHOCTbH KaTayia3bl coctaBuia 346,2+44.9 MkMoIb H,0,-munmr™ Genka, 4o
B 1,7 paza Boime (p<0,05), yeM B KoHTpoJdbHOH Tpymnne (puc. 2.17) [ConnmaToB u ap.,
2007]. Dro o3Hayaer, YTO OKHUCIWTEIbHAs  Harpy3ka KOMIICHCHPOBAJIACH
MPEUMYIIECTBEHHO 3a CUET POCTa aKTUBHOCTU (pepMeHTOB Hu3koro cpojactea (COJ u
karanas3el). Yuyactue ['C B 3TOM mporiecce, Kak yKe 0TMEYaJIOCh, TPAKTHYECKU HE OBLIO
BBIPAXKEHO.
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Puc. 2.17. AktuBHocts CO/] 11 KaTana3sl B TKaHAX MUIUI YepHOH MOP(hBI TpU 1EHCTBUN
TIATMA (A — koHTpOIE, B — ombIT, 1 — remaTonankpeac, 2 — xabpsl, 3 — HOTa)

TATMA He okasal 3aMETHOrO BIHMsSHUS Ha cojepxanHue TBK-akTuBHBIX
IPOAYKTOB ¥ YPOBEHb aHTHOKCHIAHTHOW aKTUBHOCTH B T'eNaTONAaHKpeace MUANN YEPHOU
Mopdsl. MckmodeHune cocTaBuiIa Karajlasa, akTHBHOCTH KOTOPOM CHHU3WIACH IO
cpaBHEHHUIO ¢ KOHTpojieMm B 2 paza (p<0,05), cocraBuB 132,5+£20,5 mxmons H,Opmun
Lmr Genka (puc. 2.17) [Commaros u ap., 2007].

Copepxanne TBK-akTHBHBIX NpPOAYKTOB B HOI€ MOJUIFOCKA TpH ACHCTBHUU
JIETepre’Ta TakKe JIOCTOBEPHO He M3MEHsUIoch (Tabdm. 2.5). Peaknuu I'C, xak u B xabpax,
3aKITIOYaIHCh B cyliecTBeHHOM pocte ypoBHsi GSH u aktuBnocTr I'P. Conepxanne GSH
pocTHrano 558,3+143,7 Mk TKaHH, TO €CTh yBEJIMUEHHE B CPABHEHUH C KOHTPOIIBHOI
BeJIMYWHOW coctaBmio 2,5 paza (p<0,05) (puc. 2.14). AxrtuBHocth I'P BO3pocma B 1,7
pasa (p<0,05) 10 96,7+15.2 mxmons HAJIOH -Mun " Mr™ Genka, Torma Kak aKTHBHOCTD
I'T], HarpoTHB, cOXpaHsack Ha ypOBHE KOHTPOJIbHBIX 3HaueHuil (puc. 2.15) [Congaros u
Ip., 2007].

B axtuBnoctnn COJl, kaTana3sl ¥ MEPOKCUAA3bl HOTH MUIUHN TIOJT BO3JEHCTBUEM
JeTepreHTa CTAaTUCTUYECKH 3HAYMMBIX HW3MEHEHUH OOHapyXeHO He ObUIO BBHIY
3HAYUTEIIbHOW BapHaOENbHOCTH IMOJyYeHHBIX BeIMYMH. OIHAKO XapakTep HU3MEHEHHM
ObUT ONM30K K TONyYEeHHOMY JUIs ska0p Mointrocka (puc. 2.16, 2.17). Tak, nist kaTana3ssl
3apErUCTPUPOBAHO YBEIMUYCHUE aKTUBHOCTHU 10 YpoBHS 446,3+£197,3 mxmons H,OpMun
Lmr™ Genka, uto B 3,2 pa3a MPEBHIIANO TAKOBYK) Y KOHTPOJIBHON IPYHIIBI MOILTFOCKOB.
Jlas COJT otMeuen poct akTuBHOCTH 10 3060,3+690,6 Mxmons HAJTH-Mun™ Mr Genka,

OTJINYME OT KOHTPOJIBHOTO 3HadeHHs cocTaBmwio 1,5 pasa (puc. 2.17) [CommaToB u ap.,
2007].
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[IpencraBieHHbIC BBINIE PE3YJIbTATHl HMCCICIOBAHMIA IMO3BOJISIOT CHEIAaTh Ps
00001IIeHI.

o Tokcuueckoe neiicteue TATMA peamusyercs, Mpexkae BCero, Ha YpOBHE
nepudepuIecKuX OpPraHoB MOJIIIOCKA: ka0p, HOTH (B MeHbIIeH cremeHu). AO
KOMIUICKC TelaTronaHkpeaca (akTHUEeCKH HE YYacTBYeT B HEHTpalu3alluu
OKHUCJIUTEBHON HAarpy3KH.

e Ilpoxykter IIOJI oGe3BpexnBalOTCI B OCHOBHOM 3a CUeT ()ePMEHTOB HH3KOTO
cpozactea k cyoctpaty (CO/l, xatanaza). PaaoBecue B I'C cMerieHo B CTOpOHY
MPOIIECCOB, O0ECTIEUNBAIOIINX HapallBaHUE, a HE KCIIOIb30BAHUE PECYPCOB
GSH Ttkaneti.

Kopuunesas mopgha. TATMA He oka3pIBaj 3HAUMMOT'O BIUSHAS Ha COIEpIKaHHE
TBK-akTUBHBIX MPOIYKTOB B OpraHax MOJUTIOCKOB KOpPHUYHEBOH Mopdsl (Tabm. 2.6).
Nmeronuecss pa3muuus MEXy KOHTPOJIBHOW M OIBITHOM TPYNIIaMU MUIUH HE OBLIH
CTaTHCTUYECKH BBIPAXKECHBI.

Tabmuma 2.6
Conepxanne TBK-akTHBHBIX TMPOAYKTOB B TKaHSX MUAWNA KOPHUYHEBOH MOPQHI B
KoHTpoJie 1 ycnoBusax aeicteus TATMA, MKMob MI[A‘MF-l oenka [CoynatoB u ap.,
2007]

I'pynna MoJIIIOCKOB
Txanu Kontpomns TATMA
n X £ SX n X £ SX
Kabpsr 10 992,6+141,7 10 954,9+149.2
I'emaronankpeac 10 345,0+40,6 10 486,7+107,2
Hora 9 418,9+64,3 10 331,8+94,5

[Tpumeuanwue: n — ancio ocodet

Buecenue B Bony akBapuyma TJITMA oka3biBaio TOKCHUECKUH 3(PQEeKT B
OCHOBHOM Ha >Ka0pbl MOJUTFOCKA. DTO COBHAJAIO C pe3yJabTaTaMH, HMOTYYECHHBIMH IJIs
oco0eit yepHoit MOP(EI.

Conepxanne GSH B xabpax Bo3pocio B 2,75 pasa (p<0,01) u gocTurio ypoBHs
115,5+32,0 mMxrr" Tkauu (puc. 2.18). B OTaHumME OT MOITIOCKOB C HEpPHOH OKDPACKOM
pakoBuHbl m3MeHeHus aktuBHoctel [Tl m I'P B xabpax ObuM OHOHATPABICHHBIMH.
AxtuBaocTh [Tl yBemmummace mo 35,9+5,8 MKMomb GSSG-muntMr? Genka, uro
MIPEBBIIIANIO 3HAYEHMS, 3apEeTHCTPUPOBAHHBIE TSI KOHTPOJIbHOW Tpymmel B 1,6 pasza
(p<0,05) (puc. 2.19). OgHOoBpeMeHHO OTMedanu pocT akTuBHOCTH I'P. B cpaBHEHHH C
KOHTPOJIEHOM TPYIIIION MOJUTFOCKOB paznnumst coctaBmim 1,8 paza (p<0,05). Ilpu atom
aKTHBHOCTH jocturana 168,5+25.2 mxmons HAJI®H-mun Mr’ Genka (puc. 2.19)
[ConpmartoB u ap., 2007].

HauGonee BbIpaxkeHbl ObUTM M3MEHEHUs! B cocTostHuM cuctembl CO/l-karanasa.
AKTHBHOCTb KaTanaszhsl jgocturaima 557,8+65,0 Mxmons H,0, mun mr Oeika, 4TO B
CpPaBHEHHHU C KOHTPOJBHBIMHU 3HaUeHUsIMH ObLI0 B 3,2 pa3za Boimie (P<0,001) (puc. 2.20).
3HAaYMUTENIBHO BBIPOCIA B CPABHEHUH C KOHTPOJIBHOM TPYIIIONH MOJUIIOCKOB U AaKTHBHOCTB
CO/JI — B 2,6 paza (p<0,05), nocturays ypoBHs 3288,6+886,5 MKMOITh HA,Z[H-MI/IH'l-Mr'l
6enka (puc. 2.20) [ConmaToB u mp., 2007].

B otimuvie ot Muuit 4epHoit MOpGBI aKTHBHOCTH TIEPOKCHIA3kI B xKa0pax MUIUH
KopuuHeBoro ¢penotuna npu Aevictsun TITMA e uzmensnace (puc. 2.21).
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Puc. 2.18. CongeprxaHrie BOCCTaHOBJICHHOTO TIIYyTaTHOHA B TKAHSX MHUIUI KOPUIHEBOM
Mopds! mpu neticteum nereprenra 1 TMA (A — xorTpons, B — omsit, 1 —
rernaromnaHkpeac, 2 — )a0pbl, 3 — Hora)

I'TI, mxmons GSSG
mun- Ivr 16enka

50

40

30 -

20 r

10 r

0 L

1

2

- A
l-B

o

I'P, mxmons HAJIOH

vua~Ivr-16enka

200

—_
w1
o

—_
o
o

(9]
o
T

0 L

1 2 3

Puc. 2.19. AxktuHocTh 'l 1 I'P B TkaHAX MuIuil KOpUIHEBOW MOP(BI PU TEHCTBUH
neteprenta TJJTMA (A — xorTpOms, B — omeiT, 1 — remaronankpeac, 2 — xa0psl, 3 —

HOTA)
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Puc. 2.20. AktuBHocth CO/I 1 kKaTana3sl B TKAHIX MUIUH KOPHYHEBOI MOPGBI IPH
neiicreun gereprenra 1 ATMA (A — koHTponb, B — omwit, 1 — renaronankpeac, 2 —

xaOpsbl, 3 — HOra)
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Puc. 2.21. AKTUBHOCTH MTEPOKCH/IA3bl B TKAHAX MUANN KOPHYHEBOI MOPGBI IPU
nevicteun neteprenrta 1 TMA (A — xortpons, B — omeit, 1 — remaronankpeac, 2 —
*abpsl, 3 — HOTA)

HeiictBue nereprenta Ha AO cTaTyc remnaTonaHkpeaca MOJUTFOCKOB OBIJIO MEHEe
BBIPOKEHHBIM, 4eM Ha ocTajibHble TKaHu. [lox BnusHuem TTMA OoTMEUEHO CHMKEHHE
conepxanmst GSH B 2,0 pasa (p<0,01) — 1o ypoBHst 250,5+38,4 Mkr-r Tkanu (prc. 2.18).
BrisBieH Takke pOCT aKTHUBHOCTHM KaTajias3bl, KOTOPHIH B CpPaBHEHHUH C KOHTPOJIHHBIMU
oco0simMu coctaBun 2,6 paza (p<0,001). Benmnumnaa akTuBHOCTH (epMeHTa IOCTHTAla
293,4+34,8 mxmons H,O-mun™ -mr' Gemka (puc. 2.20). JIaHHBIC H3MEHEHHS He
coBHajfanu ¢ cocTosgHueM cucreMbl AQO 3amuThl remaTonaHKpeaca MUAMM uYepHOM
Mop®el. IIpu atom akTuBHOCTH epmentoB I'C (puc. 2.19), mepokcunassr (puc. 2.21) u
CO/JI (puc. 2.20) coxpaHsiach Ha ypOBHE KOHTPOJBHBIX 3HaueHWd [CommaToB W mp.,
2007].

AQO KOMIUIEKC HOTM MHUAHMA C KOPUYHEBOM OKpPACKOH DPAKOBUHBI B YCIOBHSIX
TOKCHYECKOT'O BO3AEHCTBHS (DAaKTHUECKH HE MpETEepreBal CYIIECTBEHHBIX HW3MEHEHUH.
EnuHcTBEeHHOU peakiuei SBisuioch cHkeHue ypoBas GSH B Tkanu B 1,7 pasa (p<0,05)
OTHOCHUTENIFHO KOHTPOJBHOTO YpPOBHS INpH coxpaHeHuu aktuBHoctd [P u T'TI. Oto
JIOITyCKAaeT HEMOCPEACTBEHHOE YYacTHe JaHHOTO COEIWHEHHS B KOMIICHCALIMH
OKHCJIUTEIbHON Harpy3ku (puc. 2.18).

Takum oOpa3om, Tokcudeckoe neiicterue TTMA BbI3BIBATIO psil Kak OOIIMX C
MOJUTIOCKaMH 4YepHOH MOp(dbl, Tak M crnequuyHbIX U3MEeHeHuH B coctossHun AO
KOMILJIEKCA TKAaHEW MUJIUN C KOPUUHEBOM OKPACKOUN paKOBUHBI.

e TJITMA =e Bo3biBan ycusnenus npoueccoB [10JI B Tkansx. Conepxxanue TBK-
aKTUBHBIX TIPOJYKTOB COXPAaHAJIOCh HA YpPOBHE KOHTPOJIBHBIX 3HAYECHHUH.
Paznnunst He ObIIIM CTATUCTUYECKH BBIPAYKECHBI.

e JKaOpel HCHBITHIBaIOT HaWOONIbLIEE TOKCHYECKOE BO3JCHCTBHE CO CTOPOHBI
nereprenta. OKUCIUTENbHAs HArpy3Ka KOMIEHCUPYETCSl B OCHOBHOM Ha ypOBHE
CUCTEMBI HM3KOT'O CpoJicTBa K cyocTpary — COJl-kaTanassl.

e Bo Bcex TKaHsX oTMeYaeTcs CHIbKeHue cozaepkanus GSH. Drto mpoucxoaut Ha
¢done coxpanenus aktuBHOocTed ['P u I'Tl wim uX MpONOPIHMOHANBHOTO POCTa.
OTO TMO3BONSET MPEANONOXKUTH  HemocpeacTBeHHoe ywyactue GSH B
HerTpanm3anuu npoaykros [TOJI.
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2.4.3. BeposiTHbIC MEXaHU3MbI TOKCUYECKOTO JCHCTBUS KATUOHHBIX JICTEPISHTOB Ha
OpraHu3M THAPOOHMOHTOB

BrisBieHHblE KOMIIEHCAIMOHHBIE peakiun AQO KomIiekca TKaHed MUAMHA Ha
nevicteue TATMA BO MHOTOM COIJIacylOTCS C  pe3ysbTaTaMH  MCCIEIOBaHMM,
BBIMIOJIHEHHBIX HAa IPYTrHX OPraHU3Max, B YaCTHOCTH KOCTHCThIX pbrdax (Oreochromis
mossambicus) [Bindu, Babu, 2001]. Tak »xe kak u B Hamei pabore [CommatoB u ap.,
2007], B TKaHAX TEYCHH, MOYEK W cepeuHOoi MbIel Oreochromis mossambicus mpu
nedcTBun netuntpuMerniaMMonuii opomuaa (L[TAB) Obuto oOHapy>KeHO MOBBIIIICHHE
ypoBHs TBK-akTWBHBIX TPOAYKTOB, a Takke pocT akTuBHOCcTH Karamasel, COJl u
¢depmentoB I'C komruiekca.

Poct ypoBHst TBK-akTUBHBIX MPOAYKTOB, BBISIBICHHBIA B TKAHAX MUIUN YEpHOU
MOp(dBI, CBUICTENBCTBYET 00 YCHIIEHHH MEPEKUCHBIX MPOILIECCOB M CMEMIEHWH OallaHca
AO ¥ IPOOKCHIAHTHBIX MPOIIECCOB B CTOPOHY Pa3BUTHs OKHCIUTEIBHOTO CTpecca. JTU
peaknuuu  MOTYT  OBITb  OOYCIIOBIEHBI ~ KaKk  CTPYKTYPHO-(QYHKIHOHATHHBIMH
OCOOCHHOCTSIMH  XKa0p MOJITIOCKAa, TaKk W  (U3UKO-XUMHUYECKHMH CBOWCTBaMHU
HCIOJIb3yeMOI0 HaMH JIETepPTeHTa.

Kak yxe ormewanocs, TATMA oka3zan Haubojee BBIpaKEHHBIH TOKCHYECKUH
sddext Ha xabpsl Muawi. M3BeCTHO, 4TO OAHOCIONHBIN SMUTENNN XKa0p MOJLTFOCKOB
OoCymIecTBIsIeT (UIBTPAIIMIO W Ta3000MEH, HWMeeT OOJNBIIYI0 YACIbHYIO IUIOIIATh
MOBEPXHOCTH M TOHKHI BOAHO-rematuueckuii Oapwep [Cui et al., 1996]. Berymas B
HEMOCPEICTBEHHBIH KOHTAKT ¢ (OCHONUNUIHBIM ClIoeM MeMOpaH, JIeTepreHT
CIocoOCTBYET M3MEHEHHUIO X MOBEPXHOCTHOTO 3apsijia 3a CUET B3aUMOJICHCTBHS CBOETO
AKTUBHOTO MaKpOKaTHOHA C 3apsHKCHHBIMU TPYNIIaMU Ha MeMOpaHe (CHaJIOBbIe KUCIOTHI)
[Wojtczak, Nalecz, 1979]. D10 MOXET MPUBOAUTH K U3MEHECHUIO (PU3MKO-XMMHYCCKHX
CBOICTB W, B KOHEYHOM CUETE, HAPYIICHUIO CTPYKTYPHOW WEIOCTHOCTH MeMOpaH
JKaOepHOTO JMHUTENHS, a TAKXK€ K TOBBIMIEHUIO WX MPOHHUIAEMOCTH. B CBSI3W ¢ 3THM
KJIETKH >Kabp NpPUHUMAIOT Ha ce0sl OCHOBHYIO TOKCHYECKYIO) HAarpy3Ky CO CTOPOHBI
JIETEPTeHTOB, PAaCTBOPEHHBIX B MOpCKOW Bozae. Kpome Toro, »alOpel, B OTIIHYHE OT
remarornankpeaca, He 00JanaT QyHKIMEeH OMOAKKYMYIISIIUNA KCEHOOMOTHUKOB, TIOATOMY
UX COCTOSHHME HAIPSIMYH 3aBUCHT OT (DYHKIIMOHMPOBAHHS KJIETOYHBIX M TKAaHEBBIX
cucteM OnoTpaHchopMaly U IETOKCUKAIMH TTOJUTFOTAHTOB, B TOM YMCIe TKaHeBOH AO
CHUCTEMBI.

CrnenoBaresibHO, TIOBBIIICHHYIO YYBCTBHUTEIBHOCTh KIIETOK Xa0p K JEHCTBHIO
TATMA MOXHO OOBSCHUTH BBIPQKCHHBIMHU aJI€3MBHBIMU CBOHCTBAMH JETECpPreHTa U
TTOBBIIIICHHOM MTPOHUIIAEMOCTHIO Ka0EepPHOTO SMUTENUS ISt BOJBI U PACTBOPEHHBIX B HEH
Bemects [ConmatoB u jp., 2007; Soldatov et al., 2007].

Tokcuveckoe BO3JEHCTBUE IETEPreHTa MOXKET OBITh OOYCIIOBICHO CIEAYIONINMHU
MPOIECCAMH.

B MonenpHBIX SKCIIEpUMEHTax 10 BO3IeHCTBUIO KaTHOHHBIX [TAB (B wacTHOCTH
HTADB, otHocsmeroca Hapsany ¢ TATMA k rpymme amkujlaMMOHHEBBIX COJiel) Ha
OKHCIICHHE OpPraHW4YecKHUX YTIIEBOJOPOJIOB TIOKAa3aHO, YTO BHECEHHWE HEOOJBIINX
KOHIIEHTpAIMil JeTepreHTa MPUBOIUT K PE3KOMY VBEIWYEHHIO CKOPOCTH pEaKIuu
opraamyeckux cyoctparoB ¢ H,O, m opraHudeckuMu THIPONEPOKCHAaMH (KyMoua,
sruibensona) [Bemyrenko u ap., 2003; Tomsun u ap., 2003]. Tlpu 5TOM oTMedaeTcs,
4yro B oTcyTcTBUE [IAB naHHBIE peakuuu MpH YMEPEHHBIX TeMIepaTypax MPaKTUYeCKU
HE UAYT. ABTOPHI JENAIOT BBIBOJ O KaTaJUTH4YEeCKOM AeiicTBUU KaTHOHHBIX [IAB Ha
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okucnenue yriesonopogoB (RH). B pesynbrare B3auMoOACWCTBHsI HETepreHTa C
opranmdeckuMu cyoctparamun RH Ha mepBoMm »JTame mMPOMCXOAWT OOpa3oBaHUE
ruapornepokcuna (ROOH) — mepBuvHOrO MpoayKTa OKUCICHUS. 3aT€M THAPOIEPOKCH/IBI
obpasytor ¢ IIAB coBMmecTHbIE MHUKpoarperaTsl B BHIE MHUIEIUI, B KOTOPBIX HapsIy C
ROOH KOHUEHTpHUPYIOTCSI BONA, CHHUPTHI, KUCIOTHI M APYTHE MONAPHBIE MPOIYKTHI
okucnenns [Hanlon, Seybert, 1997; JIsBoBa, 1999; Kacaukuna, Kapramesa, 2003]. B
nporecce OO0pa3oBaHUS MHILET MPOMCXOAUT HapylleHHWe (YHKIHMOHAIBHBIX CBOMCTB
MeMOpaHbl B pe3yjbTaTe BBIXOJA MOJEKYN JHUMUIOB M3 €€ COCTaBa, YTO B KOHEYHOM
WTOTE MPUBOJIUT K NECTPYKTYPHUPOBAHHIO U JIOKATFHOMY Pa3pyIICHHIO MEMOPAHBI.

B mumnemnax, 06pa3oBaHHBIX THAPOTIEPOKCHIAMH IPUPOIHBIX )KUPHBIX KHUCIOT U
psanom katnonHbiX [TIAB (U TADB, neTunTpuMeTHIIaMMOHHH XJIOPHIOM, LIS THIITUPUANHUHA
OpomuzioMm), mpotekaeT yckopeHHoe okucienne ROOH c oOpa3oBaHuem CBOOOTHBIX
panukanoB [Kacamknna, Kapramesa, 2003; Konngparosua u np., 2003]. [Ipeamnomnararor,
YTO B MUIEJIaX PH Pa3lIoKESHUU THAPONEPOKCHIOB oA aelicteueM [TAB oGpasyrorces
TaK)Xe BeIlecTBa, ycKopsitomue pacnan aunuaoB [[omssun u nap., 2003; Kacaukuna,
Kapramesa, 2003].

B3anMmopeiicTBue KaTHOHHOTO JETEpPreHTa C OPraHMYeCKHMH MOJIEKyJIaMu
MOYKHO MPOWIIIOCTPUPOBATh CJIeAyIIIMM YypaBHeHueM [Benyrenko u ap., 2003;
Kacaukuna, Kapramesa, 2003]:

ROOH
J
LTAB—{IITAE + ROOH}—RO, +I{TAB.

Panukansl RO, n eMy mogo0OHbIe NPHHUMAIOT HEMOCPEACTBEHHOE yYaCTHE B MHUIMALIUH
U pa3BeTBieHUU LenHbiX peakiuil I110JI [Bnagumupos, Apuakos, 1982; Ocunos, 1990;
MenbmivkoBa, 3eHkoB, 1993]. Bo3M0OXKHO, YTO OKHUCIHTEIBHBIM Bo3aeiicTBueM TJITMA
Ha MeMOpaHbl KJIETOK M OBLJIO BBI3BAHO 3HAUUTEIbHOE YyBenuueHue ypoBHs TBK-
AKTUBHBIX IPOAYKTOB B XKa0pax MUANN YepHOH MOP(EL.

JetepreHThl MOTyT CIIOCOOCTBOBATH YCHJICHHIO NMOBPEXKIAIOIIETO NEHCTBUS Ha
KJIETKY JPYTUX TOKCHKAaHTOB ITyT€M IOBBIIICHHS MPOHUIIAEMOCTH KJIETOYHBIX MEMOpaH.
OTO OTMEUYEHO, Hampumep, Uil Tshkenblx MetamioB [[lapmmkoBa, Herpyuxwii, 1988;
Koznos u ap., 2003] u panuonyknunoB [[lonuxapnos, Eropos, 1986; KosnoB u ap.,
2003]. CnenoBarenbHo, NMpUUMHONW pocTa mHTeHCHUBHOCTH [IOJI B xabpax mMuauil npu
nevicteun  TITMA, moMHMO TPSAMOTO TOBPEXKIAIOMIETO JCHCTBUS JETEpreHTa Ha
MeMOpaHbl, MOTJIO SIBUTBCS W TOKCHYECKOE JeHCTBHE APYIHMX MOJUIIOTAHTOB,
MOCTYIHUBIIUX B 5Ka0pbI 4epe3 MOBPEKACHHBIE MEMOPaHBI KIIETOK.

Kak mokazaHo B HcCIEIOBaHHMSIX Ha pasHbIX THIPOOMOHTAX, BO3JEHCTBHUE
IIMPOKOr0 AMAana3oHa TOKCHKAHTOB Ha KJIETKU JKUBBIX OPraHM3MOB pealn3yeTcs uepes
AKTHBAIMIO PEaKIHii MHUKPOCOMAILHOTO OKHCIeHUs [JIykbstHOBa u ap., 1982; Jewell,
Winston, 1988; Di Giulio et al., 1989; Winston, Di Giulio, 1991; Livingstone, 2001].
3amyck [JaHHOTO MEXaHM3Ma BBISBJICH B TKaHSAX Npd JEHCTBUM MOJNU- H
HUTpOapomatuueckux yriesogopoaos [Washburn, Di Giulio, 1988; Lemaire et al., 1993;
Garcia Martinez, Livingstone, 1995; Livingstone, 2001], nonuxmopoudeHnon
[Wenning, Di Giulio, 19886], xunonoB [Di Giulio et al., 1989; Garcia Martinez,
Livingstone, 1995], a Taxxke nerepreHToB pasHbix kimacco [Hanlon, Seybert, 1997,
Babior, 1999; Myasoedova et al., 2006].
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B nporiecce paGoThl MOHOOKCUTCHA3HON CUCTEMBI MPOUCXOAUT yckopenue 1101
n o0pa3oBaHWEe MMOOOYHBIX TPOMYKTOB PEAKIMH — AKTHBUPOBAHHBIX KHCIIOPOJHBIX
metabonutoB, B yactHocth COAP u mepokcuma Bogopoaa [JIykbsiHoBa u ap., 1982; Di
Giulio et al., 1989; Jewell, Winston, 1988; Washburn, Di Giulio, 1988; Livingstone,
2001]. Ycunenne MUKpOCOMAIILHOT'O OKUCIICHHS OOHApYKEHO, HAllpUMep, B TKaHSIX PBHIO
MIPU ACHCTBUN KaTHOHHBIX (YETBEPTUYHBIX aMMOHHEBBIX coiei, B ToM uncie [{TAB) u
npyrux tamnoB aereprentoB [Hanlon, Seybert, 1997; Babior, 1999; Guhl, 1999].
Bo3moxHO, BBIsIBIEHHOE HamMH yBenuueHue nHTeHcuBHOCTH [1OJ1 u oTBeTHBIE peakiyn
AO xommiekca MOJUTIOCKOB ObUIM  OOYCJIOBIEHBI aKTHBAlMEd OKHCIUTEIHHOU
JECTPYKIIMH JeTepreHTa B X0/1e MUKpocoMaibHOro okucienus [Soldatov et al., 2007].

2.4.4. Cocrostare AO GpepMeHTHOrO KOMILIEKca TKaHel Muauit mpu aeiicteun TTMA

Poct axtuBHoctn COJl u karamasbl B jka0Opax HCCIEIOBaHHBIX MOP( MUIMI,
00yCIIOBJICH, BEpOATHO, HakoruieHueM B 3toi TkaHu COAP u nepokcuna Bogopoaa. Oba
¢depmMeHTa (PYHKIIMOHATBPHO B3aWMOCBS3aHBl M OOECMEYMBAIOT 3aIIUTy KIETOK OT
tokcuueckoro aeiictBusi ADK. COJl ocymectBisier peakmuio aucmytaiuu COAP, B
pe3yibpTaTe KOTOpOM oOpa3yercss MeHee AaKTUBHBIA IEePOKCHI Bojaopona [MurimH,
JIsxosuu, 1976; Tlobepeskuna, Ocwunuckas, 1989; Lemaire, Livingstone, 1993].
VYBenuuenue koHneHTpaiun H;O,, B CBOIO odepenp, BBI3BIBAET POCT AKTUBHOCTH
KaTasiasbl, pa3jiaraomniei mepokCua Ha KUciaopo u Boay [Opunosudy, 1979; JlykesHoBa u
Ip., 1982; Ocunos u ap. 1990].

HocrosepHsrii poct pecypca GSH u nosbitienne aktuBHOCTH ['P B TKaHU )Xabp
npoucxoaua Ha ¢oHe cHmwkeHus: aktuBHocTd ['11 y depHoit Mopdbl U yBenndyeHus — y
kopuuHeBoi [ConmatoB u ap., 2007]. Tun orknuka I'C xabp muauii 4epHOil MOpQBI
MOJKET OBITh OOYCIIOBJICH ABYMS IPUIHHAMU.

e B03MOXHO, 4YTO TJIYTaTHOH B JAaHHBIX YCJIOBHAX TMPOSBISET CBOE
camocrostenbHoe AO nefictBue. CobctBenHas AO ¢yrkmus GSH cBszana ¢
peanu3aneil MHOTHX 3alllUTHBIX peakiuii — uHakTuBanued H,O, u mumumaHbIx
ruapornepekrcHbix pamukaioB ROO’, a takke tex BumoB ADK, koropeie He
MMEIOT crenuduueckux HHruouTopos — 'O, OH' [Kocosep, Kocosep, 1979;
Kymunackuii, Konecuuuenko, 1990a; Ocumos, 1990; Kenmus wu ap., 1993].
[MoxreepxxaeHuemM 3toit ¢pynkiuu GSH sBisieTcst U yBenndeHue akTUBHOCTH [P,
obecrneunBaroIed MoafepKaHne W HapalluBaHWE YPOBHS 3TOro BaxkHOoro AQO
coenmHenus B kietke [Ramos-Martinez et al., 1983]. Tloatomy poct conepikanus
GSH B xabpax MOXHO paccMaTpuMBaTh KaK CBUJCTEILCTBO AKTHUBAIIUU
3aMIUTHBIX CHCTEM KIIETKH M ()OPMUPOBAHUS aIalITHBHOTO OTBETA 3TOW TKaHH Ha
JeicTBHE OKUCIUTENbHOTO cTpecca [Kenus u np., 1993].

e He wuckmoueHo Taxke, uro npu paeicreum TJTMA pecypc GSH He
3aneiicteoBad B AO 3amute. CHikenue aktuBHOCTH ['T1 B jxabpax, BEpOsATHO,
noaTeepxkaaer, uto neiictBue GSH cBsa3aHo ¢ ero xogepMeHTHOH (QDyHKIHEH B
coctae [Tl. B »atom cnydae ¢ynkumonuposanue ['C HampaBieHO Ha
Hakorienne GSH, HeoOxomuMoro Ha CTaaud OOE3BPEIKUBAHUS HU3KHX
KoHeHTpanuit npoaykroB I10JI mocie ynanenns ux 6ojiee BEICOKHX KOJIHYECTB
nocpeacteoM COJl u karanasel. [lomoOHOE cocTosiHUE, MO-BUAUMOMY, OBLIO
XapakTepHO JUIS Jkadp MOJUIIOCKOB YepHOH MOpQBI, TJAe HUMEIO MeCTO
pasHoHarnpasieHHOe u3MeneHuit akruBHocteit ['P u I'TI [Soldatov et al., 2007].
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B Hore MOMIIOCKOB 4epHOH MOpQBI, B OTIMYHME OT >kabp, NpU BIUSIHUU
JIleTeprenTa He HaOIMoJaoch 3MeHeHnid B ypoBHe mporeccos [10JI, Ha 4To yka3siBan
nmoctossHHBIN ypoBeHb TBbK-aktuBHBIX mpoaykTroB. OmHako oTkiauk ['C w cucTemsl
«CO/l-xarana3a» y MOJUIFOCKOB JaHHOW TPYyMIbl KaY€CTBEHHO COBMAJal C TaKOBBIM B
’)kabpax, 4TO BBIpakaJiochb B ToBbIIIeHHU pecypca GSH u akrtupnocteit ['P, COJMl u
Katamaszpl. B AO KOMIUIEKCE HOTH MUIMH KOPUIHEBOH MOP(BI, HAIIPOTUB, TPOUCXOIHIIIO
cHikenne ypoBHs GSH. MHbIx peakuuii BeisiBieHo He Obut0 [Conaatos u np., 2007].

Bonee Hu3kmii, yeM B xalpax, ypOBeHb OKHCIUTEIbHON HArpy3KH B HOTE MOYKHO
OOBSACHUTh OTIHYMSAMH B CTPYKTYPHO-(YHKIIMOHAIBHBIX OCOOCHHOCTAX JIaHHBIX
opranoB. Hora, B oTiame oT sxa0bp, uMeeT 0oJiee TIOTHRIM MHOTOCTIOWHBIN STUTESIINN 1 B
LEJIOM XapaKTepU3yeTCsl MEHbIIeH WHTEHCHBHOCTHIO OOMEHHBIX MpOILIECCOB, YeM
skabepHas TkaHb. CoxpaHenne mHTeHCHBHOCTH [IOJI Ha MOCTOSHHOM YpOBHE, a TaKke
MeHee BbIpaKeHHble m3MeHeHns B AQ craTyce TKaHH HOTH CBSI3aHO, BEPOATHO, C
MEHBIIEH TPOHMUIAEMOCTHI0 MeMOpaH »SIUTENHAJIbHBIX KIETOK STOW TKaHU IS
nereprenta. OMHAKO BBHISBICHHBIC TeHACHIMH pocta aktuBHocTh COJ[ m karamassl
CBUJIETENBCTBYIOT O MOTEHIIMAIBHO BO3MOXXHOM CJIBHATE OalaHca MPOOKCHIAHTHBIX H
3amUTHBIX AO TpoIleccOB B TKaHU HOTU B CTOPOHY Pa3BUTHUS OKHCIUTEIBLHOTO cTpecca
npu neiicreun TTMA.

B remaromankpeace wmummii obemx wmopd mnpm nedictBum  TATMA He
Habmoganock ycuerus npormeccoB [10JI, 9To BeIpakaiock B HEU3MEHHOM COJIEPIKaHUU
TBbK-akTuBHBIX TpoaykToB. J[leficTBHe JeTepreHTa HE OKas3ajJlo BIHMAHUA U Ha
OonpmMHCTBO TOKazateneir AO KOMIUIEKca MOJUTIOCKOB. V3MeHeHWs HaOIoannch
TOJIBKO B aKTHBHOCTH KaTaJia3bl M ypoBHe GSH. B rematomankpeace MOIITFOCKOB YepHOM
MOp}BI OTMEUEHO CHI)KEHUE aKTUBHOCTH (hepMeHTa, a y 0co0el ¢ KOPUIHEBOM OKPacKOH
PaKoBHHBI — TIOBBIIICHHE. Y MMM KOPUYHEBOro (eHOTHNA 3aUKCHPOBAHO TaKKe
cuamwkenne ypoBas GSH [Conmaros u ap., 2007].

Kak wu3BecTHO, B3auMOAEHCTBHE TemaTonaHKpeaca C BHEUIHEH Ccpeloil HOCHUT
OTOCPEIOBAHHBIM XapakTep. YpPOBEHb TOKCHYECKHX IMPOAYKTOB B JaHHOM OpraHe
3aBUCHT OT WX cojepxaHus B remonumde. CrenoBarenbHO, CTEIEHb TOKCHYECKOW
Harpy3Kyd Ha TemnaTonaHKpeac JOJDKHA OBITh HWKE, YeM Ha mepudepudecKue TKaHH,
HENOCPEICTBEHHO KOHTAKTUPYIOIIUE C ETEPTEHTOM.

OnHoOif ¥W3 OCHOBHBIX (YHKIMH TKaHM TenarolmaHkpeaca  SBISETCS
OMOaKKyMYJIISIUS M JTETOKCHKAINS KCEHOOMOTHKOB. Y JBYCTBOPYATHIX MOJUTFOCKOB OH
CIOCOOCH HAaKaIUTMBAaTh pPAa3lUYHbIE TIOJUIIOTAHTHL B KOHIEHTPANHUAX, MHOTOKPAaTHO
npeBocxosammx [1JIK mpu coxpaHeHnn GyHKIIMOHAIEHON MOJHOIIEHHOCTH KIETOUHBIX H
TKaHeBbIX CTpyKTyp [Livingstone et al., 1992; Regoli, 1998; Yenomun u map., 1998;
Bpens, 1999]. I'enaronankpeac obiamgaeT BRICOKOH HHTEHCHBHOCTHIO OOMEHA BEIIECTB U
HanboJiee MOUIHBIMU TI0 CPaBHEHHWIO C JPYTUMH TKAaHSAMH CHCTEMaMHU JIETOKCUKAIMH
KceHOOnoTnkoB. K 3THM cuctemam Hapsay ¢ MHUKPOCOMAIbHBIM OKHCICHHEM MOYKHO
OTHECTH TaKke (epMeHThI OHOTpaHCc(HOpPMANINH TTOJUTFOTAHTOB — TIyTaTHOHTpaHChepasy,
aleTUIIXOJMHACTEpasy, 7-3Tokcupe3ophun O-aumdtunasy (oaHy u3 U30(epMEHTHBIX
dopm mmToxpoma P-450, EROD) u npyrue [Wenning, Di Giulio, 19886; Jewell, Winston,
1988; Jimenez, 1988; Livingstone et al., 1992; Livingstone et al., 1993]. BeposTHo,
yKa3aHHBIE CBOWMCTBAa M OMPEACTWIN HAWOOJBIIYI0 YCTOWYMBOCTH TemaTolaHKpeaca K
neiictuo TITMA.

Takum 00pa3om, xapakTep KOMIEHCAIIMOHHBIX n3MeHeHnid AO cTatyca U ypoBHS
ITIOJI y Mytillus galloprovincialis npu npeiictBun TATMA umen sBHYH TKaHEBYIO
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cneun¢uky. Hanbomnee BbIpakeHHOE [eHCTBHE KAaTHOHHBIA NETEPreHT OKas3bIBal Ha
’KaOpBI MOJITIOCKOB YepHOU MOpP(BI. DTO MPOSABISUIOCH B pocTe ypoBHs TBK-akTmBHBIX
MPOAYKTOB W TIOBHIIIEHWH aKTUBHOCTH B OCHOBHOM (DepPMEHTOB HH3KOTO CPOJICTBA K
cyoctpary (CO/l, karana3za). Ha >xaOpbl Muuii KOpHYHEBOU MOP(BI IETEPIeHT OKa3bIBAJl
MeHbIIIee BIUSHHE, 00 3TOM CBHIETEIbCTBOBAN MOCTOsHHBIN ypoBeHb [10JI. Oxnako B
xapaktepe M3MeHeHui cocTtosHus AQO KOMIUIEKCa OTMEYEHO CXOJCTBO C MOJUTIOCKaMU
yepHoro ¢enoruna. KommneHncaunonnsie peakiuu co cTopoHsl AO (hepMEeHTHOM cCUCTEMBI
OCTalbHBIX OpraHoB (Hora, remaromankpeac) Ha neiictBue TATMA Obun MeHee
BbIpakeHHbIMU. Ha 3T0 yka3piBasio nocTOsIHHOE cofepkanue THK-akTHUBHBIX MPOIYKTOB
Y He3HAUMTENbHbIe n3MeHeHus B cocTostHuu ['C.

2.5. ®dyHKUMOHanbHble coctosiHua AO (pepMeHTHOro
KOMIUIeKca TKaHen M. galloprovincialis

[IpencrarnenHas paHee uWHGOpPMAIUS TMO3BOJISICT 3aKIO4YHMTh, uYTto AO
(depmenTHbIi KOMIUTeKC TKanei Mytilus galloprovincialis pearupyer Ha OKHCIUTETBHYIO
Harpy3ky auddepeHnupoBaHHO. B ero auHamMuKe MOXKHO BBIIEJIUTH PSA OTHOCHUTENIBHO
YCTOMYMBBIX BO BPEMEHH COCTOSIHMH, KOTOpBIE MOCIEIOBATENbHO CMEHSAIOT APYT Apyra
Mo Mepe YCHIeHHs ToKcudeckoro 3ddekra. B Hacrosmem pasgene TpUBOIUTCA
ONMCaHME 3THUX COCTOSIHWH, M aHAIN3UPYIOTCA NPUYUHBI, JIeXKAallde B OCHOBE HX
BO3HUKHOBEHHSI.

Kak ormeuanoce panee, aisi Tkaneir nByctBopok, u M. galloprovincialis B
YaCTHOCTH, XapaKTepHa BBICOKas HWHTEHCHMBHOCTh mporeccoB I[IOJI, o uyem
CBH/ICTENILCTBYET TOBBIICHHOE conepykanne TBK-aktuBHbIX mpomykroB [Winston, Di
Giulio,1991; Romeo, Gnassia-Barelli, 1997; Livingstone, 2001]. B cpaBHeHuu ¢ Apyrumu
BOJHBIMU M Ha3eMHBIMH OpPraHU3MaMH Pa3iu4us JOCTUTAOT 2-3 mopsiakos [Livingstone
et al, 1993; Oseukuna u jap., 2001; Commatos u ap., 2003; ['octroxuna u ap., 2005].

3HauUUTENbHBIN Uana3oH U3MEHEHHs] MHTEHCUBHOCTH mpoueccoB [10JI B TkaHsx
JIBYCTBOPUYATBIX MOJIIFOCKOB IO3BOJISIET MPOCIeAnTh AuHAMUKY AQO (depMeHTHOro
KOMIUJIEKCA U BBISIBUTH B HEM pAJ YCTOWYMBBIX COCTOSHMH, KOTOpBIE MOTYT OBITH
aIeKBaTHBI YPOBHIO OKUCIIUTEIbHON HATPY3KH.

2.5.1. I'myraTnoHOBas cucreMa

OCHOBY TJIyTaTHOHOBOH CHUCTEMBI COCTABJISIET TPHUIIENTH| TTyTATHOH, KOTOPBIH
MOXeT uMeTh camocrtositenbHoe AQO 3Hauenme [Kymuuckuii, Konecrmuenko, 1990a;
Kenust u 1p., 1993]. On cnocoGen unaktupuposats OH', '0,, H,0,, ruaponepekucu
mununoB [Kymuackuii, Konecanmuenko, 19906], ydacTByeT B craOmiu3alud MeMOpaH
[Kynunckwuit, Konecuuuenko, 1990 (a)], 3amure JHK xnerkn [MeHbIIMKOBa, 3€HKOB,
1993]. Boccranosnennas ¢opma riayratuoHa (GSH) wucmonb3yeTcss B KadecTBe
koakropa rayratuoHTpancdepazod (I'T) wu rmyratmonmepokcumazoin ('), a
okucnenHas (GSSG) — kak cyocTpar i rinyratuonpenykrassl (I'P).

Anamus otHotneHuss GSH/GSSG u conpsikeHHBIX ¢ TIyTaTHOHOM aKTHBHOCTEH
I'P u I'll B Tkansx M. galloprovincialis mo3Bonu BBISSBUTE B TIyTaTHOHOBOM CHCTEME
MOJUTIOCKA HECKOJIBKO OTHOCUTENHHO YCTOWYHMBBIX COCTOSHUI, KOTOPBIE MOXKHO YCIOBHO
0003HaYNTh KaK HU3KOE, YMEPEHHOE U BBICOKOE HaIPsKEHHE.
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Cocmosnue 6vicokoeo nanpsiiceHus. XapakTepu3yeTcs HHU3KHUM COJepKaHUEM
GSH u upe3mepro BoicokuMu akTuBHOCTSIME I'TI 1 I'P (puc. 2.22). Takoe cooTHOIIEHHE
MoKa3arenel CBUICTENLCTBYET O BBICOKON CKOPOCTH 000pOTa MIyTATHOHA B TKAHIX. ITO
cocrosiaure ['C ObUTO XapaKTepHO JJist Ka0p MOJUTIOCKOB YePHOW U KOPUYHEBOH IIBETOBBIX
MOp( (€CTECTBEHHBIC MOMYJISIINN), & TAKKE Ka0p MHUIUN KOPUYHEBOW MOPQBI B MIEPHO
uepecra [Soldatov et al., 2007].

AKTHBHOCTh K€ Karana3bl B alOpax ObUla HH3KOW. ODTO O3Ha4aeT, 4YTO
OKHCIIUTENbHAS HArpy3ka KOMIICHCHPOBAJIACh MPEHMYIIECTBEHHO TIPU  YYaCTHH
TIIyTaTHOHOBOW CHUCTEMBI. [IpH 3TOM BO3MOKHO J[Ba BapHaHTa HEUTPANTHU3aIlUi aKTUBHBIX
popm kucnopona (ADPK) [Anexcanaposa u ap., 2001; Soldatov et al., 2007]:

e GSH Brictynaer B kayectBe kKodakropa I'TI, a I'P obecnieunBaeT momiaepxaHue
€ro pecypca Ha MUHUMAITBHO JIOCTATOYHOM yYPOBHE;

e BO3MOXHaA peamusanus U camocrosrenbHod AO ¢yakumn GSH, o dyem
TOBOPHJIOCH BBIIIIE.
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Puc. 2.22. CocTosiHrE TITyTATHOHOBOW CHCTEMBI B Ka0paxX MUJIUH U3 €CTECTBEHHBIX
nonymsituit (1) u B mepuoy Hepecta (2) (A — aktuBaocTh ['TI; B — aktuBHOCTE ['P; C —
yposerb GSH)

CocmosHue ymepennozo Hanpadxcenus. OTINYaETCS CPaBHUTEIBHO BBICOKHM
cogepxkanueM GSH B TKaHfAX, MOBBILEHHON akTuBHOCTHIO [Tl mpm OTHOCHTENBHO
Hu3koi aktuBHOCTH [P (pmc.2.23). Takoe cOCTOSHME TIIYyTaTHOHOBOW CHCTEMBI OBLIO
OTMEYEHO B TeNaTolaHKpeace YepHOH U KOPUIHEBOH MOP( MOJUTIOCKA U3 €CTECTBEHHBIX
oy asuii [ Anekcanaposa u jap., 2001; Soldatov et al., 2007]. Cnexyer OTMETHTD, YTO
OHO HaOII0AAJIOCh HAa (OHE BHICOKOW aKTHMBHOCTH KaTajiasbl, UMEoIeil Oojee HHU3KOe
cpormctBo k H;O, w HeWTpanu3ymoomiel MNOBBIIICHHBIE KOHIICHTPAIIMH JTaHHOTO
COEJTMHEHMS.

Takoe COOTHOIIEHNE MPOLECCOB YKA3bIBAET HA TO, YTO IIIyTaTHOHOBAsl CUCTEMA
y4acTByeT B 00€3BpEe)XUBaHUM MNepekucei, Ho pecypc GSH mpu sToMm 3ageiicTBOBaH He
TaK aKTUBHO, KaK B MEPBOM ciiydae. Beicokast akTHBHOCTh (DepMEHTOB HU3KOTO CPOJICTBA
MO3BOJISIET 3aKIIOYUTh, yTo AO cucTeMa HaXxOAWTCA B NMOTPAaHUYHOM COCTOSHUH, TPH
KOTOPOM TIPOMCXOAMT MEPEeXo] OT BEAYyLIEH poJu TIIyTaTHOHOBOIO KOMIUIEKCA K
nomuHHpoBaHWI0O B AQ 3ammre KaTajiasbl, KOTOpas YTWIM3HpPYeT Oojee BBICOKHE
koHnenrpanuu H,O, n ruaponepexuceii.
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Puc. 2.23. CocTosiHuE TITyTaTUOHOBOM CUCTEMBI B F€NAaTONAHKPEACe MOJIIIOCKOB M3
€CTEeCTBEHHBIX momysaiuii (A — aktusHOCTh ['TI; B — aktuBHOCTS I'P; C — ypoBenr GSH)

Cocmosnue Hu3ko2o0 nanpsiicenus. XapakTepU3yeTcs BBICOKHM COIEpKaHUEM
GSH mpu OTHOCHTENbHO HHM3KOH aKTHUBHOCTH COIPSDKEHHBIX C HUM (PEpMEHTOB,
ocobenno I'TI (puc. 2.24). DTo coBmajaeT ¢ BHICOKOW akTUBHOCTHIO KaTanmasbl u CO/l,
YTO OTpa)KaeT UYPE3MEPHYI0 NPOAYKLUHIO THIpONEepeKrceld B TKaHAX. M3BecTHO, 4TO
TIOBBIIIEHHEI ypoBeHb H,O, oka3piBaeT WHTHOMpYIOIIee AeicTBUe Ha akTUBHOCTH [T1
[MenbmmkoBa, 3enkoB, 1993]. Jlannoe coctosiaue AO cucTeMbl OBUIO OTMEYCHO B
’kabpax W HOre MOJUIIOCKOB 4YepHOW MOpGBI B YCIOBUSAX JKCIEPHUMEHTAIBHOM
TOKCHYECKOW Harpy3KH: BBEICHHE B BOAY akBapuyMa KaTHoHHOro aeteprenta TATMA B
xouuentpauuu 0,8 mr 1 [Connaros u ap., 2007; Soldatov et al., 2007].
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Puc. 2.24. CocrosiHrE TITyTATHOHOBOW CHCTEMBI B HOT'€ MUIUH YyepHOW MOP(EI TpH
neiictBun TJITMA (A — aktusHocts I'TI; B — aktusrocts I'P; C — ypoBens GSH)

W3 mpencraBieHHBIX pe3yJabTaTOB CIEAYeT, YTO TIyTAaTHOHOBAas CHCTEMA, II0
BCeH BUANMOCTH, HE MPHUHAMAET AKTHBHOTO y4YacTHs B 3alUTE TKAaHU OT JACHCTBUS
BBICOKMX KOHIIEHTpalMid rugponepekuceid. Ota GyHkuus nepemaercs karanaze u CO/.
CootHomenue e akTuBHOCTH I'Tl u I'P mo3BossieT ToBOpUTH 0 HapalllMBaHUM B TKaHSIX
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pecypca GSH, KOTOpBI B MOCIEAYIONIEM MOXET OBITh HCIIOJIB30BaH B HEHTpaIU3alluu
0oJiee HU3KMX KOHIECHTPAIUH MEPEKUCHBIX TPOYKTOB.

2.5.2. Karanaza u cynepokcuaaucMyTasa

Orta rpymma BKIIOYaeT (EPMEHTHI HH3KOTO CpOJICTBA K cybcTparam, dTO
00ycCJIOBIMBaET WX JOMHUHHUPYIOUIYIO pOJb B HMHAKTUBAIIMU BBICOKUX KOHILIEHTpamui
npoaykros [10OJI.

OyakmnoHanbHo COJl m Karama3a CONpPSDKEHBI, TaK Kak OOpas3yromuiics B
peakimu nucmyTtanuu H,O, 3ateM HeliTpanusyercs katanazoid. OJHAKO B psje Clydacs
COIIPsDKEHHE HE BBIPAXKEHO, U )ePMEHTHI TPOSIBIISIOT aKTUBHOCTH CAMOCTOSITEIBHO.

Hetimpanuzayus evicoxux xonyenmpayuii euoponepexuceti. ITOT TIPOIECC
OCYIIECTBISUICS HCKIIOYUTENBHO Karama3od. AxtuBHocTe COJl Obuta HU3KOH, a
conepxkanue ThK-akTuBHBIX MpoAykTOB B TKaHU focturano 900-1400 mxmons MJIA -Mr~
! Genka. D10 cocrosiaie AQ KOMIUIEKCA ObIIO OTMEUEHO B IeNaTOMAHKPEace MOITFOCKOB
YepHOH M KOPUYHEBOH MOp(¢ M3 €CTECTBEHHBIX MOIYJSIIMHN, a TaKKe B IEPHOA HEpecTa
(puc. 2.25) [Anexcanaposa u ap., 2002; ['ocTroxuna u ap., 2005; Commatos u ap., 2008].
Takoe coueTaHue aKTUBHOCTEH (pEpPMEHTOB CBHUACTENBCTBYET 00 YTHIIM3alMU BBICOKHX
KOHLIEHTpAlMi ruaponepekuceld, o0pa3oBaHue KOTOPHIX HE ObUIO CBSI3aHO C peakiuei
mucmytanun O, , karanusupyemoit COJI.
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Puc. 2.25. AxtuBHocts CO/] 1 KaTana3sl B TKAaHU renaTomaHKpeaca y MUANN 13
ecTecTBeHHBIX nomynsiiuii (1) u B mepuoy Hepecra (2) (A — CO/l; B — karanaza; C —
TBK-akTuBHBIE TPOIYKTHI)

Hanpasnennaa npooyxyus COAP. OtmedeHa B HOTre MOJUIIOCKOB 00enx
LIBETOBBIX MOP(] M3 €CTECTBEHHBIX MOMyJSUMiA. B TKaHM perucTpupoBajach BBICOKas
aktuBHOCTh COJl Ha (oHEe HU3KOW aKTHMBHOCTHU KaTanasbl P YMEPEHHOM COJICP)KaHHN
TBK-akTuBHBIX NpoaykToB (puc. 2.26) [Anekcanaposa u ap., 2001; 'octroxuna u ap.,
2005; Soldatov et al., 2007]. 310 o3nauaert, uro aeiictBrue COJl ckopee HANpaBICHO Ha
renepaiuio COAP, Hexxenn Ha ero HeWTpanmzanuo. M3BecTHO, YTO NAHHBIA (epMeHT
criocobeH BeTymath BO B3ammojeiictue ¢ HyO, — mpoaykrom mucmyrtammun O, . B
pesyJbrare AaHHOW peakimu obpasytores O, u OH pamukan, a COJl BbicTymaer B
KauecTBe MPOOKcHIaHTa [MeHbIINKOBa, 3€HKOB, 1993 ]:

Cu**-coq + H,0, < Cu*-COL + O, + 2H"
Cu*-COJq + H,0, « Cu**-COJ + OH + OH .
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Puc. 2.26. AxtuBHocts CO/] 1 KaTana3bl B HOT€ MUAUN U3 €CTECTBEHHBIX MOMYIAIMA (A
— CO/l; B — xaranaza; C — TBK-AII)

O6pazoBanue O, ¢ yugactuemM COJ] B TKaHH HOTH MOJUIIOCKOB MOYET OBITh
00yCJIOBIIEHO  HENOCPEACTBEHHBIM  y4YacTHEM 93TOr0  pajWKajla B  Ipoleccax
JETONMMEPU3allii THATYPOHOBOW KHCIIOTBI, KOTOpasi o0pasyeTcs MpH pa3pylICHUH
KOJUTAT€HOBBIX CTPYKTYp MbIieuyHol TkaHu [[yOwnmHa, 1989; MenpmmkoBa, 3eHKOB,
1993; Jlyoununa, Illyranei, 1993]. HeoOxomuMo OTMETHUTh, YTO OCHOBHAS (YHKIIHS
HOTM MUJMH CBS3aHA C CHHTE30M OMCCYCHBIX HUTEH [3amka u Ap., 1990], cocrosimmx
NPEHMYIIECTBEHHO M3 KOJUIAareHOBBIX BosiokoH [Qin, Waite, 1998; Coyne, Waite, 2000;
Lucas et al., 2002]. B mpomecce >XH3HEAEATETBHOCTH MOJUTIOCKA MPOUCXOIMUT
MOCTOSIHHOE ~ OOHOBJICHHWE BOJIOKOH OWccyca BCIEACTBHE HMX EPUOJHYECKOTO
MOBPEKACHUS. OTO CONPOBOXKIACTCA pPAa3pyLICHHEM CTapblX W CHHTE30M HOBBIX
OouccycHbix HuTed [3amka u ap., 1990]. VYuureBas cmocobHocTh O, K
JIETIOIMMEPU3AIIH  BOJIOKOH KOJUIAr€Ha, MOXKHO IPENNOJI0KHUTh, YTO J3TOT pajJuKal
YUacTBYET B PeryJsiiii OnocuHTE3a Orccyca B Hore Mosutiocka. [1o-BuauMomy, ¢ 3TUM |
cBsi3aHa BbIcokas aktuBHOCTh CO/l B maHHOM oprase.

Cayuau  conpsincenuss  axmugnocmeti COJl u kamanazvl. COIOCTaBUMEBIE
aktuBHOocTH CO/J] m kaTtanaspl Ha QoHe HU3KON MHTeHCUBHOCTH TiporieccoB I1OJI Obuin
ormeueHsl B jkabpax M. galloprovincialis depHoro u kopuuHeBoro QeHoTHa HpU
neiictun TJITMA (puc. 2.27) [Soldatov et al., 2007]. AxtuBroctsh I'TI npu 3TOM ObLIA
MHUHHUMAaJIbHA. JTO O3HA4YaeT, uyTo Tokcuueckoe nevicreue TITMA ObuTo COMPSHKEHO C
npoaykuueit O, , HelTpanu3anus KOToporo TpedyeT y4acTusi 000Mx (HepMEHTOB.

Takum 00pa3oM, aHaIU3 MOTYYECHHBIX PE3yJIbTATOB MO3BOJSET 3aKIIOUYUTH, YTO
AO xommiekc M. galloprovincialis amantiupoBan K (YHKIIMOHHPOBAHHIO B YCIOBHSX
OKHCIIUTEIIBHONM HArpy3Kd pa3HOM HMHTEHCHBHOCTU. Ilo Mepe yBenMYeHHs YPOBHS
OKHCIIMTENBHOr0 crpecca Habmomaercs poct axktuBHoctd [P, TTl m mosbimaercs
ckopocth o0opora GSH B TkaHsx. 3aTeM TOKcHYecKas Harpy3ka KOMIIEHCHPYETCS
TOBBIIIICHHEM aKTUBHOCTH (pepMeHTOB Hu3Koro cponctBa k ADK — karanazsl. B
TJIyTaTHOHOBOM CUCTEME MOKHO BBIJIEITUTH HECKOJIBKO YCTOMUUBBIX COCTOSHUI: HU3KOTO,
YMEPEHHOTO U BBICOKOTO HampshKeHUs. B oTaenbHBIX TKaHAX (Hora) QyHKIMOHUPOBaHHE
AQO cucTteMsl HampaBJIeHO, TO-BUINMOMY, HE Ha 00€3BpeKUBaHNe, a Ha TeHepannio ADK
(0,7, COM). AO KOMIUIEKC MOJUIFOCKOB OTJIMYAETCs BBICOKOM JIaOMIBHOCTBIO H
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YYBCTBUTEIILHOCTBIO KaK K (PU3UOJIOTUYECKUM COCTOSHHSIM (HEPECT), TaK M K JIEHCTBUIO
¢dakTopoB antpomnorenHoit mpuponsl (TATMA). Peaknmn AO koMmIuiekca MUAMH Ha
€CTECTBCHHBIC COCTOSIHUSI ¥ TOKCHUYECKOE BO3JICHCTBUE COMOCTABHMBI, YTO HEOOXOAUMO
YYUTBIBATH MIPH JUATHOCTUKE COCTOSHUS BOAHOMN CPEJIbI.
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Puc. 2.27. Aktunocts CO/Jl u KAT B sxabpax munuii npu aericteun TATMA (A —
COJl; B — karanaza; C — TbK-AII)

2.6. AO (pepMeHTHDbIN KOMNNIEKC TKaHeW M. galoprovincialis B
6MOMOHUTOPUHIe MOPCKOM cpeabl

[Toxazatemn AO xomrmekca u [1OJI MOMTIOCKOB, U OCOOEHHO TIpencTaBUTeNeH
poma Mytilus, mHPOKO TPHUMEHSIOTCA B KadecTBE OHOMApKepOB B IHATHOCTHKE
cocrosiaus BoaHou cpensl [Di Giulio et al., 1989; Winston, Di Giulio, 1991; Sole et al.,
1995; Stein et al., 1998; Pyxuea, 2000; Livingstone, 2001; Porte et al., 2001a; Porte et
al., 20016; Pymuesa, 2006]. OmHako mpu 3TOM HCCIIENOBATEIN HE BCETNa YUUTHIBAIOT
MOJYJIMPYIOIICE BIUSHUE HA JAHHYIO MOJIEKYJIIPHYIO CHCTEMY JTHUHAMHUKN €CTECTBEHHBIX
a0MoTHIeCKHUX (HaKTOpPOB, (PH3MOIOTHUECKUX COCTOSHUI MOJUTIOCKOB U OCOOCHHOCTEH UX
sKonornyeckux rpymi. [loaroMmy npuMeHeHHe TaHHBIX MMOKa3areneil B OMOMOHUTOPHHTE
MOPCKOM CpeJibl UMEET HEKOTOPBIE OIPaHUYEHUSI.

Pe3ynbraThl TaHHOTO MCCIIEIOBAHMS TO3BOIMIIN BBISIBUTH psifi ocoOeHHocTel AO
komruiekca U [1OJI aByCTBOpYATHIX MOJUTIOCKOB, KOTOPhIE HEOOXOAWMO MPHHUMATH BO
BHHUMaHUe 1pH Beioope AO mokaszaTesneil B kauecTBe OMOMapKepOB.

MHorue wuccienoBaHusi 1Mo OMOMOHHUTOPHHTY TOCTpOeHBbI Ha usydeHun AO
peaxiuii renaTonaHKpeaca, BO MHOTOM ONPE/IEISIONIEr0 HAPaBICHHOCTh MeTaboIn3Ma
opranmzma [Wenning, Di Giulio, 19886; Livingstone et al., 1992; Pellerin-Massicotte,
1994; Pynnesa-TuroBa, 1996; Araujo, 1997; Pellerin-Massicotte et al., 1997; Canesi et
al., 2000]. TTo pe3ynbTaTaM HacTosilieil pabOTHI, MaHHAs OpraH OKa3aJcs Haubosee
YYBCTBUTENBHBIM K €CTECTBEHHOMY OKHCIWTEIILHOMY cTpeccy (HEepecT), dTo
nmoaTBepKaaeT pocT ypoBHsS TBK-akTuBHBIX mpoaykToB M akTuBamuss AO KOMIOHEHTOB
kak BeIcokoro (I'C, mepokcmmasa), Tak U HA3KOTO CPOJICTBA K cyOcTpaTy (kaTtamasza). B
YCIIOBUSIX JK€ HWCKYCCTBEHHOW OKHCIWTEIBHOW HArpy3Kd, B OTJIMYME OT HEpecTa,
cocrosaue AQO KOMIUIEKCa TemaTollaHKpeaca MOJUTIOCKOB HE  IpETepIieBaio
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CYLIECTBEHHBIX N3MECHEHHI.

K m3ydeHuro jxabepHOi TKaHu oOparmaetcsi MeHblnee umcio aBropos [Regoli,
Principato, 1995; Cossu et al., 1997; Doyotte et al., 1997; Cossu et al., 2000; Gravato et
al., 2005]. CpaBHuTenbHas OICHKA MOJYYCHHBIX PE3yJbTATOB MOKa3ajua, uYTO
amantanronHele peakund AQO KomIiekca >kabp M remaromaHkpeaca B YCIOBHSIX
OKHCITUTEIIBHOTO CTpecca pasHoit mpupombl (HepecTt m aeiicteue TATMA) mmenn
CyLIeCTBEHHbIE OTIM4YMS. B cocTossHmn Hepecta Ha (oOHE MAaKCHMAaJIBHOTO POCTa
narencuBHoctu [10J]I Bennunubl Beex m3ydeHHbIXx AO mokazateneit xabp obenx mMopd
OCTaBalUCh HEWU3MEHHBIMH. OTO CBUICTENBCTBYEeT 00 oTcyTrcTBUM peakiuii AO
KOMIUIEKCA JaHHOH TKaHM Ha JEWCTBHE OKHCIHUTEIBHOIO CTPECcca, BBI3BAHHOTO
€CTECTBEHHBIM (PU3UOJIOTUICCKUM COCTOSIHAEM MOJLTIOCKA.

[Ipu neiicteum TITMA xabpbsl MOJUTFOCKOB 00enx Mop(), HAIIPOTHB, TPOSIBIIIH
HauOoJiee BBICOKYK) YYyBCTBUTEIBHOCTb. OTO BBIPAKAJIOCH B IIOBBILICHUH YPOBHS
MEPEeKUCHBIX TPOLECCOB M XapaKTepe OTBETHBIX peakluid BceX MCCIeJOBaHHBIX
cocrapisironinx AQO KoMIUlekca — (DEPMEHTOB BBICOKOTO W HHU3KOI'O CpPOJACTBA K
cyoctpary [Comnmaros u ap., 2007; Soldatov et al., 2007].

Otrcroma crneayer, uyto peakumd AQO KoMIUIeKca TemaTonaHkpeaca M Kalp
MOJUIIOCKOB B YCIOBHSIX OOOMX  THIOB  OKHCIHMTENBHOIO  CTpecca  Obuin
OpOTUBONMONIOKHBIMU.  AQO cucremMa remaromaHKpeaca MPOSBHIA — HaWOOJIBLIYIO
YYBCTBHUTEIBHOCTh K €CTECTBEHHBIM COCTOSHHSM MOJUIIOCKOB, a ka0p — HAaIpOTHB, K
BJIMSHUIO aHTPONOTEHHOH TOKCHYECKOH Harpy3kd. YCTaHOBIIEHHbIE OCOOEHHOCTU
HEOO0XOIUMO NPHUHMMAaTh BO BHUMAaHWE NpPH BbIOOpe M U3y4yeHHH mapameTpoB AO
cucteMsbl 1 [1OJI TkaHel MOJUTIOCKOB B LIEJIAX DKOIMArHOCTUKH.

[Tpu BeIOOpEe AO GroMapkepoB HEOOXOAUMO TAK)KE YUHTHIBATH MPUHAIICKHOCTh
MOJUTIOCKOB K pa3HbIM (peHOTHNaM, TaK KakK ycJOBUS OOMTAaHUS MOTYT CYyIIECTBEHHO
BJIMATH Ha cocTosHME opraHusMa. lloxxox ¢ yderoMm cnenn(uKd MOJUTIOCKOB Pa3HbIX
9KOJIOTHYECKHUX TPYII, K COXKAJICHHUIO, PEIKO MPUMEHSETCS NMPU OMOMOHHTOPHMHIOBBIX
uccnenoBanusax. Hampumep, paccMmoTpenbl ocobeHHOcTH peakuumit AO KoMIuiekca
mosutrockoB Corbicula fluminea us pasubix momyssiiuii (peunast u o3eprasi) [Vidal et al.,
2002a), n3yuen otkiauk AO xommiekca u IIOJI y ocobeil mpecHOBOAHOTO MOJUTIOCKA
Unio tumidus u3 pasusix akotoros [Cossu et al., 1997; Doyotte et al., 1997; Cossu et al.,
2000].

Kak moxkasanm pe3ynpTaThl HACTOSILErO HCCICOOBAaHUS, B COCTOSIHUH
OKHCIIUTENBHOTO  CTpPecca eCTECTBEHHOTO M aHTPONOTeHHOTO  MPOMCXOXKICHHS
HanOoJbIINEe N3MEHEHHS B aHTHOKCHIaHTOM cTtaryce u ypoeHe [1OJI 3apeructpupoBaHbl
y Muauid 4yepHOoW MOp(dbl. DTO CBHUICTEIBCTBYET O IOBBIIIEHHOH HMHTEHCUBHOCTH
OKHCIIUTENBHBIX MPOLECCOB B OPraHM3ME MOJUIIOCKOB 3TOH Ipymiibl U Oojiee BHICOKON
YYBCTBUTEIILHOCTH WX TKaHEH K JEHCTBUIO CTpeccHpyIOmUX (akTopoB. MOJITIOCKH
KOPUYHEBOW MOpP(]BI, HANPOTHB, XapaKTEPH30BAIUCH 00jee CTAOMIBHBIM COCTOSHHEM
AO xommuekca u IIOJI mo cpaBHEHHMIO ¢ 4YepHBIM (PEHOTUIIOM. BBIABIEHHBIE THITBI
amanTaruoHHbIX peaknuid AO xomruiekca u [1OJI MOJUTFOCKOB pa3HBIX 3KOJIOTHUYECKHUX
TPYIN TO3BOJISIOT 3aKIIOYUTh, YTO MWJIMW C YEpHOW pPaKOBHHOHM SBISIOTCS Ooee
NPUEMIIEMBIMU OOBEKTaMU JIJIsI ONOMOHUTOPHHTA B CHITy OOJbIIEH YyBCTBUTEIBLHOCTH MX
TKaHe# K JCUCTBUIO OKUCIHUTEIbHOTO cTpecca [Soldatov et al., 2007].

Takum obpazom, mpu BeiOope napamerpoB AO xommekca u [10JI mommrockoB B
KayecTBE OMOMapKepOB HEOOXOAMMO YYMTBHIBATh TKAHEBYIO CIEUU(HUKY HCCIEAYyEeMbIX
MoKazarenel ¥ 3K0oJIoro-pu3n0I0rnIeckue 0COOEHHOCTH MOJITIOCKOB. Cpen H3y4eHHBIX
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MapaMeTpoB IEJISIM DKOJUATHOCTHKU B HamOomblned crerneHu otBeuaer AO cucrema
Kabp MuAuii 9epHON MOpP(BI, TTOCKONBKY €€ peakii Ha BO3JAEHCTBHE TOKCHYECKOTO
aHTPOTIOTeHHOTO  (hakTopa OBUTM  BBIPXEHBI CHUJIbHEE, YeM Ha H3MEHEHHUE
(hM3HUOJIOTUYECKOTO COCTOSIHUS MOJUTIOCKA. JTO TMO3BOJISIET PEKOMEHIOBATh TOKA3aTelu
AQO xommiekca ISl HCIONB30BaHUS B JUArHOCTHUKE OKHUCIUTEIBHOTO CTpecca
AHTPOTIOTEHHOTO TPOUCXOXKACHHUS.

2.7. AO KOMIJIEKC ABYCTBOP4YATOro MOJIJIIOCKA
Anadara inaequivalvis Br.

JlByctBOpuathiii Moiumock Anadara inaequivalvis Bruguiere, mpoHukimuii B
Yepnoe mope B Hawane 1980-x romoB, B HacTosIee BpeMs 3aBEPIIMI KOJIOHHU3ALUIO
AzoBo-UepHomopckoro OacceliHa [AHuctpareHko, Xamumad, 2006]. Awnamapa —
OBPUOMOHTHBIA MOPCKOW BHJ, CIIOCOOHBIA IEPEHOCUTH [UINTEIHHOE TOJOIaHHE,
THITOKCHIO, aHOKCHIO, YCIIOBUSI paclpEeCHEHUS ¥ 3HAUUTEIIbHbBIC KOJeOaH sl TeMIIepaTyphl
[Anuctparenko, Xamuman, 2006; Anapeenko u ap., 2009; ConmatoB u np., 2010].
YcraHoBIIEHBI 0COOCHHOCTH OEJIKOBOTO U YIIIEBOJHOTO 0OMeHa B TKausax A. inaequivalvis
[TonoBuna, 2005; Angpeenxko u np., 2009; ComnpmatoB u ap., 2010], BbisiBICH
KaueCTBCHHBI M KOJWYECTBEHHBIM COCTaB KapoTWHOWAOB [bopommHa u ap., 2009].
HeobOxomumocTts wuccnemoBanus mapameTpoB AQO kommmiekca u mpomeccoB [10JI
YEPHOMOPCKOW aHaJlapbl BhI3BaHA TEM, YTO COOTHOIIIEHHE 3TUX IMOKa3aTeJlel BO MHOTOM
OIpeiessieT aJanTallioOHHbIe BO3MOYKHOCTH OpraHu3Ma Mmosutocka [Livingstone, 2001;
Cronsip u ap., 2004; Josxenko, 2006; ConnatoB u ap., 2008; danppymmnackas u ap.,
2008].

2.7.1. Tkanessie ocobernoctn AO komrmiekca A. inaequivalvis

HccnenoBanu mosnoBo3penbix ocobeit anamapel A. inaequivalvis ¢ amuHOM
pakoBuHbI 30-33 MM. MommtockoB coOrpanu B MapTe B paiione moc. Kanusenn (FOxubIH
Oeper Kpeima), mocne cOopa W TpaHCHIOPTHPOBKM BBIACPKUBAIM B aKBapuyMmMax Ha
€CTECTBEHHOM IIPOTOKE B Te4eHHE 2—3 CyTOK.

Hoea. Cpenu wuccieqoBaHHBIX TKaHEH HOra aHajapbl XapaKTEepHU30BaJlach
MaKCHUMaJbHBIM COZAEP)KaHHEM TIIIyTaTHOHA, HauOosiee BBICOKOM akTuBHOCTBIO 1Tl m
HU3kUM ypoBHeM TBK-akTHBHBIX NMpOAYKTOB, HHM3KOW akTWBHOCThIO [P, karamassl u
CO/l (puc. 2.28-2.30) [T'octroxuna, 'onosuna, 2012].

CojiepaHue BOCCTAHOBIEHHOTO ITyTaTHOHA B Hore ObUT0 871,9£176,2 mMkr 1t
TKaHW, YTO BBIIIE 0 CPaBHEHWIO C >kabpaMu W TenaronaHkpeacom B 2,2-4.0 pasa
(p<0,01), coorBercTBeHHO. AKTUBHOCTH [T B HoOre coctaBmna 21,1+2,7 Mkmonbp GSSG
mun " mrt Genka, uto B 2,5 paza (p<0,01) OombIie, 4eM B TemaTomaHKpeace.

Beicokass aktuBHOCTh [l M Oosploe KOMMUECTBO TIAyTaTHOHa B Hore A.
inaequivalvis mpeamonaraeT 3HAYUTENBHYIO CKOPOCTH 000pOTa 3TOTO COCAMHEHHS H
AKTHBHOE Y4YacCTHE B IPOLECCE MHAKTUBALMU ruaponepekuceil. Huskas aktusHocts I'P B
COYETaHUH C BBICOKMM YPOBHEM IJIyTaTHOHA, MOAJEPKAHUE KOTOPOro M OOecrevnBaeT
JAHHBI (PEepMEHT, BEpOSITHO, CBs3aHA C OCOOCHHOCTSIMH YTJIEBOJHOT'O METa0oIM3Ma
MOJUTIOCKA.  M3BeCTHO, YTO TUIIOKO3a  SIBJISIETCA  WCXOJHBIM — MeTaboiIuToM B
neHTo30(ocdaTHOM MyTH OKMCIIEHHs YIJIEBOAOB, BeaylieM kK oOpasoBanuto HAJIPH —
SHEPreTHYECKOr0 SKBHBaleHTa Aiasi [P mpu BOCCTaHOBICHMH OKHCIEHHON (HOpMBI
riyratnona. [lo cpaBHEeHUIO ¢ MUAMEH YPOBEHB TIIFOKO3BI B HOT€ aHAAaphl 3HAUUTEIHHO
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Huxe [CongatoB u Ap., 2010], yTo MoXeT NpUBOANTD K cHIKeHUto ypoBHA HAJIOH u,
KaK cleacTBhe, Oonee HU3KONH akTuBHOCTH ['P. B0O3MOXHO, y MOJUTIOCKA B TaKHX
YCIIOBUSX HWMEIOTCS JIOTIONIHUTEIbHBIC MEXaHW3Mbl BoccraHoBieHuss GSH wim ero
cunresa de novo [Toctroxuna, 2012].
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AHanapa — TOABWXHBIM MOJUIIOCK, CIIOCOOCH aKTHBHO TEpeMeIIaThCsl U
3aphIBaThcsa B TPYHT [AHHUCTpaTenko, Xanumas, 2006]. IHTeHCHBHOCTE MeTabomm3Ma B
TKaHW HOTH aHajapsl Beimie, uem y mumuu [Cromsap u ap., 2004; I'omosuna, 2005].
CopnepxaHue KapoTHHOHMIOB B HOTE aHaAaphl OOJIbIIe, 4YeM B remnaTonaHkpeace u jkadpax
[boponuna u ap., 2009]. Kpome Toro, B 0OTIMYHE OT APYTHX YEPHOMOPCKHX MOJIIIOCKOB,
BCEJICHEI] WMeEET JPUTPOIUTAPHBIN TreMorioOuH, obecrednBaroniii 0oiiee BBICOKYIO
KUCIIOPOIHYI0 eMKOCTh ero remonmumdsel [Hourdez, Weber, 2005]. BepositHo,
OKHCIIUTENbHAS HAarpy3Ka akKTUBUpPYeT KOMIOHEeHTH AO kommiekca, B yactHoctu [Tl u
GSH, koTopple y4acTBYIOT B YTWIM3alUH IEPOKCHAA BOAOPOAa W Pa3lIUYHBIX
rugpornepekncei. 00 3 heKTHBHOM 00€3BpEKUBAHNN dTUX COCTUHEHUH B HOTE€ aHAIaphI
CBUJICTENILCTBYET M HHU3KHH ypoBeHb TBK-akTHBHBIX TpPOXyKTOB. MuHUMaIbHAs
aktuBHOCTh CO/] 1 KaTanas3bl O3BOJISIET MPEATIONIOKUTD, YTO KOHIIEHTPALHS IEPOKCHAA
BOJOpPOJAa U CYNEPOKCHUAHOTO pajuKaja B HOre Oblla HEBBICOKA, a BeAyllas pojib B
AQHTHOKCHIAHTHO# 3aIluTe MpHHAIeKaa riryratnonoBoii cucreme (I'TI, TP, GSH).

T'enamonankpeac. I'enaronankpeac aHaJapbl BBIIEISAIICS BRICOKHM COIEPIKaHUEM
TBK-akTHBHBIX TPOAyKTOB: 224,44+51,67 mxmoms MJIA 1" chipoii TkaHm. DTO
MIPEBBIIIANIO 3HAYSHHSI TAHHOTO TIOKa3aTelns B Hore u xabpax moiutocka B 2,0-2,3 paza
(p<0,05). AktuBHOCTH ['P M KarTana3sl B remnaTonaHkpeace Obljla COOTBETCTBEHHO B 1,9—
2,2 paza soime (p<0,05-0,01), yem B HOTe, HO JOCTOBEPHO HE OTJIMYAIACh OT TAKOBOW B
)kabpax. AxtuBHOcTh ['Tl Obima Huzkas. Ilo comepkaHWio TIyTaTHOHA W aKTUBHOCTH
CO/] renaromaHkpeac 3aHMMaj IMPOMEXYTOYHOE IOJIOKEHHE CpeAHd HCCIEIOBAaHHBIX
TKaHel [['ocTioxuna, ['omoBuHa, 2012].

CpaBHuTensHO Hu3Kasg aktuBHOCTh [Tl B rematomaHkpeace aHamapbl
HaOmoganack Ha ¢oHe BBICOKOH akTuBHOCTH |'P m moBeimenHom ypoBHe GSH.
IMono6noe cocrostane I'C cBuaerenbecTByeT 0 ManodddextuBHoi padote ['TI. Bo3moxHo,
B IIeJIOM 3Ta cucTema obecrieunBaia Hakomienne GSH u monaep:kaHue ero pesepsa Ha
JOCTaTOYHOM YPOBHE, HEOOXOIUMOM UISl CaMOCTOSATENbHOTO AO AeHCTBHS ITyTaTHOHA
[Kynunckuii, Komecuunuenko, 1990]. OcHoBHas ponp B 3alIuTe TemaTomaHKpeaca,
OuUeBHIIHO, MpuHaAexkana karanaze u COJl, MposBISBIIMNX BBICOKYIO aKTHBHOCTbH, YTO
corimacyercds M ¢ MakcuManbHbIM ypoBHeM I[IOJI. BepostHo, COJ] u kartamaza B
rernaTonaHKpeace  OCYIIECTBISIOT — IOCJIEAOBATEIbHYI0  MHAKTHUBALMIO  BBICOKHX
KOHIIGHTpAIlMid CYNEPOKCHUIHOTO pajauKkaia ¥ o0pa3ylolierocss 3aTreM IepoKCHa
BOJOpPOJA, a TIIyTaTHOHOBAsi CHCTEMa AaKTHBHUPYETCA Ha CTalusX YIaJCHHS HHU3KHX
KOHLIEHTpaluil NepeKUCHbIX NPoAyKTOB [['ocTioxuHa, ['onoBuHa, 2012].

IloBeimennsrit  ypoBenb mnporieccoB IIOJI B remaromaHkpeace CBsi3aH C
WHTEHCHBHO TPOTEKAIOIIMMH IpOIlecCaMH paclaja W CHHTe3a OENKOB, JUMHIOB W
npyrux coenunenunii [Moore et al., 1988; Livingstone et al., 1992]. Hons
MOJIMHEHACHIIIIEHHBIX XHUPHBIX KUCIOT — MPEUMYIIECTBEHHBIX cyoctparo [1OJI — B
coCTaBe JKHPHBIX KHCIIOT TremaTtomankpeaca pocruraet 70 % [Ribera et al., 1989;
Livingstone et al., 1992]. B Hem ycTaHOBJIEH BBICOKHI YPOBEHb 3HIOTCHHOW TeHEpaIUU
akTHBHBIX (GopMm kucimopoma (A®K) [Lemaire, Livingstone, 1993], mocrosHHO
MPOMCXOJNT TpaHcHopMaIUs U IETOKCUKAIIMS BEIIECTB, a TAaKXkKe aTpodus U paspynieHne
renaTolMUTOB B Pe3yJbTaTe MOBPEKAAIONICro AeiCcTBIs KceHoounoTukoB [Winston et al.,
1990; Livingstone et al., 1992]. Akkymynupysi MOCJIEIHUE, TeNaToNaHKpeac COXpaHsIeT
CIIOCOOHOCTh K  TONHOIIEHHOMY (YyHKIMOHUpoBaHWIO. [[ms Hero xapakTepHa
saddextuBras AO 3amura [Winston et al., 1990; Livingstone et al., 1992; Gamble et al.,
1995] u BeICOKast akTUBHOCTH (PepMEHTOB OMOTpaHCHOPMALIMH, KOTOPBIE MIPEJOXPAHSIOT



81

AHTHOKCUAAHTHBINA (PEPMEHTHBIN KOMIUIEKC TKaHEH YEPHOMOPCKUX .. .

AO c¢epmenTsl 0T okucauTenbHOM aectpykimu [Birmelin, 1999]. B remaromankpeace
coxepxuTcss MHOTO KapoTuHoumoB [Ilocmemosa, Hexopomes, 2003; Jlosxkenko, 2006;
Bopomgmura u ap., 2009], KoTopsie HOMONHSIOT (YHKIHOHUpPOBaHWE (PEPMEHTATHBHOTO
3BeHa AO CHCTEMBI.

Benmnunna uccnenoBanHbix AQO ToOKa3zaTened renaromaHkpeaca aHaiapbl Oblia
CpemHEeW WM MHUHHMAJIBHOH IO CpPaBHEHHWIO ¢ jkabpamMu W HOTOH NPH MaKCHMaJIbHON
narencuBHoctu [1OJI. Ananoruynas KapTHHA YCTaHOBIIEHA 1O OOIIEMY COJIEpPKaHUIO
KapOTHHOHMJIOB B TKaHAX aHanzapbl [bopoauna u ap., 2009], aktuBHOCTH (hepMEHTOB
yraeBomHoro u OenkoBoro obmena [[‘omoBuua, 2005]. HamportwB, y wmummuun M.
galloprovincialis [Commaros u mp., 2008] Bennumusl GonbimmuacTBa AO MapaMeTpoB B
remnaTonaHkpeace Mo CPaBHEHUIO C JIPYTMMHU TKaHSIMU ObUIM HanOOJNBIIMMHU Ha (oHe
Bbicokoro ypoBHsa [IOJI. ConmepikaHue KapOTHHOMAOB B TemaTomaHkpeace muann M.
galloprovincialis B mecsarku pa3 6oJblie, 4eM B TOHaAaX M jkabpax 3TOro BHIA, a TAKXKe,
4yeM B rematonaHkpeace aHanapsl Anadara inaequivalvis [Tlocnenosa, Hexopomies, 2003;
Bopomuna u ap., 2009]. ¥V mutwaug u yerpun (Crenomytilus grayanus, Crassostrea
gigas, Modiolus kurilensis, Glycymeris yessoensis) yposerr GSH u kapOTHHOHIOB
3HAYMTENFHO BBINIE, Y€M B TemaTomankpeace anamapsl A. broughtonii u A. boucardi, a
aKTUBHOCTh KaTaja3bl B Temartonankpeace C. grayanus — B 7,5-12 pa3 mpeBsimaia
aKTUBHOCTH (hepMeHTa 00oux BUIOB aHamapsl [ loexenko, 2006].

Kabpwi. AO xomIuiekc >xaldp aHagapbl XapaKTepH30Bajcs MaKCHMAaTbHON
aktuBHOCTBIO [P, katanasel u CO/l, mocToBepHO OOBIIEH 110 CpaBHEHUIO C HOTOH B 1,7—
3.4 (p<0,05-0,001). AxtuBHocTh ['Il OBLTA HE3HAYUTENHHO HUKE, YEM B HOTE, HO B 2
pasa Beime (p<0,05), ywem B remartomankpeace. Conepxanue GSH B xalpax ObuIO
HanMmeHbIIUM [["ocTroxuHa, ['omoBuna, 2012].

3HaueHus MOKa3aTeslel TITyTaTHOHOBON CHUCTEMBI MO3BOJISIIOT 3aKJIIOUUTh, YTO
TIyTaTHOH aKTHBHO 3ajeiictBoBaH B padore [T, a I'P obecrmeumBaer mocTosHHOE
Bo300HOBIeHNE ero pecypca [Kymunckuii, Konecaumuenko, 1990]. Huskuii ypoBeHB
TJIyTaTUOHA CBUJIETENLCTBYET O MPEBBIIIEHUN CKOPOCTH €r0 YTUIN3AIUK HaJl CKOPOCTHIO
pEecCHHTE3a, YTO MOXET MPHUBOIANTh K WCUEPIIAHWIO ero 3amaca. Bo3MOXXHO, 3TO
KOMIIEHCHPYETCSl TOBBIIIIEHHON akTHUBHOCTHIO Katana3sl u COJl B xabpax aHamapsl.
WHTeHcHBHO al’pupyeMasi TKaHb kaOp MMeeT TOHKHUH BOJHO-TeMaTH4yecKuii Oapbep,
BbICOKUH ypoBenb npoaykuuun ADK [Lemaire, Livingstone, 1993; Livingstone, 2001], ¢
y4acTHeM KOTOPBIX NPOTEKAIOT MPOIECCHl pereHepany MOBPEXKISHHBIX KaOepHBIX
¢dunamenros [Moore et al., 1988].

AO komriekc xabp aHagapbl OTIMYAETCS BBICOKOH aKTHBHOCTBIO OOJILIIMHCTBA
WCCIIEIOBAHHBIX ()EPMEHTOB, B TO BpPEMs KaK y MUTWJIHJ M TpeOellka MaKCHMalbHbBIE
BENMYMHBI TapaMeTpoB AO CHCTeMbI XapaKTepHBI s renaronankpeaca [Gamble et al.,
1995; Hosxenko, 2006; ConmatoB u ap., 2008]. Ilo mamum nanaeM, cogepxkanue THK-
aKTHUBHBIX MTPOAYKTOB B TKAaHSX aHAJApbl BABOE HUKE, YeM Y MUANH, XOTs ypoBeHb [10J1
y 00OWX BHJOB TOHIDKAJICS B sy TremaTtomaHkpeac > jxka0Opbl > Hora [l ocTioxuHa,
T'omoeuHa, 2012; Toctioxuna, I'omosuna, 2013].

Takum o0Opa3oM, u3ydyeHa TKaHeBas CrelU(UKa MOKa3aTeIe aHTHOKCHIAHTHON
CHUCTEMBl W TIEPEKHCHOTO OKHCJICHHS JUMHUIOB YEPHOMOPCKOTO JABYCTBOPYATOTO
mojuttocka Anadara inaequivalvis. T'pamariust TKaHel 1O MCCIIEIOBAHHBIM TTOKA3aTeNIsIM
ObLIa ClIemyroIas:

— no aktuBHOCTH ['P, xatanassl 1 CO/l: xaOpbl > renaTonankpeac > HOTa;

— no aktuBHOcTH ['Tl: Hora > %a0phl > renaronaHkpeac;



82

I'maBa 2

— 10 CO/ICPKaHMIO TIyTaTHOHA: HOTa > renaronaHkpeac > xa0psbl;

— 10 ypoBHIO TBK-akTHBHBIX TPOIYKTOB: TeMaToMankpeac > abpsl > Hora.

HaunGonpmas akTHBHOCTD TIyTaTHOHIIEPOKCHIA3bl M BBICOKOE COJIEp)KaHHUE
TJIyTaTUOHAa TNpU HU3KOM YypoBHe TBK-akTHBHBIX NpPOAYKTOB YCTAHOBJIEHO B HOTe
aHanapel. B remaTonankpeace MOJUTIOCKa HaOoAanach MakCHMallbHasi MHTEHCUBHOCTh
IIOJI m Oonee BhICOKas MO CPaBHEHHWIO C HOTOH AKTUBHOCTb TIyTaTHOHPEIYKTas3bl,
KaTauazbl W CyHNepoKcHAAucMyTa3bl. Cpeam HWCCIeOBaHHBIX TKaHEH xaOpbl HMenn
MaKCUMAaJIbHYI0 aKTHBHOCTh OONBLIMHCTBA (epMeHTOB AQO CHUCTEMBI U caMOe€ HH3KOE
collep’KaHue TITyTaTHOHA.

YcraHoBiaeHHBIC (QH3HOIOTO-OnOXHMIYecKre 0coOeHHOCTH AQ 3amuThl TKaHEH
aHaznapbl, HapsAy C BBICOKOW MOABIKHOCTBIO MOJUIIOCKA M HaJlM4YMeM T'eMOITIOOMHA,
pacIIMpsIOT aJaNnTaliOHHBIE BO3MOXXHOCTH BHAA M TO3BOJSIOT YCIIENTHO OCBaWBaTh
HOBBIE OMOTOIIBI.

2.7.2. CpaBHUTENbHBIN aHANIN3 COCTOSIHUS AO KOMIUIEKCa TKaHEH MUK
M. galloprovincialis, anamapst A. inaequivalvis u
ycrpuiibl C. gigas

[IpoBenen cpaBHUTENBHBIN aHanu3 mokazateneid AO cuctemsl u [1IOJI B TkaHsIx
TpeX BHUJIOB JIBYCTBOPYATBHIX MOJUIFOCKOB — OOBEKTOB MapHKYJIbTYphl Ha UepHOM Mope:
abopurennoro Buaa wmumum Mytilus galloprovincialis (Lamarck, 1819), Bcenenma
aHamapel Anadara inaequivalvis (Bruguiére, 1789) u WHTpPOAyIEHTAa YCTPHUIIBI
Crassostrea gigas (Thunberg, 1793). TlomoBo3pensix o0coOei MHIWH, aHagapsl M
ycTpuIsl cobpanu BecHoU B paiione KOxuoro Oepera Kpreima, mociie TpaHCIIOPTHPOBKH
BBIJICPKMBAJIM B aKBapUyMax € MPOTOYHOU MOPCKOM BOJOU B TeueHUE 2—3 CYTOK.

Haubonbmmit yposens [10J1 obHapyskeH y Muaun — cofepkanne TBK-akTHBHBIX
MPOJYKTOB BO BCEX TKaHsIX ATOro Buja B 2,0—2,3 pa3a Gomblie, yeM y anaaapsl (p<0,05),
u B 3,0-3,5 paza Beie (p< 0,001), uem B renaronaHkpeace 1 xadpax yCTpHLbL. YPOBEHb
ITOJI B MBIIIIEUHOM TKAaHU YCTPHUIIBI JOCTOBEPHO HE OTIMYAJICS OT OTMEUEHHOI'O Y MHUJIUU
u aHazapbl. B TkaHsX Muaumu W aHazapsl conepxaHue TBK-akTHBHBIX TpPOAYKTOB
YMEHBIIAJIOCh B Psily renaTonaHkpeac > »xadpsl > Hora. MutencuBHocTs [10J] B TKaHAX
YCTpUIIBI HE UMeTa BeIpakeHHO rpaganun [I octioxuHa, ['onoBuna, 2013] (puc. 2.31).

Cpenu uCCIIEZIOBaHHBIX BHJIOB MOJUTIOCKOB aHajlapa OTIMYAETCS HaIHYHUEM
SPUTPOIUTAPHOTO TEMOTJIOOMHA W HaWMEHbBIIEH YyBCTBUTENBHOCTHIO K HW3MEHEHHUIO
KOHIIeHTpaImu kuciopoaa [Jlosxenko, 2006; Irato et al., 2007; Congaros u ap., 2010].
[MpeamonaraioT, YTO T'eMOTJIOOMH OKa3blBaeT HEMOCpe/CTBeHHOe BiusHUe Ha AO
AKTUBHOCTh TKaHEW 3TUX J>KMBOTHBIX, TaK KaK ero cyinbGrugpwibHbie (-SH) rpymnmbsi
moryT uHaktuBupoBaTh ADK, obpasyrommecst nmpu rumnokcuu [Storey, Storey, 2000].
BepositHo, SH-rpynmnsl reMorno6uHa aHazapbl, HapsSay € TIIyTaTHOHOM, 00€3BPEKUBAIOT
ADK, uto camxkaeT nHTeHCHBHOCTD [1OJI B TKAHSIX MOJIITIOCKA.

AHaznapa, B OTIIMYME OT MHUIMH M YCTPHILBI, BEAYIIMX MPUKPEIJICHHBIH 00pa3
JKU3HH, MOKET aKTHBHO MEPEMEIAThCs 10 THY U 3apbIBaThCs B IPYHT. TKaHM MOJUTIOCKA
SPKO OKpalleHbl M cojaepkar OoJblile KapOTHUHOHIOB, 4eM y muauu [bopomuna u np.,
2009; TI'octroxuna u nap., 2012]. CmocoOHOCTh KapOTHHOMIOB U TeMOTJIOOMHA 3amacaTh
kucnopox [Hourdez, Weber, 2005], BeposiTHO, IPUBOAUT K MOHMWKEHUIO HHTEHCUBHOCTH
ITIOJI. Kpome TOro, MoBBINICHHBI OOMEH BCIIECTB B TKaHSAX ITOJBIKHOW aHaIaphbl
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[ConoBuna, 2005] Moxer cmocoOcTBOBaTh OoJice CTAOMIBHOMY COOTHOLICHHUIO YPOBHS
ITOJI 1 AO aKTHBHOCTH, YeM y IPYTHX HCCIETOBAHHBIX BUIIOB.
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Puc. 2.31. Conepxanne ThK-akTUBHBIX POAYKTOB B TKaHAX MUIUU (A), aHanapsl (b) u
ycrputsl (B): 1 — remaronankpeac; 2 — xa0psl; 3 — MBIIIeYHast TKaHb (* - MEX Iy MUIUEH
¥ aHamapou; ** - Mex Iy MUAMeH U ycTpuiei; *** - Mexxay aHamapoi u Jpyruum
MOJUTIOCKaMU; **** - Mexxny ycTpHiel v ApyruMH MOJUTIOCKaMH)

CocrosiHue HepecTa TaKXe OKa3blBaeT CyLIECTBEHHOe BiusHME Ha AO
axtuBHOCTH 1 I1OJI B TKamsx mommtrockoB [Viarengo et al., 1991; Niyogi et al., 2001]. V
MUIMU B Tiepuoj] Hepecta npoumcxoauT aktuBauus IIOJI u psga AO depmeHTOB
[ConpaToB u np., 2008]. AOK nmpuHUMAIOT ydyacTU€ B PEryJSILHMH PENpOTyKTUBHBIX
[IMKJIOB Y MOJUTFOCKOB M aKTHBHO TCHEPUPYIOTCs B 3TOT mepuon [Storey, Storey, 2000].
MaccoBbIil HepecT y MUIHH TIPOMCXOJUT B MapTe Mpu Temmeparype Bojasl +7—-8°C, korma
1 ObUTH cOOpaHbl WCCIIEIOBAHHBIE HAMH MOJUTIOCKH. YCTpHIla — 0ojee TeIuIoNOONBBIN
BHJI, HEPECTHUTCS TI03/1HeEe NpH Temreparype Boasl He Meree 18°C [Xomomos ap., 2010].
BriMeT mTONOBBIX MPOAYKTOB Yy aHagapbl MPOUCXOAUT E€IMHOBPEMEHHO B aBrycTe—
centsi0Ope [Yukunaa u ap., 2003]. [IpuHrMas BO BHUMaHUE CPOKH HEpecTa MOJUTIOCKOB,
MOYKHO IPEIIOIOXKUTb, YTO BBICOKHH ypoBeHb mpoayktoB I1OJI B mapTte y muauu, mo
CPaBHEHHMIO C YCTpHIECH W aHaJapoi, 0OyCJOBJIECH BIMSHUEM HEPECTOBOTO COCTOSHHUS
[["octroxuna, I'onoBuna, 2013].

Haumensbiemy yposHio [1OJI B GonbIIMHCTBE TKaHEH yCTPHUILIBI COOTBETCTBYET U
MHUHHMManbHasi akThBHOCTE AO ¢epmenToB (puc. 2.32, 2.33). DT0 CBHAETENLCTBYET O
OombireM 3amuTHOM AQO TOTEHIMAJIE YCTPHUIIBI 0 CPABHEHUIO ¢ MUAMCH U aHamapoil. B
YaCTHOCTH, YCTPHULIA MEHEE YYBCTBHTENbHA, YEM MHIUS, K OKHCIUTEIBHOMY CTPECCy U
JydIlie ajanTHpoOBaHa K 3arps3HeHuio Metaiamu [Funes et al., 2006]. ITo-BuguMomy,
oHa nMmeeT OoJiee cOanancupoBanHoe cooTHorieHue AQO aktuBHOCTH ¢ ypoBHeM [1OJI.

BonpmmaCcTBO MOKazareneit AO xommiekca (aktuBHocTh CO/l, katanassl u I'T])
B TKaHSX YCTPHUIBI MO CPaBHEHHIO C MUAHMEW W aHajgapoil Obmm Hmke B 1,8—7,1 paza
(p<0,05-0,001) (puc. 2.32, 2.33). UckiroueHue cocraBuia akTHBHOCTH [P, koTopas
OnLia B 2,6-3,6 pasa Beite (p<0,05-0,001), yem y qpyrux BUIOB MOJUTIOCKOB (puc. 2.33).

B MbIeyHol TkaHM aHajapsl OTMEYEHAa MakcuManbHas akTuBHocTh 11, B 1,8—
2,0 paza Berre (p<0,05), uem y yctpunsl U munuu (puc. 2.33) v HauboNbIINI YPOBEHBb
GSH, B 3,9 pa3za 6Gonee Bbicokuit (p<0,05) mo cpaBHeHuto ¢ muaued (puc. 2.34)
[CocTioxuna, 'onouna, 2013]. Conepxanne GSH B TKaHSAX yCTPHUIIBI HE ONPENEIISIIH.



84

I'maBa 2

Y CTaHOBJICHHOE HAMU COOTHOIICHUE aKTUBHOCTHU TIYTAaTHOHOBBIX (PEPMEHTOB U
ypoBHss GSH y ananapbl mpesrmonaraer BRICOKYIO ckopocTh o0opoTa GSH [["ocTioxuHa,
2012]. CnemoBaTenbHO, TIYyTaTHOHOBAs cuUcTeMa, dPPEKTUBHO WHAKTHUBUPYS MEPOKCHI
Bojioposa B Hore Mosumocka [Kynunckuii, Konecunuenko, 2009], urpaet 3HaUUTEIBHYIO
pois B pabote AO koMIuiekca. BeposiTHO, MTyTaTHOH HE TOJIBKO YUaCTBYET B YKa3aHHBIX
peakiusx, HO W HaKalUIMBAaeTCid B KIETKE, YTO CBA3aHO C €ro CIIOCOOHOCTHIO
HedepmeHTaTHBHO — oOe3BpexkuBath ADK [Kenuss wu  ap., 1993; Kynuuckwii,
Konecuuuenko, 2009]. 910 cornacyercst u ¢ Hu3KuM ypoBHeM [1OJI B MbIIeyHOM TKaHU

aHagapsl 10 CPaBHEHMIO C APYTUMH MCCIEI0BaHHBIME BuaaMu [[ocTioxuna, ['ooBuHa,
2013] (puc. 2.31).
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Puc. 2.32. AxtuBHocts CO/] u kaTana3sel B TKaHAx Muaun (A), anagapsl (b) u yctpuibt
(B): 1 — remaromankpeac; 2 — xa0pbl; 3 — MbIIIEYHAS TKaHB (* - MEXITy MAIUEH 1
aHamapou; ** - MexIry MUINeH U ycTpunei; *** - Mexxay anamapoi u Jpyruum
MOJUTIOCKaMU; **** - Mexxny ycTpHuied v ApyruMH MOJUTIOCKaMHU)
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Puc. 2.33. AkruBrocTs ['Tl 1 I'P B Tkansx (A), anamapsl (b) u ycrpumst (B): 1 —
rematronankpeac; 2 — »abpsbr; 3 — MpIlIeyHas TKaHb (* - MeXIy MUIUEH 1 aHagapoir; ** -
MEXy MUJUCH U yCTpHIIEH; *** - Mex Iy aHalapoi U IPYTHUM MOJUTIOCKaMU; ***% -
MEXIY YCTpULEH U IPYTUMH MOJUTFOCKaMH)

Beicoknii pe3epB TiyTaTHOHa B HOTE Yy aHaJapbl, BO3MOXKHO, OOYCIIOBIICH
HPHUCIIOCOOJICHHEM MOJUTIOCKA K OOUTAHHIO B YCIOBUSIX HU3KOTO COJEPKaHUS KHUCIOPOIa
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B cpene. B TkaHsx aHamapel HaOmogaeTcs TOBBIICHHBI YpPOBEHb CBOOOTHBIX
amuHOKHCTOT [ConmatoB u ap., 2010], TOHOPOM KOTOPBIX B THTIOKCHYECKUX YCIOBHUSIX
moxker cmyxkuth GSH [Kymmuackwmii, Komecanmuenko, 2009]. bonee Hu3kash aKTHBHOCTH
I'TT u ypoBenr GSH B HOore MUANMU NO CPaBHEHHUIO C aHAAAapOW CBUAETEIBCTBYET O
MenbIei s dexruHoctu ['C y neproii [IocTroxuna, 2012].

AxTuBHOCTS KaTana3sl 1 COJ] B MBIMIEYHONW TKAHU TPEX HCCIICIOBAHHBIX BHIOB
MOJUTIOCKOB TIOHIKAJIach B pAAY: MUIUs—aHanapa—ycTtpuna. JloctoBepHo Oosiee BrICOKAs
aktuBHOCTh CO/] y Mumuu (p<0,05), BO3MOXKHO, CBSI3aHa C TEM, YTO JJIs IPUKPEIUICHUS K
cyOCcTpaTy MOJUTIOCK HCIIONIb3YeT OMCCYCHYIO HWTB, KOTOpas MPOIYLIHUPYETCs KEIe30H,
HaXOsIIecs: B o0CHOBaHWHU HOTH. COCTOSAIIIE U3 KOJUIareHa OMCCYCHBIE HUTH TTOCTOSTHHO
obnoBisitoTest [Lucas et al., 2002], B pa3pylIeHUH KOJJIATCHOBBIX BOJOKOH HMPUHUMAET
ydgactue cymnepokcuaHblii  aHuoH-pagukan  (COAP), TpaHchopmaiuio KOTOPOTro
ocymecteisier CO/] [MenpmmkoBa, 3eHKoB, 1993].
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Puc. 2.34. Conepxanrie GSH B Transx muauu (A) u anagapsi (b): 1 — rematonankpeac; 2
— %a0pbl; 3 — MBIIIEYHAsT TKaHb (* - MEXITy MUIMEH U aHanapoi; ** - Mex Iy Muanen u
yCTpuIel; *** - Mex Iy aHagapoil U APYTUUM MOJUTIOCKaMU; **** - Mexry ycTpuneit u

JIPYTUMH MOJUTFOCKAMH )

YcraHoBneHb! BHAOBBIE pazianuus no akTuBHOcTH [Tl B xabpax MOJUIIOCKOB
(puc. 2.33). MakcumanbHasi aKTUBHOCTh (pepMeHTa OOHapyXeHa B xaOpax MHIHUH, YTO
OoJibllle, YeM y aHaJapbl U YCTPHIBI COOTBETCTBEHHO B 2,6—7,1 pasa (p<0,001). Ilpu
BbIcOKOW aktuBHOCTH [Tl mMuams umeer HeGombwmol pecypc GSH, uro ompenensier
BBICOKYIO CKOPOCTh 000pOTa 3TOTO THOJA U €r0 aKTHUBHYIO POJIb B MOJAEPKAHUN PaOOTHI
I'TI mo pacmienyeHuIo MepeKUCcHBIX coequHeHnid. Cpeanne BenuyuHbl akTuBHOCTH ['T1,
I'P u Gonee Bbicokuii ypoBeHb GSH B xalpax aHamapel mpexnojararoT HauOoiee
cOanmancupoBaHHoe cooTHomeHue aemeHToB ['C. B xabpax ycrpuusl I'C, BeposiTHO,
¢yHKIMOHUpOBaNa MeHee O(QEKTUBHO, IOCKONBKY HH3Kasg akTHBHOCTH [ 11
COIPOBOXKIATACh BBICOKOM akTMBHOCTHIO [P [['octroxmua, 2012; T'octioxwHa, ['onoBuHa,
2013].

B xa0pax aHagapbl akTuBHOCTH KiroueBbIX AO depmentoB — COJl u karajassi,
osma B 1,9-2,3 pasza Beime (p<0,05), yem y MUAMHM M yCTPHIBI, YTO TOATBEPIKAAET
oco0bii AO cratyc TemorioOWHCOJepKamero Moiutrocka (puc. 2.32). Pasznwuuii B
aktuBHocTH CO/l 1 KaTanassl B )kabpax MUIMHU U YCTPHULIBI HE YCTAaHOBIICHO.
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[lpy aHOKCMM ¥ THIOKCHHM TPOUCXOOUT pocT wuHTeHcuBHOCTH [IOJI 1
KoMIlcHcaTopHas aktuBanus psga AO depmenros, B Tom uuciie COJI [Storey, Storey,
2000]. OueBugHO, xKaOpbl aHAAAPBI UCIBITHIBAIOT OONBITYI0 OKHCIUTENHHYIO HArpy3Ky,
MOJUTIOCK YCTOMUYMB K THUNOKCHH Ojarofapsi HAJIMYWIO KapOTHHOHMIOB M TeMOTJIOOMHA
[Hourdez,, Weber, 2005]. HTeHCHBHOCTh TIOTPEOJICHUS KUCIOPOIa BCEJCHIIEM JaXKe B
YCIOBUSIX HOPMOKCHMM B 6—7 pa3 MEHbIIE [0 CPABHEHHIO C XapaKTepHOW Ui
yepHoMopckoii ¢aynsl mumuerr Mytilus galloprovincialis Lam. [ConnatoB u ap., 2010].
[NoBbimennas aktuBHOCTH CO/J siBJIsIETCS] COOTBETCTBYIOIIUM aIalTHBHBIM MEXaHU3MOM
mpoTHB moctrunokcuyeckoro pocrta ITOJI [Storey, Storey, 2000]. Bepostao, COJl u
KaTaja3a 00eCIeunBal0T OCHOBHYIO 3alUTy aOp aHaxapel, TeM 0oJiee YTO aKTHUBHOCTh
I'TI B 3TO} TKaHM CYLIECTBEHHO HMXE MO cpaBHEHMIO ¢ muauel [['octioxuna, ['onoBuHa,
2013].

B remaronankpeace muann aktuBHOCTH [Tl m COJl Obuta B 1Ba-TpH pa3a BEIIIIC
(p<0,05-0,01), yem y aHamapbl ¥ yCTPHUIIbI, aKTHBHOCTbh KaTalla3bl y MUIUHM U aHAIapbl
ObUTa OJJMHAKOBO BBHICOKA M Ooublie, 4eM y ycrpuisl B 1,7 pasa (p<0,05). [losbimeHnas
aktuBHOCTH ['TI 1 CO/l n Gonee Bricokuit ypoBeHs [1OJ] B remaronankpeace MUIUU 110
CPaBHEHHMIO C aHagapol W YCTpHIICH, MO-BUAMMOMY, CBHIETEIBCTBYET 00 aKTHBAIMH
pa3ianuHbIX 3BeHbeB AO CHCTEMBI B OTBET Ha BO3PACTAIONIYI0 OKUCIUTEIbHYIO Harpy3Ky
B nepuon Hepecta. Ilo aktuBHoctu I'Tl, COJl m Karamasel ycTpuua ycTynaia IBYM
JIPYTHM BUJIaM B OOJIBIIMHCTBE MICCIENOBAaHHBIX TKaHeH [['ocTioxuHa, ['omoBuna, 2013].

Takum 00pa3oM, HauOONBIIYIO OKHCIUTEIBbHYIO HATPYy3Ky HCIBITHIBAIH TKaHU
MUJIUHU, UMEBILIHE B OONBLUIMHCTBE CIIy4acB MakcUMallbHble BeanuuHbl AO mokasateneil u
caMmblil Beicokuil ypoBeHb [1OJI. Cpenu uccnenoBaHHbIX TKaHEH MUAUM OCHOBHAs pOJib B
AHTHOKMJAHTHOM 3alllMTe NMPUHAICKUT renaTonaHkpeacy, y aHaiapsl B 3TOM Ipoliecce
3HAYUTEIHLHOC YYaCTHE MPUHUMAIOT TAKKe )aOphl U HOra. AKTUBHOCTH KIto4YeBbIX AQO
¢depmentoB — COJl m karamasel, B jkaOpax TeMOTIIOOWHCOAEpIKaIle aHamgaphel OblIa
BIBOE BBIIIE, YeM Yy MHUIUHM U YCTPHULBL. YPOBEHb OKHCIUTEIBHOM HArpy3Kd B TKaHIX
aHaznapel, B IIeJIOM, ObUI MEHbIIE, YeM y MHUAMH, HO Oomblle, 4eM y ycTpuibsl. B
OONBIIMHCTBE TKaHEH YCTPUIBI YCTAHOBIEHBI HH3KHE BEJIIMYMHBI HCCIEJOBAHHBIX
nokasareneH, 3a uckimoueHneM ['P, akTHBHOCTb KOTOPOil ObliIa B HECKOJIBKO pa3 BBILIE,
yeM y Jpyrux MoJuntockoB. CTENeHb ydacThsi B aHTHOKHJIAHTHOW 3alllUTE Pa3IHYHBIX
TKaHEH yCTPHIIBI MPAKTUYECKH OIMHAKOBA.

W3 npeacTaBieHHBIX PE3YJIBTATOB CIEIyET, YTO OPraHU3M MUAWH, B CPABHEHHH C
JPYTUMH MAacCOBBIMH BHJIaMHU JIBYCTBOPHYATBHIX MOJUIIOCKOB, 0OoJjiee UYYBCTBHUTEJICH K
YCIIOBUSIM OKpY)Kalolleld cpeibl. DTO TO3BOJISIET paccMaTpuBaTh €ro Kak Haubolee
NEPCHEKTUBHBIA O0BEKT I LejIeld OMOMHIMKALIMY MOPCKUX aKBaTOPHH YEPHOMOPCKOIO
peruoHa.
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KAPOTUHOMAbI TKAHEA MACCOBbIX BUAOB
YEPHOMOPCKHMX MOJIJTHOCKOB

Kaporunonns! — kpaiiHe pa3HooOpa3Hasi, IIMPOKOPACTIPOCTPAHEHHAs! B IPUPOJE
rpyIina MUTMEHTOB, BHIMOJHSIOMIAS 3HAYUTENBHBINA CIIEKTp Onosioruueckux QyHkimid. K
2004 romy ona HacumThiBasia okoio 750 coemmuenuii [Maoka, 2009]. B pesymbrarte
HOBEHIINX MCCIEAOBAaHUN B 001aCTH U3YUECHUS] XUMHUECKON CTPYKTYPBI THX MOJEKYJ U
UX OHOJIOTHYECKHX CBOMCTB OCOOBI HHTEpeC CTal MPOSBIATHCS K KapOTHHOWAAM
Mopckoro reHesuca [Liaaen-Jensen, 1991; 1998].

KapoTuHOMIBI MOPCKOTO NPOHUCXOXKICHHUS HMMEIT Oosiee pa3sHOOOpasHyl H
CIOXHYIO CTPYKTypy Moiiekyn [Maoka, 2009]. 3a pa3HooOpa3ueM CTPYKTYpPBI 3THUX
COCIIMHEHUI CTOWUT W Oojee MIMPOKUN crekTp (GyHKIuHA. Y MOPCKUX OpPraHM3MOB
KapOTHHOMIB! SBIISIIOTCS HE TOJBKO KOMIIOHEHTaMH (POTOCHHTETUYECKUX MPOTEHHOBBIX
KoMmIutekcoB [Britton, 1995], Ho u, 61aronaps HaTUYHUIO OOTATHIX AIIEKTPOHAMH JIBOWHBIX
COIIPSDKEHHBIX CBSI3€H, OHM OONaJar0T BBIPAXKEHHOW PEaKIHMOHHON CHOCOOHOCTBIO K
mepexBaTy CBOOOMHBIX paaukaioB [Britton, 1995]. Dto 00ycroBWIO WX YCIIENTHOE
NPUMEHEHHE B  COBPEMEHHOH  MeAMLIMHE KaKk  XEMONPOQHIAKTHYECKHX U
UTOCTaTHUECKUX CPEICTB MPH JICUCHHH PAKOBBIX, CEPJCUYHO-COCYAUCTHIX 3a00IeBaHMM,
KOppEKIHK mpolieccoB oomeHa BemecT [Hashimoto, 2009].

OcoOblil uHTEpEC MNPEeINCTaBISIIOT MPOLECCHl IEpPeHOoca KAapOTUHOUAOB B
TPOPHUUECKUX LEMSIX MOPCKUX dKocucTeM. OHH MPEnonaraloT He TOJIBKO aKKYMYJISIINIO
MUTMEHTOB PACTUTEIBHOTO TPOHMCXOXKICHHS B TKaHSAX KOHCYMEHTOB, HO H HX
3HAYUTEJIbHYI0O METAa0OJIMYecKyl0 TpaHcpopManuio. B 3TOHl  CBA3M HHTEpPECHBI
npencraButeny tana Mollusca, KOTopble HPOSIBIASIOT BBIPAXEHHYIO YCTOMYHBOCTH K
okucnutenbHor Harpyske [CommatoB u gp., 2003; 2008]. IlokazaHo, 4TO TKaHU
MOJUTIOCKOB PAcIojaraioT JOCTaTOYHO IIMPOKHM CIIEKTPOM MPOLIECCOB, HANpPaBIECHHBIX
Ha MpeoOpa3oBaHue KapOTHHOWIOB, MOTy4YaeMbIX ¢ nmmiei [Britton et al., 1998]. B aroit
CBSI3W M3yUYeHHE TPOPUUECKOW HenHu «(PUTOIUIAHKTOH — MOJUTIOCKU-(QHUIBTpaTopsl —
MOJUTIOCKU-XHUITHUKM» TIPEJICTABISIET OCOOBI HHTEpec, TaKk Kak MMEHHO 37eCh
NPOMCXOAUT TNPeoOpa30oBaHME PACTUTENbHBIX KapOTHHOMIOB, 32 KOTOPBIM CTOMT
NOHUMaHHue (YHKLIMOHAIBHOW Leleco00Opa3sHOCTH COACpKaHUS JAaHHOW TPYIIIBI
COCJIMHEHM B TKAHSX KHUBOTHBIX.

Wndopmanmst e 0 cocraBe KApOTHHOMIOB TKAaHEH  YEPHOMOPCKHX
JIBYCTBOPUYATHIX U OPIOXOHOTHUX MOJUIIOCKOB KpaiiHe orpanudeHa. [Ipu momomn merona
TOHKOCIIOWHOW xpomartorpaduu u cnekTpansHoro anamuza (UV-VIS cnekrpsi),
UMEIOIUX OTPAaHMYCHHYIO Ppa3pelarllyl0 CIIOCOOHOCTh,  NPENBAPHUTENILHO H3Y4eH
TOJIBKO JOMHHHUPYIOIINI COCTaB MaHHO# rpymmsl murmentoB y Mytilus galloprovincialis
[[MocmenoBa, Hexopomes, 2003]. B ocHOBHOM e MpeodIaialoT CBEICHHS 0 CyMMapHOM
coaepxanuu kaporunounos [[locmenosa, 2008].

B Hactosmeli paboTe Ha OCHOBE KOMIUIEKCa COBPEMEHHBIX METOJOB
uccnenoBanusi: ToHkochoiHoi (TCX), xomonouno (KX) u BbicokoaddexTuBHOIM
xuaKoctHON xpomarorpaduii (HPLC), kauecTBEHHBIX peakluil Ha NPUCYTCTBUE
XUMUYECKUX TpYII, CHeKTpaapHoro aHamusza B UV-VIS nmamasone, macc-
cnekrpomerpun (FAB MS) 1 cnieKTpocKonuu siiepHOr0 MarHUTHOTO Pe30HaHCa
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(H-NMR) BmepBble mpoBeaeHa moApoOHas HAECHTH(GHKALNUS KadeCTBEHHOTO
COCTaBa KapOTHHOHWOB TKaHEH MAacCOBBIX BHJIOB YEPHOMOPCKHX MOJUTIOCKOB C
Y4ETOM 0COOEHHOCTEH UX IKOJIOTUH U (DYHKIIMOHATIBHOTO COCTOSHUSI.

3.1. KapoTtnHOMAbI MOPCKOrO NPOUCXOXKAEHUA

B HacrosmeM pasgene naercs Kparkas CIpaBKa OTHOCHUTENIBHO HCTOPUU
U3y4eHHUs KApOTMHOHMIOB, pAacCMaTpUBAIOTCS BONPOCHl HX KiIaccHU(UKALMU U
xemocucremMatuku. Ocoboe  BHUMaHHE  yIeNAeTCs  KapOTMHOMAAM  MOPCKOTO
MPOUCXOXKICHHS, UX CBOMCTBAM M (YHKIHSIM B OpraHM3Me ruipoOnoHToB. [IpuBogurcs
WHPOpMaIU O COoAep)KaHUH M KayeCTBEHHOM COCTaBe KapOTHHOHIOB Yy TIAHKTOHHBIX
MHUKPOBOJOPOCIIEH, [BYCTBOPYATBHIX MOJUIOCKOB-(GMIBTPATOPOB U XMIIHBIX BHIOB
OpIOXOHOTMX MOJIIIOCKOB. PaccMaTpuBaroTcst MeTaOOJIMUYECKHE IMyTH TpaHC)OopMalu
9TOM TpyHmbl COeTUHEHWH B Tpoduueckoi Lenw: (UTOIUIAHKTOH — MOJUTIOCKH-
(GUIBTPaTOPbl — XUIIHUKH.

3.1.1. HccnenoBanusi KAPOTHHOMIOB (OOIIHE MOJIOKEHUS)

bnaronmapsi coBepIIEHCTBOBaHMIO METONOB (U3MKO-XMMHUYECKOrO aHajIu3a, 3a
nociegHue 15 Jer ymanoch HE TOJBKO OTKPHITH COTHH HOBBIX KapOTHHOHMIOB, HO W
YCOBEPIICHCTBOBATh MX XUMHYECKYIO KJIACCHOUKAIMIO U XEMOCHCTEMATHKY, a TaKKe
NOJY4YNUTh TPEACTAaBICHHE O METaOOJMYECKUX MyTSIX TpaHC(HOPMALUU 3TOH IPYIIIBI
COCIMHEHUI B opraHu3smax W skocucremax [Liaaen-Jensen 1998; ITuneBuu, ABepuHa,
2002; Britton et al, 1998, 2008; Maoka, 2009, 2011;].

Hcmopua eonpoca. llepBoHavanbHble CBEOEHHS O KapOTHHOMIAX HOCWIH
KpaitHe obOmuii xapakrpep. [lepBble ynmomMmuHaHUS OTHOCATCS K Hadany XIX Beka, Korga
I'enpux BakeHpopaep OTKpBII B MOPKOBH SIPKO-KpacHbIE KPUCTAJUIBI MTUTMEHTA W Ha3Ball
UX «KapoOTHHOM» (OT JIATHHCKOTO «KapoTa» — MOpKoBb) [bputron, 1986; Kapnayxos,
1988]. Ognako B 3apyOeXHOM M B OTEUECTBEHHOH JHMTEpaType OCHOBOIIOJIOXHHKOM
WCCIIEIOBAHNM KAapOTHHOMIOB KaK XWMHYECKUX coenuuHeHuid cumrtaercs M.C. Llser
[Kapuayxos, 1988; Britton et al.,, 1995]. Ou paspaboran Merom aacopOIMOHHOM
KOJIOHOYHOW XpoMaTorpaduu, KOTOPbIi MO3BOJIMI Pa3AeisaTh PaCTUTEIbHBIC MUTMEHTHI.
Ilocne HecKONbKHX JIeT PadOThl HA OCHOBAHUHM CHEKTPOCKONMMYECKHX W XHMHUYECKHX
XapaKTePUCTUK 3TOU TPYIIIBI COSAMHEHUN OH MPEAIOKUI Ha3BaHUE [Tl OTUX TUTMEHTOB
— xaporuHouzbel. [lozxe P.M. Bumnbmrerrepom (Willstatter) Opuim ompeneneHbl u
YCTAHOBJICHBl XUMHYecKHe (OpMyNbl KapoTuHa (YIJIEBOJOPOIHBIM KapOTHHOMI) H
kcaHtoduia (kuciopogoconepxamui kapotuHoua) [bpurron, 1986; Kaphayxos,
1988]. CnencrBuem 3Tol pPabOTHl SBUIOCH TO, YTO B XHMHUYECKOW HOMEHKJIATYype
KapOTHHOHJIOB MOSIBUJIOCH Pa3JieIeHHe UX Ha KapOTUHBI U KCaHTOQHWIUIEL. Briocnencreun
JI. Huxwmeiictep B 1934 roagy BBen MOHATHE O MOJMEHOBOH CTPYKType KapOTUHOUIOB
[bputron, 1986; Britton et al., 1995].

Bonbmioit Bknaa B u3yueHue KapoTHHOMIOB Obul BHeceH mkoiamu 11. Kapepa u
P. KyHa: oTKphITHE MpOBUTAMHHA A, KaK 4acTH MOJIeKyJbl -kaporuHa [Krisky, 1994,
Britton et al., 1995]. K 1948 romy koJM4ecTBO ONMMCAHHBIX KAPOTHHOHUIIOB C M3BECTHOMN
CTPYKTypoii coctaBmio 28 u 37 C 4YaCTUYHO YCTAaHOBJICHHOW WJIM HEWU3BECTHOH
cTpykrypoii [Kapnayxos, 1988]. bbuin Taxke onucaHbl yTH CHUHTE3a HECKOJIBKUX Cao-
kapotuHou10B [bputTon, 1986; Britton et al., 1995]. B 1950 roay yaanoch mokasarb, 4To
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KCAaHTO(PWIUTBI MOTYT COJACPKAaTh HE TOJBKO THIPOKCUJIBHBIE, HO M KETO- U DIOKCH-
rpymmnsl [bputrosn, 1986; Britton et al., 1995].

C paszButHeM QHU3NKO-XUMHUYECKHX METOJIOB HCCIeqoBaHMA, Takumx kak MK-
CIICKTPOCKOMHSI, SACPHBIA MAarHUTHBIA  pPE30HAHC, JU(PPAKIUS PEHTTCHOBCKOTO
W3IYYCHHsI, KPYroBOW IMXPOW3M, MACCICKTPOCKOIUS TPOMU30IIET HOBBIA BUTOK B
M3YYeHUHU KapOTHHOMAOB. CTamy TOBOPHUTH HE TONBKO 0 C40-KapOTHHOMAAX, HO TaKXKe O
Css-, Csp-KapOoTHHOMIIAX, HOPKAPOTHHOUAAX W  MPOM3BOJHBIX TJIMKO3UJIOB U
metuikeronoB [Britton et al., 1995]. Yaamoce mokasath, 4TO MOMHMMO IIOJHEHOBBIX
CBsA3€H y KapOTMHOWIOB B OCHOBHOW IIETIH MOTYT IPHCYTCTBOBAaTh AaJUICHOBBIE U
aretriieHoBbie cBsi3u [Britton et al., 1995]. B pesynbrare k cepenune 70-X T010B ObLIO
omucano okoyio 300 kaporuHommOB, a kK 2004 romy OBUIO 3aperucTpupoBaHO yxe 750
coeIvHEHM anHoro psaa [Britton et al., 2008; Maoka, 2009].

Knaccupurayus kapomunoudog. AHann3 XUMHUYECKOTO COCTaBa, CTPYKTYPHI U
CBOICTB KapOTHHOHWJOB TIO3BOJMJI NPEUIOKHUTh KIACCH(PHUKAIIMIO 3TOW TPYIIIBI
coequnenuit [Britton et al., 1995]. Kak wu3BecTHO, KapOTHHOWIBI OTHOCATCA K
TeTpareprneHaM (Wil WX TPOU3BOJHBIM), OCHOBY MOJIEKYT KOTOPBIX COCTABIISIOT
noBTopsirornuecss Cs-u3onpeHoBbie (parMeHThl. CKeIeT MOJICKYJBl 00pa30BaH IICTIBIO
COIIPSDKEHHBIX JBOWHBIX cBszel (0T 3 m0 12 ¢parMeHTOB), Ha KOHIAX KOTOPBIX MOTYT
00pa30BBIBATHCS TATH- MIECTH-WICHHBIE ITUKIIBI, 4 TAKXKe APYrHe XUMUYECKH AKTHBHBIE
rpynnbl  [Bpurron, 1986; Liaaen-Jensen, 1998]. Haubonee mHMpoOKO H3BECTHA
KJIACCU(UKAIM KAapOTHHOWUJOB IO COJEPXKAHWIO OCHOBHBIX 3JEMEHTOB (BOJOPOI,
YIIepoa W KHUCIOpOX), KOTOpas IEeNUT 3Ty TPYIIy COSIWHEHWH Ha KapOTHHBI W
kcaHTOQmUIBl. B  OCHOBY KIacCH(UKAIMK TOCIETHUX IIOJOXKEHBI  CIEIYIONUe
TIPUHIIUIIBL;

° M0 COCTaBY KOHIICBBIX ()ParMEHTOB MOJICKYJI Pa3jIM4yaroT: OKCH-, OKCO-,
ATMOKCHU- KAPOTHHU/BI, IbACTHIBI U 3(UPbI KAPOTHHOUIOB U JIp;
. M0 JJMHE OCHOBHOTO yriepomHoro ckenera (Csz, Cyo, Cys 1 Csp): HOP-,

CEKO-, alIOKapOTHHOU/IBI H JIP.

B Hacrosmee Bpems uzBecTHo Oosee 750 KapOTHHOMIOB, Cpeld KOTOPBIX OBLIO
BbIJIENIEHO 178 coeTMHEHNI, HE BIUCHIBAIONINXCS B M3BECTHYIO CUCTEMY KilacCH(UKAIH
[Sliwka, 2012]. HopBesxxckumu uccienoBarensmMu B 2012 roay Obuta mpeiokeHa HOBas
KIacCH(UKAMOHHAs CXeMa, B COOTBETCTBHHM C KOTOPOH KapOTHHOMIBI NEJSATCS Ha
KapoTHHBI (COZepKaliie B CBOEM COCTaBe TOJBKO YIJEpoJ H BOJIOpPON) U
rerepokapoTuHoubl. [locneaHue moapasaessiFoTess Ha psifi CAMOCTOSITENBHBIX TPYIIT B
3aBUCHMOCTH OT COJCp)KaHMS JIOTOTHUTEIBHBIX TPYIIUPOBOK: KHCIOPOAOCOAEPIKAIINX,
cepocoiepKanux, asoTocoaepkamux u 1.1. [Sliwka, 2012].

C nmomompio MeTooB H'-NMR, kpyroBoro nuxpousma U peHTIeHOCTPYKTYPHOTO
aHaiM3a OBUIO TOKa3aHO, YTO KApOTHHOMIBI HMMEIOT CIIOKHYIO MPOCTPAHCTBEHHYIO
CTPYKTYpY ¥ 00JIaIafoT XHpanbHOCThIO. Cpelu HUX MIMPOKO IMPEACTAaBICHBI H30MEPHI
[Britton et al., 2008].

Xemocucmemamura KapomuHouoog. XeMOCHCTEMATHKa — 0CO00€ HAIpaBJIeHHE B
U3y4YEeHHH KapOTUHOHMOB, KOTOPOE ONPEIEISIET CBA3U MEXIy XUMHUYECKOH CTPYKTYPOH 1
OHMOJIOTUYECKUM TIPOUCXOXICHUEM COEJAMHEHHH KapOoTHHOUAHOTO psaa. O Halu4uu
JTAHHOW 3aBHCHUMOCTH CBHCTEIILCTBYIOT HCCIICJIOBAHHS HOPBEXKCKHX yueHbIX [Liaaen-
Jensen, 1998]. m ynanock mokaszatbk, 4To HauboJee pa3HOOOPA3HBIMU MO XUMHUYECKOU
CTPYKTYpe SBISIOTCS KapOTWHOWIBI MHUKPOBOJIOPOCIIEH W TpeiCcTaBUTENe I1apcTBa
KUBOTHBIX (TMPEUMYIIIECTBEHHO MOpPCKHE OpraHu3Mbl). Y HUX OblIo oOHapyxeno 10
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OCHOBHBIX TPYII KapOTHHOMIOB, PAa3MUYHBIX MO CBOEU CTPYKType: C0-KapOTHHOMIBL,
aTlOKapOTHHOWABI, HOpKapoTHHOHIBl, CHj-OKMCIeHHBIE KAapOTWHOWIBI, TJIMKO3W-
KapOMHOUMBI,  AlleTWICHOBBIE KapOTHHOWIBI, SMOKCH-KapOTHHOHIBI,  AJUICHOBBIC
KapOTHHOM[IBI, aleTaT-KapOTHHOWIbI, 3(UpPbl KAPOTHHOMIOB pa3zHOOOpa3HbIE IO
CTPOCHHIO, COCTABY U HAIMUMIO XUMHUYeCKUX Tpymi [Britton et al., 1995, 2008].

[IpencTaBuTeny OCTANBHBIX TAKCOHOB: OAKTEpHH, BBICIINE PACTCHUS, JPOXKKH,
rpUObI, coaepKaT TONBKO OT 3 0 5 TpyNm pasiuYHBIX MO CTPYKTYype KapOTHHOWAOB
[Liaaen-Jensen, 1998; Britton et al.,, 1995, 2008]. Pe3ymbraThl CpaBHHTEIBHBIX
UCCIIEZIOBAaHNI KAa4eCTBEHHOTO COCTaBa COCTMHEHHWH KapOTHHOMIHOTO psga IOKa3alld
3HAUUTENBHO OoJbIiee pa3HOOOpa3ne MX Yy MOPCKHX OPraHW3MOB, YTO H OIPEICIIHIIO
MPUOPUTET U3YUEHUS STOH IPyNIbl OMOOOBEKTOB.

Dyukyuu xapomunouoos. K Hanbonee n3BeCTHHIM (YHKIUSIM KapOTHHOHIOB
OTHOCST Teperady OdHepruum npu  (orocuHTe3e,  (OTO3AIUTY,  PETYISIHUIO
PENPOAYKTUBHBIX CBOMCTB OpraHu3Ma M axkTHBHOCTH psAga (EpMEHTOB, ydacTHE B
MeTaboIM3Me BUTAMHHOB, TOPMOHA pOCTA, MMOJAABICHUE OKHUCIHUTEIBHBIX MPOLECCOB B
TKaHsx u ap. [Bpurron, 1986; Britton et al., 1995; IMonskos, Jlemuna, 2006].

OyHKIMOHATBHBIE CBOWCTBA KAPOTHHOUIOB ONPEACIAIOTCS OCOOCHHOCTSMH
CcTpoeHus: X MoJekyln. OHU UMEIOT JUIMHHYIO CUCTEMY CONPSDKCHHBIX JBOWHBIX CBS3EH,
KOTOpasi TMOTJIONMIAET CBET B BUAMMON YacTH 3JeKTpoMarHutHoro crekrpa (400-500 M)
[Kapuayxos, 1988; Britton, 1995; Ilossikos, Jlemuna, 2006]. JlunoduibHas mpHpoaa
KapOTHHOHMJIOB U OCOOCHHOCTH CTPYKTYPBI YIJIIEPOJHOTO CKeJeTa MOJEKYJIbI MO3BOJISIIOT
UM B3aHMOJICHCTBOBATh C JBOMHBIM CJOEM JIMMUAOB MeMOpaH U (HOpMHPOBATH
(boToCHHTETHUECKHE TMPOTEHMHOBBIE KoMIUiekcel [Britton, 1995; Ilomskos, JIémmmHa,
2006]. TIlormomast cBeT W TmepedaBas JSHEPTHIO BO3OYXKICHHUS Ha XJIOPOQHILIBI,
KapOTHHOMJIBl PACHIMPSIOT JUana3oH coOMpaeMbIX JUIMH BOJH CBETa W YIIy4lIaloT
s dexruBHOCTH hoTocHHTE3a [BpuTToH, 1986; KapHayxos, 1988; Britton, 1995].

C mosBeHHEM a’pOOHON Cpeibl y OPraHU3MOB IOSIBUIIACH YTpo3a HE TOJIBKO
M30BITKa CBETa, HO W HEraTMBHOW KOMOWHAIMU cBeTa W Kuciopona. KapoTuHounisl,
Onaromapst HATMYHMIO OOTATBIX AIICKTPOHAMH JIBOWHBIX CONPSDKEHHBIX CBSI3EH, 00IamaroT
0O0JIBIION PEaKIIMOHHOW CHOCOOHOCTBIO K MEPEeXBaTy CBOOOIHBIX PAJMKANIOB. JTO JaeT
UM CIIOCOOHOCTH 3allUTHTH JIPYTHE YYBCTBUTENBHBIE MOJEKYISPHBIE CHUCTEMBI OT
OKHCIUTENBHOTO ToBpekaeHus [Bpurron, 1986; Kapuayxos, 1988; Britton, 1995]. Ouwu
NPEOTBPAIIAIOT TPOIECCH (HOTOOKHCIEHHs, 00ecreunBaOT S(PPEKTUBHYIO 3aIIUTY
MIPOTUB 00pa3oBaHUs U JIcHCTBHs CUHIIIETHOTO Kucioposa [Krisky, 1994; Del Campo et
al., 2000; TTuuesny, ABepuna, 2002].

OmHako BO MHOTOM CBOMCTBA M ()YHKIIMH KapOTHHOHJIOB OCTAIOTCS HESICHBIMH
[Krisky, 1994; Britton et al., 1995]. Akkymynsanus u MeTaOOIH3M JaHHOW TPYIIIBI
COCJIMHEHHWI B 3HAYMTEIFHON CTENCHW 3aBUCHT OT CIIEKTpa MUTAaHWS OpraHu3Ma U He
BCeryia onpenensercss (QyHKIMOHATBHOU 11eJIeCO00Pa3sHOCThIO UX MPUCYTCTBHS B TKAHIX
[Britton et al., 1995].

3.1.2. KapoTWHOUABI MOPCKOTO MPOUCXOXKICHHS

B pesynbraTe HOBEHIIMX HCCIICOBAaHUN B 00JACTH H3YYCHHS XHUMHUECKOH
CTPYKTYphl KApOTHHOWJIOB M WX OHOJIOTHYECKUX CBOWCTB 0OCOOBI HWHTEpeC Ccral
NPOSIBIATECS K HM3YYCHHIO KapOTHHOMIOB MoOpckoro renesuca [Hans, 1981; Liaaen-
Jensen, 1990; 1991; Britton et al., 1995; Shimidzu et al., 1996]. Paznenenue >THX
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COCIMHEHMI Ha Ha3eMHBIE U MOPCKHE TPYIIHI MOSBUIOCH JIMIIb B KoHIE 90-X TOHOB, B
CBSI3U C pe3yJbTaTaMM UCCIEIOBAHUH B 00JACTH UX XEMOCHUCTEMAaTHKH, HOMEHKJIATYPhI U
6uonornueckux ceoicts [Krisky, 1994; Liaaen-Jensen, 1989; 1998].

Ocobennocmu  cocmaea, Cc60UCME U QYHKYUlL KAPOMUHOUOOE MOPCKO20
eenesuca. OTKppITHE OOJBIIOTO KOJIMYECTBa KapoTHHOMAOB (750 TpupOIHBIX
COCIMHEHM), NPEUMYLIECTBEHHO B MOPCKHX OpraHu3Max, IIOMOIJIO CYILECTBEHHO
MPOABUHYTh U3Y4YE€HUE OMOJIOTNYECKUX CBOWCTB 3TOM IPYIIIBI COCAMHEHHH.

KapoTuHOMIB MOpPCKOTO MPOMCXOXKICHHUS HMMEIOT 0Oojee pa3HOooOpasHble W
CIOXHBIE CTPYKTYpbl. Y MOpPCKHX OakTtepuii OCHOBHBIMH SBISIOTCS Cgs-, Cso-
KapOTHHOHIBI B IUc-m30oMepHOM Bume [Liaaen-Jensen, 1998], y mMopckux Bomopocieit
npeo01aaT alJICHOBBIE H alleTUICHOBBIE KAPOTHHOUBI C Pa3IUYHBIMHA OKCH-, STIOKCH-,
THIPOKCH- TPYNIAMHU, a TaKKe LMC- U TPAaHC-U30MEpHUEH MOJIEKY] M XHPaJbHOCTHIO
merTpos [Britton et al., 1995; Liaaen-Jensen, 1998].

Cpenu MOpPCKHUX KapOTHHOHMJOB C OOJBIIUM  COJIEPKAHUEM  Pa3InHBIX
XMMUYECKUX TPYI W HAIMYMEM ajUICHOBOM M aleTHJICHOBOW CBsizel ocoboe MecTo
3aHUMAIOT (YKOKCAHTHH, NMEPUINHUH, ACTAaKCAHTHH, HEOKCAaHTHH. M3BecTHO BiIMsHHE
(yKOKCaHTHHA ¥ HEOKCAaHTHHA Ha YCHJICHHWE OOMEHHBIX TPOILIECCOB B OpraHU3ME M
CHIDKEHHE COZEpIKaHus TIOK036I B KpoBHu [Hashimoto, 2009]. KapotuHoMabI MOPCKOTO
MPOUCXOXKIEHHUS SBIAIOTCS JHICPAaMH CPEAM HHICHOUTOPOB IEPEKUCHOIO OKUCICHHS
JIMITUIOB, BBI3BIBAEMOTO aKTHBHBIME (opMamu kuciaopoma [Miki, 1991; Shimidzu et al.,
1996].

Criextp GYHKUIUI KapOTHHOMIOB Y THAPOOHOHTOB Oojiee IHUPOK B CPABHEHHUH C
AQHAJIOTUYHBIMH COEIMHEHUSIMH Ha3eMHBIX (DOPM JKHM3HH, YTO, BO3MOXKHO, CBSI3aHO C
YCIIOBUSIMH CYIIECTBOBAaHHMS MX B BOJHOW cpelie, B KOTOPOW, B OTIMYHE OT BO3AyXa,
pacTBOpEHHbIE XHMHYECKHE COCIMHEHUS OKa3bIBAIOT MpPIMO S(PQGEKT Ha OpraHus3M
(TOKCHYECKHIA, KOMMYHUKAMOHHBIA U T.1.) [Tsushima, 1995; Shimidzu et al., 1996]. ¥V
MOPCKHX OPTaHU3MOB KapOTHHOM[B! BBHIMOJIHSIIOT (QYHKIHMIO (OTONPOTEKLUNH, SBIISIOTCS
MCTOYHUKOM KHCIJIOPOJIa, OKa3bIBAIOT 3aIlIMTHOE JeiicTBHE (alleTHIeHOBbIE KApOTUHOU/IBI)
[Liaaen-Jensen, 1990; Britton et al., 1995]. KeTtokapoTHHOHIbBI, 00pa3yrouHecs Y
HEKOTOPBIX MHKPOBOJOPOCIEH W HAaKalJIMBAIOLUIMECS Yy psla MOJUIIOCKOB U PBIO,
OTpEAENSAIOT HE TOJNBKO OKpacKy HX Tejla, HO W OTIMYaloTCs Ooyiee BBICOKOI
AQHTHOKCHJIAHTHO# aKTMBHOCTBIO M MPOTUBOPAKOBBIMHU cBoiicTBamu [Mercadante, 1999].

HecMmoTpss Ha IIMPOKYI0 PpacHpOCTPaHEHHOCTh KApOTMHOMAOB B MPUPOJE,
WHPOpPMAIUS O MYyTAX WX OMOCHHTE3a W MeTa0oiIM3Ma BCE elle HEeroiHas, ¥ 3TO
HarpaBJIeHHEe UCCIICOBAHMUIT IPEJICTABIISCT ONpE/CICHHbIH HAay4YHbIH HHTEepec [Britton et
al., 1995].

Ilepcnexmugbl  UCNONBL308AHUS U NpUOPUMEM  UCCLE008ANHUL  KAPOMUHOUOOE
MOpcKo2o  npoucxodcoenus. MHOTHE KapOTHHOHWIBI MOPCKOTO  IPOUCXOXKIEHUS
UCTIONIB3YIOTCS B KayecTBE XEMOIPO(PHUIAKTHYECKHX CPEACTB NPH JICUEHHH PAa3HBIX
CTaluil pPaKoBBIX 3a00NeBaHMH W TPOSBIAIOT SIBHBIE AHTUOKCHUAAHTBIE WM
npookcuaanTeie cBoiicTBa [Hashimoto, 2009]. Tak, hykoKCaHTHH TOAABISET Pa3BUTHE Y
yeoBeka kietok Heiipobnacrombet GOTO [Schagerl et al., 2003; Rico-Villa et al., 2006;
OunbueHkoB u ap., 2008]. Ha nmpoTsskeHHH MHOTHX JIET U3y4aeTcs aHTUKAHLIEPOT€HHOE
neiictBue (hyKOKCAaHTHHA, HEOKCAHTWHA W TaAIIMHTHOKCAHTHHA TPU JICHKEMHH, pake
MPOCTaThl, MOJIOYHON JKeje3bl, MPSMON KHUIIKHU, KOXKHU. M3BECTHBI pe3ynbTaThl IO
YCIICHIHOMY JICUEHHIO (PYKOKCAHTMHOM paka IBEHAJIATUIEPCTHOM KHUIIKH y MBbIIIEH
[Kotake-Nara et al., 2005; Hosokawa et al., 2006; Kumar et al., 2008; Hashimoto, 2009].
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LlurocTaTuueckue CBOMCTBA MHOTUX MOPCKHX KapOTHHOHMJOB OIpEACNICHBI  I10
OTHOIIICHHIO K PAaKOBBIM 3a00JCBAHUSM PA3IMYHOW STHOJOTWH, W 3TO HAIpPABICHHE
IpUMEHEHNST KapOTHHOUIOB sBJIsseTcS HamOonee mepcrnekrtuBHbIM [Kotake-Nara et al.,
2001; dunpuenkoB u ap., 2008; Hashimoto, 2009].

[TepcrieKTHBBI HCIIONB30BaHKS KAPOTHHOUIOB B MEJMIIMHE CBS3aHbBI HE TOJBKO C
UX aHTHKAHIIEPOTCHHBIMH CBOWCTBAMH, HO U C UX CIIOCOOHOCTBIO BIHSATH HA OOMCHHBIC
npouecchl. Tak, PyKOKCAaHTHH Halle] IPUMEHEHHE TIPH JICYCHUH OKUPCHUS M CaXapHOTo
nnabera [Maeda et al., 2007]. W3BecTHbl pabOTBI Y4YEHBIX, IOCBSILICHHBIC
UCIIOJIb30BAHUIO KAPOTHHOMIOB MIPH JICYCHUH KOPOHAPHOM HETOCTATOUYHOCTH CEPIEUHOMN
MbIIIBL. JIeKapCTBEHHBIE MpenapaThl Ha OCHOBE JIOTEHHA U 3€aKCAHTHHA MPUMEHSIFOTCS
npy JeYeHUH W mpoduiakThke riasHeix Oosesnedt [Krisky, 1994; Hashimoto, 2009].
Kaxxmprit kapotnHOMa obmanaeT B OONbIICH WIM MEHBIICH CTENEHH aHTHOKCHIAHTHOMH
AKTHBHOCTBIO W SIBJSIETCSI CAMOCTOSITCIIBHBIM OOBEKTOM HCCICIOBAHUN B Pa3IHUYHBIX
obmactsax meaummnel [ Tsushima et al., 1995; Nishino et al., 2009; Hashimoto, 2009].

B cBsi3u ¢ MIMPOKMM NPUMEHEHHUEM KapOTHHOHWIOB B MPAKTUYECKONH MEIHIIUHE
BECbMa aKTYyaJbHBIMH CTAHOBSTCS OHOTEXHOJOTMYECKHE AaCIeKThl HMX  IOJyUYCHHS.
BonbmIMHCTBO — TeXHOJOTWiT  0OasupyeTcs Ha  KYJIbTUBHPOBAHUHM  OJHOKJICTOYHBIX
IUIAHKTOHHBIX MHKPOBOJOPOCICH (3€JICHBIX M JUATOMOBBIX), KOTOPBIC SIBJISIFOTCSI
HUCTOYHHKAMHM aCTaKCaHTHHA, (YKOKCAaHTHHA, IEPHIMHHHA U Psia IPYTrHX KapOTHHOUIOB
[Bhosale, Bernstein, 2005]. TTony4eHre KyabTyp ¢ BHICOKHM COJECPKAHUEM COCTHHEHHI
KapOTHHOMIHOTO psiia SBISCTCS OJHOM M3 TNPHOPHTETHBIX 3aJady COBPEMEHHOM
O6uorexHonorun MuKpoBogopocieir [Pulz, Gross, 2004]. VYeemwueHue cojepsKaHus
NPEBATMPYIOIIET0 KApOTHHOMIAA B KYJIbTYpE ONPEICICHHOIO BHIa MHUKPOBOIOPOCIIEH
MOXET JocTuratbcss nByMsi mnytsiMu. C OTHOM CTOpOHBI BemyTcs pPabOThI IO
CTUMYJIUPOBAaHUIO KapoTuHorenesa [Pymuk, 1993; Mercadante, 1999]. C napyroi
CTOPOHBI TPOBOMATCS PabOThI MO MPOM3BOJICTBY TCHETHYECKH MOIU(PHUIIUPOBAHHBIX
KyJbTYp C IEbI0 YBEIUICHHUsI COoepKanus crennududeckux kaporuHounos [Del Campo
et al., 2000; Bhosale Bernstein, 2005].

3.1.3. ConepxaHue 1 Ka4eCTBEHHBII COCTAaB KAPOTHHOUIOB (PUTOITAHKTOHHOTO
coobmiectBa UepHoro Mopst

[T1aHKTOHHBIE ~ MHKPOBOJOPOCTH  SIBIISIFOTCSL ~ OCHOBHBIM ~ MCTOYHUKOM
KapOTHHOHJIOB B MOPCKHX U TIPECHOBOJHBIX IKOcUcTeMax. [IMrMeHThI, CHHTE3UPOBaHHBIC
B WX KIETKaxX, 3aTeM pAaclpeielsifoTcs W TOABEPrarTcs  MeTaboIuuecKon
TpaHchopMay B TPOPUIECKUX LETISX.

Kapomurnouovr u eudosoe paszunoodpaszue ¢umoniankmona. WccnenoBanus
MUTMEHTHOTO cocTaBa (puTOIIaHKOHa MHUPOBOTO OKeaHa IMOKa3alli, YTO OCHOBHOW BKIIJT
B HEro BHOCSAT JHAaTOMOBbIe M auHO(UTOBBIC MHUKpoBomopocau [Konishi et al., 2006;
Ston, Kosakowska, 2000], kOTOpbIe SIBJSIOTCS OCHOBHBIM HCTOYHHKOM TMHTAHHS IS
MHOTHX THAPOOHOHTOB, BKJIIOYAas ¥ MOJLTIOCKOB-(risTpaTopoB [Hertzberg et al., 1988;
Cennuesa, 1990; Cennuesa u nip., 2006].

MHoroneTHre HaOMIONCHUS 3a COCTaBOM  (DUTOIUIAHKTOHA — ITOKA3bIBAIOT
YBEIMYEHHE BUJIOBOTO pa3HOO0Opa3Hs TNIAHKTOHHBIX MHKPOBOJIOPOCICH MPaKTHYECKH BO
Bcex pernonax YepHoro mops. CoryiacHO MOCIETHHM CBOJKAaM, 3/I€Ch PETHCTPUPYETCS
okosio 1000 BUAOB M pa3HOBUAHOCTEW MHUKpoBojopocieil [Anrtyxos, 2000; Cenuuena,
2008; bpsuauesa, 2008]. bmaromapst CroHHO-HarOHHBIM THpoleccaM M OJIM30CTH



93

KapOTI/IHOI/II[bI TKaHEH MaCCOBBIX BUJI0B YCPHOMOPCKUX MOJIIFOCKOB

OCHOBHOT'O YEPHOMOPCKOTO TECUYCHUS, IPUOPEKHBIE BOJBI KphIMa CUMTAIOTCS TUIMYHBIMU
st Bcero YepHoro mops. B mpubpexsprx Bomgax KpBIMCKOTO MOIyOCTpOBa MOXKHO
BCTPETUTH 386 BUIOB M Pa3HOBHUIHOCTEH BOIOpOCel u3 8 oTnenoB. Hanbompmmii BKiTam
BHOCST TUHO(UTOBBIC Bomopociu — 154 Buaa; 3areM uayT auatomoBbie — 140 BUIOB U
3onotucteie — 53 Buna [bpsuuera, 2008; Cenuuena, 2008]. Briiag ocTanbHBIX BUJOB HE
CTOJIb 3HAYUTEIICH: 3eJIeHbIC — 16; cuHe-3eNeHble — 12; KpunTohUTOBBIC — 7; SBIIICHOBHIC
— 2 um xenrto-3ejeHble Bomopociu — 1 Bua. HaumbGombliee BUpOBOE pa3HOOOpas3ue
oTMmeueHO B paiionax Kapamara (291 Bua) u CeBacromonbckoro B3Mopbs (252 Buna),
HauMmeHbiee — B CeBacromnonbckoit Oyxte (208) u paitone Jlacu-batunuman (202).
BonpmmHCTBO MHUKPOBOJOPOCITEH obnamaer BHIOCTICTH (D UIHBIMHU
kapotuHougamMu. OJHAKO COCTAaB OCHOBHBIX TPYII 3TUX COCIUHEHWH OCTaeTCs
HEU3MEHHBIM B Ipenenax kiacca [Liaaen-Jensen, 1989; Schagerl et al., 2003] (ta6m. 3.1).
D10 Xopomo moka3aHo B wucciuepoBaHusix [Jeffrey et al., 1997; bpsumesa, 2008;
Cennuena, 2008]. JloMmuHUpOBaHNE AMATOMOBEIX B COCTaBE (PUTOIIAHKTOHA MPUBOIUT K
VBEJTMUEHUIO TAaKUX IMTMEHTOB, Kak [3,f-kapoTwH, (QYKOKCAHTHH, JAHATOKCAHTUH,
JTMHOKCAHTHH, aHTCPAKCAaHTHH, 3¢aKCaHTHH, AUaJnHOCKaHCTHH [Liaaen-Jensen, 1998].
Taomuua 3.1
OCHOBHBIE OTAEIBI MUKPOBOIOPOCIEH (PUTOIUTAHKTOHA YEPHOTO MOPS U X
coctaB kapotunouzoB [Jeffrey et al., 1997; Bpsunea, 2008; Cennvena, 2008]

Otaenst Kon-Bo
o CocTaB KapOTHHOHIOB
MHKPOBOJIOPOCTCH | BHIOB
1 2 3
OcHoBHBbIE KAPpOTHHOUBI: PpyKokcaHTHH; B,B-kapoTuH,
NePUAMHHH, IUAaTOKCAHTUH, TUaIHHOKCAHTUH, THHOKCAHTHH.
Bunocnenudunynbie KapOTHHOUABIL: GUTOCH, GUTOITIOCH,
. ACTaKCaHTHH, TUPPOKCAHTHH, IIUPPOKCAHTHHOJ, IIEPUIHHOI,
Dinophyta . .
P457, 19'-rekcanomno-kcupyKkokcaHTuH, 19'-
(muHO(UTOBEIC 154
OyTaHOMIIOKCHU(YKOKCAHTHH,
BOJIOPOCITH)

19' -rekcaHOMJIOKCUIIAPAIICHTPOH 3 arerar, Audpup
TUPOKCAHTHHA, TAJIOIUHTHAKCAHTHH 3'-a1ierar,

19' -6yTaHOMII-OKCUTATOIIMHTHAKCAHTHH 3' -aneraT, 19-
TeKCaHOMJIOKCH TaJIOIMHTHAKCAHTUH 3'-alerar.

OcHoBHbBIE KAPOTHHOM/BI: 3,3-KapOTHH, TUATOKCAHTHUH,

140 |/HMaIMHOKCAHTHH, (hyKOKCaHTHH.

Bunocnenuduunbie KADOTHHONIBI: €,6-KAPOTHH, HEOKCAHTHH,
9XEHEHOH, KAHTAKCAHTHH, ()YKOKCAHTHHOIL.

Bacillariophyta
(mmaTomoBEIE
BOJIOPOCIIH)

OcHoBHBIE KAPOTHHOM/BI: 3,3-KapoTHH, ,€-KapOTHH, JTIOTEHH,
3€aKCaHTHH, aHTePaKCAHTHH, BUOJIOKCAHTHH, HEOKCAHTHH.
Bunocnenuduunbie KAapOTHHOUABIL: 3,\/-KapOTHH, €,E-KAPOTHUH,

Chlorophyta B-KpI/IHTOKCEIHTI/IH, KapUTOKCAaHTHUH 5,6-31’[0KCI/IZ[, JIIOTCHUH

(senenbie 16 | snoxenn, nopoxcantus, B,B-kaporun-2-o1, B,B-kapoTii-2,2'-

BOJIOPOCITH) o, B3,e-kapoTuH-2-011, cu()OHAKCAaHTHH, CH(POHOCH, SXUHEHOH,
3'-TUAPOKCUIXUHEHOH, 4'-IHPOKCUIXMHEHOH, KaHTa-KCAHTHH,
aIOHUPYOUH, ACTAKCAHTHH.

Xanthophyta OCHOBHBbIE KAPOTHHOUBI: [3,3-KapOTHH, THaIUHO-KCAHTHH.
Bupocnenuduunbie KAPOTHHOMABI: HEOKCAHTHH, TUI(U

(xexrro-senerpre 1 Ba . e I/IaIIZCE‘llI){TI/IHa I/IH(I))KCEIHTI/IHH HMaTOKCAHTHH ’ I;mnq()ncgn u
BOJIOPOCITH) yaep > A > A A A

MOHOOIIOKCHU ] KPUIITOKCAHTUHA, TCTCPOKCAHTHH.
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1 2 3

OcHOBHBIE KAPOTHHOUJBI: [3,3-KapOTHH, TUATOKCAHTHH,
JTNaTAHOKCAHTHH, TeTCPOKCAHTHH, HCOKCAHTHH.
Bunocnenudnynbie KAapOTHHOUABI: [3,6-KapOTHH, [3-
KPUNTOKCAaHTHH, KpUITOKCAHTHH-5',6'-3TIOKCHU T, TIOTENH
SMOKCHU]I, DYTPENTHEIAHOH, Ol-KPHUIITOAYTPENTUEIaHOH, [3-

2 KPHIITOdYTPETITHETAHOH, aHTUIPOAUATOKCAHTHH, 3,4,-
7,8,3'4"7',8"-okragerunpo-B,B-xkaporun, monoadpup 7,8,3'.4',7',8'-
rexcaneruapo-B,3-kaporun-3-om, tuddup amiokcanTrHa, 19-
MOHOA(Hp JIOPOKCAHTHHA, CH()OHEHH.

BropuyHble KAPOTHHOM/BI: SXECHEHOH, 3-THIPOKCUIXHHEHOH,
KaHTaKCaHTHH, aCTAKCAHTUH, IEKTCHOJIOH, Y(PUPBI aTOHUPYyOUHa,
amoHuKcaHTHH, 3S,3' S-acTakcaHTHH.

Euglenophyta
(aBrIeHOBEBIE
BOJIOPOCIIH)

JduHOQUTOBBIE BOIOPOCIN XapaKTEPU3YIOTCA TPHUCYTCTBUEM TCPUIMHHHA,
NEePHIMHOMA, TUPPOKCAHTHHA, MUPPOKCAHTHHOINA, 3XeHeHoHa [Repeta, Bjornland, 1997].
305I0THCTBIE BOJOPOCTH OOJNBIIEH YacThIO IPEJCTABICHHBI KOKKOJIHTOMOPHAAMH U
MOMHMO cojepkaHus [3,3-kapoTuHa, [3,6-KapoTWHA, AMATOKCAHTHHA, (PYKOKCAHTHHA,
MoryT umeth 19-rekcanomnokcudykokcantun (y E. huxleyi), nnagunokcantun u apyrue
kcauTodmmsl [Jeffrey et al., 1997; Bpsuruera, 2008; ITocmenosa, 2008; Cennuena, 2008].
KapoTuHOMIHBI COCTaB 3€JIEHBIX MHKPOBOIOPOCIEH OYeHb ONHM30K K BBICIINM
PACTEHUSIM U COJICP)KUT OCHOBHBIC MIUTMEHTHI: 3,3~ U B,6-KapOTHH, JIFOTEHH, HEOKCAHTHH,
JOPOKCAaHTUH M 3€aKCAaHTHH, a TAK)KEe BHUOJOKCAHTHH M aHTEPOKCAaHTHH. BcTpewarorcs
BHUJIBI, UMEIOIIIE B CBOEM COCTaBe aCTaKCaHTHH M KaHTakcantud [Jeffrey et al., 1997; Del
Campo et al., 2000].

IlnanoOakrepun, mpeAcTaBICHHbIE 12 BHOaMH, SBISIOTCSA —IOKa3aTEISIMU
sarpsizHeHns OyxT. Tak, B CeBactomoibckoit Oyxte B 2006 romy m3-3a cOpoca BOBI
YepHOPEUCHCKOTO BOJIOXPAHIIHINA HX GHOMACCa JOCTHIama 10 3,6 M, a Ha B3MOpbE —
1-6 rM°. TOKCHYHOCTb 3THX BOJOPOCTEH, TaKke KaK M KPHUITODHTOBBIX CBSI3aHA C
HamyreM (PUKOOMIMIIPOTEHHOB, YTO JENAeT MX HENMPUTOMHBIMH Ul MUTAHHS MHOTHX
rugpoduonToB [Bpsuuesa, 2008; Cenuuena, 2008]. IMomumo  crieruduyeckux
(UKOOMITUTIPOTEMHOB B COCTaBE IMTMEHTOB OHM HWMEIOT Takhe Kak [3,3-KapoTuH,
3€aKCAaHTUH, MHUKCOKCAHTO(QMIUL, DJXCHEHOH, KaHTAKCAHTHH, a HEKOTOpbIE BHJBI
MaHOOAKTEpUN CHHTE3UPYIOT OCIMIIAKCAHTHH, MHKCON-2'- W 4-KeTOAHMOKCUMHUKCOI-2'-
bykokcua u apyrue Bumocrnenuduynsie kaporurouasl [Hans, 1981; Mochimaru et al.,
2008].

CTpyKkTypa BBIIICTICPEUNCICHHBIX KAapOTHHOHMJOB M HX CBS3b C HEKOTOPBIMH
KJIaCCaMU MHKPOBOJIOPOCIIEH ObUTH NMPOaHAIN3UPOBaHbI HA OCHOBE ydeTa pa3Ho00pasus
CTPOEHHsT KOHIEBBIX Tpymn Monekys [Britton et al., 1998]. Haubonee pa3znoobpa3sHpIMU
SBISIFOTCS KapOTWHOWBI Y MHKpOBOJoOpociel kiacca Prasinophyceae (18 pazmuuHbIX
KOHIIEBBIX TPYII), CICAYIONMMH SBISIOTCS Kinacchl Dinophyceae (14 BHIOB KOHIIEBBIX
rpymm), Chlorophyceae (13 BumoB koHueBbix rpymm), Euglenophyceae (13 Bumon
KOHIIEBBIX rpymm), Prymnesiophyceae (12 BugoB KoHIEBBIX rpymi). OcTanbHbIe
CHCTEeMaTHYeCKUE TPYIITEI MHKPOBOJOPOCIECH OrpaHUyYeHBl 6-8 BHIaMU TakKuX Tpymi. Y
3€JIeHBIX MUKPOBOJIOPOCIICH M JUHOMIAreIUIAT B COCTaBe KAPOTHHOUIOB HPUCYTCTBYET
HanboJiee TMOJIHBIA CHEKTp KOHIEBBIX Tpymm: f-, Y-, €-, Y-TPYIIbI, aJUICHOBHIE,
alleTHIICHOBBIC, 7,8-AMICTHIPO-, JIIOKCU-, KETO-, 3-alleTaT-TPYIIbl, dPUPHBIC U APYTHUE.
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Takum  oOpazom, YePHOMOPCKHH  (PUTOIIAHKTOH  XapaKTepHu3yeTcs
3HAYUTENFHBIM  BHJOBBIM  pPa3HOOOpa3WeM, UTO HaKIAAbIBaeT OTHEYaTOK Ha
KaueCTBEHHBII COCTaB M OCOOEHHOCTH BHYTPUMOJEKYISIPHON CTPYKTYpPbl KApOTHHOHIOB
(PUTOTIIAHKTOHHOTO COOOIIECTRA.

Cesonnvle  UBSMEHEHUs COCMABA — KAPOMUHOUOO8 8  (PUMONIAHKIMOHHOM
coobwecmge. MHOTONIETHHE TMKIIBI CE30HHBIX M3MEHEHHH COCTaBa (PUTOILTAHKTOHA B
akBaTopusx CeBacTorofisl mpuBeeHbI B psaae padot [Cennuesa, 2008; bpsauuera, 2008;
Kydrapkosa, Cennuena, 2009; Crensmax u np., 2009]. [TokazaHo, 4To (GUTOIUIAHKTOH B
CBOEM DAa3BUTHH MPOXOAWT dUepe3 psi HalpaBIEHHBIX BO BpPEMEHH HW3MEHEHWH —
cykneccuid. Kimaccnueckasi cxema, CBOWCTBEHHAsI 9€PHOMOPCKOMY (UTOILIaHKTOHY 1970-
X TOJIOB: Pa3BUTHE MENIKOKJIECTOUHBIX TUATOMOBBIX BOJIOpociel (mepBas cTaaus), Ha
CMEHy KOTOPBIM TMPHUXOAAT KPYMHOKIETOYHBIE JIHATOMOBBIE (BTOpas CTagusi), a
3aKaHYHNBACTCA JOMHHHPOBAaHHEM IUHO(PHUTOBBIX BOIOPOCHEH (TPEThS  CTaaMsl)
[Bunorpanosa u ap., 1986].

W3meHeHnss B BHIOBOM pa3HOOOpasMH YEPHOMOPCKOTO (HUTOIIIAHKTOHA,
OTMEUYEHHBIE B TIOCIETHHE NECSITHIETHS, OTPA3WINCh HAa XapaKTepe Pa3BHTHUS ITHX
cramuii [Hectrepora, 2003; CenuueBa, 2008; bpsuamesa, 2008]. Ilo anamorum c
NPOIUIBIMA TOAaMH B (UTOIIAHKTOHHOM COOOIECTBE TPOXOIMIO TPU CYKLIECCHH:
BECEHHE-JIETHAA, OCeHHSS W 3uMHsA. llepBylo craguio BeceHHe-TIETHEW CYKIIECCHU
(bopMHUpOBaN MEITKOKJIETOUHBIC THaTOMOBbIE U3 poaa Chaetoceros, koTopsie B OCeHHee-
3UMHE-BECCHHUI MEpUoJ JOoCTUTalM MaccoBoro pasButus. Ha CeBacTomoibcKoM
B3Mophe B 2000-2006 Toasl OHK OBLITH MPENCTABICHBI HANOOIBIIAM YrcIIoM BHIOB (112),
MHOTHE W3 KOTOpBIX OOHapykeHbl Brepsble [CenmueBa, 2008; bpsumesa, 2008]. C
¢deBpasis Mo Mali B mpUOpeKHBIX Boaax KpbiMa BHIIOBOE pa3HOoOpasue auaToMei
cocraBmiio okoio 50-tu BuaoB. C Masi 0 CEHTSOpPh OOBIYHO TMPOHMCXOAUT CHMKEHHE MX
YUCIIEHHOCTH M Omomacchl. Haumuas c ampens, B mpuOpexHbIX Bomax (CeBacTormouns
CYIIIECTBEHHO BO3PACTANO BUAOBOE pazHooOpaszue nuHo(UTOBBIX. X Onomacca jeTom 3a
nepuon ¢ 2000 mo 2006 romel mHorma mocturaiga 1,3 -1,9 r-M°. CHmKeHue HX
YUCIIEHHOCTH HACTYIIAJIO TOJIHKO MO3HEH OCEHBIO.

B nocnennune romer B8 CeBacTOnonbCKOM OyXTe B Ha B3MOPhE OTMEYEHO CHITBHOE
BJIMSIHUE CTOYHBIX MPECHBIX BOJI, YTO MPHUBEJIO K 3UMHEMY «IIBETEHHIO» M YBEINYCHUIO
qrciia BUJOB XapaKTepHBIX JUIs pactpecHeHHBIX BoJ [Cennuena, 2008; bpsuiena, 2008].
Bcenenctue storo B 2006 rony ¢ MapTa U 10 KOHIA TOJIa MPOUCXOAWIO JOMHUHUPOBAHUE
3eJICHBIX W CHHE-3€JICHBIX BOJIOPOCTCH ¥ CHIDKCHHE COJIEP)KAHUS JMATOMOBBIX,
30JIOTUCTBIX U TUHOGHUTOBEIX [Cennuera, 2008; bpsuiesa, 2008; Creasmax u ap., 2009].

W3ydyeHne  TONWYHBIX  IMKJIOB  HM3MEHEHWS  BHJIOBOTO  Pa3HOOOpa3us
¢uTortankToHa CeBaCTOMONBCKUX OYXT NTaeT BO3MOXHOCTH IMPOCIETUTh M JTUHAMHUKY
Ka4eCTBEHHOT'0 COCTaBa OCHOBHBIX KAPOTHHOMJIOB. B OoJiee X00HbIE MTEpUO/IbI, KOT/Ia B
coctaBe (DPUTOIIAHKTOHA TPEBAIHMPOBAIN JUATOMOBBIC BOJOPOCIH, JOMHUHHPYIOIIUMHU
KapOTHHOWJIAMH JIOJKHBI OBITh PYKOKCAHTHH, TUATOKCAHTHH, JHATUHOKCAHTHH, TOMHMO
,B-kapoTrHa, IpUCYIIEro OOIBIIMHCTBY KJIACCOB MHUKPOBOAOpociel. B Oomee Terubii
MEpPUO BPEMEHU, KOTAa MPeo0iagaroT AMHOPUTOBBIE, B BOJE JOJDKHO TOBBIMIATHCS
OTHOCHUTEIIFHOE COJIepXKaHWe MEepHINHNHA. B CHIBHO 3BTpOQHpPOBAaHHBIX paloHax, rie
JOMUHHUPYIOT 3€JICHble W CHHE-3€JICHbleé MHUKPOBOJOPOCHH, CIEAYeT OXHIAThb POCT
coJepKaHue JIOTEHHA, BUOJIOKCAHTHHA, 36aKCAaHTHHA, DXEHEHOHA, KaHTAaKCaHTHHA U Psiia
JIPYTHX TTMTMEHTOB.
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Kapomurnouovr  domunupyrowux 6udoé gumonnankmona Yepromopckozo
peauona Kaxk obvekma Numauus Moanockos. lLIeHHOCTh MHKPOBONOPOCIEH Kak
KOPMOBBIX OOBEKTOB [UI MOJUIIOCKOB-(DMIBTPATOPOB M3ydajach MHOTUMH aBTOPaMH
[[{uxon-JTykanuna, 1976; CennyeBa, 1990; Jlamsiruna, 2005; Rico-Villa et al., 2006]. K
HUM OTHOCSTCS Takue Buabl, kak Isochrysis galbana, Monochrysis lutheri (3omoructeie
Bomopocim), Tetraselmis suecica, Dunaliella viridis (3emeHble MHKPOBOIOPOCIH),
Skeletonema  costatum, Chaetoceros calcitrans, Phaeodactylum tricornutum
(mmatomoBeie Bomopociu) [Cenuuena, 2008; Bbpsuuesa, 2008]. Onu B Oomnbiueii win
MEHBIIEH CTENEeHM NPUCYTCTBYIOT B COCTaBe MOpPCKOro ¢uromiankoHa. C ydeTrom
CE30HHOW IMHAMHUKH OINpPEAETICHHBIH BUA MHUKPOBOIOPOCIM MOKET JIOMHUHHPOBAaTh B
MOPCKOH cpejie, AaBas MPEUMYLICCTBO B HAKOIUICHHU TE€X WM MHBIX KapOTHHOHMIOB B
TKaHSIX MOJUTIOCKOB-(DHIIBTPATOPOB.

CocraB KapOTHHOUIOB JOMHHUPYIOIIUX BUAOB (PUTOIUIAHKTOHA XOPOILIO H3Y4YEH
[Britton et al., 1998; TTocnenosa, Hexopores, 2003; Cenunuesa, 2008; bpsiauesa, 2008].
IIpu sTOM cliemyeT y4YHTHIBaTh HE TOJNBKO KAdecTBO MUTATENBHOro cyOcTpara, HO U
n30MpaTeabHOCTh INHTAHMS, KOTOpas HMEeT KaK BHIOBYIO, TaK W BO3PACTHYIO
cnenu¢uky. Tak, ocoOr MUIUI MOTYT OT(QHUIBTPOBEIBATH KIETKH BOAOPOCICH 00beMOM
4-100000 MKM®, HO YCBAMBAIOT TOJBKO YACTh YJIbTPA- H HAHOIIAHKTOHHBIX OPraHH3MOB.
K HMM OTHOCAT NMEpPUIMHUEBBIE, 30JI0TUCTHIC, MEJIKHE KI'YTUKOBBIC, JTOMHUHHUPYIOIINE B
MO3/IHEBECEHHUH, JICTHUH U mo31HeoceHHui nepuonl [Cennuera, 1990].

IIpn cpaBHEHHMM BOJOPOCIEBOM M JETPUTHONM B3BECM B KauyecTBE KopMa
00HapyKEeHO, YTO MEJIKHE YEPHOMOPCKUE MUIUH BTPOE HHTCHCHBHEE OT(QHUIBTPOBBIBAIOT
BOJIOPOCIIH, MUIUU CPEAHUX PasMEepOB OAMHAKOBO (QMIBTPYIOT 00a THIA MHUIIHU, & CAMbIE
KPYITHBIE MOJUTIOCKH ¢ OOJIBIEH CKOPOCTBIO MOTPEOIAIOT AeTput [3amka u ap., 1990].
[Ipy MUKPOCKONUYECKOM HCCIEOBAHNH COACPKUMOTO THIIEBAPUTEIBHOTO TPaKTa
MUTWIH] Yalle Bcero HaOmomaroTcs vacTuubl aerpura (91 % Berpedaemoctn), 3aTeM
cienytot guaromoBsie (70 %), nuHoduareisatsl (60 %) u sxuBoTtHbIe (40 %) [50].

Knaccbl MukpoBoaopocieii OTIugaroTes crnenn(uKoil TKAHEBOTO CONIEPKAHUS U
KadecTBeHHOTO coctaBa Cqo-kapoTuHou10B [Liaaen-Jensen, 1989; 1990], uro onpexaeser
0COOEHHOCTH AacCCUMWIILMH M METa0OJIMYEeCKOHM TpaHC(hOpPMalUK 3TOH TpYIIbI
coeJIMHEHHH y MOILTIOCKOB-(rsTpaTopos [Partali et al., 1985, 1989; Britton et al., 1998;
Liaaen-Jensen, 1998, 1990]. B MHKpPOBOIOPOCISIX U ABYCTBOPYATHIX MOJITFOCKAX MOXKHO
BCTPETUTh OJIHM M Te€ K€ KapOTHHOWIBL Tpymnmna [-kapoTuHoB (f.e-kapotuH; [3,[3-
KapoTHH; [3,y-KapOTWH; €&,£-KApOTWH), IUATOKCAHTHH, JUAJWHOKCAHTHH, OXEHEHOH,
¢dykokcaHTuH, 19'-rekcaHOMIOKCU(YKOKCAHTHH, JIOTEUH, HEOKCAHTWH, TECPHUIUHHH,
3eakcaHTHH ¥ MHorue apyrue [Jeffrey et al., 1997]. Ilpun 3ToM MHOTHE KapOTHHOMIBI
TKaHEl MOJUTIOCKOB TMOSBISIIOTCS B pe3yjbTaTe METa0OJIMYECKOH TpaHChOpMaIiu
BOJIOPOCJIEBBIX MUTMEHTOB. DTH MPOIECCHl UMEIOT 0co0oe 3Ha4YeHWe Jisi MOHUMAaHUS
(YHKUMOHAIBHOW 3HAYMMOCTH OTAEIBbHBIX COCAMHEHHH KAapOTHHOMIHOIO psiia IJis
KJIETOK, TKaHEeH U OpraHu3Ma reTeporpodos.

Ucxons u3 aHanmm3a coctaBa KapOTHHOWJOB TKaHEW OOJNBIIMHCTBA H3Y4YEHHBIX
JBYCTBOPUYATHIX MOJIIFOCKOB, MOKHO MPENIOI0KNUTh, YTO UX OCHOBHBIMH HCTOYHUKAMHU
SBJISIFOTCS AMATOMOBBIE BOJIOPOCIIH, KOKKOMWINABI U OOJIBIIMHCTBO TUHO(MHUTOBBIX.

CornacHo manHeiM cotpyaaukoB WHBIOM HAH Vkpawns, 3a mnepuox
nmpoBeaeHusT HacTosmux uccienoBannii 2007-2008 rombl TOMUHHUPYIOIIAMH BUIAMU
(UTOIIAHKTOHHOTO COOOIIECTBAa  SIBJSUTUCH  TUATOMOBBIE Bojopocnu  (49-93 %
ouomaccel) [Cenuuena, 2008; bpsiauesa, 2008; Kydrapkosa, Cennuena, 2009; Creiapmax
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u ap., 2009] (tabn. 3.2). Ha momo nmuHOPHUTOBBIX mpuxomwiock ot 2,3 mo 5,9 % or
cyMMapHOW Omomacchl (QUTOMIAHKTOHA. lIpakTWdyeckw Takoil e BKJIA] BHOCWIA U
KpeMHeXTryTHKoBbIe (2,3-6,9 %), B ocHoBHOM E. huxleyi. C ¢espanst 2007 no mait
MOBCEMECTHO Mpeobnanany nuaroMoBbie Bogopocian Chaetoceros curvisetus, C. socialis,
Pseudonitzschia seriata, Sceletonema costatum, cosmaBas ot 51 mo 93 % Omomaccel
HaHO- U MuUKpoduromnankrona. U Tonsko B utone 2007 Ha cCMeHY THATOMOBBIM ITPHUIILITH
nuHoduToBble. Cpenn Hux Obtu Prorocentrum micans, P. cordatum, Gymnodinium sp.
Hx nmonst B cymmapHoit Omomacce coctaBuna 66-67 % [CenuueBa, 2008; bpsHiesa,
2008]. Pe3ynbTaThl HACTOSIIMX WCCICIOBAHUI TIO3BOJIIOT TOBOPUTH O COCTaBe
KapOTHHOMJIOB, KOTOpBIC MONYYanl C MHUIIEH MOJUTIOCKH-(PUIBTPATOPBl 3a TEePHOJ
MPOBEICHHS HACTOSIIICH PadOTHI.

Tabmuua 3.2
JloMmuHHpYIoIIHe BUIbl (PUTOIUIAHKTOHA Ha B3MOpbe CeBacTonods 3a
nepuoj npoBeaeHus HacToAnwmx uccnenosanuii [Kydrapkosa, Cennuena, 2009;
Crenbmax u jp., 2009]

T'ox Mecsnpl
[ I 1T IV V Y
CHHE S. S. . E. huxleyi, S. costatum,
~ 3eJIEHbIE costatum, costatum, . r.
S . | costatum - C. socialis
S Bojgopocau | E. huxleyi C. socialis
o VI VI IX X Xl Xl
Cerataulina pelagica
I | 1 V4 Vv Vi
C.
o curvisetus,
x o .
< S. costatum |S. costatum S C. socialis, Pseudosole_m E. huxleyi
costatum |Chaetocero| a calcaravis
S
tortissimus,

3.1.4. ConepxaHue U Ka94ECTBEHHBIH COCTAB KAPOTHHONOB TKaHEH YEPHOMOPCKUX
MOJUTIOCKOB-()UIIBTPATOPOB

JIBycTBOpYAThIE MOJUTIOCKH OTHOCATCS K YHHUKaIbHOM TpyIIe OpraHu3MOB-
¢unbTpaTopoB. [lepeMerias 3HAYMTENbHBIE KOJMYECTBA BOJBI Yepe3 MaHTHUHHYIO
MOJIOCTh, OHHM CIIOCOOHBI AKKYMYJIMPOBaTh B TKAaHSX Pa3HOOOpa3HbIe KCEHOOMOTHKH B
KOHIICHTpAIMAX, 3HAYUTEILHO MPEBBIIAIONIUX MPEJACIBHO JOMYCTUMBIC BEIUYHHBI
[Sheehan et al., 1995; Bebbiano et al., 1997; Chandra et al., 1998]. YcTOHYHUBOCTD K
TOKCHYECKUM Harpys3kam OnpeaesaeTCs MIPUCYTCTBUEM B 1504 TKaHAX
BbICOKOA( G eKkTHBHOTO aHTHOKCHAaHTHOTO (AQ) dhepmenTaTuBHOrO KomIuiekca [Cossu et
al., 1997, 2000; Niyogi et al., 2001; CongaroB u ap., 2008], KOTOpBIH CYIIECTBEHHO
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JOTIONTHSIET MOJIEKYJISIpHBIE CHUCTEMBI HeCHenU(UUECKOW aHTHPaAWKaIbHOW 3allUTHI.
OCHOBHO# COCTaBIISIONICH IIOCIICTHEH SBISIOTCA IMTMEHTHI KapOTHHOMIHOTO psa
[OcumioB u ap., 1990; Keanst u ap., 1993; Menbmmukosa u ap., 1993; ConmatoB u 1mp.,
2008].

MOJTIOCKH aKKYMYJIHPYIOT KapOTHHOWABI B MpOLecce MUTaHUs (B OCHOBHOM H3
MHKpPOBOAOPOCTIE), W CIIOCOOHBI TOABEPraTh WX CHEMU(HIECKOH MeTaboIHdecKon
tparcdopmanuu [Britton et al.,, 1998, 2008; John, Landrum, 2010]. B ux kierkax
oOHapyXeH O0COoObI opraHouj — KapoTtuHougocombl [BpurtoH, 1986]. Mmeromascs
nHpOpMAIUs TO3BOJSET KOHCTATUPOBaTh, YTO TKAaHM MOJUIIOCKOB pacIojararoT
JIOCTaTOYHO MIMPOKHUM CIIEKTPOM IIPOLIECCOB, HANpaBIEHHBIX Ha MpeoOpa3oBaHUe
KapOTHHOHJIOB, TIOy4aeMbIX C THIICH: OKHCICHHE, BOCCTAHOBJIECHHUE, MpeoOpazoBaHue
JIBOMHBIX CBSI3€U, OKUCIUTENIBHOE PACILICIUICHUE JBOMHBIX M SNOKCUAHBIX CBA3ECH U T.1.
[Britton et al., 1998]. B aroii cBsA3u TpohuuecKas memnb «PUTOIIAHKTOH — MOJUIIOCKH-
¢GUIBTpaTOpPbl — XHIIHUKW» MPENCTaBIsSET OCOOBIA MHTEpEC, TaK KaK MMEHHO 3/1eCh
MPOUCXOANT pagvKaIbHOe NpeoOpa3oBaHME AaHHOW TPYNNbl MHIMEHTOB. M3yuyenune
aCMEeKTOB TKAaHEBOTO MeTaboim3Ma KapOTHHOMIOB B YKa3aHHOW Tpoduyeckoil memu u
OTIPEJIeNIMIIO OIHY U3 337124 HACTOSIIET0 HCCIICAOBAHHS.

Ocobennocmu cnekmpo8 RUmMaHusi YePHOMOPCKUX 08YCHEOPUAMBIX MOLTIOCKOG-
¢urompamopos. Ilumelr HBYCTBOpPYATHIX MOJUIIOCKOB, B  OCHOBHOM, CITYXKHT
B3BEIICHHBII B BOJAE MACTPUT, (UTO- W 300IUIAHKTOH, JOHHBIA NETPUT W JTOHHBIE
MUKpoBogopociu. [lo Tumy moTpebiasieMoro MHINEBOrO CyOcTpata MOPCKHE JOHHBIE
0ecIo3BOHOYHBIE TOAPA3JCIAIOTCA Ha CIEAYIONINE TPYIIBL: cecToHodarw, gurodard,
netputoparn  w 1wotosaHele  [Luxon-Jlykanwna, 1976, 1987]. bonpmmaCTBO
YEePHOMOPCKHX  JIBYCTBOPYATHIX  MOJUIIOCKOB  MpPEICTaBJICHO  cecToHOo(aramu-
dunbTpatopamu U gerpurodaramu-puabrparopamu  [Lluxon-Jlykanuna, 1987].
CecroHodaram mHINEH CIIy’)KHT CECTOH, TJIABHBIM 00pa3oM (HUTOIUIAHKTOH U
B3BEIICHHBIA [IETPUT, AeTpuTodaraM — IOHHBIA NETPUT U MHKpoBogopociu. Cpemu
CeCTOHO(AroB BBIACISAIOT (UILTPATOPOB, MPOTOHSIOMIMX BOJY Yepe3 OTIEKUBAIOLIHHA
amnmapar, U CeIMMEHTATOPOB, OCAKIAOMMX B3Bech. Cpeam AeTpuTodaroB mo crocoly
MMUTAaHUS BBIACISAIOT BUIBI, COOMPAIONIUE NIETPUT C TOBEPXHOCTH TPYHTA, W BUJBI,
3arjiaTelBaroIiu€e TPYHT HOCIUKOM BMECTE C ACTPUTOM C FHY61/IHLI B HECKOJBKO

CaHTUMETPOB.
[IuimeBoil CHEKTP MOJUIIOCKOB-CECTOHO()AroB COCTOMT TJIaBHBIM 00pa3oMm Hu3
(UTOTNIAHKTOHHBIX BOJOPOCIEH — JAMAaTOMOBBIX, CHHE3ENICHBIX, TUHOQIATEIIAT |

B3BELICHHOTO JIETPUTA, a TaKKe OaKTepHid, MOMANAIONINX B MHUIICBAPUTEIBHBIA TPaKT
BMECTE C JIETPUTOM. B muIeBapuTenbHbIil TPaKT CECTOHO(ArOB MOMAAAI0T B HEOOIBIIOM
KOJIMYECTBE U MEJKHE 300IUIAHKTOHHBIC OPTaHU3MbI — MPOCTEHIINE, AHIa U JTHYHHKA
JOHHBIX W IUIAHKTOHHBIX OECMO3BOHOYHBIX, a TakKe MUHEpaJbHbIE YaCTHIIbI.
CooTHOIIEHHE PA3TUYHBIX KOMIIOHEHTOB MHUILEBOIO CIIEKTPa 3aBUCHUT OT CE€30HA, CTEIICHH
pa3BUTHA (UTOINIAHKTOHA M OT MYTHOCTH NPHOpeXHBIX BOA. [lumeBoit crexkTp
YEPHOMOPCKHX  MOJUTIOCKOB-IETPUTO()AroB B  OCHOBHOM COCTOMT W3 JJOHHOTO
MOBEPXHOCTHOTO JETPUTA M MHUKPO(QHTOB, TIABHBIM 00pa3oM JOHHBIX JIHATOMOBBIX
BOZIOPOCIICH M IPUMECH MUHEPAIbHbIX YacTull [3auka u jap., 1990].

CreKTp MUTaHUsI YePHOMOPCKOW MUJIMU OOBIYHO OJIM30K K COCTAaBY TUIAHKTOHA,
rae onn oburtaroT [3amka u np., 1990; Xomomos u ap., 2010]. YV ocobeit U3 ecTeCTBEHHBIX
MIOCEJIEHUH JTOJIsl IeTpUTa MOXKET cocTaBATh 10 80 % OT moTpebisieMoro MHUILEBOrO
cyOcTpara, Toraa Kak B MEPUOJ «IIBETEHHS» B MHUILEBAPUTEILHOM TPAKTE MOJUIIOCKOB
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OyayT DOMHHHPOBATH BOJIOPOCIH. B MUTaHWM KOJUIEKTOPHBIX MUIUI MpeolnagaroT
NEPUANHUEBBIE U KOKKOIUTOPOPHUIOBEIE BOJIOPOCIIH, B MEHbILEH CTEIIEHN AUAaTOMOBBIE U
3eJICHBIE MUKPOBOIOPOCHH [3amka u ap., 1990; Xomonos u ap., 2010]. ITo manaEIM M.M.
JanunoBoii, A7 YEPHOMOPCKOM MUAMM XapaKTepPeH IOCTaTOYHO HIMPOKUH CIIEKTP
MUTaHUs: B BECEHHUH TepHoA NpeodianaeT GUTOIUIAHKTOH (B OCHOBHOM JHaTOMOBEIE U
NEPUANHUEBBIC), @ 300IUIAHKTOH BBINOJHIET BTOPOCTEICHHYIO POib. B sleTHUI mepuon,
HA00O0POT, BEAYLIYIO POJb BBIMOJHSIOT TUHTHHHBI, KOTEMOJbI, MIIAHKH, KOJOBPATKH,
JIMYUHKH TypOeIUISpuil, siilia H3010/1, HouecBeTKH u Ap. [lanwmmosa, 2002].

VYerpunpl, Takke Kak M MUIWM, SIBISIOTCS (PUIBTpaTOpamMy, HHUTAIOIIUMUCS
OakTepusAMH, MHUKPOBOIOPOCISIMH, IETPUTOM M T.O. [XonomoB u Ap., 2010]. Omuako
3pPeKTUBHOCT,  (QUIBTPALIMM Yy HUX CyIIecTBeHHO HmWxke. bomee 50 %
0aKTepHOIUIaHKTOHA HE 3aJep)KUBaeTcsi B uX (QuiIbTpyrouieMm ammapate. llpenenbHbii
pasmep pumbTpyeMbIX yacTull okaspiBaeTcsi He MeHee 4 MM [L{uxon-Jlykanuna, 1987].
OCHOBHOH WCTOYHHUK IMUWIIM YCTPHUIl — AMATOMEH, Ha BTOPOM MECTe — MpocTeiue,
BKIIIOYAsi TONBIX  JKTYTUKOHOCHEB. OTIMYHUTENFHOH  OCOOCHHOCTBIO  SBJISICTCS
MOJUYMHEHHOE 3HAY€HHE JIETPUTa B CIEKTpe NMuUTaHus OomibluuHCTBA ycTpul [L{uxon-
Jlykanuna, 1987; Xononos u ap., 2010].

Buael pona Modiolus nurtaroTcsi B OCHOBHOM JIETPUTOM, HO B CHEKTp MHUTAHHUS
TAaKKE BXOAAT [OWATOMEH, TOJble JKIYTUKOHOCHBI, MEPUAWHEH, THHTHHHHUIBL,
KOKKOJUTO(GOPHUIBI, SHIIa U THIUHKH JBYCTBOPOK [Llmxon-Jlykanuna, 1987].

OcobenHocti crnekTpa mutanus rpedemkoB (Pectinida) Taxke mocraTodHO
LOIMPOKO OCBELIEHBI B OTeuecTBeHHOM nutreparype [Luxon-Jlykanuna, 1987]. B
nuieBapuTeabHOM TpakTe Patinopectene yessoensis wumentuduiposan 161  Buzg
OpPraHu3MOB, CpeIN KOTOPBIX HAHIEHBI CIOPHI, SHIA, TETPUT U MUHEPAJIbHbIC YaCTHIIbL.
B numeBom cybcrpate SIBHO mpeoOnagany AUATOMEH, 3aTeM MpPOCTEHINe, MepUAnHEH,
YWIEHHUCTOHOTHE, JINYMHKHA MOJUIFOCKOB, XPH30(UTOBBIE MUKPOBOJOPOCIH, KOJIOBPATKH
[Uuxon-Jlykanwnra, 1987]. B memom, mis murtanwms oTpsga Pectinida xapaxTtepHO
JTIOMHHUpOBaHue aerputa (67 %).

Jns mwmranus cepaueBunok (Venerida) Takke XapakTepHO TMpeobiamaHue
JETpUTa U ONHOKIETOYHBIX BOJOPOCIIEH, KOTOpPBHIE BO BpEMsl «IBETCHUS» MOTYT
3aHUMATh 3HAYHUTENILHYIO YacTh MUIIEBOT0 KOMKa. Kapauuasl 1OOBIBAIOT MHINY KaK M3
B3BECH, TaK W U3 TPYHTA, KOTOPBIH OHM B3MYYHBAIOT MPU JIBUKEHUH. Pa3zMep muieBbIx
yacTuil 00b19HO He npeBbimaeT 40 Mxum [Lluxon-Jlykanuna, 1987].

Bornee nonHbIi aHanM3 CrieKTpa MATAHUS MOPCKUX M MMPECHOBOIHBIX MOJUTIOCKOB
npezcrasieH B padborax E.A. [luxon-Jlykanunoii [Lluxon-JIykanuna, 1976, 1987].

CoOepoicanue u cocmas KapoOmMuHOUO08 8 MKAHAX MACCOBBIX UO0E MONTIOCKOG-
Gurbmpamopos. ConepkaHM€ W KAuyeCTBEHHBIH COCTaB KapOTHMHOMIOB TKaHEH
JIBYCTBOPUYATHIX MOJITFOCKOB HanboJliee TIOJTHO U3Y4YEH Y BUJIOB, SBIISIONIMXCSI OObEKTaMH
NPOMBICTIa U MapUKYJIbTYyphl, TaK KaK 3TH XapaKTEPUCTHKHU B 3HAYMTEIBHOM CTETIIEHU
ONPENeNIAIOT WX MHIIEBYI0 LEHHOCTb. K HUM OTHOCATCS: yCTpUIBI, MUAWH, MOPCKHE
rpeOeliKy, BEHEpPYNCUCHI, MAaKTpbl, IlecYaHas paKyllka, CepJIeBUIKa, aHaaapa,
KOpOMKYJbI, 0e33yOKM W HeKOoTopble npyrue Buisl. B YepHoM Mope coxpaHsieTcs
npoMbicenn W KynbruBupoBanue wmuauii (Mytilus galloprovincialis), wamaxwuBaercs
KynsTHBHpOBaHue ycrpui Crassostrea gigas [Xomomor u mp., 2010]. Buonornyeckas
[IEHHOCTH 3TUX MOJITIOCKOB XOpoIo u3BecTHa [ Xom070B u ap., 2010]. K nepciekTuBHBIM
00beKTaM MapHKyJIbTyphl Ha UepHOM Mope MoxxHO oTHecTH Anadara inaequivalvis (Br.),
Mya arenaria (Lim.) u Cardium edule [XoxomoB u ap., 2010].
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Haunbonee monHo B paboTax OTEUECTBEHHBIX M 3apyOEkKHBIX HCCIIeIOBaTeNeH
NpPE/ICTaBICH Ka4deCTBEHHBIH COCTAB KapOTHHOWIOB mpeactaBurencii poma Mytilus,
KOTOpBIE IIMPOKO pacmpocTtpaHeHbl B MupoBom okeane [Czeczuga, 1976; Goodwin,
1984; Hertzberg et al., 1988; Partali et al., 1989]. Bemyrcs akTuBHBIE pabOTHI 1O
W3yYEHHIO COCTaBa NUTMEHTOB TKaHEH MOJUTIOCKOB JajbHEBOCTOYHOTO pETrHOHA M
Tuxoro okeana: Crassostrea gigas [Goodwin, 1984; Fujiwara et al., 1992; Maoka et al.,
2005; Rico-Villa et al., 2006], Scapharca sp. [Matsuno et al., 1981; Goodwin, 1984],
Patinopectene yessoensis [Goodwin, 1984; Kantha, 1989; Bjerkeng et al., 1993].
Bcerpeuarorest paboThl 10 M3ydeHHIO cocTaBa KapotuHouaoB Mya arenaria u Modiolus
modiolus [Bjerkeng et al., 1993; Esteveza et al., 2002].

Kak yxke oTmeyanoch, KapOTHHOMIBI MOPCKOTO TE€HE3HCa HMEIOT psij
MPUHITUIHAIBHBIX ~ OCOOCHHOCTEH, OMHOH W3 KOTOPBIA SBJISETCS 3HAYHATCILHAS
BHIOCIIENU(UIHOCTE UX COCTaBa u cTpoenus [Liaaen-Jensen, 1990; 1991; Britton et al.,
1998]. Tak, y rpebemkoB W MHUAWH OHU TIPEACTaBICHBl MNPEUMYILECTBEHHO
COCIIMHEHMSIMU alleTUJICHOBOW TPYIIbBI, TAKUMH KaK MHUTHJIOKCAHTHH, aJUIOKCAHTHH,
MEeKTEHOJIOH, TeKTeHon A u B, acrakcanTuH, mepuauHuH [Hertzberg et al., 1988;
Bjerkeng et al., 1993]. V mopckoro rpeberka Pecten maximus 6si1u Takke 00HAPYKEHBI
4-(4")-kero-Cyo-xaporunonsi [Bjerkeng et al., 1993].

CocTaB KapOTHHOWIIOB YCTPHUI[ OYEHb pa3HOOOpa3eH W TpeACTaBleH 22
MMUTMEHTaMH, CPEU KOTOPBIX €CTh MPUCYIINE TOIBKO JaHHOW CHCTEMATHYECKOW TPYIITe
coeJIMHEHHs — 3TO Kpaccoctpeakcautin 4 u B [Fujiwara et al., 1992; Maoka et al., 2001,
2005].

Kapotunounasr M. modiolus taxke Kak y MUIUIA MPEACTaBICHBI COCTUHEHUSIMHU
alleTWJIEHOBOTO  psila:  3XEHEHOHOM, muppokcaHTHHOM, (3R,3'R)-3eakcantuHOM,
JMaTOKCAaHTUHOM, (3S,3'S)-acTakcaHTHHOM, MEKTEHOJIOHOM, MUTHIIOKCAHTHHOM, 9,9'-11-
[IUC-aJUIOKCAHTHHOM, TEPUIANHUHOM U Jp., Bcero — 16 kapormHommoB. OOmias cxema
MeTaboi3Ma KapoTHHOHIOB B TKaHsax y M. modiolus cxoxena ¢ mugusmu (M. edulis).
Kpome s3Toro 3ToT BUA O0NamacT CHOCOOHOCTBIO K OKHUCIICHUIO TUATOKCAHTHHA B
nekTeHonoH u 3R,3'R-3excantuna B 3S,3'S-acrakcantun [Bjerkeng et al., 1993; Esteveza
etal., 2002].

3HAYNUTENBFHBIA 00BbEM HCCIIE0BAHUH BBHITONHEH MO M3YYCHUIO Ka4eCTBEHHOTO
COCTaBa KapOTHHOHWJIOB TKaHel mpencraBureneit poma Anadara [Matsuno et al., 1981;
Goodwin, 1984; Ha et al., 1989]. [laibHEBOCTOYHBIE TIOMYISIINN BUIOB, OTHOCSIIIUXCS K
JAaHHOMY POy, OTJIMYAIMCh TPUCYTCTBHEM B TKaHIX MEKTEHOJIOHA AJIOKCAHTHHA,
JMATOKCAHTHHA, & TAK)KE UX MOHO- U TUI(QUPOB, IPUUEM Ha 3PUPBI MPUXOJUIOCH 10 65
% cocraBa, 4YTO OTpaXKaeT BHIOBYIH cCHEMUUKY MeTadoJan3Ma COEAMHEHUN
KapOTHHOWTHOTO Psjia.

Ilymu memaboauueckoti mpancghopmayuu KapomuHouoos ¢ mpopuyeckou yenu
«pumonnankmorn —  MOLTOCKU-unbmpamopwvly. CHEKTp TMHTAaHUS MOJUTIOCKOB-
(UIBTPATOPOB BKIIFOYAET MHUKPOBOAOPOCIH W 300IUIAHKTOH. DTO O3HA4aeT, 4TO
ACCHMWJIALIUSL KapOTHHOWIOB B TIPOIIECCE MUTAHUS MOJUTIOCKOB MOXET IMPOUCXOJHUTH
JIBYMsI Ty TSIMH

o (PUTOIIIAHKTOH — MOJUTIOCKU-(UITBTPATOPEI;

o (PUTOIITAHKTOH — 300TUIAHKTOH — MOJUTFOCKU-(DHITbTPATOPHI.

Tpaundopmaruss KapOTHHOMIOB Ha 3Tane (QUTOIUIAHKTOH — 300IUIAHKTOH
npakTHYeCKH He uccienoBana. M3secren dakrt, uto u3 (3R, 3'R)-3eakcantuna y nabHun
D. magna o6pasyercs (3S, 3'S)- actakcaHTuH, a [3,3-KapoTHH IPUBOIUT K 0OPA30BAHUIO
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KaHTaKCaHTHHA 4Yepe3 sXxeHeHoH. HeoOxomumo otMeTuts, uto B,B-kaporun u (3R, 3'R)-

3eaKCaHTHH MMeEeT BOJ0pocieBoe npoucxoxaenue (puc. 3.1) [Portali et al., 1985; Britton
etal., 1998].

(3R, 3'R)-FearcanTia ,\p‘ A OHKCANTIEH
=> | no
P OH  ActarcasTHy
BB~ xapomn m—@f"
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Puc. 3.1. Merabonudeckas cxema TpaHchopmaliu kKapoTuHou 108 B Tene D. magna

OpHa W3 TMepBBIX Mojeledl MeTaboNu4ecKod TpaHCPOpPMAalUN KapOTHHOUIOB
(HUTOIIAHKTOH — MOJUTIOCKH-(HIBTPATOPhI OblIa M3ydeHa Ha mpumepe Mytilus edulis
(puc. 3.2) [Portali et al., 1989].
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Puc. 3.2. Merabomuueckas cxema Tpanchopmanmn C-KapoTHHOMIOB B TKaHsx Mytilus
edulis [Portali et al., 1989]

Ilpn  1OCTAaTOYHOM  COAEPXKAHMKM B  (PUTOIUIAHKTOHE  MPEACTABUTEINCH
Prymnesiophyceae, Chrysophyceae wunu Dinophyta Muansm CcTaHOBATCS TOCTYITHBI
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KapOTHHOU/IbI-KCAHTOPUILIBI, Takhe Kak (YKOKCaHTHH, 19'-raqolMHTHAKCAHTHH,
JIMAJIMHOKCAHTHH M TEPUIUHHUH. [IpH TakoM MHKPOBOIOPOCIEBOM pAalMOHE B TKAHIX
Mytilus edulis makarmmBaroTCsS KapOTHHOMIBI C allETHIIEHOBOM CBSA3BIO U 3-THAPOKCH-7,8-
JIMIeTUApO-B-rpynmoi Ha KoHie Monekyibl [Portali et al., 1989; Britton et al., 1998]. Ha
CEeTOMHSIIHMIA JICHh M3BECTHBI 3 THMA MeTaboNHUecKuX TyTeil mpeobpa3oBaHust

KapOTHHOMIOB B TKAHAX MHIUM IpH HOTpebIeHMH MHUKpoBogopocieii [Britton et al.,
1998]:

o peakiusi  TUApPOJIM3Aa  arerara, HampuMmep, (PYKOKCAaHTHHA B
(hyKOKCAaHTHHOJI, IEPUIMHUHA B IEPUIUHOI;

o npeobpa3oBaHue aJICHOBOW CBS3M B alleTHJICHOBYIO CBSI3b Ha KOHIIAX
MOJIEKYJIbI, HaIpuMmep, (hyKOKCaHTHHOIT — TaJONMHTHAKCAHTHH, 19'-

TeKCAaHOMJIOKCU(YKOKCAaHTUH — 19'-TeKcaHOMIOKCUM30MUTIUIOKCAHTHH, TEPUIUHONT —
MUPPOKCAHTHUHO,

. KOHBEpcUA 5,6-3M0KCU- B 5,6-TIIMKOJIb-TPYIIBL: AUAAUHOKCAHTHH —
reTepOKCaHTHH, TUPPOKCAHTUHOI — THAPATO-MUPPOKCAHTUHOI.

U3 cxemsl (puc. 3.2) BUAHO, YTO aJUIOKCAHTUH SIBISICTCS KOHEYHBIM MPOIYKTOM
MeTa00IM3Ma W30MUTHIIOKCAHTHHA, a (PYKOKCaHTHH 00pa3yeT raJOUMHTHAKCAHTUH, U3
KOTOpOro obpasyercs mutwiokcautun [Britton et al., 1998]. Ilpu stom (ykokcaHTHH
ABJSIETCS.  TNPEALICCTBEHHUKOM  HM30MHUTWIOKCaHTHHA. llocmenHuil  momnep:kuBaet
KOHBepcHIO 19'-rekcaHOMIOKCU(DYKOKCAaHTHHA B 19'-rekcaHOMIOKCUM30MUTHIIOKCAHTHH
(puc. 3.3) [Britton et al., 1998]. OxonuaTenbHas e cXemMa MeTaA0OIHMYECKOM
Tparcopmanuu 19'-rekcaHOMIOKCHUKApOTHHOMIOB He ycTaHOBiIeHa. OHa mpearoaraer
CYLIECTBOBAHUE OPYTUX COSANHEHUH, OTHOCSIIUXCS K JAaHHOW TpyIIIe.

19' - T eKCaHOMIOKCH()PVKOKCAaHTHH
OoH

N ]

19" - I'eKCAHOMITOKCHMHUTHIOKCAHTHH

Puc. 3.3. Cxema tpanchopmanuu 19'-rekcaHOMITOKCMKapOTHHOUIOB B TKaHsIx Mytilus
edulis [Hertzberg et al., 1988; Britton et al., 1998]

K kaporuHOMmaM, XapaKTepHBIM IJIsi MOPCKHX MOJUIFOCKOB, 00pa3yIOIHMCS
nyTeM MeTaboIuYecKuX MpeoOpa3oBaHUii BOIOPOCIEBBIX MUIMEHTOB, MOXHO OTHECTH
MHTHJIOKCAaHTUH ¥ M30MHTHJIOKCAaHTHH, oOHapyxeHHble y Mytilus edulis; nuaToxcanTHH,
aJJIOKCAaHTHH W TIEKTEHOIOH — y Pectene maximus u Patinopectene yessoensis; mexreHo
A wn B, 8'-anoamokcantunan — y Mytilus coruscus; makrpakcantin —y Mactra chinensis
[Maoka et al., 2007]; xkpaccoctpeakcantud A u B, u 3,4— OUTHIPOKCH-P-KOHIICBAs
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rpyImmna MoJjiekyn kaporuHounoB — y Crassostrea gigas [Fujiwara et al., 1992; Maoka et
al., 2001, 2005].

Takol KapoOTHHOH]] KaK aJUIOKCAHTHH, HAKAIUTUBAETCS Y MHOTHX JBYCTBOPYATHIX
MOJUTIOCKOB TIpH OTCYTCTBUH €ro B CIEKTpe NHUTaHHS (B MHUKPOBOJAOPOCISX). ITO
NpUBENO K TMOSIBICHHIO TUMOTE3bl O (OPMHUPOBAHMH €ro 4epe3 (PYKOKCAaHTHH,
rajonnHTHakcaHTwH [Partali et al.,, 1989], xoTa mpsAMBIX JOKa3aTeNbCTB HAa
ceropHsmHMiA nenp Het [Britton et al., 1998]. Tlocne OTKpBITHS SIMOHCKUMHU YyYCHBIMHU
KpaccocTpeakcaHThHa A W B B TKaHAX YCTpHUI, WMH Oblla NpemIokeHa cxema
MeTa0oJIM3Ma  KapoOTHHOMJOB  3TOrO  MOJUIOCKA: U3 (YKOKCAaHTHUHA  JIO
KpaccocTpeakcantTiHa A4 u B [Maoka, 2011]. Takmm oOpazoM, Ha THpHuMeEpe
JBYCTBOPUYATHIX MOJUTIOCKOB Oblla HM3yueHa OJHAa M3 OCHOBHBIX CXEM METa0oIM3Ma
KapOTHHOHMIOB OT (PyKOKCAHTHHA O MHUTWJIOCKaHTWHA, ajiokcantuHa [Britton et al.,
1998]. DOrtu mporecchl MOTYT  SBIATHCS TaKKe OCHOBOM IS peaiu3anuu
JOTNOJIHUTENBHBIX ~ CXEeM,  NPHUBOISIIMX,  HAlpumep, K  0o0pa3oBaHUIO
KpaccocTpeakcanTiHa 4 u B y ycrpun [Maoka, 2011].

3.1.5. Coneprxanue U KaYECTBEHHBIN COCTaB KAPOTUHOUIOB TKAHEH XUIITHBIX BHUJIOB
MOJITIOCKOB

IepBbie wWccnen0BaHus IO U3YYCHUIO KaYECTBEHHOTO COCTaBa KApOTHHOWIOB y
Pa3IMYHBIX BHIOB MOJUTFOCKOB-XMIIHUKOB OBLIM BBIMOJHEHBI B cepeauHe 50-X To70B
npouutoro crosnetuss [Fisher et al., 1956]. ABTOpbI OLEHWIH CyMMapHbIi YPOBEHb
KapOTHHOMJIOB M MOKA3aJIi IIPUCYTCTBUEC B TKAHSIX BUTAMUHA A U [3-KapOTHHA.

[o3xe KauecTBEHHBIN COCTaB COCTUHEHUI KapOTHHOUIHOTO psiia ObLT WU3ydeH
6onee moxpobHo [Katagiri et al., 1986; Maoka et al., 1988, 1989, 2010; Britton et al.,
1998, 2008]. Ocoboe BHMMaHHE OBUIO COCPEIOTOYCHO Ha Kiacce ractpomoi. Tak, B
tkausx Patella depressa u P. vulgata Obutn oOHapy»KeHBI [-KapOTHH, 3XEHEHOH, [3-
KPUNTOKCAaHTHH ¥ 3eakcantun [Fisher et al., 1956; Shahidi et al., 1998]. ¥V Hopkinsia
rosacea u Triopha carpenteri GbUTH BbISBIIEHBI BUAOCIICIIM(BHUYHBIE XONMKHHCUKCAHTHH U
tpuodakcantun [Goodwin, 1984; Shahidi et al., 1998]. Tloka3aHo, 4TO It XHIIHBIX
BUJIOB MOJUTFOCKOB THXOro oOkeaHa XapakTepHbI KapOTHHOWBI, coaepkaiime 3S-
KOH(UTYypaIuio, a Takxke 7,8-auaeruapo-, 4,4-1uruapokcu- u 4-KeTO-TPYINbI B COCTABEe
ceoux mouteky [Katagiri et al., 1986; Maoka et al., 1989; Britton et al., 1998; 2008].

IToapoOHBIe UCCeTOBaHMs OBUTH BHITOJHEHBI HA MIPEACTABUTEISX poaa Fusinus:
F. perplexus, F. ferrugineus, F. forceps [Katagiri et al., 1986; Matsuno et al., 1989;
Tsushima et al., 1995; Matsuno, 2001]. B ux TkaHsx ObUT OOHapy>KEH JIOCTATOYHO
IIMPOKUN CIEKTP KapOTHHOWOB: KAHTAKCAHTHH, [-KapOTHH, HW30KPUITOKCAHTHH,
9XEHEHOH, JIIOTCHH, 3€aKCAaHTHH, TUATOKCAHTHH, aJUIOKCAHTHH, MUTUIIOKCAHTHH (CJICIbI),
(3S, 3'S)-acrakcaHTHH, raJOIMHTHAKCAHTHH, & TAK)KE BBIICICHBI IPUCYIINE TOJIBKO STHM
Buam (3S)-hoeHuKoKcanTHH (aM0HUPYOHH), 4,4'-IUTHAPOKCUNIUPAPAUKCAHTHH, 4,4'-
JIMTHIPOKH-5,6,5',6'-TeTparunpo-p,p-kapotun, Gppurinenokcantud (puc. 3.4) [Katagiri et
al., 1986; Matsuno et al., 1989; Tsushima et al., 1995; Matsuno, 2001].

Oco0eHHOCTRIO KAPOTHHOMIOB poa FUSIinUS sieiseTcst Hamuame 5,6-auruapo-3-
TPYIIT Ha KOHI[AX MOJICKYJI, YTO XOPOIIIO BUIHO U3 CXEMbl MeTabO0IM3Ma KapOTUHOHIOB B
Mopckux ynuTkax (puc. 3.4) [Matsuno et al., 1984; Britton et al., 1998]. 1U3sy4ena taxxe
TKaHeBas creluduka pacrnpeaeicHuss KapOTHHOMIOB y OSTHX BHJOB TIacTPOIONA: B
MBIIICYHON TKAHW MPEUMYIICCTBEHHO HAKAIIMBAIOTCS KAHTAKCAHTHH, (DOCHUKOKCAHTHH,
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¢purmenokcanTuy, 4,4'-IUTUAPOKCUNIUPAPIUKCAHTHH; B TOHagaX — [3-KapOTHH,
W30KPUTNITOKCAHTHH M 3XCHEHOH; B remaronaHkpeace — -KapoTHH U TalOIMHTUAKCAHTHH

[Shahidi et al., 1998].
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Puc. 3.4. Cxema MeTa00siM3Ma KapOTUHOMIOB B TKAHSX TUXOOKEAHCKUX T'aCTPOIIO
Fusinus sp.[ Matsuno et al., 1989]

B mepuoanueckux H3MAHUAX MMEETCS TAaKKEe OTrpaHWYCHHAs WHGPOpMAIUs o
COJICP)KAHUU M COCTaBE KApOTHHOWAOB Yy JAPYTUX XMWIIHBIX BHJIOB  TacTPOIOA U
nedanomnox [Shahidi et al., 1998; Matsuno, 2001].

OcoOb1it  MHTEpec MpeacTaBisioT Buabsl Echinodermata, mnwurarommecs Kak
JIBYCTBOPYATHIMH MOJUIFOCKAMH, TaK M XHUIIHBIMH BHJIaMH OpPIOXOHOTHX MOJUIIOCKOB,
Hanpumep Rapana venosa. K uum otHocstest Asterina pectinifera, Asterias amurensis,
Acanthaster planci, Asterias rubens [Britton et al., 1998, Matsuno, 2001; Maoka, 2011].
CocraB KapOTHHOWIOB MpeacTaButTeneit pomos Asterina u Acanthaster usywancs na
nporsbkeHud psja et [Bernhard et al., 1982; Britton et al., 1998, Maoka et al., 2010].
OpauM U3 TIEpBBIX OBLT OOHapykeH 7,8-muaeruapo-actakcaHnTuH [Maoka et al., 2010].
Yyts nozxe y Asterias rubens 6but0 BbisiBiIeHO 5 kKapotuHouaoB [Bernhard et al., 1982].
B macrosimiee Bpemst KOJMIecTBO ux mpudmmkaercs k 20-tu (Acanthaster planci) [Maoka
et al., 2010; 2011]. IlepeueHs BKIOUAET -KapOTHH, SXMHEHOH, KaHTaKcaHTuH, 7,8,7',8'-
TETParupoacTakCaHTHH, 7,8-IUACTHAPOACTAKCAHTHH, ACTAKCAHTHH, TMEKTCHOJIOH,
ANJOKCAHTHH, JUATOKCAHTHH, JUAJAWHOKCAHTHH, 7,8-TUICTHIPO-AHAIMHOKCAHTHH, 3'-
SMUroOMyCKCAaHTHH, MEKTeHON A, mnekTeHon B, 4-keto-4'-rupoKCHIuaTOKCAHTHH, 4-
KETO-JIC3MOKCHU-HEOKCAHTHH, JIEIMOKCU-HEOKCAHTHH, IeTCPOKCAHTHH, MEPUIUHHHON, 4-
OKCOMHUTWJIOKCAaHTHH. OCHOBHBIMH  CYHMTAIOTCS  aCTaKCaHTHH, (DOHEHMKOKCAHTWH
(amoumpybun) u kanrakcantudH [Maoka et al., 2010]. OcranbHble NpeACTaBIEHBI B
MHHOpPHOM Kosinuectse. [liist mpezactaButeneid pono Asterina u Acanthaster xapakrepHbl
KapOTHHOWJIBI C 4-KETO-TPYINaMu, BBICOKOE COJepxaHue 7,8-TuAeruipoacTakCaHTHHA,
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(GpUTIIETOKCAHTHHA, aJUTOKCAHTHHA, MEKTEHONOHAa M JuarokcanTwHa [Britton et al.,
1998]. OrnmunTenbHON 0COOEHHOCTRIO KAPOTHHOMIOB TKAaHEH MOPCKHX 3BE3JI ABJISIETCH
MIPUCYTCTBHE 0COOOTO KAPOTHHOIIPOTEHHA — acTepUOpyOnHa.

[lepeueHb XUIIHBIX BUIOB OPIOXOHOTHX MOJUTIOCKOB B UepHOM Mope He
crosib Benuk. K HUM, mpexae Bcero, mpuHaAsie:)kuT Rapana venosa, monasiiasi B
UepHoe mope emnie B MEpBOM MOJOBUMHE mpouuioro croietus [UYyxuun, 1984;
I"aeBckas, 2006]. M3-3a OTCYTCTBHUS €CTECTBEHHOI'O XUITHUKA — MOPCKOM 3BE3/Ibl
— OHa OBICTPO pa3MHOXHJIACh, YTO TMPUBEIO K MACCOBOMY YHUYTOXCHHIO
ecrecTBeHHbIX mnomynsiuii yerpuir (Ostrea edulis), rpedemkos (Flexopecten
ponticus) u cokpamenuro unciennoctu muauii (Mytilus galloprovincialis). K
XHIIHBIM BHJAM YEPHOMOPCKHX TacTpONoOA NPUHAUICKUT u Trophonopsis
breviata, nurarorascs B ocaoBaom moauosnamu (Modiolus phaseolinus) [Uyxuus,
1984; T'aeBckas, 2006]. JlocratouHo pacrpocTpaneHa u Tritia reticulata, koropas
0 THUIy OHUTaHHs OTHOCUTCA K mamanmbinukam [Llykanos, 1980]. Cremyer
OTMETHUTH, YTO KAUYE€CTBEHHBIM U KOJMWYECTBEHHBI COCTAaB KAPOTHHOMJIOB ITHX
BUJIOB OpPIOXOHOTHX MpPAaKTHYECKH HE uccienoBaH. Mmerorcs nuins gaHHbIE 00
o011ieM cofepKaHUM 3TOM IPYIIbl COETMHEHUN B TKAHSIX KUBOTHBIX.

3.1.6. Iyt Tpancdopmanmuy KapoTHHOUIOB B TPOHUIECKOH IIETIH «MOJITIOCK-
(UIBTPATOP — XHUITHUK (MOpPCKAsl 3BE37a)»

Bri6op panHO#M Tpoduvecko Ieny B HACTOSIIEM MOApa3jieie 00yCIOBICH TEM,
YTO ATO E€AMHCTBEHHBIH XOPOIIO HM3y4YEHHBIH IyTh METa0OIMYecKoil TpaHcdopmanuu
KapOTHHOHJIOB B CHCTEME «MOJLTIOCK-(QDUIIBTpaTop — XUMIHUKY». OcTanbHas nHGopManys
KpaifHe ¢parMeHTapHa. JTa MuIIeBas Iernb PaccMOTpeHa B paboTax MHOTHUX aBTOPOB
[Matsuno et al., 1984; 1989; Maoka et al., 2011]. IToka3aHo, 4TO B IMTMEHTHOM COCTABE
MUJIMH U MOPCKHX 3BE€3]] MPUCYTCTBYET HECKOJIBKO OOIIMX KapOTHHOWJOB: [3-KapOTHH,
MUTHIIOKCAHTHH, AJUIOKCAHTWH, NaWAWHOKCAHTHH, IMATOKCAHTHH, TekreHon A u B,
KOTOpbIE OHH MOTYT aCCHMIJIMPOBATH B mporiecce nmranus [Liaaen-Jensen, 1990; 1991;
Britton et al., 1998]. OcTanbHbIe MUTMEHTHI MOSBIIAIOTCS B TEIE 3BE3 MO0 Yepe3 Ipyrue
MUIIEeBBIE cyOcTparthl, OO0 HAa OCHOBE MeETabOIMYecKOW TpaHC(hOpPMAIMH HCXOIHBIX.
Bonee mogpobHO mporecchl MeTabomu4eckol TpaHcQopManuyd KapoOTHHOWIOB B Tele
xumiHuka (Acanthaster planci) paccmotpenst B pabotax [Britton et al., 1998; Maoka et
al., 2010; 2011] (pwuc. 3.5).

Kak ormewanoch, 0JHUIM W3 OCHOBHBEIX NMUTMEHTOB MOPCKOW 3BE3[bI SBIISETCS
KapOTHHONMPOTEUH — acTepuopyOuH, B cocTaB KoTtoporo Bxomir 7,8,7'.8’-
teTpaaeruapoactakcantu (50-79 % ot obmiell cymmbl), 7,S-TUIErHIPOACTAKCAHTHH
(22-40 %) u acrakcantud (5-10%). DTO 03HAYAET TO, YTO OH SBJISAETCS KOMIUIEKCHBIM
coeZlMHEeHNeM. Bce MHUIMEHTBI, COCTAaBISIIONINE aCTEPUOPYOUH MMEIOT 4-0KCO-, 0-KEeTO-
rpynnbl B 3 S monoxenuu. KaporuHouasl actepuopyOMHAa — 3TO  KApOTHHOHUJBI C
TPOWHBIMH aleTUICHOBBIMU cBsi3siMu B 7,8 (7°, 8’) monoxeHusx. [IpucyrctBue 3Toit
IPYIIIbI COSTMHEHNI B TKaHax Asterias rubens sisisiercst heHOMEHaIbHBIM U MOAHUMAET
BOIPOC O MYTSIX MX CHHTE3a, B OCHOBE KOTOPBIX MOTYT JIEXKATh MPOIECCHl HE3aBUCUMOM
(7,8) — nerunporenaruu [Bernhard et al., 1982; Britton et al., 1998; Maoka et al., 2010;
2011].



106

I'maBa 3

on
0H
b o W WY WN
WA AR AN A \\{
HO'
Ho JiuaroxcaHTiH

OH [exronon A (B)

(oxmcienme)
|

OH
) ¢

HO 4-Kero-4"-rIpoKCcHINATOKCAHTHH

OH

4-!{6’1‘0}1631'[01(1:}1]-[60!@:3}{!‘"}{

(paspeIe sriokcy ceazy 1 obpazoparme JinamvsoxcanTyH (npuporarmve 7,8 neoimHo cEA3M)

TMPOKCH -TPYTIITEL)
"QH
2 '12

3"-OrmmrobuycrcanTiy

10
7.8-InpernaponragiHOKCAHTHH

Puc. 3.5. OcHOBHEIE TyTH MeTabONIMYeCKON TpaHCHOPMAIH KAPOTHHOWIOB B TEJe
Acanthaster planci [Britton et al., 1998; Maoka et al., 2010; 2011]

CunTaercs, YTO HAKOIUICHME B  KapOTHHONpPOTEHHE (acTepuopyOHHE)
ACTaKCaHTHHA CBS3aHO C MPHCYTCTBHEM B pallMOHE MOPCKOH 3BE3MbI BBICOKOTO
comepkanus  atokcantuHa [Britton et al., 1998]. Jwuatoxcanta u (3R, 3’R)-
AIJIOKCAaHTHH HAKalUIMBAIOTCS Y MOPCKHX 3BE3] HCKIIOUUTENbHO W3 MHIIEBBIX
cyOCTpaToB, 3aTeM MPOUCXOAUT TPAHCPOPMAITUS STHX KAPOTHHOMJIOB JIO AllETHICHOBBIX
Npou3BOIHBIX actakcantuHa [Britton et al., 1998]. Tpancdopmarnus aIoKCaHTHHA B
7,8,7',8’-TeTpaneruapo-acTakCaHTHH SIBJISIETCS METa00IUTHIECKOM peakIuei,
MpHUBOIAIIEH K 00pazoBaHuio 4,4'-KeTorpyril, a 4-THIPOKCU-COSAMHEHNS BOSHUKAIOT KaK
MPOMEKYTOUYHBIC BapHaHThl. [l03TOMy B COCTaBe KAapOTHHOWJOB MOPCKHX 3BE3[
npucytctByioT: (3S, 4S, 3'S, 5'R)-4-ruppokcu-muTtiwiokcanTus, (3S, 48, 3'S, 4'S)-4,4'-
TUTUIpOKCU-nuaTokcanTuH, (3S, 3'S, 4'S)-4-keto-4'-runpokcu-nuaTokcantus, (35, 4S,
3'S, 4'S)-4,4'- murunpokcu-amutokcanTuH, (3S, 3'S, 4'S)-4—keTo-4'-TuaApOKCH-aJUTOKCAHTHH
[Matsuno, 2001].

ConepxaHrue KaHTaKCaHTHHA W 4-OKCOMHTWIIOKCAHTHHA B TeJie 3Be3] ObLIO
HE3HAYUTETbHBIM. [IpUCYTCTBHE Ke 4-OKCOMUTHIIOKCAHTHHA YKa3bIBACT HA €r0 HCTOYHUK
— MHTHJIOKCAHTHH, KOTOPbIA mpucyTrcTByeT B Tkausx Mytilus edulis [Bernhard et al.,
1982]. Hecmotps Ha oOuiue wuHpOpMAIMKU, METa0OIUYeCKas TpaHChopMaliys
aI[eTUICHOBBIX KAPOTHHOMIOB B TKAHSIX MUJUN ¥ MOPCKUX 3BE3J] HE CUUTACTCS /IO KOHIIA
U3YYEHHOM, MPEeK/Ie BCEro, BBUIY MX HermonHo# uaeHtudukanuu [Bernhard et al., 1982;
Maoka et al., 2010; 2011].

AHanmu3 Marepuaina, NpPEACTAaBICHHOIO B HACTOSIIEM pasJielie, IO3BOJSET
cAenaTh psg 0000IMEeHUH.
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e ConepxaHue U CIEKTp KapOTHHOMIOB TKaHeil mpeacrasuteneid Mollusca,
Echinodermata u psina qpyrux cucreMaTuuecKux rpymi OpraHM3MOB U3y4aroTCsl YKe
Ha TIPOTsHKeHUH Oojtee 50-TH JieT. DTO MO3BOIHIIO CPABHUTEILHO TIOJTHO MCCIICIOBATh
COCTaB KapOTHHOWIOB Yy mpeictaButeneii pomoB Mytilus, Fusinus, Asterina,
Acanthaster u gapyrux, a TaKkKe TMepeHTH K M3YYCHHUIO MPOLECCOB HUX
MeTabonanyeckoi TpaHcopMmaruu. CienyeT OTMETHTh, YTO OCHOBHAs Macca paboT
BBINIOJIHEHA HA MOPCKUX OpPraHU3Max JaJbHEBOCTOYHOI'O PETHOHA, THXOro okeana u
CeBepHOH ATNAHTUKHU, TO€ MMEETCs CBOs crieluduka TpopUUECKUX Lernel, U 3Ty
WHQOPMAIIUI0 HEBO3MOKHO B TIOJTHOM 00BbEME SKCTPAINOIMPOBATh Ha YSPHOMOPCKHIMA
PETHOH.

e (CgenmeHus O BHUIOBOM pa3HOOOpa3uy, JUHAMHUKE YHCICHHOCTH YEPHOMOPCKOI'O
(GUTOINIAHKTOHA IO3BOJLSIIOT CYOUTh O palMOHE NHMTaHUS JBYCTBOPYATHIX
MOJUTIOCKOB-(DMIIBTPATOPOB Ha MPOTSHKEHUU TOIOBOTO HUKJIA. 3HAHNE KaYeCTBEHHOTO
COCTaBa KapOTWHOWAOB, MPHCYLIETO OCHOBHBIM CHCTEMAaTHYECKUM TIpyIaM
(UTONIAHKTOHHOTO COOOILECTBA, MO3BOJIAET HONYYUTh MPEACTABICHHE O INEpEeUHE
COCIIMHEHWI JAHHOTO psifa, KOTOPhIE YTHIWU3UPYIOT JABYCTBOPKHM H3 ITHIIEBOTO
cyOcTpara.

e IHdopmanus xe 0 COCTaBe KApOTHHOMIOB TKaHEH YepHOMOPCKHUX ABYCTBOPYATHIX U
OpIOXOHOTHX MOIUTFOCKOB KpaitHe orpaHndena. [Ipu moMommm MeToma TOHKOCIOWHOM
xpomarorpapuu u cnekrpanbHoro ananusa (UV-VIS chekrpsl), HMEIOMHMX
OTPaHUYEHHYIO pa3pellalollyl0 CIIOCOOHOCTh, MpPEABAPUTEIBHO H3Y4YEeH TOJIBKO
Ka4eCTBEHHBIA COCTaB JaHHOW rpymmbl coemunenuit y Mytilus galloprovincialis. B
OCHOBHOM K€ NpPeo0IaJaroT CBEACHUS O CyMMAapHOM COJEPKaHWU KapOTHHOUIOB.
OTO0 He TMO3BOJSIET OIEHUTh MPOIECCHl METa0OIMYeCKOH TpaHchOopMaluu
COCIMHEHNH KapOTHHOMWAHOTO psina B Tpoduyeckoil wnenu «(PUTOIUIAHKTOH —>
MOJUTIOCK-(HIIBTPATOP — XHUIIHUK» U CYJUTh 00 UX (PyHKIMOHAIBHON 3HAUNMOCTH.

3.2. CpaBHUTENbHaA OLleHKa coCTaBa U coaepaHusa
KapOTUHOMAOB B TKAHAX MOJUTHOCKOB-(PU/IbTPaTOpPOB

B HaCcToALIEM pasacic pa6OTLI MNpeaACTaBJICH MaTepuall IO COACPKAaHUIO U
KauyeCTBEHHOMY COCTaBYy KapOTHHOWIOB B CYMMAapHBIX M TKAaHEBBIX JKCTPaKTax (HOTE,
rematrornaHkpeace W kabpax) Tpex BHJIOB JIBYCTBOpYATHIX MOJUTIOCKOB: Mytilus
galloprovincialis Lam., Crassostrea gigas Th., Anadara inaequivalvis Br. Cuenyer
OTMECTUTH, UYTO MaTepual ObLII MOJIy4€H OJHOMOMCHTHO Ha 3KCHepHMeHTaJTBHOﬁ
rorantaiun UHBIOM HAH Vxkpaunsr (paiion MaprteiHoBo#t n KapantunHo# OyxT, T.
CeBaCTOHOHL). OTO NO3BOJISIET UCKITIOUNTE U3 pPacCMOTpPCHHUA BIMAHUC YCJ'IOBI/Iﬁ Cpeabl 1
cyOcTpaToB mnuTaHWs Ha (GOpMHpOBaHHME CIEKTpa KAPOTUHOMJOB B TKAHAX ITHUX
JKUBOTHBIX. B 3TOM cjIydac pasjinuuvsa B COCTaBE€ KAPOTHMHOWUIHBLIX IMUIMEHTOB TKaHel
MOJIJIIFOCKOB 6yILyT OMPEACTATHCA UCKIHOYUTCIBHO IMPOHECCAMH aAKKyMYIISINUU U
MeTaboYecKoi TpaHchOopMaIK JaHHBIX COSTUHEHHN.

3.2.1. Conmepxanue u coctaB kaporuronoB M. galloprovincialis
Mytilus galloprovincialis Lam. — MaccoBblii 4YepHOMOPCKHI BHI, MIHPOKO

npeJICTaBIeHHbIN B 1Ieb(oBoi 30He UepHOro U A30BcKOro Mopei. SBisercs 00beKToM
KYJIETUBUPOBaHUs. Y MOJUTIOCKA XOPOIIO BHIPa)KEH LBETOBOW MOJIUMOP(HU3M PAKOBHHBI.
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OroMy Bompocy OyaeT MOCBALICH CIEAYIOMHMH paszfen paboTel. B HacTosmem ke
NoJipasJieNic CPABHUTEIBHBIN aHaN3 CIEKTpa KAPOTHHOWJIOB TKaHEW ¢ APYTHMMH BHIaMU
JIBYCTBOPOK TMPOBOJUTCA 0Oe3 ydera OToro Qakrtopa. XapakTep pacrpelesieHus
KapOTHHOM/IOB B TKaHSIX MOJUTFOCKOB TOKa3aH Ha pucyHke 3.6 [bopoaunna, 2013].
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Puc. 3.6. OTHOCHTENBEHOE COIep)KaHE KAPOTHHOHIOB B TKAHSAX MUANHN

MaxkcuManbHbI YPOBEHb YCTAHOBJICH JUIA remaronankpeaca (6onee 70 %). OH B
6-9 pa3 mpeBbIlIaT BEIUYUHBI, OTMEUCHHBIC JJIsl HOTU U %kabp MosutockoB (7,5-11,5 %).
Crnenyer OTMETHTh, YTO aOCOJIOTHBIC 3HAYEHHUS! COACP)KAHUS KapOTHHOUIOB B Tele
MUJIHIL, OTMeUeHHbIE B HacTosmeil pa6ote (17-20 mr 100 ™ chiporo Beca), GbuIH GIH3KH
K MIOJy4eHHBIM JIpyrumu aBropamu [Goodwin, 1984; ITocnienosa, 2008].

Hoenmugpuxayus xapomunouoogé npu nomowu TCX, UV-VIS cnexmpoé u
kauecmeennvix peaxyui. [lpumep TCX B cucreme aueron : remntadH (3:7) mpu
temneparype 22° C npuBesieH Ha pucyHke 3.7.

Puc. 3.7. TCX xapoTHHOHIOB CyMMapHbIX SKkcTpakToB TkaHeir Mytilus galloprovincialis
B CHCTEMe areToH: renrat (3:7).
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BusyanbHO MOXHO pasznuuuTh OT 7 A0 15 monoc. OgHako A7 MOCIEAYIOLIETO
CIEKTPATFHOTO aHAJIM3a yNaJoCh MOJTHOIEHHO JIUIIOMPOBATh TONBKO 6 (pakiwii. OHI
UMEITH CIIeYIONIHe I[BETOBbIC XapaKTePUCTUKU U BETMIUHBI Ry
1 — xenreiii murmedt ¢ Ry — 0,89;

2 — OpaHXeBbIi MUHOPHBIN murMeHT ¢ Ry — 0,39;
3-4 — )enTelil cABOEHHLIN MUrMeHnT ¢ R¢— 0,34;
5 — xpacHs1it murment ¢ Ry — 0,31;
6 — sxenTeIit nurment ¢ Ry — 0,24.
[Mocne BrigeneHus: Gpaknuii ObUTH M3YYCHBI UX CIICKTPBI B allCTOHE U IeKCaHE B
BHIUMOH o0acth (puc. 3.8).

]
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Puc. 3.8. Criektpsbl B BupimMoi o0nactu Gpakiuii, BeIJIEIECHHBIX PH TOMOIIN
TCX (1 — 1 dpaxuus — aneroH, 2 — 2 ¢ppakuus - aeToH, 3 — KOMIUIEKC Gpakuuii 3-4 —
rekcas, 4 — 5 ¢pakmus — aneToH, 5 — 6 ppakuus — rexcaH; Ha 3 U 5 MOKa3aHbI CIIEKTPHI
0e3 1 TocJie B3auMOICHCTBHUS C HOJIOM)

AHau3 CMEeKTPOB U COTIOCTABIICHUE WX C U3BECTHBIMHU IS Psifia KAPOTHHOM OB
[Matsuno, Maoka, 1981(8); Maoka, Matsuno, 1988; Britton et al., 1995], yuer Bennuun
Rf m mpoBezieHHME KadeCTBEHHBIX peaklMidi Ha OTHeNbHbIE (YHKIUOHAIBHBIC TPYIIIbI
MO3BOJIMJIA  TIPE/TIONOKUTEBHO HACHTU(DUIIMPOBATE BO (PAKIUAX CICAYIOIINAE BHIBI
KapOTHHOMJIOB: [-KapOTHH, MEKTEHOJIOH, ATJIOKCAHTHUH, THATOKCAHTHH, MUTHIOKCAHTHH
M MIEKTEHOT A.
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@pakmust 1 ¢ Ry — 0,89 umena xapakrepusle s fS-xkapomuna Rf U criekTp B
BUIMMOM 00acTy (aneToH) ¢ Makcumymamu 426; 453,5; 480 um.

@Opaknns 2 ¢ Rs — 0,36 nmena onuH MakCUMyM B BUANMOI oOmactu (461-464 am
B areToHe U 459-462 HM B TE€KCaHE), YTO XapaKTEePHO Ul nexmeHonoHa. IlpoBeneHue
Ka4eCTBEHHBIX PEaKLUi C HOAOM MOATBEPIMIO HATUYHE CONPSKEHHBIX JBOWHBIX CBSA3EH
B 9TOM IIUTMEHTE.

Kommnekc dpakmmii 3-4. [Ipeanonokuin, 4To OH 00pa3oBaH aLlOKCAHMUHOM 1
ouamoxcanmunom. W3-3a OTCYTCTBHS YETKOTO pa3leleHus MexAy (pakuusiMu Hux
u3ydaiaum B cMecd. M3BeCTHO, YTO OKpacKa, MOJEKYJSpHas CTPYKTypa H (HU3HUKO-
XUMHUYECKHE CBOMCTBA JITHX KapOoTHHOWIOB Onm3km [Matsuno, Maoka, 1981(0, B);
Hertzberg et al., 1988; Britton et al., 1995]. CnekTpsl BUIUMOI 00JACTH TaKKE UMCIOT
CXOIHBIA TPOQIIF W PACHOJIOKEHHE MaKCHMyMOB: aJUIOKCAHTHH B TEKCaHE HMeEeT
makcuMyMmbl 451, 480 am [Davies et al., 1984], a nnatokcantun — 450, 479 um [Davies et
al., 1984]. Kax y»xe 0TMe4anoch, B HAIIUX SKCIICPUMEHTAX CMECh 3THX ITUTMEHTOB UMelia
Rf — 0,34, a MakCMMyMBbI CIEKTPOB B BUAMMOH 00nacTu (TeKcaH) pacrojaraivuch B
paiione (425); 453; 480 aHM.

KavecTBennast peakuus ¢ HoJ0M MOJATBEpAMIA HAJTHYHE COMPSIKEHHBIX TBOMHBIX
cBsa3eil. MakcumywMmsl (rekcaH) cMemtanuck: (417); 441; 470,5 um. Peakuus ¢ NaBH, (B
METaHoJIe) He TpUBela K W3MEHEHHUSM B BUAMMOM CIIEKTpE, IMOATBEPANB OTCYTCTBHE
KeTo-rpynn B Mosekyie. [locrme mpoBeneHMs peakiuy aryInpOBaHWs MPHU MOBTOPHOM
TCX, TNOABMKHOCTH 00pa30BaBIICrOCS MUTMEHTa OblUIa CHW)KEHAa OTHOCHUTEIBHO
MIEPBOHAYATIFHOW CMECH KapOTHHOWIOB, YTO TMOATBEPAMIIO HAIHYHE THIPOKCH-TPYIIT B
MOJIEKyJIax HUCcleayeMbIx nurMeHToB. llomydenHass wHGopMmamus M CpaBHEHHE ee C
u3BectHoit gy M. edulis [Hertzberg et al., 1988], moarBepamiam, uto B cocraB 3-4
¢dpakiuii  kaporuHouoB ¢ Ry — 0,34 BXOAST OJHOBPEMEHHO aUIOKCAHTHH U
JUATOKCAHTHH.

Bo ¢pakmmm 5 ¢ Ry — 0,31, crmemyromeidt 3a komiuiekcoM 3-4, ObIT
WACHTUPHULIUPOBAH Mumuroxcaumun. s ero uaeHTUPHUKANUK ObUTH HMCIOIH30BaAHBI
CIIEKTpP BHUIUMOW O0JIacTH, CHSATHIH B ameroHe (MakcumyMm — 469 HM), a Takke
KaueCTBeHHAs peakis Ha Hamuune Kero-rpymmbl (peakius ¢ NaBH,). Ilomyuennsie
pe3ynbTaThl ObUIM COTIOCTAaBJICHBI C MMEIONIeHcs uH(opMarmelr [Matsuno, Maoka,
1981(B)], 4TO MOATBEPANIIO IPABUIBHOCTD UIEHTH(DUKAIIH.

@Opakmusa 6 ¢ Ry — 0,24 mpu pacTBOpeHHH B T€KCaHE JaBajia CIEKTphl (425;
451,5; 479,9 HM ), omucaHHBIE IJIA 343 — Tpuruapokcu- 7.8 — mupmeruapo- f —
kapotrHa [Matsuno, Maoka, 1981(0, B)], KOTOpBII TakKe M3BECTEH Kak nexmenon A
[Francis et al, 1970]. Jlns Hero xapakTepHO CMEIICHHE CIIEKTpa MPH B3aUMOJEHUCTBUU C
omoMm (B rekcame): 417; 443,5; 471 um [Matsuno, Maoka, 1981(6, B)]. Ilocie
NPOBENEHUST PEakluh aIMJIUPOBaHUS, MpPHU TIOBTOPHOM XpOMaTOrpa@upOBaHUH,
HaOIOAIOCh TaKXKe cMelleHrne Ry 4To MoATBepmaeT HaIWYhe THAPOKCH-TPYIIT B
MOJIEKYJIE.

Hoenmugpuxayus xapomunoudos npu nomowu HPLC, FAB MS, H-NMR. Jlns
Ooiee TOAPOOHOTO WCCIENOBAHUSI COCTaBa KApOTHHOWJIOB HCIOJB30BAIH METOJ
BBICOKO3( G eKTHBHOM xuakocTHON xpomarorpaduu (HPLC). UroOwl momyunts mosnHoe
pasjielieHre MMTMEHTOB MPUMEHSUTHA 2 CUCTEMBI pACTBOPUTENIEH: CHAYaa alleToOH : TeKCaH
(25:75) (ot 0 mo 20 muH), 3aTeM Te e pacTBopuTedn B cooTHomernn 40:60 (mocne 20
muH). [Tomyyennas HPLC — xpomaTorpamma npencrasieHa Ha pucyHke 3.9.
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[Mocne HPLC pa3nenenust TUrMeHTOB WX MACHTH(UKAIMS ObLIa MPOBEACHA MPH
ITOMOIITH CITEKTPOB B BHauMoii oomactu (B Et,0) (puc. 3.10) u macc-cextpos (FAB MS)
(tabm. 3.3). Ciemyer OTMETHTh, YTO H3ydeHHE CIIEKTPOB B BHUIMMON OONacTé OBLIO
HEIOCTATOYHBIM JUIl OJHO3HAYHOW HACHTH(HUKALWN KapOTHHOWAOB, TaK Kak B psje
ciydaeB oHM abcomoTHO coBmaganu (mozuuuu 1, 2, 4). IlomHas wuneHTUUKAIHA
BO3MOJKHA TOJBKO ¢ mpuMeHeHueM FAB MS. Takoii moaxo1 mo3BOJIKI JOMOJIHUTEIBHO K
pesyibTaTaM, moiydyeHHBIM npu nomom TCX Meroma, niaeHTUQHUUIMpPOBATH emie 7
Ma)KOPHBIX KapOTHHOWIOB: KPacCOTPEeaKCaHTHUH, (YKOKCAHTWH, TreTepokcaHTuH, 19'-
TeKCAHOMJIOKCUTATIOIMHTHAKCAHTHH,  (QYKOKCAHTHHOJN,  TaJalMHTHaKcaHtuH, 19'-
TeKCaHOMIIOKCU(YKOKCAHTHHOI.

12

n

-
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M
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13

41 .29
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Puc. 3.9. HPLC cymmaproro 3xcrpakra Tkanei muawmii ( 1 — B-kapotus, 2 —
KpaccOTpeaKCaHTHH, 3 — MEKTEHOJIOH, 4 — TMaTOKCAaHTHH, 5 — aJUIOKCAaHTHH, 6 —
MHTHIIOKCAHTHH, 7 — 19'-reKCcaHOMIOKCHUTaIOIMHTHAKCAHTHH, 8 — raJalliHTHAKCAHTHH, 9
—nekreHox A, 10 — ¢pykokcanTus, 11 — 19' rekcanomnokcnpykokcanTuHON, 12 —
TeTepOKCAaHTHH, 13 — PpyKkokcaHTHHONT
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Puc. 3.10. Criextpsl Buaumoii oonactu 12 kaporunounos (M. galloprovincialis)
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AHanu3 coctaBa MUHOPHBIX KOMITOHEHTOB, koTopblie Ha HPLC He 0003HaucHH!,
IIPH TIOMOIIU CIEKTPOB B BuauMo obmactu (Et,0) u FAB MS 103B0sIHII BBIACIUTD €IIIE
7 [IUTMEHTOB: MIUPPOKCAHTHHOIL, 8'-armoasymIOKCaHTHHOII, 19-
TeKCaHOMIOKCH(YKOKCAHTHH, 19-reKCcaHOMITOKCHATICHUKMUTHIOKCAHTHH, 19'-
TeKCAHOMJIOKCUMHUTHIOKCAHTHH, 19'-reKCaHOMITOKCHKPACCOCTPEAKCAHTHH A, MEPUANHUH
(tabm. 3.3). Takum oOpa3zoM, B cyMMapHbIX 3KcTpaktax Tkaneir M. galloprovincialis
Bcero Obuto maeHTH(uIMpoBaHo 20 KapOTHHOWIOB, YTO cocTaBisieT Oomee 99 % ot
00111eTo cotepIKaHusl.

Tabmuma 3.3
CocraB U MPOILIEHTHOE COOTHOLIICHUE KapoTuHOM 0B B Tene M. galloprovincialis
Ha3Banue kapoTHHONI0B Coae;;;:aﬂne, FAB MS M* L(Jl;{[;\c/)lf
B-xapoTHH 0,5 536 425, 449, 475
8'-amoaToKCaHTHHOII 0,5 430 450, 470
KpaccocTtpeakcautun A 6,0 598 450, 470
19'-rexcaHOMIIOKCHUKPACCOCTPEAKCAHTHH A 1,0 712 450, 470
ITexTeHoNMOH 3,5 580 460
JlnaToKCaHTHH 4.4 566 425, 450, 475
ANNOKCaHTUH 4,5 564 425, 451, 477
MurnnokcanTuH 11,5 598 470
19'-reKCaHOMITOKCUMHUTHIOKCAHTHH 1,0 712 464
TananMHTHAKCAHTUH 17,6 598 450, 470
19'-reKCaHOMITOKCUTAJIOIMHTHAKCAHTHH 2,2 712.4696 450, 470
IlexTenon A 6,4 582 425, 450, 475
DYKOKCAHTUH 3,1 658 445, 470
19'-rekcaHOMIOKCH()YKOKCAHTHH 0,5 792 445, 470
lerepokcanTun 17,2 600 420, 445, 474
DYKOKCAaHTHHOI 7,2 616 445, 470
19'-rexcaHoMIOKCH(DYKOKCAHTHHOI 6,9 730 445, 470
19-rexcaHOMIOKCHAUIEHUKMUTHIIOKCAHTHH 2,5 730.4783 464
TMepuauun 1,5 630 453, 482
[MuppokcanTHHO 1,5 570 447,475
Hewnnentudunuporano 0,5 - -

Ha ocnoBanmn HPLC wmeroma ObuT ompejeneH HE TOJBKO COCTaB, HO U
MIPOLICHTHOE COOTHOIIICHUE BBISIBIICHHBIX KAPOTHHOUIOB B CYMMAapHOM 3KCTpPaKTe TKaHEH
MOJUTIOCKOB (Tabu. 3.3). Hanbomee BRICOKOE OTHOCUTEIIBHOE COJIEPIKaHUE OTMEUCHO ISt
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MUTHJIOKCAHTHHA, TAIAMHTHAKCAHTHHA, TeTEPOKCAHTHHA, YPOBEHb KOTOPHIX B CyMMeE
nmocturan 46,3 %.

U3 20 uaeHTHGUIMPOBAHHBIX CTAHIAPTHHIME METOJIAMH KAPOTHHOUIOB CIICAYET
OTMETHTH LecTh 19'-reKCaHOMIOKCHU-KApOTUHOMAOB, M3 KOTOPBIX TPHU OBLIM OMHCaHBI
paHee B TKaHAX JPYTHX MOJUTIOCKOB: 19'-rekcaHOMITOKCUMHUTHIIOKCAHTHH, 19'-
rekcaHonJIokcu(pykokcaHTHH U 19'-rekcanomnokcudykokcantuHon [Hertzberg et al.,
1988; Partali et al, 1989; Kitamura et al., 1996]. Ocranpabie Tpu: 19'-
TeKCaHOMJIOKCUTAIOIMHTHAKCAHTHH, 19'— rexcaHomjoKcuKpaccocTpeakcantu A, 19'-
TeKCaHOMJIOKCHAIUICHUKMUTHIIOKCAHTHH, OOHAapy»KeHbl HamMu BriepBble. Ux FAB MS u
crekTpsl B BUIUMoi oonactu (Et,0) mpencrasiens! Ha pucynke 3.11.
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Puc. 3.11. FAB MS u cniektpsl B Bugumoit ooiactu (Et;O) mis Tpex HoBbIx
KapOTHHOMIOB

Ha pucynke 3.12 nokaszaHbl Takke CTPYKTYpHbIE ()OPMYJIBI 3TUX KAPOTHHOUIOB,
nomydeHHble mpu nomomu H'-NMR  meronma. Cuutaercs, YTO OHU SBISIOTCS
NPOU3BOIHBIME 19’-rekcaHOMIOpyKOKCaHTHHONMA H 19’-TeKCaHOMIO(PYKOKCAaHTHHA,
panee oOHapyxenubiMu y M. edulis [Maoka et al., 2011].
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Puc. 3.12. Ctpykrypusbie popmyssl (Ha ocHoBe H'-NMR) ans Tpex HOBbBIX
KapOTHHOHJIOB

Taxum 00pa3zom, 1Mo pe3yabTraTam, MpeJCTaBIeHHBIM B oApaszzaeie 3.2.1, MOXHO
cAenaTh psn 0000meHu.

o [Ipu momomm TCX, CIEKTpOB B BUANMOI OOJIACTH M KAYE€CTBEHHBIX XUMHUIECKAX
peakiii B CyMMapHbIX 3KcTpaktax TKaneir M. galloprovincialis ymamnocsk
ompenenuTh 6 KapOTHHOMIOB: [(-KapOTHH, TIEKTEHOJIOH, aJJIOKCAaHTHH,
JIUATOKCAHTUH, MUTHUJIOKCAHTHH U IIEKTEHOT A.

o Ilpumenenme HPLC, FAB MS, H-NMR mno3Bommio IOTOJIHHUTEIHHO
UACHTUQULIUPOBATh B TKAHAX MUAMKA 2 MaKOPHBIX: TaJallMHTHAKCAHTHH,
TeTEPOKCAaHTUH, ¥ 12 MHHOPHBIX KapOTHHOWIOB: KpaccoTpeakcaHTuH A, 19'-
TeKCAaHOWJIOKCUTAJIONIMHTHAKCAHTHH, 19' rekcaHownokcudykokcanTunos, 19'-
TeKCAaHOMJIOKCU(YKOKCAHTUH, (PYKOKCAaHTHH, (PyKOKCAaHTHHOJ, NepuauHuH, 19'-
TE€KCAHOMJIOKCUKPACCOCTPEaKkCaHTUH A, 19'-rekcaHOMIOKCUMUTUIOKCAHTHH, 19-
TeKCaHOMJIOKCHANIEHUKMUTHIIOKCAHTHH, 8'-amoaminokcaHTHHOM,
nUppoKkcaHTuHON (Bcero 20 KapOTHHOWAOB), 4TO cocTaBwio Oomee 99 % or
00111€ero copepKaHus.

e BmepBrle B MHHOPHOM KoOJH4YecTBE WAEHTH(GUIMPOBaHE 3 HOBBIX 19'-
reKCaHOMJIOKCU-KapOTHHOMIA:  19'-reKcaHOMIOKCUTaOUHTHAKCaHTHH,  19'-
TeKCaHOMJIOKCUKpaccocTpeakcaHTuH A,  19'-rekcaHOMIOKCUMUTHIIOKCAHTHH.
JomyckaeTcst, 4TO OHH SIBJISIIOTCS MPOU3BOAHBIMU 19’ -TekcaHOMIOPYKOKCAHTHHA
1 19’-rexcanonsiopykokcaHTHHOIIA, paHee oOHapyxeHHbiME y M. edulis.

e K ocHOBHO# rpynie KapoTHHOH/IOB B TKaHSIX MHJIMA OTHOCSTCS: MUTHIOKCAHTHH
(11,5 %), ramarmuatnakcantud (17,6 %), rerepokcantun (17,2 %), mekreHon A
(6,4 %), nuarokcantuH (4,4 %), u amokcantul (4,5 %), uto cocraBuio OGomee
60 % OT cyMMBI KAPOTHHOHJIOB.

3.2.2. Conmepxanue u coctaB kapoturon108 C. gigas
Crassostrea gigas Th. — cpaBHHUTENBHO HOBBIM OOBEKT KYJIbTHBHPOBAHHUS IS

yepHoMopckoro pernoHa [MBanoB, 2007]. EcTecTBeHHBIX CKOIUIEHWII HE OOpasyer.
3aBo3uTca M3 (PPaAHIY3CKUX MUTOMHHUKOB (AMIUIOMIHBIE W TPUIUIOMIHBIE (OPMBI) U
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HanpHero Boctoka Poccum. Xopomio agantupyercs K yCJIOBUsSM YepHOTO Mops,
TIPOSIBIISIST BBIPAKEHHYIO 9BPUTATMHHOCT. OTIMYAeTCs BRICOKIMH CKOPOCTSIMH POCTa, B
CBSI3H C Y€M MMeeT KoMMepuecKyro nepcrektuBy [MBanos, 2007]. B Hacrosiiem pasjere
MpeNCTaRIcHa MH(POPMANMS 10 COJCPXKAHUIO M COCTaBy KApOTHHOWJIOB B TKaHIX
JUIUIOUAHBIX U TPUILIOWAHBIX dopm Crassostrea gigas Th., monydeHHBIX € TUTAHTAIHH
000 «iIxonr Ltd.» n muromunka MTHBIOM HAH Vkpauss.

Cooepoicanue cymmapnvix xapomunoudos 6 mxauax Crassostrea gigas Th.
MaxkcuMalibHOE COZIepKaHUE KAPOTUHOMIOB B CYMMAapPHBIX 3KCTPAKTaX TKaHEH OTMEYaiu
y MOJUTIOCKOB, JOCTaBieHHbIX u3 paiioHa Karmmsenmn (OO0 «SIxont Ltd.»). V¥V
TUTIONIHBIX ¢opM oHO coctaBmio 10,8+1,5 mr-100 rt, a y TpumiongHex — 12,7+1,6
mr-100 . VYerpunsl, gocraBiennsie u3 nuromauka MHBIOM HAH Vkpaunsl, umenu
KpaitHe HU3KHi1 ypOBEHb JAHHBIX coeauHeHuit — 1,5+1,5 mr-100r™,

100 — 15
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Puc. 3.13. OtHOCHUTEIBHOE COJIEPKAHNE KAPOTHHOMIOB B TKAHSX YCTPHII, C YUETOM
BECOBBIX XapakTepucTtuk opraHos (I'Tl — remaronankpeac)

XapakTep OTHOCHUTEIIHOTO  PACHpeleiCHUs KapOTHHOUJOB B  OpraHax
MOJLTIOCKOB TIpejicTaBlieH Ha pucyHke 3.13. Hanbomnee BricOKOE coep:kaHue OTMEYATH B
remaronankpeace. OHO cocraBwio 95,5-98,4 % or o0mero KoimuyecTBa MMHUTMEHTOB.
MuHuManbHbIe 3HA4YCHUs ObLTH OTMeueHbl s kadp — 0,5-0,6 %. Jloms ocTanbHBIX
TKkaHel He mpeBbimana 4 % (1,1-3,9 %). JlocToBepHBIX pa3audnii B XapakTepe TKAaHEBOTO
pacrpeesieHnst KapOTHHOUIOB MKy Tpemst rpyrmamu C. gigas BeISABIECHO HE OBLIO.

Hoenmugpuxayus rxapomunoudos npu nomowu TCX, cnexkmpos UV-VIS u
KauecmeeHHbIX peaxkyuii. ViccnenoBaHusl Ka4eCTBEHHOIO COCTaBa KAPOTHHOMIOB YCTPHI]
MepBOHavYanbpHO npooAwan MetogoM TCX. BHemHuil Bua XpoMaTorpamMmm, MOJTy4YEeHHBIX
JUTSI CYMMAapHBIX 3KCTPaKTOB TKaHEW yCTpHIL, TIOKa3aH Ha pucyHke 3.14.

3nech 0003Ha4YeHBI 7 MaXKOPHBIX (pakiuii KapOTHHOWIOB, KOTOpbIE OBLIH
OOIIMMU KaK JUIsl JUIUIOWAHBIX, TaK U IS TPUILIOUIHBIX Gopm C. gigas, He3aBHCUMO OT
MECTa BBIpAIIMBAaHUs. XapaKTep OKPACKH U BEIMYUHBI Rf sl TpeX TPYIIT YCTPHUIL TAaKKe
COBTAJIAJIH:
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e 1 -—sxento-opamkesas ¢ Rs 0,39;
e 2 -4 — cMech 3eJICHOM 1 )KenTo-opamkeBbIX (pakiwmii ¢ Ry 0,34 — 0,30;
e 5 xenras c R 0,29;
e 6 — opamxkeBo-xenras ¢ R 0,21;
e 7 —xentas ¢ R¢0,18.
A B B
1
2-4
s
o
-

Puc. 3.14. TCX cyMMapHbIX 3KCTPaKTOB KapoTHHOMIOB ycrpuir mpu 20° C (A —
nurionnibl; b-tpurmonnsr; B — yerpuiet UTubIOM HAH Yxkpaunsr).

Heo0xomumMo oTMETHTB, YTO COAEpKaHHEe KAapOTMHOMIOB B TKaHSIX YCTPHII, B
CpaBHEHHMHU C JPYTUMH BUAAMH YEPHOMOPCKHX JIBYCTBOPOK, OBLTO HU3KUM. OCOOCHHO Y
JKUBOTHBIX, MonydeHHbIX M3 nuromMHuka MHBIOM HAH VYkpaunsl. Meton TCX He
MO3BOJIMJ YETKO PAa3AENUTh 2-4-blif KOMIOHEHTHI. |'paHMIBl MATOr0 KOMIIOHEHTA TaKkKe
Obun pa3MbIThl. Hekoropwle mpoOiiemMbl ObUTM W € paslelieHneM 6-ro U 7-ro
KOMIIOHEHTOB. OJTO HE TMO3BOJWIO OfHO3HauyHO mporucarh UV-VIS choektper u
MOCTaBUTh KayecTBEHHble peakuuu. [losToMy mis nanpHeiimed uaeHTHUKALTMN
nurMeHToB Obu1 ipuMeHeH komiuieke HPLC, FAB MS, H-NMR metonos.

Hoenmugpuxayus npu nomowu HPLC, FAB MS, H-NMR. Ha pucynke 3.15
npencrasieHa HPLC cymmaproro skcrpakra Tkaned yctpuu. Ilpumenenme HPLC
METO/Ia JIaJ0 BO3MOXKHOCTh 0OJiee 4eTKOro pasiencHus ¢ppakuuii 2-5, 6-7, momydeHHBIX
nocpenctBom TCX. TTopsiakoBbiit HOMEp kKapoTUHOMIA, ykasaHHblid Ha TCX (puc. 3.14),
COOTHECEH C MOCJIECA0BATEIbHOCTHIO BPEMEHH PETUCTPAaLUU MUKa noryomenus npu 450
HM, KoTopoe yka3ano Ha HPLC. Y BbieneHHBIX KapOTHHOWIOB OBLIH TOTIOTHHUTEIHHO
WCCIIEIOBAHBI CTICKTPHI TTOTJIOMIEHHUS] B BUAUMON 00JacTu (B AUATHIOBOM 3dHpe), Macc-
cuektpel 1 H'-NMR croexTpel. DTO MO3BOJMIO OKOHYATEIbHO WACHTUPHULIMPOBATH 6
KapOTHHOHJIOB: KPaCOCTPEaKCaHTHH A, B; aluIOKCaHTHH; IMATOKCAaHTWH; MEKTEHOT A H
rajionMHTHaKcaHTHH, OHa U3 GpaKIuil oKazaaach XJIOPOPUILIOM d.

CrexTphl KapOTHHOUIOB B BHJIUMOHN 00NacTH Tpe/cTaBlieHbl HA pucyHke 3.16.
W3 HUX BHIOHO, YTO KPAaCOCTPEaKCaHTHUHBI A M B, a Takke ralalMHTHAKCAHTUH HUMEIOT
OJIMHAKOBbIE MAKCUMYMBI MOTJIOMIEHHSI U CXOIHBINA MPO(UIIb ClIeKTpa. ITO 03HAYAET, UYTO
WACHTU(HKALUS JaHHBIX KapoOTHMHOWJOB TOJHKO HA OCHOBaHHMM WX CIIEKTPOB
MOTJIOICHNUST B BUAMMON o0lacTu HeBo3MoOXkHa. llosTomMy B momonHeHHEe K 3TOMY
npumenuiu FAB MS u H:-NMR METO/BL.
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Puc. 3.15. HPLC cymmapnoro skcrpakta Tkaneir Crassostrea gigas: 3,73 -
xyopodmit a; 4.90 - kpacocTpeakcanTHH A; 6.40 — ajutokcaHTHH; 6,64 — TMATOKCAHTHH;
7,45 - kpacoctpeakcantut B; 8,81 - rananunatrakcantuy; 10,48 — mektenon A

1.04 AmmokcaHTHH 1.04 450 JIMAaTOKCAHTHH 0.8 451 Tlextenom A
| gl H 477 =
; @ & 478
0.8 480 £ 0.8 - 430
= = far}
= S |47 £ 0.6
] 3 o
5 W64 § 0.6 d
2 E 204/
g 0.4 04 5
= 5 g
E
502 Eoal £02
0.0 0.0 = 0.0 :
400 450 500 550™M TonT 450 500 550 B 400 450 500 550 M
; KpacoctpeakcantH A . Kpacoctpeakcanrsn B . TanarHTHAKCAHTHH
G o 804, 450
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m 0.6 470 o 470 5 :
o 504 S 06
A 4 a'
5% 9 2 0.4]
: 0.2 Bl2; 3
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Puc. 3.16. CekTphbl MOTJIONICHHS B BUAMMOMN 00JIACTH B TUITUIOBOM 3upe it
KapOTHHOUJIOB YCTPUIL

Pesyneratst  FAB MS u H:-NMR  6-u BBIJICJIEHHBIX ~ KapOTHHOUOB
NpeICTaBIeHBI B BHJle Tabmuibl 3.4 u pucyHkoB 3.17 u 3.18.

[lomyuenHsle  JaHHBIE  TOATBEPIAMIIA  PE3YJbTAThl  MPEANISCTBYIOIICH
uaeHTudukanuu kaporuHonoB mocpeacrsomM HPLC u UV-VIS cniekrpomerpun, TO eCTh
B TKaugx C. gigas B 3HAYUTENBHBIX KOHICHTPALMAX MPUCYTCTBYIOT KPacOCTPEaKCAaHTHH
A u B, aliokcaHTHH, TMAaTOKCAHTHH, TAJIOLMHTUAKCAHTHH U HEKTEHOI A.
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3

Tabnuna 3.4

CriekTpanbHble XapaKTepPUCTUKHA KapOTHHOHIOB, BBIIETIEHHBIX U3 CYMMapHOTO KCTPaKTa
tkanei Crassostrea gigas

Bunnr

Bunpr kapotuHOu0B

CIIEKT
poB

A

JT.

Kp. A

Kp. B

II. A

Tan.

MS,
m/z

564

566

598

598

582

598

H-MR

myrsr. (JBI 11)

MyssL. (JBI 1)

Myt (JBI 1)

Myt (JBI 1Y)

My (JBI 11)

My (JBI 11)

1

2

3

4

5

6

7

2

141]0d (12, 12)

148[dd (12, 12)

148 dd(12,12)

148] dd(12,10)

157 dd(13,4)

136 [dd(13,12)

ddd (12,4,

184 2

ddd (12,4,

186 2

186(00d (12,4, 2)

186|ddd (12, 4,2

169|dd(13,13)

ddd (13,4,

10| 2

w

39 m

401 m

401 m

401 m

338

3382 m

2,03|0d (18, 10)

2,00 |dd(18,10)

209 dd(18,10)

209| ad(18,10)

m
394 d@35)

179 | dd(14,9)

ddd (18,6,

243 2

ddd (18,6,

246 2

2,46|ddd (18, 6, 2)

2,46|00d (18, 6,2

ddd (14,5,

23| 2

609 d(6)

260 d(@9)

617 d(16)

366| d(19)

10

646] d(10)

630 d(1)

630 d(1)

630 d(1)

617 d(11)

1

6,52(dd (14, 11)

632 |dd (14, 11)

652 dd (14, 11)

682] dd(14,11)

6,65/dd (14, 11)

715 d)

636] d(14)

635| d(14)

635 d(14)

635 d(14)

638 d(14)

658 | dd (15, 11)

14

627

6,25

625 d(1)

625

6,25

667| d(15)

664

662

6,62 m

6,62

6,62

641| d(1)

16

115

119

119

119

107

6,64 m

17

120

125

125

125

109

104

18

192

197

197

197

190

0%

201

200

ninumw unv

200

200

1%

w|lnlnlnv|un|3|3

198

vl lnlnlnv|un|3|3

193

193 S

vl lnlnlunv|n|3|3

193

vl lnlnlunv|n|3|3

197

195

NIB| B

141

148|ad(12,12)

252 dd(15.5)

265 d@)

141]0d(12,12)

S
S
122 S
S
S

19

184

ddd (12,4,

177 2

269 dd(157)

285 d@)

add(12,

184 a9

141 |dd(12,12)

39

400 m

421

420

39

ddd (12,4,

18| 2

243

ddd (18,6,

239 2

217/ddd(12,7,5)

244) dd(13,9)

ddd (18,

208 %)

203 | dd (18, 10)

2,32|0dq (11,7, 7)

ddd (18,6,

243 7

610 d(1)

286 d(135)

351 d(1)

298| d(135

3571 d(7)

6,15 dd (14, 11)

10

646] d(1)

615| d(Ll)

726 d(1)

7200 d(10)

646 d(1)

1

652(dd (14, 11)

664 [dd(14,10)

659] dd (15, 11)

6,62] dd (15 11)

652/dd (14, 11)

646 | d)

636 d(14)

636 d(14

668 d(15

666 d(15)

636 d(149)

652 | dd(14,11)
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1 2 3 4 5 7
14 16271 m |62 m 642 d(11) |64l d@1) [627] m 636 | d(14
15 (664 m 6,64 m |666 m 687 m 664 m 627 m
16 |115 S 107 S 214 S 222 S 115 S 664 m
17 1120 s 107 S 110 S 164 brs |12 S 115 S
18 |192| s 174 s |09 d@@ (188 brs |192] s 120 S
19 1201 s 197 S 193 S 1% S 201 S 192 S
20 |198 S 197 S 199 S 200 S 198 S 201 S

S: cunrier, d: aymier, : KBapTeT, M: MyJIbTHILIET, br.S : o0IIuii CHHTIET

IIpumeuanue: An — amnokcanTus, 1. — muarokcanTuH, I1A — nexrenon A, Kp.A, Kp.B —
KpacocTpeakcaHTuHbl A u B, , ['an. — ramouvHTHakcaHTHH

52 122 152 2@ 252 382 352 499 452 522 550 520 650708

Kpa3cCOCTpEaKCaHTHH A

12e
se
ge
7e
&8
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5@
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sgg M© &e

m/z

52 120 152 202 252 382 35 422 452 582 552 622 6587

|

H KpacCOCTPEaKCaHTHH B

598 M*

5@ 122 152 222 252 322 352 42e 452 502 550 £2e c5e 798

Mn
)
- neKTeHon A

52 122150 282 25¢ 329 352 482 458582 550 co¢ e5e7ee

ANNOKCEHTHH

564 M+
f

m/z
22

m/z

Puc. 3.17. Macc-cnekTpbl OCHOBHBIX KapoTuHOoH0B Crassostrea gigas
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Puc. 3.18. CnekTpsl IPOTOHHOTO MAarHUTHOTO PE30HACA OCHOBHBIX KAPOTUHOUOB
Crassostrea gigas

CrieKTpanbHbIe XapaKTEePUCTUKU 3THX KAPOTHHOHIOB OBUTH COMOCTABJICHBI C
usBectHbMHU 151 C. gigas, oburaromumu B Tuxom okeane [Fujiwara et al., 1992; Maoka
et al., 2001; Britton et al., 2008], 4To MOATBEPANIIO NPABUIBHOCTh HICHTH(DUKAIIMH.

KauecTBeHHBIN COCTaB M COJEP)KAHUE MHHOPHBIX (pakiuil KapOTHHOWIOB B

TKaHAX IMIUIOUIHBIX U Tpumwionausix Gopm C. gigas (OO0 «SIxont Ltd.») u ycrpun u3
nuromanka UHBIOM HAH Yxpawnsl He ncciaemnoBaay B BHAY HU3KOW KOHIICHTPAITUU

MMATMEHTOB B TIpo0ax. [IpucyTcTBHe MUHOPHBIX KOMIIOHEHTOB U XapaKTep WX pa3IelICHuUs
MOXXHO HaOmonath Ha oOpasmax TCX wum vactmyno — Ha HPLC, B Buae mnukoB
HE3HAYUTEIBHBIX 10 AMILTUTY/IE, KOTOPBIC MPEICTaBIeHBI BhIe (puc. 3.14-15).
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OCHOBHOH COCTaB KapOTHHOWJIOB YEPHOMOPCKHX HWHTpojaylieHToB Crassostrea
gigas Th. ObUT HAEHTHYEH COCTaBY KapOTHHOMIOB THXOOKEaHCKHX yctpuil Crassostrea
gigas Th., ogHako HAOMIOAATACh W CYIIECTBEHHbIC OTIHYHS B COJCPIKAHUH
JMIOMHHUPYIOIUX (pakiuit. Tak, y TUXOOKEAHCKHX YCTPUIAX K TOCICIHUM MOXKHO
OTHECTH TaJTallMHTUAKCAHTUH U MUTHJIOKCAHTUH, KOTOphIe cocTaBsuiu 25 % u 12 % ot
cyMMBbl KapotuHouzoB [Maoka et al., 2001; 2005]. Y 4epHOMOPCKHUX MOJLTIOCKOB
KOHIICHTpAIlMs TaJallMHTHAKCaHTUHA He mpeBbimana 10 %, a MUTHIOKCaHTHHA ObLia
MUHUMAJILHOW ¥ He OOHapyXWBaJlaCh B OCHOBHOM coctaBe. C Jpyroil CTOPOHEI, Y
YEPHOMOPCKUX MOJITIOCKOB K JOMUHUPYIOIMIEH IPYIIIIe MOYKHO OTHECTH aJUIOKCAHTHH (25
%) n xpaccoctpeakcanTuHbl A 11 B (15 % 1 13 % cooTBETCTBEHHO), TpHYeM HX PHUPHBIX
dopMm oOHapyxkeHO He Obuto. OTMEYEHO TaKXKe TOBBIINICHHOC HAKOIUICHUC
MUATOKCAaHTHHA M €ro IMPOW3BOAHOTO IEKTEHONA A, B CPaBHEHHH C THXOOKEaHCKHMU
yerpuiiamu. Takue pas3iandusi B HAKOIUICHHH KapOTHHOHMIOB B TKaHsx Crassostrea gigas
Th. MOryT OBITH CBSI3aHBI Kak C U3MCHCHHMEM CIIEKTpa MHUTAHUSA, TaK U C ajanTainuei K
HOBBIM 3KOJIOTUYECKUM YCJIOBHSIM.

[IpencraBnenHble B HACTOSIIEM TIOApA3JENe PE3yNbTaThl HCCIEIOBAHUS
MO3BOJIAIOT CACIATh Psifi 0000ICHUIH,

o VpoBenb kapoTuHOUAOB B TKaHsAX C. gigas CyIIeCTBEHHO HUXKE, YeM Y
JIPYTHX M3YYCHHBIX BHJIOB YEPHOMOPCKHUX JIBYCTBOpPOK. boyiee 95 % wux comepkaHus
MIPUXOJIUTCS Ha TeTaToMmaHKpeac.

. [Ipumenenne Meroma TCX He MNO3BOJMIO TMPOBECTH KAuE€CTBEHHOE
paszerneHne TUTMEHTOB W TOCIEAYIONYI0 WX HWACHTU(OUKANWIO TPH TTOMOIIH
criekTpainpHoro a"anmmza B UV-VIS nmamazone ©u ONMOJHUTEIBHBIX XHUMHUYECKHX
peaKLmid.

° Kommexke meromoB HPLC, FAB MS, H-NMR nman oxHo3HauyHbIE
pe3ynmpTaThl. B TKaHSAX MOMIIOCKA YIalloch WACHTH(GUIHUPOBATE 6 MaKOPHBIX
KapOTHUHOJIOB: aJUIOKCAHTHH, KPAaCOCTPEAKCAHTHH A U B, rajJOlUHTHAKCAHTHH, MEKTEHOJ
A, W JAMAaTOKCAHTHH, 4TO cocTaBwio 76+10 % oOT oOIliero coaep)kaHus MUTMEHTOB.
OcranbHOE TPUXOIIIIOCh HA MHHOPHBIE KOMIIOHEHTHI, WICHTU(HUKAIUS KOTOPBIX HE
MPOBOJIUJIACH.

o K JIOMHHUPYIOIIEH rpymrme OTHOCSITCS AJJIOKCAHTHUH u
KpacocTpeakcaHTHHbl 4 W B, Ha KoTopble mpuxomutcs okoino 50 % oT CyMMsbl
KapoTHHOMI0B TKaHei C. gigas.

3.2.3. Conepkanue u coctaB kapoTuHouaoB A.inaequivalvis

Anadara inaequivalvis Br. — aBycTBOpYaThiii MOJUIFOCK, KOTOPBIH XapakTepeH
it ManakodayHnsl Mamuiickoro u Tuxoro okeanos. B CpeanzemHoe mope moman B 1969
roay, rae owicTpo pacnpoctpanmics. B 1980-1982 rogax Obl1 oOHapykeH U B UepHOM
Mope [Broom, 1985;Anuctparenko, 2006; Con, 2009]. B HacTosiiee BpeMs oTMedaeTcs
MaccoBO€ OCEJaHHWe JMYMHOK JAaHHOTO BHUJAa HAa EeCTECTBEHHbIE CyOCTpaThl U
KOJUICKTOPHBIC YCTAHOBKM MUAMUHBIX (epM. MOJUIIOCK TIPOSIBJISIET BBIPAKCHHYIO
3BpuONOHTHOCTE. OH CHOCOOEH CYIIEeCTBOBATh B IIMPOKOM JHAlla30HE TEMIIEPaTyp,
COJICHOCTEH, THUIIOKCUYECKUX ¢ aHokcuueckux 30Hax [Con, 2009]. AxTuBHO
KOJIOHU3UPYET MpOOJIEMHBIE aKBaTOPHHM CeBepo-3amagHoro Imenbda YepHoro mops,
CTaHOBSICh BO MHOTHX CIIydasx IeHo30o00pa3yronmmM BuaoM [CympyHoBud, 1988; Cow,
2009].
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Cooeporcanue CyMmMapHuix Kapomunouooe ¢ mranusx Anadara inaequivalvis Br.
OtnuuurenpHOM 4eptoit A. inaequivalvis ssiseTcss Xopoio pa3BuTas HOra, KOTOPYIO
MOJITIOCK HMCTIONB3yeT TpHU mepeMenieHnu B rpyHTe. Ha Hee mpuxomurcs oxono 40 %
Beca Tella, YTO CYIIECTBEHHO BBIIIE, YeM JOJS OCTAJIbHBIX OpraHoB (KaOphl,
remaronankpeac) (tabm.  3.5). Hecmorps Ha (QYHKIMOHAIBLHYH  3HAYMMOCTh
remaToraHKpeaca, COMaTHYECKHI MHIEKC TAHHOTO OpraHa ObUT MUHMMAaJIeH — oKosio 10
%, Toraa Kak y JOpYyrHX BHIOB JBYCTBOPOK 3Ta TKaHb SIBHO JIOMHHHPOBANa I10
OTHOIIICHUIO K HOTE M xadpam.

Tabmuma 3.5
Becosrie xapakTepuctuku opranos Anadara inaequivalvis
Opransl A. inaequivalvis
Becoseie OcranbHbie
XapaKTEPUCTUKHU Hora I'TI Kabpwr
TKaHH

Bec, T 0,26 + 0,04 0,07 £ 0,01 0,15+0,01 0,21 +£0,02
Comariieckuit | 50 |, 3¢ 10,5+ 1,0 21,4+ 1,4 31,4+3,5
HHIEKC, %

IIpumeuanue: I'TI - renaTomankpeac

OTta 0COOCHHOCTh MOJUTIOCKA W OMNpEAeHiia XapakTep CPeIHEB3BEIICHHOTO
pacopeneneHus KapoTHHOMIOB B TKaHsax A. inaequivalvis (puc. 3.19). MakcumanbHbIN
YPOBEHb 3THUX COCIWHECHHUH OTMedanu B Hore — okoio 46 %, a MUHUMAaIbHBIA B
renatonakpeace — 14 %. JlocTaTOUHO HEOXKUIAHHBIM OKa3ajJoCh BBICOKOE COJICp KaHHE
KapOTHHOMIIOB B jkabpax A. inaequivalvis — oxono 20 %. Y Muauii 1 ycTpuil oHO ObLIO
CYLIECTBEHHO HUXKE.

F 50 — n=:60
:ﬂ | 458+1,1 1 qp
% 2 Hora
g 40 3 Habpbl
E B 4 Ocrapumecs
= TKaHH
£ 30 —
E ] 20,7+ 0.5
= 19.4+1.2
E 20 —
] ] 14.1+1.7
)
g 10—
=3 2|
=3
o 0 T T T T
1 2 3 4

Puc.3.19. Coneprxanue kKapOTHHOMIOB B TKaHsx Anadara inaequivalvis

Hoenmugpuxayus kapomurouoos npu nomowu TCX, cnexkmpos UV-VIS u kauecmeenHwvix
peaxyui. Aranmnz TCX XxpomaTorpaMM B CHCTEME PACTBOPUTENICH alleToH : rentaH (3:7)
MTO3BOJIMJI BBISIBUTH 8§ KOMIIOHEHTOB CO CIIEAYIOIIMMHU IBETOBHIMU XapPaKTEPUCTUKAMU U
BEJIMYMHAMH OTHOCUTENbHOI noBrxkHOCTH Ppaknnii (Ry) (puc. 3.20):

° 1 — xxenreiit murmedt ¢ Ry —0,9;
2 — 3 cMech PO30BOTro M *kenToro nurmMentos ¢ Ry — 0,5 -0,6;
4 — opamkesblit murment ¢ Ry — 0,45;
5 — opamxeBo-xenthiii ¢ R¢— 0,43;
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) 6 — 7 xenrele nurMeHTsl ¢ Ri— 0,40;

. 8 — xenterii murment ¢ Ry — 0,20.
Pasjie/ieHe MUIMEHTOB MPOBOIMIOCH MPH TeMmeparype Bosmyxa 18-20 °C. Tlocie
paszeneHne KapOTHHOWIOB WX DJIIOHUPOBAIA C XPOMaTOrpapuuecKuX IUIACTHHOK,
UCTIONB3YS alleTOH M TekcaH. PacTBOpHI mojaBepraiy crekrpansHoMy anannszy B UV-VIS
Iana3oHe. AHaJM3 MOJYYCHHBIX CICKTPOB TMOKasau, 4to l-ags u 8-as Qpakuuu

;i

—

Puc. 3.20. TCX cymMmMapHOTO 3KCTpaKTa TKaHEH

Anadara inaequivalvis

COOTBETCTBYIOT  [-KapoTHHY U
mektenomy A. Ha pucynke 3.21
MOKa3aHbl MOJyYCHHBIE CIICKTPBI
JUIss  B-KapoTWHA B aleTOHE |
MEKTEHOJIa A B T€KCaHe.

CrnekTpsl 3THX (¢paknuid  OBLIN
UJICHTUYHBI W3BECTHBIM VTS
MAHHBIX ~ BHJOB  KapOTHHOWIOB
[Matsuno, Maoka, 1981(8)]. s
TIOITBEPIKICHHUS HAJTHYUS
CONPSUKEHHOM JIBOMHOM CBSI3U Y
rmekTeHona A Obula  TmpoBeneHa
peakuus ero ¢ #omom: UV-VIS
crekTp (B TrekcaHe) M0 peaKIuu
uMen Makcumymbl 425,0; 451.5;
479,5 HM, a moce B3aUMOACHCTBHUSI
¢ rogom: 417,0; 443,5 u 472,0 HM,
49TO TaKKe TTOATBEPAUIIO
MIPaBMIIBHOCTH WACHTU(UKALINH.

453.9

]

480
051 426

0.4

0,3
0,2

0,1

E]

OnTtudeckan MNOTHOCTE, OTH. &0

06 . A

OnNTW4ecKan NNOTHOCTL, OTH. e,

500

] e
550

0

400

IHM

450 550

Puc. 3.21. I'padmueckas 3anuch CEKTPOB BUAUMOM 001aCTH KapOMHOUIOB: A — [3-
KapoTHHa (B anieToHe) u b — nekreHona A (1o U mocje npoBeeHHs Peaklui ¢ HOAO0M B

reKcaHe)
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METO/IBI.

Puc. 3.22. TCX nurmentoB Anadara
inaequivalvis: (a — cymma Bcex KapOTHHOUJIOB; O —
4- ppaxuus 10 u moce (4a) alUIMPOBAHUS )

Hoenmudgpuxayus npu nomowu HPLC, FAB

C OpPaH>KEBBIM
murMeHToM (4 dpakius) Oblia
MpoBe/icHa peakius

alMIMPOBaHus. DTO MOBIUSIO HA
R¢ naHHOTO KOMIIOHEHTa, YTO
nonTeepxkaaer npucyrcrsue OH-
TpYTIIBI B HCCIIETyeMOM
nurmente (puc. 3.22). IombiTka
HACHTU(PHUKALNU KapOTHHOUIOB B
2-7 ppakuusax ¢ nomomsio TCX u
CTIIEKTPOB B BUAMMOH 0ONacTH He

yBEHYAIach YCHEXOM.
Monyyennsie UV-VIS crekrpsl
UMen HEONPEIeICHHBIN

npoQuIIb, YTO CBUIIETEIHCTBOBAIIO
0 TPHUCYICTBHM B pacTBOpax
npuMeced pa3HbIX KapOTHHOHIOB.
OTo O00yCIOBWIIO Tepexo] K
clienyoneMy JTamy paboTel, B
KOTOpOM OBUIM  3a/IeH{CTBOBAHEI
HPLC, FAB MS, H-NMR

MS, H-NMR. Ha pucynke 3.23

(o |
=~
[N
==
&
hea co
[ |
= e
T oo
l‘“@
' % >
— s lf“,'
o —

17.54

npencraBieHa HPLC kapoTHHOMIOB CyMMapHBIX 9KCTPAKTOB TKAaHEH aHagaphl.

Puc. 3.23. HPLC xpomarorpamma nurmentoB Anadara inaequivalvis: 3.14 — B-kapotuH;
4.28 — >dupsl amno- ¥ JUATOKCAHTHHOB, 7.12 — eKTeHoJ0H, 7.68 — 3eakcanTuH, 8.38 —
JIWaTOKCaHTUH, 9,12 — amnmokcadTuH, 17.54 — mekTeHos A

IIppy nmomomm 3TOrO0 MeroAa yJIajoch

BBIJIEIUTE W B JaJIbHEHUIIEM

UACHTU(OUIMPOBATh 7 BHIOB KapOTHHOHUIOB. BpeMsi MociieJ0BaTeIbHOCTH PErUCTPALIUN
MMUKOB aHAJIOTUYHO HyMepanuu (pakiuii KapOTHHOWJIOB, BBIACIEHHBIX IMPH ITOMOIIU

TCX (puc. 3.20).
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C HeKoTOpbIMH (hpaKIHsSIMH MPOBOJMIN JIOTIONHUTENbHBIE HccieqoBaHus. Taxk,
JUISL TPYTIBI cNOXHBIX d¢upoB nonydanun HPLC 1o u mocne peakiuu ux OMBUICHHS C
ucnonpzoBanreM kosoHkH ODS. IloBTropHOMY pazzenenuto ¢ komoHkoi ODS Taxke
Obuta ToaBeprHyTa (pakius NEKTCHOJOHA, B Pe3yJibTare 4ero ObUTM BBISIBICHBI 2
n30MepHbIe (OPMBI STOro KapoTuHouaa (puc. 3.24). JIBa nmruka cOOTBETCTBYIOT TpaHC- U
IUC-U30MepaM MEKTEHOJIOHA
COOTBETCTBeHHO. M3 pucyHka BUAHO, YTO
coJiepKaHue TpaHC-U30Mepa MEeKTEHOIOHA
B 9 pa3 mpeBHINIACT COJNEPNKAHWE IIHC-
nzomepa. [lociie 3/UTOIUE KapOTHHOUIOB
ObUT BBINIOJHEH WX CHEKTPAIbHBIA aHAIN3
B UV-VIS gaumamazone. OH mnoaTBepauI
MPUCYTCTBHE [-KapoTHHA, 3PUPOB aJI0- U
JTUAaTOKCAaHTUHA, 3eaKCaHTHHA,
ANJIOKCAaHTHHA, TUATOKCAHTHHA, TICKTEHOJIa
A u um3oMmepoB mekTeHosoHa (puc.3.25).
Henocratomue rpaduku B-kapoTHHA |
MEKTeHoNa A OBbUIM aHAJIOTUYHBI PUCYHKY

Lo |

-
cry
L |

%2884

T W
3.22.
Puc. 3.24. HPLC ¢paxkuuit mekreHonoHa:
23.12 —rpanc- , 28,84 — 9-1iuc-u3omephl
IICKTCHOJIOHA
9'- 1IHC IEKTEHOJIOH Tpanc nekTeHONOH JIuaToKCaHTHH
= 0.3 (B AMSTHIIOBOM 3dHpE) (8 musTHIIOBOM 3dHPE) 454 (B ameToHe)
8 ) — 482.5
g 5 03 460 503 ;
[S) 451 2 &
: ;
g0.15 g 5
& 3] 20,15
2 20,15 R
B & g
(=]
E g =
o £ g
Y HM O 0 _—
400 450 500 550 400 450 500  sso ™ 400 350 500 550
3eaKCaHTHH
0.45 454 (B ameromne) AJUTOKCaHTHH 55
= p 481 0.45 4543 (B alleToHe)
o i 4835
= [
S 428 o
g 93 Hos| 428
2 &
g S
(=} =]
= 0,15 E
g §o0.15
E
o
0 HM 0 HM
400 450 500 550 400 450 500 550

Puc. 3.25. Criekpsl BHuauMOM 06acT kapotuHou10B Anadara inaequivalvis,
BeIAEIeHHBIX Tociae HPLC

[Tocne pasnenenust Bcex (pakiuii MUTMEHTOB (KapOTHHOUAOB M UX 3(QHUPOB) U
MOJTyYeHHs CIIEKTPOB B BUAMMOUN 00JIACTH, WX uccieoBanu meromom FAB MS. Dror
METOJI TO3BOJIMJI YCTAHOBUTH COCTaB CIIOKHBIX 3()HUPOB KapOTHHOWIOB, MOATBEPIUTH
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COOTBCTCTBUC MOJICKYJIIPHBIX BECOB I/II[eHTI/I(bI/IHI/IPOBaHHI)IX IIUI'MCHTOB MW J0Ka3aThb
Hal4gue 2 HN30MCPOB IICKTCHOJIOHA. HOJ'Iy‘ICHHI)Ie PE3YIbTAThBl IO COCTABY CJIOKHBIX

3¢UpPOB ANJIOKCAHTWHA W IUATOKCAHTHHA IPEJCTABIEHBl Ha pUCYyHKe 3.26 W B BHIE
TabyuIs 3.6.

202 ANNOKCAHTVH Cis:e

04 [IMAaTOKCAHTHH C15:0

MOHOD(MPb ANNOKCAHTMHA M AUATOKCAHTUHA 816 ANNOKCAHTUH Ci7:0
818 [IMATOKCAHTHH Cy70

28 ANNOKCAHTUH Cig.0

M 830 InaToKCaHTHHC1g:0 Nekredonoy

10 802 g54 ANNOKCAHTKUH Cze:1
856 AMAaTOKCAHTHHC2:1

30

20

16

/z

440

0. ] | |

500 550 600 650
3eaKkcaHTuH 564 M+ ANNOKCaHTHH

22 24-

20
1 568 MT 2

I
576 580 600 560

MM \\ H\HIJMN v okl bl 6 i i

100 Ilextenonm A
0 i JuatoxcanTus 90
20
70
60
= sgaMt
566 M T 0.
29,
30
|
20 |
. n
dalo el
140 500 550 660 650 700 . m/z

56 100 150 200 250 300 350 400 450 500 559 600 650 700

Puc. 3.26. I'paduku Macc-CIIEKTPOB cocTaBa KapoTuHOMI0B Anadara inaequivalvis

B coctaB CIOXHBIX D(PHUPOB JAMATOKCAHTHHA W aJJIOKCAHTHHA BXOAAT 4
KapOOHOBBIE KUCIOTHI (MMATbMUTHHOBAS, TENITAICKAHOBAs, CTCAPUHOBAS U DIKO3aHOBAs),
00pa3yst 3(hUpbI C MOJICKYJISIPHOM MacCOM, YKa3aHHOH Ha pucyHke 3.26 u B Tabmuie 3.6, B
Bujle 3HaueHMs M’, XapaKTpU3yIOIIEro OTHOMIEHME MAcChl OCHOBHOIO HOHA
KapoTHHOMJA K ero 3apsmy (m/z). Ha macc-crekTpax KapOTHHOHMIOB IEKTEHOJIOHA,
3€KCAaHTWHA, JUATOKCAHTHHA, aJUIOKCAHTHHA W TMEKTeHOJa A TOKa3aHbl MOJICKYJISIPHBIC
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Macchl ATHX KAapOTUHOMAOB M MOJOXKHUTENBHO 3apsbKeHHblE HOH-pagukansl (M)
MOJIEKYJIBI HCcieyeMoro nurmenTa (puc. 3.26).

Tabmura 3.6
FAB MS cnoxubix a¢pupos Anadara inaequivalvis
Ha3panne KapOonoBas krciaoTa, BXosmias B cocTaB ddupa, m/z

e C16:0 C17:0 C18:0 €20:0
AJIOKCaHTUH

564 802 816 828 856
AuatoxcanTi 804 818 830 854

566

[lomy4eHHbIe pe3yabTaThl IO KAYECTBEHHOMY COCTaBY KAPOTHHOHMIOB TKaHEH

aHaJaphl O3BOJISAIOT CIEIaTh Psii 0000IICHHMIA.

OCHOBHBIM OpraHOM, HAKAaIUTUBAIOIIAM KapoTHHOHIB, y A. inaequivalvis
apisulack Hora. Ha Hee mnpuxommioce Oonee 45 % ot oOmero ypoBHS
KapOTHHOMJIOB B TEJIe MOJUTIOCKA, YTO B 2-3 pa3a BBIIIE, YeM B OCTAIBHBIX TKaHAX
(remaromaHkpeac, ykabpel). DTO MPUHIMIHAIGHO oTindaeT A. inaequivalvis ot
OCTaJBHBIX BUJOB IBYCTBOPOK.

[Tpu momomm TCX, UV-VIS criekTpoB 1 Ka4eCTBEHHBIX XUMAYECKUX PEAKIUIl B
CYMMapHBIX dKCTpakTax TKaHed A. inaequivalvis ynanoce uneHTHGHUIHPOBATD 2
KapOTHHOM/IA: J-KapOTHH U MIEKTEHOT A.

[Mpumenenue HPLC, FAB MS, H-NMR MeTo10B 1MO3BOJIMIO TOMOJIHUTEIBHO
WACHTU(QHUIUPOBATh B TKAHAX aHamapbl eme 4 KapoTHHOWJA: MEKTEHOJIOH,
3€aKCaHTHH, JUAaTOKCAHTHUH, QUIOKCAaHTHH, a Take O>(upel amio- u
JMAaTOKCAHTHHOB, TO €CTh (DPaKTHYECKH OINpEeIeTeH BECh KadeCTBEHHBIH COCTaB
KapOTHHOMJIOB TKAHEH JJAHHOTO MOJIIFOCKA.

Nsyuenne ¢pakium nekreHosona merogom HPLC mocne peakimm ombuieHHS
MO3BOJIMJIO OINPEAEINTh €r0 TPaHC- M LUC- U30Mephl. IIpu 3TOM conmepxkaHue
TpaHc-hopMbI OBIJIO B 9 pa3 BhIIIIE.

JIOMHUHUPYIOIIMMHU KapOTHUHOUJIAMHU TKaHEW MOJUIIOCKA ABJISIIOTCS aJUIOKCAHTHH,
MIEKTEHOJIOH U 3(UphI aluio- ¥ JuaTtokcanTuHa. Ha HuxX mpuxoamnoch 6onee 90
% OT uncna HIeHTUUIMPOBAHHBIX ITUTMEHTOB.

3.2.4. KapoTHHOUIBI TKAHEH MOJUTFOCKOB-(DUIIBTPATOPOB (CPaBHUTEIIbHAS
XapaKTepHUCTHKA)

B HacToAIIEM MOApa3aciiec MIPOBOAUTCA 0606H_16HI/I6 PAaCCMOTPECHHBIX PpaHEC

pe3yJIbTaToB HCClenoBaHuid. JlaeTcss cpaBHHTEIbHAs OIECHKA COJEPXKaHWs H COCTaBa
KapOTHHOMJIOB B TKaHAX TPEX BHUJIOB JBYCTBOpuaThix Mmoiunockos: C. gigas, A.
inaequivalvis, M. galloprovincialis, mnpemmararorcsi cxembl HX MeTabOIHMIECKON
TpaHchopMaIum.

Pacnpeoenenue kapomunouooé 6 mransx moamockos. B tabmuie 3.8

npesicTaBieHa WH(oOpMamUs O TKAaHEBOW Crelu(UKEe pachpenesieHus KapOTHHOWJIOB
(remaTomaHkpeac, )a0psbl, HOTa) y Tpex BuaoB ABycTBopok: C. gigas, A. inaequivalvis, M.
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galloprovincialis. Kak BumHO, OCHOBHasi Macca KapOTHHOMIOB Y MHUJAUI U YCTpPHUIL
COCpeIOTOYEHA B TeNaToNanKpeace. ITO OYEBHIHO, TAK KaK C THM OPTaHOM CBS3BIBAIOT
HE TOJIPKO aKKyMYJISILIMIO JaHHOW TPYMITBI ITMTMEHTOB, MOTY9aeMbIX MOJUTFOCKOM B XOJI€
MUTAaHMS, HO U TPOIIECCHI UX METaboIrueckoi Tpanchopmanuu [Xononos u np., 2010].

Y  aHamapbl XapakTep TKaHEBOTO  pACHpelesieHHWss MUTMEHTOB  ObLI
NPUHIMIIMAIBHO MHBIM. MakcuMyM oTMedaiu B Hore — 6onee 40 %, a MUHUMYM — B
remaronankpeace (MeHee 15 %). CpaBHHTENBHO BBICOKHH YpPOBEHb KapOTHHOHIIOB
MOKa3aH | JyIs %a0p MOJUTIOCKA.

Tab6mmma 3.8
TxaneBas CHCLII/ICI)I/IKa CoACpKaHUA KAPOTUHONIOB B TKAHAX ABYCTBOPYATHIX MOJITFOCKOB
Cojeprkanue KapOTHHOUIOB, Yo
Bux momocka I'enaronankpeac Hora Kabpwr Octanbibie
TKaHU

C. gigas 974+1.5 - 0.6+0.2 2.0+0.5
A. inaequivalvis 14.1+1.7 458=1.1 19.4+1.2 20.7+0.5
M. galloprovincialis 72.0+2.5 79+1.2 88+1.5 11.3+£1.8

[lpuuuHBl  BBISBICHHBIX  pa3M4YUii, MO-BUAMMOMY, CIEAyeT HCKaTh B
0COOCHHOCTSIX DKOJOTHH STHX BUAOB. MUIVH M YCTPHUIIBI BEAYT MAJOMOABIKHBINA WIN
MPUKPEIJICHHbI 00pa3 »xu3Hu. Hora kak opraH JBWXKCHHSI Y HHX TNPAKTHYSCKH HE
BOoCcTpeOOBaHa. Y YCTpPHII OHa OTCYTCTBYET, a Y MUAUN CYHICCTBEHHO PEIYIUpPOBaHA U
SIBJISICTCSI MECTOM PACIIONIOKEHHST OMCCYCHBIX kene3 [ X 00108 u ap., 2010].

AHanapa, HampoOTHB, OOWTAeT B MPHIOHHBIX CJIOSIX BOJBI C OrPAaHHMYCHHBIM
BojooOMeHom [Broom, 1980; 1985; Amnwmcrparenko, Xamuman, 2006]. Mosutrock
YpE3BBIYAHO TIOJBIDKEH, aKTUBHO IEpEeMeIaeTcs B TOJIIE TPYHTA, HCIOJB3Ys HOTY,
3apeiBasich Ha rnyomny mo 30-40 cm [Broom, 1980; 1985; AnucrtpareHko, Xaiaumad,
2006]. Panee moka3aHo, 4TO B OOJIBIIHHCTBE TKaHEH aHaaapbl (3a MCKIIOYSHHEM HOTH)
JlaKe B YCJIOBUSIX HOPMOKCHH TpeoOnanaroT anadpoOHbIe mporecchl [ConpaToB u Ap.,
2008]. CrpemieHne MOJIIOCKAa TOMAECPKHBATH 31eCh  adpPOOHBI  METabOIU3M
CBUJICTENILCTBYET O (PYHKIMOHATHLHONW 3HAYMMOCTH JAHHOro oprana. M3 paboT psaa
aBTOPOB CJIENIyeT, YTO KapOTHHOWIBI MOTYT paccMaTPUBATHCA KaK MeETa0OIHMYECKHI
UCTOYHUK Kkuciopona [bpurron, 1986; Kapuayxop, 1988]. DTOT acmekr, a Takke
O0COOCHHOCTH 9KOJIOTUH aHaJaphl TMO3BOJSIOT OOBSCHUTH BBICOKOE COJACPIKAHHE
KapOTHHOMJIOB B HOT€ JJAaHHOTO BHJIA.

Cpasnumenvras oyeHka cocmasa Kapomunouoog mkarnel. CpPaBHUTEIHLHYIO
OIIEHKY Ka4YeCTBEHHOTO COCTaBa KAPOTHHOHWJIOB TKAaHEH JBYCTBOPYATHIX MOJLIFOCKOB
(ycTpui, MUAMHA W agamap) MOXHO MPOBECTH IO pe3yibTaTraM, MPEJCTABICHHBIM B
tabmuie 3.9. B Tabnuity He Bolmia nHGOpPMALIUS 110 COACPKaHHIO 3(PUPOB KAPOTHHOHIOB
W3-3a UX HemomHOW waeHTH(ukanuu. Kak BHIHO, Hawbojee TMONHO H3YYCH COCTaB
KapOTHHOMJIOB TKaHed wMuanid. OO0 3TOM CBHICTENBCTBYET BBICOKOE COJCpIKAHHE
MHUHOPHBIX KOMIIOHEHTOB. Y YCTPHII MHHOPHBIE KOMIIOHEHTHl HE OMNpeAessud. ITO
OTpa’kaeT JIOCTATOYHO BBICOKHI TMPOIEHT HEHJICHTU(MHUIMPOBAHHBIX MHUTMEHTOB.
CormacHo OIMyOTMKOBaHHBEIM JaHHBIM, Y JaHHOTO BHJA BBISABIEHO 25 BHIOB
kaporuHonoB [Maoka et al., 2001; 2005]. IToatomy cpaBHHTENbHasi OLEHKA OyaeT
MPOBEIeHa UCKITFOYHUTENFHO MO COAEPKAaHMI0 OCHOBHBIX (DYHKIIMOHAIBHO-3HAYMMBIX IS
OPraHM3MOB MOJUTIOCKOB KapOTHHOHIOB (B Tabmuie — «O»).
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Tabnuna 3.9
KauecTBeHHBII COCTaB KAPOTUHOMIOB TKAHEW JBYCTBOPYATHIX MOJUIKOCKOB

Buapr MOILTIOCKOB

Buibl KapOTHHOHIOB M A C

galloprovincialis | inaequivalvis gigas
B xapoTuH M -
8'-AnoanmnokcaHTHHAI
Kpaccoctpeakcantun A
Kpaccoctpeakcantun B
19 eKCcaHOMITOKCHKPACCOCTPEAKCAHTHH A
TpaHc-TIEKTEHOJIOH
Iluc- nekTeHoa0H
JmaToxkcaHTHH
AJNOKCaHTHH
MUTHIIOKCAaHTHH
19-I"ekcaHOMIOKCUMUTHIIOKCAHTHH
lanauuHTHAaKCAHTUH
19 excaHOVITOKCHATTIOTMHTAKCAHTHH
ITexTenon A
DOYKOKCAHTUH
19'-T'excanonokcu(PyKOKCAaHTHH
I'eTepoxcanTuH
DYKOKCAHTUHOI
191 excaHOMITOKCH()YKOKCAHTHHOI
19-I"ekcaHOMITOKCHATICHUKMUTHIIOKCAHTHH
3eaKkcaHTHH
[lepuannun
ITuppokcanTHON
HeunentuduimpoBaHHbie KapOTHHOUIBI 0,5% - 17 %

X' EXLX0KXK0K0L000 X XK

[Ipumeuanne: O — 0CHOBHBIE, M — MUHOPHBIE, «-» — OTCYTCTBYIOIINE KAPOTHHOMU/IBI.

Kak crmenyer m3 Tabmuiel, OOIIUMHU JJISI TPEX BUIOB MOJUIIOCKOB SIBJISUTHCH
AUTOKCAaHTHUH, JMATOKCAaHTMH M TeKTeHon A. OTH TUIMEHTHl JOMHHHPYIOT ¥
OONBIIMHCTBA BUIOB NBYCTBOPOK [Britton et al., 1998]. AJiokcaHTHH U TUATOKCAHTHUH
OTHOCSITCSL K BOofopociieBoii rpymme nurmentos [Jeffrey et al., 1997] u nostomy moryt
OBITh aKKyMYyJUpPOBAaHbI MOJUTIOCKAMH B TIpollecce MUTaHus. merorcsi cBemeHUs, 4To
AJNTIOKCAaHTHH MOXET O0pa3oBhIBAThCA B TKAaHAX JBYCTBOPOK H B  IPOIECCE
TpaHchopmanun ¢pykokcantuna [Britton et al., 1998]. Conepxanue B TKaHSIX NMEKTECHONA
A W aIIOKCaHTHHA MOXET TakKe SBIATHCS PE3YIbTATOM  METa0OIMYECKON
TpaHCHOPMALIMK  PACTUTENFHBIX KAPOTUHOWJIOB JIMATOKCAHTHHA H  (PYKOKCAaHTHHA
cooTBeTcTBeHHO [Britton et al., 1998].

[IpucyTcTBHE B MOJIEKyJie aJIOKCAHTHHA JBYX AlleTHJICHOBBIX CBSI3€H MOBBIIIAET
ee peaKIMOHHYI0 CITIOCOOHOCTh, & CHMMETPUYHAS CTPYKTypa MOJEKYJbl oOecrieunBaeT
paBHOMEpHOE paclpesesieHHe 3JeKTPOHHOW IUIOTHOCTH. Takas 0cOOCHHOCTH CTPOEHHS
MOJIEKYJIbI MO3BOJISIET YYaCTBOBATh € B OMOXMMHUYECKMX PEAKLIUAX B PONM aKLENTopa
npotoHa. C Ipyrod CTOPOHBI, MOJIEKYJIbBI ITUATOKCAHTHHA W TIeKTeHoNa 4 He 00namaroT
TaKMMH CBOWCTBAMHU: MX CTPYKTypa acCHMETPHYHA, MPHUCYTCTBYET OJHA alleTHICHOBas
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CBsI3b, DJICKTPOHHAS IUIOTHOCTh CMEIIEHA, a B MOJICKYJE IEKTCHONA A TMOSBISCTCS
JIOTIOTHATENbHAS (TPEThSI) THAPOKCH-TPYMIA. OTH OCOOEHHOCTH CTPOEHHUS MaroT
BO3MOKHOCTH Y9aCTBOBATh UM B OMOXMMHYECKUX PEAKIIHSIX B KAUYECTBE IOHOPA MTPOTOHA.
He wuckioueHo, 4TO aJIIOKCAHTHH, JMATOKCAHTHH M MEKTEHOI A B3aUMHO JIOTIOJTHSIOT
JIPyT JIpyra ¥ NPUHUMAIOT YYacTHU B PETYJSIIHUA OKUCIUTEIHHO-BOCCTAHOBUTEIHLHOTO
cTaTyca TKaHei. BE1O0p MOJUTFOCKaM# 3THX COeTMHEHUH MOXKET OBITh OOBSICHEH, C OTHOM
CTOPOHBI, MUHUMAJILHBIMH 3aTpaTaMd Ha WX 00pa3oBaHHME, TaK KaK JHMATOKCAHTUH B
JOCTaTOYHOM KOJIIMYECTBE HAXOAWTCI B TMHIIE, a TeKTeHonl A obpasyercs
HEMOCPEeJICTBEHHO W3 nauatokcantnHa. C  Apyro CTOPOHBI, QJIOKCAHTHH — —
€IMHCTBEHHBI UAICTHJICHOBBI KapOTHHOWI, XapakTepHBIA MJIsi YEepHOMOPCKOTO
peruoHa.

O0muM [l yCTPUIT W MHUAWN SIBILICS TalallMHTHAKCAHTHH. J{aHHBIN
KapOTHHOW] SIBISIETCS TPOM3BOMHBIM OT (DYyKOKCAaHTHHA, KOTOPBIM, KaK OTMEYaloch
BBHIIIIC, XapaKTepeH s JMAaTOMOBBIX Bogopociei [Britton et al.,, 1998].
lananmaTHAKCAHTHH 00pazyeTrcst U3 (yKOKCAHTHHOJA MTOCPEACTBOM yIaJICHHsI THAPOCH-
rpynnel  [Britton et al, 1998; Matsuno, 2001]. OOmHOCTE CHEKTpa NHUTAHUS U
HE3HAuUTeJbHAss MeTa0oianyeckas TpaHchopMalusi, TO-BUANMOMY, H ONPEACISIOT
MPUCYTCTBHE 3TOT'O KApOTHHOHWJA B TKaHIX MUAUN M ycTpull. OTCYTCTBUE €ro y aHaaap
BEPOATHO CBSA3aHO C TEM, YTO JAHHBIH MOJLITIOCK IMOTPEONSeT 3HAYUTENBHYIO IOJIO0
JIETPUTA, T/Ie AOJS TUATOMOBBIX BOJOPOCIIEH HE BEIKA.

[lomuMo OOIMIMX KAapOTMHOWAOB y MOJUIIOCKOB OBLIM  BBIABICHBI U
BUJOCTIETU(UIHEIE TPYIIBI COSANHEHUN KapOTHHOWIHOTO Psifa. Y CTPHUIBI OTIINYAINCH
MIPUCYTCTBHEM KpacCcOoCTpeakcaHTHHa A W B, y aHamap OTMEYEH BBICOKHH YpPOBEHBb
M30MEPOB MEKTCHOJIOHA, a Y MUJUI — MUTUIIOKCAHTHHA U TeTepOKCaHTHHA. Hu onuH u3
3THX KapOTUHOWIOB HE COJCPKUTCS B BOAOPOCISIX M, CJIENOBAaTENFHO, MOXET OBITh
00pa30oBaH TOJBKO HAa OCHOBE MPOIECCOB MeTaboNMdeckoi TpaHchopManmu, KOTopas,
MO-BUUMOMY, CIIETIH(IYHA Y KaXKT0TO MOJLUTIOCKA.

Kpaccoctpeakcantud A u B MoxeT ObITh MOJY4YeH U3 rajallMHTHAKCAHTHHA,
KOTOPBIA TIPUCYTCTBYET B TKaHIX YCTPHI[ B JIOCTATOYHO BBICOKOH KOHIIEHTPAIIUH
[Maoka, 2011]. U3 storo »*e COeIMHEHHs MOXET ObITh 00pa3oBaH M MHTHIOKCAHTHH,
cBoicTBeHHbli Muausam [Hertzberg et al., 1988]. IlpucyrcTBue reTepoKCaHTHHA TOKa
TPYAHOOOBACHUMO. TpPaHC-MIEKTCHOJIOH, OOHAPY)KEHHBIH B TKAaHSIX aHajapbl, MOXET
SBUTBCSA CIENCTBUEM MeTabonndeckod TpaHchopManuu AUATOKCAHTHHA, 4Yepes
MEKTEHOJI, ITyTeM 3aMEHbI THAPOKCH-TPYIIIbI HA OKCU-TPYIIIY.

Cocmag kapomuHoudos 08yCMEOpYAMbIX MOMNOCK08 UepHozo mopsa u opyaux
pecuonos Mupogoeo oxeana. Pe3ynmbTaThl CpPaBHHUTEIBHOH OIEHKH MPEICTAaBIECHBI B
tabmune 3.10. [Ipexxne Bcero, ciaemyer oOpaTuTh BHUMaHHE Ha COJEpKAHHE MaKOPHBIX
KapOTHHOMJIOB. B O0NBIIMHCTBE CITy4aeB OHU COBIAIAIOT:

e y M. galloprovincialis — 3T0 amIOKCaHTHH, MHUTHJIOKCAHTHH, MEKTEHON A,
raJlalliHTHAKCAHTHH, TeTePOKCAHTHH;

e vy C. gigas — kpaccoctpeakcaHTHH A u B, rajsaniHTHaKCaHTHH, aJJIOKCAHTHH,
TIEKTEHOMI A;

e yA. inaequivalvis — TpaHC-TIeKTEHOJIOH, THATOKCAHTHH, aJJIOKCAHTHH, TEKTEHO A.

YepHOMOPCKHE MOJLIIOCKH OTIMYAIOTCS MPUCYTCTBUEM B TKAHSIX 3HAYUTEIbHBIX
KOJIMYECTB JIMaTOKCaHTHHA. Y mpejcraBureneid poxaa Mytillus u3 apyrux pernoHos
MupoBoro okeaHa oH oTcyTcTByer, a y C. gigas mpHCyTCTBYET JIMIIb B MHHOPHBIX
KonryecTBax. MCKIIOUeHNnEe COCTaBISAIOT MoOJUTIockH pona Anadara. B To ke Bpewms, B
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TKaHSX YePHOMOPCKHX BUOB a0COJIOTHO OTCYTCTBYET JIFOTCHH, TOT/Ia KaK Y MOJLTIOCKOB
U3 JIDYTHX aKBaTOPUM — 5TO NPEHMYIIECTBEHHO MaKOpHBIN kapotuHowa. Clremyert
OTMETHTh, YTO JUATOKCAHTUH W IIIOTCHH SBISIOTCS TMHUMEHTAaMH BOJOPOCIEBOIO
mpoucxoxieHus. [1o3ToMy CyIecTBYOIUE Pa3indus MOXKXHO O0BSICHHUTD, TIPEXKIE BCETO,
C TIO3WIMA KayecTBEHHOTO COCTaBa (DUTOIUIAHKTOHHOTO COOOIIECTBA, KOTOPOE
WCTIONB3yeTcs (hMIbTPATOPaMU KaK MUIIEBON cyOcTpar. AHAIOTHYHBEIM 00pa3oM MOXKHO
TPAaKTOBATh U MPUCYTCTBHE B TKAHAX THXOOKeaHCKHX C. gigas 3HAYMTEIBHBIX KOJHUECTB
MUPUTTHIHA,

Tabnuma 3.10
Ka‘leCTBeHHHﬁ COCTaB KapOTHUHOWOOB TKaHEN ABYCTBOpPYATbIX MOJIJIFOCKOB [Matsuno,
Maoka, 1981; Goodwin, 1984; Hertzberg et al., 1988; Bjerkeng et al., 1993; Partali et al.,
1989; Maoka et al., 2001; 2005; 2011;]
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[Tpumeuanue: O — oCHOBHbIC, M — MUHOPHBIC, «-» — OTCYTCTBYIOIIHNE KAPOTHHOUIBI, * -
yepHoMopckue Moiuttocku, M.g. — M. galloprovincialis, M.e. — M. edulis,
C.g.— C.gigas, A.i. — A. inaequivalvis, A.Sp. — apyrue Bubl poja
Anadara
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OcraeTcst HEeSCHBIM OTCYTCTBHE MHUTWJIOKCAHTHHA B TKaHAX udepHoMopckux C.
gigas B CpaBHEHMH C THXOOKCAHCKOW TpYMIOH, TOrma Kak y 4YepHOMOpCckux M.
galloprovincialis aTo MaxopHsIif KapoTuHONA. M3BECTHO, YTO MUTHIOKCAHTHH SBISETCS
pe3yibTaToM TpaHCcPOopMalyu (QYKOKCAHTHHA — OCHOBHOTO MUTMEHTa JHATOMOBBIX
Bonopocie. Ilocneanue mMpUCyTCTBYIOT NMPEUMYILIECTBEHHO B JOHHBIX OTJIOXKCHUSX U
MO3TOMY MOTYT OBITh HEJOCTYITHBI KyJbTHBUPYEMBIM B BOJHOW TOJNIIE YCTPHUIIAM, YTO,
MO-BUAUMOMY, 1 OOBSICHSIET CYIIECTBYIOIIUE OTIHYHSL.

Beposmuvie nymu mpancgopmayuu pacmumenpbHulX KApOMUHOUOO8 8 MKAMIX
Mmonntockos-guibmpamopos. CoriaacHO OITyOJMKOBAHHBIM JaHHBIM, TIPH MOTPeOICHUN
KapOTHHOHMJIOB  PAaCTUTEIHHOTO MIPOUCXOXKICHUS GOWIBTPYIOIUMHA ~ BUJIaMHU
JBYCTBOPUYATBIX MOJUTIOCKOB, TPOMCXOAMT AaCCUMHIJISLIMS JIMIIb HEeOOJBIIOrO YHCia
murmenToB [Partali, et al., 1989; Liaaen-Jensen, 1998.]. OcHoBHas Xe¢ WX 4YacThb
MTOABEPTaeTCcss MeTabOoIMIecKod TpaHcGOopMaIlid B TKAHAX JKUBOTHBIX. JTOT IIPOIecC
UMeeT BHIOBYIO CHEHU(UKY U OMpEeaesieTcs KaK CIIeKTPOM MUTAaHUS MOJUTIOCKOB, TaK U
(YHKUMOHAIBHOW — 11€71€cO00pa3HOCThI0O  MPUCYTCTBUSL TE€X WJIM HHBIX  BUJIOB
KapOTHHOMJIOB B TKaHsAX. [locieaHee OCOOCHHO BaXKHO, Tak Kak IO3BOJISIET
OCYILIECTBIIATh IEJICHANIPABICHHBIA TTOUCK OMOJIOTMYECKH Hamboliee 3HAYMMBIX BHIIOB
COEIMHEHMM, OTHOCAILIUXCS K JAHHOW IpyIIIIE.

B HacTosimeM mozpaszjiene Ha OCHOBE HWMEKONICHCs WHQOpPMAIUM, a TaKKe
COOCTBEHHBIX JAHHBIX O COCTaBE KAPOTHHOHIOB B TKAHAX psjia (QUIBTPYIONIMX BHIOB
MOJUTIOCKOB TIPEIararoTCsi BEPOSITHBIE CXEMBl METa0OIMYecKON TpaHchopManuu 3Ton
TPYMITbI COCTUHCHUI HA OPraHU3MEHHOM YPOBHE C YYETOM TPOPHUECKHUX MEKBUIOBBIX
B3aUMOIECHCTBUH.

Mytilus galloprovincialis Lam. B 80-x rogax mOpouUIOro CTOJETHS
IPYIIOH HOPBEKCKHUX HccienoBareneid B Tene M. edulis Obuto upeHtndunuposano 32
kapotuHonsa [Partali et al., 1989]. Ananornunsle ncciie[OBaHNs OBLTH BHIIOJTHEHBI M HA
M. coruscus. OmHako pe3ynbTaThl ObLIM HeCKoJdbko mHbIMH [Maoka, Matsuno, 1988].
CpaBHHTENBHAsT OLCHKA KAYeCTBEHHOT'O COCTaBa KapOTWHOWAOB B TeNaxX pa3IHMYHBIX
MOPCKHX OPraHW3MOB NpUBOJUTCS W B MoHorpaduu T.B. I'ynsuna, rae mpeacraBicHa
urdopmarust 1 o M. galloprovincialis [Goodwin, 1984]. IToka3aHo, 4TO B CyMMapHBIX
OKCTpaKTax TKaHEW 3TOro BHJIa TpeodsafaeT 5 KapOTWHOWIOB: JIOTEHH, 3€aKCaHTHH,
MUTHJIOKCAHTHH, 5- H 6-3TTOKCU-TIOTEHHBI.

PaboThl  BhIIEyKa3aHHBIX TPYNI  HCCIEMOBATENeH  JIETTH B OCHOBY
NpeCTaBIeHU 00 OCHOBHBIX MYTSAX METa0ONIM3Ma PACTHTENLHBIX KapOTHHOHWJOB B
Tkamsx muanii [Hertzberg et al., 1988; Britton et al., 1998]. OCHOBHBIM HaIpaBJIEHHUEM
MPUHSATO CYMTATh MpeoOpazoBanue HyKOKCAHTHHA JIO0 MUTHIOKCAHTHHA U aJNTOKCAHTHHA
[Britton et al., 1998]. XapakrepHoii 0COOEHHOCTBIO MpezcTaBuTeei poaa Mytilus 6bu10
TaK)Xe HaKOIUIEHHE alleTHJICHOBBIX KapOTHHOWOB, COJCPIKANIMX 3-TUAPOKCH- Win 7,8-
JUICTHAPO-TPYITBI HA KOHIIAX MOJICKYJ. B KauecTBe OCHOBHBIX pPacCMATPUBAIOTCS
CIEYIONINE MyTH TpaHCc(HOpMAIMK PACTUTELHBIX KAPOTHHOMIOB:

e THJIPONM3 AaleTaTHOM TPYNIbl MOJIEKYJIBI KapOTHHOWZA W  TpEBpalleHHe
(dykokcaHTHHA B (DyKOKCAHTHUHOJ, a MIEPUIMHUHA B IEPUIHHOI;

e MpeoOpa3oBaHUe AJUICHOBBIX KAPOTUHOUIOB B allETHJICHOBBIC: (PYKOKCAHTHHONA B
TaJIONMHTHAKCAHTHH, TIEPUIMHIUHOJIA B TUPPOKCAHTHHOI;

e mpeobpa3oBaHue 5,6-3MOKCUAHON B 5,6-TIHKOJIBHYIO IpymnIy, HanpuMep,
OUaJUHOKCAHTUHA B TETEPOKCAaHTHH, MNHPPOKCAHTHHOJIA B  THApATO-
MUPPOKCAHTHUHO.
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[Ipy »TOM aNJIOKCaHTHH paccMaTpuBajcs B KadecTBE CIUHCTBEHHOTO
JIUAIICTHIICHOBOTO KAPOTHHOW/A, KOTOPBIA M SBISUICS OCHOBHBIM KOHEYHBIM MPOYKTOM
[Britton et al., 1998].

®DUTOIIAHKTOHHOE CO00IIecTBO YEpHOTO MOpPSI MOKET OBITh MCTOYHUKOM IS
MOJLTIOCKOB-(DMIIBTPATOPOB  CICAYIONINX BHJOB KapOTHHOWAOB. MHPUIWHUHA, [3-
KapOTHHa, aJIJIOKCaHTHHA, JIMaTOKCAHTHHA, (yKOKCaHTHHa, 19'-
reKCaHOWIOKCUPYKOKcaHTHHA. [lpum 3TOM oOTMeuaeTcsi, YTO OONBLUIMHCTBO 3STHX
KapOTHHOHJIOB 00pa3yeTcsi B pe3yibpTare TpaHchopMmauun (yKOKCaHTHHA (OCHOBHOTO
KapOTHHOMIA THaTOMOBEIX) [Britton et al., 1998], mupuauauna [Britton et al., 1998] u
19'-rexcanomnokcudykokcantuaa [Maoka et al., 2011]. HM3BecTtHO Takxke, 4TO
MUTHJIOKCAHTHH W TekTeHon A seustorcs ocHoBHeiME aius M. galloprovincialis
[Hertzberg et al., 1988].

CornacHo coOcTBeHHBIM naHHBIM [bopomuna, Commaros, 2010], B cymmapHOM
skcrpakte Tena M. galloprovincialis MoxHO BbIIETHTH 6 OCHOBHBIX KapOTHHOWJIOB:
mutwiokcantun (11,5 %), ramanuatuakcantua (17,6 %), amatokcantun (4,4 %),
anmmokcantuH (4,5 %), rerepokcantud (17,2 %) u nexrernon 4 (6,4 %), 4To cocTaBiseT
oomee 60 %. Ocramphble 14 yKa3aHHBIX BBIIE KAapOTUHOWAOB HE SIBISIOTCS
MOCTOSSHHBIMH W 3aBUCST OT CE30HHOM JUHAMUKH COCTaBa (DUTOIJIAHKTOHHBIX
COO0OIIECTB, THOO SBIAIOTCSA TKaHECTETM(DUIHBIMHU.

Ha ocHOBe TOJyYeHHBIX HaMH pe3yJbTaTOB M HW3BECTHBIX MPEJCTABICHUN O
MyTSX TpaHC(OpPMAIMM PACTUTCIIBHBIX KAapOTHHOUIOB B TKaHAX JIBYCTBOPYATHIX
MOJUTIOCKOB, HIDKE MPEJCTaBICHA 0000NICHHAs cXeMa TPaHCPOPMAIUU KaPOTHHOHIOB B
tkausx M. galloprovincialis Ha ocHOBe 3-X pacTHTENbHBIX MUTMEHTOB: (YKOKCAaHTHHA,
IUATOKCaHTUHAa W THUpuAMHMHA (puc. 3.26). OTIMUUTENBHON 4YepToil «IIOTOKa»
KapOTHHOHJIOB 4epe3 3T0 Tpoduyeckoe 3BEHO sIBISICTCS 0Opa3oBaHUE B MOJEKyJax
KapOTHHOMJIOB JIOTIOJIHUTEIBHBIX THIPOKCH- U OKCO-TPYI (MHTHUIOKCAHTHH, MEKTEHOI
A), a TaKKe MOSIBIICHHUE JOMOJIHUTEIBHOM alleTUICHOBOH CBSA3U (aJUTOKCAHTHH).

Ha pucynke 3.27 wmerabonusm oOT (yKOKCAaHTMHA 1O a/uIoKcaHTHHA (8'-
anoaIoKCaHTHHANA) 0003HaYeH OYKBOU A, OT TUATOKCAHTHHA 0 MEKTEHONIOHa — b, a ot
MEPUANHUHA JI0 TUPPOKCAHTHHONA — B. DTH Tpu myTH MeTabomudeckoi TpaHchopmariyu
OBUTM COCTaBIICHBI Ha ocHOBe MH(popmaruu [Hertzberg et al., 1988; Britton et al., 1998]
COOTBETCTBYIOT HAllMM pe3yJibTaTaM [0 KaueCTBEHHOMY COCTaBY KapOTHHOHWJIOB B
tkausx M. galloprovincialis.

[MonpoOHast waeHTH(UKAMS KApOTHHOWIOB CyMMapHOro JKcTpakrta M.
galloprovincialis, mposenenHas B HacTosIIeH paboTe, MO3BONMIA OOHAPYKUTH 3 HOBBIX
COCJIMHEHHSI,  OTHOCAIIMXCA K  rpymme  19'-rekcaHowsiokapoTHHOWoB:  19'-
TeKCAaHOWJIOKCUTAJIONMHTHAKCAHTHH, 19'-rekcaHomnokcukpaccoctpeakcantud A4, 19'-
reKCaHOMJIOKCUMHUTWIIOKCAHTHH. Ha oOpa3oBaHMe W HaKOIUICHHWE TMOCIEIHHX MOTJIO
okasath BiusiHUe «1BeteHne» Emiliana huxleyi 8 Ceacrononbckoii 6yxte [Crenpmax,
2009]. 310 MO3BOIMIIO ONPENEINTH HOBBIE IIYTH TpaHC(HOPMALMU KapOTHHOUAOB JAHHON
rpynnel B Tene M. galloprovincialis. MeraOonuyeckass cxemMa 3THX TPOIIECCOB
npencTarieHa Hike (puc. 3.28) [Maoka et al., 2011].

Crassostrea gigas Th. B Tkausx Tuxookeanckoir ycrpuil C. gigas
SIMIOHCKUMH HCCIIeIOBATeIsIMH ObLIO MACHTU(UIIMpOBaHO 25 kapoTuHOMIOB [Maoka et
al., 2001; 2005; Maoka, 2011]. BonbIUIMHCTBO U3 HUX COACPIKAIOCH B MUHUMAJIBHOM HJIH
CJIEZIOBOM KOJIMYECTBE.
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CpaBHuTENBHAsT OIEHKA I[I0Ka3ala, YTO KAapOTHHOMIHBIA COCTaB TKaHEH
4YepHOMOpCKHX ~HHTpoayieHToB C. (Qigas wumen ompeneieHHble OTaHdus. Y
TUXOOKEAaHCKUX  MOJUIIOCKOB B TKaHAX  JOMHHHPOBAIM  TaJIOIMHTHAKCAHTHH,
MUTHJIOKCAHTHH, aJUIOKCAaHTHH, KpaccorpeakcaHTHH A u B. Conepxanue apyrux ObUIo
cymiecTBeHHO HIke [Maoka et al., 2001; 2005]. YV 4epHOMOPCKHX MOJUTIOCKOB IOMHUMO
amnmokcantuHa (25+4 %), kpacoctpeakcantuHa A (155 %), kpacocTpeakcantuHa B
(1043 %) u ranouuntuakcantuHa (10£3 %) B TKaHAX 0OHAPYKUBATUCH B 3HAUYUTEIBHBIX
konmuecTBax mekreHon A (8+1 %) m muatokcantud (51 %). Jloyis MUTHIOKCAaHTHHA
ObLIa HEBEJIMKA.
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Puc. 3.27. Cxema TpancdopMaiuu KapoTHHOHIOB B TPOHUIECKOH LeTH
«(hUTOIITAHKTOH- MUIMN (PacTUTENFHbIE MTUTMEHTHI HOAYEPKHYTHL; A, b, B — Tpn
HarnpaBJICHUs TpaHCHOPMAIIH)
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Puc. 3.28. Cxema tpancdopmanuu 19'-rekcaHoOMI0KapOTHHONUIOB B TeJIe MUINI

Onmpasch Ha pe3yibTaThl COOCTBEHHBIX HccienoBaHuii [bopommua, 2009], a
TaK)Ke YYUTHIBAs U3BECTHBIC MyTH TpaHC(POpPMAIMU KapoTHHOWAOB B TKaHsix C. gigas u
JPYTUX JBYCTBOPYATHIX MOJUTIOCKOB, M3BECTHBIE M3 OMYyOJIMKOBaHHBIX pabot [Maoka et
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al., 2001; 2005; Maoka, 2011], Hmke mpeIaracTcs cCxema METaOOJMYECKUX MyTEH,

obecrieunBarOIUX  (POPMUPOBAHHE  CIIEKTPa  KAPOTHHOMIOB Y  YEPHOMOPCKHX
uarpoayientos C. gigas (puc. 3.29).
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Puc. 3.29. Cxema TpancdopmaImizi KApOTHHOHUIOB B TPOPHUECKOM 1IeTTH
«(UTOIITAHKTOH-YCTPUIIBD (paCTUTENBHBIE TMTMEHTHI MOTYEPKHYTHI; A, b, B — Tpn
HamnpaBleHUs TpaHCcHOpMaIIHN)

Haxomnenne B Teje YCTpUII TaKMX KapOTHHOMJIOB, KakK aJJIOKCAaHTHH,
JMUATOKCAHTHH, TAJONWHTHAKCAHTHH ©  TIEKTEHOA A  aHaJIOTUYHO  JPYroMy
JBYCTBOPUAaTOMY MOJUIIOCKY (uibTpatopy — muauu [Maoka, 2011]. Dror mpouecc
CBi3aH C MeTabonuueckod TpaHchopmanrell (QyKOKCAaHTHHA [0 aJUIOKCAHTHHA
[Hertzberg et al., 1988; Britton et al., 1998] u quarokcanTiHa 10 mekTeHoa A [Britton et
al., 1998]. IlpucyrcTBHMe B TKaHAX YyCTPHUIl AIOKCAHTHHA B 3HAYUTEIBHBIX
KOHLIEHTPALMAX, a TaKXKe HaJIW4Yhe TaJOLUWHTHAKCAHTWHA, IO3BOJISIET IPEANoyarath
HaJIMYME Y UYEPHOMOPCKUX YCTPHUI] CXOJHOTO C MHIMSIMHA TYTH METa0ojM3Ma OT
(yKOKCaHTHHA JI0 AUIOKCAaHTUHA W OT JAMAaTOKCAaHTHHA J0 MekTeHona A [Britton et al.,
1998; Maoka, 2011]. OmHako yCTPHUIIBI HMEIOT BUAOCHEIM(PUYHBICE KaPOTHHOUWJIBI:
KpacocTpeakcaHTHH A W B, KoTopele, Tak ke Kak H aJUIOKCAHTWH, SBISIFOTCS
MPOU3BOJHBIMA (PYKOKCAHTUHA M OTHOCSATCS K KOHEYHBIM MPOJYKTaM METadoim3Ma
3TOTO PACTUTENBHOr0 MUrMeHTa. Mx oOpa3oBaHHME CBA3aHO C Pa3pyLICHUEM OJHOIO U3
LUKJIOT€KCAaHOBBIX KOJel M (OPMHPOBAHHEM alleTaTHOM, OKCO- M TMAPOKCH-TPYII Ha
KOHI[aX MOJIEKYJI.

B nenom Hakorienue cuHtesupyembix C. (igas KapoTHHOHMIOB, Kak u y M.
galloprovincialis, wumeer mnpuopuTer Tmepex  KapOTHHOWAAMH  BOZOPOCIEBOTO
npoucxoxaeHus. CojepKaHHe  PAacTUTENbHBIX NUTMEHTOB  (pyKOKCaHTHHA U
JIMaTOKCAaHTHHA) B TKAHSIX 3TOTO MOJUTIOCKA OBIJIO MHHUMAIILHBIM.
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Anadara inaequivalvis Br. W3BecTHO, uYTO Bce TNPEACTABUTEIH PO
Anadara uMeroT oYeHb OrpaHHYEHHEIN HaOOp KaPOTHHOUIOB: OT 5 10 6 OCHOBHBIX BHIOB
IMATMEHTOB M HECKOJILKUX WX 3¢upoB [Matsuno, Maoka, 1981; Ha et al., 1989]. Hu
Ooyiee paHHUE WHCCICIOBAaHHMS THXOOKCaHCKMX BHIOB poaa Anadara, Hu Hamm
WCCIICIOBaHUSl YEPHOMOPCKOW A. inaequivalvis He TMOKa3ald MPHCYTCTBHE B COCTaBE
TKaHe MOJIIIOCKa MUTHJIOKCAHTHUHA, KpaccocTpeakcantuHa A u B, koropsie
cnenr(UIHBI COOTBETCTBEHHO JJIS1 YePHOMOPCKUX MMM U YCTPHII.

K omnmmuntensHeiM ocobeHHOcTsM A. inaequivalvis MoxHO Tarkke OTHECTH
MPEUMYIIECTBEHHOE HAKOIUICHHEe B TKAHAX KOHEYHOTO TMPOAYKTa MeTadoIn3Ma
(yKOKCaHTHHAa — QJIOKCAHTWHA, a Takke BBICOKOE COJAEp)KaHHE TPOIYKTa
TpaHchOpMaLMU JAWATOKCAaHTHHA — TmekTeHoioHa (okoido 20 % OT cymMMmBl Bcex
MMUTMEHTOB), MIPUYEM B ero Oojiee aKTUBHOW TpaHC-n3omepHOoil dopme (Oomee 80 % ot
obmero mexteHonoHa). [Ipu 3ToM B opranm3me aHamapbl HE OTCIEKHUBAIOTCS MHOTHE
MPOMEXKYTOYHbIE KAapOTHHOHMIBl 3TOTO METa0OIMYECKOTO IyTH, KOTOpblE ObUIH
CBOWCTBEHHBI APYI'MIM JABYCTBOPYATHIM MOJUTIOCKaM-(uibTpatopaM. Creayer oOpaTHTh
BHMMaHHE TaK)kK€ Ha BBICOKOE COJIEp)KaHUE CIOXKHBIX J(PHUPOB ANIOKCAHTHHA U
muatokcantuHa (oxomo 40 %) um cocyllecTBOBaHME THATOKCAHTHHA C ero Ooiee
BOCCTAaHOBJICHHBIMH (popMaMM, TaKMMH KaK WEKTEHON | TMEKTEHOJIOH. [IpuanHbI
MOCIIEHETO 0 KOHIIA HE TIOHSATHEI.

YuurteiBas uMerotryrocs napopMmaruio [Matsuno, Maoka, 1981; Ha et al., 1989,
Bopomuna u ap., 2009] u coOCTBEHHBIE pPe3yJibTATHl, MOXKHO NPEANOJIOKHUT, UTO
OCHOBHOW MeTa0O0IHM3M y aHa/Iapbl MTPOUCXOANUT OT TeX YK€ PACTUTEIHHBIX KAPOTHHOUIOB,
YTO Y MHJIUHU U YCTPUIl: PYKOKCAaHTHH — aJUTOKCaHTHH (puc. 3.27, 3.29); nuaToKCaHTHH
— MEKTeHOJ — MeKTeHooH (puc. 3.30).

S(HpHI IMAaTOKCAHTHHA

TZe R- OCTATOK ONHOH M3
KapGOHOBEIX KHCIIOT
Cl16:0 C17:0 C180 C20:1

9-1HC-TIEKTeHOJIOH

Puc. 3.30. Cxema Tpancdopmalimu AuaTokcaHTHHA B TKaHsx A. inaequivalvis

C Touku 3peHHs TMpeoOpa3oBaHMi B MOJEKyJlaX IMIMEHTOB, Yy aHajaap
MOBBIIAETCS ~ KOHLEHTpalUsl  KAPOTHHOMJIOB C  JUALICTUICHOBBIMH  CBS3SIMHU
(anmyIoKcaHTHHA), IOMUMO 3TOTO YBEIMUMBAETCS YPOBEHb KAPOTHHOMOB C COEPKaHUEM
THAPOKCH- U OKCO — TPYMII B MoJieKynax. Takke Kak y MUAANA U YCTPUII, TPOUCXOAUT
MIPENMYIIECTBEHHOE HAKOIJICHHE KAPOTHHOMIOB )KHBOTHOTO MPOUCXOXKACHHUS (TIEKTEHOJT,
MEKTEHOJIOH, aJUIOKCAHTHUH U 3(UpPbl KAPOTHHOHMIOB), a HE PACTUTEIBbHBIX (P-KapoTHH,
3€aKCaHTHH, TUaTOKCAHTHUH).
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Takum o00Opa3oM, cpend OCHOBHOHM TpPYIIBI KapOTHHOUIOB OOLIUMH IS
YEPHOMOPCKUX JBYCTBOPYATHIX MOJUTFOCKOB SIBJISIIOTCSI QJUTIOKCAHTHH, TUATOKCAHTHH U
nekTeHoa A. IlepBble ABa OTHOCATCS K BOJOPOCIEBOU IPYIIIIE MUTMEHTOB, YTO IO3BOJISIET
TOBOPUTh 00 OOIIHOCTM MX CIIEKTpa IUTaHWS. B OCHOBE METa0OIMUYECKUX MyTei
TpaHcOpMalM COCIUHCHHUN KApOTUHOMJHOTO psia, MO-BUAMNMOMY, JICKAT JiBa
mporiecca: mpeodpa3oBaHnue (YKOKCAaHTHHA M auaTokcaHTWHA. OHH OMpENeNsioT Kak
OOITHOCTh, TaK U CHCIU(PUIHOCTD CIEKTPa KAPOTHHOUOB TKaHEH MCCIICIOBAHHBIX BHIOB
JIBYCTBOPOK.

3.3. KapoTuHOoMAabl TKAHEW pa3INYHbIX LBETOBbIX MOpDh
M. galloprovincialis

ITpupoma 1BeroBoro momuMmopdmsma okpacku paxosun M. galloprovincialis
oOcyxmaercs yke Ha MpoTsHKeHWH Oojee uyem 25-Tm neT. B a3Tol cBsA3m wacto
UCTIONIB3YETCsl MOHSATHE «IBETOBas Mopday, OoTpakaroliee OKpacKy KOHXHOJIMHOBOTO
CJIOSl CTBOPOK. PaznmuaroT Be OCHOBHBIE MOP(BI — ¢ YEPHOH M KOPUYHEBOW OKPACKOMN
PaKOBHHBI, a TAaKKE PAA MPOMEXYTOUHBIX (OPM, HACEISIOIIMX PAa3IUYHbIE OMOTOIIBI
(ckayibHBIC M JOHHBIC) [3amka u ap., 1990; Usanos, 2007; Xomnomo u np., 2010].
CuuTtaercs, 4To 3TOT NPU3HAK T€HETHYECKH JETEPMUHHUPOBAH U SBISETCS MapKepoM
KOMIUJIEKCA TI€HOB, KOHTPOJHUPYIOUIMX psiA  (U3HOIOTUYECKUX U OHOXMMHUYECKUX
MIPOLIECCOB B OpraHu3Me MoJuTrocka. [lokasaHo, 4To MeXay HUMHU CYIECTBYIOT pa3inyus
B CKOpOCTHM 00pa3oBaHMsI M IMPOYHOCTH OuccycHbIX HuTed [Bexosa, 2007], Temmax
comarmdyeckoro pocta TkaHer [lllepOamp, 2000], cocTosSHHM aHTHOKCHIAHTHOTO
¢depmenTHoro komimiekca [CommatoB u ap., 2003]. OqHaKo OKOHYATENBHOM SICHOCTH B
3TOM BOIIPOCE HET.

Pe3ynbpTaThl THOPUAOIOrHYECKOr0 aHAIN3a U3yUeHHU U30()epMEHTHOIO CIEKTpa
acrepaz Est-2 u 6-pocdormokoHaTAETHIPOTeHa3 MO3BOJSIOT TOBOPUTH O TMPOCTOM
OJTHOJIOKYCHOM ABYXaJlJIeIbHOM CXeMe HacleJJOBaHUA NPU3HAKa, Ie KOPUYHEBBIN I[BET
SIBJIIETCS TOMMHAHTHBIM [CTon0oBa u ap., 1996]. Oanako B paboTax, BBITOJHEHHBIX Ha
M. edulis, Bbicka3bIBaeTCsl HHAsI TOUKA 3PEHHs, O TOM, YTO HACJEIOBAHHE UACT IO MyTH
kopomuHupoBanus [Illyposa, 3omorapes, 2008]. HekoTopble aBTOpBI BOOOIIE CUUTAIOT,
YTO OKpacka PaKOBUHBI SIBISETCS MOJU(HUKANMEH M CBSI3aHA CO CBETOBBIM PEKUMOM
akBaropuu [Kazankosa, 2010].

CpaBHUTENBHBIA aHAIN3 COACPXKAHUS KapOTHHOMIOB B TKAHSAX PAa3IHYHBIX
[BETOBBIX MOp( MHIUA OOHApYXHJI, YTO y ocoOeid co crnaboil mUrMeHTrarnmen
KOHXHOJIMHOBOI'O CJIOSl PAaKOBHH M JIEMMTMEHTUPOBAHHBIMH TKAaHEBBIMH CTPYKTYPaMHU
coJepKaHue AaHHOW rpymisl nurMeHtoB Obuio B 11-33 pasa mmxe [CompatoB u ap.,
2003]. DTo HEraTMBHO BJIMSJIO HA COCTOSHUE AaHTHOKCHAAHTHOTO (EPMEHTHOTO
KOMIUIEKCa TKaHeH Yy maHHOM rpynnsl MoiumockoB [CommatoB  u np., 2003], uro
noOyIHIIO HAC COMOCTaBUTh KAYECTBEHHBIN cocTaB KapoTuHoumoB y M. galloprovincialis
C pa3IMYHOM NUTIMEHTALMEW CTBOPOK: YEPHOM, KOPUYHEBOM M CBETJIO-KOPUUYHEBOU
OKpAaCKOH.

3.3.1. ComeprkaHue KapOTHHOUIOB B TKAHSIX TPEX I[BETOBBIX MOP( MHUIHIA

MakcuManbHOE COJIep)KaHHEe KapOTHHOWJOB y BCEX IBETOBBIX MOp(d OBLIO
-1
oTMedeHo B remaromankpeace — 14-18 mr 100 r~ ceiporo Beca. Omo B 8-10 pa3
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NPEBBIIIATO BEIUYHHbBI, 3apETHCTPUPOBAHHbIC I HOTU U kabp moiunockoB (P<0,001)
(puc. 3.31). B aTux TKaHAX ypOBEHb KapOTWHOWIOB OBLT OJM3KHAM W COCTaBIsUT 1-2 mMr
100 " ceiporo Beca. CTATHCTHYECKN 3HAYMMBIX Pa3IHUHil MEKIY [IBETOBBIMH MOP(haMu
MOJUTFOCKa OOHapyxeHo He ObL1o. IIpu 3TOM y ocoOell ¢ 4epHOM OKpacKOil pakOBHHBI
COZICp)KaHNE KApOTHHOMIOB BO BCEX HCCICAOBAHHBIX TKaHSIX OBUIO TTOBBIIICHHBIM
[bopomuna, Conmaros, 2010].

20+
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o = _ — 2.- KOpUu4yHeBaA mopdia
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Puc. 3.31. KonuenTparusi cymMMapHBIX KapoTuHOUAOB B renatomankpeace (I'11), Hore,
xabpax y 3 userobix mopd Mytilus galloprovincialis

Crnemyer OTMETHTH, YTO aOCONIOTHBIC 3HAYEHHS COAEPKAHUS KapOTHHOWJIOB,
NpeCTaBICHHbBIE B HACTOSIIEH paboTe, COBMAJaNMd C BEIWYHHAMH, ITOJYYCHHBIMU
npyrumu aBropami [[locnenosa, 2008].

3.3.2. KaduecTBeHHBII COCTaB KAPOTHHOMJIOB TKAHEH TPEX IIBETOBBIX MOP( MU

[locne npoBeneHus Ka4eCTBEHHOM MACHTH(PHKALMN KADOTHHONIOB B CYMMAapHBIX
skcrpaktax TkaHeir M. galloprovincialis ¢ mpumenennem HPLC, FAB MS, H'-NMR
yaanoch cooTHecTd 3Tu pe3ynbrarel ¢ TCX (moapasmen 3.2). Iloatomy cpaHuTenbHas
OLIEHKA KayeCTBEHHOI'0 COCTaBa KAPOTHHOMIOB TKaHEH MUIWHA pPa3IMYHBIX IIBETOBBIX
Mopd Obla MpoBeeHa UCKIIOYUTENBHO ¢ TpuMeHeHreM TCX.

[Ipumenenne TCX, cHekTpaldbHOrO aHadM3a M KAa4deCTBEHHBIX pEaKkUud Ha
XUMAYECKHE TPYIMIBI TO3BOJIWIO WACHTH(QUIMPOBATE B OCHOBHOM Ma)KOPHBIE BUJIBI
KapOTHHOMJIOB. MmuHOpHas rpynmna o0o3HaueHa KaK «HEWACHTH(PHLIUPOBAHHBIC
kapotunouisl». [Ipumepsr TCX npencrasneHs! Ha pucyHke 3.32.

B rtabmune 3.11 Takxke mMoKa3aHbl MakcUMyMbl morjiomieaus B UV-VIS
OUana3oHe Uil BBIACNICHHBIX KapOTUHOMAOB M HX CMEIICHHE IIpU MPOBEICHUH
KayeCTBEHHbIX PEAaKUMH Ha HaJUYue TUAPOKCH- (peakuus auwIdpoBaHMA), OKCO-
(peaxtms ¢ NaBH,) rpyrim 1 1BOMHOM COMPSHKEHHOM CBSA3U (peakuus ¢ Jy).

[Ipu mpoenennu peakumu ¢ 20 % HCl B sTaHone, M3MEHEHMS OKPACKH Y
KaXIOr0 M3 HCCICIOBAHHBIX KapOTHHOMJIOB HE HaOMIOaNUCh, 3TO IOATBEPIMIIO
OTCYTBHE SIOKCH-TPYIIIBI B COCTaBE UX MOJIEKYI.
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Hi

m rm * H EJm.

cBeTno- KopuyHeBas Mopda

K H OCT. TK.
Kopu4HeBas mopda

rm » H | OoCT. TK.

yépHas Mopda

Puc. 3.32. TCX Tranei Tpex neroBbix Mmopd Mytilus galloprovincialis (I'TI —
renaronankpeac, JK — »a0psl, H — Hora, OCT. TK. — OCTaJIbHbIC TKAHH)

Tabmuma 3.11
CnektpasibHble XapakTepuctiku kapotuHoumoB Mytilus galloprovincialis mo u moce
Ka4eCTBEHHBIX PEAKLUI HA HAJIU4YKME THIPOKCU- U OKCO- TPYIII U ABOMHON CONPSIKEHHOU
CBA3H

HazBanue Peakuus ¢ J, Peaxuus ¢ NaBH, Peakius
KapoOTHHOUAA (B rexcane) (B MeTaHOJIC) ALUIMPOBAHMS
J10 peakiuu A yq: 461 | Jlo peakimu Ay - 461
Ilextenonon -464; -464; -
[Mocne peakmuh A e [Mocne peakmh Ay
444; 472, 452; 480.
J10 peakIum A yyc - J10 peaKum A yyuc - g:;;?:scrn

Amnokcantun + | (425); 453; 480; (425); 453; 480;

nurMenToB Ha TCX

JlmaTokcaHTHH [Mocne peakmuh A e [Mocne peakuh Ay
(417); 441; 470,5 He M3MEHWINCH TOCIE NPOBCACHHA
peakiuu
CHmKkeHue
J10 peakiuu A . - 469; | moaBmKHOCTH
MUTHIOKCAHTHH - ITocne peakIum Ayay: nurmenta Ha TCX
428; 458. MocJie TPOBEACHHUS
peakiuu
J10 peakiuu A o - CHmxkeHue
MOABIKHOCTHU

425; 451,5; 479,9;
IlekTenon A . -
[Mocne peakmmh A e

417; 443,5; 471.

nurMenTa Ha TCX
ocIie TPOBEACHUS
peaximn

MakcuManbHOE YHCIO MUTMEHTHBIX II0JIOC BBISBISUIOCH B TelaTolaHKpeace
(okomno 15). B ocrambHbIX TKaHSX WX ObUIO He Oosiee 5-6. KauecTBEHHBIX OTIMYHUI B
coCTaBe KapOTHMHOMIOB MEXAy LBETOBRIMH Mopdamu oOHapyxkeHo He Obuto. C
nomompto TCX ymanock HMACHTUGHUIMPOBATb W ONPEACIUTH COACpXKaHWE O-TH
Ma)KOPHBIX KapOTHHOWIOB: J-KapOTHHA, IEKTEHOJIOHA, MUTHJIOKCAHTAHA, TIEKTeHOIa A U
KOMITJIEKCA «aJUIOKCAHTHH — JMATOKCAaHTHH». VX NMPOLIEHTHOE COOTHOLIEHHE B TKaHSX
MUJIUH pa3NnuYHbIX [BETOBBIX MOP( npeacTaBieHo B Tadbmuie 3.12.
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Tabmuma 3.12
KadecTBeHHBIM cOCTaB KAPOTHHOMIOB TKAHEH Pa3IHNYHBIX I[BETOBBIX Mopd Mytilus
galloprovincialis

ConeprxaHue KapOTHHOUIOB, %o

Oprau B- AJIJIOKCaHTHH Murtuno- | Ilekrenon
KapoTHH Hexrenonon +IMATOKCAHTHH KCaHTHH A HA
Yepnas mopgha
Hora | 8,043,1 | 21,0452 17,7420 22,2456 78428 | ~24
I'TI 2,7+0,9 9,3+0,4 8,4+0,7 11,9+1,4 7,6+0,4 ~ 60
Kabpwr - 10,5+4,3 28,0+2,7 19,7+1,9 15,3£2,8 ~ 27
Kopuunesas mopga
Hora 1+1 16,5+6,2 30,3£3,5 33,0+£2,2 11,5+£2,2 ~3
I'TI 4,2+0,6 10,9+2,7 14,6+1,7 9,9+3,6 10,5+0,5 ~50
Kabpsr - 9,0+3,9 37,1+4,4 17,3+1,8 25,7+4.5 ~11
Ceemno- kopuunesas mopgha
Hora 3,34£3,3 - 35,844,0 26,5+3,2 31,7+0,6 -
I'TI 4,5+0,4 11,1+0,6 18,6+1,2 17,1+1,3 14,3+0,5 ~34
Kabpsr - 16,6+3,1 38,6+6,1 18,0+3,8 22,0+6,0 ~4

[Tpumeuanne: HU — HenpeHTHOUIIPOBAHHBIE KAPOTHHOMUIBI

Uepnas mopda mmMena Hambosee OoraThlii CHEKTp KapoTuHouJoB. OO0 3TOM
CBUJIETENFCTBYET YHCIO HEUACHTU(UIIMPOBAHHBIX NMUTMEHTOB B TKaHAX (24-60 %). B
Hore M >xabpax mpeoOnafgany MEKTEHOJOH, MHUTHJIOKCAHTHH M KOMIIOHEHTHI ajllo-
JIMaTOKCAHTUHOBOI'O KOMIUIeKca. B jkabpax Takke OTMeYalcsi JAOCTATOYHO BBICOKHMA
YPOBEHb MeKTeHoda 4. B remaTonankpeace kapTHHA Obljla HECKOJIBKO MHOW. 3/1€Ch SBHO
JOMUHHUPOBAT MUTHIIOKCAHTHH.

ConmepxaHre K€ OCTaIbHBIX KapOTHHOWIOB (TIEKTEHOJIOH, TIEKTEHON A,
KOMITOHEHThI aJlI0-IUaTOKCAHTHHOBOIO KOMILIEKCA) HaxoauiIoch Ha ypoBue 7,0-9,5 %.
Hons B-kapotuHa Oblta MEHUMaNbHA — 2,7+0,9.

CxoaHBIM 00pa30M pacrpeneNsIich KapOTHHOHUB! B TKAHAX JIBYX APYTHX MOpPQ.
OnHako ObUTM W cyliecTBeHHbIE oTn4ms. [0 Mepe OCBETNICHHS paKOBHHBI MOJUIFOCKA,
HaOJII0aI0Ch CHIDKCHHE YMClia HEWACHTH(PHUUUPOBAHHBIX Mojoc. OCOOEHHO 3TO OBLIO
3aMETHO B HOre M xabpax obeux mopd. [Ipu 3TOM 107151 MUTHIIOKCAHTHHA, IEKTEHONa A
¥ KOMIIOHEHTOB aJIJIO-TUATOKCAHTHHOBOTO KOMINUIEKCA COOTBETCTBEHHO TOBBIIIANach. B
CpaBHEHHMHU C YepHOW MOPQOH pazauuus B OOJBIIMHCTBE CIy4daeB ObUIM CTATUCTUYECKU
BBIPa)KEHBI.

VY cBeTIO-KOPUYHEBOH MOPQBI YHCIO HEWACHTH()UIMPOBAHHBIX KAPOTHHOMJIOB
ObUTO MHHUMAITBHO (4-34 %). B HOTe OHU HE BBISBISIMCH COBCEM. B TKaHsX mpeobnanan
KOMITJIEKC «aJUIOKCAHTUH-AMATOKCAHTHH» U MEKTEHOMT A.

Kak ormeuanocy (mompaszzmen 3.2), cocraB KapOTHHOMIOB CYMMAapHBIX
skctpaktoB Tkanedr M. galloprovincialis wuccnemoBan wambonee monHO. Bceero
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uaeHTuuIupoBano 20 KapOTHHOMAOB, YTO cocTaBisieT 99 % OT o0mero copep:kaHusl.
CormnocTaBieHre HACTOSIINX pE3YyJIbTaTOB C TMPEACTAaBICHHBIMH B TMojapasziene 3.2
MTO3BOJISIET TOBOPUTH O TOM, uTo MeTonl TCX He maeT BO3MOXXHOCTH BBISSBUTH BCE BHJIBI
Ma)XOPHBIX U MHHOPHBIX KapOTHHOUIOB. B rpymmy HenaeHTUQUIMPOBAHHBIX MOMAAI0T
14 nUrMeHTOB KapOTUHOUAHOTO psifa:

o 7 MaKOPHBIX KapOTHHOHW/IOB: KpaccOTpeaKCaHTHH, (hyKOKCaHTHH,
(hyKOKCaHTHHO, rajaldHTHAKCAHTHH, TeTEePOKCAHTHH, 19'-
TeKCaHOWJIOKCHUTAJIAIIMHTHAKCAHTHH, 19'-reKcaHOMITOKCH()YKOKCAaHTHHOIT;

e 7 MUHOPHBIX KapOTHHOHUJOB: &'-all0a/UIOKCAHTHHOJ, MUPPOKCAHTUHON, 19-

TeKCaHOWJIOKCHANICHUKMUTHIIOKCAHTHH, 19'-rekcaHOMITOKCUMUTHIIOKCAHTHH,
19'-rekcaHOMIOKCHKpAcCOCTpeakcaHTHH A, 19'-rekcaHOMIOKCH(YKOKCAHTHH,
TEPUANHUH.

U3 pesynbraToB, NpenCTaBICHHBIX B HACTOSIIEM pas3jeie, CIEAyeT, 4To
nseroBeie Mopdsr M. galloprovincialis He oTinuaroTcss MO0 CyMMapHOMY YPOBHIO
KapOTUHOUZIOB B TKaHsX. KauecTBeHHBIH cOCTaB MUTMEHTOB MO AaHHbIM TCX Takke
OKa3bIBaeTCs OMM3KUM. B TKaHIX mpeo0iafgaroT MeKTeHoN A, TIeKTEHOJIOH, aJUIOKCAaHTHH,
JUATOKCAHTUH, MHUTWIOKCAaHTUH © [-kKapoTuH. EJWHCTBEHHOE oTnH4Yme — 1O
HEeUACHTH(UIIMPOBAHHBIX MUTMEHTOB. OHA COKpaIanack o Mepe OCBETICHHS PAaKOBUHBI
MOJUTIOCKA. 32 3THM ()aKTOM MOXKET CTOATh HECKOJILKO CIIEICTBUH.

e MaxopHass U MUHOpHAasi TPYNIbl HEUACHTH(QUIUPOBAHHBIX MUTMEHTOB MOTYT
UMETh KA4eCTBCHHBIC OTJIMYMS B TKaHSIX PasiMYHBIX IBETOBBIX Mopd M.
galloprovincialis, d4ro momyckaer Hamuuhe CHEHUOUKH B AKKyMYJISIUH U
MeTabonnyecKoi TpaHchopMaIii KapOTUHOHIOB.

e Ilpu oTcyrcTBUM MEKMOPPHBIX OTIMYMHA B  Ka4eCTBEHHOM  COCTaBe
KapOTHHOHMJIOB MOKHO TOBOPHTH O PAa3HBIX CKOPOCTSIX MeTaboin3Ma JaHHON
TPYIIbBI COSANHEHUH. Y MHIHMH CO CBETIIO-KOPUYHEBBIMUA CTBOPKAMHU PaKOBHHBI
3TU XapaKTEPUCTHKU JOJDKHBI OBITh CHIDKEHBI. CIIEJCTBHEM 3TOTO MOXKET OBITh
YMEHBIICHUE O MWHOPHBIX COCJIWHEHHH, KOTOPBIC 4Yalle BCETO SIBISIOTCS
MPOMEKYTOYHBIMH META0OIUTAMH.

[TogoOHast TpakTOBKa TMOJYYEHHBIX pPE3yJbTaTOB HMEET NOA CO00H U
TUIPOOHOJIOTMUECKYIO COCTABIAIONLY0. M3BeCTHO, YTO MOJIIFOCKM C YEPHOW OKpPaCKOMH
PaKoOBUHBI TATOTCIOT K CKaJlbHbIM OnoTomaM [3aumka u ap., 1990; Meauos, 2007], raoe
BBICOKHH YPOBEHb KHCJIOPOAA M TIOBBIIICHHOE COJIEP)KaHWE MHKPOBOJOpOCIeH —
NEePBUYHBI MCTOYHUK KApOTHHOWAOB. IlpencraBurenn KOPUYHEBOH M CBETIIO-
KOpUYHEBOW MOp(Q, HAIPOTHB, 00Pa3ylOT MPEHMYIECTBEHHO JOHHBIE CKOIUICHUS, IJIe
Onomacca M pazHooOpasne (PUTOIIAHKTOHHOTO COOOIIECTBA CYIIECTBEHHO YCTYMAlOT
MOBEPXHOCTHBIM CJIOSIM BOJHOM ToNIIH. [loTydeHHbIE B HACTOSIIIEM pasfiesie pe3yabTaThl
MO3BOJISAIOT CAeIaTh Psifi 0000IICHHMIA.

e OCHOBHBIM OpPraHOM, HaKaIUTMBAIOIIUM KapOTHHOWIIBI, ¥ BCEX IBETOBBIX MOpP(
M. galloprovincialis siBnsiics remaromankpeac. CojiepikaHue WX B APYTHX
opranax (xabpsl, Hora) Obuto B 8-10 pa3 Hmke. KonmnyecTBEeHHBIX OTIMYUN B
CYMMapHOM ypOBHE KapOTHHOWIOB B TKAaHSIX TPEX LBETOBBIX MOP(] 0OHApYKEHO
He OBLJIO.

e [lpu nomomm TCX, crieKTpoB B BUAMMON 00JaCTH M KaYeCTBEHHBIX XUMHUUECKUX
peakiyii B 3KCTpakTax TkaHel 3-x usetoBsix Mopd M. galloprovincialis yzanocs
UACHTHPULIUPOBaTE 6 Ma)KOPHBIX KAapOTMHOHMIOB: [-KapoTHH, NEKTCHOJIOH,
ANJIOKCAHTHH, JMAaTOKCAHTHH, MUTHJIOKCAHTHH M TekTeHod A. KadecTBeHHBIX
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OTINYUN B COCTaBe KapOTUHOUAOB TKaHEH Y MOJUIIOCKOB C pa3IUYHOU
MUTMEHTAI[UEeH PaKOBIH HE O0OHAPYKEHO.

e [lo mepe ocBeTnieHHs paKOBHHBI MOJITFOCKA YIIPOIIAETCS KAPOTHHOMIHBIN COCTAB
TKaHed. Yucio HenaeHTH(PHUIMPOBAHHBIX KapOTHHOWIOB IIPH ITOMOIIM METO/a
TCX cymectBeHHO noHMXKaeTcsi. OJHOBPEMEHHO MOBBIIIAETCS OTHOCUTEIHHOE
COJIEpKaHUEC B TKAHSIX MEKTEHOJA A M KOMIIOHEHTOB aJlI0O-THATOKCAHTHHOBOTO
KOMILIEKCA.

3.4. Ce30HHass AMHaAMMKa coAepXXaHUA U cocTaBa
KapoOTUHOMAOB B TKaHAX A. inaequivalvis

OCHOBHBIM HCTOYHHKOM KapOTHHOMIIOB JUIS JIByCTBOPYATHIX MOJIIFOCKOB-
(GUIBTPAaTOPOB SBISIIOTCS pa3nuyHble (pakuuu OakTepruo-, QUTO- M 300IUIAHKTOHA,
KOTOpbIE OHHM MONy4YarT B Mpoliecce MuUTaHus. M3BecTHO, 4To OMOMacca M BUIOBOE
pasHooOpa3ue IUIAHKTOHHOTO COOOLIeCTBa HE SIBJISETCS IOCTOSIHHBIM M IIPETEPIICBAcT
CYIIECTBCHHBIE HM3MEHECHMA Ha TNpOTsSKeHuU romoBoro Iwmkia [CenuueBa, 2008;
Bpsnnena, 2008]. OTo Mo3BONISET MPEANONOXKHUTh, YTO COJAEpKaHHE U KaueCTBEHHBIHN
COCTaB KapOTHHOMIIOB B TKAHAX ABYCTBOPOK MOXKET KOPPEIUPOBATh C 3THM IPOLIECCOM.
IIpoBepke AaHHOTO TOJIOKEHMS M IIOCBALICHBI HACTOSIUE HCClieAoBaHMA. B kauectse
ob0BeKkTa OBUT BBIOpaH ABYCTBOpYaThIi Mojumtock Anadara inaequivalvis. Habromenvs
BBITIONHSUTUCH Ha TIPOTsDKeHNU ¢eBpans-uroas 2007 roga. AHanmM3y HOJBEpraiyd HOTY,
’a0pbl, rernaTonaHKpeac ¥ OCTaTOYHbIE TKAHU MOJUTIOCKA.

3.4.1. ConmeprxaHue ¥ COCTaB KApOTHHOMIOB TKaHeH A. inaequivalvis

Hoea monniocka. [lnnamuka n3MEHEHHUS! COCTaBa U COJACPKAHUS KAPOTHHOHIIOB B
TKaHHU HOTW MOJUTIOCKA TIpesicTaBieHa Ha pucyHke 3.33. Kak BuiHO, ypoBEeHb CyMMapHBIX
KapOTHHOHMJIOB B JaHHOM OpraHe MOHIKalucs ¢ ¢eBpams mo anpens. CHIDKeHHE
coctaBmwiio okoso 50 % OTHOCHTENBHO YPOBHS, 3aperMCTPUPOBAHHOIO B (eBpaie
(p<0,001). C ampens mo Maii mporecc MpruoopeTall MPOTUBOIMOIOKHYIO HAITPABICHHOCTb.
K koHIly Masi pOCT cyMMapHbBIX KapoTHHOHIOB B Hore A. inaequivalvis mocturan 75 %
(p<0,01) ot ucxomHoro.

AHAJIOTHYHYIO TUHAMUKY UMENH J-KapOTHH, TPAHC- U IIHC-TIEKTEHOIOHBI, allio-,
JINaTo- W 3€aKCAaHTUHBI, 3PUPBI KApOTHHOUIOB. VCKITIOUeHHe COCTaBHI MEKTEHON A: ¢
(eBpais Mo Havyano Masi OTMEYaJIH TeHICHIIMIO POCTa COAEPIKAHUS TAaHHOTO MUTMEHTA, a
3aTeM CyIIecTBEHHOe MOHMkeHue. ClelyeT OTMETUTh 3HAYHTENbHYI0 BapHabeIbHOCTh
3HAYCHU JaHHOro ToKa3arens. To jkeé MOXHO cKa3aTh W OTHOCHTENBHO ITUC-
nekreHosoHa. [loaTomy B psizie ciydaeB pa3nuyust He ObUIM CTATHCTUYECKHU BBIPAYKESHBI, &
HOCHJIM XapaKTep TeHICHIH.

KadecTBeHHBII cOCTaB KapOTHHOWJIOB B HOre MOJUIIOCKA TPH 3TOM HeE
npeTepreBal CylecTBeHHbIX U3MeHeHui (Tadu. 3.13).
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Jonu 1uc-TIeKTeHOJ0Ha, alo- M JUAaTOKCaHTHHA, 3(QHUPOB KapOTHHOHOB
COXPaHSINCh Ha MPOTSHKEHHH BCETO Tepuoia HabmoneHui. MMerommecs pasnudus He
OBUTH CTAaTHCTHYECKH BBIPAKEHBI. B TO ke BpeMs OTHOCHTEIbHOE ConepKaHHe [3-
KapoTHHA, TPAaHC-TIEKTEHOJIOHA M 3€aKCAHTHHA B BECEHHUE MeCALBI (ampenb-mMaid) ObLI1o
ke (p<0,05), uemM 3UMOi.
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Puc. 3.33. JIlunaMuka U3MEHEHHUS COAEP/KaHIsI M COCTaBa KapOTHHOMIOB B Hore Anadara

inaequivalvis wa npotspkennn Gespansa-utors 2007 roaa

Tabauma 3.13
M3MeHeHune MPOIIEHTHOTO COOTHOIIEHHS KapOTHHOM OB B Hore Anadara inaequivalvis na
npoTsbkeHnu Gespans-urons 2007 roga

KapotuHomsi CooTHoIIEHNE KapOTHHOUIOB B TKaHH, %o
DeBpaib Mapt Arnpenp Maii Wronb
B-xapoTuH - 47+0,1 | 3,2+0,5 | 1,0£0,2 | 58+2,1
'TpaHC-TIEKTEHOJIOH 225+3,11267+1,2|1169+1,5|18,7+4,7|18,5+3,1
Lluc-riekTreHonoH 28+1,1 | 33+12 | 2,1+1,1 | 24+1,1 1| 2,3+1,2
3eakcaHTHH 30+1,1 | 45+08 | 22+0,5 | 2,3+0,5 | 2,5+0,5
AJUTOKCAaHTHH 23,5+ 1,5|18,1£2,1{194+3,0|199+2,1|17,6+3,5
JlnaTokcaHTHH 10,1+£0,9| 7,7+2,1 | 83+1,6 | 8,6+2,1 | 7,5+0,6
IlexTeHon A - 62+1,7 | 89+1,0 | 55+0,5 | 3,5+0,1
D dupsl KAPOTHHOUIOB 380+4,5|28,7+5,5(38,8+6,0|41,6+8,2|423+6,2
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OTO O03HAYaeT, 4YTO BKIAJ JAHHOW TPYIIbl IHTMEHTOB B JMHAMUKY W3MCHCHUS
CYMMAapHBIX KapOTHHOHJIOB B HOT¢ MOJUTIOCKa ObT BbIme. CleayeT TakkKe OTMETHTh
CHIDKEHHE YPOBHS MeKTeHoa A K KoHITy Mas (p<0,05).

T'enamonankpeac monmocka. JluHaMHKa W3MEHEHUS COJIEPKAHMS KapOTHHOUZOB B
remaronankpeace A. inaequivalvis copnamana ¢ otMeueHHoit Beiie. B Teuenue despans-
ampens MporcxXoauiIo cHmkeHne oimmskoe k 50 % (p<0,01), a 3arem — poct 6o1ee yem B 2
pa3a (puc. 3.34). Ilpu 3ToM B Mae-WIOHE YPOBCHb KapOTHHOHUJIOB B JIAaHHOM OpraHe
MIPEBBICHJI 3HAYCHUS, 3aperHCTPUpPOBaHHBIC B (eBpasie. CXOMHYH TUHAMHKY HMEIU

TpaHC- W HHUC-ICKTCHOJIOHBI, aJllI0o- W JUAaTOKCAHTHUHBI, 3€aKCaHTUH M S(prI)I
KapOTUHOHUIOB.
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Puc.3.34. JIlunamuka u3MeHEHHs COJIep>KaHUs M COCTaBa KapOTHHOUIIOB B
remaromankpeace Anadara inaequivalvis na npotsbkennu despass-urons 2007 roga

UzmeHeHune copepkanus P-KapoTHHA M MEKTEHONAa A Ha MPOTSHKCHUU (eBpars-
HIOHA HMMeIo psag ocobenHocteldt (puc. 3.33). VpoBeHp [-kapoThHa B Mapte ObLI
MHHIMaIIeH — 0k0710 300 Mkr 100 1! Tkann. K Maio-HIOHIO OH CYLIECTBEHHO MOBBIILIAIICA
— 110 1000 mkr 100 ™ tramu (p<0,001). J[MHAMHUKA H3MEHEHHS COAEP/KAHMS EKTEHOTA A
B reraTtolaHkpeace ObUIa MPOTHBOIOIOXKHOW. B MapTe ypoBeHb TaHHOTO KapOTHHOUJA
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OBLT MaKCHMAIBHBIM — 0K0J10 500 Mkr 100 1! TKaHu, a B Mae-MIOHE MUHUMAIBHBIM (250-
2

300 mxr 100 r* tramn). Pasmuams cocrasmmu 60-100 % (p<0,001).

OHGHKa Ka4€CTBEHHOI'O COCTaBa KapOTHUHOMAOB I'€IIaTOIIaHKpEaca IMpEACTaBIICHa

B Tabiuie 3.14.

Tabmuua 3.14
M3MeHeHHe MPOLCHTHOTO COOTHOILICHHS KapOTHHOMIOB B TemartornaHkpeace Anadara
inaequivalvis na npotsxennn geppais-urons 2007 roga

KapoTHHOH LI CooTHoOIlIeHHE KapOTUHOUOB B TKaHH, %o
Deppanb Mapt Arnpenp Maii Nronn
B-kapoTuH - 11,1£1,0 | 13,9+1,9 | 151+4,8 |158+2,1
Tpanc-TIeKTeHOIOH 20,5 +£2.,8 241 +1,4 | 151£1,5| 195+0,8 [179+3,2
[{uc-neKTeHOI0H 26+1,1 3,0£1,0 1,9+1,1 24+09 22+1,0
3eaKcaHTUH 29+0,5 3,3+0,8 2,1+£09 2,7+£0,8 2,5+0,5
AnmokcaHTuH 230+1,7 18,5+3,1 | 152+28 | 148+1,3 |18,7+3,8
JlmaToKCaHTHH 99+1,0 79+1,0 6,5+1,6 6,3+1,1 8,5+0,5
ITekTenon A - 17,6+3,5 | 10,8+1,7 | 4,1+£0,3 4,6 £0,5
Odupst kaporurongos | 41,2+ 10,0 | 14,5+34 | 345+74 | 37,7+73 |348+£99

Kak BUHO, B TKaHH SIBHO JOMUHHPOBAIH TPAHC-TIEKTEHOJIOH M aJUIOKCAaHTHH. B
¢eBpane Ha HUX npuxoauaock dbosee 20 % cocrtaBa. B amperne ypoBeHb 3TUX MUTMEHTOB
CTaHOBIICH MeHee 3HaunTenbHeIM — 15,0-15,5 % (p<0,01). OxHako K HIOHIO OBLT OJIM30K
k 20 %. B cpaBHenuu ¢ QeppaieM pasiauuus HE ObUIM CTAaTUCTUYECCKH BBIPAYKCHBI.
CXOIHyI0 IMHAMUKY HMMEJI W YPOBEHb 3(HUPOB KAPOTMHOMAOB B TelaTONaHKpeace.
W3menenuss mnpoucxoaunaun B Oojee IMPOKOM auanazone 14-42 %. Munumym
NpUXOAWICS Ha ampesb. B mocienyronime Mecsimbl IOJs 3TOM TpyNNbl COeIWHEHUH
MOJTHOCTBIO BOCCTaHABIMBAJIACK.

Kabper  monmocka.  XapakTep  HM3MEHEHHMS  COJCp)KaHUS  CyMMapHBIX
KapOTHHOHMJIOB B ’kKa0paX MOJUIIOCKAa Ha MPOTSHKEHUH (EeBpaIsI-MIOHS COBIAAal C
paccMOTPEHHBIMH BBIIIE /1711 HOTH U TenaTtonankpeaca (puc. 3.35).

B Teuenune QeBpans-anpernst NIpOUCXOAUIO CHIKEHUE 3HAUEHHM, 3aTeM (aIpeb-
HIOHB) CYIIECTBCHHBIN pocT. BennunHa cHIbKeHUs Takxke Obuta Om3ka k 50 % (p<0,01),
a B MIOHE 3HAYEHUS HECKOJIKO MPEBHINATN (EeBPaTbCKUN YPOBEHb, XOTS Pa3Inius He
ObUIM CTAaTUCTUYECKU AOCTOBEPHBI. AHAJTOTHYHBIM 00Pa30M M3MEHSIOCH COIEpXKaHUE B
’kabpax TpaHC- M LMC-TIEKTEHOJOHA, AJIO- M JUATOKCAHTHHA, 3€aKCaHTMHA W 3(HUPOB
KapoOTHHOHMJIOB. B Oonblleil cremeHu STO 3aTparuBayio (hpakiMu TpaHC-TIEKTEHOJIOHA,
AIJIOKCAaHTHHA U 3QHUPOB KAPOTUHOUIOB.

Junamuka (-kapotuHa u nekteHona A Obuia mHOM. C deBpans mo mapt B-
KapoTHH B ka0Opax He OOHapyxXuBaicsi. B Mae OH MOSBISICS B HE3HAYMTEIHHBIX
xomuuectBax — 20 mxr 100 r'! Tkann, a B mione ero yposenb gocturan 160 mxr 100 rt
TKaHH, 49T0 B § pa3 Bbime (P<0,001). Cxoxue n3MeHEHUs MPETEPIEBANI0 U COACPKaHUE
nekteHona A. B ¢eBpane oH He peructpupoBaics. B Teuenne mapTa-anpesns ero ypoBeHb
coctasysut 200-250 mxr 100 r! Tkanu. B uioHe ke HAGTIOMATM MAKCUMAJTBHBIE 3HAYESHHUS
— oko110 600 mkr 100 r™* TkaHu. Pasnuuns GBUIH CTATHCTHYECKH J0ocToBepHE (P<0,001).
OneHka KaueCTBEHHOTO COCTaBa TOKa3ana, YTO JIOJSl MaKOPHBIX MUTMEHTOB (TpaHC-
MEKTCHOJIOH, aJNIOKCAHTHH) W 3(UPOB KapOTHHOWJIOB B kaOpax MOJUIIOCKA B MapTe-

arpese MOHMWKAJIAaCh, a K HIOHIO BOCCTAHABIIUBAIACH PAKTUIECKH 10 UCXOTHOTO YPOBHS
(tabm. 3.15).
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Ucknrouenne cocTaBuil TPaHC-TMIEKTEHOIOH, 0 KOTOpOro B MioHe Obiia Ha 30
% wmmxe (p<0,01), wem deBpane. OTHOCHUTENBEHOE COAEPIKAHUE IIMC-TIEKTEHOJIOHA,
3eaKCaHTHHA W JINATOKCAHTHHA TPAKTHYECKH HEe M3MEHsIIOoCh. VMeromuecs pasnnius B
CHITy 3HAYUTEIBHON BapruaOeIbHOCTH 3HAYCHUH HEe ObLTU CTATUCTHUYCCKU 3HAYMMBI (TalJI.
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Puc. 3.35. lunamuka U3MEHEHUS COJePKAHMS U COCTaBa KAPOTHHOUIOB B jkadpax
Anadara inaequivalvis na nporspxkerun despans-utons 2007 roga

Tabnuna 3.15
M3MeHeHune MPOIIEHTHOTO COOTHOIICHHS KapOTHHOMIOB B kabpax Anadara
inaequivalvis na npotspkenun despans-utons 2007 roga

KapotuHomsi CooTHoOIIEHNE KapOTHHOUIOB B TKaHH, %o
®deBpanb Maprt Anpenb Mait Wronb
B-xapotun - - - 1,0£0,8 3,0£0,6
TpaHc-TIeKTEeHOIOH 275+2,1 | 16,615 | 202+25 | 143+3,7 | 19,4+2,1
[{uc-nexTeHosoH 34+1,0 | 2,1+£09 2,5+0,6 1,8+0.,8 24+1,0
3eaKcaHTUH 38+1,0 | 2,3+0,8 2,8+0,7 | 2,0£0,9 2,7+0,8
AJIOKCaHTUH 26,625 | 192+1,1 | 275+2,9 | 23,5+24 | 253+24
JlnatokcaHTHH 114+1,0 | 82+1,9 | 11,8+2,6 | 10,1 1,1 | 10,9+1,0
IlekTenon A - 144+1,5|193+1,2 | 12,6+1,8 | 11,7+2,7
Odwupsl kaporuHouaoB | 27,3 +73 | 373+50 | 158+52 | 348+43 | 24,6+74
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Kak u B cilydae ¢ remaTonmaHKpeacoM, J0Js NEKTeHOoNa A B TeUCHHE (eBpais-
HIOHS TOCTEIIEHHO COKpamanach (Tadi. 3.15). B cpaBHeHuH c ampeneM OTHOCHUTEIHHBIN
YpOBEHBb 3TOTO KapoTWHOWAa moHmkaics ¢ 19,3 + 1,2 mo 11,7 + 2,7 %. Pazmmuus
cocrapuwnu moutd 40 % (p<0,01). Ilpu »sToM jons P-KapoTWHA CYIIECTBECHHO
yBeIu4MBasiach: oT HyJs 10 3,0 = 0,6 %.

Ocmamounvie mranu MoLIOCKA. JIMHAMWKA YpPOBHS KapOTHHOHJIOB B
ocTaToOYHBIX TKaHax A. inaequivalvis coBmamana ¢ paccmorpenHoit panee (puc. 3.36).
CyMMapHbIii YPOBEHb 3THX COCIUHCHHI B TeUCHHE (DeBpassi-anpesiss MOHMKAJICSA MOYTH
Ha 80 % (p<0,001), HO K UIOHIO OJHOCTHIO BOCCTAHABIMBAJICS.
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Puc. 3.36. [lunaMuka U3MEHEHUS COAEPKAHUS U COCTaBa KAPOTUHOUIOB B OCTATOYHBIX
TraHsx Anadara inaequivalvis Ha nporsbxkeruu despans-utons 2007 roga

Kak u B crryuae ¢ ApyrumMu TKaHAMH, Takas JUHAMHUKA HaOIIOJanach y TpaHc- U
[UC-TICKTEHOJIOHA, 3€a-, aJI0- W  JIMaTOKCAaHTWHOB, J3(UPOB  KapOTHHOHJIOB.
EnnHcTBeHHast 0cOOEHHOCTh 3aKioYasiach B TOM, 4YTO cojepaHue 3(UpoB
KapOTHHOWJIOB B OCTaTOYHBIX TKaHSAX MOJUTIOCKA B MioHe Obl1a Ha 30 % (p<0,001) HUXKE,
yeMm B (eBpasie. |'0OBOPUTh O CE30HHOW IUHAMUKE [-KapOTHHA CIIOKHO, TaK KaK STOT
KapOTHHOW]I B OOJIBIITMHCTBE CIIyYacB HE PETUCTPUPOBAIICS.
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H3MeHeHne coiepanus MeKTeHoIa A B 1IEJIOM COBIAAANO0 C JMHAMHUKON CYMMAapHBIX
KapoTHHOMIOB. OIHAKO 37/€Ch CKOPEE MOXKHO TOBOPUTH O POCTE COAEPIKAHUS TAaHHOTO
UTMEHTa, 3 He 0 BOCCTAHOBJICHUH €TI0 HCXOIHOTO YPOBHSI.

OTHOCHTENBHO TMPOIEHTHOTO COOTHOIIEHHS KApOTHHOWJOB B OCTATOYHBIX
Tkaugx A. inaequivalvis MOXXHO KOHCTATHpPOBAThH, YTO JOJs IUC-TIEKTEHONOHA, 3¢a- W
NaTOKCAHTHHA, TICKTEHOJIa A B TeueHHUe (eBpaIsi-HIoHsS HE W3MeHsu1ach (Tadm. 3.16).
Pazianuust He ObITM CTATUCTUYCSCKH BBIPAYKCHBI.

Tabnuma 3.16

M3MeHeHHe MPOLEHTHOTO COOTHOLICHHSI KAPOTHHOMIOB B OCTATOYHBIX TKaHsX Anadara
inaequivalvis va npotsxennu ¢eppaisi-urons 2007 roga

KapoTHHOHb! CooTHollIeHHE KapOTUHOUAOB B TKaHH, %
®deBpaiib Maprt Anpeinb Mait Hronb
B-xapotun - 1,5+04 - - 2,0+1,0
Tpanc-niekTeHOIOH 21,3+£1,6 | 154+1,0 | 21,222 | 155+3,7 | 19,2+3,1
[uc-nekTeHoI0H 2,709 | 1,9+0,5 | 2,7£1,0 | 1,.9+£1,0 2,4+0,8
3eakcaHTHH 30£1,1 | 2,1£09 | 29+09 | 2,1+09 2,7+0,7
AnIokcaHTHUH 249+251234+20 |261+1,6 | 21,6+3,1 | 31,7+3,5
JlnaTokcaHTHH 10,7+1,0 | 10,1 +£1,9 | 11,2+1,2 | 92+23 13,6 £1,6
[TexTenonm A - 12,5+£23 | 158+1,2 | 103+2,0 | 13,7+1,5
O¢upsl kapotuHonoB | 37,3 +3,3 | 33,0+ 8,0 | 20,029 | 39,3+4,3 | 14,7+5,7

JluHamuKa TpaHC-TIEKTEHOJIOHA, AJUIOKCAHTHHA M 3()UPOB KapOTHHOHMIOB ObLIA
clokHOW. B cpaBHeHHMH ¢ (eBpaneM B WIOHE JOJS TPAHC-TICKTEHOJOHA OCTaBaach
HEU3MEHHOW, YPOBEHb AJJIOKCAHTHHA TMOBBIMIAICA, a S(QUPOB KAPOTHHOUIOB Majall.
OTHOCUTEIIBHO 3HAYCHUH, 3aperMCTPUPOBAHHBIX B Mae, pa3jiMuusi ObUIM JOCTOBEPHBI
(ammokcantun — pP<0,01; adupsr kaporurounaos — p<0,001).

3.4.2. OueHka KOPPENSIIIHOHHBIX CBSI3EH

U3 npencraBieHHblx B moxpaszaene 3.4.1 pe3ynabTaToB cIENyeT, YTO CE30HHAs
JUHAMUKA COJEpKaHUS CyMMapHBIX KapOTHHOWJIOB M WX OTHENbHBIX (pakmmit y A.
inaequivalvis mpakTHuecky He MMeNna TKaHeBol crenupuku. B Teuerne dheBpans-ampers
3Ha4YeHUs! OOJBIIMHCTBAa KOHTPOJIMPYEMBIX TOKa3aTeNlel MOHMKAINCh, a 3aTeM (amnpeib-
WIOHb) HaOmromancs uxX pocT. [IpW 3TOM oOTMeYanuch He3HAYWTENbHBIC H3MEHEHUS
KauyeCTBEHHBIX OTHOIIEHUI MUTMEHTOB B TKaHSIX.

s toro, 4roObl BBIABUTH TPYIIy NUTMEHTOB, BHOCSIIMX HauOONBIIMN BKIax B
JUHAMUKY U3MEHEHHUS COJep KaHUsl CYMMapHbBIX KapOTUHONUIOB, HEOOXOAMMO YUUTHIBATH
JIBE BEIIMYUHBIL:

® OTHOCHUTEJIBHOE COJEpKaHUE TOW WIIM MHOH (pakuuy;

e BemMuuMHy KOd(pQUIMEHTa NeTEPMHUHAIMH R® CONEpX AHMS KAPOTHHOHMZA IIO

OTHOIIECHHUIO K UX CYMMapHOMY KOJIMYECTBY.

[lepBas BenmnumHa mpencTabieHa B Tabmunax 3.13-16, a BTopas mpemiaraercs K
00CYXIEHHUIO B HACTOSIIEM ITO/Ipa3ene.

Hoza monmocka. Tlpexae Bcero, clienyeT oOpaTUTh BHUMaHHE Ha Ma)KOPHYIO
TpyMNIly KapOTUHOWIOB, COAEp)KaHHE KOTOPbIX Onmu3ko wmiu mpesbimaer 20 %: TpaHc-
MEKTEHOJIOH, AIJIOKCAHTHH, 3¢upbl KapoTuHOHOB (Tadm. 3.13). Kak BUAHO, BETMUMHBI
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R? wns Hux Gbutk Bhime 0,75 (puc. 3.37). OcOGEHHO BeTHKA KOPPETSIHSA CyMMApPHBIX
KapOTHHOWJIOB C YPOBHEM aJUTOKCAHTHHA (R? = 0,964). JIocTaTOYHO BBICOKHE 3HAYCHHUS
R MOJIy4e€HBl M B OTHOIIEHUH ITUC-TIEKTEHONIOHa W auartokcantuHa: 0,747 un 0,962
cooTBeTcTBeHHO. OJTHAKO MX JI0JNIS1 B TKAHM HOT'M MOJUTIOCKa Oblia Hesenuka (2-10 %) u
COOTBETCTBCHHO y4YacTHE B W3MEHEHUH COJIEPKaHUS CYMMapHBIX KapOTHHOWAOB OBLIO
HIDKE. B OTHOIIEHWHM OCTalIbHBIX NMHUTMEHTOB (P-KapOTHH, 3¢aKCAHTHH, MEKTEHON A)
3HAYMMOU CBSI3U HE YCTAHOBJICHO.
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Puc. 3.37. KoppensiuoHHbIe OTHOIIEHHS B CUCTEME «CyMMapHble KApOTHHOHIBI —
OTJeNbHBIC BUIBI KAPOTHHOMIOBY A Horu Anadara inaequivalvis

I'enamonankpeac monniocka. CopepkaHHe CyMMapHbIX KapOTHHOHIOB B
renaronankpeace A. inaequivalvis koppenupoBaso  MPaKTHYECKH CO  BCEMHU
UACHTH(QHULIMPOBAHHBIMA NHUTMEHTaMH Kpome mnekrteHona A (puc. 3.38). OcobeHHO
BBICOKHE 3HAYECHHUS] OTMEUYEHbl B OTHOLICHWU TPaHC- M LUC-TIEKTEHOJIOHA, [-KapOoTHHa,
3eakcanTHHa U 3¢upoB kaporuHonnoB (R’ Gomee 0,9). Jlis amio- ¥ IHATOKCAHTHHOB
sHauyeHns R? Gbuty Heckonbko Hike (0,75-0,80).

Crenyer mNpuHATH BO BHMMAaHHE TO, YTO K Ma)KOpPHOW TIpyIe NHUIMEHTOB
rermaronaHKpeaca OTHOCATCS, TPEXAE BCEro, TPAHC-TIEKTEHOJOH, [-KapoTuH,
ANJIOKCAHTHH, d(QUPHl KAPOTHHOMJIOB U OTYACTH JWATOKCAaHTHH (Tabx. 3.14). Tloatomy
pOJb MX B CE30HHOH AMHAMHUKE CYMMAapHBIX KapOTHHOMJOB, MO-BUANMOMY, SIBIISETCS
BEITyILEH.
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Puc. 3.38. KoppenaunoHHble OTHOLIEHUS B CUCTEME «CYMMapHbIE KAPOTUHOU B —
OT/IeNIbHBIC BUIbI KAPOTHHOMIOBY JUIs renaronankpeaca Anadara inaequivalvis

JKabpwr monnocka. Pe3ynbTaTel, IOyYeHHBIE 111 IAHHOTO OpraHa, MPaKTHYECKH
COBMAJAIOT C MPEJACTABICHHBIMU s Tenaromnankpeaca (puc. 3.39). KoppensiumoHHbie
CBjA3M B CHCTCMC «CYMMApPHBIC KAapOTUHOWIAbLI — OTACIBbHBLIC BUABI KAapOTHUHOWUIOB)
YCTAHOBJICHEBI q)aKTI/I'-IeCKI/I B OTHOIIICHUH BCEX ITMI'MEHTOB. RZ HE paCCUYUTBIBAJICA TOJIBKO
Ui B-KapoTHHA, TaKk KaK 3TOT KapOTHHOHWJ COJEpXalcs B KabpaX B MHHOPHBIX
KOJIMYECTBAX W HE BCErJa BBIABISJICS ONBITHBIM IMyTeM. MakopHas rpymnma Obuia
MPEJCTaBIeHa TPAHC-MEKTCHOJIOHOM, aJlJlo- M JHATOKCAHTUHOM, IEKTEHOJOM A U
adupaMu KapoTHHOMAOB (Taby. 3.15). DTo TMO3BOJISET paccMaTpUBaTh €€ B KadeCTBE
OCHOBHOW, ONpEICISIIONIE  CE30HHYI JUHAMHKY CyYMMAapHBIX KapOTHHOWJOB B
KaOepHOH TKaHHU.
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Puc. 3.39. KoppensiuoHHble OTHOIIEHHS B CHCTEME «CyMMapHble KApOTHHOHIBI —
OT/IENIbHBIC BUJIbI KAPOTHHOMIOBY JUTs skadp A. inaequivalvis

Ocmamounvle mKaHu MOJLTIOCKA. Pe?:y.HLTaTI)I aHaJIn3a KOPPEIIAINOHHBIX CBsI3Ci

JUISL TAaHHOM TPYNIBl TKAaHEW TpencTaBiieHbl Ha pucyHke 3.40. JIms BceX NMUTMEHTOB,
KpoMe P-KapoTHHa M >(PHPOB KAPOTHHOM/IOB, YCTAHOBIEHBI BBICOKHE 3HAUEHHS R° —
oonee 0,9. MaxopHas Tpylna HUIMEHTOB, TAaK)Xe KaK W B OTHOIICHWM HOTH,
rernaTonaHkpeaca W kaOp, Oblla MpeACcTaBlIeHa TPAaHC-IEKTCHOJIOHOM, ailio- H
JIMATOKCAaHTHHOM, TTEKTEHOJIIOM A U 3¢upamu kapotuHouaoB (Tadmn. 3.16). Hecmotps Ha
OTHOCHUTENIFHO cNa0yio KOPPENANHI0 COAEP)KAHUS CyMMAapHBIX KapOTHHOUJOB C WX
adupamu, ydacThe 3TOH TPYIITHl TUTMEHTOB MOXKET TaKXKE UTPaTh CYIIECTBEHHYIO POJIh B
CE30HHOM NMHAMHUKE, TaK KaK Ha HUX Npuxonutcs ot 15 no 38 % cocrapa.
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Puc. 3.40. KoppensnuoHHBIE OTHOIIEHUS B CHCTEME «CYMMAapHblEe KapOTHHOHIBI —
OT/IEJIbHBIC BUIbI KAPOTHHOMIOBY JIJIsl OCTATOUYHBIX TKaHei A. inaequivalvis

K nmurmenram maxopHo#l rpymmel y A. inaequivalvis oTHOCATCSI B OCHOBHOM
TPAHC-TIEKTEHOJIOH, aJJIOKCAHTHH U 3QHUPBI KapoTHHOUJ0B. OHH SBHO MPEoOIalaloT BO
BCEX WCCIIEIOBAHHBIX TKaHSIX MOJUIIOCKA. B psiie opraHoB OTMEYEHO CPaBHUTEIBHO
BBICOKAsI JIOJISI IMaTOKCAHTHHA, NIEKTeHOa A (5ka0pbl, OCTATOYHBIC TKAHU) U [B-KapOTHHA
(remaTomaHkpeac). AHaJM3 MEXaHU3MOB M3MEHEHHS COJEp)KaHUS B TKaHIX Ma)KOPHOM
TPYNITBl TTUTMEHTOB MO3BOJIUT OMNPEACTUTh W IMPHUYUHBI, CTOSIIME 32 HX CE30HHOU
MUHAMUKOH.

Kak yxe otmedanoch (mompaszen 3.2), JOHATOKCAHTHH OTHOCHUTCA K
pacCTHTEIBHBIM IMUTMEHTaM. Ero akkyMyusiusi TKaHSAMH MOJUTIOCKA M JallbHEHIas
MeTabonnueckas TpaHCPOpMAIHs IMO3BOJIAIOT TOJyYaTh TEKTEHON A, TpaHC- W IIHC-
MEKTEHOJIOHBI ¥ WX d5(Qupsl. HakoruieHne e anIOKCaHTHHA B TKAHSX SABISETCS
pe3ybTaTOM METa0O0NIH3Ma JPYroro pacTUTENhHOTO NMHUTMEHTa — (PyKoKcaHTHHA (pHC.
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3.29-30). Orcroma cneayer, YTO CE30HHAas JMHAMHKA COAEPKAHMUS CyMMapHBIX
KapOTHHOMIOB W MX OTHEIBHBIX (pakiuii B TKausax A. inaequivalvis, ckopee Bcero,
OTpakaeT M3MEHEHHE B OMOMAacce W BHIOBOM pa3HOOOpasnu (PUTOIIaHKTOHA.
Kak wu3BecTHO, nOMHHHUpYIOIIEH (pakuueid (UTOIUIAHKTOHA SIBIAIOTCS IHATOMOBBIC
Bonopociu [Cennuea, 2008]. OHHM ke comepKaT B 3HAUYUTEIBHOM KOJIMYECTBE (QyKO- U
nuaTokcaHTuHbl [Uypmiosa u np., 2008]. [ig nraTOMOBBIX XapaKTEpHBI IBE CTaIud
cykueccuu [bpsiauesa, 2008]:

e pa3BHUTHE MEIKOKJICTOYHBIX BOJOpOCICH (IepBast CTaaus);

® pa3BHUTHE KPYIHOKICTOYHBIX BOIOPOCICH (BTOpast CTaaus).

[TepBast npUXOJUTCS HA BECCHHE-JICTHUI EPHOJI,  BTOpasi — Ha OCCHHE-3MMHHH.
D10 XOpOIIO 00BACHAET BBICOKHMI YPOBCHb KapOTHHOHMIOB B TKaHsx A. inaequivalvis B
(deBpaine U WIOHE W HU3KWI B ampesie. B 3TOM, NO-BHIUMOMY, U CIEAYET YCMaTpPHBATh
OCHOBHYIO TPUYHMHY CE30HHOW JMHAMUKHU COJCPKAaHHS KapOTWHOMIOB U MX (ppakuuii y
A. inaequivalvis.

Takum o0pa3zom, B TeueHue (eBpas-UIOHS HAOIIOAATH MOHOIMKIHYHOCTh B
MU3MCHCHUHU COJICp)KaHUsI KapoOTHHOMIOB B TKaHax A. inaequivalvis: makcumymbl — B
(deBpasie ¥ WIOHE, MUHUMYM — B amnpedne. [Iporiecc He umen TkaneBol crneruduru. OH
ObUT CBfI3aH C H3MCHCHUEM COOepIICaHusi MaKOPHOW TPYIIbl TMHTMEHTOB: TpaHC-
MEKTCHOJIOHA, ANJIOKCAHTHHA W 3(QUPOB KapoTHHOMIOB. OO0 3TOM CBUAETENHCTBOBAIU
BBICOKHMEC 3HA4YCHUA RZ. B ocHoBe oTMeueHHON JAUHAMUKH, I[IO-BUAMMOMY, JICIKUT
JIUHAMHUKA CYKIIECCUU TUATOMOBBIX BOJIOPOCIICH B TEUCHUE FOJOBOTO ITUKIIA.

3.5. KapotnHouabl TKaHeW 6PHOXOHOroro MoOJIIFOCKa
Rapana venosaVal .

Rapana venosa Val. — xuiHbIii OprOXOHOTHI MOJUTFOCK, €CTECTBEHHBIN apea
KOTOporo orpanmdeH OacceitnoM Slmonckoro mopsi. B UepHoe Mope momnan B Hagaie 40-x
ronoB npouutoro cronerus [YyxuuH, 1984; IN'aesckas, 2006]. B Hacrosee BpeMsi UMeeT
HIMPOKOE PACIPOCTPAHEHUE MO BceMy Mmobepexbio UepHOro Mopsi M IOKHOM 4acTu
AzoBckoro Mopsi [[aeBckas, 2006]. SBnseTcs TUNHYHO HBPUOMOHTHBIM BHJIOM.
IIpakTH4ecKky He UMEET eCTECTBEHHBIX KOHKYPEHTOB, SIBJISSACH TEPMUHAIBHBIM 3BEHOM B
TpoUUeCKUX IeMsIX TOHHBIX coolIiecTB [["acBckas, 2006]. B 310l cBsi3u mpeacTaBiiser
WHTEpEC B M3YYEHUH IPOIIECCOB METa0OIMUYecKOH TpaHcopMaluyu KapoTHHOHMIIOB, TaK
KaK SIBJISIETCS] OCHOBHBIM IOTPEOUTENIEM YEPHOMOPCKUX JIBYCTBOPOK.

3.5.1. ConeprkaHue U COCTaB KAPOTHHOUIOB TKaHeH R. venosa

CopnepxaHne KapOTHHOWJIOB B TKaHSIX CaMIIOB M caMoOK R. Venosa He cosmamano. Y
CaMIIOB OHO OBLJIO CYIIECTBEHHO BbImIe: camilbl — 8,54+0,5 mr- 1007 ¢ CHIPOTO Beca,
camkH — 6,28+0,3 mr-100™ r ceiporo Beca. Pasmiumst cocrapmsimm 36 % (p<0,001).

AHanu3 cpeTHEB3BEIICHHOTO pacrpe/IeNicH!s] KapOTUHOWIOB B TKaHsaX R. venosa
MOKa3aJjl, 4YTO OCHOBHAs JIOJI MX MPUXOAUIACh HA TOHAbI MOJUTIOCKOB 000UX MOJIOB 61-
65 % (puc. 3.41). YpoBeHb KaPOTHHOUOB B HOI'€ MOJUIIOCKA ObLT HE3HAYMTEIbHBIM (3-9
% OT CyMMBI KQpOTHHOHJIOB), HECMOTPSI Ha CPAaBHUTEILHO OOJBIIION BEC ATOTO OpraHa.
OCHOBHYIO OKpacKy OCTaBIIUMCS TKaHSM TNpuaBalia NHIIEBApPUTENbHAS JKeje3a —
rernaronaHkpeac, 0JHaKO COJepKaHUe KapOTHHOWIOB B HEH ObLIO MOYTH B 2 pa3a HUXKE,
9YeM B TOHAJaXx.
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Hoenmugpuxayus rxapomunoudos npu nomowu TCX, UV-VIS cnexmpos u
KauecmgenHvlx peakyuti. COCTaB KapOTHHOMIOB CYMMAapHBIX JKCTPaKTOB TKaHed R.
venosa cHavama ObuT wWcciieoBaH npu momomu Meroga TCX. Ha pucynke 3.42
npencrasieHsl  gotorpagun TCX y camuoB (A) u camok (b) R. venosa B cucrteme
areToH: remnras (3:7).

e a0 M| - Camosl R. venosa; 1= 80
% i [} - CamrH R. venosa; n =20
2 TO — 65,2 +6,8
= = 60,8+ 5.4
§ |
b 50 —|
R
= =@ —
§, 20 — 256437
é 20 —
S T
=t
=3 0 T T
= e—r
1 2 3
Hora T'oHaAbl OCTaPIIHECH
TEAHI
Puc. 3.41. CpenHeB3BeLIEHHOE paclpeielCHUE COAEPKaHNsd KApOTUHOUIOB B TKAHAX
Rapana venosa
A B
1 1

&
&
[}
Ly
Ulgu

Puc. 3.42. TCX cymmapHBIX SKCTpakTOB TkaHel camiioB (A) u camok (b) Rapana venosa

BusyanbHas OleHKa MO3BOJIIET KOHCTATHPOBATh, YTO KOJIMYECTBO (DpaKiivii, Mx
no BMKHOCTE (Rf) M OKkpacka WaeHTHYHBI y 00enx rpymnn ocobel. Ha xpomarorpamMmax
0003Ha4YeHbI (HPAKIUHU CO CICTYIONIMMHU XapakTepucTukaMu Ry u rigera:

e 1 —xenrslii nurmedT ¢ Ry — 0,88;
e 2 —pO30BBIH U KeNThIM nurMenTsl ¢ Ry — 0,53 — 0,48;
e 3 —po3zoBsiii murmenT Ry — 0,35
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e 4 —xenThli cABOEHHBIN murMenT ¢ Ri— 0,33;
e 5 — kpacHslii nurment ¢ R¢— 0,31.
[Tocne smmronpoBaHust PacTBOPHI (PAKIIMIA MOABEPIIIN CIEKTPATLHOMY aHAITU3Y
(tabm. 3.17). Ilomy4eHHbIE MAKCHMYMBI TIOTJIOIIECHUS M BeTWYHHBI R¢ mutsa pakuwit 1 u 3-
5 OBUIM COTMOCTABIICHBI C W3BECTHBIMU JIISI KApPOTHHOUWJIOB, WIACHTH(QHUIMPOBAHHBIX Y
Ipyrux BUIoB MosuttockoB [Francis et al., 1970; Portali et al., 1985; Haugan et al., 1994;
Tewari et al., 2001;].

Tabmuua 3.17
ITokazarenu R¢ m Makcumymbl UV-VIS criekTpoB BIIeICHHBIX KAPOTHHOUAOB

Hanmenosauue R Aaxe (B QIICTOHE), HM
B-xapoTuH 0,88 426; 453; 480;
IIexTeHoI0H 0,40 460-464
AnnokcadTuH + /[naTokcaHTHUH 0,36 424: 452: 480:;
MUTHIOKCAHTHH 0,32 469

OTO MO3BOJIWIO MPEANOIOKHUTh, YTO B HUX NPUCYTCTBYIOT: 1 — (-kapoTuH, 3 —
MEKTEHOJIOH, 4 — CMeCh TMAaTOKCAHTWHA U aJUIOKCAaHTHHA, 5 — MUTWIOKCaHTHH. BTopyro
(paKIio TOMOTHUTEIHHO TOBEPTIIH OMBUICHHIO U 110 H3MEHEHUIO MOABIKHOCTH (R¢) 1
CHEKTpa BUAMMOW O00NAcTH MPENONOKWIA HalWdhue B HEH CIOXKHBIX 3(QUpOB
KapOTHHOM/IOB.

C BblAeneHHBIMA (DPaKIUSAMHI KapOTHHOUAOB OBLTH TPOBEICHBI Ka4eCTBEHHBIC
peaKiMi Ha HAJIWYHE COMPSHKEHHON MBOWHOM cBs3u u kero-rpymmsl (¢ J, 1 NaBHy).
Pesynbratel 3T0M pabOTHI MpeacTaBieHbl Ha pucyHke 3.43. Kak BHIIHO, BBEICHUE ITHX
COCIMHEHW B PACTBOPHI KAPOTHHOWIOB BBI3BIBAJIO XapaKTEPHOE W3MEHEHHE WX
CIIEKTPOB. DJTO TMOATBEP)KIAAET NPUCYTCTBHE COOTBETCTBYIONIMX CBs3€d W Tpymm B
MOJIEKYJIaX MUTMEHTOB.
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Puc. 3.43. Crektpsl BuauMoit obnactu 4 kapotuHouioB Rapana venosa: 1 — f-kaportuna
(B aneToHe); 2 — nekTeHoOHA (B MeTaHoue, peakius ¢ NaBH,, B rekcane ¢ J,); 3 — cMmech
aJUIOKCAaHTHHA W TMaTOKCAHTHHA (B TeKcaHe); 4 — MUTHIOKCAHTHH (B METaHOJIE)
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HecMmotpst Ha TO, 4TO 1O OCHOBHBEIM XapaKTePUCTUKAM (hPaKIUH XpoMaTorpaMm
CaMIIOB M caMOK OblTH Onu3kH (puc. 3.44), CIIeKTphl BUIUMOM 00J1aCTH 3THUX IKCTPAKTOB
(B amerome u xjopodopMme) UMENd OTIUYWSA, UYTO JOMYyCKAaeT HEeCOBMaIEeHUE
Ka4eCTBEHHOT0 COCTaBa KAPOTHHOMJIOB.
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Puc. 3.44. CnexTp B BUANMO# 0OJIACTH alleTOHOBBIX U XJIOPO(POPMEHHBIX IKCTPAKTOB
CYMMapHBIX KapoTHHOHJIOB caM1oB (A) u camok (b) Rapana venosa

Hoenmughuxayua rxapomunouoos npu nomowu HPLC u FAB MS. HPLC B
CHUCTEME aIleTOH : TekcaH (2:8) SKCTPaKTOB CyMMapHBIX KapOTHHOWAOB CaMIIOB M CaMOK
R. venosa mpezacraBiieHbl Ha pucyHke 3.45.
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Puc. 3.45. HPLC skcTpakToB CyMMapHBIX KapoTHHOHUIOB caM1oB (A) u camok (b)
Rapana venosa: 1 (3.3 mun) — B-kaportuH, 2 (5.04; 5.02 MuH, camIIbl 1 CaMKH
COOTBETCTBEHHO) — 3(pUpBI KApOTUHOWIOB (110 oMbUIeHus ), 3 (13.40; 13.63 MuH) —
nekTeHooH, 4 (14.82; 15.08 mun) — nuarokcanTus, 5 (17.06; 17.44 mun) —
aitokcanTuH, 6 (20.76; 21.35 MUH) — MUTHIIOKCAHTHH
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Ha xpomarorpamme yka3zaHO BpeMsl BBIXOJa KaKIOro kaporuHoupaa. Homepa
IMIATMEHTOB COOTHECEHHI ¢ MX o0o3HaueHusMu Ha TCX (puc. 3.42). I19Th BBIIEICHHBIX C
momombo HPLC kapotmHOMIOB: [ — KapoTWH, TIEKTCHOJOH, JIHATOKCAHTHH,
ANJIOKCAHTHH M MUTWJIOKCAHTUH — OBLIN MOATBEepKaeHbI Macc-ciektpamu (FAB MS) u
CHEeKTpaMH B BuAMMOW oOmactu (B audTWwioBoM 3dupe). I[lomyueHHble naHHBIC
npeacTaBiIeHsl B Tadnmie 3.18. MuHOpHBIE KOMIIOHEHTHI He uccienoBamch. Ha HPLC
NIOKa3aHbI TAKKE FPHUPBI KAPOTUHOUIOB (HOMEp (ppakiuu — 2).

Tabmura 3.18
FAB MS (BenmnuuHBI M/Z) 1 MAKCUMYMBI CIIEKTPOB B BUIIUMOM 007acTH 5 KAPOTHHOUIOB
Rapana venosa

KapoTtunonst m/z, [M*] A vaxe (E20), HM
B — xapotun 536 425, 449, 475
ITexTeHOMIOH 580 460

JnaTokcaHTUH 566 425, 450, 475

AIOKCaHTUH 564 425, 451, 477

MUTHIOKCAHTHH 598 470

Pesynbratel, nmonydennsle npu nomomu HPLC, nmoarBepawin mpaBUIBHOCTh
npoBefcHHON panee wuuaeHTHukaruu (TCX). OpHO3HAYHO OBLIM  Pa3leiCHBI
JUATOKCAHTUH W aJUIOKCaHTHH, KoTopble Ha TCX ObUTM MpeACTaBICHB B OJHOU
¢paxmum. CrnoxxkHodupHast ¢paknust Oblla TpeacTaBieHa 3pUpaMu TMEKTEHOIOHA,
JMUAaTOKCAHTHHA, AJUIOKCAaHTUHA M MUTHJIOKCAaHTHHA. [locne naeHTHUKaMu OCHOBHBIX 5
¢dpakiuii W Tpynmel  3QUPOB  KAPOTHHOUAOB OBUIM yCTAHOBJICHBI IMPOICHTHBIC
COOTHOILCHHUS KapOTMHOMIOB B CYMMAapHBIX 3KCTpakTax il oboux moinoB R. venosa
(tabm. 3.19).

Ta6muna 3.19
OTHOCHTENBEHOE COJICPIKaHNe KApOTHHOMIOB B TEJIe CaMIIOB M caMoK Rapana venosa

Conepxanue, %
Haszpanue kapoTHHOUI0B
Camirpl Camku
- xapotun 3.1 3.7
CrnoxHbIe 3QHUPHI TEKTEHOIOHA 4.2 3.5
CiioskHbIC A(UPBI TUATOKCAHTHHA 3.8 0.8
Ciio’kHBIC S(UPHI ATUIOKCAHTUHA 4.2 3.9
CnoxHbIe 3UPBl MUTWIOKCAHTHHA 8.0 9.3
[lexTeHOMOH 154 115
J[naTokcaHTHH 10.0 10.5
AJUTOKCAaHTHH 10.5 115
MUTHIOKCAaHTHH 27.9 29.3
HewnentnuimpoBaHHble KAPOTHHOMIBI 12.9 16.0
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U3 tabmuupr 3.19 crnemyer, 4ToO B CyMMapHBIX TKaHEBBIX JKCTPAKTaX pamaHbl
op110 MaeHTHGUIMpoBaHO 84-87 % kapormHOMIOB. OcTanbHBIE PPaKINN MPUXOAIINCH
Ha HeWJeHTH()HUIIMPOBaHHBIE MUHOPHBIE KOMIIOHEHTHI. B cyMMapHOM SKCTpakTe TKaHei
KaK CaMIIOB, TaK U CaMOK SIBHO JOMHHHPOBaJ MUTHIOKCAaHTUH — 28-30 %. Ha ocranbHble
KapoTuHOMIBI mpuxoauinock 10-15 % or oOmiero coxepkaHus, 3a HCKIIOUEHHEM [3-
kapotuHa — 3-4 %. Jlons cioxxHbIX 3¢upoB coctapuna 17-20 %.

Takum 00pazoMm, pe3ynbTaThl, NpeACTaBICHHBIE B HACTOSIIEM MOJpasfee,
MO3BOJIAIOT CAENATh OOOIEHHS.

e PacnpezneneHue cyMMapHBIX KapOTHHOWIOB B TKaHAX CaMmIlOB M caMOK R. venosa
OBUIO CXOMHBIM. [ OHajBl SBIAINCH OCHOBHBIM OPTaHOM, HaKaIUTHBAIOIUM
kaporuHOHMIHl ¥ R. venosa. Ha Hux mpuxonuiocek 6omnee 60 % oT o0miero ypoBHS
KapOTHHOMJIOB B CYMMAapHBIX SKCTPaKTax TKaHEH MOJUTIOCKA.

o [Ipu momomu TCX, UV-VIS crekTpoB W Ka4eCTBEHHBIX XUMHUYCCKUX PEAKITUil B
CyMMapHBIX IKCTpaKkTax TKaHed R. Venosa ymaiock WAeHTH(PHUIUPOBATH 5 BHUIOB
KapOTHHOWJIOB: [J-KapOTHH, MEKTEHOIIOH, CMECh JTUATOKCAHTHHA W aJUIOKCAHTHHA,
MUTHJIOKCAaHTHH, a Takke (pakiuioo, coaepiKailylo  CIOXKHBIE  3(UPEI
KapOTHHOMJIOB.

o Ilpumenenme HPLC, FAB MS MeTomoB MOATBEPAWIO TPABHIHHOCTH
naeHTH(pUKANA KapOTHHOMAOB B CYMMAapHBIX 9KCTpPaKTaX TKaHEW MOJUTFOCKA Ha
ochoBe TCX wmeroga. OpgHO3HA4YHO OBUTM WACHTH(QUIUPOBAHBI [-KapOTHH,
MEKTEHOJIOH, AUAaTOKCAHTHH, aJUIOKCAHTUH M MUTHJIOKCAHTHH, YTO COCTaBUIIO 84-
87 % ot ol1iero coaepkaHus KAPOTUHOMIOB. JlOMUHUpYIOIIEH Qpakiuen SBiscs
MuTHIOKcaHTHH — 28-30 %. Jlons cnoxHbIX 3¢upoB coctaBmsna 17-20 %, cpenu
KOTOPBIX OBIIM BBISBICHBI 3HUPHI EKTEHOJIOHA, AUATOKCAHTHHA, AJUIOKCAHTHHA U
MUTHJIOKCAHTHHA.

3.5.2. CocraB u conepkaHne KapoTHHOUIOB B roHanax R. venosa
B TICPHOJ HEpECTa

Hepect — 0co0blii iepro]l B TeUeHHE KU3HEHHOTO IMKJIa JJF0O0T0 THAPOOHOHTA.
Jyiss 3TOrO COCTOSHHS XapaKTepHO HW3MEHEHHE HAIPABICHHOCTH METa0OoINIecKHUX
NPOLIECCOB M IEpepaclpenesicHue IUIACTHUYECKUX PEecypcoB OpraHuzMa B IOJb3Y
reHepaTuBHON TKaHHM. Y R. VENOSa OH mpoTeKaeT B JICTHUH MEpUOJ BPEMEHH (HMIOJb-
aBryct) [Uyxunsn, 1984; Bunorpanosa u ap., 1986]. Yuyactrue kapoTHHOUIOB B HEM paHee
HE paccMaTpUBajIOCh.

CoOepoicanue cyMMapHuiX KapomuHoudos 8 20HA0ax camyos u camox Rapana
venosa. CozaeprkaHne KapOTHHOWIOB B TKaHSAX CaMIIOB U caMOK R. Venosa He coBmaaano.
VY camIi0B 0HO OBLJIO CYIIECTBEHHO BBIMIE: caMibl — 8,5440,5 mr-1007 ¢ CBIPOTO Beca,
caMKH — 6,28+0,3 mr-1007 ¢ ceiporo Beca. Pazmmums coctasmsmn 36 % (p<0,001). Oxu
CTaHOBWIHNCH emle Oojiee 3aMETHBIMH B IEpHOJ HepecTa, HpexIe BCEro, 3a CYeT
YBEJIMYEHHSI COAEPKaHUS KapOTHMHOHIOB B TOHazax camioB moutu B 10 pa3 (81,4+1,5
mr-100" r ceiporo Beca). JlaHHbIE BENMUMHEI MHOTOKPATHO MPEBBIIAIOT H3BECTHBIE
3Ha4YeHUs A5 APYrux BuAoB MoiuttockoB [Fisher et al., 1956; Goodwin, 1984]. Ilpupoct
colepkaHusl KapOTHHOMIOB B TOHaJaX camMok coctaBun tombko 31 % (p<0,001) u
npocturan 8,2+0,7 mr- 100" ¢ CHIPOTO Beca.

Hoenmugpuxayus xapomunouoos npu nomowu TCX, cnexmpose UV-VIS u
KauecmeenHvlx peakyuu. 1locie MmoydeHus CyMMapHBIX 3KCTPAKTOB TOHAJA CaMIIOB U
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camok Obuta npuMmenena TCX npu pasnenenun nurMeHToB. Busyanbao TCX akcTpakToB

CaMIIOB M CaMOK OBUIM CXOMHBI MEXAy co0oi. OaHa W3 MOJYYEHHBIX XPOMaTOrpaMM
MpeICTaBIeHa Ha pUCyHKe 3.46.

Puc. 3.46. TCX cymmMapHOro 3KCTpakTa roHaj caMKku Rapana venosa

Pazpenenue nurmentoB npu noMomu TCX Merona B CUCTEME alETOH : T'€NTaH
(3:7), no3BONHMIO BU3yaJIbHO BBIJACIHUTH 3 TPYIIBI MTUIMEHTOB (TIOKAa3aHbl HA PUCYHKE).
[Tocne BbIOeneHHMs W aHaiM3a CHEKTPOB BUAMMOW 00JacTH B TEpBOW Tpymnme ObLI
UACHTH(QULIUPOBAH NMUTMEHT, MO CIEKTPY MOXOXXHHM Ha [-KapoTWH, a B caMOW SAPKOH
HIDKHEH (pakuuu yAaaoch MAEHTH(OUIMPOBATH MUTMEHT, COBIAAAIOIINN MO CIIEKTPY B
BUJUMOM O0JIACTH C TUATOKCAHTUHOM U ajUIOKCAaHTHHOM (Tabi. 3.20). g panpHewmei
UACHTU(OUKAIIMKA UCIOJIb30BAIM  METOABl  KOJIOHOYHOMH U BBICOKOA((PEKTUBHOU
JKUIKOCTHOM Xpomarorpaduu (c obpamennoit ¢azoirt ODS), a Takke Macc-CHEKTPHl
CIEKTPBI IPOTOHHOTO MarHUTHOTO PE30HAHCA.
Tabnuua 3.20
IToxazarenn R¢ 1 Mmakcumymbl UV-VIS criekTpoB BEIIETIEHHBIX KAPOTHHOU OB

HaumenoBanue R¢ Ayaxe (B QIIETOHE), HM
B-xapoTuH 0,88 426; 453; 480
AnokcanTH + JIMaTOKCAHTHH 0,36 424; 452; 480

Hoenmughuxayus xapomunouoos npu nomowu HPLC, FAB MS, H'-NMR. Ilpu
aHaJIM3€ SKCTPAKTOB FOHAJ CAaMOK U caMIloB R. Venosa oTjinuuii B KaueCTBEHHOM COCTaBe
KapOTHHOWJIOB MEX]Ty ToJlaMi 00OHApYKeHO He OBIJIO, IO3TOMY B JaJbHEHIIeM 00pa3iibl
TKaHel oOwenuHsuHCh. lcmonp3oBanme metoga HPLC B cucteme pactBopurenei
aneToH: rekca (2:8) MO3BONIMIIO BBIICIHUTH U UICHTU(DUIMPOBATH § KOMIIOHEHTOB (pHC.
3.47).

Ux unentudukanuro npopomwau npu nomomu UV-VIS cnektpoB 1 FAB MS
(cm. HIDKE). OMHOBpEMEHHO IS 1-0T0 M 2-0ro KOMIIOHEHTOB Oblia BHITIOJTHEHA PEaKIUs
oMmbUIeHHs. Kak BHIHO, M3 XPOMAaTOrpaMMbl MUKW HCYE3aJId, YTO CBHJICTEILCTBYET O
MPUCYTCTBUU CPEIU HUX CIOKHBIX 3¢pupos (puc. 3.47).

Jns Oonee TmONHOW WACHTU(DUKAIIMUM KAPOTUHOUJOB OBUIO  BBITIOJHEHO
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XpOMaTOFpa(bI/IquKOC Pa3aACiIiCHUC MUTMCEHTOB Ha HE3aKPCIUVICHHOM CJIOC CHUIIMKArejs U
Ha KOJIOHKE C CHIJIMKAarejieM. beliin BBIACICHBI 3 I'pynIbl KAPOTUHONIOB.

12 a) b)
=
i
)
= E 6
g g g
A T
2 4
=
5
| 12 3
M ?
ILamY S O e
0 10 20 30 40 0 10 20 30
EBpEMA BEHEONA , MHH. EfrEMA BRIHOOA , MHH.

Puc. 3.47. HPLC xpomatorpamma KapOTHHOHUIOB TOHa Rapana venosa: a) 1o oMbLICHHAS
(muku: 1-muadup ammokcaHTHHA; 2 — MOHOI(UP aJUIOKCaHTHHA); D) mocne ompuieHus (1-
2 mMKH OTCYTCTBYIOT); 3 — (92,9°Z)-annokcaHTus; 4 — 3¢akKCaHTHH; 5 — IUATOKCAHTHH; 6
— (all E) — a;umokcantu; 7 — (7,8-auaerujpoKCTakKCaHTHH U 4-KETOAJUTOKCAHTHH); 8 —
(92)- annokcanTrH

[lepByro ¢paxuuio 31H0MPOBaANIK U3 KOJIOHKH, Ucnoib3ys 10 % pactBop adupa B
rekcane. Ha ODS (xomonke c oOpamieHHOW (a3oi) oHa coaepkana B-KapoTHH W
CIOKHBIE AUAUPHI alTokcanTuHA. CoXHbIe 3(HUPBI TOJBEpraiu ruaponu3sy. [lokazano,
YTO B COCTaB JUA(UPOB ANIOKCAHTHHA BXOJISAT CTEPEOM3OMEpHI: alloKcaHTHH, (9Z7)-
aJUIOKCaHTHH, (97,9°7)- amioKkcaHTHH B cooTHomeHun 50:7:35.

Bropyto ¢paxmmro kaporuronios BeiMbiBaK 50 % pacTBopoM 3(upa B reKcaHe.
Pe3ynpTaThl TOKa3aJgHM, YTO OHA COCTOsIa M3 MOHOX(HUPOB amnokcaHTuHa. [locie
rugponusza ObUTM TONY4YeHbl TE€ K€ TPH H30MEpa Aa/UIOKCAaHTMHA W B TOM JKe
COOTHOILIEHHUH, YTO ¥ B IEPBOM CIydae.

Tpersio dpakiuro smoupoanu 100 % 3dupomM, oHa coCTOsIa U3: 3eaKCaHTHHA,
JIMAaTOKCAHTHHA, aJIOKcaHTWHa, (9Z)-amtokcantwHa, (97,9°Z)- ammokcaHtuHa, 7,8 —
JUIETHAPOACTAKCAHTHHA U 4 — KeTOAJIOKCAaHTHHA. VACHTU(UKALNIO MPOBOAWIN TPH
oMot UV-VIS cnektpos u FAB MS (ta6i. 3.21).

Tabmuma 3.21
CriekTpanbHble XapaKTEPUCTHKH KapOTHOMI0B roHa Rapana venosa

Ha3zsanue FAB MS m/z, M* UV-VIS (Et,0)
p-xaporun 536 425, 449, 475
JuatokcaHTHH 566 425, 450, 475
3eakcaHTHH 568 452, 480
7,8-muernipoacTakCaHTHH 590 470
4-KeTOAJIJIOKCAHTHH 576 469
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Jlanusie mo "H-NMR, Macc-ClieKTpaM M CHeKTpaM B BHIUMOH 00JacTH
moarBepanan crpoerme (all — E), (9Z), (92,9°Z) — reoMeTpUyYecKHX H30MEpPOB
AJNTOKCAaHTHHA, ONIMCAaHHBIX paHHee B tuTeparype [Maoka et al., 2005; 2011; Schagerl et
al., 2003]. Ilony4eHHble W TpEACTaBICHHBIC B Tabnuie 3.22 NaHHBIC MOKA3bIBAIOT
MOJIOKEHUE W B3aUMOJICHCTBHE TPOTOHOB B MOJICKYJe (KOHCTAHTHI
pacIIeTUICHHS SIep BOIOPOAA).

AaHAJIOTUYHOC

Tabnuna 3.22

MaxkcuMyMBbI CIIEKTPOB BUAMMON 00IaCTH, MacC-CIIEKTPOB U H'-NMR KapOTUHOUIOB:
(all E) — amnoxcanruna, (92,9°Z) - amnokcanruna, (97)- aJIoKCaHTHHA

AJIOKCaHTHH (92)- Amnokcanatur | (9Z,9'Z) -AnnokcaHTHH
A Makc

(ELO), i 451, 480 447, 476 445,472
m/z, [M+] 564 564 564

H-NMR mynsTamieT. (J in Hz) | mymprumier. (J in Hz) | mynprumier. (J in Hz)

1 2 3 4

2 141 | dd (12 12) 1,48 | dd (12, 12) 1,48 | dd (12, 12)
2 184 |ddd(12,4,2) |186 |ddd(12,4,2) | 1,86 | ddd (12, 4,2)
3 3,99 m 4,01 m 4,01 m
4 2,03 | dd (18, 10) 2,09 | dd (18, 10) 2,09 | dd (18, 10)
4 243 | ddd(18,6,2) |246 |ddd(18,6,2) |246 | ddd(18,6,?2)
10 6,46 d (11) 6,30 | d(11) 6,30 | d(11)
11 6,52 | dd (14, 11) 6,82 | dd (14, 11) 6,82 | dd (14, 11)
12 6,36 d (14) 6,35 | d(14) 6,35 | d(14)
14 6,27 m 6,25 m 6,25 m
15 6,64 m 6,62 m 6,62 m
16 1,15 S 1,19 S 1,19 S
17 1,20 S 1,25 S 1,25 S
18 1,92 S 1,97 S 1,97 S
19 2,01 S 2,00 S 2,00 S
20 1,98 S 1,93 S 1,93 S
2 141 | dd (12 12) 1,41 | dd (12, 12) 1,48 | dd (12,12)
2 184 |ddd(12,4,2) |184 |ddd(12,4,2) | 1,86 | ddd (12, 4,2)
3 3,99 m 3,99 m 4,01 m
4 2,03 | dd (18, 10) 2,03 | dd (18, 10) 2,09 | dd (18, 10)
4 2,43 ddd (18, 6, 2) 2,43 | ddd (18,6, 2) 2,46 | ddd (18, 6, 2)
10' 6,46 d(11) 6,46 | d(11) 6,30 | d(11)
11" 6,52 | dd (14, 11) 6,52 | dd (14, 11) 6,82 | dd (14, 11)
12' 6,36 d (14) 6,36 | d(14) 6,35 | d(14)
14 6,27 m 6,27 m 6,25 m
15' 6,64 m 6,64 m 6,62 m
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1 2 3 4
16' 1,15 S 1,15 S 1,19 S
17 1,20 S 1,20 S 1,25 S
18' 1,92 S 1,92 S 1,97 S
19' 2,01 S 2,01 S 2,00 S
20' 1,98 S 1,98 S 1,93 S

[Tpumeuanust: s — cuHrneT, d — QyIieT, m — MyJbTHILUIET

Takum oOpazom, conepxaHne KapoTHHOMIOB B TOHaAax caMmuoB no4tu Ha 40 %
BBIIIIE, YEM y caMOK. B mepuon HepecTa pa3iauyus CTaHOBATCS elle 6os1ee BRIPaKeHHBIMU
u pocturaioT 10 pa3. B romamax R. venosa waentudummpoBano Oomee 99 %
KapOTHHOHMJIOB: [(-KapOTHH, MOHO- U JW- 3(QUpPbl aJUIOKCAHTHHA, 3€aKCAHTHH,
NMATOKCAHTWH,  aJUIOKCaHTHH, (9Z)-aiokcantuH, (97Z,9°Z)-annokcantuH, 7,8-
JUIETUAPOACTAKCAHTHH U 4-KeToayutokcanTul (tabn. 3.23). Ilpu stom okomo 94 % ot
CYMMBI 3THUX COCITUHEHUH MPUXOAUTCS Ha CTEPEOM30MEPHI AJUIOKCAHTUHA M €r0 MOHO- U
mmdupel. ComepikaHue CIOXKHBIX S(UPOB aJUIOKCaHTHHA cocTaBisieT Oonee 40 %
cocTaBa KapOTHHOMIOB F'OHAJl MOJUTIOCKA.
Tabmmuma 3.23
CocraB kapoTHHOUAOB ToHaa Rapana venosa

BHIb! KaPOTHHOWJIOB Conepxanue ;;:pOTI/IHOI/IILOB,
B-xaporun 1.0
Huadup amokcantuHa® 134
Monoadup annokcaHTHHa* 26.9
3eaKkcaHTHH 1.0
JnatokcaHTUH 1.1
(TpaHc)-AITOKCAaHTHH 23.0
(92)- amnoxcanTH 18.0
(92,9'Z)-annokcantin 13.0
7,8-nmuneruapoactakCaHTHH 1.0
4-xeToa/NIOKCAaHTHH 1.0
HewnnentnduimpoBaHHBIX THTMEHTOB 0.6

ITpumeuanwue: *cooTHOIIEHNE (TpaHC-)-aJuTOKCaHTHHa, (97)-amokcantuna, u (92,9°Z)-
aytokcantuna; 50:7:35

OnHUM W3 HEOXHJAHHBIX PE3yJNbTAaTOB HACTOSILIETO pasjenia sBiseTcs (akT
oOHapy)KeHHs 3HAYHUTENBHBIX pa3IMYuii B CYMMapHOM YypOBHE KapOTHHOWIOB B
TeHEpaTHBHOM TKaHW caMIOB M caMOK R. venosa. Ilpuyem, ecnmu B yCIOBHSX
OTHOCUTENBHOTO (PYHKIMOHATIBHOTO MOKOA OHM He mpeBbimanu 40 %, To B mepuox
HepecTa yxe JocThrainu rnoutd 10-Tu pa3 W HaKIaJbIBAIM OTIEYATOK Ha COZAEpIKaHHe
KapOTHHOMJIOB B CyMMAapHBIX 9KCTPAKTaX TKAHEH MOJUTIOCKA.

[IpuuuHEL, JeXalue B OCHOBE JAHHOTO (PEHOMEHA, MO-BUIMMOMY, CBSI3aHBI C
pasMepoM MYKCKHX M JKEHCKHUX ramer. CaMKW pamaHbl OTIUYAIOTCS CPAaBHHUTEIBHO
KpynHbIiME  stiiniexnerkamu  [Yyxuwms, 1984; T'aeBckas, 2006]. Dto o3HadaeT, 4YTO
CEMECHHUKM CaMIIOB BHE HEPECTOBOIO IEpPHOJA COAEpKAaT Ha EAMHUIYY MAacChl
CYIIECTBEHHO OOJIbIlIE CIEPMATOTOHWUEB, YeM SHWYHUKA OOTOHHMEB. HTEHCHBHOCTH
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criepMaroreHe3a B MPEIHEPECTOBBIA MEPHOA CYIIECTBEHHO BBILIE, YEM OOTEHE3a. JTO
obecrieurBaeT 3HAYUTEIHHO OOJNBINUI MPUPOCT MYKCKHX 3PENbIX TaMET B CEMCHHHUKAX,
4YeM B SIMYHHMKAX, B pacdyeTe Ha CUHHILy Beca ToHal. B pe3ynbraTe pasiuuus MEXIy
camIlaMH U CaMKaMHU CTAHOBSITCS elie OoJiee BEIpaKEHHBIMH.

KavecTBeHHBIN COCTaB KapOTHHOWIOB COMAaTHYECKUX U TCHEPATHBHBIX TKaHEH
npencraBieH B Tabmure 3.24. Kak BHIHO, MEXIy HHMH CYIIECTBYIOT BBIpaKCHHBIE
pasnuuns. MakopHasi Tpymma KapOTHHOMAOB COMATHUYECKHX TKaHEW IpencTaBleHa
MUTHJIOKCAHTHHOM, IUATOKCAHTUHOM, aJUIOKCAHTHHOM H IIEKTEHOJIOM, KOTOPbIE B CyMMe
cocTapmsioT Oonee 60 % MATMEHTOB KapOTHHOUAHOTO psifa. B reHepaTHBHON TKaHH SBHO
JMIOMHHUPYET aJUIOKCaHTHH. B cymMe co cBommm adupamu oH cocraiser 6omee 90 %
coctaBa. MUTHIIOKCAHTHH, IHATOKCAHTUH W TEKTEHOJ B TCHEPaTUBHOW TKaHU He
00HAPYKUBAKOTCS COBCEM, a COJICPKAHNE AJNTOKCAHTHHA MHHUMAIBHO.

Tabnuua 3.24
KadecTtBeHHBIN COCTaB KAPOTHHOUIOB COMAaTHUIECKUX U TeHEPATUBHON TKaHel Rapana
vVenosa

Conepixanue, %
Buibl KapOTHHOMJIOB Comatuueckue| I'eHepaTHBHBIE
TKaHH TKaHU

B-xapoTuH 3,4 1,0
D¢dups! anmmokcanTrHA 41 40,3
3eaKkCaHTHH - 1,0
JnaToKkcaHTHH 10,3 1,1
AJUTOKCAaHTHH 11,0 54,0
[IexTeHOIIOH 13,5 -
MUTHIIOKCAHTUH 28,6 -
7,8-munerupoacTakCaHTHH - 1,0
4-KeTOAIUTOKCAaHTHH - 1,0
D(upbl IEKTEHOJIOHA 3,9 -
D¢dupbl TMaTOKCAaHTHHA 2,3 -
O¢upbl MUTHIIOKCAHTHHA 8,7 -
He uaeHTUGUIIMPOBAaHHBIX TUTMEHTOB 14,5 0,6

Kak yxe oTmewanmoch, B MNepHOJ] HepecTa MPOHCXOTUT IepepacipeaeeHre
TUTACTUYECKOTO MaTepualla OpraHu3Ma B TIOJb3y T'€HEPAaTHMBHON TKaHW. AIJIOKCAHTHH
SIBJIIETCS] TAITMYHBIM BOAOPOCIIEBBIM MUTMEHTOM. OJHAKO MOJIYYHUTh €r0 XHUIIHAS paraHa
MOJKET TOJIbKO IpH NHUTAaHWU JBYCTBOpKaMH. HakorieHne B TeHepaTHMBHOM TKaHU
JTAHHOT'O KapOTHHOUA MOXKET IPOUCXOIUTh IBYMS ITYTSIMH:

® HEMOCPEJICTBEHHBII TMEpeBOj] ANIOKCAHTHHA W3 COMATHYeCKHX TKaHEed B
TE€HEPaTUBHYIO;

e mpeoOpa3oBaHME MUTHJIOKCAHTHHA (M30OMHUTWIIOKCAaHTHHA) B QJJIOKCAHTHH C
TIOCIIe IYIONTAM HaKOIUICHHEM €T0 B TeHepaTHBHOM TkaHu [ boponuna u ap., 2010].
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[lpuunHa HaKOIUICHUS B TCHEPATUBHON TKaHW WMMEHHO AaJJIOKCAHTHHA, TIO-
BUJIMMOMY, CBSI3aHA CO CTPYKTYPHBIMH OCOOCHHOCTSIMH MOJIeKynbl. OHa WMeeT IBe
aIleTUIICHOBBIC CBS3HM, KOPOTKYIO IICTIh COINPSDKCHHBIX JBOMHBIX CBSI3€H WM TMOJNSPHBIC
TUAPOKCHIILHBIC TPYIIBL. DTO MPUIAET AJUIOKCAHTUHY BBIPAYKCHHBIC aHTHOKCHIAHTHBIC
CBOMCTBAa. YCTAaHOBJICHO, YTO KapOTUHOUJIBI C TOJSIPHBIMA KOHIICBBIMU TPYIIaMHU
pacroJiaraloTest Bo3jie ruapodoOHO-THAPO(PHIEHON MOBEPXHOCTH paszesia MeMOpaH, Te
MPEUMYIIECTBEHHO U MPOUCXOIUT CBOOOAHO-paArKaibHas ataka. OtpeiB atoma H ot C-4
MIOJIOKEHUSI MOKET OBITh OJIHUM M3 MexaHu3MOB AQ aKTHBHOCTH KapOTHHOWJIOB B 3TUX
cucremax [Woodall et al., 1997].

3.5.3. BepositHble myTH TpaHchOpMaIMU KapOTHHOUIOB B TPOPUIECKOH 1enn
«MOJLTIOCK-(DHUITBTPATOP—MOJLTFOCK-XHIITHUAK.

Tpoduyeckyro cucTeMy: «MOJUTIOCK-QUIBTPATOpP —  MOJUTIOCK-XHUITHHUKY,
1eNnecoo0pa3Ho PaccCMOTPETh Ha MpUMEpPE HM3YUEHHBIX KapOTHHOWIOB JBYCTBOPYATHIX
MOJUIIOCKOB M pamnaHbl. JTO HM3BECTHAs MHUIIEBas LENb A YEPHOMOPCKOIO PErHoHa.
Boinee Toro, cunraercs, 4To Tpoudeckre OTHOIIECHUS MEXKIY STUMH BUAAMU SIBISIOTCS
NPUYMHONW COKpPAIICHUS] YHCICHHOCTH TOMYJALUN MHUIUM M YCTPHUIIBI, OTMEYaeMble B
paborax psma aBtopoB [l'aeBckas, 2006; UsanoB m mp., 2008]. LlemecooOpa3HOCTh
paccMOTpeHus] NaHHOM TPO(QHUUECKOW CBSA3M BBITEKACT TAaKKe M3 TOr0, YTO COCTaB
KapOTHHOMJIOB 3THX JBYCTBOPYATHIX MOJUIIOCKOB U3yYEH B HACTOsIICH paboTe Hanboiee
TMIOJIHO.

B tabmume 3.25 mpencraBnena wH(pOpMAaNWs O COCTaBE KAPOTHHOWIOB B CyMMAapHBIX
IKCTpaKTax MHUAWNH W pananbl. Kak BHAHO, cOCTaB KapOTHHOMIOB CYMMAapHBIX
OKCTPAKTOB TKaHEH paraHbl UMEET Psii 0COOEHHOCTEH.

Panana He oTiiMuaeTcs pasHOOOpa3ueM cOCTaBa KapOTMHOMAOB. B TkaHAX sBHO
JOMUHHUPYIOT IEKTCHOJIOH, TUATOKCAHTHH, AJUIOKCAHTHMH M MHTHJIOKCAHTHH, MpUYEM
3HAYUTENBHYIO JIOJII0 COCTABIISIIOT UX CIOXHBIE 3QUPBl. B onpeneneHHON cTenmeHH 3TO
MOYKHO OOBSICHUTH TE€M, YTO Y pamaHbl HE yJaloch WACHTHUPHUUUpPOBaTh okoio 14 %
KapOTHHOHJIOB, TO €CTb CIEKTP HUX MOXET OBbITh 3HauuTeNnbHO mHmmpe. OcoOEeHHO 3TO
KacaeTcsi MUHOPHBIX KOMIIOHEHTOB, KOTOPBIE B Ta0IUIIE JJIsl 3TOTO BUa (paKTHUIEeCKH He
MIPEJICTaBIICHBI.

OcCHOBHBIE KapOTHOHOMJIBI TEJIa palaHbl COBMAAAIOT C TAKOBBIMH Y MHUAWH, B
CBSI3U C OTUM MOXHO JIONYCTUTh, YTO WX MPHUCYTCTBHUE SIBISICTCS CIEJCTBUEM OOBIYHON
AKKyMYJIALIUH, 2 He METa00JINIeCKOi TpaHchopMaIHH.

OpHaKo HEMOHSATHO, MOYEMY Takhe KapOTHHOMWBI, KaK KPAaCCOCTPEAKCAHTHH A,
nekTeHon A, 19'-rekcaHOMNOKCU(PYKOKCAHTHHOJN, (YKOKCAHTHH, (YKOKCAHTHHON U
0CcOOEHHO TaNlAllMHTHAKCAHTHH U TE€TEPOKCAHTHH HE PETUCTPUPYIOTCS Y pamnaHsl (B TaOI.
3.25 noka3ansl kak *). OTCroa MOKHO JOITyCTHTh, YTO MMEHHO OHH U TMOJBEPraroTCs
MeTaboIHYecKoi TpaHC(hOpMAITUHL.

O cymniecTBOBaHUM MeTabOIMYeCKOl TpaHc(opMalii CBUACTENBECTBYET TaKKe
BBICOKHI YpPOBEHb CIIOKHBIX J(HUPOB MEKTCHOJIOHA, AMATOKCAHTHHA, AIJIOKCAHTUHA W
MUTHJIOKCAHTHHA M Hanuuue 3-X M30MepHBIX (opM amiokcaHtuHa. llocnennuil siBHO
JIOMUHHPYET B TOHAJIAX MOJITIOCKA.

ITo cBoemy coctaBy R. venosa ornudaercs W OT JPYTrUX XHIIHBIX BHOB
ractporiox [Matsuno et al., 1984; Katagiri et al., 1986; Maoka, Matsuno, 1989]. Jlns
racTponoj U3BECTHBI 2 MyTH MeTabon3Ma KapOTHHOUIOB: 10 OKUCIUTEIFHOMY ITyTH OT
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B-xapotuna mo 3S, 3'S-acTakcaHTWHa U MO BOCCTAHOBHTEIBHBIM ITyTSM OT JIIOTCHHA 10
(G pUTIIENTOKCAaHTHHA, M OT KaHTakcaHTruHa 10 4,4’ -ruapokcunuppapaukcanTana [Katagiri
et al., 1986; Maoka, 2011]. OmHako B TKaHAX pamnaHbl He HAOMIOMATNCh 3TH BHIIBI
KapOTHHOMJIOB, YTO CYIIECTBEHHO OTJIMYAaeT €€ OT JPYruX H3YYEHHBIX TacTPOIOI.
[IpucyrcTBue xe B-kapoTuHa U 7,8-AUIeTHAPOACTAKCAHTHHA MIPEANoNaracT BO3MOKHBIM
OKHCJIUTENbHBIA MyTh TpaHchopMaimu, Kak y ractpomoj Fusinus perplexus, omxako
BBICOKOE COZIEep’KaHHE aJUIOKCAHTUHA U €ro M30MEpOB, a Takke 3(UpoB yKasblBaeT Ha

npeoOiaganue Ipyrux myTed MeTadonmu3ma.

Tabnuma 3.25

CpaBHI/ITeJ'II)Haﬂ OIICHKa COCTaBa KapOTHMHOHUJOB B CYMMApPHBIX 3KCTPAKTaX TKaHEeH

MHIUHN U pallaHbl

Buapl KapoTUHOUIOB

Conepxanune, %

Munus

Pamana

B-xapoTun
8'-anoaJIOKCaHTHHOI
Kpaccoctpeakcantun A

Kpaccoctpeakcantun B

19'-rekcaHOMIIOKCHKPACCOCTPEaKCaHTHH A

[lexTeHomoH (C yaeToM 3(HUPOB U H30MEPOB)

JlaTokcaHTHH (C y4eToM d(HUPOB)
AJUTOKCAaHTHH (C y4eToM 3(pupoB)
MUTHIIOKCAHTHH (C y4€TOM 3(HUPOB)
3eakcaHTHUH
19'-rexcaHOMIOKCUMHUTHUIIOKCAHTHH
["ajanMHTHAKCAaHTUH
19'-rekcaHOMIOKCUTAIOLUHTHAKCAHTHH
[lekTeHon A

DyKOKCAHTUH

19'-rexcaHOMITOKCH(PYKOKCAHTHH
['eTepokcanTUH

DyKOKCaHTUHOJI
19'-rexcaHoOMITOKCH(YKOKCAHTHHOIT

19-rexcaHOMIIOKCUATIICHUKMUTHUIOKCAHTHH

[lepuauHuH
[TuppokcaHTHHOI
4-KeTOoaIOKCAaHTHUH
7,8-nmuernipoacTakCaHTHH

+

+ 4+ ++++ + + + + + + + + 4+ + + + + + o+

+

¥ X X

+
+

[Mpumeuanue: * — OTCYTCTBHE MaKOPHBIX KAPOTHHOMIOB JKEPTBHI B TEJle XHUIITHUKA
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Hwxe npemnaraercs BeposiTHasi cxema TpaHChopMalii KapoOTHHOUJIOB B TEJIE pariaHbl
(puc. 3.48).0na mmeer mHOro obmero ¢ meradommsmom Acanthaster planci [Maoka,
2011] u mo3BOJISIET OMPEACIUTD MyTH TpaHchopMalu GyKOKCAHTHHA, PYKOKCAaHTHHOJIA
W TaJalldiHTHAKCAHTWHA, KOTOpble HE OOHApY)XHMBAIOTCS B TeJC pamlaHbl, JO
MUTHJIOKCAHTHHA, a/UIOKCAHTHHA, a Takke HuX 3pupoB u wu3omepoB (1) u myrtu
TpanchopManuy AWATOKCAaHTHHA 10 7,8-gumeruapoactakcantuHa (2). Cxema (1) mmeer
psan momonHeHHMH K m3BecTHOM ais Acanthaster planci ma sTame MUTHIOKCAHTHHA,
MOCKOJIbKY M30MUTHIIOKCAHTHHA B TKAHSIX PariaHbl 00OHAPYKEHO HE OBLIO.

1 o

o(R) rper- ocrarox
b,m ’,LNL,\A[NYN KapOOHOROH KHCIIOTEI
S 2 (R)oﬁI
. Rl

DYKOKCAHTHE N )\7 (R)o
l (R)o’Oi

£

o CrnoxHble SHPEL L;
o @ oxcajmmon .m QHTHHA R
;Q’m W oz 9';2 - ATIOKCAHTHH ~

TATOIMHIHAKCARTHH I/Isommunoxca}rrmi /

»

it BO' -

o om o= KADOTHHOH/BI JBYCTBOPYATBIX MOIITIOCKOB ‘A/v&m(
e KaPOTHHOH/BI paIAHLI & 4 - KeTOQTIOKCAHTHH

M W AAA
Z[Harox(caﬂrm—l HCKTCHOJ'I TTeKTeHOMOH

Puc. 3.48. BepositHbie myTH TpaHchOpMaLUK KAPOTHHOUIOB B TEJIe MOJUTFOCKA-XMIITHUKA
Rapana venosa

B cxeme (1) mokazaH Tak)Ke JOMOJIHUTENIBHBIM MyTh OOpPa30BaHUS MOJICKYII
AIJIOKCAaHTHHA (TIPEPBIBUCTBIMU  CTpenkaMu). KBangpaTHbIMM CKOOKaMu  BBIIENICHA
KETOCHOJbHAs TPYNIUPOBKA B  MOJIEKYJIE MHUTWIOKCAaHTWHA, MOJBEprarouascs
JanpHeWmie TpaHchopmarmu. Ha crnemyromem STane  OHa  U30MEpU3YeTCS B
JTUOKCHAIUICHOBYIO M 3aT€M IPOUCXOIUT CBOOOJHOPAJAHMKAIBHOE pAacCHICIUIEHHE JBYX
OKCHUTPYNIlT ¥ LHKJIONEHTAaHOBOM CBs3W. B mocnexyromem wH3 asIeHOBOW TIPYIIbI
oOpasyeTcsl alleTHIICHOBAs M IHUKJIOTEKCAaHOBOE KOJBIIO, YTO MOKA3aHO JUIsSI MOJUTIOCKOB
[Britton et al., 1998; Bopomuna u ap., 2010]. Y3 AByX THAPOKCHIBHBIX PaIMKaIOB
o0pasyeTcsi epeKuch BOAOPOA, KOTOpasl pa3pyliaeTcs B Telle pamaHbl MoJ ACHCTBHEM
Katanasel. B pesynbprare, MOJIeKyJIspHas Macca MUTHJIOKCAaHTHHA yYMEHbIIaeTcss Ha 34
eJIMHUIIBI, TO €CTh MAacCy IepeKHcH BOJOpoAa. B jmanbHellieM, MOMHUMO TpaHC-
alJIOKCaHTHHA, oOpasytotrcs eme 2 ero usomepa (92) u (92,9'Z), u3 KOTOpHIX TaKxke
(dopMHpPYIOTCST CIOXKHBIE 3(UpBl auloKcaHTHHA. OJHOBPEMEHHO AJIOKCAHTHH MOXKET
TpaHchopMHupOBaThcs B 4-keroayuokcaHTHH. OTcioja cleayeT, 4YTo pa3HooOpasue



167

KapOTI/IHOI/II[bI TKaHEH MaCCOBBIX BUJI0B YCPHOMOPCKUX MOJIIFOCKOB

KapOTHHOHJIOB y panaHbl (JOpMHUPYETCS B OCHOBHOM 3a CUET CTPYKTYPHOI MOAU(UKAIIN
JUTOKCAaHTHHA, YTO OTIMYaeT Rapana venosa ot apyrux XUIMHBIX BUAOB TacTPOIIO.

[IpucyTcTBHE TEKTEHOJIOHA W MWATOKCAHTHHA B TKAHSIX pamaHbl MOXET OBITH
OOBSICHEHO KaK aKKyMyJsiqueld O3TUX COEAMHEHWH B TMpOLEeCCe MUTAaHUS, TaK H
TpaHcdopmanuerl JUaTOKCAaHTHHA B TMEKTeHONOH (puc. 3.48, cxema 2). DTOT mporiecc
XOPOIIIO U3BECTEH ISl IBYCTBOPUYATHIX MOJITIOCKOB-PHIBTpaTopoB [Britton et al., 1998],
OJTHAKO B YEPHOMOPCKOM PETHOHE JUISl 3TUX MOJIIFOCKOB OH OCYILECTBISIETCS TOJIBKO A0
MEKTEHOJIOHA BKIIOUUTEBHO.

Takum oOpa3om, mpennaraemasi cxema TpaHCQOpPMalMd KapOTHHOHWIOB B
Tpo(puyecKoi Memu «MOJUTIOCK-(DUIBTPATOP — MOJUTIOCK-XHUIMHUK», HA IpUMEpe
OCHOBHBIX KapOTHHOWAOB JIByCTBOpPUYATHIX MOJUIOCKOB UYepHoro mopss u R. venosa
MpeanoyiaraeT HaKOIUIGHHE B TKAHAX XWIHUKA aJUIOKCAHTHMHA KaK OCHOBHOTO
UATIETHIICHOBOTO KapoTWHOHA (C y4EeTOM BCEX ero M30MEpHBIX M APHUPHBIX (popm), a
TaKXe MUTUJIOKCAHTHHA, IEKTEHOJIOHA U AMAaTOKCAHTHHA. DTO MOKET OBITh CIEACTBUEM,
KaK MeTa0OJUYeCKON TpaHCopMalMKM, TaK M YaCTHUYHOW aKKyMYJISALHUH OTHX
COCMHEHW B TIpollecce NHUTaHWA. HeoOXoaumMo Takke OTMETHTh, YTO COCTaB
KapoTHHOHJIIOB Y R. venosa Obl1 u3ydeH He MOTHOCTBIO (0KoJo 84-87 %). IIpakTudecku
OTCYTCTBYET MH(POPMALIUS O COACPKAHMH MHUHOPHBIX KOMIIOHEHTOB. JTO O03HAYaeT, YTO
myTd MeTtabonnyeckoil mH(MOpMalMu KapoTHHOUIOB B Teie R. Venosa B mepcrekTuBe
MOTYT OBITh YTOUHEHBI.

X k%

Pe3ynbrarhl, MpeNCTaBICHHbIE B HACTOAIICH TJIaBe, MO3BOJSIIOT CHAENaTh PSI
0000meHuit. Brieperle, Onaromaps NPUMEHEHHIO KOMILJICKCAa COBPEMEHHBIX METOJIOB
HCCIICIOBAHMUS, YIAIO0Ch HACHTH(OUIIMPOBATH HANOOIee MUPOKHUH CIIEKTP KapOTHHOUIIOB
B TKaHAX MaCCOBBIX BHJIOB YepHOMOpCKHX MosutrockoB: Mytilus galloprovincialis Lam.,
Crassostrea gigas Th., Anadara inaequivalvis Br., Rapana venosa Val. D10 BaxkHO He
TOJIBKO ¢ HAYYHOM, HO M C MIPAKTHIECKOM TOYKH 3PEHUS, TaK KaK MO3BOJIIET TOBOPUTH 00
ux nmnieBoir nenHoctu. Crenyer wamomuuth, 9ro M. galloprovincialis u C. gigas
SIBJISIIOTCSI 00BEKTaMH MapUKyJIbTYpPhl B 4ePHOMOPCKOM peruone, a A. inaequivalvis u R.
VeNnosa paccMaTpUBaOTCH B KAYECTBE TAKOBBIX Ha OIIMKANIIYIO TEPCIICKTHBY.

Y M. galloprovincialis unentuduiposarno 20 kapotuHOHAOB (0KOIO 99 %
cocraBa), y C. gigas — 10 kaporuroumoB (76 % cocraBa), y A. inaequivalvis — 6
kapotuHonzoB (6osmee 90 % cocraBa), R. venosa — 6 kaporuHOoHIOB (oKONO 85 %
cocraga). IIpu atom y M. galloprovincialis B MuHopHOM KOJIHMYecTBE OOHAPYKEHBI TPH
HOBBIX 19'-rekcaHomoKCH-KapoTuHOHAa: 19'-reKcaHOMIIOKCUTaNOMHTHAKCAaHTHH, 19'-
IeKCaHOMJIOKCUKpAccoCcTpeakcaHTuH A4, 19'-TeKCaHOWJIOKCUMUTHIIOKCAHTHH, —  YTO
MTO3BOJIMJIO BIIEPBBIE MPEIJIOKHUTH HOBYIO CXEMY METa00IMYeCKOi TpaHChOpMaIK 3TOH
IPYIIbI COENHEHHIA.

HeobxomumMo oTMETHTB, YTO JByCTBOpuaThie Moyumtockd A. inaequivalvis, M.
galloprovincialis u C. gigas HaxoawiuCh B OJMHAKOBBIX YCIOBHSX M Marepual
coOupasncsi OIHOMOMEHTHO. JTO MCKIIIOYAeT BIMSHUE CPEIbl W CIEKTPOB NMHUTAHUS Ha
COCTOSIHUE KUBOTHBIX, YTO BaXKHO TP MPOBEACHUH CPABHUTEILHBIX UCCenoBanuii. [Ipu
3TOM B TKaHAX MOJUIIOCKOB OBLIO BBIABJIEHO TOJNBKO TPH OOIIMX KapOTHHOHUA:
AIVIOKCAHTHH, JWAaTOKCAHTMH W TEKTeHOm A — W OTMEYEHa 3HAYUTEIbHAS
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BUJIOCHICHIU(UYHOCTh HMX Ka4eCTBEHHOTO COCTaBa. JTO O3HAYAeT, YTO IPOIECCHI
MeTabon3Ma COSANHEHHH KaPOTUHOUIHOTO PsiZia UMEIOT SIBHYIO BHIOBYIO CHELH(DUKY.
Y M. galloprovincialis pasnmuuusi oOHapy>KeHbI ¥ Ha BHYTPUBHIOBOM YpOBHE (IIBETOBBIC
MOp}BI), UTO, BEPOSTHO, UMEET T€HETUIECKYIO OCHOBY.

Y  BCeX BBINICNIEPEUYUCICHHBIX JIBYCTBOPYATBIX MOJUTIOCKOB — OIPEICICHBI
Ma)XOpHbIE ¥ MHHOpPHBIC TPYNIBI KapoTHHOHIOB. IlocieaHee MO3BONMIO TEpEeHTH K
aHaJIM3y BEPOSTHBIX MyTel MeTaboaM3Ma COCTUHEHHH KapOTHHOMAHOTO psma. CrenaHo
OPEANOIOKEHHE, YTO B HMX OCHOBE JIGKHT NpPeoOpa3oBaHUE IBYX BOJOPOCICBBIX
HUIMEHTOB: (DYKOKCaHTHHA M JWATOKCAHTHHA, MCTOYHHUKOM KOTOPBIX MOTYT OBITh B
OCHOBHOM JIMaTOMOBBIE M IMHO(GHUTOBbIE MHUKpPOBOAopociad. OHH ONIPENessioT Kak
OOIIHOCTB, TaK M CIEHU(YUIHOCTD CIIEKTPa KAPOTHHOUIOB TKAHEH MCCIICIOBAaHHBIX BUJIOB
IBYCcTBOpOK.  IlpemnokeHa  Takke  Meraboiuyeckas  cxema  Tpancdopmaimu
KapOTHHOUJIOB B TPOPHUYECKOH WEMmH «MOJUTIOCKH-(QUIBTPATOPhl —  MOJUIFOCKH-
XUIIHUKW», KOTOpas OCHOBaHA HA HAKOIUICHMM B TKaHAX XHWIIHUKA aiuio- U
JAUAaTOKCAHTUHA U UX IIPOU3BOAHBIX.

[Toka3aHo, YTO COAEpKAHHE M COCTAB KAPOTHHOMIOB TKaHEH MOJUIIOCKOB HE
SABIIAKOTCA ITOCTOAHHBIMU BCIMYHMHAMU W 3aBUCAT OT YCJIOBI/Iﬁ Cpeabl (Hpe)KIle BCE€TO,
CIIEKTpa MUTAHUS) U COCTOSIHUS OpranusMa. M3yuenune nuHaMUKM 3THX ToKa3aTeneil y A.
inaequivalvis B TeueHue (eBpasAi-UIOHS MO3BOJMIO KOHCTATHPOBATH HAINYHE CBSI3H C
CYKIIECCHEH IHAaTOMOBBIX W JUHOGHUTOBBIX B MNPUOPEKHBIX aKBATOPUSX. ITO
NOATBEPKIACT BBICKA3aHHOC HaMH MPEANOJIOKEHHE O TOM, YTO 3THU COCTABIISIOIINC
(UTOIIAHKTOHA SIBIISIOTCSI OCHOBHBIMH MCTOYHHKAMH KapOTHHOHMIOB ISl MOJUTFOCKOB-
(UIBTPATOPOB.

CpaBHHTENIbHASL OIICHKA COACP)KAHUS U Ka4eCTBEHHOTO COCTaBa KapOTHHOMIIOB
COMAaTHYECKHX M T€HEPAaTHBHBIX TKaHe# y R. Venosa mokasama, 4To B HEpPHOJ HepecTta
TOHA/IbI CAMIIOB M CAMOK M30HMpPaTeIbHO HAKAIUIMBAIOT AJUIOKCAHTHH M €r0 MPOU3BOIHBIC
(3¢upsr). Ilpu sTOM Ha TeHepaTHBHYIO TKaHb mnpuxomurcsi no 60 % ot oOmero
COZICp)KaHUSI KapOTHHOMIIOB B TEJE MOJUIIOCKA. BBICKa3aHO MPEANOI0KEHHEe, YTO ITO
CBSI3aHO C OCOOCHHOCTSIMH CTPOCHHUSI JaHHOTO IHIMEHTA: MHPHCYTCTBHEM JABYX
AIICTUIICHOBBIX CBS3€H, HATMYMEM KOPOTKOM II€MH CONPSUKCHHBIX ABOWHBIX CBS3EiH M
MOJIAPHBIX TUAPOKCWIBHBIX T'PYIII, YTO HNPpUAACT €MY BbIPpa)XCHHBIC AaHTHOKCUIAHTHBIC
CBOJCTBA.
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CNELUNDOUKA TKAHEBOI'O METABOJIU3MA Y
ABYCTBOPYATOIO MOJIJTHOCKA-BCEJIEHLIA ANADARA
INAEQUIVALVIS (BRUGUIERE, 1789)

Anadara inaequivalvis (Bruguiere, 1789) B psiae paboT IpOXOAUT MO Ha3BAaHUEM
Scapharca (pexxe Arca) inaequivalvis, Cunearca cornea [Chiancone et al., 1981; Corni,
Cattani, 1989; Yukwuna u ap., 2003; Andreani et al., 2011]. B HacTosmee Bpems >TH
HA3BaHUS CUUTAIOTCS YCTAPEBITUMHU, HO MTPOJIODKAIOT YIIOTPEOIIATHCS IPEUMYIIIECTBEHHO
B paboTax ¢usrosornyeckoro u onoxumuueckoro npoduis [Isani et al., 1986; Mistri et
al., 1988; Holden, 1994]. CuctemaTnieckoe IMOJIOKEHUE BUAA:

Tun — Mollusca

Knacc — Bivalvia

IMoaxmacc — Pteriomorpha

Otpsin — Arcoida

CemeiictBo — Arcidae

Pox — Anadara

Bug — Anadara inaequivalvis (Bruguiere, 1789).

B HacTosmem TiaBe mpexacraBieHa HWH(OpPMAMS O Pa3UYHBIX AaCIeKTax
TKaHeBoro merabomusma A. inaequivalvis ¢ akieHTOM Ha YCTOHYHBOCTH 3TOTO BHIA K
THIOKCHH, aHOKCHH U TOJIOAAHUIO.

4.1. OcobeHHOCTM 6MOoNnorumn n pmsnonornum
A. inaequivalvis

A. inaequivalvis mmpoko pacmnpoctpaHeHa B Wumuiickom u TuxoMm okeaHax.
Pacnpenenenue Mosuitocka otMedaeTcs oT neHTpa MHauicKoro okeana K 3anaay Tuxoro
okeaHa, or Mnnuu n pu-Jlanku x MHOoHe3uu, oT ceBepa SMoHMM Ha IOT K CEBEPY
Asctpanuu [Habe, 1965]. B CpeanzemMHoe Mope MOJUTIOCK Tionan u3 Atnantuku B 1969
rogay u ObIcTpo pacnpoctpanmicsa. B 1981 rogy momirock Obl1 oOHapy>KeH MO BCEMY
menbdy 3anmagHoit yactu YepHoro mopst [Gomoiu, 1984; 3onorapes, 3onoTapes, 1987]. B
1986 rTomy anHamapy OOHapyXHIIM Ha CceBepo-3amagHoM mienbhe YepHOTO MOpHAL.
Cuuraercs, 4TO MOSBIECHUE STOTO MOJUTIOCKa B YepHOM MoOpe BBI3BAHO IEPEHOCOM
JMYUHOK CyaMu ¢ OanjacTHeIMH Bojamu. [IpoHMKHOBEHHNE aHagaphl CBS3BIBAIOT TAKXKe
C MUTpalueil B Y4epHOMOPCKHI perroH u3 Anpuarnieckoro Mops [Zolotarev, 1996]. K
1994 roay MOJUTIOCK YCIIEITHO OCBOMII BCIO FOKHYIO 9acTh A30BCKOro Mopsi [UmxaueB u
ap., 1994]. B 1999 BnepBbie Hanwuue aHaaapbl ObUIO 3apErHCTPUPOBAHO HAa I0XKHOM
6epery Kpsima Ha rimyoune 23 m (Kapanar, paiion Amymrsl) [Revkov et al., 2002]. 3atem
BIIEPBBIC B IUTAHKTOHE ObLIM 0OHapy»xeHbl quurHKd A. inaequivalvis [be3symiko, 2001].
VYxe B 2000 rogy aHamapa sBISJIaCh MacCOBBIM KOMIIOHEHTOM B O€peroBbIX BBIOpOCaX
Kepuenckoro nponusa [AHuctpaTeHko u ap., 2000; Anuctparenko, Xanuman, 2006]. B
Hactosimee Bpems  A.  inaequivalvis  sBiseTcs  TOMHUHHMPYIOIIMM — BHIOM B
Makpo3000eHTOoCcHBIX coolmiecTBax CeBepokaBkasckoro u CeBepo-3amagHoro menbga
Yepuoro mops [Komtoukuna, Mcmannos,2007; Epemees u ap., 2009].
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4.1.1. BuemHee cTpoeHue

PakoBuna amagapsl TBepHas, MacCHBHas, Tsbkeinas, B3ayTas (puc. 4.1A).
JocTtatouHo HepaBHOCTBOpYaTasi y MOJOIBIX o0co0ell, JeBas CTBOpKa OTYETIUBO
HaKJIabIBaeTCA Ha MPaBYIO: BEHTPAIBHO W c3aiu. [Ipu 3TOM y B3pOCIBIX IK3EMILISIPOB
pasiuyusi HEe CTONh 3aMeTHBl. PakoBHHa OYeHb W3MEHYHWBAa 1O (QopMe, TOJNIWHE U
BhIyKJIocTH pedep. OTHomIeHne BhICOTH K JumnHe: 0,69-0,88, mmpunsl k amuHe: 0,53-
0,84. BepmmHBI CTBOPOK HEMHOTO CMEIIEHBI OT CEpeAWHB K IepeaHeMy Kparo.
3aMOYHBIN KaHT COCTOMT W3 HEMPEPHIBHOTO pPsia OJHOPOIHBIX 3yOroB (40-50 mrT.).
Hwxnue kpast cTBOpoK M3HYTpW 3a3yOpenbl. Kaknas cTBOpka pakOBHHBI COCTOUT W3
npubnusuTensHo 33 paguanbHeIX pedep (30-36 mT.), KOTOpBIE UMEIOT OJMHAKOBYIO C
nmpoMexxyTkamu mupuHy [Morton,1983]. Kapannansaast 001acTe TOBOMBHO AMMHHAS U
y3kas. [lepuocTpakym XOpomIo pas3BHT, MMEET TEMHBIH KOPHUYHEBO-UEPHBIA IBET M
HaXOJIUTCA OKOJO KpaeB PaKOBHHBL. Y Kpass pakOBUHBI H3HYTpU HMeeTcs pebed,
COOTBETCTBYIOILINI pedpaM HapyKHOH moBepxHOCcTH. OKpacka pakKOBHHBI CBETIIas OJIKE
K Oemomy, wmHOTHa KpemoBas [AHHCTpareHko, XammmaH, 2006]. Cpemamii pazmep
nocturaet 70-80 MM, MakCUMaIbHBIA — 95 MM B JunHy, 61 MM B BbicoTy [Broom,1980;
Broom,1985; Rinaldi 1985]. Anagapa — akTHBHBIN MOJUTIOCK, CITOCOOHBIN TIEPEIBUIaTHCS
Ha 3HAYUTEIHHBIE PACCTOSHUS 33 CUET MOIIHON HOTH. TKaHW WHTEHCHBHO OKpAIICHHI B
OpaHXEBBIN IIBET, YTO CBUIETEILCTBYET O BBICOKOM COJEPKaHUHM KapOTHHOMIOB (pHC.
4.1b) [bopoauna u ap., 2009].

Puc. 4.1. Buemnuii Bua A. inaequivalvis (A) u nocie BckpbiTHst cTBOPOK (B)

4.1.2. YcmoBus oouTanus

A. inaequivalvis sBnsercst  aBpurepMHbIM  [Broom,1980;  Boonruang,
Janekam,1983] wu oBpuramuaaeiM [Broom,1980; Yankson, 1982] Bumom, ierko
MEPEHOCUT TUIIOKCHYECKUE M aHOKcHYeckue ycinoBus [Isani et al., 1989]. Hecmorps Ha
TO, YTO MaKCHMaJbHOE PAcIpOCTPAaHEHUE COOTBETCTBYET 00IACTSIM C COJIEHOCTBIO OKOJIO
30 %o, Mommock mepeHocuT ompecHeHue g0 10-11 %o [UuxaueB u np., 1994], a B
AHzpHaTHKe BCTpEUYaeTcs Aa)xke B COJIOHOBATOBOAHBIX jaryHax [Sahin et al., 2006]. ITo
JUTEPAaTypHBIM JaHHBIM, aHajJapa B OCHOBHOM SIBISIETCS OOWMTATeNeM MSITKHX
CcyOCTpaToB: MEcCUYaHOro W MIMCTOrO, NMPH 3TOM OHA BCTpevaeTcs: Ha riayoune no 30 M
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[Lim, 1966]. B A3oBckoMm Mope aHagapa oOMTaeT Ha BceX TIyOuHax, BIUIOTh A0 10-11 M,
Ha WITUCTBIX, WJIMCTO-TIECUaHBIX TpyHTax [UmxaueB u nap., 1994]. B Uepnom mope
MOJITIOCK BCTPEYAeTCs Ha pa3iIMyHBIX TPYHTaX Ha riryouHe ot 3 mo 60 M ¢ MakCcUMaIbHON
IUIOTHOCTRIO B Jauamna3zoHe oT 5 jgo 25 m [Sahin et al., 2009]. Ilpu sToM anamapa
BBITECHSICT JPyrue BUJBI JBYCTBOPOK, OOMTABIIMX Ha Takux cyOcTparax. B oTaenmpHBIX
paiioHax MPOUCXOANT yBelndeHne o0Ieit OnomMaccel 3000eHTOCa 3a cUeT (hOPMUPOBAHUS
CaMOCTOSITENILHOTO 30011eH03a aHanapsl [Komroukuna, Mcmannos, 2007].

[o Ty mMUTaHWUs MOJUTIOCK SBJISETCS (DUIBTPATOPOM-CECTOHO(ArOM U SIBJISCTCS
Ba)XHBIM 3BEHOM IIPOIIECCa CAMOOYHIIIEHHS BOAOEMA.

4.1.3. PasmHoXenue

[TonoBoe co3peBanue A. inaequivalvis mpoucxoaut Ha 2-3-M TOLY JKH3HU MPH
JUTHHE pakoBUHBI okono 10 mMm [UYukuna u ap., 2003], 20 mm [Sahin et al., 2006]. Kak y
BCEX TpeJACTaBHTENCH cemelicTBa Arcidae, pasMHOKEHHE MPOMCXOANUT CO CTaIueH
TUTAHKTOHHOW JIMYWHKHU, KOTOPAas MPEAIIOYNTAET BEPXHHUE U cpeHue Topu3oHTH (0-25 M)
[KazankoBa, 2002]. Ilo apyruM NaHHBIM, CYIIECTBYET KOPPEIALMS MEXIY MEpHOIOM
BBIMETBIBAHUSI JINUMHOK, TEMIIEPATypOH U COJEHOCTHIO Bobl [Beukema,1982; Mistri et
al., 1988].

I'ameToreHes HauMHaeTCsI B Mae M MpoAoiDKaercs A0 OKTaOps. Hepecr
YCTaHOBJICH C MIOHS 10 OKTSIOPh C pa3InuHON HHTEHCUBHOCTHIO. PenpoayKkTHBHAS may3a
B OCHOBHOM HalOuoanach ¢ HostOpst mo ampens [Corni, Cattani, 1989; Yukuna u mp.,
2003]. B psize paboT oTMeUaeTCsl HeraTHBHAsT KOPPEISAIHS MEKIY OCeTaHUEM JTMINHOK U
YHCIICHHOCTBIO B3POCIBIX MOJUTIOCKOB [Mistri et al., 1988; Yukuna u ap., 2003]. Ects
NpPEOIIOKEHHe, YTO MEXaHW3M, HE TMO3BOJSIONIMHA JHYMHKAM OCENaTh pSIOM C
B3POCIIBIMH OCOOSIMH, CBSI3aH C BHIOPOCOM MOJITFOCKAMH B BOJIY OTIIyTHBAIOIIUX MOJIOJb
BemectB [Yukuna u ap., 2003].

DKcnepuMeHTalIbHO M3ydeH Habop xpomocoM y A. inaequivalvis. V keHCckux u
MYKCKHX JK3EMIUISIPOB OH cocTaBwil: n = 19 u 2n = 38. beum 0OHApYKEeHBI TIIaBHBIM
0o0pa3oM MeTalleHTpUYECKHe M CyOMeTaleHTpuueckue xpomocomsl [Corni, Trentini,
1988].

Honynsuus A. inaequivalvis XapakTepu3yeTcss MEIJICHHBIM POCTOM OTJCIIBHBIX
ocobei, T0CTaTOUYHO MPOAOIKUTENBHON KU3HBIO, CKYTHBIM ITOTIOIHEHHEM 3a CUET BHOBb

OCEBIIMX 3K3EMIUISIPOB M HU3KOW JIONel CMEPTHOCTH B3pOCIHBIX ocoOei [UukuHa U Aap.,
2003].

4.1.4. Ocobennoctu Gpu3n0NOruu

ApnanTuBHAs CIIOCOOHOCTH JIBYCTBOPYATHIX MOJUTFOCKOB K THUTIOKCHHM M aHOKCHHU
BO MHOTOM 3aBHCHUT OT CBOWCTB TeMonnMbbl. KieTku reMonuMdbl BBITOTHSIOT P
3alUTHBIX (DYHKIWH, YY9aCTBYIOT B BOCHAIHMTENBHBIX peaknusx [Coombe et al., 1984;
®enopos,2004], mnUIEBAPEHUH, DJKCKPEIUH, a TaKXKE BOCCTAHOBICHHH PAKOBUHBI
[Ratcliff, Rowley, 1979].

DKCIIEPUMEHTAIBHO YCTAHOBIICHO, YTO reMoimMda aHajgapbl COJNEPKHUT YEThIpe
THTA KJIETOK (TEMOIMTOB): HanboJiee MHOTOUHCIICHHbIE KPACHBIE KIIETKH — 3PUTPOIIHTHI,
coJieprKaIire reMorioOnH, u Tpu Buaa Oenbix kietok [Holden et al., 1994]. Dpurporutst
NPEACTABISIOT COOOW KIETKH, COJep Kallie MIOTHBIE HMUTOIUIa3MaTHUECKHE IPaHyiIbl U
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pasnuuHble opraHouabl. OOHapy>KeH XOpOIIo Pa3BHTHIN ammapaT [ onbIku, HEPOBHBIH
SHJIOMJIA3MATUYECKUI PETUKYIYM, HENOCTOSHHOE 4YHCIO MHTOXOHAPHUM U MENKHE
LUTOIIa3MaTHIECKUe MHUKPOKaHaIbla. benble KIeTKH BCTpedanuch ropasio pexe W B
MeHbIIeM Konu4decTBe. [lepBblil THI OeMbIX KIETOK MpPEACTaBiCH auuaA0(QHILHBIMH,
OUTOIIa3MAaTUYECKUMH  TPaHYJIMPOBAaHHBIMUA  KJIETKAMH C  BBICOKOH  CTETEHBIO
Bakyonu3auuu. KieTku BTOporo Tuma mpeincTaBieHbl Oazoduiaamy, NPaKTHUECKH HE
coJepKalllMMU LUTOIUIA3MaTHYECKUX TpaHyl. KJeTKd TpeThero THIa MalIOUUCIICHHBI.
OHU UMEIOT OTHOCUTENLHO OOJIBIINE, TUIOTHBIC, anunodunbHble rpanyisl [Holden et al.,
1994].

Hannuue sputpounTapHOro reMoryioOMHa IPEAroyiaraéT COOTBETCTBEHHO
BBICOKYI0 KHCIoponHyto emkocTh [Cortesi et al., 1992]. Dro kayecTBO MO3BOJSET
IPEINOJIOKUTh HaIWYMe OCOOEHHOCTEH B OpraHU3allid TKaHEBOro meradonusma y
nmanHoro Buma [Carpene et al.,, 1985; Zwaan et al., 1991; Zwaan et al.,, 1992].
OOmen3BecTHO, YTO >KUBOTHBIE, COJEp)KAIIME IbIXaTelbHBIE MHUIMEHTHI, 001agaroT
CIIOCOOHOCTBIO PETYJIMPOBaTh CKOPOCTh JbIXaHUS 1O TEX IMOp, MMOKa HampsbKeHHe
KHUCJIOPOJA HE MaJaeT HUKE KpUTUYeCKOoro ypoBHs [KoncTtanTHOB,1986].

OPUTPOLMTHI aHaapbl coaepikar aBa tumna remorioduna (Hbl u HblII), kotopeie
UMCIOT XapaKTepHBIE CXOMHBIE CTPYKTYpHbIE M (PYHKIUOHAILHBIE CBOWCTBA, OJIHAKO
UMEIOT | pan oTmuuil [Mitomi et al., 1973; Furuta et al., 1977; Chiancone et al., 1981;
Boffi et al., 1987]. Hbll — Terpamep, cOCTOMT U3 ABYX Hap MOJIMICIITHIHBIX 1eneid A u B,
OTIIMYAIOIIUXCS TOJIEKO OHOM 3aMEHOH MOCIeI0BATEIEHOCTH aMUHOKHCIIOT B CTPYKTYpe
B memu [Piro et al., 1996]. HbI — aumep, Momekyna KOTOPOTO COCTOWUT M3 OIHOMN
NOJMIENTHIHON IIeNH, OTJIMYHOW OT Lemed TeTpamepa MOJEKYJSIPHBIM BECOM U
n3031ekTprueckoii Toukoi [Furuta et al., 1977; Chiancone et al., 1981; Boffi et al.,
1987].

C (hyHKUMOHATBHOM TOYKU 3PEHUS] IUMEPHBIA KOMIIOHEHT ITOKAa3bIBAET BHICOKYIO
KOOIIEPAaTUBHOCTh B CBSI3BIBAHMM KHCJIOPOJA M ITOCTOSHHOE CPOJCTBO K KUCIOPOAY HpHU
pH 5,5-9,0 [Chiancone et al., 1981; Boffi et al.,1991]. TerpaMepHbIii KOMITIOHEHT
00HapyKMBAaeT AHAJIOTHYHYIO KOOIEPATHBHOCTh B CBSI3BIBAHMM KHCIOPOAA, HO MMEET
0oee HU3KYIO BEIMYMHY KHCIOPOJHOTO CPOACTBA MpPHU HEUTPATbHOM M ILEIOYHOM
3HaueHun pH u noBeiaet ee B 3HaueHuu pH Huxe 6,5 — addext bopa [Chiancone et al.,
1981]. [ony4yensl nanHble 0 TOM, 4To Hbl B KpucTaIIMuecKoM COCTOSIHUM COXpaHseT
TMOJIOKUTENBHYIO KOOTIEpaTUBHOCTh B CBsi3bIBaHMHM Juranaa [Mozzarelli et al.,1996].

JvMepHBIi U TeTpaMepHBI TeMOrIoOWH c1ad0 B3aUMOJCHCTBYIOT C HMOHAMH
HaTpus, HO OTJIMYAKOTCA M0 MX B3aUMOACHCTBUSIM C XJIOpPHUJA HOHaMU. JlumepHbIi
reMOorjoOnH OOHapy)KMBAaeT HU3KOE CPOJCTBO C XJOPHUJ MOHAMH, a TETpaMEPHbIH OeIoK
uMeeT ydacTKu BbIcokoro cpozactsa [Chiancone et al., 1988]. Ilokasano Taxxke, 4TO
reMOrJIOONH aHa/lapbl 0c000 YYBCTBUTENEH K OCMOTHYECKHM YCIIOBHSM. Y BEJINYEHHOE
OCMOTHYECKOE JaBJICHHE, IOHIDKAIOIIEE KHCIOPOIHOE CPOACTBO B TIeMOIJIOOMHE
YeN0BEKa, YBEIMYMBAET €r0 B IreMOIJIOOMHE MOJUTIOCKA HE3aBHCHUMO OT PACTBOPHUTEIS
(ruiepuH, TIIOKO03a WK caxaposa) [Royer et al., 1996].

Nmeetcst urdopmainus o ToM, 4To remojiumda JBYCTBOPUATOrO MOJUIIOCKA A.
inaequivalvis comepkuT B IOMOMHEHHE K TEMOTTIOONHY HEOOBIYHBIA TeM, COMSpIKaIHi
rematud. B remommmde Mosumtocka reMaTHH 3(QQEKTHBHO OTIENIeH OT IeMOriio0uHa
[Vismann, 1993].

Mommock A. inaequivalvis nake B upe3BbIYalHBIX HU3KUX KOHIIEHTPALMUIX
kuciopona (menee 1,2 % HachllieHHs1) yIEp)KUBaeT HOPMY NOTpeOJeHHs KHCIOPOAa
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[Cortesi et al.,1992], a B yclOBHSIX aHOKCHHU TOKA3bIBAET MUHUMAIBHBIC SHEPTETHUCCKHE
Tpatbl. Tak, MpU SKCIEPUMEHTAIBHOM AHOKCHU CKOpOCThb CHWKeHUs ATD B TkaHsx
aHazapbl Obl1a BIBoe Huke, yeMm y Venus gallina u Mytilus galloprovincialis. MosxHo
TOBOPUTH O TOM, 4YTO HMEET MECTO COIJIaCOBAHWE MPOLIECCOB [bIXaHHA U
dochopuTupoBaHUs IS MOJYUYCHUS DHEPTHH KIIETKOW TPH 3KCTPEMATbHOW THITOKCHU
[Zwaan et al.,1991; Zwaan et al.,1992].

B ycroBusX dKCIIEpUMEHTATIBHON aHOKCHH B 3aMKHYTOM M TPOTOYHOM CHCTEMax
ObUT0 M3y4eHO BpeMs BBDKMBAHHUS JBYcTBOpYaThix MoiuttockoB Chamelea gallina,
Cerastoderma edule u A. inaequivalvis, coOpaHHBIX W3 JBYX Pa3IMYHBIX IKOCHCTEM.
JlaHHbIC BBl CUMTAIOTCS YCTOMYMBBIME K Tuokcuu u aHokcuu. [t Chamelea gallina
rubens orMeuyanu Ha 2,5 u 2,4 nenb, nus Cerastoderma edule — ma 2,7 u 2,9 nens
COOTBETCTBEHHO IS 3aKpBITOM M MPOTOUYHOM cucreM. A. inaequivalvis mokaszama camoe
JUTATENTLHOE BpeMs BBDKHMBAHUS B YCIOBUSX aHOKcuH — 14,4 nusa. CyuTaercs, 4To 3TO
CBSI3aHO C HAJIMYMEM reMoriioduHa B remoinMpe Mosutrocka [Zwaan et al., 2002].

4.1.5. Criertudmka TkaHEBOTO MeTabomm3ma

Kak moka3zamu wuccrnemoBanus, A. inaequivalvis umeer BBICOKOI(P(PEKTUBHBIM
aHa’pOOHBI TKAHEBOW METa0ONU3M. DTO MO3BOJISIET € JATUTENHHBIA TepHUoJl BpEMEHHU
HEepeXKUIaTh YCIOBHUS IKCTpEMalbHOW Tumokcun u aHokcuu [Meinardus-Hager, Géde,
1986]. Tak ke Kak W APyruM MoJuTiockam A. inaequivalvis cBOWCTBEHHO MOJaBICHHE
a’poOHOTO MeTaboM3Ma B YCJIOBHSAX THIIOKCHH, HO 3Ta OCOOCHHOCTh y Hee Ooiee
BBIpaXKEHA, 4eM y Ipyrux BugoB [Boonruang, Janekam, 1983]. Kpome Toro, pakoBuHa
aHazapbl COAEPKUT OOJIBIINE KOINYEeCTBa CBOOOAHOTO D-acnapTara, KOTOpBI BOBJICYCH
B aHa’pOOHBIN MeTaboIn3M, Tak ke Kak U L-acmaprar [Larade, Storey, 2002]. M3BecTHO,
YTO y KHMBOTHBIX C BBICOKMMH 3allacaMy aclapTara aclapTaT-CyKUMHATHOE HAIpaBJICHUE
MeTabonm3Ma MOXKET O0eCIeUHuTh NMOocTaTouHbld pecuHTe3 AT® B TeueHHWe BHENTHETO
aHaspobuosa [Mistri et al., 1988].

ITo MHEHHIO psa aBTOPOB, B YCIIOBHAX 3KCIIEPUMEHTAIBHOM TMIIOKCUH MOJITIOCK
A. inaequivalvis B TedeHHE NEPBBIX YacOB IOJJIEPKUBAET TKAHEBOE IBIXAaHHE 33 CUET
SH/IOTEHHBIX PECypcoB Kuciopojaa. B mocnenyromume uacel OTMe4aeTcs CHIDKEHUE
KOJIMYECTBAa acraprara, KOTOpPOE paBHO CyMME YBEJIWYEHHs COJAEp)KaHWS Mayiata |
cykimHata [Boonruang, Janekam, 1983; Morton,1983; Nicholson, 2002; KonroukuHa,
Hcmamnos, 2007]. AKTHBHOE HCIIOJIb30BaHME acrmapTaTa aBTOPHl CBSA3BIBAIOT C
nmpeoOpa3oBaHUEM T[JIOKO3bl B anaHuH. [locie 12 4 THUIOKCHMU JajbHEHIee
WCIIOJIb30BaHME acrapTara MpeKpalaeTcs, HO aJIaHUH, MajJaT U CYKIHMHAT MPOAOJDKAIOT
HaKaIuIMBaTbCs, MPU 3TOM HHULUHPYETCS] HAKOIUICHHE MPONMOHATa B KJIETKAaX TKaHH.
OTO O3HAYaeT, YTO MPOUCXOIUT TIOCTENIEHHBIH CIBUT B CTOPOHY NpeoOpa3oBaHMUs
nupyBata B okcamanetatr W  (ocoeHonmupysar [Boonruang, Janekam, 1983;
Morton,1983; Nicholson,2002; Konroukuna, Mcmannos, 2007]. B teuenne mnepBbix 4
IHEHl aHOKcHM HaOMIoJaeTcsd TIOCTETIEHHOE YBEIWYEHHE COAEP)KaHHS —TIIIOKO3BI
(runeprivkemus). ' TaBHBIMH KOHEUHBIMH MPOAYKTaMU aHa’poOHo3a SBJISIOTCS aJlaHuH
W CYKLMHAT, KOTOPBIM 3aTeM NpeBpallaeTcss B MNPONUOHAT, MPH 3TOM HAKOIMJICHHE
nakTara He Habmromaercs [Boonruang, Janekam, 1983; Morton, 1983; Nicholson, 2002;
Komouknra, WMcmammo, 2007]. CrnemyeTr OTMETHTh, YTO HAKOIUICHHE ajlaHWHA U
CYKIIMHATa B TKaHSIX B YCJIOBHAX Ae(UIMTA KACIOPOJa OTMEUEHO U ISl pSia MOPCKUX U
NPECHOBOJIHBIX PBIO, a TaKkKe MOJUTIOCKOB [["opomocoBa, I1lamuipo, 1984].



174

I'maBa 4

Takum 00pa3oMm, ocobeHHOCTH Owosoruu W 9Kkomorud A. inaequivalvis
MO3BOJISIIOT KOHCTATHPOBaTh, YTO NAHHBIA BHJ OCHOBHYIO YacTh >KH3HEHHOTO IWKIA
MIPOBOJIUT B Cpele C KpaWHUM IePHUIMTOM KHCIOpoAa M TICPUOAMYCCKOW aHOKCHEH.
Nmeronuiics  GU3MOIOTUYECKUMM W METa0OJIMYSCKUH  MOTCHIMANT  TMO3BOJISET
MOIICPKUBATh adPOOHBI METa0O0JIM3M B TKAHSX MPHU KpalHE HU3KOM HACHIIIEHUH BOJIBI
KHCIIOPOZIOM, a TaKXe HCIOJIb30BaTh BBICOKO 3((EKTHBHBIC IPOIECCHI aHadPOOHOTO
pecuHTe3a MakpodproB. OJHAKO MHOTHE AacCHEeKThl 3TOM YCTOMYMBOCTH OCTAIOTCA
OTKPBITHIMH, B YaCTHOCTH  MEXaHU3MBI,  ONPEICIAIONIUE  IPOJOIKUTEIBHOE
CYIIIECTBOBaHWE JTOTO BHJA B YCIOBUAX aHOKCHMA. OHH W COCTaBISIOT MpEeIMET
HACTOSIIETO HCCICIOBAHUSA, KOTOPOE IIO3BOJINT PACIIMPUTH MPEACTABICHHE O
OMOPHEPIeTHUYSCKUX ACTICKTaX KM3HHU B OTCYTCTBHU KHUCIOPOJIA.

4.2. CpaBHUTENbHaA OLEeHKa TKaHeBOoro Mmertabonusma
y A. inaequivalvis n M. galloprovincialis
NPy HOPMOKCUU

Marepuan ans TPOBENCHHS CPaBHUTENBHBIX HCCIEJOBaHUM ObUT coOpaH
OJTHOMOMEHTHO C KOJUIEKTOPHBIX YCTAHOBOK pbIOOIOOBIBatoIIero mnpeanpustus “Jlon-
Komm” (0yxta Crpeneukasi, r. Ceactomnomnb) B Hosiope 2004 roma. TpaHCIOPTHPOBKY
JKUBOTHBIX OCYILIECTBIISUIN B IIIACTMACCOBBIX KOHTEHHEPaX HACHITIbIO 0€3 BOJBI B TEUCHUE
1 gaca oT MOMeHTa cOopa.

Ilocnie  TpaHCIIOPTHPOBKM  [JIsl  CHATHUS  pEaKkIMU CTpecca  IKMBOTHBIX
BBIJICPKUBAJIA B CTEKJISIHHBIX akBapryMax o0beMoM 30 J1 ¢ IpOTOYHOH MOPCKOH BOJOH B
TedueHue 2-3 cytok. CuuTaercs, YTo 3TOT MEPUOJ] BPEMEHH SIBISETCSI JOCTATOYHBIM JIJISI
BOCCTaHOBJICHHUS ()yHKITMOHAIBHBIX XapaKTepUCTUK MoJuTFocKoB [Wenning, 1988; Ribera,
1989]. TemnepaTypy BOAbI B aKkBapuyMax IoaepxkuBaiu Ha ypoHe 20+1°C. ConeHocTsb
BoAbl cocraimsuia 17-18 °/,,  ®oromepuox — 12 wacoB jeHb: 12 9acoB HOYb.
KonueHTpanusa kuciopoa B BOAE Ha MPOTSDKEHHM 3KCIIEPUMEHTa COXpaHAIach Ha
yposHe 8,5-8,7 mr ™.

4.2.1. Henpsamas KaJOpHUMETpHS

WHTerpanbHpiM  MoKazaTeleM  MeTabonu3Ma  SBISETCS ~ MHTEHCHBHOCTh
NMOTPeOJICHHSI KHCIOPOIa OCOOSIMH. Y HCCIIEAYEMbIX BHIOB MOJIJTFOCKOB C PAaBHOW Maccou
MSTKUX TKaHEW B YCIOBHSIX HOPMOKCHH M TIpH Temmeparype Boabl 17-20°C 3HaueHus
JMAHHOTO TIOKasaTeds WMENW sBHBIE oTiuums. Y A. inaequivalviS HWHTEHCHBHOCTB
notpedneHus kucnopona cocrasmia 0,040+0,014 mr O, 3k3™" qac'l, gro B 7 pa3 (p<0,001)
mmwke, ueM y M. galloprovincialis — 0,284+0,065 mr O, sk3” wac™ [ConmatoB u ap.,
2005]. Oto mpenmonaraeT HAIWYHE MPUHIMITHAIBLHBIX OCOOCHHOCTEH B OpraHU3aIliu
TKaHEBOI'0 MeTabOIM3Ma Y JaHHBIX BUJIOB JABYCTBOPOK. CleayeT 0XHIaTh, YTO B TKAHAX
A. inaequivalvis gomkHBI TIpeobI1aaaTh aHAPOOHBIE TIPOIECCHI.

4.2.2. XapakTepuCTUKH YIIIEBOAHOIO OOMEHa

HanpasrneHHOCTh MeTa0OMMUECKUX MIPOLIECCOB B OPraHU3Me 000MX BHUIOB HMeEINa
BBIpOKEHHYIO TKaHeBylo cnenupuky. Pacnpenenenme axtuBHocter ML u JII' mo
TKaHSIM COBIQJall0 y 000X BHIIOB JBYCTBOPOK. MakcuMyM HalOmrojancs B HOTe (pHC.
4.2). B remaronmankpeace u xabpax akTuBHOCTH ObuTH B 1,5-5,0 pa3 mmxke (p<0,001)
[ConnmaroB u ap., 2009].
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MexBUAOBOE CpaBHEHHE MOKA3aJI0 IPUCYTCTBUE BBICOKO dddexTrBHO MI™ BO
Bcex Tumax TkaHed A. inaequivalvis [CommaroB m ap., 2009]. AKTHBHOCTH JaHHOTO
dbepMeHTa B TemaromaHkpeace W kabpax B 5-6 pa3 (p<0,001) mpeBrlmaiia 3HAYCHUS,
ormeuennbie ans M. galloprovincialis. B Hore pasnmuumst ObTM MEHee BBIPAKEHBI U
cocraBmmn 41,3 % (p<0,001). AnamoruuHble pe3ynbTaTbl OBUIM TMOMYYEHHI U B
orHomexuu JIJII. TIpeBbllieHHe akTHBHOCTH maHHOTO QepmeHta y A. inaequivalvis
Takke OBUIO 3aperMCTPUpPOBAaHO JUIsI BCEX THIOB TKaHEW M cocTaBisuio 2-4 pasa
(p<0,001).

Y 060oux BHIOB MOJUTFOCKOB MaKCHMAIIFHOE COAEp)KaHHE TIIFOKO3Bl OTMEYANH B
renarornakpeace (Tabi. 4.1). B octanbHBIX TKaHIX 0HO ObLIO B 3-7 pa3z Hmke (p<0,001).
bnuskas 3aBHCMMOCTh OTMEUYEHA M B OTHOIICHWM JaKTaTa M MHUpyBaTa Ul TKaHed A.
inaequivalvis [Comnmaros u mp., 2009]. V M. galloprovincialis yposetb 3Tux coeanHeHuit
B HOTe W TemaromaHkpeace Ob1 Onm3kuM. OTHONIEHHE IAKTaT/THPYBAaT COBIIAANO
MPaKTUYECKH BO BCEX TKAHSIX U HAXOAWIOCH HA ypoBHE 9,5-12,0 enuHwu.
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Puc. 4.2. CpaBuurenpHas onienka aktuHocteit JI/II u MII' B Tkansx M.
galloprovincialis u A. inaequivalvis

Cy1iecTBeHHbIE pa3In4ns ObUTH OTMEYEHBI Ha MEXBUI0BOM ypoBHE [ConaToB u
ap., 2009]. B cpasaenunm c¢ M. galloprovincialis conmepxanue TiIOKO3bI B
remarornankpeace u Hore A. inaequivalvis 6eputo B 2-4 pasa Hmwxke (mora — p<0,01;
renaronankpeac — p<0,001) (tabm. 3.1). B xxabpax ke pa3nuuus He ObLUTH CTaATUCTHYECKU
BeIpakeHbl. CojiepikaHue JlakTaTa W mHpyBaTa (>kaOphl, TemarormaHKpeac), HalpoTHB,
ObLI0 MOBBIIICHO B 1,5-2,4 pa3a (p<0,001). B Hore MOJIITIOCKOB KapTHHA Oblja OOPaTHOM.
VYpoBeHs Jaktata ¥ nupyBata y A. inaequivalvis Obut sIBHO CHIDKEH. 3Ha4YeHHs HHICKCA
JAKTaT/MUpyBaT ObLITH OIM3KUMHU Y 000MX BHIIOB MOJUTIOCKOB.

Takum oOpasom, B cpaBHenun c¢ M. galloprovincialis, Tkanu TojepaHTHOW K
THIIOKCUH 1 aHOKcuu A. inaequivalvis B yciioBHsX HOPMaIbHOTO COEpKaHHs KUCIOPOaa
B CpeZie OTIINYAINCh CIEAYIOINMHI OCOOCHHOCTSIMU:

* B HHUX OOHapyKHMBaJlaCh YPe3BBIYAHO BhICOKas akTuBHOCTH M/JII" n JI/AT';
*  cozaepKaHME TIOKO03bI ObLIO CYIIECTBEHHO CHHKEHO;
*  YPOBEHB JIaKTaTa M MUpPyBaTa B renaTonaHkpeace 1 xadpax ObLT SIBHO MMOBBIIICH;
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* B HOTE, HANPOTHUB, COJIEPKAHUE JIAKTAaTa M MHUPYyBaTa ObLIO B 2-3 pa3a MCHBIIE,
yeM y MUJIUH.

Tab6muma 4.1

CpaBHI/ITeJ'II)Haﬂ OLICHKA COACPIKAHUS I'NTFOKO3bI U YTTICBOJAHBIX MeTa0O0IUTOB B TKaHgX M.
galloprovincialis u A. inaequivalvis

Bunpl TkaHEH 1 MOJIITIOCKOB
[Tokazarenu I'emaronankpeac Kabpsr Hora
Munus AHnanapa Munus AHnanapa Mugus AHanapa
I'moko3a, 23,6+2,2 11,440,6 | 2,95+1,07 | 3,80+0,65 | 6,11+1,41 | 1,55+0,59
HMOJIb MI"* (10) (10) (10) (10) (10) (10)
Jlakrar, 6,67+0,63 | 10,2+2,1 | 2,81+0,29 | 6,73+1,28 | 8,35+1,18 | 2,86+0,42
HMOJIb MI"* (10) (10) (10) (10) (10) (10)
IMupyear, 0,72+0,08 | 1,07+0,20 | 0,39+0,05 | 0,69+0,09 | 1,10+0,35 | 0,39+0,11
HMOJIb MI (10) (10) (10) (20) (20) (10)
Taxrat/Tupysar 9,7+06 | 10,2+20 | 95+272 97+12 | 116+21 | 94+14
(10) (10) (10) (10) (10) (10)

[Tpumeuanue: B cCKOOKax yKazaHO YHCIIO 0COOe

Takoe COOTHOIIEHHE TTOKA3aTeNel CBHIETENLCTBYET O OoJiee aKTUBHOM TEUYECHUHU
TITUKOJUTUYECKAX MPOIIECCOB B TKAaHEBBIX CTpykTypax A. inaequivalvis. Omnn
MIPEOoNIaraloT UCIOJIh30BAHNUE YTIIEBOAHBIX CYOCTpPATOB, YTO XOPOIIO COTJIACYETCS C
HU3KAM YpPOBHEM TIJIFOKO3bI M BBICOKMM COJICpP)KaHHEM JIaKTaTa B TKaHAX MOJLTIOCKA.
OpHaKko S3TOT TPOIECC JOHKEH HMETh OrpaHHYCHHE, TaK KaKk MOXET NPUBECTH K
Pa3BUTHUIO TKAHEBOTO aIU103a U 00IIeH pa30alaHCUPOBKE METa0OIUIECKHUX TIPOIIECCOB.

Bricokas axtuBHOCT, MJII, HaOmogacMas B TKaHSX MOJUIIOCKA, HCKIIIOYACT
ype3MepHOe HaKOIUIeHHe JakTara. M3BecTHO, 4To muroruiazMaTudeckas gpakmus M
compspkeHa ¢ rukonuTrdeckuMu mpoueccamu depe3 DEITKK [Skorkowski, 1988],
npesparmaromeii dpochoeHonmmpysar B okcanoarnerar (puc. 4.3). M/II" BocctanaBnuBaeT
OKcaioarerarT 0 MallaTa, KOTOPBIH 3aTeM IOCPEACTBOM MaJlaT-CyKIIMHATHOTO
MEePEeHOCYHKa HAIPaBISETCS B MHTOXOHIPUH M JIOBOAMTCS ()epMEHTaMHU BETBH IIMKIJIA
Kpebca, npu ygactuu mutoxonapuanbHod M/ILT, no cykiunara. [TomoOHas opueHTaius
MeTabonn3Ma OrpaHMYMBAET MOTOK YIIIEBOJHBIX CyOCTPAaTOB B HANpaBJICHWW JIAKTaTa,
UCKITIOYasl ero 4pe3MepHOe HAKOIUICHHWE, M COXPaHSEeT YHEPTeTHUECKUA CTaTyC TKaHH.
Omna omnmcana mius psga ruapoduontoB [[ammpo, bookosa, 1975; Almeida-Val et al.,
2000] m mmeer (GYHKIMOHAIBHBI CMBICT B YCJIOBUSAX SKCTPEMAaTbHOW THUIOKCHH M
anokcun [llamupo, BoOkoBa, 1975; Almeida-Val et al., 2000]. IlapamokcambHOCTh
CHUTYyalll{ COCTOUT B TOM, 4To y A. inaequivalvis atu mporeccsl peanusyroTcs Ha ypOBHE
’Ka0p ¥ renaronaHkKpeaca B YCIOBUSX BHEITHEH HOPMOKCHH, a HE THIIOKCHH.

B ornmume oT remaromaHkpeaca W KaOp, OpHUEHTAIMs MeTa0ou3Ma B TKaHU
moru A. inaequivalvis O6puta MHO#. YpOBEHD JTakTaTa W MHPYyBaTa 3/1€Ch ObLT B 2-3 pasa
menbIne (p<0,001), vem y M. galloprovincialis, a uaaekc nakrat/mupyBaT uMen Oosee
Huskue 3HadeHus. AxtuBHOCcTH MJII" m JIJII' ObutM TOBBIMIEHBI, HO Pa3u4Hs MEXIY
MOJUTIOCKaMH HE CTOJb BhIpaykeHbl. CpaBHUTEIbHAS OIICHKA TI03BOJISIET TOBOPHUTH O TOM,
yro Metabonm3M B JaHHOM oprane y A. inaequivalvis ckopee mmen aspoOHyIO, a He
aHa’pPOOHYIO OPUEHTALHUIO.



177

Crieruduka TKaHEBOro MeTaboIM3Ma y IByCTBOPUATOIO MOJUTIOCKA-BCEIICHIIA. . .

Acmnaprat I'moxo3a
0 -KEeTOTIIyTapaT
A 4
I'munepamsaernn —3-docdar
I'myramar
HAL' HAITH
v —> v
A
Okcanoanerar I ’i\ 1,3-Tuocdormumepar
|
ro
| | v
_9 + |
HAJIH HAL I DochoeHommupysat
[
I
A 4 \ 4 I'myramar
LUTO30J1b I
Manat [ HAJH IMupysat
I
O-KeTorayTapar
HAIT yrap
JlakTat
D, CyKuuHat CykuuHar
v D, CykuHat CykuHat
Manat Y Y \ 4
1 I'TO 1
0-KeTOrTyTapaT
ATO AlD rao X HAJT"
A 4 I\/ y
Dymapar o CykmuHat Cyxuuanit-KoA HAJTH
DOATH DAL
MUTOXOHJAPUUN
HAJT HAIH
|
L] I

Puc. 4.3. Meraboanyeckasi cxema UCIOIb30BaHUs OCIIKOB M YTIICBOIOB MUTOXOHIPUSMHE
MBIIII] B YCIOBUAX aHa’poouo3a [Owen, 1974]

4.2.3. XapakrepucTuku 0eTKoBoro oOMeHa

MakcumanbHblii ypoBeHb Oeiika u amuHokuciaor y M. galloprovincialis u A.

inaeqUivaJVis OTMCUAJIM B TICIIATOIIAHKpPECACEC. B ocrampHBIX TKaHIX COACPIKAHUEC ITUX

COCJIMHEHH OBLIO CYIIECTBEHHO HIDKE: MUHUMYM y A. inaequivalvis nabmronanu B Hore,
a'y M. galloprovincialis — B xa6pax (ta6un. 4.2) [Commatos u mp., 2009].
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Tab6nuua 4.2

CpaBHHTENFHAS OICGHKA CoOIep)KaHHMs Oellka W ero MeTaboiauToB B TKaHsax M.
galloprovincialis u A. inaequivalvis

Bunpl TkaHEH 1 MOJIJTIOCKOB
Ilokazarenu I'enaronankpeac Kabper Hora

Munus Amnanapa Munus Amnanapa Munus Amnanapa
Benok, 102,545,0 | 102,5+2,0 20,6+0,7 59,4+2,0 41,5+1,7 31,9+41,0
MKT M (20) (20) (20) (20) (20) (20)
Awmwunok-te1, | 0,21+0,01 | 0,60+0,02 | 0,07+0,002 | 0,38+0,01 | 0,18+0,01 | 0,10+0,003
MKT Mr (20) (20) (20) (20) (20) (20)
MoueBuHa, 1,3240,04 | 35,6+3,4 0,38+0,06 7,81+1,1 | 2,16+0,18 | 2,65+0,43
HMOJIb MI"* (10) (10) (10) (10) (10) (10)

[Ipumeuanme: B CkoOKaxX yKa3aHO YHCIIO OCOOeH

B cpaBuenun ¢ M. galloprovincialis mnst tkaneir A. inaequivalvis  ObL10
XapaKTEepHO BBICOKOE COZEPIKaHNE CBOOOIHBIX AMHHOKHCIIOT, OCOOCHHO Ha YpOBHE kKa0p
u renaronankpeaca (tadxa. 4.2) [ConnmatoB u ap., 2009]. Paznwuus cocrapmsm 2,8-5,4
paza (p<0,001). Mumekc aMHUHOKUCIOTHI/OCIIOK MPEBbIMIAT 3HAYCHHS, OTMEUYCHHBIC IS
M. galloprovincialis B 1,9-2,8 pa3za (p<0,001) (Ta6u. 4.3), a ypoBeHb MO4YEBUHBI B 20-27
pa3 (p<0,001). Bce 310 cBHIETENHECTBOBAIO 00 aKTHBHOM OEJIKOBOM KaTaboimm3Me B
VKa3aHHBIX TKaHEBBIX CTPYKTypax. B OTHOIIEHMHM TKAaHEBOTO COJACpXKaHMs Oelika
pe3yibTaThl OBUTH HE CTOJIb OJHO3HAYHEL. B remaronankpeace oHM (PaKTUUECKU COBIAIIH,
TOrma Kak B jkabpax ypoBeHb Oenka y A. inaequivalvis Obi1 moutu B 3 pasa BbIle
(p<0,001).

Tabmuua 4.3
CpaBHHTENIBHASI OLIEHKA BEJIMYMH psiia HHAEKCOB OEIKOBOr0 MeTaboiam3Ma st TKaneid M.
galloprovincialis u A. inaequivalvis

Buasl MosrockoB
MHpekce! U TKaHU n
Mu st AHanapa
Amunokucjaorsl/beok
lemaTomankpeac 10 0,0021+0,0001 0,0059+0,0003
Kabpsr 10 0,0034+0,0001 0,0065+0,0003
Hora 10 0,0045+0,0002 0,0032+0,0001
AcAT/AnAT
I'emaTonaHkpeac 10 0,522+0,004 0,526+0,010
Kabpsr 10 0,695+0,008 0,499+0,006
Hora 10 0,527+0,004 0,516+0,009

[Mpumeuanue: n — 9ncio ocodei

ConepikaHre OCJKOBBIX CyOCTPaToB U META0OJUTOB B HOTE MOJUIIOCKOB OBLIO
WHBIM: YPOBEHb MOYEBHMHBI (DaKTHUECKH COBIMaZal y OOOMX BHJIOB, a COJIEpIKAHHE
CBOOOIHBIX aMUHOKHUCIIOT U Oenka y A. inaequivalvis 6suto cooTBeTcTBeHHO Ha 45,3 M
23,1 % mHnwmwxe (p<0,001). D10 *Xe HamUIO OTpaKEHHE W B 3HAYCHUSIX HHAEKCA
aAMHUHOKHUCIIOTHI/OeoK. B oTimune ot npyrux Tkaneit, B Hore A. inaequivalvis oxu ObuTH
Ha 28,9 % mmxke (p<0,001), vem y M. galloprovincialis.

Pacripenenenne axtuBHOocTeli ANAT m AcAT mo TkaHsM 000MX BHIIOB
MOJUTIOCKOB TTOYTH HE MMEJO TKaHEBOW crielM(DUKN. AKTUBHOCTH OBbLTH OIU3KUMHU (pUC.
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4.4). Uckmouenue cocraBmwia aktuBHOCTh AcAT B xabpax M. galloprovincialis. Ona
opima Ha 20-25 % BhIIIE, Yem B Hore M remaromnankpeace (p<0,001) [ConmatoB u mp.,
2009].

MexBHIOBOE CpPaBHEHHE TO3BOJHIO OOHAPYKUTH 00Jiee BBHICOKYIO aKTHBHOCTb
AnAT B Hore u xa0pax A. inaequivalvis (puc. 4.4). AKTUBHOCTh JaHHOTO (hpepMEHTa Ha
8,8-11,2 % (p<0,001) mpeBsitana 3naueHus1, orMeueHnsie aast M. galloprovincialis. s
remaronaHKpeaca pa3inuus He ObUTH CTaTHCTHUYECKH BeipaskeHbl [ConaaTos u ap., 2009].

B cnyyae ¢ akrtuBHocTsiMu AcAT pe3ynbTaThl ObUITM HE CTOJb OJHO3HAYHBI
[ConmatoB u ap., 2009]. B Hore aktuBHOCTE ACAT y A. inaequivalvis Ttaxxe Obita
Oonee BeIcOKOW (pazmmuusi — 8,3 %; p<0,01), Torma kak ams xabp KapTHHa ObLIa
obpatnoii. Y A. inaequivalvis AcAT Obuia Ha 21,6 % (p<0,001), MmcHee akTHBHA, YeM y
M. galloprovincialis. B remaromankpeace, kak u B ciy4dae ¢ ANAT, pasnuuus He
BBISIBJISUTHCH.
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Puc. 4.4. CpaBuurennHas orienka aktuBHOCTEH ACAT u AnAT B Tkansax M.
galloprovincialis u A. inaequivalvis

HNunexc AcAT/AnAT B OTHOIICHUM HOTU M renaTonaHKpeaca CoBmaaai y 00oux
BUJIOB U Haxojauics Ha ypoBHe 0,515-0,530 (tadn. 4.3). B xabpax kapTuHa Obliia WHOM.
Y M. galloprovincialis 3nauenust nHmeKca ObLTM MaKCHMAIbHBI KaK IO OTHOIICHHIO K
JIPYrUM TKaHSIM MOJUIFOCKA, TaK M MO OTHomeHuro K A. inaequivalvis. B mocnemHem
ciydae oH 01T Ha 28,2 % Boime (p<0,001).

MakcumanbHast aktTuBHOCTB V-1 TI1 oTMeuanach B renaTonankpeace MOJUTFOCKOB,
a MuHUMaibHas — B Hore (puc. 4.5) [ConmatoB u ap., 2009]. IIpu stom B TKausx M.
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galloprovincialis ona 6blTa CyIIECTBEHHO

=
]

- Mnann

[ ]Ananapa

[y
[e¢] N

AkTUBHOCTbL ['TT1, HMONb mun-1 w1
sy

Hora XKabpsbl

FenaTonaHerac

Beire, uyem y A. inaequivalvis. 3to
0COOCHHO OBLIO 3aMETHO B OTHOIICHHH
xabp u remaromaHkpeaca. Pazmuuus
MEXIy MOJUTFOCKAMU IO 3THM TKaHSIM
cocraBmsum 2,2-2,7 pasa (p<0,001). B
OTHOIIICHUU HOTM OHU OBUTM HE CTOJIb
BeIpaxkeHsl — 27,5 % (p< 0,001).

TxaneBas crieruprka
pacmpe/ielieHusl aKTUBHOCTH KaTercuHa D
HE COBMajaia y UCCICIyEeMBIX MOJUTIOCKOB
[CommaroB wm gp., 2009]. YV M.
galloprovincialis MakciMyM aKTHBHOCTH
oOHapyXuBajlaCh B HOTE, a MHHHMYM B

xabpax (puc. 4.6). Y A. inaequivalvis,

Puc. 4.5. CpaBHUTEIHHAS OLICHKA
aktuBHOcTed Y- TTI B Tkausax M.
galloprovincialis u A. inaequivalvis

renaronakpeace y M. galloprovincialis ona
KaK B jkabpax A. inaequivalvis akTuBHOCTB

Hao0opoT, MaKCHUMyM AKTHBHOCTH
NpUXoAWJIcS Ha ’kabpbl, a MUHAMYM — Ha
rernatonankpeac. CpaBHHUTENbHAs  OICHKA
(aKTHIeCKHX BEJINYNH aKTHBHOCTH
MO3BOJISIET KOHCTAaTHPOBATh, YTO B HOTE H
obuta Ha 35,5-40,3 % Beimie (p<0,05), Toraa
karericuHa B 2,6 pasa (p<0,001) mpessitmana

3HaveHus, ormedennsre mis M. galloprovincialis.
CpaBHUTENBHAsT OLEHKA COIEPXKaHMsI OCNKOBBIX CYyOCTpaTOB, METa0OIHMTOB H

AKTHUBHOCTEH TPYMIBlI COIPSDKCHHBIX C HHU

MU (EPMEHTOB, IMO3BOJISIET BBIICIUTH P

MIPUHIUAINIHAJIbHBIX OTJINYHIA MEXIY HN3ydYaCMbIMU MOJUIFOCKaMU. OHu cBOmATCS K

CIICTYIOIIHM.
8 1 BmMuaus + Tkaum A. inaequivalvis orimuanuce
E BAHanapa BBICOKHM YPOBHEM aMHHHOTO a30Ta U
T MOYEBUHBI ~ TNPU  TOBBIIICHHBIX
% 6 1 3HAUCHUAX WHIICKCA aMHHOKHUCIIOTHI/
5 oenok. MckimodeHne coctaBuia HOra
= 4 A MOJUTIOCKA, B KOTOPOii KapTHHA ObL1a
& 00paTHO.

§ 5 * B nHore u xabpax A. inaequivalvis
z OTMEYCHBI MOBBIIICHHBIE aKTUBHOCTH
;; AnAT, AcAT mnpu OnmuskoM c

0 - MuauaMu otHotieHun AcAT/AnAT.
Hora Habpbl rm « 'V M. galloprovincialis Bo Bcex
TKaHAX OTMeYeHa BBICOKAsI

Puc. 4.6. CpaBauTenbHas OlleHKa
akTUBHOCTEH KarercuHa D B Tkansax M.
galloprovincialis u A. inaequivalvis

Kak BuAHO, OTIMYUTEILHOW dYe

akTuBHOCTh Y-I'TII M mnoOBBIICHHAS
aKTUBHOCTh KaTencuHa D B Hore u
rernaTonaHKpeace.

proii Tkameit A. inaequivalvis siBuics

MOBBIIICHHBIH My CBOOOJHBIX aMUHOKHCIOT TPH YPE3BbIYaliHO BBICOKOM COJICpPIKaHHU
MoueBuHBI U comoctaBumoM ¢ M. galloprovincialis yposue Genka. Bce 310 oTpaxkaer
0oJiee MHTEHCHBHBIN YPOBEHb OEIKOBOTO KaTtaboM3Ma, KOTOPBIA MPOTEKaeT B TKaHAX A.
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inaequivalvis. Ycunenue OenkoBoro karabojam3Ma Yy THAPOOMOHTOB B YCIOBHSAX
TUTNIOKCHH OTMedaeTcst B paborax MHOTux aBTopoB [Lllymeman u ap., 1993; Shulman et
al., 2002; Chew et al., 2005]. IIpu 3TOM aKTHBHO 3aIEHCTBYETCS peCypc CBOOOIHBIX
aMUHOKHCIIOT, B 4acTHocTu Tuiyramara [Waarde, 1988]. IlocpenctBom AnAT,
aKTHBHOCTh KOTOpO# B Hore u >kabpax A. inaequivalvis Obuia moBbIIEHA, TITyTamaT
compsiraeTcsi C MUPYBATOM M JOBOAMTCS 1O alaHWHA U (-KETOTIIyTapaTa, TEM CaMbIM
OrpaHMYMBACTCS OOpa30BaHUE TOKCHUYHOTO JIaKTaTa (CyKIIMHATTHOKMHA3HAS PEaKIIHs)
(puc. 4.3). ®epMeHTBI MUTOXOHAPHIA MEPEBOIAT O-KETOTTIyTapar B CyKIMHAT. [Ipu 3TOM
KJIeTKa nosiydaer pononHutenasHbli pecypc I'T® u HAJ/IH,. Hakonnenue anaHuHa u
CYKIIMHATAa B TKaHAX B YCIOBHSX THIIOKCHH OTMEYEHO JJIsI MOPCKUX M IPECHOBOIHBIX
ppiO, B TOM umciae W MoiuntockoB [['opomocoBa, lammpo, 1984]. Opmmako y A.
inaequivalvis 3T0 HabIIOIATOCH B YCIOBHSAX HOPMAJIBHOTO COJEP)KAHUS KUCIOpoaa B
BO/JIE, YTO, KAaK M B CIIy4ae C YIJIIEBOJHBIM OOMEHOM, SBIISICTCS HEOXKHUIAHHBIM U paHee He
OIKCaHO B pabOTax JPYrHX aBTOPOB.

Cnenyer OTMeTHTh, 4YTO okcanoaneraT MJIIT Moxer mnomydate W TpH
tpanchopmarmu acmaprara (puc. 4.3). Y A. inaequivalvis aktuBHOoCT ACAT B HOTe
Obuta moBbilieHa B cpaBHenun M. galloprovincialis, uTo 103BOJSIET TPENNONOKHUTH
BO3MOYKHOCTh peaji3allii JaHHOTO TPOIecca B 3TOM OpraHe.

Bbicokuii ypoBeHb aMHHOKHCIOT M MOYEBHHBI B TKaHsax A. inaequivalvis u
TIOBBIIIICHHBIE 3HAYCHWS WHACKCA aMHUHOKHCIOTHI/OeNoK HaOmonamuck Ha (oHe
cpaBHUTENbHO HU3KOHM akTuBHOCTH Y-I TII n katerncuna D (xaOphl - UCKiIIOUEHHE). ITO
O3HAYaeT, YTO HAMpPABJICHHBIN THIPOIN3 OCIKOB M MENTHIOB B TKaHsax A. inaequivalvis,
HO-BHAMMOMY, HE TPOUCXOAWT. [IOBBIIIEHHBIH ITyJd aMHUHOKHCIOT CKOpee SBIISUICS
CIIC/ICTBHEM 0CO0O0# OpraHu3anuu OEJIKOBOro MeTabojM3Ma B TKaHSAX JAHHOTO BHJA,
Ba)KHOHM CTOPOHOM KOTOPOTO SIBIISIOTCS MPOLIECCHI Tepe- U Ie3aMHUHUPOBAHHS.

B ornmdme ot renaromaHkpeaca u xka0p, OpUeHTaNUs OSIKOBOTO METadoIn3Ma B
TkaHu HorH A. inaequivalvis Obi1a WHOH. YpOBEeHb MOYEBHHBI (hAaKTHUECKH COBIAIAI C
ycranosiaenusiM s M. galloprovincialis, a comepxanne CBOOOTHBIX AMHHOKHCIIOT
ob10 Ha 45,3 % Hmwke (p<0.001). DTo, Tarke Kak M B mozpasnene 4.2.2, Mo3BOISIET
TOBOPUTH O TOM, YTO MeTaboiu3M B JaHHOM oprane y A. inaequivalvis ckopee mmen
a’pOOHYI0, a HE aHAIPOOHYIO OPUCHTAILIHUIO.

[ToxBons utor paszaeny 4.2, MOXKHO 3aKJIFOYHMTh, YTO OpraHU3alus MeTaboIM3Ma
B opranusme A. inaequivalvis umena BhIpaKeHHYIO TKaHEBYIO criennduky. B cpaBHeHnH
¢ M. galloprovincialis B ycnoBusix BHElIHEii HOpDMOKCHHU B jkaOpax M remnarornaHkpeace
MOJITFOCKa Tpeo0siailalii  aHa’pOOHbIE TMpOIECChl, a B Hore — al’poOHbie. Takas
accuMmeTpusi MetaboiM3Ma MOXKET OBITh OOYCIIOBIICHA YCIOBHSMH CYIIECTBOBAaHHS M
HoBe/leHHs1 JaHHOTO BHAa. OH OOWMTAaeT B MPHUIOHHBIX CIIOSX BOIBI C OrPaHUYCHHBIM
BOJI00OMEHHOM, 4acTo 3apbiBaeTcs B rpyHT [Brenko, Legac, 1996], To ecth cocTrosiHue
TUIIOKCHUH JIJISL HETO SIBIISIETCS CKOpee HOPMOM, YeM UCKItoueHHeM. [Ipu 3ToM MOJITIOCK
NOABWKEH W AKTHBHO TIEPEMENIaeTCsl, WCIONB3Ysl HOTY, 4YTO TpeOyeT MOBBIMICHHBIX
3aTpaT SHEPrUM B JAaHHOM OpraHe. YUHTbhIBas 3TO, MOKHO KOHCTaTHPOBaTh, HYTO
OTMEYEHHBIE BBINIE OCOOEHHOCTH OpraHM3allik TKaHeBOro obmena y A. inaequivalvis
(GYHKIMOHAIBHO OOYCIIOBIGHBI M HMMEIOT aJalTHBHYIO HamNpaBlIeHHOCTh. OHH
COXPAHSIOTCS TaKe B YCIOBUAX OJArONPHUSITHOIO KHCIOPOAHOTO PEKUMA BOI.

AnaspobOHas opueHTaIs MeTabonmn3Ma B OONBIIMHCTBE TKaHei A. inaequivalvis
B YCIIOBUSIX BHEIIHEH HOPMOKCHMHM W TpPU HAJIWYUHM JOTIOJHHUTEIBHON KHCIOPOIHON
€MKOCTH B remMonMpe (dputporurapHbiii remoriiodun) [Chiancone et al.,1981; Carpene
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et al.,1985; Zwaan et al.,1991] ocraeTcs OO0 KOHI@ He MMOHATHOHW. M3BecTHO, YTO
MepeoprueHTaIysi Merabonm3mMa ¢ a’poOHOTO TMYTH Ha aHA’pOOHBIM HAXOAWTCS MO
koutposem HIF-1 (hypoxia inducible factor), KOTOpsIii 3KCHpeccUpyeTCs TUIOKCHEH
[Vleugel et al., 2004; Bosworth et al.,, 2005; Ju et al., 2007]. B wacTHOCTH OH
KOHTpoaupyeT npoaykito B kietke JIJII' [Rees et al., 2001]. BoaHblie opraHu3Mbl TaKxKe
conmepkat maHHBIA (hakTop. HemaBHO B yCIOBHAX 3KCIEpUMEHTAIBHON THIOKCHH (5%
HACBILICHHUS BOJABI KUCIOPOAOM) B IUIa3Me KpoBu ¢openeir (Salmo gairdneri) Obun
WACHTUQHULIMPOBAaH  OCNKOBBIA  (akTOp TO CTPYKType U (YHKUMOHAIBHBIM
xapakrtepuctukam ommskuii k HIF-1 mmexonuraronux [Soitamo, 2001]. TTokasaHo, 4to
OH cI0cOOEH HMHIYLUPOBAaTh TI'€Hbl, OTBETCTBEHHBIC 33 IJIMKOJIUTHYECKHE U
SPUTPOIMOITHUECKUE TPOLECCH B OpraHu3Me peid. B ycloBHAX HOPMOKCHHM HPOIYKLUS
HIF-1 momasistercs [Vleugel et al., 2004; Bosworth et al., 2005; Ju et al., 2007].

W3 nomyuyeHHbIX B HacTosmed paOoTe OaHHBIX CIEAYeT, 4YTO, HECMOTPsl Ha
HOpMaJIbHOE COZCp)KaHUE KUCIOpona B Boje, B TKaHsax A. inaequivalvis coxpansrorcs
Bbicokue aktuBHOCTH JIJII' 1 MJII', TO ecTh aHa’3pOOHBIC MPOIECCH OKA3bIBAIOTCSA HE
YYBCTBUTENBHBIMH K TPUCYTCTBHIO KHCIOpOAa. DTO O3HadaeT, 4ro mpomykius HIF-1
COXpaHseTcs B YCJIOBHAX BHEIIHEH HOPMOKCUH, TO ecThb Jokyc HIF-1 yrpaunBaer
YyBCTBHUTEIILHOCTh K Kucnopony. [locnennee MoxeT OBITH CBSI3aHO C M3MEHEHHEM €TO
CTPYKTYPBI B IPOLIECCE MPUCIOCOOICHHUSI MOJUTIOCKA K CYIIIECTBOBAHUIO B Cpelie C KpaiiHe
OrpaHUYEHHBIM BOJOOOMEHHOM.

4.3. Nyt peopraHusaumm TKaHeBoro merabosmnsma
y A. inaequivalvis B yCNOBUSiIX SKCNepUMeHTaNIbHOMI
aHOKCUM

Kak ormevanoch, mpeacraBurenud poia Anadara OTIMYAIOTCS TMOBBIIICHHON
YCTOWYHMBOCTBHIO K TUIIOKCHHA W aHOKCHHM B CPaBHEHWHU C JPYTUMH CHCTEMaTHYECKUMHU
rpynmamu tuna Mollusca. X otiimdaet criocoOHOCTh HOICPKUBATh UCXOIHBIN YPOBEHB
a’poOHOTO MeTaboNMM3Ma TP YPEe3BBIYAHO HHU3KOM HACKHIIIEHWH BOJIBI KUCIOPOIOM
(menee 1,2 % naceimenus) [Cortesi et al.,1992], a BEDKHBAEMOCTh B YCIOBHSIX aHOKCHH
mocturaer 15 cyrok [Zwaan et al.,, 2002]. B wacrosimiem paszgerne MpeiCcTaBIEHBI
pe3ybTaThl SKCIIEPUMEHTAIIBHBIX HUCCIIEIOBAaHHH, BBIMIOJHEHHBIX B OT/EC (H3HOIOTHH
KUBOTHBIX M Omoxumun MHBIOM HAH VYkpaunsl no usydeHuro ocoOeHHOCTEH
peopraHu3aiii TKaHeBOro Metabonmsma y A. inaequivalvis B ycrmoBusix aHOKCHH
[ConmmaTos u mp., 2009; 2010; Anapeenko u ap., 2009].

4.3.1. MoaenupoBaHue BHEIIHEN THIIOKCUU

OCYIIECTBISIM TPH  TOMOIIM CIIENMANIBHO HM3TOTOBJICHHOTO cTeHaa. CTeH[
cocTOUT M3 6 OJIOKOB: paboueil kamepbl, OJ0Ka a’paiuu, HAcoca, YIbTPATEPMOCTATa,
KHCJIOPOZIOMEPa U PETUCTPUPYIOIIETO ycTpoiicTBa (puc. 4.7).

Pabouas xamepa. Nmeetr rabaputneie pasmepsl 280x340x390 mm. Coctout m3
JBYX Kamep W KpbIIIKH. BHYTpeHHssT kamepa — pabouuii OTCEK — BMECTUMOCTBIO 15
JUTPOB WMEET BXOJHOW M BBIXOJHOW MAaTPyOKH, KOTOPBIE COSAMHEHBI IPH MOMOIIU
CUJIMKOHOBBIX NIJIAHTOB C HacocoM U Omokom aspammu. Hacoc obecneunBaer
HENPEPBIBHYIO [UPKYJISALINI0 MOPCKOM BOJIBI BO BHYTPEHHEH KamMepe C IEeNbI0:

* o0ecnedeHuss HOPMAILHOW pabOTHI KUCIOPOIHOTO JATYUKA;
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*  moajep)KaHUs MOCTOSHHOTO KUCIOPOAHOTO PeKUMa B paboueii kamepe.

BremrHss kamepa, Kak ¥ BHYTPEHHsISI, BHIMTONTHEHA M3 BUHUIUIACTA M MMEET JBa
CaMOCTOSITENHHBIX TaTpyOKa, KOTOPBIE COEMUHEHBI C YIBTPATEPMOCTATOM IIPH TTOMOIIH
CHJIMKOHOBBIX ~ IUIAHTOB.  YJbTparepMocTaT  oOOecleunBacT  aBTOMATHYECKOE
noJ/iep’)KaHue 3aJJaHHOTO TEMIIEpaTypHOrO peXuMa B «pyOaimke» pabodeld Kamepsl
MOCPEACTBOM IUPKYIISAINN TUCTHILTHPOBAHHOMN BOJIBI.

Kucnoponomep

Hatamk T

Cawmorucerr

Hatuuk O,

7

VYapTparepmocTaT
Padouas

Kamepa

Abspatop

Kamepa
—— HaChIUICHUA e ——
KHCJIOPOJIOM

Hacoc

Puc. 4.7. IlpuHuunuanbHas cxema 3KCIEPUMEHTAIBHOTO CTEHAA

Kpblmka pabodell kKamepbl BBIOJHEHA W3 IMPO3PAvyHOrO OpPrcTeKia W HpU
MOMOIIM PE3MHOBOM NPOKJIAAKH T€PMETHYHO KPEMHUTCS K KOPIYCY KaMmepbl OoiTamd,
M3TOTOBJIEHHBIMH U3 HEp)KaBelolled cTaiu. B Kpblllike WMEIOTCS /1Ba OTBEPCTUS IS
pasMelleHnsT  JaTYMKOB  TemIepaTypbl ©  kuciaopoga. OHHM  COEOUHEHBI C
KHCJIOPOJIOMEPOM, KOTOPBIH B CBOIO OdYepenb MOJKIIOYEH K OJOKYy aBTOMAaTHYECKON
peructpanuu (camornmcer; KCII-4).

bnox aspayuu. OH BKitouaeT B ce0sl KaMepy HACBIIIEHUS KHCIOPOJOM U a3paTop.
Kamepa BrmonHeHa w3 BUHHILIACTA, TabapuTHble pazMepbl 200%200x450 MM, nMeer
BXOJIHbIC M BBIXOJHBIC NMAaTPyOKH M OTBEpCTHE ISl MOJKIIOUEHHs a’paropa. BHyTpu
KaMepsl HMeeTCsl CHeluaibHas Ieperopoaka, KOTopas II03BOJIIET MPOBOJIUTH
oOoramieHre BoAbl KUCIOPOAOM M OJHOBPEMEHHO HE JOIMYCKAeT MONaJaHue My3bIPbKOB
BO3/yXa B pabouylo Kamepy.
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Aopatop tuna EP 8500 ¢upmbr «Pembo» (I'epmanusi) moakirouaercs K Kamepe
HACBIIICHUS KUCIIOPOJIOM 4Yepe3 CIelHnaabHOe OTBEpCTHE W HacaakKy. OH OCYIIECTBISET
MoJlady BO3AyXa K PacHbUTUTENI0 KaMephbl HACHIIMIEHUs. BKioueHne ero KOHTPOIUpyeT
caMoInucel.

Hacoc. On BemonHeH u3 BuHuIuiacta. ['abaputHeie pazmepbl 200x200x450 mm.
MoTop mocpeAcTBOM Balla M JIONACTEH, HAXOASIIUXCA B HW30JIMPOBAHHOM OTCEKE,
nepeKkaynBacT BOJLY B 3aMKHYTOM MpPOCTPAaHCTBE, oOeclieurBasi TOK BOABI B paboueit
KamMmepe.

Yavmpamepmocmam. B paboTe nCmonp30BaH CTaHAAPTHBINA YIBTPATEPMOCTAT
Mapku UTU-4 (Ilompmra). OH mMeeT cucTeMy aBTOMaTHYE€CKOTO KOHTPOJIS TEMIEPaTyPHI.
HarpeB Boxbl MPOMCXOAMT 3a cYET TepMomapsl B pabodell Kamepe yJabTpaTepMocTarta.
ABTOMAaTHYECKH C TEPMOINApON BKIIFOYAETCS HACOC, KOTOPBIM M MEpEeKaunBaeT BOAY B
pyOarmKky KaMepsbl.

bnox  aemomamuueckoii  pecucmpayuu. B KauecTBe peTrUCTPUPYIOLIETO
ycTpoiicTBa ucnoib3oBad noteHuuomerp Mmapku KCII-4. On npenHasHauyeH Kak s
MTOCTOSTHHON PETHUCTPAIliU apaMeTpoB (TeMIepaTypa, KOHIIEHTPANUs KHCIOPO/a), Tak U
aBTOMATHYECKOTO Iycka OJoKa adpalud TpH CHWKEHHH KHCIOpOJa  HHUXKE
YCTaHOBJIEHHOTO YPOBHSI.

Kucnopooomep. B pabote ucrionp3oBanu kuciopogomep mapku ELWRO N 5221
(ITompma) mmum AK-04 (HIIO «Curma», Poccust). OHE MO3BOMSITH PETrHCTPHUPOBATH
KOHIIGHTPAIMIO KHUCIOpPOAa M TeMIeparypy B pabodeld KaMmepe TMpH TMOMOIIU
COOTBETCTBYIOIMX JaT4nkoB. HMHpopmamus ¢ Kuciopomomepa IepenaBajgach Ha
norenimometp KCII-4.

B pabouyio kamepy crenma mnomemanu 30 ocobeii anagapsl. CoaepikaHue
KHCIIOpOoZla B BOJAE CHIKamu B TedeHwe 2,5-3,0 gacoB ¢ 8,5-8,7 mo 0 wmr at
npokaunBanreM N,. Temneparypy Boasl noanepsxusamu Ha ypoHe 20+1°C. ConeHocTh
BOIbI cocTaBisuia 17-18 °/,, ®@otonepron — 12 yacoB geHb: 12 4acoB HOYb. DKCIO3HILHS
— 3-¢ cyrok. KoHTponbHas rpymna MOJUIIOCKOB COZEpKanach B aHAIOTHYHBIX YCIIOBHUSX
MIpU KOHUEHTpAlUK KUcaopoaa B Boae 8,5-8,7 mr at (95-97 % mnaceimenus). Exxennesno
B €MKOCTSIX C OTBITHBIMH U KOHTPOJIbHBIMH JKUBOTHBIMH TIPOU3BOIHIIHN TIOJHYIO CMEHY
BOJIBI JIJIS YAQJICHUS] METa00JIUTOB.

4.3.2. TloBeneHYECKUE PEAKLIUU

AHanu3 TOBENEHYECKUX pEaKIMi TI0Ka3zaj, YTO JBUTaTelbHas aKTUBHOCTh
JKUBOTHBIX B YCJOBHUSIX aHOKCHUM NOJHOCTBbIO mojamisiack [ConmatoB u np., 2009;
Annpeenko u ap., 2009]. bonpuryro yacTb BpeMEHU MOJUTIOCKH HAaXOJUJIUCH C LIUPOKO
OTKPBITBIMU CTBOpKamH. Hora BeIOpachkiBanach 3a mpejenibl pakoOBHHBL [leproandecku
CTBOPKH 3aKPBIBAJIUCh HA KOPOTKHI MPOMEKYTOK BpeMeHHU (20-30 muuyT). B Teuenue
TpeX CYTOK HaOMIOJCHWH HHM OJHO M3 >KMBOTHBIX HE MOTrHOJI0. AHaIN3 0COOEHHOCTEH
TEYEHHUs] MeTa0OIMYECKUX TPOILIECCOB B OpPraHM3Me aHaJaphl MOKa3all, YTO OHU UMEIOT
SIBHO BBIPQ)KEHHYIO TKaHEBYIO CTICIIUUKY.

4.3.3. Oco0eHHOCTH YTIIEBOAHOTO METa00IM3Ma

B ycnoBHAX aHOKCHMM HampaBlICHHOCTh W3MEHEHUI TKaHEBOTO COJEP)KaHUS
TJIIOKO3Bl, JIakTata, nupysBata u aktuBHocted JI/II' m MJI coBmagama Bo Bcex
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UCCNeyeMbIX opraHax. OTIHYUST B OCHOBHOM HOCWJIM KOJIMYECTBEHHBIA XapakTep
[Armpeenko u map., 2009].

Hoeca. [TanHbIi OpraH aKTUBHO MCIOJB3YETCS MOJUIFOCKOM IIPU NMEPEMELIEHUH 110
HY Y 3apbIBAHUM B TPYHT. B YCIIOBHSX SKCIEPUMEHTAIILHON aHOKCUHM COACPKAHHC
TJIFOKO3BI, JIaKTaTa W MUPyBaTa B HOTEe aHAJapbl HE M3MEHSIOCHh, OCTAaBasCh Ha YPOBHE
KOHTPOJBHBIX 3HadeHUi (Tabn. 4.4). MMerommecs pa3nuuus HE OBUTH CTaTHCTHYCCKH

BBIPaXKCHBI.
Tabnuna 4.4

COI[Cp)KaHI/IC OTACJIBHBIX YIJICBOAHBIX MeTa0OJUTOB B TKAHEBBIX CTPYKTYpax aHaaaphbl B
YCJIOBHUAX HOPMO- U AaHOKCHHU

Bunabl Tkanei
Ioxaszarenn Hora Kabpsr I'emaronankpeac
Hopmoxkcust Anokcusi | Hopmokceust | Asokcus | Hopmokcust | AHokcus

Tmokosa, 1,52+0,48 | 2,41+0,67 | 6,31+0,87 | 4,26+154 | 12,1+1,0 | 7,25+1,39

-1
HM MI' © TKaHH

Jlaxrar, 2,02+0,29 | 1,50+0,21 | 5,87+0,93 | 572+1,61 | 8,30+1,31 | 7,42+2,23

HM MT ® TKaHu
Tupysar, 0,75+0,05 | 1,05+0,16 | 1,25+0,21 | 1,83+0,25 | 1,79+0,31 | 1,51+0,70

HM MI' ° TKaHH
[Tpumeuanue: 00beMbI BLIOOPOYHBIX COBOKYMHOCTEH — 10 ocobeit

Xapaktep usmenenus akruBHoctedt JIJII' u MJIT" mpencraBnen Ha pucynke 4.8.
AxtuBHocth JI/II' monmwxkamnace B 3,6 paza (p<0,001). IIpu stom aktuBHOCTE MU
COXpaHsJach HA YPOBHE KOHTPOJBHBIX 3HAYEHUH C HEKOTOPOM TEHAEHUUEH Ha
CHIDKEHHE, KOTOpas CTAaTUCTHUYECKH He SBIsuIach moctoBepHou. Mumexc MT/JIAT

yBeNMYHUBAJICS Oosiee yeM B 2 pa3za (p<0,001).

JIIT M/

°
o
(9]

1
o
=
(9]

1

D KonTpoins

B Asoxcus

Lyr-lgenka
o
o
D
T

<
1
=
&
‘_I;—q
2010
., 0.03 - !
= =
E E
)
2002 | 5
z £ 0.05
= =
. 0.01 - )
= =
= =
0.00 - 0.00 -
Hora  JKabOpel ['emaromankpead Hora  JKabpwl ['emaromankpeac

Puc. 4.8. Axkrusnoctu JIII' u M/II" B TKaHsX aHagaphbl B yCIOBUSX 3KCIEPUMEHTAIBHON
AHOKCHH

Kabpwi. CopepxaHue TIIOKO3bI B JaHHOM OpraHe B TEUEHHE AaHOKCHU
moHMKaIoch Ha 32,5 %, a mupyBara, HalPOTHB, YBEIUIUBAIOCH Ha 46,3 % (Tabmn. 4.4).
OaHako B BHIY CYIIECTBEHHOW BapHaOEIbHOCTH IMOJYUYCHHBIX 3HAUCHUHN paziudus He
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OBUIM CTaTUCTHYECKH JOCTOBepHBI. ConepiKaHue Ke JaKTaTa B TKaHH xKa0p cOXpaHsIoCh
Ha ypOBHE KOHTPOJBHBIX BEIMYMH. IJTO O3HA4aeT, 4TO (HAKTMUECKH KOHLIEHTpAaIUs
YIJIEBOAHBIX META0OINUTOB B )ka0pax, Kak M B ClIydae C HOTOH MOJUIIOCKA, B YCJIOBHSX
9KCIIEPUMEHTAIEHOM aHOKCUM HE TIPETEepIIeBaeT CYIIECTBEHHBIX N3MEHEHUH.

Nsmenenue xe aktuBHocted JIJII' m MJIIT B xabpax aHamapsl MOJHOCTHIO
COBMamaeT ¢ paccMoTpeHHbIM Bbie (puc. 4.8). AxrtuBHocTh JIJII' B oTcyTcTBUHM
KHCIIOpoJia mofaBisuiack moutu B 5 pas (p<0,001), torma xak MII" Obuta Onmzka K
KOHTPOJIbHBIM BeIMYMHAM. B CpaBHEHHH ¢ KOHTPOJIBHON I'PYMIONH MOJITIOCKOB HHIEKC
MII/JIAL Bo3pacran B 4 paza (p<0,001) [Arapeenko u ap., 2009].

T'enamonankpeac. CopepkaHue TIJIIOKO3bl B TENAaTOIAaHKpPeace B YCIOBUAX
9KCTIEPUMEHTAILHON TUIIOKCUHU TaKKe MOHMKanoch (Tabmn. 4.4). OxgHako, B OTIMYHE OT
Kabp, paznuuus ObUTH CTaTHCTUYECKH 3HaduMbl U coctaBisu 40,1 % (p<0,05). Ilpn
3TOM YPOBEHb JIaKTaTa U IHpyBaTa B JaHHOM OpraHe He M3MeHsIcs. OTnnauid Mexmay
KOHTPOJIBHOM M ONBITHOM IPyNIaMH KHBOTHBIX BBISBICHO HE OBLIO.

Xapakrep usmenenus: aktuBHocted JIAI' u M/II' cooTBeTCTBOBaN ONMMCaHHBIM
Iutst xabp 1 HOoru Montiocka (puc. 4.8). AxtuBHocTh JIII' B cpaBHEHUH ¢ KOHTPOJIBHOMN
rpynmoii cHwkanack B 4,5 pasa (p<0,001). IIpu stom nsmenenue aktuBHoctd M He
OBUIO CTaTUCTUYECKU BhIpakeHO. Takas pa3HOHANPaBIEHHOCTh H3MEHEHHUH aKTUBHOCTEH
JTAHHBIX (PEpMEHTOB COMPOBOXKIaNachk poctoM 3HaueHnit mHaekca MT/JIAL B 3.5 paza
(p<0,001) [Auapeenko u ap., 2009].

Takum 00pa3oM, M3MEHEHHE COJCpPKAaHUSI psila YIJIEBOAHBIX METAaOOIMTOB M
aktuBHocTer JIAI' 1 M/I" B ycnoBUsIX 3KCIIEPUMEHTAIBHONM aHOKCHH COBIIJalI0 BO BCEX
MCCIICIOBAaHHBIX TKAHSIX aHaJapbl U COMPOBOXKAAIOCH:

* TIOHMXXCHHMEM COJIep)KaHWsl TJIFOKO3bI Ha (OHE pocTa BapHaOEIHLHOCTH
PETUCTPUPYEMBIX 3HAUEHHUH, YTO 3aTPYAHAJIO BBIABIEHHE CTaTHCTUYECKH
3HaYMMBIX OTJINYMH;

* COXpaHEHHEM TKAaHEBOI'O YPOBHS MNHUpyBaTa W JAaKTaTa, a TaKXKe 3HAUYCHHUH
WHJIEKCa JIaKTaT/TUpyBaT;

* MHOTOKpPAaTHbIM CHIDKeHHeM akTtuBHocTH JIAI' mpu OTCYyTCTBHM H3MEHEHMI
aktuBHOCTH MU', 4TO CONpPOBOXKIAIOCH 3HAYUTEIBHBIM POCTOM 3HAYCHHUH
nugexca MAT/JIAT.

4.3.4. OcobeHHOCTH OEIKOBOr0 MeTa00IM3Ma

B otnuuue ot yrieBogHOro oOMeHa U3MEHEHHUE MapaMeTpoB OCJIKOBOro oOMeHa
y oco0eil aHagapel B YCJIOBUSX 3SKCIIEPUMEHTAIBHOW aHOKCHM HMENIO0 TKAaHEBYIO
cnerduky [Comnatos u ap., 2009; 2010; Aanpeerko, 2009; Arnpeenko u ap., 2009].

Hoca. B Tedenme 3-x JHEBHOW aHOKCHU y MOJUIIOCKOB B HOTE OTMEUad
CHIDKEHHE cojiepkaHus Oenka Ha 26,6 % (p<0,01) (tabm. 4.5). [Ipu 3TOM 0gHOBpEMEHHO
NPOMCXOAMIO YBENIWYeHUue ypoBHsS MoueBHMHBI Ha 43,7 % (p<0,01). Ilyn cBOoGOIHBIX
aMUHOKHCIOT B HOre aHajapel mnosblmancs Ha 35,3 % (p<0,001). OtmeueHHsle
W3MEHEHUS TO3BOJISIIOT KOHCTATHPOBAThH YCHIICHHE TIPOIIECCOB OEIIKOBOTO KaTaboImu3Ma.

OTMedeHHBIE BBIIE M3MEHEHHS NPOHUCXOAWIM Ha (OHE POCTa AKTHUBHOCTEH
amuHotpachepas (AnAT u AcAT) B "Hore mommocka: Ha 31,0 % u 28,0 % (p<0,05)
cootBeTcTBeHHO (puc. 4.9). [IponopnuoHaabHOE YBEIHYCHNE aKTUBHOCTH OTMEUAIH U B
ornomenun Y-I'TII (puc. 4.9) Poct cocrasun 37,4 % (p<0,05). HesnaunrtenvHOe
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MOBBIIIICHHE aKTHBHOCTH OTMEYAJd W B OoTHOmIeHUM katenicura D (puc. 4.10). OnHako
OHO He OBLIO CTATUCTUYECKHU BBIPAXKEHO.

Tabmuma 4.5
ConeprxaHue OTIEIBHBIX OCIIKOBBIX META0OJIMTOB B TKAHSAX aHAJIaphl B YCIOBUSIX HOPMO-
1 AaHOKCUH
Buner Tkanei
Ilokaszarenu Hora Kabpsr I'enaromankpeac
Hopmokcus | Anokcus | Hopmokcust AHokcus Hopmoxkcust AHokcus
berox, 387+12 | 284424 | 469+40 | 359+30 | 1435+125 | 1164439
MKT MI'~ TKaHH
AMMWHOK-TEI,
MKT M TKaH# 68,5+3,1 92,7450 | 192,6+13,3 | 282,3+11,5 | 285,1+19,5 | 423,8+37,9
(10%)
Moucsmia, 2,68+4024 | 385+0,31 | 11,8+42 | 250425 | 284423 | 157435
HM MI'  TKaHU

[Tpumeuanue: 00beMbI BLIOOPOYHBIX COBOKYIHOCTEH — 10 ocobeit

0,5 1 i 10 -
. OHopmokens | 016 .
[ = b
504 B AHOKCHA 5 Lg o
T 7 012 4 S
= = [
£ 031 T =6 1
3 Z 0,08 4 z
il ] =
50,2 1 c 54 1
2 2 g
= = 0,04 - z
= 0,1 1 '2 =2 1
£ g E
0 - 0~ 0 -
Hora Mabpel [T Hora >Kabper I Hora »a6pbl  [TI
Puc. 4.9. Axtunoctu AnAT, AcAT u y-I'TII B TKaHSX aHAaIaphl B YCIOBUAX
3KCIEPUMEHTAIbBHOU aHOKCUU
JKabpwi. Peakuns sxabepHOM TKaHH MOJUTIOCKA Ha YCIIOBHS 3KCIIEPHMEHTAIBHOM
aHOKcHM Obla GJIM3KOW K PacCMOTPEHHOM BBIIIIE.
.8 O Hopmokeuns | Conepsxanne Genka B Heil moHMxkanoch Ha 23,5 %
= W AHokena (p<0,05) (tabn. 4.5). Oto mpoucxoamio Ha (poHe
é 6 1 YBEJIMYEHUST  YPOBHS  MOYEBMHBI M  Iyna
o CBOOOJHBIX aMHUHOKHCIIOT COOTBETCTBEHHO B 2,1
S _ 41 paza (p<0,05) u Ha 46,6 % (p<0,001) [AHOpeeHkKo,
;— 2009].
2 B xabpax, Takke Kak ¥ B HOT€ MOJUTIOCKA
= p > 5
= B YCIIOBUSIX @aHOKCHM OTMEYalld POCT aKTHBHOCTEH
8 o amuHotpacthepas (AnAT, AcAT) u y-I'TII (puc.
Hora  >KaBpel rm 4.9). AxtuBHoct ANAT u AcAT noBbIIANTKCH
cooTBeTcTBeHHO Ha 58,4 % (p<0,01) u 45,4 %

Puc. 4.10. AKTUBHOCTb KaTEICUHA
D B TkaHsX aHaJaphl B yCIOBHSIX
AKCIIEPUMEHTAIBHON aHOKCUU

(p<0,01), a y-ITIl - ma 659 % (p<0,01).
AKTHBHOCTH KaTerncuHa D, HaMpOTHUB, CHUXKAJIACh

Ha 34,6 % (p<0,01) (puc. 4.10).
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T'enamonanxpeac. Merabonnveckue NPOLECCH], pa3BUBAIOIIUECS B JaHHOM
OpraHe B YCIOBHSIX DKCIIEPUMEHTANBHON aHOKCHM, WMENH Pl TPHHIAIHAITBEHBIX
OCOOEHHOCTEW B CpaBHEHHH C HOTOM W >xabpamMu MOJUTIOcKa. Takke Kak W B ABYX
NpeIbAYIINX CIydasX B remaTolaHKpeace MPOUCXOMIIO CHIDKEHHE cojepikaHus Oenka
Ha 18,9 % (p<0,05) u moBbIasncs myJ1 CBOOOMHBIX aMUHOKHCIOT Ha 48,6 % (p<0,01)
(tabm. 4.5). OgHaKO 3TO MPOUCXOANIO Ha OHE CHIDKEHHS, & HE POCTa YPOBHS MOYEBHHEI
B opraHe. Pa3nnums B cpaBHEHUH ¢ KOHTPOJIBLHOU rpynmoii coctaBuinu 44,7 % (p<0,01).

AxtuBHOCTH ANAT u AcAT B yClOBHAX aHOKCHH, B OTIHYME OT KaOp U HOTH,
MOHIKANHACH cOOTBeTCTBeHHO Ha 29,1 % (p<0,001) u 24,5 % (p<0,05) (puc. 4.9). Ilpu
stoM aktuBHOCTh Y-I'TIl yBemmumBanace ma 60,6 % (p<0,05). CHIKEHNE aKTHBHOCTH
OTMEUaJI U B OTHOIIeHUH katenicuaa D. Ono coctasmwio 57,1 % (p<0,001) (puc. 4.10).

TakuM 0Opa3oM, aHOKCHS BbI3BANA DS HAMpPABIECHHBIX TKAHECTEIU(PUIHBIX
M3MEHEHU B OpraHnu3Me aHaJaaphl:

* B ka0pax W HOre MOJUIFOCKAa MPOHMCXOAWIO TMOHIKECHUE COJIepKaHue Oellka Ha
(oHe yBennveHus myia CBOOOTHBIX AMHUHOKHUCIIOT M COJEP KaHUSI MOUCBUHEI,

*  W3MEHEHWE CoJlepKaHUs OEIKOBBIX METa0OJIMTOB B HOTE M jkabpaxX aHalIaphl B
YCIIOBUSIX 3KCIIEPUMEHTAFHOW aHOKCHU KOPPETUPOBAIIO C pOCTOM aKTHBHOCTEH
amuHoTtpanchepas (AnAT, AcAT) u y-I'TII; npu 3TOM aKTUBHOCTH KaTerncuHa D
B THX OpraHax Ju00 He 3MeHsUIach (Hora), In00 MmoJaBisuiachk (Kabpsl);

* peakmus remaTolaHKpeaca Ha  OTCYTCTBHE  KHCIIOpOJa HMena  Psl
NPUHIMIMAIBGHBIX OTIMYMN: CHIDKCHHE COJep)KaHUsi Oenka W PpOCT YPOBHS
aMUHHOTO a30Ta B OpTaHe MPOUCXOIWI Ha ()OHE YMEHBIIIEHHUS, & HE YBEIHICHUS
YPOBHSI MOUYEBHUHBI; IpU 3TOM akTUBHOCTU ANAT u AcAT mNogaBisuiuCh; B
otHomieHun Yy-I'TII n karencuna D u3MeHEHUs1 COBMAJAIN C ONMUCAHHBIMU IS
HOTH M Ka0p MOJUTIOCKA.

[TomydueHHBIE PE3yIBTATHI MTO3BOJISIFOT KOHCTATUPOBATh, YTO B YCIOBUSIX aHOKCUHU
OpraHm3M aHajmapbl n30erajq HaAKOIUICHHS TOKCHYHOTO Jakrtata. Hu B omHOM m3
WCCJIEIOBAHHBIX OPraHOB COJEpXKaHHe JAaHHOTO COEJUHEHUs He MOBbImaiock. [Ipu aTom
akTUBHOCTH JIJII' MHOTOKpaTHO TTOHMKAJIACh, @ UCTIOJIH30BAHKE YTIIEBOJHBIX CyOCTPaTOB
SBHO orpaHuunBaiock. CojepaHue TIIOKO3bI B HOTE M kabpaxX MOJUTIOCKA B TEUCHHE
JKCIIEpUMEHTa He wu3MeHsuoch. OJHaKO 3TO HE O03HAYaeT, YTO TJIMKOJIUTHUYECKUE
MpoIecChl B 3TUX OpraHax MOJHOCTBIO TOAABISUTUCH. boiee BepOsSTHBIM COOBITHEM
SBIISIETCS TIEPEKITFOUYCHNE X Ha 00pa30BaHKe MEHee TOKCUIHBIX METa0OIUTOB.

OnHUM W3 TaKWX MyTeH sBJIseTCS CyKIIMHATTHOKMHA3HAs peaknus [Mommsen,
1080]. Ona HaunMHaeTcs C TPEBpAIICHUS TIUKOIUTHUECKOTO MHUPYyBaTa B ajaHUH C
0o0pa3oBaHHEM O-KETOTIIyTapaTa, KOTOPhI B MUTOXOHAPHUAX OKHCISETCS 10 CYKIIMHATA C
BoccraHoBieHneM [ ' T® (puc. 4.3):

nupyeam + 2rymamam <> AlaHuH + o-Kemoaaymapam
a-kemoznymapam + HAJ[" <> cykyunun-KoA + HAJ[H,
cykyunun-KoA + I'Jl® « cykyunam + ['TO.

[Tponiecc kouTponmupyercst AAT, akTUBHOCTh KOTOPOU y THAPOOMOHTOB MHOTOKPATHO
MPEBOCXOANT W3BECTHYIO Ui Ha3eMHBIX MO3BOHOYHBIX [Mommsen, 1080]. Poct
aktuBHOCcTH ANAT B Hore W »>kabpax aHazappl, OTMEUYEHHBIH B HACTOSIINX
9KCIIEPUMEHTaX, MPU OTCYTCTBUM HAKOIUIEHUS JIAKTaTa U CHWXKEHUM akTuBHOCTH JIJII' B
TKaHAX T03BOJISIET TOBOPUTH O TOM, YTO 3Ta peaklUs peaan3yeTcsl B OpraHax MOJUIFOCKA B
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YCIOBHSIX AKCIIEPUMEHTAIBHON aHOKCUU. [loATBEepKIEHHEM ATOTO SBISETCS TAKXKe POCT
aktuBHOcTH y-I'TII.  [lamHbIii  (depMeHT KaTamu3upyeT pEeaKkIHuio OTIIeTUICHUS
TIyTAMHHOBOW KHCJIOTHI OT TIENITHAOB M CHOCOOEH o0OecreynBaTh €€ TPAHCIIOPT
[Kygepenko, 1979]. U3 merabonuueckoit cxeMbl (puc. 4.3) BUIHO, YTO HOPMAIILHOE
TE€YEHHE CYKI[MHATTUOKHMHA3HON peaklMy BO3MOKHO TOJIBKO MPH JOCTATOYHOM pecypce
rirytamara. [loctaBky manHOTO coequHenns u odecnieanBaet y-1 TI1.

Hpyroii nyTte MoOXeT OBbITH CBSI3aH C  HCIOJB30BAaHUEM  PECypCOB
dochoenonnupysara. M3BecTHO, 4TO UTOIIIa3MaTrueckas ppakuus M conpsbkeHa ¢
TITUKOJTATHIECKAME MpoIeccaMu gepes (hocdoenonmupyBaTKapOOKCHKUHAZY
[Skorkowski, 1988], xoropas TpanchopmupyeTr dochoeHONTIHIPYBAT B OKCaJOAIETAaT.
MJI" BoccTaHaBNIMBAaET OKcajloaleTaT A0 Majara, KOTOPbIM 3aTeM MOCPEICTBOM Majat-
CYKIIMHATHOTO TIEPEHOCUYMKA HAIPABISIETCS B MUTOXOHAPHUHU U TOBOJIUTCS (hepMEHTaMHU
BeTBU 1KiIa Kpebea 10 cyknmHaTa, Mpu y9acTUN MUTOXOHIprambHoH M/JIL:

docghoenonnupysam <> okcaroayemam
oxcanoayemam + HAJH, <> manam + HAI["
manam < pymapam
dymapam + AJID + PAJH, < cyxyunam + ATD + QA"

OTOT mpolecc OmMcaH I psAAa TUIAPOOMOHTOB M HMMeEET (YHKIMOHAIBHBIN
CMBICIT B YCIIOBHSIX 3KcTpeManbHoi rumokcnu [[ammpo, 1975; Panepucci L. et al., 2000].
Hamu otmeuanack coxpaHeHue NOBBIIIEHHOW akTuBHOCTH M/II' B TKaHAX aHagapel Opu
nofasyieHny aktuBHocTH JI/IT, 9TO MO3BOIISIET MPEAIONOKUTH BO3MOXKHOCTh pealn3aun
3TOM peaklUy y MOJUTIOCKA U B YCJIOBUSIX BHEIIHEH aHOKCHH.

OnHuM W3 METa0OJIMYECKHX MyTeH, KOTOPBI MOMKET pPa3BHBATHCS B TKaHIX
TUIPOOMOHTOB B YCJIOBHMSIX THIIOKCHHM, SIBIsieTcA (yMmapaTpeayKTasHas peakuus (puc.
4.3). Ona HaumHaeTcs ¢ TpaHcopMaluu acrmapraTa B OKcajoaleraT IMOA KOHTPOJEM
AcAT c mocneAyrommM BOCCTAaHOBJICHHWEM A0 ManaTta. [Ipm 3ToM BBICBOOOMKHAaeTCs
rJIyTamar, KOTOPBI MOXKET OBITh MCITONIb30BaH B CYKIIMHATTHOKMHA3HOU peakuuu [Owen,
Hochachka, 1974]:

acnapmam + o-Kemoceiymapani <> okcajoayemam + crymamam.

Manar, moctymas B MHUTOXOHIPWH, 3aTeM IpeBpamiaercs B  (Qymapar w
BOCCTAaHABIIMBAETCS /10 CyKIIMHAaTa, O YeM TOBOPHUJIOCH B MpenbinymieM ad3are. Knetka
IpU 3TOM TOdy4daeT ofHy Monekyiry AT®. Ora peakuus katanmsupyercs ML,
AaKTHBHOCTb KOTOpPOH, KakK YK€ OTMEYaJoCh, B YCIOBHMSX THUIIOKCHM CYIIECTBEHHO
noBeImaercst Ha ¢pone yruerenus JIJII.

B HacrosAmmpx HCCIENOBaHUAX  3aperHCTPUPOBAH  CYIIECTBEHHBIH  POCT
aktuBHOCTH AcAT B HOre M >kabpax MOJUTIOCKOB. M3BECTHO TakXe, 4TO TKaHW aHaAapbl
COJICPIKAT JIOCTATOYHO OOJNIBIIONW pecypc cBoOomHoro L- u D-acmaprata, KoTOpbIe
AaKTUBHO HCIIOJIL3YIOTCS B YCIOBHAX Tumnokcuu [Livingstone, 1991]. 3to mo3Bonser
paccMaTpuBaTh  (QyMmMapaTpeiyKTa3HYI0  PEakIui0 Kak  Haumboyiee  BEPOSTHBIN
MeTaboNINYeCcKHuil MPOIIecC, peaTn3yeMbIi B yCIOBHAX BHEIIHEH aHOKCHH y JAHHOTO BUA
MOJUIIOCKA.

B ycnoBuAX JKCHEpUMEHTANBHOW AHOKCHMM BO BCEX TKaHAX MOJUIIOCKA
NPOMCXOAMIO CHW)KEHHE CoJepKaHus Oenka M HaONIOJaloCh YBEIMYEHHE YPOBHS
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CBOOOJHBIX AMHUHOKHUCIIOT ¥ MOUYEBHHBI, YTO OTPAKACT YCHUIIEHUE MPOLECCOB OCIKOBOIO
karabonu3ma. 3BECTHO, YTO THIPOJIN3 BHYTPUKICTOUHBIX OEJIKOB MPOMCXOAMT HpHU
y9acTUH JTU30COMANBHBIX MpPOTenHa3 — KarencwmHoB [HemoBa, 1996]. AxtuBHOCTH
KarericiHa D B yCIIOBHAX HACTOSIIETO 3KCIEpUMEHTa 100 He M3MEHsUIach (Hora), b0
npeTeprieBaia CyleCTBEHHOE TOHIKEHHE (Ka0phl, renaTtonaHkpeac). 9To MPOUCXOAUIIO0
Ha Qone pocra aktmBHOCTH Y-I'TII. M3 3TOTO Cciemyer, 4To B TKaHSAX aHAAaphl MPHU
BHEIIIHEH aHOKCHM THIPOJU3Y IMOJBEPraroTcs HE IeNbHble OENKH, a ONUTOMENTHIbl C
koTopbiMu  B3aumozeticteyer y-I'TII, ocBoOoxnmasi riyTamaT, HCIOJIB3YEMbIH B
CYKIIMHATTUOKHUHA3HON PEaKIIHU.

Ocoboe BHHMaHHE ClIeAyeT OOpaTUTh Ha MOBBIIICHUE COAEP’KAaHUS MOUYEBHUHBI B
TKaHAX aHaJgapbl B YCIOBHUSX AJKCHEpHUMEHTaNbHOW aHOKcHMHM. C OJHOW CTOPOHBI, 3TO
OTpa’kaeT yCHJIEHHUE Ipolecca Je3aMUHUPOBAHUS aMUHOKHUCIOT. C APYroi CTOPOHBI, 3TO
B)XHO Ul NIEPEOPUCHTAMK MeTaboin3Ma B TKaHAX Ha aHa3pOOHbIM myTh. M3BecTHO,
YTO MOUYEBUHA MOAABIseT akTUBHOCTH JI/II', orpaHn4nBas TeM caMbiM TpaHchopManuio
nupyBaTa B JIakTaT. B HammMx SKCIepUMEHTax 3TO JACMCTBUTENBHO HMENIO MECTO.
AxtuBHOCTh JIII' cHMKanach MHOTOKPAaTHO. Y POBEHb JIAKTaTa B TKAHSAX HE MOBBIIIAJICS.
[Tpu 3TOM yBeNMUMBaNACh aKTUBHOCTH (DEPMEHTOB, CONPSHKEHHBIX C MPEAIIECTBYOIIUMH
TITUKONUTHYECKUMH  MeTabonuTtamu:  ¢dochoeHonnmupyBatoM u nupyBatoM (AnAT,
MAD).

B cpaBHeHuu c Horoil u >xabpamMu MOJUIIOCKA peaklMs IenaTolaHKpeaca Ha
YCIIOBHUSI BHEUIHEW aHOKCHM MMeJa psiji NPUHIMMHAIBHBIX OTIMYui. B manHOM oprane
TAaKXKE OTMEYaNoCh CHIDKEHHE colepXaHusi Oellka M POCT YPOBHS CBOOOIHBIX
aMHHOKHUCIOT. OfHAKO 3T0 HaOmonanock Ha (JOHE CHMXKEHUS COAEep)KaHUsI MOYECBHHBI, a
taoke nageHust aktTuBHocTe ATAT u AcAT. D10 03HauaeT, YTO CYyKIIMHATTHOKHUHA3HAS
u (ymaparpenykrasHasi peakllMd B JaHHOM OpraHe He ObUTH peaim3oBaHbl. [Ipu 3ToM
MIPOUCXOAMIIO 3HauuTeNbHOe yBenmmdeHne akTuBHOCTH Y-I'TII. [lomobHOE cooTHOMIEHNE
MIPOLIECCOB MO3BOJIIET TOBOPUTH O TOM, YTO TEMATONMAaHKpeac CKopee MpOLyLUpPYET
OTIpENICICHHYI0 CMECh aMHUHOKHCIIOT, HEXeIH HWCHONb3yeT €€ B COOCTBEHHOM
MeTabonu3me. JlaHHas cMech ¢ TOKOM reMonuM(bl PaclpoCTPaHsAeTCs [0 OPraHu3My U
YTUIM3HpYETCS NepuepuuIeCKUMH TKAHSIMUA MOJITIOCKA.

Takum 00pa3oM, B YCIOBUSIX OKCIHEPUMEHTAILHOW AHOKCHU B OpTaHU3ME
aHaJaphl pa3BUBANICA PSI AAANTUBHBIX U3MEHEHHH.

* AxtuBHocTh JIJII' MHOrOKpaTHO NOHMKAjgach NPU COXPAHEHUU HCXOTHOU
akTUBHOCTH M/II" M OTCYTCTBUM YBEJIIMUEHUS CONECPKAHUS JIAKTATa B TKAHSX.

* B xabpax u HOre aHaJapbl YCHJIHMBAJHNCH MPOIECCHl OEIKOBOrO KaTaboiu3ma,
NPUBOIMIIME K CHIDKEHHIO COACp)KaHHs OelKa, POCTy YPOBHS CBOOOIHBIX
aMUHOKHCIIOT M MOYEBHHBI. [MApPONM3y MNOABEPraJvuCh MNPEUMYILECTBEHHO
HU3KOMOJIEKYJISipHbIe TienTuabl. OO0 3TOM CBHETENLCTBOBAIO YMEHBIICHHE
akTuBHOCTH KarencuHa D Ha ¢one pocra aktusHOCTH V-1 TIL

*  AHOKCHUSA COTPOBOXk1ATach YCHJIEHUEM CYKIIMHATTHOKMHA3HON u
¢dbymapatpenykrazHoi peaknui, KoHTponupyembix ANAT u AcAT. Ownm
WCKJTIIOYAJIM HAKOIMJIEHHEe TOKCHYHOTO JIAKTaTa B TKAHAX M IO3BOJISUIM IOJIyYaTh
JIOTIOJTHATENBHBIN K MIMKOIUTHYECKOMY PECYPC MAKPOIPIMUECKUX COEOMHEHUIN
(ATO, I'TD).

* Merabonnyeckue TMPOIECCHl B TeMaTONaHKpeace MOJUTIOCKa B OTCYTCTBUH
KHCJIOpoJia ObUIM OpUEHTHPOBAHBI Ha MPOAYKIMIO aMHHOKHCIOT, a He Ha HX
YTUIIU3ALHIO.
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4.3.5. AneHunartHas cucteMa (TKaHeBas crieruduka)

MakcuMasbHBIA TMyJT aJCHAIOBBIX HYKJICOTHIOB OTMEYald B HOTE MOJLUIFOCKA
(tabmn. 4.6) [ConmatoB u ap., 2010]. On 6wt Ha 43-44 % (p<0,001) BeIIIE, YeM B xa0pax
W TrematomaHkpeace. MeXay IBYMS MOCACTIHHMU TKAaHAMH pasjinyuss He ObLIH
CTaTHCTHYECKU BBIPAKCHBI. DTH K€ Pa3IMUUs COXPAHSIIUCH M B OTHOIICHHH OTICIbHBIX
BHUJIOB aJICHIJIATOR.

Tabmuma 4.6
CopneprkaHne aleHWIOBBIX HYKJIEOTHIOB, Heopranndeckoro ¢gocdara (D) 1 aKTHBHOCTD
nienouHoi ocdarassl (1LID) B TkaHIX aHAmAPHI

TxaHu MOJLTIOCKA
ITokasaTenu n
Hora Kabpsr l'emaTonmankpeac
Ilyn anenunatos, | 10 14,6+0,5 8,17+0,18 8,21+0,16
MKMOJIb T’
ATO, | 10 | 491+018 2,97+0,06 2,94+0,1
MKMOJIb T’
A®, 10 5,83+0,26 3,10+0,07 3,05+0,06
MKMOJIb T’
AM®, | 10 3,84+0,57 2,10+0,08 2,22+0,09
MKMOJIb T'
) 10 16,3+1,5 13,3+0,8 22,0+1,4
MKMOJIb T'
me, 10 | 0,053+0,007 0,041+0,006 0,073+0,009
HMOJIb C~ MI'

[Tpumeuanwue: n — ancio ocodet

Bo Bcex Ttumax TkaHeW aHamapel mnpeoOnamana ¢pakuus AJID. Ha nHee
npuxoauiock 37-40 % ot obmero nmyna agenunatoB. Jons AT® cocrasmsua 33-37 %.
OcranbHOe TpUX0oauIIoch Ha (pakiuio AM® — 25-27 %. U3 3Tux naHHBIX ClEIyeT, YTO
COOTHOIIICHHUE OTACIbHBIX BUJOB aJCHUJIOBBIX HYKJICOTHIOB COBIAJAI0 BO BCEX THIIAX
TkaHed. [Ipu atom abcomorHoe comepxkanne ATD, AJI® u AM® ObuUTO SIBHO BBIIIIE B
Hore mMosuttocka (p<0,001).

CpaBHuTenbHasl OIIEHKA COfepXaHHus HeopraHwdeckoro ¢ocdara (D) nmama
oOpaTHbBIC pe3y/bTaThl. B rematonaHkpeace ypoBEHb JAHHOT'O COSJAMHEHUS ObLI BHIIIIE.
Pazmuuusa coctaBmsum 35,0 % (p<0,001) u 65,4 % (p<0,001) COOTBETCTBEHHO IO
OTHOIIICHUIO K HOT€ W jKabpaM aHajapbl. DTO XOPOIIO KOPPEITUPOBAIO C aKTHBHOCTHIO
I[P, xotopas B remaronankpeace Ha 37,7 % u 78,0 % (p<0,01) mpeBsinana 3HadeHus,
OTMEUYEHHBIE JIJIS BBIIIE YKA3aHHBIX OPTaHOB.

Ha ocHoBanuu 3nauenuii congepxkanusa AT, AJIO u AM® B TkaHsIX aHagapbl
Oob paccuntaHbl WHIEKCH ATO/AJI® u AJIO/AM® (tabm.4.7). OHM OKa3aluch
OJIM3KUMH JUIsi BCEX THUIIOB TKaHeW MoOJUTOcKa. Pasnuuus He ObUTH CTaTUCTHYECKHU
BoIpaxkeHbl. [Ipu sToM BenmumHa wuHaekca AJIO/AM® na 29,3-46,9 % (p<0,001)
MpeBbIlIayia 3HadeHus, momydeHHsie s ATDO/AJID, yto oTpaxkano mpeobiamgaHue
¢dpaxiu AJID 1Mo OTHOIICHHUIO K IPYTUM BUAAM aJCHUIATOB.

Wugekc AM®D/®,, wHampotuB, Obul TkaHecnenuduuuasiM  (Tabn.  4.7).
MaxkcuManbHble 3HA4eHHS €ro OOHAapYXHBAJIMCh B HOTEe MOJUIOCKAa. B ixabpax u
renaronaHkpeace OHM ObUIM COOTBETCTBEHHO B 2,4 pasa u Ha 29,2 % (p<0,001) Huxe.
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Wmeromuecss pa3nuuusi ONpeneNsuiiCh, C OJHOW CTOPOHBI, CPaBHUTEIBHO HH3KHM
coaepxanueM @, B HOre aHajapsl, a ¢ Apyrol CTOPOHBI, NOBBILIEHHBIM YpoBHEM AM®
(Tabm. 4.6).

Tabnuua 4.7
CooTHOlIEHHE aJEHWIOBBIX HYKJIEOTHAOB, (GochopmibHblii moteHmman (PII) wu
aJCHUIATHBIN dHepreTHaeckuii 3apsaa (AD3) (3apsin ATKMHCOHA) B TKaHIX aHaZaphbl

Txanu mommrocka
IToxa3zarenu n
Hora Kabpsr I'enaTonankpeac
ATO/AJID 10 0,85+0,05 0,96+0,01 0,97+0,05
AJIO/AM® 10 1,60+0,27 1,48+0,04 1,38+0,07
AM®/D, 10 0,24+0,03 0,17+0,01 0,10+0,01
DII 10 0,222+0,009 0,181+0,003 0,118+0,004
AD3 10 0,538+0,019 0,553+0,005 0,544+0,003

[Tpumeuanwue: n — ancio ocodert

bnuskue coOTHOWIECHHS COAEpKaHWsl aJACHWIOBBIX HYKJICOTHIOB B OpraHax
aHaJapel OMpPENENMIN M CXOJHBIE 3HAYCHHUS aJCHHJIATHOTO SHEPreTHYECKOTO 3apsia
(AD3) (tabm.4.7). Vmeromumecs pasaudus He OBUIM CTAaTHCTUYECKH BBIPAXKCHEI.
AoGcomoTHble 3HaYeHus AD3 Haxoauwuch B npeaenax 0,53-0,56, To ecTh He MPEBbIIIATH
0,75, 9TO0 OTpaykaeT yMEpEeHHYIO ACTPECCHI0 (PH3HOIIOTHYECKUX MPOIIECCOB B OpraHax
MomnTIocka. Bmecte ¢ Tem, BemmumHa QochopunsHoro mortennuana (PII) mmena
BBIPRKEHHYIO TKaHEBYyI0 crnennuky. B Hore anagapel 3HaueHHsI JaHHOTO TOKAa3aTelis
obn Ha 18,5 m 46,8 % (p<0,001) BbIIe, YeM B >kabpax M TIemaTonaHKpeace
COOTBETCTBEHHO. DTO OMPEAEISUIOCH 0oJiee HU3KUM cojiepkaHueM @, B HOTE MOJITIOCKA
(Tabm. 4.6).
Takum 00pa3oM, OdHEpPreTMYeCKHid CTaTyCc TKaHed aHajapbl HMeNl DAf
OCOOEHHOCTEI:
* HOra MOJUIFOCKA OTJIMYANach CaMbIM BBICOKHM YPOBHEM  aJI€HHIIIOBBIX
HYKJICOTHJIOB B CPaBHEHHH C )KaOpaMU U TeNaToNaHKpeacoM;
* COOTHOIIEHHE OTAENbHBIX BHUIOB afeHwiatoB (AT®, AID, AM®) B TKaHAX
OBILI0 OJIM3KHM;
* B TremaTolaHKpeace aHagapbl OTMEUYeH BBICOKHW ypoBeHb @, Ha QoHe
MOBBIIIIEHHOW akTUBHOCTH 11[D.

4.3.6. AneHunaTHas cucTeMa (aganTaius K aHOKCHH )

AHOKCHS BbI3bIBAJIa ONMU3KUE WM3MEHEHHUS JHEPreTHUECKOr0 CTaTyca TKaHEH
MOJUTIOCKA, BIIMSS KaK Ha IyJl aJCHWIOBBIX HYKJIECOTHAOB, TaK M Ha COAEp)KaHHE
oThenbHbIX X (pakmuid. [lpu 3TOM coxpaHsiiach W SIBHO BBIpa)KEHHas TKaHEBas
cnenuuKka, KOTOpas U ONpeAeiiia XapakTep IOCIeI0BATENbHOCTH —H3II0KEHHUS
nonyueHHoi nHdopmanuu [Congaros u ap., 2010].

T'enamonankpeac. B ycloBUSIX AHOKCHM ITyJl aJ€HWJIOBBIX HYKJIEOTHAOB B
JTAHHOM OpraHe HecKONbKO ToHmxaics (puc. 4.11). B cpaBHeHHH C KOHTPOJIHHOU
TPYMIION MOJUTIOCKOB CHHXKEHHE cocTaBmiIo 5,4 % (p<0,05). M3MeHeHHs KOCHYIHCh KaK
¢pakuun ATD, tak u AJID (puc. 4.12). YMeHblIeHHE YPOBHS 3TUX BUAOB aJCHUIATOB
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cocraBmsuio 21,4 % (p<0,01) u 14,1 %
(p<0,05)  cootBerctBeHHo. Ilpm  3TOM
comepxkanue (Gpakmmm  AMD, HAIPOTHUB,
noBelmasioch Ha 27,9 %  (p<0,001)
OTHOCHUTEIHLHO KOHTPOJILHOI'O YPOBHSL.
CooTHOIIEHHE  OTHCTHHBIX  BHIOB

aJICHUJIOBBIX HYKJICOTHJIOB B I'elaTonaHKpeace
npencrasieHo B Ttabnmune 4.8, OTHOIICHHE
ATDO/AJI®  dakThdecku HE H3MEHSIOCH,
0CTaBasICh HA YPOBHE KOHTPOJIBHBIX 3HAUCHHH.

—
(=)
]

O HopMokcHg
B AHOKCHI

—
[ve] [S8]
1 1

H}’H aTgeHIITaToR, MEMOIIb I"1
.

Hwmerommecs pa3nuaus (8,2 %)
CTaTHCTUYECKH He OBUTM BBIpaXEHBH. B
otHomeHUU AJID/AM®, HanIpOTHB, OTMEYAITH
CyIlIeCTBEHHOE TMoHIWKeHnue Ha 33,3 %
(p<0,001). D10, C OAHOI CTOPOHBI, OBLJIO CBA3aHO CO CHIKEHUEM COJIEpKaHus (ppakiuu
AJI®, a c Ipyroi CTOpOHBI, ¢ yBenndeHuEM ypoBHs AMO.

<
[

Hora JKaGpm

OHopmMokeua 8 - _ 6 1

- B AHOKCKA — [
0 4 6 = =
= 5 G 4 -
S 4 e =
= =
[~ > 4 4 =
s s = ,
g 2 o 8 <7
= .
Z 32 =

0 - 0-

Hora >Ka6pbl [T 0 - Hora  KaBpbi Hora a6épeil M

Puc. 4.12. Coaeprxanue OTACIbHBIX BUIOB aJICHUIOBBIX HYKJICOTHIOB B TKAHIX aHAAPbI
B YCHOBHHX SKCHepHMeHTaJILHOﬁ AHOKCHUH
Tabmura 4.8
COOTHOIIICHHE OTACTbHBIX BHOB aJCHUIIOBBIX HYKJICOTHUOB B TKAHSIX aHAAapbl B
YCIOBUAX DKCIIEPUMEHTATHLHON aHOKCHH

Txanu MmomIrocKa

ITokasatemu | N Hora Kabpsr I'enaronankpeac

H A H A H A

AT®/AQd® | 10 | 0,85+0,05 | 0,89+0,01 0,96+0,01 0,78+0,03 0,97+40,05 0,89+0,04
AID/AM® | 10 | 1,60+0,27 | 0,96+0,01 1,48+0,04 0,89+0,06 1,38+0,07 0,9240,02
AMO/D, 10 | 0,24+0,03 | 0,21+0,01 0,17+0,01 0,10+0,01 0,10+0,01 0,17+0,01

[Mpumeuanue: n — yncio ocobdeit; H — Hopmokenst; A - aHOKcHS

OtHotenne AM®D/®, B ycioBusix aHOKcHH yBennduBaioch Ha 70,0 % (p<0,001)
(tabn. 4.8). Poct Obu1 00YCIIOBIIEH NPEUMYIIECTBEHHBIM IOBBIIICHHUEM COACPIKAHMS
AM® B renaronaHkpeace, 0 yeM roBopuiioch Beiie (puc. 4.12). Yeenuuenue @, Obu10
MeHee BBIPaKEHO M cOCTaBIsLIO 27,3 %, Mpu 3TOM OHO He OBIIO CTATUCTHYECKH 3HAYMMO
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(puc. 4.13). Tenpenuus pocta Obuia ormedeHa u B oTHomeHun [®. OgHako B BHIY
JIOCTaTOYHO BBICOKOW BapHaOET-HOCTH MONyYeHHBIX 3HAYEHWH aKTHBHOCTH (pepMeHTa
pa3iuyus Takke He ObUTM CTaTUCTHYECKH TOCTOBEPHBI.

AHOKcHS BBI3BIBAJIa CYIIECTBEHHOE MOHIKEeHHE 3HaueHuit AD3 (puc. 4.14). B
CpaBHEHHH C KOHTPOJBHON TpYNIOW MOJUIIOCKOB YMEHBIICHHE 3HAUYEHHH IaHHOTO
nmokazatens cocraBmwio 14,3 % (p<0,001).

[Ipu »ToM aOcomroTHbIe 3Ha4YeHUsT AD3
LHopmokcua okaseiBasiick Menee 0,5 — 0,466+0,011,

30 1 MaHokcuA TO €CTh TOMAJali B 30HY CyOJIETaIBHOTO
yTHeTeHUS PyHKINH.

50 | docdopunbHbIiA IOTEHLIHAAII
(®IT) remaTorankKpeaca TaKKe
moHmwkaincs (puc. 4.14). CHmwkeHue

10 COCTaBUJIO 36,4 % (p<0,001).
VYMenblieHue 3HAYEHUN JAHHOTO

0 E

IoKa3aTeirst OBLIO 00yCIIOBIIEHO
Hora Kabpel m MPEUMYIIECTBEHHBIM CHIDKCHHEM

40

®, Mmkmon r !

conepxanust ppakuuu ATD (puc. 4.12).
Ymensimenne ypoBas AJI® Owbuto mMeHee
BBIp@)XEHO, a wu3MeHenne @, B TKaHU

0.05 A renaTonaHkpeaca  BooOme He  ObLIO

CTaTHCTHYECKU 3HAYNMO.
Kabpul. YKabper AMeNH
0.04 - COM3MEPHUMBI C TemaTONaHKpeacoM Iyl
aJICHUJIATOB. B YCIIOBUAX
IKCTIEPUMEHTATBHON aHOKCHU y aHaJapbl
0 OTMEYalH  MOHIKEHHE  COACPKAHUS

Hora Mabpbl JIaHHOM Tpynmbl coequnenuit (puc. 4.11).
B CpaBHEHUU c KOHTPOJIbHBIMH

W, HMomb ¢! mr -

JKUBOTHBIMM paznuuust coctaBmsun 15,1 % (p<0,001). Oto mpoumcxoamno Ha (oHe
ymenbieHus ypoBHs AT® u AJI® B nanHOM
Puc. 4.13. Conepxanue @, 1 oprane cooTBeTcTBeHHO Ha 37,0 % u 23,2 %
akTUBHOCTH [I[®D B TKaHAX aHauaELI (p<0,001) (puc. 4.12). Conepxanne AM®D,
B yCIOBHAX SKCIICPUMCHTATIEHOU HAlpPOTHB, TOBBIIANOCh. OTHOCHTEIHHO
AHOKCHH KOHTPOJIBHOW TPYIIBI  MOJUIFOCKOB  POCT

cocraBun 28,1 % (p<0,001).

Nunexc ATO/AI® HECKOIBKO MOHMXKAICS, YTO SBJISACTCS CICACTBHEM Oolee
3HAYUTEIBLHOr0 u3MeHeHUs ypoBHs AT® B xabpax (Tadi. 4.8). YMeHbIIIEHHE COCTABUIIO
18,7 (p<0,001) oTHOCHTENHHO KOHTPOIBHBIX JaHHBIX. CHIDKEHHE 3HAYCHWH WHIEKca
AIlD/AM® Obo eme Oonee BbipakeHO — 39,9 % (p<0,001). OHO ompexnemnsiock He
TOJIbKO yMeHbllieHHeM ypoBHs AJI®D, Ho u moBsiieHneM cojepkanust AM®. Haubonee
CYIIIECTBCHHBIC U3MEHEHUs npeteprneBas uHjaeke AM®/®,. Ero 3Hayenus Obutn Ha 41,2
% (p<0,001) H1XKe, UeM y KOHTPOJIBHOM IPyMITbl MOJUTIOCKOB.

B xabpax aHamapsl B yCIOBHAX aHOKCHH OTMEYaJach TEHICHIIUA POCTa YPOBHS
®,,, oTHaKO OHA He OblIa CTATUCTUYECKH 3HaunMa (puc. 4.13). AHaOrHYHbIe U3MEHEHUS
ObLTM OTMEYeHBI W B OTHomIeHWW aktmBHOCTH II[d. B Buay 3HaunTenpHOU
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06 = BapI/Ia6eJ'II>HOCTI/I MOJIYYCHHBIX 3HAYCHUH
pa3iandyudg TakKXE HE ObUIH  CTAaTHCTHYECKH
3HA4YUMBI.

Benuunna AD3 B yclOBUAX aHOKCHU
noHmxanack. CHWXKeHHE OBIJIO COM3MEPHMO C
OTMEUYEHHBIM B OTHOILICHWHU IelaTollaHKpeaca U
cocraBisuio 20,4 % (p<0,001) (puc. 4.14). Ilpu
3TOM a0COIIIOTHBIE 3HAYCHUS JAHHOTO
mokasareiast  okaseiBanuch  Hmke 0,5 —
0,044+0,017, TO ecTpb TmoOMagamTd B 30HY
CyOJIeTambHBIX BEJINYHH.

04

AS3

02

Hora  Xabpbl ['enatonaHkpead]

025 Cy1ecTBeHHbIE H3MEHEHHUS MTpeTepIieBa
— D Hopmorkcis u dochopmnsabid oteHman (PII). B ycnosmsx
02 OTCYTCTBHSI KHCJIOPOJA B CpPEIC €ro 3Ha4YCHHs
f W Avorenm moHmKamuch Ha 44,8 % (p<0,001) (puc. 4.14). B
015 - CpPaBHEHMH C JPYTHMH OpraHaMH 3TO CaMoe
I CYIIECTBEHHOE TOHUYKEHUE OIIL. Omno

01 )
OIpeaciIdiIocs, C OaHOu  CTOpPOHEI, 6omee

3HAYUTENBHBIM COKparienneM ¢pakuun ATD B
xabpax mo ortHomennto k AJI®, a c mpyroi
CTOpPOHBI, YyBeiauueHueM cojepxanus @, B
Hora  Xabpbl lenatonaHkpeag HDAHHOM OpraHe.
Hoea. Kak yxe oTMedanu, JaHHBIA Oprad
Puc. 4.14. AnennnatHbiii 3apsj ¥MEJ CPAaBHHUTENLHO BBICOKMH IyJl aJIeHWJIATOB
(AD3) u pochopunbubli noteHman  (puc. 4.11). AHOKcHS oOKasblBala Ha HETO
(®II) B TKaHsAX aHAKAPbl B YCIOBUAX  Hambonee 3HauuMMoe BiusHue. CyMMapHBIA
IKCIIEPUMEHTAIBHON aHOKCUH YPOBEHb HYKJEOTHIOB B HOI€ MOJUIIOCKA
nowxkanca Ha 29,5 % (p<0,001). Cromnp xe
CyLIeCTBEHHOEe M3MeHeHHne B oprane nperepnenu ¢pakuun ATO n AILP. Conepxanue
3THX BUOB aJIeHIJIATOB YMEHBIIAIOCh COOTBETCTBEHHO Ha 36,3 % u 39,6 % (p<0,001)
(puc. 4.12). Yposeub AM® mnpu 3TOM He MpeTeprieBal CTAaTUCTUYECKH 3HAYUMBIX
M3MEHEHUI B CPaBHEHUU C KOHTPOJIHHBIMHU BETHIMHAMHU.

[IpomnoprmonanpHoe ymeHblienne ¢ppakiuii AT® u AJI®O B ycnoBusx aHOKCHH
He oTpaswioch Ha 3HadeHusIX uHjaekca ATD/AJID (tabd:n. 4.8). OH coxpaHsics Ha YpOBHE
KOHTPOJIBHBIX BeHUUH. B TO ke Bpems nnaekc AJJO/AM® cymectBeHHO noHmkaics. B
CPaBHEHHH C KOHTPOJBHOW TpYyNIOM MOJIIOCKOB pasnuuust coctaBmsi 40,0 %
(p<0.001). DT0 OBLIO OOYCIOBICHO yMEHbIIEHHEM conep:kanus ¢pakuun AD mpu
coxpaHeHuu ypoBHs AM® B oprane. 3HaueHus uHaekca AM®D/®D,, HanpoTus, ObLIH
ONMM3KUMHU y 0coOell KOHTPOJBHOH M ONBITHOM Tpymil. DTO OTpa’kaeT HEM3MEHHOCTb
ypoBHeit AM® u @, B oprane (puc. 4.13).

Coxpanenne cojepxkanuss @, B HOre MOJUIIOCKA B YCIOBHUSX aHOKCHHU
HaOmronanoch Ha (oHe moHmkeHuss aktuBHoctH LD (puc. 4.13). B cpaBHeHHu c
KOHTPOJIBHOM TIpyNIIOW aKTUBHOCTH (pepMeHTa yMeHblIajgack Oomee yeM Ha 40 %
(p<0,001), Torma kak B Jpyrux opraHax (kaOpbl, remaronaHkKpeac) ObLIa BbISBICHA
TEHACHIINS POCTa 3HAYECHUI JAaHHOTO TIOKa3aTersl.

Bennunna AD3 B 0TCYTCTBUH KHCJIOPOJA B BOJE TaKxKe MOHMKanach (puc. 4.14).
W3meHenns ObIIM COM3BMEPUMBI C OTMEUEHHBIMHM JJisl TemaTolaHKpeaca M xalp

0.05

docdhopunbHbIN NOoTeHuman
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Mojuttocka u coctaBimsid 11,7 % (p<0,01). AGcomotHble 3HaueHuss AD3, mpu 3TOM
nmocturanu 0,475+0,001, To ecTh OHHM TIOMAAaNM, KaKk B CIIydae C TelaTOMaHKpeacoM H
’kabpamu, B 30HY CyOJIeTaabHBIX BETUYMH, TaK KaK OKa3bIBaIich MeHee 0,5 enHUII.

Bonee BbIpakeHHbIE H3MEHEHHSI B  YCIOBHUSAX AaHOKCHHM  TpETEpIeBall
¢dochopunbabiii motenuuan (PII) (puc. 4.14). B cpaBHeHHM C KOHTPOJBHOM TIpymIon
MOJITIOCKOB BeIMYMHA CHIDKEHHS JaHHOTO TOKaszarenst cocraBmia 33,8 % (p<0,001). B
a0COIIOTHBIX 3HAa4YeHUsX yMmeHblueHue 3HadeHuit DII Oputo eme Gosee CyHIECTBEHHO.
OTo 00ycnoBiIeHO HCXOXHO Oonee BbICOKMMHU 3HaueHWsMU PII B maHHOM oprane y
KOHTPOJIEHOM TPYTITH MOJUTIOCKOB, O Y€M TOBOPHJIOCH BHIIIIE.

TakuMm 00pazom, aHOKCHS HETATHBHO BIIHSJIA HA SHEPTETHUYECKUI CTaTyC TKaHeH
aHazapbl. OTO BRIPAXKAJIOCh KaK B COKpAIICHHUH ITyJia aACHUIOBBIX HYKICOTHIOB, TaK U B
YMEHBIIEHUN COIEPKAHUA BBICOKO DHEPreTHYECKUX (paKkmuid JaHHOW TPYIIIEI
coenuHeHUHN (AT® 1 AJI®). O6 3TOM X€ CBHIETEIHCTBOBAIM HHTETPALHBIC ITOKA3aATEITH
SHEPreTHYECKOro o0ecreyeHus] TKaHeH MOJUTIOCKA: aJCHUIIATHBIA SHEPreTHUYECKUH 3apsia
(AD3) u dochopunbhbiii moreniman (PI1). 3nauenns AD3 CHWKaIWCh J0 YPOBHS
cybneranpHbIX BenmuanH (MeHee 0,5), a @I ymensmranics Ha 30-45 %.

Kakx ormewanocs panee (mompazmen 4.3.5), »HEpreTHUECKHil CTaTyc TKaHEH
aHagapel Obul cHIKeH. OO0 3TOM CBHJCTEILCTBYIOT HU3kHMe 3HaueHus AD3 u OII,
SBIISIONUECS WHTETPAIbHBIMU XapaKTEPUCTUKAMHU aJCHUJIATHONW CUCTeMBl. V3BecTHO,
yTo BenmunHa AD3 y OONBIIMHCTBA TKaHEH W KIeTOK Haxomautcs B mpenenax 0,80-0,95
enunut] [Crpaitep 1984]. Tak, mns apyrux npeactaBureneii poma Anadara Owiau
nonydeHo 3Hadenne paBHoe 0,83 [Watanabe et al., 2005].

B Hamem cnydae B yCIOBHUSX HOPMOKCMM OHU He mpeBbimanu 0,56, 4to
OTpakaeT YMEpPEHHYIO Jenpecchio (PU3UOIOTHYECKUX TPOILECCOB B OpraHax JaHHOTO
Buzaa. [Ipeobnananune dpaknmm AAD cpenu Apyrux BUAOB aJeHUIOBBIX HYKICOTHIIOB,
BbIcOKHEe 3HaueHus nHaekca AJIO/AM® Taxke yKa3pIBalOT Ha HU3KHE SHEPreTHUECKUE
notpebHocTH TKaueir A. inaequivalvis. MoXHO paccMOTpPeTh HECKOJBbKO IMPHYHH,
OTIPEJIENIAIONINX 3TO COCTOSHUE TKaHEeH MOJITIOCKA.

CriocoOHOCTh MOJITFOCKOB MHOTOKPATHO TOJABIISITh SHEPTETUIECKHUE TIOTPEOHOCTH
TKaHel, O0COOEHHO WX ad’pOOHYI0 COCTaBISIONIYIO, OTMEYeHa BO MHOTHUX padoTax
[Hochachka, 1986; Boutilier et al.,1996; Wu, 2002;Watanabe et al., 2005]. Dto orpakaer
KpaifHe HH3KHE 3Ha4YeHUs 0a3aJibHOTO OOMEHa Yy NaHHOH TpyIIbl OPraHU3MOB U HX
CIOCOOHOCTh Q/IallTUPOBATHCS K HEOIArOMPHUSATHBIM YCIOBHSIM CPEIbl, B YaCTHOCTU K
AKCTpEMaIbHBIM (POpMaM TUIIOKCHUH, aHOKCHH, JITUTEIHHOMY NPEOBIBAHUIO HAa BO3IyXE,
3HAYUTEJBHBIM TPaJMCHTaM cojieHocTH W Temmeparypsl [Hochachka, 1986; Storey,
1988]. HTEeHCHBHOCTh OOMEHHBIX IPOIECCOB MPHU 3TOM MOXET MOoAaBiAThCA B 20 u
6ouee pa3 [Larade, Storey, 2007].

Yepuomopckue nomyJsinuu A. inaequivalvis B 0CHOBHOM MPUYPOYEHBI K TOHHBIM
WIACTHIM TPYHTaM, a TaKXe THIMOKCHYECKHMM aKBAaTOPHSM CEBEpO-3alagHoro Iienbda
YepHOTOo MOpS, TO €CTh K YCIOBUSIM CPEIBl C BBIPRXKECHHBIM JE(UIIUTOM KHCIIOpOa
[Sahin,2009]. Kak moka3anu pe3yibTaThl HACTOSAIICH PabOThI, y 0cOOEH JaHHOTO BHIA
MOJUTIOCKA JIa)Ke B YCJIOBUSX BHEIIHEH HOPMOKCHHM B TKaHSX AaKTHBHO MPOTEKAIOT
aHa’poOHbIe mporiecchl. [loTpebieHne kuciaopoga KpaiftHe He3HAYWTedbHO. Takod THUI
opraHuzanu Meraboilu3Ma, IMO-BUAMMOMY, W sBiseTcsl (DYHKIIMOHAIBHOW OCHOBOU
MOHW)KEHHOTO SHEPTeTUYECKOTO CTaTyca TKaHEH.

CrenyeT Takke OCTAaHOBUTBHCS HA TKaHEBOW creln(UKE COCTOSHHS aJeHUIaTHON
CHCTEMBI aHajaphl. {1t Horu MOJUTIOCKa OBUT OTMEUEH CaMbli BBICOKHH ITyJI aI€HHJIOBBIX
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HYKJICOTHIIOB. JTO XOPOMIO COTJacyeTcsi C (YHKIMOHAJIBbHOH aKTHBHOCTBIO JaHHOTO
opraa. MOJTIOCK aKTHBHO WCIOJB3YyEeT €ro MpH IepeMemieHHH Mo CcyOcTpaTy u
3apeiBaHid B TpyHT [PeBkoB m gap., 2002]. B moxmpaznene 4.3.3 Hacrosmeit paboTs
MOKa3aHo, YTO YPOBEHb ad3pOOHBIX MPOLIECCOB B HOTE KMBOTHOTO CYIIECTBEHHO BBILIE,
yeM B jkabpax M TemaTolaHKpeace, 4TO, IO-BUAMMOMY, U SABISIETCS CIEACTBUEM
paznuuauii B QyHKIUOHAIFHOW aKTUBHOCTH THX CTPYKTYP.

Heo0xoauMo Takke OCTAaHOBUTHCS W Ha TOBBINICHHOW akTuBHOCTH [I[D B
renatonaHkpeace aHajapbl, TaK Kak 3TO CKa3blBaeTCs Ha HU3KHUX 3HaueHusax OII.
Hannaprii  gepMeHT ocymiecTBisieT oTmeruieane @O, OT pa3NuYHBIX OpPTraHHYECKUX
coenmuHeHnt B TmenoudHoi cpene [CommatoB u ap., 2009]. Iloatomy moBeIIIEHHOE
conepxanue @O, u Huskue 3HaueHuss DIl B remaromaHkpeace MOJIIIOCKA MOTYT
OTIPEACTATHCSI MUHUMYM JBYMS TTPOIIECCAMM:

*  ruaponu3oM gocdara oT pa3zHBIX GOPM aICHIIATOB;
*  BBICOKOU aKTHUBHOCTHIO [1[D.

Kak  mokasaimu  pe3ynbTaThl ~ HACTOSAMICH  paboThl, 3-X  JHEBHAs
OKCIIEPUMEHTANIbHAS AaHOKCHS OKa3blBajla HEraTHBHOE BIUSHHE HA DSHEPreTHYECKUH
cTaryc TKaHel anagapsl. O0 5TOM CBHIECTEIBCTBYET CIeAyIomas rpymnia GpaKkToB:

» cHmwxkeHue ypoHeit ATO u AL1D;
*  yMmeHbuleHUe 3HaueHuil A33 u OII;
*  TaJICHHWE MyJa aJCHUIIATOB B IIEIIOM.

CBefeHUs O BIUSHUU TUIIOKCUU U AHOKCHH Ha HHEPreTUYECKUHN CTaTyCc TKaHen
MOJITIOCKOB TIPOTUBOpPEYHBEI. B HEKOTOpBIX paboTax oOTMEYaeTcs, dYTO THITOKCHUS
BBI3BIBACT CymiecTBeHHBIH (10 70 %) pocT comepkanus AT® B TKaHEBBIX CTPYKTypax
MPECHOBOJIHBIX BHJIOB MOJUTFOCKOB U JPYTHX OECIIO3BOHOYHBIX (OJMTOXET U XUPOHOMU)
[Buprep, 1979]. OTo cBsA3bIBaeTCs CO CHOCOOHOCTHIO 3THUX CHUCTEMATHUYECKHX TPYIII
OpPraHm3MOB TEPEXOANTh K KpalHe HU3KHUM CKOPOCTSIM Cy00a3ambHOro MeTaboim3ma,
MPH KOTOPHIX aHA3pPOOHBIE METa0ONMYECKHE TMPOLECChl HE TOIBKO O0ECTIEYNBAOT
MOTPEOHOCTH TKaHEW B 3HEPTrHMH, HO W MO3BOJISIFOT moBbiath AD3 u ®II Tkanelr B
EJIOM.

B psine paboTt oTMedaercs, 9TO B YCIOBUSAX OCTPOro AeHInTa KUCIOPOAa BHAYAIS
(1-e dacel) MPOMCXOAUT TOHWKEHHE YpPOBHS MakposproB Ha 30-50 % mpu
omHOBpeMeHHOM ymeHblieHnn AD3 no ypoBHs 0,4 emunun. OmHako 3aTeM JaHHBIC
W3MEHEHUS COXPAHSIOTCSA Ha MPOTSHKEHUM MHOTHUX CYTOK CYIIECTBOBAHHS B YCIOBHUSIX
runokcun (aHokcun) [Wijsman, 1976; Shapiro, 1981; Carroll, 1995]. Hauanshoe
CHIDKEHHE DJHEpPreTHYecKOro cTaTyca TKaHed CBSA3BIBAIOT JIMOO C  pa3BUTHEM
KOMIIEHCAIIMOHHBIX MPOIIECCOB, HANIPABIEHHBIX Ha MOJJepKaHUe a’dpPOOHBIX MPOIECCOB,
b0 C MepHoAOM MepEeKIIOUYeHHsT Ha aHa’poOHble myTH MeTabonmsma. [lo-Bupmmomy,
MMEHHO 3Ta COBOKYITHOCTbH IIPOIIECCOB M peaM30Bajach B TKAHAX aHAJIapbl B YCIOBHUSAX
AKCIIEPUMEHTAILHOW aHOKCHH.

OgHuUM U3 CIENCTBUM aHOKCHU SIBISUIOCH CHWKeHHe myna Al B TkaHsIX
aHamapel. JlaHHBIN BUJ aneHuUnaToB sBisieTcs akientopom @, B ommmume ot AMO.
[MosTomy momnepkanue pecypca AJID B TKaHAX — HEOOXOAMMOE YCIIOBHE OBICTPOTO
BoccTaHOBeHNs AT®. CHmxenne ypoBHI AJlID MOXKET MNPOUCXOAWUTH JBYMS
OCHOBHBIMH ITyTSIMU:

* ruaponu3om ¢ocdara:
A/l — AM®D + @,



198

I'maBa 4

b HOCpeI[CTBOM aILGHHJlaTKI/IHHSHOfI peaKHI/II/II
2471 — AT® + AMD.

O06e peakiuu HeoOpaTHMbI M3-3a HecriocoOHocTn AM® cBszpiBaTh @, boree
1eecoo0pa3Hoil CcUMTaeTcsl aJCHWIATKHMHA3HAs pPEeaknus, TaK KaKk OHa TMO3BOJSET
nonnepxuBatb pecypc AT®. Ona mnporekaeT ¢ OTHOCHTEIBHO IOCTOSHHOM
HE3HAYMTEIBHOH CKOpOCThI0 [YorcoH, 1978], HO MOxeT HMeTh (YHKIMOHAIBHOE
3HaueHWe NI KJIeTKH M TKaHed B YCIOBMAX Ccy00a3albHBIX CKOpOcTel MeTaboim3ma,
XapakTepHbIX JJIs BHEIIHEH AaHOKCUM. Peakuus KOHTpOJUpYETCS MHUOKHWHA30U
(ameHMIaTKUHA30M), aKTUBHOCTH KOTOPOW Y TUAPOOHOHTOB CYIIECTBEHHO TOBBILIAETCS B
ycnoBusix aedunmra kucinopoxa [Lushchak et al.,1998].

I'mpponuz AJI® u ajneHWIaTKMHA3HAs pPeaklusl JOJDKHBI  CONPOBOXKAATHCA
noBblmicHHEeM cofepkanusi AM® B TkaHsix. OTO ACHCTBUTENBHO HMEIO MECTO B
YCIIOBUSIX aHOKCHH B kabpax M remaromnaHkpeace anaaapbl. M3sectHo, uyto poct AM®
YBEIMYMBACT aKTUBHOCTH (POChHOPPYKTOKMHA3BI W TIUKOJIM3a B IIEJIOM, YTO BaXKHO B
YCIIOBUSIX aHa3pOOHOM opueHTanmu MeTabonu3ma [Crpatiep, 1984].

3HaunTenbHOE HakomieHne AM®D B TKaHIX HEBO3MOXHO, TaK KakKk »3TO
COEIMHEHNE HE CIIOCOOHO BHICTYNHUTH B poiu akmentopa P, W BOCCTAHOBUTH pPeCcypc
AJl1®. OHOo mojaBepraercs J€3aMHHHAPOBAHUIO C 0Opa30BaHMEM WHO3WHOBOW KHCIOTHI
(UM D):

AM® + H,O — UM® + NH;.

Peakiust HeoOpatuma u katanmusupyercss AMOD-nezamuHazoi, upe3BbIYAHHO
aKTUBHOM B TKaHSIX T'MAPOOMOHTOB, B YacTHOCTH y pbiO [CaBuHa, 1992]. OtoT mpouecc
JOJDKEH COMNPOBOXKIATHCS CHW)KEHHEM ITyJla aJCHWIOBBIX HYKJICOTHAOB B TKaHSX, 4TO B
YCIIOBUSIX aHOKCHM M OBIJIO OTMEYEHO B HAIIMX SKCHEPUMEHTaX Ul aHaJapbl, Mpexkae
BCETO B HOTE€ MOJUTIOCKA, TNIe pecypc 3THUX COeIWHEHWH ObL1 Hambojee BBICOK. B
YCIIOBUSIX HOPMOKcHHU cozepkaHne AM® HaxomuTcs B AMHAMHYECKOM DPAaBHOBECHH C
A1® u AT® Gnaromaps aktuBHOCTSIM AT®a3br n muokunasel [Casuna, 1992]. Octpas
TUIOKCHSA W aHOKCHS HapylIaloT 3TO PaBHOBECHE, NMPHUBOJS K OINHMCAHHOMY BBIIIE
COCTOSTHHIO aJIEHHUJIATHOW CHCTEMBI KIIETKH.

CrnenyeTr OTMETHUTb, YTO NMPH BOCCTAHOBJIEHUH KHCIOPOJHOIO pPEXHMa TKaHEH
MpoUCXoANT ObIcTpast perenepanus nyia AM® u apyrux BuaoB aaeHusnatoB [CaBuHa,
1992]. 310 mpOUCXOIUT B peaKIMAX MyPUHHYKICOTUAHOTO IHKIIa (Huki JloBeHIITeHHA)
3a CcyueT pecypca CBOOOAHBIX AMHHOKHCIOT, HNPEUMYILECTBEHHO acnaprara [CaBuHa,
1992]:

UMD + acnapmam + I'T® — adenunocykyunam + [ J|[@ + D,
aodenunocykyunam <> AM® + ¢ymapam.

®DepMeHTBI JAHHOTO IUKITAa ObUTH 00HAPYKEHBI Y MOPCKHX PbIO, YTO HE MCKIIOYAeT MX
MPUCYTCTBHE U B TKaHIX MoJutiockoB [CaBuHa, 1992].

Takum 00pa3oM, TKaHM aHagapbl U3HAYAJIBHO MMEIOT HHU3KHH IHEPreTHYeCKUn
CTaTyC, YTO OTpa)KaeT MOHWKEHHBIH ypoBeHbs AT® u HeBbicokne 3HaueHuss AD3 u OII.
DTO XOpOIIO KOPPETUPYET CO CHMKEHHBIMH KHCIOPOJHBIMU MOTPEOHOCTSMH JaHHOTO
BUAAa B YCJIOBUSX HOPMOKCHMH. AHOKCHSI BBI3BIBA€T CHIDKCHHE IIyJa aJCeHHIOBBIX
HYKJICOTHJIOB M SHEPreTHYEecKOro MoTeHIHana TKaHed B memnoMm. Ilocnmennee Haxogut
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OTpa’keHHE B YMEHbILICHUH conepxanus ¢ppakuuit ATD, AJID, a takxe 3HaueHuit A3 n
OIIL. Ilpu sTOM BETWYMHA CHUKEHHA B YCIOBHAX 3-X CYTOYHOW aHOKCHU IO BCEM
M3ydaeMbIM ToKasarersiM He mpebiinaeT 40-45 %. DTo mo3BONMAET MPEAON0KHUTh, YTO
HaOJronaeMble U3MEHEHUS! COCTOSHUSI aleHIJIATHOM CHCTEMbI TKaHEeH MOJUIIOCKA HOCSAT
cOaJaHCUPOBAHHBIA XapakTep U SBIASIOTCS (DYHKIMOHANBHO JOCTaTOYHBIMH  JUJISt
noepKanust cy00a3anbHBIX CKOPOCTEH MeTaboIMu3Ma.

4.4. NyTn peopraHnsaumm TkaHeBoro Metabosnunsma
y A. inaequivalvis npn ronogaHmmn

ConepxaHye HacCTOSIETO pa3zferna (pakTUIECKH BbITEKaeT u3 npeaplnymero. Kak
YK€ OTMEYajoch, JIBUTATeNbHas aKTUBHOCTh 0coOeil aHajgaphl B YCIOBHSX AHOKCHH
MPaKTUYeCKH He Oblja BBIpaKEHA. DTO HE HMCKIIOYaeT WM MOJAAaBJICHUE (HUIbTPALMOHHOM
AKTUBHOCTH, @ BMECTE C 3THUM M NTOTPEOIEHHUs MUTATENbHBIX CyOcTpaToB. B cBs3u ¢ aTUM
ocTaeTcsl He SCHO, SIBJSIETCS JIM OTMEUYCHHAs aJIalTHBHAsS TMepecTpoiika MeTaboim3ma y
MOJUTIOCKOB pPEe3yJbTaTOM aJlalTallud TOJIbKO K aHOKCHHM HWJIM B 3TOT IMPOLECC BHOCUT
CYLIECTBEHHYIO KOPPEKTHPOBKY COCTOSIHHME rojofanusi. s oTBeTa Ha 3TOT BOIPOC U
ObUla BBIMOJIHEHA JOMOJHUTENbHAS CEpUsl HKCIEPHUMEHTOB, DE3YJIbTaTbl KOTOPOH
MIPEJICTaBIEHbI HUXKE.

Mopckyto BOLy [Uisl SKCIIEPUMEHTa JOOCTaBIsUM U3 10-MUIBHOW 30HBI U
HOJBEprak TepMudeckoii o0padorke npu 80-85°C B Teuyenwe 4 4. Ilocie sroro ee
NpomycKal 4epe3 MeMOpaHHbI QuubTp (Synpor — 2,5) mox BakyyMOM.
DKcrepuMeHTaNbHas YacTh Pa0OThl BHIMIOJHEHA Ha CHEIMAIBHO Pa3paboTaHHOM CTEHJIE
(puc. 4.7). OH NO3BOJISLT TMOANEPXKHUBATH 33aJaHHYIO TEMIIEPAaTypy M KOHLEHTPALUIO
KHCIoposia B Boze. B kamepy o6bemom 13,5 1 HanuBanm 3apaHee MOArOTOBICHHYIO BOIY
u nomerianu 30 ocobeit anagapel. KOHTposb 3a KOHIEHTpAallMEH KHUCIOpOIa B BOJIE
OCYILIECTBIISUIN IOTCHMOMETPHUECKH. B TeueHue orpiTa OHa HE CHU)KANAch HWXE 7 MI T
. B pa6ote mpumensin okxcumerp ELWRO N 5123 (ITombura). Temmepatypy BOJIbI
nopepxkuBany Ha yposHe 20+1 °C. ®otonepron — 12 4 nenb:12 4 HOYb. DKCIIO3UIUS —
18 cyrok. IIpo0Osl Tkanel otOmpanu Ha 1, 6 u 18- cyTku skcnepuMeHTa. ExxenHeBHO
MPOU3BOJMIIH MTOJHYIO CMEHY BOJBI B EMKOCTH JJIS YAAJI€HUS! METa0OJIUTOB.

4.4.1. OCOOCHHOCTH YTJIICBOHOIO METa0O0IN3Ma

N3meHeHne akTuBHOCTEH (DEPMEHTOB, COJCPKAHKME MUTATCIILHBIX CyOCTPaTOB U
METa0OJMTOB Yy aHajapbl B YCJIOBUSX OKCHEPUMEHTAIBHOTO TOJOJAaHUS UMEJO
BEIPQXCHHYIO TKAHEBYIO CIIEITUPUKY.

T'enamonankpeac. ConepxkaHue TIOKO3bI B JaHHOM OpraHe ObUIO MaKCHMAIIBHO.
B cpaBHeHuU ¢ xabpamMu U HOTOM JKMBOTHOTO pa3iiuuus coctaBisuid 3-7 pa3 (p<0,001).
B Teyenuwe mepBBIX O-TH CYTOK TOJIOJaHHWsS YPOBEHb JAHHOTO COCJAMHCHUS B
remaronankpeace He u3mensuics (Tadxn. 4.9). OmHako 3aTeM OH sIBHO MmoHmkaics. Ha 18-
€ CYTKH TOJIOJIJaHUS B CPaBHEHUH C KOHTPOJBHOM rpynmoii cHmxenne coctasmiio 40,0 %
(p<0,01). OTo mpoucxoamsio Ha (POHE YMEHBIIICHHS COCPIKAHMUS TaKTaTa B TKaH! Ha 32,2
%. Ilpu sToM paznuuusi He ObUTM CTATUCTHYECKU BBIPAKEHBI B BHUIY CYIIECCTBEHHOH
Bapra0OeNbHOCTH TIOMYYCHHBIX 3HAYCHUH. YPOBEHb NMUpPyBaTa, HANpPOTHUB, B NEPBBIE 6
CyTOK TOJIOJIaHus ToBbITaNicst Ha 67,3 % (p<0,05), a 3aremM Bo3BpaImmaics K HCXOIHBIM
BenmunaaM — 0,9-1,1 Hmob Mrt.
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Tabnuua 4.9
CopeprkaHne TIIIOKO3BI U Psifia YTIIEBOJAHBIX META0OJINTOB B TKaHIX aHAJApPBl B yCIOBHSIX
TOJIOTAHUS
IToka3zarenu
Opransl MOJITIOCKA n I'mroko3a, Jlakrar, IIupysar,
HMOJIb MI HMOJIb MI HMOJIb MT
FenaTonaHerac
Kontpons 10 11,4+0,60 10,2+2,05 1,07+40,20
lomomanme 6 cyTox 10 12,1+1,00 8,30+1,31 1,79+40,31
Tlononanme 18 cyTok 6 7,21+1,13 6,92+1,13 0,90+0,15
Kalpb1
Kownrpoins 10 3,80+0,65 6,73+1,28 0,69+0,09
lomonmanme 6 cyTox 10 3,31+0,87 5,87+0,93 1,2540,21
lononanme 18 cyTok 6 0,52+0,23 3,79+0,75 1,43+40,26
Hora
Kourposs 10 1,55+0,59 2,86+0,42 3,94+0,11
l'onoganue 6 cyTok 10 1,52+0,48 2,02+0,29 0,75+0,05
Tononanue 18 cyTok 6 1,03+0,14 1,85+0,14 1,00+0,07
[Mpumeuanue: n — 9ncio ocodei
— T JrHamuka COZIEpKaHUs
'_E 0.07 AxtuBHoctb 1A yFJICBO,HHBIX CY6CTpaTOB nu
ER METa0O0IUTOB B TKaHU
z 006 rematonaHKpeaca  COBMajgana C
g 007 BBIpQ)KEHHBIMH W3MEHEHUSIMH
5004 aktuBHocterd JIAI' uw ML (puc.
= 0.03 4.15). Axrusnocts JIAI" B nepBbie 6
g 002 4 CYTOK DJKCIIEpUMEHTa TOBBIIIANIACH
: 0.01 4 Ei moutu B 4 paza (p<0.05) wu
g o
z 000 COXpaHsJIaCh B TIOCJIEIYIOIEM Ha
Hora *abpbl renar HAaHHOM yp()BHeﬁ Toraa Kak
PR aktuBHOCTH ~ MJII'  ycToitunBo
H'E Aktuetocts MOF MOHMXajaach Ha 54-68 % (p<0,01.)
= OTHOCHUTEIIFHO NCXO/IHBIX 3HAYCHUH.
g 027 JKabpeu. JuHaMuka
E W3MEHEHUS YPOBHS  YIJIEBOIHBIX
= MeTaboNMTOB  HAa  MPOTSHKCHHUU
§ 0.1 7 OKCIIEPUMEHTAIBHOTO  TOJIOaHUS
g CoBMajana C OTMEYEHHOM I
E rermaromnankpeaca, HO Obuta Oosee
< 00- BEIpakeHa (Tabm. 4.9). Pasznmuune

Hora

D KoHTponb

*abpbl renar

. ronon 6 . ronop 18

Puc. 4.15. Axrusnoctu JIIT', MII" B TKaHsIX
aHaJaphl B yCIOBUSX TOJOAAHUS

MEXJy YPOBHEM TJIIOKO3bI B TKaHU
’ka0p B Havase u KoHile onbIiTa (18-¢

CyTKH) cocTaBmio 7,3  pasa
(p<0,001). T'omoganue BBHI3BIBAIO B
xKadbpax TaKKe CHUXCHUE

COJACPpIKaHUA JIaKTaTa U pOCT YPOBHA

nmupyBaTa cOOTBETCTBEHHO Ha 43,7 % u B 2,1 paza (p<0,05).
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OTMedeHHbIe U3MEHEHHsI TPOUCXOauian Ha oHe pocTa aktuBHocTH JIAT B 3,0-
3,5 paza (p<0,05) (puc. 4.15). JInnammka axktuBHOCTH MJII' OblTa OoJiee CIIOXKHOM.
Brauane ona monmkamace Ha 23,1 % (p<0,01), a 3aTteM BOCCTaHaBIWBANach 0
WCXOJIHBIX 3HAYCHHUI.

Hozca. Tononanue Takxke BBI3BIBAIIO MOHM)KEHUE COACPIKaHUs TIIOKO3BI B HOTE
aHajapel, Kak W B JApyrux TKaHsgx (tabn. 4.9). Oro mpomcxommmo Ha 18-e cyTkm
JKCIIEpUMEHTa U cocTaBuio 33,5 %. DToMy mpeamecTBOBAJIO YMEHBIIEHHUE YpPOBHS
JaKTata ¥ MHpyBaTa, KOTOpOE OTMEYaid Ha 6-¢ CyTKM HaOmofeHuil. B cpaBHeHun c
MCXOIHBIM COCTOSIHUEM paznuuus nocturanu 35,3 u 74,6 % (p<0,001) cooTBeTCTBEHHO.
Jnnamuka wm3MmeHenus aktuBHocTed JIJAI' m MJII, kak M B OTHOIICHHWH >Xabp
remaronaHkpeaca, Obila pasHoHampaBieHHoW (puc. 4.15). AxtuBHocTs JIJA
noBeImanack Ha 61,8 % (18-e cyrkn), a MAI' monmxanace Ha 44,6 % (p<0,01) (6-e
CYTKH) C TIOCJIEIYIOIIAM BOCCTAHOBIIEHHEM [0 UCXOMHOTO YPOBHSI.

Takum 00pa3oM, B YCIIOBUSX TOJIOAAHUS BO BCEX TKAHIX aHAIapbl IPOUCXOIUIH
OJTHOHATIPABJICHHBIE MTPOIIECCHI:

*  HaOIIOAANOCh CHIDKEHUE CONIEPKaHUs TIIFOKO3BI M JJAKTaTa MPH OJHOBPEMEHHOM
pOCTE MM OTCYTCTBUU U3MEHEHHUH YPOBHS IIUPYBATa;

* aktuBHOCTh JI/II" moBbInanacek, a M/II' moHuKanace;

*  BCE U3MEHEHHS Pa3BUBAJINCh Ha 18-e CyTKM IKCIIEpUMEHTA; B TEUCHHE ITEPBBIX O-

TH CYTOK OHHU HE OBLITH BBIPAYKEHBI.

4.4.2. OcobenHocTr 0eIKOBOro MeTadoIM3Ma

[MapameTpsl OenmkoBoro MerabonM3Ma B OpraHu3Me aHagapbl B YCIOBHUSX
IKCTIEPUMEHTAIILHOTO TOJIOJaHMs, KaKk M B CIy4yae C YIJIEBOJHBIM OOMEHOM, HMEIH
TKaHEBYIO Cienn(UKY.

T'enamonankpeac. Conepxanue Oellka ¥ aMHHOKHCIIOT B JJAHHOM OpraHe ObLIO
MaKCHUMaJbHO. YPOBEHb 3THX COCTUHEHUH B 2-6 pa3 MpeBbIlaN 3HAUYEHHS, OTMEUCHHBIC
JUTSL HOTH | 3ka0p Moinmrocka (p<0,001). B ycrmoBusx sKcriepiMenTa cojiepkanue Oeika B
renaronaHKpeace, HECMOTPS Ha TOJOJaHWe, MPETepIieBaio SBHOE yBelW4eHue (Taour.
4.10). OOmwmit mpUpPOCT €ro B TeueHue KcrnepuMenta coctapui moutu 40,0 % (p<0,01).
DTO NPOUCXOUII0 HA (POHE YMEHBIICHUS YPOBHS CBOOOIHBIX aMHUHOKUCIIOT ¥ MOYECBUHBI
B oprane cootBeTcTBeHHO Ha 41,0 % (p<0,01) u 27,7 % (p<0,05).

Nsmenenue axtuBHocTeld ANAT u AcAT ObUI0 cnabo Beipaxkeno (puc. 4.16).
He6osb10# pocT ObUT BBISIBICH TOJIBKO OTHOCUTEIBHO ACAT — 17,7 % (p<0,05) Ha 18-¢
CYTKH 3KcrepuMeHTa. [Ipu 3TOM IpouCXonuio sBHOe NojaBieHne aktuBHOCTH y-1 TII
Ha 33,1 % (p<0,05) (puc. 4.17). IlapannenpHO CYIIECTBEHHO BO3pacTajla aKTMBHOCTb
JM30COMaNBbHBIX (QepMeHToB. Ha 18- cyTkM JKCreprMeHTa aKTUBHOCTHh KarercuHa D
Ob1a B 3,5 pasa Bere (p<0,01), guem B Hauane onbiTa (puc. 4.18).

JKabpwi. VI3meHeHne cofepkanus Oelka ¥ ero MeTabOoJIUTOB B ykabpax aHalapbl
B XOJIc DKCIIEPUMEHTAJIBHOTO TOJIOJAAHUS WMENO WHYI0 JMHAMUKY B CpPaBHEHHU C
remaromnankpeacoM. Ha 6-e cyTku sKCIiepuMEHTa ypoBeHb Oejika moHmkajics Ha 21,2 %
(p<0,01) u 3areM He mpeTeprieBaj CTATHCTUYECKH 3HAYMMBIX W3MeHeHuH (Tabm. 4.10).
OmHOBpPEMEHHO B OpraHe yMEHBIIAJIOCH COJAEpXKaHWe aMUHHOTO azora Ha 48,9 %
(p<0,001). DTo mnpoumcxommwno Ha (oHE TEHICHIIMH POCTa YPOBHS MOUYEBHHEI.
AxtuBnoct AnAT, AcAT, y-I'TII u karencuna D B TeueHue ombiTa HE U3MEHSUIUCH
(puc. 4.16,4.17, 4.18).
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Tab6muma 4.10

Copepxanne Oenmka M psiga OEMKOBBIX METa0OMWUTOB B TKAHSIX aHAAaphl B YCIOBHAX

roJOdaHUS
ITokazarenu
Opransl MOJUTIOCKA n benoxk, AMWHOKHCIIOTHI, MoueBuHa,
MKT MT MKT MI HMOJITb MT
FenaTonaHerac
Konrposs 20 102,5+2,0 0,598+0,024 35,6+3,4
Tononanue 6 cyTok 10 143,5+12,5 0,285+0,020 28,4+2,3
Tononmanue 18 cyTok 8 142,74+9,8 0,353+0,065 26,1+4,0
7KaodpsI
Konrposs 20 59,5+2,0 0,378+0,014 7,81+1,12
Tosnonanue 6 CyTok 10 46,9+4,0 0,193+0,013 11,8+4,15
lonomanue 18 cyTok 8 47,2+2,8 0,199+0,026 10,3+2,89
Hora
Konrposs 20 31,9+1,0 0,102+0,003 2,65+0,43
Tonomanue 6 cytok 10 38,7+1,2 0,068+0,003 2,68+0,24
T'onomanue 18 cyTox 8 42,3+0,4 0,089+0,007 2,66+0,47
[Tpumeuanwue: n — ancio ocodet
_ 04 AKTUBHOCTb ANAT Hoea. VYpoeenp Oenka B XoJe
T SKCIIEPHMEHTANBHOTO TOJIONAHUS B  HOTE
3 aHajapsl moBbImanca Ha 32,6 % (p<0,001),
T YTO COBIAJAJI0 C JAHHBIMHU, TOJTYYCHHBIMHU IS
=02 -
4 renaronankpeaca (tadi. 4.10). CouepkaHue
8 K€ aMUHHOTO a30Ta TPU 3TOM TOHMKAJIOCHh Ha
E 33, 4 % (p<0,001), a M™MO4YECBHHHI HE
0- HU3MEHSIOCh, OCTaBasCh Ha YPOBHE HMCXOIHBIX
Homa ;1<a6pb| renar BEJIMYUH.
OkoHTponb Mronon 6 Eronoal8
0,008 - ¢.T'TO
. 0.15 7 AkTuBHOCTB ACAT = 0,006 -
= =]
f 0.1 7 £ 0.004 -
= =
2 0,05 - < 0,002
S 2
g =
= 0- 0-
HOra AA0pPBI rernar
Hora *abpel  renar OKOHTPOIIb lmnol,zné Eromnoxnls

Puc. 4.16. AktuBHOCTH ATTAT, AcCAT B
TKaHSIX aHAaphl B YCIOBUSAX TOJIOJAHUS

N3menenune

AKTUBHOCTEH
amuHotpancpepas (AnAT u AcAT) B
TEUEHUE ONBbITa HEe coBmamano (puc. 4.16).

Puc. 4.17. AxtuBnocts y-I'TII B TKaHAX

aHa/apbl B YCIOBUAX TOJOIAHUS

AKTUBHOCTB KaTencuHa D

£3 TR
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AxtuBHOCTh ANTAT moBsimanacek Ha 27,3 % (p<0,001), a AcAT, HanTpOTUB, TOHMUKAJIACh

Ha 14,5 % (p<0,05) B cpaBHEHWH C KOHTPOJBHBIMH BEIMYMHAMH. OJTH W3MEHEHUS

BBISIBIUTUCH YK€ Ha 6-€ CYTKM DKCIEpHMEHTa M HaOmomanuch Ha (OHE MOAABICHUS

aktusHoctu y-I'TII. B cpaBHeHuHu c

Puc. 4.18. AxtuBHOCTh Karerncuda D B HCXOJHBIM COCTOSSHUEM MOJIIIOCKA

TKaHAX aHaJaphl B yCIOBUAX TOJIOJAHUS Ha 6-¢ CyTKHU rojo/JaHHs aKTUBHOCTb

v-I'TIl Obumia HA 27,6 % (p<0,05)

Hwke (puc. 4.17). K KoHIy sKcmepuMeHTa OHa oOKaszajlach OJNU3KOM K HCXOJHOMY

COCTOSIHMIO. B oTiiMume OT remaronaHkpeaca akTUBHOCTh KarencuHa D B Hore aHajapbl
HE U3MEHSIIach Ha TIPOTsHKEHUU ombITa (puc. 4.18).

Takum 00pa3oM, SKCIEPUMEHTAILHOE TOJIONAHHE BBI3BIBAIO HEOIHO3HAYHOE
M3MEHEHHUE HaIlPaBIEHHOCTH OEIKOBOT0 METa0O0IN3Ma B TKAHEBBIX CTPYKTypaxX aHaJaphl:

* coxmepkaHue Oenka B TelmaTolaHKpeace W HOTe MOJLIIFOCKA MOBBIMIANIOCH, TOTAA
Kak B jka0OpaX, HampoTHB, HaONIOJaly YMEHBIICHHE 3HAYCHUH JaHHOTO
MOKa3aTes;

*  YPOBEHb aMHUHOKHUCJIOT TOHMIKAJICS BO BCEX U3YUEHHBIX TKAHSIX;

*  cojep)KaHHWE MOYEBHHBI B TKaHAX JMOO MOHMXAJIOCh OTHOCHUTENBHO HCXOIHOTO
YPOBHS, TUOO HE MPETEPIIEBANIO CTATHCTHUECKH 3HAYMMBIX U3MEHEHHUH;

*  M3MEHEHWs aKTHBHOCTEW (PepMEHTOB Tak)Ke OBLIO HEOTHO3HAYHO: aKTUBHOCTH -
I'TII  nopaBnsnack MNPAaKTUYECKH BO BCEX TKAaHAX; B IeHaTOMaHKpeace
HaOmromancss poct akTtuBHOCTH AcCAT Tpu CyIIEeCTBEHHOM TOBBIIICHUU
aKTUBHOCTH KaTencuHa D; B HOre NpPOUCXOAWIO YBEJIMYEHUE AKTHBHOCTHU
AnAT; B xabpax U3MEHEHHs aKTHBHOCTeH (DepMEHTOB BBISBIICHO HE OBLIO.

Kak moka3zanu pe3ynbTaThl HACTOSAIIMX UCCIEJOBaHUM, BO BCEX 00pa3lax TKaHEH
aHaapkl TOJIOJAHUE BBI3BIBAJIO 3HAUUTENbHBIN pocT akTuBHOCTH JI/II', 3TO mpoucxoauino
Ha (OHE TIOHMKEHHS COJICP)KAHUS JIaKTaTa W POCTa YPOBHS MUPyBaTa. JTO COBMAIAET C
JMaHHBIMH, TomydeHHbIME Tt Anabas scandens (Cuvier) [Vijayaraghavan, Rao, 1986].
Takoe COOTHOLIEHHE IPOLIECCOB CBUAETEIBCTBYET O TOM, 4rto JI/II' Karamusupyer
MPEUMYILIECTBEHHO NMPSIMYIO PEAKIIMIO OKUCIICHUS JTAKTaTa B IUPYBAT:

naxmam + HAJ[" < nupyeam + HAJJH + H.

Hcnonp3oBanue jke o0Opa3ylolierocss NHpyBaTa TKaHAMH B JalTbHEUIIEM MOXET
OCYIIECTBISATHCS 10 IBYM OCHOBHBIM IyTsM [ Yaiit, 1981]:
* peakuusM TJIOKOHEOTeHe3a C TMOCIEAYIONMM 00pa3oBaHUEM TIIOKO3bl H
TJIMKOr€Ha;
*  peakIusM OKHCIHUTEIBHOTO AeKapOOKCHIMPOBaHUS — adpoOHbIi pecuHTe3 ATO.
Crnemyer OTMETHTh, 4TO aKTUBHOCTH MJIIT BO Bcex HCCIEIOBAaHHBIX TKAaHIX
MOJIaBIsIach. JTO O3HAYAET, YTO PEAKIIMH TIIFOKOHEOTeHe3a ObLIH Mano3(pQeKTHBHEI, a
pecypc mnMpyBaTa MCIHOJB30BAJCS B HANpPaBICHUU pEaKUUd  OKUCIUTENBHOIO
JnexapOokcumpoBanus. Heo0XoMuMoO OTMETUTh, YTO 3TH MPOIECCHl pealln30BajIich Ha
HAYaIbHBIX ATalax TOJOJAaHHUSA, TO €CTh OPraHM3M MOJUTIOCKA TMOKpPHIBAT Ie(UIIUT
MUTATEeNBFHBIX CyOCTPATOB 3a CUET pecypca TKaHEBOTO Jiaktarta. M3BecTHO, 4To aHamapa B
CpPaBHEHHU C JPYTUMH BHJAMH JBYCTBOPOK OTJIMYAETCA IMOBBIIIEHHBIM TKAHEBBIM
coxepxanueM naHHoro coeaumHeHus [ConmatoB u ap., 2008]. DTo mo3BoiseT € B
OTCYTCTBMHM THIMM HE  HCIOJB30BaTh  MPOJODKUTENBHBI  NEPUOA  BPEMEHU
OpraHM3MEHHBIII M TKaHEBOM pecypchl YIJIEBOAOB. B HacTosAmUX 3KCHIEpUMEHTaX
TTOHIKEHHNE COJEPKAHHUS YPOBHSA TITIOKO3bI B TKaHAX aHAJapbl OTMEYaIH TOJIBKO Ha 3-eit
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HeJZiene ToJoIaHus, IPH 3TOM B TemaTolaHKpeace W Hore oHO He mpesbimaio 40 % ot
KOHTPOJIBHOTO YPOBHSI.

JlocTaTouHO HEOXMIOAHHBIM OKAa3aiCsi POCT COAEp)KaHus Oeilka B HOre U
rernaTonaHKpeace MOJUTIOCKOB B YCIOBHSX TononaHusa. OnyOIMKOBaHHBIE MaTepUallbl He
JAl0T OJAHO3HAYHOTO OTBETa IO JAHHOMY BOmpocy. B psme paboT Takke oTMedaeTcs
yBeJIHYEHHE OCNIKOBBIX PECYPCOB B TKAHAX THAPOOMOHTOB, HO TOJIBKO Ha HAayaJbHBIX
stanax ronomanus [Frolov, Pankov, 1992; Qian et al., 2002]. DTo coBmagaeT c
HACTOSIIIUMH pe3ynbTaTaMu. B OonbIIMHCTBE k€ pabdOT oTMedaeTcsl mpeodianaHue
mporieccoB OenkoBoro karabommsma [Soundarapandian at al., 1997; Shikata, Shimeno,
1997; Guderley et al., 2003; Shoemaker et al., 2003]. MOXHO IOMyCTHTh, YTO
OTMEYaeMblii HAMH POCT COJACpKaHUS Oelka B YCIIOBHAX TOJIOJAHUs CKOpEe HOCHT
OTHOCHUTEIBHBIN XapaKTep U CBA3aH C IIPOLECCOM JEeTHApATAlK TKaHEeH, YTO OTMeYaeTcs
B psafe uccremoanmii [Anninsky et al., 2005].

W3BecTHO, 4YTO CTpecc-CHHAPOM SIBISETCS IMEpBOM cTaaueil aganranuu
opranu3Ma K 3SKCTpEMaJIbHBIM BO3I[CI>’ICTBH$IM, B TOM YHCJIC K OTCYTCTBUIO IIHMIIU
[Meepcon, 1981]. B oTBeT Ha eiCTBHE CTPECCOPHBIX (PaKTOPOB KOHIICHTPAIIUS B TUTa3Me
HEKOTOPBIX OENTKOB, KOTOpBIC €Ille HAa3hIBAIOT OelkaMH OcTpoil (asbl, yBeanuuBaeTcs H,
CJIeJIOBATENbHO, X CHHTE3 SIBJISIETCS COCTABHOM YacThI0 METabOJIMYECKOro OTBETa Ha
crpecc [MeepcoH, 1981]. Tak, HEKOTOpbIE aBTOPbI OTMEYAIOT YBEIWYEHUE KOJIMYECTBA
SPUTPOLUTOB U COAEpP)KAaHUS TIEMOIVIOOMHAa B HAYalbHBIM IEPUON  TOJIONAHUS
runpoouonToB [Oubella et al.,1993; Borah, Yadav, 1996]. [lo-Buaumomy, nenpuBaius
IUIIM U OPUBOAWIA K PA3BUTUIO MOJOOHBIX IPOLIECCOB B TKAHSAX MOJUIIOCKOB, HO OHHU
peanM3oBaIMCh HE Ha Bcex YpoBHsX. Kak yxe oTmeuanoch, B xaOpax aHagapsl
cojJiepkaHue Oeslka HECKOJIBKO MOHMKAIOCh.

[Mponecc agantanuy MOJUTIOCKA K TOJOAAHUIO, MO-BUAUMOMY, IEN U IO MyTH
AKTUBHOI'O HCIIONIb30BaHMUSA AMUHOKHCIOT KaK IMOTEHIHMAJIbHOTO HCTOYHHUKA IHEPTUHU.
Tako#t MexaHuU3M paccMarpuBaeTcs B pabore psma aBropoB [Kim et al., 1992; Okuma,
Watanabe, Abe, 1998].Coxepkanne aMHHHOTO a30Ta BO BCEX MCCIICAOBAHHBIX OpraHax
noHwxanock. [lpu 3ToM ypoBEeHb MOYEBHHBI B TKaHAX HE M3MEHSUICSA, a B HEKOTODPBIX
CiIydasix yMeHbIIAJCs (remnaTonaHkpeac). 3TO O3HA4YaeT, YTO CHIKEHHE TKaHEBOTO ITyJia
aMHHOKHUCIIOT He OBLJIO CBSI3aHO C TMpolieccaMH  Je3aMHHUpOBaHHA. J{oHOpoM
aMHHOKHCIIOT, BEPOSTHO, BBICTYINAET IelaTolaHKpeac, TaKk Kak TOJILKO B 3TOM OpraHe
OTMevasics CYIIECTBEHHBIH pOCT aKTUBHOCTH KaterncuHa D.

B mamem cmydae mpowmcxomun poct aktuBHocTeld ANAT B Hore m AcAT B
rernaTonaHkpeace, KOTOpIH HaOMonalcs B NiepBbie 6 CYTOK ronoaanus. M3BecTHO, 4TO
ANAT xaraau3upyeT CyKIMHATHOKUHA3HYIO PEaKLHUIO:

anymamam + nupyeam <> o-Kemo2nymapam + aniaHuH.

IIpu 3TOM, MO-BHIMMOMY, pPeakLusl NpoTeKaeT B 0OpaTHOM HampasieHnu. Heo6xonumo
YUYECTb, UTO PEAKLUH, KaTaIM3UpyeMble TPaHCAMHHA3aMH, JIETKO OOpaTHMBI, TaK KaK HUX
KOHCTaHTBl paBHOBecHs Onm3ku K enuHune. OO0 3TOM CBHICTENBCTBYET TaKkKe
noHwkenue aktuBHoctH y-I'TII, KoTOpas oOecriedrBaeT OTIICIUICHUE TITyTaAMHHOBOW
KHACJIOTBl OT MENTHIOB M CHOCOOCTBYET TE€M CaMbIM MNPEBPALICHUIO TIyTamara B .-
KeToTayTapar. TO O3Ha4yaeT, YTO B YCIOBHIX JKCIIEPUMEHTANbHOro ronoganus AnAT,
UCIONB3ysl PECcypc alaHWHA, MOXKET IOIJIEPKUBATh IPOLECCH OKUCIUTEIBHOTO
JIeKapOOKCHIIMPOBAaHUS U, KaK CIIeACTBHUE, a3poOHoro pecunre3a AT® B TkaHU.
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Poct aktuBHOCcTH ACAT Takke MOXKET OBITh CONPSDKEH C  BBIPaOOTKOMH
cyOCTpaToB, YCBaMBaeMBIX B TJIMKOJIUTHYECKHUX Tmporueccax. JlaHHbii ¢epMeHT
KaTaJH3upyeT PeaKilfio, HalpaBIeHHYIO Ha TIPOIYKITUIO OKcaoaleTaTa:

a-Kemoceiymapamni + acnapmam <> okcajloayemam + crymamam.

[Nocneaauii MoxkeT OBITH TPaHC(HOPMUPOBAH B IBYX HANPABICHUSIX:

e mpu ydactun  (ocoeHONMIMPYBaTKAPOOKCUKMHA3Bl OH  IpeBpamaercs B
¢dochoeHonmIpyBaT U 3aJCUCTBYETCS B TIMKOJUTHUECKUX IPOIECCAaX, a 3aTeEM B
HaTPaBIEHUH PEAKINI OKHUCIUTENBHOTO 1eKapOOKCHUINPOBAHNUS;

» npu yyactun M/II" nmpeBpaiiaetrcs B Manar U 3aTeM UCHOIb3YETCS MUTOXOAPUSMH.

B nacrosmux ucciaenoBaHuax aktuBHOcTh MJIIT mopamisiiack BO BCEX TKAaHIX
MOJDTIOCKA. DTO O3HAYAaeT, YTO OKcajoaleTar ObUI 3a/eCTBOBAH MPEUMYIIECTBEHHO B
TJIMKOJIUTHYECKUX MpOIieccax.

Takum 00pazoM, Ha Ha4aJIbHBIX dTanax rofoganus (6 CyTOK) B TKaHSX aHAIapbl
pa3BHBaeTCs TPYIMIa peakiuii, 3aJAeWCTBYIOIINX TKAaHEBBIE pPECypChl JIaKTaTa W
aMHHOKHUCIIOT B MPOIECCax OKUCIUTEIHHOTO AEKapOOKCHIMPOBAaHUS. JTO OTOABHTracT
WCTIOJIb30BaHME YIIIEBOJHBIX PE3EPBOB OpraHu3Ma Ha 0oJiee MO3AHKE STarbl TOJIOIaHHS.
[Ipenmonaraemasi Merabonmyeckass CXeMa PAacCMOTPEHHBIX  BBIIE  TPOIECCOB
MpEeACTaBICHA HA pUCYHKe 4.19.

W3 cxeMbl BUJIHO, YTO OpraHU3M MOJUTIOCKA, HApSAAY C IJIFOKO30M, HCIIONB3YEeT
P JONONHUTENBHBIX TKAaHEBBIX CyOCTpaTOB Ha TOAJAEpKaHWE MPOIECCOB
SHEPreTHYECKOro 0OMEHa B YCIOBHUSIX SKCIIEPUMEHTAIBHOTO TOJI0IaHUS.

* B Teuenne mepBBIX 6-TU CYTOK TOJIOAAHMS 3aJeHCTBYETCS TKaHEBOU pecypc
JaKTaTa B HalpaBJICeHWM MUpyBaTa W 3aTeM peakuuil OKUCIUTEIHHOIO
nexkapOokcunmupoBanus. (OO0 3TOM  CBUACTENBCTBYET 3HAYUTEIBHBIA  POCT
aktuBHOCcTH JIJII' Ha (oHE CHWKEHHA CONEp)KaHUS JlaKTaTa M TTOBBIIICHUS
YPOBHSI MUPYyBaTa B TKAHAIX.

* Tllozxe (18- cyrku) HaOmomaeTcss TmoBbImeHHe akTuBHOCTH ANAT B
HampaBleHUH TpaHChOpMaIMK ajlaHWHA B MHPYBaT, YTO TaKXKe IMO3BOJSET
MOIIEPKUBATh MIPOLIECCHI OKHUCIIUTEJIEHOTO JIeKapOOKCUIINPOBAHHSI.
Jloxa3aTenbCTBOM TOTO, YTO pPeaKIMs PeaTu3yeTcs MMEHHO B TOM HalpaBiIeHHH,
SIBJISIETCS MOHMXKeHUe akTuBHOCTH V-1 TIL.

e Poct aktuBHOcTH ACAT Ha ¢one mnoHWwkeHue aktuBHOCTH MJI[T mo3Bosier
TOBOPUTh Takke OO0 HCIONb30BaHUM TKAaHEBOTO pecypca acmaprarta B
HamnpaBJIeHUH OKcajioalerara, a 3aTeM ¢Goc(oeHOIIHpyBaTa, YTO TAKIKE MOMKET
JIOTIOJTHATH TOTOK CyOCTpaToB B HANpaBICHWH PEAKIUA OKHCIUTEIHLHOTO
JeKapOOKCUIINPOBAHNSI.
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Puc. 4.19. IIpeanonaraemas MmeTabonndeckas cxema MpoIecCOB, PeaJn3yeMbIX B TKaHIX
Anadara inaequivalvis Br. B ycrnoBusix rojoaaHus

Kak yxe oTmedanoch, BHIITOJHEHHE HACTOAIINX SKCIIEPHMEHTOB OTYACTH OBLIO
HEOOXOJUMO JIJIsi COINOCTABJICHUS METa0OJNMYECKHX CIBUIOB B TKaHAX aHaJapbl B
YCIIOBUSIX OKCIIEPUMEHTAIBHOW aHOKCHMH W rojojaHusi. CpaBHUTENbHas OICHKA
OCOOCHHOCTEW peopraHM3alid TKAaHEBOTO MeETa0OoNu3Ma IPH JaHHBIX COCTOSTHUSX
npencTarieHa B Tabnuie 4.11.

W3 Tabauibl BUIHO, YTO JUHAMHKA COJAEPIKaHUSA CyOCTpaToB (TJIHOKO3a, OCNIOK,
aMUHOKHCIIOTHI), METaOONHUTOB (JIAKTAT, TUPYBAT, MOYEBUHA) U aKTUBHOCTEH (DEPMEHTOB
JIar, MAI, AnAT, AcAT, y-I'TIl, karemcun D) Bo MHOrmx ciy4asx Oblna
pasHoHanpasieHHoi. CoBnaaeHue HaOdronanM kpaiiHe peako. OHU OTMEYaNIHCh B
CIEeIYFOIINX CIydasx:

*  remaromaHKpeac (yMEHBIICHHUE COJISPIKaHMsI TIIFOKO3bI 1 MOYECBHHEI);
*  >ka0Opbl (YMEHBIIEHHE COJICPIKaHus OeIKa);
» Hora (yBemumueHue akTuBHOCTH ANAT, OTCyTCTBHE W3MEHEHUN AaKTUBHOCTH

karericuHa D).

CrnemyeT OTMETHUTh, YTO COBIMAJEHWE JWHAMUKA W3MEHEHUS COJEpIKaHUsI
OTJICIBHBIX CyOCTPATOB ¥ META0OIMTOB, AKTUBHOCTEH (DEPMEHTOB B YCJIOBUSIX aHOKCUU U
TOJIOJIAHUS Y aHaJapbhl TMPOWCXOAWIO Ha (OHE OTCYTCTBHS OJHOHAINPABICHHOCTH
W3MEHEHUH IPyrux GYHKIIMOHAILHO CBS3aHHBIX C HUIMH MTOKa3aTeliel. DTO 03Ha4YaeT, 4To
CTOSIIIME 32 HUMH MPOIECChl KaYeCTBEHHO OTIMYAIOTCS JPYr OT JApYyra, MPOTEKaroT
CaMOCTOSITETIHHO H HE OKa3bIBAIOT CYIIECTBEHHOTO B3aMMHOTO BIIHSHUSL.
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Tabmuua 4.11

CpaBHUTenbHAs OIEHKA OCOOCHHOCTEW peopraHu3aliil TKaHeBOro MeTabonm3ma y
aHaJlapbl B YCIOBUSIX 3KCIICPUMEHTAIBHON aHOKCHH U TOJI0JIA

Buns! TkaHel U ycloBHS SKCIIEpUMEHTa
Ilokazarenun I'enaronankpeac Kabper Hora
Anoxcus T'onon AHoxkcus T'onon Anokcust T"onon
I'moxo3za — — + — + —
Jlaktat + - + - + -
IIupyBar + + + + + -
JIAT - + _ + _ +
MJIT + - * - + :
benok - + - - +
AMWHOKHUCIIOTHI + - + — + -
MoueBurHa - - + + + +
AnAT — + + + + +
AcAT - + + + + -
y-I'TIT + — + + + -
Karencun D — + - + + +

[Mpumeuanue: «+» — yBeTUYEHHE COACPXKaHHS (AKTUBHOCTH), «—» — YyMEHbBIICHHE
coJep)kaHusl (aKTUBHOCTH); «+» — OTCYTCTBHE U3MEHEHUN

Heo0xomumo Takxe MOJUYEPKHYTDH, YTO MPOIIECCHI, CTOSIIUE 38 PeopraHu3auei
TKAaHEBOTO MeTabojM3Ma B YCJIOBHUAX AaHOKCHMM U TOJIOJAHUS, HE COBNAJAIOT BO
BpEMEHHOM MaciTabe. B ycnoBusx aHOKCHM OHU OBUIM 3aperMCTPHUPOBAHBI B TEUCHUE
NEePBBIX 3-X CYTOK OT Hayaja 3KCIIEPUMEHTA, TOTAA KaK MPH TOJOAAHUH BBISBISINCH
TOJIBKO Ha 18- CyTKH.

BeimeckaszaHHoe  MO3BOJIAET  3aKJIIOUUTh, YTO PEOPraHU3alus TKaHEBOTO
MeTaboIM3Ma Y aHaapbl B YCIOBUAX SKCIIEPUMEHTAIBHOIO TOJIOJAHUS U @aHOKCHU — 3TO
CaMOCTOSITETIbHBIE, HUKAK HE CBA3aHHBIE MEXIy COOO0H MPOIIECCHI.

4.5. Oco6eHHOCTHM OpraHu3auum TKaHeBoro metrabosnmsma y
A. inaequivalvis (3akntounTesibHble acneKkThbl)

CpasuutensHas orienka BenmmunH SLCso (Sublethal oxygen concentration), LCsg
(lethal oxygen concentration) u LTsy (lethal time) mo3Bossier KOHCTaTUPOBaTh, uTO A.
inaequivalvis sBisleTCst OHUM M3 CaMbIX TOJIEPAHTHBIX K YCIOBHSIM BHEIIHEW THIIOKCHH
u aHokcuu BuaoM [Vaguer-Sunyer, Duarte, 2008]. HecMoTpst Ha OTHOCUTENFHO OOJBIIOE
yuciao paboT, MOCBSIIEHHBIX 3TOMY MOJUTIOCKY, B HACTOSIIMX HCCIEIOBAHUSX OBLI
BEISIBJICH Pl HOBBIX 3aKOHOMEPHOCTEH, KOTOPBIE PAaCIIUPSAIOT MPEACTABICHHE, MPEXIE
BCEro, 0 OMOIHEPTEeTUYECKUX ACIEKTaX YKU3HU TUAPOOHOHTOB B aHOKCHYECKUX YCIOBHUSIX
BOJHOIN (MoOpckoif) cpeapl. Hike mpHBOAMTCS 3aKITIOUMTENBHBIN aHAIN3 TMOTYYEHHOMN
WHPOPMAITUH.

4.5.1. MeTaboamn3M B YCIOBUSAX HOPMOKCUHU

Kak ormeuanoch BBIIIIC, aJanTanuss K 3SKCTPEMAJIbHBIM (1)OpMaM TUIIOKCHH H
AHOKCHUU COIIpsK€HAa C€ YTHCTCHUCM METa0O0INYECKUX nmpounccCcoB B OpPraHU3Me
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MOJUTIOCKOB [MunbmaH u ip., 1974; Kameimnukos, 2004]. B ycnoBusix ke HOpMOKCHUU B
TKaHSIX MOJUTIOCKOB JIOMUHHPYIOT OKHCIIHTENLHBIE MPOIecchl. MeXBUI0BOE CpaBHEHUE,
MIPOBEICHHOE B pasnaene 4.2, TO3BOJMIIO BBISIBUTH OCOOCHHOCTH MeTabonm3ma A.
inaequivalvis, xotopble He ObLIM OTMEYEHBI paHee B MYyOJIHMKALMSIX IPYTHX aBTOPOB.
WHTEHCHBHOCTD MOTPEOICHUsI KUCIOPOJa MPH CXOJHBIX YCIOBHSX Cpeabl (MOJUTIOCKU
ObUTH COOpaHBl OJHOMOMEHTHO C OJHHX M TeX ¢ KOJUIeKTopoB) y A. inaequivalvis
okasanach B 7 pa3 mmke, gem y M. galloprovinsialis (amagapa — 0,040+0,014 mr O, k3™
qac'l; mugug — 0,284+0,065 mr O, sk3t lIac'l; npu Onm3koM Bece Tena). Cremyer
ormeTuth, uro M. galloprovinsialis Taxxke siBisIeTCS TOIEPAHTHBIM K THIIOKCHH BHIOM, O
YeM CBHJICTEIBCTBYIOT MyOIMKAI[H MHOTHX aBTOpoB [Meepcon, 1981; Vaiit u np.,1981;
Borah, Yadav, 1996; ConmatoB u ap., 2008]. DT0 MO3BOIMIO MPEANOIOKHUTh, YTO B
TKaHSAX aHaJapbl B YCIOBUSAX HOPMOKCHH JIOJDKHBI TIPE00IaaTh aHa3pOOHbIC TPOIIECCHI.
AHanm3 cojepkaHus psAaa MeTaboJIMTOB B TKAHSX W ONpE/IeIeHUEe aKTHBHOCTEH TPYIIITBI
(epMEHTOB MO3BOJIIII MOATBEPANTE TaHHOE MPETION0KEHHE.

PesynbraThl CpaBHUTEIBHOM OLEHKHM psAa I0Ka3aTelIed yriIeBOAHOIO U
OenkoBOr0 0OMeHa TpeacTaBieHbl B Tabmuie 4.12. M3 Tabmuiisl BUIHO, YTO aKTUBHOCTH
MT u JIAT y A. inaequivalvis MHOrokpaTHO HPEBBIIIAIOT AKTUBHOCTH, OTMEUCHHBIC IS
M. galloprovinsialis. DTo HabmromaeTcs Ha (GoHE BBICOKMX KOHIEHTpAIMil jaKTaTa H
HU3KOTO COJIEPXAHUS TIFOKO3bl B TKaHAX. Takoe COOTHOIICHUE MPOIECCOB BO3MOXKHO
TOJNBKO TPH BBICOKOH HMHTCHCHBHOCTH aHa’pOOHBIX MPOIECCOB, B  KOTOPBIX
HenocpeacTBeHHoe yyactue npunumaroT M/ u JIJAT'. B Buny Huskoi 3ddextuBHOCTH
MPOIIECCOB aHa’pOOK03a ISl HUX XapaKTepeH TAKXKE MOBBIIICHHBIA PacXoJl TIIOKO3bI U
HAKOIJICHUE HETOOKUCIICHHBIX MPOAYKTOB, HAPUMED JIAKTaTa, YTO B JICHCTBUTEIHLHOCTH
u uMeno mecro. Cienyer oOpaTuTh BHUMaHHE TaKKe HAa BHICOKHH YpOBEHb CBOOOIHBIX
aMHHOKHUCIIOT, KOTOpble TakKe MPUHUMAIOT YYacTHEe B aHadpPOOHBIX IMpoleccax
pecHHTEe3a MaKkpo3pros, moBbimas ux sddexrusrocts [Carefoot et al., 1992; Bowen et
al., 2005]. Heobxommmo Takke y4YecThb WOBBHIINICHHBIH YpoBeHb D-acmaprara,
xapakTepubit s A. inaequivalvis [Comoglio et al. 2004], xKOoTOpwIii MOMKET OBITH
3a/1eiiCTBOBAH NpH JePUINTE KUCIOPO/IA.

Tabmuna 4.12
CpaBHHTENBHAS OLCHKA ITapaMEeTPOB YIJIIEBOJHOTO W OEIKOBOro OOMEHa B TKaHAX
aHaJapsl U MUIUHU ((KaOpBI, TenaTonaHkpeac)

CpaBHeHne
Ioxazarenn
«MUTHsI-aHaZapay
AxtuBHOoCTE M/I" 5-6 pa3 BeIIIe Y aHaAPHI
AxtuBHOCTS JIJAT 2-4 pa3a BBIIIE Y aHAIAPbI
CopneprkaHue TIIOKO3bI 2-4 pasa HIDKE Y aHa/1apbl
CopepxaHue aKkTaTa 1,5-2,4 paza BbIIe y aHagaphl
ConepxaHre aMUHOKHCIIOT 2,8-5,4 pa3a BellIe y aHAIapEbI

Bhricokyto 3¢ (GeKTHBHOCTH aHA3POOHBIX MpOLIecCcOoB B opranu3me A. inaequivalvis
B VCIIOBHSAX BHEIIHEH HOPMOKCHHM II0Ka TPYAHO OOBSICHHTH. OJTO MOXET OBITh
00yCIOBIIEHO HH3KOW 3()(PEKTHBHOCTHIO TPOIECCOB PECIUPANMUA WM [HPKYJISIUU
remoymmMdr1. OTHAKO, MPUHUMASI BO BHUMAaHHE HATMIUE JOTIOTHUTEIIEHON KUCIIOPOIHOM
E€MKOCTH TeMOJIMM(bI y JaHHOTO BHJa (3pUTPOIUTAPHBINA remoriobuH) [Foster, Moon,
1991; Frolov, Pankov, 1992; Gao et al., 2004], 3To oOka3bIBaeTCs MaJIOBEPOSITHON
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cutyauueil. bojee BepoOATHBIM MeXaHH3MOM, OOBSCHSIOIIMM JaHHOE COCTOSHUE,
SBIISIETCS, TIO-BUINMOMY, yTpara gyBctBuTenbHOCTH HIF-1 (hypoxia inducible factor)
KHCIIOPOY, KOTOpbIii KoHTponmupyet mpoaykuuto JIJII' [Gao et al., 2004], uro Gonee
moIpoOHO 00CYKAANOCh B pazjuene 4.2,

MexTKaHEeBOE CpaBHEHHE MapaMeTpOB YIIIEBOAHOTO W OEIKOBOTO MeTabomm3ma
U PECYpcOB MaKpO3proB IIO3BOJIWJIO BBIIBUTH €IIE OAHY OCOOCHHOCTh OpraHU3aluu
obmeHa BentecTB y A. inaequivalvis B ycioBusx BHemHei HopMokeuu (tabu. 4.13). Hora
MOJUTIOCKA MMeJia caMblii BBICOKUH IyJ aJleHWIaTOB M HanboJee BbIcOkuid pecypc AT,
YTO OTpaXxano (PYHKIMOHAJIBHYIO 3HAUYMMOCTb JAaHHOTO opraHa. M3sectHo, 4ro A.
inaequivalvis akTHBHO HCIOJB3yeT HOTY JUISl PBIThS W TEPEMEIICHHS 10 TPYHTY
[Guderley, 2003]. 3aeck oTMeueH caMblif BBICOKHH ypoBeHb KapoTtuHouzaoB [Hall et al.,
2006], koTopele MOryT ObITh HCTOYHHKOM Kuciopoxaa [Kim et al.,, 1992]. 3to
IpearnoyiaraeT oco0yr OpraHu3anuio MeTrabonu3Ma B AaHHOM OpraHe B CPaBHEHHUHU C
KabpaMu U TernaTonaHKpeacoM.

Tabmuua 4.13

MeXTKaHEeBOE CpaBHEHHE MapaMeTpoB YIIIEBOAHOrO M OeiakoBoro oOMeHa y A.
inaequivalvis

CpaBHeHUe
Iloxazarenn
«KaOpbI-TeNaTONaHKPEacy — «HOray
AxtuBHOCT MII' 1,5-2,0 pa3za BeIIIE B HOTE
AxtuBHOCTS JIJAT 4,5-5,0 pa3 BbIIIE B HOTE
ConeprkaHue TIH0KO3bI 2,5-7,4 pa3a HuKe B HOTE
CopeprkaHue JTaKTara 2,4-3,6 paza HIXKE B HOTE
CopneprkaHre pyBarta 1,8-2,7 paza Hmxe B HOTE
ConepkaHrne aMUHOKHUCIIOT 3,7-5,4 pa3a HUKE B HOTE
Ilyn aneHunaTos 43,8-44,0 % BbIIIIE B HOT'E
Copnepxxanue ATO 39,5-40,1 % BrIILIE B HOTE

B HOre mommocka Obiia BBISIBJICHA camasi Bbicokas akTuBHOCTH JIJII' Ha QoHe
MHHUMAJIBHOTO COZEPKaHUS TJIOKO3BI, JIaKTaTa W MUpyBaTa B JTaHHOM opraHe. Takoe
COOTHOIIIEHHE COAEPKAHUS CyOCTPaTOB CBUIETENBCTBYET 0 ToM, uto JI/AI" karanu3upyet
MPEUMYIIECTBEHHO MPSIMYIO PEAKIUIO — OKHCIICHUS JIAKTaTa B TUPYBAT:

naxmam + HAJ[" < nupyeam + HAJJH + H.

O0pa3yroniuiicsi TUPyBaT MOKET OBITh MCTIONB30BaH B JABYX HAIPaBIICHHUSIX:
*  peakuusx TIIOKOHEOreHe3a C MOCIEAYIOMKM 00pa30oBaHHEM LHTOILIa3MaTHYECKOTO
OKcCaJloalerara;
*  peaKIHsX OKUCIUTEIBHOTO AeKapOOKCHITMPOBaHUs — adpoOHbIl pecuHTe3 ATO.
IIpeBpamenne >xe mnupyBara B (ocdoeHonmupyBaT HE BO3MOXHO B BUAY
3HAYUTENLHOW OTPUIIATENTFHON CTAHJAPTHOW CBOOOIHOM SHEPTHH MPSAMOU PEeaKInu:

ocpoenonnupysam + AID — nupysam + ATD (AG® = -31,4 kJIx).
VuuTeiBas 3HAUMTENBHBIM pecypc JlakTtara B JAPYIMX TKaHax  (5KaOpHl,

renaTronaHkKpeac), Hora MOKeT ObITh OCHOBHBIM IOTPEOUTENEM TaHHOTO cyOcTpara yepes
ToKk remonmuMpbl. Kakoii W3 MpOIECCOB: TIIOKOHEOT€HE3 WM OKHUCIUTEIhHOS
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JeKapOOKCHUIIMPOBaHNUE, — pealiu3yeTcsi B HOre MOJUTIOCKA, MOKHO CKa3aTh TOJNBKO C
yuetoM aktuBHOocTH M/IT.

AxtuBHocth M/II' B HOore A. inaequivalvis B cpaBHEHHH C APYTHMH TKaHAMH
ObLa MakcuMaibHa (Tads. 4.13). 3BecTHO, 4TO JaHHBIN (EPMEHT CONPSIKEH C PECYPCOM
UTOIIa3MAaTUYECKOT0  OKCaloaleTara, KOTOPBIH  MOXET  0oOpa3oBBIBATHCS U3
¢dochoenonnupyBara (TIUKONM3) W pecypca Tioyramarta. KpaliHe HU3KHHA ypOBEHb
CBOOOJHBIX aMHUHOKHCIIOT B HOTE MOJUTIOCKA TO3BOJISAT MPEAIONOKHUTH MOCEeTHEE, TO
€CTh y4acTHe TiIyTamaTa B 00pa3oBaHWH OKcajioamerara. Eciu 3To Tak, TO Torga poib
MAI' B mpoleccax TIIFOKOHEOTEHe3a CTAHOBUTCS HECYIIECTBEHHOW. OTO IO3BOJISAET
cAenaTh NPEANOJOXKEeHHEe O JalbHedIIeM MpeBpalleHn:n MHUpyBaTa B PEAKIIHIX
OKHCIUTENBHOTO JIeKapOOKCHIIMPOBAHUS, TO €CTh a’poOHBIX mpoueccax. KocBeHHBIM
CBUJETENTLCTBOM pEaU3aIllii dTHUX MPOIECCOB B HOTE aHagaphbl SIBISETCS BBICOKHI
pecypc aneHmiatoB 1 AT®, 0 ueM roBOpuIIOCH BBIILIE.

Takum oOpa3om, TkaHeBOi MeTabonm3Mm A. inaequivalvis B ycioBHsSX BHEIIHEH
HOPMOKCHHU HUMECT pPAd NPUHIUIIHATIbHBIX OCO6CHHOCTCI7[, oTiIMHaromux €€ OT APYrux
TOJICPAHTHBIX K TUITOKCUH BHIOB MOJITIOCKOB!

* BO MHOTMX oOpraHax (kaOpbl, TIemaToNaHKpeac) TMPOTECKAIT aHa’pPOOHBIC
nporeccel, Ha (oHE KpaifHe HM3KOW WHTEHCHBHOCTH TOTPEOJCHHS KHCIOPOJa
OpTaHu3MOM;

e a’poOHBIA MeTaboNHM3M, TMO-BHINMOMY, IOANCPKUBACTCS TOJHKO B HamOoiee
(YHKIMOHAIBHO 3HAYMMBIX JIUIsI MOJUTFOCKA OpTraHaX, KOTOpPhIE OMPENEIIsIOT ero
CIOCOOHOCTH K MEePEMEIEHHIO 110 cyOcTpaTy (Hora).

4.5.2. MeTa0oa13M B YCIOBHUSIX aHOKCHH

Cpenu moutiockoB A. inaequivalvis siBisieTcst oqHUM U3 HarboJee YCTONYMBBIX
K 3KcTpeMaibHbIM (hopmam rumokcuu u anokcuum [Okuma et al., 1998], mosromy ona
ABTISIeTCSl OOBEKTOM HCCIIEAOBAaHMK BO MHOTHX paborax. Jlaxke mpu KpailHe HHU3KUX
KOHLIEHTpaMax kuciaopoma (meHee 1,2 % HachlmleHWs) aHajgapa CIIOCOOHa
MOIJIePKUBATh HOpMallbHOE TToTpebneHue kucmopona [Foster, Moon, 1991]. Ilo MmueHUIO
psaa aBTOPOB, MOJUTIOCK TaK)K€ pacrojlaraeT SHAOT€HHBIM pPECypcoM KHCIOPOAa,
KOTOPBIA UCIIOJIL3YEeTCS Ha HAa4YallbHBIX dTanax ajantanuu kK runokcuu [Okuma et al.,
1998]. DTO CBA3BIBAIOT C MPUCYTCTBHEM 3PHUTPOLUTAPHOTO T'€MOIIOOWHA, KOTOPBIN
CYIISCTBCHHO TMOBBINIACT KHCIOPOJIHYIO eMKOCTh remonumMbr [Foster, Moon,1991;
Frolov, Pankov, 1992; Gao et al.,, 2004]. He cTouT wHCKIIOUaTh W3 BHUMAHUS H
3HauUTENbHBINH pecypc kaporuHounoB [Hall et al., 2006], oco6erHO B HOTE, B KOTOPOWA,
MPEANOIOKUTEIHHO, MOJUTIOCK OAIEPKHUBAET a3pOOHBIH META00IN3M.

ITpu skcTpemanbhbiXx Gopmax rumokcuu A. inaequivalvis criocoOHa 3HAYMTEIEHO
MOJABIISATh a3pOOHBIE MPOLECCHl B CPAaBHEHUWH C APYTUMH MoJUIrockamu [Qian et al.,
2002] um mepexmouaTbcss Ha d3(pdexkTuBHbIE aHadpoOHble mpouecchl. O0oOmas
NpPEJCTaBICHHYI0  MHPOPMAILMIO, MOXHO  TPEAJIOKHUTh  CIEYIOUIYI0  CXEMY
peoopranm3anui MeTaboaMUYeCKHX MPoIleccOB B TKamsax A. inaequivalvis B ycmoBusax
sKcTpeManbHON THumnokcuu (puc. 4.20). B oCHOBY MonlokeHa CXema, pacCMOTpEHHas
panee (puc. 4.3).
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Puc. 4.20. IIpenmnonaraemas metabonndeckas cxema, peajan3yeMas B TKaHsIX A.
inaequivalvis B yciI0BHSX SKCTpeMalIbHON THIIOKCHH

B nanHyio cxeMmy, B CpaBHEHHMHU C IPEICTAaBICHHOW Ha pPHUCyHKE 4.3, BHECEHBI

CJICAYIOHIEe JOMOJIHCHUS:

® TMOKas3aHa BO3MOXHOCTb MCIIOJIb30BaHUA I'IyTaMaTa B pC€aKOuAX, MPUBOAAIINX K

O6paSOBaHI/I}0 aJlJaHMHa,

* OTMEYCHa BO3MOXXHOCTh OOpa30BaHMs MPOMUOHATA M3 CYKIWHATA, KOTOpas
o0cyxaaercs Bo MHOrux padortax [Comoglio et al., 2004; Bowen et al., 2005].
Ob6mnamas 3HaYMTENBHBIMU pecypcamu D-acmaprara, A. inaequivalvis crmoco6ua

MOJICPKUBATh aclapTaT-CyKIIMHATHOE HalpaBIeHWE MeTa0oMu3Ma TpU PEeCHUHTE3e
Makpoaproe [Comoglio et al., 2004; Bowen et al., 2005]. Dto, B CBOIO oOuepe[p,
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MO3BOJIIET TPAHC(HOPMHUPOBATH THPYBAT B allaHWH, MOJACPKUBAs TEM CaMbIM
HOpMAaJIbHOE TeUeHHE MIHKONMUTHIecKuX mporeccoB [Comoglio et al., 2004; Bowen et al.,
2005]. I'maBHPIMH KOHEYHBIMH MPOAYKTaMHU IIPH 3TOM SBISIOTCS alaHUH W CYKIIMHAT
[Comoglio et al., 2004; Bowen et al., 2005]. [Tocnennuii MoxkeT TpaHCPOPMUPOBATHCS B
MPOTMOHAT, MOBBIIMIAS YHEPTETHUECKUI BBIXOJ] aHAIPOOHBIX MyTed Merabonmsma A.
inaequivalvis [Comoglio et al., 2004; Bowen et al., 2005]. 13 mpeacTaBIeHHON CXEMbI
BHIHO, YTO OH MOJKET COCTABISTH 6 MOTb AT® MO ™ ITIOKO3BL.

Peanusyercst m 3ta cXema B OpraHM3Me MOJUIIOCKA B YCJIOBHSX JUIUTEIBHOU
AHOKCHU OCTAeTCs HESCHBIM, TaK KaK OOJILIIIMHCTBO WCCIICIOBAHUMN, BBHITIOJHEHHBIX Ha
aHazmape, MPOBEJCHO TPU HAIMYHU CIEIOB KHCIOpoja B Boje. Haumbonee 3Haunmmbie
U3MEHEHHUST COJCPKAHUS METa0ONMMTOB ¥ AaKTHBHOCTEH (EPMEHTOB, BBISBICHHBIC B
TkaHgx A. inaequivalvis B Hactosieii paboTe Mpu aHOKCHH, CBEICHBI B Ta0uILy 4.14.

Tabnuua 4.14
BnusiHue aHOKCHMM Ha HEKOTOPBIC IapaMETPOB YIJICBOJHOTO M OCJIIKOBOrO OOMEHA B
TKaHsIX aHaJapbl

Hopmokcus — aHokcus
[TokazaTenu

(>xabpsl, HOTA)
AxtuBHocts M/II" HE U3MEHSIACh
AxtuBHOCTH JIJIT" 3,6-5,0 pa3 cHmxanace
ConeprkaHue TIIOKO3BI HE U3MCHSIOCH
Conepsxanue JaKTara HE U3MCHSIOCH
AxtuBaoctu ATAT, AcAT 28-60 % TOBBIIATUCH
AxtuBHOCTB y-I'TTI 30-65 % noBbIIanach
Conepxanue Oenka 26-28 % cHmKanoch
ConepkaHue aMUHOKUCTIOT 44-46 % MOBBIIIAIOCH
CopneprkaHre MOYEBHUHBI 1,5-2,0 paza noBbITIIaNOCh
[lyn anennnaros 15-30 % cHmxancs
Conepxxanne ATD 35-40 % cHmxanoch

M3  momydeHHBIX ~ pe3ylbTaToB  CIexyeT, 4T0  (PYHKIMOHHUPOBAaHHE
TITUKOUTUYECKON WeNu TpeTepreBano KadyecTBEHHBIE HW3MEHEHHUs. 3HAYUTENLHOE
noxasienue aktuBHocTH JIJII" mpoucxoanino Ha GoHE cOXpaHEeHUs ColepKaHHs B TKAHU
TJIIOKO3bI, JlakTata W aktuBHoctH MJII. DTO 03Ha4yaeT, 4YTO TEpPMHUHAIBHBIC
TITUKOUTHYECKHE MEeTabOUTHI ITepepacipeessUIMCh B MHBIX HAITPABIICHHUSIX.

CoxpaHeHre BBICOKOW akTUBHOCTH M/II" cBUIETENBCTBYET O TOM, YTO JAHHBIHA
(epMeHT MpooIKaeT UrpaTh CYHIECTBEHHYIO pOJb B META0OJIM3Me TKaHEH MOJUTIOCKA.
M3BecTHO, dYTO €ro AaxkTUBHOCTH CONpPSHKEHAa C PECypcoM IUTOILIa3MaTHYECKOTO
okcanoarerata [Comoglio et al., 2004; Bowen et al.,, 2005], KOTOpBI MOXET
oOpa3zoBeiBaThCsl U3 (hocoeHommupyBata u acmaprara (puc. 4.20). IlepBrrii mpomecc
MaJIOBEpOSATEH, TaK Kak mpexmonaraet norepro AT® Ha stame: dpocdoenonmupysar —
nupyBsat. Bropoii npomecc Gonee BepositeH. OH MO3BOJISIET MOJIEPKUBATh acmapTar-
CYKIIMHATHOE HampaBJieHHEe MeTa0oJM3Ma, TO3BOJIIONIEEe MOJIy4aTh JOTOIHUTEIbHBIN
pecypc Maxkpo3proB B YCIOBHIX aHadpoOmo3a. [loka3aTelsCTBOM pealu3alid €ro B
tkaugax A. inaequivalvis siBisiercs poct aktuBHOCcTH ACAT, a TakKe 3HAYUTEIbHBIC
pecypcel  D-acmaprara, ommcaHHble Juis  9toro Buza [Bowen et al, 2005].
OYHKIMOHMPOBAHUE K€ TIMKOIUTHYECKOW LEMH, MO-BUAUMOMY, MEpPEKIIoYacTcs Ha
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ONMHHOE HAIPaBJICHUE, B YAaCTHOCTH 00pa30BaHHME alaHWHA W ajnaHomuHa (puc. 4.20).
Jloka3aTenbCTBOM TOMY SIBIISIETCS] 3HAUMUTENbHBIN POCT akTUBHOCTH ANAT, OTMeueHHBIN
B psjie TKaHEeH MOJUTIOCKA. DTO TaKKe IMO3BOJIAET MOJMy4aTh IOTIOIHHUTEIHHBINA pecypc
MaKpO3proB MpH y4acTHy BeTBH IuKIa Kpedca (CyKIMHATTHOKWHA3HAS PEaKIus) 3a CUeT
oOpasyromerocss o-keroriayrapara (puc. 4.20). JlaHHoe HampaBieHHE MeTa0oIU3Ma
MOJKET TOIeP’KUBATHCS 3a CUET pecypca riryTaMara:

acnapmam + a-Kemoceaymapam — ciaymamam + oKcanoayemam,

KOTOpBII ABII€TCS MOOOYHBIM MPOXYKTOM TIPH pealnn3aluu  (GymaparpeayKTa3HOH
peaxuuu.

B nacTosmieit pabore OB 3aperuCTPUPOBAH 3HAYUTENBHBIN POCT AKTUBHOCTH Y-
I'TII. U3BectHo, YTOo [MaHHBIA (EPMEHT B3aMMOACHCTBYET C OJHUTONENTHAAMH,
HaNpaBJICHHO BBICBOOOXAAsl TIyTamaT, U MOXKET MOAJEPXKHBAaTh TEM CaMbIM JaHHOE
HampaBiieHHe MerabonmsMa. Bce 310 mpoucxoauT Ha (oOHE CHIKEHHS TKaHEBOT'O
COIEp)KaHUS CYMMAapHBIX O€JKOB, pOCTa YypPOBHS CBOOOJHBIX aMHUHOKHCIOT U
3HAYUTENFHOTO YBEIWYCHUSI YPOBHS MOYEBHHBI, YTO OTpa)kaeT B IIEJIOM YCHIJICHHE
0eKOBOTO KaTaboJIM3Ma B TKAHEBBIX CTPYKTYpaxX MOJITIOCKA.

OnucanHas BbIIE CXeMa aHa’pOOHON opueHTanuu MeTtabommsma y A
inaequivalvis B ycloOBHSX BHEIIHCH aHOKCHH BO3MOKHA TOJBKO MPH HATHIUA
3HAYUTENFHBIX PECYpCOB acmaprara, O 4eM TroBOpwioch Bbilie. OHA, MO-BUANMOMY,
o0ecrieuynBaeT OCTaTOYHBIH DHEPreTHUSCKUH BBIXOJ IS TOJJICPXKAHHUS IPOIECCOB
KHU3HEACATEIBHOCTH MOJLTIOCKa. OO 3TOM CBHIETENBCTBYET HE3HAUUTEIBHOE CHIDKCHHE
nyia aneHwnatoB u conepxkanus ATD B TkaHsix, 4To oTpaxkaeT 3PQPEKTHBHOCTH
peann3yeMoi aJanTaloHHON CTPaTEeTHH.

OnHako nmaHHas MeTaOoiIMYecKash CXeMa peajn30Bajach HE BO BCEX OpraHax
motrocka. Ona  Obutla XapakrTepHa Juis HOrM W kabp A. inaequivalvis. B
remnaTonaHkpeace — KII0OYeBOM OpraHe MeTaboiu3ma, MpoIecchl UMENIM HECKOIBKO HHYIO
OpHEHTAIMIO. 3]IeCh TaKkKe OTMEYald CHIDKEHHE COJCPIKaHMS TIIIOKO3bI, Oellka, pOCT
YPOBHSI CBOOOIHBIX aMHHOKHCIOT W moBblmieHne aktuBHocTH Y-I'TII. Ilpum sTom
aktuBHOCTH ANAT, AcAT u conmepkaHue MOYEBHUHBI B JAHHOM OpPTaHE B CPABHECHUU C
TPYINON MOJITIOCKOB, COJIEPKAIUXCS B YCIIOBUSX HOPMOKCHH, HAIIPOTHB, TIOHMKAIIUCH.
Takoe COOTHOIIEHHE MPOIECCOB MO3BOJISET PACCMATPHBAThH I'elaTONaHKpeac Kak Opra,
BBITIOJTHSIOMINN (QYHKIMIO IOHOpA aMUHOKHCIOT ¥ MOHOCAXapoB, KOTOPhIe MOTYT OBITh
UCTIONIB30BaHbl B MeTabonu3Me mepudepuveckux TkaHei. Pacronaras HeoOXOAMMBIM
KOMIUTEKCOM (PepPMEHTATHBHBIX CHCTEM 3TOT OPraH B YCIOBHUSX aHOKCHH, IO-BUANMOMY,
npoaomkaeT 3G HEeKTHBHO BHIMOIHATE (DYHKIIHIO KOOPIUHATOPA IMOTOKA YHEPTETUIECKIX
cyOcTparToB K TKaHsIM. PoJb mocpeTHiKa TPy 3TOM BHINIONTHSIET TeMorMda MOJUTIOCKA.

Takum 00pa3oM, B YCIIOBUSX aHOKCHH B TKaHsx A. inaequivalvis peanusyercs
Ipylma aHa’poOHBIX  MPOILECCOB, oOecreynBarOmMX S(PQEKTUBHBIA  PECHHTE3
MaKpO3proB. 3HAYUTENIHHYIO POJIb HAYMHAIOT HIPaTh AMHHOKHUCIIOTBI, OTPAaHUYHBAIOIIHE
UCTIONIb30BaHUE  YIIIEBOJHBIX  CYOCTpaToB M yBEIMYUBAIOIIUE TEM  CaMbIM
NPOJOJDKUTENIBHOCTh  CYIIECTBOBAaHMS MOJUTIOCKA B Cpele JIMIIEHHOW KHCIOpoJa.
Mertabonu3M  TKaHell  CTpOMTCS Ha  TOAJEpKAaHWUM  (yMapaTpeAyKTazHOH U
CYKIIMHATTUOKMHA3HOW peakiuii. [emaromaHkpeac B JTHUX YCJOBUSX BBINOIHSET
(YHKLIUIO TOHOpAa aMUHOKHUCIIOT U TJIFOKO3BI.
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4.5.3. Metabonu3Mm npu rojJoJaHnuu

Kak yxke oTmeuanoch, aHOKCHS W TOJOJAHHE — COBMEIIEHHBIE COCTOSHUS,
KOTOPBIC MOTYT OKa3bIBaTh KOMIUICKCHBIN 3(QEKT Ha OpraHuM3M MOJUTIOCKAa. B o0omx
CIy4yasix OpraHu3M HMEET OTPAaHUYCHHBIA PE3epPB SHEPreTUYECKUX U IUIACTHUYECKHX
cyOCTpaToB, OT KOTOPOTO 3aBHCHUT BBDKMBAHHE B CTOJNh SKCTPEMAJIbHBIX YCIOBHSIX.
[IpuHIUNIUANbHOE OTIWYUE STUX COCTOSIHUM — HAJIMYUE U OTCYTCTBHUE KHCIOpPOAQ, YTO
MOJKET BJIMATH Ha BHIOOP aJalTallMOHHON CTPaTeruHu.

B macrosmieir pabore ObuTa MpeaNpHHATA TMOMBITKA pasrpaHudeHHS 3(hGHEeKTOB
AQHOKCHH W TojiomaHus Ha opranusm A. inaequivalvis. Ciemyer OTMETHTB, YTO ISt
MOJLTIOCKOB-(DHIILTPATOPOB TONOAAHUE HE MOXET OBITh MOJHBIM, & TOJIBKO YACTHYHBIM B
CBS3HM C HENOMONYYeHHWEM TeX WM WHBIX NMUTATeNBHBIX cyOcTparoB. CreayeT Takxke
MPHU3HATH, YTO HH(POPMALIKS O COCTOSHIY TOJIOJAaHHS Y MOJUTIOCKOB KpaifHe OrpaHnYeHa.

[TonydyeHHsle pe3ynbTaThl CBUACTENBLCTBYIOT O TOM, 4YTO JACTPUBALMS MHUIIU
BBI3bIBACT Y MOJUTIOCKOB MPHUHIMIIMAIBHO WMHYH) PEOpPraHu3aIiio MeTadoiu3ma B
TKaHEBBIX CTPYKTypaX, HEXEeIH B YCIOBUAX BHemHed aHokcuu. OO0 >ToMm
CBUJICTEIILCTBYET HMH(MOpMAIUs, O COACPKAHUU METa0OIMTOB M (HDEPMEHTATHBHBIX
aKTUBHOCTSIX, MPeJICTaBICHHas B Ta0uie 4.15.

Haubonee opHO3Ha4HBlE W3MEHEHHWs] ObBUIM  OTMEUYEHBI Ha  YPOBHE
TIMKOJIUTHYECKUX TporieccoB. OHU pa3BUBAINCh HA HAYANBHBIX ATalax TOJOJaHWS.
AxtuBHOCTh JI[II' 3HaYUTENBHO TOBBINIANACH BO BCEX TKAHIX. JTO MPOUCXOAMIIO Ha
(OHE CHIDKEHHsI COJEpXaHWs JIaKTaTa W TIIFOKO3bl. YPOBEHb MHpyBaTa B TKAHSX,
HaAIpPOTHB, MOBhImanca. Kak yxe oTMedanoch, Takoe COOTHOIICHHE MPOIIECCOB OTPaKaeT
YCWJICHHE TPSIMOM peakIMi — IPEeBpAIllCHUs JIaKTaTa B MUPYBAaT. YUUTHIBAs, YTO 3TO
mpoucxoamwsio Ha (OHE CHWXKEHHMS aKTHMBHOCTH MJIIT W OTCyTCTBUS HW3MEHEHUS
aktuBHOCTH ANAT B OONBIIMHCTBE TKaHEW, MOXHO KOHCTaTHPOBATH, YTO JalbHEUIIast
Tparcopmanus MUpyBaTa MPOWCXOMWIA B HAMPABICHWW PEAKIHMA OKHUCIHTEIHHOTO
JeKapOOKCUIINPOBAHNS.

Taomnuua 4.15
BnusiHue rononaHus Ha HEKOTOpPHIE MapaMeTpbl YIIIEBOJHOTO W OenKkoBoro oOMeHa B
Tkausx A. inaequivalvis

[TokazaTenu Ilutanue — rononanue
AxtuBHOCTH JIJII" 1,6-4,0 pasa nmoBsIanach
AxtuBHocth M 20-70 % cHmxanach

ConeprkaHue TIIOKO3BI
CopneprxkaHue JTakTara
CopneprxaHre nupyBara

AxtuBHoctu AnAT, AcAT

AKTHUBHOCTB KaTerncuna D
AxtuBHOCTb y-I'TII

Conepxanue Oenka
ConepxaHre aMIHOKHCIIOT

ConeprxkaHre MOYCBUHBI

1,3-7,0 pa3 cHmxanoch
32-44 % cHUXANoCh
1,6-2,1 pa3 noBeIIIAIOCH
W3MEHEHUS
HE3HAYUTETbHBI U HEOTHO3HAYHBI
3,0-5,0 pa3 poct B remaromaHkpeace
28-33 % cHwKeHue
33-40 % pocr (Hora, remnaTonaskpeac);
21% cHwxenune (xxabpbI)
33-41 % cHwxeHue
HE U3MEHSETCS
(VTN HE3HAYUTENILHO CHUYKAETCS)
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Bonee panutenbHOEe TOJOAAaHUE —MOMONHSUIOCH —YCHJICHHEM MeTaboin3Ma
aMUHOKHCIIOT, PECypC KOTOPBIX BO BCEX TKAHAX CYIIECTBEHHO MOHIKaics. Tak, B Hore
OTMEUajau TMoBbIlIeHHEe akTUBHOCTH AJAT, a B rematonmankpeace — AcAT. Poct
aktuBHOCTH ANAT mpoucxomun Ha ¢one nomasnenus aktuBHoctu Y-I'TII, a AcAT
coyerajcs cO CHIXeHHWeM akTtuBHocTH M/II. OTo o3Hawaer, uro Tpanchopmanus
aJaHWHA W acmapTara TakkKe TPOWCXOJWIa B HAMPaBIEHUH TIIMKOIHTHYECKIX
METa0O0JIUTOB — MUpPYyBaTa M OochOCHOIMHUPYBaTa, KOTOPHIE MTOJIBEPralOTCsl OKUCICHUIO B
peaknusx nukia Kpebcea.

Takum o6pa3oM, peopraHmsanus MerabonmsMa B opramax A. inaequivalvis B
YCIIOBUSIX OKCIEPUMEHTAIBHOTO TOJIONAaHUS COIMPOBOXKIANACH YCHUJICHHEM IPOIECCOB
a’pOOHOTO OKHCIICHUS SHEPTETHUECKUX CYOCTpaToB (TJFOKO3bI, JaKTaTa, aMUHOKHUCIIOT).
YuuteBasi BBICOKYIO 3()(QEKTHBHOCTh ATHX IMPOILECCOB B TEHEpAIMH MaKpOd3PIoB,
MPOJOJKATENBHOCTh HAaXOXKJIEHUSI MOJUTIOCKOB B COCTOSIHUM TOJIOJIAHUS MOXKET OBITh
CYLIECTBEHHO YyBEIWUYEHa, 4TO, Oe3ycJIOBHO, MMEET aJanThBHOE 3HaueHue. Cremyer
TaKKe€ OTMETHUTb, UYTO HANPAaBICHHOCTh NPOIECCOB PEOPraHH3alUul TKAHEBOTO
MeTaboNrM3Ma B yCIOBHSIX aHOKCHUW M TOJIOJAaHUS HE COBIMAajana. JTO O3HAYAET, YTO OHU
HE B3aMMHO JOMOJHAIOT APYT APYra, a CKopee SIBISIOTCS B3aUMOUCKITIOYAIOIIAMH.

Xk k%

Pe3ynbraTel, mpencTaBieHHblE B HACTOSIIEH TIJlaBe, MO3BOJISAIOT CJHENaTh P
00001IIeHHH.

*  Kucnopoansie moTpeOHOCTH OpraHu3Ma aHaJapbl B YCIOBUAX HOPMOKCHH CHUYKEHBI.
B TkaHsx mpeoOnamaloT aHa’pOOHBIE IPOIECCH, O YEM CBUACTENBCTBYET
MIOHWKEHHBIII ypOBEHb TIJIOKO3bI, YBEIMYEHHBIA YpPOBEHb JIAKTaTa W BBICOKHE
akrusHoctd JIAT' 1 M. DT0 ompenenseT HU3KUM SHEPTeTUYECKUNA CTAaTyC TKaHeu
JIAHHOTO BUA: CHIDKCHHBIN ypoBeHb AT® u HeBbicokue 3HadeHuss AD3 u OII.

* B ycnousix aHOKCHU B %a0Opax U HOTe )KUBOTHOTO MPOUCXOAUT YCHIICHHE TIPOLIECCOB
OenxoBoro karaboyim3Ma, NMPUBOISIIEE K CHIKEHHIO COJEpXaHMs Oenka, pocTy
YPOBHS CBOOOJHBIX AMHHOKHCIOT W MOYEBHHBL. [ HAPONIM3Yy MOABEpPraroTcs
MPEUMYIIECTBEHHO HU3KOMOJICKYJISipHbIe TenTuasl. OO0 STOM CBHICTENBCTBYET
yYMEHbIIIeHHe aKTUBHOCTH KaterniciHa D Ha ¢one pocra aktuBHOCTH V-1 TIL

* AHOKcHA CONPOBOXKIAeTcst pocTtoM 3HaueHni mHAexkca MIIT/JI/IL, dro cBs3aHO cO
cHmwkenueM aktuBHocth JIJII. DOto mpoucxomur Ha (OHE  YCHICHUEM
CYKIIMHATTHOKUHA3HOU M (pymaparpelyKTa3HOW peakiuii, KOHTpoiaupyembix AAT u
AcAT. OHHM UCKIIOYAIOT HaKOIUIEHHME TOKCHYHOIO JIAKTaTa B TKAHAX U MO3BOJISIOT
MOJTy4aTh JIOTIONHUTENBHBIM pecypc MakpodproB. MeTaboinyeckue NpOILECcCH B
renaTronaHKpeace MOJUTIOCKa OPUEHTHPOBAHBI Ha MPOAYKLIMIO aMUHOKHCIIOT.

* AHOKCHA BBI3BIBA€T CHIKEHHE ITyJla aJICHWIOBBIX HYKJICOTHIOB M 3HEPreTHUECKOTO
MOTEHLMANa TKaHEH B HEIOM. OTO HAaXOAWT OTPAKEHUE B CHIDKCHUHU ITyJla
aJICHUJIATOB, YMEHbIICHUH cojniepxkanust Qpakiuii ATD, A/ID, a taxke 3HaAUYESHHN
AD3 n O®II. Bennunna cHwkeHus He mnpesblmaet 40-45 %. V3MeHeHus HocAT
cOayaHCUPOBAaHHBIA XapakTep M SBISIOTCS (DYHKIMOHAJIBHO JIOCTATOYHBIMHU JUIS
noaaep)aHus cy00a3anbHBIX CKOPOCTEH MeTa0oJIu3Ma, YTO HAXOIUT OTpaKeHHE B
COXpaHEHUH KU3ZHECTIOCOOHOCTH OpraHnu3Ma B TeUeHHE 3-X CyTOYHOM aHOKCHH.

* Ha HavanbHbIX 3Tamax rononanus (6 CyTOK) aHagapa HCIONb3yeT pecypc TKaHEBOTO
JIaKTaTa B HANPaBJICHUU PEaKIMi OKHUCIUTENBHOTO JekapbokcuimupoBannsa. OO0 3ToM
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CBUJCTEILCTBYET 3HAUUTENbHBIA pocT aktuBHOCTH JIJII' Ha ¢oHe CHIDKEHUS
COZIepKaHUs JIAKTaTa U MOBBILICHNS YPOBHS MHPYyBaTa B TKAHSX.

IIponecc amantanuy aHagapbl K TOJIOJAHUO WAET IO IyTH MCIOJB30BAHMS pe3epBa
AMUHOKHUCTIOT. DJTO OTpPa)kaeT yMEHBIICHHE YPOBHS aMUHHOTO a30Ta BO BCEX
WCCIICIOBAaHHBIX TKaHAX. HaOmomaembrii pocT conepkaHuss Oeilka B HOre U
renaTomaHkKpeace, MO-BUIMMOMY, HOCHUT OTHOCHUTEIBHBIM XapakTep U CBS3aH C
MPOIIECCOM ACTUpATAIINN TKAHEBBIX CTPYKTYD.

Ucnonbp3oBaHne aMUHOKUCIOT KaK HCTOYHHMKA OHHEPTUU TKAHSIMH aHaJaphl B
YCIOBUSIX ~ TOJONAHUS ~ NPOWCXOMUT TO TyTH  (yMapaTpeayKTa3HOH |
CYKIIMHATTUOKWHA3HON pEeaKIuii, KOTOPHIC IMO3BOJISIOT JOMOJHUTEIBHO TMOIy4YaTh
[JIMKOJIUTHYCCKUE MeTabomuThl. OO 3TOM CBUIETEIBCTBYET POCT aKTHBHOCTH ANAT
nu AcAT B psage TkaHedl. JJoHOpOM aMHHOKHCIOT BBICTYINIAeT TeMaTONaHKpeac, B
KOTOPOM, B OTJIMYME OT JPYTUX TKAaHEH, HEAOCTATOK MUILY BbI3bIBAECT 3HAUUTEIIbHBII
pOCT aKTUBHOCTHU KaTerncuna D.
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APUTPOUAHLIE 3JIEMEHTbI TEMOJIMM®bI
ABYCTBOPYATOIO MOJIJTHOCKA-BCEJIEHLIA ANADARA
INAEQUIVALVIS (BRUGUIERE, 1789)

Anadara inaequivalvis — 3BpHOHOHTHBIN JIBYCTBOPYATHI MOJLIFOCK-BCEJICHEII,
YCIIEIIHO OCBaWBAIOMIMK TpPOOJNEMHBIE aKBaTopuu YepHOro W A30BCKOTO MOpei
[Aructparenko, Xamuman, 2006]. [anabii BuI crnocoOeH CYIIECTBOBATh B IIMPOKUX
JMana3oHax COJEHOCTEH, TEeMIepaTypbl, JIETKO IEPeHOCHT AKCTpeMajbHBIE (OPMBI
runokcun ¥ aHokcuu [Rinaldi, 1985;Nicholson, Morton, 2000]. Cuwutaercs, uTO
MocjeqHee CBA3aHO C TPUCYTCTBUEM B TeMOIMM(E MOJUIIOCKAa SPUTPOLHUTAPHOTO
remornobuna [Morelloetal., 2004]. D10 NPUHIUNHAIBLHO OTJIMYACT aHATApy OT IPYTHX
npecTaBuTeNel ManakodayHbl 4epHOMOPCKOTO PETHOHA.

Mopdonorndeckue XapakTepUCTUKA  JPUTPOUAHBIX  JJIEMEHTOB  aHAJaphbl
COOTBETCTBYIOT H3BECTHBIM ISl 0€cro3BOHOYHBIX JKMBOTHBIX [Glomski, Tamburlin,
1990]. OTo smepHBIEe KIETKH, 3HAYUTENBHBIX Pa3MEPOB, UMEIOIINE TUIOCKUA MPOQHIb
OKpyIJIOM wimu  cnabo simicouanol ¢opmel. [lpy 3ToM HX pasMepbl UMEIOT
3HAUMTENbHBIE WHAWBHIyalbHbe KonebGanus [Ochi, 1969; Fontaine, Hall, 1981,
Terwilliger, Terwilliger, 1983]. [ToMuMo sipa SPUTPOIMTEI COAEPIKAT PST OPTAHOUIOB:
KOMITIEKC [ 0Jb/KH, MUTOXOHAPHUH, TPAHYJSPHBIH PETUKYIYM, JTU30COMBI, LIEHTPHOIN
[Dales, Dixon,1981; Hayward,1981].Y Hux xoporro passuriutockener [Joseph-
Silverstein, Cohen, 1984; Cohen, Nemhauser, 1985]. B mmromiasme KIETKH
o0OHapyKUBaeTcsi 0OJIBIIOE KOIMYESCTBO 3EPHUCTHIX 0a30(QIIBHBIX BKIIOUCHHH, TPUPOAA
KoTopbix He BrosiHe sicHa [Holdenetal., 1994]. Cuutaercs, 4TO SPUTPOLUTHI aHATAPHI
MOTYT TNPHHUMATh Y4acTHe HE TOJBKO B TPAHCIOPTE Tra3oB (KUCIOPONAA, JUOKCHIA
yriiepo/a), Ho U HeTpanu3sanuu cyibdumos [Vismann, 1993].

OyHKIMOHaNBHass MOPQOJIOTHST  JSPUTPOIMTOB  aHauapbl Tpedyer yuera
1 y3HOHHON TOBEPXHOCTH KIIETKH, €e o0beMa M 00beMa KIETOYHOro sapa. ITo
MO3BOJISIET OLIEHUTH Y/ACNBHYIO IMOBEPXHOCTh M SICPHO-TUIA3MAaTHYECKOE OTHOLICHUE U
KOCBEHHO CyIUTh O (YHKIMOHAJIBHON aKTUBHOCTH KJIETOK. K cokaieHuro, 3Ta
WHQOpMAIUS OTPaHUYEHA, YTO U 00YCIIOBHIIO TIPEJMET HACTOSIIUX UCCIICIOBAHUM.

JIns pacuera iomany NOBEpXHOCTH dpUTpouuTa (S;) UCTIONB30BAIN ypaBHEHNE
[Houchinetal., 1958]:

- 2mabsinh™ e
Se=2ma*hb+— ——

rae
C,+C;
= ;
C,, C, — GonpImas 1 Manasi OCH 3PUTPOIIUTA, MKM (OTIPEAETISIOTCS
9KCIIEPUMEHTAIIBHO);
.“i ﬂ-= - b:
g =—-
a ;b=0,67h;

h — TonmuHa SpUTPOIKTA, MKM:

h =18+0,0915(C, — 7,5) [Unxescxkuii, 1959].



218

I'nasa 5

O6wem knetku (V) paccuuteiBamu mo [Houchinetal., 1958] ¢ moxndukanmei.
Tak KaK 3pUTPOIUTHI Y aHAIAPBI COMEPIKAT AP0, TO K 00BEMY KIICTKH MPHOABISUTH 3Ty
sennuuny (Vp):

V. =0,7012h(C “Cayey

Oo6vem (V,) m mwromanp HOBerHOCTI/I (Sn) sapa ompenensuin no (Gopmynam
amnuncouaa BpameHus [ Tamka, 1980]:

V — ﬂNlNZZ
n 6 !
2( 1)( 2)p +( 2)2p
S, = 4 :
3
rie
p=1.6075;
Ni, N, — Oompimass W Mamas OCH fAapa DSPUTPOLINTA, MKM (OTPEHEINSIOTCS
AKCIIEPUMEHTAITBHO).

Ha ocHoBaHMM MMOTy4YeHHBIX 3HaUCHUN 00BbeMa U TUIOLIAU TOBEPXHOCTH SPUTPOLIUTOB U
UX si7ep ObUTH ONpe/ieNieHbl YACIbHBIC MOBEPXHOCTH NaHHBIX CTPYKTYpP (S/Ve u Sp/V,), a
TaK)Ke PacCUUTaHO siIepHO-TuTazMarudeckoe otHorenue (Vy/Ve).

ONHOBPEMEHHO OMpPENeNsUIM  3HAYCHHUS psijia IPUTPOLUTAPHBIX HHJEKCOB:
cpennekierounoe  coxepkanue (MCH) u  cpemHekieTouHyr0  KOHIIEHTPAIUIO
remornoouna (MCHC). Pacuerst BoITONHSUTH 110 popmysiam [3omotHuikast, 1987]:

MCH —H—b ;MCHC = 10H—b
Er Ht

rie
Hb — koHmeHTparus remMornobuHa (r i1);
Er — umcino SpuTpouToOB (KIECTKH MK );
Ht — remaTokput (%).

5.1. ®yHKLMOHaNbHasA MOP}OIOrus SpUTPOLUTOB
remonuMmdnl A. inaequivalvis

3peinbie SPUTPOUHBIE AIEMEHTHI FeMOJMM(pBI MOJUTIOCKA MMEIOT MPaKTHYSCKU
okpyrayio ¢opmy (puc. 5.1). Tlpu nuneitnbix pasmepax 14,54+0,59 mxm (C;) u
12,7620,61 mxm (C,) pasHMLA MEXIy 3TUMH BEIMYMHAMH HE MpPEBbILIANA 2 MKM —
1,79+0,06 mkm (tabn. 5.1). Kierku cpaBHUTENbHO KpymHbIe. CpeAHEKICTOYHBIH 00beM
(Vo) ¥ muiomamb MoBepxHOCTH (S.) COCTABIANM COOTBETCTBEHHO 359,39+9,28 Mkm® 1
558,69+14,04 MKM’, TIpH COMOCTABUMBIX C APYTHMH THAPOOHOHTAMH (MOPCKHE PHIObI)
BEIMYMHAX YICNbHON MoBepXHOCTH KieTKH (S/V) — 1,558+0,002 MKM [HoBwuikas,
2012a]. Beicokasi yaenbHas MOBEPXHOCTh SPUTPOIUTA aHAAaphl obierdaetr AuUQQy3uro
KHCJIOpoJia 4epe3 O0OJI0UKY KIETKH W acCOIMAllMI0 €ro C T'eMOTJIOOMHOM, a TaKKe
MTOBBINIAET €€ CIIOCOOHOCTH K JehopMaIriiyi B MOMEHT ITUPKYJISITHH.
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[urorazma  anumoduibHas, YTO CBSI3aHO C  BBICOKUM  COJCp)KaHHEM
remorigoouna. Bemwumna MCH cocraBmsna 180,64+32,51 nr. Ilpm stom MCHC
COOTBETCTBOBAJIA 3HAYCHUSM WU3BECTHBIM JUUISI APYTHX BOJMHBIX OpraHu3MoB — 22,12+3,25
% [[Tapdenora, Connatos, 2011; Hosuukas, 2012a].

Puc. 5.1. Dpurpounnsie 3nemeHTsl Anadarainaequivalvis(BuHbI 3epHUCTHIC BKITIOUCHUSI
1 OKCHIICHTPHYHO PACIIOIIOKEHHOE SIPO; MaciTabHas uHelka — 10 MKM)

Opurpouutsl aHazapel cofepxar sapo. OHO wuMeeT OKpyriyl (opmy,
pacrionaraeTcs 3KCUEHTPUYHO U 3aHMMAaeT NpuOIM3uTensHO 1/12 obObema KieTku. DTo
KOMIaKkTHOe obpasosanne (V,=29,93+0,73 MkM®) 6a30)HIBHOA OKPACKH C BBICOKOMH
JI0JICH TeTepOXPOMATHHA, YTO OTPAKAET HU3KYIO0 (PYHKIHMOHAIBHYIO aKTUBHOCTh JAHHOM
cTpykTypnl (Tabn. 5.2). bompmiodi m Maneiii auametpbl (Ni, N,) sapa cocraisuin
coorBercTBeHHO 4,25+0,14 u 3,57+0,15 mkwm. ITnomane mosepxuoctu (S,) — 45,99+0,74
MKM? OpH COMOCTABMMOI C KJIETKOW BeluuyMHE yraeabHOW moBepxHoctu (So/V,) —
1,643+0,015 MKM . OTJIMYUTENBHON 0COOEHHOCTHIO SPUTPOLUTOB aHAAAPhl SIBISUIUCH
KpaifHe HHM3KHE 3HAueHUs sepHo-muiazmarudeckoro otHoreHus (Vq/V) — 0,083+0,001
[HoBurkast, 20126].

Tabmura 5.1
I{uTomMeTprueckre XapakTepUCTHKH SPUTPOUTHBIX SJIEMEHTOB reMoJuMQpbIaHaTaphl
KonTponupyemsle 3HaueHHS
TTokazarenn n = - V, %
X + Sx Xmin Xmax

C., MKM 17 14,54+0,14 13,51 15,71 4,06
C,, MKM 17 12,76+0,15 11,84 13,73 4,76
C:-C,, MKM 17 1,79+0,06 1,44 2,47 14,92
V., MEM® 17 359,39+9,28 299,19 432,79 10,65
S,, MKkM® 17 558,69+14,04 468,83 668,90 10,36
Se/V., MM 17 1,558+0,002 1,540 1,570 0,65

[Ipumeuanue: N — yrcio ocobeit
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COBOKYIHOCTh PACCMOTPEHHOH BhILIe HH()OPMAIMU MO3BOJISIET KOHCTAaTHPOBATD,
YTO SACPHBIC SPUTPOLMTHl aHAIAPBI MPEACTABISIOT COOOH Y3KOCIICIHATN3HPOBAHHBIC
KJIETKH C TOJaBiIeHHONW (yHKIMEH sapa M Kak CIIEACTBHE OTPAHHYCHHBIM CPOKOM
¢ynkumonupoBanusi. I[Ipum mpocMoTpe mpenapaToB HaMu He ObUIM OOHApyKEHBI
OPUTPOUIHBIE 3JEMEHTHl Ha pPaHHUX CTagusx anddepeHIUpoBKH, 0O0JIafaoIme
0azopuiabHONH  NWTOIIA3MOM,  KPYNMHBIMH  SApaMH € BBICOKUM  YPOBHEM
syxpomaruna[CongaTtoB, 2005a]. 310 oTpaxkaer KpailHE HU3KYI0 HMHTEHCHBHOCTH
OPUTPOMOITHUECKUX TIPOLIECCOB M, BEPOSTHO, 3HAYUTEIBHYIO MPOAOIKUTEIBHOCTh
JKM3HU SPUTPOIIMTOB Y TAHHOTO BHJIa MOJITIOCKA.

Tab6nuua 5.2
I{uToMeTpHUeCKUE XapaKTEPUCTHKH SACP SPUTPOUIHBIX JIEMECHTOB IreMoIUM(blaHa1aphbl

KoHTtponupyemble 3HaUeHUs
IToka3zarenu n )_(i S: Yo Yo V, %
Ny, MKM 17 4,25+0,03 3,99 4,56 3,29
Ny, MKM 17 3,57+0,04 3,38 3,83 4,10
N;-N,, MKM 17 0,68+0,04 0,47 1,00 21,79
Vi, MKM® 17 29,93+0,73 25,35 35,74 10,04
S, MKM® 17 45,99+0,74 41,34 51,93 6,67
S/Vp, MEM™ 17 1,643+0,015 1,530 1,710 3,73

[Tpumedanue: N — 9uCIIO OCOOELH

Crnemyer OTMETHTh, YTO B remoiuMdeaHamgapbl MPUCYTCTBYET JOCTATOYHO
BBICOKMI MPOLEHT KIETOK C mpu3Hakamu nmsuca — 13,3+2,1 %. D10 KOCBEHHO
CBHJICTEJILCTBYET O 3HAYMTEILHOM Bo3pacte kierouHod Maccel [Siddalletal., 1995].
W3BecTHO, YTO y psina THAPOOMOHTOB KPOBETBOPHAS TKaHb HA MPOTSHKEHHH TOJOBOTO
KIa (QYHKIIMOHUPYET OrpaHUYCHHBIA MPOMEXYTOK BpeMeHH (2-3 mecsia), KOTOPBIi
NPUYPOUYCH K MOCTHEpeCTOBOMY mepuoay [Macmosa u ap., 1988; Maciosa, TaBpoBckas,
1991; ConnmaroB, 20056]. B ocraibHOe BpeMs 3pUTPOLIMTApHAs Macca PaBHOMEPHO
CTapeeT, 4TO HAXOAWUT OTPaKEHHWE B MOP(OIOrHYECKUX XapaKTepUCTHKax KieTok. He
UCKITIOUYEHO, YTO 3Ta OCOOCHHOCTh (PU3MOJOTHMH SPUTPOIOA3a XapaKTepHa W IS
MOJIITFOCKOB.

OTIUYMTENFHON 4YepTOW OJPHUTPOIMTOB aHAJapbl SABISUIOCH HAMYHE B
LUTOIIa3Me KPYHHBIX 0a30(UIbHBIX 3€pHHUCTHIX BKmMoueHHd (puc. 5.2A). 3epna
pasmepom 0,33-0,66 MkM pacniosiaraiuch BOIU3U sipa B kKoiauuecTe 41,95+2,75 enunuin
Ha KIIETKY.

[Ipupona 3THX BKIIOYEHHH HCCIEAyeTCs YK€ Ha MpoTsbkeHuu Oonee yem 120
aet, HaumHast ¢ pabor [Cuénot, 1891]. IToka3aHo, 4TO OHHM XapaKTEPHBIHE TOJIBKO IS
OPUTPOIIMTOB aHAJapbl, HO W psiga IPYrHX MOpckux Oecrmo3BoHO4HBIX [Glomski,
Tamburlin, 1990; Bailly, Vinogradov, 2005]. TTo gaHHBIM 3JIEKTPOHHON MHKPOCKOIHH —
9TO OKpPYIJIbIE CPaBHUTEIBFHO TOMOTEHHbIE 00pa3oBaHMs, HE HMEIOIINE KaKOW-TH00
BHyTpeHHe# opranmsaimu  [Holdenetal., 1994]. Twucroxumuyeckue HCCICIOBAHUS
MO3BOJIMJIM BBISIBUTH B HUX TEPOKCHIA3HYIO aKTHBHOCTH, JKEJIe30, XHpPHI, BUTaMUH C,
cnalyro nm3ocomanbHyo aktuBHOCcTh [Holdenetal., 1994]. Psin aBTOpOB cxomuTcs BO
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MHEHHH, YTO 9TH BKJIIOYCHUSI COACPKAT YHUKAJIBHBIN IeM, BXOJSIIHN B COCTaB TeMaTHHA,
KOTOPBI HUCIOJIB3YETCS KaK pe3epB jKele3a NpH CuHTe3e remorinobuna [Vismann, 1993;
Holdenetal., 1994]. Tlpu stom Bucman [Vismann, 1993] cs3biBaeT ¢ TreMaTHHOM
CIMOCOOHOCTh MOJUTIOCKA HEWTpaM30BaTh IOBBIIICHHBIC KOHIEHTPALUH CYJIb(QHIOB,
BBICOKHH YpPOBEHb KOTOPBIX IPAKTHYECKH BCErla COMPOBOXKIACT THIIOKCUYECKHE U
AHOKCHYECKHE YCIIOBHS MOPCKOM cpebl. B HacTosIei paboTe BriepBhie OBUIO MOKAa3aHO,
YTO 3CPHUCTHIC BKIIOUCHHS B IMTOIUIA3ME OJPHUTPOLMTOB aHAIapbl HE SIBISIFOTCS
NOCTOSIHHBIMH  00pa3oBaHusiMU. [lo Mepe CHIDKCHUS (YHKIIMOHAIBHON aKTUBHOCTH
KJICTKH: YMCHBIICHUH 3HAYCHUH siaepHO-TUIa3Maruueckux otHomenuid (Vo/V¢), atu
CTPYKTYpbl TOCTENEeHHO wucue3aroT. Ilpu V,/V. Ommskux k 0,09 3epHa Xxopoiio
Npe/ICTaBIeHbl B IUTOIUIa3Me KieTku (puc. 5.2A), npu Vo/V, 6mmskux x 0,06 pazmepst
3epeH CyIIecTBeHHO yMeHbmmatorcs (puc. 5.2B), a mpu V./V. 6muskux k 0,04 onu
NMPaKTUYECKH He BcTpevarotes (puc. 5.2B).

Puc. 5.2. CooTHolienue MexIy pazMepaMy KJISTKH U YUCIOM 3€PHUCTHIX BKIIOUSHUH (A
— aputporutsi ¢ Vy/V, 6mmskum k 0,09, b — spurpouutsi ¢ V,/V, 6iuskum k 0,06, B —
sputporuthi ¢ Vo/V, 6imskum k 0,04; macistaas ummepcust, 1500%; MaciiTabHas TMHEHKa
— 5 MKM)

OTMe4eHO TakXKe, YTO JaHHbIC BKIIIOYEHHUS PAcIONIaraloTcsi B OCHOBHOM BOJM3HU
Apa KJIETKH. DTO XOPOILO 3aMETHO B CIIy4asX SHYKJIHALWHU, KOT/AA AP0 BBITAIKUBACTCS
U3 KIETKHM BMECTE CO CKOIJICHHEM 3€pEH, YTO IMO3BOJISIET MPEIIOJIOKUTh MX CBS3b C
rpaHyJsipHbBIM petukyiaymoM (puc. 5.3A). [Mogo6ubie cobbiTus oTmedanu B 0,76+0,26 %
CITy4aeB.

OHyYKJIMAlAs MOXET COIMPOBOXKIATHCS M 00pa3oBaHHEM O€3bsACPHBIX KJIETOK
(puc. 5.3b). Mx nabmomanu B remonumMde mommocka B 1,8+0,2 % cinygaes. K atomy xe
MOTYT MPHUBOAUTH U MPOLECCHl aMUTOTHYEeCKOro nurokuHesa (1,2+0,2 % ciyuaes) mpu
COXpAaHEHHHU SIpa B OAHOW W3 AOYepHHX KieTok (puc. 5.3B). M3penka nHabmromanu
SPUTPOLUTEI C JBYMS SIApAMHU CO CPAaBHUTEIBHO BBICOKOM JI0JIEM 3yXpoMaThHa
(1,20+0,21 % cny4aeB) (puc. 5.3I'). D10, MO-BUAUMOMY, SIBISETCS CIIEICTBUE TOTO, YTO
NPOLIECCHl KapHO- M LUTOKMHE3a SPUTPOMIHBIX 3JIEMEHTOB Yy aHaJapbl MOTYT OBITh
pa3HeceHbl BO BpEeMEHH.

Takum obpazom, S3PUTPOLIUTHI reMoJuMQblaHaIapbl - 3TO
Y3KOCTICLIMAJIM3UPOBAHHbIE KJIETKM C BBICOKUM BHYTPUKJIIETOUHBIM COJEPKAHUEM
reMoriioOnHa,  TOBBIIIEHHOH  yAENbHOH  TOBEPXHOCTBIO U (DYHKIIMOHAJIBHO
MaJIOAKTHBHBIM SIIPOM, O YEeM CBHAETEIbCTBYST KpailHE HU3KHE 3HAYCHUS SAEPHO-
TUIa3MaTHYECKUX OTHOLICHUH. SIIpo KIeTKW MMeeT He3HAYMTENbHBIH 00BbEM ¢ BBICOKON
Jojeil  rerepoxpomaruHa. LluTomnmazma  SpUTPOLMTOB  COAEPKHUT  TpaHyJISIPHBIC
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BKItoueHus. OHU He SBJISIIOTCS MOCTOSIHHBIMU CTPYKTypamu. VX MpUCYTCTBUE CBSI3aHO C
(YHKIIMOHAIBHON aKTHBHOCTBIO KIETKH. lIpHW sIepHO-TUIa3MaTHYecKOM OTHOIICHHUH
omuskoMm k 0,04 BKITFOYEHHSI NMPAKTUYECKU HE BBIBIIOTCS. ['eMonuMda MOJUTIOCKa He
COJCPKUT JPUTPOMAHBIX 3JIEMEHTOB Ha pPAaHHUX CTagusx IupQepeHIUpPOBKH, UYTO
OTpakaeT HeperysPHOCTh SPUTPOIIOITUIECKUX MPOIIECCOB B KPOBETBOPHOW TKaHH.

Puc. 5.3. Dpurpousnnsie 3eMeHTH reMonuMdbl aHagapsl (A — SHyKIHanust, b —
Oe3bpsaaepHas KieTka, B — amuToTnueckuil nutokuHes, I' — ABysaepHas KiIeTKa; MacisHas
ummepcns, 1500%; macmtabHast THHEHKA — 5 MKM).

5.2. dputpounaHbie 351ieMeHTbl reMonuMmbl A. inaequivalvis B
YC/NI0BUSIX 3KCNEPUMEHTa/IbHOW aHOKCUMN

DKCrepUMeHTalIbHAS YacTh PA0OTHI BHIMOJHEHA HA CIEIHAIbHO Pa3paboTaHHOM
cregre. OH TO3BOJST TOAJCP)KUBATH 3aJaHHYIO TEMIEparypy W KOHIIEHTPALUIO
Kuciaopoga B Boie. B kamepy oOvemom 13,5 a1 momemiamu 30 ocobeit  A.
inaequivalvis(mmua pakoBusbl 30—33 mm). CoaepikaHue KHCIOPOJa B BOJE CHIDKAIH B
teuenue 2,5-3,0 gacos ¢ 8,5-8,7 10 0 mr n'lnpoxaqHBaHneMNz. KoHTpoJib 32 BeTUUNHOM
PoocymectBnsiin  moTeHpomerpuueckn. B pabore mpumensuin okcumerpELWRON
5221 (Ionbiua). TemmepaTypa BojbI MOAIEpKUBATIM Ha yposHe 20+1°C. dortonepuon —
12 yacoB neHb:12 uyacoB HOYb. OKcmo3ummsa — 3-¢ cyTok. KoHTponbHas rpynma
MOJUTIOCKOB COJIepKallach B aHAJIOTMYHBIX YCJIOBHSX NMPH KOHIIEHTPAIMH KUCIOPOJa B
Bome 8,5-8,7 mr it (95-97 % mHaceimenus). EXeJHEBHO B ONBITE M KOHTPOIE
MIPOM3BO/IVIIH MTOJTHYIO CMEHY BOJIBI B eMKOCTSIX JUTS yJAJICHHS METa0OIUTOB.
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5.2.1. I'emaToioruuecKue UCCiIeq0BaHN

KonrenTparus reMoriioornHa, Yucio 3pUTPOIUTOB H TEMATOKPHUT Y KOHTPOJIBHOM
TPYMITBI MOJITFOCKOB COCTABJISUTH COOTBETCTBeHHO 21,131 r it 53,5+12,8 (103) KJIETOK
MK, 4,79+1,07 %[Hosurkas, Commaros, 2011]. B ycioBusx 3KCIEpUMEHTATbHON
AHOKCMU OHHU HE TPEeTepleBAINd CYNICCTBEHHBIX W3MeHeHui. OTMmeuanach IJUIIb
HEKOTOpas TEHACHIMS TOHMKCHUS 3HAUYCHUM MEpBBIX JBYX ITOKasareiaed W pOCT
nocneanero (puc. 5.4). OqHako pa3inuuus He ObUIM CTATHCTUYCCKH BBIPAXKCHBI.
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g 151 = =
g B T 40t g
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Eloj 530, §2k
% L 520? o
Sl 2 10] =T
L S o0 L
0 2 & 0 1 0 1 2
500 - 50 - 2501
400 + 40 - - 200f
= i X = L
500 30T 2 1507
§2oo~ L2)20~ o 1001
100 | 10 - 50 -
L L 0;
0 12 0 1 2

Puc. 5.4. 'emaTonorndeckne XapakTEpUCTUKU U SPUTPOLIUTAPHBIE HHACKCHI aHAIaphl B
ycnoBusix (1) Hopmokcuu (00beM BbIOOpkH — 10 ocobeit) u (2) anokcuu (00beM BEIOOPKH
— 13 ocobeit)

Pacuer Ke OpUTpOLMTAPHBIX HMHIACKCOB, IPOBEAEHHBII HAa  OCHOBE
reMaToJIOTHYECKHX XapaKTEPUCTHK TeMOoNIMM(bIaHaIapbl, HAPOTUB, MOKa3ajl HaJn4dhe
3HAYMMBIX M3MeHeHui (puc. 5.4). Oovem kietku (V.) UMeN TCHACHIUIO YBEIUUCHUS U
coctaBun 218,35+5.37 mkmS. D10 npoucxoawyio Ha ¢one cHmwxenus MCHC npu
coxpaneHnn 3HadeHut MCH. Takoe cooTHOIIEHHE TIOKa3aTeNedl Mpeanoaaraet
HaOyXaHHE KJIETOK (CBEJUIMHT).

5.2.2.0cMmoTHrueckas CTOMKOCTh 3PUTPOLIMTOR

[lepBble mTpHU3HAKKM JH3KCAa JPUTPOUJIHBIX KIETOK y KOHTPOJBHON T'PYIIIIbI
*uBOTHBIX otmedanu npu 0,52+0,02 % NaCl (MuHMManbHasT pe3UCTEHTHOCTH). [loaHOE
paspyuenue Hadmonanu mpu 0,18+0,01 % NaCl(makcumanbHasi pe3uCTEHTHOCTb) (pHC.
5.5). Jlnana3oH pe3NUCTEHTHOCTH ObUI CpaBHUTENBHO MIHMPOK U coctasisn 0,34+0,01 %
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NaCl, 4To oTpaxkaeT TOCTATOYHO BBICOKYIO CTEICHb IE€TEPOrCHHOCTH LUPKYIHUPYIOLICH
SPUTPOLUTAPHON MACCHI B OTHOIICHUH JaHHBIX XapaKTEPHCTHK.

B ycnoBusax aHOoKcHH HAOMIOAANCs 3HAYUTEIHHBINA POCT 3HAYCHUH MUHUMAIBHOMN
PE3UCTEHTHOCTH KIJIETOK KpacHOW KpoBU. Hawano nm3uca SpUTPOHIHBIX BIIEMEHTOB
npoucxoauiao npu 6osiee Hu3kux kourentpanusax NaCl — 0,40+0,02 %, gro na 23,1 %
(p<0,001) Hmxe 3HAUEHHI, OTMEUCHHBIX JJIsl KOHTPOJIBHOW TPYIIITBI MOJUTFOCKOB.

0.8 -
0.6 - I
° | T
% 04 I 1
s |
0.2 B x I
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Puc. 5.5. OcmoTudeckas pe3siCTeHTHOCTh SPUTPOIIMTOB aHaaaphl B yeroBusx (1)
HOpMOKcuH (00beM BIOOpKH — 10 ocobeii) u (2) aHokcuu (00beM BBIOOpKH — 13
ocobeii): | — muanmanbras, || — MakcumanbHast

3HaueHHsT K€ MAKCHMAJIbHOM pE3HCTEHTHOCTH COXPAHsIMNCh Ha YpOBHE
KOHTPOJIBHBIX BeMUYWH. OJHOBPEMEHHO yYMEHBINANCS M Uara3oH Pe3UCTEHTHOCTH Ha
22,4 %(p<0,01), TOo ecThb OpUTPOMAHAS MOMYJSAIMS KJIETOK CTaHOBWJIACh Oolee
TOMOTE€HHOI.

5.2.3. Mopdomerprueckne XapakTepUCTHKHA SPUTPOLIUTOB

OpHUTPOUIIHBIE  AJIEMEHTHI  TeMOJTHM(BIKOHTPOIBHON  TPYHIBIMOJLTIOCKOB
(HOPMOKCHSI) HMEIOT CIIeTKa 3JUTHICOUaHYI0 (hopmy:6ombmmoiit (C;) m wmamsrii (Cy)
nuameTpsl kietku coctasuu 11,3440,24 u 10,20+0,26 MM cooTBeTcTBEeHHO (TadI1. 5.3).
3aBucumocTh MexayC; u C, XOpOIlIo ONMUCHIBAETCS YpaBHEHHEM JMHEHHOH perpeccuu
(puc. 5.6) ¢ TOCTaTOYHO BBHICOKMM KOA((OHUIIUEHTOM JeTEPMUHAITUN (Rz) —0,68+0,06, uro
CBOMCTBEHHO KJI€TKaM, HMEIOLIUM OKpyriylo ¢opmy (tadm. 5.4). lluromnasma
anuao(QuIbHAs, YTO OTpakaeT MPHUCYTCTBHE remoriioonHa. OHa Takke COACPIKHUT
3epHUCTBIC 0a30(uIbHBIE BKIIOYCHHS B KonmdectBe 21,8+0,7 enmuuiy Ha kierky. Ha
Ma3Kkax OOHapyKWBAIOTCS pa3pylICHHbIE KIETKH — SPUTPOIUTAPHBIE TeHH. KonndecTBo
uX He npeBbimaet 14 % ot o0miei kieToyHoM Macchl (Tabi. 5.3).

Knerku conepxar siipo. OHO HEOOIBIIOE U TAKKE UMEET AILTUIICOMTHYIO POopMY.
IIpononsusie (N;) u momnepeunsie (N,) pa3Mepbl 3TOW CTPYKTYpPHl COOTBETCTBYIOT
3,93+0,10 u 3,18+0,07 mkm (taba. 5.3). O6sem sapa (V,), paccuntanHbiii 0 Gopmyiie
SIUTHIICOMA Bpatennst, coctasi 21,97+1,63 mxm’.

Pacipenenenne BemmuwmH V, HOCHIO CIOXHBIH Xapaktep (pumc. 5.7).
PamxupoBanue BHIOOPOYHON COBOKYNHOCTH C BEJIMYMHOM KJIacCOBOTO MpoMexyTka 20
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MKM II03BOJIMJIO ITOKa3aTh, YTO OCHOBHAas Macca kierok (bomee 40 %) umenu sapa c
oobemom wmenee 20 wmkM. Coxpepxumoe  sAApa  KOMIAKTHOE C  BBICOKO
KOHIICHTPUPOBAHHBIM XPOMATHHOM, I[BET Pe3KO 0a30(pMIbHBIN, Y4TO OTPaKaeT HU3KYIO
(GYHKIIMOHAIBHOW AKTUBHOCTH JAHHON CTPYKTYphl. OO0 3TOM € CBHICTEIBbCTBYIOT
MOHIKEHHBIE 3HAYEHUS SuepHo-TuasMaTrdeckoro otaomenws (V,/ V.) — 0,112+0,006.

Tabmmmas.3
[luTomMeTpryecKre XapaKTEPUCTHKH SPUTPOUIHBIX SIIEMEHTOB IeMOJMMQblaHaJapsl B
ycIoBUsAX HOpMOKcuH (00beM BbiOOpku — 10 ocobeit) n aHokcuu (00beM BbIOOpKH — 13

oco0eit)

ITokazarenu KonTpouib AHokcus
Cy, MKM 11,3440,24 11,56+0,13
C,, MKM 10,20+0,26 10,55+0,13
N1, MKM 3,93+0,10 4,13+0,05
N,, MKM 3,18+0,07 3,46+0,03
(C1-Cy), MM 1,14+0,06 1,01+0,03
(N1-N,), MM 0,75+0,06 0,67+0,02
Uwmcno 3epeH, mIT. 21,8 +0,7 29,8 +£0,6
[ToBpexaeHHBIC KIETKH, %o 13,3+2,1 56,3+5,0
Y0309, y2ABH0ETX | y=2 524088
F 1 L + i 1
= 14 L + +¢¢+ = 1‘2‘- [ ty = 14 i y
£ 12 + 1 & i + Ik £ 121 + AT
=10 7 = 101 T = 10}
S 8t o S S 8
6r  R2=0.62 - R2-064 6 R2=0.73
4‘\11A11AJ 4\‘1‘1‘1‘1‘J 4‘\‘1‘1‘1‘1‘J
4 6 8 101214 4 6 8101214 4 6 8 1012 14
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g Y7034HLO7x y=0.13+1.09x ¢ ¥=0.90+1.02x
s 17 +::+ s 14 g o
2 12r 7 g 12+ L . +
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Puc. 5.6. 3aBucumoctsb C; oT C,y OTAETBHBIX 0cO0EH aHagaphl B YCIOBUSIX HOPMOKCHH
(BepxHuil psin) v aHoKcHH (HIKHUHN psix) (06bem BeIOOpkH — 100 KiteToK)
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AHOKCHSI CONPOBOXKIANIACH POCTOM JIMHEHHBIX pa3MepoB KJIETOK KPaCHOW KPOBH
u ux sgep. OTMedanoch HE3HAYUTETbHOE YBEIUYCHHE MPOJOIBHOTO M TMOIEPEYHOTO
ceuenust 3putporuToB (Cy, C;) OTHOCUTENEHO KOHTPOJIBHON TPYIIIBI XKHUBOTHBIX (Ta0I.
5.3). KnteTku ctaHoBWIHCH Oosiee okpyribiMu. Pasuuiia Ci-C, ymenbpmanacsk Ha 11,4 %.
3aBucumocth Mexay C; m C, craHoBwiack Oonee BbepaxeHHolH. OO0 »ToMm
CBHICTEILCTBOBAJI POCT 3HAYCHHI KO3 duIteHTa b B ypaBHEHUH THHEHHON perpeccuu
Ha 18,6 % (p<0,001) u yBenuuenue 3uauenuii R’ma 23,5 % (p<0,001) (puc. 5.6, Tabm.
5.4). CylecTBEHHO BO3PACcTaIO M YUCIIO 3EPHUCTHIX BKJIIOUEHUH B IUTOILIa3Me Ha 36,7
% (p<0,001) (tab6m. 5.3). KonuvecTBO pa3pynieHHbIX KIETOK ObLIO B 4,2 pa3a BhIIIE, YeM
B TeMoJIM({e MOJUTIOCKOB KOHTPOJIBHOM TPYIITIHL.

Tabmuua 5.4
ITapameTps! ypaBHEHUS TUHEWHOM perpeccun oTpaXkaromue 3aBUCHMOCTh C; oT C;
ITokaszarenn KonTpons AHOKCHS
a 2,53+0,53 0,85+0,23
b 0,86+0,05 1,02+0,02
R? 0,68+0,06 0,84+0,02
50
L 50 -
e 40 F » Kontpons
od s Kourpoib X 40
530 530!
=gl % 30 -
5 i
CE 20 ’ % sl
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Puc. 5.7. Pacnipeenenue 3puTpouIHBIX 3IEMEHTOB reMoJMM(blaHagapsl B COOTBETCTBUH
¢ 00bEMOM sijipa B YCIIOBUSIX HOpMOKCHH (00beM BbIOOpKH — 1000 KII€TOK) ¥ aHOKCHUH
(06bem BeIOOpKH - 1300) (crieBa — (hakTHYECKOE pacIpe/ic/ieHne; CpaBa —
pacrpeneneHue nocie pawxuposanus; 1 — go 20 MKMS, 2 — 20-29 mrm®, 3 — 30-39 mim®,
4 — Gonee 40 MrMm)
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[MapamiensHO yBETHYMBAIUCH U JTMHEIHHBIC pa3mepbl kiaeTounbix saep (N, Np) Ha
5-8 % (tabma. 5.3). Ocobenno GbLT 3aMeTeH pocT oObema sapa — 23,8 % (p<0,01). B
KJIETOYHOHN TIOIYIISAIIAN BO3PACTANIO YHCIIO APUTPOUIHBIX IIEMEHTOB ¢ 00BheMoM sifpa 20-
30 mxm (puc. 5.7). VYBenuyeHHe K€ pa3MEpPOB JAaHHOH CTPYKTYpbl OBLIO
MPOTOPITMOHAIBHO POCTY o0beMa kieTku (Tabm. 5.3). fAmepHo-TIa3MaTUUECKU UHICKC
Vi/V e mamenscsa[Conmaros u ap., 2011].

U3 mpencraBieHHBIX pe3ylbTATOBCIEAYET, UYTO AaHOKCHS BBI3BIBACT PsA
OJTHO3HAYHBIX W3MCHCHHMH B (PYHKIIMOHAJIBHOM COCTOSIHHH, MOP(OJIOTHHA M Pa3MEPHBIX
XapaKTePUCTUKAX IPUTPOUIHBIX JIEMEHTOB TeMOTHMM(BI MOJUTIOCKA:

e YBENMYCHUE THHEHHBIX U 00BEMHBIX XapaKTEPUCTHK KIETOK M UX SJIED;

® JIM3UC 3HAYUTEILHOW YACTH OJPUTPOWIHBIX 3JEMEHTOB Ha (OHE pocTa UX
CTOHUKOCTH K OCMOTHYECKOMY IIIOKY;

® MOBBINICHUE YHCIIA 0a30(MIbHBIX BKIFOUCHHUH B IIUTOILIA3ME.

Cremyer OTMETHUTh, 4TO pocT 00beMa KineTkH (V) B YCIIOBUSX BHEIIHEH aHOKCUH
NPOUCXOJMI Ha (OHE CHIDKCHHS CpPEIHCKICTOYHONW KOHICHTPAIMKH TeMOTTIO0HHA
(MCHC) npu coxpaHeHHH aOCONIOTHOTO COJCp)KaHHUS JAHHOTO COCIUHCHHS B
spurporute (MCH). Takoe COOTHOIICHHE TIOKa3aTelie BO3MOXHO TOJBKO TIpHU
TUJIpaTaliy IMTOIUIA3Mbl KJIETKH, KOTOPOE MPHUBOAMT K €¢ HaOyXaHHIO (CBEJLIMHTY).
IMonoOHass HamMpaBIEHHOCTh MPOIECCOB OTMEUYCHA HAMU paHee W U SACPHBIX
spuTpounToB cKkoprieHsl [[lappenosa, Conmatos, 2005]. ITa 3aKOHOMEPHOCTH OTMEUECHA
B paborax MHOrux aBTopoB [Perry, Reid, 1994;Jensen, 2004].

W3BeCTHO, 4YTO THIOKCHS Y KOCTHUCTBIX pPBIO COMPOBOXAAETCS BBIOPOCOM
KaTeX0JIAMHHOB (aJpeHAMHA, HOpaIpeHaIrHa) B IUPKYJIUPYIOIIyI0 KpoBb [Perryetal.,
1999; Jensen, 2004]. Ces3biBasch C [-aApeHOPEICNITOPAMUIPUTPOIIUTAPHBIX MeMOpaH
5TH COEMHEHMS MHAYLHUpPYIOT TpaHcMemOpannbeii Na'/H'o6men [Nikinmaa, 1991;
Jensen, 2004]. Harpuii, kak OCMOTHYECKH aKTUBHBIA KATHOH IOBBIIIAECT COACPIKAHHE
BOJIBI B IIUTOIIA3ME, YTO U MPHUBOAUT K YBEJIMYCHUIO 00BeMa KIIETKH B 1eJIoM. MOXHO
JONYCTUTb, YTO JTAHHBIH MEXaHU3M B YCIOBHSAX aHOKCHUH PEATU3YyeTCs U B DPUTPOHTHBIX
3IIEMEHTaX TeMOoTUM(bIaHaTaPbI.

lunpatanus 1UTOmNIa3Mbl W KakK  CIENCTBHE HaOyXaHHE KIETOK JIOJDKHO
COIIPOBOK/IATHCSI MX YACTUYHBIM JIU3UCOM, YTO B JCWCTBUTEIBHOCTH M MMEJIO MECTO.
Yucno spuTpOIMTAPHBIX TeHeH (pa3pylIeHHbIE KIETKH) Ha Ma3KaX TeMOIUM(bI OTIBITHOM
TPYIIBl MOJUTIOCKOB TOBBIMIANOCH Ooyiee yeM B 4 pasa. Jluzucy, Mo Bce BUAUMOCTH,
MOJIBEprajiich HauOoJee cTapble KIETKH, sl KOTOPBIX XapaKTepHa HU3Kas JJIACTHYHOCTh
MeMOpPaHHBIX CTPYKTYp M KaK CIIe/ICTBUE TTOHW)KEHHAs YCTOWYMBOCTh K OCMOTHYECKOMY
moky [Lane, Tianang, 1992].310 mK0mKHO ObLIO HNPHBOIAWTH K OTHOCHUTEIEHOMY POCTY
COJICp)KaHUSI B TEMOIUM(EIPUTPOUIHBIX 3JIEMEHTOB 0ojiee paHHUX TeHepaluii.
JeiicTBUTEIBPHO KJIETOYHAsE Macca TreMonuMdblaHagapsl B XO/A€ OKCIEPHUMEHTa
npuobpetana psg MOpHOIOTHUECKUX U (PYHKIIMOHATBHBIX CBOWCTB, MPHUCYIITUX MOJIOIBIM
KJICTKaM: MOBBIIAINCH CPETHEKICTOYHBI 00bEM U JIMHEHWHBIC XapaKTEPUCTHKH SIEp,
YBEIUYUBAIOCH YMCII00a30(pHIBHBIX BKIIIOYEHUIH B IUTOIUIA3ME, POCNA YCTOWYMBOCTD
SPUTPOUIHBIX JIEMEHTOB K OCMOTHUECKOMY IIOKY.

OMooKeHHEe IIUPKYITHPYIOIIECH SPUTPOLIUTAPHON MACChl TeMOTHM(BI MOJIITIOCKA
MOXET OBITh TaKKe CBS3aHO C TOBBIMICHHOW MPOAYKIIMOHHOH aKTHBHOCTBIO €ro
KpPOBETBOPHOH TKaHHW. M3BECTHO, 4TO THIOKCHS (aHOKCHS) HHAYIHPYET BBIPAOOTKY
OPUTPOIOITHHOB B TI0YKaX THUAPOOMOHTOB M YCHJIHMBAET TEM CaMbIM IPOIIECCHI
nposaudepaimu B 3puTporaHoM psiay kiaerok [Wickramasinghe, 1993; Laietal., 2006].
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OpHako B HAIIEM CITydae 3TO, IO BCEH BUAMMOCTHU, HE MPOUCXOAUIO. MBI HE OTMEYaT
MOSIBIICHUST B TeMonmM(eaHanapsl B YCIOBHAX aHOKCHH MaJoaudhepeHInpOBaHHBIX
SPUTPOUAHBIX BJIEMEHTOB, UMEIOMMX 0a30(QMIBbHYI0 IUTOIUIA3MY W KPYIHBIE SApa C
HU3KOKOHJICHCUPOBAHHBIM XPOMAaTHHOM. 3HaueHus wuHAckca V/V,. He upetepreBaiu
CTaTHCTUYCCKM 3HAYMMBIX H3MeHeHHMi. Clelyer Takke NIPHHATh BO BHHMAaHUC U
MIPOJOJKATENBHOCTD SKCIIEpUMEHTa — 3 CyTOK. Jlaxke Mpu aKTHBHOM TeHepaIuy KIETOK
KPOBETBOPHOHN TKaHBIO ATOTO BPEMEHU HE JIOCTATOYHO JJIsl CYIIECTBEHHOTO OOHOBJICHUS
KJIETOYHOW MacChl MOJIOJBIMU KJICTKAMU.

Takum 00pa3oM, aHOKCHS BBI3BIBAE€T THAPATAIMIO IMTOIUIA3MBI M HaOyxaHWe
(CBEJUIMHT') DSPHUTPOUAHBIX AJIEMEHTOB B TeMoiauMdeaHagapbl. OTO COIMPOBOKIACTCS
JIU3UCOM TPEHMYINECTBEHHO CTaphIX KJICTOYHBIX (OPM, HUMEIONIMX Ooyiee HHU3KYIO
OCMOTHYECKYIO PE3UCTEHTHOCTh. Pa3pylieHre cTapoil 3pUTpOLIUTAPHOI MacChl IPUBOIUT
K OTHOCHTEIEHOMY POCTY COZIEpXaHHs B TeMoNnM(peKIeToK Ooyiee paHHUX TeHEpalni.
[Tocnennee ompenenseT yBENIWYEHHE CPETHEKIETOYHOTO OOBeMa spa, COACPIKAHHS
6330(1)I/IJII)HI)IX 3CPHUCTBIX BKJIIOUEHUH B OUTOIIa3ME€ M IIOBBIIIICHUEC yCTOI\/II‘II/IBOCTI/I
SPUTPOUAHBIX HIEMEHTOB MOJLTIOCKA K OCMOTHYECKOMY IIOKY.
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LLBETOBOW MNOJINMMOP®U3M PAKOBUH U
AKTUBHOCTb HEKOTOPbIX ®EPMEHTOB B TKAHSAX
MYTILUS GALLOPROVINCIALIS LAM.

JIByctBopuatsiii mosuttock Mytilus galloprovincialis Lam. siBisiercss MaccoBbiM
JUISI 4EpHOMOPCKOTO PETHOHA, €r0 MOCEIEHHS OTMEUYEHBbl Ha MJIOBBIX M CKaJbHBIX
cyOcTparax, MPUHIUITHAIBHO OTIMYAIOIIAXCS 110 YCIOBUSAM a0MOTHIECKOTO OKPY>KEHUS
[MBanoB u mp., 1989]. [l MIOBBIX MOCETEHUH XapaKTepHO MpeodiiagaHue MOJITIOCKOB
CO CBETJIO-KOPUYHEBON OKpackol pakOBHMHBI, U1 CKaJbHBIX — C OKpAackoW YepHO-
¢duoneroBoro npera [MBanos u np., 1989; Kazankosa, 2008].

B nmreparype pacmpocTpaHEeHO MOHATHE «I[BETOBas Mop(da», OCHOBaHHOE Ha
OKpacKke CTBOPOK MHUAWMHW. BBIIensioT aBe MOp(bI: YEpHYI0O M KOPHYHEBYIO — pExXe
TOBOPAT O HAJIWYMM MPOMEXYTOUHBIX Tpymi. CuuTaeTcs, 4TO OKpacka paKOBHHBI
SBIISIETCS. MapKepOM KOMIUIEKCA TEHOB, ACTEPMHUHHPYIOIUX PN  (QU3UOJOTHUECKU
3HAYUMBIX TIPU3HAKOB. TaK, Ui pa3HOOKpaIIeHHBIX MUIUH OblIa OOHApyKEeHa Pa3HUIIA B
MPOYHOCTH M CKOPOCTH 00pa3oBaHUsl OMCCYCHBIX HHUTEH, TEMIaX COMAaTHYECKOrO POCTa
msrkux  TkaHed [Illep6anmp, 2000; Ilep6anb, Bsora, 2008], mI0g0BUTOCTH,
BbKMBaeMocTH [bynatos, 1984], pe3ucrentHoctu k mapasutram [Lllypoa, 3omoTopes,
1988; Maukesckuii, llagpun, 1990]. Mexay Mmopdamu CyIIeCTBEHHO BapbUPYET COCTAB
M30()EPMEHTHBIX CIIEKTPOB  6-POoChOrIOKOHATIEIUPOTeHa3bl W HECTIeHU(PUISCKUX
acrepa3 [CromboBa, Jlagsiruaa, 1994], pa3HATCS aKTUBHOCTH TIIyTaTHOHIEPOKCUAA3H U
TIyTaTHOHPEAYKTa3bl [Anekcannposa u np., 2001], cocraB xapotunouaoB [bopoauna,
Conparos, 2010].

Hecmotpss Ha TO, 94TO TpW3HAK OKPACKHA CTBOPOK IIMPOKO MPHUMEHSETCS IMPH
WCCIIEIOBAHNN JTAHHOTO MOJUTIOCKA, BBIZCTICHHE IBETOBHIX MOp(] B OOIBIIMHCTBE
CIIy4aeB OCYLIECTBIISIETCS BH3YaJIbHO, KOJIMYECTBO BBIJENSAEMBIX (DEHOB y pa3HbIX
aBTOpOB BapbupyeT [Cronbosa, ITupkosa, 1996; Lllyposa, 3onotopes, 2008; Kazankosa,
2010]. B orToif rnaBe mNOpEACTaBICH HOBBIA METOJ, MO3BOJSIOIIMA HAa OCHOBE
KOJINYECTBEHHOTO aHall3a BBICIATH I[BETOBbIE MOP(B MUAWH, C MOCIEAYIOIAM
omnpeJeneHeM GYHKIIMOHATBHBIX PA3TUUUi MEXKy HUMHU.

6.1. BbisBNIeHMe LBETOBbIX rpynn
M. galloprovincialis

Y MuauM 1BeT CTBOPKH (OpMHUpYETCsl OBYMSI 3JEMEHTaMU OKPAacKH: CHHe-
(MOJIETOBEIM MUTMEHTOM HApPYXKHOTO IMPU3MATUYECKOTO CIIOS PAKOBHHBI M KPacHO-
KOPHYHEBBIM - KOHXHMOIHMHOBOro ciiosi [Trevelyan, 1987]. BusyaibHO IIBET CTBOPOK
MOXKET BapbHPOBaTh OT CBETJIO-KOPHUYHEBOTO J10 uepHO-(puoneroBoro [Newkirk, 1980;
WBanoB u np., 1989], ¢ HanmuMeM WM OTCYTCTBHUEM pPaJAHAIBHON HCUYEPUEHHOCTHU
[Mitton, 1977; CtomboBa u ap., 1996; Novac, Fusu, 2006; [llyposa, 3omotopes, 2008].
XuMudeckas CTpyKTypa IHIMEHTa CTBOPOK MHIMH Bce emle He u3ydeHa. KpacHo-
KOPUYHEBBIMHA TMHWITMEHT, BO3MOXHO, SBIAETCA MEJIAHUHOM, CKIEPOTHHOM HIIH
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OMMOXPOMOM. MeHbIlle MOXKHO CKa3aTb O CHHEM IMTMEHTE NPU3MAaTH4YeCKOro CJos
pakoBuH [Trevelyan, 1987].

Okpacka CTBOPOK MHIHWHM  3aKianbiBaeTcs TeHernmueckn. OO0  3ToMm
CBUJICTENILCTBYET XapakTep pachpeielieHus (EHOB B TMOMYISIMA U Pe3yJbTaThl
ruOpugoIorndeckoro ananusa. [Ipennonaraercs, YTo NpU3HAK HACIEAYETCS MO MPOCTOH
OJHOJIOKYCHOHM NIBYXaJUIEIBHOU CXEME, B KOTOPOH KOPUYHEBBIM LIBET JOMUHUPYET HAJ
YEepHBIM, a HAIMYKE PaAHalbHOW MCUEPUEHHOCTH — HaJ ee oTcyTcTBueM [[IupkoBa u
ap., 2000]. Oanako B aHanoOru4yHoi pabore Ha OmuskopomacTBeHHoM Buae M. edulis
HaOIOJaeTcd OTKIIOHEHHE OT BhINMIEyKa3zaHHOW cxembl HaciemoBauus [Newkirk, 1980].
Jlpyras Touka 3peHUs] OCHOBBIBAETCS Ha JAHHBIX 00 OKpPACKE KPUCTAJUTUYECKOTO CIIOS
PaKOBUHBI, KOTOPBIH MOXXET OBITh YUCTHIM, C BBIPQKCHHBIMH CHUHHMH IIOJIOCAMH HITU
MOJTHOCTBIO OKpalleHHbIM. B Takoil cucteme 00a THIIA MOJUIFOCKOB C OJIHOTOHHBIM
KPUCTAUTMUYECKUM CJIOEM CUHTAIOTCS TOMO3UTOTAMHU, a C MOJI0CATHIM — TETEPO3UTOTAMH
C KOJJOMMHAHTHBIM TposiBieHueM mpusHaka [Lllyposa, 3omotopes, 2008].

HpOTI/IBOpCLII/IBOCTB JaHHbIX CBUACTCILCTBYET O TOM, qTO B OCHOBC
HACIIC/IOBAHUsl TpPH3HAKA OKPAcKH JIEKHT Ooliee ciloxkHas cxema. K mpumepy,
MHO>XECTBEHHBIN aJUICJIN3M T'eHa OKpacCKu, IpHU KOTOPOM HCCKOJIBKO AOMHWHAHTHBIX
KOPHYHEBBIX aUICICH pa3IUYaloTCs 10 CBOEMY ()EHOTHUITUYECKOMY TIPOSBICHUIO B
rerepos3urote. 1[BeT cTBOpOK MOkeT (HOPMHUPOBATHCS TAKKE TPYIIOH JIOKYCOB (IBET,
paananbHast ©ICYepUYeHHOCTD U T.1.) [Newkirk, 1980].

[Ipeobnananue pa3HbIX PEHOTUIHYECKHUX TPYIIT HA Pa3HBIX MTyOMHAX MPUBOIUT
K MBICIH O 3aBUCHMOCTH IIBETa CTBOPOK OT CTENEHH OCBEUICHHOCTH. JTa Bepcus
YACTUYHO MOJATBEPKIACTCS SKCIICPUMEHTAMH O BBIPAIIUBAHHIO MOJUTFOCKOB B YCIIOBHUSIX
uckyccTBennoro ocsemenus. s M.  edulis [Trevelyan, 1987] u mis M.
galloprovincialis [KazaukoBa, 2010] 3apKCHpOBaHO yCHIICHHE HHTCHCUBHOCTH OKPACKH
PaKOBUHBI TOJ] BO3JICicTBUEM ocBemeHHs. [lokazaHo, 4To (akTop cBeTa WHIYIMUPYET
OTJIOKCHUE KaK KOPHYHEBOTO IUTMEHTA MEPUOCTpaKyMa, TaKk W CHHe-(pHOIETOBOTO
IMUTMEHTA MIPU3SMATUYICCKOT'O CJI0s.

AaNTUBHOCTh ~ MpHU3HAKA  HE  TPOTUBOPEUUT  €r0  TCHETUYECKOM
obycrnoBnenHoctH. Ckopee Bcero, cBeT He (GOPMHUPYET OKPAcKy, a TONBKO BIHACT Ha
HMHTCHCUBHOCTDB 3KCITPECCHUU MMUTMEHTA, 3aJI0OKECHHOI'O TCHETUYCCKU.

6.1.1. Pa3zpaboTka MeTo1a IBETOBOM MU(HEpEeHITNAIIIHA MOJITIOCKOB

Paznenenvie MuanMii Ha TBETOBBIE TPYIIbBI, KaK MPaBUIO, IPOU3BOIUTCS
Bu3yangbHO. KonmuecTBo BblIenseMbIXx (eHOB BapbupyeT. OTCYTCTBUE €AMHOTO
KpUTEpHs, NpUMeHseMoro uis aud¢epeHIranuy LBETOBBIX MoOpd, 3aTpyIHsET
WCCIIEIOBAHMUS TAHHOTO BOTIPOCA.

st onmucaHusl MHTEHCUBHOCTH M XapaKTepa OKPacKH OMOJIOTHYECKUX OOBEKTOB
IIMPOKOE TPHMEHEHHE TONydymsl Meroa uudpoBoil obpabotku ¢dotorpaduit. On
MO3BOJISIET OMUCATh IBET KonndecTBeHHO [Kosmmuckui, Jlesun, 2006]. 3to moOyamio
HaC WCHOJNB30BaTh JaHHBIA MOAXOJ Uit AU depeHIHaiy [BETOBBIX MOP( MOJLTIOCKOB
[Kynukosa, 2012].

B ocHoBe HOBOW MeTomMYecKO pa3paboTkm JexkuT QoTorpadupoBaHue
NpeJIBAPUTEIHPHO OYUINEHHBIX M BBICYIICHHBIX PAaKOBHH MOJUTIOCKA. OOBEKTH ObUIH
choTtorpadupoBansl ¢ omomisio poroannapara OLYMPUS CAMEDIA C-7070 WIDE
ZOOM. CreMKa mpoBOAMIIACh B TEMHON KaMepe, CIEeNHaibHO CKOHCTPYUPOBAHHON A
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yaupukanuu ycinouid ororpaduposanus (puc. 6.1). Ha kpbliie kamepsl pacmoyiokeH
TyOyc mist pukcanmn oObeKTHBa GoToKamMephl. HemocpencTBeHHO 1Ol HAM 3aKperuieHa
KOJIbIIeBast MIOMHUHECIIeHTHas Jamma: moaens BRILUM FCS 22 W (temmepatypa 4000
K, cBeroBoii morox 1650 JIm, wactora 6000 I'mm). Takoe pacrofioXeHHE OCBEIICHHUS
NPENSITCTBYET MOMAJaHUIO MPSIMBIX Jydeld B 0ObEKTUB U 3aTEHEHHIO 00BbeKTa ChbeMKu. B
KOpITyce KaMepbl UMeeTcs 3aKphIBatomasics asepua. Ommbka, BEI3BaHHAS KOJIEOAaHHIMHI
OCBEUICHUSI MpPH CKAayKaxX HAaMpsKEHHUS B CETH, HEWTPaIM30BaNach IJTUTEIBHOCTHIO
BeIZIEpKKH (oroanmnapara (0,5 c). CreneHp packpbelTusi AuadparMbl BBICTaBIISIIACH
Bpyunyto (F11). Ansa ynanenns 61ukoB, pakOBHHA ITOMEIIANACh B BOIY.

Puc. 6.1. Kamepa anst dhororpadupoBanus (coopounsrii ueprex) (1 —tydyc mis
¢ukcanum 0ObeKTHBA, 2 — OJIOK MUTaHUs, 3 — KOPITyC KaMephl, 4 — OKOILKO, 5 — M0JI03b4,
6 — yvarmka [Terpu, 7 — KoJIbIICBAsI J1aMIIa, 8 — MOABIIKHAS JABEPIA, 9 — JTHO KaMephl)

[Momyuennsie dotorpaduu Obun oOpaboransl B mporpamme Adobe Photoshop
CS 3. OGyacTh CTBOPKM Ha CHMMKax ObLIa BblJeleHa MHCTpyMeHTOM Magnetic Lasso
Tool. Tak kak OONBIIMHCTBO MUMI UMEET HEOTHOPOIHYIO OKPACKY, OBLIO IIPOU3BEIACHO
yCpeIHeHHe IBeTa C TpUMeHeHWeM cTaHmapTHoro ¢uibrpa Pasmerrue/Cpennee
(Blur/Average) (puc. 6.2).

[Ipu oOpabGoTke naHHBIE MPENCTABICHBI B pPaMKaxX CTaHAAPTHBIX I[BETOBBIX
mozesneir RGB (Red-Green-Blue, Kpacubiit-3enensiit--Cunnit) u HSB (Hue-Saturation-
Brightness, Ton-Haceimennocts-Spkocts). KpacHblil, 3eneHblidi 1 CHHUN KOMIIOHEHTHI
[IBETa BRIPAXKAIOTCS B YCIOBHBIX eanHMIAX (y.€.) B mpenenax 0—255 y.e., HaChIIIEHHOCTh
u spkocth — 0—100 y.e., 1IBETOBOI TOH M3MepsieTcs B rpamycax oT 0-360°. B pesynbrate
KKIOW CTBOPKE COOTBETCTBYET IIIECTh YACIOBBIX 3HAYECHUH.

C 1menpl0 OIECHKH BOCIPOM3BOJMMOCTH METOJIa MOJENbHBIE OOBEKTHI
¢dororpadupoBayl B MATH MOBTOPHOCTSX. [I0OBTOPHYIO ChEMKY MPOBOJUIIN C BPEMEHHBIM
MHTEpPBaJIOM B 5—20 MUH.
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Puc. 6.2. ®otorpadus cropku M. galloprovincialis (A — neobpaborannasi, b — mocie
YCpEIIHEHUS 11BETA)

Jist kaxnoit n3 o0paboTaHHBIX CTBOPOK PACCUMTHIBAIM CPEAHUE 3HAYCHUS BCEX
[BETOBBIX MMapaMEeTPOB H OMHMOKY. YCpPEOHEHHBIE 3HAYCHHs OMIMOKHM TIO0 BCEM
HpPOAHATM3UPOBAHHBIM CTBOPKAM MPUHUMAIH 3a OIIHOKY MeToa (Tabu. 6.1).

Tabnuna 6.1
LIBeTOBBIEC XapaKTEPUCTHUKHU MOCIIEe KOMIBIOTEPHOIT 00paboTku (oTorpaduii
apaverpis | Ll | conebomi | 75| sapmaun % | weroza. %
H,° 21,0-59,6 38,6 31,8+7,5 1,62 3,34
S,ye. 5,6-59,6 54,0 38,4+21,5 3,84 9,05
Br, y.e. 14,6-53,4 38,8 29,2+11,6 2,72 3,93
R, y.e. 37,2-146 108,8 75,6+31,1 2,83 3,78
G,y.e. 34,8-99,2 64,4 56,8+16,1 1,94 3,69
Bl y.e. 27,4-64,2 36,8 40,5+7,9 1,34 4,48

[Mpumeuanue: H — nBeTOBO# TOH; S — HAaCKHIIEHHOCTH 11BeTa; Br — sipkocTh; R — kpacHsIi
koMItoHeHT; G — 3enenslit koMmmonenT; Bl — cunuii koMmonenT nsera.

Kak BuaHO, ommOka MeToja MpPU MOBTOPHOM (oTOrpagupOBaHUM CTBOPOK HE
npeBbImana S % A OOJBIIMHCTBA XapaKTePUCTHK. VICKITIOUeHHe COCTaBHII TOKa3aTelb
HacblleHHocTH 1Bera (S). YacTuuyHO Bapuauusi 3HAYCHHH IBETOBBIX XapaKTEPUCTUK
BbI3BaHa CHCTEMHOI omnokoii mporpammel Adobe Photoshop CS 3, oHa cocraBnsieT onHy
€IMHUILY JUTS BCEX TIOKA3aTelNei.
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OOHapyxeHa TEHACHIHMA K pOCTYy OIIMOKM METOAa [0 Mepe YBEIUYCHHS
WHTEHCHBHOCTH TUTMEHTAIlMM PAKOBHH. Y CBETIO-KOPUYHEBBHIX MUAWA OHAa HE
npesbimana 1 % ypoBHs, y 4epHBIX mpHOMmKanack K 5 %. Poct ommbxu, mo-BuauMomy,
00BsICHSICTCS TOHMKEHHON YyBCTBUTEIBHOCTHIO TIPOTPAMMBI K TEMHBIM LIBETaM.

3HayeHUs1 TOTPEIIHOCTH Pa3pabOTaHHOTO METONA JAOMYCTUMBI, OIHAKO, IO
MpUYuHEe KOJeOaHWH YHCIOBBIX 3HAYEHHWH, PEKOMEHIYETCS TIPOBOIUTh CHEMKY B
HECKOJBKMX IOBTOPHOCTSX W HCIOJBb30BaTh B JANbHEHIIMX pacueTrax yCpeJHEHHBbIS
3HAYEHUS LIBETA.

Baxnol 3amadeii, mpu pa3pabOTKe MeTOAa IIBETOBOM AuddepeHITHAIITNT MHUIAH
CTall BBIOOP TIOKa3aTEIbHON XapaKTEepPUCTHKW. Bce mIecTs MONydeHHBIX 3HAYEHUI
o0agany 3HaYMTENbHON BapuabeabHOCThI0 (Tadi. 6.1). Hanbonpimuii pazdbpoc 3HaueHuit
OBLT OTMeUeH /7151 HachlmeHHOCTH 1BeTa. KoadpummenT Bapuammm 3Toi XapaKTepUCTUKN
npudmmkancs Kk 4 %, ogHako omwuOKa MPU MOBTOPHOM QoTorpadupoBaHny (OmHOKa
Merona) aocturaia 9 % YypoBHA, UYTO CTajg0 MPUYMHOM JUIsI HCKIIOUEHHUS 3TOU
XapaKTePUCTUKHU U3 JalIbHEHIIIEr0 pacCMOTPEHUSI.

Cpenu Bcex mokasareneld HanOombIel BapnabeIbHOCTHIO0 OTIIHYAIINCH 3HAYCHHE
kpacHoro komnoneHTa (R) u spkocts nBera (Br). O0 3TOM CBUIETEILCTBYIOT 3HAUCHUS
kodpduumentop  Bapuanuu. JlaHHBIE IBETOBBIE  XapaKTEPUCTHKH  IPOSBIISIOT
HauOONBIITYI0 YyBCTBHTEIHHOCTh TPU PACIIO3HABAHWHM OKPACKH PAKOBHH MOJLTIOCKOB.
Mexny HUMH OOHapyXeHa TpsMas IIWHEHHass 3aBUCHMOCTh TIpH R’=0,97, wuro
MOATBEpKAaeT WHPOPMATHBHOCTh 3THX XapakTepucTuk. [Ipm stom y R amanazon
Bapranuy ObLT 3HAYUTENBHO IIHpe, YeM y Br, 4To MOCIy o OCHOBaHUEM I BBIOOpa
ATON XapaKTepPUCTUKH B KadecTBE OCHOBHOTO KpuTepus s auddepeHmanuy mnsera
PaKOBHH MOJIIFOCKA.

6.1.2. nenTrduKaIys MBETOBBIX TPy

s npoeepku 3¢ eKTUBHOCTH pa3pabOTaHHOTO METOAAa MOJCIbHBIC OOBEKTHI
ObUT pa30MThI HA LIBETOBBIE TPYIIBI IBYMs CIIOCOOaMU: MPEABAPUTENEHO MUIUH ObUIH
paszfeseHsl BH3yallbHO, IIO3XKe, Te e OO0BeKTh AuddepeHIpoBaINCh METOAOM
mudpoBoii  006pabotku (dororpaduit. IlepBbiM crnocoOOM yaanoch BBISBUTH TISITh
[[BETOBBIX TPYIIL: CBETIO-KOPHYHEBEIE, TEMHO-KOPHYHEBBIE, C PABHBIM COOTHOIICHHUEM
KOPUYHEBOTO U YEPHOI'O IIBETOB, YEPHBIE C 3JIEMEHTAMH KOPHYHEBOTO U YUCTO YEPHBIE.

Ucnone3yst 1mdpoBbie  XapakTepUCTUKH, TMOJNYYCHHbIE TpU  00paboTKe
¢dororpaduii, ObUIO TOCTPOCHO HECKOJBKO MOJUIOHOB pacrpeneneHuii. Tak kak B
KadyecTBE II0KA3aTEeJIbHOM XapakTepUCTUKHM OBIJI0O BBIOPAaHO 3HAuY€HHE KPAacHOTO
kommoneHTa (R), rpaduk, mocTpoeHHsIi B cucteMe koopauHat «KpacHbiid et — Tomy,
MpEeJICTaRIsIeT HanOOobIIH uHTEpec (puc. 6.3; 6.4).

BrinenenHble BH3yalbHO LIBETOBBIE TIPYMIBI HE MMEIOT H30JMPOBAHHBIX
LBETOBBIX 3Ha4eHUH (puc. 6.3). 3HaUNTENBPHOE HAJI0XKEHHE NMEETCS] MEXKIY «UEPHBIMU»
U «HIEPHBIMH C DIIEMEHTAMH KOPUYHEBOT0» MOJUTFOCKaMU. ['pyNITbl «TEMHO-KOPUYHEBBIEY
U «C PaBHBIM COOTHOIIICHHEM KOPHYHEBOTO M YEPHOTO LBETOBY COBIAJIAIOT 110 TPaHUIIAM
pacrpeneneHus. lmeercs B3aMMHOE MEPEKPBITHE MEXKAY «CBETIO-KOPUYHEBOI»,
«TE€MHO-KOPHYHEBOI» IPYNIIaMU U TPYIIOH «C PaBHBIM COOTHOIICHHEM KOPHYHEBOTO U
4epHOTO BETOBY. OIHO3HAYHO U30JMPOBAHBI TOJIBKO «UEPHAS» U «CBETIIO-KOPUYHEBAS
rpynmsl. [lepexogHble ke BapHaHTBl OKPAcKH PAaKOBHHBI HE HWMEIOT J0CTaTOYHOM
CTETICHH H30JISLHIH.
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Puc. 6.3. I'pynnsl Muauu, BeienaeHHble Ha Puc. 6.4. ['pynmsl Muanu, BeIICTICHHBIC Ha
OCHOBAaHWUHM  BU3yallbHOTO  BOCIPHATHS OCHOBAaHMM UU(QPOBBIX  XapaKTEPUCTHK

nBera (+ — KOpWUYHEBBIC, ¢ — TEMHO- IBeTa (M — CBETJIO-KODUYHEBHIE, ©® —
KOPHUYHEBBIE, A - c paBHBIM TEMHO-KOpHUYHEBble, A — TIepexogHON
COOTHOILICHHEM LIBETOB, M — YEpPHBIE C OKPACKH, + — YEPHHIC)

3JIEMEHTAaMU KOPUYHEBOTO, O — IIGpHI;IG)

Ecnu abcTparupoBathesi OT BU3yaibHOM OICHKH 1IBETa PAKOBUH MOJLUTIOCKA, TO Ha
TIOJIMTOHE PACTIPE/ICIICHUS BBIACTSAIOTCS 4 M30IMpOBaHHbIe rpymmsl (puc. 6.4). OHu ObuTH
YCIIOBHO 0003Haummm kKak: yepHas (R nexur B npenenax 37,2—61,8), nepexonanas (71,6—
89,6), TemHo-kopuuHeBas (91,2-126,0) wu  cBemno-kopuuneBas  (130,8-146,0).
Cratuctiueckas 0o0paboTka MU(GPOBBIX MACCHBOB IMOKa3alla, YTO MEXIY OSTHMH
[[BETOBBIMHU TPYIIAaMH 1O R CYIIECTBYIOT TOCTOBEPHBIC Pa3lIMyMs Ha YPOBHE CMEXKHBIX
ckoreHu#t Touek mpu p<0,001 (puc. 6.5).
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Puc. 6.5. Cpennue 3nauenus xapaktepructuk H u R B BbieneHHbIX Tpynmax ( X+ S,)
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Hns Tpex u3 YeTblpeX BBLACICHHBIX TPYMH OBUIM MOCTPOEHBI THCTOrPaMMEI
3HaueHnss R.  HopmanbHOCT  BBIOOPOK — THpOBepsiach  IMyTeM  CPaBHEHUS
OKCTIEPUMEHTATBHBIX M TEOPETHYECKH PACCUMTAHHBIX YacTOT C HCIOJIB30BAaHHEM
kputepus y>. Ipu p<0,05 HOCTOBEpHBIX pasnnumii He OoOHApyXeHO. PacmpeneneHue
KpPacHOM KOMIIOHEHTHI IS YEpPHBIX, MEPEXOAHBIX M TEMHO-KOPUYHEBBIX MOJIIIOCKOB
MOJKHO CUHTATh OJM3KAM K HOPMaJIbHOMY, HECMOTpPS Ha TO, YTO OCOOHM OTOHMpaINCh HE
cinydaiiHblM  0Opa3oM. CBeTIO-KOPUYHEBYIO TpYNIy HE YAAJOCh MPOBEPUTH HAa
HOPMaJIbHOCTh IO NpPUYMHE MaJeHbKOro oObema BBIOOPKH (n=10), omHaKO MOXHO
HPEANONIOKUTh, YTO TPH YBEIWYEHHH KOJHMYECTBA HCCIEIyeMBIX ocoOell oHa Oymer
MMETh HOPMAJIBHBIN XapaKTep pacipeieICHHsI.

I'pynmbl, BeigeneHHBIE MeTOIOM LH(POBOM 00paboTkm QoTorpaduii, UMEIOT
O0IIMif XapaKTep MUTMEHTAINN U TIPH BU3YaJIbHOM PacCMOTpeHHH. CBETIO-KOPUIHEBYIO
TPYIIy COCTaBWIM MOJUTIOCKH, CTBOPKHM KOTOPBIX MMEIOT HH3KOE COJCpIKaHHe
KOPUYHEBOTO MUTMeHTa. MHOTZa OH MOXKET COXpaHATbCS B BHJE PaTUalbHBIX IOJIOC
HACBIIIEHHOTO 11BeTa. J[ss MUAni, OTHECEHHBIX K TEMHO-KOPUYHEBOW I'PYIIIE, B OTINYHE
OT IpeIBIAYIINX, XapaKTepHa paBHOMEpHas HHTEHCHBHAsI OKpacka pakoBHUHBI. B yepHyro
TpYINy BOILUIA >KABOTHBIC, HMMEIOIIME CTBOPKM YWCTO UYEPHOTO I[BETA, HHOTAA C
MaJIO3HAYMMBIMH ~ BKpaIICHUSIMH ~ KopuuHeBoro. Ilepexomnas rpynma HauOosee
HEO/THOPOJIHA IO CBOEMY COCTAaBY, IPEJICTABICHA MUHAMH C PA3IMYHBIM COOTHOIICHHEM
YEepPHOTO ¥ KOPUYHEBOTO IIBETOB.

Kak otgenpHas rpymma paccMaTpUBAarOTCS MOJUTIOCKH C  TIOBPEXICHHBIM
KOHXHOJMHOBBIM cioeM. CTBOPKH TaKMX MHIUI B pe3yibTare o0paboTku (oTorpaduit
JCMOHCTPHPYIOT IOBBIIICHHbIE 3HAYCHHS BCEX I[BETOBBIX XapaKTEPUCTUK, YTO
MPEMSTCTBYET UX JOCTOBEPHOH maeHTH(ukanuu. OTcioaa cieayeT, 4To IJisl BbIACTICHHUS
[BETOBBIX TPYII CIEAYyeT HCIOIb30BaTh TOJBKO LEIbHBIE CTBOPKH, 0€3 MEXaHHUECKUX
HOBPEXJICHUH U ClTy4aeB oOpacTaHus. B IpoTHBHOM cilydae Takne paKOBHHBI HApYIIAIOT
TPaHMIBI MEXIy TPYNIaMH W TPENmATCTBYIOT Au(QepeHIranui MOJUTIOCKOB Ha
1BeToBbIe MOp(BI (puc. 6.6).

160
o
[ ﬁ."l.
120 -
%)
;: ¥ A4 A**
80 | “Husxt
* “&*A
3
L s §.
40 “WI‘?«»“ A PR

Puc. 6.6. PactipenesieHue 1IBETOBBIX XapaKTEPUCTHUK C YIETOM MOBPEKICHHBIX CTBOPOK
M. galloprovincialis (m — cBeT10-KOpHUYHEBbIC, ® — TEMHO-KOPHUYHEBbIC, A —
HEePEeXOHON OKPACKH, + — YepHble, JK — ¢ TOBPEKACHHBIM KOHXHOJIHHOBBIM CJIOEM)
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[IpennoxeHHBIE METON HE 3aBUCUT OT CyOBEKTUBHOTO  BOCIPHUSITHS
UCCIIEIOBATENS, TaK KaK I[BET CTBOPKH BbIpaXkaeTcs (UKCUPOBAHHBIMU YHCIOBBIMU
3HAYCHUSAMH, ¥ TIOTOMY PEKOMEHIYeTCS K UCIOJNL30BAHUI0 B  OHOJIOTHYECKUX
UCCIICIOBaHUSAX. MeTol 001a/1aeT BHICOKOM BOCIIPOU3BOAMMOCTHIO — YHCIIO BBISBICHHBIX
TPy U UX IBETOBBIC XapaKTCPUCTHKH COXPAHSIMCh B YKa3aHHOM JMANla30HE B PAJIC
skcriepumenToB [Kynukosa, 2012].

6.1.3. AcuMMeTpHs BETOBBIX XapaKTEPUCTUK MIPABOM U JIEBOW CTBOPOK PAKOBUHBI
M. galloprovincialis

IMpu w3yuyenun uBeroBoro mnonumopdusma pakoBun M. galloprovincialis
clelyeT W3HAYaIbHO OMPEAENUTHCS, KaKkasi CTBOpKa OyneT gororpadupoBaThes: mpaBast
win neBas. B 3oomopdonoruu mis 3THX Leneidl MHUPOKO MPHUMEHSETCS IOKa3aTenb
GIYyKTYUpyOLIEH acUMMETpHM — HEHAlpaBJICHHOTO OTKJIOHEHHS OpraHu3Ma oT
OunarepaibHON CHUMMETpPHUH, 3aJI0KEHHOH OJMHAKOBBIM T'€HOTHUIIOM [3axapoB HW Jp.,
2000].

Panee ypoBeHb acHMMETPUHM pAacCUMTHIBAM, OCHOBBIBASCH Ha pPa3MEPHBIX
XapaKTepPUCTHKaX MPaBOH U JIeBO# cTBOpKK MOJLTIOCKOB [Shadrin et al., 1993; Illaapun u
op., 2005]. Tak kak w™erom 1mQpoBoi o00padoTku (doTorpaduii MO3BOISAET
0XapaKTepU30BaTh LBET B YUCIOBOM 3KBHBaseHTe [KynukoBa, 2012], U U3BECTHO, 4TO
JIAaHHBIA TIPU3HAK 3aKjajbiBacTcsa reHerndecku [CrosnboBa m ap., 1996], craHoBUTCS
BO3MOXXHBIM OLIEHUTH YPOBEHb (DIYKTYHPYIOIIEH aCHMMETPHUU OKPACKH CTBOPOK.

Tepmun QuiykTyupyromas acUMMETpUsl TpPENNonaraeT, 4YTo OTKJIOHEHHE OT
OunarepaidbHON CHUMMETPUM HOCHT CIy4aiHbId Xapakrtep. [lpu momomu Kputepus
3HAKOB YCTAHOBIIEHO OTCYTCTBHE BBIPQ)KCHHOW HAMpaBICHHOCTH TMpPU OTKIOHCHHU
I[BETOBBIX XapaKTepUCTUK (YpoBeHb 3HaunMocTH p<0,01).

CreneHp acCHMMETPHUN MOXKHO PacCUUTaTh, UCIIOJb3Ys CIEAYIOMIYIO (opMyity:

A Z|ani —X/ze6i|
n

rae: A — mokaszareib aCUMMETPHH;

Xnpi— 3HaueHUe N3yvaeMoil XapaKTepUCTUKH TPaBOH CTBOPKHU;

Xnegj— 3HaUEHUE U3y4aeMON XapaKTEPUCTUKH JIEBOM CTBOPKH;

N — 4nciIo ocoOel.

I'pacdmueckuii penakrop Adobe Photoshop CS3 onepupyer menbiMu 9UCIOBBIMA
3HA4YeHUSIMH. J[poOHBIE 4YMClla BO3HUKAIOT NPH YCPETHEHHWH PE3yJIbTaTOB MOBTOPHBIX
cHUMKOB. [IporpamMmuas ommbOka coctasnsier 1 y.e. ansi OONBLIMHCTBA XapaKTEPUCTHK.
IlosTOMy pa3HMI@a B LBETOBOM 3HAUYEHHMHM MEXAY IPaBOM M JIEBOH CTBOPKOW HeE
VUUTBIBAJIACh, €CIM HE TpEBBINIA]a EIUHHIy. Takhe CTBOPKH  CUHTAJKChH
«UICHTUYHBIMUD.

Jlonst aciMMETpUYHBIX 0cO0el OnpeAessieTCs] U3 CIEAYIOIIEro YpaBHEHHS:

nao
n

x100

Tae: Ny — YUCI0 ACUMMETPHUYHBIX ocobeii.
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AcuMMeTpus ~ mpaBO W JICBOM  CTBOPKM  JJIl  pasHbIX TPy
otinyaroTes (tadmn. 6.2). MeHee Bcero acMMETpHSI BBIPAXKECHA y YEPHBIX MHUAHNA. DTO
XapakTepHO IS BceX ITOKazarenedl, kpome otreHka IBera (H). Huskue 3HaueHus
aCUMMETPUU B JTOH TpyINIe MOTyT OBITh CBS3aHBI Kak ¢ Ooyiee KOM(pOPTHBIMHU
YCIIOBUSIMH Pa3BUTHS, TaK M C OOJbBIIEH YCTOWYMBOCTHIO (DEHOTHUIIA K BHEIIHUM
BO3JICHCTBHUSIM.

Tabnuna 6.2
3HaueHUe aCHMMETPHHU OKPACKH y pa3HbIX 1BeToBbIX rpyrm M. galloprovincialis

H S Br R G Bl
A, A A A, A | Ny,

o
y.e. nao, % y.e. nao, % y.e. nao, % A, nao, % y.e. nao, % y.e. %

Yeprme | 25 | 73,5 | 1,8 | 612 | 0,6 | 388 | 20 | 71,4 | 1,7 | 714 | 17 | 653
TMepex. | 0.8 | 66,7 | 1,7 | 66,7 | 0,8 | 400 | 23 | 733 | 21 | 733 | 22 | 933

Tewto- | o5 | 343 | 17| 657 | 11 | 57,0 | 33 | 914 | 27 | 829 | 29 |829
KOpHYH.
Caeto- 02200101 40,0 | 1,4 | 80,0 | 40 | 100,0 | 3,3 | 1000 | 1,5 | 60,0
KOpHYH.

[Tpumeuanne: H — nBeToBO# TOH; S — HACBIIIIEHHOCTH 1BeTa; Br — sprocTh; R — kpacHBIH
koMmnoHeHT, G — 3ey1eHbIi KOMIIOHEHT; Bl — cuHMIT KOMITOHEHT 11BETA.

HauOonpimas 1ons acuMMeTpu4YHbIX 0c00€il ¥ BBICOKHMN YPOBEHb ACUMMETPHUH I10
pany xapakrepuctuk (Br, R, G) HaOmogaercs y CBETI0-KOPUYHEBBIX MU, OHAKO 3TO
MOXKET OBITh BBI3BAHO MAJCHBKHMM 00BEMOM BBIOOpKH. Jlanee mo yOwiBaromied uaer
TEMHO-KOPUYHEBAs W IEPEXOAHAsl TPYIIbl, B KOTOPBIX 3HAYCHHS ACUMMETPUHU IO
JAaHHBIM XapaKTEPHCTHKAM OBUIN YMEPEHHBIMH.

AcCHMMETpHUsi CHHEr0 KOMIIOHEHTa I[BeTa Oojiee BBIpaKEHA Yy MEPEeXOAHOH H
TEMHO-KOPUYHEBOM Trpymmbl. Tak Kak paauaibHble IIOJIOCHI aKTHBHO YYacTBYIOT B
¢dbopMHUpOBaHNH 3TUX (EHOTHUIIOB, MO-BUAMMOMY, UMEHHO 3TOT NPU3HAK oOecreyrBaeT
3HAYUTENBHYIO YacTh OTKIOHEHHH.

6.2. AKTMUBHOCTb aMUHOTpaHcdepas U anbaosasbl B TKAHAX
MMAWN C Pa3/INMHON OKPACKON CTBOPOK PaKOBUHbI

BuyTtpu uepnomopckoit momymsiiun M. galloprovincialis Lam. Beimensior aBe
OKOJIOTHYECKHE (OPMBI: CKAIBHYIO MHIHMIO, (OPMHUPYIOIIYIO CBOHM TIIOCEJICHHS Ha
TBEPJIOM MPHOPEKHOM CyOCTpaTe, M HIOBYIO, 3aceysIolyto Oonbpire rinyonnsl [MiBaHOB
u ap., 1989]. Mommrocku, WMEIOIIME CBETIYI0 OKPAacKy CTBOPOK, KOJMYECTBEHHO
npeodIagaloT B WIOBBIX IOCENICHUSX, B CKaJIbHBIX 00Jieé MHOTOYHMCICHHBI
TeMHOOKpalnieHHbie ocoou [MIBanoB u ap., 1989; Kazankosa, 2008].

CpaBHHUTENBHAS OIICHKa a0MOTHYECKHUX YCJIOBHH THX JIBYX OHMOTOIOB ITO3BOJISIET
NPEANOIOKUTh, YTO OCHOBHBIM (DaKTOPOM, OINPEIEISIONIMM HalpaBlieHUe IeHCTBUS
€CTECTBEHHOro0 0TOOpa, ABJSETCS COAepKaHWe KHUCIOpOoAa B MOpcKoil cpeme. Otcrona
CICOy€T, YTO ITOMCK pa3n1/1q1/1171 Ha NOIMYJIAIMUOHHOM YPOBHE IOJIKCH OLITH COCPEA0TOUYCH
Ha MOJICKYJIAPHBIX CUCTEMax, OTBETCTBCHHBIX 3a TOJICPAHTHOCTH MOJIJIFOCKA K YCIIOBUAM
TMIIOKCHH ¥ @HOKCHH.
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6.2.1. AKTUBHOCTP acmiapTaTaMUHOTpaHCc(epasbl B TKAHAX MUAUU

Acmapratamunorpanchepasza (ACT, KO 2.6.1.1) — sHmoreHsslii dhepMeHT U3
Kjacca TpaHcdepas, KaTaTU3UPYIOUIMH MpH y4acTUH KodepMmMeHTa NHPHIOKCaIb-5'-
¢dochara oOpaTuMBIli MEpeHOC aMUHOTPYHNBI OT L-acmaprara Ha 2-OKCOIuIyTapaT ¢
oOpa3oBanmneM okcamnoarietara U L-rmyramara [Kyuepenko, 1979]. ACT ydactByer B
CHHTE3¢ MOYEBHHBI, MEMOpDaHHOM TpAHCIOpTe, Iieperaye HEPBHOTO HMITyJbca B
cunancax [Garcia-Segura et. al., 1976], BHyTpukieTouHo#l ocmoperymsinuu [Hammen,
1968; Zurburg, De Zwaan, 1980].

ACT Taxxke ompenensieT YCTOWYMBOCTh MOJUTIOCKOB K 3KCTPEMABHBIM (opMam
THIIOKCHH U aHOKCHH, TaK KaK CONpSTacT MPOLECCH OEIKOBOTO U YIIIEBOJHOTO OOMEHOB
(acmaprar-cykunHaTHOe HampasieHue MetabonusMma) [Hochachka, 1973]. ¥V mommockos,
TOJICPAHTHBIX K aHa’poOHO3y, OTMEYAIOTCs 3HAYMTENbHBIE pecypchl D-acmaprata B
paxosune [Mistri et. Al., 1988].

ACT mnpencrasiena uutoriazmatudeckol (1-ACT) u MUTOXOHIpHATBEHOW (M-
ACT) ¢pakuusamu [Paynter et. al., 1985]. Ussectro, uto M-ACT u -ACT omnnyarorcs
olHA OT JAPYrod IO KHHETHYECKHUM cBoiictBam [Paynter et. al., 1984a]. V M.
galloprovincialis ACT nacnemyeTcs MO HIECTHAJUICNBHON CXeMe, KOTopas HOIyCKaeT
cyuiectBoBaHue 21 BO3MOXKHOTO TeHOTHIIA. TpHHAANATh W3 HUX ObUIM OOHApY>KEHBI
skcriepuMeHTanbHO [Johnson, Utter, 1973]. Otcrona cnenyer, uro cuctema ACT moxer
ABNATBCS ~ yMOOHOW  MOJENBIO Uil W3YYEHHS  MOMYJSIHOHHOH  CTPYKTYpHI
M. galloprovincialis.

Bce uccnemoBaHHble MUIMHM TNPENBAPUTEIBHO OBUIM Pa3OUTHI Ha IIBETOBBHIE
TPYIIIBI M 0XapaKTepPH30BaHbl METOI0M I(PoBoi 00paboTKH GoTorpaduii. AKTHBHOCTh
¢bepMmeHTa ompenensiack B xabpax, HOT€ W TelaTolaHKpeace MOJUIIOCKOB. TKaHU
npemapupoBanuchk mpu Temreparype 0—4°C. [lomyueHHble 00pa3ipl XpaHWiIu npu -27—
28°C. T'omoreHaThl TOTOBWJIM HENOCPEIACTBEHHO B NI€Hb JKCIEpUMEHTAa. B KauecTBe
Tparchopmupyromeii cpeapl ucnoib3doBaiu 1,15% pactBop KCl. [Jlnsg monydenus
CylepHAaTaHTa TOMOTEHATH TOABepramu HeHTpudyruposanmo npu 6000 06 mun" B
tedenne 15 munHyT. B pabote mcmonb3oBamu pedprkepatopayto neHtpudyry K-23D
(I'epmanus). Bce omepamum ¢ maTepuanoM OCYIIECTBISIIM Ha Xxojoxe mpu 0—4°C.
[Mony4eHHBIE TOMOTEHATHI WCIOJIB30BAINCH ISl OTIPENIEICHUs] aKTUBHOCTEH BCEX TpeX
(hepMeHTOB (acmapTaT-, allaHHHAMHHOTpaHC(hEpas3bl U albI0Na36l).

Onpenenenne aKTUBHOCTHU ACT MIPOBOIMIIH YHHQUITUPOBAHHBIM
JTUHATPOPEHIWITHIPA3HHOBEIM MeToioM Paiitmana-®penkens [Kampimaukos, 2004]. B
paboTe HCIONB30BaliM CTaHIAPTHBIA HaOOp peakTuBoB: «Simco, Ltd» (Ykpauna).
Cozepxanue Oenka B mpobax KoHTposupoBanu o merony Jloypu [Lowry et. al., 1951].
Bce m3mepenus BHITIOIHSIIM Ha OIHONYy4YeBOM criekTpodoTomerpe CD-26.

AxtuaOcTs ACT Bapsuposana ot 0,02 10 0,234 MKMOJb HMpyBaTa MHH ~ Mr™
Oenka. HaOmromamace ee  BeIpaKeHHas 3aBUCHUMOCTh OT  [IB€Ta  PaKOBHHBI
MOJUTIOCKA (pucC. 6.7). IS HOTH 3Ty CBsI3b MOXXHO ONHCATh YPaBHEHUEM JIMHEHHOU
perpeccuy TMpU  BBICOKMX 3HAYEHMSIX R? (0,967). MakcumasibHBIE BEIMYMHBI OBLTH
OTMEYEHBI y 0CO0ei CO CBETIO-KOPUIHEBOH okpackoil paxoBuHHI (0,094+0,021 MxMonb
NApyBaTa MHH " M Oenka), a MUHIMAJIbHBIE — C PAKOBUHOM YepHOHN OKpacku. Pazmuums
coctaswi 2,8 paza (p<0,001).

bnuskue pe3ynbTaThl ObUIM TOJYYeHBI W B OTHOLIEHHWH xa0p (puc. 6.8). ¥V
MOJITIOCKOB CO CBETJIO-KOPHYHEBOI OKpackoil pakoBuHbl akTHBHOCTH ACT cocraBuia
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0,065+0,012 Mxmonp mupyBata mun! mrt Genka. Dto mourd Ha 50 % BEIIE, YeM y
ocobeil ¢ uepHOi okpackoii cTBOpok (p<0,05) u Goree uem B 3 pasza BbIlIe, 9eM y ocodeit
C TEepEeXOMHOW W TEeMHO-KOPHYIHEBOW oOKpackoil pakoBuH (p<0,001). Ilpm sTOoM
3aBHCHMOCTB Jy4IlIe ONHCHIBAIACH ypaBHEHHEM mapabommdeckoii ¢pyrkimu (R=0,95).

012 -
o1l R2 0,967
0.08 -
0.06 |-

0.04 |-

0.02 -
\ ‘ ! ‘ ! ‘ ! ‘ ! ‘ J

40 60 80 100 120 140
R,y.e.

[AxTiBHOCTE ACT, MKMOJIb IHpYBaTa MHH"! mrlGenxal

Puc. 6.7. 3aBucumocts aktuBHoctd ACT B Hore M. galloprovincialis oT BeTOBBIX
XapaKTEPUCTHK €€ PAKOBHHBI ( X + S5 )
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Puc. 6.8. 3aBucumocts aktuBHOCTH ACT B 3)xabpax M. galloprovincialis oT IBETOBBIX
XapaKTEPUCTHUK €€ PAKOBHHBI ( X + S )

AxtuBHOoCcTh ACT rematonaHkpeaca HE MEHSJIACh B 3aBUCMMOCTH OT LIBETOBOM
rpymmsl MosuTiocka (puc. 6.9). Pacripenenenne HOCHIIO ciTydaifHBIN XapakTep.

Kak yxe ormeuanoch, ACT compsiraer mpouecchl OETKOBOrO M YIIIEBOJIHOTO
obmMmeHa (acmapTaT-CyKIIMHATHOE HAMpaBIICHUE META00IM3Ma), OMPEAeIIsisl YCTOMINBOCTh
rUApPOONOHTOB (TIPEXKAE BCETO MOJUIIOCKOB) K OKCTpEMalbHBIM (popMaM THUIIOKCHH U
anokcun [Hochachka et. al, 1973]. Boicokas akruBaocth ACT y ocobeit co cBetiio-
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KOPUYHEBOW OKPAaCKOH paKOBHHBI, OTMEUEHHAsI B HACTOSIIIEH paboTe, BEpOsSTHO, CBSI3aHa
C OCOOCHHOCTSIMH YCIIOBHH OOHWTaHWs JaHHOW IBeTOBOW rpymmusl M. galloprovincialis.
OTH MOJUIIOCKHU Hallle BCTPEYAIOTCS B JOHHBIX COOOILECTBAX, IJi€ OTCYTCTBYET aKTHBHAs
OUPKYJSOUsT B BOAHOM Tonme M HAONIONAeTcs BHEIIHWH OEQHUUUT KUCIOPOAA.
Moocku ¢ 4epHOM OKpacKoW pakOBWHBI, HANpOTHB, MPEeoOIaJaloT B CKaJbHBIX
O0uoTonax, 4acTo MPUYPOUYECHHBIX K INPUOOHHON 30HE, IZle BO3HUKHOBEHHE T'MIIOKCHU
HEBO3MOXXHO. B 3TOM, NO-BHIMMOMY, JEXKHUT OCHOBHas NpPHUYMHA OOHAPYKEHHBIX
paznuunii B akTuBHOCTSIX ACT

—
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Puc. 6.9. 3aBucumocts aktuBHOCTH ACT B remaronankpeace M. galloprovincialis ot
IIBETOBBIX XapaKTEPUCTUK €€ PAaKOBUHEI

Crenyer oTMETHTh, YTO MaTepuall Ul NPOBEOCHMS HacTosmed padoTel ObLI
MOJIY4€H C OJHHUX M T€X K€ KOJUIEKTOPHBIX YCTAHOBOK MUAMMHON (pepMbl. DTO O3HAUaeT,
YTO YCIIOBHSI Cpeibl ObIITH CXOJHBIMH JUISI BCEX MCCIIelyeMBIX MOJUTFOCKOB. Bmecte ¢ Tem,
paznmmuns B aktuBHOCTAX ACT mexay usetoBeiMu rpynmamu M. galloprovincialis Obimm
3HAYUTEJbHBIMH, YTO MO3BOJISIET TOBOPUTH 00 MX reHeTHueckor npupoze. [IpuHumas Bo
BHMMaHHE IIeCTHAUIENbHYI0 cxeMmy HacienoBauus ACT, xoTtopas JomyckaeT
cymiecTBoBanue 21 Bapuanra rerotuna [Johnson, Utter, 1973], MOXXHO MPEANOIIOKHUTS,
YTO pacipeneseHue YacToT ajuleleld MeX Iy [IBETOBBIMH I'PYyIaMu, 0COOEHHO YepHOU U
CBETJIO-KOPUYHEBOH, MOKET UMETh PAJ MPUHLUUIIHAIBHBIX Pa3IuIni.

6.2.2. AKTUBHOCTH aJTAHUHAMHUHOTPaHC(epasbl B TKAHAX MHUIUU

Ananunamunotpanchepasa (AJIT, K.d.2.6.1.2) — sHuoreHHslid (pepMeHT u3
KJj1acca TpaHcdepas, KaTaTM3UPYIOLIUI 00paTUMBIN IEPEHOC AMUHOIPYIIIBI OT aJIaHWHA K
0-KeTOTIyTapary ¢ 00pa3oBaHHEM TiTyTaMaTa u MUPOBUHOTpaTHON KUCIOTH [ KyuepeHko,
1979].

H3BecTHO, YTO B yCIIOBUSX Je(HUIIUTA KUCIIOPOa Y THAPOOUOHTOB aKTUBUPYETCS
CYKIIMHATTHOKKMHA3Has peakiuss [Mommsen et. al., 1980], wampaBieHHass Ha
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oOpa3oBaHHE B Tpolecce TIIIMKOIM3a MeHee TOKCHYHBIX MeTabonutoB [Kluytmans,
Zandee, 1983]. OtoT mporecc nmpoTekaeT noa Koutpoiem AJIT.

AJIT B tkausx M. galloprovincialis, taxke xkak u ACT, mpeacraBicH IBYMs
(bpakmsaMu: MUTOXOHAPHAIBLHON U IMTOIUIa3MaThueckoi [Paynter et. al., 1985] — wacto
UMCIOIIUMH Pa3IHUHbIe KHHETHUECKHe cBocTBa [Paynter et. al., 1985; Hayashi, 1993].
CyIlecTBYIOT JIaHHBIE, YTO Yy HEKOTOPHIX BHWJOB JBYCTBOPOK OOJbIIas dYacTh
(depmenTaTiBHON akTUBHOCTH npuxoautcs Ha M-AJIT [Paynter et. al., 1985; Paynter et.
al., 1984b].

AxtuBHOCTh AJIT ompemensimm TpH MOMOIIM JAHHUTPOPEHUITHIPOZHHOBOTO
Merona Patitmana-®penkens [KampmrawmkoB, 2004] ¢ MCIONBb30BaHUEM CTaHAAPTHOTO
HaOopa peakTHBOB: «Simco, Ltd» (Ykpauna).
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Puc. 6.10. 3aBucumocts aktuBHOCTH AJIT B HOTe M. galloprovincialis oT IBETOBBIX
XapaKTEPUCTHUK €€ PAKOBUHBI (X + Sk )

3HayeHne aKTUBHOCTH aJJaHWHAMHUHOTpaHc(epasbl B Hore Bapeupoaia ot 0,038
70 0,42 MKMOJTH THpyBaTa MUH - Mr Genka (puc. 6.10), yMEHBIIAACH 110 HATPABIICHHIO
OT YEepHBIX MOJUTIOCKOB K CBETJIO-OKpAIIeHHBIM. 3aBUCHUMOCTh aKTHMBHOCTH OT
MTUTMEHTALHH PAKOBHHBI MOKHO OIHCATH YPAaBHEHHEM JHHEiHOM perpeccnn (R?=0,925).

[IpakTHdeckn Mexay BCEMH IIBETOBBIMH I'pYTIIaMH HAOIIONAINCH JTOCTOBEPHEIE
pazmuuus (p<0,01). AxrtuBHocTs AJIT B uepHoil rpymnme B 2,3 pasa mnpeBblIIaia
OTMEYEHHYIO IJIi KOPWYHEBBIX Trpynm. VCKiIoueHne COCTaBMIM TEMHO- M CBETJIO-
KopuuHeBasi Tpymmbl. Pasnmume B akteBHOCTH AJIT Mexmay HuUMH He OBUIO
CTaTHCTUYECKH BBIPAXKEHO.

B Tkanmsx >xabp W remaromaHkKpeaca XapakTep pacHpenesieHUus] aKTUBHOCTEH
Cpeay IBETOBBIX T'PYNIl HANOMHUHAN paccMoTpeHHylo panee ansi ACT u ommcwiBajics
napaGonmuueckoit dyukrmeit (R>=0,891 u R*=0,926 cootserctBenHo) (puc. 6.11; 6.12). B
ITHX TKaHAX 00€ KpaeBble TPYIIBl HWMENW JOCTOBEpHO OoJiee BBICOKOE 3HAYCHUE
AKTHBHOCTH, Y€M MOJUTIOCKH MPOMEXYTOUYHOU OKPACKH.

Camas Bbicokas aktuBHOCTh AJIT st sxaOepHOW TKaHU 3a()UKCHpPOBAaHA Y
CBETIIO-KOPUYHEBBIX OCOOEH, OHA MpEBhINIala MOKa3aTeu YepHOi rpymmbel B 2,1 pasza
(p<0,005), TemHO-KOpHUHEBOH W mepexomHoi — B 3,5-4,0 paza (p<0,001). Menbimas
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aKTUBHOCTHh HaOmronmaercs y M. galloprovincialis ¢ 4epHOW OKpackol CTBOPOK, OHA
npeBbIIIaia MPOMEKYTOYHbIE TPYIIIbI TPHOIU3UTENBHO B 1Ba pasa (P<0,05).

Pasznuuna mexnay aktuBHOcThiO AJIT remaTomaHkpeaca TEMHO- M CBETJIO-
KOPUYHEBBIX MUIHI (PUKCUPYIOTCS Ha Mpeieic YPOBHS 3HAUMMOCTH, YTO, TI0-BUAHUMOMY,
CBSI3aHO C OOJBINON OMMOKON cpemHero y cBeriookpameHHbIXx M galloprovincialis.
3nauenmne aktuBHOCTH AJIT mms depHoit rpymmsl coctaBwio 0,060,006 Mxmonb
nupyBaTta MHH ' Mr'" GejKka, 4T B YETHIPE Pa3a MPEBHIIIATO0 OTMEUCHHYIO Y MOJLTIOCKOB
nepexoanoit (p<0,001) u B 1,76 — TemHo-kopuuHeBo# okpacku (P<0,005). AKTHBHOCTH
AJIT renaronaHkpeaca sl YEpHOM U CBETIO0-KOPUYHEBOM TPyl HAXOAWJIACH HA OAHOM
YpOBHE.
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Puc. 6.11. 3aBucumocts aktuBHOCTH AJIT B Puc. 6.12. 3aBucumocts aktuBHOCTH AJIT
xabpax M. galloprovincialis ot 1BeTOBBIX B remaronankpeace M. galloprovincialis ot
XapaKTePUCTHK €€ PAKOBUHEI ( X + Sk ) [[BETOBBIX XapaKTEPUCTUK €€ PAKOBUHEI
(x+5S%)

WznavanbHO mpenmnonaranoch, 4ro Oojee TMPHUCIOCOONEHHAasT K aHOKCHUH
KOpu4HeBas Mop(a JA0JKHA UMETh BBICOKYIO akTUBHOCTE AJIT 1 B ycoBusx oTCyTCTBUS
nepunurta kucinopoga. OnHako B Hore HaONIOZaeTcs MpsIMO MPOTHBOIOJIOXKHAS
3aKOHOMEPHOCTh — HauWOONbIIas AaKTHBHOCTh ()epMeHTa XapakTepHa ISl YepHBIX
MOJUTIOCKOB (puc. 6.10).

Hora Muaun BhIMONHAET (QYHKOMIO MEPEABWKEHHS TOJBKO Ha JIMUMHOYHOH
cramun M. galloprovincialis. Y B3poCIBIX MOJUTIOCKOB B €€ OCHOBAHHHW PACIONaraeTcst
JKenesa, CeKpeTupyromas Oucycc — oopazoBaHue, O3BOJISIONICe MUAUH MTPUKPETUIATHCS K
cyOctpary. buccycHble HUTH MOTYT OOpBIBAThCSI M NEPEMEIIAThbCsl, MEHSS IOJIOKEHHE
Moiutocka B mpocTpanctBe [Beaumont etal,, 2007]. CrpykrypHOo OHCCycHas HHTbH
chopMHpOBaHa KOJJIAr€HOBBIM CTEPIKHEM H TMepUPEPUUIESCKUM aJIre3uBHBIM OEIKOM
[Inoue and Othe, 1994; Coyne, 2000; Lucas, 2002].

UzBectHO, uTO AN uwepHoit Mopdwl M. galloprovincialis xapakTepHa OoiblIas
WHTEHCUBHOCTH CHHTe3a OuccycHoil HuTH [bymaros, 1984]. Ilo-Bunnmomy, 3TO CBA3aHO
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co crienudukoit MecTooOMTaHUsI — TEMHO-OKPAIIEHHBIE MOJUTIOCKU 00Pa3yroT MOCETIeHHUs
Ha cKamuctoM cyOctpate [MBanoB u nap., 1989]. Bynyum B 3HAYMTENBHOW CTENEHH
MOJIBEPKCHHBIMU BOJTHOBOM aKTHBHOCTH, OHH HYXJIAIOTCSI B IPOYHOM MPHUKPEIUICHUN K
MOBEPXHOCTH U TIOCTOSTHHOM MPOIYIIMPOBAHUY HOBBIX HUTCH B3aMEH MOBPEIKICHHBIX.

AnresuBHbBI  Oellok  Ouccyca  BHIOCHEUU(UYCH, €ro aMHHOKUCIOTHAs
MOCJIEI0BATEIBbHOCTh BaphHpyeT B mpenenax poaa Mytilus [Inoue and Othe, 1994; Inoue
et. al.,, 1995]. ¥ M. galloprovincialis oH COCTOMT M3 OJHOTO HEMOBTOPSIOIICTOCS U
TPYIIBI TOBTOPSIOIIMXCS AekanentuaHbix ¢parmentos [Inoue and Othe, 1994]. Benok
Ouccyca cumraercss NONH(MEHOJBHBIM: JUISI HETO XapaKTEePHO BBICOKOE COJICpIKaHHe
(deHmICOMEP)KAMX aMUHOKHUCIOT (~19 % THpo3wHa W OUTHAPOKCH(EHNIIATaHNHA)
[Waite and Tanzer, 1981; Inoue and Othe, 1994]. Kpome Toro, 6,8 % cocTaBiseT alaHuH,
n 19 % — mponuH. BeicoKoe conepxaHuWe amaHWHA W MOAHU(PHUIIMPOBAHHOTO TPOJIMHA
XapakTepHo U A KojurareHa [Szpak, 2011]. Ob6e 3T aMHHOKHUCIIOTEI — 3aMEHUMEIE.

Haunbonee  pacmpocTpaHeHHBIH croco0 OvocuHTEe3a  anaHMHA  —
nepeaMHHUpOBaHue nupyBara. Peakiust katamusupyercss AJIT, ona nerko obparuma,
3arac nMupyBara MOCTOSHHO MOMOJTHACTCS:

nupyeam + 2rymamam < alaHuH + o-Kemoz2aymapam.

[IponuH cHHTE3WpyeTCsS M3 TiIyTamaTa B XOJE HECKOJNBKHX MOCIEIO0BATEIbHBIX
peakumii  [Lehninger et. al, 1993]. I'nyramar OTCYyTCTByeT B IEpBUYHOIN
HOCJICIOBATEIBHOCTU aJI'€3MBHOTO Oelika, OJHAKO OH HEOOXOJUM KaK HMCTOYHHUK IS
BOCCTaHOBJICHHs 3araca cBo0OAHOro nposnuHa. CymiecTByeT 10 MATH M3BECTHBIX IyTel
CHHTE3a TJYyTAMHUHOBOH KHCIIOTBI, 10 MEHBILICH Mepe ABa W3 HUX HCIOJIB3YIOT O-
KeTorinyrapat. Ha cragmu o-KeToriayTapoBOil KUCIOTHI B IIMKJIC TPUKAPOOHOBBIX KHCIIOT,
OHA MOJKET BBIBOAUTHCS M3 Kpyra C NpeBpallleHHeM ee¢ B L-TIIyTaMHHOBYIO KHCIOTY
HECKOJIbKUMH ITYTSMH.

[TepBblit cocod cUHTE3a riyTaMaTa, peakius o0paTHMOro MepeaMHHUPOBAHMS,
npencrasieH Boime. Koapduiment AJIT Gnu30K K €IMHHIE, TOITOMY PEAKIUS JIETKO
MOXET TPOTEeKaTh B 00OMX HampaBieHHAX. OJHAKO TakoH Croco0 MOMOJHEHHUS ITya
riayTaMara KaXeTcsl Majo pealbHbIM — B 3TOM CJydYae MPOUCXOJHUT HaKarIMBaHUE
nUpyBaTa U He CHHTE3UPYETCsl alaHKH.

Bropoit myTh cHHTE3a TiyTamara U3 O-KEeTOrjayrapara KOHTPOIHPYETCS
(bepMeHTOM TiTyTaMaTAeruAPOTreHa30ii:

a-kemoznymapam + HAJ®H + NH," <> anymamam + HAJD" + H,0.

AKTHBHOE TNepeaMHHHpPOBAaHHE MHPYyBaTa yBEIWYMBAET B TKAHHU 3arac ajaHWHA U O-
KETOIIyTapaTa, KOTOPBI B X0l psAla MOCIeI0BATEIbHBIX (PEPMEHTATUBHBIX pPEaKIUi
CTaHOBHTCSl HCTOYHUKOM OMOCHHTE3a MPOJIHHA.

BepositHo, cnemmduka merabonu3mMa B HOT€ MUAMA B TEPBYIO OdYepelb
HanpaBJieHa Ha OCYIIECTBICHHE (YHKIUM 3aKperuIeHHsI Ha cyOcTpaTe, B 4YaCTHOCTH Ha
MPOAYKIHI0 OuccycHO# HuTH. B TakoM cimywae BbicOkas akTmBHOCTh AJIT y uepHO#
MOp}BI CBA3aHA HE ¢ HEHTpanu3alpeld MeTabOJIMTOB TIUKOJIH3a, a C TIOMOJHEHUEM ITyJia
CBOOOIHBIX AaMUHOKHCJIOT (MTPOJIMHA U aJlaHUHA).

V3kas cnenmanu3anys TKaHM HOTH MOJUTIOCKA IMOATBEP)KIOAeTcd U APYTUMHU
ocobeHHOCTAMU ee MeTabonu3ma. Tak, IyIg Hee MOKa3aHa BBICOKAas aKTHBHOCTH
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cynepokcunaucmytassl  (COJ), 4dro, mMO-BUAMMOMY, CBS3aHO C  IOBBILICHHON
npoayknuel cynepokcunnoro annoH-pagnkana (COAP) [Connmatos u ap., 2008]. COAP
aKTUBHO HCITOJIb3YETCSI MBIIICYHBIMU KIETKAMH IS JCTIONMMEPHU3AIIN KOJUTar€HOBBIX
ctpykryp [[Ayoununa, lyranei, 1993], aBisromumxcs OJHUM U3 OCHOBHBIX KOMIIOHCHTOB
ouccyca [Inoue and Othe, 1994; Coyne, 2000; Lucas, 2002]. ITox BosaelcTBHEM
BOJIHOBOW AaKTHUBHOCTH OHMCCYCHBIE HHTH PETYISIPHO TMOBpexaaroTcs. Mx ocrtatku
HYXJAIOTCSl B YTHJIU3alHMU, TIO3TOMY HPOLECC ACMOIMMEPHU3alUK KOJlareHa MpoTeKaeT
HENPEPBIBHO, O UYeM U CBHJCTEILCTBYET BbICOKas akTUBHOCTh COJl, HeoOXoaumas st
obpazoBaamst COAP B Tkanm mannoro oprada [CommaroB u ap., 2008].

Pacripenenenne aktmBHOCTH AJIT B TKaHAX y OOJBIIMHCTBA TPYIIT HOCHIO
CXOIHbIN xapakrep (puc. 6.13) CaMbie BRICOKHE 3HAYCHHE ObUTM OOHAPYKEHBI UIMECHHO B
Hore. HambGonpmas aktuBHOCTE AJIT B 3TOM oprane Oblia mMOKa3aHa W TSI OPYTHUX
JByCTBOpUaThix MoyuttockoB [Puppo, Blasco, 1995; CommaroB u ap, 2009]. 3naueHus
aKTUBHOCTEU JPYTUX TKaHEH ObUIM MEHBIIMH U UMEIM TEHACHIIMIO K YOBIBAHHUIO B PAY:
»aOpebl, rernaTonankpeac.
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Puc. 6.13. AxktuBHOcTe#t AJIT mo TkaHaM (H — HOTa; K — )KaOphl; T — remaTronankpeac) y
YeThIpeX LBETOBBIX rpymni M. galloprovincialis (x + Sx)

AJnbpTepHaTHBHOE pacrpejeneHne HaOmromaercs B TKaHsax M. galloprovincialis
CBETJIO-KOPUYHEBOH OKpacKH. 37iech camast Bbicokasi akTuBHOCTh AJIT 3adukcupoBaHa B
kabepHoii TkaHW. Hora W remaTomaHkpeac JNeMOHCTPHUPYIOT JOCTOBEPHO MEHBIIHE
3HadgeHus (P<0,005). D10, MO-BUAMMOMY, OTpa)kaeT HHU3KYIO CTENEHb Y4acTHS HOTH B
MPOAYKIIMKA OUCCYCHBIX BOJIOKOH Y 0COOEH JaHHOW IIBETOBOM MOP(BI, OOWTAIOIINX
MPEUMYIECTBEHHO B MPUIOHHBIX CIOSIX BOJIBI, TJI€ BOJHOBBIE SBIECHUS MPAKTUYECKH HE
BBIPa)KEHBI.

Uzodepmentnsiii coctaB AJIT M. galloprovincialis He u3y4eH, 0JHAKO U3BECTHO
YTO CYyNECTBYeT Kak MHHAMYM JBe e¢e (opMbel (UMTOILIa3MaTHyecKas |
MHUTOXOHJpUaNbHas), o0nagarone pa3InyHbIME KHHETHUECKUMH cBoiicTBamu [Paynter
et. al., 1985; Hayashi, 1993;]. Tkanecnienuduunocts aktuBHOCTH AJIT yepHOMOpPCKHX
MUJIMH MOXET OOBSCHATBHCS TPHCYTCTBUEM B OTHX OpraHax pa3iH4HbIX (paximii
(depMeHTa WM, BO3MOXHO, HECKOJNBKHUX €ro ajio3uMoB. Takoe HepaBHOMEpPHOE
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pacnpenencuue AJIT paHee ObLIO MOKa3aHO JUIS JPYTHX MOPCKUX JIBYCTBOPOK [Paynter
et. al., 1984; Hayashi, 1993; Puppo, Blasco, 1995].
6.2.3. AKTUBHOCTB aJIbJIOJIA36I B TKAHIX MUIHA

Anpnonaza wnu Gpykro30-1,6-mudocdaranpaonaza (OAD-A, KO 4.1.2.13) —
(depMeHT Kiacca JMa3, y4YacTBYIOIIMH B IIPOIECCE TIIMKOIUTHYECKOTO PACIIETIICHUS
TJIIOKO3BL. AJIbJI0JIa3a KaTaTM3UpyeT 0OpaTUMYIO peakiHio Mpeodpa3zoBaHus GPyKTO30-
1,6-mudocpara (OAD) B 3-hochornuueprHoBBI andbIerua U JUTHAPOKCHAIETOH-3-
dochar [Kydepenko, 1979]. B rimkonuse NMpHHAMAET y4acTHE IUTOIUIa3MaTHYECKAsI
aIpI0J1a3a.

VY M. edulis anpnonasza oqHOpoaHA, NO-BUAMMOMY, KOJHPYETCS MOHOMOP(HBIM
agokycom [Ahmad et.al., 1977]. Ecnu mpeamnonarats, 9To IBETOBbIe MOPGhBI 00Ia1af0T
HEOIMHAKOBO MPHCIIOCOOIEHHOCTHIO K YCIOBHSM THIIOKCHH, TO PA3IHUYHS MEXTY HAMH
MOTYT MPOSBIIATHECSA M B aKTUBHOCTH aJbI0JIa3bl, KaK OJHOTO M3 KITIOYEBBIX (DEPMEHTOB
TITUKOJTU3a.

Ompenenenne aKTHBHOCTH allbl0Ja3bl B TKAHAX MOJUIIOCKOB OCYIIECTBIISUIH
MerogoM ToBapHuukoro-Banyiickol. MeTonx OCHOBaH Ha TOM, YTO HNPOAYKTHI
pacmiemienus: GpykTo30-1,6-pocdara npu peakuun ¢ 2,4-TUHATPOGEHUITHAPAZTHOM
00pa3yloT THAPA30HbI, OKpAIICHHBIC B INEIOYHOH cpene. MHTEHCHBHOCTH OKPAacKH
MPOTOPIIMOHATbHA ~ aKTHBHOCTH  ¢epmenta [KampimamkoB, 2004]. B pabGore
WCTIONIB30BAIM  CTICIMATIM3UPOBAaHHBI HA00p peakTHBOB («XHUMpPEAKTUBKOMILICKTY,
Mocksa).

3HaueHHe aKTUBHOCTH (PEPMEHTA Yy MOJUIIOCKOB BapbHPOBAIIO KaK MEKIY, TaK U
BHYTPH IIBETOBBIX TPy (Ta0I. 6.3).

Tabnuua 6.3

CpenHee 3HayeHUWE AaKTHUBHOCTH  anbJoja3bl B  Pa3HbIX LBETOBBIX TIpymnmnax
M. galloprovincialis (Mmxmons DD mun™ Mr Genka) (X +Sx)
Txamu YepHas [lepexonnas TeMHo-KOp. Cseto-kop.
rpymnma rpynna rpynna rpymnmna
Hora 0,1255+0,0359 0,0661+0,0231 0,1242+0.0470 0,1109+0.0197
Kabpsr 0,09224+0,0097 0,0558+0,0078 0,0748+0.0148 0,1150+0.0217
Ienar. 0,0254+0,0037 0,0182+0,0017 0,0252+0.0043 0,0207+0.0029

Kak B HoOre, Tak M B remaromnaHKpeace aKTHBHOCTbH ajbJl0jla3bl HE 3aBHCENA OT
OKpAacKu CTBOPOK MHUIuH (puc. 6.14; 6.15). BHyTpu Bcex rpynm Habmogancs OONBIION
pa3bpoc 3HavyeHuil. HecMOTpsl Ha TO, YTO IOCTOBEPHBIX Pa3IMYMi BBISIBICHO HE ObUIO, Y
M. galloprovincialis iepexomHOW OKpacku 3a(UKCHpOBaHA TEHACHIUS K YMEHBIIICHHIO
AKTUBHOCTH QJIbA0JIA3BI IT0 CPABHEHHIO C KPACBBIMH IPYTIITaMH.

B To e Bpems, ais sxabp 3aBUCHUMOCTh aKTHBHOCTH ()epMEHTA OT IIBETa CTBOPOK
MOJITFOCKA XOPOIIIO OMKCHIBANACH YpaBHEHHEM mapaGonmmdeckoii ¢yukiun (R°=0,987)
(puc. 6.16). 3HaueHHs AKTHUBHOCTH QJIBJONA3bl JUIS TMEPEXOAHOH Trpymmsl ObLIO
JIOCTOBEPHO HIDKE, 4eM Juid uyepHoii (B 1,65 pa3 mpu p<0,005) u cBeT0-KOpUIHEBOH (B 2
pasa mpu p<0,005). Tak kak anpmoiiasa y mpeacraBuTencit poma Mytilus (mampumep,
M. edulis) xkogupyercst MoHOMOp(hHBIM JIokycom [Ahmad et.al., 1977], To paznuuus B ee
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AKTHBHOCTH MOTYT OINpPEAENAThCS KaK YPOBHEM €ro 3KCIPECCHM, TaK M IMpoleccaMu
HNOCTTPAHCISIIMOHHON MOAU(HKALIUH.

Crnenyer oOparuTh BHUMAaHHE Ha TO, YTO MOJUIFOCKH, MMEIOIIME PAKOBHUHY C
MPOMEXYTOYHBIM THUIIOM OKpAacKd (MepexoAHas M TEeMHO-KOpHYHEBas TpPYIIbl), B
OonpmMHCTBE cilydyaeB UMe0T HU3Kylo akTuBHOCTH ACT, AJIT u ampmonasel 1o

OTHOIIECHHUIO K KpaeBbIM Mopdam (depHasi, CBETJIO-KOpHUIHEeBas Tpymiisl) (puc. 6.8; 6.11;
6.12; 6.16).

e
W
|

0.07

o
~
T
L ]

0.06 - .
0.05 *

o
w
|

0.04 - .

e
[\
I
[}

0.03 - . o

=)
—_
T T
.
.
]
.
.

0.02 - . o3

]
°
$
b )

0.01 - ¢ . *

Anbnonasa, MKMOJb O D MI/IH'IMF'1 Oenka
[ ]
[ ]
Anbponaza, Mmkmonb OO via-Ivr ! Genxa

80 120 1}6(
R, y.e. R, y.e.

(e
N
S

Puc. 6.14. 3aBUCHUMOCTH aKTUBHOCTH Puc. 6.15. 3aBUCUMOCTh aKTUBHOCTH
anponassl B Hore M. galloprovincialis ot apJI0Na3kl B renaronankpeace M.
LIBETOBBIX XapaKTEPUCTUK €€ PAKOBUHBI galloprovincialis OT 1IBETOBBIX
XapaKTEPUCTUK €€ PAKOBHHBI

<

=

3

S 014

5 T R20,987

- 0.12F

= I

=

& 0.1F

=

e |

2 0.08

= L

N

= 0.06

g

g I

=

S 0.04"-

é U U R MR B

< 40 60 80 100 120 140
R, y.e.




247

[[BeToBOI MonMMOpHU3M paKOBHH U aKTUBHOCTh HEKOTOPHIX (DEPMEHTOB. ..

Puc. 6.16. 3aBUCMMOCTh aKTHBHOCTH aJIbJI0JIa3bl B )xadbpax M. galloprovincialis ot
[IBETOBBIX XapaKTEPUCTHK €€ PAKOBUHEI ( x + Sx )

MOXHO JOMyCTHTh, YTO OHHM TMOSBISAIOTCA Kak pe3yiabTaT THOpHIM3AINN
nocieqHUX. B 3TOM ciydae TOBBIMIAETCS JOJSI T€TEPO3UTOTHBIX JIOKYCOB. AJILTEIH,
OTIpeeISoONINe CHHTE3 (EPMEHTOB aHadpoOHOTO MeTabonm3Ma, MOTYT OBITh
3a0JIOKUPOBAHBI, TaK KaK MOJUTIOCKH C TPOMEKYTOYHBIM THIIOM OKPAaCKH CTBOPOK
PaKOBUH TATOTCIOT B OCHOBHOM K CKaJIbHBIM CyOcTpaTam (a3poOHbie yciaoBus) [IBaHOB u
np., 1989; Kazankoga, 2008].

M3BecTHO, 4YTO TEpEOpUCHTALUs MeTaboiu3Ma C a’poOHOro IyTH Ha
aHa’poOHbIid Haxomutcs mon koHtposem HIF-1 (hypoxia inducible factor), koropsrit
aKcIpeccupyercs B ycaoBusix rurnokcun [Rees et al., 2001; Vleugel et al., 2004; Ju et al.,
2007]. Bomusle opraHM3MbI TaKXKe comepkar JaHHblii dakTop [Rees et al., 2001; Soitamo
et al., 2001; Ju et al., 2007]. TTokasano, uro HIF-1 cmocobeH HMHAYIMPOBATH T'CHBI,
OTBETCTBEHHBIC 32 TIUKOJIMTHYCCKUE W 3PUTPONOITHUYCCKHE MPOIECCHl B OpraHu3Me
ruapobronToB [Soitamo et al., 2001]. B ycnoBusx HOpMokcuu mpoaykis HIF-1
nomasisetcs [Vleugel et al., 2004]. Oto, Kak cieaCTBHE, JOKHO MPHUBECTH K CHUKEHUIO
AKTHBHOCTH KOHTPOJIMPYEMBbIX HaMH (EPMEHTOB, TaK Kak oOIHa W3 ayuieliei
(MpennoNoKUTEILHO MOJTYYCHHBIE OT 0CO0CH CBETIIO-KOPUYHEBOW TPYIIIBI) B YCIOBHSIX
a’pOOHOI cpelbl He OYAET PKCIPECCUPOBaHa.

Takum oOpa3oM, mnpuMeHeHHe Merona (oTorpadupoBaHuss U IUPPOBOU
00pabOTKN CHUMKOB PAaKOBHH IMO3BOJHIO OJHO3HAYHO HICHTH(OUIMPOBATH 4 IBETOBBIC
rpymmnbel - M. galloprovincialis:  depuble, mepexomHble, TEMHO-KOPHYHEBBIC, CBETIIO-
KOpHUYHEBbIe. MeXIy HUMH U1 piga TKaHEH OTMEYECHBI CYIIECTBEHHBIC OTIHYHSA B
AKTUBHOCTH ()EPMEHTOB, 33JICHCTBOBAHHBIX B MPOLIECCAX aHA3POOHOTO METabOIM3MA.

e HauGoublme pacXoxJICHUS BBISBICHBI MKy KPACBBIMHU IPYIIIAMU: C YESPHOH U
CBETJIO-KOPHYHEBON OKpAcKON pakoBHHBI J[OMycKaeTcsi, YTO OHU MOTYT OBIThH
TeHETHYCCKH JIETCPMHUHUPOBAHBI U CBSI3aHbI C TOJCPAHTHOCTHIO ITBETOBBIX MOP(d
K YCJIOBHSM BHEIIHEH THITOKCHH.

e MOomToCKH € TPOMEKYTOUHBIMU THUIIAMH OKPACKH PAKOBHHBI: TEPEXOIHAS H
TEMHO-KOPUYHEBAas TPYMIbl, B OOJBIIMHCTBE CIy4YacB HMEIH MOHWKECHHYIO
aktuBHOCTh ACT, AJIT u anbmona3sl OTHOCHUTEIIBHO KpaeBbIX Mopd. DTo, mo-
BHIMMOMY, SIBJISIETCS CJEACTBHEM THOPHIN3AIMH TOCIEAHUX W OJOKHPOBAHUEM
YacTH aselneil B yCIoBUsIX a3poOHOi cpebl.
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NMPOLECCbI POCTA U PETEHEPALIUM TKAHEN Y
MACCOBbIX BUAOB ABYCTBOPYATbIX MOJIJTFOCKOB
YEPHOIO MOPH

[Tpu u3yueHUH pocTa )KUBOTHBIX MPUMEHSIOTCS Pa3IMYHbIC MOPPOMETPHUECKUE,
¢usnonornyeckne W OMOXMMHYECKHME METOIBI HcciemoBaHus. K mociemHuM MOKHO
OTHECTH TaKHWe IOKa3zaTelld, Kak cofepkanue cymmapueix ¢pakuuit PHK, JJHK wu
YpOBeHb Oelika B TKaHAX, a Takxke pacueTHbld mHaekc PHK//ITHK. Drtor komrmiekc
MOoKa3aTesied CTal MPUMEHSTHCSA AOCTATOYHO [aBHO, OJHAKO OH HE MOTEpsul CBOEU
3HQUMMOCTU JO HACTOSIIEr0 BPEMEHU B BUJY YHUBEPCAIbHOCTU U OTHOCUTEIBHOU
npocrotel [Crupun, 1958; Sutclife, 1970; Dortch, Roberts, 1983; Buckley, 1984;
Robinson, Ware, 1988; Megurk, Kusser, 1992; Clemmesen, 1994; Juinio, Gobb, 1994;
Moss, 1994; Bowen et all, 2005].

7.1. UHamkaTopbl npoueccoB 6e/IKOBOro CMHTE3a n
peTeHuuun 6enka y npeacraBuTenen
Mopckux Bivalvia

Pubonyknennossie kucnotsl (PHK) sBnsroTcss He0OX0UMBIM KOMIIOHEHTOM TIPH
CUHTEe3e 0eJKa, IO3TOMY MOYHO YTBEPXIaTh, YTO UX CyMMapHOE COJCpIKaHUE B JaHHBIN
MOMEHT (TIepHO[T) JKU3HU OTPaKaeT CKOPOCTh CHHTE3a Oellka: YeM BBIIIE COJep)KaHue
PHK, Tem BhImIe ckopocTh cuHTe3a. Hanbosiee 4eTko 3Ta 3aKOHOMEPHOCTh MPOSIBIISETCS
Yy MOJIOABIX U OBICTPOPACTYIIUX OPraHU3MOB M y KUBOTHBIX, HAXOJSAIIUXCS HA CaMbIX
panHux cragusx onroreHesa [Sutclife, 1970; Moss, 1994; Rooker, Holt, 1996].
Kounuentpanus PHK y MHOrMX Opranu3MoB HanpsSMYIO CBS3aHa CO CKOPOCThIO pocta. K
npuMepy, Takas B3aMMOCBSI3b OIUcaHa /it MUKpoopranu3moB [Leick, 1968], HekoTopbix
HAaCEKOMBIX, Komeno, am(uoa u apyrux pakooodpasusix [Dagg, Littlepage, 1972; Ota,
Landry, 1984; Pease, 1988; Miglavs, Jobling, 1989; Moss, 1994]. 3a ckopocts pocta
MPUHUMAJIOCh, KaK TMPaBHIIO, YBEJIHMYECHHUE CYXOH MAacChl Tejla 3a ONpeaeieHHBIN
MIPOMEXKYTOK BPEMEHH.

Opnaako myiss OONBIIOTO KOJNMYECTBA TAaKCOHOMHUYECKHX TPYIIT >KHBOTHBIX, B
OCOOCHHOCTH T€X, KOTOPhIE XapaKTePU3YIOTCs 3HAYUTEIBHON Maccoi Tena, ee MpUPOCT
JIOTHYHO OIICHWBaTh [0 YPOBHIO HAKOIUICHUS OCJIKOBBIX PECYPCOB, HAMPSIMYHO
3aBUCSIINX OT OMOCHHTETHYECKUX TMpoIeccoB. st 3Toro HEoOXOAWMO TOJKIIOYATh
Takhe IIOKa3aTeNd, Kak  cojaepkaHune Oenka, pacdyetHele wuHAekcel — PHK/JIHK,
PHK/6enok, PHK/cyxas wmacca. JlaHHble 1O COJCpXaHHMIO OOIIEro Oelika MOXHO
paccMaTpuBaTh Kak Pe3yJbTHPYIOIIYIO MPOIECCOB aHabonmm3Mma (Ap) M KarTaboju3Mma
(Kp). B OonmpmmHCTBE CilydaeB y )KHBOTHBIX HAOIFOJIAETCSI MPsIMasi 3aBUCHMOCTD MEXITY
coluepkaHueM Oejlka U Ap: HayajbHbIC CTaJUW PA3BUTHS, MOJIOJAbIC OBICTPOPACTYILIHE
ocobu pasueix BumoB [Buckley, 1980; Ota, Langry, 1984; Wright, Martin, 1985; Megurk,
Kusser, 1992; Rooker, Holt, 1996], opranusmbl ¢ KOPOTKHM >KU3HEHHBIM IIUKJIOM U T.J
[Leick, 1968; Dagg, Littlepage, 1972; Dortch, Roberts, 1983]. Opnnako 53T0

IIPOCJIC)KUBACTCA HE BCETAA, WU NMPUYHMHA 3TOr0 — pasHasi MHTCHCHBHOCTH KaTabojn3Ma



249

IIponeccsl pocTa U pereHepanuy TKaHEH y MacCOBBIX BUJOB JIBYCTBOPYATHIX. ..

Oenka. B Takux ciyuyasx coiepkaHue Oenlka SBISIETCS TOKa3aTeleM CTENeHH
COTIPSDKEHHOCTH OEIIKOBOTO CHHTE3a W TMPOIECCOB pachaja OeloKCoAepKalinx
coenmuHeHwd. [lpu aHamm3e e POCTOBBIX TIPOIECCOB Y MOPCKUX JIBYCTBOPUYATHIX
MOJUTIOCKOB B TEYEHHE IONTOCPOYHBIX BPEMEHHBIX WHTEPBAJIOB, TAKUX KaK TOJOBBIC
IUKJIBI, CBSI3M MEX/Y 3THMHU BeJIMYMHAMHU HEe oOHapykuBajioch [[llepbanb, AGonmacosa ,
1991; Ulepbanb, 1995; Bsaosa, 2000].

B wuccnemoBaHusX, BBINOJIHEHHBIX Ha  yCTpULAX, TOIYOBIX  MHIUIX,
aMEpUKAHCKHX JICIaX, aTIAHTUIECKUX BHUJIAX CEJIbAM U OKYHS OBUIO YCTaHOBIICHO, YTO
nagexkc PHK//IHK dgyBcTBHTENEH K CMEHE MHUINEBHIX CyOCTpPaTOB M MOMKET OBITh
HCIIONB30BaH KakK ITOKa3arellb MTHOBEHHOM ckopocTu GenkoBoro cuuresa [Hetzel et all.,
1983; Wright, Martin, 1985; Robinson, Ware, 1988; Megurk, Kusser, 1992; Clemmesen,
1994 u np.].

broxumuueckuit moIxo K H3yYeHHIO BOIPOCOB POCTa MOPCKHX JIBYCTBOPUYATHIX
MOJUTIOCKOB B TIPUPOAHON cpelie OOMTaHMsI, TaK e KaK U B aKBaKyJIbType, Bceraa Obll 1
OCTaeTcsl aKTyalbHBIM, HECMOTPS HA MPHOPUTETHOCTH MOP(HOMETPUYECKUX METOJ0B
OIIEHKH POCTOBBIX mporeccoB. OOBEKTaMH TaKUX HCCIECIOBAHUMA SBISITUCH MUJAHHA —
yepromopckass Mytilus galloprovincialis L. [[duBaBun, 1984; Illepbanb, 1991, 1992,
1995, 2001, 2010; Ilep6ans, Bsumosa, 2008], kamudopuuiickas Mytilus californianus
[Clemmesen, 1994; Danlhoff, Menge, 1996; Stillman et all., 1996], yctpuusr —
Crassostrea viridis [Hetzel, Wright, 1983 u np.] u Crassostrea gigas [Bsutoa u ap.,
2008], amamapa Anadara inaequivalvis Br. [Illepbans, Auapeenxo, 2007; Illepbausp,
2011], a Takxke mus — Mya arenaria [Mayrand et all., 1994] u gwnmiickuii rpederrok
Argopecten purpuratus L. [Martinez et all., 1992]. HccrnenoBanus BBIIOJIHEHB W Ha
OoJee peKMX BHIAX JBYCTBOPYATHIX MOJUTIOCKOB, Hanmpumep, Pecten maximus u Nucella
ostrina (tpy6au) [Martinez et all, 1992; Danlhoff, Menge, 1996; Menge et all., 1999].
Taxk, cymmaproe conepxanre PHK u coornomenne PHK//IHK mpuMeHsiiiocs B kauecTBe
SKCIIpecc-TIoKa3aTeNeil Ui OIEHKH WHTEeHCHBHOCTH CHHTE3a Oellka B COMATHYECKUX U
reHepaTUBHBIX TKaHsax Pecten maximus, a coornomenue PHK/JIHK — B komruiekce ¢
pSAAOM  KIFOYEBBIX  TIOKa3aTeledl  dHepreTMYecKkoro  MeTaboimm3Ma:  BENWYHHON
MOTPEOIEHHOTO KUCIIOPO/ia, aKTUBHOCTH ITUTPATCHHTETA3bl, MaJlaTAeTuAPOTeHa3bl, sl
xapakreprctiku (yHkiponansHoro cocrosuust Nucella ostrina [Danlhoff, Menge, 1994;
Danlhoff et all., 2002]. Vcranosneno, uro mumekc PHK/JTHK cumbHO Bapbupyer y
M3y4aeMbIX BHJIOB M OTPaKaeT KPATKOBPEMEHHbIE M3MEHEHUS B JOCTYITHOCTH MHIIIH.
lonon, kKak OCHOBHOU (hakTOp, BIAMSAIONIMIA Ha POCT U METabOJIU3M, HapsIy C TETIOBBIM
CTpeccoM, OTpaHWYEHHBIM TMOCTYIUIGHHEM KHCJIOpOJa ¥  MPHIMBHO-OTIMBHBIMH
SBIICHUSIMU TIPUBOJIMI K CHIDKEHUIO akTUBHOCTH (hepmenTtoB u Benmmunabsl PHK/JIHK y
M. californianis u N. ostrina. Oco60 4yBCTBUTENBHBIM K MUIIEBOMY (HaKTOPy OpraHOM
OKa3aJicsl MYCKYJI-aIIyKTOp, CHOCOOHBIA aKKyMYJIHMpOBaTh 3HAYHUTENbHBIE KOJIMYECTBA
sHeprun. [lomydeHHBIE pe3yNbTaThl XOPOIIO COTIACOBBIBAIUCH C UCCIECIOBAHUSAMHU ITUX
K€ aBTOPOB U Ha JAPYrux Mopckux OecriozBonounsix [Danlhoff, Menge, 1996; Menge et
all., 1999]. Tako# moaXx0] K KOMIUIEKCHOH OIEHKEe aHAOOINYEeCKOW aKTHBHOCTH TKaHeH
NPUMEHSIICS TIPH UCCIICIOBAHUH JIByCTBOPUYATHIX MOJUTFOCKOB B akBakyibType [Martinez
et all., 1992; Mayrand et all., 1994] u B uiccrenoBanusx Ha MOpCKUX BHIax peid [Mathers,
Houlihan, 1992; Pelletier et all; 1995; Yang, Somero, 1995].

B UYepHoM Mope K MaccOBBIM BHJIaM JBYCTBOPYATHIX MOJLIFOCKOB MOTYT OBITh
OTHECEHBl MUJIUU, MUTHJULICTEPHI U, B TIEPCIIEKTUBE, YCTPHULBI, KOTOPBIX HEOJHOKPATHO
MBITAIMCH aKKJIMMAaTU3UPOBaTh B pa3iM4HbIX paiioHax KpeiMckoro mobepesxsps eme ¢ 80-
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X roaoB mpouuioro croietus. B 2007 romay, 3aBe3eHHas U3 MUTOMHHUKa CEBEPO-
aTmaHTHyeckoro mobepexkbst  @pammum, Crassostrea gigas craga  00beKTOM
MapuKyJIpTypbl. OIIEHKa CKOPOCTH pocTa ee Monomu (cmar 2 mecdna, jaiuHa 6,5 MM)
ObLIa mpoBeneHa B yCIOBHSIX MOpPCKOi ¢epmsl (rmoc. Kanusenu, Kpeim) [Bsnosa u mp.,
2008]. MIHTeHCUBHOCTH OCIIKOBOTO CHHTE3a y TPUILUIOMIOB OKa3anach B CPEAHEM B 3 C
JUIITHAM pasa BBIIIE B 3UMHE-BECEHHHUHA CE30H, YeM Y AMIUIOWIOB W CHIKANIACh K JIETY.
[IpumeHeHHass 3KCIPECC-METOAMKA IO3BOJIsJIa OICHUTHh ‘MTCHOBEHHYH) CKOPOCTB”
POCTOBBIX TPOIECCOB M OHTOTCHETUYECKHE OCOOCHHOCTH POCTa Pa3HBIX JIMHUH
YCTPHUI] B YCIOBHSX HMCKYCCTBEHHOTO BBIPAIIMBAHUSI.

BaxupiM acnexktoM pabOTBl C KYJIBTHBHPYEMBIMH MOPCKHMH MOJIIFOCKAMHU
SIBJIICTCS W3yYCHUEC WHAWBHUJYadbHOW M TPYNIOBON BapuaOeNbHOCTH NPU3HAKOB, B
OCOOCHHOCTH Te€X, KOTOpBIE OINPEACISAIOT CTETEHb CO3PEBAaHUS IOJOBBIX MPOAYKTOB
(IIIT). Yepnomopckass Mumusi — HanOolee W3YYCHHBII B 3TOM OTHOIICHHH BUJ
neyctBopuathix [Lllepbanb, AbGonmacora, 1991; Illepbanb, 1992, 1995, 2000, 2010;
Bsutora, 2000; Lllep6anb, Bsiosa, 2008 u np.]. OCOOCHHOCTH LMKIAa pPa3MHOXKEHUS
3TOTO BHJA TO3BOJISIOT CO3/IaBaTh OTIEIHHO KOTOPTHI MPOW3BOAMTENECH — CAMIIOB U
CaMOK — M M3Yy4aTh MX TOJIOBBIC TPOIYKTHI ITOCIE BEIMETA, J0 OTUIOMOTBOPCHHS U Havalia
sMmOpuoreHe3a. Jlo HemaBHEro BpeMEHHW OIIyIIANCs ACHUIUT STHX AaHHBIX. AHaIU3
€CTECTBEHHBIX IOMYJISAIMA TOKa3all, YTO YPOBEHh OMOCHHTE3a OeKa B TOHAJaX CaMIIOB
M CaMOK Ha pa3HBIX BPEMEHHBIX JTamax IOATOTOBKM K HepecTy pa3nmueH. Tak,
conepxanue PHK y cammoB 3-4 mpemuepectoBoit ctaguu B 1,9 pasza Hmke, 4em B
TOHaJgaxX CaMIOB, TOTOBBIX K BBIMETY IOJIOBBIX IPOAYKTOB; y CAMOK 3TH BEIHYUHBI
pasmmuatorcss B 2,1 pasza [LLlepbans, Bsmoa, 2008; Kapapanmesa, Illep6ann, 2010].
ABTOpBI pabOT MOKAa3aJ, YTO COJIEPKAHNE HYKIEHHOBBIX KHCIIOT 3aMETHO BO3pPACTaeT Io
Mepe co3peBaHusl roHan or 1 mo 4 craguu, JOCTHUTas MakcuMyma Ha 5 crtaauu. B
YCIIOBUSIX TeMIIEpaTypHOH CTUMYJISIIUN HEpecTa YPOBEHb CHHTE3a Oellka MOBBIIIAETCS Y
CaMIIOB B 2 C JMIITHUM pa3a MO CPaBHEHHIO C CaMKaMH, a B YCIOBHSIX MPUPOIHOTO
Hepecta Obul oxuHakoB [KapapanmeBa, lllepOanb, 2010]. MHAaekc ckopoctH pocta
PHK/JTHK B ronamax camiioB ObuT 3Ha4MTeabHO BbImE (36,2), uem y camok (5,5). Ilo
BenMuuHaM KonuuectBeHHoro coxaepxkanus JJHK B IIIl ompenenen nmpeanonaraemslid
00beM JTMYMHOYHOTO MaTepraa U OIUIOIOTBOPSIONIast criocoOHocTh camioB. [1I1 camiios
XapaKTepHU30BAINCH MAaKCUMAJIBHO BBICOKUM cojepkanueM JIHK, B 8,9 pasa Bolmme, uem
y CcaMOK, WHBIMH CJIOBaMH, IIPEATIOJIIOKUATENEHO Ha | BBIMETAHHYIO SIAIEKIETKY
MPUXOIUTCS 9 BIMETAaHHBIX CIIEPMATO30MI0B. Takue MaHHBIC JJIsl 3TOr0 BUJA MOJIYUYCHBI
Briepebie [Kapapaniiesa, [l{epOann, 2010]. bonee mosHas xapakTepucTHKa 0COOCHHOCTEH
TeHEPaTHBHOTO CHHTE3a Y HECKOJIBLKUX OCHOBHBIX I[BETOBBIX MOP(] MHIMI MpeICTaBICHBI
B pabote aBTopos [lllepbans, Bsmosa, 2008].

B panHuX uccienoBaHUsIX Ha MpUPOAHBIX momyssiimsax Mytilus galloprovincialis
(paiton IOBK, Gyxra Jlacnu u Oyxta Kazaubs, CeBacTomnosis) ObIIIH MOTYYEHBI JaHHBIE TI0
OMOXMMHYECKOW WHAMKAIIMA POCTOBBIX MPOIECCOB B COMATHYECKOW TKAaHW (MaHTHITHBIE
JIETIECTKH) U TOHaJIaX y pa3zHOBO3pPACTHHIX Tpynn moinmocka [Lep6ans, 1995; 2000].
Pe3ynbraThl COMOCTABISAINCH C MOPHOMETPUUSCKUMH IMapamMeTpaMu — JIMHEHHBIMU
MPUPOCTAMU W TPUPOCTAMHU MACChI TKaHEW Ha TPOTSHKEHUH HECKOIBKHUX TOJIOBBIX
LUKIOB. AHaNU3 COOCTBEHHBIX M JIMTEPATYPHBIX JaHHBIX 10 MOP(OIOrHYECKUM
KPUTEPUSAM pPOCTa YEPHOMOPCKHMX MHMIWH, pacTyIIMX Ha Pa3IMYHBIX CyOcTparax,
BKIIIOYAsl KOJUIEKTOPHBIC YCTAaHOBKH, OCTABJIST OTKPBITHIM BOIMPOC O MPHOPUTETHOCTH
BIUSHUSI TE€X WJIM HMHBIX MPHUPOIHBIX (aKTOPOB HA CKOPOCTHh IPOILECCOB pocTra. B
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pe3ynabTaTe MPOBEIACHHBIX WCCIEAOBAaHWN Ha TpeX BHJAX I[BETOBBIX MOp(d Muaui
(uepHO¥, TEeMHO-KOPHMYHEBOM M KOPWYHEBOH) OBUIO IOKa3aHO, YTO MEXAY HUMH
CYIIECTBYIOT JOCTOBEPHBIE pa3U4Hi B IapaMeTpax COMAaTHYECKOTO pOCTa TKaHeH
(conepxkanuu PHK u Oenka, snauenusx muaekca PHK//IHK). IlokazaHo, 4To 4epHas
Mop(a oTiaMUaeTC MaKCUMalbHOW ckopocthio  pocta [IllepGanb, 2000]. Ora
0COOEHHOCTH OBbIJIa XapaKTepHA KaK JUTsl B3POCIBIX, TaK U HEMOJIOBO3PEIbIX MUINH.

Cpenu MOPCKHX JIBYCTBOPYATHIX €CTh BHJIBI—BCEJICHIIBI, PAaCCENSIONINECS B
BOJIOEMBl C HECBOWCTBEHHOM paHee JUIsi HUX COJCHOCTHIO, KHUCIOPOIHBIM PEKUMOM,
CTPYKTypOii OHMOTOTNOB, KOPMOBEIM pecypcoMm # T.0. llo cpaBHeHHmIO ¢ Apyrumu
TpynmaMu THAPOOMOHTOB-BCEJICHIIEB, TAKUMHU KaK JKEJIETeNble WM KOIIETOIbl, OHU HE
Tak MHOroYHclicHHbl. B UepHOM MOpe OAHMM W3 TakuWX BUJOB SBIISETCH aHaaapa —
Anadara inaequivalvis Br. Jlauabiii MoJumrock mostBrics B UepHoM Mope B KoHie 80-x
TOJIOB TPOIIIOTO CTOJIETHUS W PACCETWICS IMPEHMYIIECTBEHHO Ha TiIyOmHax 7-25 M,
no3aHee ObLT HaiifieH U Ha riryouHax 4,0-6,5 M. K Hacrosimiemy BpeMeHHU HUCCIIeI0BaHa
TKaHeBas crnenuduka OuocuHTe3a Oelka B COMAaTHYECKMX OpraHax 3TOI'0 MOJUIIOCKA,
obuWTaromero B MPUPONHOW cpene (Ha mpuMmepe 3-X pa3MepHO-BO3PACTHBIX TPYIII), a
TaKkke B dKcrepuMenTe npu nedurmre nunm [Lllepdans, Anapeenko, 2007; 1llepOans,
2011].

Ha ypoBHe cyOmommaanT B YepHOM MOpe OOWTAIOT BHIBI JBYCTBOPYATHIX
MOJITIOCKOB, TPHUYPOYECHHBIE K PBIXJIBIM TpyHTaM. OHH MOTYT BXOAWTH B COCTaB
“nosicHpIX” cooOmiecTB menbda win o0pa3oBBIBaTH JIOKANbHBIE OMONEHO3bl. K Takum
BumaM MoxHo otHectd Chamelea gallina, Modiolula phaseolina, Mutilaster lineatus, 2
Buma poma Abra: A. alba u A. nitida. Ha wHacTosmumii MOMEHT HCCIIEIOBAHHHA 10
OMOXMMHYECKOW WHAMKAIMKM POCTAa HAa ITHX BHJAX HE MPOBOIMJIOCH.

[IpoBoast aHaIM3 UCCIEAOBATEIILCKUX Pa0OT MO JaHHOH TeMaTHKe, HEOOXOIUMO
CKa3aTh O TOM, YTO IMOJABJSIONIEEe OOJBIIMHCTBO aBTOPOB HCIIONB30BaJIM B KadeCTBE
ocHoBHOTO — moka3atens PHK/JIHK. Hapsay ¢ BBIen3n0keHHBIM, pAaCYETHBI HHIEKC
PHK/JIHK npumensiicss Takxe HpU OILICHKE CKOPOCTEH MPOIECCOB OMOCHHTE3a OeKa U
pereHepanuy TKaHEH YEepPHOMOPCKUX JBYCTBOPYATHIX MOJIIIOCKOB TPU BO3ACHCTBUU
HEeOJIAronpusATHBIX W dKCTpeMaibHbIX (aktopor [Canino, 1994; Stillman et all, 1996;
Bowen, 2005; Illepbanb, 2010]. V dYepHOMOpPCKHX MHIWUH B YCIOBHSX JEHCTBUS
TOKCHUYECKHX Harpy3ok: MOJIUXJIOPUPOBAHHBIE oudeHmTBI (ITXB) u
terpagemrpuMermiaMmornii 6pomuna (TATMA) — BennuuHa MOTyd4eHHOTO WHAEKCA
XapaKkTepHu30Baja ypPOBEHb M HANPABICHHOCTH OEJIKOBOIO CHHTE3a B COMATHUYCCKUX U
TeHEPAaTUBHBIX TKAaHAX W Mpolecchl pereHepanmu B xkabpax [ConmatoB m ap., 2005;
[lep6ans, 2010]. Tlokazano, uro BenmunHa PHK/JIHK orpaxana yraerenne mpoieccoB
pereHepanuu B xabpax W CBHIETENHCTBOBAJIA O HAJMYUHU BBIPAXKEHHOTO TOKCHYECKOTO
a¢dekra: koutposnbHbie 3HaueHuss PHK u PHK/JIHK B pasHbIX TKaHAX MHIUH,
HETIO/IBEPIKEHHBIX TOKCHYECKOH Harpyske, OBLIH 3HAYUTEIHHO BEIIIIE
AKCIIEPUMEHTAIIBHBIX, 3a uckimoueHneM roHan. Cogepxxanne PHK n manexc PHK/ITHK
B )kaOpax MU 3HAYMTEIBHO MPEBBIIIAIN 3HAUCHUS, OTMEUCHHBIC JUIS JIPYTUX TKaHEH,
YTO MOATBEPIKIAIO BEICOKYIO CKOPOCTB POCTa M PETeHEPAIIiH KabepHBIX CTPYKTYD.

Ha apyrom Buzme (Anadara inaequivalvis) Obuto Tmoka3aHO, YTO HHJIEKC
PHK/JJHK MoskeT OBITH HMCIIOJIb30BaH Jisi OLICHKM CKOPOCTEH COMAaTHYECKOro pocTa
TKaHeW Hapsay ¢ TaKUMH II0Ka3aTesiIMM OCJIKOBOrO aHabojM3Ma, KakK COJCpKaHHe
cBoboanbix HykieotunoB (CH), amunokucnor (AK), PHK u obmero 6enka B ycioBusx
BHEIIHEW aHokcuu [AHapeenko u ap., 2009a, 20096; lllep6ans, 2011]. Ha ocHOBaHuuM
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KOMIUIEKCA TIOKa3areiei OBUIO yCTAaHOBIICGHO, YTO B YCJOBHSAX JCHCTBUS BHEIIHEH
AHOKCHH CHIDKANIAaCh aKTUBHOCTH OENKOBOTO aHa0oim3Ma B abpaxX W remaromaHkKpeace
3TOT'O MOJUTIOCKA M aKTHBHPOBAJIICH ITPOLIECCH OETKOBOTO KaTaboIm3Ma.

OtMeTHuM, 94TO KpOMe BeJIMUUH cyMMapHoro coxaepxkanust PHK, oGmiero Genka u
nnnexca PHK/THK, mist XapakTepHCTHKH CKOPOCTH POCTA OPraHU3MOB MPUMEHSIOTCS U
Takne OMOXMMHUYECKHe pacueTHbIe TIOKas3aTelH, Kak Oemox/cyxas macca, PHK/cyxas
macca, PHK/6enok [Buckley, 1980; Hetzel, Wright, 1983; Illep6ans, 1992; Mayrand,
Pellerin-Massicotte, 1994; Il{ep6anb, 1995]. OnHaKko OHM HCHOIB3YIOTCS 3HAYUTEIBHO
peke M paccMaTpHUBAIOTCA Kak JOMOIHUTEIHHBIE.

I'maBHBIMH acmieKTaMH TIPHIOKEHWS PAaCCMOTPEHHBIX BHINIE TIOKa3areiei B
TUIPOOUOIOTHYECKOM MPAKTHKE MOTYT OBITH CJICIYIOIIUE.

1. Ucnonp3oBanue pacdyetHoit Benmmunabl PHK//IHK B xauecTBe MHAMKATOPHOTO
WHJIEKCa KMTHOBEHHOI» CKOPOCTH POCTa HAa PAaHHHUX CTAAMSIX PA3BUTHS OPTraHU3MOB.

2. Ucnons3osanue pacuetnoro unnekca PHK/JIHK, enmuuna PHK u Genka npu
XapaKTEPUCTUKE OCOOCHHOCTEH OEJIKOBOIO CHHTE3a B CBSI3HM C IEPUOJAMHU TOJIOBBIX
JKU3HEHHBIX [UKIIOB, B OIIGHKE TKAHEBBIX M OHTOTEHETHYECKHX OCOOCHHOCTEH JTHX
MIPOLIECCOB.

3. [Npumenenue Benuumabl PHK/JIHK B kauecTBe MHAEKCa MUIIEBOTO CTpecca
(TTIIIeBOM 00€CIIEYeHHOCTH).

4. Ilpumenenme wupekca PHK//IHK, emwmumast PHK u Oemka mpu oreHke
OMocHHTE3a M pocTa y OpraHu3MoB (0c0o0€i) B MOIMYJISAIMAX, HAXOASIIUXCS B Pa3HBIX
OKOJIOTHYECKUX YCIOBUSX, IJIS BBISIBIICHUS OJIIEMEHTOB CXOJCTBA U Pa3Id4ds B
CKOPOCTSIX 3THX IPOIECCOB.

5. Yder ocHoBHBIX uHIMKaTopoB poctra (BenmnumHsl PHK un PHK//IHK) B
MPaKTHUKE  COBPEMEHHBIX  MAapHXO3SMCTB Ui NPOTHO3UPOBaHMs  Hauboliee
OJTarONPHUSTHBIX IEPUOIOB cOOpa KyIbTUBHPYEMBIX BUOB IBYCTBOPUYATHIX MOJLIFOCKOB.

6. AHanm3 TKaHeBOHW cmenu(puku OENKOBOrO CHHTE3a Yy THAPOOHOHTOB B
YCIIOBUSIX JICHCTBUS HEOJArOMpUATHBIX U DKCTPEMAalbHBIX (AKTOPOB € IMOMOIIBIO
pacuerHoro wuHnekca PHK//IHK wu Benwmuwmnasr PHK ams omeHkn uX HEraTHBHOTO
BITUSTHYISL.

7. IlpuMeHeHue yKa3aHHBIX MapaMETPOB B KOMIUIEKCE C JIPYTMMH (DU3HOJIOrO-
OMOXMMHMUYSCKUMHU  TIOKa3aTeAsIMH  JUIS  MHTEpHpeTanud oOmero u  OeJIKOBOTO
MeTaboIM3Ma U3y4aeMbIX O0OBEKTOB.

7.2. NMpouecchbl cuMHTe3a 6esika B TKaHAX
MOJUTHOCKOB

B Hacrosiiiem paszerne npezacTaBieHa HHGOpMAIUS 0 CKOPOCTSIX MIIACTHIECKOTO
pocTa B COMaTHYECKUX W reHepaTHBHBIX TKaHsx y Mytilus galloprovincialis u Anadara
inaequivalvis ¢ yaeTom ycioBHii cpeibl ¥ HYHKIIMOHATBLHBIX COCTOSIHUI MOJLTIOCKOB.

7.2.1. llBeToBoii mosuMophu3M PakKOBHH U OCOOCHHOCTH OEJIKOBOTO CHHTE3a B
coMaTHuYeCKHX U renepaTuBHbIX TKaHsx M. galloprovincialis

Marepuan 11 ncciiefoBanus noiaydeH B mae 1998 r. Mommtocku OblTi coOpaHsbl
C KOJUIEKTOPOB, pacmoiiokeHHbIX B Oyxte Kazaubs (1. Ceacromons). OtOupanu
OJIHOPa3MEpHBIX IMOJIOBO3PENBIX MOJUIIOCKOB C ANUHOM paxkoBHHBI 40+1,5 MM, ogHOrO



253

IIponeccsl pocTa U pereHepanuy TKaHEH y MacCOBBIX BUJOB JIBYCTBOPYATHIX. ..

cpoka ocenanusi, ¢ uepHoit (U), kopuuneroti (K) u remuo-kopuunesoit (T-K) pakoBuHO.
Crannro 3peNioCcTH TOHAJ ONCHWBAIH MO ISITHOAUTBHON mikane [PuHeHko u ap., 1990].
Jns amammza oTOMpanm MOJUTIOCKOB ¢ ToHagamMu 3-4 cragumii  pa3Butusa. U3
CBE)KEBBUIOBJICHHBIX MHIMH W3BJECKAM TKAaHW — COMAaTHUYECKYIO0 (PECHHTYATBIA Kpain
MaHTWU) W TEHEPaTUBHYIO (MaHTUIHBIC JIETIECTKH). Y KaXIoi ocoOM mepBOHAYaIbHO
U3MEPSUIM UIMHY, ONPEAESUIN CHIPYIO U CyXYI0 Maccy Tena u roHan. CkopocTs pocta
OLICHUBAIM TO conepxanuto Oenka, cymmapHoro konmmdectBa PHK, THK u mnnmekcy
PHK/AHK. Bce npoObl HHAMBUAYANBHBL: KaXIIOMy HW3MEPEHHIO COOTBETCTBOBaN 1 9K3.
MOJUTIOCKA.

Cpenn  (QEHOTHIHYECKHWX TPYII YEPHOMOPCKUX MHAUN  HAOIIOZArOTCS
CYLIECTBEHHBIC PAa3JIM4Ms 110 MOKa3aTeIsIM «MTHOBEHHOI» CKOpPOCTH pocTa. Hanbonpiien
«MTHOBEHHOI» CKOPOCTHIO 00agaroT Mojutiocku U peHoruna, a HamMmenbpireh — K.

Y Muauii ¢ pakOBUHOW YEPHOTO LIBETA MOJY4YEHBl MAaKCHUMAaJbHO BBICOKHE
3HaueHus: conepxanus PHK mo cpaBHeHMIO ¢ MHUAMSMH TEMHO-KOPHYHEBOTO H
KOPHYHEBOTO (PEHOTHNOB — cooTBeTcTBeHHO 1,27 + 0,12; 0,35 + 0,06 u 0,26 + 0,01 %
(puc. 7.1, 7.2). Conepxanme Oenka B ToHamax muauii Y ¢eHoruma Taxxke OBLIO
JIOCTOBEPHO BBIIIE, YEM Y ABYX APYTHX IPYII, U COCTaBIAIO0 B cpeaHeM 27,83 + 0,38 %.
s cpaBHEHHS: TeMHO-KOpHYHEBbIH Genorun — 23,90 + 1,55 %, kopuuneBslii — 16,08 +
0,45 %. Cxonuble pa3nuuusi oOHapyxeHbl U B BeqmunHax wuHaekca PHK/IIHK (puc.
7.3).

Panee ™Mbl ycTaHOBWIIM, YTO OOIIMII TKAaHEBOW TOMOTEHAT, TOJYYEHHBIH OT
CEeTOJICTOK MHIUH CPaBHUBAEMBIX LIBETOBBIX MOpP(), MMeeT Te K€ (PEHOTHIHUYECKHE
OCOOCHHOCTH, YTO W TKAaHEBBIE T'OMOICHATHI IOJIOBO3pEJbIX MoTockoB [IllepOawns,

1999].

1.6
y 50
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y

1.2
3 = T-K
8 3 404 K
] 1 g —
= =
o Yy =
5 08 T-K %
© r & 301 y
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= 08 = TK
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0.4 K wl B 20

K
0.2 | | ’—'—|
0 10
ComaTuyeckasn TKaHb lNoHagb! ComaTtuyeckan TKaHb FoHagb!

Puc. 7.1. Copepxanue PHK B Puc. 7.2. Conepxanue Oenka B
COMaTHMYeCKOM TKaHM W TOHaIax coMaTH4YeCcKOM TKaHM W TOHaJax
MUIMHA TPEX PEHOTUITHUSCKUX TPYIIIT MU TpeX GEHOTUITUIECKHUX TPYIITT

YpoBeHb copepkanusa Oenka B MaHTUM ObLT 3HaYUTENbHO BhIe (p<0,05), uem B
roHajaax. Takasi 3aKOHOMEPHOCTb MPOCIIEKUBAETCS IO KaXI0W U3 TpeX (PEHOTHITUIECKUX
rpynn (puc. 7.2). Ognako yposenb PHK otnmyancs vecymecrsenHo y dpenorunos K u T-
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K. JloctoBepHOCTh pa3nmuuuii TodxydeHa Toibko g Y denoruma. B menom
anabonmyeckas akTHBHOCTh TOHA/I, OlleHnBaeMas 1o cojepxanwnio PHK u 6enka, y aByx
u3 Tpex m3ydeHHbx Mop K u T-K mMuamii okazanach HU3KOH.

Taxum obpazom, coaepskanue 6enka u PHK (K, T-K) B mantuu 0110 BbILIE, YeM
B TOHaJgaX, YTO CBHUJETEIBCTBYET O Oojiee BHICOKOW €€ aHaOOIMYECKOW aKTUBHOCTH.
HauGonee BbIpaXXE€HHONW CKOPOCTBIO COMAaTHYECKOTO POCTa 00Ialar0T TKAaHU MOJIIFOCKOB
YepHOH LIBETOBO MOPdBI, a HAUMEHbBIIEH — KOPUIHEBOW MOP]EI.

164
T 7.2.2. OcobeHHOCTH OEIKOBOTO CHUHTE3A B

144 ! reHepatuBHoOil Tkanu y M. galloprovincialis

Ha OPOTAKCHUUN PEIIPOAYKTHUBHOI'O II€prUoaa
12

_ 10 B BOIIpOCax CTPYKTYPHO-
z (YHKIMOHAIBHOTO Pa3zHOOOpa3us MOy
: 8 THIPOONOHTOB HEMAaJIOBRKHYIO POJb WIpPaeT
=

x U3y4eHHE TIPOLECCOB  OEJIKOBOTO  POCTa

reneparuBHoii  Tkamm  [Nawkirk,  1980;

K
TK M b

{ *m CronboBa u ap., 1996; Ilepbann, 2000;

. H IMupkoBa u gp., 2002]. Ha Hacrosmumii

MOMEHT Ollymaerca AeQUIUT JTaHHBIX O

0 COCTOSSHUM M HM3MCHUMBOCTH  POCTOBBIX

ComaTtuyeckan TKaHb FoHapb!

£

XapaKTePUCTUK TKaHEW W TOHAJl, B YaCTHOCTH
Puc. 7.3. Bemuumna wunzekca y M. galloprovincialis, B 3aBucumoct OT
PHK/ITHK B comaTH4ecKo#i TKauu ¥ 1074 ¥ CTaJUi 3peJIOCTH T'OHAJ MOJUIIOCKOB

roHagax MU tpex  [IleTkeBuu, Bsamosa, 2005]. Dtomy acmexTy
(CHOTUIIHYIECKUX TPYIII mpobieMbl M TOCBSIIEH  HACTOALIMK
TIOJIpas3/iet.

MonmockoB coOupann B mepuol ¢ Mapra mo uioHb 2004-2005 1. C
KOJUIEKTOPOB YaCTHOT'O MUIUHHOTO X035CTBa, pacIoiiokeHHoro B Oyxte Crpenerkas (T.
Ceacrononb). Otbupanu ocobeit ¢ pakoBuHOW 5055 MM, HMEOIUX TOHAIBI HA
Pa3IUYHBIX CTAIUSX 3PEIOCTH, KOTOPYIO OICHMBATIH IO MATHOATBHOMN IIKaje, BKIIOYas
nepuoa pe3opouuu [MBanoB u ap., 1981; ®dunenko u ap., 1990; Cronbdora, [Tupkosa,
1995]. CxopocTb COMaTHYECKOTO POCTa KOHTPOINPOBaIH 1o coaepxkannto PHK.

st 9epHOMOPCKUX  MUAMA XapakTepHa HHIWBUIyalbHAas AaCHHXPOHHOCTH
co3peBaHus roHaj [PuHEHKO u ap., 1990], mosToMy B MOMYJISAIMM MOTYT OJHOBPEMEHHO
BCTpEUaThCs 0COOU ¢ pa3HOMU 3peNoCcThio TOHAA. Tak, B MapTe JI0JII caMOK Ha 3-4 craauu
coctaBimsia 33 % wm cammoB Ha ToM ke ctamuu — 40 %, a B HMIOHE MX KOJIHYECTBO
yBenmuamwiock 10 60 u 73 % coorBercTBeHHO. Ymcio pe3opOupyrommx camok (5-s
craausa) Obuto HesHauntenbHBIM (11-18 %) 3a Beck mepumopn wccienoBaHus. B uroHe
OTMEYCHBI 0COOH C TOHATaMH, HAXOISIIUMHKCS B CTaanH MoKos (~14 %). AHaau3 JaHHBIX
mo coxepxanuto PHK mokazan, 4To TOHaasl MOJUTFOCKOB XapakKTEPHU3YIOTCS Pa3HBIM
YPOBHEM CUHTETUYCCKOW aKTUBHOCTH B 3aBUCHMMOCTH OT TOTOBHOCTH K HepecTy (Talu.
7.1).

ConepkaHre HYKIIEHHOBBIX KHCIIOT 3aMETHO BO3pAcTayio MO MEPE CO3PEBAHMS
TOHAJ, JIOCTHUTas MaKCHMAaJbHBIX 3HAaUYeHM Ha 5 cramguu. M3BeCTHO, 9TO HA MOMECHT
HepecTa TOHaIbl MUIUH 00JIaJaf0T MaKCUMAaTbHOW CYXOW MacCOH, T/Ie T0JIsI Oellka MOXKET
nocturatb 60 % [@unenko u np., 1990]. IIpu okoHYaTENbHOM CO3PEBAHMM TOHAJ U
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TOTOBHOCTH K HepecTy conaepxkanue PHK mpomomxaer octaBarbes BICOKUM. [10CKONBKY
Yy MUJIMH HEPECTOBBII MEPUOJ], B TCUCHHE KOTOPOTO MPOUCXOJUT MHOTOKPATHBIA BBIMET
MOJIOBBIX TPOAYKTOB, AOCTaroyHo mmteneH (g0 30-60 cyTok), TO W MPOIECCH
OMOCHHTE3a TPOJIOJDKAIOT OCTaBaThCS HAa MAaKCHUMAaJIbHO BBICOKOM YPOBHE JIO TOJHOTO
OIYCTOIICHHS TOHAJ. AHAJIN3 PE3yJIbTATOB IMOKAa3all, YTO JOCTOBEPHBIX Pa3IUIUN MEKITY
conepxkanneM PHK B ronagax camok u camioB He o0HapyxeHo (p>0,05).

Tabmuna 7.1
Conepsxanne PHK (Mxr mr'* CYXOM Macchl) B TOHAJIaX YEPHOMOPCKUX MHUIUI B BECECHHE-
JICTHUU TIepros

Cranus CaMku CaM1sl

3penoCTH M:m cV n M:m cV n
roHasn

1 3,30+ 0,15 12,1 7 3,90+0,10 10,1 7
2 449 +0,17 14,4 15 449 +0,21 13,.3 8
3-4 6,92+ 0,70 37,7 14 7,94 +0,25 10,6 11
5 15,01+ 1,27 29,4 12 15,60 + 2,04 41, 10
6 5,50+0,3 8,1 11 - — —

HpHManHHeZ «—» OaHHBIC OTCYTCTBOBaJIN

B romamax, kak camok, Tak W camIlOB, BapuabOenpHOCTh 3HaueHWil PHK Obina
HE3HAUUTEIbHOM Ha paHHMX craausx 3penoctu (CV = 10-14%). Ilo mepe pocra u
co3peBaHMs KOd(pULIMEHT Bapuanuu 3aMeTHO yBenuuusaics. [Ipu ompenenennu 3-i u
4-i1 cTaguii CyIECTBYIOT HEKOTOPbIE TPYAHOCTH, TaK KaK B TOHalaxX OXHOW 0cOOHU MOTYT
BCTPEYAThCsl TOJIOBBIC KIETKH pa3HOM 3peiocTd. B paHHOM cilyyae Hamul ObUTH
00BbETUHEHBI Pe3yNbTaThl, MOJNYYEHHBIC U1 JIByX IPETHEPECTOBBIX CTaAWH, dTO,
OUYEBHIHO, ¥ OTPa3WJIOCh HAa BBICOKMX 3HaUYeHMIX Kod(duuueHTra Bapuanuu. Beicokas
cTeneHb n3MeHunBocTH conepxkanusi PHK B ronagax cammo (CV = 41,4%) u camok
(CV = 29,4%) Ha 5-it craauu, NO-BUAMMOMY, CBSi3aHA C PA3JIMYHONW MHTEHCHBHOCTBHIO
HepecTa KaJI0r0 W3 MOJUTIOCKOB, KOTJa YPOBEHb OEJIKOBOTO aHabolu3Ma CTaHOBUTCSA
3aBHCUMBIM OT (PU3MOIOTMYECKOT0 COCTOSIHUSL OPraHU3Ma.

B Becenne-neTHuit meproa ucciueayeMasi MOMyJISAIUsS MU coctosuia Ha 36 %
3 Muamii 4yepHoro (enorumna, 34 % — gepHO-KOpHUHEBOTO 1 29 % W3 MOJITIOCKOB
KOPUYHEBOro (eHoTHna. ¥ MHOUM C YEePHBIMH M YEpPHO-KOPUYHEBHIMH CTBOPKAaMHU B
coaepkannu PHK B reHepaTHBHO# TKaHU JTOCTOBEPHBIX pa3inuuii He BbisBieHO (p>0,05)
(puc. 7.4). OnHako Ha 5-f cTafuu 3pesioCTH Y MOJITFOCKOB KOPHUYHEBOW MOP(HI YPOBEHB
JaHHBIX COEIWHEHHWH ObUI 3HAYMTENHHO BBIIIE W JOCTOBEPHO OTIMYAICS OT IPYTux
denorunos (p<0,02).

B mocnenHee Bpems B MOMYJSIIMSAX YEPHOMOPCKOW MHAMM BCE Yalle CTalH
BCTPEYATHCS SK3EMILISIPBI, JTUIICHHBIE HHTCHCUBHON OKPACKH PAKOBUHBI, Kpas MAHTHU U
HOTH (JeUrMEeHTHpOBaHHbIe ocobn). Ilo HammM naHHBIM, OHM cocTaBisitoT Meree 0,1 %
Bcell monyssinuu. Ha MOMEHT TpoBelleHHMsT HMCCIIENOBAHUSI 3TH MOJUTIOCKH HaXOJIWINCh
Ha 3-4 CTaJiuu 3peJIOCTH U B TOJABJISIONIEM KOJIMYECTBE ObLIN MPEICTABICHbI )KEHCKUMU
ocobsamu (10 90 %). ITomyueHHbIe pe3ynbTaThl MOKAa3al, YTO COACPKaHUE HYKICHHOBBIX
KHCJIIOT B TCHEPATHUBHBIX TKAHIX JIENUTMEHTUPOBAHHBIX OCOOEH HECKOJBKO BBIIIE
(p<0,05) mo oTHOIIEHHIO K OCOOSM, HUMEIOIIUM YEPHYH) HJIM KOPHUYHEBYIO OKpAacKy
pakoBuHbI (pHC. 7.5).
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CTtapuu 3penocTtu

Puc. 7.4. Conepxanue PHK B ronagax camok MUAMI Ha pa3IUIHBIX CTAIUAIX
PENpPOAYKTUBHOTO IUKIIA
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YepHble KopuyHeBble AnbOUHOCHI

PHK, mkr-mr’

Puc. 7.5. Copepxxanne PHK B roHazax caMox MUIMH Pa3ITUUHBIX LBETOBBIX MOP(Q

TakuM 00pa3oM, pe3ysbTaThl HACTOSIIMX HCCIICOBAHUN CBUICTEILCTBYIOT O
TOM, YTO TMPOIIECCH CHHTE3a OeJKa B TOHA/IaX YePHOMOPCKUX MUIUH 3aBUCAT OT CTETICHU
TOTOBHOCTH WX K HepecTy. He oOHapyxeHs! pasznnuus B ypoBHe PHK B reneparuBrOit
TKaHH MEXKIy caMIaMd M CaMKaMH, a TaKKe OCOOSMH C Pa3IMYHON MUrMeHTaruen
CTBOPOK PAaKOBHHBI, 32 MCKIIOYCHHEM MOJIIIOCKOB KOpUYHEBOro (eHorwmna Ha S-i
craguu. BrnepBrle monyuyeHbl pe3ynbTarhl mo coaepxanuto PHK B ronagax muamii c
JIETTUTMEHTUPOBAHHBIMU TKAHSIMHU.
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7.2.3. CpaBHI/ITeJ'H)HHﬁ AHaJIN3 COACPIKAHUA HYKJICUHOBBIX KHUCJIOT B rOHaAax U IMOJOBBIX
npoaykrax M. galloprovincialis

CpaBHUTENBHO HEJABHO YEPHOMOPCKHE MHJIUU COCTaBJSUIM 3HAYMMYIO 4acTb
ouopecypcoB Ueproro Mops. OnHaKo B MOCIEIHUE TOABI YUCICHHOCTh UX 3HAYUTENHLHO
CHM3WIach B CHJIy psiia NPUYUH, M AOObIBaTh MX CTAaHOBHUTICS HELEIECOOOPA3HO.
EnuHCTBEHHBIM  MyTeM  pEHIeHUs MpoOJeMBl  SIBISIETCI MX  MCKYCCTBEHHOE
BOCIIPOM3BOJICTBO — MapHKYJIbTypa. OTH TEXHOJIOTMH 0a3HpYIOTCS Ha cOope Monoau
(cmata) B mpupoJe OT MUAMHN, HEPECTAIIMXCS €CTECTBEHHBIM IIyTeM. Bo3MokHa Taxke
OpraHu3alys IOJTHOUMKIMYECKHX XO3SHWCTB, MO3BOJIIIOLIMX IIOAY4aTh JIMYMHOK B
YCIIOBUSAX THTOMHHUKOB.

Hannbie o comepkxannn PHK u JIHK B reHepaTUBHBIX TKaHSAX OrpaHUYECHBI
[[TerkeBnu, Bsmosa, 2005], a B BBIMETaHHBIX MONOBBIX mpoxykrax (BII) —
OTCYTCTBYIOT. BOCTIOIHUTD 3TOT TpoOeI U ABJSETCS LEIbI0 HACTOSIIEH PadoTHI.

JBe TpyImbl MOJUTIOCKOB OBUIM B3SITHI C KAIPOHOBBIX KOJUIGKTOPOB MHIUIHOM
¢depmer B Oyxte Jlactm (FOxHe1i O6eper Kpbima), ¢ rmyObunbl 2 M B QeBpaie U ampene
2009 roma. Cpenuuit nuHEWHBIH pa3mep pakoBuHbl — 6,1+0,4 cm. Ilom u craguro
3pENIOCTH TOHAJ ONpENessud 1Mo S5-tu OanbHOU 1mikane [MBanoB um ap., 1981]. Hepecr
CTUMYJIMPOBAJIM 110 METOIMKE TeruioBoro moka [Pennec, 1981; Newel, Thompson, 1984].
[IponomxurenpHOCTh HepecTa cocTaBisuia 4-6 wacoB. [lomoBeie MPOAYKTHI OTOMpan
JI03aTOPOM B IICHTPU(YXKHBIE  NPOOMPKH M OCAKIAIA  MHOTOKPATHBIM
uentpudyrupoannem mpu 4000 06 MHH', ymanss NPUMECH M MOPCKYIO Boxy. Y
OTHEPECTHBLIMXCS MHIWM Opasnm HaBecku TroHan. Kaxnayoo npoOy B OTAEIBHOCTH
(cycrieH3upOBaHHBIC CIIEPMATO30UIBI U SIMIIEKIETKHY, a TAKXKE IMOCICHEPECTOBBIC TOHA/IbI)
¢ukcupoBanu pactBopoM Doiua M B JambHEWIIEeM NOABEPTald OHOXUMHYECKOMY
aHanmm3y Ha coxaepkanne HykinenHOBBIX kucnoT (PHK, JIHK). Texnomorndeckas cxema
MIPEACTABICHA HAa PUCYHKE 7.6.

4-5 cTaguu 3peIoCTH TOHA MUINK

CTI/IMYJ'UIQI/I}I HEpecTa rOHaQLI Ha CTaJIMM HEPECTA £/<§

[onossle npoaykrel /& lonana nocne Hepecra JHK PHK
X ~a
JHK PHK JHK PHK loHanel Ha cTaiuu pe3opOImu
JIHK PHK

Puc. 7.6. TexHonornveckasi cxema or00pa 00pa3ioB TeHEPATUBHON TKAHU Y MUJIUH B
HepHoJI HepecTa

Pesynbprarthl 2-X SKCHEpUMEHTANLHBIX CEpUil INpeicTaBieHbl B Tabmuie 7.2.
YcTaHOBNIEHO, YTO TOHAJBl CaMIIOB M CaMOK, Haxojsmuecss Ha 4-5 cragusax (mocie
WUCKYCCTBEHHOH  ctuMymsiiuu  Hepecta) wu  BIIIl  xapakTtepusyroTcst — pa3HOi
WHTEHCHBHOCTBIO  PENpPONYKTUBHOrO  OuocuHTe3a.  llocieHepecToBble  TroHaIbI
OTIIMYAIOTCS 3aMeTHO Oosiee BicOkMM ypoBHeM PHK. ¥V camiioB on 6but B 11,6 paza, a 'y
camok — B 1,5 paza Bemue mo cpaBuenuto ¢ BIIII. Wuameke PHK/IHK, wacto
WCTIONIb3YEeMbI Kak IMOKa3aTeNb BBICOKOW aHaOOMMYECKOW AaKTHUBHOCTH, B TOHaIax
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camioB OblT 3HAUNTEeNbHO Bhimie (36,13), uem y camok (5,48). Conepxanue xxe PHK B
TOHaJaxX caMOK, HalPOTHB, ObLIa B 2,1 pasa BEIIIE, YeEM Y CAMIIOB.

BIIIT caMuoB xapakTepU3yHOTCS MAKCUMAalIbHO BBICOKMM conepxkanuem JIHK
(3,39+0,33 MKr‘Mr'l), 9qT10 B 8,9 pa3 MmpeBbHIIATN 3HAUEHUS, 3apErUCTPHUPOBAHHBIE IS
caMoK. B ocHOBe pa3nuunii iexkaT pa3Mepsl TaMeT: AUIEKICTKH 3HAYUTEIbHO KPYITHEeE.

Tabmuma 7.2
Copepxxanne PHK, JJHK u wmamekca PHK/IIHK B mpocTuMynmupoBaHHBIX TOHazax M
MOJIOBBIX MPOJYKTaX YePHOMOPCKUX Muanii (M+m)

PHK, Mxr mr™ JIHK, mkr-mrt PHK/JTHK
Ilon
BIIII T"onanmer BIIII T'onanger BIIII T"onanger
Camier 0,84 +0,06 11,70 +£2,07 | 3,39+0,33 | 0,36+0,07 | 0,25+0,02 36,13+6,58
@ (2 @ (2 1) (2)
8,27+1,12 ) 0,38+0,03 ) 22,06+2,44 )
1) 1) 1)
Camku
2,61+£0,10 5,45+0,55 0,37+0,03 | 0,94+0,19 | 7,05 +0,60 5,48+0,99
(2) (2) (2) (2) (2) (2)

[Tpumeuanwne: 1 — 4 cragus 3penoctd; 2 — 5 cTamus 3pelocTh

W3BecTHO, YTO Ha MOMEHT HEpecTa TOHaAbl MMEIOT MAaKCUMAaJbHYIO CYXYIO
Maccy, IJie A0Jisi 0eJIKOBBIX Qpakiuii MoxeT gocturath 60 %. Panee ObLI0 TIOKa3aHO, YTO
coJiepykaHue HyKJIEMHOBBIX KHUCIIOT 3aMETHO BO3pPacTaeT o Mepe co3peBaHus ronay (ot 1
mo 4 cramuu), AOCTHTash MaKCHMMalbHBIX 3HaueHWd Ha 5 cramuu [lllepOanp, Bsiosa,
2008]. AHanu3 ecTecTBEHHBIX MOMYJIAIHIA TTOKa3al, 4to coaepkanue PHK y camios 3-4
MpeHepeCcTOBOM cTaauu B 1,9 paza HUKe, 4YeM B FOHaJaxX CaMIIOB, TOTOBBIX K BBIMETY (5
cTajus, 6e3 CTUMYIISAINK); Y CAMOK 3TH Pa3jindusi cocTaBisiioT 2,1 pasa (tabm. 7.3).

Taodmuma 7.3
Conepxanne PHK (MKr-Mr cyxoro Beca) B FOHaiaX M IOJOBBIX MPOAYKTAX MUIHH

CaMku Cam1sl
Craauu 3penocTu

M=£m (4 M=£m cv
3-4 (mpemHEpecTOBas) 6,92 +0,70 37,7 7,94 +£0,25 10,6
4-5 (cTIMYyIISIHNS ) 5,45 +0,55 20,3 11,70 £ 2,07 39,5
5 (cragus HepecTa) 15,01 £1,27 29,4 15,60 + 2,04 41,0

6 (cTamust pe3opOum) 5,50+ 0,30 8,1 - -
827+1,12 40,8 0,84 + 0,06 18,9

BIII 2,61+£0,10 - - -

JlocTaTouHO BBICOKAasT M3MEHYMBOCTH IOKAa3aTeNlsl Ha 5 CTaJuU CBA3aHa, IO-
BUJUMOMY, C pa3iIM4YHOM MHTEHCHUBHOCTBIO €CTECTBEHHOITO HEpecTa KaXIoro us3
MOJIJIIOCKOB, KOTJla ypPOBEHb OEIKOBOrO0 aHa0OIM3Ma CTaHOBUTCA 3aBHCHUMBIM OT
(Gu3HOIOTUYEeCKOr0 COCTOsSHMSA opraHum3Mma. llocime BbIMETa HACTYNalOT —IPOLECCHI
pe30pOLuK C MOCIEAYIOIIEH pereHepanell TKaHeBBIX CTPYKTYP. YPOBEHb COAEPIKAHUS
PHK B pe3opOupyroniuxcsi TOHaiax caMOK M3 €CTECTBEHHBIX MOMYJISIMA HE OTINYAJICs
OT YPOBHS B TOHAJaX, MOJYYEHHBIX MyTeM cTUMyJsiuu (Ta6m1.7.3). CamMi0B Ha MaHHOM
CTaJIMM 3PEIIOCTH TOHAJ HE HCCIIECIOBAIIH.
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Ananmu3 naHHbIX 1O comepxkanuto JIHK B ToHagax caMmMIOB M CaMoK,
HETIOJIBEP)KEHHBIX TEMIEPATypHOU CTHUMYJISINY, HE BBIIBWI CTATHCTHYECKH 3HAUYMMBIX
pasmiumit (Tabm. 7.4). TlodydeHB! He3HAYMTEBHBIE OTJIMYHMS B BEIMYMHAX HA CTAIMH
CCTECTBEHHOTO IPUPOIHOTO Hepecta: 1,40 + 0,08 Mxr-mr, 1,70 + 0,10 Mkr-mr’, mpu
Hu3kux CV kosdpdunuentax (5,4 u §8,8). B mpocTuMyanpoBaHHBIX TOHAAaX, HAIPOTHB,
pasnuuMs MEKAY MMoJlaMH AOCTUTalK Oojiee ueM 2 pasa.

KommaectBo JJHK B BIIII camiioB Obw10 B cpemHeM B 9 pa3 BBIIIE, Y€M Y CaMOK.
3T0, KaK y)Ke 0TMe4anoch, 00BICHUMO 00Jiee MEIKUMH pa3MepaMH CIIEPMAaTO30HMI0B H,
KaK CJeACTBUE, O0oee BRICOKOH NX YHCIEHHOCTHIO B HABECKE CEMEHHHUKOB.

MOXHO TIPEANONOXKNTh, YTO PEe30pPOMPYIOIINE TOHAIBl CAMOK HPHUPOIHBIX
HOMYJISAMHA, B pe3ylbTaTe UTUTENFHOrO MOPLHHOHHOTO BBIOpOCAa TaMeT, OKa3bIBAIOTCS
0oiee OMYCTOIICHHBIMH, BCJCICTBHE YEr0 OHH COJEpXaT HEOONbLIOE KOJIUYECTBO
SIMHUYHBIX SHIEKIETOK U COIMyTCTBYIOMMX ameboruToB. Benmunna conmepxkanus JTHK
B TAKMX FOHANAX JOJDKHA OBITH 6ojiee Hu3KoM (Tabi. 7.4).

Taonuua 7.4
Conepxanne JJHK (MKr-Mr™) B rOHAAX M MOJNOBBIX MPOAYKTAX MHIMH PA3HOTO MOJA
Camku CaM1pl
Craauu 3penoctu
M+m Cv M+m Ccv
3-4 (mpenHepecToBas) 0,45+ 0,06 <10 0,51 £0,06 <10
4-5 (cTUMYJISAIUS ) 0,94+0,19 49,6 0,36 0,07 43,9
5 (cragus HepecTta) 1,40 £ 0,22 5,4 1,70 £ 0,57 8,8
6 (cragms pe3opOrm) 0,35+0,07 31,8 - -
0,38 +0,03 25,6 3,39+0,33 27,8
Bl 0.37 £ 0,03 255 i i

Takum 00pa3oM, HHTEHCUBHOCTh PENPOYKTHBHOI'O CHHTE3a pa3jiMyHa B rOHaIax
3-4, 4-5 cragmii 3penoctr. B mociemHeM ciydae OHa CYIIECTBEHHO BBINIE. OJTO
HaOII0JAIOCHh KaK B €CTECTBEHHBIX, TAK U IKCIIEPUMEHTANBHBIX (CTUMYJIISIHS) YCIOBUIX
U OBbUIO XapakTepHO Jisi 000MX TMOJOoB. [Ipu 3TOM OTMEUEHA JOCTATOYHO BBICOKAsS
Bapra0OenbHOCTh BEIMYUH BHYTPH BHIOOPOK. B roHamax, MOJBEp)KEHHBIX CTHUMYJISAIINH,
YpOBEHb OEIKOBOTO CHHTE3a Yy CaMIIOB Bhimie B 2,1 pasa, 4eM y caMoOK, a B YCIOBHAX
npupoaHoro Hepecra — oauHakoB. Munexc PHK/ITHK B BhIMETaHHBIX MCKYCCTBEHHBIM
MyTeM CIIepMaTo30uaax B 88 pa3 HIDKE, YeM B SHIEKIIETKAaX. B OMyCTONMIEHHBIX TKAHEBBIX
CTPYKTypax NpOCTUMYJIUPOBAHHBIX TOHAJ CaMLOB ATOT MOKa3aTenb B 6,6 pasza BhIleE,
YeM y CaMOK, YTO CBHETEIhCTBOBAIO O 0OJiee WMHTEHCHBHOM IIpOIECCe OETKOBOTO
cunre3za. BIIIl camIiioB XxapakTepu30BaluCh MaKCHMaJIbHO BBICOKUMH ITOKA3aTeIsIMU
conepxkanus JJHK (3,39+0,33 MKF'MF_l, B 8,9 pasa BhIIlIE, YEM Y CAMOK).

7.2.4. OcobeHHOCTH OEJTKOBOIO CHHTE3a B COMAaTHUYECKUX TKAHSX JIBYCTBOPYATOrO
MOJITFOCKa-BeenieHna A. inaequivalvis

OCOOEHHOCTH TUIACTHYECKOTO POCTa M PEreHepalud TKaHed aHagapsl
[IPaKTUYECKU HE UcCcie0BaHbl. 3BecTHO, UTO aHajapa pacTeT 3HAYUTENILHO MEIJICHHEe
JIpPYTHX BHUAOB JABYCTBOPYATHIX, TaKMX Kak wMuauu wu ycrpunsl [Lepbans, 2000;
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Bsosa u np., 2008; Craguuuenko, 3onotapes, 2009]. Ilocne ocemanust 3a 2-2.5 rona
OHa MOXeET AocTuraTh pazmepoB 14-20 mm [PekoB u mp., 2002]. Cpegnuit  paszMep
pakoBuHBI — 11-30 MM [Gomoiu, 1984; Ctagamuenko, 3omotapes, 2009]. B atoii cBs3u
CTaHOBATCS AaKTYaJIBHBIMHM WCCIICJIOBaHUS, CBS3aHHBIC C M3yYeHHEM OCOOCHHOCTEH
COMAaTHYECKOT0 pocTa TKaHeH 3TOT0 BUA, TEM OOJIee YTO €r0 PaCCMaTPHUBAIOT B KAYECTBE
MEPCIIEKTUBHOTO 00bEKTa MapUKyIbTyphl B UepHOMOPCKOM PErvoHE.

B mHacrosmem pasgene mpencraBieHa uHpopMmauus 00  OCOOCHHOCTSIX
COMATHYECKOI'0 POCTa TKAHEH pa3IMYHBIX Pa3MEPHO-BO3PACTHBIX TPYIIN aHAIaphl W3
€CTECTBEHHBIX TIOCEICHUH, a TAK)Ke B YCIIOBUSIX OTPAHUYCHUS TUTAHUS MOJUTFOCKA.

Pasmepno-6o3pacmuvie epynnvl anadapul. Pabota BBIIOTHEHa Ha B3POCIBIX
0C00SX aHalaphbl C JUIMHON CTBOPKM pakoBUHBI 14-27 MM. Moutiocku ObUTH pa3iesicHb
Ha 3 pa3sMepHO-BO3PACTHBIC TPYIILL: C JUIMHOW cTBOpok 14-17, 17-22, 22-27 wmm.
[IpeamonokuTeapHBIA BO3pacT UX coctaBmi 2,5; 3 u 3,5 roxa [CTamHHYeHKO, 30J10TapEB,
2009].

Yposens PHK B xa0pax, MaHTHH U renaTonaHkpeace coctapisut 13-16 Mkr mrt
cyxoif Tkanu (pa3mepHas rpymma 17-22 mwm) (puc. 7.7). B Hore on Owin B 2,0-2,5 paza
Huxke. [lpu 3ToMm ¢ yBennueHneM pa3MepoB MOJUIIOCKA (pa3MepHas rpymnmna 22—27 MMm) B
rermaronaHKpeace ¥ MaHTUU OTMEYaiu CHikeHue coxepkanus PHK Gonee uem B 2,0
paza. B ocrampHBIX ciydasx (kaOpel, HOTra) pasiauuvs HE OBLTH CTaTHCTHYECKH
BbIpakeHbl. J[ns cpaBHeHWs: B jkabpax ©W TemaTolaHKpeace MHIWH, OJM3KUX 110
BO3PaCTHBIM XapaKTEepUCTHKaM K rpymme 2227 mm, coaepxkanne PHK 6bu10 B cpennem
B 1,8-4,5 pasza mmxe [Lllepbans, 2000; Lllepbans, Bsosa, 2001].

Oomm
I="Xx

PHK, mkr-mr”

14-17 Mmm 17-22 Mm 22-27 mm

Puc. 7.7. Conepxxanne PHK B TkaHsx aHamapsl B ecTecTBeHHBIX ycnoBusx (H — Hora,
I' — remaronankpeac, XX — »abpb1, M — MaHTHsI)

AHa00JIMYECKYI0 aKTUBHOCTh TKAHEH OIICHWIM TaKXKE IO BEJIMYMHE HHICKCA
PHK/JIHK. Pesynerarel mnpexacraBieHbl B TaOiume 7.5. OHM CBHIETEIBCTBYIOT O
BBICOKOH MHTEHCHUBHOCTH 3THX TPOIIECCOB B *abpax M MaHTHIHON TKaHW — Hawmbolee
MOJIBEP)KEHHBIX MEXaHUYECKOH M XUMHUYECKON Harpy3ke MpH BEHTWISIIIMA MaHTHHHOMN
MTOJIOCTH. DTa 0COOEHHOCTH OBILJIA JIYHINIE BCETO BRIpAXKEHa Y 00JIee MEITKUX MOJUTFOCKOB.
Campble HU3KHUE 3HAUSHUS HHJEKCca ObLTH TOTYYEHBI sl TenaTonaHKpeaca.
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Tabmuma 7.5

3nauenns wHnekca PHK/IIHK B TkaHsx pasHopasMmepHbIX Tpymm aHamapsl (M=£m,
n=6)

Txamu Pa3mepHO-BO3pacTHBIE IpyNIIbI
14-17 mm 17-22 Mmm 22-27 MM
Kabpst 9,67 0,68 5,60+0,15 6,44 + 0,33
Manrust 8,12+0,42 6,94 + 0,34 3,93 +0,06
I'emaronankpeac - 3,75+0,13 2,72 £0,03
Hora 4,90+ 0,73 4,87+ 0,43 4,34+ 0,26

[Ipumeuanue. N — KOIMYECTBO 0cO0eit

Takum o00pa3oM, B €CTECTBCHHBIX YCIOBUSAX CYIIECTBOBAHMS IPOLIECCHI
0eNTKOBOTO CHHTE3a y aHajgaphl MMENU BBIPAKECHHYIO TKaHeBYIo crenuduky. Haubomnee
BBICOKasi aHA0OJINUecKasi aKTUBHOCTh OblJIa CBOMCTBEHHA Ka0paM M MaHTHUU MOJLIOCKA.
DT0 0cO0EHHO XOpOIIO OBUIO BBIPAKEHO Y MENKOpa3MepHBIX ocobeit (14-17 mm). C
YBEJIHYEHHEM DPa3MepoB (22-27 MM) OTMEYaIM YTHETEHHE CKOPOCTEH COMAaTH4eCKOro
pocTa B psae OpraHoB (TenaromaHkpeac, MaHTHs). i HOTH MOJUIFOCKA 3TO HE OBLIO
CBOMCTBEHHO.

lT'onodanue. IlomyuyeHHblE pe3ynbTaThl IO3BOJIAIOT KOHCTATHPOBATh, YTO
JUHAMUKA W3MEHEHHS CKOpPOCTel OEJIKOBOTO CHHTE3a Y MOJUIIOCKA B YCIOBHUSX
ACTIpUBALlUU IMUIIA UMEJIa BEIPAKCHHYIO TKaAaHCBYIO CHGHI/I(i)I/IKy.

Conmepxxanne PHK B xabpax Ha mnporskeHum 15-TH CyTOK TOJOJaHUS
(akTHuecKH He M3MEHsIOoCch (puc. 7.8). B To e BpeMs B HOTE OTMEYalld CHHKCHHE
3HaueHUU 3ToM BenwuuHbl B 1,3 pasa (p<0,05) DT0 KOCBEHHO TO3BOJIIET TOBOPUTH O
HEKOTOPOM YIHETEHHH aHaO0ONINYECKUX MIPOLIECCOB B 3TOM OpIaHe.

Omm
T X

16
14 4
12 A
10 1
8
6
4
2 4

PHK, mkr-mr’

Hopma Oedununt nuwm

Puc. 7.8. Conepxanne PHK B TkaHsIx aHafapbl B yCIOBUSX HOPMBI B AeQUIIUTA TTHIIN
(H — Hora, I' — renaronankpeac, XK — xabpsr)

W3BecTHO, YTO AE(UIMT MMM OOBIYHO NMPHBOIUT K CHUKEHHIO ITUIACTHYECKHX
pecypcoB (TakuxX Kak aMHHOKHCIIOTBI M OCIKH) TKaHeW IKUBOTHBIX. IlomaBisioTcs
aHabOJIMYECKHE MPOLECChl B TKAaHH, O YeM KOCBEHHO CBHIETECIBCTBYET CHUKCHHE
snauenuii wHmekca PHK/THK [Gabbott, 1976; IIlyasman u ap., 1993; Rooker, Holt,
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1996; Illepbanb, Bsuosa, 2001; Bowen et al.,, 2005]. TIpoBeaeHHBIE HCCICTOBAHMUS
aKTUBHOCTH psiia (pepMEHTOB YIIIEBOAHOTO M OEITKOBOrO OOMEHA, a TaKkKe COJNEpKaHUs
0OCITKOBBIX META0OJIUTOB B TKAHAX aHAJApbl B YCIOBHSX TOJOJa MOKa3ajiH, B YAaCTHOCTH,
YTO YPOBECHH O€JIKa B kaOpax MOHMKAJICS B NIEpBBIe 6 jHEW romonanus Ha 21 % u 3aTem
HE MpeTepreBall CTATUCTUYCCKU 3HAYMMBIX U3MEHeHHH [AHapeeHko u ap., 20096]. Ilo
JIAHHBIM 3THUX € aBTOPOB, OTMEYCHO yYMEHBIICHHNE COACPKAHMS aMHHOKUCIOT KaKk B
’)kabpax, Tak ¥ B HOTE aHaJIaphbl.

JluHam#uKa MPOIIECCOB B remaTronaHKpeace uMmesna CBorw crenuduky. CpaBHeHHE
ypoBast PHK u Bemmumn wapexca PHK/JIHK y koHTponpHOW ® ONBITHOH TPy
T0Ka3aJ10 HEKOTOPKIH PocT TepBoii Bemmuuusl ¢ 7,8120,71 10 9,60+0.9 0 Mkr mr™ cyxoro
Beca, a ungexkca PHK/IHK ¢ 2,72 no 10,4.

CreruUIHOCTD peakIiy TenaTonaHKkpeaca Ha TOJOJ| MOATBEPXKICHA U PIIOM
JPYTUX TOKa3aTeiel, MpsMO W KOCBEHHO CBSI3aHHBIX C HAMPaBICHHOCTHIO IMPOIECCOB
OMOCHHTE3a U €ro KOHEYHBIM NpoayKToM. Kak okazaioch, mpoliece ajanTalii aHaiaphbl
K TOJIOJY IIEJ M0 MyTH aKTUBHOT'O MCIIOJIb30BAaHUS Pe3epBa aMHUHOKHUCIIOT TICUYCHH, O YeM
CBUJICTENILCTBYET POCT aKTUBHOCTECH aMHUHOTpaHC(epa3 W 3HAYUTEIBHOE TOBBIIICHUE B
3TOM OpraHe aKTHMBHOCTH OIHOTO W3 JIM30COMAJIbHBIX ()EPMEHTOB — KaTerncuHa D
[Aunpeenko u ap., 2009a, 6].

TakumM 00pa3oM, HEAOCTATOK MUINK Ha OTMPEICICHHOM MPOMEXKYTKe BpeMeHH (15
CYTOK) HE OKa3bIBaJ CYIIECCTBEHHOT'O BIUSIHUS HA MPOIECCH OMOCHHTE3a Oellka B TKaHAX
aHagapel. B jxabpax npu neduiMrTe NUIIM H3MEHEHHS HE OBbUIM BBIpAXEHBL. B
remaronaHkKpeace, NpU 3THX e YycioBusx, ypoBeHb PHK Heckombko Bo3pacrtal.
Haubonee 4yBcTBUTENBHOW OKa3alach TKaHb HOrd. Ee aHaOoyinveckas akTHBHOCTh
cHmXxanach B 1,3 pasa.

7.3. TkaHeBas cneumdpuka 6e5IKOBOro CMHTE3a y
ABYCTBOpPYaTbIX MOJIJIIOCKOB B YC/1I0BUAX
3KCNEepUMEeHTa/IbHOW NMMNOKCUN U AHOKCUM

B nurepaTtype o OHOPHEPTeTHKE MOPCKUX OECITO3BOHOYHBIX MMEIOTCS JaHHEIE,
CBUJIETENLCTBYIONINE 00 UCTIOIH30BAHUH OEIKOB B a9pOOHBIX U aHAPPOOHBIX YCIIOBUIX B
KaueCTBE DHEPreTHYECKUX CYOCTpaToB, B 4acTHOCTH y MOJUTIOCKOB [Lllympman, 1982;
[Tammmpo, 3Be3moBckas, 1986; lllyasman u ap., 1993; Bsuoa, 2000]. B cBsizu ¢ stum
MIPENICTABISIETCS  IIeNIeCO00pa3HbIM  W3yYeHHE CKOPOCTEH  IUIaCTHYECKOTOo pocTa
COMAaTHYECKUX TKAaHEH B YCIOBUSIX BHEIIHETO JAe(PHUINTA KUCIOPOIA.

7.3.1. OcobennocTH GEIKOBOTO CHHTE3a B comathuueckux Tkansx M. galloprovincialis
0J1 BIMSHUEM KPATKOCPOYHOM THITOKCHH

Marepuanom CIyXKHITH TTOJIOBO3PEIbIe MUIUN Y€PHOH MOPQBI C JIJTMHOW CTBOPOK
pakoBuHbl 40-42 MM. MOIITIOCKOB pacCakMBajidl B PeCUPOMETPhl o0beMoM 1 1 mo 8
9K3EMIUISIPOB B KaXKAbIN. DKcno3unus coctapisia 1 u 4 cyrok. McxonHoe copeprkaHne
KucIopona B Boge — 5,71 v i, ocratounoe — 1,2 v 1t (1 cyrku) u 0,38 v it (4
cytkn). KoHTposem ciyxuna rpynna MUAWE, CHISMIIMX B TNPOTOYHOM aKBapHyMe.
Hapa%nenbﬂo KOHTPOJINPOBAJIM COAEPKaHNE aMMOHMIHOTO a3oTta. TeMmmepatypa BOIBI —
17-18°C.



263

IIponeccsl pocTa U pereHepanuy TKaHEH y MacCOBBIX BUJOB JIBYCTBOPYATHIX. ..

[Ipu ogHOCYTOUHOI TMTIOKCHU coAep)kaHue Oelka B jkabpax M remarornaHKpeace
JIOCTOBEPHO yMeHbImanoch (P<0,05) (tabn. 7.6). AHaIOTHYHBIE PE3yIbTATHl TOMYICHBI U
st PHK. B comepxxannu JIHK nocroBepHBIX pasnmunii He 0OHapyXeHO. 3Ha4YCHUS
nanekca PHK/IHK mnocne ayToreHHOW THIIOKCHMM TOHIKAINCH B O0EHUX TKaHSX.
CraTHCTHUYECKH 3HAYMMBbIE DPa3INuUsl OBbUIM TMOJYYEHBI TONBKO B OTHOIIEHHH >KaOp
(p<0,05).

Tabnuna 7.6
Conepxxanue O0enka, HykienHoBbiX kuciot (PHK, JIHK) B comatnueckux TKaHIX MUIUU
B YCJIOBHSIX ayToreHHou runokcuu (M+m)

ITokazarenu Traith
JKabpnr | I'enmaTomankpeac
benok, % chipoii Macce
KOHTPOJIb 12,09+1,03 9,60+0,61
1 cyT. runokcun 7,82+0,80 6,93+0,95
KOHTPOJIb 11,10+1,70 -
4 CyT. THTIOKCHU 7,7+0,54 -
PHK, % cyxo#i macchl
KOHTPOJIb 3,11+0,34 4,24+0,51
1 cyT. TUTIOKCHU 2,10+0,40 2,86+0,22
KOHTPOJIb 3,92+0,51 -
4 cyT. THIOKCUHU 2,60+0,30 -
JHK, % cyxo# macchl
KOHTPOJITb 1,12+0,33 0,88+0,10
1 cyT. runokcun 1,33+0,10 0,78+0,07
KOHTPOJIb 0,50+0,11 -
4 cyT. THTIOKCUHT 0,50+0,06 -
PHK/JTHK
KOHTPOJIIb 3,53+0,27 4,14+0,30
1 cyT. rumIOKCHHU 1,59+0,08 3,64+0,70
KOHTPOJIb 7,91+0,82 -
4 cyT. THIOKCUU 5,98+0,31 -

B 53kcnepuMeHTE € YETBIPEXCYTOYHON TI'MIIOKCHEN AaHAIW3UPOBAId JAHHBIE,
MOJy4EeHHBIE TOJIBKO AJsl aOepHOW TKaHU. B cpaBHEHHMHM C KOHTpOJEM COAEp)KaHHE
6esnxa u PHK B Hux causminock B cpeareM Ha 30 % (p<0,05), yposenb JIHK octancs 6e3
u3MeHeHnil. Takoe COOTHONIEHHE TMPOLECCOB OOYCIOBHIO YMEHBIICHUE 3HAuUCHHN
nnnexkca PHK/THK na 25 % (p<0,05). Heo6x0auMo0 OTMETHTB, YTO COAEPIKAHNE MUJUI
B YKa3aHHbIX BBIIIE YCJIOBHUSX COIPOBOXAAIOCH 3HAYUTEIBHBIM IOBBIIICHHEM
COePIKAHMs AMMOHHITHOTO a30Ta B BOJIE pecrupoMetpa: 5,9 Mkr i1 (KOHTpois) i 91,44
MKT 71" (OTBIT).

B o6oux skcrepumenTax yxe uepe3 4-5 4acoB MUAWM HAUMHAIOT HCIIBITHIBATH
JUCKOM(GOPT, OOYCIIOBIEHHBI KaK HU3KHM COAEp)KaHMEM KHCIOpPOAa B BOJE, TaK H
HaKaTUTUBAOIIUMHUCS TIPOIYKTAMH a30THCTOI0 OOMEHA, KaK MPaBHJIO, OJOKUPYIOIUMU
Joctyn kuciopoaa K Tkansm [Lyneman u ap., 1993]. Cnenyer ykasatsb, 9ro mis Mytilus
galloprovincialis aHamOrM4YHbIX JIMHEWHBIX pa3MEpPOB TPH  COOTBETCTBYIOLIHX
TEMIIepaTypax BOJBI MOPOTOBEIMH SBIAIOTCS KoHmentparmu 1,0-1,5 MmO, n', a
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TepPeKITIoUeHIe Ha aHAYPOOHEIE MPOIECCH MeTabomu3ma mpoucxoaut mpu 0,5 MO, ™
[[Iamupo, 3Be3moBckast, 1986; boposunckwuii, 1987]. KomndecTBO aMMOHHMITHOTO a30Ta B
BOJIE PECIIPOMETPA TMOCHIE 4-X CYyTOYHOM IKCIO3UINN YBEIWIMIOCh MHOTOKpPATHO (B 15-
16 pa3). Orcioga He TOHIATHO, KakoW M3 (AKTOPOB: AEPHUUIUT KUCIOpOJAA WIH
TIOBBINIICHHAS KOHIICHTpAIMs aMMOHUHHOIO a30Ta B BOJE, B YCJIOBUSAX ayTOI'CHHOMN
TUTIOKCHH OKa3bIBAETCS BEAYIIHM.

Hcnonp3oBanue OEIKOB KaK JHEPrETHYCCKUX CYOCTPATOB B TUIOKCHYCCKUX
YCIIOBUSIX Y pa3HBIX BHJOB MUJAUNA OOHApYKEHO B 00J€e paHHUX HCCICIOBAHUSIX
[Gabbot, 1976; Illarmupo, 3Be3n0Bckast, 1986]. MTHTEHCUBHOCTh OEIKOBOTO KaTabOIHU3Ma
OIICHMBAIOT TI0 YPOBHIO AKCKPEIH er0 KOHEYHBIX a30THCTHIX MPOIYKTOB (B OCHOBHOM
aMMOHHMIHOTO a30Ta). B HaIMX dKCIepUMEHTax M0 OKOHYaHUH 4-X CyTOYHOU TMIIOKCHU
HaOI0JaNny 3HAYATENbHOE yBennderne (B 15,5 pa3) comepikaHns aMMOHUITHOTO a30Ta B
Boje. KpoMe TOro, M3BecTHO, YTO OSIOK MOXET HCIOJIB30BAThCS KaK dHEPreTHUECKUil
cyOCTpaT ¥ B YCJIOBUSX HOPMaJIbHOTO (JUIS JTAHHOTO BHJIA) CHA0XKCHHUS KHCIOPOJa.
W3BecTHO, YTO 3TO XapakTepHO i THAPOOMOHTOB BEIYIIUX MPUKPEIUICHHBI 00pa3
xku3an [lymeman u np., 1993]. [ansseiit dakt BakeH mis OOBSCHEHHS TOTO, YTO B
HaIlleM S3KCIICPUMEHTE CHW)KCHHE COJCp)KaHUsA Oeika HAOMIOAANOCh Kak IpHU
KOHIIEHTPAIMK KHciopoaa B Boxe 0,38 Mm m* (4-X CyTOUHas THIIOKCHS), TaK W IIPHU
KOHLeHTpauuu 1,2 mia at (~32 % mwHacelmeHUsT KHACIOpPOAOM). BepositHO, Morio
MIPOM30MTH W MaNbHENIIee YMEHbBIIIEHNE COACpKaHU OeNKa, eCu IMPOIOIKUTEIFHOCTh
TUTIOKCUU YBEIUYUTH 10 7-10 cyTOK.

Cuwxenne koHueHtpaunu PHK B cpemnem Ha 30 % mno cpaBHEHUIO C
KOHTPOJIbHBIMHA BEIMYMHAMH OTMEYalld B aOpax W TemaTomaHKpeace MUAWA B 000WX
skcriepuMeHTaX. OJHOBPEMEHHO TMPOUCXOAMIO YMEHBIICHHUEC 3HAYCHUM HHICKCA
PHK/AHK B 2,2 pa3za (mng xabp) mpu OTHOCYTOYHOH rumokcuu W B 1,3 pasza mpu
YETBIPEXCYTOYHOM, YTO CBUAETEIHCTBYET O 3aMEUICHUU OEIIKOBOTO CHHTE3a B YCIOBHSIX
neduIITa KHCI0poa.

7.3.2. TkaHeBbIe 0COOCHHOCTH OeKoBOro aHabonmm3ma y A. inaequivalvis B ycmosusix
9KCIEPUMEHTAIBHON aHOKCHH U TOJIO/IAHHSI

TexHOMOTHN TOCTAHOBKH JKCIIEPHUMEHTOB 110 HM3YYCHUIO BIUSHHS AaHOKCHUU U
rosiomanusi Ha opranusm A. inaequivalvis moapo6Ho omucansl B pasnmenax 4.3, 4.4. B
Tabmume 7.7 W Ha pHCYHKEe 7.9 TpeICTaBIeHBI pPe3ylbTaThl, XapaKTepU3YIOLIHe
aHaOONMUYECKHe MPOIeCcChl B OpPraHW3Me aHaJapbl B YCIOBHAX OJKCIIEPUMEHTAIBHOM
AHOKCHHU.

B koHTponbHBEIX cepusax MakcuManbHble BenuunHbl CH n PHK ormeuens! B
abpax u renaronankpeace; AK myn — B rematonaHkpeace. MUHMMaJbHbIE 3HAYEHUS
ObUIM XapaKTEPHBI AJISI HOTH.

B ycnoBusix aHOKcHM B kaOpax aHazapbl HAOMIOAAIM CHIDKEHHE COICpPIKaHUS
CH, PHK u Genka B 1,2-3,4 pa3a. OcoOCHHO 3aMETHO OBUIO CHIDKEHHE HHICKCA
PHK/OHK. B remaronankpeace ypoBeHb CH m PHK He u3MmeHsuics, Toraa Kak Iyl
cBoboanapix AK Bo3pacran B 1,2 pasza (p<0,05), Ha ¢oHEe CHIDKEHHUS coaepikaHus Oerka.
Takoe COOTHOIIIGHUE TMOKa3aTeneldl CBHJICTENbCTBYET O 3aMEJICHHMH TIPOILECCOB
0eNIKOBOr0 CHHTE3a M YCHJIEHHH OenKkoBoro kartabonmusma. llomydeHHbie pe3yiabTaThl B
[IeJIOM COBMAgalT ¢ paccMoTpeHHbIMH panee miast M. galloprovincialis (mompasznen
7.3.1).
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Tabmuna 7.7

Copepxanne cBoOomHbIX HykiIeoTnnoB (CH), HYyKJIEHHOBBIX KHCIOT, aMIHOKHUCIOTHOTO
nyna (AK) u 6enka B Tkausax A. inaequivalvis B yciousix aHokcuu (M+m)

Ycnosus CH, . PHK,_1 Z[HK,_1 PHK/JTHK AK,_1 BenoxZl
OITBITA MKT MT MKT MT MKT MT HT MT MKT MT
Kabpsr
Hopmoxkcus 1,95+0,18 | 15,5+1,9 0,8+0,06 19,3 199,0+25 47,212
Anoxcus 0,57+0,05 9,0£1,2 1,4+0,10 6,4 337,1+£29 38,0+4
I'emaronankpeac
Hopmoxkcus 1,51+0,09 | 10,4+1,5 1,0+0,10 10,4 353,0+65 142,1+9
Anoxcus 0,97+0,04 9,6+0,9 1,2+0,30 8,0 435,539 112,0+8
Hora
Hopmokcns 0,80+0,09 4,7+0,1 1,1+0,10 4,2 88,6+6 42,013
Amnoxcus 1,25+0,13 7,2+0,4 0,9+0,11 8,0 108,1+5 30,845
X
mr
16 1 O H
_ 141
-
E 12 4
S 10
- 3E
L
4
2 -
o o
Hopwma Oedvumnt nuwm AHoKkcus

Puc. 7.9. Conepxanne PHK B TkaHsIx aHagapbl B YCIOBUSX HOPMBI, JeQHIUTA TTHIHA 1
anokcuu (H — Hora; " — remaromankpeac; XK — sxa0psb)

B cpaBHeHun c¢ xabpamMu M TeNaTONaHKPEacoM B HOTIe MOJUIIOCKA OTMEYaJIH
npoTtuBononoxueie u3MeHenus. Conepxxanue CH u PHK yBennuuBanocs B cpeaneMm B
1,5 pasa, a 3nauenus unnekca PHK//IHK - moutn B 2 pasa, 4To cBUAETEIHCTBOBAIO 00
AKTUBHM3ALMHU MIPOLECCOB OEIKOBOTO CHHTE3a. DTO MPOMCXOAMIIO Ha (poHE MOBBIIICHHUS
AK u cHmkeHus conepxanus Oenka B 1,2 pasa.

Jedunur nuimy okas3bpiBajl W30UpaTeibHOE JEHCTBHE HAa TKaHM MOJUTIOCKa. B
»abpax W remaTonaHkpeace npoucxoaun poct cogepxkanust PHK, a B Hore noctoBepHoe
CHIDKCHHE.

Takum 006pa3oM, B YCIOBUSAX aHOKCHHU BO BCEX TKAHAX MPOMCXOIUIO CHWKEHHE
cofepkaHusi OejKa M IMOBBILANOCH COJAEPKaHWE aMHMHOKHCIOT. IIpu 3TOM B OnHOM
ClIydae 3TO MPOMCXOAMWIO Ha (POHE CHIKEHHS CKOPOCTEH COMaTHYECKOTo pocta (>kaOphl,
rermaronaHkKpeac), B JIpyroMm — Ha ¢GoHe ux yBenudeHus (Hora). [IpuuuHEI, Jiexanye B
OCHOBE ATHX Pa3JIN4UH, MOKa TPYTHOOOBSICHUMBI.
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7.4. TkaHeBas cneundpuka 6e5IKOBOro CUHTE3a B YCJ/IOBUSIX
AEeACTBUA TOKCUUECKUX COeANHEHUN

[omuxmop6oudenmnoseie coequaenns ([IXb) — xumudeckm ycToH4HMBBIE
XJIOPOPraHUYECKUE COCAMHEHHS, NPEACTABIAIOUINE COOOW MPOAYKT HCKIIOUUTEIHHO
AHTPOIIOTEHHOTO MPOUCXOKACHHUS. DTH BEIleCTBA HAXOMATCS B BOJIE, TTIABHBIM 00pa3oM,
Ha TOBEPXHOCTH B3BEUIEHHBIX B BOJIE YACTHI[, HO C T€YCHHEM BpPEMEHH BBIIAIAIOT B
ocanok. Konnentparuu ITIXB B rpyntax Moryt mocturats 3-6,8 mr kr' [[lonmkapros,
Kepko, 1996; Kepko u mp., 2002]. B nactosiee Bpemst [IXb BcTpedaroTcst B TKaHIX
MOpPCKHX OpPTraHM3MOB pa3HbIX Tpoduueckux ypoBHed. Koumenrpamus I[IXb B
MOJINXETaX, IBYCTBOPUATHIX MOJUTFOCKAX, UTJIOKOXKUX, PAKOOOPa3HBIX MOXKET KOJIeOaThCs
B npenenax 3280-16400 HO T [[Tonmukapnos, Xepko, 1996]. B nurepatype umerorcs
JTAaHHBIE TI0 HAKOIUIEHHUIO 3TOT0 BEIIECTBA IIEJIBIM OPTraHU3MOM 3THX KMBOTHBIX [XKepko n
np., 2002; bouko um gap., 2004]. TkaneBas cnenmduka peakMyl Ha 3TO BEIIECTBO U
CTETNeHb €r0 HAKOIUIEHUS Y ABYCTBOPYATHIX MOJIIIOCKOB MPAaKTUYECKH HE H3ydeHa, 3a
uckmouenuneM psaa padbot [Nasci et all, 1998; Robertson, Lawenstein, 1998; bouko u ap.,
2004].

JpyruM TOKCHYECKH OMACHBIM U PacIpOCTPAaHEHHBIM PEareHTOM BOJHOM Cpembl
sBiseTcs TerpanenmitpumermiiaMmmonnii opomua (TITMA), oTHocsmiics kK Tpyrme
noHOreHHbIX aerepreHtoB [Ilapmukosa, Herpyskumii, 1988; OctpoymoB, KonecHukos,
2003]. [HoBpexnatoiee neiicTBHE Ha KUBBIE OOBEKTHI 00YCIIOBICHO, TTIABHBIM 00pa3oM,
€ro BBIPAKEHHBIM MEePPOPUPYIOIIUM JICHCTBHEM Ha OMOJIOIMYECKUE MEMOpaHbI KIIETOK
[[Mapmmkosa, Herpyskuit, 1988; Rosen at all, 2001; Ying, 2006]. B pe3syabrare
MIPOUCXOANT PA3BUTHE OKUCIHUTEIHHOTO CTPECCa, C YACTHYHBIM TIOBPEKICHHEM MOJIEKYI
0ENKOB, HYKJICHHOBBIX KHCIIOT M JAPYTHX KJIETOYHBIX CTPYKTYp. BBISBIEHO HeraTuBHOE
BiausHue 1mono0HbIX TITMA mnoBEpXHOCTHO-aKTHBHBIX BEIICCTB HAa CKOPOCTh POCTa U
BBDKMBAEMOCTh MOpCKHX Bopopocieir [IlapmukoBa, Herpyskuii, 1988], ckopocTs
MUTaHUS OPIOXOHOTUX MOJLTIOCKOB [OctpoymoB, Konecaukos, 2003], ¢punsTpaninoHHyIO
aKTHUBHOCTh psAfga Apyrux MomockoB [OctpoymoB, 2003], a Takke Ha CHCTEMY
AHTUOKCUJAHTHOW 3amuThl Muauil [[‘octioxuna u ap., 2007]. OmHako BO3AEHCTBUE
KaTHOHHBIX JleTepreHToB B menoM, u TATMA B dacTHOCTH, Ha TpoIecChl oOMeHa U
0COOCHHOCTH TIPOTEKaHUsl (PU3MOJNOTHYECKHX MPOIECCOB Y MOPCKHX JBYCTBOPYATHIX
MOJUTIOCKOB M3YY€HO ellle O4eHb ciabo. OMHMM W3 TakUX HEHU3YUYEHHBIX acleKTOB
OCTalTCA TPOIECCH OMOCHHTE3a W TKAaHEBOT'O POCTa.

Hacrosiee uccnemoBaHue HAmpaBlIeHO Ha HM3YYCHHUE TKAHEBOM CIEIU(PUKH
0CJIKOBOTO CHHTE3a Y MUJIMI B YCI0BHAX Tokcudeckoro AeiictBus T TMA u I1Xb.

7.4.1. Bnustaue ITXbB Ha nporieccsl comatrueckoro pocrta tkaneii M. galloprovincialis

HccnenoBanuck B3pocibie ocobn yepHomopckoit muauu M. galloprovincialis
(mmHa pakoBUHBI 45-55 MM.), HaxonfdImIuMecss B COCTOSIHUM OTHOCHUTEIBHOTO
¢u3noIornYeckoro mokost (craauum 3peiaoctd roHaax — 2-3). Mecro cOopa —
KoJUIeKTopHble Hocutenn B Oyxte Crpenenkas (Ceactomons) mpu (HOHOBOU
xonnenTparuu 11XB 20,6 Hr 1. DKCIepUMEHTATbHYIO TPYIITY MOILTIOCKOB COIEP/KAH B
BOJe, MpU ypoBHe TokcukanTa 110 Hr m'. B KauecTBe TOKCHKAHTA HCIIONb30BAJICS
apokiop 1254. Temmeparypa Bombl — 21-23°C. IInimeBoii pexumM, 06GecredrBarOLIHit



267

IIponeccsl pocTa U pereHepanuy TKaHEH y MacCOBBIX BUJOB JIBYCTBOPYATHIX. ..

HOPMAaJIbHYIO KH3HEICSATEIbHOCTh MOJUIIOCKOB, MOJJICPKUBAIICS BBEJCHUEM B CpEIy
MOHOKYJIBTYPBI 3€JICHON OJHOKIETOYHOM Bogopociu lzochrizis golbana.

Maxkcumanbabiii  ypoBeHb PHK u Hambosiee BbICOKHME 3Ha4YeHHS WHIACKCA
PHK/AHK Obmun ompenenensl st kabp (kKoHTponbHas rpynma). Heckombko Oomee
HU3KWE 3HAYEHHsI MOJIyYeHBI AJISl HOTHM JKMBOTHBIX (Tabm. 7.8). B rematomankpeace u
TOHagax TpoIecchl OWocuMHTE3a Oenka TpOoTeKan Ha 0OojJee HU3KOM YpOBHE
(xoHTponbHas rpynma). B cpaBHenuu c xabpamu, konueHTtpauus PHK B atux Tkansx
Obl1a B 2-4 paza Hke (p<0,01). 3HauMTEIBHBIC OTIIMYMS OTMEUYCHHI U B OTHOIICHUU
nHpexca PHK/JTHK.

Tabmuua 7. 8
Biusuwne ITXB na conepxanne PHK u JTHK B Tkamsx M. galloprovincalis
-1 -1
Tram PHK, Mkr Mr™ cyxoro JHK, mMxr Mr cyxoro PHK/JTHK
Beca Beca
MOJIIIOCKa
KonTtpons OmnsIT KonTtpons OmnsIT KonTtpons Or1bIT

Hora 1,13+0,15 | 1,61+0,17 | 0,13+0,01 | 0,17+0,02 8,8+1,5 9,9+1,9
JXKabpsl 1,24+0,14 | 0,89+0,05 | 0,11+0,01 | 0,19+0,03 | 11,7+1,8 | 5,0+0,9
I'enaromanpeac | 0,61+0,03 | 0,63+0,03 | 0,12+0,01 | 0,1140,01 5,0+0,2 5,6+0,2
Tonaust 0,32+0,04 | 0,67+0,04 | 0,21+0,01 | 0,19+0,03 1,5+0,2 4,1+0,9

Haunbonpmmit Tokcuueckuit a¢dext [1Xb BoisiBneH amst xabp Moocka. B Tkanu
SIBHO YTHETAJIUCh TMpOLECChl percHepaiuu. J[loGarieHne B cpedy apokiopa-1254
MIPUBOIIIIO K CHIDKEHHUIO conepkanus B xxabpax CH (c 0,32 mkr mrt 1o 0,10 MKr Mr'l) u
PHK (¢ 1,24 mxr mrt o 0,89 MKkr mrt cyxoro Beca). Manexc PHK/JTHK ymenbmancs B
2,3 paza (p<0,01), 4yTo CBHIETETHCTBOBAJIO O 3aME]JICHUE MPOIECCOB OENKOBOTO CHHTE3a
B 9TOM OpTaHe.

WzBecTHO, uTO XKaOphl MABYCTBOPYATHIX MOJUIIOCKOB OONAJar0T OJHOM W3
HaunboJiee BBICOKHX CKOPOCTEH POCTa W pereHepalnyy B CPABHEHUH C JPYTHMH THUIIAMU
TKaHEH, 4TO CBA3AHO C WX MPSAMBIM B3auMojercTBreM co cpemoii [Cui et al., 1996]. Do
HAIILTO MTOJITBEPKICHUE B POCTOBBIX IapameTpax.

Peakiusi TKaHEBBIX CTPYKTyp TremarornaHKpeaca M HOTM Oblla TPaKTHYECKH
onuHakoBa. [lomy4yeHHbIE JaHHBIE O POCTOBBIM IOKA3aTENsIM HE Jalld CTATUCTUYECKH
JIOCTOBEPHBIX pa3MYMii B KOHTPOJBHBIX M OKCIEPUMEHTAIBHBIX 00pa3iax, dYTo
MO3BOJISIET TOBOPUTh O CTA0MIIBHOCTH IIpoliecca. B ToHamax, HANpoOTWB, OTMEYallud
aKTHBHU3AIUIO POCTOBBIX mporieccoB. YpoBenb PHK moseimancs B 2,1 paza (p<0,01), a
nanexc PHK/JIHK — B 2,7 paza (p<0,05).

W3BecTHO, YTO aKKyMyJSTHBHAs CHOCOOHOCTH T€HEPATUBHOW TKaHW, KaK IPH
(OHOBOM, Tak M NP IKCICPUMEHTAIbHON KOHIeHTpaiuu [1XB gocTtaToyHO HU3Kas B
cpaBHEHUHU C ApyruMH TKaHsMu [bouko u ap., 2004]. OgHuM W3 W3BECTHBIX ITyTEH
yAaneHusi TOKCHHOB W3 OpPraHW3Ma SBISETCS BBIOPOC WX C TIOJOBBIMH MPOAYKTAMHU
[Foster, Berlin, 1997]. Bo3MosxHo, maHHbIH MexaHu3M BeiBeaeHus I11Xb u3 opranmsma
MOJUTIOCKaMH HOCHT IIeJICHANPABIICHHBIN XapakTep. Y CHJICHHUIO MPOIleccOB OMOCHHTE3a B
TrOHajgaxX, Ha Hall B3TJSA, MOTJH CHOCOOCTBOBATh M SKCIIEPUMEHTAIBHBIC YCIOBHUS
cojiepkaHus: OnmarompusiTHas Temmeparypa Boabl (21°C), MONHOIEHHBIN MHIIEBON
paIMOH, — KOTOPBIE MOTJIM CTHMYJIMPOBATH PEMPOJIYKTHBHBIE MPOIECCHl B TEHEPATUBHON
TKaHU.
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Bnusiaue 11Xb Ha konmuuectBenHoe coaepxanue JJHK B TkaHsax He oOHApyXEHO.
Copep:kaHne MAHHOTO COEAMHEHHUS B TKAHSIX JXUBOTHBIX OIBITHOM ¥ KOHTPOJBHOI
TPYNIBl OCTaBaJIOCh CTAOWIBHBIM M H3MEHSIOCh B OTHOCHTEIHFHO Y3KOM [Hara3oHe
3HayeHui. CTAaTUCTUYCCKU JIOCTOBEPHBIC pa3jivuusl TOJYYCHBI TOJBKO JUIs kalp, y
KOTOpBIX B KoHTpose coaepxanue JJHK coctasmsiio 0,11 + 0,01 Mkr Mr'', a B OmbITe —
0,19 + 0,03 mkr mr'.

7.4.2. Bnusnue karuonHoronereprenta (TJJTMA) Ha nporecchl COMaTHYECKOTO pOCcTa
tkaneit M. galloprovincialis

B pabore wmcnosb30Baid B3pPOCIBIX OCOOCH C amuHOW pakoBUHBI 40-45 MM,
YepHOH MBETOBOW MOP(BI. DKCIEPUMEHTAIBHYIO TPYIITY TOABEPTald BO3AEUCTBHUIO
TATMA B xonuentpauuy 0,6 Mr i B TeueHue 6 cyTok. BeIOpaHHas KOHIIEHTpALHS
HaunOoJee mpremMieMa sl OLICHKH MPOTEKAIOLINX B TKAHAX MPOLIECCOB, TaK KaK, C OTHON
CTOPOHBI, HE SBJSUIACH MOPOTroBoM (rubensb cBbimie S0 % ocobeli B MOMyNSIUA MHIUN
HACTYIaeT HpH Gollee BHICOKMX KOHIIGHTPALHSA, CBBIIE 1 Mr II'), ¢ Ipyroii — ocTaBamach
JOCTAaTOYHO BBICOKOH M HamOoJiee 4YacTo BCTpeUaeMON KOHIIGHTpanued B mpobax
MOPCKOM BOJBI.

Beenenue B cpeny TIATMA Bri3biBanio cHmkenue conepkanus PHK B xxabpax u
Hore MoJuTrocKa B 1,4-1,5 paza. IIpu a3Tom myn cBOOOTHBIX HYKIICOTHIOB HE MIpeTepIeBal
CYIICCTBECHHBIX H3MEHEHUH. OI[HOBpeMCHHO OTMEYaJIM MOHMKEHHE 3HAYSCHUM HHICKCa
PHK/JTHK ¢ 14,8 mo 10,0, uTo OTpaskaio yrHETE€HHE MPOIECCOB OHOCHHTE3a Oelika B
JaHHBIX opraHax. llpm 5ToM B remaromaHkpeace HE OTMEYaIM KaKHX-THOO
CYIIECTBEHHBIX n3MeHeHuH (puc. 7.10-12).

i
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Puc. 7.10. Biustane TATMA Ha conepxanue cBoOOAHBIX HyKineoTua0B (CH) B TkaHsx
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Puc. 7.11. Bmusaue T/ITTMA na conepxxanne PHK B TkansIx Mumgmit
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Puc. 7.12. Bmusaue T/ITMA na conepxanne JIHK B TkarsIx Mumuit

Kak u B cnyuae aeiictBust I[IXB, Bbicokast 4yBCTBUTENBHOCTD 3Ka0p OOBSICHSIIACK,
CKOpee BCEro, MPSIMBIM KOHTAKTOM CO CPEIOH U TAKUMH CTPYKTYPHO-(DYHKIIMOHATIBHBIMH
0COOEHHOCTSIMHU, KaK HE3HAUMTENbHAsl TOJIINHA XKaOepHOro 3MUTENUS] U CIIOCOOHOCTD K
ObicTpoii ero pereHepauuu. Vwmeromumecs nannble [[ocTioxuna u  gap., 2007]
CBUJICTENILCTBYIOT O HAJMYUHM BBICOKOI'O YPOBHSI OKUCIIUTENBHBIX MPOLECCOB U POCTE
AKTUBHOCTH (DEPMEHTOB aHTUOKCHJAHTHOW 3aIUTHI B XKaOpax M HOTe€ MHUIUHM MPH 3THX
ke koHueHTpauusax TATMA (cM. paznen 2.4).

Takum o6pazom, Hakomienue [1XB B xabpax MUIUM NPUBOJMIO K CHIDKCHHIO
COIepKaHUsI B HUX CBOOOIHBIX HYKJIeoTHHOB, KoHueHTpaumu PHK wu ymensmaino
snauenust mHaekca PHK/IHK, dro orpakano yrHeTeHue mpolLEcCOB pereHepanud B
JaHHOM oprane. OIHOBpEMEHHO aKTUBU3MPOBAIKNCH POCTOBBIC MPOIECCHl B TOHAAAX
MOJITIOCKA, O 4YE€M CBHUAETENBCTBOBAI 3HAUMTENBHBIM pocT conepxkanus PHK u
ornomennss PHK/JIHK. CocrosiHme ocTanbHBIX OpraHOB (TremaTromaHkKpeac, HOra) He
MpeTepIeBasiO CYIIECTBEHHBIX H3MEHEHH.

Karvonnsii  gereprentr TJITMA  oka3eiBami  OCHOBHOM  3pdekT Ha
nepudepudeckne OpraHpl MOJUTIOCKa (KaOphl M HOTY). DTO BBIPAXKAIOCH B CHIDKEHUH
comepkanuss PHK wu Benmmuumnbl ungexkca PHK//ITHK, 4ro cBHaeTenbCTBOBaIO O
3aMeJIJICHUH TIPOLIECCOB OEITKOBOTO aHA00IM3Ma.
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B Hactosmelt MoHorpadgum 000O0IIEHBI PE3yNbTaThl SKCIEPUMEHTAIBHBIX
WCCIIEIOBAaHNH, TOCBAIICHHBIX H3YYEHHUIO OCOOEHHOCTEW TKAaHEBOTO MeTadoim3Ma |
COCTOSIHUS psiia MOJIEKYJAPHBIX CHCTEM Yy HanOojee MacCOBBIX BHIOB UYEPHOMOPCKUX
MOJUTIOCKOB, KOTOpBIE OBLIM BBITIOJTHEHBI B OT/AeNe (PU3UOJIOTHU KUBOTHBIX U OMOXUMHHU
NueBKOM HAH YkpanHbI Ha IPOTSHKSHHUH ITOCIIETHNX 15 JTeT.

31ech BIepBbIe IPUBOAUTCS CBOJKA 0 BUAOBOM Pa3HO00pa3uu MajakopayHbl
YEepHOMOPCKOI'O peruoHa, KOTopas MpeAcTaBieHa TOIbKO TPEMs M3 BOCBMH M3BECTHBIX
kiaccoB. Hanbosee MHOTOYHCICHHBIME SIBISIFOTCSI TIPEACTABUTENH KiTacca OPIOXOHOTHX
mojutrockoB (Gastropoda) (6omee 130 BUIOB), OTHOCAIIMECS K 5 moakiaaccam, 24 oTpsaam
n 56 cemeiictBam. J[OCTaTOYHO BBICOKOE BHJOBOE pPa3HOOOpa3We OTMEYEHO M IS
Hpe/ICTaBUTENeH Kiacca IBYCTBOpYAThIX MoiuttockoB (Bivalvia) (okomo 90 BumoB): 4
nojkiacca, 14 otpsinos, 34 cemeiicta. Kitace maniupusix Mosuttockos (Polyplacophora /
Loricata), HampoTHB, MaJOYKMCIACH W TPEACTABIECH TOJNBKO Tpems Buaamu. C TO3HITHI
koHuemnuu amantuBHeix 1ukiaoB K.C. Xommmnura [Holling, 2001] Bcectopomue
PaccMOTpPEHBI IPUYNHBI U3MEHEHHSI CTPYKTYPhI TAKCOIIEHa YEPHOMOPCKUX MOJLTIOCKOB.

3HaYUTENbHBI 00heM MOHOTpadUU TOCBANIECH M3YYCHHUI0 AHTHOKCHIAHTHOIO
(hepMEHTATHBHOTO KOMILJIEKCA TKAaHel JBYCTBOPYATHIX MOJUTIOCKOB. (OCHOBHBIE
9KCIiepuMeHThl  BoimonHeHbl Ha Mytilus  galloprovincialis Lam. BeisiBaeno, 4to
opraam3ansi AQO KOMIUIEKCa y JaHHOTO BHIA HWMEET BHIPAKCHHYI0 TKaHEBYIO
cnenuuky. B xabpax Beaymas poib MPUHAIICKHUT (EepMEHTaM, COMPSKCHHBIM C
pecypcoM BocctaHoBieHHoro GSH. I'ematomaHkpeac XapakTepH3yeTcs BBICOKHMHU
aKTUBHOCTSMH Kartaja3sl W Tepokcuaassl. DyHkunonmpoBanne AQO KOMIUIEKCa HOTH
OTJINYANOCh NOBBIIIEHHON akTUBHOCTBhIO COJ[. OTMEUEHO, YTO CHUKEHHUE COACPMKAHUS
KapOTHHOHMJIOB B TKaHAX TIOAABISET aKTUBHOCTH KimoyeBbix AO  (depMeHTOB
aHTupaaukanbHord 3amuThl: COJl u KaTanassl U CONPOBOXKAACTCS MAJCHUEM pecypca
GSH.

N3yueHo cocrosiuue AO komruiekca Tkanedt y Mytilus galloprovincialis Lam. B
YCIIOBHSIX ~€CTECTBEHHOTO (HEpeCT) W HUCKYCCTBEHHOTO (JI€WCTBHE KATHOHHOTO
JIETEpreHTa) OKUCIUTENBHOTO cTpecca. OTMEUYEHO, YTO peaklMi MOJUTIOCKA Ha 00a BUaa
Harpy30K KOJMYECTBEHHO M Ka4eCTBEHHO COIOCTaBUMBI. DTO HEOOXOJWMO YUYHTHIBATH
MpU IUArHOCTHKE TOKCHMYHOCTH BOAHOM cpensl. IIpu 3Tom moxazano, yto AO cucrema
’)Kabp MOJUTIOCKOB 4YepHOW MOP(BI SBISETCS MallOYyBCTBHTEIBHOH K €CTECTBEHHBIM
COCTOSTHUSIM, HO pearnpyer Ha BO3JCHWCTBHE BHEIIHEr0 TOKCHYECKOTO (akTopa. JTo
MO3BOJIIET PEKOMEH/I0oBaTh Nokazarenu ee AO KomIUiekca B KadecTBe OMOMapKepoB
OKHCIIUTEINBHOTO CTPECcca aHTPOIIOT€HHOTO MMPOUCXOKICHUSI.

O06001IeHsI MaTepualbl 0 peakiuu pepMeHTaTHBHOTO AQO KOMITIEKca TKaHei
MOJUTFOCKOB poma Mytilus Ha OKHCINTENbHYIO Harpy3ky pa3HOW WHTEHCHBHOCTH.
[Tokazano, 4To MO Mepe yBENMUYCHHS YPOBHS OKHCIHMTENBHOTO cTpecca Haliromaercs
poct aktuBHoctH I'P, I'll n moBeimaercst ckopocts obopora GSH B Tkansax. 3atem
TOKCHYECKas Harpy3Ka KOMIIEHCHPYETCS MOBBINICHHEM aKTUBHOCTH ()EPMEHTOB HH3KOTO
CPOJICTBA K THAPOIIEPEKUCSIM — KaTasla3bl. B rimyTaTHOHOBOI cucTeMe MOKHO BBIIEIHUTH
HECKOJIBKO YCTOMUYMBBIX BO BPEMEHH COCTOSHHUMN: HHU3KOTO, YMEPEHHOTO MU BBICOKOTO
HanpspkeHus. B oTaenbHbIX TKaHsaX (Hora) yHkunoHupoBaHue AQO CHUCTEMBI, BEPOSTHO,
HaIpaBJIEHO He Ha 00e3BpEXMBAHNE, a Ha TEHEPAIINIO aKTUBHBIX (opm kuciopona (O, ),
YTO CBSI3aHO C MOBBIIIEHHOW HHTEHCUBHOCTBIO PET€HEPALMOHHBIX MTPOLIECCOB.
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CpaBuutensHbie uccienoBanus AO kommiekca y Mytilus galloprovincialis,
Anadara inaequivalvis u Crassostrea gigas mokasaiu, 94T0 HanOOJIBIIYI0 OKUCIUTEIbHYIO
Harpy3Ky B €CTECTBEHHBIX YCJOBHAX HWCHBITHIBAIA TKAaHU MHUAWNA. Y HUX OTMEUYEHBI
camble Beicokre akTuBHOCTH AO depMeHTOB n MakcuManbHbIH ypoBeHb [1OJI B TKaHAX.
OcHoOBHas poJib B HEHTpalu3aluMu 3TOH HArpy3K NpUHAJIekala renaronaHkpeacy. Y
aHaJapel B 3TOM IPOIECCE 3HAYUTENHHOE yJacTHE MPUHUMAIOT TakKe >XKaOphl M HOra.
AxtuHOCTH KI04eBbIX AO depmentoB — COJl u katanasel, B )xabpax aHajgapbl ObLIa
BJIBOE BBIIIE, YEM Y MUAUN U YCTPHUL. YPOBEHb K€ OKHCIUTENbHBIX MPOLECCOB B TKAHIX
aHa/apel, B IENIOM, OBUT HIDKE, YeM y MHUJAWHW, HO BHIIIE, YeM y ycTpuubl. s Tkanen
YCTpHI] XapaKTepeH HU3KUi ypoBeHb mporieccoB 11OJI. AxtuBHOCTH GonmpmmHCTBA AO
¢depmeHTOB (32 HckiIroueHHeM ['P) MUHMMalbHBI, 8 MEXTKAaHEBBIE pa3Iu4usi cladbo
BEIPAKCHBI.

Ha ocHoBe KoMILIEKCa COBpEeMEHHBIX MeTo10B uccieaoBanus: TCX, KX, HPLC,
Ka4eCTBEHHBIX PEaKIMii Ha MPUCYTCTBUE XUMUYECKUX TPYIIL, CIIEKTPaJbHOTO aHaIn3a B
UV-VIS gumanazome, FAB MS wu H-NMR BmnepBoie mnpoBenena moapoOHas
UACHTU(UKANAS KA4YeCTBEHHOr0 COCTABA KAPOTHHOWAOB TKaHEW MAacCOBBIX BHIIOB
YEePHOMOPCKHX MOJUIFOCKOB: MUJIMH, YCTPHII, aHaJap U pamaH, ¢ y4eTOM 0COOEHHOCTEH
UX DKOJIOTHH.

B tene mumuit nnentudummuposano 20 xapotuHouaos (6onee 99 % cocrasa), y
yerpul — 6 kaporuHouaoB (6omnee 80 % coctaa), y aHagap — 6 KapoTHHOHIOB (Oosee 95
% cocraBa) u y paman — 9 kaporuHousoB (Oonee 85 % cocraBa). OTMEUEHO, YTO
OCHOBHBIM OPTaHOM, COZAEPKAITUM KapOTHHOUIBI Y MAIOMOIBIKHBIX M TTPUKPEIUICHHBIX
(opM IBYCTBOPYATHIX MOJLTIOCKOB-(PUIBTPATOPOB, SBJISETCS TeMaTomaHKpeac, a y
MOJBHKHBIX — HOTA.

Jis KaXaoro BHIIa MOJUTIOCKA OMpe/elieHa OCHOBHAsI TPYINIa KapOTHHOMIHBIX
murMeHToB. OTMEYEHO, YTO AJJIOKCAHTWH, MUATOKCAHTHH W TEKTEHON A SBISIOTCS
oOmMu sl TKaHeH TBYCTBOPOK. BBISABIEHBI BUOCTIENH(DUYHBIE TPYIIIBI IMTMEHTOB: Y
YCTPHIL — KPACCOCTPEAKCAHTHH A U B, y MUIUH — MUTHJIOKCAaHTHH M T€TEPOKCAHTHUH, Y
aHamap — TpaHc- ® 9-muc-mekteHonoH. IlpemmoxkeHpl cxembl TpaHcopManuu
KapOTHHOHJIOB B TPO(DHUUECKOMH 1eNH «(PUTOTUIAHKTOH — MOJUTIOCKH-(UIBTPATOPEDY.

BriepBbie B TKaHSX MHIMH B MUHOPHOM KOJHMYECTBE WACHTH()HIMPOBAHBI 3
HOBBIX 19'-TeKCaHOMJIOKCUKAPOTHHOUAA: 19'-reKCaHOMIOKCUTaIOMHTHAKCAHTHH, 19'-
TeKCaHOWJIOKCHKpaccocTpeakcaHTuH A, 19'-rexcaHOMIOKCHATIIEHUKMUTHIIOKCAHTHH.
[pennaraercs HOBasi cxema TpaHc(popMaIK COEAMHEHNH 3TOTO psja.

YTo4HEHBI TIpoLIeCCH MTPeoOpa3oBaHusl KAPOTHHOUIOB B TPOPUUECKON CHCTEME:
«MOJUTIOCK-(DUIBTPATOP — MOJUTFOCK-XUIIHUK», Ha TIPUMEPE OCHOBHBIX KapOTHHOHUIOB
TKaHed mMuaud W panadbl. OHA cXeMa OCHOBAaHA HA HAKOIUICHWH B TKAHSIX XHIIHUKA
AJUTOKCAaHTHHA, KaK OCHOBHOTO [HAETHJIEHOBOTO KAapOTMHOHMJA C YYE€TOM BCEX €ro
M30MEPHBIX W 3PUPHBIX (opM, Apyras — Ha TpaHCPOpPMANUU JUATOKCAHTHHA 1O 7,8-
JUIETUIPOACTAKCAHTHHA.

HccnenoBanbl ~ OCOOGHHOCTH  QJalTHBHOM  peopraHu3alii  TKaHEBOTO
METa00JIM3Ma B YCIOBHAX IKCHEPUMEHTATLHOW AHOKCHHM W TOJIONAHUS Y MOJIIIOCKA-
Bceneniia Anadara inaequivalvis. Briepeie moka3aHo, 9T0 KHCIOPOHbIE MOTPEOHOCTH Y
3TOTO BHJIAa B YCJIOBHUSX BHEIIHEH HOPMOKCHU CHIKEHbI B 6-7 pa3 B CpaBHEHHH C
MUIUSIMA. B OONBIIMHCTBE TKaHEW mpeodiagaroT aHadpoOHBIE MPOIECCH, YTO
ONpeAensieT WX HHM3KUH DHEPreTHYEeCKHH cTaTyc: NOHWKEHHBIM ypoBeHb ATD u
HeBbIcoKue 3HaueHust AD3 u OII.
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B ycnoBusax aHOKCHMHM oTMeuaeTcss MOOMIM3aIus OEIKOBBIX PECYPCOB OpraHn3Ma
anamapsl. Conepxanre Oeika B TKaHIX MOoHMKaercs Ha 23-27 % Ha (oHe pocTa ypoBHS
aMpHHOTO a3ota W MoueBuHB Ha 35-100 %. T'maopommsy momBepratoTcs
MIPEUMYILECTBEHHO HU3KOMOJEKYJSPHbIE MENTHIbI, YTO OTPa)kaeT POCT AKTHBHOCTH -
I'TIl npu mnapannensHOM yMEHbIIEHMHM akTuBHOcTH KaTerncuHa D. Ilokazano, dro
ajantanus K COCTOSHHMIO AaHOKCHH COIPOBOXKIAETCS POCTOM 3HAYCHUM MHIEKca
MAT/JIA — B 2-4 pa3a. OTO mpoUCXOAUT HA QOHE YCHIICHUS CYKIMHATTHOKWHA3HON 1
¢dymapaTpeaykTazHoi peakiuid, KOHTpoinupyeMbix ATAT u AcAT, KOTOpbIE HCKITIOYAIOT
HaKOIUICHWE TOKCHYHOI'O JIAKTaTa B TKAHAX M MO3BOJIAIOT MOJMy4YaTh IOMOIHHUTEIBHBIN
pecypc MakposproB. Mera0oauuecKkiue TPOLECChl B TIeNaTONaHKpeace MOJUIIOCKA
OpPUEHTHPOBAHBI MPEUMYIIECTBEHHO Ha MPOAYKLIMIO aMUHOKHCIIOT.

BrnepBbeie HmpoBeNeHBI MCCIENOBAaHUSA 10 W3YYCHHWIO COCTOSHUS aICHWIATHOW
CHCTEMBl TKAaHEW MOJUIIOCKOB, TOJIEPAHTHBIX K Ne(HUIUTY KHciIopoaa. BeiiieHo, urto
AQHOKCHS BBI3BIBAET CHIDKCHUE SHEPreTUUECKOro MOTEHIInaNIa TKaHeH MouTocka Ha 40-45
%. DTO HaXOIUT OTPaKEHUE B YMEHBILICHUH ITyJIa aJICHUJIOBBIX HYKJICOTUIOB, CHIDKEHUH
conepkanus ppakuuit ATDO, AJID, a Takxe 3Hadernnid AD3 u DII. M3menenus HOCAT
cOaTaHCUPOBAHHBIA XapakTep U SIBISIOTCS (DYHKIMOHATBHO JOCTATOYHBIMH IS
nojyiepkaHus cy00a3ajJbHBIX CKOpPOCTEH METa0OoNM3Ma, YTO HaXOAHMT OTpPaKCHHE B
COXpaHEHUH JKU3HECITOCOOHOCTH 0CO0eH B TeUeHHE 3-X CyTOYHON aHOKCHH.

BriepBble M3y4eHBI NPOLECCHl 3HEProoO0ecTIeYeHUs] TKaHEed y ABYCTBOPYATBIX
MOJUTIOCKOB B YCIIOBHSAX TOJIOIaHUS. Y CTAaHOBJICHO, YTO Ha HAYaNbHBIX dTamnax (6 CyTok)
aHa/ziapa WCIONB3yeT 3HAUMTENBHBIN pecypc TKaHeBOro Jakrara. [Ipomecc aganranuu
aHaJaphbl K TOJIOAHMIO HIET O ITyTH UCTIOIb30BAHMS PE3EPBA aMUHOKHUCIIOT B IIPOIECCAX
JHEpPreTHYecKkoro  obecneueHuss TKaHeld. JIoHOpOM  aMWHOKHCIOT — BBICTYIAeT
rernaronaHkpeac.

[Ipu momoIM METONOB CBETOBOW MHKPOCKOIWH (MacisiHas ummepcus, 1500x)
WCCIIEIOBAaHbI OCOOCHHOCTH (PYHKIHOHAIBbHOH MOpP(oJIOrud W HUTOMETPHH
IPUTPOUIHBIX 3JeMeHTOB remosmM¢bl Anadara inaequivalvis. IlTokazano, uTo ee
OPUTPOLUTHl  ABIAIOTCA  Y3KO  CHEUATN3HPOBAHHBIMH  KJIETKAMH C  BBICOKHUM
BHYTPHUKJIETOUHBIM cojaepikaHueM remornoouna (180.64+32.51 mr), mnoBbIeHHON
yaensHol moBepxHocThio (1.558+0.002 MkM™') H  (QYHKIMOHANEHO MANOAKTHBHBIM
AIpOM, O YeM CBUACTEIbCTBYET KpaliHE€ HHU3KHE 3HAYEHUS SACPHO-TUIa3MaTHYECKUX
ornomennit (0.083+£0.001). Snpo kneTkn uMeeT He3HAYMTENbHBIH 00BeM (29.9310.73
MKM®) C BBICOKOIl JONel reTepoxpoMaTHHA. LIUTOIIa3Ma SPHTPOLHMTOB CONEPIKHT
TpaHyJspHble BKIIOYeHHS B KonnmdectBe 41.95+2.75 enuuun Ha kietky. OHH He
SBIISIFOTCS MTOCTOSIHHBIMU CTPYKTYpaMu. VX mpucyTcTBHE CBsI3aHO C (DYHKIIMOHAJIBHHOM
AKTUBHOCTBIO KieTkd. [lpu simepHo-muiazmMaTuyeckoM oTHowmeHuun Ommskom k 0.04
BKJIIOYEHHUS] TNPAKTUYECKH HE BBIABIAIOTCS. [emonmumda MOITIOCKA HE COIACPKHUT
OPUTPOUHBIX JJIEMEHTOB Ha PaHHUX CTaAusAX IUPPEPEHIUPOBKH, UYTO OTPaKaeT
HEPETYISIPHOCTH 3PUTPOIIOITUIECKHX MPOLIECCOB B KPOBETBOPHON TKaHHU.

HccnenoBaHo B AKCIEPUMEHTAJBbHBIX YCJIOBUSX BIMSHUE aHOKCHMH Ha MOpQo-
(YHKIMOHANBHBIE W IUTOMETPUYECKHE XapaKTEPUCTUKH JPUTPOUAHBIX 3JIEMEHTOB
reMonuMdbl aHanmapbl. [loka3aHO, AaHOKCHSI BBI3BIBACT THAPATALUIO IUTOIUIA3Mbl H
HaOyxaHHe (CBEJUIMHT) 3PUTPOMIHBIX 37eMEeHTOB. OO0 3TOM CBUAETENBCTBYET XapakKTep
U3MEHeHus spurpouutapHeix wuHmekco (MCV, MCH, MCHC) wu nuHelHBIX
XapaKTePUCTUK KJIETOK. DTO COMPOBOXKIAIOCH JIM3UCOM MPEUMYIECTBEHHO CTapbIX
KJIETOUHBIX (OpM, HMEIOMUX 0o0Jiee HHM3KYI0 OCMOTHYECKYIO CTOHKOCTh. Paspymennue
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CTapoil 3pUTPOIUTAPHON Macchl MPHUBOAMIO K OTHOCUTEIBHOMY POCTY COAEpPXaHHS B
remonuMde KIeTok Oosee paHHHMX TeHeparnwid. [lociemHee ompenensyio yBeTUYEeHHE
CPETHEKJICTOYHOTO0 00BeMa sizmpa, coaepkaHus 0a30(MIBHBIX 3€PHUCTHIX BKIIOYCHHHA B
OUTOIIa3ME€ W TIOBBIIICHWE YCTOHYMBOCTH SPUTPOHUIHBIX SJIEMEHTOB MOJUTIOCKA K
OCMOTHYECKOMY HIOKY.

Bnepeeie mpemioxxen mMetoa gotorpadupoBanusi 1 nudposoii 006padoTKu
CHHUMKOB PaKOBHH MOJUIKOCKOB B crcteMe koopaunat Red-Hue (Adobe Photoshop CS-
3). OH mno3BoMWI OJHO3HAYHO HACHTH(UIMpPOBaTh 4 1BeToBbie rpynmbl Mytilus
galloprovincialis: uepHble, mepexomHble, TEMHO-KOPHYHEBEIE, CBETIO-KOPHYHEBEIE.
Mexny HUMH OTMeueHBl cymiecTBeHHble oTimuus B aktuBHocth ACT wm AJIT,
3aJIeliCTBOBaHHBIX B IIpolieccax aHa’dpoOHOro Metadonm3ma. Haubonpime pacxoxaeHus
BBISIBJIEHBI MEXKIY KpPaeBbIMU IPYIINIAMH: C YEPHOM U CBETVIO-KOPUYHEBOM OKpPAaCKOU
pakoBuHBI. JlomycKaeTcsi, 9YTO OHH MOTYT OBITH CBSI3aHBI C aJalTalllieil MOJITIOCKOB K
YCIIOBHSIM CKAaJIBHBIX U IOHHBIX SKOTOIIOB.

OneHka «MTHOBEHHOID» CKOPOCTH COMAaTMYECKOro pOCTa TKaHEW MOJUIIOCKOB
npoBoauiack Ha ocHoBaHuM 3HaucHUl mHAekca PHK/IHK. [lonydyeHHble pe3ynbTaThl
CBUJICTENILCTBYIOT O BBICOKOW WHTEHCHUBHOCTH MPOIECCOB pereHepaluyd B xkadpax H
MaHTHUU MOJITFOCKOB — TKaHSX HanboJiee MOABEPKEHHBIX MEXaHUYECKOH U XUMHUYECKOU
Harpy3ke Npy BEHTHWISIUM MaHTHHHOW monocTH (Muand, anamgapa). OcoOeHHO 3To
XOPOIIIO BBIPAXEHO y MOJIOABIX (MENKOopa3MepHBIX) ocoOeil. Cample HU3KHE 3HAYCHUS
WHJIeKca ObUIM OTMEUEHBI JUIi TenaTonaHkpeaca. [Iporecchl cuHTe3a Oenka B roHamax
3aBUCIT OT CTEINeHH TOTOBHOCTH MX K HepecTy. MaKcHMallbHble 3HAuYeHHUs WHAEKCa
PHK/JIHK oTtmeuens! y oco0Oeil, Haxonsmuxcst Ha 4-5 cTamuum 3penoctd. Y caMIlOB 3TH
MPOIIECCHl MPOTEKAIOT B 2 pa3a 3 peKTUBHEE, YeM Y CAMOK.

B ycnoBusx aHokcuum (3 CyTOK) y aHajapel BO BCEX TKAHAX TPOUCXOIUT
CHIDKCHHE COJIepKaHusl OelKa M TMOBBIMIANIOCH COAEepKaHNe CBOOOIHBIX aMHUHOKHCIIOT.
[Ipu 3TOM B OgHOM cIlydae 3TO TPOWCXOMWIO Ha (poHE YMEHBIIEHHE CKOpOCTel
COMaTHYECKOTO pocta (3kadpbl, TenaronaHkpeac), B IpyroMm — Ha (OHE MX yBETHUYCHHS
(aora). [IpuumHEI, Jexaniye B OCHOBE 3TUX Pa3IMYHil, TOKa TPYTHO OOBICHUMBL.

B ycrnoBusix skcriepuMeHTa M3Y4YEHO BIHSHUE PAa TOKCHYECKHX COEIMHEHUH,
otHocsimuxcs k rpymnne [IXb (apoknop 1254) u katnonnsix gaereprentos (TATMA) Ha
CKOPOCTH COMAaTHYECKOTO pocTa TKaHeld muamii. Hakoruienme [1Xb B xabpax Mumuu
MIPUBOJIMIIO K CHIDKEHHIO COJIEPXKaHMsI B HUX CBOOOJHBIX HYKJICOTHIIOB, KOHIICHTPAIIUU
PHK u ymensiano 3uauenus uaiaekca PHK/JTHK, uro oTpaxaio yraeTeHue MpoieccoB
pereHnepanyy B JaHHOM opraHe. OJJHOBPEMEHHO aKTUBU3UPOBAINCH POCTOBBIE MPOIECCHI
B FOHAaJ[aX MOJIIFOCKA, O YeM CBHJIETEIBCTBOBAN 3HAUUTENBHBIN pocT conepxkanus PHK u
ornomenuss PHK/IHK. CocTosiHMe ocTajbHBIX OpraHoB (remaTonaHKpeac, HOra) He
MIPETEPIICBANIO CYIIECTBEHHBIX M3MeHeHnid. Katmonnsiit mereprent TITMA oxa3siBan
OCcHOBHOH 3¢ dexT Ha mnepudepudeckue OpraHbl MOJUTIOCKA (KaOpbl M HOTY). OTO
BEIpakasioch B cHwkeHnn conepkanuss PHK u Bemmuunsl manexca PHK//IHK, uyro
CBUJICTENILCTBOBAJIO O 3aME/JICHHH B HAX MPOIIECCOB OEJIKOBOTO CHHTE3A.
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