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VcraHosreHa 3aBr.rcraMocrl ypoBHr (feprrreHroe 6uorpanc$opMalluu vl

HI{3KOMOJIeKyntpHErX aHTr{OKCr,r.4aHTOB OT CTeneHr,r 3afp.s3HelJv[ rr, CneKTpa

KceHo6LIorLIKoB n TaranporcKoM 3anr,rBe. flpe4naraercr ucnoJrb3oBanl{e
6raorraaprepoe nerreHr,r 6rr.rxa-xpynurKa Anfl oueHKLr cocrorHuJr prr6 B

ycnoBl{rx xpoHuqecKoro Aeftcreur nepcucreHTHbrx KceHo6r.rorr.rKoB.

Knnqeeue cno6a: 6rr,rox-rpymxr, Talauporcxr.rfi 3zrrrr{8, 6r.rorr,Iaprep, qI,IToxpoM

P450, rnyrarr{oH-S-rpaHcQepa34 rnyrarr.roH, Kaporr.rHor,r.ubr, 3arpr3HeHlle.

BBEruHI4E
BoAsrre gKocLIcreMbI B Hacrorrqee BpeMr rroABepxeHLI BJIrlsHriIo MHoxecrBa

crpeccopHrrx Qarropon, cpeg:v Koropbrx ypoBeHb 3arpr3HeHvrfr sauuMaer Begyrrlyro
no3r{rlurc. EorsruuncrBo 3arpr3Hr4Tenefi flocrynaer B oKpyxuuouyro cpeAy B pe3ynbrare
aHTponoreHHoft AerrerrbHocru. HaronreHne noJrJrroraHToB B BoAoeMax Moxer
npr,rBoAr{Tb K cHI,IXeHI,Iro prr6oupoAyKTr4BHocrr.{.

B csqsu c reM, vro pu6u rracro oKa3brBarorc.rr HerrocpeAcrBeHHbrMrr Mr4rlreHtMr.r

AJrs KCeHO6tZOnArOn, OHH rraCTO r,rCnOnb3)'IOTCT KaK rAHAI,IKarOpbr rOKCI,IqeCKO|O Aer4}'tP.:1lfl

3arpr3HeHux (Pavlovic et al., 2010). EuouoHuropr{Hr c r{c[oirb3oBaHr{eM pbr6 B KarrecrBe

6rEounguraropoB BKJrroqaer MHoxecrBo narpaueuufi, or nprMoro r{3MepeHn.f, ux
cMeprHocrlr Ao aHaJIr{3a nonynrqr{oHHofi AaHaMHKr.r u onpeAeneHr4r Buyrpr,rKrerorrHbrx
noKa3arenefi.

B Hacrotlqee BpeMs 6omruoe BHr.rMaHr.re yAenqercs norrcKy vr u3yrreHr,rrc

6uororuqecKvx MapKepoB y prr6, xoropbre MoryT 6uru ucnoJrb3oBaHbr gnx o6napyxeHut
HeraTr.rBHofo BrrvrflHr4fr, 3afpr3HeHr4q. MonerynrpHbre 6uorvrapreprr 3To raKue
reHerr,rqecKr4e vr 6uoxrauuqecKr,re xapaKTepucrr{Kr{, napaMerpbl MoneKynrpHbrx
3arrlr,rrHblx cllcreM, Koropbre no3Bolrrlor orleHr{Tb orKJI}IKr.I opraHu3Ma na Aeficreue
pa3nLItIHbIX, B ToM qLIcJIe He6rarouprrrrHbrx Arq Hero Qarropon, Hanpr.rMep, aKTr{BHocrb
necnequ$I4qecKLIX MoHooKcureHa3, aHTraoKcr{AaHTHbrx QepveHron, rroKa3arenr.r

nepeKucHofo oKtrcJlenvrs. rvnv4on, 6erxonrrfi cocrae cbrBoporKr{ KpoBr.r r{ T.A. (PygHena
rI Ap., 2004). Morerympuble 6uorr,rapxepbl rBJrrlorcq Har,r6oree paHHr,rMr{ rlHArrKaropaMu
ToKcr.rrrHocrr4 cpeAbr t4 gKoJrofuqecKoro ne6raronorry.rvr, opraHr,r3Mon (Anderson et al.,
2003), no3ToMy uccnsAoBanne vx Ar{HaMr.rKr,r Moxer 6urs ncnoJrr3oBaHo Anr HafrHoro
o6ocHoeaul,r.s ryK 3arpfl3Hrrorlux BerrlecrB, Ans orIeHKu u nporHo3a cocrorHlrt
uouyrxqnfi [poMbrcnoBbrx Br.rAoB, a raKxe npu KoMlJreKcHoft grororcr,rKoJroruqecxofi

xap aKrepr{ crrr K e p a3nr4 q Hbrx aKB aropr{ ir (l4p eiaxuu a, 2 0 0 8 ).
B KaqecrBe MoneKynrpHbrx 6uouaprepon rxrapoKo Hcnonb3yrorcr Qeprraenrsr

nepnofi Qasu AeroKcr,rKar\vr4 - rlrrroxpoMsr P450 (Goksoyr, Forlin, 1992) n nropoft Qasu,
B qacrHocrv\ rrryrarvon-S-rpaHcQepasu (fST) (Olawale, Ikechukwu,2007; Rees, 1993).
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launrre Qepuenrur flerreHr{ [pr.rHr4Maror aKTI,rBHoe )n{acrrre B cBt3bIBaHI{I,I vr

LrlJarffvBa]q]1,u IlllrpoKoro c[eKTpa rceno6uorzxos H SHAoreHHbrx coeAprHelF.r4fr. [st',
orleHKlr gKonofo-0r.r3lroJrofr.rqecKofo cocTorHrrr rLlApo6r4oHToB TaKXe rrpr{MeHrroTct
MeTOAbr no oflpeAeneHr,rrc KoJrr.rqecTBa Hr.r3KoMoJreKynrpHbrx KoMrroHeHToB

aHTT4OKCHAaHTHOfi CrrCTeMbr nerreHr,r, Hanpr{Mep, u3MepeHr,re coAepxaHr4.f,

BoccraHoBJreHHofo rnyrarr.roHa (Olawale, Ikechukwu, 2007; Van Der Oost et al.,2003)
unu ypoBnr Kaporr.rHor.rAoB B nerreuu (IyaruH, Korecrurona, 2005).

I{enrro AaHnofi pa6orrr 6rrro onpeAeneHLre ypoBur MoneKynrpsrrx 6uorrrapKepoB

aHTr4OKCrirAaHrUOfi Cr4CTeMbr U CfiCTeMbr AeTOKCT{KarI}rU netreHr,r 6rrUra-rpyfJrrKa
Neogobius melanostomus us npu6pexubrx aKBaropuft TaranporcKoro 3urvBa c pa3HbrM

ypoBHeM aHTponoreHHoro sosAefi crnvs.

MATEPI4AJbT U METONbI

Pa6ora BbrnorrHqnacb Ha 6ase (DfVlI <AsoBcruia I*fuI prr6uoro xo3xficraa>>,

r. Pocroe-Ha-.{ony. O6rerrou zccreAosaH[fi cnyxr4n 6uuox-xpyrnar Neogobius
melanostomus. P:';,6 oriraBJrr,rBaJrr{ oceHLro (cenra6pr-orrr6pr) 2010 r. B 3afp.rr3HeHHoM

pafione aKBaropr,ru MopcKoro roproBoro flopra r. TaraHpofa r.r B MeHee 3arp.rr3HeHHoM

pafioHe - y c. Becero-Bo3HeceHoBKa (rpanraqa PoccrEu ra VrpauHu).

Cero Beceno-Bo3HeceHoBKa (KHII <<3orora.s Koca>) r,rMeer GPS rcoopAr{Harbr:

47o7'24" c.rr. u 38o18'48" B.A.; r.Taraupor (pafton MopcKoro nopra) -47"12'24" c.ru. pr

38o57'17" B.A. Paccrosnue Me)KAy AByMr prccJreAyeMbrMr,r rorrKaMr,r cocraBJrrer
npr.IMepHo 53 xrvr.

Ha uccreAoBaHne 6rrro oro6paHo 76 carr,rrloe co II crap.uefi 3penocrr{ roHaA
(C3f). OcHosHrre nuseftso-vaccoBbre [oKa3areJr[ 6Hqrca-rpyrnrKa npeAcraBneHbr B

ra6mrqe 1.

Ta6ruqa 1. OcHosHrIe manefiso-rvraccoBbre noKa3aTeJrr{ 6uvxa-xpyuqKa H3 Tarauporcxofo 3€rJrHBa.

Table 1. The basic linearly-mass parameters of the round goby from Taganrog bay.

Mecro orJroBa Kol-
BO

Bo:-
pacr

CraAun
3penocTr,r

!4nua,
CM

Macca, t Macca
neqeHlr, r

fenarocouatu-
.{ecr}t[ HHreKc

c. Becero-
BogHeceHosxa

JJ II 12.6+0.3
9.5- 17.0

53.8+3.7
28,5-t26,2

3.1+0.4
0.4-11.1

6.6+0.3
I . 1-9.9

r. Taraupor,
nopT

43 l+,2+ II 10.4r0.2
8,2- 15.5

30.2+2.0
15,4-95,8

1.7+0.1

0,98-5,8
5.7*0.2
3,7-8,6

flpnueuanne: Jlnueftso-MaccoBbre rroKa3areJrn rrpuBeAeHbr 
" " o"ff.

Note: Linearly-mass parameters are presented in the form of ffi.
O.qnonpeueHHo B raxAofi TorrKe 3aJrrrBa npoBoAr{nu or6op npo6 BoA6r r{ rpyHTa

IIIA orrpeAeneHn.rr B Hr4x ypoBHr ocHoBHbrx 3arps3Hr.rreneit. Or6op, KoHcepBarlur,
ycnoBnr rpaHcnoprr{poBKr{ vr xpaHeHns npo6 BoAbr, AoHHbrx ouoxeulrfi Lr

rugpo6uouron coorBercrBoBiuur 4eficrryroquu MeroAlrqecKlrM pyKoBoAcrBaM vl

H opM arr.rBHsru rpe6 on anuflM.

Co4epxanue ycrofivr,rBbrx KceHo6r4orr.rKoB onpeAenfl:rvt Lr B cyMMapusrx npo6ax
6uvra-rpyrJrflKa (aua-uus npoBoAr4ncr B TeJre psr6rr, a He B orAeJrbHbrx rxaHrx).

O6pa:qsr rKaHr,r [eqeHr,r xaxAoft pu6u r.r3BJreKaJru npu BcKpbrrr{r4 14

3aMoporcr4Banr4 B )Kr.rAKoM a3ore npu -196 oC B cocyAe flroapa. B reqeHr,r prr6
onpeAen rnr4 coAepxaHr,re Mr,rKpocoMaJrbHbrx rlr4Toxpouon b5, P450 u P420 no MeroAy
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Omura u Sato (1964), aKTnBHocrb rnyrarr{on-S-r"pancSepa:u flocrMr,rroxou4praamuoft

Qparqun rro Merolr4Ke Sen u Kirikbakan (2004), npu l, : 340 HM, coAeplxaHl{e
BoccraHoBJreHHoro rnyrarr.roHa rro MeroAy Ellman (1959), ypoBeHb Kaporr.rHor{AoB

rreqeHr4 (KopruaeHro z Ap., 2005), coAepxaHr{e 6erxa - MeroAoM Bradford (1976).

?Iccre4onaHvs, Ha Hurrrrr4e KoHTponupyeMbrx rroJuuoraHToB npoBoAr.rnrlcb Ha

coBpeMeHHoM o6opy4onaHrEu no arrecroBaHHbrM MeroAHKaM B :ra6oparopHra
aHaJrnrvrqecKofo KonTpons BolHbrx 3KoclacreM AuarzruqecKofo rlcrlbrrarenbHoro
rIeHTpa OfyII <AsHI4tr4PX>>, arrpeAr{roBaHHoro foccraHAaproM P(D Ha rexnuqecKyro
KoMnereHTHocrb rr He3aBucr{Mocrb tr 3aperr4crpupoBaHHoro cpoKoM Ha 5 rer B

foccraugaprHoM peecrpe or 07 Lrronn 2006 r. roa J\bPOCC.RU.0001.510217 .

Koruqecrno yfneBoAopoAoB onpelenrnocb rcorrr6uuupoBaHHbIM

cnerrpoQoroMerpllqecKr4M MeroAoM, orrpe.(eneur4e cMoJrr4crbrx BerrlecrB npoBoAr.rnocb
MeroAoM nroMr.rHecrlesrnofi crreKTpocKorr[rr{. XnopopranuqecKr,re [ecrr,rrlr4Abr (XOII) n

BoAg u AoHHbrx orJloxeHurx orrpeAenrnlrcb ra3oxpoMarorpaQrauecrlru MeroAoM.

Onpe4eneru4e rsxerbrx MeraJrroe (TM) - xeJre3a, MeAr4, MapraHrla, qrrHKa, xpoMa,
oBIIHTIa U KaA}' rLrs. B BOAe npOBOAlInOCb MeTOAOM, OCHOBaHHbTM Ha I{3MepeHI,IU BeIrUqr.rHbI

a6cop6qzu aroMHoro ilapa oflpe.qenreMoro 3neMeHTa. Oupe.qeneHue BaJroBofo
co.{epxaHHr aJrIoMI,IHLrr, xeJle3a, MapfaHIIa, cTpoHIII4g, BanlaI.uL }lurKelrfl, MeApr, uLIHKa,
xpoMa, cBr.rHrla, MbrlrrbflKa, 6apux u pryrfi B AoHHbrx ornoxeHr,rrx npoBoAr{nocL MeroAoM
penrrenQnyopeclleHTHoro anaJr43a. KaArraufi B AoHHbrx orJroxeHr,rflx onpeAenflnct
MeroAoM arousoft a6cop6quH. flocne coorBercrslrorlefi rpeABaprrrelsuofi noAforoBKr,r
npo6 B opraHax u rKaurx rugpo6nouron [poBoArrnocb onpeAeneHr{e coAepxaHr{t
cneAyrorqrax KoHrponupyeMbrx roKcHKaHroB: ue$rxurx yrneBo4opoAoB
nroMIaHecIIeHrHbIM MeroAoM, XOn u ronuxnopupoBaHHbrx 6uQenunon (IIXE)
MeroAoM ra3oxr{AKocrHoft xpoMarorpa$uu, TM - MeroAoM arouuofi a6cop6quu c

sneKTporepuuuecrofi arovrusaquefi .

Crarficrir.recKyro o6pa6orry non) {eHHbrx AaHHbix npoBoAr{nu, flcrroJrb3y.f,

craHAaprHrrfi naxer nporparrarvr MS Office Excel. ,{ocronepHocrb pa3nurauia MexAy
eu6opralrlr oqeHr{Bilnu no t-xpnrepr4ro CrrroAesra.

PE3yJIbTATbM I4X OE CyXAETil4E
flo AauriuM xl,IMr,rqecKofo auaJrv3a, npoBeAeHHoro orAenoM anaJil4TwrecKofo

KoHTpons BoAHrIx oKoclrcreM (Dfyll <<AIIIJILIPX>, arnaropprfl, 3uruBa B r{ccJre4yeMbrx
pafioHax rEMeJIa oAHorr.rnubre c[eKTpbr 3arps3nrrorlux BerrlecrB. B ra6nurle 2
npeAcraBneHbr AaHHbre ro coAepxaHr{}o XO[I, [IXB, He$renpogyKroB (HII), TM (Fe,
Mn, Ba, Y, Zn, Cr, Ni, Cu, Pb, As, Cd, Hg, Sr) B BoAe, B AoHHbrx orJroxeHr4sx
TarauporcKoro 3€rJrr.rBa r{ B cyMMapHbrx npo6ax 6srqros ([ygruH, 2010).

B pafione nopra 6slrl orl,re.reH 3Harrr.rreJrbHo 6olee nsrcorufi ypoBeHb 3afps3HeHufl
BoAbr r,r rpyHToB TaKI,IMT{ 3arpr3H}rreJrflMr{ rar XOII, HlI, IIXE. B Aonnux ocaAKax B

pafioue c. Becero-BoeHeceHoexa 611114 Bbrrrre KoHrleHTpaquu 6omur4HcrBa MeraJrJroB

(rpol.re crpoHllr4s, MapraHrla v urrunxra), ro-Br.rAr4MoMy, BcneAcrBr.re 6nusocru
rpyuneilnefo MeraJlnyprr,rqecKoro rIeHTpa B r. Mapr.rynonr (VxparzHa). A6comorHoe
coAepxaHl{e 6apun u Hr,rKer-fl B AoHHbrx orJroxeHr,rlx 3anvBa n paftoue c. Becero-
BosHeceHoBKa [peBLrrrraJro Ao[ycrr{Mrrfi yponenb KoHrleHTpawfi,. B cyvrrraapuux npo6ax
6sl'Ira KoHIIeHTpaIILIpI Bcex KoHTponI4pyeMbrx MeraJrJroB He npeBbrrrralrv Mvrnr4rrramuufi

4onycruurtfi ypoBeHb, Ho B To )Ke BpeMfl Lrx coAepxaHue 6suo 3Harrr.rre.[bHbrM.

CpaeHeurae o6pasqon Lr3 pa3Hbrx Mecr BbrJIoBa noKa3aJlo 3HarlurerbHoe npeBblrueHl4e
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coAepxanr{r qr,rHKa pr Merr4 (y 2 u 10 pa:, coorBercrBeuHo) B o6pa3uax prr6, nruoBJleHHbtx
r pafioue c. Becero-BossecerioBK4 rro cpaBHeHuro c psr6arralr vs pafioHa nopra.

Ta6.irnqa 2. Co4epxauue xceuo6uorr{KoB B c}MMapHbrx npo6ax 6u.rxa-npymrxa.
Table 2. Content of xenobiotics in integral samples of round goby.

floxa3arem, eA. r,BMepeHr{t
Tarauoorcxuft galrn

c. Becero-Bo3HeceHoBKa nopr r. Taranpora
HlI. vr/xr cunofi Maccbr A? 6

ID(F. naxr/rr crmofi Maccbr <l 2.7

XOII. uxr/xr cupoft Maccbr 1,8-3,1 12,2

Cu, rur/xr cupofi Maccbr )1 0,26
Zn. urlxr cupofi Maccbl 11 s)
Cd, rrlr/xr cupoil Maccbr <0,005 0,007
Pb. rrar/xr crroofi Maccbr o?? 0,21

Pesylrraru 6uoxI,rNtr.{ecKlrx uccneAoBaHr,rf noKa3aJII4, rrro BIrr4fllelae

aHTpolofeHHoro 3arprsHeHvs, Ha 6uororprrc 6Hqros ocTaeTc{ BecoMbrM Qarropou,
cHr.rxarcqr,rM perpoAyKrr..rBHylo Qyrixquro BuI.a. 3naqeHras Mr{KpocoMaJIbHhIX

rlr{ToxpoMoB nelreHrr 6srura-xpyrJr.rrKa, BbFroBJreHHofo B BbropaHHbrx TorIKax

TaraHporcKoro 3iurnBa, He npeBbrrrranr,r 3HaqeHr.r.rr [polrnbrx Jrer (Kapanerrfl:a vI Lp.,
2010). B ro xe BpeMr y 6uuxon r{3 paftoHa nopra oHra 6rr:rn HecKoJrbKo Hlrxe
oxl,IAaeMbrx, nocKoJlbKy B TKaHflx, B ToM rrHCJre r.r B freqeHr,r, y pbr6 AaHHofo paftoHa 6rrrra
o6uapyxeuu aHaJrr.rrr4r{ecKr.r 3HairllMble ypoBHuI fD(E, lIAy, HII I,I3BecrHbIX

r.rHAyKTopon I $a:u cr{creMbr .qeroKcr4Karlr4u. TaK, Hanpl.{Mep, coAep)KaHLIe aKTI{BHofi

Qoprr,rrr qr{ToxpoMa P450 B rrerreHr,r 6u.rxa-rcpyfntKa vrs 3aJrvBa n pafione c. Becero-
BosHeceHoBKa Ha 30oA rpeBbrrxruo Aauuufi [oKa3arenb y pbl6 r{3 pafioHa nopra
(p<0,02). Cyrrarvrapuoe coAepxaHrre aKrnBnoir 14 HeaKrLrBHoft Qopu qr{roxpoMa P450 s
rreqeHn pu6 Hs 3aJrnBa B pafioHe c. Beceno-BosHeceHoBKa 6blno BbIIUe Ha 23o , qeM y
pbr6 r43 pafioHa rropra (p<0,05). llo AassuM ptAa aBropoB (Stegeman, Hahn 1994;
Wepener et al., 2005), raxofi Qenovreu o6r.scssercq reM, rrro npficyrcrBrre BbrcoKrrx

KoHrIeHTparI[ft nepcr{creHTHbrx opfaHr4rrecKux KceHo6r.IorI,IKoB B opraHl{sMe pu6 B

HeKOTOpbTX Cnyqarlx MoxeT [pr4BoAI{Tb K noAaBneHr.rro I,Ix MeTa6onI{3Ma B [eqeHI,I 14 K

cHr{xeHr{ro coAepxaHr{A tr aKTprBHocrr,r qi{ToxpoMa P450. B cBq3u c gTrrM MHofrre

I4CCneAOBaTeJrrr cql,rTaroT, rITo.4nt 6onee TorrHoft orIeHKI{ 3AopoBbs BoAHbtx opfaHI43MoB,

loMr,rMo sa6ruoAeHiaft 3a ALrHaMr,rKoft KoMnoHeHToB Mr{KpocoManbHoft crrcreMbr,
Heo6xoAr{Mo }rcrroJrb3oBarb AorroJrHr4TeJrbHbre 6uorr,rapxepu (Cajaraville et al., 2000).

AHarzs [onfreHubrx AaHHbrx BbLf,B[r 6oree BbrcoKoe coAep)r(aHl{e B

Mr{KpocoMax rreqeHr.r 6H.rKos Lt3 o6ovx pafioHon I{HaKTLIBI,IpoeaHHofi Qopuu
rlr{roxpoMa P450 - qr.rroxpouaP420, npeBbrruarcqee coAepxaHlre arrIEnnofi Qoprr,rsr n

2 pasa (p<0,001) (puc. 1).

Taxoe coorHorxeur{e axrnsuoft 14 neartragHofi Qopr, Bo3Mo}KHo, flBrs,eres,

cJreAcrBr{eM HaKonJreHr{r B neqeHlr TM (nanprarraep, Me,qI,I 14 qlanra). OAnnrr,I n3

naroreHHbrx eQQexron, xoroprrfi o6napyxuBaror MHorI{e TM, fiBnrerct IIX
vrognQraqupyrouee eos.4eficrsvre Ha cra6unbHocrb Krerorlnrrx ueu6pan. Onv cuoco6nrt
KaK HanptMyro cBfl3brBarbc.rr c nrr[]rAHbrMrl MoJreKyJraMI4, r{3MeHsr r{x 3aptA u
BHyrpeHHroro rouQopMarluro, TaK r{ Aeficrsoearb orrocpeAoBaHHo, 3arrycKa-f, npoqecc
o6paeoaaurE.x cno6o.qsrx pa.ur.rKanoB (Cvec, 1990). Torcu.IHocrr TM qaue Bcefo

o6yc.noeneHa r,Ix nepexo4Hofi BtuleHTHocrbro, Koropa-r{ no3BoJlter BoBJIeKarb I4oHbI

MerrurJroB B oKr.rcJrr.rreJrbHo-BoccraHoBr,rreJr6nbre rllrKnbl (Eopnuncxas u g.p.,2009).
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HMOJIb/MT
6eruca
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c. Beceno'BosNeceHoBl€ n Tararpo4 nopr
MecToortoBa

lurroxpoub5 ErryrroxporaP450 Eryrm:iPot'tP420

puc. 1. Cogepxaune Seprraenron I $a-ssr AeroKcHKarIHI,I B neqeHu 6uuxa-xpyrJltKa TaraHporcrcoro

3aJrvBa, uuonr/ur 6ema.
Fig. 1. Content of enrymes of I phase of a detoxification in a liver of round goby fi'om Taganrog bay,

nrnol/mg protein.

Haronlenlae TM B opraHu3Me pbl6 npeAcTaBnqeT cepbe3Hylo yrpo3y An'f, I'IX

pelpoAyKrlrau. Ebrno AoKa3aHo, qro TM oKa3blBaror BJIIatrHI{e Ha pa6ory 3HAoKpI4HHofi

cr4creMbr. KaqecrBo r,t Koirr.rirecrBo faMer, HapyuarcT faMerorenes (Jezierska' Witeska,

2001). Mexarirasrvr STofo BpeAHofo Bo3AeficTBI4t 3aBI,ICLIT OT TIdnA MeTaJIJIa, ero

KoHrIeHTparILrr4 B oKpyxaroqefi cpeAe u 6uogocryflHocrl,I MeraJIJIa Anfl AaHHoro BI4Aa.

Hecuorpx Ha To, qTo III,IHK I,I MeAb n SusuoloruqecKux KoHIIeHTpa\vflX flBnflroTcf

Heo6xoAr{MbrMr4 Mr4KpogneMeHTaMr4 rnfr pbl6, BblcoKrle KoHIIeHTpaIIuu 3TI{x TM Moryr

6tnr onacHbrMr4 Ans opraHr43Ma. Onncauo HapylreHl4e pa3ublx c;raguit raMeroreH$a y

pbr6 noA BJrr4f,Hr4eM BbrcoKr,rx KoHrleHrparlrfi qr{HKa (o'Dell, 1992; Popek et al., 1997;

bopek et al., 2003). llorasaso, rrro BbrcoKlre KoHrIeHTpauIaI4 MeAI,I nary6uo BJIIaflror Ha

pa3BtrTl{e tlir{HnKoB y pu6. Toxcuqecruft eQQerr MeAI'I uefirpalusyeTc't

MeraJrJrorr{oHetrHaMlr (Roch et al., 1982)..{eficrnze raKI'Ix TM, rar xaAIrauil I,t MeAb,

cBt3aHo c Hapyileur4flMr cnepMaToreHe3a, unrIE6uponanlaeM pflp.a QeprvreHron V

HapyilreHr4rMr,r B crpyKrype AIil( (Dietrich et al., 2004, 2005; Jezierska, Witeska, 2001).

B pe3ynbTaTe OTI,Ix napyureuufi cnllxaeTcq oQQexrurHocTb onnoAoTBopeHl4fl 14

Konr{qecrBo xpr3Hecroco6gofi llKpbr (Dietrich et a1., 2004; Rurangwa et al., 1998)' Tarxe

rroKtBaHo, qTo HaKo[JIeHIae TM s roJIoBHoM Mo3re prr6 npnnoAl{T K HapyIIIeHIrro B

QyurquouvIplBaln:au fl{noTaJlaMo-runoSusapHoft cIIcTeMbM) KaK cJIeAcTBIIe, K

r,r3MeHeHI,Irc noJloBoro noBeAeHI,It prr6 (Atchison et &1., 1987) Lr K cHI4XeHI'Ilo

e$SerrnnHocrI4 pir:MHoxeHl,{t (Popek et al., 2006).

Toxcuqecruf s$Serr TM cessaH raKxe c HapyueHI,IeM cI'IHTe3a pasnl{qHblx

$oprur III,IToxpoMa P450 rJIaAKofo 3HAonJIa3MarI'IqecKoro perl{Kynyva' TM unrn6upyror
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I4 HeKoropble 3BeHbq BTopofi Sa:rr AeroKcr{Karluu. Sru Qepvenru yrracrByror He roJrbKo B

Mera6orfisve xceno6l4orr.rKoB, Ho r{ B rr,rera6orzsMe oH.rlofeHHbrx 6uo.noruqecKl{ aIcrHBHbIx
BeIrIecTB - KOpTI4KOLIAHbTX Vr Tr4peOI4AHbrX TOpMOHOB, aHApOfeHOB, KaTeXOnaMHHOB,

BI,ITaMI{HoB rpynrlhl D, xonecTepl4Ha v Ap., rro3ToMy HapyxeHr4e ux cr{HTe3a Lrrtr
cHIaxeHLIe aKTIaBHocrH Mo)Ker raKxe Bbr3hrBarb HapyrxeHr,rr pelpoAyKrvnuofi Qynxqnfi u
Apyrt4x rpoqeccoB B opranr{3Me psr6 (I4crE4opon, 1997; XpucroQopoB4 1989).

AxrraeHocru fST B III{To3oJIe renarourzToB rreqenz 6rrqxa-KpyrnsKa 6rrra r 1,5
pa3a BbrIIIe 3narreHl,Ift, nonyveHHbrx B [polrnbre roAbl, rrro cBllAerenbcrByer o6 o6qeu
HanptxeHl{[ clicreMhl AeroKcI{KaiIu[. 3naqeuzs aKT[BHocrrz Seprueura B rrer{eHr.r 6nvxa,
BbIJIoBJIeHHoTo B pafioue [opra, He3HarrlrrenbHo [peBhIrIIaJII,I AaHH]'io BenuquHy y 6rrvra-
KpyrnsKa us 4pyroft roqKlr (ua I3%) (puc.2).

5

rrrcrronr/mr
6errca *mrln.

A<

c. Bec8ro-BognecenoBra r. Taraxpor; nopr

EfsT MecTooTJroBa

Puc. 2- ArcrueHocrr QepueHra fST s reqeHlr 6uuxa-xpymxxa TaranporcKoro 3rurr{Ba, uruo6/nar
6erra x MLIH.

Fig. 2. Activity of glutathione-S-transferase in a liver of round goby from Taganrog bay, pmoVmg
protein x min.

KoeQQaIluenr Koppentrllall MexAy coAepxaHrzeM rlr{roxpoMa p-450 Lr
aKTI4BHocrbIo rnyrarnon-S-rpaHc$epasu cocraBr.rJr 0,52 y 6u.rra-rpyrrsKa r,r3 3aJrLrBa B
pafioue c. Becelo-BosueceHoBKa. V 6rr.moe prs surrr*a n paftone flopra Koppenrqlrr4
MexAy LIccJIeAoBaHHhIMI'I noKa3aTeJItMI/t oTMeqeHo He 6rrlo. Orcyrcrnne Koppenrqfir4
Mex(Ay Qeprraenrauu nepnoft z rropoft Qa^: 4eroxcr4Karryilr y pu6 rr3 pafioHa ropra Moxer
cBl'IAerenbcrBoBarb o llpeo6na!.alvu B crleKTpe TIoJIJIIoTaHToB KceHo6uoruros. vxe
r4Merounx B cBoeM cocraBe peaKrlr{oHHyro fpyllrly Anjr KoHblofarlulr.

OTnoe prt6rr ocylqecrBntnct oceHbro B nocneHepecronrrft [eprroA,
cneAoBaTeJrbHo, MoxHo c yBepeHHocTbro yTBepxAaTb, rrTo BbrcoKoe coAepxaHr{e
Seprrleuron 6uorpaHc$opMalluu He Bbr3BaHo gHAoreHgbrMlr QusrEororuqecKnMn
$arropanan, a cBt3aHo c Hefarr,rBHhrM BnrrrHHeM rceHo6uorr*o". 06 eroM TaKXe
cBl{AerenbcrByer orcyrcrBl{e KoppenrquoHnof 3aBI4cr4Mocrr4 Me)KAy BenuquHoft
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rerrarocoMarr.rqecKofo r,rHAeKca lr 3uarreur.rrMlr r4ccJre,4yeMbrx 6raorraapxepoe. HesHcoxas
eapua6emHocrb relarocoMarr,rqecKofo prH4eKca noATBepxAaer 3Hairr4TeJrbHoe cxoAcrBo

Susuoloro-6uoxuttttqecKoro cra;ryca prr6, ouoBJIeHHbIX B TerreH[e olnoro ce3oHa B

o6eux roqKax saJfi4Ba. Cegounrre r.r3MeHenrrr ferrarocoMarlrqecKofo r{HAeKca prt6 naxurt
c rorlKr.r 3peHr.rq B3aHMocBr3r{ groro ilapaMerpa c QzsuororrrrrecKlrM cocrotHl{eu oco6efi,
a raK)r{e ypoBHeM HaKorrnenzr roKclrKaHToB B opranr43Me (feprr,ran, KosroecKat, 2001). B
lepr{oA HepecTa B rrerreHpr [por4cxoAr4T HaKorrneHr.re pesepBHbrx BeIuecTB 14

unreHcrEQurKar\prfl ruera6onuqecKrrx npo{eccoB, neo6xo4r.rMbrx AJII co3peBarr4fl raMer.
3ru upoqeccbr conpoBoxAarorcr rr4rreprpoQuefi KJreroK r4 3Haqr4TeJrbHbrM yBen[qeHI,IeM

Maccbr rrerreHu, $eprr,tenrarnBHhre cprcreMbr roropofi :aapflgy c AeroKcltraIluefi
rroJltlroranToB, ocyrqecrBJr.slor nlera6or[su SnsuororuqecKl,I aKTT4BHrIX BeIrIecrB, B ToM

trr.rcre noJroBbrx crepolrAHbrx ropMoHoe (I,Ipefircuua, 2008; Gallagher et al., 2001). B
cBfl3u c orrrM, aKTraBHocm Qepueuron 6vorpancSopMarlr{rl vr KoHIIeHTpaIITIt

KoMnoHeHToB aHTuoKcrrAaHTHofi crzcreurr B rterreHu 3aMerHo Bo3pacraer, [purreM 3To

cBr3aHo Jrr{rrrb c Susuororr,rqecKr,rM cocrorHneu pu6rr, a ue o6ycroBJreHo Herarr.IBHbIM

sosAeftcrspreM KceHo6raoruxos (Stoilov et al., 2001).

B pesynmare uccneAoeaHuft ue 6srro noryreHo AocroBepHbrx pa3nl,Iqufi NaeNgy

coAeplraHr{eM BoccraHoBJIeHHoro rurytarl4oHa B rerleHu 6rFu<os us pafionoB I,IccJIeroBaHIr.a

@uc. 3). fn;"raruoH-S-rpaHcQepa3a aKTvrBHo rzcnon*yer BoccraHosreHHHfi rq/rarrroH B

peaKrlr.rJx KoHbrofaqr.ru c KceHo6uoryrrauu. Orcyrcreue AocroBepHbrx ornz.rzfi B ypoBHf,x

arrueHocreft fST B neqeHr{ Moxer raKxe cBr{AerenbcrBoBarb o panuoft crerreHpl

pacxoAoBaHur AaHHoro Hr.rsKoMoJreKynflpHoro aHTr{oKcr,rAaHTa y psr6 us pa3HLIx rorleK.

mxr/rrn
6emca

c. BeciiloBo:neceHosxa n Taraapo4, nopr

Enryraruon MegroorJroBa

Puc. 3. Co4epxauue BoccraHoB,qeHHoro Dr),Tarr.roHa B neqeHu 6rruxa-xpyrruxa TaraHporcKoro 3uruBu
nrxrhrr 6errca.

Fig. 3. Content of reduced glutathione in a liver of round goby from Taganrog bay, pglmg protein.
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KAPAIIETbfIf O.III. r.r,up.

AHa-[us coAepxaulrr .4pyroro aHTproKcr.rAauTa Lr [popelpoAyKTopa
KaporuHorrAoB, HanporI,IB, BLrtBr,rJr 6olee BblcoKoe r{x coAep}KaHue B rrerreHr,r 6srqros us
pafioHa nopra (puc. 4). Kaporuuokt4br flBrrflrorcs neo6xoAr4MbrM KoMrroHeHToM rr4TaHr.Iq

pu6, r.r. xclrBorHbre opraHu3Mbr ne cnoco6Hbr K Lrx cLrHTe3y. Kaporuuokrrbr y pbl6 BaxHbI

AnA MHoxecrBa QIasHororuqecKl/tx flpoqeccoB B cBrr3pr c reM, qro oHI4 flBIIArorcfl
npeArxecrBeHHrrKaMr.r perr,rHor4Aon (Matsuno, l99I; Schiedt, 1998; Maoka, 2011) -
coeAl4HeHraft, neo6xoArrMbrx Anr pocra oprarrr,r3Ma kr pa3Bkrrnt grirzreJll4aJlbHbrx rraneft u
spe}Jufl., perynuplrorqux rpoqeccbr srrl6puoreHesa 14 clepMarofeHe3a (Zile, 1992).

LIzMe:aeLrufl. B roMeocra3e perr.rHor.rAoB Mor-yr Bbr3brBarb 6omuroe KoJII{qecrBo

ue6naronpurrrHbrx e$Qerroe, BKffoirarcqux 3aMe,{neHr{e pocr4 TeparoreHHble eQQercru,
nopaxeHr,re grrr{Aepuvrca) Hapyrrreur{e 3peHr,rs v crepprnbHocrb (Bhagavan, 1992).
floAo6nue roKcuqecK[e eQQerru orreHb qacro Ha6moAarorcr y pu6 us 3arps3HeHHbrx

uecroo6urauirfi (Millera et al., 2000). B ro xe BpeMir npprcyrcrBr{e KaporI,IHoIaAoB B rllu1e
Kynbrr{Br{pyeMbrx Jrococr u neua 3Haqr,rreJlbHo yBenrrql.rBilno eS$exrunuocrr flx
pa3MHoxeur4q, ycKopflno pa3BraTr{e r4Kpbr, o[noAorBopeHlle v nuqIarroqHrtfi pocr
(Torrissen, Christiansen, 1995). lluerorc-s AaHHbre o6 ytacruu KaporlrHolrAoB B MexaHI{3Me

noJroBoro co3peBaHr4.n pu6, a raKxe o roM, rrro trKpa Qoperu, coAepxarrlas 6orslxee
KoruqecrBo KaporlrHor4AoB, flBrsercfl,6olee xzsHecrofixofi n Aaer 3HarIureJIbHo Iuenrnuft
orxoA rpv r4HKy6uJuu (JloruHon4 1967). KaporunonAbr croco6nrr orrranblBarbct B

KoxHbrx noKpoBax, rAe MoryT yrracrBoBars n Qoprr.rupoBaHl4LI rarrayQnxxHofi oxpacrra urn
cLrr\arrvr3lrpoBarb o roroBuocrr{ K pa3MnoxeHrEro (Maoku20ll). KaporuHor4Abr o6raAator
aHTrroKclrAaHTHbrMr{ croftcrsaMu u cnoco6nsr :$Qercrnnuo uurn6uponarr flpoqeccbl
rrepeKr{cHoro oKr,rcnenrrfl. Irr4rrnlon Q.{akano et al., 1995, 1999). OcHoeHo[ \aera6orusld
Kaporr.rHor,rAoB rrpoucxoAr4T B rrerreur{. Msorue MopcKrle opraHH3MbI cnoco6nrr
HaKarrJrr4BaTb KapoTr.rHoH,{br B foHa.{ax.

urr/r 8

cbrpTrcaHlt

c. BecivroBogneceHosxa r Tararrpoq nopr

MogrooTJroBa|lKapgTtlHollrl

Pnc. 4. Co4epxanrae KaporuHolrAoB B rreqeHu 6rrvrca-npyrlrxa, urr/r cblp. TKaHH.

Fig.4. Content of carotinoids in a liver of round goby from Taganrog bay, trtglgwet tissue.
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B csgsu c reM, vro or KoJrr,IuecrBa Kaporr.rHor{AoB B opraHl{3lre psl6 3aBucur
cKopocrL pa3Bvrufl roHaA, TeseHr.re faMerofeHesa, eQQeKTr.rBHocrr onJloAorBopeHvfl. kr

Aarugefturee p€BBI,ITLIe JII4rII4HoK, K HI{M BIIoJIHe npI{MeHI{M TepMIzH <<6IEoxravrprqecrufi

penpolyKrop)).

IlosrrrueHHoe HaKonJreHr{e TM e cyMMapHbrx upo6ax 6rrqroe v3 3urvBa n pafioue
c. Becero-BosHeceHoBKa colpoBoxAaJrocb 6oree Hr43Kr4M coAepxaHueM KaporI{HoI4AoB B

neqeurz prr6 n cpaBHeHr.r[ c pu6auu us paitoua nopra. llo-au.qzr\,roMy, HaKorrJreHr.re MeA]I

vr rIr{HKa B TKaH.f,x pu6, orJroBJreHHbrx y c. Beceno-Bo3HeceHoBKa, [pr,rBeno K

rzHreHcraQurKar\vtur cno6o4HopaA[KaJrbublx rlpoqeccoB r4, KaK cneAcrBue, K rIoBbIIrreHHoMy
pacxoAoBaHr{ro KapoTr4 HoLrAoB.

PasHuIIa B ypoBHflx r,rccneAyeMbrx Hpr3KoMoJreKynrpHbrx aHTLIoKcLIAaHToB,

BepofiTHo, cBr3aHa c reM, r{To KoMrroHeHTbr aHTproKclrAagrgoft clzcreMbr n paslvvuofi
crerreHr.I flpr{Hr{Maror yqacrl,Ie B nI{KB[AaIIrur nocneActsuir oKr.rcJrrrreJrrHoro crpecca y
prr6, uH4yqr.rpoBarrHoro 4eficrnueM MeraJrJroB r,r Apyrr.rx rceHo6uorr.rKoB. B ro xe BpeMs

oTpr4rlaTenbHajr Koppen'jJr4l Mex.(y aKTI{BHocTbIo AeToKcLIKarIr4oHHbx cr4cTeM B opfaHv3Me
6rr.rxoe v coAepxaHueM oAHoro Lr3 ocuoBHbrx 6uoxurrau.recKr,rx pelpoAyrcropoB
KapoTrrHor{AoB, cBr.rAeTenbcTByeT o Hurv'I{r4r4 MexaHr43Ma oTpr,rrlaTenbHofo Blrtrfllvrs, cpeAbl
o6urauus. Ha 6uoxrEl.ruqecKlre flapaMerpbl Boclpor43BoAuremuofi cucreMbr Lr

BO3MO)KHOCTL no.4aBneHr{r peIIpOAyKrInU 3TOrO BUAa B yCnOBr{f,X 3arps3HeHl{.s.

3AKJIIOqEHPIE

Pasezrue opraHrr3Ma npoucxoAr{T rroA KoMIIJIeKoHrIM, cl{Hepferl,IqecK}rM
eosAeftcreueN{ BceBo3Moxabrx rou6uuaquft Qarropon cpeAbr 6raoruqecxofi 14

a6uorzqecroft npr4poAbr. B pe3ynbrare, KaK cocro.rrHr{e opraHr{3Ma, TaK v ero
III/ICJIeHHOCT6, CTpyKTypa nonynrrlr4r{ OTpa}KaeT 6:rarOrpuaTHocTb cocToflHr{t
oKpyxuuouefi cpegu.

MaronoAeuxnsrft npr,r4ouuufi o6pa: xr{3Hr.r 6rrvra-rpyrn.sKa 14 pflA ero
rr,rop$onorl4rrecKlax oco6ennocreft 4eraror ero oAHuM lrs y4o6urtx 6uouu1rrKaropHbrx
opraHLI3MoB Anq MoHl,rropr{Hra peaKrlr,ru uxruo$ayHbr Ha 3arpr3HeHne. Oco6eHHocrb efo
rraopQonorul,I B cpaBHr.rreJrbHo Hrasroft Aone noAKoxHoro xr4pa, ocHoBHaJr Macca xupa
KonrleHTplzpyerctr B rreqeHu. Taruu o6pasov, nuuoQulrHue xceno6uorurcu He

3arlacarorct B oprauusue psI6bl, a rroABepralorcr AeroKcr,rKarlnr.r HenocpeAcrBeHHo B

6nnxaimtue cpoKl4 nocJle nocry[neHlrr B opraHr,r3M. To ecrr roKcr{qecKrEe sQQerrrr
xcen o6rE oru KoB H e fl BJrfl rorcr orcp orleHHbrMr,r.

Bu.ror-xpyrnrK coorBercrByer BceM rpe6onaHlrru, npe4brBnreMbrM K

6[ororu.recKl,IM I{HAHKaropau Qouonrrx yponHefi 3afpr3HeHun, u uau6olee ygo6eu An.f,
6uouuguxaguu sarprsHeuraft, T.K. coBMerrlaer B ce6e qyBcrBr4TeJrbHocrb

(npoxnnxroulyloct B perlrcrpt4pyeMbrx [r3MeHeH]rrx cocraBa rrcaneil, rrlera6olusMa vrrur

IIoBeAeHI4t B orBer Ha 3Kcrlo3l{rlrtro ne6oluuuMrl KonrrqecrBaMr4 oKoroKcl4KaHra) u
TonepaHTHocrb, T.e. cnoco6uocm QyHrcqr,roHr.rpoBarb npr4 rrocrynneHnra 6olrurrx Ao3
3 arpr3Hsro u1rrx KoMn oHeHToB (I,Icra4opor, | 9 97 ).

Coeoxynuoctr [ccneAoBaHHbrx 6uouapxepon B fleqeHu 6uvxa-rpyrJrsKa
tlo3BoJlr{na nonytr[Tb o6reKrraeHyro uHQopMarrurc o se6larononyrrHoM Qr,r:uonoro-
6uoxlrvuqecKoM cocrorHr4r,r raHHoro Br41la B TaraHporcKoM 3uurnBe. AKu,reHocrr fST ra

coAepxaHlle MIaKpocoMaJILHbIx ulrroxpoMoB B rreqeHr{ Moryr 6urr ncnoJrb3oBaHbr B

KaqecrBe uuQoprraarI,IBHhIX lloKa3areneft SyHrquoHaJrbHoro cocroqHr,rfl prr6 n ycnoBrrrx
KOMITJTeKCHOfO 3arpr3HeHHr MOpCKT4X gKOCprCTeM.
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B pe3ynbrare r.rccJreroBanprs. p.vuaMv:r.n ypoBHr Hrr3KoMoJreKynrpHbrx

6uouaprepon 6suo BburBJreHo, trro Kaporr{HoraAbr rreqeHr.r flBJrrrorct Hal46onee
rryBcrBr,rreJlbgbrMld [oKa3areJIgMLI K Aeficreurc TgxeJIrIX MeruurJroB u MeranJIoB

rrepeMeHHofi saneHrHocru Ha ru4po6nouron.

Taxuu o6pasou, [onfreHHbre AaHHbre xapaKTepr43yror HanpsxeHHoe cocroquue

AeroKc[KauuouHofi v aHTr4oKcr4Aaurnoff cr4creM nerreHr.r 6rrurca-rpyuurKa o6eux
r{ccneAyeMbrx aKBaropuit swtuya v cBu4erenbcrByror o Hefarr,rBHoM Brrr4snvrvt cpeAbl

o6urawug ua Qzszonoro-6uoxuMuqecKoe cocroflHrae 6rrqra, qro Mo)r(er nplrBecrra K

cHr4)r(eHr4ro ero perrpoAyKTnenoft Synrqura vL KaK cJreAcrBr.re, - K coKpaIrIeHI,Iro
rrr,rcJreHHocrl{ npoMhlcnoBoro B:ara. Pesymraru rzccneAonanraft rlo3Bontror
npeArroJroxr4Tb, irro neoAHorprnHrrfi xaparTep orKJrr.rKa AeroKcr{Karluosnoft vl

aHTl,IoKcrrAaurnofi cl4creM rIeqeHLI prr6 B o6eux ror{Kax gaJrrrBa Bbr3BaH, BITAI,IMo,

pa3nl,IqHhrM KoruqecTBeHHbIM pI KarrecTBeHHbIM correTaHueM noJIJIroTaHToB H cTerleHblo

I,IX TOKCNqHOCTLI.
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MOLECULAR BIOMARKERS OF ANTHROPOGENIC POLLUTION
IN THE LIVER OF ROUND GOBY NEOGOBIUS MELANOSTOMUS

FROM THE TAGANROG BAY
O 2011 y. O.S.Karapetjanr, N.I. Tsema2, S.I. Dudkin2

1 - FSOEE HVE <Southern Federal University>, Rostov-on-Don
1 - FSUE <Azov Scientffic-Research Institute of Fish Facilities>, Rostov-on-Don
Dependence is established of the level of biotransformation enzymes and low-
molecular antioxidants on the degree of pollution and a spectrum of
xenobiotics in the Taganrog Bay. The results suggest that liver biomarkers of
the round goby may be used to assess the fish state under conditions of chronic
toxicity of small concentrations of persistent xenobiotics.
Key words: round goby, Taganrog bay, a biomarker, cytochrome P450,
glutathione-S-transferase, glutathione, carotinoids, pollution.
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