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Abstract

the protein extract of Etroplus suratensis (E. suratensis) collected from Bavanisagar dam was found 
to be effective against all tested organisms with an inhibition zone ranging from 0.2 to 1.9 mm. when 
the result was compared with standard antibiotic streptomycin, a moderate efficiency was observed. in 
vitro, an antibacterial assay was used to assess the efficacy of fish protein in inhibiting the growth of 
pathogenic microbes. the fish protein of E. suratensis collected from Bavanisagar had a broad spectrum 
of antibacterial potential. the minimal inhibitory concentrations of E. suratensis against pathogens are 
the highest in protein collected from Bavanisagar. in the fish protein collected from Bavanisagar, it 
has been shown that the minimum bactericidal concentration (mBC) value is higher in Bacillus subtilis 
(0.85/20 µg/ml) and the lowest in micrococcus (0.1/100 µg/ml). the sub-lethal dose of fish protein was 
estimated at 1/10 of 96 h lD50 dose (30 µg/ml/Kg), the antibody response was significantly enhanced 
on day 14 and day 21 (p < 0.01). the highest igG level was noticed on day 21, which decreased towards 
day 28. this result showed the antibody production with an increased igG concentration. the above re-
sults demonstrate that fish protein extracts have great potential as immunostimulants against the micro-
organisms and they can be used in the treatment of infectious diseases caused by the microorganisms.
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Introduction
Fish live in an environment rich in microorganisms. 

They are vulnerable to be invaded by pathogenic or op-
portunistic micro-organisms. Compounds with broad 
antimicrobial activities are important for fish as their 
adaptive immune system is structurally simpler than that 
of mammals or amphibians, and is not fully effective in 
young fry or at low environmental temperature [1]. An 
immunostimulant triggers increased immune activity. 
Some, such as vaccines, target particular proteins; these 
are termed specific immunostimulants. Others are non-
specific and work on the immune system as a whole or 
general system within it to increase the immune response. 
The body produces a number of these compounds nat-
urally and they are also produced in synthetic settings 
and by some natural organisms. The immunostimu-
lants mainly facilitate the function of phagocytic cells, 
increase their bactericidal activities, and stimulate the 
natural killer cells, complement system, lysozyme activ-
ity, and antibody responses in fish and shellfish which 

confer enhanced protection against infectious diseases. 
Substances such as levamisole and glucan, peptidogly-
can, chitin, chitosan, yeast and vitamin combinations as 
well as various products derived from plants and ani-
mals are effective in prevention of disease. In light of 
the above developments in the field of aquaculture, this 
work aims to isolate and characterize bioactive potential 
and immunomodulator efficiency of muscle protein of  
Etroplus suratensis.

Several compounds have been extracted from fish and 
employed as remedies in the medical field. According to 
Manjula et al. (2011) [2], one of the most promising dis-
coveries of the 1990s was the discovery of a new chemical 
compound derived from dogfish shark (squalus acanthi-
as). It is reported to kill parasites, fungi and bacteria. Some 
of the compounds isolated from fish are important tools for 
biochemical research or as new leads for the development 
of anticancer and antiviral drugs. In the present investiga-
tion, muscle protein isolated from E. suratensis collected 
from Bavanisagar dam was screened for antimicrobial ac-
tivity and immunomodulatory potential.
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Material and methods
One gram of muscle sample was taken from E. suraten-

sis collected from Bavanisagar dam (11000’N, 77000’E 
Coimbatore, Tamilnadu, India). It was homogenized with 
distilled water using mortar and pestle for preparation of 
the crude sample. The crude sample protein content was 
extracted using centrifugation. For purposes of the in vivo 
study, the crude sample of muscle protein was injected into 
Swiss albino mice for production of primary antibody. The 
primary antibody was used as an immunizing agent. It was 
injected into rabbits to produce the secondary antibody. 
The secondary antibodies are labeled with horseradish per-
oxidase enzyme (HRP) for immunodetection.

For in vitro analysis, the crude protein sample was 
analysed by thin layer chromatography and isolated by 
the ion exchange chromatography method. The isolated 
protein was characterized by western blot [3]. From the 
crude protein sample, proteins were separated by the ion 
exchange chromatography method [3]. Before begin-
ning the separation, an equilibration buffer was pumped 
through the column to equilibrate the oppositely charged 
ions. Upon injection of the crude protein sample, solute 
molecules were exchanged with the buffer ions as each 
ion would compete for the binding sites on the resin. The 
most weakly charged compounds eluted first, followed by 
those with successively stronger charges using elution buf-
fer. The eluted protein sample purity was confirmed by the 
western blot method [3].

Western blot technique: Western blotting identifies 
with specific antibodies, proteins that have been separated 
from one another according to their size by gel electropho-
resis. These techniques viz. SDS polyacrylamide gel elec-
trophoresis, electroblotting and immunodetection together 
are used as powerful tools in biological studies [3].

Screening of antibacterial activity of protein: An-
timicrobial activity of eluted muscle protein from E. su-
ratensis samples collected from Tamirabarani river, Ba-
vanisagar dam and Vembanad lake were screened using 
the disc diffusion method [4]. The Mueller Hinton agar 
medium was prepared. 24-hour culture of the organisms 
(Escherichia coli, Pseudomonas aeruginosa, Proteus vul-
garis, Klebsiella pneumoniae, Citrobacter sp., serratia 
marcescens, micrococcus sp., staphylococcus aureus and 
Bacillus subtilis) was spread evenly over the surface of 
the agar plates. Sterilized Whatman filter No. 1 discs thor-
oughly moistened with different concentrations (20, 40, 60, 
80 and 100 µg/ml) of eluted protein samples were placed 
on the surface of the plate. Discs moistened with sterile 
water were used as controls. The plates were incubated at 
37oC for 24 hours. After the incubation period the plates 
were read. The size of the zone was measured and inter-
preted using the standard chart [2].

Minimum inhibitory concentration (MIC) and 
minimum bactericidal concentration (MBC) test: Min-

imum inhibitory concentration (MIC) of the fish protein 
isolated from E. suratensis was determined from the cul-
ture plates that had the lowest concentrations and prevent-
ed the growth of bacterial strain. Minimum bactericidal 
concentration (MBC) was determined using the method 
of Samy and Ignacimuthu [5]. The fish proteins isolated 
from E. suratensis were diluted to obtain concentrations 
ranging from 10 µg to 100 µg/ml. A test tube containing 
3 ml of Muller Hinton broth and 0.1 ml of bacterial sus-
pension and 0.1 ml of fish protein was incubated at 37°C 
for 24 h. Bacterial turbidity was measured at 650 nm to 
determine bacterial inhibition. Streptomycin at 20 µg/ml 
and 40 µg/ml was used as a positive control for determi-
nation of minimum bactericidal concentrations. The tubes 
containing only the growth medium and each of the bacte-
rial strains were used as a negative control. The minimum 
bactericidal concentration that showed the reduction of the 
bacterial growth was measured from the turbidity of the 
culture assay optical density value. The average of three 
values was taken as the total number of colony forming 
bacterial suspensions [6].

Lethal dose analysis of isolated protein in fish,  
E. suratensis: Using a standard toxicological test [4] LD

50
 

doses for the extracted protein was found out. From the 
LD

50
 doses, sub-lethal concentrations were derived for 

test substance (fish protein isolated from E. suratensis) for 
further experiments. The sub-lethal dose of substance was 
dissolved in water and was injected into the fish (Bavanis-
agar dam). The booster dose was renewed after three days.

Evaluation of immunomodulation: Two groups of 
experimental fish were maintained. One group of fish was 
immunized with 0.2 ml (300 ppm) of fish protein (isolated 
from E. suratensis) through an intra-peritoneal injection 
using 1 ml glass syringe with 24 gauge needle. The fish 
was held with lateral side facing towards the investiga-
tor. The needle was inserted about half a centimeter just 
above the peritoneal cavity (can be confirmed by the free 
movement of the free end). Another group of fish used as 
controls were given the same amount of saline. After two 
weeks all the fish including the control group were chal-
lenged with heat killed aphanomyces invadans intra-peri-
toneally [7].

Blood was collected from the fish using 1 ml tubercu-
lin syringe with 24 gauge needle from the common cardi-
nal vein situated just below the gills at a regular interval 
of seven days for antibody response till the 28th day and 
at an interval of 2 days for lysozyme and neutrophil assay 
till the 10th day. For bleeding, the fish was held in the left 
hand with the right side of the fish facing towards the in-
vestigator. The operculum was lifted and kept open by the 
left hand thumb. A metal rod (3 mm diameter and 12 cm 
long) was used to lift the gill lamellae in order to expose 
the common cardinal vein. From the common cardinal vein 
nearly 0.2-0.3 ml of blood was collected from each fish 
using 1 ml glass tuberculin syringe fitted with 24 gauge 
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needle. The whole procedure from the handling of the fish 
to the end of the bleeding process took only 30-40 seconds 
causing minimal trauma to the fish. Quick and gentle han-
dling of fish is required to avoid stress which is known to 
suppress the immune system. Antigen administration and 
serial bleeding were always done between 14 hours and 
16 hours to avoid possible influence of cardiac rhythmic 
variation on the immune response. The blood drawn was 
collected in Eppendorf tubes. Blood collected from immu-
nized and normal fish was kept at room temperature for 15 
minutes. The clot was freed from the wall of the micro-
centrifuge tube for efficient retraction and kept overnight 
at 4°C. The serum was separated by spinning down the clot 
at 3000 rpm for 15-20 minutes and collected in sterilized 
vials. The serum was stored in the freezer at –20°C until 
further use [8].

Antibody titration: Antibody titration was performed 
in 96 well microtitre plates. 25 µl of saline was added to 
all the wells. 25 µl of serum was added to the first well 
and mixed well. From the first well, 25 µl of the contents 
was transferred to the second well, i.e. two fold dilution 
was made up to the eleventh well. A volume of 25 µl of 
heat killed bacterial cell suspension pre-stained with crys-
tal violet was added to each well. The microtitre plate was 
hand shaken for effective mixing and incubated overnight 
at 35°C. The highest dilution of the serum sample which 
showed detectable macroscopic agglutination was recorded 
and expressed as log2

 2 antibody titer of the serum.

Determination of immunoglobulin G (IgG) concen-
tration: The protein A column was washed using 1 ml of 
1X equilibration buffer and the flow rate was adjusted to  
< 0.25 ml/minute. The serum with equal volume of equil-
ibration buffer was added to the column. 500 µl of equili-
bration buffer was passed through the column and discard-
ed, 1 ml of elution buffer was added to the column and 
elute containing IgG was collected in the tube containing 
neutralizing buffer (25 µl/ml). This process was repeated 
2-3 times. The optical density of the eluted sample was 
observed at 280 nm [8].

Results and discussion
The protein obtained from E. suratensis collected from 

Bavanisagar dam was screened by the thin layer chroma-
tography method and recorded (Table 1). Four spots were 
detected in the sample. The Rf value of 2.9 was obtained 
for the Bavanisagar sample. Ion exchange chromatography 
was performed and the protein separated by the procedure 
was used for western blot analysis. The isolated protein 
was purified using enzymes such as DNAase and RNAase 
and purified the protein. The protein sample was isolated 
and characterized by the western blot method. 35 K Da 
proteins were found to be abundant in fish. A thin band of 
116 K Da was also found in the sample. The 35 K Da pro-
tein was isolated and injected into the fish E. suratensis. 
The 35 K Da protein isolated from fish was injected into 
the experimental fish.

The study of the antibacterial activity of fish protein 
(E. suratense) collected from Bavanisagar is given in Ta-
ble 2. The concentration of the protein samples varied from 
20 µg/ml to 100 µg/ml. The maximum inhibitory concen-
tration was observed in 100 µg/ml samples. Among the 
various bacteria tested, maximum antibacterial effect was 
exhibited against Citrobacter sp. and the minimum value 
was obtained against staphylococcus aureus.

Table 1. Proteins isolated from E. suratensis collected 
from Bavanisagar dam by TLC method

Sample No. Character E. suratensis protein

1. RF value 0.9 c.m

2. no. of spots 3

3. pigmentation dark brow

Table 2. Antibacterial effect of fish protein collected from Bavanisagar E. suratensis samples against pathogenic 
bacteria

Sample
No.

Bacterial culture
(inhibition zone in mm)

Protein concentration (µg/ml)

20 40 60 80 100

1 Escherichia coli 6 8 18 25 28

2 Pseudomonas aeruginosa 6 7 12 18 24

3 Proteus vulgaris 8 9 18 23 30

4 Klebsiella pneumonia 7 9 18 23 27

5 Citrobacter sp. 9 12 15 26 32

6 serratia marcescens 9 15 18 25 26

7 micrococcus sp. 9 12 15 21 23

8 staphylococcus aureus 6 9 13 18 21

9 Bacillus subtilis 4 6 9 17 23



Central European Journal of Immunology 2014; 39(1) 33

immunomodulatory efficiency of Etroplus suratensis muscle protein

Table 3. The minimum inhibitory concentration of fish 
protein collected from Bavanisagar E. suratensis samples 
against pathogenic bacteria

Sample 
No.

Bacterial culture
(inhibition zone in mm)

Minimum inhibitory 
concentration (µg/ml)

1 Escherichia coli 20

2 Pseudomonas aeruginosa 18

3 Proteus vulgaris 15

4 Klebsiella pneumonia 10

5 Citrobacter sp. 20

6 serratia marcescens 25

7 micrococcus sp. 30

8 staphylococcus aureus 60

9 Bacillus subtilis 45

Table 5. Antibody response in E. suratensis protein against bacterial strains

Sample 
No.

Fish sample
E. suratensis

Week after 
treatment

E
. c

ol
i

P
. a

er
ug

in
os

a

P
ro

te
us

 v
ul

ga
ri

s

K
le

bs
ie

lla
 

pn
eu

m
on

ia
e

C
itr

ob
ac

te
r 

sp
.

Se
rr

at
ia

 
m

ar
ce

sc
en

s

M
ic

ro
co

cc
us

 s
p.

S.
 a

ur
eu

s

B
ac

ill
us

 s
ub

til
is

1 control I 3 3 2 4 3 4 2 3 4

II 5 6 4 5 5 6 4 5 6

III 5 6 5 6 5 5 5 6 6

2 Bavanisagar I 1 1 2 1 1 2 1 2 1

II 2 2 1 1 2 2 2 2 3

III 2 2 2 2 3 3 2 3 4

Table 4. The minimum bactericidal concentration of fish protein collected from Bavanisagar E. suratensis samples 
against pathogenic bacteria

Sample 
No.

Concentration of 
extracts (µg/ml)

Minimum bactericidal concentration (Optical density value) of protein isolated from E. suratensis 
of Bavanisagar
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1 normal 1.8 1.7 1.9 2.0 2.0 2.0 1.9 1.8 1.9

2 20 0.8 0.65 0.85 0.9 0.65 0.9 0.8 0.7 0.85

3 40 0.6 0.5 0.7 0.85 0.6 0.76 0.7 0.65 0.78

4 60 0.4 0.4 0.5 0.62 0.51 0.63 0.53 0.56 0.63

5 80 0.2 0.3 0.4 0.4 0.42 0.41 0.35 0.38 0.41

6 100 0.1 0.2 0.1 0.32 0.2 0.3 0.1 0.2 0.2

7 streptomycin – 50 0.34 0.35 0.4 0.42 0.16 0.53 0.52 0.42 0.35

8 streptomycin – 100 0.16 0.1 0.12 0.13 0.4 0.5 0.25 0.13 0.16

The minimal inhibitory concentrations of E. suratensis 
against pathogens are the highest for protein of E. suraten-
sis samples collected from Bavanisagar. Bavanisagar fish 
protein sample was tested against the nine different patho-
gens. The concentration of the extracts was 20, 40, 60, 80 
and 100 µg/ml. In addition, Streptomycin at 50 µg/ml and 
100 µg/ml was used as controls. The minimum bactericidal 
concentration of protein isolated from E. suratensis sam-
ples against pathogenic bacteria is given in Table 3. The 
bactericidal concentration of fish protein at 100 µg/ml as 
higher than the concentration of Streptomycin at 50 µg/ml 
against P. vulgaris. Of the Bavanisagar E. suratensis fish 
protein samples tested, the highest bactericidal activity was 
observed in the fish extracts of 100 µg/ml concentrations.

in vitro antibacterial assay used to assess the effica-
cy of fish protein, E. suratensis, to inhibit the growth of 
pathogenic microbes showed that a sample of fish protein, 
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E. suratensis, collected from Bavanisagar had a broad 
spectrum of antibacterial potential. The fish protein of  
E. suratensis samples collected from Bavanisagar (B) 
showed the higher MBC value against Bacillus subtilis 
(0.85/20 µg/ml) and the lowest value against micrococcus 
(0.1/100 µg/ml). The protein of E. suratensis samples col-
lected from Bavanisagar exhibited the highest antibacterial 
activity against s. marcescens (1.9/40 µg/ml) and the least 
activity against E. coli (1.0/100 µg/ml) (Table 4).

The sub-lethal dose was estimated at 1/10 of 96 h LD
50

 
dose (30 µg/ml/kg). In both the control and the experi-
mental groups the peak antibody response was noticed on 
day 21 after immunization which decreased towards day 
28 (Table 5). In the protein collected from Bavanisagar 
treated group, the antibody response was significantly en-
hanced on day 14 and day 21 (p < 0.01) (Table 5). The pro-
tein of E. suratensis samples collected from Bavanisagar 
had shown significant antibody production. These results 
showed that the fish protein isolated from E. suratensis 
stimulated the antibody production against aphanomyces 
invadans therefore against epizootic ulcerative syndrome.

The highest IgG level was noticed on day 21 which 
decreased towards day 28. This result showed the antibody 
production with an increased IgG concentration. Our re-
sults proved that the antibody production increased with 
the increasing IgG production (Table 6). It has been shown 
that the great majority of patients suffering from fungal 
infections, as well as many normal, healthy individuals, 
develop serum IgG against fungal antigens [9]. The anti-
body response of E. suratensis against the bacterial patho-
gens as studied and the results are given in Table 5. In both 
the control and the experimental groups the peak antibody 
response was noticed on day 21 after immunization for all 
the species of bacteria. The protein of E. suratensis sam-
ples collected from Bavanisagar had shown significant 
antibody production. The results of the IgG level in fish 
exposed to fish protein on the 7th, 14th, 21st and 28th day is 
given in Table 6. In all the fish samples, the IgG level was 
higher in the treated fish when compared to the control 
fish. The highest IgG level was noticed on day 21 which 
decreased towards day 28.

The protein sample was isolated and characterized by 
the western blot method. Bands in lane 4 indicate standard 
protein. Band in lane 1-3 indicates all the proteins pres-

ent in the protein sample. The band on the NC membrane 
represents the protein present interacting with the primary 
antibody. The position of band on the membrane indicates 
their electrophoretic mobility during electrophoresis. All 
protein extracts of E. suratensis tested have exhibited 
various degrees of antibacterial activity against tested 
pathogenic microorganisms viz. E. coli, P. aeruginosa, P. 
vulgaris, K. pneumoniae, Citrobacter sp., s. marcescence, 
micrococcus sp., s. aureus and B. subtilis. E. suratensis 
protein showed significant inhibition against P. aeruginosa 
and P. vulgaris. The result of the present study coincides 
with the findings of Sujatha et al. and Alves et al. [9, 10]. 
They reported that the antimicrobial activity of E. suraten-
sis extract is partially active against P. aeruginosa. Similar 
results were reported by other workers [2, 11]. Mahesh 
and Satish noticed the antimicrobial activity of ethanol 
extract of acacia nilotica which showed significant activ-
ity against P. aeruginosa and least activity was recorded 
against E. coli [12]. Gram negative bacteria viz. E. coli,  
P. aeruginosa, P. vulgaris, K. pneumoniae, Citrobacter 
sp., s. marcescens and gram positive bacteria viz. micro-
coccus sp., s. aureus and B. subtilis showed a reduction 
in their growth on treatment with the different solvent ex-
tracts of E. suratensis. Similar findings were reported by 
Thomas and Mccubbin and Sasikumar and Papinazath [13, 
14].

The minimal inhibitory concentrations of E. suraten-
sis against pathogens are the highest in extracts of Ba-
vanisagar fish samples. Similar observation was noticed 
by Dhasarathan et al. (2011) in plant and animal extracts 
against pathogens. The present work clearly depicts that 
the Bavanisagar, E. suratensis extracts have the highest 
concentration (100 µg/ml) which effectively controls the 
growth of bacteria. These results partly validate the eth-
nobotanical use of many Combretum species for condi-
tions that may be of bacterial etiology. C. woodii extracts 
also contain other antibacterial compounds with high an-
tibacterial activity against Escherichia coli, Pseudomonas 
aeruginosa and Enterococcus faecalis. Similar results of 
Bhushan et al. (2008) stating that minimum bactericidal 
concentration was 20-80 µg/ml for the gram negative bac-
teria and 20-60 µg/ml against gram positive bacteria coin-
cide with our present study [15].

Table 6. Immunoglobulin level in fish exposed to protein isolated from Bavar/Bavanisagar dam

Sample No. Day Control Treated

OD (280 nm) IgG level (mg/ml) OD (280 nm) IgG level (mg/ml)

1 7 0.258 3.81 1.00 14.80

2 14 0.257 3.80 2.142 31.70

3 21 1.257 18.60 2.478 36.67

4 28 0.235 3.47 1.358 20.09



Central European Journal of Immunology 2014; 39(1) 35

immunomodulatory efficiency of Etroplus suratensis muscle protein

Fish protein extract modulated the body weight com-
paring with that of normal E. suratensis; some notable 
changes were also noted in growth, water consumption, 
feed consumption, and reproduction. It also modulated the 
host animals for immune enhancement. Fish injected with 
the aphanomyces invadans showed lesions occasionally 
near the tail and on the opercula of infected fish. Fish in-
jected with sterilized water did not develop lesions and 
no significant pathological signs were observed. The sim-
ilar findings were also observed by Dhasarathan et al. in 
freshwater tropical fish [7]. The current work also showed 
that aphanomyces invadans is the major causative agent 
of epizootic ulcerative syndrome. aeromonas hydrophila 
is generally considered to be a secondary invader in red 
sore disease, in which the primary etiological agent was 
believed to be the fungus aphanomyces invadans [4].

From the above results it can be concluded that fish 
protein extracts have great potential as immunostimulants 
against the microorganisms and they can be used in the 
treatment of infectious diseases caused by the microorgan-
isms. This protein may be used to discover bioactive nat-
ural products that may serve as a lead for the development 
of new pharmaceuticals.

authors declare no conflict of interest. 
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