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Abstract. Electrophoretic analysis of the lactate dehydrogenase isozyme patterns of several
tissues of H eteropneustes[ossilis and Clarias batrachus indicated that in addition to the LO H A
and B genes found in these species the liver tissue of Clarias batrachus also possesses a liver
specific LOH C. gene.
The relative mobilities of the LOH-B 4 and -A4 isozymes in Heteropneustes fossilis and
Clarias batrachus, are reversed. Further there are significant quantitative differences in the
amounts of specific isozymes in homologous tissues of these two species and also in different
tissues of a single species as documented in densitomeric tracings. The subunit composition of
the LOH isozymes were confirmed by immunological procedures.
Keywords. Cypriniformes; lactate dehydrogenase; characterization; Heteropneustes fossilis;
Clarias batrachus.

1. Introduction

Lactate dehydrogenase (EC 1.1.1.27) is a widely studied enzyme that is polymeric in
many animals and is under multilocus control. The isozymes of LDH of most higher
vertebrates are composed of two genetically and biochemically distinct polypeptides A
and B. The apparent random union of these two polypeptides results in 5 possible
tetrameric isozymes. These are the two homopolymers A4 and B4 and the 3
heteropolymers A3Bl> A2B2 and A lB 3 (Markert 1968). Although members of all
vertebrate classes are known to possess the A and B genes for LDH, their individual
isozyme repertories differ due to evolutionary changes in the structure of these two loci
and to the characteristically different tissue specificexpression of these loci in different
species (Whitt et al 1973).
More complex isozyme patterns are known from several vertebrate groups. In
addition to the A and B subunits, mammals and birds possess a third LDH subunit 'C'
which is encoded by a third locus (Zinkham et a11969; Holmes et aI1974). Unlike the
two other LDH genes, the C locus of homeotherms exhibits an extremely restricted
temporal and tissue specificexpression, active only in primary spermatocytes (Hawtrey
and Goldberg 1970). In teleost fishes also a third locus, the LDH C locus, has been
established by genetic, biochemical and immunological studies which is usually
expressed electrophoretically as either a highly anodal band in the neural tissue of many
teleostean species or as a cathodal band in the liver of fishes of the orders cypriniformes
and gadiformes.
The present study was undertaken to characterize the LDH isozyme patterns in the
two cyprinids, Heteropneustes fossilis and Clarias batrachus.
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Materials and methods

Fish used in this study were obtained live from local markets of Hyderabad, Andhra
Pradesh. The heart, skeletal muscle, eye, brain, kidney, liver, intestine and gills were
homogenized in equal volume of 0·01 M Tris HCI buffer pH 7·0. The homogenates
were centrifuged for 30 min at 20,000 g and 4°C. After centrifugation the
supernatants were subjected to polyacrylamide disc gel electrophoresis in 5·5 % gel
formulated by Dietz et al (1971). Electrophoresis was performed at a constant current
of2·5 rnA per tube for the first 5 min and then raised to 5 rnA for the rest of the run for
60 min. Following electrophoresis LDH activity was visualized on the gels according to
the method ofGade (1979).Control gels were stained with an identical solution lacking
the substrate. Staining was performed in the dark at 37°C and terminated by washing
and fixing the gel in 7·5 % acetic acid. The densitometer scans were performed on a
Joyce's Loebel chromoscan and relative activity of isozymes was calculated from the
area of each peak demonstrated by densitometry.
2.1 I mmunological characterization

Antisera against purified LDH-~ and LDH-B 4 of Alosa pseudoharenqus (Alewife)
enzymes was provided by G S Whitt, University ofIlJionois, USA. For immunoprecipitation heart and muscle extracts of H.fossilis and C. batrachus were mixed with varying
amounts of anti-A, and anti-B; in a constant volume (100 JLI) and were incubated at
4°C for 2 hr and then centrifuged (Holmes and Markert 1969). The heart and muscle
extracts of H.fossilis and C. batrachus were treated with 10, 15 and 20 JLI of anti-A 4
anti-B, serum for obtaining enough inhibition. The resulting supernatants were
subjected to electrophoresis and stained for LDH. The reduction or absence of specific
isozyme bands on the gel after electrophoresis is an illustration of their immunochemical similarity.

3.

Results

3.1 Tissue specific distribution

The tissue specific isozyme pattern of H.fossilis is given in figure 1. Five distinct bands
of LDH activity were observed in all the tissues examined. The isozyme patterns for all
the tissues examined are not qualitatively different in their number or electrophoretic
mobility, although the relative intensities of the isozyme bands differ with the different
(issues. Unlike the majority of vertebrates or even other teleosts H.fossilis exhibits a
reversal of the relative electrophoretic mobility of the B4 and A4 isozymes. Since higher
intensity is seen in the slow moving bands in the heart, the slow moving band in all other
tissues from this fish is designated as LDH-B 4 isozyme. The higher intensity seen in
muscle is in the fast moving band. Hence the fast moving band in all other tissues from
this fish is designated as LDH-A 4 isozyme. Neither C 4 homopolymer nor heteropoIymers containing C subunits were observed in either the liver or eye tissues. The
percentage contributions of each isozyme calculated from the densitometer tracing of
each tissue are given in table 1. The percentage contribution of LDH-A 4 in muscle is
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Figures 1-2. Electrophoretic patterns of LDH isozymes of the heart (1-1), muscle (M), eye (E),
brain (B), kidney (K), liver (L), intestine (I) and gills (G). 1. H. fossilis. 2. C. batrachus.

Table 1.

Percentage composition of the LDH isozymes in Hifossilis and C. batrachus.

Species

Tissue

Hi fossilis

C. batrachus

LDH-A 4

LDH-A,B 1

LDH-A 2B 2

LDH-A 1B 2

LDH-B 4

Heart
Muscle
Eye
Brain
Kidney
Liver
Intestine
Gill

7·0
45·0
15·0
14·0
20-0
19·0
17·0
22·0

17·0
22·0
18·0
8·9
7·2
4·0
16·0
16·0

19·0
10-0
17·0
14·0
8·8
17·0
15·0

24·0
8·0
20-0
30'0
28·0
20·0
18·0
14'0

33-0
15·0
30-0
33·1
36·0
54·0
32·0
33-0

Heart
Muscle
Eye
Brain
Kidney
Liver
Intestine
Gill

25·0
44·5
15·7
20-0
16·0
5·8
28·0
15·5

18·0
20-9
13-3
18·0
27·0
9·5
18·0
30-0

22·0
16·0
9·0
22'0
22-0
20'0
12·0
22·0

35·0
18·6
62·0
4(}0
35·0
50-0
42·0
32·5

JO

more when compared to other tissues. Although the zymograms of liver and kidney of

H.fossilis show 5 isozymes, LDH-A 2B 2 and A 3B I are conspicously less abundant than
LDH-B 4 , Al B 3 and A4 . It can be seen from table 1 that most of the activity in heart
extract is concentrated in the slowly migrating isozymes.
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The LDH isozyme pattern of C. batrachus is represented in figure 2. This fish is a 4
isozyme fish possessing the A4 and B4 homopolymers and the heteropolymers A 2B 2
and A lB 3 . This fish shows higher band intensity in fast moving isozyme of muscle.
Hence the fast moving isozyme in all tissues is denoted as LDH-~ and slow moving
isozyme as LDH-B 4 . As in other vertebrates, the A4 and B4 isozymes are evident in nearly
every tissue examined. In this fish the electrophoretic mobility of LDH-B 4 and -A, is
reversed as in the case of H. fossilis. The number of isozymes is the same for all the
tissues except in liver and heart. Although this species lacks the characteristic highly
anodal eye band seen in many teleosts, the products of the third LDH locus, form the
predominant C 4 isozyme in the liver. It is obvious from the tissue specific pattern of
C. batrachus that it is not restricted to liver tissue alone but is also synthesised in low
levels in the heart tissue. Except for the muscle all the tissues exhibit an isozyme pattern
consisting of an intensely staining LDH-B 4 isozyme. It is observed that the percentage of
LDH-B 4 in eye is more when compared to the contribution of LDH-B 4 in other tissues.
The percentage contribution of the cathodal isozyme C 4 in liver is 12. The C 4 isozyme
in the heart is not scanned as it is very faint.

3.2 Immunological characterization
In H. fossilis and C. batrachus treatment of the heart tissue extract with anti-B, sera
removed only LDH-B 4 isozyme (figures 3 and 4) while anti-A, sera removed only LDH-A 4
isozyme (figures 5 and 6). When the muscle tissue extracts from H. fossilis and
C. batrachus were treated with anti-B, and anti-A, sera it was found that the anti-B,
serum precipitates the B4 isozymes (figures 7 and 8) while the anti-A, serum precipitates
the A, isozymes (figures 9 and 10).

4.

Discussion

In vertebrates the LDH-B 4 isozyme is most abundant in heart, almost always carries a
larger net negative charge over the pH range 7-9 than the LDH-A 4 isozyme which
predominates in the skeletal muscle. However in fish the relative charges on these
isozymes are more variable. The rapidly migrating isozyme (LDH-A 4 ) in H.fossilis and
C. batrachus is more abundant in muscle. On the contrary most of the activity in the
heart extracts of these fishes is concentrated in the slowly migrating isozyme (LDH-B 4 ) .
This is not an uncommon occurrence among fish as evidenced by the report that of 48
teleosts from 17 orders listed by Markert et al (1975), 11 showed greater anodal
mobility for LDH-A 4 isozyme. The subunit composition of the isozymes and their
homologies, initially assigned on the basis of their pattern of expression in all heart and
muscle tissues were confirmed by immunological procedures. The A, anti serum
reacted only with LDH-A 4 isozyme while the B4 anti serum reacted with LDH-B 4 isozyme
in both heart and muscle tissues of all the fishes irrespective of their electrophoretic
mobility.
The appearance of 5 isozymes in the fish although similar to the situation in birds and
mammals (Kaplan 1964) is not the rule in fishes. Of 30 species of fishes, Markert and
Faulhaber (1965) found only 3, which produced all 5 possible A B tetramers. Hi fossilis
exhibits a 5 isozyme pattern and C. batrachus exhibits a 4 isozyme pattern. Finding of
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Figures H. Effect of anti-B; serum. 3. Heart LDH isozymes H. fossilis. 4. Heart LDH
isozymes of C. batrachus. 5. Heart LDH isozyme of H. [ossilis. 6. Heart LDH isozyrnes of C.
betrachus.

such variable number of isozymes is not unusual among fishes (Cowan 1972;Whitt et al
1973; Champion and Whitt 1976). The 5 isozyme fish makes all the 5 tetramers, the 4
isozyme fish makes all the isozymes except for A 3B i- The presence of only 4 isozymes is
most likely the result of restricted subunit assembly (Whitt 1970a) or an instability of
the asymmetrical heteropolymer A3B 1 (Shaklee et al 1973). It is evident from the
densitometric data of isozyme patterns, that there are significant quantitative
differences in the amount of specific isozymes in different tissues of a given species.
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Figures 7-10.

Effect of anti-A, serum. 7. Muscle LDH isozymes of Hi fossilis. 8. Muscle
isozymes of C. batrachus. 9. Muscle LDH isozymes of H. fossilis. 10. Muscle LDH
isozymes of C. batrachus.
LDH
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The isozyme pattern found in the liver tissues of these fishes is very striking. The
LDH-B 4 isozyme in H. fossilis and C. batrachus is predominant in the liver tissues. In
Channa striata and Channa qachua (Triveni 1980) and trout (Wuntch and Goldberg
1970) LDH-B 4 was found to be predominant in the liver tissue. In mammals LDH-A 4
predominates in the liver tissue which is assumed to be anaerobic. Eye, brain and kidney
tissues of H.fossilis and C. batrachus have higher amounts of LDH-B 4 indicating aerobic
pattern like corresponding, mammalian tissues. The LDH C gene was not detected in the
eye tissues of either H.fossilis and C. batrachus. The absence of the C gene is not unique
among fishes since a few other teleosts have also been reported to lack the C 4 isozyme;
herring (Klose et alI969), gold fish (Nakano and Whiteley 1965;Whitt 1970a)and silver
hake (Uttar and Hodgins 1969). However, some families of fishes in a couple of advanced orders of teleosts exhibit a different pattern of function of the LDH C gene, particularly in the Cypriniformes and gadiformes. An important characteristic to note
is that a third homopolymeric isozyme the C 4 isozyme is synthesized mainly in the liver
of some fishes and possesses a cathodal mobility (Shaklee et alI973). A similar pattern
was also observed for C. batrachus where the liver tissue possesses the C 4 isozyme which
is cathodal in migration. In C. batrachus the C 4 isozyme does not form heteropolymers
with either A or B subunits. Shaklee et al (1973) also reported the lack of
heteropolymeric isozymes containing A or C and B subunits in several species of
cyprinids. They suggested that in these fishes the C subunit synthesis is probably
temporarily or spatially isolated from the synthesis of A and B subunits, which are
found to combine freely with each other. It was observed from the tissue specific pattern
of C. batrachus that the C4 isozyme although predominates in the liver is not restricted
to liver tissue alone but is also synthesised in low level in heart tissue. Analysis of the
LDH isozyme patterns of over 100 species of teleost fishes representing some 61 families
and 17 orders by Markert et al (1975) revealed that all species examined possess only
either a liver or eye band of LDH.
Both the eye (Whitt 1970a, b) and the liver form (Sensabaugh and Kaplan 1972) of
the C 4 tetramers differ significantly from the other two homopolymers. Therefore the
distinctive tissue distribution and biochemical properties of the C subunit suggests that
this particular gene product has been specifically tailored to occupy a more specialized
metabolic niche. Because of its association with the photoreceptor cells in the retina of
many teleosts the eye band (C4 ) has been hypothesized to playa role in the visual
physiology of some fishes (Whitt et al 1973). Similarly it has been suggested that the
liver band (C4 ) of cyprinids may be uniquely adapted to the peculiar biochemical
characteristics of the liver of these fish or be involved in unique control mechanisms.
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