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Heat Shock Proteins (HSP) belong to the natural biomarkers, which are important indicators for animal diseases
diagnostics and / or instrument of analyzing the effects on organism of the habitat deteriorating factors. The contamination
of water by heavy metals has adverse effect on fish organism. Even in a small quantity, such heavy metal as lead is very
dangerous. The analysis of toxic effects of the lead ions on the level of expression of such heat shock proteins as HSP60,
HSP70 and HSC70 family in leukocytes, liver, brain and gills of the scaly carp was the main goal of our investigation.

During 96 hours the fish were kept in the aqueous environment of a tank which additionally was supplemented
with Pb (CH;COO),. The control group of fish was maintained for the similar period of time under the same conditions,
without lead acetate supplementation.

Concentration of HSP60, HSP70 was determinated by the dot-blot-analysis due to application of monoclonal
antibodies against heat shock proteins SAB4501464 (Sigma, USA), [SAS] (ab2787) (Abcam, USA) and [1B5] (ab19136)
(Abcam, USA). Detection of immune complexes was performed by using the commercial substrate solution for alkaline
phosphatase - CDP-Star (Tropix, UK). Visualization was done by using X-ray film ECL HyperFilm (Amersham, USA) and
a kit for films developing (Kodak). The images were processed using the software package GelPro (Version 3.1, USA).

The significant dose-depended increase (p<0,001) in all experimental groups of HSP60 and HSP70 concentrations
in leukocytes, liver, gill and brain has been detected, applying dot-blot analysis. At the same time, significant changes in
expression of HSC70 protein have not been established. It is the evidence that stress-proteins are the sensitive markers of
toxic effects of excessive concentration of lead.

Key words: heat shock proteins, HSP60, HSP70, HSC70, dot-blot analysis, scaly carp, biomarkers, heavy metal,
lead.

Onuckoseus M., Ilanac H., Jlonoruy H., IBankis M., Canamaxa 1. Biiiku Tensioporo moky sik 6iomapkepu
3a0pyaHeHHs puO

binku Terosoro moky (Heat Shock Proteins — HSP) nanexars no npupoaHux GiomapkepiB, i BU3HAUEHHS iX
KiJIBKOCTI Y TKaHMHAX ab0 KIITHHAX CTAa€ OMHIEI0 3 I[iJIel MIarHOCTHUKH MOIIMPEHHUX 3aXBOPIOBaHb TBAPHH Ta/ab0 aHai3y
BIUIMBY YHHHHUKIB, 110 IOPYIIYIOTh IPUPOJIHE CEPEIOBUILE ICHYBaHHS. [ mociimkeHs 00paHo HaMMOIUPEHilli IPOTeTHU
TEIUTIOBOT'O IIOKY, SIKi BIIHOCATH 10 POJMHHU OUIKIB 3 MoeKyssipHoto Macoro 60 Ta 70 k/la (HSP60 i HSP70). AxryanbHicTh
TaKUX JOCHTIPKEHb BU3HAYA€ThCS 3HAUHOIO MIpOIO 3pOCTAHHSAM AHTPONOIEHHOIO BIUIMBY HA HMPUPOJHI BOLOWMM, A€ JUIs
puo, K KiHLIEBOI JIAHKK TPOQIUHOro JIAHIIIOTa, ICHYE 3HaYHa TOKCHKOJIOTiYHA 3arpo3a. [IpoaHanizoBaHO TOKCHUYHUI BILUIKB
ioniB ITmomOymy Ha piBeHb excmpecii HSP60, HSP70 ta HSC70 y nelikonuTax, mediHmi, Mo3Ky Ta 3s0pax Kopoma
JIyCKaToro.

3a 101noMoror J0T-0J10T-aHajIi3y BUABIEHO KOHIIEHTpaLiliHO 3a1exHe 3pocTanHd (p<0,001) Bmicty HSP60 i HSP70
3a [ii BCIX JIOCHIJDKYBaHMX KOHIIGHTpAIiil Bakkoro meraiy. Y jelikouurtax kopomna Bmict HSP60 i HSP70 makcumanbHO
3pic y 15 1 98 pa3iB BiANOBIHO MOPIBHAHO 3 KOHTposeM. HaliBumuii piBeHs excrpecii ux OUIKiB 3a(hikCOBaHO y MEUiHL
pu6. Crainosi kinbkocti HSP70 BusiBieHo y 3510pax pud koHTpoabHOI Ipyny, 2 I'JIK IlnroMOymMy HE 3yMOBIIIOBAIN iCTOTHUX
3MiH Y BMICTI IOCHiIKyBaHUX OUIKiB, ToAil sk 5 1 50 I'JIK cripuunHsIM 3pocTaHHs A0CTIPKYBAaHUX ITOKa3HUKIB Maibke y 5 1
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Poznin 1

15 paziB g HSP60 T1a y 107 1 144 pasu ans HSP70. Bonnowyac y mo3ky edext npu aii [LntomOymy He OyB Takum

BUPpAXKCHUM l'IOpiBHHHO 3 HaBCICHMMU BUIIIC OpTraHaMU.

Ha miacraBi oTpuMaHUX AaHUX BUCYHYTO HPUITYLIEHHS IIPO HAsIBHICTb KOPENALIl MDK CTAaHOM LIJIOrO OpraHismy i

BMICTOM OUJIKiB TEILUIOBOI'O LIOKY.

OTxe, OTpUMaHi JjaHi cBiYaTh PO MOXKJIIMBICTh BUKOPUCTAHHS CTPEC-OUIKIB SIK YYTIMBHUX MapKepiB y peakiii Ha

TOKCHYHHH BIUIMB BaXKKHX MCTAIB.

Kurouosi ciioBa: 6uiku teroBoro moky, HSP60, HSP70, HSC70, nor-6iot aHani3, kopor JiyckaTHii, OiomMapkep,

BaXKki Metanu, [mromOym.

Problem setting. Nowadays, most aquatic
biota is exposed to moderate and chronic multifactor
pollution and adverse effects on these ecosystems are
difficult to assess. Pollution caused by heavy metals
represents one of the major factors of environmental
stress in aquatic environments [2; 5].

That is why, during the last years, substantial
efforts have focus on development of sensitive
biomarkers for ecological risk assessment. Deve-
lopment of modern methods of aquatic biological
resources quality estimation contributes to sorting out
the problems of conservation and restoration of
industrial fish populations in the natural environment
[1].

By now, it is clearly established that bio-
markers are biological parameters measuring
alterations in behaviors, physiology, biochemistry,
cell integrity, genomic structure and expression. Many
researchers have focused their efforts to develop and
apply biomarkers in ecotoxicology and, now, there is
a consensus to consider that they provide useful
informations in the ecological risk assessment [8; 15].

Heat shock proteins have been evidenced by
Tissiéres et al. (1974) in salivary glands of the Diptera
Drosophila melanogaster submitted to heat shock in
laboratory conditions. The name of heat shock
proteins proposed at that time has been conserved
even if it has been further demonstrated that these
proteins are drastically induced after different
physical and chemical treatments, especially those
that denature proteins [5; 6; 10].

The induction of HSP in cells of organisms
exposed to stress represents a rapid and highly
conserved response to proteotoxic insult. As this
ubiquitous response, observed in all organisms studied
from bacteria to human, can be induced by
pathophysiological and environmental stresses [11;
13], it has been proposed to consider HSP induction
as a biomarker tool for the early detection of
environmental changes and ecological risks in aquatic
biota [7; 8]

The impact of lead on concentration of HSP in
fish tissues has not been studied enough. Such studies
are extremely relevant and necessary for assessing the
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health status of fish during monitoring of aquatic
biocenoses [16].

The analysis of toxic effects of lead on the
level of expression of heat shock proteins with
molecular weight 60 and 70 kDa was the main goal of
our investigation. The last group of proteins includes
HSP70, induced by stress factors, as well as HSC70,
constitutively expressed by cells.

Presenting main material. During 96 hours
the fish were kept in the aqueous environment of a
tank which additionally was supplemented with Pb
(CH3;COO),. The control group of fish was
maintained for the similar period of time under the
same conditions, without lead acetate supple-
mentation. The tanks with oxygenated, running water
were maintained at temperature of 18-20 C.

The blood was sampled by Pasteur pipette from
the heart of fish. The tissues of liver, brain and gills
were removed from the fish and washed by
physiological saline solution. The samples were
frozen in liquid nitrogen and stored until the
laboratory treatment. All experimental procedures
with animals were conducted in accordance with the
European Convention for Animal Care.

Concentration of HSP60, HSP70 was deter-
minated by the dot-blot-analysis due to application of
monoclonal antibodies against heat shock proteins
SAB4501464 (Sigma, USA), [S5AS] (ab2787)
(Abcam, USA) and [1B5] (ab19136) (Abcam, USA)
and polyclonal goat antimice antibodies, conjugated
with alkaline phosphatase («Tropix», USA).

According to the experimental procedure,
samples of the tissues were defrostrated and used in a
mix with physiological solution while preparing of
homogenates has taken place. Simultaneously the
protein concentrations were measured.

Namely, after defrosting, the tissue was lysed
in the ten- fold volume of the lysis buffer, pH 7.4
(10%  N-laurylsarkosine, 10 uM phenylmethyl-
sulfonyl fluoride, 10 pM N-ethylmaleimide in 0.01 M
N-phosphate buffer, 0.001 % proteinase inhibitor
cocktail — Sigma, Germany).
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The samples were further centrifuged at 5200 g
for 5 min. at 4 °C. The concentration of protein in the
lysates was measured by Lowry's method. To make
the volumes and concentrations of the total protein
identical, the samples were diluted with the buffer, pH
7.4 (25 mM Tris-HCI, 150 mM NaCl, 2.5 mM KCl).

Lysates were put on nitrocellulose membrane
(Millipore) in a volume of 3 ul with concentration of
total protein approximately 1-5pg. To detect
background indices, the lysis and delution buffers

Secondary Antibody

Primary Antibody

Protein Binding Membrane

were applied on the membrane. The membrane was
blocked for 1 hour by 5 % solution of casein.

After application of control and experimental
samples, the membrane was incubated with antibodies
against heat shock proteins SAB4501464 (Sigma,
USA), [5A5] (ab2787) (Abcam, USA), and [1B5]
(ab19136) (Abcam, USA) at PBS 90 min., as well as
with  polyclonal goat anti-mouse antibodies
conjugated with alkaline phosphatase (Tropix, USA) —
1:5000 in PBS for 30 min. (Fig. I).

Coupled Enzyme

Immabilized Protein

Fig. 1. Dot blot technique

Detection of immune complexes was
performed by using a commercial substrate solution
for alkaline phosphatase — CDP-Star (Tropix, UK).
Visualization was done by using X-ray film ECL
HyperFilm (Amersham, USA) and a kit for films
developing (Kodak). Images were processed using the
software package GelPro (Version 3.1, USA).

Heat Shock Proteins (HSP) belong to the
natural biomarkers, which are important indicators for
animal diseases diagnostics and / or instrument of
analyzing the effects on organism of the habitat
deteriorating factors. The contamination of water by
heavy metals has adverse effect on fish organism.

HSP is a family of highly-conserved proteins
that are required by the cell in all its processes of life,
including adaptation to a huge number of cytotoxic
factors, both xenobiotic as well as natural origine [6;
10; 12].

The obtained data evidences a significant role
of these proteins in cell responses to the stress factors
and infectious pathogens, abiotic stressors, high
temperature and cold shock, such environmental
pollutants as heavy metals [5].

It is known that pollutants interfere with
organism integrity at the biochemical level with
consequent adverse effects at the individual level such
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as growth, reproduction and survival. However, these
biochemical parameters have a reduced long-term
ecological relevance at the population and community
levels. Indeed, such early warning biomarkers would
be useful for detecting sublethal pollution before
changes in community structure or species
composition occur [1; 8; 16].

The contamination of reservoirs by such heavy
metal as lead, which, even in a small quantity,
provokes stress and morphofunctional changes in the
organism of fish is the most dangerous [3; 5].

The analysis of toxic effects of the lead ions on
the level of expression of such heat shock proteins as
HSP60, HSP70 and HSC70 family in leukocytes,
liver, brain and gills of the scaly carp was the main
goal of our investigation.

The concentration-dependent growth (p
<0.001) of HSP60 and HSP70 in all experimental
groups with applicable lead concentrations was
detected applying dot-blot analysis. Comparing with
the control group, the concentration of HSP60 and
HSP70 in the white blood cells increased as much as
15 and 98 times, respectively. The highest level of the
proteins expression (185.2+12.39 U.S. for HSP60 and
252.3%18.64 U.sup.v. for HSP70) was recorded in the
liver of fish (Fig. 2, Fig. 3).
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Fig. 2. The effects of the lead on concentration of HSP60
in blood leucocytes and tissues of scaly carps, c.units

Fig. 3. The effects of the lead on concentration of HSP70
in blood leucocytes and tissues of scaly carps, c.units

Trace amounts of HSP70 were detected in the
gills of the fish of the control group. The fish exposed
to the lead effects in concentration of 0.2 mg/l was
characterized by no significant changes in the content
of the investigated proteins, while concentration of
lead in 0.5 mg/l and 5 mg/l in water resulted in
increase of the studied parameters to almost 5 and 15
times for HSP60 and 107 and 144 times for HSP70

(Fig. 3).
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It was established that in comparison with the
control group, none of the applied concentrations of
lead brought on significant changes in the expression
of HSC70 protein in the investigated organs of
Cyprinus carpio L. (Fig. 4).

It could be explained by the fact that HSP60
and HSP70 belong to the group of stress-proteins
affected by a wide range of stressors, in particular, the
heavy metals. Moreover, HSC70 is involved in more
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specific mechanisms of response on the deterministic
stress-induced factors [3; 4]. Thus, the obtained data

indicates that stress-proteins are possibly applicable as
the sensitive markers of toxic effects of the lead.

-

>

Fig. 4. The effects of the lead on concentration of HSC70
in blood leucocytes and tissues of scaly carps, c.units

Conclusions. The obtained data evidences a
significant role of these heat shock proteins in cell
responses to the stress factors and environmental
pollutants (heavy metals). Concentration of HSP was
determinated by the dot-blot-analysis due to
application of monoclonal antibodies against heat
shock proteins. The significant dose-depended
increase (p<0,001) in all experimental groups of
HSP60 and HSP70 concentrations in leukocytes, liver,
gills and brain has been detected, applying dot-blot
analysis. It could be explained by the fact that HSP60
and HSP70 belong to the group of stress-proteins
affected by a wide range of stressors.

At the same time, significant changes in
expression of HSC70 protein have not been
established. HSC70 is involved in more specific
mechanisms of response on the deterministic factors.
Thus, it is the evidence that stress-proteins are the
sensitive markers of toxic effects of excessive
concentration of lead.
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