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Abstract— The present study was to evaluate the impact of 

heavy metal toxicity in estuarine fishes Mugil cephalus and 

Elops saurus. Much research has used the protein 

electrophoresis as a valid tool to determine intra and inter-

specific variation and health of fish. The control and 

experimental fishes were dissected out, the protein contents 

of tissue samples (Muscle, gill, liver, kidney, and brain) 

were analyzed for alterations in the protein profile using 

SDS PAGE technique.  The protein profile found to be 

varied much from the control samples. 

 

Index Terms- SDS PAGE, Heavy metals, toxic effects, 

protein, muscle, gill, liver, kidney, brain, Mugil cephalus, 

Elops saurus. 

 

I. INTRODUCTION 

 

Fish constitute approximately half of all the described 

vertebrates.  Fish is a more and more common food 

and consumption has been increasing at a rate of 3.6% 

annually since 1961.  When regional and national 

variations are considered into account, per capita 

consumption has risen from 19.7 kg to 27.7 kg in 

industrialized countries, where diets generally contain 

a more diversified range of animal proteins [24]. 

 

Proteins are the important biomolecules in a wide 

spectrum of cellular functions.  They interplay 

between enzymatic and non-enzymatic proteins to 

govern the metabolic harmony [8].  They are also 

involved in all the major physiological events to 

maintain the homeoststis of the cell.  Therefore, the 

estimation of proteins can be considered as a 

diagnostic tool to regulate the physiological process of 

cell [10]. 

 

The electrophoresis of proteins is a valuable technique 

for producing systematic data from macromolecules.  

SDS-PAGE, sodium dodecyl sulphate polyacrylamide 

gel electrophoresis, is a technique widely used in 

biochemistry, forensics, genetics and molecular 

biology to separate proteins according to their 

electrophoretic mobility.  In the past, the identification 

of fish species was carried out mainly by examining 

the external morphological characteristics [5]. 

 

Electrophoresis of Sarcoplasmic proteins, serum 

proteins, liver proteins and a number of enzymes has 

often been used as an aid in the species identification 

of fish [4], [9].  Soluble proteins of muscle sarcoplasm 

are amongst the easiest to extract and highly a rich 

reservoir of species specific and biochemical genetic 

markers [25], [14], [17], and [1]. The highly water-

soluble sarcoplasmic proteins consisting of 

myoglobin, glycolytic enzymes and other proteins 

present in intracellular fluid of muscle is frequently 

used for specific identification [5]. 

 

II. MATERIALS AND METHODS 

 

2.1 SAMPLES:  Approximately four to five specimens 

from each species of Mugil cephalus and Elops saurus 

were collected from Adayar and used as test samples 

while similar samples from Kovalam estuary (least 

polluted site) were treated as control [12]. 

 

2.2 EXTRACT PREPARATION: The fishes were 

transported to the laboratory and the tissue samples 

from collected fish were selected for electrophoresis.  

Muscle, gill, liver, kidney and brain tissue were 

cleaned and homogenized in Tris-HCl buffer (pH 6.8).  

The homogenate was centrifuged for 15 min at +4ºC 

and 20,000g.  The supernatant obtained was used for 

analysis of proteins by SDS-PAGE. 
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2.3 ELECTROPHORESIS AND STAINING: SDS-

PAGE was performed following the protocol 

developed by Laemmli and O’Farrell [7] and [13] with 

slight modifications. 

 

III. RESULTS AND DISCUSSIONS 

 

 

The fishes collected from Adayar estuary and 

Kovalam estuary (least polluted site) reveal a definite 

pattern of variation in protein fractions. (Figures 1 and 

7) Muscle, Gill, Liver, Kidney and Brain tissue were 

dissected out and subjected  to SDS – PAGE 

Electrophoretic analysis. The obtained results were 

tabulated and protein bands were analysed 

densitometrically.  Densitometric pattern for Muscle, 

Gill, Liver, Kidney and Brain of Mugil cephalus and 

Elops saurus reveals a significant quantitative change 

of molecular weights.  

 

3.1 Banding pattern in the tissues of control and Tested 

Fish Mugil cephalus 

 

The number of protein bands in control muscle of 

Mugil cephalus muscle was found to be 17 and the 

molecular weight ranged from 160 kDa to 22 kDa.  In 

the tested muscle the protein bands were 23 and the 

molecular weights ranged from 216 kDa to 17 kDa 

(Figure: 2 and Table: 1).  In and the gill tissues of 

control fish the bands were only 7 with the molecular 

weights between 96 kDa and 21 kDa, but the tested 

gills showed 20 bands with the molecular weights 

ranging from 228 kDa to 28 kDa (Figure:3 and Table: 

2).  The liver of control fish showed 9 bands having 

the molecular weights were ranging from 59 kDa to 27 

kDa and that of tested showed 21 bands ranging from 

236 kDa to 16 kDa (Figure: 4 and Table: 3).  The 

kidney tissue of control had 10 bands with molecular 

weight ranging from 46 kDa to 21 kDa and that of 

tested had 17 bands with the molecular weight ranging 

from 54 kDa to 23 kDa (Figure: 5 and Table: 4).  The 

brain tissue of both control and affected showed 15 

bands with slight variation in the molecular weight.  

The molecular weights of control was between 56 kDa 

and 17 kDa and that of tested ranged between 88 kDa 

to 17 kDa (Figure: 6 and Table: 5). 

 

Figure: 1 SDS-PAGE analysis of proteins isolated 

from  Mugil cephalus Tissue 

 
 

MP: Marker Protein, CM: Control Muscle, TM: 

Tested Muscle, CG: Control Gill,  TG: Tested Gill,  

CL: Control Liver,    TL:  Tested Liver,  CK: Control 

Kidney, TK: Tested Kidney, CB: Control Brain, TB: 

Tested Brain. 
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Figure 7: Boxplot Showing the Molecular Weight of 

Mugil cephalus Categorized by Tissue 

 
 

Figure 8: Boxplot Showing the RF of Mugil cephalus 

Categorized by Tissue 

 
 

3.2 Banding pattern in the tissues of control and Tested 

Fish Elops saurus 

The muscle tissue of control Elops saurus showed 

similar number of protein bands of 22 but the 

molecular weight of control ranged from 232 kDa to 

22 kDa and that of tested ranged from 216 kDa to 17 

kDa (Figure: 10 and Table: 6).  The gill of control had 

14 bands with molecular weights ranging from 262 

kDa to 21 kDa and that of tested had 24 bands having 

molecular weights in range 262 kDa to 28kDa (Figure: 

11 and Table: 7).  The liver of control had 10 bands 

with molecular weight 138 kDa to 31 kDa and that of 

tested had 13 protein bands with molecular weights 

108 kDa to 16 kDa (Figure: 12 and Table: 8).  The 

kidney tissue of control had 15 bands with molecular 

weight ranging between 108 kDa to 23 kDa and that 

of tested had 19 bands with the molecular weight 235 
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kDa to 21 kDa (Figure: 13 and Table: 9).  The brain 

tissue of control had 11 bands with molecular weight 

160 kDa to 17 kDa and tested brain showed 15 bands 

with molecular weight ranging between 166 kDa to 17 

kDa (Figure: 14 and Table: 10). 

 

Figure: 9 Banding pattern of Elops saurus Tissue 

 
 

MP: Marker Protein, CM: Control Muscle, TM: 

Tested Muscle, CG: Control Gill, TG: Tested Gill, CL: 

Control Liver,      TL: Tested Liver,  CK: Control 

Kidney, TK: Tested Kidney, CB: Control Brain, TB: 

Tested Brain. 
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Figure 15: Boxplot Showing the Molecular Weight of 

Elops saurus Categorized by Tissue 

 
 

Figure 16: Boxplot Showing the RF of Elops saurus 

Categorized by Tissue 

 
                            

Figure 7 and 15 are the box plot showing the molecular 

weight of Mugil cephalus and Elops saurus 

categorized by tissue. Figure 8 and 16 refers the RF 

values. These boxplots provide a concise summary of 

the data and provide a robust view of the data’s central 

tendency and distribution.   

 

Proteins are among the most abundant biological 

molecules present in living tissue and have varied 

functions in various biochemical and physiological 

processes.  Protein expression profile is a good 

approach to visualize the pattern of proteins expressed 

under stress [27] and [20]. SDS PAGE is used in 

identification of protein expression, apart from this the 

protein profiles may present useful tool for the 

understanding of response mechanisms triggered by 

changes in the environment [16].  Protein profiling 

study is very useful in assessing the fishes at various 

climatic and diseased conditions as it is highly useful 

in exploiting health status of fishes. Similar 

observations were observed by Vidya Sagar reddy and 

Vijaya, [26]. Agarose gel electrophoresis is performed 

routinely by molecular biologists as both an analytical 

and a preparative method for characterization of 

nucleic acids [3]. 

 

In the present study the tissues of the control fish 

species showed less number of protein bands except 

the brain tissue of control and tested Mugil cephalus 

and muscle tissue of control and tested Elops saurus 

which has same number of protein bands with slight 

variations in the molecular weights.  The tissues of the 

tested fish species showed increase in number of 

protein bands with much variation in their molecular 

weights.  This is in accordance with the study by 

Depasree et al., [2] in Channa punctatus exposed to 

fungicide.  Occurrence of many new proteins in the 

tissues of the fish species of Adyar estuary could be 

the stress proteins to overcome the toxic effect of 

heavy metals.  Similar findings were reported by 

Muthukumaravel et al., [11] in the fish Oreochromis 

mossambicus exposed to cadmium, by Salahuddin and 

Khola [18] in the tissues of fresh water fish Channa 

gachua and by Shalaka Sadekarpawar  in oreochromis 

mossambicus and Labeo rohita exposed to plant 

nutrient [19].   

 

Proteins play a very important role in the physiology 

of living organisms.  All physiological activities are 

regulated by enzyme and hormones, which are also 

proteins.  If any alteration takes place in the proteins, 

it may have an antagonistic impression on their vital 

and complex groups of biological materials, proteins 

comprise the nitrogenous constituents of the body, 

thus they perform different biological functions. 

Similar observations were also made by Prashanth 

[15] and Sheik Mohamed Salahudeen et al., [21]. 

 

Biomarkers refer typically to physiological or 

biochemical responses that serve as sensitive 

indicators of exposure to contaminants and or 

sublethal stress. Whereas the reaction to 

environmental perturbations starts at cellular level, the 

use of stress proteins as markers provides an early 

warning to prevent damage to higher organizational 

levels.  The relationship between exposure to stressors 

such as heavy metals or environmental toxins and 

synthesis of stress proteins has the potential to act as 

significant indicator of environmental stress.  
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According to Tahmina Hoq and Asha Rani Das [23] 

the use of stress proteins as biomarkers may serve as 

an indicator of environmental perturbation in 

situations where the response to stress in chronic, 

sublethal exposures and it is still possible to prevent 

the biological consequences of exposures which affect 

organismal or higher organizational levels and 

according to them the perseverance of the stress 

response may correlate with the intensity of the 

stressor.  If there is continuous exposure to severe 

environmental stress may lead to a physiological state 

from which the animal can no longer maintain the 

stress protein response and recover and ultimately lead 

to death of the organism and this may also be related 

to the present study where the fishes were taken from 

the natural environment.      

 

According to Tahmina Hoq and Asha Rani Das [23].  

A dominant band of 70 kDa is considered stress 

protein for biomarker is easy to use and sensitive for 

assessing water quality. Stress disrupts the regular 

conformation of proteins demanding the aid of HSP 

gene to regularize the effect. In fish, stress might be 

due to any minor alteration in the environment. Fish 

are exposed to numerous kinds of stressors such as 

microbial infection, toxic exposure, traumatic damage, 

radiation, or nutritional deficiency. Therefore, the 

modulation of HSP genes is more apparent in fish in 

producing 70 KDa protein and can be studied as 

molecular biomarkers of stress [6].  because under 

adverse physiological conditions, there is a notable 

elevation of these proteins [22]. Comparing this with 

the present study it can be concluded that even though 

there were expression of many genes and increased the 

production of protein bands the fish species did not 

produce the stress protein of 70 KDa.  This indicates 

that the fish species exposed to similar concentration 

of heavy metals for long term and this might have 

helped in over coming the stress and adopting for the 

natural environment.   

 

CONCLUSION 

 

The present study points out only the initial but 

relevant information on aspects of the response of fish 

to environmental stresses.  Continuous exposure to 

environmental stress which changed according to the 

seasons may lead to a physiological state from which 

the animal was able to maintain and overcome the 

stress and recover. The results of the polyacrylamide 

gel electrophoresis (SDS-PAGE) and densitometric 

analysis demonstrated that the number of protein 

bands in the test samples were more comparing with 

the control samples. The increase in number of protein 

bands may be due to the expression of many genes.  

Even though there were expression of many genes 

from the study it is clear that the stress protein of 70 

KDa was not produced.  This shows the fish species 

were able to cope up with the pollutants in its natural 

ecosystem.  
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