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The activities of mitochondrial malate dehydrogenase (mMDH) and the total mito-
chondrial proteins increase as a function of body mass in the freshwater. catfish, Clarias
batrachus. It clearly indicates an increase in energy production in larger- sized individuals for
various purposes including prey-predator interactions. The higher activity of lactate dehydro-
genase (LDH) in larger fish may indicate more production of lactate for gluconeogenesis in
the liver to meet emergency requirements of increased energy demand. However, the activity
of cytoplasmic malate dehydrogenase (cMDH) decreases with the increasing body mass of
the fish which reflects reduction in NADPH production and, in turn, reduced lipogenesis in
liver of larger individuals. Thus, the present observations suggest an adaptive mechanism
dealing with the higher energy budget, and reduced synthetic activities (lipogenesis) in the
liver of larger-sized freshwater catfish. This type of biochemical scaling might be also support-
ing other metabolic pathways in order to adjust some physiological functions for survival in
the aquatic environment.

Introduction fish. Therefore, it was considered of an warrant-
able interest to study the biochemical scaling in
a catfish.

Since lactate dehydrogenase (LDH : an indica-
tor of lactate production for gluconeogenesis),
mitochondrial malate dehydrogenase (m MDH :
an ATP - supplying enzyme of oxidative pro-
cesses) and cytoplasmic malate dehydrogenase
(cMDH : an enzyme related to NADPH pro-
duction for fatty acid synthesis) are clearly in-
volved in the three different major metabolic pro-
cesses, the scaling of these metabolic enzymes and
proteins were studied in the liver of an economi-
cally important predatory catfish (Clarias bat-
rachus) for elucidating enzymatic adaptations in
larger-sized individuals.

Liver is a major metabolic site for various im-
portant biochemical and physiological functions.
The degree of functional requirements varies with
the size of organisms. The investigations on size-
dependent properties (i.e. scaling) of animals have
been mainly focused on aerobic processes and the
underlying structures supporting them (Schmidt —
Nielsen, 1984; Berrioslopez et al., 1996). The scal-
ing of aerobic metabolism has a consistent pattern
among different organs of fishes and tetrapods
(Hochachka et al., 1987; Ewart et al., 1988; Somero
and Childress, 1990). It is considered as an organ-
ism-wide reflection of the geometric characteris-
tics which may impose constraints on oxygen up-
take and ion and water transport. The precise
factors that control general metabolic scaling are

yet to be identified and explained. Some attempts
have been made to explore the basic mechanism
of aerobic scaling and the inferences are debatable
(Calder, 1987; Heusner, 1987; Somero and Chil-
dress, 1990). The chase aspect of predatory-prey
interactions among fishes is believed to be meta-
bolically related to the scaling (Weihs and Webb,
1983; Tripathi, 1999). So far no report is available
on the metabolic scaling in liver of any freshwater
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Materials and Methods

Specimens of Clarias batrachus having 70-260 g
(£8 g) body mass were collected during their re-
productively regressed phase (November to Feb-
ruary). The fish were sacrificed and livers were re-
moved and frozen immediately in a deep freezer
at —80 °C. There were no loss of enzymatic activi-
ties during tissue storage upto several months. The
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chemicals were purchased from Sigma Chemical
Company (USA) and Sisco Research Laboratories
(India). The substrates (oxaloacetic acid and pyru-
vic acid) and coenzyme (3-NADH) were prepared
at every 3 hr whenever required. The liver homog-
enates (10%) were prepared in ice-cold 0.25 m buf-
fered sucrose solution (0.1 M sodium phosphate
buffer, pH 7.4, containing 0.25 M sucrose) and
centrifuged at 700xg for 15 min in a high speed
refrigerated centrifuge. The supernatant was dec-
anted and centrifuged at 12,100xg for 20 min to
obtain the mitochondrial pellet. The subsequent
supernatant thus obtained was recentrifuged at
30,000xg for 30 min and the resulting supernatant
was taken as cytoplasmic fraction for the assay of
lactate dehydrogenase (LDH) and cytoplasmic
malate dehydrogenase (cMDH). The mito-
chondrial pellet was washed three times in 0.25 m
ice-cold buffered sucrose (pH 7.4) and each wash-
ing was followed by a centrifugation at 12,100xg
for 15 min. The preparation of mitochondrial ma-
late dehydrogenase (mMDH) was done according
to the method as described earlier (Casado et al.,
1980). The marker enzymes, SDH and LDH were
assayed in cytoplasmic and mitochondrial frac-
tions respectively and less than 5% of their total
activities were detected which were considered
negligible.

The malate dehydrogenese isozymes (cMDH
and mMDH, l-malate: NAD"-oxidoreductase, EC
1.1.1.37) and lactate dehydrogenese (LDH, I-lac-
tate : NAD"-oxidoreductase, EC 1.1.1.27) were as-
sayed according to the methods described by
Ochoa (1955) and Kornberg (1955), respectively,
with slight modifications. The optimum concentra-
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tions of substrates (oxaloacetate and pyruvate),
coenzyme (NADH) and enzymes were used and
readings were taken against a blank containing all
components except substrate(s) and coenzyme.
One unit of enzyme activity was taken as the
amount of an enzyme catalysing the oxidation of
one umol of NADH per minute under the above
specified conditions. The protein contents were
measured by folin method (Lowry et al., 1951) and
regression analysis was done as described by Crox-
ton (1953).

Results and Discussion

The activities of lactate dehydrogenase (LDH)
and  mitochondrial malate  dehydrogenase
(mMDH) increased as a function of body mass
(Fig. 1, Table I). The scaling coefficient of LDH
(r =0.951) was positive and statistically significant
(r=6.85, P <0.001) showing an important relation-
ship of LDH with the fish body mass. The higher
activity of LDH in larger fish may indicate more
production of lactate in the liver to meet emer-
gency requirements of increased energy demand.
Similarly, the mMDH scaling coefficient (r =
0.980) was strongly positive and highly significant
(r=121.582, P < 0.001) justifying a significant rela-
tionship of mMDH with body mass. This size-de-
pendent strongly positive scaling of mMDH (an
ATP-supplying enzyme) further indicates an
increase in energy production in larger-sized fish
for various metabolic purposes in liver tissue.
Since liver is a major metabolic site, the scaling in
an ATP- suppling enzyme (mMDH) of TCA cycle
may be to fulfil a greater need of energy for ana-

Table I. Regression equations relating the body mass of Clarias batrachus (weighting between 70 and 260 g) to its
liver lactate dehydrogenase (LDH), mitochondrial malate dehydrogenase (mMDH), cytoplasmic malate dehydroge-

nase(cMDH) and mitochondrial protein (mP).

Enzyme/ Estimating equation Regression Number of Value of ‘t’ Level of
Protein (Y=a+bX) coefficient sample (N) significance
a b
LDH 23.089 0.862 0.951 7 6.850 P<0.001
mMDH 0.560 0.038 0.980 7 121.582 P<0.001
cMDH 86.679 0.729 0.951 7 6.638 P<0.001
mP 1.404 0.038 0.905 7 4.755 P<0.01

Y is the enzyme activity (units x ¢ wet mass~') or protein content (mg x g wet mass™') and X is the wet body mass
(2) of the fish. The rates of LDH, mMDH and ¢cMDH were found to be 180, 52 and 288 umol-mg protein~! . h=1,
respectively. The ‘¢’ values are the results of r — test performed to test the significance of regression coefficient.
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Fig. 1. Scaling of activities of lactate dehydrogenase
(LDH), mitochondrial malate dehydrogenase (mMDH)
and cytoplasmic malate dehydrogenase (cMDH) in the
liver of the catafish, Clarias batrachus.

bolic and catabolic activities in a larger subject. In
contrast, the activity of cytoplasmic malate dehy-
drogenase (¢cMDH) showed a negative relation-
ship as a function of increasing body mass (Fig. 1,
Table I). The value of scaling coefficient was 0.951
with the t value of 6.638 and the level of signifi-
cance of P < 0.001. This again showed a strong
relationship of body mass with the cMDH activity
in liver tissue. The decreased activity of cMDH
may indirectly reflects reduction in lipogenesis in
liver of larger individuals. The present observa-
tions are more or less in agreement to the findings
of other workers (Dobson et al., 1987; Somero and
Childress, 1990).
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The mitochondrial protein contents showed a
parallel scaling effect to that of the mMDH actiti-
vity. Like mMDH, the scaling coefficient (r =
0.905) of the total mitochondrial protein concen-
tration was positive and statistically significant (z =
4.755, P < 0.01). The similar results have also been
reported by Somero and Childress (1990). How-
ever, the total cytoplasmic protein concentration
did not exhibit the scaling property in liver of the
freshwater catfish, Clarias batrachus (Fig.2, Ta-
ble I). Thus inspite of changes in the activities of
LDH and cMDH, there was no net effect of scal-
ing on the total cytoplasmic protein content.

It is now evident that the similar scaling patterns
of LDH, mMDH and mitochondrial proteins are
indicative of adaptive modifications for a higher
energy budget as a function of increasing body
mass. Further, the scaling trend of cMDH reflects
reduced NADPH production in order to lessen
various synthetic activities including lipogenesis in
larger individuals for a better survival. Therefore,
it may be suggested that the scaling of metabolic
enzymes and protein in liver is an adaptive mecha-
nism to cope up with the biochemical and physio-
logical machineries in the larger-sized fish.
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Fig. 2. Scaling of mitochondrial and cytoplasmic proteins
in the liver of the catfish, Clarias batrachus.
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