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Molecular biomarkers attract ever-increasing interest as «early warning» tools for measurement of
adverse effects of environment on organisms (de laTorre et al., 2005). Xenobiotic compounds in organisms
undergo a series of biotransformation reactions catalyzed by phase I and II detoxification enzymes, the
activation of which may point to pollution exposure. According to this detoxification enzymes are being
extensively used as molecular biomarkers.

One of the potential biomarkers is glutathione-S-transferase (GST, EC 2.5.1.18) — key phase 11
detoxification enzyme. The phase II metabolism involves the conjugation of xenobiotics with endogenous
substrate, thus facilitating their excretion (Van der Oost et al., 2003). GSTs catalyze binding and inactivation
of wide range of both exogenous and endogenous electrophilic compounds and thought to play a significant
role in the adaptation to the chemical stress. That is why it is important to study this biomarker in terms of its
application and current limitations. But the data available are not consistent, with some reports indicating an
increase in the enzyme activity under contamination in contrast with others that do not observe changes or
even reported significant decreases (Tuvikene et al., 1999; Van der Oost et al., 2003). GST seemed to be
sensitive to both pollution and natural factors, which can hinder the interpretation of the results.

Unlike the marine species, amount of detailed studies of fresh-water fish GST is not sufficient.
Among northern ecosystem inhabitants only trout’s (Almli et al., 2002; Uguz et al., 2003; Tuvikene et al.,
1999; Lindstrom-Seppd, 1990) and salmon’s GSTs have been studied intensively (Novoa-Valinas et al.,
2002; Greco et al., 2007; Arukwe A., Nordbg, 2008).

In our study whitefish Coregonus lavaretus, pike Esox lucius and roach Rutilus rutilus were chosen
as a test objects. This species are common North-Europe inhabitants which are of commercial interest in
the region. Catalytic activity of the GST was determined in fish captured in Karelian Republic lakes in the
northwest of Russian Federation.

The contaminated lake Kostomukskoe is located in the source of upper effluent of the river Kem
draining into the White Sea. The mining factory releases ore-dressing sewage in this lake leading to
abnormally high mineralization (500 mg/l) with K, HCO;, SO,> and HSO; ions prevalence (table 1). The
presence of suspended particles in the water leads to high water feculence. Because the bottom of this lake
mainly consists of alkaline rock, water pH level is relatively high (8,5). This could be a basis for natural
barrier for heavy metals in this basin. Metal ions precipitate in alkaline water, thus their level is lower than
Russian maximum allowable concentrations, except for molybdenum which is ten times higher (Status of
water objects..., 2007).

The reference lake Kamennoe is situated in the source of the lower effluent of the river Kem on the
territory of the Kostomuksha State Natural Reserve. This basin isn’t subjected to any anthropogenic inputs
and its water is characterized as pure (Table 1).

Mature fish were captured in June 2009 by netting. The animals were measured, weighed and
sacrificed within 24 h after capture. After the dissection the tissues were frozen in liquid nitrogen and
stored at —80 °C until they were assayed. For extract preparation the tissues were homogenized in 0,125 M
PBS buffer (pH 6,5) by Potter homogenizer followed by centrifugation (100000g for 60 min at 4°C). The
supernatant was used as an enzymatic solution.

Enzymatic assay was performed on fish livers, kidneys, gills and muscles. The activity was
measured spectrophotometrically in cytosolic fractions according to Habig (Habig et al., 1974) using 1-
chloro-2,4-dinitrobenzene (CDNB) and reduced glutathione (GSH) as substrates. The final reaction mix-
ture contains | mM CDNB and 1 mM GSH.

Proteins were measured in supernatant spectrophotometrically at 205 nm as described by Noble and
Bailey (2009), using BSA and reduced glutathione as a standard.

Differences between groups were tested by Manna-Witney’s test at a 5% significance level, using
the software Statistica 5.0 (Statsoft, Inc., 1995). Correlations between variables (enzymatic activity, age
and weight) were examined based on Spearman's index.
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Table 1. Water chemical constituents in studied lakes

Ions concentration in the Kostomukskoe lake, mg/1 * Ions concentration in Kamennoe, mg/l *
Total mineralization 500 17,4
K" 146 0,45
Na' 15 0,7
Ca’ 30 1,5
Mg* 10 1,2
CI’ 7 1,7
HCO5 145 1-9,7
NOy 9
NH," 0,05 0,08
NO, 0,03
N organic 3 0,4-0,7
SO~ 172 4,5-6
N total 13 0,3
P total 0,02 0,04
Suspended particles 1,34 0,3-1,8
Fe total 0,3 0,8-1

* (Status of water objects..., 2007).

GST activity was found to positively correlate with age in pike’s gills (r;= —0.62), whitefish kidneys
(r=-0.63) and roach’s kidneys (-0.87) and liver (r, =—0.87). Concerning to this, this species samples
should be chosen very carefully considering its natural variability.

GST activity was found to be sex dependent only in pike’s kidneys. It was elevated in female in
comparison with males in pikes captured in the Kostomukskoe lake.

The induction of the GST activity was found in pike’s gills and kidneys and in whitefish’s livers
from contaminated lake in comparison with fish from reference site (table 2). GST activity was also altered
in whitefish kidneys, there it was significantly higher in the reference than in the contaminated lake.

The altered GST activity in fish from the mining factory lake compared with the unpolluted lake
from the same region indicates the bio-protection system response to the mining factory influents. This
response in the contaminated site indicates general metabolic stress in water inhabitant under the excessive
mineralization. Adverse conditions may modify metabolic processes in tissues, leading to elevated
production endogenous reactive GST substrates, for example products of lipids peroxidation.

The absent of roach tissues response indicate its weak adaptive potential to mineral contamination,
which can lead to further elimination this species from the contaminated lake. Abnormally low percent of
males in population and growth delay of roach from this site can support this assumption.

Table 2. Glutathione S-transferase activity in tissues of fish collected from the lake situated near the mining
factory (Kostomukskoe lake) and reference lake (Kamennoe lake)

pike whitefish roach
Esox lucius Coregonus lavaretus Rutilus rutilus
Kostomu Kamennoe Kostomu Kamennoe Kostomu Kamennoe
kskoe kskoe kskoe
Liver 699.87 704.62 123.23 75.98* 98.07 71.88
Muscels 7.37 6.35 10.37 7.78 8.22 8.50
Kidneys 31.96 6.58%* 16.22 45.71* 3.79 13.55
Gills 819.92 465.95* 9.41 8.94 16.03 29.71

* — groups are significantly different compared to reference lake (p < 0,05.)
Values are presented as median.

Surprisingly high level of the GST activity was found in pike’s liver and gills in comparison with
whitefish and roach livers and gills activity, which was on the average 9 and 30 times lover. As obligatory
predators pikes seems to have protecting mechanisms against toxicants accumulation during food chain.
Elevated biotransformation enzymes level is possibly an adaptation resulting from evolution of this species.

It could be concluded that glutathione S-transferase from pike’s kidneys and gills and whitefish’s
kidneys and liver may be applied as an indicator of fish exposure to non-specific contamination. The GST
activity response was observed at polluted lake compared with the control, indicating adverse effect of
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elevated mineralization on fish detoxification system. Because whitefish, pike and roach are common in
northern European lakes this data may be of importance for ecological monitoring in this region.

This work was supported by the Russia President program: “Leading Sciences School of Russian
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References

Almli B., Egaas E., Christiansen A., Eklo O.M., Lode O., Kéllqvist T. 2002. Effects of three fungicides alone
and in combination on glutathione S-transferase activity (GST) and cytochrome P-450 (CYP 1A1) in the liver and gill
of brown trout (Salmo trutta)// Mar. Environ. Res. V. 54. Ne 3-5. P. 237-240.

Arukwe A., Nordbe B. 2008. Hepatic biotransformation responses in Atlantic salmon exposed to retinoic acids
and 3,3',4,4'-tetrachlorobiphenyl (PCB congener 77)// Comp. Biochem. Physiol. C. Toxicol. Pharmacol. V. 147. Ne 4.
P.470-482.

de la Torre F.R., Ferrari L., Salibian A. 2005. Biomarkers of a native fish species (Cnesterodon
decemmaculatus) application to the water toxicity assessment of a peri-urban polluted river of Argentina//
Chemosphere. V. 59. Ne 4. P. 577-583.

Greco L, Capri E, Rustad T. 2007. Biochemical responses in Salmo salar muscle following exposure to
ethynylestradiol and tributyltin// Chemosphere. V. 68. Ne 3. P. 232-237.

Habig W. H., Pabst M. J., Jakoby W. B. 1974. Glutathione S-Transferases.The first enzymatic step in
mercapturic acid formation// J. of Biol. Chem. V. 249, Ne 22. P. 7130-7139.

ICES (International Council for the Exploration of the Sea) 1994. Report of the working group on the
biological effects of contaminants. CM 1994/ENV: 3 Ref. general secretary, Pleadgade 2—4, 1261, Copenhagen.

Lindstrom-Seppa P. 1990. Biotransformation in fish: monitoring inland water pollution caused by pulp and
paper mill effluents. Kuopio: Publications of the University of Kuopio.

Noble J.E. and Bailey M.J.A. 2009. Quantitation of Protein// Methods in enzymology. V. 463. P. 73-95.

Noévoa-Valifias M.C., Pérez-Lopez M., Melgar M.J. 2002. Comparative study of the purification and
characterization of the cytosolic glutathione S-transferases from two salmonid species: Atlantic salmon (Salmo salar)
and brown trout (Sa/mo trutta)// Comp. Biochem. Physiol. C. Toxicol. Pharmacol. V. 131. Ne 2. P. 207-213.

Status of water objects in Republic of Karelia according to 1998-2006 monitoring resultes. 2007.
Petrozavodsk: Publications of Karelian research centre.

Tuvikene A., Huuskonen S., Koponen K., Ritola O., Mauer U., Lindstrom-Seppa P. 1999. Oil shale processing
as a source of aquatic pollution: monitoring of the biologic effects in caged and feral freshwater fish// Environ. Health
Perspect. V.107. Ne 9. P.745-752.

Uguz C., Iscan M., Ergiiven A., Isgor B., Togan I. 2003. The bioaccumulation of nonyphenol and its adverse
effect on the liver of rainbow trout (Onchorynchus mykiss) // Environ. Res. V. 92. Ne 3. P. 262-270.

Van der Oost R., Beyer J., Vermeulen N.P.E. 2003. Fish bioaccumulation and biomarkers inenvironmental risk
assessment// Environ. Toxicol. Pharmacol. V. 13. P. 57-149.

MYOSIN EXPRESSION LEVEL IN WHITE MUSCLE AS A MARKER OF FISH GROWTH

Maria V. Churova, Olga V. Mescheryakova, Aleksey E. Veselov, Olga P. Sterligova, Nina N. Nemova

Institute of Biology of Karelian Research Centre of Russian Academy of Sciences, Russia, Petrozavodsk
e-mail: mchurova@yandex.ru

One of the main questions in biotechnology of aquaculture is the search of convenient markers of
fish growth. Methods for growth rate maximizing have been tested for many years in aquaculture.
Examples, of such methods are recombinant growth hormone injection, use of transgenic fish, variation in
type and regimes of nutrition, etc. That is why it is important to assess accurately the effect of use a new
techniques. However, there are numerous ways of assessing growth, from traditional and direct
measurements such as length, weight and condition factor, to the newest techniques that measure gene
expression. Measuring biological macromolecules has been hypothesized by many investigators to be a
more sensitive indicator of overall fish condition than traditional morphometric variables. It is considered
that muscle-specific genes (Myogenic regulatory factors, myostatin, myosin) are the most reliable markers
for assessment of fish growth. The myosin hard chain (MyHC) gene expression has been tested as possible
indicator of muscle growth during the last decade since Overturf and Hardy (2001) demonstrated the
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