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OueHka B3auMOJEICTBUS MOPCKHX XO3SMCTB C OKPYXKAIOIIEH cpeioi Py MPOMBIIUIEHHOM BbIpALIU-
BaHUM Muanu Mytilus galloprovincialis BecbMa akTyasibHa. B cucteme munuiiHas pepma — cpejia Bax-
HYIO POJIb UTPAIOT OMOTHUYECKKE MIOTOKY BEIECTB Yepe3 TOHA/IbI, MOJIOBbIE IPOIYKTHI (CriepMa U sidtie-
KJIETKU) ¥ TUIUHKA. [T0CKOJIbKY TOHA/IBI BBITIOTHAIOT KJTIOUEBYIO POJIb B PA3MHOKEHUM MUIWN, TIPeI-
CTaBJISIETCS] MHTEPECHBIM PACCMOTPETh 3JIEMEHThI OajlaHCa BEIIEeCTB, MPUHUMAIOLIUX HETOCPEACTBEH-
HOE ydacTue B 9TOM mporiecce. TecTocTepoH, SCTPaanodl, KUPHbIE KUCIOThI, a TaKXkKe CEeJIeH U LIUHK,
noTpedsieMble MOJUTIOCKaMH BMeCTe C TIUIIel U BOJOM, Ipexk/ie BCero He0OXOMMBI UM [Tl OCYIIIECTB-
JIeHUsI HepecTa, a Takke Ui pocTa M pa3BuThs. YacTh MOTpeOIsieMbIX BEIIECTB 3aJeCTBYETCS Opra-
HU3MOM MUJIUI B Ipoliecce MeTaboym3Ma, a YacTh SKCKPETUPYETCs B BOJHYIO Cpejly BMecTe C TO-
JIOBBIMU TIpoAyKTamH. Llenh maHHOM cTaThy — MPOBECTH KOJMYECTBEHHOE OMpeieieHUe IEMEHTOB
OajlaHca CTEPOU/IHBIX TOPMOHOB, JKUPHBIX KUCJIOT M OMOT€HHBIX MUKPO3JIEMEHTOB B TOHA/aX, IOJIOBBIX
MPOIYKTaX U JIMUMHKAX MOJUTIOCKOB, UTPAIOIIMX BaXKHYIO POJIb B MeTa00 M3Me uX opranu3ma. KoHueH-
TPAIHIo OOIIIEro TECTOCTEPOHA U CTPAANOJIa B TOHAAX U TIOJIOBBIX MIPOAYKTAX OMPENEIsLT METOIOM
TBEPIO(a3HOr0O UMMYHO(epMeHTHOro aHanu3a. Coaep:kaHue MUKPOJIEMEHTOB U3MEPSUIA METOAOM
MaCC-CIIEKTPOMETPUU C UHAYKTUBHO-CBS3aHHON I11a3MOUA. OTHOCUTEBbHBIA COCTAB JKUPHBIX KUCIIOT
TOHA/I, IOJIOBBIX MPOIYKTOB U JINYMHOK MUJIUU ONPeNeNsid MeTOJJOM X POMaTO-MacC-CIIEKTPOMETPUH.
Konrenrparuu ceneHa M IMHKA B TOHAJaX M TMOJIOBBIX MPOAYKTAX MUAWUA 3aBUCAT OT CTAJUU pe-
MIPOAYKTHUBHOTO IMKJIA. B KEHCKMX roHajax copepkaHue cejieHa W IMHKA BHIIIE, YeM B MYKCKHX.
HaubGonbliass KOHIIEHTpaIUs celieHa oOHapyXkeHa B siniekyierkax — (14,7 £ 2,9) MKr-r‘lcyx. Kon-
HeHTpaius B criepMmaro3ougax — (14,4 + 1,8) MKr'r‘]ny. CopepkaHue IIMHKA B rOHaaax A0 Hepe-
CTa BbILLE, YeM B MOJIOBBIX MPOAYKTaXx. B roHagax camioB 0 HepecTa KOHLEHTpalusl HMHKA COCTaB-
nser (27,5 £ 3,7) MKr-r‘lcyx, B criepmarozougax — (19,3 + 6,4) MKFT_]CyX. B ronagax caMok —
(53,6 £10,9) MKFT_lcyx, B stiitlekIeTKax — (49,3 +8,2) Mxr-r~! cyx: B Becennwmii meprio1 3HAUEHUS CTe-
TICHU YCBOEHM CeJIeHa U IIMHKA 13 U1y (q) B TOHaiaX MUK Kosieomotcs B quanas3one ot 0,1 o 0,6.
3HaveHus MpesenbHoro KoagpuimeHTa MUIeBoro HakorieHus ceieHa u nuHka (K,) coctaBisior
ot 0,6 10 1,4. Muauu ciayxaT UICTOUHUKOM TMOJTMHEHACHITIEHHBIX )KUpHBIX KucaoT (ITHXKK), koTopsie,
BEPOSITHO, MCIOJIL3YIOTCS Apyrumu ruapoduontamu. Co criepmoii Beiensiercst 1o 56,2 % IMTHXK,
¢ auuekyeTkamMu — 48,1 %, Torga Kak B JIMYMHKAX 3TOT MokaszaTelib He npeBbinaer 10,2 %. Tlony-
YeHHBIE JaHHbIe CBUIETEIbCTBYIOT O TOM, YTO MOJUTIOCKH TIOTPEOISIIOT TOPMOHBI, JKUPHBIE KHUCIIOTHI,
CeJIeH M IMHK W3 MUY ¥ BOIBI U1 HOAJepkKaHus Ku3HeHHbIX mpoueccon: u3 [THKK B opranuzme
00pa3yoTCs MPOCTATJIAH VHBI, U3 TECTOCTEPOHA — CJIOKHBIE 3(UpPHI TecTocTepoHa. CeJieH U IIUHK, CO-
eIMHSISACH C OeJIKaMU, UT'PAIOT KJTIOUYEBYIO POJIb B pa3MHOXEHUU U (DOPMUPOBAHUU 000JIOUEK JIMUHMHOK.

KmroueBsbie caoBa: muaus Mytilus galloprovincialis, noaoBble MPOAYKTH, JIAYUHKH, CEJIEH, LUHK,
TECTOCTEPOH, SCTPAIUOJ, KUPHbIE KUCIOTH, YEpHOE MOpe
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TecTtocTepoH, 3CTpaanoJl, MOJMHEHACHIIEHHBIE KUPHbIE KUCTOTHI (Hanee — [THKK) u Mmukpoasne-
MEHTBI 00J1aJaloT BBICOKOW OMOJIornueckoil aktuBHOCThIO (Kapranova et al., 2019 ; Nikonova et al.,
2017). Cenen obecrieuMBaeT 3alUTy OpraHU3Ma OT aKTHUBHBIX (JOpM KUCIOPOAA, a TAKKE KU3HECIIO-
COOHOCTH CIIEpMaTO30MI0B. Ero oTcyTCTBHE BO BpeMsl CliepMaTOreHe3a BIHMSET Ha KA4eCTBO CIIEPMBI
Y TJIOJJOBUTOCTh KUBOTHBIX (Ahsan et al., 2014). M3BecTHO, YTO IMHK UCTIOIB3YETCS IJIsl TIOJ/IEPKKHU
(byHKIMA penpoayKTHBHOM CHUCTEMBI, a TakXke i akTuBanuu gpepmeHToB, cuHTte3a JJHK u Oenkos
B opranusMe. [103ToMy 0co0yI0 aKTyaJIbHOCTh MPUOOPETAIOT MCCIIeOBAHMUSI, TIO3BOJISIONIME OLICHUTD
coJiepKkaHue CTEPOUIOB, )KUPHBIX KUCIOT (nasee — JKK), ceneHa u IMHKa B pepoOAyKTUBHON CHUCTEME
TUAPOOUOHTOB.

Mopckue hepMBblI IO BBIPALITMBAHUIO MOJUTIOCKOB SIBJISTIOTCSI 3HAYMMBIM KOMITOHEHTOM MPUOPEKHBIX
MOPCKHX 9KOCHCTeM. Bo B3aMOOTHOIIIEHN MuIMiiHAs (pepMa — cpejja BaXHYIO POJIb UTPAIOT OUOTH-
YecKUe MOTOKYU BEIIeCTBAa U SHEPTUU B CHCTEME BELIECTBO — TOHA/Ibl — IOJIOBbIE MPOYKTHI (CriepMa
U SALEKJIeTKN) — JTUYMHKYA. OUEeHUTh MOTOKU BElecTBa Yepe3 ST KOMIIOHEHTHI MO3BOJIsIeT OalaHco-
BbIi moaxoa. Haubosee nogpoOHO M3yUueH SHepreTHIecKuil 6anaHc MoceaeHuil YepHOMOPCKUX MU
B €CTECTBEHHBIX MOMyJsAusax (PuHeHko u ap., 1990). [Insg mopckux ¢gprepm mogoOHbIN TOAX0]] pean30-
BaH MPY UCCJIEJOBAHUY MTOTOKA KAPOTUHOMIOB B cucteMe cpea — Mmuaust (Mytilus galloprovincialis) —
OMOOTIIOKEHHS] MU Ha OCHOBE OIpe/ie/ieHHs] KaYeCTBEHHOTO M KOJIMYECTBEHHOTO COCTaBa KapOTH-
HOUJOB B pa3MuHbIX opraHax M. galloprovincialis B 3aBUCUMOCTH OT C€30HA T0OJIa U OLIEHKH YCBOSIEMO-
cti nurMeHToB MoJuniockoM (IlocnienoBa u Hexopoiues, 2003). B pesynsrate usydyenus tpancpopma-
[IUM OT/IEJIbHBIX KAPOTUHOUIOB B ITpoIiecce MeTa0o0M3Ma U KOJTMUECTBEHHOM OIIeHKH X aCCUMUTISIIN
YCTAHOBJICHO, CKOJIbKO JKMBOTHOE TIOTPEOJISET U BbIICISAET KAPOTUHOU/IOB.

MC)K,Hy TEM JaHHBIC IO 2JIEMEHTaAM OajlaHca MHBIX OMOJIOTMYECKH aKTHBHBIX BE€IIECTB, BBIIIOJJIHA-
IOI1X BA’)XKHYIO POJIb B MeTadoJIM3Me OpraHnu3ma, TAKUX KakK CTCPOUIHbIC TOPMOHBI, KK u 6uoreHHsle
MHKPO3JIEMEHTHI, B TOHalaX U IOJIOBBIX ITPOAYKTAX MOJIJIIOCKOB BECbMaA OI'PAHUYCHHDI, YTO O6YCHOBI/IJ'IO
1EJIb BBIITOJTHEHU A 9TOI pa6OTbI.

MATEPUAJI 1 METO/1bI

MarepuasioM s WCCIeJOBAaHWI BBIOpAaH JBYCTBOpYAThIA MOJUTIOCK Mytilus galloprovincialis
Lamarck, 1819, BelpammBaeMblii B MOpPCKUX Xo3siicTBax r. Cepacrorofisl: B JlacmuHCKOW OyxTe
(44°24.56'N, 33°42.19°E) u 6yxte Kapautuunoit (44.61°N, 33.49°E). Muauii 1oObIBaIM BOJOIa3HBIM
crniocoOoM ¢ riryounsl 2—-3 M B arpesie — mae 2020 r. TemmniepaTypHblii [uana3oH Boasl — +7...+21 °C.
Bcero o6padorano okosno 600 3k3. oqHOpa3MepHBIX MUIUH ¢ JyTHON pakoBUHBI 50-60 MM. [epen Hava-
JIOM 9KCIEPUMEHTa MOJUTIOCKOB 3—6 4 BbIIEPKUBAIM B TPOPUIBTPOBAHHON MOPCKOM BOJIE /17151 OUUCTKU
MUILEBAPUTENIbHBIX TPakTOB. [10J0BYI0 MPUHALIEKHOCTh U CTAJUIO PETTPOAYKTUBHOIO LIMKJIA MU
OTIpeieNIslId Ha Ma3Kax TOHaJ| C MOMOIIIbI0 MUKPOCKOIMA, OCHOBBIBASICh HA aHAJIM3€ TMCTOJIOTHYECKUX
npenapatos ronaj (Ilupkosa u ap., 2019). Ciepmato3ouipl 1 AULEKJIETKA MUIUH N10JIy4Yaly 110 METO-
nvke, panee onucanHon JI. JI. HukonoBoii ¢ coaropamu (Nikonova et al., 2017). Cyxyio maccy noJo-
BBIX IIPOJYKTOB OIPEAEJISIN MOCTIe BHICYIIMBAHUS 1 MJ1 B3BECH TOMOTE€HU3UPOBAHHBIX CLIEPMATO30M/I0B
u sunexsetok npu +105 °C. [1pu 3101 ke TemriepaType ONnpeaeisii CyXylo Maccy rOHa/l.

KoHueHTpanuio o011ero TecCTocTepoHa 1 3CTpajinosia B roHaJax 1 MOJIOBbIX IPOJYKTAX OMpPEAessin
METO/IOM TBEpJO(aszHoro nMmMmyHodepMmeHTHoro aHaumsa (Nikonova et al., 2017). ConepxaHue MUK-
PO3JIEMEHTOB U3MEPSIIA METOAOM Macc-CIIEKTPOMETPUM C MHAYKTUBHO-CBSI3aHHOM TUIA3MOM C ITpUMe-
HeHueM MHoroajeMeHTHoro ctanaapta [V-ICPMS-71A Inorganic Ventures (CILA). OTHOCUTEIbHBIT
COCTaB KUPHBIX KHUCIIOT OMpeesisid 10 MeToauke, paspadoranHou JI. JI. KampaHoBo# ¢ coaBTopa-
mu (Kapranova et al., 2019). ITonyuyenue mmunHOK U oripesesnenue ux ’KK-cocrapa nmpoBoauim rno meTo-
AvKe, yKa3zaHHOU B rmyOnmkanuu (Kanpanosa u ap., 2020). M3mepenus coaepkaHusi MUKPO3JIEMEHTOB
n KK-cocrasa BemosneHs! B LIKIT «Cnekrpomerpus u xpomarorpagus» GPULL NTHBIOM.
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PE3VIJIbTATHBI 1 ObCYKIEHNE

HpOBCIIéM AHAJI3 COHEpPKAHUA CTCPOUIHBIX TOPMOHOB, CCJICHA W LHWHKAa B TOHAaJaX MHWIUN
Ha pa3HbIX CTaAUAX 3PEJIOCTHU, a4 TAKIKE B ﬂﬁHeKﬂeTKaX U CliepMaTo30MnJax (Ta6.TI. 1)

Ta6suma 1. KoHieHTpaims CTEpOMIHBIX TOPMOHOB, CeJieHa W IMHKA B TOHAAaX, SIMIEKJIETKax
u cniepmaroszouaax muauu M. galloprovincialis

Table 1. Concentration of steroid hormones, selenium, and zinc in gonads, eggs, and sperm of the mussel
M. galloprovincialis

Cranus KoHniieHTpanus creporiHbIX TOPMOHOB, KoHniieHTpanys MUKpO3JIEMEHTOB,
3peNIOCTU X 10_6 MKF-F_Iny MI(I"'I"_lcyx
TroHa OO01uii TeCTOCTEPOH ScTpanuon Cenen sk
(TIoJTIOBBIC 5 g 5 g
MIPOAYKTHI) ? ? ? ?
7757,8+ | 2154,5+ 90,1+ 512,5+
1 H. 1. H. 1. H. 1. H. 1.
2315,2 643,1 28,6 33,1
2453,1% 592,1% 120,9+ 623,0+
2 ’ ’ ’ ’ 12,0+ 1,5 i 33,3+£6,6 I
1409,8 112,8 27,8 40,8 A e
781,1% 210,33+ 104,7x 747,0%
3 ’ ’ ’ ’ 8,7+0,7 | 108+£1,7 | 246+£3,6 | 356 £11,8
60,1 30,0 30,1 30,0
+ + + +
4 79,0 352,04 19,5+ 636,7+ 93+1,9 90£2,5 | 16,3+£19 | 455%+31,2
83,9 192,0 26,3 22,0
975,11 859,0+ 1322+ 5290+
A ’ ’ ’ ’ 1 +2 + 229+ +1
5 464.3 116.1 343 2.1 0,728 | 9,7+£3,3 9+57 | 563%+17,9
6922+ 144,2 = 110,6 £ 501,8+
B ’ ’ ’ ’ 88+1,4 | 13,71, 27,5+3,7 ,6 £ 10,
> 115,4 14,4 20,4 34.4 8 3 ? SE3 53,6£10,9
+ +
q H. 0. 12:; - H. 0. ?;g:g - H. 0. 14,7+2.9 H. 0. 493 +8,2
+ +
C 14;23:2_ H. O. 123:3_ H. 0. 144 +1,8 H. O. 19,3 + 6,4 H. 0.
IIpumeuanue: H. 0. — He OOHapykeHO; H. A. — HeT JaHHBX; SA W 5B — ToHamel 10 W TOCTe HEpecrta;

A — sitnexneTkn; C — criepMaTo30HIbL.
Note: H. 0. denotes not found; H. 1., no data; 5A and 5B, gonads before and after spawning; {1, eggs; C, sperm.

KoHneHTpanuu ceneHa B roHa1ax U MOJIOBBIX MPOAYKTaX CAaMOK M caMIoB Muauii (tad. 1, puc. 1)
M3MEHSIIOTCS aHAJIOTUYHO KOHIIEHTpalusaM crepougHbix ropmoHoB (Nikonova et al., 2017) u 3aBu-
CAT OT PeNnpOAYKTUBHOIO IuKJa MOJUTIOCKOB (Goede et al., 1993). KoHuenTpaius ceieHa B roHajgax
CaMIIOB TMOJIOKUTETbHO KOPpEIUpYeT C KOHIeHTpanuen tectoctepoHa. KoadduimeHt koppensuuu
o [Mupcony cocrasui 0,89 (p = 0,045).

MakcumanibHasi KOHIIGHTpallMsl CejeHa OTMEYEeHa B MOJIOBBIX MPOAYKTaX: B SMIIEKJIETKAX —
(14,7 £ 2,9) MKr-r‘Iny, B criepmato3ongax — (14,4 + 1,8) MKF-F_lcyx. CHMKeHME KOHIIEHTpaluu ce-
JieHa B TOHAJIaX MUJIWH TIOCJIe HepecTa 00bACHSAETCS HadaioM (ha3sl MOCIEHEPECTOBOM ITepeCcTPORKH.

CeneH sIBIIIeTCSl SCCEHIMATBHBIM 3JIEMEHTOM 1St MUIUI. [IpuopUTETHBIN MyTh €ro MOCTYILIEHUS
B OpraHu3M — aJMMeHTapHbli ¢ KopMoM (90 %) u Bogou (10 %) (Ahsan et al., 2014). Becb 10T CcenieH
HAXOJUTCS B IBYXBAJIEHTHOUN OpraHu4eckoi (popme, MpUIEM B KUBOTHBIX MTPOAYKTAX MpeodIagaer ce-
nenHouuctenH (SeCys), a B paCTUTENIbHBIX — ceJleHOMeTHOHMH (SeMet). CelieH ocTynaeT B OpraHu3m
’KMBOTHBIX B OCHOBHOM B BHUJI€ CEJICHOMETHMOHWHA. TPpaHCIOPT U JEMOHMPOBAHUE CeJieHa OCYIIECTB-
JISTIOTCS CEJICHOIPOTEHMHAMMU, COJIEPKAIIMMU ceJieHonrcTernH. CeJIeHOIPOTEHH MPeICTABIIsET COOO0M ce-
JICHOLIUCTEMHCO/IEPKALUI OEJIOK C OKHCIUTENIbHO-BOCCTAHOBUTENILHON aKTHUBHOCTBIO, YYaCTBYIOIIHIA
B aHTMOKCH/IAHTHOW PEeaKIMU. Se SBJSETCS COCTABHOM YaCThIO CEJIEHONPOTEUHOB, KOTOPBIE 3allIUIIAI0T
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CIIepMAaTO30M/IbI B IPOIIECCE UX CO3PEBAHMS OT OKUCIUTELHOTO MOBPEXICHHUS, a TAKKE CIyKaT CTPYK-
TYPHBIMH KOMITOHEHTAMH 3PEJIbIX CIIepMaTo30MI0B. Takum 00pa3oM, celieH U CeJIeHOITPOTEHHBI 00ecIie-
YMBAIOT )KU3HECTIOCOOHOCTH CIIEPMATO30MA0B U 3aIUTY OT aKTUBHBIX (popM Kuciopoa. MccnenoBanus
CEJICHOMPOTEMHOB Ha TEHHOM YPOBHE MOKa3aJid, YTO UX OTCYTCTBUE BO BpEeMsl CliepMaToreHesa npuBo-
JIUT K aHOMAJbHOMY Pa3BUTHIO CIIEPMATO30U/IOB, YTO, B CBOIO OUEPE[lb, BIMSAET HA KAYeCTBO CIIEPMBI,
(eprribHOCTD M TMOUIO (Ahsan et al., 2014).
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Puc. 1. Konuenrpauus cenena B roHagax muguu M. galloprovincialis: SA — roHamw! miepe] HEPECTOM,
5B — roHajp! mocie HepecTta

Fig. 1. Concentration of selenium in gonads of the mussel M. galloprovincialis: 5A and 5B denote gonads
before and after spawning

ITpu u3ydyeHnu ceneHONpOTENHA U3 KeMuykHOU munuu Cristaria plicata yanock 3KCIpecCUpOBaTh
MaTpuuHylo puOoHyKjIenHoByl0 Kucioty (MPHK) u3 Tkaneln manThM, *adp, reMOLIMTOB, MBI
1 renaronaHkpeaca. CaMoi BBICOKOM OblIa SKCIIpeccus U3 TKaHel renaronankpeaca (Hu et al., 2014
Kopp et al., 2018).

[IuHK UCTONB3yeTCsl OPraHM3MOM KMBOTHBIX ISl akTUBaluu pepmenToB, cuHte3a [IHK u 6enkoB
U IS IOAAEPKKU (PYHKIUI PenpOIyKTUBHOM cucTeMbl. OH TakXke JeNCTBYET KaK aHTUOKCHIAHT, MO-
AaBJIsisl CHOCOOHOCTb COEAMHEHUI CBOOOTHBIX PAAMKAIOB MOBPEKAATh KIETOUHYIO TKaHb M TeHETUYe-
CKUI Matepual. DKCKpeuus Zn U3 MATKUX TKaHEH MU MPOXOIUT, MO-BUAMMOMY, YEPE3 OOLUTHI
nipu Hepecte (Lowe & Moore, 1979). V M. galloprovincialis, coOpaHHBIX B HEKOTOPBIX MOpTax 3ama-

HOTo AJIKMPa, KOHLIEHTPaLMs IMHKA U3MEHUIAch B Auana3oHe ot 87,1 go 731,5 mkrr! . (Had jetal,

1
cyx?

cyx
2012). B cnepmatozougax munuu u3 Yepuoro mopsi conepsxkanue Zn cocrabuiio (30,4 £ 6,4) Mxr-r-
B sAinekJeTkax — (115,4 +24.2) MKr-r‘lny (Kapasanuiesa u jp., 2012). B Hactosiei pabote otmMede-
HO OoJiee BRICOKOE COJIepKaHre IIMHKA B TOHAJIAX JI0 HEPeCTa, YeM B ITOJIOBBIX MTPOAYKTAX, YTO TOBOPUT
0 YaCTMYHOM KCKperuu Zn BMECTe CO ClIepMOH U sfIeKIeTkaMu. B roHagax caMmIiioB /10 HepecTa KOH-
ueHTpauus Zn cocrasiusa (27,5 £ 3,7) MKF-F_Iny, a B cepmarosongax — (19,3 £ 6,4) MKr-T !
Cogep:kaHue B roHajax camok — (53,6 £ 10,9) MKF-F_lch, B fiiliekaeTkax — (49,3 + 8,2) MKF-F_]ny.
[{rHK, TOMYyYeHHBIM W3 TUINW, CBS3aH B OCHOBHOM C MSTKMMH TKaHSAMHU MWW, a Zn U3 MOp-
ckoil Bogsl — c pakoBuHamu (Fisher et al., 1996). 3smeHeHne Macchl MATKMX TKaHEd U PaKOBUH

y muguii M. galloprovincialis MOkeT ObITh OOYCJIOBJIEHO Pa3JMYHBIMU YPOBHSIMU HAKOIUIEHHS LIUHKA.

cyx*
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Hanpumep, Bec pakoBUH MUIMHA, 3arps3HEHHBIX Zn, yBEJMUYWICA Mocie S51-IHEBHOro nepuoia
ounctkH (Soto et al., 2000).

B Hammx uccienoBaHUAX OTMEYEHa OTpHLIATEIbHASA KOPPEssLus MEXAy KOHLEHTpaluuen IMHKa
Y KOHLIEHTpAIMeH 3cTparoia B TOHAIaX CAMOK Ha pa3HbIX CTausAX M0JI0BOro co3peBanus. Koadpuim-
eHT Koppessauuu 1o IMupcony cocrasui —0,98 (p = 0,024). Kak u3BecTHO, 3CTpaAnos1 TPU3HAH BaKHBIM
PEryJIATOPOM Kak MOTpeOIeHNs IUILH, TaK 1 pacxoia sHepruu (Mauvais-Jarvis et al., 2013). Sctpaguon
peryJmpyeT Maccy Tesa, ciocoocTBys e€ yBenumueHuio (Mauvais-Jarvis et al., 2013).

B pabote (Soto et al., 2000) nmokazaHo, 4TO Zn HaKaIUIMBAJICS B MATKUX TKaHIX MPONOPLUHOHAIb-
HO €ro KOHIIEHTpAllMi B MOPCKOH BOJIE, B TO BpeMsl KaK KOHIIEHTpalus B reMosumde Obljla HEMHOTO
BBIIIIE, YeM B OKpyskamome cpene. [lornomenre Zn mpoucXoanio Yepe3 KUIIEYHUK, MAHTHIO U Ka0-
phl. Zn TpaHCHOPTHPOBAJICA W3 kaOp M KuileyHuka (t, ~ 8 gHeil) yepe3 remonumdy mO0 B BUJE
KOMIUIEKCa C BBICOKOH MOJIEKYJISIPHOH Maccoii, MO0 B BUJIE IPaHyIMPOBAHHBIX aMEOOIMTOB B MOY-
Ky. Bonbinast yacth Zn B OpraHu3Me MPUCYTCTBOBAIA B 3€PHUCTHIX aMEOOIUTAX, KOTOPBIE HAXOMIM-
JIMCh BO BCEX TKAHSX OpraHW3Ma, WIM B KUIEYHUKe U noukax. Hanpumep, y muauu Mytilus edulis
[I0YKa ABJISAETCS OPraHOM, B KOTOPOM XPaHATCS MHOTME MUKPO3JIEMEHTHI; oHa conepxkut 30 % (oko-
710 1000 Mkr-r! CyX) OT O0IIEero KOJIMYecTBa IMHKa B opranu3Me. [1pr TOM IUHK JIOKAJIM3YeTCsI B BUJE
HEepaCcTBOPUMBIX TPaHyJI B MEMOPaHHO-JIMMUHUPOBAHHBIX BE3MKYJIaX, 3aHUMAIOMUX oKosto 20 % 00b-
€Ma KJIETOK. DKCKpelus Zn MPOUCXOIUT MyTEM jAedeKaluu, SK301UTO3a MOYEUHBIX TPaHyl B MOUY
u nuanene3a amedormTo (George & Pirie, 1980).

J71 OLEHKM CTeneHW YCBOEHMs! I'MAPOOMOHTAMU CeJleHa W IMHKA M3 IUIIM [PUMEHSUIM Ma-
TEeMaTUYECKyl0 MOJejb, Ije B KauecTBe 0a30BOro ucrnosbzoBaiu ypaBHenue I'. I'. Ilonumkaprosa
u B. H. Eropogsa (1986):

dcgr q—Cigy) = Cip, (D
rie C, u C,, — KOHIIEHTpaI|s XAMHUYECKOTO 3JIeMEHTa B TUIPOOHOHTE M €0 THILE, MKI-T

R — OTHOCHUTE/IbHBIA PaLMOH, CyT ™' ;

( — CTeneHb YCBOSHUS JIEMEHTa U3 THIIIHN;

J, — CTeNeHb yCBoeHUs muum i pocta (= K,);

P — MoKa3aTeJb CKOPOCTH OOMEHa 3/IeMeHTa THAPOOUOHTOM, CyT .

Vpasuenue, npemioxerHoe . I'. Tlomukapnoseim u B. H. Eropossim (1986) nuist onvicanust KuHe-
THKM 0OMEHa MUKPO3JIEMEHTOB B TUAPOOUOHTAX MPU THIIIEBOM TMOIJIOMIEHUH JIEMEHTOB, MOKET OBITh
IIPUMEHEHO AJ11 MU, €CJIM U3MEPEHO COAEPKAHNE MUKPO3JIEMEHTOB B TOHA/1aX MOJUTIOCKOB U B TIOJIO-
BBIX MPOJYKTaX ¢ y4€TOM u3BecTHOro Koadpduumenta K,. Crenenp ycBoeHUsI MUKPOJIEMEHTOB U3 MH-
MY OLIEHUBAIOT KO(P(PULIMEHTOM (, KOTOPBII MOXKET SBJISATHCS BAXKHOW XapaKTePUCTUKOMN, OMpeIesisiio-
11e#l MoTpeOHOCTh MOPCKUX OPraHM3MOB B pacCMaTPUBAEMbIX HAMH MUK POIJIEMEHTaX.

[Tpeobpa3zoBanuem panHoro ypaBHeHus (IlocmenoBa u ap., 2018) Obula mosydeHa dopmyna
1JIsl OLIEHKU CTETIEHU YCBOEHUs CeJieHa (LIMHKA) g MO JaHHBIM U3MEPEHUI KOHLIEHTPALM 3JIEMEHTOB
B TKaHSIX MUJUU U MOJIOBBIX MPOAYKTAX:

— R(C

n

q= Sty o)
- ’
ern + Cn<]' - QH)
o€ q — CTCICHb YCBOCHUA JIEMEHTA U3 TIUIIH;
Cr —_— KOHL[eHTpaL[I/IH XUMHUYECKOI'O JIEMEHTA B rOHaJaXx, MKI'-T' B

1.
cyx>?
C,, — ero KOHIIEHTpalys B CIEPMATO30MAaX WU ANLIEKIeTKaX MUWH, MKF-I‘_lcyx;
q,; — CTeleHb YCBOEHM NUIIM A1 pocta (= K,).
Crnenyer OTMETUTh, UTO MPHU JAAHHOM MOAXOJE HE YUMTHIBAIWCH JIOJIM CEJIEHA W LIMHKA, KOTOpPbIE

MOIJIH ObI IKCKPETUPOBATHCA BMECTE C OMOOTIIOKEHUSMMU.
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Panee wuccnenoBaHve KMHETHKU COJEPKAHUS MHUKpPO3JeMeHTOB B M. galloprovincialis mokaza-
JI0, YTO KOHIIEHTpAlus U OOMEH XMMHUYECKOrO MHUKPOIJIEMEHTa B MUJUSAX MOXET pacCMaTpHBaTh-
c Kak MHTerpaypHblii mporecc Bo BcéM oHtoreHese (ITommkapnos m Eropos, 1986). B mepsom
MPUOIMKEHUN JIJISE OLCHKM YCBOSIEMOCTH 3JIEMEHTOB MOJLTIOCKAMHM MOKHO WCIOJIb30BaTh CpeHe-
rOI0OBOE 3HAYCHME CTENEHHM YCBOeHMA mmiuy Ha pocT ¢, (K,) (Punenko u ap., 1990). Ina rpa-
Hul auanasoHa ¢, — 0,14 u 0,42 — onpengenum 3HavyeHusa ( Ui celeHa (LMHKA) B BECEHHUU
nepuop (tadm. 2).

Ta6Juuna 2. 3HaueHUE CTENIEHN YCBOCHHUsI CeJieHa M LIMHKA 13 tuiim (q) muaueit Mytilus galloprovincialis
Table 2. Assimilation of selenium and zinc from food (q) by the mussel Mytilus galloprovincialis

Crausi 3peniocTH ToHa q cenctia (g, =0,14) q uirka (g, = 0.14)
g 0 g 0
1 H. 1. H. 1. H. 1. H. 1.
2 0,12+ 0,03 H. 1. 0,22 0,08 H. 1.
3 0,09 + 0,03 0,11 £0,07 0,17 £0,01 0,11 £0,01
4 0,10 £ 0,04 0,09 £ 0,07 0,12 £ 0,05 0,13 £ 0,02
5A 0,11 £0,06 0,10 £ 0,08 0,16 £ 0,01 0,16 £ 0,01
5B 0,09 + 0,04 0,13 + 0,08 0,19 £ 0,01 0,15 £ 0,01
Cramust 3peocTH TOHA q cenenta (q, = 0,42) q uuHKa (q, = 0,42)
g 0 g 0
1 H. 1. H. 1. H. 1. H. 1.
2 0,38 £ 0,09 H. JI. 0,55 £ 0,07 H. [I.
3 0,30 £ 0,06 0,35+ 0,02 0,48 £ 0,01 0,34 £ 0,03
4 0,32 £ 0,01 0,31 £ 0,01 0,38 £ 0,08 0,40 £ 0,06
S5A 0,35+ 0,02 0,32 £ 0,02 0,46 £ 0,02 0,45+ 0,03
5B 0,31+0,11 0,40 £ 0,20 0,51 £ 0,07 0,44 £ 0,20

IIpuMeuanue: H. I. — HeT JaHHBIX; SA U SB — roHapl JO ¥ 1ocjie HEPECTa.
Note: H. 1. denotes no data; SA and 5B, gonads before and after spawning.

B ronagax Muavii B BECCHHUH TIePHOJI CPEeJHETOIOBbIe 3HAUCHUS ( IJIs CeJieHa KOJIeOJTIoTCS B Ia-
nasone or 0,1 no 0,4, yto HMke creneHn ycsoeHus nuiy Ha poct (K,). M3BectHo: ecim addek-
TUBHOCTb YCBOGHUSI MUKPO3IJIEMEHTOB U3 MUIIM HUXKE CTeTIeHH YCBOEHUS IMUIIM Ha POCT, Meperava
BelIeCcTBa 1Mo TpopUUecKoi Lenu OydeT WATH C MOHWKEHUEeM TeMIa 3arpsi3HEHHs TOCIIeIyIOIero
3BeHa (I[lonukapnos u Eropos, 1986). Cpeaneronosble 3HaueHus q 11 uaka — ot 0,1 o 0,6.

[Tpu M3BECTHBIX 3HAUEHUSX CTETIEHN YCBOCHMS JIEMEHTA U3 MUIIHN () W CTETIEHW YCBOSHUS TN
Ha pocT ((,,) MOXKHO ONpeeUTh NpeaebHbI KO3((PULIMEHT MUILEBOro HaKOIUIEHUSI MUKPO3JIEMEHTa
no ypasHenuwo K, = Rq/ (Rq, + p) (Ilommkaprios u Eropos, 1986), otkyaa (nipu p = 0, rae p — noka-
3aTellb CKOPOCTH OOMeHa 3JIeMEHTA TUIAPOOUOHTOM, CyT !) K, =q/q,, 10 ectb K, paBeH oTHOLIEHNIO
CTETICHW YCBOCHUs CeJieHa WM IIMHKA U3 MUIIN K CTeTICHW YCBOCHUS MUIIM Ha pocT (Tadu. 3).

3nauennsa K, i cejneHa M LIMHKA B TOHAJax MUAWN B BECEHHMU NepHoA cocTasisoT oT 0,64
no 1,36, 4ro Bblllle CTENEHUM YCBOSHUSI U BOBJIEUYCHHUs B OMOXMMHYECKHE Mpolecchl (q) paccmar-
PUBAEMBIX MUKPO3JIEMEHTOB. DTOT (haKT IMOKA3bIBAET, YTO CEJIEH U LMHK SKCKPETUPYIOTCS BMeECTe
C TIOJIOBBIMU MTPOAYKTAMH B OKPYXKAIOIIYIO CPEy.

[TocKOIBKY MBI KCIIOJIb30BAJIM MUJWM, BHIPAIlIMBAEMbIX B MOPCKHUX XO3SIHCTBAaX, PacCUMTaEM,
CKOJIKO CTEPOUIHBIX TOPMOHOB, CeJieHa U IIUHKA COAEPKUTCS B MOJIOBBIX MPOAYKTaX OJHOW TOHHBI
MOJUTIOCKOB [3T0 71124 3k3. pazmepom 51-60 mm (Xononos u ap., 2017)] (tadm. 4).
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Ta6uuna 3.
M. galloprovincialis

Table 3.
M. galloprovincialis

MakcumanbHbel K03(h(UIMEHT MUILEBOro HakoIJIeHHs MukpoanemeHnta (K) mmaueit

Maximum coefficient of food accumulation of trace element (K,) by the mussel

Cramust 3peocTi TOHA

K, cenena (q, = 0,14)

K, munka (q, = 0,14)

J 0 g 0
1 H. 1. H. 1. H. 1. H. 1.
2 0,86 + 0,21 H. ]I 1,57 £ 0,59 H. JI.
3 0,64 £ 0,23 0,79 £ 0,52 1,21 £0,07 0,79 £ 0,07
4 0,71 £ 0,31 0,64 +£ 0,53 0,86 + 0,35 0,93+0,12
5A 0,79 £ 0,42 0,71 £ 0,62 1,14 £ 0,07 1,14 £0,07
5B 0,64 £ 0,74 0,93 +£ 0,61 1,36 £ 0,07 1,07 £0,07
Crajus 3peniocTu ronat K, cenena (q, = 0,42) K, muHka (q, = 0,42)
J 0 g 0
1 H. 1. H. 1. H. 1. H. 1.
2 0,90 £ 0,20 H. 1. 1,31 £0,2 H. JI.
3 0,71 £ 0,12 0,83 +£ 0,05 1,14 £ 0,02 0,81 0,07
4 0,76 £ 0,02 0,74 £ 0,02 0,90 £ 0,23 0,95+0,14
5A 0,83 £ 0,05 0,76 £ 0,05 1,10 £ 0,05 1,07 £0,07
5B 0,74 £0,23 0,95 £0,54 1,21 £0,22 1,05 £ 0,54

IIpuMeyaHue: H. 1. — HET JaHHBIX; SA U SB — roHaapl 0 U MOCye HepecTa.
Note: H. 1. denotes no data; SA and 5B, gonads before and after spawning.

Ta6smma 4. ConepxaHue TeCTOCTepOHA, 3CTPAJMOJa, CelieHa W IMHKAa B OJHOW TOHHE MUY
M. galloprovincialis
Table 4. Concentration of testosterone, estradiol, selenium, and zinc per one ton of the mussel

M. galloprovincialis

Cramnu CogepxaHue CTEpOUIHBIX TOPMOHOB, CogepxaHre MUKPO3JIEMEHTOB,
3pENIOCTH x 1076 rr7! oy r1! cyx
TOHaJ OO0l TECTOCTEPOH cTpaaunon Se Zn
(ToJioBBIE
MPOIYKTHI) d ? d ¢ d ? d ¢
+ + + +
5A o75,1% 839,0% 132,2% 529,04 10,7+28 | 9,7+33 | 229+5,7 | 563179
464,3 116,1 34,3 26,1
692,2+ 1442 + 110,6 = 501,8+
5B ’ ’ ’ ’ 88x14 | 13,719 | 27,5+3,7 | 53,6 10,9
115,4 14,4 20,4 34,4
+ +
q H. 0. 10,1+ H. 0. 539,5% H. 0. 14,7+2,9 H. 0. 49,3 +£8,2
4,8 122,8
+ +
C 14 ;23:2 - H. 0. 123:;_ H. 0. 14,4+ 1,8 H. 0. 19,3+6,4 H. 0.
IIpumeuyanne: H. 0. — He oOHapyxkeHOo; SA W 5B — roHagsl O M mnocie Hepecta; S —sHAIEKIETKY;

C — cnepmaro3oupl.
Note: H. 0. denotes not found; 5A and 5B, gonads before and after spawning; 1, eggs; C, sperm.

CornacHo aaHHBIM TaO. 4 u nutepatypHbiM cBeneHusaM (Kampanosa, 2020 ; Scott, 2018), crepo-
WJIbl 1 MUKPOSJIEMEHTHI SKCKPETUPYIOTCS] MOJUTIOCKAMHU B BOIHYIO Cpely BMECTE C TOJIOBBIMH IPOIYK-
Tamu. B BeceHHMIA TTepro] BO BpeMsI MaCCOBOT'O HEpecTa B IOJIOBbIE TIPOIYKTHI TTOJTHOCTBIO TIEPEXOAAT
TECTOCTEPOH, a TAKXke CTPAIMOI U ceJieH. L [MHK 9KCKpeTupyeTcsl YaCTHYHO, YTO CBA3AHO, CKOpee BCe-
r0, C TIOPIIMOHHBIM HepeCTOM MHMIA. MaccoBbii HepecT MUl B YEPHOM MOpe MOBTOPSIETCS JBA pa-
3a B TOJl — BECHOU U OCeHbl0. MaKcMMaIbHOE KOJIMYECTBO HEPECTAIIMXCS MUIUI 3aperucTPUPOBAHO
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B cepenuHe arpesisi. OCeHHUI MacCOBBIN HEPECT HAUMHAETCS B CEHTAOpE — OKTSOpE U MPOJOIIKAETCS
B HOsI0pe — Jsiekabpe (XosonoB u ap., 2017). [Tuk Hepecta MUAMI B I0TO-BOCTOYHON YaCTU KPBHIMCKO-
ro npuopexbss YEPHOro Mopst OTMEUEH B ieKaOpe — sIHBape; MeHee 3HAUMTEIbHBIN 3aperucTpupOBaH
B Mae — mioHe. Takum 006pa3oM, ce30HHasI CpeIHsIs TPOIOJIKUTEILHOCT MACCOBOTO HEPECTa JOCTUTAET
YETBIPEX MECALIEB B IO,

B pabote A. B. IlupkoBoii ¢ coaBropamu (ITupkoBa u zp., 2019) ykazaHbl JUHaMHKa CO3pEBAHUS
TOHAJ ¥ COOTHOIIIEHHE TI0JIOB MU/IMI B 3aBUCMMOCTH OT BpeMeHH rofa. MakcuMaibHOE YKCIIO CaMIIOB
HEPECTUTCS B MIOJIe, COOTHOIIIEHHE CAMOK U CaMIIOB B BhIOOpKe (%) coctaiset 25,0 : 75,0.

DnemenTthl Oananca XK y munuu M. galloprovincialis MOXHO TIPEJICTaBUTh B YCIIOBHOW CHUCTEME
TOHAJIbl — TOJIOBBIE IPOIYKTHI — TPOX0opHI (TadI. 5).

Tadommma 5. CopnepkaHue KUPHBIX KUCIOT (% OT OOIIMX JMIMIOB) B TOHAJAX, MOJIOBBIX MPOOYKTaX
u Tpoxodopax munuu M. galloprovincialis

Table 5. Fatty acid content (% of total lipids) in gonads, reproductive products, and trochophores
of the mussel M. galloprovincialis

Craiiu 3pesiocTH HKK MHXK ITHXXK
FO};[?)IE);I;?(J;ESHC d Q JIunskH d Q JInunHkH d Q JInunHkH

1 100 100 H. O. H. O. H. O. H. O.

2 48,2 100 15,8 H. 0. 36,0 H. 0.

3 35,1 100 11,3 H. O. 53,6 H. O.

4 42,5 81,1 58,2 35,9 3,7 31,6 21,6 15,2 10,2

5 100 44 .4 H. 0. 22,1 H. 0. 33,5

qa H. 0. 46,7 H. 0. 5,2 H. 0. 48,1

C 34,0 H. O. 9,8 H. O. 56,2 H. O.

IIpumeuanne: H. 0. — He 0OHapyxkeHO; I — siinekynetkn; C — criepMaTo30U/Ibl.
Note: H. 0. denotes not found; 41, eggs; C, sperm.

Nzmenenue KK-npoduiis B roHaiax v NOJIOBBIX MPOAYKTaX MU B 3aBUCUMOCTH OT CTaJIuM I10-
JIOBOTO CO3peBaHUsI yxe o0cyxaanock B padote (Kampanosa u jp., 2020). Conepxanne HXKK B Tpo-
xodopax MUAUI MIPUMEPHO paBHO cymmapHoMy coiepxanuio HJKK B siineksieTkax u cnepmaro3ou-
nax (Karpanosa u ap., 2020) (Ta6i. 5). Takyio 3aBUCUMOCTb MOKHO OOBSICHUTB TEM, UTO JIO 3aKJIAJIKU
OPraHOB M TKaHE! TPOXO(pOPbl MUANI HAXOAATCA Ha TaCCUBHOM nuTaHuy; Buaumo, H’KK BbimosHsior
MPEUMYILECTBEHHO 3alUTHYIO (PYHKIMIO, (hopMUPYsT 000JIOUKH KJIETOUHBIX MeMOpaH (PokuHa u 1p.,
2010). Kpome TOro, Ha Ha4aJIbHBIX CTAIUAX MOJIOBOrO co3peBaHus KK, BEpPOATHO, y4aCTBYIOT B 3TEPU-
(pykarmu cTepouJHBIX TOPMOHOB, TaK KakK B 3TOT Iporiecc BosiieueHsl peumyniectseHHO HXKK C16
u C18 (Scott, 2018).

Conepxanne MHKK kak B X€HCKMX, TaK U B MYKCKMX IOJIOBBIX IIPOAYKTaX MMM MpaKTUYe-
CKU B /IBa pa3a MEHbIle, YeM B FOHaJax. JTOT (PakT MOKa3bIBAET, YTO M HACHIIIEHHbIE, U HEHACBIILEH-
Hble JKK noctynaior B opraHu3M MUIUI BMECTE ¢ UILEH 1 BOAOM, a 3aTeM UCIIOJIb3YIOTCA B IIpoLieccax,
MOJACPKUBAIOIIMX UX Ku3HeAeATepHoCTh ([locnenosa u ap., 2018 ; Orban et al., 2002). AHanoruyHo
conepxannio MHXKK, conepxxanue [THKK B mmunHKax Ha NOpSOK MEHBIIE, YEM CYMMAapHOE COIEP-
kanue [THKK B moJI0BbIX MPOIYKTaX CAMIIOB M CAMOK, TaK Kak 60sbIias yacts KK noctynaer B TkaHu
MU U3 MUKPOBOIOPOCIIEN M HAKAIUTMBAETCS Ha MPOTshkeHUU ku3HeHHoro 1ukia. [THKK Heodxo-
AMMBI IS aJanTaliyd K YCJIOBUSIM OKpY’Kalollled cpesbl (TeMIiepaTypa, COJEHOCTh U JIpyrue (hakTo-
pol) (Pokuna u ap., 2010 ; Orban et al., 2002). ¥ mommockoB ITHKK, BeposTHO, Takke SABISIOTCS
IpeJIecTBEHHUKaMU npocTtariaanguHoB (Rowley et al., 2005). CymmapHOoe conepkaHue pocTarjaaHam-
HOB B MoJUTIOCKax HeBbicokoe (Tadasi & Hiroshi, 1976); Tem He MeHee mpocTariaHJuHbI U POICTBEHHbIE

Mopckoii buosnorrueckuii xypHain Marine Biological Journal 2021 Tom 6 Ne 4



CrepouiHble TOPMOHBI, CEJIeH U IIMHK B OUOJIOTUYECKON CUCTEME. . . 47

UM SWKO3aHOUIBI, SIBJISISACH KUcIopoacoaepxkamumu metadomramu [THXKK C20, okassiBator ¢usno-
JIOTMYECKOe BO3JEUCTBUE HAa HEPECT y JBYCTBOpPUYATHIX MOJLTIOCKOB (Stanley-Samuelson, 1994). N306b1-
touHoe kosnmdecTBo [THKK, BO3MOXHO, BhIIeII€TCS B BOJHYIO Cpefly, a 3aTeM MOTpedIsieTcs: ApyruMU
TUAPOOMOHTAMM.

3akJrouenne. [ToydyeHHbIE TaHHBIE CBUIETETBCTBYIOT O TOM, UTO MUJIMH, CKOpee BCEero, He Croco0-
HbI CHHTE3UPOBATh TECTOCTEPOH, CTPAINOJ U )KUPHBIE KMCIOTH. MOJUTIOCKU MOTPEOISAIOT CeJieH, ITUHK,
TIOJIOBBIE CTEPOUABI U KUPHbIE KUCJIOTHl U3 MUILM W BOJABI ISl NOJJIEPKAHUSA KUZHEHHBIX (DYHKLMH.
B mponiecce 6uoxummueckux npeppatienuii u3 ITHXXK B oprannsme muauii o0pasyoTcsi mpocTariaH-
JVHBI, U3 TECTOCTEPOHA — CJIOKHBIE (pUpPbI TecTocTepoHA. CeJieH U LIMHK BHIMOIHSIOT KJIIOUEBYIO POJIb
B Pa3MHOXeHHH MOJLTIOCKOB. KoHIieHTpaius Se B roHaiax camIioB MOJIOKUTETBHO KOPPETUPYET C KOH-
HeHTpaimen tecrocrepora. LIMHK BiusieT Ha Maccy roHaja Muauid. KoHmeHTpaiums Zn B roHaJax caMoK
OTPHUIIATESILHO KOPPEIUPYET C KOHLEHTpalMen acTpaaroa. Ha mpumepe cejieHa v IIMHKA B BECEHHUI
MIEPUO/] PACCUMTAHbBI 3HAYEHU I CTETIEHU YCBOCHU S STUX JIEMEHTOB FOHAAAMU MUIMI U3 UM (q) U TIpe-
AeJbHBIN KO3(P(PULIMEHT MUILEBOrO HAKOIUIEHUS JaHHbIX MUKpo3asieMeHToB (K| ). 3Hauenus q i pac-
CMaTPUBAEMbIX MUKPO3JIEMEHTOB HUKE CTENIEHU YCBOeHUs nuiuy Ha pocT (K,), 4To yKasbBaeT Ha ak-
TUBHOE B3aUMOJICHCTBIE MUV C OKPYXaloer cpeior. VI30pTouHOe KOJTMYECTBO CBOOOIHBIX (DOPM
TECTOCTEPOHA, ICTPAMOJIA, KUPHBIX KUCIIOT, CeJIEHA ¥ IIMHKA SKCKPETUPYETCS C MOJOBBIMU MPOIYKTa-
MH C 1IeJIbI0 MoJ/IepKaHusl OaaHca Mexly CBOOOAHBIMU U CBSI3aHHBIMU (DOPMaMU 3TUX BelllecTB. Bme-
CTe C MOJIOBBIMU MPOAYKTAMHU TEpeJaoTcsl HEOOXOJUMbIe KOJIMUYECTBA CTEPOUTOB U MUKPOJIEMEHTOB
00pa3yoIUMCs JIMYUHKAM, KOTOpPBIE HAXOMASTCS TMepBbie HECKOJILKO CYTOK HA HJIOTEHHOM IMUTAHUM.
OpHa TOHHAa MU BO BpeMs HepecTa CIocoOHA BBIICNIATh B OKPYKAIIYI0 Cpely BMECTe CO CIiep-
moit 1o 14,28-1073 mr TECTOCTEPOHA, 0,19-1073 mr actpaauona, 14,4 r nuaka u 19,3 r cenena. C ai-
LEKJIETKAMU OHOM TOHHBI MUJIUM SKCKPETUPYETCS 0,54-1073 mr sctpaguona, 14,7 r cenena u 49,3 r
nuHKa. Muguu cinyxat ucrounnkom [THKK, koTopsie, BEpOATHO, UCMONB3YIOTCS APYTUMU THIPOOUOH-
tamu. Co criepmoit Beigensiercs a0 56,2 % ITHXK, c situeknerkamu — 48,1 %, Torna Kak B JMUMHKAX
3TOT MOKa3aTesib He npesbimaet 10,2 %.

Paboma evinonnena @ pamxkax zocyoapcmeentoezo 3adanus PUL] UnbKOM no memam «Pynoamenmanvhvie uc-
C1e008AHUSL NONYASUUOHHOT OUONOZUU MOPCKUX HCUBOMHBIX, UX MOPGHON02UMECKO20 U 2€HEMUUECKO20 PAZHO00PA-
3us» (Ne 121040500247-0) u «Hccaedosarue mexanuzmos ynpasaerust NpoOYKUUOHHbIMU NPOUECCAMU 8 DUOmMeX-
HONOZUMECKUX KOMNAEKCAX C UeAblo PA3PAdOmMKU HAYUHBIX OCHO8 NOAYUEHUS. OUON0ZUMECKU AKMUGHBIX 6EUleCE
U MEXHUUECKUX NPooyKmoa Mopckoeo zeresuca» (Ne 121030300149-0).
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STEROID HORMONES, SELENIUM, AND ZINC
IN THE GONADS - GAMETES - LARVAE BIOLOGICAL SYSTEM
OF THE MUSSEL MYTILUS GALLOPROVINCIALIS LAM.

L. L. Kapranova, V. L. Ryabushko, M. V. Nekhoroshev, and S. V. Kapranov

A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation
E-mail: lar_sal980@mail.ru

Assessment of the interaction of marine farms with the environment in the industrial cultivation
of the mussel Myfilus galloprovincialis is very important. In the mussel farm — environment system,
biotic fluxes of chemical compounds through gonads, gametes (sperm and eggs), and larvae make a con-
siderable contribution to this interaction. Since gonads play a key role in the mussel reproduction, it is in-
teresting to study the budget of materials, that are directly involved in this process. Out of these materi-
als, testosterone, estradiol, fatty acids, and some trace minerals, such as Se and Zn, are known to affect
spawning, growth, and development. The molluscs absorb these materials from food and water. These
materials are partly metabolically assimilated by mussels and partly excreted into the environment with
gametes. The aim of this study was to estimate the components of the budget of steroid hormones, fatty
acids, and two essential trace elements (Zn and Se) in mussel gonads, gametes, and larvae. The total
testosterone and estradiol in gonads and gametes were quantified by enzyme-linked immunosorbent
assay. The contents of the trace elements were found using inductively coupled plasma mass spectrom-
etry. The fatty acid composition was determined by means of gas chromatography—mass spectrom-
etry. The contents of Se and Zn in mussel gonads and gametes were found to depend on the stage
of the reproductive cycle. In female gonads, Se and Zn concentrations were higher than in male ones.

The highest concentration of Se was recorded in eggs: (14.7 +2.9) ug-g”! dry weight (d. w.). In sperm,
it was (14.4 £ 1.8) ug-g! d. w. Zn content in gonads before spawning was higher than in gametes.
In male gonads and in sperm, its values were (27.5 + 3.7) and (19.3 + 6.4) ug-g”! d. w., respectively.

In female gonads and eggs, the contents of zinc were (53.6 + 10.9) and (49.3 + 8.2) ug-g™' d. w., re-
spectively. In spring, the mean values of Se and Zn assimilation degree (q) in gonads of the mussel
were within 0.1-0.6. The limit values of the alimentary accumulation coefficient (Ky;,,) of Se and Zn
ranged 0.6 to 1.4. While spawning, mussels excrete polyunsaturated fatty acids (PUFA), which are prob-
ably used by other marine organisms. Up to 56.2 % of PUFA are excreted with sperm, and 48.1 %,
with eggs, whereas in larvae this fraction does not exceed 10.2 %. The data obtained indicate that
the molluscs assimilate sex hormones, fatty acids, selenium, and zinc to maintain vital processes:
prostaglandins are synthesized from PUFA in the body, and testosterone esters are formed from testos-
terone. Se and Zn, when coupled with proteins, play a key role in the reproduction and formation
of larval shells.

Keywords: mussel Mytilus galloprovincialis, gametes, larvae, selenium, zinc, testosterone, estradiol,
fatty acids, Black Sea
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