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Abstract  Isozyme pattern were studied in six teleost 
species of Catla (Catla catla), Rohu (Labeo rohita), Mrigal 
(Cirrhinus mrigala), Common carp (Cyprinus carpio), Grass 
carp (Ctenopharyngodon idella) and Silver carp 
(Hypophthalmichthyes molitrix) from gill, muscle, heart and 
kidney tissues. Alcohol dehydrogenase (ADH) were 
separated in native-PAGE of 7.5% gradient. ADH-1 and 
ADH-2 loci were observed and comparison of Rm value of 
the polypeptide show different diversified enzyme activities 
which were sync with their feeding metabolic, habitat and 
environmental factors. The overall observation was found to 
be tissue specific. 
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1. Introduction 
Alcohol dehydrogenase (ADH; alcohol: NAD+ 

oxidoreductase, EC 1.1.1.1) is the enzyme that catalyzes the 
interconversion of alcohols with the corresponding 
aldehydes and ketones and are widely distributed in micro 
organisms, plants and animals [25]. Though the presence of 
ADH has been demonstrated, [9] there is relatively little 
information in fish and few studies can be found concerning 
fish ADH in the literature [14,18,19,20,24,25]. Genetic 
modification occurs inadvertently in a cultured population. 
Population study can aid in the management of fish 
populations [28] and a large amount of genetic 
differentiation can occur within a small geographic area [29]. 
Since there is no competition for food and fear for predators, 
a farmed fish population experiences different kinds of 
selection regimes unprecedented in natural waters. It 
becomes domesticated after some generation of breeding and 
culture, which bring about changes in morphology, 
physiology and/or behaviour of the domesticated fish [17]. 
The composite or multi-species culture technologies so far 
developed are based on species manipulation and application 
of certain management practices.  

Molecular genetic markers have been applied to three 
fisheries areas in particular-stock structure analysis, 
aquaculture and taxonomy/systematic [27] with varying 
degree of success [3]. All these techniques have their 
advantages and disadvantages in analysis of genetic 
variability in fishes [26, 8]. Some advantages of protein 
electrophoretic methods include their speed and simplicity; 
disadvantages include a requirement for fresh or frozen 
tissue, relatively low level of variation and uncertainty over 
whether the variability recorded is natural or subject to 
selective pressure. 

The isozyme electrophoretic technique is ideally suited to 
population studies as it is fairly rapid procedure to perform 
on a large scale, and a large number on unlinked loci that are 
dispersed throughout the genome can be screened 
simultaneously [16]. Moreover, it is relatively inexpensive 
and requires little in the way of specialized equipment. 
Isozymes are multi form of an enzyme that often appears in 
different molecular forms in a species. They are forms to 
meet the varying metabolic conditions of an organism. Any 
detectable changes in isozyme electrophoretic pattern 
between different types or individual reflect certain genetic 
variation and are thus regarded as good genetic markers [15].  

Taking advantage of mutually compatible and 
complimentary food habits of Indian major carps and exotic 
carps, the present day intensive and extensive polyculture 
culture popularly known as composite carp culture has been 
developed and has demonstrated a gradual increase in the 
fish production from 3-4t/ha/year to 
10-15t/ha/year.[4,5,6,27]. However, in the absence of proper 
breeding plans, this has led to a gradual decline in the genetic 
quality of the seed. Consequently the negative effect on 
inbreeding started appearing with the characteristic poor 
survival and slow growth, besides disease susceptibility of 
the hatchery produced seed [11]. 

Considering the above aspects, the present study for 
analysis of tissue specific ADH pattern on six species of 
Catla (Catla catla), Rohu (Labeo rohita), Mrigal (Cirrhinus 
mrigala), Common carp (Cyprinus carpio), Grass carp 
(Ctenopharyngodon idella) and Silver carp 
(Hypophthalmichthyes molitrix) has been carried out. 
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2. Materials and Methods 
Source of fish 

Species of Catla (Catla catla), Rohu (Labeo rohita), 
Mrigal (Cirrhinus mrigala), Common carp (Cyprinus 
carpio), Grass carp (Ctenopharyngodon idella) and Silver 
carp (Hypophthalmichthyes molitrix) were collected using 
seine net of mesh size 3cm from the instructional fish farm, 
College of Fisheries, Pantnagar. 

Collection of fish tissue 
Live specimen were taken to laboratory and dissected 

under aseptic condition for the collection of the target tissue. 
Tissues were collected from four organs viz. muscles (just 
below the dorsal fin), gill, heart and kidney. And collection 
tissue were immediately frozen at -1℃ and transported to the 
College of Basic Science and Humanities, Pantnagar and 
stored at -20℃ till further use. Frozen tissue were thawed at 
4℃ and 1g of different tissue were homogenized using 
ground glass homogenizer under chilled conditions in 0.01 
M Tris-HCl buffer of pH 6.8 having 1mM EDTA. Then the 
homogenized samples were centrifuged at 10,000 rpm for 30 
mins at 4℃. 

Reagents used 
30% Acrylamide:Bisacrylamide solution (37.5:1), 4X 

Separating buffer (Tris Hydroxymethylamine methane at pH 
8.8), 4X Stacking buffer (Tris-HCl at pH 6.8), 10% 
Ammonium persulphate, TEMED (N,N,N’,N’, tetramethly 
ethylene diamine), H2O-saturated n-butanol, electrophoresis 
buffer (0.025M Tris with 0.192 M glycine at pH 8.3), 2X 
sample buffer (bromophenol blue 0.5% and glycerol 40%) 

Table 1.  Recipe for gel preparation for nondissociating discontinuos 
buffer system 

Stock Solution Stacking gel 
4% 

Separating gel 
mixture 7.5% 

30% Acrylamide: 
Bisacrylamide solution 2.6 ml 15 ml 

4X Separating buffer - 15 ml 

4X Stacking buffer 5.0 ml - 

Distilled water 12.2 ml 29.7 ml 

10% Ammonium persulphate 100 µl 300 µl 

TEMED 10 µl 20 µl 

Procedure 

Approximately 60ml of the separating gel of 7.5% 
concentration were prepared; 30ml per plate as given in 
Table 1 and pour at a level of 5 cm below the notch. Water 
saturated n-butanol of 0.3ml/gel was used to get smooth 
surface of the separating gel and washed away using distilled 
water after polymerization of the gel. 

 

After pouring the stacking gel, comb were fixed and left 
for polymerization. Bottom spacers were removed after 
polymerization and the unit was attached to the 
electrophoresis apparatus after filling with electrode buffer at 
lower and upper tank. 10 µl of sample containing were 
dissolved in sample buffer and applied in each slot. 
Electrophoresis was performed under chilled condition of 
40C at 80 volts constant voltage for 20 minutes and then 110 
volts till indicator dye approached the gel bottom. After 
which spacer was removed and gel was stained at specific 
staining dye. 

Specific Enzyme staining 

The visualization of ADH isozyme on gel was carried out 
with certain modifications [27]. 

 

Table 2.  Recipe for ADH staining 

0.2 M Tris/HCL pH 8.0 240 ml 

NAD 96 mg 

Ethyl alcohol (95%) 8 ml 

PMS 16 mg 

NBT 64 mg 

Distilled water 160 ml 

Fixing of Gel 

Once the reaction for staining of a given enzyme system 
had been carried out on gel, the stain developed somewhere 
between the following two extremes: 

a) The staining was very slow and the gels were left 
overnight before fixing. 

b) Standard fixative contained 40% methanol and 10% 
acetic acid in distilled water. 

Photography 
Gels needed to be photographed so that they could be 

interpreted properly. Sometimes the bands spread out and 
the gel becomes uninterruptible after overnight staining. 
Thus a series of photographs were necessary. Photos were 
taken using gel documentation system. Proper labeling was 
done regarding fish number and name of enzyme 
photographed.  

Analysis of gels 
The band were recorded and the data obtained were 

expressed as Relative mobility (Rm) given as migration 
distance of polypeptides upon migration distance of 
tracking dye. 

3. Results 
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Table 3.  Bands observed in four tissues of Indian Major and Exotic carps 

Fish Species Lane Tissue ADH-2 ADH-1 

Labeo rohita 

G1 Gill - - 

M1 Muscle + + 

H1 Heart  + - 

K1 Kidney + - 

Catla catla 

G2 Gill - - 

M2 Muscle + + 

H2 Heart  + + 

K2 Kidney + - 

Cirrhinus mrigala 

G3 Gill - - 

M3 Muscle + + 

H3 Heart  - + 

K3 Kidney + + 

Hypophthalmichthys 
molitrix 

G4 Gill - - 

M4 Muscle + + 

H4 Heart  - + 

K4 Kidney + - 

Ctenopharyngogon idella 

G5 Gill + + 

M5 Muscle + - 

H5 Heart  + + 

K5 Kidney + - 

Cyprinus carpio 

G6 Gill - - 

M6 Muscle + - 

H6 Heart  + - 

K6 Kidney + - 

(Here the sign “+” indicate the presence of band and “-“ indicates the 
absence of band) 

Table 4.  Enzyme and its observation in six composite species of Indian 
major and Exotic carp 

Enzyme E.C. No Abbreviation No. of loci 
observed Tissues 

   2 Gill 
Alcohol 

dehydrogenase 1.1.1.1 ADH 2 Muscle  

   2 Heart 

   2 Kidney 

(a) Gill 
Only C. idella shows the enzymatic activity with Rm 

values of 0.33 and 0.38 respectively (Fig 1a). The absence of 
bands observed in other species may be due to 
non-expression of this particular enzyme. 

(b) Muscle 
There is fair expression in muscle having two bands each 

except in C. idella and C. carpio (Fig 1b). C. catla - C. 
mrigala has similar ADH-1 bands while L. rohita - C. catla 
and C. mrigala - H. molitrix have similar ADH-2 banding 
pattern. 

(c) Heart 
L. rohita and C. catla shows two bands each while the 

remaining species show only one band each (Fig1c). C. catla 
- C. mrigala shows similar ADH-1 bands while L. rohita - 
Common and C. catla - C. idella shows similar ADH-2 
banding pattern respectively. 

(d) Kidney 
All the species except C. mrigala shows both ADH-1 and 

ADH-2 banding pattern (Fig 1d). L. rohita - C. catla and C. 
mrigala - H. molitrix - C. idella showing similar banding 
pattern respectively. 
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Figure 1.  Alcohol dehydrogenase isozyme pattern on 7.5% gradient polyacrylamide gel  

Staining of specific enzymes is preferred over general 
proteins for diversity analysis of fish population due to 
several reasons. First, the often complex patterns resulting 
from large number of bands revealed any non-specific 
staining [25] can make the interpretation of gel extremely 
difficult. Secondly, important information such as 
inheritance data from other species, data concerning the 
subunit structures about the influence of environment 
variables and different physiological status on the expression 
of the characters is almost lacking for general proteins [26]. 
Third, the action of any number of non-genetic factors that 
can affect protein banding patterns is difficult to detect and 
document because of complexity and large unknown genetic 
and physiological bases of general protein pattern [26]. 
However, these lacunae can be overcome by specific enzyme 
staining. In fact, ADH is probably the most important 
dehydrogenase involved in metabolism of exogenous and 
endogenous alcohol in liver [12, 10] and was distributed in 
most organs in fish [27]. It has been pointed out that ADH 
activity parallels dietary habits in fishes [13]. Thus the 
difference in the Rm values and the banding pattern observed 

in the present study can be due to the different ecological 
niche occupied by these cyprinids. 

Expression of ADH activity in Grass carp gill may be due 
to their feeding habit as they are always on the move, the 
amount of water and suspended solids passing through the 
gill are huge and more alcohol are require in order to clean 
the detritus trapped in between the gill lamellae which would 
further require more ADH to mobilize it. 

The presence of one band each of low mobility in muscle 
tissue of C. idella and C. carpio may be due to the difference 
in anaerobic energy yielding mechanism in this species 
against the normal mode of glycolysis initiation given by 
NAD+ which is derived from pyruvate via acetaldehyde 
under anaerobic conditions.  

On the contrary, heart tissue in C. idella shows the 
distinctively highest mobility. 

Kidney tissue only in C. mrigal shows two bands while 
remaining species shows the presence of only ADH-2 as in 
other vertebrate kidney where there is little ADH activity [26] 
which can be due to relative small kidney as small fish liver 
may play a more important role in alcohol oxidation than that 
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of a large fish body [5]. Krebs and Perkins [12] found that in 
mammals, with the exception of cattle, ADH activity was 
generally lower in carnivores than in herbivores and 
omnivores. Since ADH activity was found in other organs 
and tissues, it is necessary to clarify the physiological and 
enzymological roles other than the alcohol oxidation in each 
organ and tissue [5]. 

ADH being a dimer exhibit two band each in all the tissues 
even though the intensity of the banding pattern differ from 
one to another and are tissue specific. In case of gill none 
other than C. idella express this enzyme. ADH-1 is expressed 
only in the kidney tissue of C. mrigal. ADH-2 expressed 
more prominently in all the tissue than ADH-1. 

Thus, it is concluded that the species investigated being of 
the same family possess very close relationship with respect 
to the isozyme pattern and open up further research in the 
field of population genetics, cytogenetics, molecular 
genetics, recombinant DNA technology, aquaculture 
genetics etc. And it is suggested to investigate more number 
of enzymes and their polymorphic loci along with DNA 
based markers with large number of sample size for better 
understanding and sustainable utilization of the genetic 
diversity of this economically important composite fish 
species. 
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