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AQHTUPAJMKAIBHIMH BJIACTUBOCTAMH m0A0 2,2 udenin-1-mikpuiringpasmty ta go 2,2'a3uHo-0ic (3-
eTWIOCH30Tia301H-6-CyIb()OHOBOT  KHCIOTH) Yy  (i3I0JNIOTIYHO  PEJICBAaHTHUX  KOHIICHTPAIIisiX.
Cunre3oBani NZnO 3 BukopucranHaMm ekctpaktiB Catharanthus roseus Ta Momordica charantia
XapaKTepU3ylOThCS MOAIOHMMH ONTHYHHMH, aHTHOKCHAAHTHUMH Ta aHTUTINEPriIiKeMiYHUMU
xapakrepuctukamu (Horyn et al.,, 2019)ta MoxyTh OyTH 3acTOCOBaHi y MeEAWYHIH Ta
(hapManeBTUYHIN Tany35X AJis1 po3p0oOKK HOBUX JIIKAPCHKUX Mpenaparis.

Kmiouosi  cnosa:. senenuit  cummes, nano-yunk okcuo, Catharanthus roseus, Momordica charantia,
AHMUPAOUKATILHI ACTUBOCHIL.
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INFLUENCE OF HEAVY METALSIONSON THE CONTENT OF
PROTEINSAND NUCLEIC ACIDSIN THE ORGANISM OF
FRESHWATER FISH

From the launched research we obtained the aggrelgad, that not only confirm and broaden our
concept of the important role of protein and nul@ietabolism in the processes of detoxication of
heavy metals ions and formation of resistance eémttbut also allow making an integral estimation of
biochemical reaction of carp organism to chrontoxication.

Key words: freshwater fish, proteins, nucleic acids, heavy metals.

Contamination of water reservoirs by heavy metlsnie of the limiting factors of aquatic ecosystems
functioning and their biological productivity. Bgrpart of many organic substances, or engaging
them in the interaction, they influence many bioulel processes in aquatic organisms. The ions of
metals can form strong connections in the tissuesgawith various biologically active centres,
including the sulphur-containing ligands, that nimey enclosed in proteins and amino acids. Their
activity is related to the enzymes that containahieins in their composition or are actuated byrthe
[6, 10].

One of the basic principles of biochemical adaptatof an organism is to maintain the
structural and functional integrity of macromolezsul Much of this is applied to proteins and nucleic
acids — biopolymers, that perform an extremely irtgo@ role in the adaptation of aquatic lives to
environmental conditions [10].

M aterials and methods

The object of the given research was caffyprinus carpio L. For the experiment the 2 year old fish
with the mass of 250-300 grams were rummaged ffematural stews of Ternopil region (Zalistsi
fish-breeding complex). The experiments were cdrioet in 200 litre aquariums filled with the
precipitated water from the local water supply sgstunder constant gas and temperature operating
conditions. During the process the fish were ndt fEhe effect of Mg, Zn, Cu and Pb ions in two
concentrations are complied with 2 and 5 maximummssible concentrations (MPC) [1]. The
period of acclimation was 14 days.
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The total content of albumins in tissues was detexth by a biuretic method with some
modifications [3] while in nucleic acids fractioarsdby Lowry and co-authors [11]. Nucleic acids were
fixed spectrophotometrically by Tsanev R.H. and kéarG.G. [8] in accordance with the authors’
recommendations [2]. For the protein fractionsish folood serum the diagnostic set “Cormay gel
protein 100” (Austria) was used. To determine tigaificant difference the obtained data underwent
certain statistic processing [5].

Results and discussion

In our studies significant deviations from the c¢ohtndices of content as for aggregate proteirg an
proteins combined with nucleic acids under theuefice of higher concentrations of ions of metals
were not found. A certain increase in the total banof proteins in the liver may indicate to an\at
part of this organ in the synthesis of adaptivegns.

The slightest deviation from the control indexeshef total protein content (table 1) was found
in the muscles of carp, which testifies to the fhett along with the increased activity of lysosbma
proteases and the rising contents of free amindsabie aggregate protein content remains constant.
The latter points rather to deep restructuring mftggn metabolism in the body of fish under the
influence of heavy metals than to their use in gn@rocesses by means of amino acids oxidation.

Table 1
Effect of heavy metals on the content of total @roin carp tissues
(mg %, M+ m, n=5)

Group |  Manganese | Zinc | Copper | Lead

Liver
Control 9,84t0,72 9,4@0,42 10,8&0,52 11,220,40
2 MPC 10,3%0,73 9,6%0,62 9,940,45 11,4%0,33
5 MPC 10,36:0,93 9,030,27 12,8%1,26 12,1%0,69

Muscles

Control 12,58:0,83 12,730,38 15,5&0,32 15,080,24
2 MPC 13,551,49 13,7&0,58 13,8%0,27* 14,840,79
5 MPC 13,22:0,39 13,5%0,54 14,120,34* 14,920,27

Blood
Control 13,03:0,59 11,2%0,54 13,861,29 12,260,78
2 MPC 14,58:0,26* 13,940,63* 15,5&0,47 12,940,64
5 MPC 13,631,05 11,020,86 17,8%0,73* 12,220,81

Note. * — significant difference compared to the cont®k 0,05

The change of the content of proteins in the stinecof nucleoprotein complexes is probably
related to the functional characteristics of thesmplexes. It is a well known fact, that some prite
can act as the repressors of genome. Therefoiie niln@ber in the tissue may be an indicator of the
size of the protein blockade of nucleic acids moles. In our studies we could not find any
statistically significant deviations from the caitindices of protein content in the fractions dfiRR
and DNA (tables 2, 3). It is possible that undeysth experimental conditions the body of fish does
not undergo any significant functional changeshat genetic level and its adaptation passes on the
level of phenotype through modification of the qlitative and qualitative compaosition of molecules.

Changing of the chemical structure of water envitent inevitably leads to the changes in
protein composition of fish blood. The obtained adaroves the alteration of the total protein
concentration and the ratio of protein fractionsthe serum of carp, its body exposed to higher
concentrations of heavy metal ions. Thus, the fatatiein content in the blood serum of fish incexas
when affected by manganese, zinc, lead, and edlgecapper. Deviations of this index from the
control indices increase along with the rise ofahebncentration in water.
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Table 2
Effect of heavy metals on the content of RNA inpcissues (mg% P, M m, n = 5)
Group | Manganese | Zinc | Copper | Lead
Liver
Control 64,231,56 47,334,18 43,762,99 45,721,69
2 MPC 69,84r1,56* 50,4%4,05 40,6%1,09 53,0% 4,80
5 MPC 67,04:3,72 59,9%2,99* 52,451,86* 73,4%6,19*
Muscles
Control 14,44+0,48 13,6%#1,68 6,730,52 13,040,36
2 MPC 13,88:0,81 15,0%1,12 5,760,14 12,480,81
5 MPC 14,55:1,05 12,340,57 6,1#0,46 15,080,52*
Blood
Control 27,492 20 17,182,09 23,281,69 26,6%0,99
2 MPC 28,40:2,01 18,5%1,56 28,8%1,30* 21,321,90*
5 MPC 23,4%2,88 12,2#1,20 28,631,05* 22,160,69*
Note. * — significant difference compared to the cohtk< 0,05
Table 3
Effect of heavy metals on the content of DNA inpcassues (mg% P, M m, n = 5)
Group |  Manganese | Zinc | Copper | Lead
Liver
Control 23,20:3,14 21,081,29 15,081,73 20,580,96
2 MPC 26,40:2,31 22,081,67 13,281,02 23,081,73
5 MPC 22,80:1,03 21,681,17 22,481,17* 29,5@1,26*
Muscles
Control 9,25+0,75 8,0a0,32 3,480,51 6,4@0,24
2 MPC 6,60t0,87* 7,8@0,20 3,080,32 6,0@0,00*
5 MPC 6,00t0,45* 8,4@0,40 2,6@0,24 7,4@0,24*
Blood
Control. 51,60:3,06 51,2@3,38 36,084,97 31,60,98
2 MPC 52,00:3,74 56,0@1,41 37,084,36 32,082,53
5 MPC 56,6 43,71 45,2@5,98 44,082,28 42,561,71*

Note. * — significant difference compared to the cont®k 0,05

An increase of the total protein content in theuserof carp due to heavy metals, in our
opinion, should be considered primarily as a restiithe synthesis of the acute phase of proteins,
growth of the level of blood haemolyse in the expental fish, augmentation of the number of
transporting proteins which bind and transfer tbesi of metals, and also of blood coagulation.
Besides, a higher content of proteins in the blsedim of experimental fish may be caused by the
enhanced dissolution of proteins in tissues rewylfrom the increase of activity of proteolytic
enzymes under intoxication.

Determination of the fractional composition of cdrjpod serum exposed to the influence of
heavy metals has an important diagnostic values;Timider both of the studied metals concentrations
the content of albumin in blood serum of fish irages (figure 1). The only exception is lead at 2
MPC of metal in water. This protein plays an impattrole in maintaining the osmotic pressure in
the blood and in transporting of a number of suiksta, including amino acids and inorganic ions [9].
Therefore, there becomes clear the increase oftigiafn albumin which under the intoxication and
active proteolysis of tissue proteins and transpoftfree amino acids. The largest growth of allbumi
concentration in the serum of fish is observed utitle influence of copper ions. This phenomenon is
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consistent with the data that albumin carries tm-&xchange fractions of copper, while the slow-
exchange fractions of this metal are transportedzbglobulins [9]. The ability of albumin to bind
calcium ions and magnesium is also well known [#]is possible, that according to the similar
principle of this protein binds other divalent iptisere by reducing their toxicity to the body. De
other hand, the ions of the investigated metals exiybit a stimulating effect on the biosynthedis o
albumin.

Because of intoxication the carp blood serum gloisuindergo certain changes. These proteins
are involved in the transportation of lipids, homae, vitamins, metal ions; form important complexes
of blood coagulation, whilg-globulins fraction contains antibodies of the immausystem. It is
logical to assume that the change of globulindendontent of blood serum leads to the violation of
performance of the described functions by them.

Higher concentrations of ions of the investigateztais in particular caused a slight increase in
the content ofy;-globulin at 2 MPC of metals in water, while thgfraction responded in the same
way to 5 MPC of the investigated metals. Zinc wassidered to be an exception, for the action of
which the reduction of the content of fractioms- anda,—globulins was observed in both cases.
Taking into account that zinc inhibits the activiy certain proteases, the decreaseueglobulins
containing antitrypsin and antichimotrypsin miglat & response of the carp serum protein system to
the increased level of zinc in water. One shousw @dmit the growth of the contentafglobulins
under the effect of copper ions at the concentnatiobS5 MPC, which is consistent with the data [4]
that exactly this fraction contains ceruleoplasmian acute phase protein which actively transports
the ions of copper.
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Fig. 1. Relative content of carp blood serum preten control groups and under
intoxication (% of total proteins)

Somewhat different dynamics was detected as forctreent off-globulins of carp blood
serum under the influence of ions of the investidanetals. At the level of 2 MPC of metals in water
we have noticed the growth in the total proteinsl dimeir fraction under the effect of ions of
manganese, zinc and lead, and only copper ions keelecing this index. At 5 MPC of metals in
water all of the investigated chemical elementsseduthe reduction gf-globulins content in the
blood serum of fish. Thus more significant deviatidrom the control group were observed due to the
influence of copper ions and lead.

One of the main functions @fglobulins is the transportation of iron ions [4]hieh is part of
haemoglobin structure, and thus participates irptbeesses of oxidation. The decrease of the amount
of this metal in the blood leads to a decreasexifadion processes in the whole organism, which we
observe in the conditions of intoxication when apnhi& ways of energy formation is dominated over
the aerobic.
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Because under the action of ions of the investhateetals the content of-globuling
especially at the concentration of 5 MPC, growsha carp blood serum. With this fraction of
proteins, that contains antibodies, are mainly @iased the protective properties of the body and
therefore it is clear why their number increasegenrintoxication.

A very important diagnostic value has the detertmmaof fish blood serum lipoproteins
content — complexes of proteins and lipids, whase m the process of adaptation of the body of
fish to the environmental conditions is rather gigant. Our studies revealed and g-lipoprotein
fractions: then-fraction accounted for 72-78% of the proteins, Ardfor only 22-28% (Table 2). The
dynamics of changes in these fractions under tfleeimce of ions of metals investigated was also
different. While the number af-lipoproteins in the blood serum of experimentalh fa&t both studied
concentrations of metals in water was increasing,amount of-lipoprotein in contrast, declined.
The only exception was the indicator of the impzidead ions at 2 MPC of metal in water.

The reduction of the content gflipoproteins, that are a low-density lipoproteiadtion, is
probably happening due to the fact, that theseeprdipid complexes are absorbed by tissues and
undergo disintegration in lysosomes [7]. Therefohe, fortified catabolism gf-lipoproteins and the
decrease of their content may be the result ofitbeeased activity of lysosomal enzymes in the
studied tissues of fish under intoxication.

Table 4

Dynamics of the content of lipoproteins in the chipod serum under the influence of heavy metal
ions (%, M+ m, n=5)

Group a- lipoproteins [~ lipoproteins
2 MPC 5 MPC 2 MPC 5 MPC
Control 72,22£0,74 77,631,3 27, 720,74 22,3%#1,3
Manganese 86,18:0,83* 89,3%0,7* 13,820,66* 10,620,7*
Zinc 86,18:0,06* 89,4&1,5* 11,820,07* 10,521,15*
Copper 85,68:1,02* 90,730,7* 14,321,02* 9,2%0,7*
Lead 68,441,227 83,081,88 31,531,27 16,921,88*

Note. * — significant difference compared to the cont®k 0,05

The growth ofa-lipoproteins may be explained by the fact that finégtion is quite easily
formed from very low density lipoproteins and chyliorons the decay of which is accompanied by
the increase in the number of phospholipids, fledeasterol and apolipoproteins [7]. Biosynthesis of
a-lipoproteins takes place in the liver and smalk#tine and the main function of this fraction is to
maintain the transformation processes of lipidsorgside with this the level of high-density
lipoproteins ¢-lipoprotein) in blood serum is an integral indigatf lipoproteins exchange and
characterizes the efficiency of the transport systéunctioning and transformation of lipids in the
body as a whole.

Conclusion

Thus, the study of carp protein system under icttion of its body by heavy metal ions made it
possible to learn the mechanisms of functional hastasis and adaptive responses of fish blood,
which may serve as a prerequisite for identifyifigh® integrated indicators, that point to the key
changes in the organisms of the aquatic environmnagér the extreme conditions.
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B. 3. Kypanm, B. O. Xomenuyx, B. . Busx, H. I'. 3invxoscwvra, B. C. Mapxis

TepHomiabCHKMI HaLlIOHABHUI NIelaroriyHui yHiBepcuTeT iMeHi Bonoanmupa 'Hatioka
Kpemenenpka obnacHa rymasitapHo-Tieiaroriuta akazaemis imeni Tapaca [lleBuenka

BIUIUB IOHIB BAYKKUX METAJIIB HA BMICT BUIKIB TA HYKJIEIHOBUX KMCJIOT
B OPTAHI3MI ITPICHOBO/IHUX PUb

B mocnmimkeHHSIX OAep)KaHO CYKYIHICTh AaHUX, SKI MiATBEPKYIOTh 1 PO3IIUPIOIOTH YSBY IIPO
BXJIUBY POJIb O1JIKOBOTO Ta HYKJIETHOBOTO OOMIHIB Yy MpoIecax JETOKCUKAIl i0HIB BaXKKUX METaiB,
y (dopMmyBaHHI CTiliKOCTI IO HHUX, @ TaKOXX OTPHMaHi Pe3ylbTaTH AAIOTh MOXJIHMBICTH 3AIHCHUTH
KOMITJIEKCHY OLIIHKY 010XiMi4HOI peakiii opranizmy pu0 Ha XpOHiYHY IHTOKCHKAILIIIO.

3a mii miABMINEHUX KOHIICHTpAIliil 10HIB BaYXKKUX METAlliB B TKAHWHAX KOpOMa 301IbIIYEThCS
BMICT HyKJIETHOBHX KHCIOT. binbmioio Mipoto 3pocrtae kinbkict PHK, ocobmuso npu 5 I'/IK metaniB
y Boji. Busienena 3mina cmisigHoriendss PHK/JITHK 3a ail gocnimpxkyBaHHX METAJiB OMOCEPESIKOBAHO
CBITYHUTH MPO HASBHICTH EKCIIPECii TEHOMY, IO OB’ A3aHO i3 010CHHTE30M CIIeIU(IYHUX aJanTUBHUX
01JIKiB, 30KpeMa, MEeTaIIOTIOHETHIB. 3HAYHIMI BiAXUJICHHS BiJf HOPMH CIIOCTEPIrany B MEUiHI Ta KPOBi
pub, MeHmI —y M’ s13ax.

IHTOKCHKALlII OpraHi3My Kopoma iOHaMH BaXKMX METaJiB NPUBOIOUTH, SK MPaBWIO, OO
3pOCTaHHs B HOrO TKaHMHAX 3arajbHOTO BMICTy OinKiB. 30UIbIIEHHS KUTBKOCTI OUMKIB Yy MEdiHII
KOpOIla CBIIYHUTH MPO CHHTE3 y LbOMY OpraHi METalOTiOHEIHIB, SKUH OiNbIIe aKTHBYETHCS 10HAMH
MiZi Ta CBUHLIO 1 MEHIIE — iOHAMM MapraHuio Ta IMHKY. Bwmict OinkiB y ¢pakumisx PHK ta JTHK
Maifke He 3MIHIOETBCS, 10 BKa3ye HA CTA0UIBHICTD HYKIJICONPOTEIMHUX KOMIUIEKCIB TKAHUH KOPOIIa 3a
i 10HIB TOCITIHPKYBAaHUX METAIB.
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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.

Hamifinma 17.04.2019.
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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.

Key words: etallothioneins, bivalve mollusks, fisch, copper, zinc, cadmium, bioindicatson.

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
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