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Abstract. Lactate dehydrogenase isozymcs in three spcdes of genus Rana dernonstrate species specific and tissue specific patterns in their electrophoretic mobility
and band pattern. The activity levels of the enzyme, the levels of lactic acid and
pyruvic acid and the K m (lactate) suggest that the enzyme in muscle is less efficient
as lactate oxidase when compared to that of heart. Heat inactivation studies suggest that the enzyme has some adaptive significance to the habitat preferences of the
species.
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L Introduction
Study of molecular variations is one of the promising approaches in understanding
structure and evolution of the species. Isozymes provide rich material for under
standing the homologous properties and the regulatory functions of the enzymes
in closely related taxa. Therefore, they form important tools in studying the molecular evolutdon and also the structure and function of enzymes (Masters and
Holmes 1975; Markert e t a l 1975 and Markert 1975).
The enzyme l~tate dehydrogenase (LDH; EC 1-1.1.27) exists in several isozymic forms and provides an informative system for examining the gene evolution.
Although there are about three subunits, A, B and C, only two subunits, A
and B, are widely distributed in majority of the vertebrates, while the third subunit is restricted only to a few tissues of fishes, birds and mammals (Markert
et al 1975),
The enzyme is NAD-dependent tetrameric protein (Adams et al 1973) and is
presumed to have evolved from a single ancestral gene to provide suffacient molecular diversity for the metabolic requirements of higher organisms (Masters and
Holmes 1975).
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A preliminary study of these enzymes, their distribution in certain selected
tissues, the activity levels, the possible functional roles of the subunits and their
thermal stabilities in three species of genus Rana are presented in this paper.
The three species of frogs, i.e., Rana hexadactyla, Rana tigrina and Rana cyanophlyctis exhibit variations in the habitat preferences, breeding habits and distribution (Daniel 1972).
2.

Materials and Methods

The frogs were collected from ponds around Tirupati. After acclimafisation for
about a week in'the laboratory they were killed by pithing and tissues were quickly
removed to ice-jacketed containers for further processing.

2.1.

Electrophoretic separation o f L D H isozymes

For the electrophoretic separation of LDH isozymes, tissues, viz. gastrocnemius
muscle, heart and liver were homogenised in four volumes (W/V) of ice-cold
0.001 M tris containing 0.001 M EDTA (pH 7-0). Lenses were homogenised
in 7 volumes (W/V)of ice-cold extracting fluid containing 0.018~ sodium chloride
and 0.001 M urea (Schmiel and Guttman 1974). The tissue extracts were centrifuged for 15 rain, at 3,000 rpm.
One ml of the homogenate supernatant and 50 ~l of the serum were diluted
with 1 ml of 20~ sucrose solution. About 100/A of the diluted sample was
directly applied on to the separating gel.
Cyanogum-41 was used as the medium for disc gel electrophoresis and the gel
mixture (7 ~o gel) was prepared by the method suggested in the technical bulletin
of EC Apparatus Corporation, Philadelphia. An initial current of 2" 5 mA/tube
was allowed for the first 15 rain and the current was then raised to 5-0 mA/tube
for the next 105 min. The electrophoretic tank was kept in refrigerator maintained at 15°(1 to prevent overheating of the gels.
After electrophoresis the gels were incubated for 30 rain at 37° C in a solution
containing 50 mg of NAD ÷, 30 mg of nitroblue tetrazolium (NBT), 2 nag of
phenazine methosulphate (PMS), 15 ml of 0.5 M tris-HCl buffer (pH 7.4) and
10 ml of 1M sodium lactate solution in a final volume of 100 ml water (Technical
Bulletin EC Apparatus Corporation). • Tris-citrate buffer (pit 7.0) and trisEDTA-boric acid buffer (pH 9.6) were used for trial runs; only tris-EDTA-boric
acid buffer (pH 9.6)gave better resolution and was, therefore, used for the
subsequent studies.
2.2.

Enzyme assay

For quantitative assay of enzyme levels the modified method of Nachlas e t a /
(1960) as described by Reddanna and Govindappa (t978) was adopted.
The incubation mixture contained 40/~M of substrate (sodium lactate), 0. t/aM
of NAD ÷, 100/zM of buffer, 2/tM o f INT (2, 4-iodophenyl)-3-(4-nitrophenyl)-5
phenyl tetrazolium chloride) and 0" 5 ml of the tissue extract in a final volume
of 3 ml. The incubation was carried out for 30 rain at 37° C. - The reaction was
stopped by adding 5 mi of glacial acetic acid and the formazan formed was extracted
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Figures 1-5. Electrophoretograms of lactate dehydrogenase isozymes, 1. Heart,
2. Muscle, 3. Lwer, 4. Lens, 5. serum, (a) R. hexadactyta, (b) R. tigrma and
(c) R. cyanophlyctis (O) = ongm (-f-) = anodal end,
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overnight in 5 ml of toluene in cold. Intensity of the colour was read at 495 m/z
and the values are expressed as/zM of formazan formed/rag protein/hr.
For the heat inactivation of enzyme, the tissue extracts were heated at appropriate temperatures for 20 min in constant temperature water baths and the
heated extracts were then cooled on ice and the residual activity was estimated
by the assay method described above.
Lactic acid content of the tissues was estimated by the method of Barker and
Summerson and modified by Huckabee (1961). Pyruvic acid levels were estimated by the method of Friedman and Haugen (1942). Protein measurement was
made by the method of Lowry et al (1951).
3.

3.1.

Results

Electrophoretic properties

Selected tissues, viz. heart, gastrocnemius muscle, liver, lenses and serum, were
subjected to the electrophoretic analysis to determine the pattern of isozymes found
in these tissues.
The bands migrating anodally are presumed as B subunlts, while those at the
cathodal end as A subunlts. Therefore, the anodal end band is labelled as LDH-1,
while the cathodal end band as LDH-5.
The pattern observed in various tissues is as follows :
3. la. Heart (f~gure 1). R. hexadactyla has only four bands. The anodal end
band, the LDH-1, and the middle band, the LDH-3, show high activity, while
the two cathodal bands the LDH-4 and LDH-5, demonstrate very low activity
One band, the LDH-2, is not found to show any activity.
R. tigrina has all the five isozymes, but the cathodal end isozyme, the LDH-5,
shows very little activity. The activity pattern in the rest of the bands increases
-towards anode.
R. cyanophlyctis has only four bands. The second anodal band, the LDH-2,
is missing in this species also. LDH-1 and LDH-5 demonstrate highest activity. LDH-4 has slightly higher activity over LDH-3 but its activity is less to
LDH-1 and LDH-5.
The cathodal end band, presumably the A4 tetramer, is found to have identical
mobility in all the three species, but this is not the case with the anodal end bands.
All the three species show variation in mobility of the anodal end band. The
mobility is high in the order of R. cyanophlyctis > R. hexadactyla > R. tigrina"
Correspondingly, the spacings between the bands differ in three species.
3. lb. Muscle (figure 2). Only cathodal end bands showed activity in all the
three species in gastrocnemius muscle.
R. hexadactyla has three cathodal bands, presumably LDH-3, LDH-4 and
LDH-5. LDH-3 showed less activity while at LDH-5 the activity was high.
R. tigrina and R. cyanophlyctis have only two bands, the LDH-4 and LDH-5,
with high activity at LDH-5.
3.1c. Liver (figure 3). Both R. hexadactyla and R. tigrina showed only one
band, presumably the LDH-5, while in R. cyanophlyctis two bands, the LDH-4
and LDH-5, were active.
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3. ld. Lens (figure 4). The LDH patterns in lenses of the three species differ
considerably from the pattern found in other tissues. Although they generally
agreed to the pattern in heart tissue, mobility of the entire pattern in each species
is faster towards the anode.
R. hexadactyla has two bands, the LDH-1 and LDH-3, as active sites. LDH-4
and LDH-5 show reduced activity. R. tigrina has all the five bands but the activity is high towards the cathodal end, i.e., towards LDH-5. R. cyanopMyctis
has a pattern different from that in the heart. In lenses, LDH-1 and LDH-4
showed a~tivity, while in heart LDH-1 and LDH-5 were active. Besides, there
are 3 sub-bands at LDH-1 position and two at LDH-4 position.
The migratory pattern of the bands is analogous to that found in heart tissue.
The anodal migration is high in the order of R. cyanopMyctis > R. hexadactyla
> R. tigri#a.
3. le. Serum. The isozymes in serum could be resolved clearly in the two buffer
systems. The pattern presen:ed in figure 5 represents the tris-EDTA-bodc acid
buffer system. Some of the bands which have demonstrated the split band type
pattern in this buffer system were not observed in tris-citrate buffer system. The
banzts are, perhaps, the arti'acts produced by the (TEB)buffer system (Shaw 1969)
ant[ are, therefore, ignored. The general activity pattern, that is characteristic
of the spe3ies, however, did not show variations in the two buffer systems.
In R. hexadactyla three bands were found, but only one band, presumably the
LDH-3 has high activity. The others show lesser activity.
In R. tigrina and in R. eyanophlyctis, the cathodal bands, LDH-4 and LDH-5,
showed high activity. LDH-1 and LDH-2 are poorly resolved in all the three
species.
3.2.

Activity levels

Since the LDH isozyme patterns in muscle and heart tissue represent predominantly the A and B types, and since the pattern observed in all the tissues in general
consistsof either A or B or both the subanit products, further investigations, vzz.,
activity levels, substrate levels, substrate affinity studies and the heat denaturation
studies, were undertaken in these two tissues, i.e., gas~rocnemius muscle and the
heart.
The results of activity levels of the enzyme are presented in figures 6 and in
table 1. The LDH-levels, either in mus~.le or in heart, exhibit only slight
variations between the species. The activity levels of the enzyme of R. tigrina
alone differ sign~fl:anfly with respect to the other two species. On the other
hand, within each species the activity levels of the enzyme in the muscle show
signifi:anfly high differences with the enzyme levels found in heart tissue.
3.3.

Lactate and pyruvate levels

The levels of lactate and py~vate are presented in figure 7 and table 2. Relative
levels of lactate in muscle and heart demonstrate that the lactate levels in muscle
arc significamly high over those present in heart tissue. In case of pyruvate, the
levels in heart tissue are high over those of the muscle. The ratio of lactate to
pyruvatc in muscle is about 4 times that of heart in each species.
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Figure 6. Histograms showing the levels of lactate dehydrogenase activity, (M) =
Enzyme level in muscle, ( H ) = Enzyme level in heart.
Figure 7. Histograms showing the levels of lactic acid and pyruvic acid, ML =
Lactic acid in muscle, HL : Lactic acid in heart, MP-~-Pyruvie acid in muscle,
HP-----Pyruvic acid in heart.
Table 1. Lactate dehydrogenasc levels in muscle and heart tissue.

R. hexadactyla
Muscle
Heart
Muscle]heart

0" 1631 (8)
4-0.017
0.3826 (8)
:L0" 0309
0" 4263

R.-tigdina
0"264 (8)
4-0.0251
0.617 (8)
0.0539
0" 4278

R. cyanophtyctis
0"225 (8)
4-0"028
0.4645 (8)
4-0.0405
0" 4844

(/~M formazan/mg proteln/hr values axe mean 4- S.E. No. of observations are given in paxenthesis)
Test of significance
Species

Tissue

R. hexadactyla
R. tigrina
R. cyanophlyctis
R. hexadactyla vs R. tigrina

Muscle vs heart
Muscle vs heart
Muscle vs heart
Musde
lie,a r t
Mull=
Be.art
Musole
Heart

R. hexadactyla vs R. eyanophlyctis
R. tigrina vs R. eyanophlyetis
NS = Not significant at 5~ level.

P. (s)--*

P value
<
<
<
<
<

0-001
O"001
0.002
O. Ol
0-01
NS
N$
NS
< 0.05
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Table 2. Lactic acid and pyruvic acid levels in muscle and heart hssues.

R. hexadactyla
Lactic acid

15' 112 (6)

Musde

R. tigrina

R. cyanophlyctis

9.1797 (6)

5" 1980 (6)

Heart

4-0" 738
6.7485 (6)

4-0" 3293
6.1285 (6)

4-0" 3142
2.7903 (6)

Musclefl=eart

4-0.6992
2" 2393

4-0.2320
1"4979

4-0.4540
1" 8629

Pyruvic acid
Muscle

0" 681 (6)

0- 763 (6)

0" 8543 (6)

4- 0.0358
1.665 (6)

4- 0.0483
1.6213 (6)

Heart

4- 0.0277
1.1538 (6)

Muscle/i,cart

4- 0.0788
0"5902

4-0.0968
0"4583

4-0.1220
0"5269

22" 1909
5" 8489

12"0311
3' 6808

6" 08451
1" 7210

Lactic acid/pyruvic acid
Musde
H~art

(t~M/gm wet wclgkt of tissue : values are Mean + S.E. No. of observations are given in
par~ntkcsls).
Test cf signific.ance
P value

Species

T~sme

R. hexadactyla
R. tigrina
R. cyanophlyctis
R. hexadactyla vs
R. tigrina

Muscle vs keart
Muscle vs heart
Muscle vs heart

< 0.001
< 0.001
< 0"02

< 0"001
< 0.001
< 0"02

Muscle
Heart

< 0.001
N$

NS
N$

Muscle
Heart

< 0.001
< 0.01

< 0-05
NS

Muscle
Heart

< 0" 001
< 0.001

NS
N$

R. hexadactyla vs
R. cyanophlyctis
R. tigrina vs
R. cyanophlyctis

Lactic acid

Pyruvlc acid

NS - Not significant at 5 ~ level.

Between the species, a c o n s i d e r a b l e difference is f o u n d i n Iactate levels i n
muscle a n d h e a r t tissues.
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3,4.

Substrate affinity (K,) studies

The sabstrate saturation carves are presented in figure 8. The kinetic parameters
of sabstrate affinity are presented in ti~tre 8 and in table 3. In general, in all
the three species the heart tissz:e has high IT=,=and low K= values for lactate, while
in mus:le the IF=.= is very low and K= relatively high. Among the species, the
enzyme in R. tigrina has higher V=,= both in muscle and heart tissues.
3.5.

pH optimum

The enzyme in the muscle tissue in all the three species showed optimum activity
at pH 9.0. But, in heart tiss.:e the optimum pH (figure 9) differs with the species
in R. hexata:tyla optimum activity was found at pH 8"6 in R. tigrina at pH 8 8
and in R. cyanophlyctis at pH 9.0.

3.6.

Heat denaturation studies

P

The inactivation temperatures of LDH isozymes of lower vertebrates was repor',ed
to be around 60 ° C. Therefore, a preli~nary study of heat inactiva£ion s-:t:dies
was undertaken at 50 ° C, 55 ° C, 60°C and 65 ° C.
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Results presented in figure 10 suggest that in all the thre, species about 50~o
activity was lost around 50 ° C. A comparative study of inactivation of enzyme
in muscle and heart suggest that the enzyme in muscle loses greater activity at
lower temperatures, but subsequently the loss of activity is less and increases very
slowly with increasing temperature. In the case of heart, however, the enzyme
loses less activity at lower temperatures, but the loss of activity is critical around
50°C and over this temperature, the activity loss is rapid and greater to that of
muscle enzyme.
Between the species, the loss of enzyme activity in muscle tissue of R. tigrina
is less when compared to that of R. hexadactyla or R. cyanophlyctis. In the case
of heart, the loss of enzyme activity is less both in R. tigrina and R. cyanophlyctis,
while it is high in R. hexadactyla.
The rate of loss in activity observed at different time intervals (figure 11) suggests
that the enzyme loses less activity in heart tissue when compared to that of muscle
at 50 ° (3 in both R. hexadactyla and R. cyanophlyctis. The loss in activity is more
or less identical in both the tissues of R. tigrina. The rate of loss per minute
observed at different time intervals (figure 12) suggests that the activity decreases
with increasing time in both the tissues in R. hexadactyla and R. tigrina. In
R. cyanophlyctis, the activity loss in muscle is low and increases with increasing
time for the first 15 min, but with the subsequent increase in time the activity loss
is less. In heart tissue, however, the rate of loss per minote is very high for the
first 15 rain but subsequently decreases and the loss is uniform for the subsequent
period (figure 12c).

4. Discussion

4.1. Electrophoretic properties and subunit composition
Since the pattern of LDH in amphibians is reported to resemble the pattern of
LDH in birds and mammals (Wright and Meyer 1973; Dessauer 1974) the isozymes
observed in the heart muscle of three species is presumed to have two subunits,
A and B. The mobility, the number and the activity pattern of these isozymes,
however, vary in three species (figure 1).
The differences observed in the mobility pattern of the anodal bands (figure l)
is perhaps due to variations in charges on the proteins and reflects the allelic
variations between the three species at locus--B. This is further strengthened by
the variations observed in the pH optima of the enzyme in the heart muscle o f
the three species. Such a variation, reported earlier, has been attributed to have
selection advantage to the changing environmental conditions (Salthe and
Nero 1969).
The tetramers produced by the two subunits give rise to five isozymes by
random combination (Shaw and Barto 1963). In the present study, however,
only R. tigrina has five isozymes, while R. hexadactyla and R. cyanophlyctis
have only four isozymes with LDH-2 not showing activity (figure 1). This
variation in the number of isozymes, contributing to the fundamental difference
existing between poildlotherms and homotherms. (Markert et al 1975), has been
~tttributed either to the non rand )m distribution of the subunits or to the forma-
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tion of homodimer by the B-subunit (Wright and Moyer 1966; Markert 1967
and 1968; Moyer etal 1968; Goldberg and Wuntch 1967).
Shaldee (1975) suggested that the non-binomial distribution of isozyme patterns
may be because of the failure of the subunit exchange between isozymes. This
explanation can be extended to the pattern reported in the present study. If there
is no rand )m association or if there is production of dimer by the B-subunits ones
would not expect the presence of LDH-2.
It was observed in our preliminary
screening that kidney possessed a very faint band at L D H - 2 position in R. hexadactyla. This, probably, suggests that following the synthesis, few of the tetramers dissociate rapidly into free subunits while the others are either intact or dissociate only slowly, thereby preventing a complete subunit exchange between the
various isozymic forms.
4.2.

Tissue specific distribution of isozomes and its physiological significance

LDH patterns in the present study reveal that the distribution of isozymes is
tissue-specific in all the three species (figures 1 to 5). While the cathodal bands
are predominantly active in muscle and liver, anodal bands are active in heart.
In lenses, the LDH pattern in general resembles that of heart but the activity varies
between the species.
The tissue specific distribution, reported in various animals (Blanco and
Zinkham 1963; Wilson et al 1964; Goldberg 1965; Markert and Faulhuber 1965;
Whitt et al 1971 and $chwantes 1973), has been attriuted to have functional significance and it was suggested that LDH-5 acts as pyruvate reductase while LDH-1
oxidises the lactate to pyruvate (Wilson et al 1964; Everse and Kaplan 1973 and
1975; Nadal-Ginard and Markert 1975). The anomalous pattern of LDH
observed in liver to its known aerobic nature has been one of the vital arguments
against the above suggestion (VeseU 1975). But, it has been argued that this
pattern is dependent on the type of food and animals fed on carbohydrate rich
diet demonstrated the presence of LDH-1 in this tissue (Ogihara 1975 ; Everse and
Kaplan 1975).
In the lens tissue, the cathodal bands are active in R. tigrina whereas in R. hexadactyla and R. cyanophlyctis the anodal bands are active. Although lenses are
known to be metabolically anaerobic, the presence of LDH-1 in this tissue has
been attributed to the type of fibre cells (Bernstein et al 1966; Alcorn and Maisel
1967). The sub-bands observed in the lens tissue of R. cyanophlyctis needs further
study.
4.3.

Levels of L D H activity and the substrate concentration in muscle and heart

The activity levels of the enzyme suggest that the enzyme in muscle shows significantly lesser activity when compared to that of heart in all the species. But,
the activity levels of either muscle or heart show only slight variations between
the species (table 1).
The lactic acid and pyruvic acid levels (table 2) in the three species suggest that
lactate levels are very high in muscle, while pyruvate is high in heart. Besides,
the ratio of lactate to pyruvate is high in muscle, but in heart it is very low. The
K~ (lactate) indicates that the enzyme in heart is more efficient as lactate oxidase
when compared to that of muscle (table 3).
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Table 3. Kinotic parameters of lactate dehydrogenase.
Species

Tissue

Slope

Intercept

Vmt

K=

Rana hexadactyla

Muscle
Heart

4" 7438
1.8836

6"3136
2"7761

0' 1584
0. 3602

0' 7514
0"6785

Rana tigrina

Muscle
Heart

3"5360
0.9033

4" 7686
I. 6003

0"2097
0.6248

0"7451
0- 5644

Rana cyanophlvctis

Muscle
Heart

3.8733
1"5493

5.2681
2- 3937

0.1898
0-4178

0"7352
0- 6473

These results agree with the functional roles attributed to the specific isez3,rr.e
patterns observed in these tissues (Everse and Kaplan 1975). The significant
difference in the levels of lactate in muscle tissue among the three s pecies can be
attributed to the relative tolerance limits of these species to the lactate.
4.4.

Heat stability of the enzymes

The inactivation of L D H in muscle and heart tissues, presented in figure 10,
suggests that about 50~ activity of the enzyme is lost around 50 ° C, in both the
tissues. However, the activity loss is very less in R. tigrina in both muscle and
heart when compared to that of the other two species at this temperature.
The enzyme in muscle loses more activity around 50 ° C, in all the three species,
when compared to that of heart. But as the temperature increases the enzyme
in heart loses its activity more rapidly. The enzyme in muscle, on the other hand,
loses less a:tivity aud only slowly with increasing temperature (figure 10). These
results agree with the results observed by Goldberg and Wuntch (1967). From
a physiological point of view the heat stability of the muscle enzyme is reported
to have an advantage in withstanding the environmental changes which might
be encountered, while the less stable L D H in heart is subjected to much less
environmental variability (Goldberg and Wuntch 1967). Further, it has been
suggested that the thermostability of L D H as also of other proteins has evolutionary signit]~ance and species living in warmer microclimates are reported to
have proteins with higher heat stabilities (Ushakov i964; Wilson etal 1964).
The high thermostability of lactate dehydrogenase in R. tigrina, which is relatively more terrestrial, suggests that the enzyme in this species, probably, has
adaptational signiticance for the terrestrial mode of life.

5.

Conclusions

l~lectrophoretic properties of lactate dehydrogenase isozymes in three species
suggest that these isozymes are probably produced by two genes i.e., A and B.
The activity levels of the enzyme, the levels of lactic acid and pyruvic acid and
Km (lactate) in muscle and heart tissues suggest that the enzyme in heart is more
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efficient as lactate oxidase. The heat denaturation studies of the enzyme suggest
that the enzyme in mr:sole is conformationaUy more stable. Besides, the presence
of relatively more stable enzyme in R. tigr'na suggests that this enzyme has some
adaptive significance to the habitat preference of these species.
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