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The investigation on electrophoretic protein fractions of serum was carried out on the freshwater fish, Cyprinus carpio to
determine the sublethal toxic effects of electroplating industrial effluent (EIE) using SDS-PAGE. Fish were exposed to
0.004, 0.007, 0.010 and 0.013% of effluent as well as control for twenty eight days. The results revealed the appearance or
disappearance of protein fractions in the serum of C. carpio compared to control fish after seven, fourteen, twenty one and
twenty eight days due to stress caused by metals in the effluent. Thus protein electrophoresis can be a sensitive tool for

biomonitoring aquatic pollution.
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Population explosion, use of technological advances,
unbridled exploitation of natural resources, rapid
industrialization, and anthropogenic activities in
agriculture with scant regard for the preservation of
ecological balance, have seriously affected the quality
of water resources’. Among various pollutants,
industrial wastes are the major sources of water
pollution®. Several research works have been carried
out to find out the toxic effects of pollutants in organs
(such as liver, kidney, brain, and testes) and
biomolecules (such as DNA, protein and lipid) of
living organisms. The results revealed that most of the
pollutants are capable of causing biochemical as well
as structural changes in the tissues of living organisms
which ultimately affect the entire ecological food
chain. These morphological and biochemical changes
are used as tools for the clinical diagnosis of
diseases®™.

Electroplating is regarded as a major polluting
industry since it releases toxic substances and heavy
metals through effluents, air emissions and solid
wastes into the environment™'?. Effluent from
electroplating industry containing heavy metals put
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forth direct effects on aquatic health and fish survival.
Fish are the most important source of protein and the
nutritional value of different tissues of fish depends
on their biochemical composition like protein, amino
acids, vitamins and mineral contents®. Any pollutant
in the natural water system would affect the health of
aquatic organisms even at molecular level. The toxic
effects on proteins of fish may lead to alteration in
their structure, and subsequently in their building
units of amino acids'. The development of
electrophoretic techniques made it possible to identify
changes in the protein profile of different tissues.

Earlier literature elucidated to the impact of
exposure of different pollutants on the electrophoretic
protein pattern in the tissues of fishes™*. Hence the
present investigation was undertaken to study the
sublethal effects of electroplating industrial effluent
on the electrophoretic protein pattern of serum in the
freshwater fish, Cyprinus carpio.

Materials and Methods

Healthy freshwater fish Cyprinus carpio (25 + 5 g)
irrespective of sex were collected from a local fish
farm and were acclimatized in well aerated,
dechlorinated tap water for fifteen days in fibre tanks
(150 L capacity). The effluent from electroplating
industry was collected and transported immediately to
the laboratory and stored in a refrigerator. The
physico-chemical characteristics of the effluent and
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the median lethal concentration values for 96 h
exposure of fish to electroplating industry effluent
(EIE) were determined®. The sublethal concentrations
of 0.004, 0.007, 0.010 and 0.013% of EIE were
selected for electrophoretic  analysis.  After
acclimatization, five groups of fish, one for control
and others for 0.004, 0.007, 0.010 and 0.013% of EIE
were recruited and treated for twenty eight days. Each
group housed ten fish (n=10) and the effluent
concentrations in the test groups were renewed every
day. Feeding was allowed for both experimental and
control fish throughout the tenure of experiment.
Blood samples were collected from the common
cardinal vein situated just below the gills using 1 ml
tuberculin syringe fitted with 24 gauge needle after 7,
14, 21, and 28 days of exposure. Blood was allowed
to clot overnight at 4°C and was then centrifuged at
400 g for ten min for the serum to be separated. The
serum was collected and stored in sterile eppendorf
tubes at —20°C until electrophoretic separation. The
protein fractions of serum of the fish were separated
in SDS-PAGE™ and were recorded. The molecular
weight of the individual subunits of the protein was
determined by calculating the relative mobility of the
individual subunit using the following formula.
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. . Distance travelled by individual subunit
Relative mobility R, value = —
Distance travelled by the marker dye

Results

Plate 1 represent the changes in protein banding
pattern in the serum of fish exposed to EIE in
comparison with control for 7, 14, 21 and 28 days,
respectively. In protein electrophoretogram, the
marker lane has seven protein bands withthe
molecular weights 94, 79, 62, 46, 37, 28, and 13 KDa
and with respective relative mobility (R values of
0.35, 0.48, 0.57, 0.70, 0.77, 0.86, and 0.97 cm. On
seventh day of treatment, four protein fractions with
R., values of 0.51, 0.59, 0.67 and 0.82 cm nearer to
the molecular weight 79, 62, 46 and 28 KDa were
identified in untreated control fish serum (Table 1 &
Plate 1). The protein bands with the R, value 0.59
and 0.82 cm and the molecular weight nearer to 62
and 28 KDa completely disappeared in the sublethal
concentrations of EIE exposed fish compared to
control fish serum.

On fourteenth day of exposure, the serum of
control fish exhibited three protein fractions with R,
values 0.52, 0.70, and 0.80 cm nearer to the molecular
weight 79, 46 and 37 KDa, respectively (Table 1 &
Plate 1). The protein band with the R, value 0.70 cm
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Plate 1 — Effect of EIE on the relative mobility of protein fractions after (A) seven, (B) fourteen, (C) twenty one; and (D) twenty eight
days of treatment in the serum of Cyprinus carpio. 1- Marker, 2 - Control, 3 - 0.004% of EIE, 4 - 0.007% of EIE, 5 - 0.010% of EIE,

6 - 0.013% of EIE
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close to the molecular weight 46 KDa was absent in
all the effluent treated fish. Compared to control the
new protein fraction with the R, value 0.30 cm near
to the molecular weight 94 KDa appeared in fish
serum treated with 0.004, 0.007, 0.010 and 0.013% of
EIE and the band with the R, value 0.65 cm in
between the molecular weight 62 and 46 KDa was

identified in fish exposed to 0.004, 0.007, and 0.010%
of EIE compared to control.

After exposure to EIE for twenty one days, in
control fish serum five protein fractions were
identified with the R, values of 0.35, 0.51, 0.63,
0.73 cm and 0.82 cm near to the molecular weight 94,
79, 62, 46, and 28 KDa, respectively (Table 1 &

Table 1 — Changes in Relative Mobility (cm) of the Electrophoretic protein profile in serum due to chronic exposure to sublethal
concentrations of electroplating industrial effluent for day seven,fourteen, twenty one and twenty eight post treatment in Cyprinus carpio.

Treatment period Marker
(Days) 0 (Control) 0.004
0.35 - -
7 0.48 - -
- 0.51 0.51
0.57 - -
- 0.59 -
- 0.67 0.67
0.70 - -
0.77 - -
- 0.82 -
0.86 - -
0.97 - -
- - 0.30
14 0.35 - -
0.48 - -
- 0.52 0.52
0.57 - -
- - 0.65
0.70 0.70 -
0.77 - -
- 0.80 0.80
0.86 - -
0.97 - -
0.35 0.35 -
21 - - 0.38
0.48 - -
- 0.51 0.51
0.57 - -
- 0.63 -
0.70 - -
- 0.73 0.73
0.77 - -
- 0.82 0.82
0.86 - 0.86
0.97 - -
0.35 - -
28 0.48 - -
0.57 - -
- 0.65 0.65
0.70 - -
- 0.73 -
0.77 - -
- 0.81 0.81
0.86 - -
0.89 -

0.97

Concentrations of electroplating industrial effluent (%)

0.007 0.010 0.013
0.51 0.51 0.51
0.67 0.67 0.67
0.30 0.30 0.30
0.52 0.52 0.52
0.65 0.65 -
0.80 0.80 -

- - 0.48
0.51 0.51 -
0.73 0.73 0.73

- - 0.80
0.82 - -
0.86 0.86 -
0.62 0.62 0.62
0.81 0.81 0.81

- - 0.86
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Plate 1). The protein with the Ry, value of 0.38 cm
nearer to the molecular weight 94 KDa in fish
exposed to 0.004% of EIE and the fractions with the
R values 0.48 and 0.80 cm and the molecular weight
79 and 37 KDa in fish subjected to 0.013% of EIE
were not matched with that of the control. The
fraction with the R, values 0.86 cm and the molecular
weight 28 KDa was seen in fish exposed to 0.004,
0.007, and 0.010% of EIE which also not matched
with that of the control. The bands with the Ry, values
0.35 and 0.63 cm and the molecular weight nearer to
94 and 62 KDa were completely disappeared in the
fish composed & sublethal concentrations compared
to control fish.

On day twenty eight, the control fish serum
exhibited four protein bands with the R,, values of
0.65, 0.73, 0.81 and 0.89 cm near to the molecular
weight 46, 46, 37, and 28 KDa, respectively (Table 1
& Plate 1). The band with the R, value 0.62 cm in
between the molecular weight 62 and 46 KDa in fish
exposed to 0.007, 0.010, and 0.013% of EIE and the
band with the R, value 0.86 cm and molecular weight
28 KDa in fish subjected to 0.013% of EIE were
identified. The band with the R,, value of 0.65 cm
nearer to the molecular weight 46 KDa disappeared in
fish exposed to 0.007, 0.010 and 0.013% of EIE and
the fractions with the R, values of 0.73 and 0.89 cm
near to the molecular weight 46 and 28 KDa noticed
in control fish serum completely disappeared in all the
experimental effluent treated fish.

Discussion

Proteins, the important constituents of animal
tissues play a significant role in spare energy. Proteins
are the primary effectors molecules of all living
systems and any adaptive responses to environmental,
physiological or pathological conditions will be
reflected by alterations in protein activity or content.
Hence, the study on the proteins of the cell is essential
due to changes in protein profile during intoxication®.
In the current work of protein electrophoretic
analysis, several changes were noticed in protein
banding patterns of serum of electroplating industrial
effluent exposed C. carpio. The influence of
physiology by electroplating industrial effluent is due
to the interaction between the animal and the effluent.
The appearance or disappearance of protein fractions
in the serum of C. carpio may be because of the
electroplating industrial effluent. Munshi et al.”
observed the appearance and disappearance of some
protein fractions in the serum of Heteropneustes

fossilis after exposure to malathion. Badawy et al.?®

reported the electrophoretic serum proteinograms of
Clarias gariepinus. Bano and Hasan® stated that the
decline in serum albumin could be attributed to its
disturbed synthesis due to functional effects on liver.
Yilmaz et al.”® detected overexpression of proteins
and inhibition of proteins in the serum of
Capoeta capoeta capoeta exposed to cobalt
parahydroxy-benzoate. Jyothirmayee et al.** studied
the alterations in the serum protein electrophoretic
profile of the edible fish, Anabas testudineus and
Clarias batrachus due to chromium and endosulfan,
and revealed that these toxicants were carried by
serum proteins, and stored in gill, liver and kidney
before being excreted. Osman et al.** found variations
in serum proteins of Oreochromis niloticus after
exposure to different doses (1/5, 1/10 and 1/20 of
LCsp) of copper sulphate and lead acetate for a period
of 2, 4, and 6 weeks. Clarias gariepinus exposed
to deltamethrin exhibited loss of some fractions
in its serum proteinograms®. Sharf-Eldeen and
Abdel-Hamid® also reported that copper induced
disappearance of protein fractions in fish serum.

In the present investigation, the number of protein
bands compared to control decreased from four to
two, three to two, five to three and four to three after
seven, fourteen, twenty one and twenty eight days of
exposure to 0.013% of electroplating industrial
effluent, respectively and the disappearance of bands
was due to the interference of metals in protein
synthesis. The reduction in protein bands may be
because of the effect on protein synthesis or the
depletion of reserve proteins for meeting the stress
caused by metals. Palaniappan and Muthulingum®
reported that the depletion of protein fraction may
have been due to their degradation and possible
utilization for metabolic purposes. In the current study
new protein bands also appeared in the tested fish.
New protein fractions may be attributed to toxicant
induced cell damages. Damage of the tissue would
have resulted in leakage of cellular proteins®. It can
be inferred that these protein bands could be stress
proteins due to metal exposure. Proteins are
responsible for cellular functions based on physical
stimuli. Based on the results, it can be inferred that
protein electrophoresis is a sensitive tool for
biomonitoring aquatic pollution®.

In view of the importance of fish in the diet of
human beings, it is necessary that biological
monitoring of water and fish meat for consumption
has to be undertaken regularly to ensure continuous
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safety of food. Safe disposal of industrial effluents
must be practiced to avoid the entry of toxic

poll

removal

utants into the environment. Hence appropriate
of heavy metals from electroplating

industrial effluent is necessary before discharge into
aquatic systems to improve aquatic health.
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