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Abstract

Esterase isozyme of different tissues of Puntius sophore was analyzed using 7.5 %
polyacrylamide gel electrophoresis (PAGE). Fish specimens were collected from local
market. The tissues used were taken from different muscles, stomach, fore-, mid- and
hind-gut, liver, eyes, gill, heart, kidney, fore-, mid- and hind- brain, eggs and ovary. Six
different esterase bands were detected, named Est-1, Est-2, Est-3, Est-4, Est-5 and Est-6
and their relative mobility were 1.0, 0.84, 0.62, 0.33, 0.26 and 0.13 respectively, each of
them representing a single allele. The highest esterase activity was found in liver,
followed by gill, kidney, heart, brain, intestine, stomach, eye, reproductive organ and
skeletal muscles as detected in the staining intensity. Staining intensity of Est-4 and Est-5
was higher and Est-6 was the least stained in all the tissues.
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Introduction

Puntius sophore, belonging to the family Cyprinidae, is the most common among
captured fishes (Rahman 2005) in Bangladesh. It is easily cultivable (Kohinoor 2000),
highly demanding, cheap and considered to be one of the main protein source for low
income group. It has high nutritional value, containing 19.0 g of protein, 37 pg of
vitamin-A, 1,059 mg of calcium, and other micro nutrients per 100 g of fish (Thilsted et
al. 1997). The residual effect of pesticides on fish is high and they reduce the survival,
growth and reproduction of fish (McKim et al. 1975) even cause a significant mortality
(Nishat and Choudhury 1985). Besides, pesticides can be accumulated in the fish muscles
which are consumed by human causing serious diseases ultimately.

In Bangladesh, industries are situated on the bank of the rivers and dispose organic,
inorganic wastes and biohazards on to them in an untreated form. Moreover, pesticides
used in the agriculture wash out into these rivers polluting the aquatic environment.
Esterases are reported to be associated with pesticide resistance. So, it may be
hypothesized that those fishes which are alive in the polluted environment might have
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higher resistance to pesticides and higher accumulation of the chemicals treated as
pesticides. Thus, resistance status, as well as, nature of pollution in the aquatic body,
could have relation to amount of esterases produced in the body of fish and other aquatic
organisms.

Several toxicity tests on different agro-chemicals were done on P. sophore (Prabhuji et
al. 1983) and other species of Puntius (Gill et al. 1990). Esterases are multifunctional,
lipid hydrolyzing enzymes occurring in multiple forms and capable of separation by
electrophoresis (King 1974). Isozyme analysis was used to estimate the genetic distance
between different populations and the variability of isozyme was also used to devise the
genetic sexing system (Shahjahan 1988). Esterases are reported to be involved in
regulation of juvenile hormone levels (Kort and Granger 1981), reproduction (Richmond
et al. 1980), functioning of nervous system and development of resistance to insecticides
(Karunaratne et al. 1999). It may be used as bio-indicators to monitor pollutants in the
environment (Vanda et al. 2003). So, in the present study, different forms of esterases
found in different tissues of Puntius sophore were analyzed.

Materials and Methods

Sample collection: P. sophore (punti) were brought from Fokirapool and Jatrabari fish
market, Dhaka, during January to April 2006. Procurement was made from selected
fishermen who directly catch fish from the river Meghna. Collections were made early in
the morning in polythene bags with sufficient ice, with no preservatives and transported
to Laboratory of Genetics and Molecular Biology, Department of Zoology, University of
Dhaka. These were identified following relevant literature (Rahman 2005) and stored in
refrigerator at -80°C.

Sample preparation: Female P. sophore was dissected and around 15 mg of twenty
different tissues were collected: 1. Anterior neck muscle (white), 2. Mid-body muscle
(white), 3. Tail muscle; (anal region, white), 4. Tail muscle, (Tip-spotted portion, red), 5.
Buccal muscle (white), 6. Stomach, 7. Intestine; (fore-gut), 8. Intestine, (mid-gut), 9.
Intestine; (hind-gut), 10. Liver, 11. Eye (lence), 12. Eye ball (entire, except- lence), 13.
Gills, (3") 14. Heart, 15. Kidney, 16. Fore-brain, 17. Mid-brain, 18. Hind-brain, 19. Eggs
and 20. Ovary. Each of the above tissues was squashed in a labeled eppendorf tube in 40
pl of TBE buffer, vortexed for 1 min. 40 pl of bromophenol blue (marker) was added and
finally centrifuged at 13,000 rpm for 12 min. The samples were then subjected to
electrophoresis and were always put on ice to ensure cold temperature.

The extraction was repeated with selected tissue samples (viz. muscle, stomach,
intestine, liver, eye, gill, heart, kidney, brain and reproductive organ) and aliquots of
extracts from each of the tissues (without marker) were subjected to Lowry test to
quantify the amount of total protein in each of the extract. Rest of the aliquots from each
tissue extract was mixed with an equal amount of bromophenol blue and the samples
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were loaded to gel slot such a way that each slot receive an equal amount of protein i.e.
each sample contained an equal amount of protein extract and these were subjected to
electrophoresis.

Polyacrylamide Gel Electrophoresis: Electrophoresis was conducted on 7.5% PAGE
prepared following Standard method (Hames 1986). An initial pre-run was made at 100
V for 30 min. which followed another ~1 hour and 45 min. run after loading 10 pl of
samples on to the gel. The run was stopped when the markers came to the bottom and the
gel was put onto freshly prepared staining mixture (0.2 M Monobasic sodium phosphate
(NaH,PO,4) 1.32 g, 0.2 M Dibasic sodium phosphate (Na,HPO,) 0.5362 g, a-napthyl
acetate, dissolved in acetone at room temperature. Afterwards the solution was out
poured and the gel was incubated in the Fast blue RR solution (29/ 120 ml) at 37°C for 25
minutes.

Photography and scoring of bands: The gel was photographed using a digital zoom lense
camera (Sony Cybershot, DSC-F88), putting the gel on a white background. Positive and
negative poles were marked and bands were numbered as per recommendations of the
Standard Committee for Enzyme (Webb 1964). Relative mobility was calculated
considering the value of the band with highest mobility as 1.

Results and Discussion

Altogether six esterase bands were detected in the 20 different tissues of P. sophore,
depending on their relative mobility (Fig. 1). These were numbered: Est-1, Est-2, Est-3,
Est-4, Est-5 and Est-6. All six esterase bands were not present in each tissue. Since the
differentiation of the esterases of various tissues of P. sophore was done according to
their substrate preference, as they hydrolyze the substrate o-naphthyl acetate and
produced black colouration. Therefore, all of the above six esterases could be commonly
named as o-esterase (Vanda et al. 2003). The highest relative mobility value of esterase
was 1.0 (£ 0.04), possessed by Est-1, located near the (+) pole and it runs 4.5 cm. The
relative mobility of Est-2, Est-3, Est- 4 and Est-5 was 0.84 (+ 0.04), 0.62 (+ 0.04), 0.33 (=
0.02), and 0.26 (+ 0.02), respectively. Est-6 with the slowest relative mobility, valued
0.13 (£ 0.02), was found near the (-) pole (Fig. 1). Presence of more than two bands is not
artifactual (Raymond et al. 1996) and each band corresponds to one allele as per
Mendelian inheritance studies (Stordeur 1976). The esterase activity of the different
bands obtained from different tissues was arbitrarily measured based on eye estimation of
staining intensity, categorized into deep stained (DS), medium deep stained (MDS) and
faint stained (FS). The results made for the various esterase bands from twenty different
tissues were as follows:
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Muscles: Anterior neck muscle (white), mid-body muscle (white), anal region of tail
muscle and spotted portion of tail muscle were examined and all of the muscle tissues
showed two faint esterase bands (Est-4 and Est-5) (Fig. 1).
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Fig. 1. Electrophoretic banding pattern of esterases of different tissues of P. sophore [Lane 1-20):
1. Anterior neck muscle (white), 2. Mid-body muscle (white), 3. Tail muscle; (anal region,
white) 4. Tail muscle, (Tip-spotted portion)(red) 5. Buccal muscle (white), 6. Stomach 7.
Intestine, (foregut), 8. Intestine, (midgut), 9. Intestine; (hindgut), 10. Liver, 11. Eye (lence),
12. Eye ball (entire, except- lence), 13. Gills, (3') 14. Heart, 15. Kidney 16. Fore brain, 17.
Mid brain, 18. Hind brain, 19. Eggs, 20. Ovary]. Arrows indicate position of esterase and
the relative mobility (RM).

Buccal region: Est-1, Est-2, Est-3, Est-4 and Est-5 were the five bands observed in the
muscle of buccal region. Among the five esterase bands Est-4 and Est-5 were deeply
stained and the rest of the bands were faintly stained.

Stomach: Three esterase bands (Est-3, Est-4 and Est-5) were found in the stomach.

Intestine (gut): In the foregut three esterase bands viz. Est-3, Est-4 and Est-5 were
observed where Est-3 was faintly and Est-4 and Est-5 were deeply stained. Both mid-and
hind-gut showed five esterase bands. In both midgut and hindgut Est-1 and Est-2 were
faintly stained and Est-3 was medium deep stained and Est-4 and Est-5 were deeply
stained.
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Liver: Altogether five esterase bands (Est-1, Est-2, Est-3, Est-4 and Est-5) were found
and all of the bands were deeply stained except Est-1.

Eye: Three faintly stained esterase bands (Est-1, Est-3 and Est-4) were observed in the
lens of eye. However, in the ball of eye five esterase bands namely Est-1, Est-3, Est-4,
Est-5 and Est-6 were found in the eye ball where Est-1 and Est-6 showed faintly stained
band. Est-3 band was medium deep.

Gill: Est-1, Est-2, Est-3, Est-4 and Est-5 were the five esterase bands found in the 3" gill
and all the bands were deeply stained.

Heart: Five esterase bands (Est-1, Est-2, Est-3, Est-4 and Est-5) were recorded in the
heart where all the bands were deeply stained except Est-2.

Kidney: Altogether five deeply stained esterase bands (viz. Est-1, Est-2, Est-3, Est-4 and
Est-5) were found in the kidney.

Brain: Five esterase bands (Est-1, Est-2, Est-3, Est-4 and Est-5) were found in both fore-
and hind-brain where Est-1, Est-2 and Est-3 were faintly stained. In the mid brain all
mentioned six esterase bands were observed and Est-6 was faintly stained. Est-1, Est-2
and Est-3 were faintly and Est-4 and Est-5 were deeply stained in all of the three parts of
the brain.

Eggs: Est-1, Est-2, Est-4 and Est-5 were the four faintly stained esterase bands found in
eggs.

Ovary: Altogether four esterase bands (viz. Est-3, Est-4, Est-5 and Est-6) were found in
the ovary .
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Fig. 2. Proportionately loaded after protein test. Lane 1-10: 1-Muscle, 2-Stomach, 3-Intestine,
4-Liver, 5-Eye, 6-Gill, 7-Heart, 8-Kidney, 9-Brain and 10-Reproductive organ.
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However, according to staining intensity esterase activity in different tissues could be
arranged as ascending order: Liver > gill > kidney > heart > brain > Intestine > stomach >
eye > reproductive organ > skeletal muscles. Frequency of occurance of various esterase
bands was compared in all the tissues and it was revealed that, the maximum frequency
of esterase was observed for Est-4 and Est-5 and the minimum frequency was found for
Est-6 (Figs. 1-3). Loading equal amount of total protein extracted from different tissues
also supported the fact that expression of esterase in P. shophore was tissue specific in
general (Fig. 2), because the bands maintained the similar order of variable staining
intensity (viz. Liver > stomach > gill > kidney > heart > brain > Intestine > eye >
reproductive organ > skeletal muscles) except stomach and those were not influenced by
the procedure of extraction.

As regards the occurance of number of esterase bands order of organs are as follows: six
esterase bands in mid brain; five bands in buccal region, midgut, hindgut, liver, gill, eye
ball, heart, kidney, fore brain and hind brain; four bands in egg, ovary; three bands in
stomach, foregut, lens of eye; two esterase bands in anterior neck muscle, mid-body
muscle and tail muscle.

>
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Fig.3. Comparative analysis of staining intensity of esterase bands of various tissues of
Puntius sophore.

During the present study higher band intensity (deep stained bands) was observed in the
tissues of digestive system more specifically liver and intestine. In 1997 Li and Fan made
similar observation in the tissues of different body parts of several fishes viz- topmouth
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gudgeon (Pseudorashora parva), goldfish (Carassius auratus), nile tilapia (Tilapia
nilotica), mosquitofish (Gambusia affinis) and rainbow trout (Salmo gairdneri). But the
absence of enzyme activity in the gill of the mentioned species was quite different from
the present study.

Eight esterase bands were found in different tissues (brain, eye, heart, muscle and liver)
of Orechromis aureus (Hongtuo et al. 1993). Six esterase zones were found in the brain
of channel catfish Ictalurus punctatus (Knowles et al. 1968). Seven esterase isozymes
were observed in four populations of blunt snout from three lakes and one river (Sifa et
al. 1993). In the present study, six esterase isozymes were recorded in punti (Fig. 1).

As previously reported (Gunning et al. 1998, Manwell et al. 1968 and Vanda et al. 2003),
tissue specific distribution and intensity correlates pesticides residue and pollutants in the
dwelling environment; an intensive study of different esterase band index of different
species of Puntius and related fish in different cultural area would provide a potential
input in the management tactics.
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