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HccnenoBaiv BIUSIHUE pEeXUMa YMEPEHHOM TMIIOKCMU Ha MPOLIECChl BHEPreTUUYECKOro oOMeHa B TKaHSX
(>xabpswl, rermaTornaHkpeac) cpeaudeMHoMopckoii munuu (Mytilus galloprovincialis, Lamarck, 1819). Kontponb-
Hasi TpyIa MOJLTIOCKOB cofepkanach pu 6.8—6.9 mr O, n~!, onbithas npu 1.9—2.0 mr O, 17!, B oGoux ciy-
yasix TeMIieparypa Boabl coctanisia 22 + 1°C, coneHoctb — 17—18%o0. Dkcnio3unms — 72 4. B yciioBusx yme-
PEHHOIi TUTTIOKCUU B OPraHU3Me CPean3eMHOMOPCKOM MUIUM pa3BUBAJICSI KOMILUIEKC peaKluii, HalpaBJeH-
HBIX Ha MOJAepXXaHNe SHEPTeTUUECKOTO CTaTyca TKaHei. ASpoOHbIe TTPOLECChHl SBHO OTPAHUYUBAIUCH, O YEM
CBUIETEJIbCTBOBAJIO CHIDKEHME aKTMBHOCTM CYKIIMHATAEruaporeHasbl. OQHOBPEMEHHO YCUJIMBAIUCh aHAd-
poOHbIe Mpoliecchl B TKaHsX. [loBbllIasiach aKTUBHOCTD aJib0J1a3bl, MAJIATAETUAPOTEHA3bI, YBEINUYUBAIOCH
conepkaHue nupyBata. [1py 3TOM ITI0KO30-1aKTaTHOE HalpaBJIeHUE MeTaboIM3Ma IMOJaBIISIIOCh. DTO HAIILIO
OTPaXXeHUE B OTCYTCTBUU POCTA aKTMBHOCTHU JIaKTATIETUIPOTEHA3bI U CONEPKaHUS JIaKTaTa B TKaHsX. lomyc-
KaeTcsl mepekoueHrue MeTaboim3Ma Ha [JII0KO30-OMMMHHOE HallpaBJeHue, CBOMCTBEHHOE TPEICTaBUTEIISIM
pona Mytilus. B pabote naetcs pa3BepHyTasl XapaKTepUCTUKa COCTOSIHUS aJleHUJIaTHOM CUCTEMbI MOJUTIOCKA.
[TokazaHo, uTo coaepxkaHue ppakiuu AT® B TKaHSX B YCIOBUSIX TUTIOKCUM OCTaBaJIOCh HA YPOBHE KOHTPOJIb-
HBIX 3HAYE€HWI, YTO OTpaXajao aJallTUBHYIO HAIpaBJIE€HHOCTb PEOPraHM3allMU TKAHEBOTO MeTabosu3Ma.
BriepBble OTMeueHa CITOCOOHOCTh renaTonaHkpeaca akkymyaupoBath ppakiu AJI® u AM® u3 cucrem Lup-
KYJISILIMU B YCJIIOBUSIX TUTIOKCUYECKO# Harpy3ku. [lomaraem, 4To 3T0 MOXET ObITh OCHOBHOI NMPUYMHOI pocTa
yJia aieHUJIaTOB U IMOHWKeHUs 3HaueHuid AD3 B naHHOM opraHe. M3 mpencraBiieHHbIX pe3ybTaTOB CIEIYeT,
YTO peopraHu3ais MpoueccoB YIJIeBOOTHOTO 0OOMeEHA B TKAHEBBIX CTPYKTYPax CpeIU3eMHOMOPCKONH MUAUU B
YCJIOBUSIX YMEPEHHOI TMITOKCUU MO3BOJISIET COXPAHSITh SHEPTETUYECKU I CTAaTyC ee TKaHeil. DTo sBJIsieTcs Ol -
HUM U3 OCHOBHBIX YCJIOBUIA, MO3BOJISIIONIMX MOJTIOCKY OCBauBaTh MPOOJIEMHbIE TUTTIOKCUYECKHE aKBATOPUU.

Knrouesbie cro6a: ymepeHHast TUITOKCHSI, aieHIIATHAS CUCTEMa, CYKLIMHATIErMaporeHasa, (hepMeHThI [JIUKO-
nmza, Mytilus galloprovincialis

DOI: 10.31857/S0044452923060050, EDN: GIUCWX

BBEAEHUE

JIBycTBOpUaThie MOJITIOCKU (ceM. Bivalvia) mmpoxko
MIpeacTaBIeHEI B 1IeIb(POBOI 30He MUPOBOTO OKeaHa.
BoibIIMHCTBO M3 HUX BeAST MaJONOABIDKHBINA WU
NpUKpEIUIEHHBII 00pa3 xku3Hu [1]. HekoToprie Hace-
JISTIOT KOHTYPHBIE OMOTOITBI, 1151 KOTOPBIX XapaKTEePHbI
3HAYUTEbHBIE TPAAUEHTHl TEMIIEpaTyphl, coaepxKa-
HUSI KHCJIOPOAa, COJIEHOCTH [2], a TakkKe 30HBI BHEIII-
HETro 9KCTPEMYMa: TUTIEPCOJICHBIE BOIOEMbI, TUTIOKCH -
YeCKMe aKBaTOPUU C 3JIeMEHTaMU CEPOBOIOPOIHOTO
3apaxeHus [3, 4] u np. DyHKIIMOHAILHBIE OCHOBBI TO-
JIEPAHTHOCTU K TAHHBIM YCJIIOBUSIM CpPEAbl MPEaCTaB-
JISTIOT MHTEpec, TaK KaK IIPeAIioaaraiT creuuduky
aIalTUBHOM peOopraHm3annyd MeTa0OoJIMYeCKUX IIPO-

IECCOB, YHUKAJIIBHOM IO OTHOIIEHUIO K IPYyTUM (hop-
MaM XU3HM.

3HaYMTENbHOE YMCI0 padbOoT MOCBSIIIEHO OMOHEP-
FeTMYECKUM acIlieKTaM CYIIeCTBOBAHMSI MOJLIIOCKOB B
YCJIOBUSIX BHEITHETO AedunnTa Kuciaoponaa. [Tokazana
CITOCOOHOCTH IBYCTBOPOK JIETKO TIEPEXOIUTH K cyO0a-
3aIbHBIM CKOPOCTSIM MeTaboJim3Ma [5] mocpencTBoM
o0paTuMOro pochopmIMpoBaHUSI psia ITUKOJIUTAYC -
ckux ¢depMeHTOB [6] mpu ydactum HAM®D (ul' MD)
npoTeuHKruHa3 [7]. OTMeueHBI CylleCTBEeHHbIC MO -
duKaMy TepMUHAIBHBIX peaKIInii aHa3pOOHOTO IJIH -
KOJIN3a, KOTOPbIE MCKIIIOYAIOT 00pa3oBaHueE JIaKTaTa 1
pa3BuUTHE TKaHeBoro auumpo3a. K HUM oTHOCUTCS pe-
aK1IMs TpaHCAMUHUPOBAHMS ITMpyBaTa C Ie3aMUHUPO-
BaHMEM acliapTaTa, KOTopasi IMpUBOAUT K oOpa3oBa-
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HUIO ajJaHnHa 1 okcanoanerata [7]. [Tocaengamnii B ce-
pUM TIPOLIECCOB IIpeBpalllaeTcs B CYKIMHAT, 4YTO
MO3BOJISIET TIOJy4YaTh HOIOJIHUTEILHEIN pecypc ATd
[7, 8]. OmnpenencHHBIE M3MEHEHMWSI BBISIBJIEHBI W Ha
YPOBHE KJIETOUHBIX CUCTEM [9].

OcoOblit MTHTEPEC MPENCTABISIOT HAYaIbHbBIE 3TAIThbl
MepecTpoiikKu TKaHeBOro MeTaboyim3Ma MOJUTIOCKOB
Npy afanTaluu K YCJIOBUSM AeduuuTa KUCIopoaa.
DTO MOXHO UCCJIEIOBATh TOJILKO B YCJIOBUSIX YMEPEHHOM
rurokcuu. 1o oblieMy Npu3HaHUIO TIepBble TTPU3HAKU
Pa3BUTUS TUTTIOKCUYECKOTO COCTOSTHUST Y OEHTOCHBIX Op-
raHU3MOB HaOJIIOIAI0TCS TTPY KOHLIEHTPAaLUU KMUCa0opoaa
2 mr O, 17! [10]. B HacTosiieii paGoTe B yCIOBUSIX OKCIIE-
PUMEHTA UCCIIEAYETCS UMEHHO 3TOT PEXKUM.

B kauecTBe 00BEKTa MCCIeNOBaHUS BEIOpaHa cpe-
nu3eMHoMmopckas munust Mytilus galloprovincialis (La-
marck, 1819). IlpencraButenu poma Mytilus POKO
pacIripocTpaHeHBI 10 To0epekbio MUpPOBOIro oKeaHa 1
SIBJISIFOTCSI OMHOM M3 CaMbIX MACCOBBIX TPYIII IBYCTBOP-
YyaTbhIX MOJUTFOCKOB [11]. OHU sIBJISIIOTCST OOLIEeNPU3HAH-
HBIM OOBEKTOM OMOMHIVKALIMKM Ka4eCTBAa MOPCKUX aK-
paropuii [12]. TTosTromy mHpOpMAaIINs, TOMyYeHHAsT Ha
MpeACTaBUTENSIX JAHHOTO POJA, MOXET UMETh HE TOJIbKO
TEOPETUIECKOE, HO 1 ITPAKTUIECKOE 3HAUYCHUE.

Llesib paboThl — B YCJIOBUSIX DKCIIEPUMEHTA UCCTIENO-
BaThb BJIMSIHUE PEXMMA YMEPEHHOMN TMIIOKCUY HA aKTUB-
HOCTh psila MAapKEpPHBIX (DEPMEHTOB IHEPTETUUECKOTO
o0OMeHa, coiep>KaHue MeTab0JIMTOB U COCTOSTHUE aleH! -
JIATHOI CUCTEMBI TKAaHEN CPEIU3EMHOMOPCKONA MU U.

METObI UCCIIEAOBAHUA
Mamepuan

HccnenoBaHue NpOBOAMIM Ha B3POCIBIX OCODSIX
cpenuzeMHoOMoOpcKoit muaun Mytilus galloprovincialis
(Lamarck, 1819), cobpaHHBIX C KOJUIEKTOPHBIX yCTa-
HOBOK “loH-Komm” (Crpeneuxass Oyxra, CeBacTo-
M0JIb) B MIOHE (TIep1OI MUHUMAaIbHOM HEPECTOBOI aK-
tuBHOCTH) 2022 1. PazMepbl pakOBUHBI COCTaBJISLIM
65—85 MM B minHY U 28—40 MM B BhICOTY. Mcrionb30-
BaJld 9K3EMILISIPbl UCKIIOUUTEIBHO C YEPHOI OKpac-
KOIi paKOBUHBI. YCTAaHOBJIEHO, YTO LIBETOBbIE MOP®bI
MUIUU 00JafdaloT pa3siuuHONM MHTEHCUBHOCTBIO TKa-
HEBOTo MeTaboiM3Ma U OTJIMYAIOTCS aKTUBHOCTbIO He-
KOTOpbIX ¢epMeHTOB [13]. TpaHCHOPTUPOBKY OCY-
LLIECTBJISIIA B TMJIACTUKOBBIX KOHTeHepax 6e3 BOIbl B
TedyeHue 1 4 c MomeHTa cbopa. [Tocyie TpaHCTOPTUPOB-
KU MUIUU coaepXaauch B 30-TUTPOBBIX CTEKISTHHBIX
aKkBapuymax, 00OpyJOBaHHBIX CUCTEMOI MPOTOYHOI
MODPCKOI BOJIbI, B TeueHUe 3 THEM ISl CHATUS cTpecca.
CyuTaeTcsl, 4YTO 3TOr0 BpeMEHU TOCTATOYHO JIJISI BOC-
CTaHOBJICHUST (DYHKIIMOHAJIBHOIT HOPMHI [ 14].

Modeauposanue ymepennoii eunokcuu
KontpoabHyio rpyniry munuii (n = 12) conepxaau
npu 22 + 1°C, KOHLIEHTpaLMK KKCJIOpoaa B Boae 6.8—
6.9 mr O, 17! u conenoctu 17—18%o. OnbITHYIO (1 =

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3SUOJIOTUU

=12): mpu 22 + 1°C, 17—18%0 u 1.9—2.0 mr O, a1
DKcro3unust cocrapisuia 72 4. @oromepuon — 12 9
(neHb): 12 4 (Houb). ComepkaHue KUCIOpoAa B BoJe
MOHMKaJIH TTyTeM 0apOoTaxa ra3o00pa3HbIM a30TOM B
tedeHue 4—5 4. KoHTponb 3a ypoBHEM KHUCIOpOAa B
BOJE MNPOBOAUWIU TIpU Tomolu okcumerpa “Ohaus
Starter 300 D” (CIIIA). ExxenHeBHO MEHSIJIM BOAY B aK-
BapuyMax IJIsT yIaJIeHUST MeTabOIUTOB C COXpaHeHUEM
3aJaHHOI KOHLIEHTPALlMU KUCIOPOa B BOJIE.

IIpenapuposeanue mrkaueii

st mabopaTopHOTO aHaIMU3a ObLIIU BEIOpAHBI Kab-
pBI U TenaronaHkpeac. 2XKaOphwl SIBISIOTCSI Hamboiee
YyBCTBUTEJIBHOM CTPYKTYPOIi II0 OTHOIIIEHUIO K YCJIOBH-
sIM BOTHOM Cpebl U OINPEAeISIIOT KUCIOPOAHBIN PEesKM
OOJIBLIMHCTBA TKaHei moyunocka [15, 16]. T'emaromaH-
Kpeac — opraH, KOOpAMHUPYIOIINI TeueHe MEeTa0O0 I~
YeCKHUX TPOLIECCOB Ha OpraHM3MEeHHOM YpoBHe. TkaHU
npenapupoBanu pu temneparype 0—4°C. INomydyeH-
HbIe 00pa31bl XpaHUIU B MOPO3UJIbHOM Kamepe “Far-
ma 900 Series” (TermoScientific, CIIIA) npu —80°C.
T'oMmoreHaThl TOTOBWIN HEIIOCPEACTBEHHO B IEHb 9KC-
nepuMeHTa Ha Jibay (0—4°C). s mmojiydeHUs cyIep-
HataHTa ux ueHTpudyruposanu npu 10 000 06 MyuH!
BTeueHne 10 MUH B IIeHTpUPYre ¢ OXJIaxXKICHUEM
“Eppendorf 5424 F” (I'epmanust).

DBuoxumuuecxue uccaredosarnus

AKTUBHOCTH anpaoiiassl (4.1.2.13) ompenensian mo
MeTony ToBapHuuxoro—Bainyiickoit [17]. UHTeHCUB-
HOCTb OKPacK{ M3MEpSUIN IIpU IJIMHEe BOJIHEL 540 HM
[0 CKOPOCTH pacuieruieHust Gpykros3o-1,6-gudocda-
ta (PID). B xauecTBe cpelbl BblIEICHUS UCIOIb30-
Baym 1.15%-nwr1it p-p KCl, xak ommcaHo panHee [18].
AKTUBHOCTH BbIpaXanu B MKMOJab PP mun~' mr-!
Oenka. AKTUBHOCTb ManataeruaporeHasel (MIT,
1.1.1.37) un nakratneruaporeHassl (JIATI, 1.1.1.27) usme-
psii TIpu ajiHe BoaHBI 340 HM I10 CKOPOCTU OKHUCTIe-
Hust HAJI H,, ucrnosib3ysl B KQ4ECTBE CPElibl BbIAEIIE-
Hug 0.2 M Tpuc-HCI 6ydep, pH 7.5 [19]. Cyberpatom
Tt omipenenenus aktuBHocTr JIJI cnyxun nupysar,
a it MAT — okcanoalieTaT. AKTUBHOCTD BbIpaxkajiu B
mkmosib HAT H, mun~! mr—! Gesika. AKTUBHOCTB CyK-
muHaTtaeruaporedassl (CHAI, 1.3.99.1) ompenensim
IIpU JIMHE BOJIHEI 420 HM 110 CKOPOCTU BOCCTaHOBJIE-
Hus1 peppulinanuna kanus [20]. B kadecTBe TpaHCc-
dopmupytonieit cpenpl ucrnonb3oBanu 0.1 M kanuit —
docdaTHblit Oydep. AKTUBHOCTDb BhIpaxajid B HMOJIb
cykunHara MuH~' mMr—! Genka. ComepxxaHue Genka B
Mpo0ax KOHTPOJIMPOBAIM MUKPOOHMYPETOBBIM METOIOM
[21]. B xadecTBe cTaHmapTa MCHOJIB30OBAIM KPUCTAILIN-
YeCKWi CBHIBOPOTOUHBIN  anboyMuH  (Sigma-Aldrich
A8806). Bce m3aMepeHUs BBITIOIHSUIM Ha JOBYXITYy4eBOM
Ne 6

TOM 59 2023



534

*

"]

of protein

7
6

5|

Al

51

2 1 1 1

SDH, nmol succinate/min/mg

Gill Hepatopancreas
o0
E 1.2
£
g 1.0}
~
T
~E 08F
<70
Z e
Z 8 06F
g o
3 04F
an
@) 0.2 . ; .
= Gill Hepatopancreas
® Median O 25-75% T Min—Max

KOXAH u np.

g 45r
~
g 4.0
=~  35f *
N8
— & 30r |__TL|
— 9 *
g S 2.5¢
=° 20 :L
2
= 1.5
S 1.0
< ' Gill Hepatopancreas
g 010
~ L
g
£ 0.08F
N L

g
25 0.06f
< t
2 20.04F
o O
£ L
= 0.02f
T L
D 0 1 1 iII
— R

Gill Hepatopancreas

Puc. 1. AKTUBHOCTb (DEPMEHTOB SHEPreTUYECKOro 0OMeHa 3Kabp U reraronaHKpeaca MUIN B yCJIOBUSIX HOPMOKCHM Y yMEPEHHOM
runokcun. SDH — cykumHataerunporenasza, MDH — manatoerunporenasa, LDH — nakratneruaporeHasa, 6eblii — HOpPMOKCHSI,

cepblit — runokcus, * — p < 0.05.

cnekrpooromerpe “SPECS SSP-715” (Poccus), ipu
temmneparype 20°C.

KoHireHTpanuio nioKo3sl (MOHOCAaXapHUIOB) OIIpe-
eI ¢ TIOMOoIIbio 1abopaTtopHoro Habopa “IJIHO-
KO3A-4-OJIBBEKC” mpm gmuae BosHBI 500 HM.
JlakTaTa — ¢ ucrnonb3oBaHueM Habopa “MOJIOYHAS
KHCIIOTA-OJIBBEKC” npu giavHe BoaHbI 500 HM.
IMupyBaTta — ¢ ucnonb3zoBanuem Haoopa “ITMPYBAT
UV-ABPUC+” npu mimHe BoiaHbI 340 HM. KoHIIeH-
TPaLMIO BBEIPAXKAIU B HMOJIb MI™ ' TKaHMU.

ConepxaHue aIeHWIOBBIX HYKJICOTUIAOB B TKAHIX
MUJIMU PETUCTPUPOBAIN XEMUTIOMUHECLIEHTHBIM Me-
TonoM [22]. Pe3ybTaThl BEIpaKaiyu B MKMOJISIX I TKa-
HH. CpenHsIsT Macca HaBEeCKM KaOp cocTaBisiia 4.8 MT.
Uccnengyemple TKaHu roMoreHusmpoBaim B 0.1 M
Tpuc-aueTaTHoM o0ydepe, pH 7.75, Ha xonone (0—4°C).
AICHWIATHBI KOMILUIEKC 3KCTparupoBajJii B KMIISI-
1ieM Oydepe Ha BoassHou O0aHe B TeueHue 5 muH. Ilo-
JIydYeHHbI€ SKCTPAKThI 3aMOpaKMBajIn 10 AaJbHeuIe-
ro a"aimm3a (—80°C). Onpenenenne AT® npoBommIn
IO CBETOBOM 3MMCCUM C HOOAaBICHUEM JIIOHUMEepUH-
monudepassl Ha npudope “TP-Luminometer 12507
(LKB, Iseuwnst). AI® 1 AM® BoccTaHaBIUBaIU 10
AT® ¢ npyuMeHeHEM MMPYBATKMHA3bI U aIe HUJIaTKU -
Has3bl. AICHUJIATHBIA 3HepreTuyeckuit 3apsn (AD3)

KYPHAJ 3BOJIIOLIMOHHON BUOXUMUU U GU3NOJIOTUH

paccYUThIBAIM, UCHOAb3ys KoHlieHTpauuoo (C) HyK-
JIeoTru10B o popmyie [23]:

1
Catp + = Chpp
AEC = 2

Catp + Capp + Camp

Cmamucmuueckuii aHanu3

IIpu mpoBeneHUU CpaBHUTEILHOTO aHaJIU3a TMPU-
MeHeH OmHOMAKTOPHBINA JUCTIEPCUOHHBINA aHaIu3
(ANOVA) PAST Version 4.09. HopmanbHOCTB pacIipe-
JIeJICHUsST BHIOOPOYHBIX COBOKYITHOCTEM MPOBEPSIIIN MO
Shapiro—Wilk (W-test). Ctatuctuuyeckue cpaBHEHUS
BBITIOJIHEHBI HA OCHOBE HEIMapaMeTpUUeCKOro KpuTe-
pus U-kputepuss MaHHa—YuUTHU. MUHUMaIbHBIN
ypOBeHb 3HAUMMOCTU cocTabisii p £ 0.05. O0beM BbI-
OOpOYHBIX COBOKYITHOCTeW: 12 ocobeii (KOHTpPOJb),
12 ocobeii (OmbIT).

PE3VJIBTAThI UCCIIEJOBAHUA
Kabpwi

B ycnoBusix yMepeHHOM TUIOKCUU B JAHHOM OpraHe
oTMmeuasiu cHuxeHue aktuBHoctu CAT Ha 19—-20%
(puc. 1). 910 mpoucxonmio Ha (poHe POCTa aKTUBHOCTU
psia TIMKOJIUTUYECKUX (PEPMEHTOB — ajibaojiasbl M
Ne 6
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MAT, Ha 17% (p < 0.05) 1 38% (p < 0.05) COOTBETCTBEH-
Ho. CJieyeT OTMETUTh KpaitHe HU3KYI0 aKTUBHOCTB JIIIT
B naHHoit crpykrype (0.010 = 0.008 mxmons HAJL H,

muH ! Mr—! 6eka), BeJIM4MHA KOTOPOii HE U3MEHAIIACH B
YCIIOBUSIX DKCIIEPUMEHTAIBHOM HATPY3KU.

JeduimmT Krciiopona COIMpOBOXIAJICSA CYIIeCTBEH-
HBIM ITOBBIIIIEHUEM CONEpKaHUsI B OpraHe DIIOKO3bI
(puc. 2). B cpaBHeHUM C KOHTPOJIEM pa3IN4yusl COCTaB-
Jstu 6oitee 55% (p <.0.01). Eme 6omee 3HaYUTETEHBIE
W3MEHEeHUS IIPETEPIIEIO ColepKaHue TUpyBaTa. Ypo-
BEHb JAHHOI'O COEIMHEH M yBeIM4miIca B 2.5—2.6 pasa
(p £ 0.01). Ilpu sTOM comepkaHue JIaKTaTa B TKaHU
Xabp He NBMEHSJIOCh.

CocTostHUE afeHUIaTHOM CUCTEMBI 3Ka0p MOJLTIOC-
Ka B 1IeJIOM COBITaIajI0 C KOHTPOJbHLIMU BEJIMYMHAMMU.
Pasnmuuusa B ypoBHe AT®, AP, AM®D, nyne ageHu-
JIaTOB He ObUIM CTaTUCTUYECKM 3HA4YMMBbI (puc. 3).
To ke HabIOIAIOCH U B OTHOLIeHUU AD3 (puc. 4).

Fenamonamcpeac

XapakTep MU3MEHEHUS] aKTMBHOCTU (PEpMEHTOB B
ITaHHOM OpTraHe OB OJM30K K OTMEUYEHHOMY B OTHO-
meHuu xaop (puc. 1). AktuBHocTh CJII" moHMKa1ach
Ha 16—17%, nipu 3TOM aJibIoa3bl YBEIMYMBAJIach Ha
31-32% (p <0.05). OT™Meuany TakKe pOCT aKTUBHOCTH
M/, onHako pa3nuuus B CpPaBHEHUU C KOHTPOJIbHBI-
MU BeTNYMHAMU He OBIIIN 3HAUYNMBI. AKTUBHOCTB JIJIT
Takxke Obl1a cjiabo BbIpakeHa M HE M3MEHslach Ha
MPOTSDKEHUU SKCIIEpUMEHTA.

I'enaTonaHkpeac oTIMYaICs BLICOKUM COAEPKaHUEM
m1oKo3bl. B cpaBHeHUM ¢ )abpamu ypoBeHb JaHHOTO
coeArHEeHUsT ObLI B ITO4YTH B 5 pa3 Beiiie (p < 0.001)
(puc. 2). Tunokcus He oKa3blBaja 3HAYNMOTO BIUSTHUS
Ha cojepXaHue TIIOKO3bl B JaHHOM opraHe. [1pu aTom
YPOBEHb MUpPYBaTa OTHOCUTEJIBHO KOHTPOJIbHbBIX 3Haue-
HUI yBenuuuBacs 6osee, yeM B 2 paza (p < 0.05), a co-
JIep>KaHue JaKTaTa yMeHbIIanoch B 4 pasza (p < 0.01).

OmnpenelieHHbIe U3MEHEHUSI OTMEUaIl U B COCTOSI -
HUM aJicHUJIaTHOM cucteMsbl (puc. 3). YpoBenb AP u
AM® mnosbliancsa moutu B 2 paza (p < 0.05—0.01).
IIpu stom conepxanue dppakuun ATD coBmamano ¢
KOHTPOJILHBIMU BEJIMYMHAMU. DTO TIPUBOAMUIIO K YBe-
JIMYEHUIO ITyJIa afeHUJIATOB U CHIDKeHUI0 AD3 Ha 32 1
26% cootBetcTBeHHO (p < 0.05) (puc. 3, 4).

OBCYXKXIAEHUE PE3VYIIBTATOB

OnpanM n3 3¢ HEeKTOB, 3apEeTUCTPUPOBAHHBIX B Ha-
crosiiieii paboTre, SBUJIOCH CHIKEHME aKTUBHOCTU
CII B kabpax u reraToliaHKpeace B OTBET Ha YCIIOBUSI
yMepeHHO# runokcuu. M3BecTHO, YTO maHHBINA (ep-
MEHT MPUHUMAET y4yacTre B peaklUsIX LIMKa TpUKap-
OOHOBBIX KHCJIOT U OMHOBPEMEHHO BXOOUT B CTPYKTY-
Py IbIXaTEeJILHOM 1IENM MepeHoca 3JeKTPOHOB (KOM-
wiekc 1I) [24]. DTo MO3BOJISIET KOHCTATUPOBAaTh (haKT
OTpaHUYECHUS a9POOHBIX MIPOIIECCOB B 0OOUX OpraHax.
ITokazano Takke ydactue CII B mepepacnpeneieHIn

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3SUOJIOTUU
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Puc. 2. ConepxaHue IJIIOKO3bI, TUpyBaTa 1 JlakTaTa B 3kKa0-
pax M rerarornaHkpeace MUAMN B yCIOBUSIX HOPMOKCUU
(GenpIit) 1 yMepeHHO runokcuu (cepsoiii). * — p <0.05.

DJIMKOJUTUYECKUX METa0OJIMTOB B HampaBIeHUMU 00-
pa3oBaHUsI CyKLIMHATa B YCJIOBUSIX aHA’poOuro3a. IT1o
MO3BOJISIET MUTOXOHIPUSIM COXpaHATh (DYHKIIMOHAIb-
HYI0 aKTUBHOCTb B YCJIOBUSIX OCTPOM HEXBATKM KUCJIO-
pona [25]. ITono6HbIe 3P eKThI TTOKa3aHbI IJISI MHO-
X BUIOB IBYCTBOPOK [7].

B nacrostmieit pabore 00 ycuiieHMM aHa3pPOOHBIX
MPOIIECCOB B TKAHSIX MOJUTIOCKA KOCBEHHO CBUIIETEIb-
CTBOBAJIM YBEJIMYECHUE aKTUBHOCTU anbaoJa3bl, M
U TIOBHIIIIEHKE coaepkaHus mupyBata. [1pu aTom po-
cTa colepxkaHMs JaKkTaTta He Habmoganu (kaOpsi). B
rernaTtornaHkpeace, HalpoTHUB, YPOBEHb HJAHHOIO CO-
eOIUHEHUSI CYILLIECTBEHHO NoHMXajcsa. OTcyTcTBue po-
CTa coAepKaHUsI JaKTaTa B TKAHSIX B YCJIOBUSIX OCTPOM
Ne 6
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Puc. 3. CocTosiHue afeHWIATHOM CUCTEMBI XKabp W rernarornaHKkpeaca MUIUM B YCIOBUSIX HOPMOKCUY U YMEPEHHOM TMIIOKCUU.
POOL — nyn aneHunaToB, Oeblii — HOPMOKCHUSI, Cephiii — runokcus, * — p < 0.05.

TUITIOKCUM TTI0KA3aHO paHee U IS APYTUX BUIOB MOJI-
JMockoB [26]. IIpu 3ToM oTMedanach KpaiHe HU3Kasl
apdexruBHocTh JIAT, uTO COBIamaeT ¢ pe3yabraTamMmu
HacTosIIeil pabOTHI. DTO 03HAYAET, UTO INIIOKO30-JIaK-
TaTHOE HampaBliecHne MeTabonm3ma [27], cBOMCTBEH-
Hoe GOJBIIMHCTBY OPTAHU3MOB, Y MOJIJTIOCKOB B YCJIO-
BUSIX YMEPEHHOM T'MITOKCUHU SIBHO MOIABJISLIOCH.
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Gill Hepatopancreas
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Puc. 4. Beinunna AD3 xxabp u renatonaHkpeaca MUIUI B
YCJIOBUSIX HOPMOKCHUM U yMepeHHoii rumokcuu. AES —
aleHWIATHBIN 9HEPreTUYeCKUil 3aps, Oeablii — HOPMOK-
cust, cepblit — rumnokcus, * — p < 0.05.

KYPHAJ 3BOJIIOLIMOHHON BUOXUMUU U GU3NOJIOTUH

CuuTaeTcs, YTO Yy MHOTMX OECIMO3BOHOYHBIX Tep-
MUHIBHBIMUA DIUKOJUTUYECKUMU (hepMEHTaMU SIB-
JIIIOTCS onuHAeruaporeHasnl [25]. OHUM conpsiraror
peakiivio B3auMOJIeUCTBUS TTMpyBaTa ¢ aMUHOKUCIIO-
TaMU ¢ 00pa3oBaHUEM OIMTUHOB [28]:

nupyBat + amMmuHokucaoTel + HAJL H +
+ H" — omunsl + H,O + HALL'.

OnuHbI HE OKa3bIBAIOT CTOJIb BHIPAXXKEHHOTO BIMSHUS
Ha BeJIMYMHY TKaHeBoro pH, Kak jakrtart, 4To MMeeT
agantuBHoe 3HayeHue [29]. Cpenu onmuHaeruapore-
Ha3 BBIACISIIOT okTtonuHaerunporenasy (OcDH) (EC
1.5.1.11), TIpoSIBISIONIYI0 BBIPpaXXEHHOE CPOACTBO K
L-apruauny [30]. ITokazaH pocT ee aKTMBHOCTH B
yclioBUsX naedunmra kumcaopona [31]. AKTUBHOCTH
JlaHHOTO (hepMeHTa Obla UAeHTU(GUIIMPOBaHa B TKa-
HsX mpeAcTaButeneit pona Mytilus [31], B ToM yucie
Mpytilus galloprovincialis [32]. MoXHO IONyCTUTH, YTO
IJIIOKO30-OTIMHHOE HampasiieHue Metabonusma [27] B
yCI0BUSX AedulinTa KUCI0poaa HaUMHAeT TOMUHUPO-
BaTh Hall TpolleccaMu KJIacCMYECKOro aHa’poOHOro
mIMKoau3a. B aToM, Mo-BUAWMOMY, CIE€IyeT WCKaTh
o0BsIcHeHHEe HM3KOM 3 dektuBHOCcTH JIAI 1 oTCyT-
CTBUIO UBMEHEHUSI COlepXKaHN JJaKTaTa B TKaHsIX, MO~
Ka3aHHYIO B HACTOSIIIEN padoTe.

3HAYUTEIbHOE YUCJIO PadOT IMOCBSIIEHO yYaCTHUIO
MUTOXOHAPUI MOPCKHUX OPraHU3MOB B aJanTallUU K
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yciroBuSIM Aeduiinta Kucaopona. Ocoboe BHUMaHUE
yaeasieTcsl OpraHM3MaM, TOJEPaHTHBIM K YCJIOBUSIM
octpoii runokcun [33]. OTMedaeTcs X CIIOCOOHOCTh
MepeXoanTh K cy00a3aJbHBIM CKOPOCTSIM MeTa0o0JIn3-
Ma, ¢ coxpaHeHHeM TKaHeBoro pecypca AT®D u GbIcT-
PBIM BOCCTAaHOBJICHMEM IIPOLIECCOB OKMCJIMUTEIIHLHOTO
dochopmnpoBaHUs B YCIOBUSIX PEOKCHUTCHALIUU
[34]. O cocTosTHMM ameHWIATHOM CHUCTEMBI B OCHOB-
HOM CyIAIT 110 coaepxXaHuio dpakuuu AT® [33, 34].
Oco0eHHOCTh HACTOSIIIEH padOThl COCTOMT B TOM, B
Hel naeTcsl pa3BepHyTasl XxapakKTepUCTUKA aJeHusIaT-
HoOro KoMmIuiekca. Panee momo6Hast uHGopMalus pu-
BOIMJIACH HAMU B TOJIBKO B OTHOIIEHHUHU OPYTOro IBY-
CTBOPYATOro MOJUTIOCKA — aHanapwl (Anadara kagoshi-
mensis, Tokunaga, 1906) [26].

AHaJIN3 COCTOSTHUSA aNeHWJIATHOTO KOMILUIEKCA B
XKabpax cpeau3eMHOMOPCKOM MUIUU IT03BOJISIET KOH-
CTaTUPOBATh GAKT OTCYTCTBUS KAKUX-JINOO 3HAYUMBIX
W3MEHEHUI B CUCTEME B YCIOBUSIX YMEPEHHOI TUIIO-
keun. Conepxanune AT®, AP, AM®D coxpaHsiiioch Ha
YPOBHE KOHTPOJIBHBIX BEJIMYKUH. ToXe MOXHO CKa3aTh B
OTHOIIICHUH ITyJIa aIeHWIATOB 1 AD3. DTO CBUACTEIIb-
CTBYET O TOM, YTO pPeOpraHMu3aLysl yIJIEBOOHOIO MeTabo-
JIM3Ma, OTMEUEHHasl BhIllle B JaHHOM OpraHe MOJUIIOCKA,
MO3BOJISIET COXPAHSITh €€ DHEPreTUYECKUIA CTATYC.

B rematonankpeace cutyauus 6b1a nHoi. I1pu co-
XpaHeHuun cojepxaHuss AT® B opraHe IOBBIIIAJICS
pecypc AI® u AM®, yTo ompeaesisijio yBeJIudeHue
myJia aJieHWIaToB U cHiKeHue AD3. Takas curyauus
BO3MOXHa TOJBKO B ciyyae TMocTyrmieHuss AJ® u
AM® B renaronaHkpeac M3BHe. MOXHO OOIMYCTUTH
y4acTHe B 3TOM IIPOILIECCE CUCTEMbl LIUPKYJISIIIUN Te-
MosimMBbI, KoTopas HackimmaeTcs dpakumsamu AP u
AM® B yC10BUSIX TUITOKCUM CO CTOPOHBI APYTUX Opra-
HOB U TKaHell. CnocoOHOCTh TreraTonaHKpeaca MoJ-
JIIOCKOB M30MpaTebHO HaKarIuBaTh ppakuyu AP u
AM® panee He oOcyxkaajiach. DTa uHGOpPMaLIUS SIB-
JISI€TCS HOBOM.

CnenctBueM pocrta comepXaHmss AM®P B remato-
naHKpeace MOXET ObITh 00pa3oBaHME TMOBBIIIEHHBIX
konnuectB HTAM®. [MocnenHuii sSIBasIeTCS alloCTepU-
YyecKuM peryasitopom nmporemHkuHas3bl A (ITKA) [35].
IlporemHknHa3a A 3aperucTprMpoBaHa B TKaHSX JIBY-
CTBOpYATHIX MOJUTIOCKOB 1 YaCTO MCIIOJb3yeTCs B Ka-
yecTBe Mapkepa B akoguarHoctuke [36]. [Toka3aHo ee
aKTUBHOE yyacTue B aJanTallii MOJUTIOCKOB K YCIIOBU-
siM BHellrHe#t runokeuu [37, 38]. JlaHHbBII (hepMEeHT siB-
JISIETCSl TPUITEPOM KaTabOJIMYeCKUX ITyTei, HalrpaBieH-
HBIX Ha aKTUBHYIO npoaykuuio AT® [35]. Kak noka3anu
HaOoaeHus1, AeiicTBUE IPOTEMHKWHA3bl A HallpaBJIeHO
Ha TroaaepXKaHe OKMCIUTETbHBIX TTPOLIECCOB B TKAHSIX B
YCIOBUSIX BHeEITHero neduimra kuciopona [38]. Yera-
HOBJIeHO, YTo akTuBaLus [TKA nHIyunpyercs poctoM
otHommeHUss AM®/AT® [39, 40]. B HamreMm cirydae neii-
CTBUTEJILHO MPOUCXOOUT pocT MHIekca AMD/ATD B
rernaToriaHkpeace 3a cyeT nocryruieHus AM® u3 cu-
CcTeM UUPKYJISILUU, O YeM TOBOPUJIOCH BBILIE.
OTOT (paKT TO3BOJSIET OOIYCTUTH POCT AKTUBHOCTH

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3SUOJIOTUU

INKA u y cpean3eMHOMOPCKON MUIWHM B YCIOBUSIX
BHEIITHETO Ae(UIIMTa KUCI0pOoaa.

ODHUM U3 Pe3yIbTaTOB HACTOSIIEH pabOTHl SIBH-
JIOCh CYIIIECTBEHHOE MOBBIILLIEHUE COAEePKaHUSI TIIIOKO-
3bl B XXkaOpax MOJITFOCKA, YTO TAKXKE CBUACTEIBCTBYET
00 ycueHnn aHa’poOHBIX IpoueccoB [7]. IIpoiecc,
MO-BUAUMOMY, KOHTPOJUPYETCS CO CTOPOHHBI rernaro-
naHkpeaca. JlaHHBII opraH pacIiojiaraeT OpraHu3MeH-
HBIM pPeCypcoM ITnKoreHa [41] m mMeeT MOBBIIIICHHBIN
YPOBEHb IJIIOKO3bI, KOTOpasi pacnpenesieTcsl B opra-
HM3ME MOJITIOCKA IIPU YYACTUU CUCTEMBI LIUPKYJISILIN
remoiuM®rl. B HacToseit padboTe pa3andus B coaep-
KaHWU TJII0KO3bl MEXIY >KabpaMu M reraTonaHKpea-
coM npesbianu 5 pas. [Ipsimoe ydyactre B 3TOM IIpO-
necce MoxeT Takxke IpuHuUMath I1KA, akTMBHOCTB
KOTOPOI B YCJIOBUSIX ITOBBIIIEHHBIX 3HAUYCHUM MHIEK-
ca AM®O/AT® B renaronaHkpeace I0JKHa ObITh BbI-
cokoii. JlaHHBIII (epMEeHT NPUHUMAET HEIIOCpe-
CTBEHHOE yyacTue B 0OMEHE yIJIEBOIOB, B YaCTHOCTU
TUIPOIN3€E MOJIEKYJI INIMKOTeHA B YCJIIOBUSIX SHEPIETH -
yeckoro aecdunura [42], 4To UMEET IMpsIMOE OTHOIIe-
HUeE K IpoleccaM, HaboaaeMbIM B TerlaTolaHKpeace
mosmocka. HelictBue T1KA Ha yrieBoOHBbIA OOMeH
MOXKET OBITh OIIOCPEIOBAaHO U Yepe3 YBEJIMYECHNE IKC-
MIpecCcUU TeHOB II0KO3HOro TpaHcropTtepa (GLUT-4)
U reKCOKMHa3shl [43].

SAKITIOYEHHNE

M3 npencraBneHHoil nHQOpPMaLMU ClEeayeT, YTO B
YCJIOBUSIX YMEPEHHOI TUITOKCUU B OpraHU3Me Cpenu-
36MHOMOPCKOM MMAWM Pa3BUBAJICI KOMILUIEKC peak-
Ui, HampaBJEHHBIX Ha TOAAepXKaHUE SHepreTuye-
CKOro craryca TKaHeil. A3poOHbIE MPOLIECCHl SIBHO
OrpaHWYMBAINCh, O YEM CBUIIETEIHCTBOBAIO CHUXE-
Hue aktuBHocTu C/I. OgHOBpeMEHHO yCUIUBAIUCH
aHas’poOHbIe Tpoliecchl B TKaHsx. [ToBbllianach ak-
TUBHOCTh ajbnoiasel, MJII, yBeanyuBajioch coaep-
>KaHue nupyBarta. [1pu 3TOM IIIOKO30-JIaKTaTHOE Ha-
npasjieHue MeTaboin3Ma IBHO Noaasisijioch. O6 3ToM
CBUJIETEJIbCTBOBAJIO OTCYTCTBHME POCTa aKTUBHOCTU
JIATI u comepxaHus JlakTata B TKaHsX. JlomyckaeTrcs
nepexkyitoyeHue meradosiudMa Ha [IOKO30-OTMHHOE
HalpaBJieHUEe, CBOWCTBEHHOE MPEACTABUTENISIM pOJa
Mpytilus. Pa3BepHyTasi XapaKTEpUCTUKA COCTOSTHUS
aJleHWIaTHON CHUCTEMbI MO3BOJISIET KOHCTAaTUPOBATb,
YTO TKAHU MOJIJTIOCKA COXPaHSIJIM UCXOIHBIN 3HEpre-
tnyeckuii cratyc. Comepxkanue ppakuum ATD octa-
BaJIOCh Ha yPOBHE KOHTPOJIbHBIX 3HAYEHUI1, YTO OTpa-
2KaJIo alaliTUBHYIO HAIpaBJIEHHOCTh pPEOpraHU3alviu
TKaHeBoro Metabosu3ma. BriepBbie oTMeueHa Crocoo-
HOCTb TemnaronaHkpeaca akKKyMyJupoBaTb (pakluu
AJI® 1 AM® u3 cucteM HUPKYJISILUA B YCIIOBUSIX TH-
Mokcuueckoit Harpy3ku. Ilonaraem, 4To 3TO MOXeT
ObITb OCHOBHOI IPUYMHON pocCTa Iyja aleHWIaToOB U
MOHWXEHUsI 3HadeHuit AD3 B JaHHOM oOpraHe.
M3 npencraBieHHBIX pe3yabTaTOB CIEAYET, UTO Peop-
raHu3alus MpolecCoB YIIEBOAHOTO OOMeHa B TKaHe-
BBIX CTPYKTYpax CpeIu3eMHOMOPCKON MUIUU B YCIIO-
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BUSAX YMEPEHHOM THUITOKCHU TIO3BOJISIET COXPaHSTH
SHEePTreTUYECKUI CTaTyC ee TKaHei. DTOo SIBJISIeTCS Ofl-
HUM 13 OCHOBHBIX YCJIOBUIA, TO3BOJISTIOIINX MOJLUTIOCKY
OCBaMBaTh MPOOJIEMHBIE THITOKCUYECKIE aKBATOPUM.

NCTOYHUKUN OPUHAHCUPOBAHUA

PaboTa BhIMOJIHEHA B paMKax roCylIapCTBEHHOrO 3aja-
Hus: “@DyHKIIMOHATbHBIEC, METAOOJUYECKHE U TOKCHKOJIO-
TUYECKUe aCTIeKThI CYIIIEeCTBOBAHUS THAPOOMOHTOB U MX TTO-
NyJIssuuii B 6MoToNax ¢ pa3inyHbIM (hU3UKO-XUMUUECKUM
pexumoM” (Ne 121041400077-1).

COBJIIIOJEHUE 5TUYECKHUX CTAHJIAPTOB

B naHHO#1 paboTe OTCYTCTBYIOT UCCIENOBAHMS YeJIOBEKA.
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ABTOpBI EKJIApUPYIOT OTCYTCTBUE SIBHBIX U IOTEHIIM-
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PARAMETERS OF ENERGY METABOLISM AND ADENYLATE SYSTEM
OF MYTILUS GALLOPROVINCIALIS TISSUES (LAMARCK. 1819)
IN CONDITIONS OF MODERATE HYPOXIA

A. S. Kokhan4, A. A. Soldatov~**, 1. V. Golovina¢, Yu. V. Bogdanovich?,
N. E. Shalagina®, and V. N. Rychkova“
“Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russia
bSevastopol State University, Sevastopol, Russia
#e-mail: alekssoldatov@yandex.ru

The effect of moderate hypoxia on the processes of energy metabolism in the tissues (gills, hepatopancreas) of
the Mediterranean mussel (Mytilus galloprovincialis, Lamarck, 1819) was studied experimentally. The control
group of mollusks contained 6.8—6.9 mgO, I=!, the experimental group at 1.9—2.0 mgO, I=!. In both cases, the
water temperature was 22 = 1°C, the salinity was 17—18%o. The exposition — 72 hours. The oxygen content in
the water was lowered by bubbling with nitrogen gas for 4—5 hours. In conditions of moderate hypoxia, a complex
of reactions aimed at maintaining the energy status of tissues developed in the body of the Mediterranean mussel.
Aerobic processes were clearly limited, as evidenced by a decrease in succinate dehydrogenase (SDH) activity. At
the same time, the processes of anaerobic glycolysis intensified. The activity of aldolase, malate dehydrogenase
(MDH) increased, the content of pyruvate in tissues increased. This was not accompanied by an increase in lac-
tate dehydrogenase (LDH) activity and an increase in lactate content. The tissues retained their original energy
status. The content of the ATP fraction remained at the level of control values, which reflected the adaptive ori-
entation of the reorganization of tissue metabolism. The ability of hepatopancreas to accumulate ADP and AMP
fractions from circulation systems under experimental hypoxic load was noted.

Keywords: moderate hypoxia, adenylate system, succinate dehydrogenase, glycolysis enzymes, glycolytic metab-
olites, gills, hepatopancreas, Mytilus galloprovincialis
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