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OKCIIEPUMEHTAJIBHBIE CTATbA

DJIEMEHTHBI COCTAB T'OHAJI, IIOJIOBLIX ITPOJYKTOB Y1 IMUYMHOK
YEPHOM U KOPUYHEBON MOP® JIBYCTBOPYATOI'O MOJLIIOCKA
MYTILUS GALLOPROVINCIALIS LAM.
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B HacTos111€#1 paboTe METOJOM SHEPTOAMCIIEPCUOHHON PEHTTEHOBCKOM CITEKTPOCKOTUU U MACC-CIIEKTPOMET-
PWU C UTHIYKTUBHO-CBSI3aHHOM TIJ1a3MOI OTpeieIeHbl KOHIIEHTPAIlM MaKpO- U MUKPO3JIEMEHTOB B TOHAIaX,
criepMaTo30Max, siileKIeTKax u Tpoxodopax caMiloB U CAaMOK YepHOI M KOpUYHEBOi Mopd cpenr3eMHO-
mopckoit munuu Mytilus galloprovincialis, cobpanHoit B BeceHHUit ce30H 2019 r. ¢ KOUIEKTOPOB MUAUAHO-
yctpuuHoit epmbl B KapantuHHoit 6yxte 1. CeBactonoJs (Kpbim, YepHoe Mmope). [1ojiydeHbl cTaTUCTUYECKA
3HAYMMBbIE Pa3JINIus B 3JIEMEHTHOM COCTaBe TOHAJ, ITOJIOBBIX IIPOAYKTOB U TPOXO(OP Pa3TUIHBIX TTOJIOB Yep-
HBIX U KOPUYHEBBIX MUIWMI. B My>XCKHX U KEHCKUX TOHAIaX YePHbIX 1 KOPUUHEBBIX MUIUI OTCYTCTBYIOT 10-
cToBepHEIe pa3anaus B MakpoaseMeHTHOM (C, O, N, P, S) cocraBe, Torma Kak B IOJIOBBIX IIPOAYKTAaX U JIN-
YUHKAaX pa3andus cyliecTBeHHbl. MukpodoTorpadguu o6pa3iioB roHa1, CliepMaTO30MI0B, STHLIEKIETOK U JI-
YUHOK YEPHBIX M KOPMYHEBBIX MWW, BBHIMTOJHEHHBIE C TIOMOIIBIO CKAaHUPYIOIIETO 3JIEKTPOHHOTO
MUMKPOCKOTA, OTJINYAIOTCS 110 pacipeiesieH!Io 3J1eMEeHTOB. B skeHCKMX roHanax KOpUYHEBBIX U YEPHBIX MU-
Wi peo6iafa.T Mellb, XKeJie30 U MBIIIbSIK, HO B TOHAIaX KOPUIHEBLIX MUIUI colepKaHUe 3TUX 3JIEMEHTOB
JIOCTOBEPHO HMXKE, UeM B yepHbIX. CofepkaHue [IMHKA U ceJieHa B MOJUTIOCKAax YepHoit MOpdbl Bhillie. bonbiie
BCETO CTAaTUCTUYECKHU 3HAYMMBIX PAa3IMINil B 3JIEMEHTHOM COCTaBe YIaJIOCh BBISIBUTH B TpoXodopax U stiiiie-
KJIETKaX YePHbBIX U KOPUYHEBBIX MUAUIA.

Karouegwie cnosa: munust Mytilus galloprovincialis, Mmopbl, TOHabl, CIIEPMATO30UIbI, SIUIIEKIETKU, TUUYUHKU,

MaKpO3JIEMEHTHBI, MUKPO3JIeMeHTHI, YE€pHOE MOpe
DOI: 10.31857/S004445292106005X

JBycTBOpUaThIii MoJuttock Mytilus galloprovin-
cialis — BaXXHBI KOMIIOHEHT IIPUOPEXHBIX MOPCKUX
akocucTeM. OH 00J1a1aeT BBICOKUM TOTEHIIUATIOM IO~
JIOIIEHUS 2JIEMEHTOB U3 BOAKI [ 1], 1 HaKOIUJIEHHBIE B
TKaHSIX 3JIEMEHThl MOTYT MPEBBIIIATh UX KOHLIEHTpaA-
LIMM B OKpYyXamllleil cpeae Ha HECKOJbKO TMOPSIKOB
[2]. ITpu HaKOTUIEHMM B KOJIMYECTBAX, MPEBBIIIAIOIINX
MeTaboJMYecKue MOTPEOHOCTU MaKpO- U MUKPO3IJie-
MEHTBI MOTYT B KOHEUHOM UTOTEe BBIBOJUTHCS C heKa-
JIUSIMU, MOYO U TIOJIOBBIMU TIponykTamu |3, 4]. Tlo-
3TOMY BEChMa aKTyaJbHO TIPUMEHEHUE MUINI B Kaue-
CTBE OHMOWMHIMKATOPOB COCTOSHHMS IIPUOPEXHBIX
aKBaTOPMUIA.

DJIeMEHTHBII COCTaB MOJIJIIOCKOB U3YyYaloT, B OC-
HOBHOM, B TKAHSIX M CTBOPKAaX, HO MaJIO YAEJSIIOT BHU-
MaHUS OIPEIeICHUIO COIEPKAHUS MAaKpO- U MUKPO-
2JIEMEHTHI B ITOJIOBBLIX MPOIYKTaX M JIUYMHKAX MOJI-
JIIOCKOB. MakposeMeHThI BKIIFOYAIOTCS B pa3INnYHbIE
onodn3ndeckne U OMOXMMUIECKHE TIPOIIECCHI U T10-
3TOMY SIBIISIFOTCSI HE3aMEHUMBIMM JUISI TOAJIEPXKAHUS
xu3HU. HegocTaTtok maxke omHOIO U3 3CCEHIUATBHBIX
3JIEMEHTOB B OpraHMU3Me MOXKET OCTAHOBUTBH €r0 POCT

WIN penpoayKiuio. B opraHu3mMe MOJIJTIOCKOB MaKpo-
BJIEMEHTHI SIBJISTIOTCS CTPYKTYPHBIMU KOMITOHEHTAMU
OCHOBHBIX opraHm4YecKux BellecTB: 0enkos (C, H, O,
N, S); mununos (C, H, O, P, N); yrnesonos (C, H, O).
Makpo- 1 MUKPO3JIEMEHTHI BXOIST B COCTaB OMOJIOTH-
YeCKM aKTMBHBIX BEILIECTB: aMMHOKMCIIOT, epMeH-
TOB, BATAMUHOB, TOPMOHOB, ITMTMEHTOB. YCTaHOBJIE-
Ha CBsI3b KOHIEHTpaLUii MaKpO3JEeMEHTOB, COCTOSI-
mux u3 OumoreHHbIX 3jemeHTOoB (C, N, P, S) m
ocHOBHBIX KaTnoHOB (Na, Mg, K, Ca), ¢ bmoakkymy-
JsiuMet MukpoasieMeHToB (Al, V, Mn, Fe, Co, Ni, Cu,
Zn, As, Se, Mo, Cd, Ba, Pb) B MATKuX TKaHSIX MUIUIA
Mpytilus edulis w Perna viridis [5]. bblio 1okazaHo, 4TO
KOHIIEHTpAllMd MAaKpOd3JIEMEHTOB B TKAHSX CUJIBHO
CBSI3aHBbI C POCTOM M pPa3MHOXKEHUEM XUBOTHBIX, a
OMoJIOrMYecKre NpoLecchl CUJILHO BIMUSIOT Ha OMoOaK-
KYMVJISLIAIO HEKOTOPBIX MUKPO3JEMEHTOB. Bronoru-
yeckue (hakTophbl, BIMSIONIME Ha HAKOIJICHUE MaKpoO-
5JIEMEHTOB, BKIIIOYAIOT B ceOs BO3pacT, pasMep, I10J,
TEHOTHII, (DEHOTUII, aKTUBHOCTh IMUTAHUSI U CTEIIEHb
I10JIOBOIO CO3peBaHMsI MOJUIIOCKOB [6].
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WM3BecTHO, 4YTO B YEPHOMOPCKOU MOMYISIUUA MU-
muu M. galloprovincialis HabogaeTcs: mOJAUMOPGU3M
M0 LIBETY pAaKOBUHBI. YBEJINUCHUE KOJIMYECTBA MUIUIA
C PaKOBMHOM YEPHOTO 1IBETa MOXHO paccMaTpuBaTh
KakK (pU3M0J0rnyecKrii OTKJIMK MOJUIIOCKOB Ha U3Me-
HeHUs1 oKpyxarouieil cpeabl [7]. o cux mop orcyr-
CTBYIOT CBEJIEHUSI O HAKOTJIEHU MaKpO- U MUKPO3Jie-
MEHTOB Ha TMPOTSLKEHUU BCETO XW3HEHHOTO LIMKJIa
MUIUI, OTHOCSIIIUXCSI K pa3HbIM [IBETOBBIM MOp(dam,
BKJIIOUAS UX TTOJIOBBIE MPOAYKTHI U TIUYMHKU. MI3MeHe-
HHE BJIEMEHTHOTO COCTaBa B MPOLIECCE HepecTa Yep-
HOI U KOPUUHEBOU MOp® MUIUU TaKKe ellle He ObLIO
U3YyYEHO.

IMoaToMy 11eTbI0 TAaHHOM PaGOTHI SBIISIETCS aHAIN3
9JIEMEHTHOTO COCTaBa MYKCKUX 1 >KEHCKUX TOHAI, ITO-
JIOBBIX MPOAYKTOB U JUUMHOK UEPHOU U KOPUYHEBOI
mopd munun M. galloprovincialis n3 YepHoro Mops.

METOObI UCCIIEJOBAHHWA

Munuu oroupanu B BeceHHUi ce30H 2019 1. ¢ Koi-
JIGKTOPOB MUIUIHO-yCTpUYHO# (pepmbl B KapaHTuH-
Hoit Oyxte T. CeBactomons (44°61'83.46" N,
33°50'33.80" E) mpu TeMmmiepaType Boabl B Mope 8°C Ha
m1youHe 6 M, BU3yaJIbHO pas3elisis 110 LIBETY CTBOPOK.
JImHa pakKOBUH YE€PHBIX U KOPUYHEBBIX MU BapbU-
poBaia B guara3oHe oT 6.5 10 7.5 cm. [1on MOJITIOCKOB
U CTAIWIO MX MOJIOBOIO CO3pEBaHUS OIPEASISIIN ITy-
TeM U3y4eHUS Ma3KOB T'OHal I10J MMKPOCKOMoM [8].
MoocKy HaXOOWIMCh IPEeNMYIIeCTBEHHO Ha Ipe/l-
HepecToBOI ctanuu pa3BuTus. Ilociae MmexaHMIeCcKOM
OYMCTKM PAKOBUH MU OT OOpacTaHUIA UX TIIATEIb-
HO NPOMBIBAIM B (MJIBTPOBAHHOM MOPCKOiII Bome U
cpa3sy M3BJIeKaJM MITKME TKaHW, 9TOOBI N30eXaTh Ja-
CTUYHOI MoTepu 3JieMeHTOB [9]. BricTunarwiue ode
CTBOPKHU TOHAIbl MUOUI OTAEISUIA OT PAaKOBHUH C HC-
MOJIb30BAaHMEM IJIACTMACCOBOTIO CKAIbIENS U IIPOMO-
Kaiy (pUIbTpoBaJbHOII OyMaroii, IpeIBapUTEILHO
BBIMOYEHHOM B IEMOHU3MPOBAHHOM BOJE 1 BHICYIIICH-
HOM. JHIIEeKISTKN U CIIEpMaTO30U bl OMHOPAa3MEPHBIX
MUIUI OoydYaau 1o METOAMKE, pa3paboTaHHOU paHee
JI.JI. HukoHOBOI1 1 coaBT. [8]. fiinexneTkn coonpanu
C MIOMOIIBIO M03aTOpa W IIEPEHOCWIM B MPOOUPKMU,
CIepMaTO30UIbl OCaXKIAIN C MOMOIIBIO LIEHTPpUDYTU
npu 1500 06/MuH B TedeHue 5 MuH. 15 TTonydeHus
JIMYMHOK B J1a0OPATOPHBIX YCIOBUSX IIPOBOAMIIN HE-
PECT U OIJIONOTBOPEHNE YePHBIX 1 KOPUYHEBELIX MOPd
OOHOpPAa3MEePHBIX MOJUIIOCKOB II0 METOAUKE, yKa3aH-
Hoit B padore JI.JI. Kanpanosoii n coant. [10]. buo-
Maccy JIMYMHOK, IOJYYEHHYIO HAa TPEThbU CYTKU DKCIIC-
pUMEHTa, OTIEJSUIM OT BOIBI C MOMOIIBIO (bHIBTpa C
pa3MmepoM T1op 84 MKM. Bce moaroroBieHHBIE 00pa3-
LBl TOHA, TOJOBHIX IPOIYKTOB 1 JIMYMHOK TpEeXKpaT-
HO IPOMBIBAIY I€MOHMU3UPOBAHOI BOIOIT U BHICYILIN-
BaJIM 10 MOCTOsIHHOM Macchl npu 105 £ 5°C. Bricy-
IIIEHHbIe O00pa3lbl M3MEIbYaJIM B CTYMNKE [0
OTHOPOIHOM MaCChl U IIPOCEUBAIN YepPE3 CUTO.

KadgecTBeHHBINM aHAIN3 WIST 0OHAPYKEHUST MaKpo-
3JIEMEHTOB ITPOBOIWIN C TIOMOIITBIO SHEPTOINCTIEPCH -
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OHHOTO PEHTTe€HOBCKOI'O aHAJIM3aTOPa CKAHUPYIOIIETO
3JIEKTPOHHOTO MuUKpockorma (COM) “SU3500” (“Hi-
tachi High-Technologies Corporation”, SmnoHus).
Jlnama3zoH U3MepeHUI MacCOBOI JOJIM DJIEMEHTOB CO-
crasiisi oT 0.5% mo 100%. [1penensl qomycKaeMoit oT-
HOCUTEJIbHOM TIOTPEIIHOCTA W3MEPEHUI MacCOBOM
JIOJIU BJIEMEHTOB B Auaria3oHax coctapisiiv: oT 0.5 1o
1.5-20%; ot 1.5 no 10—15%; ot 10 mo 20—10%; ot 20 o
100—5%. KoandecTBEHHBI aHATIU3 MUKPO3JIEMEHTOB
MIPOBOAMIM Ha MacC-CIIEKTPOMETPe C WHAYKTHUBHO-
cBs13aHHoOI ma3Mmoii (“Plasma Quant MS Elite”, “An-
alytik Jena”, I'epmanust), ¢ mapameTpaMu, IIPUBEICH-
HbIMU B padore [9]. [Iepen MUKpoaJIeMEHTHBIM aHAJIH -
30M JIa0OPaTOPHYIO MOCYIY BBIICPKMBAJIM B TCUCHUE
IBYX CYTOK B 2% pacTBOpe a30THOIl KUCIIOTHI, OYM-
IIEHHOM TIeperoHKoi ©0e3 KHUIIeHUSI B YCTaHOBKE
“DST-1000" (“Savillex”, CIIA), c¢ mocneaymomumm
ONO0JIACKMBaHMUEM JICMOHU3UPOBAaHHOM Boaoii. brono-
rudyeckue mpoObl MUHEPAJIM3OBAIM NYTEM MOKPOIO
CXUTaHUsI B OYMIIEHHON 65% a30THOI KHCIOTEe BO
(¢GTOPOILIACTOBBIX IIPOOUPKAX U 3aTeM pa30aBIISLIM e-
MOHU3UPOBAHHOI BOAOM TaK, YTOOBI pa3baBJIEeHUE ObI-
g0 B mpenenax 1000—2000 ma r~' (B mepecyere Ha
cyxyio maccy). KannGpoBoyHBIe KPUBBIE CTPOWIIN I10
CTaHAAPTHBIM pacTBOpaM, MOJYYEHHBLIM IIyTeM pa3-
OaBJICHUS IEMOHU3UPOBAHHOI BOIOW MHOTO3JIEMEHT -
Horo craHgapra “IV-ICPMS—71A—C” (“Inorganic
Ventures”, CIIIA, 10 mr 17"). KoadduuueHTh neTep-
MUHAIIMKM JIMHEWHOM perpeccuy IjIs BCEX Kaauopo-
BOYHBIX rpacdukoB ObLIH He MeHee 0.998.

Buonornyeckasi TIOBTOPHOCTh (KOJIMYECTBO BapHu-
aHTOB OJTHOTO M TOTI'O K€ OIThITa) — IISITUKpaTHasI. AHa-
JuThdeckasi (KOJU4eCTBO aHAIM30B, B3SITHIX C OMHOTO
oOpa3sia) — TpexkparHasi. Bcero 6b110 mpoaHaan3upo-
BaHO 150 00pa3ioB MUIMIL: 5 MyXCKUX U 5 3KEHCKUX
roHaj YepHOi U1 KOpUYHEBOI MOP(HI, ITOJIOBLIE TIPO-
JIYKTBI, TIOJIy4YEHHBIC OT 5 CAMOK U 5 CAMIIOB YePHBIX U
KOPUYHEBBIX MUIWM, a TaKXe MX JuduHKU. [lorper-
HOCTb TPeXKpaTHBIX U3MEPEHNI MaKpO- 1 MUKPO3JIe-
MEHTOB B KaxXJIOM 0oOpa3lic He MpeBbIIIajia JIOITyCTH-
MbIX 3HaUYeHUI. CTaTUCTUYECKUE pa3INIUs OLICHUBA-
ma B mporpamme  PAST  4.01, tmipmMeHSs
0ogHO(aKTOPHBII AUCIEPCUOHHBIIA aHAINU3 U arocTe-
PUVOPHBII IIOMAPHBIM aHaJIWU3 II0 KPUTEepUio ThIOKM.
Paznuuust Mmexay cpeqHUMU 3HaYeHUSIMU B BIOOpKaX
CUMTAaJIY CTaTUCTUYEeCKU 3HaUYnMbIMU T1pu p < 0.05. Pe-
3yJbTaTHI IIPEACTABIIEHbI KaK cpenHee * MOBEPUTEIIb-
HBIIl MTHTEpBaJ ¢ BEpOATHOCTBIO 95% (n = 15, tme n —
KOJIMYECTBO U3MEPECHUIA).

Paborta BeITIOTHEHA ¢ cOOMIOASHUEM OMO3TUYECKIX
HOpM. Bce miporienypsl, BHITIOJHEHHBIC B MICCIIEIOBA-
HUSIX, C YYaCTHUEM MU, COOTBETCTBOBAIM 3THUYEC-
CKVM CTaHAAapTaM U yTBEPKIACHHBIM IIPaBOBBIMU aKTa-
Mu P®, a taxke npuHuunam basenbckoii gexiapa-
UU.
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KAITPAHOBA u np.

Ta6amma 1. MakpoaieMeHTHBIN cocTaB 1 3HaunMMBbIe pasamaus (p < 0.05, n = 15) B anemeHTHOM coctaBe (C, O, N, P, S) uep-
HOIi U KOopuuHeBoii Mopd munuu Mytilus galloprovincialis

Tonager o Tonanwr ¢ CrniepMaTo30Ubl SituexneTku Tpoxodopsr
Onementsl| Kop. Yep. Kop. Yep. Kop. Yep. Kop. Yep. Kop. Yep.
Maccosas noas, %

C 55.7+2 [52+0.6(65.5+5.7|59.5+4.9|57.7+ 1.0 [57.1 £ 6.3|77.5 £ 1.0*%|55.7 &+ 1.4*|58.1 &+ 6.6%|81.4 + 0.4*
(0] 24.0 £0.3|25+£0.6(20.1 £3.7(22.8 £ 3.2(19.7 £ 1.6 | 16.8 £1.5|12.9 & 1.4*(24.1 £ 0.2%|22.4 £ 3.5%| 2.5+ 0.1*
N 100£2 [13+£0.6|54+1.7|87+£25]|11.4+£0.1%3.0 & 1.2*%| 1.8 £ 0.8* [ 11.1 £ 1.0*| 9.9 + 3.2* <0.1*

P 20£03(125+05[1.3+£04|14+£05|4.6£06% <0.1* | 05£01 | 1.4£01 | 1.5%£25 <0.1

S 1.5+£04 (1.1 £02| 1.1 £04|13%+04(0.6x0.1*|3.1 £2.3* 04%+0.1 | 1.3£0.1 | 1.1£0.3 | 0.1%0.1

IIpumeyanue: Kop. — KOpuuHeBasi MOopda paKOBUHBI MUIMU; Yep. — YepHasi Mopda paKOBUHBI MUIMU; T — TOBEPUTEIbHbBIM MHTEPBAJ C

BEPOSITHOCTBIO 95% (n = 15); * — nocroBepHbIe pasnnyus Mexay Mopdamu (p < 0,05, n = 15).

PE3YJIbTATbI UCCIEAOBAHUA
N OBCYXAEHUE

PaccMoTpuM 3J€MEHTHBII COCTaB KOPUYHEBOUN U
yepHO Mopdbl Mumuu. Jjas cpaBHEHUS MaKpo3Jie-
MEHTHOTO COCTaBa KOPUYHEBOIT 1 YePHOI MOPGBI MU -
U BBIOpAHBI MY>KCKUE U JKEHCKME TOHAIbl, HAXOS -
IIMecs Ha IISITOi CcTamuy TOJOBOTO co3peBaHMs (IO
HepecTa), CIIepMaTO30MIbI, STHIEKIETKU U TPOX0(ho-
pbl. [lonyyeHHBIE BKCITEpUMEHTAIBLHLIM ITyTeM HaH-
HbIe MePEeCYUTHIBAJIM HA MAacCy OPraHUYECKOTO Bellle-
CTBa, COCTOMIIETO M3 yrjiepojaa, KHCIOpoda, a3oTa,
docdopa u ceprl (Tadi. 1). Tak Kak Bomopon He UMEET
XapaKTepUCTUYECKUX TTMKOB B PEHTTEHOBCKOM CIIEK-
Tpe, TO PAaCCUUTHIBATIA TEOPETUUECKUA BO3MOKHOE MU-
HUMAaJIbHOE Y MaKCUMAJIbHOE COAepKaHe BOIOpOoIa B
Oenkax, JUIKIAX M yrjaeBomax (B BHUAE INIMKOTEHA)
MSTKUX TKaHel Myunuii. [TonydyeHHOe 3HaYeHUE CocTa-
BWIO OT 6.06 10 6.56% 1 yutreHo B Ta6a. 1. Cratuctu-
YeCKHWM aHaJIU3 TToKa3aJl 3HAaUMMBbIE Pa3/Indusl B COAEP-
xkaHuu C, O, N, P, S B ciepmaTo3ongax, ssieKiaeTKax
M Tpoxodopax KOpMYHEBHIX U YEPHBIX MU (B Ta0I.
1 ob6o3HaveHsl 3Be300uKoif). CienyeT OTMETUTD, UTO
criekTpbel COM oTOOpaxKaloT 3JIEMEHTHEBINM COCTaB I10-
BEPXHOCTHOTO CJIOSI MCCIIEMyeMbIX 0Opa3IioB TOJIIM-
HOI HECKOJIBKO MUKPOH.

Yenepoo. Paznuumii B copepXaHuu yrjiepoaa B ro-
HaJgax YepHBIX U KOPUIHEBBIX MUIUM He OOHAPYXKEHO.
I1pu 3TOM B MyKCKMX TOHaIaX YePHBIX MUINI yTIIEPO-
na Ha 10% MeHblile, 4eM B XXKeHCKHMX roHagax KOpUJHe-
BBIX MUIM. B criepmaTo3onmax KOPUYHEBOI U 4Yep-
HOM MOp(¢ KOJMYECTBO YIJIepoJa OIMHAKOBOE
(58.0 £ 0.5% u 57 £ 3%), HO HAOIIONAIOTCST CTATUCTH -
JecKM 3HaunMBble pasmuns 1mo N, P u S. B siinexner-
Kax KOpMYHEBOII MoOpdBl codep:KaHUE yriepoma Ha
20% BbIlIE, YEM B YEPHOIL, YTO, BEPOSATHO, CBI3aHO C
0oJiee BEICOKUM COACPKAHMUEM XUPHBIX KUCIOT B IO~
JIOBBIX IPOAYKTaX KOPMIHEBBIX Muauii (Tadi. 1) [11]. B
JIMYMHKAX YEepHBIX MUOUI comep:KaHue yriiepoga Ha
30% BBILLIE, YEM B IMYUHKAX KOPUIHEBBIX MOJUTIOCKOB.

Kucaopoo. KomnaecTBO KHCIOpOIa B MYXCKUX U
JKeHCKMX TOHAIax W CIepMaTo30Maax YepHBIX U KO-
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PWYHEBBIX MUAWI IIPUMEPHO OOMHAKOBOE. Tak Kak B
SULEKIETKaX KOPUYHEBBIX MUJIUMN COEP>KAHUE JIUTIN -
JIOB BBIIIE M3-3a 00JIee BHICOKOTO COAEPKAHUS XKUP-
HBIX KMCJIOT, TO MacCOBAasI IOJISI KMCJIOpoaa — B IBa pa-
3a HIDKE, UeM B UEepHbBIX, y KOTOPHIX, BUIMMO, OoJjiee
BBICOKOE cojiepXXaHUe yTieBonoB. B Tpoxodopax Ko-
PWYHEBBIX MUANI, HA000POT, KMCIOPOIa Ha ITOPSI0K
OoJibllle, YeM B YEPHBIX JIMUMHKAX.

Azom. B My>XCKUX TOHagaX YepHBIX 1 KOPUIHEBBIX
MUAWI colepXaHue a30Ta B JIBa pa3a OoJibllle, YeM B
JKEHCKUX, YTO YKa3bIBaeT Ha OOJIblllee comepXaHUe B
JIMTIMAAX XKeHCKUX TOHAI HACHILLIEHHBIX XXUPHBIX KHUC-
Jot [11]. B cnepmaro3ounax u Tpoxodopax KOpuuHe-
BBIX MUIUI KOJIWYECTBO a30Ta Ha IOPSAOK OOJbIIIE,
yeM B YepHBIX. B gitnexknerkax HaooopoT. I[ToBeImeH-
HOE CcoJiep>KaHMe a30Ta B CIIEpMaTO30MIax U TPOXOdo-
pax KOPUYHEBBIX MUIUIT MOXHO OOBSICHUTD Pa3IdM-
€M B KOJIMUYECTBe OEJIKOB B IOJIOBBIX MPOAYKTaX 4ep-
HOM 1 KOpUIHEeBOI Mopd.

Docgop. ToHAOBI CAMIIOB MUAWI UMEIOT O0Jiee BbI-
cokoe coaepxxaHue pocdopa 1o cpaBHEHUIO ¢ caMKa-
MHU. BeposTHO, aHHas1 0COOEHHOCTh MOKET ObITH CBSI -
3aHa C TIOBBIINIEHHONM KOHIEHTpaluueil ¢ocdaTHbIX
a¢dupos, B nepByto ouepenb AT@, KOTOPBIN CIIyXKUT
OCHOBHBIM MCTOYHUKOM 3HEPIruu sl obecrneyeHust
MOJIBUXKHOCTH CliepMaTo301a10B. B criepmaro3zouaax u
Tpoxodopax KOpUUHEBbIX MUauit pochopa Gosblie,
yeM B YepHbIX. B gifliekierkax Hao6opoT. Buaumo, B
criepMe KOPUYHEBBIX U B ANILIEKIIETKAX YEPHBIX MUINI
Takxke Oosibliie AT®, 4TO MOXHO OOBSICHUTH Pa3HOM
WHTEHCUBHOCTbIO pabOThl (DEPMEHTOB.

Cepa. B ctiepmaTo3onaax YepHbIX MUIUI comepkKa-
HUE cepbl B HECKOJILKO pa3 OOoJIbIlle, YeM B KOpUYHE-
BBIX. BEposSITHO, 3TO CBSI3aHO C MOBBIIIIEHHBIM KOJINYE-
CTBOM CE€pPOCOIepKaIINX aMUHOKHCIIOT B MOJUTIOCKAX
(mucTenHa, METMOHMHA, IIUCTUHA). B Tpoxodopax ko-
PWYHEBBIX M YEPHBIX MUIUKM 3HAYMMBIX Pa3IMUUii B
comepxkaHuu S He HaiimeHo. OGHaApyXeHO, YTO Y IBY-
CcTBOPOK M. edulis u Rangia cuneata METUOHUH MOXET
MpeoOpa30BbIBATHCS B IMCTEUH 1 OKUCISITHCS 10 TIPO-
JIYKTOB, TaIOIINX HAa4aJl0 CUHTE3y TayprHa, HO C IPUH-
OUIMAaIbHBIMUA oTanunsamu [12, 13]. OogHo 13 HUX 3a-
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KJIIOYaeTCsl B MeXaHM3Me OKUCJIEHUS 1IUCTEUHA B Tay-
puH. Y R. cuneata Habmonanu 60JbI10€ KOIUYECTBO
MEUYEHOU IMCTEMHOBOM KUCIOTHI, 0Opa3ytoleics mpu
OKMCJIEHUM LIUCTENHA, YTO YKa3bIBAJIO HA AaJIbHEIIee
OKMCJIEHUE 1IUCTENHCYJIb(MPUHOBON KUCIOTHI B LIUCTE-
WHOBYIO KHUCJIOTY, B pe3yjbTare JeKapOOKCUIUPOBa-
HUS KOTOpoif oopasyercsd TaypuH. Y M. edulis nncren-
HOBas KUCJI0Ta He 00pa3oBaiach, 3aTO MOSIBUJICS Me-
YEeHHBIM TPOMEXYTOUYHBII MPOAYKT — TUIOTaypuH.
TaypuH 00pa30BbIBaJICS U OCTaBAJICS B TKAHSIX MUIWMU,
B TO BpeMd Kak y R. cuneata TaypuH B TeUeHUE He-
CKOJIBKMX 4acoB Mcye3a u3 opraHusma. KoHueHTpa-
LIMI0 aMUHOKMCJIOT B OPTaHU3MeE CBSI3bIBAIOT C COJIEHO-
cTbio Boabl. [Ipu cpaBHeHUU coliepKaHUS aMUHOKMUC-
JIOT B ABYX BUAAX MOPCKMX MOJUTIOCKOB M. edulis n
Ostrea edulis c mpecHOBOIHBIM BUIOM Anodonla cygnea
0Ka3aJIoCh, YTO MPECHOBOAHbBIN BUIL UMEET OOJIee HU3-
KMe KOHLIEHTPALIMM aMUHOKUCJIOT, YeM MOPCKUE MOJI-
mocku [14]. AHamorngHbIe pe3yabTaThl MOJYIEeHEBI ITPU
CpPaBHEHUU KOHLIEHTPAllMU aMWHOKMUCJIOT B TKaHSX
MPECHOBOIHBIX 1 MOPCKUX pakooOpa3Hbix. Paznuuus
IBYX MOp¢d MUIUU MO 3JIEMEHTHOMY COCTaBY TakXKe
MOXHO OOBSICHUTD afialTaliueil MOJUIIOCKOB K YCIIOBU-
M oburtanwus [ 15].

PaccmoTpuM pacrnpenesieHue 3J€MEHTOB B TI0JIO-
BBIX IPOAYKTaX U Tpoxodopax MUIUU, MOJTYYEHHOE C
MMOMOIIBI0 D2HEPTrOAUCIIEPCUOHHOI PEHTIE€HOBCKOM
cnektpockonuu (puc. 1). st HamsiiHOCTU Ha puc. |
a—j npeacTaBIeHbl HauboJjee MoAXoAIIe MacIITa0bl
CKaHUpPOBAHMUS.

IIBeTa KJIETOK M TKaHEl 4YepHBIX U KOPUYHEBBIX
Mop(d MHUINM MMEIOT pa3HOOOpa3HBIN XapaKTepPHBII
MopdoTurl, odopasyomuii IpKrue opHameHTHI. LIBer-
HbIE Y30pbl TKAaHEN MY>KCKHUX 1 XXEHCKMX TOHAJI, IT0JIO-
BBIX IIPOAYKTOB U JUYMHOK YEPHBIX M KOPUYHEBBIX
MOJUIIOCKOB OTJIMYAIOTCS II0 CEKTOpaM pa3IMYHOMI
IIUPUHBI, KOHIEHTPUYECKUX MOJIOC, MATEH, IIEeBPO-
HOB WJIM 3UT3aroo0pa3HbIX CIIOXKHBIX MO3auK, COCTOSI-
IIMX M3 TeOMETPpUYeCKUX (PUTYyp pa3HBIX pa3MepOB.
Bo-niepBhIX, 3TO MOXET OBITh CBSI3aHO C pa3JIMUYHON
CTPYKTYpOii TKaHeli. Bo-BTOpBIX, OCOOEHHO OTIM4Ya-
IOTCS TI0 LIBETY M CTPYKTYpPE CIIEPMATO30UIbI, Sille-
KJIETKHM Y TpoXo(opbl MUIMIA, TpUHAIEKAIINE K pa3-
HBIM LIBETOBBIM MOpdam.

KpacHbIM 1BeTOM Ha 3ejieHOM (hOHe 0003HAYEHBI
30HBI C MaKCHMMAaJbHBIM COIEp>KaHMEeM KHCIOPOJa.
Bo3MoOXHO, 3TO BBI3BAaHO TeM, UTO COAEPKAHUE TJIU-
KOT€Ha M caxapoB B MYXXKCKHNX rOHagaX KOPUIHEBBIX U
YyepHBIX MUANi pasnmmaHoe. [IpencraBaeHHbIe n306pa-
KEHUSI OTINYAIOTCSI TEKCTYpOii MoBepXHOCTU. OOpa3-
1IbI, OTHOCSIIMECS K YepHoil Mopde, 6ojiee TeKCTyU-
poBaHbl. Ha Bcex m300pakeHUSIX OTYETIMBO BUIHBI
OTTEHKM OT OJiemHO-3¢e1eHoro (puc. 1d) mo TeMHO-bU-
ojsteToBoro (puc. 1i) m usympynHoro (puc. lj) uBera,
YTO TTOKA3bIBAET Pa3INUIUs B 3JIEMEHTHOM COCTaBE Io-
HaJ, TOJIOBbIX MPOAYKTOB U JIMYMHOK YEPHOI U KO-
puuHeBoit MOpd. OTMeUYeHBI (PUOIECTOBBIE BKIIIOUCHUS
pas3IMYHOrO pasmMepa B Tpoxodopax muauii (puc. 1 i, j).

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3SUOJIOTUU

DTHU BKIIIOYEHUS MOXXHO HAOIIIONATh Ha 3eJIeHOM (DOHEe
(puc. la—h). BeposiTHO, 3TO (paKT CBUAETEILCTBYET 00
OTBETHOI peakiuu Tpoxodop Ha BIUSHUE DK30TCH-
HBIX (haKTOPOB, HAIIPUMEP, COJIEHOCTb, TEMIIEPATYPY
[16] mnu 3arps3Henus BogHoit cpensl [10].

YV Tpoxodop YepHBIX MUINI (PHOJIETOBBIM IIBETOM
o003Ha4YeHbl aToMbl cephl (puc. 1j). MaccoBast nos
cephbl B Tpoxodopax KOPUYHEBBLIX MUINIA Ha MOPSIIOK
6o:ble, yeM B yepHbIX: 1.1 £ 0.1% 1 0.1 £ 0.1% coort-
BETCTBEHHO.

Paznuuus nByx Mmopd Muauii mo aJIeMEHTHOMY CO-
CTaBy OOYCJIOBJIEHbI OMOXMUMUYECKUMHU XapaKTepH-
CTMKaMU uX TKaHeil [17]. AKTMBHOCTH ajibIoJjia3bl B
»Kabpax TEMHO-KOPUYHEBBIX MUAUMN HUXKE, UEM Y Yep-
HbIX MUauii [ 18], 4To cBSI3aHO C 0COOEHHOCTSIMU YCJIO-
BUU OONTAaHUS MUIUA.

IIBeTOBBIE MOP(MBI XapaKTePHbI U LTSI APYTUX BUAOB
MOPCKHUX MOJUIIOCKOB. Tak, mpu U3y4eHUU pa3MepHO-
BO3PACTHBIX M (PEHOTUTTMYECKMX OCOOEHHOCTEI coMa-
THUYECKOTO pOCTa YEPHOMOPCKOTO TpebelliKa Bhlaee-
Ho 7 uBeToBbIX MOp® [19]. bexeBblii, proaeTOBbIN U
CepO-KOPUYHEBBIN (heHOTUITHI UMEIOT BBICOKMI ypO-
BEHb CUHTe3a OeJjika. MOoJUTIOCKM, OTHOCSIIMECS K de-
HOTHUIIY CMEIIAHHOTIO THUIIA, UMEJIM IIOKAa3aTeJIM TKaHe-
BOro OMOCHMHTE3a IPUMEPHO B 2.5 pasa HMXe, 4yeM
npeacraButeaun apyrux Mopd. [loaydyeHHbIe pe3ynabTa-
Thl CBUACTEIBCTBYIOT O COINPSIKEHHOCTU POCTOBBIX
MIpPOIIECCOB C OKPAacoM paKOBMH MoJUIrocka. OKpacka
PaKOBUHBI MUINI 3aBUCUT OT TEM3pUTPUHA — (UOJIe-
TOBOTO MUIMEHTa, YTO HENOCPEACTBEHHO CBSI3aHO C
KCIIpeccueii onpeneneHHBIX TeHoB [7]. Tak, ipn u3y-
YeHUU 1IBeTa pPaKOBUH ycTpull Crassostrea gigas BIIep-
BbIe OOHAPYXWIN SHIOTeHHBIE ITOP(MUPUHEI, OIIpeae-
JISIOLIME MMUTMEHTaluo pakoBuH [16]. Haauuue re-
MOB, YbMMM  IIpEOIISCTBEHHUKAMU  SIBJISIIOTCS
nop@UPUHEL, 00BSICHSIIO ITyPITYPHEBIN LIBET pAKOBUH, a
TaK:Ke€ TEMHBIM IIBET MBIIIL MOJUIFOCKOB. DTU HCCIIe-
JOBaHUS TI0Ka3ajiu, YTO Pa3jInyHbIi OKpac paKOBUH
YCTPUII CBSI3aH C TPAHCIISILME TeHOB, TaK KaK y HEKO-
TOPBIX MOJUTIOCKOB OOHAPYKEHBI IICEBAOTESHBI WJIN HE-
aKTUBHBIE T€HBI, KOTOPbIE HE MOTJIM ITPUBOIUTH K DKC-
IIPECCHUHU OIIpeAcICHHOro OeKa.

MI/IL[I/II/I HaKaluiuBarOT MeETaJlsibl U3 BOJbl HE3aBU-
CUMO OT TOTO, SIBIIIIOTCSI JI 3TU 3JIEMEHTHI He3aMeHMU -
MBIMHU JJI1 MX XKU3HEACATETbHOCTA WM KCEHOOMOTH -
KaMMH. HOBTOMy NpeacTaBjasgd€T UHTEPEC U3YUYUTb MUK-
pPO3JIEMEHTHBIN COCTaB TOHAJI, MOJOBBIX IIPOAYKTOB U
Tpoxodop MUINIA, OTHOCSIINXCS K PA3HBIM LIBETOBBIM
Mopdam (Tadi. 2).

T'onanmpl caMOK OTJIMYAIOTCS OT TOHAA CaMIIOB MO-
BBILLIEHHBIM cofepXaHueM As, Mn u Zn Ha pa3HbIX
CTaAgusIX IIOJIOBOIO CO3peBaHUs (32 UCKIIOYESHHUEM CTa-
Iuu 4). DTO HaeT CWILHBIM JOBOM B MOJIb3Y OMOXUMU-
YyecKOil BOBJIEYEHHOCTH 3THX 3JIEMEHTOB B OOTE€HE3
MUIUI.

Ocoboe BHMMaHUE CJIeAyeT YIAEAUTh JeMEHTaM,
KOTOpBIE UTPAIOT CYIISCTBEHHYIO (PYHKIIMOHAJILHYIO
ponb B rameTroreHe3e Mumuii. Hampumep, ceneH m
Ne 6

TOM 57 2021



536 KAITPAHOBA u np.

I 50 um ) L 50 um |

sl

50 um ) L 50 um )

Puc. 1. Mukpodororpacduu B COM nojioBbIX NPOAYKTOB U Tpoxodop munuu Mytilus galloprovincialis: a — roHanbl & KOPpUYHEBOI
MopdbI, b — ToHankI o YepHOII MOPdBI, ¢ — TOHAIBI ¢ KOpUIHEBOM MOPdbI, d — TOHAIBI ¢ YepHOU MOPMBI, € — CIIEPMATO30MIbI
KOpUYHEBOM MOP®BbI, f — criepMaTo30uabl YepHO MOPDbI, g — SIMIIEKIETKH KOPUYHEBON MOpdBI, h — SillIeKJIETKN YepHO MOpP-
GBI, i — TpoxodOopbl KOPUUIHEBOI MOP(DHI, j — TPOXOGhOPHI YepHOIT MOPGHI.
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Ta6amma 2. KoHIIeHTpalus HEKOTOPBIX MUKPO3JIEMEHTOB B UePHBIX U KOPUIHEBBIX Mopdax munuu Mytilus galloprovincialis

KoHueHTpauus MUKPOSIEMEHTOB, MKT/Teyy
2?: Cu As Fe Al Mg Ca Si Se Zn
Kop. | Yep. | Kop.|Yep. | Kop. | YUep. | Kop. | Uep. | Kop.| Yep. |Kop.|UYep. |Kop.|Uep. | Kop. | Yep. | Kop. | Uep.
I |80%| 95+ (7.0 15|65 (55+|50+|30£ (757450 £ |115+|71+|30£|22+|1.0£|1.0£|17%£ |20+
9 12 | 0.4%| 3% 8 4 3* 2% 1230%| 30%* 26 12 10 5 0.1 | 0.1 3 1
e (3471173 £ |14+ |18 £ |117 £(145£| 73 £ |84 £ (398 | 207 £ |91 £ |53 £ |46 £ |42 £ (2.0 £[0.7 |57 £ |51 &
65*% | 14* 1 5 33 | 24 13 13 | 54* | 46* 25 18 12 9 104*%]01%| 8 10
Cm. (764 £|2139+|29+| 3+ [189 £(232 £|253 +|473 £|171 £|1292 + (363 £|233 |95 £ |110 £(2.0 £ (0.6 = |28 £ |62 +
99* | 256* | 5% 1% | 20% | 16* | 13*% | 13* | 28% | 136* | 65% | 48* | 15 | 30 | O0.1*% [ O.1*% | 1* | 12*
Aa 373 £(213 & | 12+ |17+ |83+ |52+ |137 £[63 = |141 £| 163 £ {139 ({94 + {63+ (44 +[0.5£[1.0F[45F+ |56 %
89* | 13* 3 3 16 11 | 24* | 9* 37 12% | 13* 2 6 |01*]01%| 2 10
T 613 £1439 £ | H.0. [0.3£]|49% |75+ (103 £|106 £{ 45+ | 109 £ |93 £ (239 £{26 £|28 £ (0.3 £(|0.8 £(2.0+|5.0%
14* | 42%* 0.2 | 2% | 11* 2 12 | 11* 9* 2% | 17* 9 5 0.1 | 0.4 |0.1%]|0.1*

IIpumeyanne: [JlaHHbIe TTPEICTaBICHBI KaK cpenHee + MOBEpUTEIbHBIN MHTEPBAJ C BEPOSITHOCTBIO 95%, n = 15; H.0. — He OOHapPYXEHO;
KOp. — KOpU4HeBasi Mopda paKoOBUHBI MUIWU; Yep. — yepHasi Mopda pakoBUHbI Muauu; I o — Myxkckue roHaasl; I' ¢ — XeHCKue roHaibl;
Cn.— cniepmaro3ounsl; S — situexinetku; T — Tpoxodopsl; * — nocToBepHbIe paznuuus Mexay Mopdamu (p <0.05, n = 15).

LIMHK HEOOXOAMMBI IJI1 momaepKaHust (GyHKIUN pe-
MPOAYKTUBHOI cucTeMbl. LIMHK, MOoJTydeHHBINA U3 T -
L1, CBSI3aH, B OCHOBHOM, C MSTKUMM TKaHIMU MMU-
v, a Zn n3 MOpcKoii Boabl — ¢ pakoBuHamu [20]. B
ob1ieM, He MeHee 30% MUKPO3JIEMEHTOB MOIVIOIIAET-
cd ¢ MUIIE, a B cydyae Se aTa nojst cocTtaBiisieT 98%
[21].

Paznuyus B pacripeneeHMM Se MeXIy opraHaMu, a
TaKXX€ €ro BJIMSHHE Ha PENPOAYKTUBHYIO (DYHKIIUIO
MOJLITIOCKOB TLIOXO M3y4eHbl. KoHIleHTpaum Se B ro-
HaJax ¥ MOJIOBBIX TIPOIYKTAaX CAMOK U CaMIIOB MUIMIA
M3MEHSIIOTCS aHAJIOTMYHO KOHILICHTPALUsSIM CTEPOU/I-
HBIX TOPMOHOB U 3aBUCSIT OT PEIPOAYKTUBHOIO LIMKJIA
MoJLTIocKOB [9, 10].

JlaHHBIE 0 poIx Se B MeTaboJIM3Me MUIMIA, K COXKa-
JIeHWI0, OTCYTCTBYIOT. CelleH M CeJCHONPOTEUHBI
0o6ecTeynBaloT KU3HECIIOCOOHOCTh CIIEPMATO30MI0B
1 3alllUTy OpraHu3Ma OT aKTUBHBIX (pOpM KHCI0poa.
HccnenoBaHus ceIeHOIIPOTEMHOB HA TEHHOM YPOBHE
TOKa3aJIv, 9YTO UX OTCYTCTBHE BO BPEMS CIIEpPMAaTOTe-
He3a MPUBOJIUT K aHOMaJTbHOMY Pa3BUTUIO CIIEpMAaTO-
30MI0B, YTO, B CBOIO OYepenb, BIMSIET Ha Ka4eCTBO
criepMmbl [22]. CeneH B OCHOBHOM BJIMSIET Ha pENpo-
NYKTUBHBIE TMapaMeTpbl U TUIOJOBUTOCTb XXMBOTHBIX
[23]. CyiiecTByIOT TOKa3aTeabCTBa TOTO, YTO pa3Mep
MOJITIOCKOB MOXKET UTpaTh POJIb B IONIOMICHUN Se.
OO0OHapyXeHO, UTO KOHIEHTpaIUs cejieHa B MOJLUIIOC-
kax C. amurensis, TIOTBEPTIINXCS BO3ICHCTBUIO pac-
TBOpPEeHHBIX UCTOUHUKOB Se (1V), cHusunace Ha 50%,
KOTIa CpedHsIsl JJIMHA PAaKOBUHBI MOJITIOCKOB YBEJIU-
yntack Ha 30% [24].

Lubak BaxeH g Bcex ¢opM km3HU. OcoOEHHO
MHOTO €Tr0 B TKaHSIX MOPCKUX XXWBOTHBIX. M3BecTHa
cnenuduyeckas GyHKIUS LIMHKA B PEMPOAYKTUBHOI
cucteMe aMuOUii, HaIpUMep, CyIIeCTBOBaHUE
“IIMHKOBBIX UCKP”’, KOHTPOIUPYIOIINX OTIONOTBOPE-

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3SUOJIOTUU

Hue [25]. HuHK sBasgercd Ko(paKTOpOM OOJBIIOK
rpynmnsl  (GepMEeHTOB, KaTaJU3UPYIOIIUX TUAPOJIU3
NENTUI0B, OEIKOB U CIOXHBIX 3(UPOB, MOTUMEPHU3a-
nuio JHK 1 PHK. Hannuune myHKa CTUMYIHUPYET POCT
U JeJIeHUE KJIETOK [26].

Hacrosmee mccienoBaHe moKa3ajo, 9TO B TOHA-
Jax ¥ JUYMHKAX YepHOit MOp(dbl MUAUU COAEpKaHUC
Zn Oonblle, YeM B KOPMYHEBBIX MOJUIIOCKAX. Takske
HaOII0gaeTCcs OTJIMUME KOHIIEHTpannii Zn B aHaJo-
TMYHBIX TKaHSIX caMIIOB M caMoK. Ho ToibKo 110 3Tum
JaHHBIM HeJlb3s YCTAHOBUTb, C KAKUMU CYOKIETOUYHBI-
MU CTPYKTYPaMH UM OMOXUMHWYIECKIMMU IIpOIeccaMn
CBSI3aHbI 00Jiee BHICOKME KOHIECHTpALUM BJIEMEHTOB.
HawubGoinee ssBHbIe OTIMYUS B COAEPXKAaHUU ZNn MOXHO
HaOII0IaTh B CIIEpMaTO30MIax, STHIIeKIeTKaxX 1 TPOXO-
dopax. B MyxKCKUX M KEHCKUX TOHadaX CoAcpKaHUe
Zn NpuMepHO oAuHaKoBoe. Buaumo, Muauu morio-
IAI0T MUKPOBJIEMEHTHBI, B TOM YHCJie Zn, U3 OKpPY-
Kawlleid cpelbl, TIe OHHW, MOJ00HO CTEPOUIHBIM
TOpMOHAaM, OJEMOHUPYIOTCS B MSITKMX TKaHSX, a 3a-
TEeM 3KCKPETUPYIOTCS BMECTE C ITOJIOBBIMU MPOIYK-
tamu [4, 23].

ConepxaHue Se B XeHCKMX TOHaAax 1 CIIepMaTo30-
ngax KOpUYHEBBIX MUIWI B IBa pa3a BHIIIIE, YEM B Uep-
HBIX MOJUTIOCKAX. A B SIMILIEKIIETKaxX U Tpoxodopax —
Ha000pOoT. MOXHO IPEeAIIoJOXNUTh, YTO pa3inudusl B
comepxXaHuM Se M Zn B MSATKUX TKAHSIX M ITOJIOBBIX
MPOAYKTaX YEPHBIX M1 KOPUYHEBBIX MUIWI BIUSIOT Ha
OMOXMMUYECKHI COCTAaB KaK cCaMUX MOJUTIOCKOB, TaK 1
WX TTOJIOBBIX ITPOAYKTOB M JIMYMHOK. B 11e;10M MHOTHIE
3JIEMEHTHI HaKaIUIMBAIOTCSI B OOJIBIINX KOJTUYECTBAX B
roHaJgaxXx CaMOK, YTO COIJIACYeTCsS C M3MEPEeHMUSIMU B
MSTKUX TKaHSX B IIpeOHEPecTOBbI Iepuon [9]. Brto
JIaeT CUJIbHBIMA JOBOA B MOJIb3y OMOXMMHYECKOM BO-
BJIEYEHHOCTU 3TUX 2JIEMEHTOB B ooreHe3 muauii. He-
CMOTpPS Ha TO YTO MOKa He M3BeCTHa crelnduaeckas
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GYHKILMS 3TUX DJIEMEHTOB B PEIIPOAYKTUBHOM CUCTE-
Me caMOK MWW, UMEIOTCSI COOOIIEHUsI 00 3CCEHIIN-
aJIbLHOCTH LIMHKA B Pa3BUTUU OOLIMTOB 1 SMOPUOHOB.

MOXHO TPEeanoa0XnUTh, YTO MAKCUMAIbHYIO KOH-
IIEHTPAIIO MUKPOIJIEMEHTOB B TOHATaX MUIHN MOX-
HO HaOJIIOmaTh Ha MPETHEPECTOBOM CTaIUM MTOJIOBOTO
co3peBaHMsI, KOrjJa Macca ToHaa MakcuMmaiabHa. Tem
He MeHee, KaK IMOoKa3aJIM pe3yIbTaThl HAIIMX UCCIIEIO-
BaHWUI, comepkaHe Mg 1 Ca BBIIIIe B My>KCKHMX TOHA-
nax. B My»XCKMX 1 3KEHCKMX TOHAaX KOPUYHEBbIX MU-
muit Mg u Ca Bbillle, YeM Y YepHEIX (Ta0l1. 2).

B >keHCKUX TOHagax KOPUYHEBBIX U YEPHBIX MUIUIA,
B OTJIMYME OT MYXKCKUX, Impeobnagarot Cu, Fe u As, HO
B TOHAIaX KOPUYHEBBIX MOJIJIIOCKOB COMIEpPXKaHUE ITHUX
3JIEMEHTOB HUXE, YeM B YepHbIX (Tabu. 2). Hauboinee
BaXKHBIMU (DAKTOPAMM CHUZKEHMSI KOHIIEHTPaLIK 3J1¢-
MEHTOB B TKaHSX SIBJISIETCS IIepepaclipeneieHue dje-
MEHTOB I10 BCEMY OpraHMU3My B Mpollecce MHTCHCUB-
HOT'O pOCTa rOHal U BbIBEICHUE C IIOJIOBBIMU MPOIYK-
Tamu [4, 9].

Conepxanne K u Na B maHHOI1 paboTe He paccMar-
puBajv, TaK KaK MOpCKasi BOJia, B KOTOPOii BbIpalliy-
BaJIM JIUYMHOK, SIBJISIETCS “MaTpULIei” IJIs 9TUX 3Jie-
MEHTOB.

3AKJIIOYEHHME

IlonBoas UTOT, MOXXHO OTMETUTh, UTO TIPU OLICHKE
COIEPKAaHUSI METALIIOB B TKAHSIX MUAMWM CIIEAYET y4U-
THIBATh I10JI MOJUJIIOCKOB, UX BO3PacT U PENPOIYKTUB-
HbI LIMKJI, KOTOPbIA OKa3bIBAET BIMSIHME HA MEXCe-
30HHbIE MU3MEHEHMSI MACChl TKAHW U LIBET PAKOBMH.
B My>XCKMX M KeHCKMNX TOHadaX YepHBIX U KOpUYHE-
BBIX MUIWI He HaOMIOHAIN JOCTOBEPHBIX pa3jinuuii B
MaKpO3JIEMEHTHOM COCTaBe, TOrga Kak B IIOJIOBBIX
NpOAYyKTaxX YU JIMYMHKAX pas3indusl ObLIU CyLIECTBEH-
Hble. B roHamax, MOJIOBBIX MPOAYKTaX KOPUYHEBBIX
MUIUHI coaepKaHUeE yIyiepo/a, CIeI0BaTeIbHO, COAEP-
JXaHWe OpraHUYeCKMX COEAUHEHU BbILIE, YEM B UEp-
HbIX MUOUSIX.

B siiiekireTkax KOpruaHeBoit MOp(dBI KMCIOpOaa B
JIBa pa3a MeHbIIIe, a B Tpoxodopax Ha MOpSII0K 00Ib-
e, Y4eM B MOJUIIOCKAaX, OTHOCSIIIMXCSI K YEPHOM MOP-
¢de. DTO MOKA3BIBAET, YTO B TPOXO(Opax KOPUIHEBBIX
MUJIMI CONEPKUTCS OOJIBIIOE KOJIUYSCTBO MOJMcaxa-
PUIOB 1/WIX APYTUX DHEPIeTUIECKUX JOHOPOB U I~
KoreHa. JlecaTuKpaTHOE MpPEBHIICHUE a30Ta B CIIEpP-
MaTo3ougax U Tpoxodopax KOPUUYHEBBIX MUAUI, IO
CpPaBHEHUIO C YEpHBIMHM, B OCHOBHOM YyKa3bIBacT Ha
pa3IUIHBIA aMUHOKWCJIOTHBIIA COCTaB MOJLIIOCKOB,
YTO MOXKET OBITh CBSI3aHO KaK C YCIOBUSIMU UX OOUTA-
HUSI, TaK 1 3aJI0KEeHO TeHeTudecku. B criepmaTo3on-
Iax m Tpoxodopax KOpMIHEBBIX MUIMiT ¢ocdopa, n
cooTBeTCTBEHHO AT®, Oosbliie, YeM B YEPHBIX MOJI-
Jnrockax. B siinekiieTkax Ha000poT.

B cnepmaro3ounmax yepHbIX MUIMI COIEpPKaHUE Ce-
pBI B ISATH pa3 BHIIIE, YEM B KOPUYHEBBIX, BEPOSITHO,
MW3-3a HAJIMYUS CepocoIepXallnX aMUHOKMCIOT. B

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

MYXCKUX W >KEHCKUX TOHaJax KOPUYHEBBIX MUIMI
KOHIIEHTpallusl MapraHia, KajJbliys, Kajius u ¢pocho-
pa BBIIIE, YEM Y YePHBIX. B XK€HCKMX rOHagax Kopud-
HEBBIX U YEPHBIX MU MTPE00Iaaal0T MEllb, XKeJIe30 1
MBIIBSIK, HO B TOHaJaX KOPUUYHEBBIX MUIUN coliepxKa-
HUE 3TUX JIEMEHTOB HUXE, YeM B YEepHBIX. bobliie
BCEro CTaTUCTUYECKU 3HAUMMbIX pa3jIMuvii ymajioch
BBISIBUTB B TpoXxodopax U sSIiLIEKIeTKaX YEPHBIX U KO-
PWYHEBBIX MWW, YTO TIPU AaJbHEWUIIEM pPa3BUTUU
MOXET OTpaxKaThCsd Ha OMOXMMUYECKOM COCTaBE MOJI-
JIIOCKOB.

BeposiTHO, B Ipoltecce GMOXMMHUIECKOM SBOTIOLINHT
B OpraHM3Max BO3HUKAJIM Pa3HOOOpa3HbIE METaIO-
MPOTeUHbI, U 3Ta OUBepcUdUKaIUsg TpeboBaja He
TOJBKO XUMUUECKOM BaprnabeIbHOCTH 3JIEMEHTOB, HO
W WX OTHOCUTEIHLHO BBICOKWX KOHIICHTPAIIWii B TKa-
HSIX. DTOT (paKT, cCKOpee BCEero, YKa3bIiBaeT Ha TO, YTO
MUINA OIBYX MOP® MOTYT pa3BUBATHCI C Pa3HOM WH-
TEHCUBHOCTBIO.

NCTOYHUKUN ®PUHAHCHPOBAHUN A

PaGora BhinmonHeHa B pamkax rocsamanus OI'BYH
DUII “UucTtuTyT OMoNIOoTUM I0XXHBIX Mopeit uM. A.O. Kopa-
seBckoro PAH” o temam “@yHaaMeHTaIbHBIE UCCIIeI0BA-
HUS TIOMYJISIIMOHHON OWOJOTMM MOPCKUX >KMBOTHBIX,
UX MOP(POJIOTMYECKOTO M TeHEeTUYECKOro pazHooOpasus”
(Ne 121040500247-0) u “UccrnenoBaHrie MeXxaHU3MOB yIIpaB-
JIEHUsI TIPOMYKIIMOHHBIMU TIpOLIeCCaMi B OMOTEXHOJIOTHYE-
CKHUX KOMILIEKCAX C 1IeJIbI0 pa3pabOTKX HAYYHbBIX OCHOB TOJTY-
YeHMs1 OMOJIOTMYECKU aKTUBHBIX BEIIECTB U TEXHUYECKUX TTPO-
IyKTOB MopcKoro reHe3uca” (Ne 121030300149-0).
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ABTOpBI IE€KJIAPUPYIOT OTCYTCTBUE SIBHBIX M MOTEHIIH-
AJIbHBIX KOH(MJIVMKTOB MHTEPECOB, CBSI3aHHBIX C ITyOIUKaI -
elf JaHHOM CTaTbhu.
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ELEMENTAL COMPOSITION OF GONADS, GAMETES AND LARVAE
IN THE BLACK AND BROWN MORPHS OF THE BIVALVE MOLLUSK MYTILUS
GALLOPROVINCIALIS LAM.

L. L. Kapranova“ *, V. 1. Ryabushko?, S. V. Kapranov’,
V. N. Lishaev4, and M. V. Nekhoroshev*

2 A. O. Kovalevsky Institute of Biology of the Southern Seas, Russian Academy of Sciences, Sevastopol, Russia
#e-mail: lar_sal1980@mail.ru

Concentrations of the bulk and trace elements were determined in male and female gonads, gametes (sperm and
eggs), and larvae (trochophores) of black and brown morphs of the Mediterranean mussel Mytilus galloprovincia-
lis using energy dispersive X-ray spectroscopy and inductively coupled plasma mass spectrometry. The mollusks
were collected in spring 2019 on a mussel-and-oyster farm (Black Sea, Crimea, Sevastopol, Karantinnaya Bay).
In the male and female gonads of black and brown morphs, no statistically significant differences were detected
in concentrations of the bulk structural elements (C, N, O, P, S), while in gametes and trochophores, these dif-
ferences were significant. Trace elemental analysis revealed that in the female gonads of both black and brown
morphs, Cu, Fe, and As were dominant, however in brown morphs, concentrations of these elements were sig-
nificantly lower than in black mussels. Zn and Se concentrations in the gonads of black morphs were significantly
higher than in brown mussels. Most of the statistically significant differences were found between trochophores
and eggs of black vs. brown morphs. These data show that the two M. galloprovincialis morphs differ in their ele-

mental composition.

Keywords: mussel Mytilus galloprovincialis, morphs, gonads, sperm, eggs, larvae, trace elements, bulk structural

elements, Black Sea
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