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CPABHUTE/IIBHAA 1 OHTOTEHETNYECKAS BUOXUMUA

AKTUBHOCTD CYIIEPOKCUAANCMYTA3bBI 1 KATAJIA3bI B TKAHAX
TPEX BUJ1OB YEPHOMOPCKHUX ABYCTBOPYATbBIX MOJIJIIOCKOB:
CERASTODERMA GLAUCUM (BRUGUIERE, 1789), ANADARA KAGOSHIMENSIS

(TOKUNAGA, 1906) 1 MYTILUS GALLOPROVINCIALIS LAM.
B CBA3U C AJJAIITALIMEN K YCJIIOBUAM UX OBUTAHUA
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WccnemoBanm TKaHeBbIE 1 BUTOBEIE OCOOCHHOCTH aKTUBHOCTH cyliepokcunaucMmyTtassl (COJl) 1 kaTanassel, a
TakXXe comep XaHusl TPOAYKTOB, pearupyrommux ¢ THooapoutypoBoii kuciaoToit (TBK-akTuBHBIX TPOIYKTOB),
y TpeX BUIOB YePHOMOPCKHX IBYCTBOPYATBIX MOJLTIOCKOB — cepateBunku Cerastoderma glaucum, muguv Myti-
lus galloprovincialis n ananapwl Anadara kagoshimensis, OTIINYAIONINXCSI BBICOKOI YCTOMYMBOCTBIO K OKUCIIH -
TETLHOMY CTPECCY B €CTeCTBEHHBIX YCIIOBUAX 00uUTaHus. McciienoBany remaTonaHkpeac, XKabpbl 1 HOTY MOJI-
J0cKOB. TKaHU cepaLIeBUAKY OTJINYAIUCH CYIIECTBEHHO MeHbIINUM coaepkaHueM TBK-akTUBHBIX MTpoayK-
TOB, YeM y aHagapbl 1 MUIWM, 3HAYCHHUE ITOTO ITOKa3aTelisl BO3pacTalilo B PSITy CepAlleBUIKA — aHamapa —
munusi. I3 Tpex BUIOB MOJUTIOCKOB HanboJiee BHICOKOI aKTUBHOCTBIO 000X (hepMEHTOB BO BCEX UCCIIEI0BAH -
HBIX TKaHSIX OTIMYalach CepAlleBUIKA. AHamapa M CepAlleBUIKA, CIIOCOOHBIC 3aphIBaThCS B TPYHT, MMEIHU
OJIM3KYI0 TKAaHEBYIO CIELM(MUKY — Yy KaXKJI0T0 U3 BUIOB HAUOOJIbIIAsl aKTUBHOCTh (DEPMEHTOB BBISIBJIEHA B
Kabpax. AHamapa CyIIeCTBeHHO IIpeBocxoamia Muanio o aktusHoct COJl 1 KaTamassl B kabpax, HO yCTy-
nana muauu B aktuBHocT CO/I B renaTornaHkpeace M Hore. BhIssBIeHHbIE OCOOEHHOCTH OTPaXKaroT pa3HyIo
YCTOMYIMBOCTD MCCIIETOBAHHBIX MOJUTIOCKOB K OKUCIUTEILHOM Harpy3Ke B €CTECTBEHHBIX YCIIOBUSX OOUTaHMSI.
Haubonee BbIcOKasi YyBCTBUTEIbHOCTh K OKHUCJIMTEIBHOMY CTpecCy XapakTepHa misi Muauu. CepalieBuaka,
HaIIpOTUB, OTJIMYAJIaCh HAMOOJIbIIIe YCTOMUYMBOCTBIO K OKMCIUTEILHOM Harpy3Ke, a aHajgapa 3aHuMasa cpei-
Hee MoJIOKEeHUE. DTU BUIOBbIE 0COOCHHOCTHU TO3BOJISIIOT UCCIIETOBAaHHBIM MOJIJTIOCKAM YCIEIIHO aganTupo-
BaThCsI K OKMCIIMTEILHOMY CTPECCY, HEPEIKO BOZHUKAIOIIEMY B JOHHBIX 61oTomax YepHoro Mopsi.

Karouegvie cnosa: cyrnepokcuogucMyTasa, kKaranasa, 1 BbK-akTuBHBIE HpPOMyKThI, OKHCIWTEIBHBIM CTpecc,

Cerastoderma glaucum, Mytilus galloprovincialis, Anadara kagoshimensis, YepHoe Mmope
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BBEAEHHWE

Cucrema anTuokcumaHTHOM (AQO) 3aIIMTH — OOWH
U3 BaXHEHINNX 3JIeMEeHTOB (hOpMHUpOBaHUS amariTa-
LU TUAPOOMOHTOB B YCIOBUSX OKUCIUTEIHLHOIO
crpecca (OC). Dra cucreMa obecIieuyBaeT HeCIeI -
duyeckMii OTKJIMK OpraHM3Ma Ha OKMCJIMTEIbHBIN
CTpecc, BO3HUKAIOIINI TIPU JENCTBUU CaMbIX pa3HBIX
9KOJIOTMYECKUX U aHTPOIIOTEHHBIX (PAaKTOPOB B BO-
HOM cpele, ee moKa3aTeJIM IIMPOKO MPUMEHSIIOTCS B
OLICHKE COCTOSIHUSI 300POBbSI BOJHBLIX OPTAHU3MOB U
cpennbl B LieaoMm [14, 28, 30, 36]. BycTBOpYAaThie MOJI-
JIIOCKM-(PUIBTPATOPBl — OOHU M3 HanboJjiee yCTOMYN-
BBIX TMAPOOHOHTOB K neiictBuio OC pa3HOTro reHesa.
BoisiBieHa BBICOKast CIIOCOOHOCTh JBYCTBOPYATHIX

108

MOJITIOCKOB K IeTOKCUKAIINH aKTUBHBIX (DOPM KHCIIO-
pona (ADPK) [25, 32, 36, 40], uTo cBA3BIBAIOT C 3P DEK-
THUBHOCTBIO UX 3aIIUTHBIX CUCTEM, U B TOM ducie AO
cucteMbl. CoctosiHrue AO KoMILIeKca U TTIepEeKUCHOTO
oxkucneHus mununoB (ITOJI) nBycTBOpOK 3aBUCHUT KakK
OT DHIOTEHHBIX ITPOIIECCOB, TaK 1 OT (PaKTOPOB BHEIII-
Heli cpennl [28, 31, 36]. Ocobennoctu cuctembl AO 3a-
IMATHI U COOTHOIIIEHME €€ ToKasaTeyieil ¢ ypoBHEM
I[1OJI B 3HAYUTEIBLHON Mepe OIPEHessTIOT YCTONIM-
BOCTh 3THX XHMBOTHBIX K OKHCIUTEJIBHOMY CTpPECCY
[24, 28, 36, 40]. B 3T0i1 CBSI31 aKTyaJIbHO CPABHUTETb-
Hoe nccaemoBanne AO xkommnekca u ITOJI y nBycTBOp-
YaThIX MOJIJTIOCKOB C BbICOKOW YCTOMYMBOCTBIO K He-
OJIarONPUSATHBIM (baKTOpaM, — B YJACTHOCTH, Y YEPHO-
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Mopckux muaum Mytilus galloprovincialis, anamapbl
Anadara kagoshimensis, cepaueBunku Cerastoderma
glaucum. D10 MaccoBble PBPUOMOHTHBIE MOJLUIFOCKMU,
LIMPOKO pacIpocTpaHeHHbIe B A30BO-YepHOMOPCKOM
OacceiiHe u apyrux paiioHax MuUpoBOro okeaHa, Ur-
pamliye BaXXHYIO pOJIb B MOPCKMX dKOcUcTeMax [12,
26, 43].

Mommtocku pona Cerasroderma OTIMYAIOTCS BbICO-
KOI BBIXXKMBAE€MOCTbIO B HEOJIArOMPUSTHBIX YCIOBUSX,
BBIIEPXKUBAIOT 3HAUMTENIbHbIE KOJeOaHUsI COJICHOCTU —
5—38%0 n temmepatypbel — 0—25°C, a Takke THIIO-
KCUIO, OOCBIXaHUE U APYIUE HEONaronpusiTHbIE BO3-
nmevictust [19, 26]. C. glaucum HacelisieT OMOTOMBI C
BBICOKOM 3arpsi3HeHHOCTbIO [2], MPEBOCXOOUT APYTUX
OEHTOCHBIX XXUBOTHBIX 110 YCTOMYMBOCTU K 3arpsi3He-
HUIO TSDKEJIBIMUA MeTajiiaMu [25, 32], opraHu4ecKUMU
MoJUTIoTaHTaMu [41], YTo BO MHOTOM CBSI3bIBAIOT C BbI-
cokoif aktnuBHOCThIO AO pepmenToB COJl 1 KaTanassl
[25, 32].

AHagapa IJIMTENbHO BBIKMBAET NMpU aHOKcUU [34,
43], B cpene ¢ KpaiitHe HU3KMM YPOBHEM KMCJIOpOAa B
TeueHune 5—7 nHei [43]. AO KoMIIIeKce aHagapsl 0osee
3¢ PeKTUBEH MO CPaBHEHUIO C MHUIAMUEH U yCTpULEH
YepHOTOo MOPSI, UTO BEIpaXKaeTcsl B 00Jiee BEICOKOM CO-
IepKaHUM TIyTaTUOHA W aKTMBHOCTM IIyTaTUOHIIE-
poKcuaasbl B Hore, NoBbIlIeHHOM akTuBHOCTU COJl 1
KaTaJjia3hbl B 3kabpax u B 0osiee Hu3koMm yposHe I1OJI Bo
BCEX MCCIIEHOBAHHBIX TKaHAX [21, 23], a Tak:Ke aKTUB-
HoM ydacTtuu B AO 3aiuTe aHagapbl Kak GepMeHTHO-
ro, Tak 1 HU3KOMOJIEKYJISIDHOTO 3BeHa [24].

Munust Mytilus sp. 1OCTaTOYHO YCTOYMBA K ACii-
CTBMIO IIMPOKOTIO psiia MOJUTIIOTAHTOB, KOMIIEKCHOTO
BJIMSTHUS 3arpsi3HEHUST M TUTIOKCHM, BKJIIOUE€HA B IPO-
rpaMMbl OMOMOHUTOPUHTA I OLIEHKU KayecTBa BOJI-
HOM cpedpbl, IUIsI 4ero pa3padoTaH psi IIUPOKO IIpUMe-
HsIeMbIX OmomapkepoB, Takux kKak COJI, karamna3a,
mryratuoHTpaHcdepasa [28, 30, 33, 36, 42]. B rumno-
KCUYECKUX YCIOBUSIX MUOUSI CIIOCOOHA IEPEXOAUTD K
aHa’pOOHOMY OOMEHY, XOTS M IMpH 00jiee BBICOKOM
YPOBHE KHCJIOPOJa B Cpelie, YeM IS aHamaphl [43].

CocrositHue AO komriuiekca u ITOJI y MOJITIOCKOB B
€CTECTBEHHBIX YCJIIOBUSIX OO TaHUSI UMEET, KaK IpaBU-
JIO, BBIPAXXEHHYIO TKAHEBYIO U BUIIOBYIO CIIELUUPUKY
[5, 6,23, 24]. Tak, ycTaHOBJIEHBI CITeU(PUIECKIE OCO-
oenHoctu AO cucremsl u I[1OJI y Muaum, aHagapsl 1
ycrpuiibl YepHoro mops [21, 23, 24], psima BUIOB JaJTb-
HEBOCTOYHBIX MOJUIIOCKOB [ 5], aHanapsl u Muauu Cpe-
nu3eMHoro mopst [43]. Brei3biBaeT MHTEpPEC U TO, YTO
BBIpaxkeHHBIe pa3nnunsg AO mapaMeTpoB IoKa3aHbBI 1
Y MOJUTIOCKOB OJTHOT'O U TOTO K€ MU OJIU3KUX BUAOB —
B TKaHSIX Tpex LBETOBbIX Mopd Muauu M. galloprovin-
cialis [13], nByx BUnoB apeicceH u3 PeIOMHCKOTO BOIO-
XpaHwiia [6]. Y 6JM3KOpOACTBEHHBIX BUIOB CEp-
ueBuaok C. glaucum v C. edule Gb111 BbISIBJIEHBI pa3Ji-
yusi B TOTPeOJIEHMM HMU KUCIOpoAa, a TakKxKe B
MOBEICHUY U BBIXKMBAEMOCTH B 3KCTPEMaJIbHBIX YCII0-
BUSIX IIpU OOCBIXaHMHU, aHOKcuM [19]. B oTHomeHun
BJIMSIHUS 3arpsi3HEHUS TTOJYEPKMBAETCS, YTO pa3Has
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aKKyMyJIMpylolliass CrnocOOHOCTh (Ha NpUMepe Tpex
BUI0B MojutiockoB C. edule, Crassostrea gigas i Rudi-
tapes philippinarum) Takke MOXeT OBITh CBsI3aHa ¢ pu-
3MOJIOTUYECKUMU PA3TUUUIMU MEXAY STUMU BUIAAMU
U MOXET CIy>XKUTbh UHIUKATOPOM CTpecca Y 3TUX KU-
BOTHBIX [17].

Takoii moaxoa v orpenesin 1iejib Halllero Ucciaeao-
BaHUSI — BBIIBUTh OCOOCHHOCTHU U ITPOBECTU CPABHU-
TEeJbHBIM aHaiu3 akTUBHOCTU AQO (epMEeHTOB Cy-
MEepOKCUANMCMYTa3bl U KaTajladbl, a TAKXe coAepKa-
HUus1 nOpoayktoB IIOJI B TKaHSIX Tpex BUIOB
YEepPHOMOPCKUX IBYCTBOPYATBHIX MOJUIIOCKOB, YCTOM-
YUBBIX K OKUCIUTEIHLHOMY CTpECCY, — CEpALIEBUIKHU,
aHazapbl U MUIWU.

MATEPUAJIbI U METO/J1bl UICCJIIEJJOBAHU I

MarepuaaoM UCCIeTOBaHUS CIIYXKIIN TT0JIOBO3pE-
JIble 0COOM ABYCTBOPYATHIX MOJITIOCKOB — CepALIEeBU/I -
ku C. glaucum (Bivalvia: Cardiidae), ananapwl A. ka-
goshimensis (Bivalvia: Arcidae) u munuu M. galloprovin-
cialis (Bivalvia: Mytilidae) ¢ minHoO paKOBUHBI 26—29,
30—34 1 55—58 MM COOTBETCTBEHHO. M OJITFOCKHY ObLIN
cobpaHbl B Havane—cepeanae masg 2018 r. B Iipuodpex-
Hoi1 30He OyxThl Kazaubs (paiton CeBactomnoJisi, Yep-
Hoe mope). Ocobeit Kaxxa1oro Buaa cooupaau B X Mpu-
POIHBIX MECTOOOMTAHUSX: CEPALEBUIKY — Ha MEJIKO-
BOJbE, B HECKOJBKMX METpaX OT ype3a BOIbI, Ha
ryouHe 0.5—0.7 M Ha WUIKUCTO-TIECYAHOM TpYHTE, a
aHamapy 1 MUAUIO — B O0Jiee TIIyOOKOIT YacTu OyXThI Ha
ryouHe 2.0—2.5 M; aHagapy cobupaii co JHa, a MU-
JINIO — KaK CO JHAa, TaK U C TBEPABIX CyOCTpaToOB (IIpU-
OpexHble cKajbl). Ocobeil cepalleBUIKM W aHamaphl
BBIKAITBIBAJI C MOMOIIBIO TTepGOPUPOBAHHON €MKO-
CTH, TaK KaK MOJUTFOCKU ObUIM HEMHOTO ITOTPY>KEHEI B
rpyHT. TemIiepatrypa Boabl Ha Majoii TJTyOMHeE, T1Ie CO-
oupanu cepAleBUIKyY, coctaBmwia 17.4°C, a Ha 0OJIb-
el TIyonHe, Ine oOuTaau aHajgapa W MUOUS, —
16.6°C. KoHueHTpalus KUCI0poaa Ajis1 3TUX MECTO-
obutanuit cocrabwia 0.85—0.9 mn O,/1 u 2.9—-3.1 mn
0,/11 cooTBeTCTBeHHO. MI3MepeHust mpoOBOAWIIN C TIO-
MolbIo KuciiopogoMepa Starter 300D (mpousBoacTBO
Ohaus, CIIIA).

M3BectHO, uTO TTokazateau AO komiuiekca u ITOJI
BeChMa YyBCTBUTEJILHBI K CE30HHBIM KOJIeOaHUSIM I1a-
paMeTpOB BOIHOM Cpeabl — TeMIepaTyphl, KOHIIEHTPA-
LIMM KHUCJIOPOJia, COJIEHOCTH, COACPKaHUS TTOJITIOTaH-
TOB U p., a TAKKE K U3BMEHEHUSIM B (PM3UOJIOTMIECKOM
COCTOSIHUY MOJUIIOCKOB U, B IIEPBYIO OYepeIb, K COCTO-
ssHUI0 HepecTa [28, 31, 38]. Kak ObU10 MOKa3aHO HAMU
panee [38], dusmoioro-onoxuMmnYecKe N3MEHEHUS B
OpraHm3Me MUOAWUM IIPU HEPECTE OKa3bIBAIOT BIMSHUE
Ha coctossHue AO komruiekca u ITOJI mosmocka — B
OoJIblIIeii CTeNeHU TelaTonaHKpeaca, 4eM xabp. MHo-
rMe ABYCTBOpYATHIE MOJUIIOCKM OTHOCSTCS K BHUIAM,
HEPECTSIIMMCS KPYTJIOTOAUYHO ¢ OOJIBIIECH I MEHb-
el MTHTEeHCUBHOCTHI0. OMHAaKO Hauboiee aKTUBHBIN
HEpPEeCT Yy MOJUIIOCKOB IIPOMCXOOUT B OMNpeac/ICHHbIE
Ne 2
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CE30HHBI rofa — IIMKM HepecTa: y MUIUKU — B MapTe—arl-
pejie u oKTsI0pe—Hos10pe [15], y aHamapbl — ¢ UIOHS 1O
CeHTSIOpH [16], y cepalieBUIKA MHTEHCUBHBII TaMETO-
IreHe3 — B MapTe—Havajle alpeJisl, a IEpBhIil BEIMET ra-
MET — B cepenrHe Mmasi, BTopoit — B aBrycte [10]. ITo-
3TOMY IJIs YHU(UKALIMY BEJIMINH a0MOTUIECKIX (haK-
TOPOB, a TakKXXe BO M30eXaHUE BIUSHUS aKTHUBHOTO
HEepecTOBOro coctostHus Ha AQ KOMILUIEKC U yPOBEHb
I1OJI B TKaHSX MOJIJIIOCKOB, UX COOMpaIX MOYTHU OZ-
HOBPEMEHHO B KOPOTKMI TPOMEXKYTOK BpEMEHHM B Ha-
yaje—cepearuHe Masi: 0co0eli cepaleBUIKNA — B CAMOM
HayaJjie Masl, 10 HayaJia aKTUBHOTO BbIMETA raMeT; MU -
WO M aHamapy — B CEpearHe Masi, KOTIa y 3TUX MOJI-
JIIOCKOB €llie He HACTYyITaeT ITMK HepecTa.

ITocne cbopa MOJUTIOCKOB COAEpKajJl B aKBapu-
yMax ¢ IpOTOYHOI MOPCKOIi BOJIOM B TeUEHUE ABYX CYy-
TOK ISl CHSITUSI CTpecca Iocjie TPaHCHOPTHUPOBKHU.
Hccnenyempble TKaHU MOJUIIOCKOB — TenaTronaHkpeac,
2KaOpbl U MBIIIEYHYIO TKaHb (HOTY) — TOMOT€HU3UPO-
BaJIK TIpu TeMIieparype 0—4°C ¢ UCIoJIb30BaHUEM Jie-
nsTHoM OaHm. I'omoreHaThl HEHTPUMYTUPOBAIU TIPHU
3200 g B TeueHue 15 MUH ¢ MOMOIIIbIO pedpukepaTop-
Hoit neHTpudyrn K-23D (I'epmanust). B npuroros-
JIEHHBIX CyMepHaTaHTax onpeaessuiu akTuBHOCTL AO
depmeHToB — cyrnepokcuaaucmyTtasbl (COJl) mo peak-
LIMM MHTMOUPOBAaHUSI BOCCTAHOBJIEHUSI HUTPOCUHETO
TeTpazonust B npucyrctBun HAJIH u ¢peHasuHmera-
cynbdara, gimruHa BoJHE 540 HM [11]. AKTUBHOCTB Ka-
Tajla3bl U3MEPSUIN MO UHTEHCUBHOCTH XeJITOI oKpac-
KU B pe3yJibTaTe peakliMi OCTaTOYHBIX KOJIMYECTB Ie-
pokcuaa Bomopoja (mocjie  B3aMMOAEHCTBUSI  C
¢dhepMeHTOM) ¢ MOJIMOIaTOM aMMOHUS TTPU JJIMHE BOJI-
HBI 410 HM [3]. AkTuBHOCTE CO/I, BBIpaXkajin B MKMOJTb
HAIH B MuHyTy Ha | Mr OeJyika, KaTajia3bl — B MKMOJIb
MepoKCcHIa BOIOpoaa B MUHYTY Ha 1 mr O0enka. MHTEeH-
CUBHOCTB mnepeKucHoro okuciaeHus aunuaos (ITOJI)
OLIEHMBAJM MO HAKOIUIEHUIO TMPOAYKTOB, pearupyio-
mux ¢ Tmobapouryponoii kuciaoroit (TBK-akTuBHBIX
MPOIYKTOB), MPU IUJIMHE BOJHBI 532 HM, UX coaepKa-
HHUE BbIpaxkajlud B MUKPOMOJISIX MAaJIOHOBOTO AUaIbe-
ruga (MIA) Ha 1 r ceipoii TkKaHu [35]. ConepxaHue
Oenka omnpenensan 1mo Merony Jloypnm ¢ peakTUBOM
Ddonuna—Yokanstey [29].

W3mepeHus1 ONTUYECKON IUIOTHOCTHM PacTBOPOB
npoBoauIn Ha crekrpodoromerpe CD-2000. AKTUB-
HOCTh (hepMEeHTOB U3MepsUIu TIpu TeMneparype 25°C.
CTaTUCTUYECKYIO 00pabOTKY BBIMOIHSIIN C TIOMOIIBIO
nakera nporpamMmMm Past3. O6beM BBEIOOPOK COCTaBIISIT
12—16 ocobeit. HopMaIbHOCTL pacIipefeIeHHsT Olie-
HuBaiu o W-kpurepuio Illanupo-Yunka. loctoBep-
HOCTb ITOJIyYEeHHBIX Pa3Induii pacCUMTHIBAIM C IIOMO-
b0 U-kputepust ManHa- YutHu. Paznuuus cuuranu
CTaTUCTUYECKN 3HAYMMBIMU I1pu 3HauyeHuu p < 0.05.
PesynbraThl npencTaBieHbl KakK CpelHsisi T olmnoOKa
cpenHeii (M £ m).
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Puc. 1. Conepxanne TBK-akTMBHBIX TIPOAYKTOB B TKAHSIX
cepaueBunku Cerastoderma glaucum, ananapwl Anadara ka-
goshimensis, munuu Mytilus galloprovincialis (1 — remato-
nmaHkpeac, 2 — Xa0pbl, 3 — Hora; A — cepaueBuaka, b —
aHanapa, B — munusi; ominumst nocroBepHsl 1pu p < 0.05—
0.001: a — mexxoy BceMM BUIAMU, b — MEXIy CepALIEBUAKOMN
W aHagapou, ¢ — MeXIy CepAleBUAKON U muaueit, d —
MeXIy MUOUEN U aHadapo).

PE3VJIbTATbl UCCIEJOBAHUN

CepaueBuaka OTJIM4Yajach HAMMEHBIIINM COIepKa-
HueM TBK-akTuBHBIX IPOIYKTOB — BO BCEX MUCCIEI0-
BaHHBIX TKAHSIX 3Ta BeJIMUMHA ObL1a B 4.5—16 pa3 Huke
(p £0.001), yem y anagapsl 1 Mmuauu (puc. 1). 3Haue-
HHUE 3TOro IToKa3aTesst yMEHbIIAJIOCh B PSIAY MOJIITIOC-
KOB MUIMSI — aHagapa — cepauesunka. Haubosbiime
OTJINYMSI HAOJIOJAIMCh MEXIY CEepALEBUIKON U MU-
aueit — B 10—16 pa3 (p < 0.001), mpu 3TOM Hamnboee
BBIpaXk€HHbIC — B TeraTornaHkpeace, a HauMeHbIINe —
Mexay Muauveit u anagapoii — 1.8—2.1 paza (p < 0.05—
0.01) (Bce TKaHM).

HauboJpliryto aKTUBHOCTh O00MX UCCJICI0OBaAaHHBIX
(epMeHTOB 3apeTUCTPUPOBAIIN B 3Kabpax CepaIleBUI-
ku. AktuBHocth COJl 6buia B 5.8—11.6 pasa BblllIe
(p £0.001) mo cpaBHEHUIO C XXabpaMu ABYX IPYTUX BU-
noB (puc. 2). Ilpu atoM, Kak u B cirygae TBK-akTtuB-
HBIX IIPOOYKTOB, Hamboyiee BBIpaskeHHBIC OTIMYMS
HaliJeHbl MeXIy cepaueBuakoin u muaueii (11.6 pasa)
(p £0.001), B TO BpeMsl KaK XaOpbl MUIUU U aHadapbl
OTIMYAIUCh ITI0 3TOMY ITOKAa3aTeIio TOJIBKO BIBOE
(p £0.05).

B rematomaHkpeace cepAOLIEBUAKUA aKTUBHOCTH
COJl mpeBBpIIaJla TaKOBYIO y aHamaphl B 3.3 paza
(p£0.05), ay munuu — B 1.5 pa3za, HO B 3TOM cJiy4yae
OTJINYUSI He ObLIU HOCTOBEpHBbIMU. CepAlieBUIKA OT-
JJajachk HanboJjiee BIcOKoi akTnuBHOCTRIO COJl 1 B
Hore — B 2.1 u 4.7 paza 6ombuie (p < 0.05—0.01), yuem y
MUINU U aHaJapbl COOTBETCTBEHHO.

Camas BbICOKAsI aKTUBHOCTh KaTaya3bl U3 TPEX MC-
cJIeTOBaHHbBIX TKaHeH 3aMKCcCHUpoBaHa B XXabpax MoOJI-
JIIOCKOB KaXIOI'0 M3 BUIOB, OHA CHIKAJach B PsOy
cepaueBuaka — aHagapa — munus (puc. 3). Kak u B
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Puc. 2. AktuBHocth CO/I B TKaHsx cepaueBunku Cerasto-
derma glaucum, ananapwl Anadara kagoshimensis, MuITAN
Mytilus galloprovincialis. O603HayeHUs1 — KaK Ha puc. 1.

cllyyae OpyTruX HoKazaTesieil, HauOOoJIbIIMEe OTINYMS
O Karajas3e B XKabOpax oOHapyXeHBI MEXIY Ceple-
Buakoir u muaueir — B 3.1 paza (p < 0.01), a Mmexny
OCTaJIbHBIMM MoOJUTIocKaMu — B 1.7—1.8 paza (p £ 0.05).
AXTUBHOCTB (DepMeHTa ObLjIa BHIIIIE Y CEPALICBUAKN 1 B
TKaHu Horu — B 1.7—2.0 paza (p < 0.05) o cpaBHeHU1O
C 0CO0sSIMM IPYTUX ABYX BUIOB. B oTnuuwne oT xkabp u
HOTHY, B renarollaHKpeace MOJUIIOCKOB BCEX MCCIEI0-
BaHHBIX BUAOB KaTajia3da MpOsIBIsIa OJIU3KYI0 aKTHUB-
HOCTb, 3HAUMMBIX OTJIMYMI HEe YCTAHOBJICHO.

Jlng DOMOJNIHUTEIIbHOM ONeHKN 3(M@GEKTUBHOCTH
cuctembl COJl-kaTajia3za ObLIO pacCUYUTAHO COOTHO-
IIeHNE BeJIMYMH aKTUBHOCTU 3THX (DepMEHTOB (Ta0. 1).
HamnbGoiee BeICOKME 3HAaUYeHUS KO3 PUIINESHTA OTME-
YeHBI Y CEPALIEBUIKHU BO BCEX UCCIIEIOBAHHBIX TKAHSIX.
B :xabpax cepaueBunku koaddunueHT B 3.5—3.8 pasza
BHIIIIC, YeM Yy aHaJapbl U MUIUH, a B relaToNaHKpe-
ace — B 4.4 paza 6oJibliie IO CPABHEHUIO C aHAAAPOM.
B ocTanbHBIX cliydasix OTIIMYUS ObLTH MeHbIle — B 1.4—
2.4 paza.

OBCYXIEHUNE

CocrossHue AO KoMILJIeKca 1 coiepKaHue MPOayK-
toB I1OJI y ucciienoBaHHBIX MOJUTIOCKOB MMEJIO BEIpa-

N [*N)
[« (e}
1

AXTMBHOCTb KaTaiasbl,
Mkmonb H,O,/MuH/MT 6enka
[\}
(e}

Puc. 3. AKTUBHOCTD KaTayia3hbl B TKaHsIX cepaueBuaku Cer-
astoderma glaucum, ananapwel Anadara kagoshimensis, M-
v Mytilus galloprovincialis. O603HaYeHUsT — KaK Ha puc. 1.

>KEHHYIO BUIOBYIO 1 TKaHeBYIO crneluduky. Kak yxe
OTMeYaioch, HanboJIee 3HAYMTEIbHBIC OTJINYUS yCTa-
HOBJIEHBI B Xa0Opax MOJUIIOCKOB. WMHTEHCHUBHOCTH
I1OJI B xxabpax ucciegoBaHHBIX BUIOB CHIXXAJIach B
psany MUausl — aHagapa — cepauenuaka. Haubombiias
aktuBHOCTHh COJl 1 KaTanaspl yCTaHOBJICHA B XKabpax
CepILEeBUIKN — KaK 10 CPaBHEHUIO C COOCTBEHHBIMU
TKaHSIMM, TaK U ¢ 3kabpaMu aHagapbl 1 MUINN. BbIsiB-
JIEHHBIE pa3Indusl, OYeBUIHO, OOYCIOBICHBI KaK 3KO-
JIOTUYECKUMU U (PU3NOJIOTO-OMOXUMHUUECKUMU OCO-
OEHHOCTSIMU MOJIJIFOCKOB, TaK M aHTPOIIOT€HHBIM BJIH -
STHUEM.

DKoJjiornyeckue u (u3noI0ro-0MoOXuMHIECKHEe 0CO-
oenHoctd. TkaHeBasg cneuuduka akTuBHocTH AO
(epMeHTOB y aHanapbl U cepLIEBUIKH OblIa OJIU3KOM,
HECMOTpsI Ha OoJjiee HU3KME aOCOJIIOTHbIC 3HAYCHUS Y
aHagaphel: B xkabpax aktnBHocTh COJl m KaTanasel —
HanOOJIbIIAS TTI0 CPABHEHUIO C OCTAIbHBIMU UX TKAHSI -
MHU. DTO CBUACTEILCTBYET 00 aKTMBHOM YYaCTUM 3TUX
kmoueBBIX AO hepMEeHTOB B 3aI1InTe XXKa0p aHagapsl 1
CEepALIEBUIKN OT OKHCIUTEIBHOTO CTpecca, TaK Kak
XKabpbl MOJUTIOCKOB-(MILTPATOPOB, KaK W3BECTHO,
HanboJiee YSI3BUMBI MPU IeHCTBUM OKUCIUTEIBHOIO
cTpecca pazHoro mpoucxoxnaeHus [30, 39]. Breicokas
aktuBHOCTh COJl 1 KaTaja3bl OTIMYACT MOJUIIOCKOB

Tabmuna 1. 3HayeHus1 cootHomeHust akTuBHocT COJI/Karanasa B TKaHsAX cepaueBunku Cerastoderma glaucum, aHagapbl

Anadara kagoshimensis, munuu Mytilus galloprovincialis

3HaueHus1 cooTHoleHust aktuBHoctu COJl/KaTanasa
Txkann
CepoueBuaka Amnamapa Munust
rermaTomnaHkpeac 310.2 71.1 224.2
Kabpbl 243.7 70.4 64.3
HoTa 321.0 133.9 259.4
JKYPHAJI DBOJIIOLIMOHHON BUOXUMUU U ®OUBUOJIOTUU  1om 56  Ne 2 2020
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STUX IBYX BHUIOB OT MUIWUM, Y KOTOPOI, IO HAIIUM
JaHHBbIM, aKTUBHOCTb HMCCJIICAOBAaHHBIX (I)CpMeHTOB B
Kabpax, HalIpOTUB, — HaMEHbIIIAsl. YCTaHOBJICHHEIC
OTJIMYMSI MOTYT OBITh CBSI3aHBI, B IIEPBYIO OUepellb, C
YCJIOBUSIMM OOUTAHUS Y 00pa30M KM3HU MOJIJTIOCKOB.

BrisiBJIeHHBIE 0COOEHHOCTHU MOTYEPKUBAET OCOOYIO
cTpykTypy AO cucTeMbl aHamaphl U CepaLeBUIKY, Be-
IYILIMX CXOMHBINA 00pa3 XXKM3HU. MOJLIIOCKH 3TUX ABYX
BUJOB OOMUTAIOT HA ITOBEPXHOCTU JHA U CITOCOOHHI TIe-
pUOONYECKU 3apbiBaThCsI B BEPXHUI CJIO TOHHBIX
ocankos [12, 26]. B otnuyue oT HUX, MUIUS HaCeIsIET
KaK JOHHBIE OMOTOIBI (MToBasg Mopda), TaK U TBEPIbIC
cyOcTpaThl Ha pa3HBIX INIyOMHax (ckajioBast Mopda)
[12]. BeposiTHO, KaOphl aHagaphsl U CEPAIIEBUIKA MC-
MBITBIBAIOT BBICOKYIO OKHCJIUTEIbHYIO HArpys3ky, 4To
MOXKET OBITh OOYCJIOBJIEHO COYETAHHBIM IEiCTBUEM
HaKaIUTMBAIOIINXCS MOJUIIOTAHTOB U 1€ (PUIITMTOM KIUC-
JlopoAa B IOHHBIX ocagkax — (haKTOpOB, CIIOCOOCTBY-
IOILIMX YCUJICHUIO CBOOOIHO-paauKaIbHBIX IIPOIIECCOB
[28, 30, 39]. Bo3aMoXHO, 3TH YCIOBUS OIIpEeaeInan 00-
Jiee BbICOKYI0O AO aKTMBHOCTb B XKaOpax aHaaapbl U
cepAleBUIKM, HECMOTPSI Ha 0ojiee HU3KUII ypPOBEHbB
ITOJI y HuX 110 cpaBHEHUIO C MUINCH.

OcobenHoctn opranmu3annuu AO CHUCTEMBI U YPOB-
Hs1 [TOJI y cepaueBuaku, ycTaHOBJIEHHbIE HAMU, BO3-
MOXHO, CBSI3aHBI C OCOOBIMH YCJIOBUSIMH OOMTaHUS
MOJIIIOCKAa — HAa MEJIKOBOAHOM YYacTKe B HEIIOCpe.-
CTBeHHOI1 61n3ocTu oT 6epera. [lokazaHo [19], uto ga-
e B YCIIOBUSIX OOMTAaHUS B IIPUJINBHO-OTIMBHOM 30HE
C. glaucum, B otimune OT OJIM3KOPOACTBEHHOIO BHUAA
C. edule, mpeamouynTaeT oOMUTATh HA CaMOM HH3KOM
JIMTOPAJIbHOM YpOBHE — Tak, 6ojiee 50% coGpaHHBIX
MOJLTIOCKOB OB HaliIEHBI B IEPBBIX 3 M OT ype3a BO-
bl Ha TTo0epexbe AHIIMU B BeceHHUM nepuoa. Ode-
BUJIHO, MOJUIIOCK XOPOIIIO IIPUCIIOCOOJIEH K Cpele C
YacThIMU (QIIYKTyallsIMU aOMOTUYECKUX TapaMeTPOB,
1 B TIEPBYIO ouepelb, TeMIIepaTypbl U KOHIIEHTpALIUU
Kuciopoaa. Tak, moka3zaHa OoJbllas aganTHPOBaH-
HOCTb JIMTOPAJIbHBIX MOJUIIOCKOB K OOMTaHMIO B IIPU-
OpeXxbe C BBICOKOH BapuaOEIbHOCTHIO MapaMETPOB
cpendsbl, 4yeM y CyOJIMTOpabHBIX 0CO0eit, YTO IIPOSIBIISI-
€TCSI B BLICOKOM YCTOMYMBOCTU K TUITIOKCUU U MEPEXO-
Je K aHaspoounosy [14]. DTo 1ONOJTHUTEIBHO OOBSICHSI-
eT Hajmuue BhIcoKoa(ddekTuBHOro AO KoMIuIekca u
Hu3koro ypoBHs I10JI y ncciaemoBaHHOM HaMU cepi-
LECBUIKMU.

AHajapa TakxKe MOKET 3apbIBaTbCs B CJION TOHHBIX
0CagKOB UM WCHBITHIBATH MOBBIIICHHYIO OKMCIIMTEIb-
HYIO HArpy3Ky, KaK U CEpALEBUAKA, HO 3TOT MOJUIIOCK
nmMeeT cBor ocobeHHocTu AO 3amuThl. Kak n3BectHo,
aHamapa COIepXHUT B remojimMde remoriioouH [43],
YTO CITOCOOCTBYET 00ECIIEUECHUIO MOJIITIOCKA KHUCIIOPO-
JIOM, a cJiefoBaTeJIbHO, U OOJIbIlIei BbIXKMBAEMOCTU
ocobeil 5TOro BUAa, YeM IPYTMX MOJUTIOCKOB, Haxe
Opyu OYeHb HU3KOM COAEPKAHMM KHUCJIOpoAa B BOMAE
[12, 34, 43]. Kpome Toro, aHagapa, B OTJIMYUE OT psiaa
YepPHOMOPCKUX MOJUTIOCKOB (MUINU, YCTPUIIBL), ME-
eT BBICOKOA(pPeKTUBHBIN AO KOMIUIEKC, B CTPYKTYpe
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KOTOPOTO BBICOKYIO aKTUBHOCTH ITPOSTBIISTIOT KaK HU3-
KOMOJIEKYJISIpHOE, TaK U (pepMeHTHOEe 3BeHO [21, 23,
24], a TakKe cCUCTeMy KapOTUHOMIOB, COBMeCTHO ¢ AO
KOMIUIEKCOM ocymiecTBagomyio psaax AO dyHKomii
[22].

B xabpax Muauu HamMeHbass akTuBHOCThL CO/l,
HO OoJiee BbICOKUI YypoBeHb TBK-aKTMBHBIX MPOIYK-
TOB, TI0 CPAaBHEHMIO C aHAIApoOi U CEpALICBUIKOM, OT-
pazkaeT 0oJjiee HanpsizkeHHoe cocTostHre AO KOMIIIEK-
ca 3Toro moJjuttocka. IlogoOHbIe OTINYMST YKa3aHHBIX
mapaMeTpOB MeXIy MUAMEN M aHagapoil ObLIM ITOKa-
3aHbI U paHee [23, 24, 31]. OueBuaHO, B XKadpax MUIUN
npouecchl I[TOJI mpeo6ianator Hax AO aKTMBHOCTBIO,
M MMeeT MeCTO BBICOKasl OKMCJIMWTEeJIbHas Harpys3ka.
Bo3MoxkHO, 3TO cBSI3aHO ¢ aganTalyueit MUIUU K 001 -
TaHMIO HE TOJBKO Ha JHE, HO 1 Ha TBEPbIX CyOCTpaTax
Ha ri1yOoumHax ¢ 0oJiee aKTUBHBIM BOTOOOMEHOM, YEM Ha
JTHE ¥ B IPUIOHHOM cyioe Bogsl [12]. BepositHO, B 3THX
yCIOBUSIX OoJjiee BBICOKOE COAEpXKaHUE KUCJIOopoJa B
BOJIC MOTIJIO OOYCJIOBUTh U MOBBIIIEHHYIO MHTEHCHUB-
HOCTb CBOOOIHO-paauKaJIbLHBIX IPOLECCOB Y MUIUU.

Monntocku pona Mytilus OTIN4aOTCS BBICOKMM CO-
Jiep>KaHueM IJIMKOTeHa, 3alacaeMoro He TOJIbKO B re-
rnmaToraHKkpeace, HO U B MepudepruIecKUX TKAHSIX —
MBIIIAX, 3kabpax, MaHTuu [4]. B carygae HeobxommMo-
CTH TJIMKOTEH MOXET MpeBpallaThCs B IIIOKO3y. Kak
YCTaHOBJIEHO HAMU paHee, CoAepKaHue IITI0KO3bI B Ie-
MmaTolaHKpeace U HOTe MUIHWU CYIIECTBEHHO BBIIIIE,
yeMm y aHamapsl [24]. Posb 1i10Ko3bl B MeTaboJInue-
CKUX MPOLECCaX MOXET ObITh IBOSIKOI — SABJSISICH OC-
HOBHBIM 3HEPreTMYECKUM CYOCTpaTOM, B BBICOKHMX
KOHILICHTpalMsAX TJIKO3a MOXET CIIOCOOCTBOBATH
ycunenuio I1OJI B mpoiuecce IUITOKCUTEHA3HOIO U
MOJIMOJBLHOTO MYTHU ee oKuciieHus. Kpome Toro, B pu-
3MOJIOTUYECKUX YCIOBUSIX ITI0OKO3a cama IToJBepraeT-
cs1 okucneHuio o aeiicrsueM A®K ¢ obpaszoBaHuem
psma mponykToB ITOJI [1]. Bo3MoxXHO, 3TH TTpomiecchl
TakXXe OoKaszaju BIMsIHUE Ha OoJjiee BBICOKUI YPOBEHb
ITOJI Bo BCcex TKaHIX MUIWU, YeM Yy aHAApbl U Cepl-
LIEBUAKHU, a TaKXKe TpUBEJIM Ha 3ToM (poHe U K OoJiee
BhIcOKOI1 akTuBHOCTH CO/I B rernatroraHKkpeace U Hore
MUIUM, YeM Y aHaJapHI.

Kak 6eHTOCHbBIE OpraHu3Mbl, BCE HUCCIEI0BaHHbIE
MOJUTIOCKM MEPUOANYECKHU CTATIKUBAIOTCS C BAMSIHUEM
TUIIOKCUH, CTABIIEN IIIMPOKO PACTIPOCTPAHEHHBIM S1B-
JieHueM B MupoBoM okeaHe [14], u B ToM uuciue, B
Yeprom mope [12]. OOuTaHne MOJUIIOCKOB MCCIEHO-
BaHHbIX BUJOB B OJJHOI OyxTe, HO B pa3HbIX OMOTOIaX,
BEPOSITHO, TAK>KE MOBJIUSLIIO Ha cocTosiHUE UX AO KOM-
ruiekca u [TOJI.

Kak m3BecTHO, Ha MEIKOBOOHBIX ydacTKax IIpU-
OpeXXHBIX aKBAaTOPUIA TUIIOKCUYECKHME 30HBI SIBIISTIOTCS
0oJiee CJIOXHOI cpeaoit oouTaHus A1 THAPOOUOHTOB,
yeM aHaJIOTMYHBIE 30HBI B 0ojice ITyOOKOBOMHOIT Ya-
CTH MOP#I, TaK KaK afaITalys B 3TUX YCIOBUSIX IIPOKC-
XOOMUT IpU OoJiee BBICOKOI TeMIlepaType, HepeakKo
OCTpOM Je(UIINTe KMCIOPOAa U MOCTOSSHHBIX KoJieba-
HUSIX OpYrUX abumoTHYecKMx IlapameTrpoB [14]. Dto
Ne 2
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TpeOyeT OT opraHM3Ma BBICOKOIT 3(PPEKTUBHOCTH CH-
CTeM ajanTalluu K cTpeccy, U B ToM yucie AO cucrte-
MBIl Kak yxxe oTMe4asioch, KOHIEHTpallMs K1ciIopoaa
Ha MEJIKOBOIIbE, II¢ OOMTAET CepAlieBUIKA, COCTABU-
Jia, mo HamuM aaHHbIM, 0.85—0.9 ma O,/n, a B 6onee
r1yO0OKOI YyacTu OYXThl, TJI€ COOMpaIn 0co0eil MUAUU
U aHagapsl, — 2.9—3.1 mr O,/71 ipu TemIiepaType BOJibl
17.4 n 16.6°C coorBeTcTBeHHO. CTOJIb HU3KOE HACHI-
IIeHUE BOIbI KUCIOPOJOM Ha MEJIKOBOIbE, BEPOSITHO,
0o0ycJIoBIeHO 00Jiee BEICOKOM TeMIIepaTypoil U IIpaK-
THUYECKHU ITOJTHBIM OTCYTCTBHEM MEPEeMEIINBaHUS BOII
(“cTosiuast” Boma) B COYETaHUU C AEUCTBUEM 3arpsi3HsI-
omux BemlecTB [8, 9]. Boiee BBICOKAsi aKTUBHOCTH
CO/I Bo Bcex MccaeTOBaHHBIX TKAHSIX CEPALICBUIKM, a
KaTajia3bl — B €e XKabpax U HOore, YeM B aHAJOTMYHBIX
TKaHSIX aHamapbl 1 MUOWM, YKa3bIBaeT Ha 0c000e CO-
crossaue AO komruiekca C. glaucium. DT OTIMYMS
CTaHOBSATCS ellle Oojiee 3HAUMMBIMHU, €CJIM YYECTh CY-
IIIECTBEHHO MeHbllee conepxkaHue TBK-akTMBHBIX
IIPOAYKTOB BO BCEX TKAHAX CEPALIEBUIKN B CPABHEHUU
C 0COOSIMU ApPYyruUX IBYX BUAOB. Takoe COOTHOIIEHHE
napameTpoB AO cuctemsbl u [10J1 y cepalieBUIK Mo-
XKEeT UMETh CJIEIYIOIIYIO TPAKTOBKY:

— BEpOSITHO, BbBICOKasi aKTMBHOCTb (hepMEHTOB
SIBUJIACh OTBETHOM peakiMeil Ha UHTEHCUBHYIO T'€He-
paunio ADK B cuily BAIMSIHUSI YCIOBUIA OOUTAaHUS Ha
MEJIKOBOJHBIX YJacTKax, OMMCaHHbIX Bbille. Ha aToM
doHe Oosiee HU3KMU ypoBeHb TBK-akTMBHBIX TIpO-
JIYKTOB, UeM Y MUIWUU Y aHAJapbl, TTO3BOJISIET CYIUThH O
TOM, 4TO paBHOBecue Mexay AO aktuBHOCTBIO 1 [T1OJI
CIBUHYTO B cTOpOoHY AQO 3allIMTHI;

— MOXHO paccMaTpuBaTh BBISIBIEHHOE COCTOSIHUE
1 KakK BUpocnenuduieckyo ocooeHHocts C. glaucium,
KOTOpasi, BEpOSITHO, SIBJISIETCSI pe3yJIbTaTOM IJIUTE/b-
HOI ajanTaliu MOJIJTIOCKOB 3TOTO BUJa K OOMTaHUIO
Ha MEJIKOBOJIbE B MPUJIMBHOM 30HE C YaCThIMU (PIyK-
TyallMsIMU TapaMeTPOB BOJHOI cpenbl. BbICOKYIO KOH-
CTUTYLUOHAIbHYI0 AO aKTUBHOCTb CUMTAIOT TPU3HA-
KOM 3(@dEeKTUBHON amanTaluyd TMIpPOOMOHTOB K CO-
crossamio OC [36].

CocrosiHue cuctemMbl AQ 3alUTBl U WHTEHCUB-
HocTb [1OJI, oueBMIHO, CBSI3aHbBI U C IIOBEICHYSCKIMU
0COOEHHOCTIMU MOJUTIOCKOB. OOgHUM M3 (PaKTOPOB,
CMOCOOHBIX OMOCPEIOBAaHHO BJIMSTh Ha aJalTalMIo K
OKHMCIIUTEIbHON Harpy3Ke, SBISIETCSI CTEIeHb IIO-
IBIDKHOCTU MoJuTiockoB [20]. B Hamem mccieqoBaHnm
MOJUTIOCKM MMEJU Pa3Hylo MOABUKHOCTh U COOTBET-
CTBYIOIIME IIOBelIEHYECKUE peaknuu. B omimume ot
MUOINW, BeAylleid NpUKpPENJIeHHBINM 00pa3 KWU3HWU,
CNOCOOHOCTh K 3apbIBaHUIO Y CEPALIEBUAKUA U aHada-
pbl, OYEBUIHO, IIOMOTAET 3TUM MOJUIIOCKAaM M30eraTh
BIMSIHUST MHOTUX HEOJaronpusaTHBIX (PaKTOPOB —
XUIITHUYECTBA, PE3KUX KojeObaHUi (pU3UKO-XUMUYe-
CKHUX TapaMeTpoB cpelbl u apyrux [12, 26]. [Ipuuem
ocoou C. glaucum naxe B oTiMuMe OT OJIM3KOro BHAA
C. edule HaxonsiTcsl Bceraa MOTPYXEHHBIMM B CJIOM
IOHHBIX OTJIoKeHui [19]. BMecTe ¢ TeM Takoe moBee-
HHE TpeOyeT MPUCITOCOOJIEHHOCTH K OOMTAaHUIO B TOH-
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HBIX OCaaKax, OTJIMYAIOIINXCS HAaKOIUIEHHEM 3arpsii3-
HSIIOLIUX BelllecTB, aeduiurom Kuciaopona [30]. Bos-
MOXHO, yKa3aHHbIC YCJIOBHUSI CIIOCOOCTBOBaIU OoJiee
BbICOKOI akTnBHOCTH COJI 1 KaTanassl y cepaleBUI -
KM (Bce TKaHM) 1 aHamaphl (;KaOphl) Ha (POHE MEHBIIIE
nHTeHcuBHOCTU [1OJI, yeM y Muauu, He CIIOCOOHOM K
n3beraHuio crpecc-¢akTopoB. BepostHo, Myummns uc-
MOJb3yeT APYrue IyTU amantaiuu. M3BecTHO, 4TO B
YCIIOBUSIX TUIIOKCUM Muaust Mytilus sp. CHUKaeT CBOit
MeTadom3M B 18—20 pas [4]. BoaMoxxHO, 3T0 00yciI0-
BIIO Oosiee HU3KyI0 akTuBHOCTh COJl 1 KaTamasbl B
KabpaxX MUINU, OCOOEHHO, €CJIU MOJUTIOCK CHU3WJI MH-
TEHCUBHOCTb CBOeTo AbixaHus. IIpu 3TOM B remaro-
MaHKpeace M HOore MHUIWW, HAIpPOTUB, aKTUBHOCTb
COJI 3HaYUTEIBHO BHILIE, YeM Y aHagaphl, a KaTajla3bl
— OJIM3Ka K aKTUBHOCTHU (pepMeHTa B IreraTonaHKpeace
JIBYX OPYTUX BUIOB U B HOTE aHAAapbl, YTO COOTBET-
CTByeT 1 6oJiee Bbicokomy ypoBHio [TOJI y munuu. Be-
POSITHO, B TelaToNaHKpeace U HOre MUINU COXpPaHsIeT-
cs1 Oosiee BbICOKAsSI MHTEHCHMBHOCTh OOMEHa, 4eM B
Kabpax, 4YTO 1 OTPa3uIOCh B YaCTUYHOM CXOJICTBE CO-
crogansg AO cuctemsl 1 I10J1 y Munnm ¢ IByMs IpyTH-
MU BUIAMU.

HpyruM BaxXHbIM (haKTOPOM YCTOMYMBOCTU MOJI-
JIIOCKOB B HEOJIATrONIPUSITHBIX YCIIOBUSIX CPEBI SIBJISICT -
Csl UX DHEPreTUYEeCKUid CTaTyc, YTO CBSI3aHO B 3HAUYU-
TeJIbHOW Mepe C YCJIOBUSIMU CPENbl, MOIBUXKHOCTHIO
>KMBOTHBIX, @ TAKXKE UX pa3HOM TOJIEPAaHTHOCTHIO K Je-
dunuty Kucnopona [7, 14]. B yciioBusx 3arpsi3HeHUs B
remoauMde munumn M. edulis n ananapsl A. inaquivalvis
YCTAaHOBJIEHO OJHOBPEMEHHOE CHUWXXEHUE YPOBHS
AT® na 30—40% un sHepreTndeckoro 3apsana [7]. Ua-
TEPECHO, UTO 3TU Mpolecchl Hapsaay ¢ AO aKTUBHO-
CTbIO U MUHTeHCUBHOCTHIO ITOJI nMenu TKaHeBbIE 0CO-
6eHHocTu. Tak, B Xabpax mMuauu coaepxanue ATD
Mocjie CHUXEHUS TMPU TMIOKCUU OBICTPO BOCCTAHAB-
JIMBAJIOCh 0 UCXOAHOIO YPOBHSI MPU BO3BpaTe K HOP-
MOKCUU. B MblllIeUHOU TKaHU MOJUTIOCKA, HAIPOTHUB,
yMmeHblieHne ypoBHsI AT® Ha 40—50% B 1iepBbie Yachl
TMIIOKCUM COXPAaHSIJIOCh U Jajiee — MpPU UIMTEIbHOU
aHokcuu [37]. Kak m3BecTHO, K pOCTy IeHepaluu
A®DK MoxXeT BecTH KaK M30BITOK, TaK W HEIOCTATOK
Kucjopona B cpene [14]. B ¢Bs3u ¢ 3TUM BO3MOXKHOE
MajieHue ypoBHS MaKpO3pIroB y UCClIeNOBAaHHO HaMu
MUIUU B YCIOBUSIX AeULIMTA KUCIOPOJa MOTJIO CIO-
COOCTBOBaTh YCUJIEHUIO T€HEpalluu CYIIepPOKCUIHOTO
panMkana u, Kak cjaeiacTBre, 00jiee BbICOKO aKTUBHO-
ctu COJI B HOTe MUONHA, B OTJIMUME OT aHAAAPHI, a TaK-
XK€ B OTJIMYME OT XXabp caMoit Munuu, rae pecypc AT®
MOXET ObICTPO HOpMaau3oBaThes [37].

bonee Bbicokast aktuBHOcTh COJl u KaTaja3bl B
TKaHSX CEPALIEBUAKU, YEM y aHAnapbl U MUOAUU, BO3-
MOXHO, TaKXe€ OTYaCTH CBsI3aHA C ITOJBMXKHOCTBHIO U
SHEpreTUuKoit MoJutocka. [ BBICOKOIIOABUXKHBIX
MOJUIIOCKOB TIpU AeUIUTe KUCIOpOoJa MOKa3aHO
OpIicTpoe cHIXKeHUe ypoBHSI AT® u sHepreTuyeckoro
3apsija B HOTe, B TO BpeMsl KaK y MaJIOIOABVKHBIX
MOJUIIOCKOB 3TH ITapaMeTphbl COXPaHSUIMUCh Ha BBICO-
koM ypoBHe [27]. CepaueBuiKy OTHOCIT K MajloNo-
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IBUKHBIM MOJIIIOCKaM [26], 4TO MO3BOJISIET OXUIAThH B
€€ HOre BbICOKMIT SHEPreTMUYECKMI MOTeHLWAT U UH-
TEHCUBHOCTh OOMEHAa BEIIECTB. DTO, B CBOIO O4YEpe/lb,
MOTJIO cItocobcTBOBaTh 6oJbmieil aktuBHoct COJl
KaTajasbl B HOT€ CEPALIEBUIKU, YEM Y IBYX APYTUX BU-
noB. ITonrBepXaeHUEM BEICOKOM 3((MPEKTUBHOCTH YC-
cnegoBaHHBIX AO epMEeHTOB B HOTE CIYXKHUT TaKKe
HM3Koe comepkaHue TBK-akTWUBHBIX MPOIYKTOB B
9ToM U Apyrux opraHax C. glaucum, BbISIBIEHHOE Ha-
MU.

Bricokoii aktuBHOCTH AO (DEepMEHTOB y cephlie-
BUJIKM, BO3MOXHO, CIIOCOOCTBYIOT 1 MOBEACHUYECKUE
peakluy 3Toro MoJjiltocka. Tak, MmokKa3aHo, YTO IIpH
ocTpoii aHokcuu Ha Bo3nyxe y C. edule HaOmonanm ya-
CThbIE IIMPOKKE OTKPBIBAaHMUS CTBOPOK, B TO BpeMsl KakK
ocobu C. glaucum, HapOTUB, AEPKAIU UX TUIOTHO CO-
MKHYTBIMU [UIMTEILHOE BpeMSI — 110 3 4 — C peIKUMU
oTKpbiBaHUSIMU [19]. DTO O3HaYaeT, IO-BUIMMOMY,
repexo] K aHa3poOHOMY OOMEHY, YTO MOXKET BECTH K
yemnenuio nponykuun A@K u nmponykros ITOJI [14].
OCOOEHHOCTBIO MCCIIENOBAHHOM HAMM CEPALIEBUIKH,
obuTaBIlIeii B YCJIIOBUSIX TUIIOKCMM Ha MEJKOBOJLE,
SIBWJIACh BbICOKas TKaHeBast aktuBHOCTh COJI 1 KaTa-
nas3pl, 3dexTnBHO ynamsiomnx nponykTel I1OJI B
OOJIBIINX KOHLIEHTpalusIX. Bo3M0OXHO, TKaHU ceplle-
BUIKM KHMEIOT IIpeajanTalliio K OKUCIUTEIHbHOMY
cTpeccy B Buae 0a3zajbHO BBICOKOIT akTUBHOCTH AQO
¢dbepMeHTOB, YTO HEOOXOAUMO MOJUTIOCKY IUISI BBIKM -
BaHUS B YCJIOBUSIX TUIIOKCHH, a TAKXKE YaCTHIX KOJieba-
HUIA KOHIEHTPALIMM KUCIOpPOIa Ha JIMTOpaIu, U 4TO
onpenensieT HU3KUit ypoBeHb TBK-akTUBHBIX MHpo-
IYKTOB B €€ TKaHsX. BaxkHylo poJib TaKol IIpeamarra-
mur AO cuCcTeMBI OTMEYAIOT Y MHOTMX TUIPOOMOHTOB
[36].

Bimsanue antponorennbix (pakropos. Bce mccieno-
BaHHbIE MOJUTIOCKU — JOHHBIE XXUBOTHBIE [12], B cuity
Yero MOTIYT ITOJBEPraTbCsl KOMIUIEKCY HeOJIarormpusiT-
HBbIX BO3JIEMCTBUI, U B TOM YUCJI€ — aHTPOIIOTEHHOMY
BIUsiHUIO. OOUH 13 TaKuX (aKTOPOB, MPUBOASIINX K
Pa3BUTHIO WX YCUJICHUIO OKUCIUTEIBHOTIO CTpecca, —
HaKOIUIEHNUE 3arpsI3HSIOIINX BEIIECTB B IOHHBIX OCal-
Kax [8, 28, 30]. B yacTHOCTM, IJIST JOHHBIX OCAIKOB
0. Kazaubs ycTtaHoOBjJe€HAa OTHOCHUTEIIbHAs 4YMCTOTa B
OTHOIIEHUU PsiAa IOJUIIOTAHTOB, HO B OTHEIbHBIX
y4acTKax BBISIBJIEHO JIOKAJIbHOE 3arpsiI3HEHUE TSIKeIbl -
mu MeTaiamu (pryTbio), I1Xb, HedTIHBIMU TTPOIYK-
Tamu [8], a TakKe IOKaJTbHOE YXyOIIeHUE 0aKTepHOI0-
TUYECKOTO COCTOSTHUS OYXTHI [9]. DTO MO3BOISIET pac-
cMaTpuBaTh 3arpsi3HeHMe KaK OOMH 13 (PaKTOPOB,
pausomux Ha AO cucremy u I1OJI n3ydeHHBIX MOJI-
nmockoB. [ToBpexaatoliee AelicTBUE MOJTIOTAHTOB pe-
alm3yeTcsl, KaK IMpaBWIO, 4Yepe3 MEeXaHM3Mbl paau-
KaJIbHBIX peakiuii ¢ yyactueM ADK [28, 31, 40]. B ot-
BeT Ha ycwieHue reHepaunu APK aktupHocTh AO
(GepMEHTOB B TKaHSIX TMAPOOMOHTOB MOXET YBEJIUUM -
BaThCsI, YTOOBI CKOMIIEHCHpPOBATh IMcOalaHC, BBI-
3BaHHBI OKUCIWTEIbHBIM IOBpexaeHuem [31, 36,
40]. COJl u karana3za — kKmoudeBbie (pepmeHTHl AQO
KOMILJIEKCa, MHAKTUBUPYIOIIYE CYIIEPOKCUIHBINA pa-
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IWKal U IepOKCHUI BOAOPOIa B OOJIBIINX KOHIICHTpA-
uusx [28]. CrnemoBaTelbHO, BBICOKYIO aKTMBHOCTh
9TUX DH3MMOB MOXHO paccMaTpuBaTh KaK OIUH U3
¢dakTOpOB amanTaly K OKHUCIUTEJIFHOMY CTPEcCy B
YCJIOBHSIX aHTPONOTeHHOTIO 3arpsisHeHus Box [28, 30,
31]. Haubonee BbIpaxkeHbl 3TH MPOLECCHl Y MOJLIIOC-
KOB-(pWIBTPATOPOB B Xabpax, CIyKallruX OCHOBHBIM
OapbepoOM MEXIY OpraHM3MOM M BOIHOM cpenoit [30],
0COOEHHO y 0c00¢ii 3aphIBaIOIIMXCSI BUIOB — CEpALIC-
BUIKM 1 aHamapbl. [lo HammMm JaHHBIM, UMEHHO B
kabpax 3tux BuAoB akTuBHOCTH, COJl m katanmasbl
HauboJiee BbICOKA.

B kauectBe nmpumepa 3¢h(hEeKTOB MOJIIOTAHTOB Ha
cocrosiHue AO cuctemsl 1 ITOJI MOJLTIOCKOB MOXHO
BBIICIUTD ICCTBUE TSKEIbIX MeTaJLUIOB. Hampumep, y
cepaueBuaku C. edule yctaHOBJIeHa BbICOKasl CTETIEHb
OHMOaKKyMYJISILIUM PTYTU MO CPAaBHEHUIO C IBYMSI IpY-
rumu Bunamu — Crassostrea gigas u Ruditapes philip-
pinarum [17]. IlpennosnaralT, 4YTO IPU HAKOIUICHUU
MOJUTIOTAHTOB CTPECC, OCHAOJSIONIMIA 3allluTy Oopra-
HU3Ma, MOXET IMPUBOIUTH K CHUXKEHHIO 3(PPEKTUBHO-
CTU BEHTWJISILIMU U, CJIEIOBaTEJIbHO, YBEJIUUYEHUIO Bpe-
MEHU OTKPBITUSI CTBOPOK C MOCENYIOIIUM UHTEHCHUB-
HbIM KOHTAKTOM MSTKUX TKaHeW CepaLeBUIKU C
pacTBOpeHHbIMU B Bole MeTajuiaMu. OueBUIHO, 3TO
MOXeT BecTH K pocTy ypoBHsI ADK 1, Kak ciencTeue,
aktuBauuu COJI 1 KaTanasbl B TKAHSIX MOJITIOCKA.

B rematonankpeace u MmaHTuu munuu M. gallopro-
vincialis Ipy yMepeHHOM 3arpsI3HCHUN BOJ, TSKEJIBIMU
MeTaJJIaMU BEISIBJIeH pocT aktuBHocT COJl 11 kaTasa-
36l B 2—3 pa3a Ha ¢oHe ycuneHus I10OJI [42]. B akBa-
TOPUSIX C pa3HOM CTENEeHbIO 3arpsI3HEHUSI B I'elaToO-
NaHKpeace MUIMU BBISIBJICHO YBEJINUYEHIE aKTUBHOCTH
katana3bl 1 CO/I, a B xkabpax — KaTajas3bl, YTO aBTOPHI
OOBSICHSIIOT aJalTUBHOM peaklyeil TKaHeid MOJUIIOC-
Ka, Tak Kak ypoBeHb ITOJI Obl1 Hem3ameHHBIM [18].
Mexay aKTMBHOCTBIO KaTajla3bl M COJep>KaHUEM
TBHK-akTUBHBIX IPOAYKTOB B TKAHSIX MUIUM OTMeYa-
JI1 O0paTHYIO 3aBMCHMMOCTb, UTO YKa3bIBaeT Ha BaX-
Hy10 poJib pepMeHTa B AO 3a1uTe Mojiocka. B cuib-
HO 3arpsi3HEHHBIX BOAax CYILIECTBEHHBIII POCT aKTUB-
Hoctu CO/l oTMeyai TOTBKO B 3kKabpax MU, HO HE
B remarollaHKpeace, YTO OOBSICHSIIOT IIPSIMBIM Oeii-
CTBMEM IIOJUIIOTAaHTOB Ha akTtuBanuio AQ 3amiumThl
xkao6p [18]. ITomguepkmBaeTcs, 9To 00a 3TN PepMEHTa,
oobe3BpexuBatone ADK B BLICOKMX KOHLIEHTpALMSIX,
Ype3BbIYATHO BaXKHBI B TKAHSIX MOJIJIIOCKOB B YCJIOBHU-
X OKUCJIMTEIBHOIO CTpecca IIpU 3arps3HeHuun [18,
42]. OnHako B cliydyae BbICOKOTO YPOBHSI 3arpsI3HEHUS
OoTMeyvaloT U cHikeHue akTuBHocT COJI 1 KaTanasbl
BIUIOTB IO KpaifHe HU3KNX BEJIMUYMH [28], 9TO oTpazka-
€T HECITOCOOHOCTh OpraHu3Ma IPOTUBOCTOSITH OKHUC-
JINTEILHOMY CTpPECCY.

CymiecTBeHHO OoJjiee BbicoKoe coaepkanue TBhK-
aKTHUBHBIX IIPOJIYKTOB BO BCEX M3YYCHHBIX TKAHSIX MU-
JIVM IO CPABHEHUIO C CEPALICBUAKOM 1 aHaIapoil mo3-
BOJISIET MPEANOJIOXUTh 1 00Jiee BEICOKUIA €CTECTBEH-
BBl ypoBeHb I1OJI M OKMCIMTENBHBIX IPOIIECCOB Y
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MUINM, YeM Y OPYTUX MCCIeAOBaHHBIX BUAOB. Oco-
OEHHO SIPKO 3TO TPOSIBIsICTCA TpU 3arpsa3HeHuun. M-
JIIOCTpallvieil MNpOSBIACHUS BUIOBBIX OCOOCHHOCTEM
CEepALIEBUIKN 1 MUV B YCIIOBUSIX 3arpsI3HEHUST MO-
JKET CIYKUTh peakiiusi AO cucteMbl Ux Xkabp Ha Jeii-
CTBUE TSDKEJIBIX METAJUIOB. Y CEpALICBUIKUA AKTUB-
aocTh COJl, katama3el n ypoBeHb I1OJI Ob1M Hen3-
MEHHBI, 4YTO OOBSICHSIOT 3(P(EeKTUBHON paboTO
METaJUIOTUOHEUHOB, IToanepxuBaionmx AQ akTuB-
HOCTh Ha BBICOKOM ypoBHe [25]. BeposTHO, 3TO IBNSI-
eTcd ajarnTUBHOM peakieii AO KoMmIjiekca cepulie-
BUIKM Ha 3arpssHeHue. [lo mHenumio F. Regoli u
M. Giuliani [36], Beicokas akTuBHOCTb AO (epMeH-
TOB SBJISIETCSI MPpU3HAKOM 3(P@PEKTUBHOI 3aIlIMTHI OT
BHerHero OC, a HU3Kasl, HalIpOTUB, — CHYDKEHMSI 3a-
IIMTHOTO MOTEHIIMAJIa OpraHu3Ma. Y MUOUM, HaIIpo-
TUB, BBISIBJICHO YBEJIWYECHME ITHX IToKazarteneit [33],
YTO yKa3hIBaeT, 10 MHECHUIO aBTOPOB, HAa pa3BUTHUE Yy
MUY MTHTEHCUBHOTO OKUCIUTEIBHOTO CTpecca B OT-
BET Ha JICUCTBUE TSKEJIBIX METAJIJIOB.

AHaJIN3 BEJIMYMH pacCUYUTAaHHBIX KO2(DUIIMEHTOB
COI/KAT BrisgBuI cnepymoomee. O0OpamaeT Ha ceOs
BHUMAaHME CXOJICTBO 3HaUeHMI KOo3(pulleHTa B re-
rmarornaHkpeace M HOre KakK y CepAleBUIKU, TaK U Y
MUJIMH, B TO BpeMsI KaK y aHagaphl, HAIIpOTUB, IIpaK-
TUYECKN OIWMHAKOBBIE MEXIY cO00i KO3(PDUIINESHTHI
MOJIydYeHBbI B renaTtornaHkpeace 1 xkabpax. BoamoxHo,
3TO CBSI3aHO C HAJIMYKMEM Y aHaJapbl TeMOIJIOOMHA, UTO
OTJIMYAET PTOTO MOJIIIOCKA OT CEPALEBUIKU U MUIUU.
BeposiTHO, reMOoTJIOOMH, BO MHOTOM OIIpEIe/IsSTIOLIUIA
KMCJIOPOAHBIN peXMM TKaHEei aHagaphbl, CIIOCOOCTBYET
OoJiee cOaITaHCMPOBAaHHOMY COOTHOIIIEHUIO aKTUBHO-
ctu COJ/I u kaTajia3bl B 9TUX Hanbosee pusnogoruye-
CKU aKTUBHBIX TKaHSIX MOJLUIIOCKA, YeM Y APYTUX IBYX
BUIOB. BrIsiBieHHBIe HaMu 00Jiee BEICOKME BEJIMYMHBL
koadpunmenta COJ/KAT Ha (oHe cyliecTBeHHO
6ostee HU3KOTO ypoBHS THBK-aKTUBHBIX TPOLYKTOB BO
BCEX TKAHSIX CEPALECBUAKHA 110 CPABHEHUIO C aHANAPOU
1 MUIUEH MO3BOJISIOT clieJiaTh BBIBOA O 00Jjiee BBICO-
Kot achdexkTuBHOcTU TaHaema COJl-karanasa y cepi-
nesunkr. Hanmbomsmme otinmunsg KoaghUImeHTa, Imo-
JIydeHHBIE [JIs1 Xa0p, MOAYepPKUBAIOT OCOOYIO 3HAYM-
MOCTb 3 dekTUuBHON AO 3alUTHI [1JIs1 3TOTO OpraHa.

Takum 006pa3oM, yCTaHOBJICHBI BUIOBBIC 1 TKaHE-
BbIe ocobeHHocT akTmBHOCcTH COJl M KaTamasbl, a
Takke ypoBHs mpoaykToB I1OJI B TKaHSIX cepaLieBU -
KM, aHagapbl U MUIUU — MOJUIIIOCKOB C BBICOKOI1
YCTOMYMBOCTBIO K OKMCIMTEIbHOMY cTpeccy. Hambo-
nee 3 dekTuBHasg opranuzanuss AO KoMIuIeKca BbI-
SIBJIEHA Yy CEPALEBUAKU, WMEIONICH TOBBIIIEHHYIO
YCTOMYMBOCTD K OKMCIIMTEIILHOMY CTpeccy. DTO BhIpa-
>Kajoch B 6osee Boicokoit akTuBHocTU CO/l (Bce TKa-
HU) 1 KaTanas3bl (;(kaOpkl, HOTra), a TAKKe CYLLIECTBEHHO
oonee HM3KOM coaepkaHnnm TBK-akTuBHBIX TIpOayK-
TOB (BCe TKaAHU), Y€M y aHaapbl 1 MUIUU.

AHanapa oTJim4yajiach MEHbIIIEi aKTUBHOCTBIO hep-
MEHTOB, YeM Y CepALEBUIKY, 32 UCKIIOUEHEM KaTa-
J1a3bl B rermaroliaHKpeace, HO IIPEBOCXOAMIa MUIUIO
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10 aKTUBHOCTH 000MX (PepMEHTOB B 3kKabpax. YpOoBeHb
npoayktoB ITOJI Bo Bcex TKaHsIX aHaAaphbl BhIIIE, YEM
Yy CepALIEeBUAKM, HO MEHbIIIE, YeM Y Muauu. CocTosiHue
AO cucTeMbl aHamapbl OTpaxkaeT OJOCTAaTOYHO BHICO-
KYI0 YCTOMYMBOCTb 3TOI0 MOJIIIOCKA K OKMCJIMTEILHO-
My CTpeccCy.

Munus ycrynana cepaueBuake B aktuBHoctu CO/J
M KaTajia3hl (BCce TKaHM), a aHajgape — TOJIbKO B XKa0-
pax. Ha stom ¢pore ypoBeHb TBK-akTBHBIX TIpOAyK-
TOB ObLJI CYIIECTBEHHO BHIIIIE BO BCEX TKAHSIX MUIUU,
YyeM y MOJUIIOCKOB JIBYX APYTUX BUIOB. DTO YKa3bIBACT
Ha 0oJjiee BBICOKYIO UyBCTBUTEIBHOCTh MUINU K OKHC-
JIUTSJIBHOMY CTPECCY, 0COOSHHO XKadp MOJUTIOCKA.

BrisiBiieHHBIE OCOOEHHOCTH COOTHOIIIEHUST aKTUB-
Hocty COJl n xataja3ssl ¢ ypoBHeM rpoaykTos [TOJI B
TKaHSIX UCCJIEeIOBAHHBIX MOJUIIOCKOB OTpaxKaloT ajall-
TallMM X OpraHn3Ma K OKUCIUTEJILHOMY CTPECCY, e~
pUONMYECKM BO3HUKAIOUIEMY B JOHHBIX OMOTOIMAx
YepHoro Mopsl.
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Superoxide Dismutase and Catalase Activities in Tissues
of the Black Sea Bivalve Mollusks: Cerastoderma Glaucum (Bruguiere, 1789),
Anadara Kagoshimensis (Tokunaga, 1906) and Mytilus Galloprovincialis Lam.
as Related to Adaptation to Their Habitats
O. L. Gostuykhina®* and T. I. Andreenko*

% A.0. Kovalevsky Institute of Biology of the Southern Seas, Russian Academy of Sciences, Sevastopol, Russia
*e-mail: aam@ibiw.yaroslavl.ru

Tissue- and species-specific features of superoxide dismutase (SOD) and catalase activity, as well as levels of
thiobarbituric acid reactive substances (TBARS), were investigated in the hepatopancreas, gills and foot of the
three Black Sea bivalve mollusks, cockle Cerastoderma glaucum, mussel Mytilus galloprovincialis and ark clam ark
dam kagoshimensis, sharing a high natural oxidative stress tolerance. Cockle tissues displayed a far lower TBARS
level compared to that in the mussel and ark dam, with values increasing in a cockle—ark clam—mussel sequence.
Out of the three bivalve species, a highest activity of both antioxidant enzymes was detected in all cockle tissues.
The ark clam and cockle, as burrowing mollusks, shared similar tissue specificity, displaying a highest activity of
both enzymes in the gills. The ark clam was appreciably superior to the mussel as to SOD and catalase activity in
the gills but inferior in terms of SOD activity in the hepatopancreas and foot. The revealed features reflect dif-
ferent oxidative stress tolerance of the bivalves studied here in their natural habitats. Highest oxidative stress sen-
sitivity was found in the mussel. By contrast, the cockle was distinguished by a highest oxidative stress tolerance,
while the ark clam took an intermediate position. These species-specific features enable mollusks to successfully
adapt to oxidative stress, which often occurs in the benthic biotopes of the Black Sea.

Keywords: superoxide dismutase, catalase, thiobarbituric acid reactive substances, oxidative stress, Cerastoderma
glaucum, Mytilus galloprovincialis, Anadara kagoshimensis, Black Sea
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