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Abstract 
Species differences are known to exist with reference to LDH profile. A four-band isoenzyme pattern is a feature in 
most snakes, which is a deviation from the primitive ancestor. The LDH morphic state of two water snakes, Cerberus 
rhynchops and Xenochrophis piscator belonging to the same family Colubridae was selected for the geneological 
understanding since one of the species is a known salt tolerant. The study was undertaken to observe the fractions of 
the key isoenzyme LDH subunit diversity in an evolutionary backdrop.  
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Introduction 
  Lactate dehydrogenase (LDH) (EC 1.1.1.27) is an 
enzyme present in one form or other in wide variety of 
organisms including plants and animals. Lactate 
dehydrogenases are NAD(P)- dependent enzymes with 
each act on either D-lactate or L-lactate. LDHs are 
pyridine nucleotide linked and are highly specific either 
for D or for the L form of lactate. These enzymes catalyse 
the following overall reactions: 

L- (Or D-) lactate + NAD+   ⇔ pyruvate + NADH + H+

        LDH is a key enzyme, which plays an important role 
in several metabolic pathways, and it forms the centre of 
a delicately balanced homeostasis in the metabolism of 
carbohydrates.  It is a terminal enzyme in the sequence of 
reactions involved in anaerobic glycolysis promoting the 
breakdown of glucose to lactate and results in the 
essential production of ATP. 
        L-Lactate dehydrogenase is encoded by two or three 

loci in almost all vertebrates. Biochemical 
characterizations of LDH proteins have suggested that 
gene duplication early in vertebrate evolution gave rise to 
Ldh-A and Ldh-B and that an additional locus, Ldh-C 
arose in a number of lineages more recently. Although 
some phylogenetic studies of LDH protein sequences 
have supported this pattern of gene duplication, others 
have contradicted it. In particular, a number of studies 
have suggested that Ldh-C represents the earliest 
divergence among vertebrate LDHs and that it may have 
diverged from the other loci well before the origin of 

vertebrates (Stock et al., 1997).  
       The subunits of lactate dehydrogenase exist as two 
major structural forms, usually referred to as M (muscle) 
and H (heart) or A and B, respectively, which give rise to 
five different isozymes of the tetrameric molecule in 
higher vertebrates. The differences in the properties of 
the LDH isozymes are dependent on their subunit 
composition and are most exaggerated between the M4 
or A4 (LDH-5) and H4 or B4 (LDH-1), the other three 

hetrotetramers that are expressed are A3BB1, A2B2B  and 
A1BB3 (Eventoff et al., 1977) 
        Changes in gene expression are likely to play a 
critical role in both acclimation and adaptation to a 
changing environment. There is a rapidly growing body of 
literature implicating quantitative changes in gene 
expression during acclimation to environmental change, 
but less is known about the role of qualitative changes in 
gene expression, such as switching between alternative 
isoforms (Schulte, 2004). However, recent data suggest 
that isoforms arising from alternative splicing may be an 
under-appreciated source of physiological variation. The 
role of changes in gene expression during evolutionary 
adaptation has received comparatively limited attention. 
       Schwantes (2005) has studied the LDH isoenzyme 
patterns of thirteen species of snakes by using starch gel 
electrophoresis. The two loci of LDH interact to form 
discrete combinations of the four different subunits and 
these different subunit combinations have been 
suggested to contain phylogenetic information (Murphy & 
Crabtree, 1985). The utility of these data seems to be 
variable (Murphy, 1988; Sites et al., 1986; Werman, 
1997) their usefulness was further evaluated in this study.  
Materials and methods 
       The experimental animals Cerberus rhynchops and 
Xenochrophis piscator, water snakes commonly known 
as dog faced and checkered keel back respectively were 
collected from different localities of Poondi canal, 
Thiruvallur District, Tamilnadu. A total of five individuals, 
representing the two species in equal numbers were 
examined.  
         Adult specimens were brought to the laboratory with 
utmost care in live condition and the tissues viz. eye lens, 
brain, trachea, lungs, heart, liver, stomach, intestine, 
muscle, kidney, vertebrae and skin were dissected. 
Tissue homogenates were obtained by homogenizing the 
tissue with phosphate buffer pH-7 and the homogenates 
were centrifuged at 20000 rpm in -4oC.  The supernatants 
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in micro litres (µL) were subjected to study for their LDH 
profile adopting polyacrylamide gel electrophoresis 
(PAGE). The gels were stained for LDH isoenzymes. The 
experiments were repeated for at least five times and the 
results obtained were similar. The method employed in 
the present study is essentially that of Dietz et al. 
(1972).The relative mobility (Rf) of each subunit of LDH 
was calculated by applying the criteria of Norment et al. 
(1972).  
Results and discussion 
      The results obtained from Cerberus rhynchops 
showed three LDH compositions; Ldh-A3BB1, Ldh-A2B2B  and 
Ldh-A1BB3 in eye lens, brain and trachea and all the other 
tissues showed four LDH compositions; Ldh-A4, Ldh-
A3B1B , Ldh-A2BB2 and Ldh-A1B3B  whereas in Xenochrophis 
piscator, eye lens, lungs, liver, muscle, kidney, vertebrae 
and skin revealed four LDH compositions; Ldh-A4, Ldh-
A3BB1, Ldh-A2B2B  and Ldh-A1BB3 and the tissues brain, 
trachea, heart, stomach and intestine revealed only one 
LDH composition; Ldh-B4 (Fig, 1 & 2).  The Rf values for 
the LDH composition in C. rhynchops were 0.18, 0.24, 
0.28 and 0.32 for LDH-5, LDH-4, LDH-3 and LDH-2 
respectively and the Rf values for X. piscator were 0.18, 
0.24, 0.28, 0.32 and 0.34 for LDH-5, LDH-4, LDH-3, LDH-
2 and LDH-1 respectively. 
      A four-banded isoenzyme pattern, not a three-banded 
one, is regularly observed among amphibians and 
reptiles (Murphy, 1988). A three-banded isoenzyme 
pattern, resulting from the asymmetrical heterotetramers, 
has been reported from Lacertid lizards, some Xantusiid 
lizards (Sites et al., 1986) and in rattlesnakes (Murphy & 
Crabtree, 1985). A four-banded isoenzyme is frequently 
reported in reptiles, including in the present investigation. 
In the current study on C. rhynchops and X. piscator, the 
five LDH enzyme isoforms have been recorded, but when 
it comes to a particular species, a four-band pattern is 
exhibited. It suggests that reptiles evolve from the five-
banded pattern, through the four–banded pattern, to the 
stage where progressively fewer bands are expressed. 
The plesiomorphic four-banded state is shared by 
colubrid snakes Clelia scytalina, Laticauda colubrina, L. 
laticaudata and Emydocephalus anulatus (Murphy, 1988). 
 Liu-wang et al. (1995) reported LDH isozymes in four 
kinds of tissues, in five species of Colubridae: Opheodrys 
major, Natrix tigrina lateralis, Zaocys dhumnades, Natrix 
annularis and Dinodon refozonatum. The results 
indicated that LDH isozyme of snake had tissue 
specificity and different LDH zymograms in each tissue of 
the animals. The study was also of the opinion that LDH 
zymograms may be used to identify species as one kind 
of index of biochemistry.  
 LDH isozyme patterns of different tissues in the 
following species of snakes, Elaphe dione,  
E. rufodorsata, E. schrenckii, Amphiesma vibakari, 
Rhabdophis tigrina, Agkistrodon saxatilis and A. 
ussuriensis, indicated that LDH isozymes exhibit tissue 
specificity and difference in the same kind tissues in 

different species. These differences may be used as a 
biochemical method to distinguish different species of 
snakes (Li, 1998). The LDH isozymes evaluated in the 
present two species also exhibited tissue specificity, 
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some expressing only one fraction and species specificity 
clearly marked. 
  Interestingly polymorphs with reference to LDH 
subunits in snakes are widely reported. In Pseustes 
sulphureus sulphureus and Clelia clelia plumbea three 
bands were detected at the LDH-5 site, suggesting the 
existence of an electro-phoretic variant of the A subunit. 
Additional isozymes restricted to regions of the eye were 
also observed in some Bothrops insularis and B. jararaca 
(Schwantes, 2005). Polymorphism for LDH A was 
registered in a few species of West Indian xenodontine 
snakes. Thaddeus and Owens (1991) studied the genic 
similarity in the gray and brown color morphs of the snake 
Storeria occipitomaculata and found LDH-2b allele only in 
the brown morph. The current investigation on two water 
snakes failed to detect LDH polymorphim. 
 Seasonal changes of lactate dehydrogenase isozymes 
are another feature of this metabolic enzyme. It is noted 
in Nyctus noctula during hibernation and in Rana 
nigromaculata during dormancy (Li da-jun, 1994). The 
catalytic property of LDH in poikilotherms is found to 
function with the same efficiency at all temperatures 
within the range of habitat and to adjust immediately to 
thermal changes (Nelia et al., 1973). Species specific 
pattern and tissue specificity in the present study and 
report of polymorphic state in some species and seasonal 
changes of lactate dehydrogenase isoenzyme suggests 
that the gene for this pivotal enzyme, involved in energy 
metabolism expresses according to the metabolic need. 
These temperature-adaptation processes are 
evolutionary events in which the evolution and structure 
of the genetic code are involved. 
Conclusion 
      Lactate dehydrogenase is known to have multitude of 
temperature related amino acid substitutions, which is 
well coded in the genes. The LDH differences in 
heterotetramers as well as homotetramers in the two 
species observed augment that the expression of genes  
Ldh-A and Ldh-B is not the alike in aquatic snakes 
belonging to the same family (Colubridae).The 
uniqueness may be attributed to the  ability of the 
individual species to respond to the environmental stress 
like salt concentration and turbidity. Tissue specificity 
observed suggests that the LDH gene behavior varies 
depending upon the energy requirement of the tissue; 
might be due to the variation in water flow. This flexibility 
of gene expression makes the animal especially 
poikilotherms more adaptable to the changing 
environment. The study is also an ample proof to use the 
LDH profile as a specific biochemical marker for 
establishing the species identity.   
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