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BusiBaeHO BHCOKY 4YyT/iHMBicTh OIIKOBOI CHCTEMH CHPOBAaTKM KpPOBI KOpoma 1O MiJBUIIEHOTO
BMICTY 10HIB Ba)XKKHX METaNiB y BOJI, SKa NPOSIBISETHCS Y 301bIICHH] CyMapHOTO BMIiCTy O1NIKiB Ta
3pocTaHHi O1TKOBOro KoedimieHTy 3a Aii BCiX AochiikeHnx mertaniB. Ha piBHI ¢pakuiiHOrO CKIamgy
O1JIKiB CHPOBATKH KPOBI MOMIU€HO 3pOCTaHHS BMICTy ajabOyMiHIB P 000X BUBUECHUX KOHLEHTPALIAX
MeTajJiB y BOAl Ta y-rinoOyminiB npu ix pieai 5 ['JIK. Big3nauena TenaeHuis o 30ibIICHAS BMICTY
0inkiB ¢pakuiid o- Ta B-rnoOyminiB npu 2 ['/IK mertaniB y Boai Ta 3HIKEHHS [IMX MOKAa3HHUKIB IpU 5
I'IK. Bwmict 6inkiB y ¢pakuii 0-TI00yMiHIB, SIK IPaBUIIO, 3HIKYETHCS, 32 BUHATKOM BUMAJKY BILUTUBY
10HIB Mii Ta CBUHIIIO B KimbkocTi 5 ['JIK.

BB miagBHUIIEHNX KOHLEHTPALii AOCHIHKEHUX METaNiB MPUBOIUTH A0 3POCTaHHs KiTBKOCTI
O-JTIOTNPOTEIAIB B CUPOBATI KPOBi KOpOMa Ta A0 3HW)KEHHS BMICTY [-JIMONPOTEiNiB, IO CBIIYUTH
npo nepe0y 0By 3a IHTOKCHKAILlii MEeXaHi3MiB TOMEOCTaTUUHOI PeryJsii piBHS JiMiAiB B KpoBi pud Ta
BUKOPHUCTaHHSI iX B aAalTUBHUX IIPOLECaXx.

Knrouosi crosa: npicnoodni pubu, 6inku, HyK1eiHoGi KUCIOMU, 8ANCKI MEMAIU.
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APPLICATION OF METAL-BINDING CHARACTERISTICS
OF AQUATIC ANIMALSIN THE ASSESSMENT OF COMPLEX
ENVIRONMENTAL POLLUTION

The present study aimed to compare the abilityivadltse mollusks and fish to accumulate some toxic
metals in their tissues in the polluted environmdPdpulations ofDreissena polymorpha, Unio
tumidus and Carassius gibelio in Latvia in Ukraine were investigated. In the hasks from the
polluted reservoirs, the accumulation of Zn, Cu, i€dhe tissues but decrease in metallothioneins
concentration was detected, whereas the fish didparopriate reflect the aquatic quality.
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Freshwater mollusks are widely distributed in ba#tural and artificial aquatic bodies. They can
serve as bio-indicators of aquatic pollution dughtr ability to accumulate different substanaesrf

the environment [2]. Fish also is usually utilizead bioindicative species because of its major
ecological role in the aquatic food-webs and seifitsitto stressful conditions [5]. The detection of
the accumulation and compartmentalization of taxietals in the tissues of the aquatic animals
represents the valuable part of the exploring eSé¢hanimals in the assessment of environmental
health [2]. Metallothioneins are the ubiquitouslder molecular targets for d-metals, mostly for
cadmium (Cd), zinc (Zn) and copper (Cu). They sawéduffering proteins that keep these metals in
the less toxic form (particularly Cd) and provithe distribution of essential metals Zn and Cu among
the functional proteins of signaling and catalyjdis Therefore, the induction or increased levdls o
the metallothioneins in the organism or separatssué¢s are frequently using to justify metal
exposure. However, according to the long-yearseegpce of the laboratory, the impact of complex
pollution during life history can disturb the acaulative ability of the aquatic animals and their

ISSN 2078-2357Hayk. 3an. TepHon. Hau. nea. yH-Ty. Cep. bion., 2019, Ne 2 (76) 43



BIOXIMIA

metallothioneins towards the toxic metals or tavate their efflux from the organism [5, 6]. These
circumstances can have the serious limitationshierbiological monitoring of pollution by industria
metals in the aquatic environment.

The present study aimed to compare the ability iwhlle mollusks and cyprinid fish to
accumulate in their tissues Zn, Cu, Cd as the comgp® of the industrial pollution and to buffering
them in the metallothioneins in the conditionsedlistic environment. For this study, we selected t
typical areas that are characterized by the comgueixcultural and municipal pollution.

M aterials and methods

The sites in Latvia were represented by the aidifieservoir of Riga hydropower plant (HPP) on the
river Daugava (R-group) in two consequent yearstardristine lake Kanieris (KL, referent site, in
one year). In Ukraine, the areas in the basin efriver Dniester were selected, namely Ternopi lak
(T-group), the reservoir of small Kasperivtci HRfefore and downstream of the dam, Kb and Kd
correspondingly) on the river Seret and the sitastlee small tributary Zhvanchyk (before and
downstream of the dam of micro HPP, Zhb, Zhd cpoadingly). The R- and T-groups were
represented by the bivalve mollusk, zebra muBseissena polymorpha (Pallas, 1771, Bivalvia), Zh
groups were comprised by the swollen river mughgb tumidus (Philipsson, 1788, Bivalvia), and
the Kb and Kd groups included both. tumidus (Kbm, Kdm groups) and fish prussian carp
Carassius gibelio (Bloch, 1782, Cyprinidae) (Kbf, Kdf groups). Addmally, the fish from the
Ternopil market was examined (Kf).

For the analysis of the metals in the tissuesstkéndividuals ofU. tumidus or C. auratus or
six pools of the soft tissues B polymorpha (from at least five specimens each) in each groeye
dissected. For the metallothionein chromatograptigsue samples from five individuals of
experimental group were pooled in aliquot quantifhe concentration of Cu, Zn and Cd was
measured in the samples of the tissues and pohlateeof metallothionein-containing fractions after
the size-exclusion chromatography. The metal canggon was analyzed by atomic absorption
spectrophotometry against certified standards #fidigesting of samples. Cu and Zn concentration
was analysed on spectrometer C-115, (“Lomo”, Riyssiad Cd, on graphite furnace atomic
absorption spectrometer S-600 (“Selmi”, Ukraineuatification of metallothioneins associated
thiols was accomplished spectrophotometrically raftieeir ethanol/chloroform extraction and
incubation with 5,5'-dithio-bis(2-nitrobenzoic agidlhe detailed analysis of the applied methods is
presenting in [3, 4].

Metallothionein analyses were carried out in tdate for three independent samples, and metal
measurements in the tissue were carried out isE@ximens. Results were expressed as mean + SD.
Shapiro-Wilk test was used for the assessment ohaldy. Data were analyzed with parametric
Student’s t-test significant at p < 0.05. Stat#ticalculations were performed with Statistica © 8.
and Excel for Windows-2000.

Results and discussion

When the mussels from different sites and in twargevere compared, the lesser level of Zn was
found in the KL specimens, whereas the level ofrZthe gonads in the Kbm group and the level of
Cu in the digestive gland in this group where grsta{Table 1, 2). The lower Cd concentration was
found in the digestive gland in Kdm group. In ather groups levels of these metals were similar. In
fish, the concentrations of metals in the tissuesawot different between the sites, and only ¢lvell

of Cd was lower in the Kdf group (Table 3).

Table 1
Concentration of metals in the total soft tissud3.@olymorpha from three reservoirs in Latvia and Ukraine
KL R T R
Metal / Groups
September, 2017 y October, 2018 y

Zn, ugxgt FW 106.4+4.38 131.4+13.0 219,4+40.1 158.4+45.8
Cu, pugxg FW 1.61+0.50 1.67+0.23 0.80+0.27 0.85+0.26
Cd, pgxg FW 1.49+0.18 1.51+0.46 4.06+2.16 2.64+0.74"
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In Tables 1, 2, 3, data presented as mean + SD)(NHBe letters are the same, this indicates
that the values do not differ significantiy £ 0.05)

Table 2

Concentration of metals in the tissuedJotumidus from four sites in Ukraine in summer, 2017

Metal / Groups

Digestive gland

Znb Zhd Kbm Kdm
Zn, ugxg' DW 633.5+68.3 562.3+54.6 548.3+48.2 533.3+91.7
Cu, ugxg DW 13.83+2.40 12.13+4.00 20.23+2.4@ 20.04+2.33
Cd, pgxg DW 6.21+1.4G 6.07+0.8F 7.42+1.8C° 1.79+0.38
Gonads
Zn, pgxgt FW 87.1+20.F 91.99+6.5 117.9+3.9 75.0+38.0
Cu, ugxg FW 1.93+0.04 2.92+1.09 2.26+0.36' 2.47+0.13
Cd, ugxg FW 1.07+0.07F 1.02+0.07 0.96+0.17 1.1+0.17
Table 3

Concentration of metals (M+SD, n=6), metallothionassociated metals (M, % of total metal in the
tissue) and thiols (M+SD, n=6) in the hepatopane. auratus from the Kasperivtci reservoir

Parameter / tissue metallothioneins
Groups Kf Kbf Kdf Kf Kbf Kdf
7n xg-1 EW 369.5+ 352.3+ 58.6 55.6
+ Hg*g 387.0437.6  47.9 207  63.3(16.4%) (15.9%)  (15.7%)
4.12+ 5.50+ 4.69+ 1.19 1.22
Cu, ugxg-1 FW
Ha=g 0.97 1.66' 095  1.24(30.1%) (21.6%)  (26.0%)
2.46+ 2.44+ 1.40+ 0.06
Cd, ugxg-1 FW 0.57 0.54 018 006 (2.4%) (2.5%)  0.07 (5%)
MT-SH, nmol SH 449 .4+ 494 5+ 221.5+
groupsxg-1 FW 111.F 70.9 85.7

The assessment of the chromatographic profilestAhdpectra of the metallothioneins from
all studied groups of animals demonstrated thelaiityi of their molecular weight and spectral
features (Fig.). Among the metals in the compaositaf metallothioneins in the mollusks, the
concentration of Zn was decreased in the order:R&L>Kd groups (Tabl. 4). The concentrations
of Cu and Cd in the metallothioneins of mollusksreveimilar in all groups. In the fish, we did not
find differences between two groups for the levehetals in the metallothioneins (Tabl. 3). The
level of metallothionein associated thiols (MT-SiH)the mussels was about 8 times higher in the
swollen mussel than in the zebra mussel (probabéytd the tissue specific location). In each group
of comparison, the level of the SH groups in methlbneins was lesser in the most polluted aréa: 1.
and 3.4 times in T compare to R and Kbm compatédim groups correspondingly. However, in the
fish the opposite relation was shown: the leveMd-SH was 2.4 times greater in the Kbf than Kdf
group.

Table4
Metals and thiols in the metallothioneins of bivawollusks in September, 2017
Parameter / Groups D. polymorpha U. tumidus
KL R Kbm Kdm
Zn. pgxgt FW 51.8+3.F 60.845.3 91.9+2.7 40.8+1.7
Cu. pgxg' FW 1.21+0.16 1.07+0.07 1.26+0.0F 1.17+0.14
Cd. pgxg FW 0.21+0.01 0.21+0.02 0.13+0.03 0.16+0.02
MT-SH, nmol SH 25.6+9.8 34.9+14.2 209.6+37.6 713.2:74.7
groupsxg FW
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Hence, the examined mollusks are more sensitive ttha fish to metal accumulation in their
tissues depending on the local site, even in tlogrmgghically close related areas. However, their
metallothioneins are highly vulnerable to the oxwia reflecting the pressure of common mixed
pollution in the artificial reservoirs. The parpeition of metallothioneins in the oxidative stress
response can be the reason for their SH groupgtitepland was demonstrated for the mollusks from
the Ternopil lake earlier [3,6]. These data refl¢élcat the bivalve mollusks can be valuable
bioindicative organisms for the toxic metals andtal press of the mixed pollution, whereas thh fis
has not such properties.
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Fig. The elution profiles on Sephadex G-50 of thermustaxtract (a,c,e) and UV-
spectra of metallothionein-contained peak (b,ddyrf the soft tissues @. polymorpha
(A,B), digestive gland of). tumidus (c,d) and hepatopancreas@fauratus (e,f) from
the different sites in Latvia and Ukraine.
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TepHOMiNBCHKUI HALlIOHATLHUH IearoriuHuii yHiBepcuteT iMeHi B. 'HaTioka , TepHomiib
TepHOMiNbCHKUI HAIlIOHATLHUN MeTMIHUN yHiBepcuTeT iMeHi I. 'opbaueBcrkoro, TepHomiIb
JlaTBilichkuit yHiBepcuret, Pura

KOHLIEHTPALIIA METAJIIB Y TKAHUHAX TA METAJIOTIOHEIHAX BOJJTHUX TBAPUH
B IHJIUKAILIl KOMIUVIEKCHOT'O 3ABPYIHEHHS JOBKIJLJIS

[IpicHOBOAHI MONIOCKH Ta PHOM CIIy>KaTh TPAAUIIHUMU Oi0oiHAMKATOpaMu 3a0pyAHEHHS BOJ 3aBASKH iX
3IATHOCTI HAKOMHMYYBAaTH Pi3HI PEYOBMHU Ta iX YyTIMBOCTI A0 CTpecy. MeTaloTioOHEeiHH € BU3HAHHMHU
OiomMapkepaMu TOKCUYHOCTI MerTaniB. OJHAaK BIUIMB KOMIUIEKCHOTO 3a0pyJHEHHS MOXKE IMOPYIIyBaTH
aKyMyJTIOBAJIbHY 3[JaTHICTh BOJHUX TBapHH Ta iX METANOTIOHETHIB. MeTa IIbOro TOCIIIKCHHS — MOPIBHITH
3[IATHICTh JBOCTYJIKOBUX MOJIOCKIB Ta KOPOIOBHX PHO HAKOIMMYYBATH y CBOiX TKAHMHAX AESKI TOKCHYHI
METaJ Il IPOMHUCIOBOTO IOXO/DKEHHS Ta 3B S3yBaTW iX y METaJOTiOHETHAX 33 yMOB KOMILIEKCHOTO
3a0pyJHEHHS HAaBKOJMUIIHLOTO cepemoBumia. s mporo Oyiao BigiOpaHO TPy JBOCTYJIKOBHUX MOJIOCKIB
Dreissena polymorpha, Unio tumidus kapacs Carassius gibeliaa minsHkax, moB’ s3aHuX 3 TisUTbHICTIO
rigpoenexrpocrantiiii (['EC) y Jlatsii Ta Ykpaiui. Jocmimkeno y Jlatsii Bogocxosuiie Pusskoi TEC (R-
rpyna), 3anosigHe o3epo Kanbepic (KL); B VYkpaini TepHominbchke o3epo (T-rpyma), BOIOCXOBHUIIE
Kacnepisuiscekoi TEC (Buie i Hmkde 3a Tewiero gam6u, Kb ta Kd BigmosigHo) Ta AiIsSHKM Ha pidii
Keanuuk (mo i micast rpedai TEC 3a teuiero, Jb, Jdeianosinno). R- 1 T-rpynu Gymu npencrasieni D.
polymorpharpynu Zh cknapanucs 3 U. tumidus,a rpynu Kb i Kd Brirouanu six U. tumidus (pymu Kbm,
Kdm), tak i C. gibelio ¢pynu Kbf, Kdf). O6crexennio mimisras takox kapack, NpuaOaHuil Ha PUHKY
(Kf). Haiimenmmii BmicT Zn BusiieHuii y 3paskax KL, Toxi sk piBens Zn y ronagax ta CU B TpaBHiii
3ano3i y rpymi Kbm —mnaiiBuinuii. Halimenuia konuentpauis Cd BusiBieHa y tpaBHiit 3ano3i rpymu Kdm. YV
pubi KOHIIEHTpAIIisI METANIIB Y TKAHHHAX OyJia OHAKOBOIO Y BCiX rpymnax, 3a BuHsTkoM piBas Cd.VY ckmani
METaJOTIOHEHIB MOJIOCKIB KOHUEeHTpauist Zn 3uikyBamacs y psaai: Kb> R> KL> Kd rpymm, a
konueHtpauii Cuta Cd Oynu o1HAKOBUMH y BCiX rpymnax. Bmict —SHrpyn MeTanoTioHeiHIB y MOJTIOCKIB
KOXKHOTO BHy OyB HaliMeHIUM y 3abpynHeniit micuesocti (y 1,9— 3,4pasu). lns pub Oynu otpumani
OPOTWIICKHI pe3yiapTaTH. BinTak, IBOCTYIKOBI MOJIOCKA MOXYTh OYTH LIHHHMH Oi10IHIUKATOpaMH SK
MiIBUIIICHOTO BMICTY TOKCHYHHX METAJiB, TaK i BIUIMBY KOMIUIEKCHOTO 3a0pyIHEHHsS, TOAl sSK puba He
BUSIBHJIA TAKUX O3HAK.
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