


















































































































(Female) 

Expression of GDH in 
C mientalis 

(Male) 

B E H K L M B E H K L M 

Fig. 3.1 (e) Fig. 3.1 (f) 
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Expression of uGPD in 
C orientafiS' 

B E H K L M 

Fig.3.1(g) 
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Expression of LDH in 
C orientalis 

B E H K L M 

Fig. 3.1 (i) 

Expression of H6PD in 
C orientalis 

B E H K L M 

Fig. 3.1 (h) 
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Expression of MDH in 
C orientalis 

B E H K L M 

Fig. 3.1 (j) 

Expression of ME in 
C urientalis 

B E H K L M 

Fig. 3.1 (k) 
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Expression of XDH in 
C orientafis 

... 

B E H K L M 

Fig. 3.1 (m) 

$ , 

Expression of SDH in 
C orientafis 

I 

B E H K L M 

Fig. 3.1 (I) 
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[TABLE-3-1i 
Summary of electrophoretic expression of the eleven enzymes analyzed in Channa orienta/is: 
51. Protein ECNo. Protein Loci Activity 
No Structure B E H K 
1 Alcohol dehydrogenase (ADH) 1.1.1.1 Dimer ADH-A*fPJ + + + ++ 
2 Glucose dehydrogenase (GD) 1.1.1.47 GD + + + + 
3 Glucose 6-phosphate 1.1.1.49 Dimer G6i'D-1* +++ +++ +++ +++ 

dehydrogenase (G6PD) GsPD-2*(P) + + +++ +++ 
4 Glutamate dehydrogenase (GDH) 1.4.1.2 Monomer Female 

GDH-1* - - - . 
GDH-2* - - - -
Male - - - -

5 Glycerol 3-phosphate dehydrogenase 1.1.1.8 Dimer aGPD - - - -
(uGPD) 

6 Hexose 6- phosphate dehydrogenase 1.1.1.47 Dimer HsPD-1* +++ +++ +++ +++ 
(H6PD) HsPD-2*(P) - - - -

7 Lactate dehydrogenase (LDH) 1.1.1.27 Tetramer LDH-A* +++ +++ +++ +++ 
LDH-8* +++ +++ +++++ +++ 
LDH-C* - +++++ - -

8 Malate dehydrogenase (MDH) 1.1.1.37 Dimer cMDH-A* +++++ +++++ +++++ +++++ 
cMDH-8* - - - -
mMDH* - - - -

9 Malic enzyme (ME) 2.7.5.1 Tetramer cME-1* +++++ +++++ +++++ +++++ 
cME-2* +++ +++++ +++++ +++ 
mME* - - + -

10 Sorbitol dehydrogenase (SDH) 1.1.1.14 Tetramer SDH-1* + + + + 
SDH-2* + + + + 

,-11 Xanthine deDydrogenase (XDH) 1.1.1.204 L-Dimer XDH + + + + 
--

(+) - weak; (+++) - moderate; (+++++) - strong; (-) - no activity. 
B - brain; E - eye; H - heart; K - kidney; L -liver; M - muscle; P- polymorphic. 
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3.2 Cfianna punctatus 

A summary of the electrophoretic expressIOn of the eleven 

enzymes analysed is given in Table 3-2. 

3.2.1 Alcohol dehydrogenase activity was observed in the six 

tissues under investigation. Five equally spaced bands of moderate 

staining intensity were resolved in brain, eye, heart and kidney tissues. 

In the latter two tissues, only the first two bands were prominent while 

the rest three were weakly stained. Liver exhibited two phenotypes for 

ADH, a common single-banded (Fig. 3.2a ) and a less frequent 

three-banded (Fig. 3.2b) pattern . The weakest activity was observed 

in the muscle tissue. The bands for ADH exhibited a cathodal 

mobility. 

3.2.2 Glucose dehydrogenase enzyme seemed to lack activity in 

all six tissues investigated in all individuals (Fig. 3.2c). 

3.2.3 The six tissues examined for glucose 6-phosphate 

dehydrogenase showed a single zone of activity at the cathodal region 

of the gels. Besides the general pattern, a majority of the individuals 

exhibited an additional band located more cathodally to the common 

band. This band was found to be fixed in kidney but unstable in brain, 
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eye, heart and liver tissues. Muscle showed the weakest activity of 

G6PD. The staining intensity for G6PD in all these tissues was found 

to be high (Fig. 3.2d). 

3.2.4 In all the individuals investigated for glutamate 

dehydrogenase enzyme (Fig. 3.2e), the egg bearing females seemed to 

have a high intensity of GDH activity. Deeply stained bands were 

observed in brain, eye, heart, kidney, liver and muscle tissues. 

Additional bands were also observed in the eye and heart but their 

freq uency of occurrence are high in the former. The males, on the 

other hand, seemed to lack activity of GDH in all the tissues studied 

(Fig. 3.21). 

3.2.5 Faint bands were scored for a-Glycero s-phosphate 

dehydrogenase enzyme. Brain, eye, heart and kidney tissues showed 

five bands of low staining intensity, while liver showed a single band 

with a slightly higher staining intensity than the rest of the tissues 

(Fig. 3.2g). No activity of aGPD was recorded in white skeletal 

muscle. 

3.2.6 Brain, eye, heart, kidney and liver tissues showed a single 

invariant region of activity for hexose 6-phosphate dehydrogenase 
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enzyme at the cathodal region of the gels. The highest activity was 

recorded in eye and liver and the weakest in muscle tissue (Fig. 3.2h). 

3.2.7 Lactate dehydrogenase enzyme revealed a five-banded 

pattern in brain, eye, heart, kidney and liver tissues that were equally 

spaced, while in white skeletal muscle only two bands were resolved on 

the gel (Fig. 3.2i). The most cathodal and anodal bands were ubiquitous 

in all the six tissues studied, the former being predominant in heart (red 

muscle) while the latter in white skeletal muscle. The intermediate bands, 

which appeared in brain, eye, heart, kidney and liver, were found to be 

missing in white skeletal muscle. All the five bands showed equal staining 

intensity in brain, eye and liver, while heart and kidney tissues showed a 

decrease in the staining intensity from the anodal to the cathodal region. 

3.2.8 Two distinct zones of activity were displayed for malate 

dehydrogenase enzyme. The more cathodal bands of the first zone were 

deeply stained and present in all six tissues. The more anodal bands, on 

the other hand, were observed in heart and muscle and are weakly 

stained, but in brain, eye, kidney and liver, their occurrence was highly 

unpredictable. White skeletal muscle, on the other hand, showed an 

additional band more anodal to the above two bands. The second zone 

consisted of two equally spaced but weakly stained bands. The bands 
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appeared in all the tissues and showed a high anodal migration (Fig. 8.2j). 

8.2.9 Malic enzyme showed two zones of activity (Fig. 8.2k). A 

zone of deeply stained bands was observed at the cathodal region in all 

six tissues. The other zone was seen to have a high anodal mobility 

with a number of variations as well. Muscle tissue exhibited three to 

five asymmetrical bands in this zone and in addition two bands 

appeared intermediate between the two major zones. The rest of the 

tissues showed in general a single band, but occasionally an additional 

band was also noted, but their appearance and disappearance in these 

tissues was highly unpredictable. 

8.2.10 Sorbitol dehydrogenase displayed five bands in brain, 

eye, heart and kidney (Fig. 8.21), and a band with high intensity was 

recorded in liver tissue. Faint bands were also detected in white 

skeletal muscle. 

8.2.11 A single cathodal band was observed in liver extracts of 

all individuals examined for xanthine dehydrogenase enzyme (Fig. 8.2m). 

Five bands of low intensity were also seen in brain, eye and heart and kidney 

tissues. In white skeletal muscle no XDH activity was detected. In all individuals 

studied, the relative mobility of the bands were found to be the same. 

55 



Expression of ADH in 
C fUnctatus 

B E H K L M 

Fig. 3.2(0) 
(Single-banded pattern) 

B E H K L M 

Fig. 3.2(b) 
(Three-banded pattern) 
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Expression of GD in 
Cyunctatus 

B E H K L M 

Fig. 3.2(c) 

Expression of G6PD in 
Cyunctatl/s 

B E H K L M 

Fig. 3.2( d) . 
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(Female) 

Expression of GDH in 
Cyzuzctatuf 

(Male) 

B E H K L M B E H K L M 

Fig. 3.2(e) , Fig. 3.2(f) 
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Expression of aGPD in 
Cyunctatus 

-

• fr 

B E H K L M 

Fig. 3.2(g) 



Expression of LDH in 
Cyunctaflls 

B E H K L M 

Fig. 3.2(i) 

Expression of H6PD in 
Cyunctaflls 

B E H K L M 

Fig. 3.2(h) 
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Expression of MDH in 
Cyunctaflls 

B E H K L M 

Fig. 3.2m 

Expression of ME in 
Cyunctaflls 

B E H K L M 

Fig. 3.2(k) 
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Expression of XDH in 
Cyunctafus 

B E H K L M 

Fig.3.2(m) 

Expression of SDH in 
Cyunctafus 

B E H K L M 

Fig. 3.2(1) 
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[TABLE 3-21 
Summary of electrophoretic expression of the eleven enzymes analyzed in Channa punctatus : 
SI. Protein ECNo. Protein Loci Activity 
No Structure B E H K L M 
1 Alcohol dehydrogenase (AOH) 1.1.1.1 Oimer AOH-A*(P) +++ +++ + + +++++ + 

2 Glucose dehydrogenase (GO) 1.1.1.47 GO - - - - - -
3 Glucose 6-phosphate dehydrogenase 1.1.1.49 Oimer G6PO(P) +++ +++ +++ +++ +++++ + 

i (G6PD) 
4 Glutamate dehydrogenase (GDH) 1.4.1.2 Monomer Female 

GOH(P) +++++ +++++ +++++ +++++ +++++ +++++ 

Male - - - - - -
5 Glycerol 3-phosphate dehydrogenase 1.1.1.8 Oimer aGPO +++ +++ +++ +++ +++++ -

luGPO) I 

6 Hexose 6- phosphate dehydrogenase 1.1.1.47 Oimer H6PD +++ +++++ +++ +++ +++++ + 
(H6PO) 

7 Lactate dehydrogenase (LDH) 1.1.1.27 Tetramer LDH-A* +++ +++ +++ +++ +++ +++++ 

LDH-B* +++ +++ +++++ +++ +++ + 
8 Malate dehydrogenase (MOH) 1.1.1.37 Oimer cMDH-A* +++++ +++++ +++++ +++++ +++++ +++++ . 

cMDH-B* - - - - - +++ 
mMOHYP) +++ +++ +++ +++ +++ +++ 

9 Malic enzyme (ME) 2.7.5.1 Tetramer cME-1* +++ +++ +++ +++ +++ +++++ 

cME-2* - - - - - +++ 
mME* +++ +++ +++ +++ +++ +++ 

10 Sorbitol dehydrogenase (SOH) 1.1.1.14 Tetramer SDH-1* +++ +++ +++ +++ +++++ + 
SOH-2* +++ +++ +++ +++ +++++ + 

1J ~anthin~~ehydrogenase (XDH) 1.1.1.204 Dimer XDH +++ +++ +++ +++ +++++ -

~ 
(+) - weak; (+++) - moderate; (+++++) - strong; {-) - no activity. 

B - brain; E - eye; H - heart; K - kidney; L -liver; M - muscle; P- polymorphic. 



3.3 Cfianna striatus 

A summary of the electrophoretic expressIOn of the eleven 

enzymes analysed is given in Table 3-3. 

3.3.1 All six tissues exhibited a single zone of alcohol 

dehydrogenase activity at the cathodal region with varying staining 

intensities, but the highest being III liver. Worthy of note is 

the occurrence of a large number of individuals that showed a 

symmetrical, two-banded (Fig. 3.3a) and very few individuals with 

three-banded (Fig. 3.3b) pattern in liver tissue. These bands also 

showed equal staining intensity. The mobility of the single band seen 

in brain, eye, heart, kidney and muscle tissues when compared with 

liver, appeared along with the most anodal band of liver. The bands of 

ADH were observed at the cathodal region of the gels. 

8.8.2 In all individuals investigated for glucose dehydrogenase, 

a single invariant band with an anodal migration was observed only 

in liver tissue. The rest of the tissues showed no activity of GD 

(Fig. 8.8e). 

8.8.8 A single invariant band was detected for glucose 

6-phosphate dehydrogenase (Fig. 3.3d) in brain, eye and liver tissues. 
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In brain and eye the band appeared at the cathodal region, while liver 

showed an anodal migration. White skeletal muscle in most 

individuals lacked the activity of G6PD, but in very few individuals it 

was detected as a faint band. Heart and kidney tissues, on the other 

hand, displayed two phenotypes with regard to the relative mobility for 

this enzyme. In some a cathodal migration was observed along with 

brain and eye while in others they showed an anodal migration as in 

liver. The staining intensity was variable for all tissues, with the 

highest activity seen in eye and liver tissues. 

3.8.4 The activity levels of glutamate dehydrogenase enzyme 

seemed to have a pronounced relationship with the egg bearing 

females. In them the level of GDH activity was found to be very 

high and appeared as a single band which migrated cathodally in 

brain, eye, heart, kidney and liver tissues (Fig. 8.8e). Males seemed to 

record no activity for GDH in any of the six tissues under 

investigation (Fig. 3.8f). 

8.3.5 a-Glycero s-phosphate dehydrogenase activity was 

observed in brain, eye, heart, kidney and liver tissues as a single 

cathodal band. The band showed the same intensity of staining and 
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electrophoretic mobility. Very weak uGPD activity was detected in 

white skeletal muscle tissue (Fig. 3.3g). 

3.3.6 Hexose 6-phosphate dehydrogenase was observed as a 

single band in brain, eye, heart, kidney and liver tissues. White skeletal 

muscle showed no activity of H6PD. Brain and kidney tissues 

exhibited low levels of activity, while heart displayed a slightly higher 

activity. The highest activity was recorded in eye and liver, which in 

some individuals appeared as two bands in the eye. H6PD showed a 

cathodal mobility in brain, eye, heart and kidney tissues. In liver two 

phenotypes were observed with regards to the relative mobility of the 

band. Some individuals showed an anodal migration along with the 

rest of the tissues while in some a cathodal migration was noted 

(Fig. 3.3h & i). 

3.3.7 The gels stained for lactate dehydrogenase showed an 

invariant appearance of the enzyme in all individuals subjected to 

electrophoresis (Fig. 3.3j). Three equally spaced bands were observed 

in brain, eye, heart, kidney and liver with equal staining intensity. In 

white skeletal muscle, the intermediate band was missing hence only 

two bands are displayed in which the more anodal band was stained 
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intensely and the less anodal band appeared faintly in comparison to 

the other tissues. 

3.S.8 Three major zones of activity were resolved (Fig. S.Sk) 

for malate dehydrogenase enzyme. The bands present in the cathodal 

region are weakly stained and are exhibited in brain, eye, heart, kidney 

an~ liver tissues while skeletal muscle showed very faint bands for this 

zone. Three bands were resolved at the anodal region of the gels, at 

the least anodal zone, bands with varying staining intensity were 

observed in all the six tissues but the highest being in kidney and liver. 

The most anodal zone showed darkly stained bands of almost equal 

intensity in all the six tissues. An intermediate band between the two 

was also scored in brain, eye, heart, kidney and liver tissues. 

S.3.9 Two zones of activity were resolved for malic enzyme that 

migrated anodally on the gels (Fig. S.SI). The most anodal zone was 

found to be most active in liver, while brain, eye, heart, and kidney 

showed lesser activity, but the least activity was observed in white 

skeletal muscle tissue. The slower migrating zone was found to be 

most active in skeletal muscle that was represented by three bands. 

Liver, on the other hand, exhibited a single band and the rest of the 

tissues viz., brain, eye, heart and kidney showed faint bands in this region. 
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3.3.10 Sorbitol dehydrogenase was observed as a single band 

with cathodal migration in brain, eye, heart and kidney while in liver 

two bands were scored with variable electrophoretic mobility. Muscle 

tissue, on the other hand, showed no activity of SDH (Fig. 3.3m). The 

bands scored for this enzyme showed very low activity. 

3.3.11 Xanthine dehydrogenase appeared as a single band, 

which migrated anodally and was predominantly expressed in liver 

tissue. Brain, eye, heart, kidney and muscle tissues also showed the 

XDH band but with very low intensity. Variations in width and 

relative position of the bands in all the six tissues were noted 

(Fig. 3.3n & 0). 
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Expression of ADH in 
Cstriattts 

B E H K L M 

Fig. 3.3(0) 
(Two-banded pattern) 

.. 
B E H K L M 

Fig. 3.3(b) 
(Three-banded pattern) 
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Expression of GD in 
C strfatzts 

B E H K L M 

Fig. 3.3(c) 

Expression of G6PD in 
C strfatzts 

B E H K L M 

Fig. 3.3(d) 
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(Female) 

Expression of GDH in 
C striatus 

(Male) 

B E H K L M B E H K L M 

Fig. 3.3(e) Fig. 3.3(f) 
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Expression of uGPD in 
Cstriatus 

B E H K L M 

Fig. 3.3(g) 
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Expression of H6PD in 
Cstriatus 

-

B E H K L M B E H K L M 

Fig. 3.3(h) Fig. 3.3(i) 
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Expression of LDH in 
Cstriatus 

B E H K L M 

Fig. 3.3m 

Expression of MDH in 
Cstriatus 

B E H K L M 

Fig. 3.3(k) 
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Expression of SDH in 
Cstriatus 

B E H K L M 

Fig. 3.3(m) 

Expression of ME in 
C striatus 

B E H K L M 

Fig. 3.3(1) 
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$ , 

Expression of XDH in 
C strialzts 

B E H K L M B E H K L M 

Fig. 3.3(n) Fig. 3.3(0) 
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ITABLE 3~1 
Summary of electrophoretic expression of the eleven enzymes analyzed in Channa striatus : 
51. Protein ECNo. Protein Loci Activity 
No Structure B E H K L M 
1 Alcohol dehydrogenase (ADH) 1.1.1.1 Oimer ADH-A*(P) + + + + +++++ + 

2 Glucose dehydrogenase (GO) 1.1.1.47 GD - - - - +++++ -
3 Glucose 6-phosphate dehydrogenase 1.1.1.49 Oimer G6PD-1* +++++ +++++ +++++ +++++ - + 

(G6PO) G6PD-2* - - +++ +++ +++++ -
4 Glutamate dehydrogenase (GOH) 1.4.1.2 Monomer Female 

GDH +++++ +++++ +++++ +++++ +++++ + 

Male - - - - - -
5 Glycerol 3-phosphate dehydrogenase 1.1.1.8 Dimer aGPD +++ +++ +++ +++ +++ + 

(uGPO) 
6 Hexose 6- phosphate dehydrogenase 1.1.1.47 Dimer H6PD-1*(P) + +++++ +++ + +++ - I 

(H6PD) H6PD-2* +++++ I - - - - -
7 Lactate dehydrogenase (LDH) 1.1.1.27 Tetramer LDH-A* +++ +++ +++ +++ +++ +++++ 

LDH-B* +++ +++ +++++ +++ +++ + 

8 Malate dehydrogenase (MDH) 1.1.1.37 Oimer cMDH-A* +++ + + +++++ +++++ + 

cMDH-B* +++++ +++++ +++++ +++++ +++++ +++ 

mMDH* +++ +++ +++ +++ +++ + 

9 Malic enzyme (ME) 2.7.5.1 Tetramer cME-1* +++ +++ +++ +++ +++++ + 

mMP + + + + +++ +++++ 
10 Sorbitol dehydrogenase (SDH) 1.1.1.14 Tetramer SDH-1* + + + + +++++ + 

SDH-2* - - - - +++ -
I 11 Xanthine dehydrogenase (XOH) 1.1.1.204 Oimer XDH-1* + + + + +++++ + 

XDH-2* - - - + +++++ -
~-

-..:? 
-..:? 

(+) - weak; (+++) - moderate; (+++++) - strong; (-) - no activity. 
B - brain; E - eye; H - heart; K - kidney; L -liver; M - muscle; P- polymorphic. 





Murrels, also called snakeheads, belong to the family Channidae 

and are represented by a single Genus Channa (= ophiocephalusj. 

In 1777, Scopoli erected the Genus Channa, although no particular 

species was mentioned. Some sixteen years later, Bloch described a 

similar fish and gave it the name Ophiocephalus. He named them so, 

probably because of the similarities of structure and appearance of 

the head of these fishes with that of a snakehead (ophidian - snake, 

cephalus - head). This fish unlike Channa, possessed pelvic fins and the 

name embraced both Asian and African species. 

Regarding the classification of this group, some differences were 

observed between the classification of Day (1875-1878) and the recent 

classification of Greenwood et al., (1966). Day grouped the murrels 

under the family Ophiocephalidae and brought it under the order 

Acanthopterygii, characterized by spiny rays. He also observed the 

differences in this regard of this family with other members of the 

order and probably that is why he grouped all the snake-headed fishes 

under a separate sub-division - Channiformes (the 13th group under 

the order Acanthopterygii). He classified this group under the genus 

ophiocephalus and one species under the genus Channa. Regan (1929) 

included the murrels under the family Ophiocephalidae under the 
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sub-order Ophiocephaloidea. The latter, along with other three 

sub-orders, viz., Percoidea, Gobiodea and Anabantoidea, was listed 

under the order Percomorphi. Myers and Shapovalov (1931) in a 

significant taxonomical reclassification discussed in detail the 

differences between Ophiocephalus and Channa and rejected the former 

as a generic synonym. This was based on a comparison of 

Ophiocephalus gachua (with pelvic fins) and Channa orientalis (without 

pelvic fins). The genus Ophiocephalus and Channa had been previously 

separated by the single character of the pyloric or caecal appendages 

being present or absent (where the protrusion for the insertion of 

pelvic fins is situated). Hora (1921) and Deraniyagala (1929) found that 

the pyloric caeca were present in both 0. gachua and C. orien ta lis. 

Deraniyagala (1929) stated that the Sri Lankan species 0. gachua (later 

to become Channa gachua) and C. orientalis were identical in the 

important character of head shield (scales) patterns on top of the 

head. He also gave a detailed description of the two species and found 

no significant differences (apart from lack of pelvic fins). The bold 

pectoral barring and overall colouration is similar. O. gachua and 

C. orientalis can be found in the same biotope. Quoting Day 

(1878-1888); "It is not uncommon in India to find specimens of 
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ophiocephalus gachua having a ventral fin deficient, but I have not 

observed both wanting". A specimen of 0. gachua lacking both pelvic 

fins was taken on the Island of Formosa by Leo Shapovalov. Following 

the strict rules of Zoological Nomenclature, Myers and Shapovalov 

(1931) united the two genera including the African species and boldly 

affirmed that Ophiocephalus be merged into the single genus Channa. 

Concluding that C. orientalis may be regarded as a series of anomalous 

specimens to the similar o. gachua they strangely, after an excellent 

discussion on the basis of the species merging, however, were hesitant 

to synonymize, as did Deraniyagala (1929), listing the fish as 

C. orientalis and C. gachua. Herse and Myers (1937) and McAllister 

( 1968) expressed their opinion in favour of Channa to ophiocephalus 

and subsequently most of the taxonomists are using this name. 

Greenwood et al., (1966) have grouped all the murrels under a single 

genus Channa and a new order Channiformes, to accommodate only the 

snake-headed fishes. 

Studies made during the 'All India Co-ordinated Research 

Project On Air-Breathing Fish Culture' (ICAR Final Report, 

1971-1985) revealed that of the ten species of murrels described by 
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Day (1889), only the following eight are valid. Channa marulius 

(Hamilton-Buchanan, 1822), C. striatus (Bloch, 1793), C. punctatus 

(Bloch, 1793), C. orientalis Bloch and Schneider, 1801, C. stewartii 

(Playfair, 1867), C. micropeltes (Cuvier, 1831), C. barca 

(Hamilton-Buchanan, 1822) and C. gachua Hamilton-Buchanan, 1822. 

Presently, the taxonomy of the genus Channa is complicated 

particularly by the morphological characteristic of the presence 

(18 species) or absence (3 species) of pelvic fins, listed as follows: 

With Pelvic FIns: 

Channa argus, C. bankanensis, C. barca, C. bistriata, C. gachua, 

C. leucopunctatus, C. lucius, C. maculatus, C. marulioides, C. marulius, 

C. melanopterus, C. 
. . 

SlamensLS, C. melanosoma, c. micropeltes, 

C. pleuropthalmus, C. punctatus, C striatus, C. steuJartii. 

Without Pelvic FIns: 

Channa asiatica, C. burmanica, C. orientalis. 

Researchers and aquarists have recently observed important 

behavioural characters in Channa gachua and C. orientalis are alike. 

Channa gachua does not build a compact nest at the surface of the 

water (like other Channidae). It scoops out a small hole in the mud not 
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far from the edge of a pond or river bank in shallow water and 

normally it lays between 1500-2000 eggs (Mookerjee et. al., 1950) 

Channa orientalis orally incubates its eggs. A large area of 

substrate is removed and after spawning, the male's throat is distended 

with 80-100 fry (approximately Smm long) which emerge from the 

mouth 10 days later (Roth, 1985). 

I t is widely accepted that the differences in the breeding 

behaviour of Betta (Belontidae) mouthbrooder and bubblenesting 

species are a direct result of the change of environmental conditions 

and in all cases mouthbrooders can be found in flowing water biotopes. 

The habitat of Channa orientalis in Sri Lanka is small streams, in many 

cases next to the ponds inhabited by Channa gachua and it can be 

assumed that the former is undergoing an evolutionary change similar 

to that of the mouthbrooding Betta species. It may be mentioned here 

that Deraniyagala (1929) have merged C. gachua with C. orientalis. We 

are therefore, inclined to accept the name Channa orientalis for this fish. 

Macromolecules such as proteins and nucleic acids are the most 

important components of the cell that regulate all biological processes. 

Since the genetic information transferred by nucleic acids reveal many 
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interesting aspects of evolution and heredity, it will also help to 

rationalize the chemotaxonomic approach to systematize the animal 

kingdom. 

In general sex, spawmng, food, age, hibernation, disease, 

osmotic pressure, temperature, light, oxygen depletion and other 

seasonal factors have some role on the total protein species of a fish 

(Booke, 1964). According to Kirpichnikov (1992), biochemical 

polymorphism is highly related to the type of environment (including 

fool availability, temperature gradient, and duration of the seasons of 

the year) and population size. To minimize the influences of such 

factors, adult fishes were obtained during the same season and almost 

from the same environmental conditions taking sex and age as 

constant. It may therefore, be presumed that the patterns and 

distribution of the electrophoretic bands in different tissues could not 

be affected by factors other than genetic, so that species specificity 

could be understood only from the genetic level. 
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4.1 Alcohol dehydrogenase (ADH, EC No. 1.1.1.1) is the major 

catalyst of ethanol oxidation in the body (Havre et al., 1977; Plapp 

et al., 1984). ADH is also capable of catalysing the reversible 

interconversion of a wide variety of alcohols and their corresponding 

aldehydes and ketones, including sterols, w-hydroxy fatty acids and 

food flavour alcohols (Pietruszko, 1979), and may function as a major 

detoxification mechanism for biological aldehydes. Recent studies have 

suggested that ADH is involved in reductive metabolism of a range of 

such aldehydes, including the toxic peroxidic aldehyde, 

4-hydroxynonemal (Esterbauer et al., 1985) and biogenic aldehydes 

derived from serotonin, dopamine, and norepinephrine metabolism 

(Mardh et al., 1985; Mardh and Vallee, 1986; Consalvi et al., 1986). 

Alcohol dehydrogenase has been examined in a wide variety of 

teleostean species (Hitzeroth et al., 1968; Shaklee et al., 1974, 1977; 

Frankel, 1981; Krueger, 1980; Andersson et al., 1983; Basiao and 

Taniguchi, 1984; Vuorinen, 1984; Menezes et al., 1992; Engelbrecht 

and Van Der Bank, 1994; Ramirez et al., 1998; Leesa-Nga et al., 2000; 

Peres et al., 2002). These studies, along with those on tetrapods, have 

demonstrated that ADH is being encoded in the majority of 
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vertebrates at a single gene locus presumed to be controlled by two 

alleles. Homozygous individuals show a single-banded phenotype and 

heterozygotes a three-banded phenotype indicating a probable dimeric 

structure of the enzyme. The ADH locus was designated as ADH-A* 

and its corresponding allele as A'. 

While the enzyme is usually found at its highest concentrations 

III the liver tissue as seen in Petromyzon marinus (Krueger, 1980), 

Atlantic cod Gadus morhua (Mork et ai., 1982), Barbus species (Frankel, 

1985), Bighead Carp, Silver Carp and their reciprocal hybrids 

(Brummett et ai., 1988), Grey mullets (Menezes et ai., 1992), 

Barbus brevipinnis (Engelbrecht and Van Der Bank, 1994), it may be 

present to a lesser extent in both stomach and kidney (Hitzeroth et ai., 

1968; Shaklee et ai., 1974; Leesa-Nga et ai., 2000). Investigation into 

the tissue specificity of ADH in Brachydanio, however, has revealed 

that its expression is restricted to liver extracts (Frankel, 1976, 1978, 

1980,1981), as well as in Saivelinus aZpinus (Andersson et ai., 1983), 

Trout strains (Thompson, 1985), Hopiias maiabaricus (Peres et ai., 

2002). 
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The expressIOn of ADH was presumed to be encoded by a 

single locus in liver, two loci in most tissues, and three in eye III 

Tilapia zillii . This high activity of alcohol dehydrogenase is not 

usually present in fish tissues. It may be an adaptation to survival in 

very low oxygen concentrations where anaerobic respiration is likely 

to be of great use (Cruz et al., 1982). 

The liver extracts of all the three species of Channa showed 

both the single (Fig. 4.1a) and three banded phenotypes (Fig. 4.1h-d) 

as in a majority of fishes. Investigation into the tissue specificity of 

ADH, however, have revealed that its expression is highest in the liver 

with decreased activity in the other tissues viz., brain, eye, heart, 

kidney and muscle. The five bands as observed in brain and eye tissues 

in C. punctatus were also reported in other fishes (Fig. 4.1C). 

We, therefore, consider that ADH is encoded in a single locus in 

the presently studied fishes and both homozygous and heterozygous 

individuals are prevalent in natural populations. Analysis of the 

zymograms clearly reveals the occurrence of a single type of 

homozygous individuals and thus suggests recent origin of the mutant 

allele. The additional bands observed in C. Punctatus are indicative of 

the presence of three loci in these tissues. 
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Fig. 4.1 Zymograms illustrating the activity of ADH -

ADH-A' 

ADH-A* 

ADH-A' 

ADH-A* 

(a) Homozygous phenotype in the three species of Channa; 
heterozygous phenotypes in (b) Channa orientalis (c) C. punctatus 

and (d) c. striatus. 
(B-brain, E-eye, H-heart, K-kidney, l-liver, M-muscle) 
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4.2 Review of literature shows limited data on biochemical genetic 

studies of glucose dehydrogenase (GD, EC No. 1.1.1.47) enzyme 

systems. Lavery and Fielder (1993) reported the expression of a single 

locus coding for glucose dehydrogenase in various tissues of coconut 

crab, Birgus latro. In Hoplias malabaricus, Peres et al., (2002) also 

reported a single locus coding for G D w hose expressIOn IS 

predominant in liver. Sengupta (2002) reported two loci III 

Acrossocheilus hexagon ole pis that were predominant in liver. 

GD activity was resolved in C. orientalis (Fig. 4.2a) and 

C. striatus (Fig. 4.2b), as a single invariant band which was slow 

migrating in the former and fast migrating in the latter. In both 

species it was found to be liver specific. No GD activity was resolved in 

C. punctatus. In conclusion, GD can be presumed to be encoded by a 

single locus in C. orientalis and C. striatus. 

Glucose dehydrogenase acts on ~-D-glucose and produces 

D-glucono-l, 5-lactone. Based on properties, other than substrate 

specificity reported for GD, Strecker and Korkes (1952), Metzger et al., 

(1965), and Beutler and Morrison (1967) suggested that GD is in fact 

identical to hexose 6-phosphate dehydrogenase (H6PD). In addition, 
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Stegeman and Goldberg (1971) found a commercially available G D 

(Sigma) that exhibited catalytic activity with the various substrates 

and coenzymes acted upon by H6PD. Therefore it is, likely that the 

vertebrate enzyme glucose dehydrogenase can be considered to be 

homologous to H6PD. However, we have observed substantial 

difference in the expression of these two enzymes in the tissues 

studied in our fishes and we are confident that these two enzymes are 

encoded in different genes. 
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Fig. 4.2 Zymograms illustrating the activity of GO-­
(a) Channa orientalis; (b) C. striatus. 

(B-brain, E-eye, H-heart, K-kidney, L-liver, M-muscle) 
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4.3 Glucose is the primary substrate for synthesis of fat (Maynard 

et al., 1979). It is converted to pyruvate via the glycolytic pathway and 

further to acetyl-CoA, which is the precursor for fatty acid synthesis. 

Synthesis of fatty acid also requires reducing power for the formation 

of double bonds. This power is supplied by NADPH, which is 

produced in the reactions mentioned below. 

The pentose-phosphate pathway is an alternative route to the 

glycolytic pathway for the oxidation of glucose. In contrast to the 

glycolytic pathway, the pentose-phosphate pathway does not produce 

ATP. Instead, it generates NADPH for reductive synthesis, such as 

fatty acid biosynthesis, and provides ribose sugars for nucleotide and 

nucleic acid production. The pentose-phosphate pathway has two 

phases (Mayes, 1988): (1) The oxidative phase in which glucose 6-P' the 

substrate common to all the biochemical pathways of glucose, 

undergoes dehydrogenation and decarboxylation to give pentose sugar; 

this reaction is catalysed by glucose-6 phosphate dehydrogenase 

(G6PD) requiring NADP+ as a hydrogen acceptor and the 

dehydrogenation and decarboxylation reactions of glucose 6-P 

generate NADPH and produces CO2; and (2) The non-oxidative phase, 

in which the ribose sugar is converted back to glucose 6-P. 
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It is significant that tissues, which possess an active lipogenesis, 

i.e., liver and adipose tissue, also possess an active pentose-phosphate 

pathway. It seems that liver is a more important site for fatty acid 

synthesis in fish than is adipose tissue, as reported by Lin et al., (1977) 

in coho salmon and Likimani and Wilson (198qz) in channel catfish. 

There seems to be limited data on this enzyme in fish. G6PD 

was found to be encoded in a single locus in Chanos chanos (Winans, 

1980), Petromyzon marin us (Krueger, 1980), Theragra chalcogramma 

(Grant and Utter, 1980), Salvelinus alpinus (Andersson, 1983), 

Ctenopharyngodon idella and Hypophthalmichthys nobilis (Beck et al., 

1983), Gadus morhua (Mork et al., 1982), and Hoplias malabaricus (Peres 

et al., 2002). 

Cederbaum and Yoshida (1976) suggested that the banding 

pattern in rainbow trout might be determined by two different alleles 

at two loci. The earlier findings of varying patterns in some fish could 

not be explained by the suggested hypothesis and a single locus-single 

allele system in which the polypeptide chain could assume multiple 

stable electrophoretic forms was more appealing (Cederbaum and 

Yoshida, 1976). Tilapia zillii presented a banding pattern, which also 

suggests the expression of two G6PD loci (Cruz et al., 1982). 
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The observed pattern for G6PD suggests the expression of a 

single locus in Channa punctatus and two loci for C. orientalis and 

C. striatus. 

In C. orientalis the cathodal band that expressed in all the six 

tissues of all the individuals examined, can be assumed to be the 

activity of G6PD-I * locus and the additional band (with a high anodic 

rate) predominant in heart, kidney and liver of GtPD-2*. An allele was 

detected in liver for the G6PD-2* locus, which appeared to be stable. 

The frequency of occurrence of the product of wild type allele of 

GtPD-2* locus was high in heart and kidney while the mutant allele 

product was unstable. Both the allelic products are found to be 

unstable in expression in brain, eye and muscle tissues (Fig. 4.Sa). 

Channa punctatus (Fig. 4.sb) exhibited two codominant alleles at 

a single locus, the wild type was found to be expressed in all the six 

tissues, while the mutant allele was highly unstable. It appeared to be 

fixed in kidney but unstable in brain, eye, heart, liver and muscle 

tissues. The rare occurrence of heterozygotes with a three-banded 

phenotype suggests the dimeric nature of this enzyme. 
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G6PD in C. striatus appeared to be encoded by two loci like in 

C. orienta lis. The expression of G6PD-I * locus was predictable in brain 

and eye and G~D-2* in liver. Heart and kidney showed a flexible 

expression for both loci, in which some individuals exhibited the 

expression of G6PD-I* locus (Fig. 4.3C) and some showed G6PD-2* 

(Fig. 4.sd) activity but not both at the same time in an individual. The 

pattern of gene expression of this species strongly revealed that both 

loci are never required for the synthesis of G6PD enzyme, either one 

is sufficient to produce a functional G6PD enzyme. 

From these results observed in all the three species of Channa, 

it is tempting to conclude that the second locus of G6PD has arisen as 

a result of gene duplication. 
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Fig. 4.3 Zymograms illustrating the activity of G6PD­
(a) Channa orientalis; (b) C. punctatus (c) & (d) c. striatus. 

(B-brain, E-eye, H-heart, K-kidney, l-liver, M-muscle) 
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4.4 Glucose 6-phosphate dehydrogenase (G6PD, ICE No. 1.1.1.49) 

is among the most thoroughly studied of the enzymes in mammals. It 

has been of particular interest to geneticists because it is controlled in 

man by a gene located on the X-chromosome. Studies of the G6PD 

locus have generally confirmed this hypothesis particularly the 

demonstration by Davidson et al., (1963) that clones of cells cultured 

from skin of Negro females heterozygous for a G6PD variant carried 

either one or the other form of the enzyme, but not both. 

G6PD, more recently has been shown to be X-linked also in 

equine species (Mathai et al., 1966) and in Drosophila (Young et al., 

1964), findings that have led to the speculation that there may be some 

general advantage in having this enzyme controlled by the 

X-chromosome. As stated earlier, G6PD is encoded in a sex-linked 

gene. Thus, it was of particular interest when a G6PD was found in 

the deer mouse (Peromyscus maniculatus), which is autosomally 

controlled (Shaw and Barto, 1965). This enzyme is probably not 

homologous with the X-linked enzyme of human erythrocytes. 

There are two different forms of G6PD in deer mouse tissues, 

which were arbitrarily, designated the A and B forms. The B form is 

the autosomally controlled type, and does not occur in deer mouse 
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erythrocytes. The A form, which was found in all tissues studied 

including erythrocytes, was postulated to be homologous with the 

G6PD of human erythrocytes. A second form of G6PD was found 

subsequently in human tissues (Shaw, 1966; Ohno et at., 1966), and this 

appears to be homologous with the B enzyme of deer mouse. 

The presence of multiple forms of G6PD in varIOUS 

mammalian systems has been the subject of several recent reports, 

some of which have noted with interest the nonhomology of two 

molecular species of this enzyme. The A form, which is generally 

specific for glucose 6-phosphate and NADP+, is ubiquitous in its 

phylogenetic and tissue distribution (Noltman and Kuby, 1963). 

This enzyme is X-linked in diverse mammals (Kirkman and 

Hendrickson, 1963; Epstein, 1969) and is localized in nuclear and 

soluble fractions of the cell (Beutler and Morrison, 1967; Shaw and 

Koen, 1968). 

The second form of mammalian G6PD can be distinguished 

electrophoretically and by its ability to catalyse the oxidation of G6P, 

as well as Gal6P, 2-deoxyglucose 6-phosphate and glucose, with either 

NAD+ or NADP+ serving as coenzyme (Beutler and Morrison, 1967; 

Shaw and Koen, 1968). Although these two enzymes fit the criteria of 
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Shaw (1969) for primary isozymes, certain investigators (Shaw, 1966; 

Ohno et al., 1966) designated the second form of G6PD enzyme with 

broader substrate specificity as hexose 6-phosphate dehydrogenase 

(H6PD, EC No. 1.1.1.47) for convenience in distinguishing this enzyme 

from G6P-specific G6PD as it was found not to be specific for glucose 

6-phosphate but showed about equal activity toward this broader 

specificity, whereas the G6PD of erythrocytes, both in man and deer 

mouse, showed little or no activity on galactose 6-phosphate. Because 

of this, and also because of possible confusion of the A and B 

designation of the deer mouse enzymes with the well-known A and B 

variants of G6PD in human erythrocytes, it has been accepted that 

the B form of G6PD would be designated as hexose 6-phosphate 

dehydrogenase (H6PD). Both the enzymes oxidize glucose 

6-phosphate, and both require NADP+ as a coenzyme. Aside from 

these two similarities, all other parameters of study disclosed 

significant differences between the two molecules, and these included: 

substrate specificities, molecular weights, intracellular localization, and 

tissue-specific variation In both enzyme concentration and 

electrophoretic pattern. Molecular weights of the two enzymes appear 

to differ, with H6PD being a slightly larger molecule. The evidence for 
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the homology of hexose 6-phosphate dehydrogenase and glucose 

6-phosphate dehydrogenase was reported by Matsuoka et al., (1983) by 

comparison of the amino acid compositions. Their findings strongly 

suggest the previous prediction; that the two enzymes have diverged 

from a common ancestral molecule. 

H6PD is present in liver and kidney of several vertebrates 

(Ohno et al., 1966 Shaw and Koen, 1968), and also in rat testes, ovary, 

spleen, and lung (Shrivastava et al., 1968). The enzyme is autosomally 

controlled (Shaw and Barto, 1965; Ruddle et al., 1968) and is localized 

in the microsomal fraction of the cell (Beutler and Morrison, 1967). 

Analysis of hepatic extracts from a large number of individual 

lake trout has shown only one H6PD phenotype which was expressed 

as a single electrophoretic band. Apparently, the gene coding for 

H6PD in lake trout was invariant, controlling production of a single 

type of subunit and therefore a single electrophoretic species. Brook 

trout and rainbow trout, however, exhibited polymorphism of H6PD 

with as many as six phenotypes resolved electrophoretically (Stegeman 

and Goldberg, 1971). Ropson and Powers (1989) reported the allelic 

lsozymes of hexose 6-phosphate dehydrogenase from 

Fundulus heteroclitus. 
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The banding patterns observed in Channa orientalis revealed the 

presence of two loci of H6PD designated as H6PD-l* and H6PD-2* 

(Fig. 4.4a). The bands located at the cathodal region are presumed to 

be the expression of H6PD-l* whose activity was found to be the 

highest in liver. The two anodal bands observed only in liver arises as 

a result of the expression of two codominant alleles encoded by 

H6PD-2*. 

In C. puncatus the presence of a single locus is explicit and its 

expression is highest in eye and liver (Fig. 4.4b). 

The appearance of two zones of activity in C. striatus suggests 

the presence of two loci for H6PD as in C. orienta lis. The expression 

of H6PD-l* was observed in brain, eye, heart and kidney and the 

occurrence of two bands in eye (Fig. 4.4d) and heart suggest two 

alleles for this locus. In some individuals, the liver H6PD appeared to 

be encoded by H6PD-l*(Fig. 4.4C) while in others by H6PD-2*locus 

(Fig. 4.4d). 
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Fig. 4.4 Zymograms illustrating the activity of H6PD -
(a) Channa orientalis; (b) C. punctatus (c) & (d) C. striatus. 

(B-brain, E-eye, H-heart, K-kidney, L-liver, M-muscle) 
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4.5 Glutamate dehydrogenase (GDH, EC No. 1.4.1.2) is a 

regulatory enzyme and plays a major role in the channelling of carbon 

into Krebs cycle (Hochachka & Somero, 1973). Thus, any fluctuation in 

GDH activity levels in liver could be indicative of increased or 

decreased energy demands during various developmental phases. 

Besides, GDH also collects the NHH ion and produces glutamate. Thus 

an increase in its level could also result in high levels of glutamate 

production. 

Korsgaard (1982) studied the enzyme activity levels of 

glutamate dehydrogenase in Zoarces viviparos through vitellogenesis, 

ovulation, pregnancy and parturition. He observed changes in the 

levels of GDH during all these reproductive phases, and significantly, 

during mid-term pregnancy. A constant but low level of GDH was 

observed during vitellogenesis, which showed a marked increase 

during mid-term pregnancy. Similar observation was made in northern 

pike, Esox lucius, by Medford and Makay (1978). 

A review of literature shows scarce data on biochemical study on 

glutamate dehydrogenase isozyme in fish. Glutamate dehydrogenase 

enzyme is encoded by two loci in Chanos chanos (Winans, 1980), 

and Tilapia zillii (Cruz et al., 1982), and a single locus in 
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Theragra chalcogramma (Grant and Utter, 1980), Gadus morhua (Mork 

et al., 1982) and Salmo salar (Stahl, 1981). In Tilapia zillii and 

Theragra chalcogramma, the activity was found to be high in muscle 

tissue. The banding pattern observed in Tilapia zillii by Cruz (1982) is 

readily explained by assuming that glutamate dehydrogenase has a 

monomeric structure, as in other vertebrates (Harris and Hopkinson, 

1976). Petromyzon marinus showed insufficient staining activity 

(Krueger, 1980), while no activity was reported in Arctic Charr 

(Andersson et al., 1983). 

From our observations III all three specIes of Channa, we can 

conclude that there is some correlation between the activity level of 

GDH and the reproductive phases as observed in Zoarces viviparus. The 

banding pattern resolved in all three species is indicative of a 

monomeric structure for this enzyme. In Channa orientalis it appeared to 

be encoded in two loci designated as GDH-l* and GDH-2*(Fig. 4.5 a), 

while in C. punctatus (Fig. 4.5b) and C. striatus (Fig. 4.5c), a single locus 

codes for this enzyme. The absence of GDH activity in all the males of 

the three species investigated tempts us to suggest the non-expression 

of the gene for GDH at this particular season of the year, or maybe due 

to very low expression we were unable to detect its activity on the gel. 
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Fig. 4.5 Zymograms illustrating the activity of GDH -­
(a) Channa orientalis; (b) C. punctatus (c) C. striatus. 

(B-brain, E-eye, H-heart, K-kidney, L-liver, M-muscle) 
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4.6 The trivial name of the glycerol 3-phosphate dehydrogenase 

is a-Glycero 3-phosphate dehydrogenase (aGPD, EC No. 1.1.1.8). It 

mediates the conversion of glycerophosphate into dihydroxy acetone 

phosphate in Emden-Mayerhof pathway. It is a dimeric enzyme. There 

is a controversy in tissue-specific activity of aGPD in fish species, 

i.e., one group found aGPD activity mainly in liver tissue (Utter et al., 

1974; Kimura, 1978; Cross and Ward, 1980; Andersson et al., 1983; 

Taniguchi et al., 1983) and the other group found that aGPD is 

predominantly expressed in skeletal muscle tissue (Dando, 1970; Engel 

et al., 1971; Stahl and Ryman, 1982). 

aGPD is expressed solely in muscle in Hypentelium (Buth, 1980), 

Oncorhynchus nerka (Grant et al., 1980), Salvelinus alpinus (Andersson 

et ai., 1983), and Bighead carp, silver carp and their hybrids (Brummett 

et al., 1988) but in grey mullets from Spain, liver is the tissue of 

choice (Papasotiropoulos et ai., 2001). Japanese stock of tilapia 

Oreochromis niioticus and Tiiapia zillii (Basiao and Taniguchi, 1984), 

Platycephalidae (Keenan, 1991), and grey mullets from Goa showed 

expression in both liver and muscle (Menezes et al., 1992) while, 
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Theragra chalcogramma in eye and muscle (Grant and Utter, 1980) 

and Mystus nemurus in kidney, liver and muscle (Leesa-Nga et al., ~woo). 

A single locus with two codominant alleles has been reported 

in Salmo trutta (Engel et al., 1971), Petromyzon marinus (Krueger, 1980), 

Hypentelium (Buth, 1980), Salmo giardneri aquilarum (Guyomard, 1981), 

Gadus morhua (Mork et al., 1982), Salvelinus alpinus (Andersson et al., 

1983), Bighead carp, silver carp and their hybrids (Brummett et al., 

1988), Barbus brevipinnis (Engelbrecht and Van Der Bank, 1994), 

Mystus nemurus (Leesa-Nga et al., 2000). 

Two loci have been found to code for aGPD, aGPD-l* 

and aGPD-2* III Oncorhynchus nerka (Grant et al., 1980), 

Theragra chalcogramma (Grant and Utter, 1980), Japanese stock of 

tilapia Oreochromis niloticus and Tilapia zillii (Basiao and Taniguchi, 

1984), Platycephalidae (Keenan, 1991), grey mullets from Goa 

(Menezes et al., 1992), and grey mullets from Spain (Papasotiropoulos 

et al., 200 1 ) 

Three loci were reported for Tilapia zillii (Cruz et al., 1982), and 

Coregonus albula (Vuorinen et al., 1986). 
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In all the three species of Channa the banding pattern for aG PD 

observed are presumed to be encoded in a single locus. The locus 

seemed to be liver-specific in C. orientalis (Fig. 4.6a) but in C. punctatus 

and C. striatus it showed a broader tissue distribution (Fig. 4.6b&c). 

The presence of five bands in brain, eye, heart and kidney of 

C. punctatus (Fig. 4.6b) is perhaps due to multiple loci arising out of 

gene duplication. 
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Fig. 4.6 Zymograms illustrating the activity of uGPD­
(a) Channa orientalis; (b) C. punctatus (c) C. striatus. 
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4.7 Lactate dehydrogenase (lactate: NAD-oxidoreductase, LDH, EC 

No. l.l.l.27) is the most studied enzyme in vertebrates and in all it is a 

tetrameric protein with a mol.wt. of 140 kDa. It has four subunits of 

mol.wt. 35 kDa each (Appella and Markert, 1961; Jaenicke and Knof, 

1968; Adams et at., 1970, 197.'3; Darnall and Klotz, 1975; Shaklee, 1975; 

Vallee, 1975). LDH catalyzes the reversible dehydrogenation of lactate 

converted into pyruvate in the presence of NAD+ as a hydrogen 

acceptor. 

Lactate dehydrogenase (LDH) enzyme constitutes a multigene 

family whose members are developmentally regulated and 

differentially expressed (Fine et at., 1963; Lindsay, 1963). In all 

vertebrates there are two major LDH isozymes, A and B encoded by 

two gene loci LDH-A* and LDH-B*. The A isozyme is found 

predominantly in tissues such as skeletal muscle which may undergo 

anaerobic glycolysis (Nadal-Ginard and Markert, 1975) whereas the B 

isozyme is the major form of LDH in tissues with an aerobic 

metabolism (example; heart) (Wilson et at., 1963; Everse and Kaplan, 

1975). 
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The two subunits, A and B, are associated in cytoplasm to 

produce five different tetramers; the two homotetramers A4 and B4, 

and the three heterotetramers AsBl, A2B2, and AlBs, with different 

distribution and different kinetic and physico-chemical properties 

(Kaplan et al., 1956; Markert and Apella, 1961; Markert, 1963). 

Distribution of the isozymes formed by the subunits A and B is not 

binomial in many species. This absence of heteropolymers is 

presumably due to the genetically specified intrinsic properties of the 

subunits (Markert and Faulhaber, 1965; Whitt, 1970a) or instability of 

the heteropolymers (Shaklee, 1975). 

The migration of the A4 isozymes, which normally have a low 

anodic speed, and B4, with a greater negative charge, is inverted in one 

third of teleosts studied, the homotetramer A4 is the most anodic band 

and the B4 homotetramer is the less anodic (Markert and Faulhaber, 

1965; Whitt, 1969; Callergarini and Ricci, 1973; Markert et al., 1975; 

Odense and Leung, 1975; Philipp and Whitt, 1977; Philipp et al., 1979, 

1983; Ladewig De Panepucci et al., 1984; Chatterjee and Dhar, 1985; 

Coppes et al., 1987). Noteworthy of mention is the relative mobility of 

the A4 (with low anodic rate) and B4 (with average anodic rate) 
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homotetramers, which appeared to be reversed in the genus Channa. 

This phenomenon has been reported in 30% of the fish species. The C4 

homotetramer (with high anodic rate) prevalent in most teleosts was 

expressed in C. orientalis only. Its function was restricted to the neural 

tissue, specifically eye tissue. Heteropolymers between B4 and A4 

and between A4 and C4 homotetramers were also observed. 

Some vertebrates also possess a third type of LDH. In 

mammals and birds this isozyme has been called LDH-X or the 

C isozyme and it is only expressed in primary spermatocytes (Zinkham 

et at., 1969; Goldberg, 1972). Many fish have a third form of LDH, 

which Markert et at., (1975) have also referred to as the C isozyme 

encoded by the LDH-C locus. This was first observed in chondrostei 

(Whitt, 1969, 1970a; Morizot and Siciliano, 1983). Unlike the 

C isozyme of warm-blooded vertebrates, the C isozymes of fish with 

high anodic speed are not restricted to primary spermatocytes. In the 

primitive taxa of osteichthyes, which have the LDH-C* locus, the 

C4 isozyme is present in a variety of tissues, parallel to the LDH-B* 

locus (Whitt et at., 1975; Fisher et at., 1980). Most modern teleosts 

limit the expression of this form of LDH to neural tissues such as the 
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eye and the brain. This has led to the terms E4, eye-band and retinal 

isozyme I being used (Lush et al., 1969; Whitt, 1970a). 

Considering the most primitive fishes, the Agnatha, they appear 

to have a more primitive isozyme repertory. The lampreys 

(Petromyzontiformes) have only one LDH isozyme, the LDH-A4 

(Wilson et al., 1964; Markert et al., 1975; Whitt et al., 1975). This 

observation suggests that an LDH-A-like locus was the ancestral LDH 

gene (Whitt, 1981). The hagfishes (Myxomizontiformes) have LDH-A* 

and LDH-B* genes like the other fishes and higher vertebrates, but are 

less functionally divergent (Sidell and Beland, 1980). Upon the scale of 

fishes the cartilaginous fishes show, generally a four-banded pattern of 

LDH isozymes (Markert et al., 1975; Whitt et at., 1975), only the 

LDH-A* and LDH-B* genes are found in these fishes. Bony fishes 

constitute a group of critical importance with regard to vertebrate 

evolution, since one branch of them leads to the advanced fishes and 

another leads to higher vertebrates. Only lungfishes and the coelacanth 

represent this second branch of bony fishes. A third locus LDH-C* 

characterizes all osteichthyes except the most primitive of them, the 

Dipnoi that lack this third LDH-C locus. It was proposed that the 
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ancestral form of LDH closely resembled the present A type LDHs 

and that the gene for this protein duplicated to give rise to the A and B 

forms. The C type LDHs were then produced by a succession of 

independent duplications of the gene, which coded for the B isozyme 

(Holmes, 1972). 

The most precIse method for determining the evolutionary 

relationships among related proteins is to compare their amino acid 

sequences (Wilson et al., 1977). This is now possible for three A and 

two B type LDH isozymes (Eventoff et al., 1977) and for the 

C isozymes from rat and mouse (Pan et al., 1983). Li et al., (1983) have 

made use of these amino acid sequences to re-evaluate the 

evolutionary pathway leading to the A, Band C isozymes of mammals. 

Their results indicate that a C type LDH was the ancestral form. This 

is radically different from the acknowledged view of LDH isozyme 

evolution (Holmes 1972; Markert et at., 1975; Holbrook et at., 1975). 

The LDH isozymes are like other systems in which there had 

been a gene duplication event followed by divergent evolution 

(e. g. globins, Wilson et al., 1977; lysozyme-lactalbumin, White et al., 

1977; pancreatic ribonuclease, Lenstra and Beintema 1979; Beintema 
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1983), in that the rates of point mutation fixation have been constant 

in the duplicated genes. Thus, there has not been an increase in the 

evolutionary rate in the rodent C type LDHs. This analysis refutes 

part of the Holmes model of LDH evolution (Holmes 1972; Holbrook 

et al., 1975) and brings into question the validity of the rest of it. In 

particular, the relationship of the fish C-type LDHs to the other LDH 

isozymes need to be determined. 

Rehse and Davidson (1986) III their companson of cod liver 

C-type LDH to other LDH isozymes concluded that the cod and 

rodent C type LDHs are orthologous proteins, i.e., they correspond to 

the same genetic locus and their different structures are the result of 

divergence due to speciation events rather than gene duplications. If 

this interpretation were incorrect, and the rodent C type LDH is as 

ancient as it appears, then one would expect to find more than three 

genetic loci for LDH in some vertebrates. To date, this has not been 

observed except in the case of some animals known to have undergone 

entire genome duplication (i.e., a stable tetraploidisation, Markert et al., 

1975). 

In other fish speCIes belonging to the orders gadiformes and 

cypriniformes, C4 isozyme having cathodic migration, liver is the tissue 

114 



of choice. Investigations employing immunochemical, genetic, physical 

and phylogenetic approaches have demonstrated that the eye-band 

LDH seen in many groups of teleosts and the liver-band LDH seen in 

other groups are encoded in the same basic locus, even though the 

isozymic products have somewhat different properties in these 

different groups. Thus, among teleosts the general trend in evolution 

is clearly for specialization of the C gene and restriction of its 

function to neural tissues or, for a few fish, to the liver (Markert et at., 

1975; Whitt et at., 1975). 

In these fish the liver-specific form has been called the D4, 

or F4 LDH (Sensabough and Kaplan, 1972; Shaklee et at., 1973, Shaklee 

and Whitt, 1981; Morizot and Siciliano, 1983; Frankel, 1987). Recently 

a co-expression of the LDH-C locus with a C4 isozyme, having a high 

anodic speed, has been observed in some cichlid fish specIes 

(Perciformes, Cichlidae), in the eye, with an L4 isozyme having 

cathodic speed, in the liver. This fact might support the hypothesis of 

the presence of a fourth LDH locus in cichlids (Holt and Liebel, 1987). 

In keeping with the nomenclature advocated by Markert et at., 

(1975), we shall refer to all vertebrate LDH isozymes which are not of 

the A or B form as C-type. 
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Contrary to what Ladewig De Panepucci et al., (1984) reported 

regarding the absence of heteropolymers formed by the C subunits 

with those of A or B, many authors have found an association between 

Band C subunits in the retina and neural tissues (Callergarini and 

Vendemiati, 1975; Philipp and Whitt, 1977; Philipp et al., 1979; 

Salvatorelli et al., 1987, 1989; Coppes et al., 1987; Basaglia et aL, 1989). 

Shaklee et a~ (1973) and Garlick and Terwilliger (1978) have described 

some species of fish in which an association between C and A subunit 

was observed. 

The electrophoretic expression of this tetrameric enzyme has 

been previously described for this genus (Chatterjee and Dhar, 1985). 

The LDH isozymes of the three species under investigation 

viz., Channa orientalis (Fig. 4.7a), C. punctatus Fig. 4.7b) and C. striatus 

(Fig. 4.7c) have its own pattern. The A4 and B4 homotetramers typical 

of this enzyme in the more highly evolved teleosts are found to be 

monomorphic and ubiquitous in expression in all the three species of 

Channa. As was observed in a majority of vertebrates, A4 

homotetramer was found to be predominant in white skeletal muscle 

and B4 in red muscle (heart). 
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The results confirmed the presence of two active gene loci for 

LDH isozyme designated as LDH-A* and LDH-B* in all the three 

species studied and an additional locus in C. orientalis designated as 

LDH-C* (Fig. 4.7a). None of the three species exhibited the fourth or 

liver-specific locus as seen in some species. 
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Fig. 4.7 Zymograms illustrating the activity of LDH -
(0) Channa orienta/is; (b) C. punctatus (c) C. striatus. 

(B-broin, E-eye, H-heart, K-kidney, L-liver, M-muscle) 
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4.8 Malate dehydrogenase (L-malate: NAD+-oxidoreductase, MDH, 

EC 1.1.1.37) is a dimer of mol.wt 60-80 kDa. It catalyzes the 

interconversion of malate and oxalocetate (Banaszak and Bradshaw, 

1975; Darnall and Klotz, ( 1975) in the krebs cycle. The MDH 

isozymatic system consists in invertebrates and vertebrates of two 

main forms: (1) supernatant/cytosolic (cMDH) in extramitochondrial 

cytoplasm, and (2) mitochondrial malate dehydrogenase (mMDH) in 

the mitochondrial matrix. These two forms have the same mol. wt. but 

because of their different subcellular location they differ in 

electrophoretic mobility, kinetic behaviour, amino acid composition and 

antigenic properties; and they are controlled by separate gene loci 

(Whitt, 1970b, 1971). The two forms, cytosolic and mitochondrial do 

not combine with each other to form heterodimers (Mankwell and 

Baker, 1970); a characteristic that distinguishes between the two 

different forms beyond any doubt (Fisher et at., 1980; Buth, 1983). 

In the m~ority of fish species duplicated cytosolic MDH loci 

are found, MDH-A* and MDH-B*, encoding polypeptides with 

molecular weights of 30,000-35,000 respectively. Random association 

of these polypeptides results in the formation of dimeric isozymes A2 , 

AB and B2 • In primitive fish the two cytoplasmic subunits are 
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expressed equally in all tissues. In advanced teleosts the A2 homodimer 

exhibits the highest activity and is present in most tissues (Fisher 

et al., 1980; Pasdar et al., 1984; Salvatorelli et al., 1987; Basaglia and 

Callergarini, 1988; Coppes et al., 1987; Basaglia, 1989). The B2 

homodimer is usually of low activity with restricted tissue expression, 

predominating in skeletal muscle extracts (Bailey et al., 1970; Wheat 

and Whitt, 1971; Wheat et al., 1972, 1973; Whitt et al., 1973; Rainboth 

and Whitt, 1974; De Luca et al., 1983; Buth, 1983; Philipp et al., 1979, 

1983; Coppes et al., 1987; Salvatorelli et al., 1987, 1989; 

Papasotiropoulos et al., 2001; Yang et al., 2001). These findings suggest 

that the A and B subunits are the products of duplicate genes, which 

have undergone limited evolutionary divergence. 

The mitochondrial MDH (mMDH) is not very active In any 

tissue. In fishes it has been suggested that a single gene is involved in 

the production of mMDH, which usually occurs as a single cathodal 

band. In Fundulus heteroclitus the mitochondrial MDH lsozymes 

migrated more anodally during electrophoresis than the cytosolic 

MDH isozymes (Whitt, 1970b). The relative electrophoretic mobility 

of Fundulus cMDH and mMDH isozymes is reversed compared to that 
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for most vertebrate. This reversal has also been observed In sea 

urchins and tuna, but does not occur in all fish. 

Three loci were scored in C. orientalis (Fig. 4.8a) for malate 

dehydrogenase enzyme. Two loci are assumed to code for the two 

subunits A and B of cytosolic malate dehydrogenases. As has been 

observed in other teleosts the species show a characteristic tissue 

expression of cMDH isozymes. The AS! subunit showed a high degree 

of activity in all tissues. The BS! isozyme showed a restricted tissue 

distribution, predominating in extracts of skeletal muscle. In addition, 

the relative mobilities of cMDH isozymes conform to the typical 

teleostean distribution pattern for this system, with the BS! homodimer 

being the most anodal. The AB heterodimer between AS! and BS! was 

also observed in all tissues. A single locus codes for the mitochondrial 

MDH whose expression is low and variable. The product of the gene 

appeared at the cathodal region of the gel. 

In C. punctatus, we observed the expression of three gene loci 

for malate dehydrogenase. cMDH-A* and cMDH-B* loci code for the 

AS! and BS! subunits of cytosolic MDHs respectively and mMDH codes 

for mitochondrial MDH. cMDH-A* was expressed in all the six tissues 
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and showed high level of activity. cMDH-B*, on the other hand 

showed low activity and restricted its expression to the white skeletal 

muscle. The heterodimer AB between the A2 and B2 subunits was also 

observed in white skeletal muscle and heart but with very low activity. 

The relative mobility of the supernatant and mitochondrial MDHs 

was reversed as exhibited in Fundulus heteroclitus and other few fishes. 

It appeared at the anodal region and showed activity in all the tissues. 

From the banding pattern, we can conclude that the mMDH is encoded 

in a single locus (Fig. 4.8b). 

Two forms of malate dehydrogenases were recorded in 

C. striatus as in the rest of the teleosts (Fig. 4.8c). The A2 subunit was 

predominant in liver and to a lesser extent in kidney, while B2 subunit 

was present in all the tissues and showed high activity. The A2,B2 

heterodimer was also detected with high activity in brain, eye, heart, 

kidney and liver. Mitochondrial MDH appeared predictably at the 

cathodic region in brain, eye, heart, kidney and liver but showed weak 

activity. None of the individuals showed the expression of mMDH in 

white skeletal muscle. 
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Fig. 4.8 Zymograms illustrating the activity of MDH­
(a) Channa orientalis; (b) C. punctatus (c) C. striatus. 

(B-brain, E-eye, H-heart, K-kidney, L-liver, M-muscle) 
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4.9 Malic enzyme (ME, EC No. ~. 7.5.1), otherwise known as 

NADP+ MDH converts malate into pyruvate and during the reaction 

provides NADPH for lipogenesis. Malic enzyme, in most vertebrates is 

known to exist in two forms, mitochondrial (MEm) and cytosolic 

(MEc). In all fish species studied it has been found to be a tetramer. 

The slowest migrating anodal zone is expressed in skeletal 

muscle, and corresponds to the mitochondrial ME. This zone was in 

general expressed as a single band, but three rare phenotypes with five 

asymmetrical stained bands were also found. These phenotypes are most 

probably produced by a single copy of a variant allele, which would 

correspond to the staining patterns of a tetrameric enzyme postulated 

by the duplicate model. The duplicate status of mitochondrial ME has 

been reported for many salmonids (Allendorf et al., 1977; Cross et al, 

1979; Stoneking et al., 1979). May (1980) however, stated that only one 

locus, codes for MEm in three North American coregonids. In Arctic 

charr the less anodal zone obtained in muscle extracts was represented 

by three bands assumed to represent the expression of a duplicate pair 

of loci (ME-l * and ME-2*) fixed for different alleles (Anderson et a/., 

1983). Similar deviations from the expected five-banded pattern 

reported for brook trout was assumed to be caused by reduced 
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expression of ME-I* (Stoneking et al., 1979). When the duplication of 

a locus coding for a mitochondrial enzyme is connected with a 

polyploidization event, this can be taken as evidence that the loci are 

located in the chromosomes and not in the mitochondrial DNA. 

The faster moving zone represents the cytosolic form of the 

enzyme, which predominates in liver. In vendace this zone showed a 

relatively high amount of variation, it consisted usually of three 

phenotypes, a single-banded type with additional asymmetrical and 

symmetrical five-banded patterns towards the anode. The most 

plausible explanation for this variation involves a duplicate pair of loci 

with one fixed and one variable locus. Both loci share common alleles 

coding for electrophoretically identical proteins. These enzymes also 

interact forming heterotetramers between each other (Vuorinen, 1984). 

In vendace the ME phenotypes indicate clearly duplicate loci in MEc 

and MEm. Both show one fixed and one variable locus. The five-banded 

banding patterns confirm also the tetrameric quaternary structure of 

ME, as found in all vertebrate species examined (Nevaldine et al, 1974). 

Malic enzyme has been reported to be encoded in two loci in 

trout, Salmo trutta (Allendorf et al., 1977; Stoneking et al., 1979; 

Thompson, 1985; Loudenslager et al., 1986; Cross and Challanain, 
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1991), Theragra chalcogramma (Grant and Utter, 1980), Italian 

freshwater Gobies (Miller et al., 1994 ), Japanese stock of tilapia 

Oreochromis niloticus and Tilapia zillii (Basiao and Taniguchi, 1984), 

Coregonus albula (Vuorinen, 1984), Gyrinocheilus aymonieri (Rainboth 

et al., 1986), Gobius (McKay and Miller, 1991), Grey mullets of Spain 

(Papasotiropoulos et al., 2001), Hoplias malabaricus (Peres et aI., 2002) 

In contrast, only one locus has been found in some Coregonus 

species (May, 1980), Petromyzon marinus (Krueger and Spangler, 1981), 

Salmo giardneri aquilarum (Guyomard, 1981), Gadus morhua (Mork 

et al., 1982), Procambarus clarkii and P. acutus (Busack, 1988) Grey 

mullets from Goa (Menezes et aI., 1992), shortfin barb 

Barbus brevip inn is (Engelbrecht and Van Der Bank, 1994), 

yellow catfish Mystus nemurus from Thailand (Leesa-Nga et al., 2000). 

In C. orientalis the slowest migrating band was expressed in 

heart and skeletal muscle, and corresponds to the mitochondrial ME. 

The anodal zone representing the cytosolic ME showed a relatively 

high amount of variation and usually consisted of five bands. The 

most plausible explanation for this variation involves two loci, with 

one fixed and one variable locus. We therefore, conclude the presence 
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of three loci for malic enzyme, one for MEm and two for Mec, 

designated as ME-I * and ME-2* (Fig. 4.9a). 

The two zones of activity for ME in C. punctatus corresponds to 

the mitochondrial and cytosolic ME (Fig. 4.9b). The banding pattern 

suggests the present of a single locus for MEm and two loci for MEc, 

with one fixed and one variable locus. 

In C. striatus malic enzyme showed two zones of activity 

(Fig. 4.9c). The zone closest to the cathode is the mitochondrial ME 

and is mainly expressed in muscle, while the faster moving zone 

represents the cytosolic form of the enzyme, which predominated in 

liver. The MEm obtained in muscle extracts was represented by three 

bands, which can be explained as the expression of two loci mME-I * 

and mME-2* fixed for different alleles. A similar deviation from the 

expected five-banded pattern reported for C. orientalis and C. punctatus 

was assumed to be caused by reduced expression of mME-I *. The 

cytosolic ME on the other hand appeared to be encoded by a single 

locus. 

The five-banded pattern also confirms the tetrameric 

quaternary structure of ME as found in all vertebrates. 
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Fig. 4.9 Zymograms illustrating the activity of ME­
(a) Channa orientalis; (b) c. punctatus (c) C. striatus. 

(B-brain, E-eye, H-heart, K-kidney, L-liver, M-muscle) 
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4.10 Sorbitol dehydrogenase (SDH, EC No. 1.1.1.14) is a tetrameric 

enzyme (Ward, 1978) that constitutes the polyol pathway, an 

alternative route of glucose metabolism. It converts L-sorbitol to 

fructose using NAD+ as a cofactor. Amano et al., (2003) have found that 

SDH isozyme activity might make a greater contribution to the 

etiology of diabetic retinopathy. 

SDH was observed as a single invariant band in brook and lake 

trout (May et al., 1979), sea lamprey (Krueger, 1980), Hypentelium 

(Buth, 1980), Arctic charr (Andersson et al., 1983), Australian species 

of flatheads, Platycephalidae (Keenan, 1991), and shortfin barb 

Barbus brevipinnis (Engelbrecht and Van Der Bank, 1994). In all the 

above fishes, SDH was found to be liver-specific. 

SDH exhibited two loci for Chanos chanos (Winans, 1980), 

Tilapia zillii (Cruz et al., 1982), Salmo salar, Salmo trutta (Vuorinen 

1982, 1984), Atlantic cod, Gadus morhua (Mork et aI., 1982), Japanese 

stock of Tilapia; Oreochromis niloticus (Basaio and Taniguchi, 1984). 

The isozyme was found to be polymorphic and indicated a probable 

tetrameric structure. In vendace, Coregonus albula (Vuorinen, 1984), 

five alleles were observed all segregating at both loci. A high amount 

129 



of polymorphism was also noted in Salmo salar (Cross and 

Challanain, 1991) lines farmed in Ireland. 

The presence of two loci for SDH is clearly indicated from the 

banding patterns exhibited by the presently studied three species. 

These are designated as SDH-l* and SDH-2*. The activity was 

highest in liver and in C. orienta lis it appeared to be liver-specific 

(Fig. 4.10a). In C. punctatus it showed activity in all the tissues 

(Fig. 4.10b) while in C. striatus low activity of SDH was exhibited in 

brain, eye, heart and kidney tissues (Fig. 4.10C). Indications of the 

tetrameric structure of the isozyme were pronounced in C. punctatus, 

in which five equally spaced bands were observed in brain, eye, heart 

and kidney tissues. 
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Fig. 4.10 Zymograms ilfustrating the activity of SOH­
(a) Channa orientalis; (b) C. punctatus (c) C. striatus. 

(B-brain, E-eye, H-heart, K-kidney, l-liver, M-muscle) 
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4.11 Xanthine dehydrogenase enzyme (XDH, EC No. 1.1.1.204) 

performs a physiological role in purine metabolism as well as protein 

and amino acid catabolism. XDH contains a single atom of 

molybdenum; it catalyzes the oxidization of hypoxanthine to purine 

and uric acid using NAD+ as the hydrogen acceptor (Johnson, 1974). 

This enzyme has also been implicated in the synthesis of pigmentation 

in some insects (Watt, 1967, 1972; Watt and Bowdan, 1966) and in 

amphibia (Levy, 1964). Smith and Jamieson (1978) proposed that 

xanthine dehydrogenase is an allelic isozyme having a dimeric 

structure. Xanthine dehydrogenase remains to be one of the least 

studied dehydrogenase (Utter and Folmar, 1978; Kirpichnikov, 1981; 

Magee and Philipp, 1982) in animal kingdom. 

Xanthine dehydrogenase isozyme was found to be coded by a 

single locus in torrent suckers, Thoburnia (Buth, 1979), Hypentelium 

(Buth, 1980), Salmo giardneri aquilarium (Busack et al., 1979), Salvelinus 

alpinus (Andersson et al., 1983), Corgonus albula (Vuorinen, 1984), 

Salmo salar, Salmo trutta (Vuorinen and Piironen, 1984), Native 

Arizona and New Mexico Trout (Loudenslager, 1986), Australian 

species of flatheads, Platycephalidae (Keenan, 1991) and the activity in 

all of them was found to be predominant in the liver tissue. 
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In Atlantic cod (Gadus morhua) Mork et al., (1982), detected 

activity of XDH only in skeletal muscle extracts and also noted some 

variation in width and relative position of bands. Padhi and 

Khuda-Buksh (1990) studied the activity of XDH isozyme in twenty 

species of teleostean fishes that revealed wide distribution in all tissues 

viz., brain, eye, heart, kidney, liver and muscle. 

Papasotiropoulos et al., (2001), detected two loci for XDH 

isozyme: designated XDH-J* and XDH-2*, both located in liver tissue 

of the Grey mullets of Spain. 

In Channa orientalis (Fig. 4.11a) and C. punctatus (Fig. 4.11b) 

we observed a single invariant band in liver tissue, which revealed the 

monomorphic as well as tissue-specific nature of this isozyme as 

observed in most of the fish species studied. A single locus was 

assumed to code for XDH in C. orientalis and C. punctatus. In C. striatus, 

we assumed presence of two XDH loci. A wide tissue distribution 

as well was noted. Brain, eye and heart appeared to be encoded by 

XDH-l * locus while kidney and liver in some individuals showed the 

expression of XDH-J * (Fig. 4.11C) and in others XDH-2* 

(Fig. 4.11d) locus. Both loci did not appear together in the same tissue 

in an individual. 
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Fig. 4.11 Zymograms illustrating the activity of XDH -
(a) Channa orientalis; (b) C. punctatus (c) & (d) C. striatus. 

(B-brain, E-eye, H-heart, K-kidney, L-liver, M-muscle) 
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Many enzymes exist III nature III multiple molecular forms 

called "isozymes" a term first introduced by Markert and Moller 

(1959). Its biological significance was well appreciated and IS now 

widely found in biochemical literature. Fishes, the most primitive of 

vertebrates, are excellent organisms for studying the formation and 

evolution of isozymes loci (Whitt, 1981). The heterogeneity of 

proteins found in all the species of fishes, involves not only structural 

proteins of myogenic type but also enzymes (Kirpichnikov, 1973). It 

has been recognized for over a decade that multigenic enzyme systems 

provide one of the best systems for studying the molecular 

mechanisms involved in gene evolution and gene regulation (Markert 

et at., 1975). Any interpretation of results at the nucleic acid level will 

depend upon a sound knowledge of the evolutionary relationships 

among the proteins, that the phylogenetic relationships of these 

isozymes had been well established (Whitt 1970a; Holmes 1972; 

Shaklee et at., 1973; Holmes and Scopes 1974; Markert et at., 1975; 

Whitt et at., 1975). The variability of isozymic patterns in fishes is an 

important source of information about the epigenetic and genetic 

mechanisms responsible for the synthesis of isozymes. This may 

happen because of the primary structure of subunits, or because of 

135 



the epigenetic mechanisms that operate in order to restrict the 

association of subunits, or because of the evolutionary divergence of 

subunits, in more specialized fishes (Markert and Faulhaber, 1965; 

Markert, 1968). Owing to the fundamental position fishes occupy in 

the vertebrate scale, as well as their plasticity and the great number of 

species comprehended (fishes constitute approximately half of the 

existing vertebrate species), they are important organisms to study 

isozymes as tools for evolutionary purpose. When considering the 

evolution of vertebrates, it is evident that the genetic principle, on 

which the origin of mammals, and particularly of man is based, is 

related to the first vertebrates, the fishes (Ohno, 1970). Bony fishes 

(Teleostomi) represent the line from which advanced vertebrates 

(amphibians, reptiles, birds and mammals) evolved. Two lines are 

found in these fishes, one line leads to the advanced fishes, including 

the teleosts, and another line, poorly represented by lung fishes 

(Dipnoi) and the coelacanth, leads to the advanced vertebrates or land 

vertebrates. 

A prime purpose of the present study was to identify 

electrophoretically detectable loci that could be used in routine 

population genetic surveys. We have detected a minimum of forty-six 
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loci (46) in the three specIes of Channa coding for the eleven (11) 

enzymes. We observed that the patterns and distributions of the 

enzymes under investigation are species-specific. The occurrence of 

these multiple forms of enzymes has enabled us to separate the three 

species of Channa without controversy. The unique banding pattern in 

C. punctatus, in which brain, eye, heart and kidney displayed five 

isozymes for most of the enzymes, has specially marked this species 

from the rest two. This has proved the utility of isozymes as a 

powerful tool for identifying morphologically indistinguishable 

individuals, hence making the study of genetic variation in a 

population interesting. 

Lactate dehydrogenase is one isozyme system that owing to its 

multigenic nature, becomes an interesting model for evolutionary 

studies, and from this aspect has been widely investigated. In most 

investigated vertebrates the LDH enzymes are tetrameric proteins 

formed from the subunits polypeptides. In teleosts subunit A 

predominates in white muscle tissue, and subunit B generally 

predominates in heart muscle tissue. In tissues where both subunits 

occur, heteropolymers may form, but the proportions of the five LDH 

tetramers formed by the subunits A and B may deviate from the 
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expected random subunit association (Markert 1968; Markert et al., 

1975; Shaklee 1975; Shaklee and Whitt 1981). Subunit C has a very 

specialized occurrence. In the order Percomorphi the subunit is almost 

exclusively found in the tissues of eye and brain (Markert et al., 1975). 

In the order gadiformes (Gadoidei, Macrouroidei and 

Muraenolepoidei) the subunit C predominates in liver (Markert et al., 

1975; Shaklee and Whitt 1981). In addition, the C4 homopolymer in 

the gadiformes shows a low anodal or cathodal electrophoretic 

mobility, whereas the C4 homopolymer of the eye in the Percomorphi 

shows a high anodal mobility relative to the electrophoretic mobilities 

of the A4 and B4 homopolymers. In the order Channiformes 

(Greenwood et al., 1966), Channa orientalis exhibits eye specific 

C subunits with a high electrophoretic mobility of C4 towards the 

anode, a pattern closer to the Percomorphi than to the Gadiformes 

(Shaklee and Whitt 1981). It, therefore, clearly stands out from the 

other two presently studied species, i.e., C. punctatus and C. striatus. 

Besides lactate dehydrogenase, the other multigene enzyme 

systems such as glucose 6-phosphate dehydrogenase, hexose 

6-phosphate dehydrogenase, malate dehydrogenase, and malic enzyme 
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have provided an insight on the evolutionary relationships among 

related proteins of the presently studied fish. The banding patterns of 

these enzymes indicated the evolution of these isozymes as a result of 

gene duplication. This was interestingly noted in the banding pattern 

of G6PD, H6PD and XDH in Channa striatus. The fact that the genus 

Channa is a diploid and not polyploid has been previously investigated 

by Chatterjee and Dhar (1984). This finding has solved our problem to 

conclude indisputably that the evolution of these isozymes is the 

outcome of gene duplication and not polyploidization. 

The use of malate dehydrogenase as a genetic marker to 

examine genetic interaction among subpopulations of pink salmon 

(Oncorhynchus gorbuscha) has proved to be successful. The observations 

suggested that genetic isolation exists between temporally distinct 

spawmng runs and that small temporal and spatial (or ecological) 

differences contribute to population structure (Gharett et al., 2001). 

Recently Treberg et al., (2002) while comparing the liver enzymes in 

osmerid fishes, found that the rainbow smelt (Osmerus mordax), which 

can accumulate high levels of glycerol has high levels of uGPD, than 

the non-glycerol accumulating capelin (Mallotus villosus). 
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We were also able to obtain information on the overall 

physiological function and regulation of these enzymes. The over 

expression of the locus for glutamate dehydrogenase in the 

egg-bearing females and non-expression as it appeared in the males 

shows the role they play during such conditions. The synthesis of 

glucose 6-phosphate dehydrogenase and hexose 6-phosphate in the 

three species appeared very peculiar. Two loci seemed to be responsible 

for its synthesis in Channa orienta lis, a single locus in C. pundatus, while 

in C. striatus either one of the two loci is able to produce the product. 

This may be of some biological importance to the species 

(e.g. ecological, physiological etc.) and needs further investigation. In 

mammals, the homology between G6PD and H6PD is confirmed but 

in fishes no data in this regard has been obtained. Though the three 

species show' some similarity in the banding patterns of the two 

enzymes, confirmation on their homology requires further in depth 

examinations. 

The murrel have lost much of its natural habitat due to rampant 

destruction to its ecological niche and as a result its number is 

dwindling in many of its natural populations. Its conservation and 

propagation should be seriously considered lest it completely disappear 
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like many other fish species. 

We suggest a detailed genetic survey to identifY the natural 

populations as well as the genetic constitution of the snake-heads. 

Attempt should be made to link some of the gene loci to various 

environmental factors and coupled with mating experiments suitable 

stocks can be generated. The present study, in its own humble way 

may serve as a stepping stone for such a project. 
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GENETIC EXPRESSION OF GLUCOSE 6 PHOSPHATE 
DEHYDROGENASE IN CHANNA SPECIES 

Q. KHARBULI and K. CHATTERJEE 

Department o/Zoology, North-Eastern Hill University, Shillong 793022, Meghalaya 

ABSTRACT 

The ever increasing environmental problems have accelerated intensive studies on ecology 
and thus placed heavy demands upon the existing genetic studies. Studies on the occurrence of 
protein polymorphisms are of importance not only in determining inter-specific relationships but 
also in revealing ~netically controlled variants among the populations of the same species. Attempts 
are currently being made to assess how much and what kind of genetic variations provide the basis of 
adaptive evolution. In this paper, the electrophoretic expression of the gene coding for the enzyme 
glucose 6 phosphate dehydrogenase in two species belonging to the genus Channa has been described. 
The electrophoretic expression of G6PDH, which is a dimer, suggests the presence of two alleles 
segregating at one locus resulting in the formation of more than two isozymes. 

INTRODUCTION 

The technique of electrophoresis is useful for detecting the differences in proteins 
(mostly enzymes) between species. A minor difference in the molecular structure of a 
protein may result in it having a different net charge and mobility leading to an altered 
position in the gel. The proteins thus identified serve as valuable tools for comparison of 
the genetic constitution of related and unrelated species. 

The murrels commonly known as snakeheads are represented by only one genus 
Channa. These fishes show unique environmental adaptations for direct use of atmospheric 
oxygen, in addition to their gill respiration. By virtue of their aerial respiratory habit, they 
can survive in water deficient in oxygen, such as those of swamps and marshy areas with 
foul water, where the usual gill breathing fish cannot thrive. The culture of these fish could 
certainly constitute a substantial second line of production in terms of fish protein from the 
inland water. While considering the development and standardization of the fishery 
management techniques of these fish, many gaps in information can be experienced in the 
biology, systematics and genetics of these fish. We have undertaken in our laboratory a 
detailed study of electrophoretic analysis of the murrels and this paper reports the genetic 
expression of glucose 6 phosphate dehydrogenase in different tissues of two species of C 
hanna viz., C. punctatus and C. orientalis. 
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MATERIALS and METHODS 

Channa punctatus (Bloch) and Channa orientalis (Bloch and Schneider) were collected 
alive from natural populations from streams in and around Shillong and from some fresh 
water bodies near Gauhati. Live specimens were transported to the laboratory and 
acclimatised for 10-20 days. To avoid ontogenic problems only adult specimens were used 
for tissue extraction. 

Tissues such as brain, eye, heart, kidney, liver and muscle were excised, blotted dry 
and weighed accurately. The tissues were then homogenised in 0.2SM sucrose solution at 
4°C using the Umetrex electric homogenizer. The extracts were then centrifuged at 15,000 
g for 20 min at 4°C and the supernatant was collected. The samples were subjected to 
vertical polyacrylamide gel electrophoresis (Davis 1964) and the staining procedure as 
described by Shaw and Prasad (1970) and Pasteur et al. (1988) was followed. 

RESULTS and DISCUSSION 

The enzyme glucose 6-phosphate dehydrogenase is, in general expresed as a single 
band in all tissues studied i.e. brain, eye, heart, kidney, liver and muscle of C. punctatus. 
Some popUlations showed, however, multiple bands suggesting at least two different alleles 
segregating at one locus. On the other hand, in C. orientalis one band was common to all 
the tissues studied i.e. brain, eye, heart, kidney, liver and muscle but two additional zones 
of activity of G6PD were found in kidney and liver. 

Glucose 6 phosphate dehydrogenase is among the most thoroughly studied 
enzymes.Hellman (1964) and Kauffman et al. (1969) have shown that the presence of 
G6PD is a strong evidence of the hexose monophosphate shunt which is an alternative 
pathway of glucose oxidation. The shunt is initiated by the conversion of glucose 6 =phosphate 
into 6-phosphogluconelactone, reducing NADP (Pon 1964). It has been of particular interest 
to geneticists because it is controlled in man by a gene located on the X chromosome 
(Shaw and Koen 1968). More recently, Young et al., (1964) and Mathai et al., (1966)have 
shown that G6PD is sex-linked also in Drosophila and Equine species respectively. 

Glucose 6 phosphate is a dimer and the electrophoretic expression in C. punctatus can 
be explained by the presence of two alleles segregating at one locus. Ohno et al.,( 1966) 
demonstrated multiple electrophoretic bands for rai~bow trout G6PD and Ohno 
(1967) postulated the existence of two codominant gene loci each with different alleles 
determining these bands. It may however, be also argued that this kidney and liver specific 
band may be the expression, of a second gene.This same inheritance pattern was postulated 
in brook trout, lake trout and the hybrid between them, the so called splake trout (Yamauchi 
and Goldberg 1973). It may therefore, be also argued that the kidney and liver specific 
band in C. orienta lis may be the expression, of a second gene. However, in both instances 
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(Ohno et aI., 1966 and Yamauchi and Goldberg 1973), the data presented were entirely 
consistent with a hypothesis of a single gen~ locus with multiple electrophoretic bands 
generated by post translational modification of the enzymes. These several metastable 
electrophoretic forms are made of a single polypeptide chain which may assume two or 
more conformational states (Cederbaum and Yoshida 1976). A single locus hypothesis has 
thus been suggested for rainbow trout with a post translational modification responsible 
for the complexity of the banding patterns (Cederbaum and Yoshida 1976). We presume 
the relatively cathodal of the two anodally migrating bands in C. orienta lis is due to the 
expression of allele and therefore taken as allozyme. The allozyme seems to be liver and 
kidney specific since we did not find any expression in other tissues. High activity of 
G6PD in these two tissues indicate that these tissues are the major sites of G6PD synthesis. 
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