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The transitiori from water to land is a vei y reitiartable 

step m the phyloyenetic history of veilebrates. Ihi& 

conquest of land was initiated by the primitive amphibians 

in the Devonean period^ In the com êf' of (hen evolui lonai y 

hi&tory amphibians hc»ve become extraordinarily modified to 

lead a dual life- Their life cycle involves a drastic 

metamorphosis- They are cold taloode(J and so hibernate during 

warHer months-

They are world wide in disttJbutaon and a% man/ as 8600 

species of anurans, the largest group of amphibians have 

Ijeen reported- In Irtdia <i\nnurans <.x> e reprenprited by about 

165 species of frogs and toads belonqina to 6 families- (Jut 

of the 5tj species of anurans repoi ted 1 i om No> Ui-tastein 

region of India 413 belong to the hills of Meghalaya- In 

spite of thjs richness genetic studies witfi these anui ans 

are very limited- The present investigation is thus carried 

out lo evaluate the elect rc>pf>oret ir f)atLern of multi locus 

isOi'yme systems- Seven "sppciea of frogs belonginq to three 

families WCM e analysed f rtjm rh ffere^nt popuj J aliens to study 

the isozyme pattern- The results are recorded m chapter 

one- In chapter two the (Jevelopmen Lai qenetjc aspect of 'the 

isozymes during tadpole g)"owth <nnd metamorphosis has been 

studied for one rommonly available spfjcies-



In each of these chapters we have included the pi<--='ttern 

of gene ejtpresBiDn of four dehydrorjenases (viz- lactate 

dehydrogenase, Malate dehydrogenase. Alcohol dehydrogenase 

and Glucose-6-phospha I e dehydrogfinascO - Seven i j ssnes of 

adult frogs were analysed to study the isozyme pattern-

Tadpole lail musclu, head ) eg ion and liver 13 ttiitues were used 

lor similar study at different stages of development in 

ctiapter Iwo- F^elated worl t̂ as be^m ) ecordod m intMjductory 

section of each chi^pter-

L-Jve specimens were sacrificed ui the Jaboiatotv' <^fi<^ 

fresh tissues vir:- gonad, kidney, heart, brain, eye, liver 

and skeletal muscle we» e.̂  used- Isorymes were separated on 

7-5% polyacrylamide rod gel according to the standard disc-

elec1rophorRtic prureduies- Uels were subiected to spe<Mfic 

staining solution to visualise the isoryme bands-

Lactate detiydroqenaise (LDH) js a tetiamf^nc enryme 

catalyzing the interconversion of lactate to pyruvate- In 

most vertebrates tiie en:::yme is coded by f wo codominant 

loci(A and B ) . Random association between the products of 

these genes yield five elect rophoreti cal ly dist mguj sttab J e 

isozymes in vertebrates. In some vertebiates a third locus 

designated C codes for highly tissue specific I Dhl - I he 

presently studied froqs reveaJed a similai pattein of the 

LDH 1 so;:yme plicnotypcs as obsei vt̂ d m otlie) ver 1 f-̂hr n t e'=-- The 



p<-.ttlern (manifest'? itself in prt^dominance of acidic i so::yfi)o& 

uf heart and p w^donu nartcu nf basic unt?!;̂  m itk e J fc? L a 1 inutvcle. 

Activity of the locus A w_i<= found to b̂ - mot » •̂ĥ Rn Hh.-̂ f of 

locus £(. 1 he expression of locus Li showe:)d a rostt lution m 

some of the tissues of certain species. 1 he heteropolymenc 

isozyme ^̂ jL̂ ^ also showed a restricte(j assembly in certain 

bpecipcs- Allelic variartt oi the locus A Wcis detRct(>d m onci 

species resulting into a twelve-banded he( erozyqo-* ic 

p);pi est)ion ul I DH- I'hp observed nurnbi-'r and thf ir Hrxtdy-

Weinberg expectations for the polymorphic loci suppoi-t the 

validity of Uie pi oposr>d mode] and iridicato thai the safnple'-> 

were collected from a sinqle Mendc-ilian population. F-urlher 

in two &pecie.^& tissue specific e\'pression of the isu;ryme in 

e/e and liver were observed- 'fhe isozyme nhowed a different 

elect rophoret ic chau aK.tor i s t ics compaiabJe \o the VA LDH 

observed in other vertebrates. 

lialate dehydrogenase <liDH) is dimeric in nature and 

catalyzes the mterconversion of malate to oxaloacetate in 

I rebs cycle. The cytosolic malate dehydrogenase (s-IIDH) is 

encoded by two loci in most vertebrates- In the present 

study bolli the loci have heeu found to be active^. 

Alcohol dohydroqe^nasp <ADH) in most vertebrate'; i-̂. I-he 

product of a single locus and is primarily a liver specific 



enzyme- It catalv::es the interconversion of many alcohols to 

thtM f correspondmq aldehydeB and letones- A sjnqle banded 

pattern of the enzyme could be resolved in liver and kidney 

tissues of Lhp froqs analysed lieie- Hcjwt̂ vĉ r, addilxonal 

bands of low staininq intensity has also been observed m 

some species. These may be due tu allelic variants in the 

population of the species-

Glucose-A-phosffhai e dehydroqenas*'̂ <(.-v6PDH) is a J ey enzyme 

in pentose phosphate shunt- It is dimeric in nature and 

e>!ist in two fo» ms (A and b), without pjihibilinq 

heterodimeric forms- A sinqle form correspondinq to the form 

A was resolved in most of the tissues of the froqs PMamj'ned 

in the presertt study- However, livet , qonad and eye tissues 

revealed additional band cor)"espondiriq to form b in some 

cases- Skeletal muscle tissue did not show any activity foi 

G(bPDH enzyme jndicatinq Jittle or no pentose phosphate 

shunt -

Analysis of the tadpole tissues af various staqes of 

development showed a distinctive isozyme pattein- Tadpole 

tail, head reqion and liver tissues exhibited predominance 

of LDH polypcjpt idps at the various deve lar)men t a J staciPS-

L!!f)ression of the h locus showf-rl £x ipstrirtion, I'lalate 

del"iydrogenase(MUH) showed « less complejt isozyme pattern-

both the locus we) e euu-^llv active- Howevei l-heri=> w->«i a 
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restnctjon m the heteropolymenc assembly- A remarkable 

variation in the expjession of alcohol dehydrogenase gene 

was noted an the liver tissue of I he tadpoles. During early 

stages of developme^nt multiple of ADH bainds were resolved. 

Subsequently there was reduction in the number of i<='Ozymes 

with the progression of development. Gluco&e~6-"pf)a5phate 

dehydrogenase (G6PDH) revealed a s m q l e banded phenotype m 

the tail, a two-bartded phenotype cor respond] nq to A and li 

form of the isonyme were observed m the head region- Liver 

tissue e);h3bited a differential repression activation 

phenomenon of the genes coding for ti6PUH iHor:ymes. During 

early motamorphic stages t̂ oth the 1 orm <=>howed higher 

concentration of I he onzyme- Bubsequently with the 

proqression of growth and development the isoiiyme fui m A was 

predominantly synthesized-

Ihe isozyme pat-tern obtained for the four dehydrogenases 

in the adult specimens of the seven species and the tadpole 

tissues of one frog have been correlated with the local 

ocoJogical condilions a-j V>)H I I as with Win physiological 

states of I he froqs- However, oin" piesumplion of the various 

correlates with tho observed isorymo pattern need further 

researet) to draw a final conclusion-
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The transition from water to land is a very remarkable 

step in the phylogenetic history of the vertebrates. This 

conquest of land was first initiated by the primitive 

amphibians in the Devon ian period and was completed by the 

reptiles in course of time. Even though amphibians 

constitute a sort of transitional groupj, they are credited 

as the first land-dwellers- Radical changes have occured in 

their biological organization in adapting themselves between 

the two opposing environments. 

Biologically, amphibians have become quite 

extraordinarily modified to lead a dual life in land axs well 

as in water. The life cycle involves a draxstic 

metamorphosis. The young tadpoles of frogs and toads differ 

markedly from their parents not only being aquatic but also 

in their feeding habits. Amphibians &re cold blooded and 

thus hibernate during winter months. 

The importance of frogs and toads is known since times 

immemorial- They form a valuable component of our biosphere-

For a- long time the frog has been a favourite object for the 

study of ' animal structure and function. For more than .a 

century, frogs have been used the world over, in educational 

institutes and research centres for demonstrating and 

elucidating vertebrate anatomy, physiology and development. 



Perhaps no animal, except man, has been the subject of so 

many scientific investigations (Holmes, 1927). It indeed 

seemsj, as is often remarked that the frog is especially 

designed as a subject for biological research. 

The value of frogs in food and medicine has been known 

since ages- They are eaten roasted or boiled by a number of 

tribal population in North-Eastern hills of India, as food 

as well as cure for certain endemic diseases. The frogs and 

toads have also been used to control insect pests in 

agricultural systems (Okada, 19H7). Nevertheless, in the 

recent years there has been an increasing demand in many 

European nations, America and Japan for frog legs to be 

served in banquet- In this context India earn foreign 

e>!change worth crores of rupees from export of frozen frog 

legs. 

For all these purposes, whether academic or economic, 

millions of frogs are collected every year' all over the 

country- This coupled with "habitat destruction' due to 

man's developmental activities and poor 'conservation 

awareness' may lead to extinction of certain frog species-

Thus, in order to achieve the goal of 'bio-diversity' it' is 

essential to have strict conservation policies supported by 

sound scientific knowledge-

i i 



It is thus widely felt that both from conservation and 

evolutionary perspective there is a strong need for a 

detailed examination of the patterns of genetic diversity. 

In the management of both endangered species and wild life 

populations,, a clear picture of the genetic structure of the 

population is a basic prerequisite for formulation of proper 

management programmes. Further, for a correct understanding 

of the genetic basis of evolutionary changes, the 'patterns 

of genetic diversity present in many species must be 

examined <AllendDrf et ai•, 1997). 

In view of the above facts we have undertaken a 

biochemical genetic study on a few selected species of 

frogs, commonly available in the North-Eastern India- The 

findings have been presented in two chapters of the thesis. 

Chapter One presents the results of the general isozyme 

patterns from electrophoretic separation of selected tissue 

extracts. Chapter Two deals with detection of differential 

gene expression during developmental stages of one selected 

species. 
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There are as many as £600 anuran species belonging to 

ĉ5(3 genera grouped under IS families (Heusser, 1974). They 

are world wide in distribution and about 165 species of 

frogs and toads belonging to 6 families have been reported 

from India (Tiwari, 1991)- North-Eastern India is extremely 

interesting from biological point of view. Amphibian fauna 

of the region is intimately connected with geomorphological 

evolution of the area and one can be reminded that 

obliteration of Pre~tertiary Tethys Sea began in North-East 

India producing in its wake a land bridge between Indian 

Peninsula and main land of Asia to the North. This region 

served as a faunal gateway through which Indo-Chinese 

element, of oriental fauna, and that of Palaearctic fauna 

spread to the Indian Sub-Continent. Located in the North-

East angle of the Indian Sub-Continent cris-crossed by hill 

ranges flanking the Brahmaputra•and Surma Valleys, the 

Constituent units of the region are Assam, Arunachal 

Pradesh, lieghalaya, Nagaland, Manipur, Mizoram and Tripura. 

The region offer a complex variety of ecosystems varying 

from the alpine meadows and semi temperate slopes of the 

eastern Himalayas, through the wet evergreen forests of 

North Assam and Arunachal Pradesh, to the mixed evergreen 

and moist deciduous forests of South and East Brahmaputra 

(Ghosh and Tiwari, 1984). 



[1 IS irithM-et->L m q to ncd-fi (Tabic, i) lli.U out" (jf about 

55 &pf.>cie<3 ("(̂ ported from the reqaun (Chanda, L99EJ '̂ 0 bt^lonq 

to Lbc hill'j; of Meghalaya. As many as E^ species of Ranidae 

and IB E.pecies of Rhacophoridae havr? been reported from the 

region., of which 19 species of Ranidae and IJ species of 

Rhacophoridae are found in lieqhalaya- Tree frogs belonging 

to the family Hylidae have a restricted distribution m 

India and one species (vir:.^'y/a anriectens Jerdori) has been 

i-eported from this region- The •̂  species of Bufonidae found 

m the region have been reported from lieghaiaya- Out of the 

^ burrowing amphibians belonging to tho family of 

Microhylidae available in the region two have been ieported 

from Meghalaya. The family Pelobatidae is regarded to be 

intermediate between the advanced and primitive families. Of 

the four <i^pecles rc^ported 1 rom Norih-East India three 

belong to the hills of Meghalaya-

Efesides, many amphibian 3.rti endemic to the region s as 

many as 15 species have been e;!clusively found in Meghalaya, 

8 in Arunachal Ptadesh, 3 in Assam, 1 in Manipur and 1 in 

Tripura- Amphibian fauna thus present one of the important 

components of fauiial wealth, specially in view of 

increasing interest m utilisation of these animals m 

biological control of insect pes't and could load to an 

interesting aspect of economic Zoology in the region-



Palaeontological studies have revealed that the modern 

frogs are much similar to those living 9(3 million years ago 

(Estes, 1975)- Thus it seems obvious that organismal 

evolution has been slow in frogs (Chatterjee and Prakash, 

1990) yet at the molecular level evolution must have been 

rapid" Otherwise they would have? eventually succumbed to the 

vagaries of the environment- Due to the existence of 

morphological plasticity among individuals, conventional 

morphological characters are often found to be insufficient 

to give the exact data to resolve species problem- In such 

cases, biochemical and physiological approaches are found to 

be potentially more useful adjustment to the conventional 

taxonomic criteria. Many recent taxonomic studies, have 

benefited greatly from the advent of biochemical procedures 

that have been used to quantify molecular differentiation 

and thus affinity among species (ftvise, 1974; Wake, 1981; 

Wilson et a.1 - ^ 1977). Molecular differentiation often is 

large and may be used, by considering patterns of genetic 

and evolutionary relationship among species. 

The exploitation of biological events in terms .of 

taxonomy mainly depends upon the presence of enormous 

specificity of macromolecules and metabolic processes at 

every taxonomic level which are basically same in the lowest 

and highest organisms (Dhar and Chatterjee, 19SS). Moreover, 



numerous fundamental questions concerninq the species-

structure and process of speciation seem capable uf being 

answered by studies concentrated at the molecular level-

Phenotypjc expressions of ar> orqarn'-im have tjeen 

manifested by sequential biochemical events which in turn 

have been controlled by diffeiential a(.1ivity of app» opi late 

genes- The genetic information encoded in the fiucleotide 

<->e(4uenre of the DMA (jf --.ttucturHl nent-x-v is ttansl<=̂ tp>d ip'o 

a sequence ol amino acids mal m g up a protein-

Biochemical lechniqtjes desicined Lo compai e species on 

the basis of protein diffetences Mare started by Nultal 

(IVW-ft). The analysis o1 proiexns havf-> been considered to be 

the simplest indirect approach to understand the structure 

and function of genetic material- Moreover, comparison of 

functionally homologous proteins from a variety of species 

pjovides valuable information on the phyloqenetic 

relationships among these species- In recent years 

InoLhemital dal a liave proven useful 3n deleimminq 

systematic relationship between organisms- Ihe degtee of 

similarity between the pi oteirts of ovqanis,ms is diiei. tly 

proportional to their degree of relationship (Sibley, 1964). 

1 hese proteins are either structural proteins or fun<. tional 

proteins- The functional proteins, called enrymes avB direct 



products of genes and variation in their expression is 

indicative to the variation m the.̂  correspond i"y none 

<riarkert and Ursprunq, 1974)-

The variation m the structure of pi'oteins, leading to 

the surface charge can be detected by electrophoresis and 

this technique lias been found to be useful In stuclyinq 

problems mvolvinq different taxonomic ranks. I'rotem 

characterisi-ics as ascertained electrophovetical ] y art> often 

use-ful m elucidating patterns of velntionship and ge>netic 

differentiation at and below the species level <Avise, 

197'^h). The genetic relationships between two or more forms 

and even individual genetic variations can be revealed from 

the study of electrophoretic variants of enzymes. fhe 

variant molecules provide a natural 'label' which makes them 

readily detectable in small quantities. In addition, 

electrophoresis is used widely to detect a large porl-aon of 

allelic variation at a specific locus, makinq it possible to 

calculate frequency of specific alleles in different 

populations <Case et a l ' , 1975; Chatterjee and Prakash, 

1990). The a^pplication of high resolution electrophoretic 

tecfiniques to detect specific protein banding patterns 

showing signs of common ancestry instead of non-specific 

fraction of diverse origins are more meaningful. Individual 

variants or mutants have wide application as "genetic 



markers" and m biochemical analysis of enzyme 

relationships, of the structure of complex enzymes, and o-f 

multiple substrate specificities-

Many enzymes even after crystallization have been 

found to be made up of mixture of closely related molecules. 

These forms 3ire (-ermed "isozymes" (Markert and Moller, 

19&9>. According to the recommendations of the commission on 

Biochemical nomenclature of lUPAC ~ lUB (1977) isozymes are 

defined as multiple molecular forms of an enzyme occuring 

within a single species as a result of more than one 

structural gene. The multiple gene may be due to the 

presence of multiple gene loci or multiple alleles. Also 

included in this definition are those multiple forms of 

enzymes which aiise by association of protein subunits that 

Are themselves the product of distinct structural gene and 

excluding all multiple forms due to post-translatlonal 

modif1c a 11on s. 

Since Lheir discovery a wealth of information on 

enzyme heterogeneity has occured and it seemed likely that 

at leas I half of i\ll £>nzymes f̂ xist as. isozymes. This has 

been important in many areas of biological and medical 

scjences. Thus isozyme studies have' provided the main 

experimental substance for neutral drift controversy in 

genetics and evolution. Their existence has made available a 



multitude of hiqhly sensitive "markers" for the study of 

differentiation and development, as well as providmq 

indices o1 aberrani qene expression m carcinogenesis and 

other pa tholocjical processes. Isozymes are also being used 

increeisingly m diagnostic clinical biochemistry. 

The literature' comprising yenetic studies on 

ampl'iibians usmq eiec trophoret ic separation of isozymes as a 

tool avG enormous and an effort to review all would always 

remain inadequate. A very comprehensive review is presented 

liere, whichi maiy be treated as a represen tat 3 vt̂  one-

A w3de spectrum of vernations an proteins with respect, 

to iso:;:ymes have been observed m amphibians. tiJajr (196^) 

reviewed the utility of nonmorphological techniques in 

studying anuran evolution. At that time chromatography was 

the biochemical technique used in anuran studies- However, 

gel electrophoresis of proteLns was being perfected at •(hat-

time and has since become extremely important m modern 

evolutionary studies- Wells (196^) developed a key to five 

anuran subspecies based upon eiectrophoretic patterns of 

pJasmir proteins. Wilson et al • , (1964) detected differences 

m molecular expression of LDH isozymes a^mongst various 

amphibian species- Sal the (1965) studied the catalytic 

properties in the heart and muscle extracts for the LDH 



isozymes obtained i rom 85 species of froqs fron) various 

populations and detected only heart Lad ate dehydrogenase 

<LDH) to be highly polymorphic. Shontz (1968) examined four 

species of salamander of the genus Desmognathus to determine 

the feasibility of distinguishing them by electrophoretic 

patterns of LDH and haemoglobin characteristic- The study 

suggested that the degree of mtraspecific biochemical 

Vcirialion is correlated with the degree of vaiialion in 

external morphology withm each species- Dessauer and Nevo 

(1969) studied protein variation iri cricket froqs throughout 

southern United States- Salthe (1969) analysed 

electrophoretic patterns of heart LUH and was able to 

dis'tinguish ten isozymes at this locus within the frog Rana 

Pipieris complex in the United States of America-

Guttman (1973) further reviewed the biochemical 

studies of anuran evolution and documented the emergence of 

electrophoretic technique as an important tool- Guttman and 

Wilson (1973) studied iri Irapopulat ion variation at protein 

]DCI of American toad Bufo americanas' Inqer et ai-, 1974) 

were the first to investigate genetic variation and 

population ecology of some South-East Asian froqs and toads 

of the (̂ oriu£> Raria an'I lnn'o > espect i vely - Max son and Wilson 

(197'4-) found approximately equal numbers of heart and 

skeletal muscle LDH variants m Hyla ret^illa- l-'latz (1975) 



stated that morphological traits are associated with some 

consistent electrophoretic protein differences. His analysis 

of isozymes from 653 Arizonan leopard frog (Rana pipiens) 

from 3̂+ sites distinguished three well established distinct 

types- Vogel and Chen (1975) investigated the LDH isozyme 

patterns in Rana esculanta complex and observed that it has 

a genetic control mechanism. Guttman (1975) concluded his 

an^ilysis of genetic variation in E5 Bufo amerxcarius 

populations by noting that the high heterozygosity in Bufo 

could be linked to t;iivi i uiinieii L-al life l-c-i Cjycniei ty • A ctjmpar i sion 

of four anuran species in Israel conducted by Nevo (1976) 

provided support for this hypothesis- Dessauer et di-, 

(1977) utilising eletrophoretic comparison of isozymes from 

13 species of New Guinea hylid frogs estimated the genetic 

variability within and-among the species in concordance with 

morphological evidence and suggest£i>d the presence of two 

distinct lineages. Killer and Lyerla (1977) reported an 

initial study on LDH variants in the spring peeper, Hyia 

crucifer, and revealed polymorphism at the muscle type? 

locus. Schweintes atnd Schwantes (1977) made a comparison of 

eletrophoretic pattern of nine isozymes between tetraploid 

and diploid species of Odontophryrius americanus and 0. 

cultrxpes' Schwantes et al-, (1977) discussed mobility, 

activity and number of glucose-6-phosphate dehydrogenase 

(66PDH) electrophoretic band in the tetraploid frogs 



Odontophrynas americanas from BrazJ.1 and conciluded that 

thouqh the number of genes codmq for the en.-:yme lias b£->en 

duplicated only a single band was obtained 

electrophoretically indicating higher concentrat4 on of 

repressors reducing gene activity. Tabachnicl-' (1977) 

analysed the serum albumin and tissue LDH of North Americari 

Newt. to determine the genetic variation and suggested that 

even thouqh the enryme variants are physiologically neutral, 

e-ire linked to loci that are under the influence of 

selection. Case <1978a) studied 11 isozymes and S serum 

proteins to asses levels of genetic variation and 

evolutionary relateonship between Ran a boy let and R. muscosa 

from California. Cese <l°7St), baE;':?rJ en elect rophorci lu and 

immunological data presented the evolutionary relationship 

among North American frogs of the genus Ran a- Faulhaber £ind 

Lariqê -l.yra (1978) e;;amined the distribut lori and liomoloqie's 

of subunits in the LDH isozymes pattern of urodales from 

Germany. Pierce and Mitton (1900) assayed genetic variation 

in H subspecies of Amhy stoma from Linitcd States and 

confirmed the natiu-e of variation at S polymorphic isozyme 

loci- Berhardt et al-n (19U0) made a detailed survey on the 

morphology, vocalization, electrophoret ic analysis of 

natural hybrids between Hyla cxnerea and h. yratiosa- Vonwyl 

an(J Fishberq <19B0^ studied LDH isozyme in Xenopus and 

10 



indicated a species-specific pattern. Dauaherty ct al-, 

< 1981 ) surveyed variation in the New /eaJand froqs anci 

discussed their implications as tajjonomic tools. Ounlap and 

F'latr: (1981) eitammed the qeogr"£\p[) ic variations of piolems 

and mating call in /?a/;ci pipxen^^ from North Cent lal United 

Stal:e>s. Miyamoto (IVBl) £>xamined J 9 i&oi:ym« loci among 1 he 

Costa Rican frog species of the genus Isptodaciylas lo draw 

phylogenetic inferences- Pi6.>rce et a/-, (1981) assayed three 

morphotypes of tiger salamander from West Te;;as for genetic 

variation and concluded that ir> spite of considni ab le 

morphological and life history differences, there exist 

111 tie genetic diveigence in isozyme pattern- i)anzmann and 

Boqart (19SS) studied eletrophoretic stdininq intensities at 

a polymorphic Malate dehydrogenase (MDH) locus in t;he 

tetraploid tree frog Hyia versxcolor and diploid W-

cha>-ysosi:e12S and provided additional evidence that gene 

dosages can be accurately interpreted i roii\ staining 

inte-̂ nsi ties- Karl in and Means (198if) i eported 13 o1 the 19 

isozyme loci to be polymorphic from a comparison between ii 

American frogs Hyld ariderson i x and //, (jnerea- Gunthei et 

a l . , (1983) surveyed LDH - U isozyme in water frogs from 

different parts of Europe and Central Asia and commented on 

its polymorphic nature among geographically separated 

populations- Lyerla and Fournier (1983) examined iissue 

specific expression of Xanthane dehydrogenase (XDH) isozyme 

11 



activity m clawed froq, Xenopus lae^ij: and concluded that 

unly f idney tissue exhibit hxqfi levels of aclivity. Miyamoto 

(1983) analysed taxonomic status of tiusta Rican f i og 

Eleutherodactylus br&nsford}i based on elecirophoretic 

compav'ison of proteins- Odendaal and Bull <1983) compared 

two morphologically identical species of the genus Rari idel J a 

in South Australia and from the observed isozyme vailation 

concluded that the ejtternal morphoJ ogical similaiiiy between 

ofjficiew couJ(J be ttie lesult of either convprqent evolution 

oi thie maintenance of an ancestral morphology- Pormas ei 

ai-, (1983) examined biochemical variation m the South 

American Leptodactyljd froq Eupsophus roseu^- Miyamoto and 

lonnant <198''H-) were able to e&tc=iblish close relat lonstjip 

arnonq thr^e species of Central Amei ican r a m froqs basted on 

electrophoretic, myoloqical and karyoloqical investigations-

Eiyhl specieu o1 f rr,q^ of tht- Mt̂ 'iio-* nanai, ( o(iip» is i nn rive 

endemic species from western North America were e;!amined 

elt-^ctrophoret ical ly in orde) to ctst-ertam Iheir systematic 

relationships by Lireen (19B6). Hedges <1986) analysed 33 

isozyme loci in thiryfive spe?cies of holaictic froqs from 

the United States and developed phyloqenetic relationships 

timonc) the species belorujany to loiu" (leneia- Shalfet ei 

ni/.,<t993), by comparison of isonymes analysts with 

morphological data, yielded points of IJo("h aqreemeni and 

12 



conflict ret^arding phyloqenetic relaL lonsh j ps of all North 

American Ambystoma-. ^ yrial-'opoulou-Sk J avounou et al ' , (199c') 

studied the morphometric and electrophoretic variation of 

two papulation of Hyla dirhor^a in Greece* Tissue-specific 

e!;pression, number of presumtive loci, and interlocus 

heteropolymet format ior» for numerous isoi:ymes in eight 

tissues of the> small mouth salamande)", Ambysfoma i(-'\ar/um was 

I nvesl iqatt^d by Tilus (1994)- A high df>qi ee of qenf-'tic 

variation ^n five populations of the qreen toad Bufo I'lrids, 

from norihern Gre(ice was i evealed by I-yrinl- opoulou­

st- lavounou and Karakousis (1995) based on studies of 

external morphology arid isozyme analyse s-

Biocheinical genetic study ori Indian amphibians was 

im + i;:»t.*̂d hy L̂ '̂•'=>̂ n̂ parn i er -^ I - , (I'rtaul) wnnn th«=>y 

demonstrated species-specific and tissue-specific patterns 

of LDH isozymes m ihree species of Indian 1roqs belonging 

to the genus Rana- However, inspite of the richness of 

ampihibian fauna in Nor+h-Eastern Iridia, no qenetic studies 

was done until 1990. Chatterjee and Prakasli (199W) based on 

isozyme data of nine populaljon of Rntidt I T mnocheir i =: f i orn 

North-tastern India concluded that protein polymorphism is 

Hdr\ptive]y lmpo)"tanl and mainlained by nalui^U &e'lection-

From l-he foregoing review, it seems that considerable 

information is available on I he qenelics of dehyd) onrnas(> 
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specially Lactate dehydrogenase(LDH), Malate dehydrogenase 

<MDH), Alcohol dehydrogenase (ADH) and Gluco5e-6-phosphate 

dehydrogenase (G6PDH)• It is also amply clear in comparison 

to the works done in the rest of the world, work in 

biochemical genetics on Indian frogs are scanty. The present 

work has, therefore, been undertaken to analyze the isozyme 

pattern of these dehydrogenases and subsequently to study 

their genetic pattern in seven species of frogs, viz iHyla 

BTiTiecteris, Po lypedates leucomystax, Rhacophorus maxxmus, 

Rhacophorus reiriMardtii, AmoJops afghanus_, Rana 

cyanophlyctis f and Rana nicobariensis. 
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TABLE ! 1 

Distribution of Frogs and Toads in N-E- India. 

Family Meghalaya Assam Arunachal Naqaland Manipur Mizoram Tripura 
Pradesh 

Ranidae 

Rhacophoridae 

Hylidae 

Bufonidae 

Microhylidae 

Felobafcidae 

S'̂  

18 

1 

4 

4 

^ 

19 

11 

1 

-̂  

E 

3 

12 

4 

1 

1 

-̂  

1 

7 

11 

0 

E 

1 

1 

li 

3 

0 

1 

1 

0 

7 

4 

0 

1 

1 

0 

7 

3 

1 

S 

E 

1 

4 

S 

0 

1 

1 

0 

T o t a l m S3 E2 13 16 

The numericals indicate the number of species available. 
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TABLE : 2 

Total number.of each species,studied 

Name of the species Total number of specimen studied 

Hyla ariTiecteTis (Jerdon) 17 

Polypedates leucomystax Gravenhorst 88 

Rhacophorus reiriMardtii (Boie) 26 

Rhacophorus maximus Gunther Ih 

Amolops afghanus (Sunther) 65 

Rana cyancphlyctis Schneider 5^ 

Rana nicobanerisis Stoliczk-a 18 
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TABLE : 3 

Geographical location of the sites of collection pi different species 

Locality Latitude Longitude Species collected 

Shi 1long S5°36' 

Jowai S5°e7 

Wiliiamnagar H5°3E 

Mawhati 

Nawkaiaw 

Nongkhlaw 

Smit 

Mawnsynram 

Cherrapunji 

Hawphlang 

25°50' 

e5°3£' 

S5°42' 

e5°35' 

S5°E3 ' 

e5°18' 

e5°28' 

91' 

92 

90 

92 

92 

91 

91 

91 

91 

91 

°54 

°12 

°35 

°5' 

°29 

°38 

°58 

°34 

%3 

°45 

R.cyanophlyctis fA.afghanus ,P. leucomystaix 

R.cyanophlyctis fR.reiriMardtii fR.maxi mus , 
P.Ieucomystax 

R.Tiicobarierisis.R.cyaTiophlyctiSfA.afqhanaSf 
P»Ieucotnystax 

R.Tiicobariensis fP.leucomystax. 

R^riicobarieTisiSfA.afghanus, 

A.afghaTius. 

A.afghaTius fH.aTiTiectens fR.reiTiitardtxi. 

A.afghanuSfR.reiriMardtix. -

R.maximus, 

R.reiTiMardtix tH.ariTiectens. 
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e-1 THE FROGS : 

"Ihe materials for the present j nvest iqat ions comprise of 

seven species <Plates 1 to 8) belongmq to three families of 

the order Aiiura. 

(a) Hyla arinecieus (Jerdon) s Family Hylidae-

(b) PolypedatK^s leucomystax Gravenhorst : Family Rhacophoridae. 

(c:) Rhacophorus- rexuMdrdf: 11 (Boie> : Family Hhacopiioi idae. 

(d) Rhacophorus inaximus Gunther s Family Rhacophoridae-

KB/ Mmoiops cifgnanus (Ounthn-^r > ; F<?mily Ranidae-

(f) Rana -zyanoph lye 11 s Schneider : Family Ranidae. 

(g) Raiia n xcobari^u ::• is Sto J iczka : Family f->;anidae. 

E-l-l BRIEF DESCRIPTION, HABITAT AND DISTRIBUTION : 

(a) Hyla annectens (Jerdon) : A small leafy qreen frog ; 

dorsal surfaxce of the body is smooth and belly coarsely 

granular. A slate dart plate on both the lateral side of the 

body (Plabe 1). Finqeis and toes wilh large discs- They are 

nocturnal, arboreal frogs and live in hollow stems of trees 

during winier- Ihey visit Lempoiary water bodies in spring 

and summer for breeding- Distribution extends in Western 

China (Cochran, 1961), Thailand and Myanmar (Taylor, J96H), 

NorLh-East India, Bangladesh (Heusser, 1974). In North-East 

IndJa it "is found in Assam, Meghalaya and Mizoram (Chanda, 
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199S)- Interestingly this is the only species of Hyla found 

j.n India (liwari, 1991). 

<b) Polypedates leucomystax Gravenhorst i A moderate sized 

frog. Dorsal skin colour variable from grey to bright 

yellowish brown with dark spotted dots or broi-en stripes 

<Plate E). Eielly white and coarsely qranular. Fingers and 

toes webbed with large discs. They s^re nocturnal ai boreal 

frogs. In summer and spring visit pools for breeding, 

liibernate under forest litters during wintei . They exhibit 

amplexuB and prepare foamy nests on twigs and leaves at the 

edges of water bodies- Its distribution extends in India, 

Malay Peninsula, Java (Annandale, 1912; Cochran, 1961 and 

Church, 1963), Thailand and through South~tast Asia (Taylor, 

196E). It IS reported from all the North-East Indian states 

(Chanda, 199S). 

(c) Rhacophorus rexnMardtii (Boie)i A moderate sized, leafy 

green coloured frog. Belly rough yellowish white in coloui 

and the dorsal si- in is smooth <Plate 3). Fingers and toes 

webbed with large discs. Wybs ci^re bright orange in colour 

and l-'d blaci- circular spots on lateral armpit- An arboreal, 

r>octurnai frog and hide m hollow trees in winter. During 

sprinn and summer female deposit eggs m a foamy nest at the 

edfjes of water bodies. Distribution e); tends in Java, Bumatra 
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(Gadow, 1V01), Malayasia (Cochran, 1961) and Meqhaiaya, 

Arunachal Pradesh in North Easl India (Piilai and (!;handa, 

1976). 

(d) Rbacophorus maxiimts Gunther s A moderate sized leafy 

green coloured frog <Plate A-). Dorsal skin is smooth and 

folded near tympanum- Belly smooth and brownish in colour. 

Fingers and toes webbed with very large discs. The frog is 

nocturnal in habit and is found among dense foliage, grass 

and bushes. Colour change from bright green to dull green 

and finally to light brown have been observed during 

handiiriq (Plate 5). Visit pools an ©piinq, eggs are 

deposited in foamy nest on the sides of water bodies-

Distribution extends in Himalayan forests (Gadow, 1901), 

North of Siam, Sumatra and Malay (Taylor 196H), Thailand, 

Malayctsia, KampuchJa, Laos, Liorneo (Heusser, 1974) and 

Meyhalaya, Mizoram in North-East India (Chanda, 199E). 

(e) Amolops afghanus (GuntherJ : A stouter and larger frog-

Dorsal skin smooth, darl- olive spotted and marbled with 

black and grey- Eielly light brown and finely granulated 

(PJale 6)- Thighs with faint bars- Fingers and toes with 

large prominent discs- Toes webbed, fingers free- A 

nocturnal froij, livo in cool streams near water falls and 

hide in crevices. Distribution e);tends from eastern 

I lim<.i L<.iya'3 \u WesltM-n Hi/nal£\y<̂ s (Gadow, 1901 uirid Li ipalini 
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1961). It is distributed m all the North Eastern states of 

India except Tripura <Chanda, 199S)-

<f) Rana cyanophlyctis Schneider s A moderately small frog-

Dorsal skin smooth olive brown with dark spols« Lower parts 

white and smooth. Fingers free, toes webbed <Plate 7). They 

are water froqs and do not hibernate. Distribution extends 

m South Arabia, Baluchistan, Afganiatan, India, Srilanka, 

NorUiern Malay Peninsula <I.(ouJ enger, J«^S0; batyamurthi, 

1967) Thailand < Taylor, 196S) Pakistan (Minton, 1966; l-han, 

1976). [t IS distributed in all the North-Eastern States ot 

India (Chanda, 199i2). 

(g) Rana nicobariensis Stolzczka : A moderate frog. 

Dorsomedially the ŝ  m is brown with dark dots. 

DcM"i:.>C)1 ate)-ai ly qreeii with brol- en yellow E>pott>" Belly smooth 

ctnd white. Limbs brown with darker stripes. Fingers and toes 

free (Plate 8). A nocturnal frog, live in warm damp places 

such as the base of banana plantations. Distribution e;!tends 

in Nacobar islands (Stol ic;;:l'a, 18713), Sumatra, Nalayasia, 

Borneo, and Java (Efoulenger, 19S0) - In India the species is 

widely distributed in West Bengal (harkar, t.> i <ii - , 199S>, 

Iripura and Arunachal Pradesh (Sa\rkar ar>d Ray, In Press). 

This IS the 1irst report of the species from lieqhdlaya-



The specimens have been collected from different places 

of Meghalaya during the months of April to Oc + ober •<'ct>- a 

period of three years (1991 - 1993)- To avoid ontogenic 

problems only 1ully grown adult specimeni> were analysed 

(plecise see table 2 for number of individuals <=(nalysed)- The 

situ u1 ro Meet ion lis indicated in Fig 3, lable 3« 

2.E POLYACRYLAMIDE - BEL ELECTROPHORESIS s 

Polyacrylamide gel electrophoresis of four iso;:vmes, viz. 

Lactate dehydrogenase (LDH), Malate dehydrogenase (MDH), 

Alcohol dehydrogenase <ADH) and Glucose - 6 - Phosphate 

dehydrogenase (G6PDH) of the seven species of frogt.) were 

performed according to Davis (196^) with suitable 

improvisation. 

S-E-l PREPARATION OF TISSUE HOMOGENATES : 

Frogs were cooled in ice and sacrificed to dissect out seven 

tissues V12. gonad, kidney, heart, brain, eye, liver and 

skeletal muscle« Dissected tissues were immediately wrappe.d 

in aluminium foil, collected in qlass container and kept in 

an ice bath- Each tissue was then weighed accurately and 

taken in a glass homogenizer containing ice cold 

liomoqenizat ion medium (1(5.H5 t1 Sucrose solution). The tissues 
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were homogenized using an electric homogeniner wi bh» teflon 

pc->stle. During homoqeniration the •( ub«s were always held in 

an ice bath to avoid denaturation of tissue proteins. A l(3*/» 

homoqenate was found to be suitable for all tissues. 

However,, due to high protein content- of liver and skeletal 

muscle a 5% solution proved satisfactory. The bomoqenates 

were? immediately transferred into poly-propylene centrifuge 

tubOS (lb ml) ^ept in an ice bath. 

a-S-E EXTRACTION OF TISSUE PROTEINS s 

The structural elements were removed from the homogenates by 

differential centrifugation in a cooling - centrifuge (REMl-

C-H4), pre-adjusted to 4° C- Centrifuqation was carried out 

at 81,000 xg for 15 minutes- The resultant clear supernatant 

were decanted in test tubes and subjected to 

elec trophortssis. 

S.2-3 ELECTROPHORESIS : GENERAL PRINCIPLES : 

When particle of effective charge (Q) is forced to migrate 

m a viscous medium (liquid or qel) by action of an electric 

field (potential gradient, E), the phenomenon is generally 

called as Electrophoresis (Maurer, 1971). The driving force 
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which acts upon the particle migrating with constant 

velocity ts equal to the frictional resistance (h) which the 

particle must overcome in the medium, i-e-, 

O H - F 

The electrophoretic mobility of a particle is defined as 

d V Q cm'̂  

tE E F volt X sec 

where ' d" m the migration distance of •the.' pa\rtjcle in time 

' I '. ' V" Ihcr velocity cind ' F' is the fractional resistance-

1 he vertica] disc electrophoresis system of Davis 

<1V64) was employed- It is a discontinuous separating system 

wilh reqcinj Lo pH value, buffer composition cind qê'l pore 

size m which polyacrylamide gel serves as a matri;;-

Disc electrophoresis Js carried out wath small columns 

of polyacrylamide gel consisting of three layers, in 

i->uitable container like cylindrical tubes. The three layei s 

are : (i) a large pore spacer or stacking gel, <ii) a small 

pore separation or running gel in which the sample 

constituents are separated and (iii) a large pore sample .gel 

containing sample solution. Electrophoresis is performed 

with a vertical column of gels attached to two different 

ret>ervoirs : sample gel uppermost, attached to an upper 

reservoir and the lower end submerged in the buffer solution 



of the lower reservoir. Electrodes are placed m each 

reservoir and polarity is set so that sample ions migrate 

towards i hv-= Sitiall pore qel. A voltage is applied for a 

tipticifii: tune- The ge] is then removed from the container 

and placed for a period of time in a solution of protein 

fixation and stairted- Unbound dye is removed -from the gel 

slowly by washing m 7'A acetic acid and then the gel is 

preserved m a suitable solution-

2-2-3.1 REAGENTS : 

Stock solution s To obtain a 7-7*/. polyacrylamide gel 

following stuck solution were preptxred and stored Jn dark 

bottles in a refrigerator- The shelf life of these solutions 

are two months-

Stock solution A : pH 8-9 

1 N HCl : 48.0t<3 mJ 

Tris <Hydro>!ymethyl methylamine) : 36-6 q 

TENtD (N,N,N,1M - Fetra methyl 

ethylenediamine) : 0.03.ml 

The volume is made upto 10(<3 ml with distilled water-
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stock solution B : pH 6-7 

1 N HCl : -̂ 8.013 ml 

Tris s 5.98 q 

TEMED 5 0.46 ml 

Distilled water : 51.54 ml 

Stock solution C : 

Acrylamide : 30.0 g 

Bis <N-N- Methylene bis-acrylamide): 0-8 g 

Distilled water s 100.0 ml 

Stock solution D : 

Acrylamide : 10.0 g 

Bis s £.5 g 

Distilled water s 100.0 ml 

Stock solution E : 

Riboflavin s 4-0 mg 

Distilled water s 100-0 ml 

Stock solution F : 

Sucrose : 40.0 g 

Distilled water « 100-0..mi 

Stock solution G : 

Ammonium persulphate : 0-14 g 

Distilled water s 100.0 ml 

27 



stock buffer solution : pH 8-3 

T r i s : 6 • 0 g 

Glycine : £8-8 q 

Distilled water : 1000.0 ml 

For reservoir, 10% strength of this stock solution was used. 

Indicator solution s i% Bromophenolblue 

Etromophenolblue : 0.1 g 

Distilled waxter : 10.0 ml 

Destaining solution : 7'A Acetic acid. 

Slacial acetic acid : 70.0 ml 

Distilled water : 930.0 ml 

£-£>3-S Equipment used : 

The size of the cylindrical gel tubes used were about 10 cm 

in length with an inner diaxmeter of 5 mm. These tubes were 

fixed vertically in the electrophoresis running chamber, 

consisting prima\rily of the upper and lower chambers withi 

platinum electrodes. The upper and lower chambers were the 

buffer reservoirs. Arrangements were there to hold the qel 

tubes vertically in the upper reservoir and to make a link 

with the lower reservoir. The additional equipment comprises 

of electrodes, cables and a power supply unit (Systronics 

60^), gel casting rack, fluorescent lamp, micropipette with 



disposable tips, hypodermic syrinqe, needle, test tubes, 

incubator, elc-

2.S.3.3 GEL SYSTEMS AND THEIR COMPOSITION s 

Separation qel was prepared just before use by mujing 

reaoents 3n the following prcjpori ion (musinci intin v/v) : 

Stock solution A : 1 part 

StocI- solution C : f prxrtî ^ 

Dist 11 led watcn : 1 pat t 

StocI- i=;n]u1ion G : M pai ts 

Spacer gel system was pren-̂ rt-̂ d hv m i >! i nn tho -.tnrl scl-'ttnn 

in the followmq proportion (v/v) : 

Stock solution B : I part 

Stock BoJution D ; H parts 

Stock solution E : 1 part 

Htnel- '.solution F : ^ fiarls 

2.2-3.^ PROCEDURE : 

About l.'j ml (upto 7 cm i\\ Itniqth of Ihe qi-'] tubes) of . ( ht' 

separation qel system was poured inlo the qel tubes held 

vertically on a castmq i acK • i^Bre- wa<-i laJcn nol to H I I O W 

any air bubble in the qel column- A few drops of distilled 

watei were (. arelully layered above the se'paratjon qel 



systeni and left undisturbed tor about 3 hours to polymer 3 r:e-

After pul ymer ira t ion, the watei from tfiê  top of tlie qel 

column wast removed carefully and about 0-P ml (about ici-li cm 

iri ]enqth of (.he qe] tube) of the =>pace) qel system was 

poured carefully into the pel tube- A few drops of distilled 

water were again layered above this ge] system and the gel 

Lubes we)e left under fluotescent liqhl foi about P0 minutes 

lo polvmerize- Afte>r polymer i/at ion the layer of water was 

removed- The qel tubes were then fixed vertically as 

described by Uavis (i*96>^y) in the djsc electrophoi esis 

chamber- Ihe lower chamber of the apparatus was f]lied with 

1 I'l Ti J s-glycine <pH 8.;-J). Measui od quantity of fiesh 

tissues extract was directly poured ovier Ihe np.^cer qel 

system with the help of a mi cropipet te- cf&n 1 of exliact was 

found to be suitable^ 1oi separafjon of LUH, 10flnl foi AOH 

and G6PDH while JB-l̂ /j-tl extract was used 1 or separation o-f 

MDH- Ihe remainmq vacant part of the qel Lube was filled 

with the buffer used ior the reservoir avoicliny air bubbles-

The upper buffer chamber was filled with Iris-qlycine (pH 

B-3)- A drop of 1% Bromophenol blue solution was mixed m 

the upper buffer chamber in order to dcel ermine the time 

lequJied 1o»- the separatiort of dif-ferent i<=^onyme. ]bf< uppei 

buffer chamber was closed by placincj the electrode lid-
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The apparatus was then placed inside a refrigerator 

and the two electrodes were connected with a SyBtronic-6(i34 

power supply unit- The power supply switch was put on and a 

normal mode of current was allowed to flow- The voltage was 

set at SS0 volt and a current of 1-5 mA/gel tube was allowed 

for the first 10 minutes following which current was 

doubled. After the requisite time for the separation of 

protein samples, the current supply was cut off and the gel 

tubes were removed quickly in a tray containing ice-cold 

di!=>t.iiled water- The gels were taken out promptly by 

flushing cold distilled water with the help of hypodermic 

syringe and a needle- the gels were immediately subjected to 

specific treatment to obtain different isozyme patterns-

S.S.3.5 VISUALISATION OF ISOZYME PATTERNS : 

Gels were taken in different- test tubes containing specific 

staining (ni)t lures and were incubated for specific period-

Gels incubated without substrate served as controls. After 

the reaction the gels were washed and preserved in 7% acetic 

acid to make genetic interpretation-

Four isozyme systems were investigated using the following 

staining recipes : 
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A.Lactate dehydrogenase(LDH5 E-L- l-i-J-h?) : 

For stainmq seven gels the following mixture was prepared: 

1 M 'Ins-HCl s a-S ml 

1 N Lithium lactate : 0-5 ml 

NAD (Ei-nicotmama de adenine dinucleotide) : 80.0 mcj 

NBT <P-Nitroblue Tetrazolium Chloride) : ^̂ 1-0.0 mg 

PMS (Phena^^me Me^thosuJ phale) : l-E mq 

Distilled water : 47.0 ml 

The gels were incubated in the above solution at 37°C for 15 

minutefe violet coloured LDH bands were visualised-

B- Malate dehydrogenase (MDH; E . C 1.1.1-37) : 

Only 0-5 mi of 1 N malic ĉ cid was used as a substrate 

instead of Lithium lactate, rest of the staining solution 

remained as for LDH. 

C Alcohol dehydrogenase (ADHj E.C H - L l . ) : 

\l\t-i solution remains as for LUH excef)t that tfie subst ratf? 

has been substituted for 0.5 ml of ethyl alcohol. 
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D. GlucosB-6-phosphate dehydrogenase (G6PDH; E-C- 1.1-1.49) 

0.05 M Tris-HCl (pH S.0) 50.0 ml 

Glucose-6-phosphate 40.0 mg 

NADP E0.0 mg 

PMS 0.6 mg 

NET 15.0 mg 

The gels were incubated in the above mixture at 37° C for 15 

minuies. The hands were visualised in violet coJour-

S.e.4 HEAT INACTIVATION STUDIES OF ISOZYMES: 

In oi-der to distinguish between the different iscn'/me 

subunits, heat inactivation studies were performed far all 

the four dehydrogenases. The crude extracts after 

centrifuqaxtion were taken in test tubes and I ept m water 

baths at variable temperature for different isozymes: 

LDH - Temperature of water bathe 55°C - 65°C 

MDH - Temperature of water bathe 40°C - 45"C 

ADH - Temperature of water bathe S5°C - 30°C 

G6PDH - Temperature of water baLhe 60*'''C - 65°C 

Measured quantity of samples were taken after every 10 

minutes, loaded in the polyacrylamide gel tubes and 

subjected to electrophoresis in the usual manner. The (jels 
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were then stained for the specific isozyme- For convenience, 

tissues showinq high activity for the specific isozyme were 

selected for this esjperiment. LDH isozymes were tested for 

cardiac muscle and skeletal muscle extract, for MDH all the 

seven tissues were examined, ADH was tested only in liver 

tissues and G6PDH was tested m ail the tissues except 

skeletal muscle-

a.S.5 QUANTITATIVE ESTIMATICN GF PROTEIN : 

In order to determine the total protein content in different 

tissues of the frogs studied ,H preliminary estimation was 

made according to the procedure of Lowry et ai,-<1951): 

Principle : Protein when react with Folm-Ciocalteau, form 

a blue colour, the intensity of which at 750 nm is 

proportional to the amount of proteins present in a sample-

The final colour reactions are the bi~uret reaction of 

phosphomolybdic phosphotungstic reagent by tyrosine and 

tryptophan present in the treated protein-

REAGENTS s 

i) Stock solution A : IV, CuSO^ 

li) Stock solution B : £V* K-Na-tartarate 

iii) Stock solution C : B% Na£C03 in 0-1 N NaOH-
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iv) Folin-Ciocalteau reagent. 

0.5 mi of stock solution A was mixed with 0-5 ml of the 

stock solution B and the volume was raised upto 50 ml with 

stock solution C just before use- Commercially available 

Folin-Ciocalteau reagent was diluted with equal volume of 

distilled water just before use. 

Procedure : 5 ml of alkaline solution was added to 1 ml of 

crude protein extract, mixed thoroughly and allowed to stand 

at room temperature for 10 minutes. 0.5 ml of diluted F-C 

reagent was added and rapidly mixed. After 30 minutes, the 

extinction was read against an appropriate blank at 750 nm-

in a colorimeter. Protein concentration was determined after 

preparing a standard curve using Bovine Serum albumin. 
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slsctrcphcrstic patterns ot tour isozyme systems 

viz- Lactate dehydrogenase, Malate dehydrogenase, Alcohol 

dehydrogenase and qlucose-6-phosphcite dehydrogenase in the 

seven species have been studied from different localities 

(Fig.l. Table.3) in lleghalaya. 

3.1-1 Lactate dehydrogenase < Lactate 5 NAD 

OKidoreductasB, E-C. l-l-l-S?): 

(a) Hyla annectens i Specimens collected from two localities 

(Viz. Smit and Mawphlang) were studied. A classical five-

banded LDH isozyme pattern was obtained in the Smit 

population (F'ig.Sa; Plate 9a). Of the seven tissues gonad, 

kidney and heart showed closely spaced five bands of LDH 

with identical electrophoretic mobility in all these 

tissues. Only four bands of LDH isozymes were resolved in 

brain and eye tissue. The homotetramer B^ was not expressed 

in these tissues- Liver tissue exhibited a four-banded 

pattern represented by AAjAgBgjAjBg and B^ isozymes. The 

skeletal muscle tissue extract showed a single intensely 

stained band of A^ isozyme at the cathodal end. No other 

isozyme could be detected in this tissue-

Specimens examined from Mawphlang, however, possessed a 

single cathodal LDH band in all the seven tissues tested-

<Fig-Sbj Plate 9b). Comparison of relative mobility 
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indicates the band represents the A^ isozyme. 

<b) Poiypedates ieucomysfaxt Specimens were collected from 

four different localities (viz- Shillong, Jowai, liawhati, 

and Wi11iamnagar) for the present investigation. A five-

banded LDH pattern was obtaine?d for the species-

Specimens examined from Shi 1 long possessed all the five 

isozymes (Fig-3a; F'late 10a,b) in kidney , brain ., eye and 

liver tissues while gonad and heart presented only four 

bands, the homotetramer A- did not resolve in these tissues-

Skeletal muscle tissue showed only A^ and ^^^i isozyme 

bands. A five-banded LDH pattern was obtained in gonad, 

heart,(Fig-3g ,'Plate 10h) and 1iver<Fig -3h; Plate lOi) tissue 

of the specimens examined from Mawhati and in the heart and 

brain tissue of the specimens from Jowai (Fig.3i; Plate 

lOj). Less than five banded LDH pattern was observed in all 

the specimens examined from Williamnagar (Fig.3d,ej Plate 

10e,f) where all the seven tissues showed either two or 

three bands of LDH- A similar pattern was obtained in some 

of the specime>ns examined from Mawhati (F"ig-3f ,g ,h ; Plate 

1 (3g , h , i ) -

Tissuc?wise, gonad was found to possess either three, 

four or five isozymes in different, populations- However a 

two-banded pattern showing predominance of B^ isozymes was 
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obtained in the specimens tested from Williamnagar 

(Fig.3d,e; Plate 10e,f) and Jowai (Fiq.3i", Plate 10j). A 

single-banded pattern was also observed in some of the 

specimens examined from Mawhati. (Fig.3f; Plate 10g). 

Kidney tissue LDH was resolved into a five-banded 

pattern in the specimens examined from Shillong (Fiq-Sa; 

Plate 10a,b), two to three bands m the specimen from 

Williamnagar (Fiq.3d,e; Plate 10e,f), one to four bands m 

the specimens from Mawhati (F'lq .3f ,q ,h 5 Plate t0q,h,i) and a 

i wo-banded pattern ir. the ::pCw. i.T.cns <=̂-o'̂  Jowai <Fi r;-"̂i jP '--te 

10j) . 

Cardiac muscle tissue showed a maximum of four LDH 

iso;:yme bands in the specimens examined from Shillong 

(Fiq"3a;Plate 10a,b) Mawhati (Fig.3f,q,h; Plate 10g,h,i) and 

Jowai(Fig.3ijPlate 10j). Two to three bands were obtained in 

the specamens examined from Williamnagar (Fig.3d,o; Plate 

10e,f) while some of the specimens from Mawhati showed 

either one or two bands (Fiq.3f,g,h; Plate 10g,h,i). 

A five-banded phenotype in the brain tissue extract was 

obtained -for the specimens examined from Shillong <Fig.3a; 

Plate 10a,b) and Jowai (Fig-Si; Plate 10j)- In the specimens 

examined from Williamnagar (Fiq.3d,e; Plate 10e,f) and 

Mawhati (Fig.3g,h; Plate 10h,i) only Â ,A,̂ bĵ  and ApBg 
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isozymes were resolved. A single banded pattern was obtained 

in some of the specimens examined from Mawhati (Fig.3fp 

Plate lOg)-

Eye tissue LDH resolved into a five-banded pattern m 

the specimens examined from Shi 1 long<Fig.SajPlate 10a,b), 

three to four bands in the specimens tested from 

Williamnagar (Fiq.3d,e;Plate 10e,f> one to four bands m the 

specimens examined from Mawhciii (Fiq . 3f ,q ,li j Plate 10g,h,i) 

and a two banded pattern m the specimens from Jowai 

(Fig.3i; Plate 10j). 

Liver tissue showed a five banded isozyme pattern m 

the specimens examined from Shillonq (Fig-3aj Plate 10a,b) 

and Mawhati (Fig.3qjPlate 10h). Three to lour isozymes 

corresponding to A^,AgB^,AgBg and A.Bo were obtained in the 

specimens e;;amined from Williamnagar (Fig.3d,e; Plate 10e,f) 

and Jowai (Fig.3i; Plate 10j). In some o-f the specimens 

examined from Mawhati (Fig.3f,h; Plate 10g,i> a foui—banded 

or smgle-bandod pattern have been recorded-

Skeletal muscle tissue LDH showed predominance o1 _ Â ^ 

isozyme- A two-banded pattern corresponding to A^ and ^sBi 

isozymes were obtained in the specimens examined from 

Shillonq, Williamnaqar and Mawhati (Fiq-3a,d,B,g; Plate 

10a,b,e,f,h)- Specimens examined from Jowai , m addition 
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to AA and AgBj also possessed Â jBg isozyme <Fig.3i5 Plate 

lOj). Some of the specimens collected from Mawhati also 

showed a single banded pattern (Fig.3f,h; Plate 10h,i). 

More than the usual five-banded isozyme pattern was 

obtained in some of the specimens examined from Shillortq 

(Fig.3b,c5 Plate l(3c,d). All the seven tissues showed a 

multiple of LDH bands- Gonad tissue LDH was resolved into 

six to nine bands, kidney showed eleven bands, heart 

presented seven to nine bands, brain tissue showed nine to 

-twelve bands, eye tissue possessed siK to nine bands, liver 

tissue extract presented si;; to eleven bands and skeletal 

muscle tissue showed two to four bands of LDH isozymes-

c) Rhacophorus reznMardtiii Four populations (viz. Smit, 

Mawsynram, Jowai and Mawphlang) were studied to elucidate 

the LDH gene expression in the species. In general A^ 

isozyme was found to be the most strongly active in all the 

specimens e5!amined from the four localities- LDH isozyme in 

this species could be resolved into a maximum of four bands 

corresponding to Â ,̂ A^Bj^, A^Bg and B^ in the qonadal 

tissue of the specî ĉr̂ c; ccllcctpd from Smit (Tiq-^ui. i-xate> 

lid) and A^ , ÂE-fĵ  , ^'d^E ^'^"^ ^H ^'^ heart tissue of Mawsynram 

(Fiq.^a; Plate lXc-<; '.•.pec imens - In other populations as well 

cis in thiese two population most of the tissues presented 

only threp isozymes-
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Tissuewise gonad showed three isozymes of A^ '^3^1 "̂"̂  

ApBjj in the specimens examined from Mawsynram and Jowai 

<Fig.'^a,b; Plate 11a,b), a two-banded pattern of A^ and B^ 

in specimens from Mawphlang (Fig-4c; Plate lie) and a foui— 

banded pattern in the specimen from Smit (Fig«4d; Plale 

lid) . 

Kidney tissue LDH was resolved into A^ f^2^l "̂*̂  '̂ 2'̂ £ 

isozymes m the specimens from Mawsynram <Fig.4a;Plate 11a), 

A^, ^g^g =̂1̂*̂  "̂'4 '^^ 'the specimens from Jowai (Fig .4b ;Plate 

lib). A/̂  and E, ir. the -.pecz'^z-rc from 1"̂ -/̂ phl nng 

(Fig.4cjPlate lie) and A^ and AgBg m the specimens from 

Smit (Fig.4d!;Plate l i d ) . 

Cardiac muscle tissue showed predominance of B A 

isozymes. A fou)—banded pattern with A^ , ^ Q E ^ , A^Bp and 

Eî^ isozymes was resolved in the specimens collected from 

Mawsynram (Fig.4a; Plate 11a) and a three banded pattern 

corresponding to A. , ApB., and B. isozymes in the spt3cimens 

examined from Jowai and Smit (Fig.4b,d; Plate llb,d) while 

only A ^ and B ^ isozymes were expressed in the specimens from 

Mawphlang (Fig.4c; Plate lie). 

A three-banded isozyme pattern corresponding to A^ , 

AQBJ^ and ApBg was resolved in the brain tissue of the 

specimens tested from Mawsynram (Fin.4a; Plate 1 1 a ) , A^, 
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ApBp and BA in the specimens examined from Jowai (Fig.4b; 

Plate lib). Only two bands represt'̂ jnt inq A^ and B^^ in the 

specimens from Mawphlang (Fig.4c;Plate lie) and A^ and AgBg, 

were resolved m the specimens from Smit (Fig.4d;Plate lid). 

in 1 he eye tissue of specimens ejcamined from lic-iwsynram 

(Fig. 4a;Plate 11a) a three-banded isozymes pattern of A^, 

AgB^ and A/̂ Bg was resolved while only two bands of the 

iso-symes corresponding to f^^ and Eî  and A^ and ^^^B were 

obtained m the specimens examined from Mawphlanq and Smit 

respectively (Fig.4c,d;Plate lied). The specimen analysed 

from Jowai presented a four-banded phenotype (Fig.4b;Plate 

lib). Of the four bands, three correspond to A^, AgB̂ j and B^ 

while the fourth band showed a cathodal affinity and 

indicated a tissue-specific expression. Liver tissue LDH 

in the specimens examined from Mawsynram was resolved into 

A^n AgBj and A^Bg isozymes (Fiq.4a;Plate 11a), A^ and AgBg 

in the specimens from Jowai (Fiq.4b;Plate lib), A^, AgBg 

and B^ in the specimens from Mawphlang (Fig.4c;Plate lie) 

and A^ and AgBg in tlie specimens from Smit (Fig .4d; Plate 

lid) . 

bteietai muscle tissue snowed rnree isozymes viz A^, 

A^bj and AgBg in tho specimens from Mawsynram (Fig.4a; Plate 

11a), A^ and AgBg in the specimens from Jowai and Smit 

(Fiq.4b,d; Plate llb,d). OnJy A^ isozyme was resolved m the 



specimens from Mawphlanq (Kiq-''H-cf F-'lal-e tic). 

id)Rhacophorus maximuss Froqg irom diffprpnt localities 

(vi;:. Jowai r\nd Cherrapun 11 ) were coj lee led In c a n y out the 

investigation. The specimens showed a les's complex LDH 

pattern and in «icc+ t-^zzi.'-.z~, onJy * >"a han(J= o1 P>^^ and Ĥ ^ 

isozymes were obtained (Fig .f-j ;Plate I'd)-

Gonadal tissue LDH re-sjo I ved into two intensely stained 

bandi5 ol A^ and B^ isonymes m the specimeni:.-> from boU> I h(» 

population (Kig .ba ,b jp] a1 e lEa,b). Minor act. ivity uf '̂''3t'i 

itto-zyme was noted in I he specimens collected from 

Cherrapun ji. 

Kidney tissue extract showed a two-banded pattern 

similar to that of gonadal isozyme in the sp(?cimen& 

collected from Jowai (Fig.5a;Plate lEa), while a single band 

of Âî  isozyme was expressed in the specimens collF^cted from 

Cherrapunii (Fiq-bb;PIale 3 8b)-

LDH isozymes in the cardiac muscle tissue of the 

specimens from both the population resolved into two ma}nr 

bands of (\ and BA homote tr amers ( P iq .5a ,b ; Plate lcfa,'b). 

However, jri the spiecimens examined "f » om Cherrapumi the 

tissue also showed minor activity oi ŷ̂ -"*! "̂'̂  Ĥ''̂ 3̂ 

heterotetramers• 
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Brain tissue of the specimens from both the localities 

showed predominance of A^ isozyme and only little activity 

of ^3^1 heterotetrameric form in the specimens tested from 

Cherrapunji (Fig.5b;Plate ISb). 

Eye tissue also possessed a single cathodal band of A-

isozymes- The specimens collected from Jowai, however showed 

an additional lighter band representing B^ activity (f-ig.5a; 

Plate ISa). 

Liver tissue LDH resolved into strongly stained A^ and 

weakly stained B^ homotetramers in the specimens collected 

from Jowcii (Fig .5a 5 Pi ate ic:a>, whiie ciie specimens from 

Cherrapunji showed only the A, isozyme (Fig.5bjPlate ISb)-

Skeletal muscle tissue presented a single-banded 

phenotype of A^ isozyme in both the population- No other 

form of the isozyme could be detected in the tissue 

(F i g- 5a,b; Plate 1Ha,b)• 

(e) Amolops aYghanusi Six populations (viz. Nongkhlaw, 

Mawkaiaw, Wi11iamnagar, Smit, Shillong and Mawsynram) were 

examined to depict the LDH gene expression in the specimens. 

Number of LDH bands in all the individuals studied from the 

said populations varied from E~^> (Fig.6; Plate 13) 

homotetramers A^ and B^ showed the usual tissue specific 
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distribution an skeletal muscle and cardiac muscle 

respectively* 

Specimens e;:amined from Nonqkhlaw, Mawkaiaw and 

Shi 1 long showed a three-banded LDH pattern in the gonadal 

tissue corresponding to A^ , A3BJ and B^ isozymes <Fig. 

6a,b,c; Plate 13a,b,c). A fout—banded phenotype 

corresponding to A^ jA-gEu, Â B-j and LV was expressed in 

the specimens from Mawsynram (Fig. 6f; Plate 13f)- Two-

banded phenoLypes corresponding to A^ and B^^ isozymes in 

specimens from Smit (Fig.6df Plate 13d) and A^ and A-̂ B. in 

the specimens from Williamnagar (Fig.6cji Plate 13c) were 

also obtained. 

Kidney tissue LDH resolved into a maximum of four 

bands in the specimens examined from Shi 1 long and Mawsynrarn 

(Fig.6e,f; Plate 13e,f) the B^ isozyme being more 

intensely stained, A^, ^3^1 isozymes were moderately 

stained while AgBg took very light stain- Three bands of LDH 

corresponding to A^ , Â E'j and B^ iso;2yme5 were obtained 

in the specimens from Nongkhlaw and Mawkaiaw (Fiq.6a,b; 

Plate 13a,b). Only two bands of strongly stained A^ and 

weakly stained B^ were resolved in the specimens from Smit 

(Fj.g.6d; Plate 13d). 

Cardiac muscle tissue showed a predominance of anodally 
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migrating isozymes. A foui—banded pattern of A^, AgBĵ  , AgPg 

and B^ isozymes wore obtained from the specimens analysed 

from Nongkhlaw, Williamnagar and Mawsynram (Fig.6a,c,fj 

Plate 13a,c,f>. Specimens examined from Mawkaiaw, Smit and 

Shi Hong possessed two to three bands corresponding to AAK 

AgBĵ  and B^ isozymes (Fig.6b,d,e; Plate 13b,d,e). 

In the bram tissue LDH isozymes were resolved into 

three- banded pattern in the specimens analysed from 

Mawkaiaw , Shillong and Mawsynram <Fig.6b,e,ff Plate 

13b,e,f). These bands correspond to A^ n ^3^1 "̂'-' ^4 

isozymes. The specimens from Nongkhlaw showed the presence 

of AgBg isozymes in addition to the above three bands 

<Fi.g.6a; Plate 13a). Specimens examined from Williamnagar 

(Fig.6c J Plate 13c) possessed A^ and AgBĵ  isozymes while 

both AA and B^ isozymes were expressed in the specimens 

examined from Smit.(Fig-6dp Plate 13d). 

Eye tissue LDH showed a similar electrophoretic 

pattern to that of brain tissue in the specimens of 

respective populations. However minor activity of A3BJ and 

AgBg was observed m the population from Smit. (Fig.6d; 

Plate 13d). 

L i v e r t i s s u e p o s s e s s e d o n l y two isazymeis c o r i fcispui luiny 

t o A^ and A^Bĵ  in a l l t h e s p e c i m e n s examined from Nongkhlaw, 
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Mawkaiaw, Williamnagar <Fig.6a,b,c; Plate 13a,b,c)-- A Three-

banded LDH isozyme pattern was obtained for the other 

three populations- Specimens from Smit possessed A^, ^^^i 

and. AoBo isozymes (Fig-6dp Plate 13d), while specimens from 
* 

Shi 1 long showed A^, '̂ 3̂ 1 ^^^ ^i^ isozymes <Fig.6e|i Plate 

13e>- Out of the three bands obtained in the specimens 

from Mawsynram, two bands correspond to A^ and AgBj 

respectively, whereas the third band showed a different 

electrophoret-ic mobility and resolved most cathodal ly, 

thereby indicating a tissue-specific expression <Fig.6f; 

Plate 13f). 

LDH isozymes in skeletal muscle tissue showed a uniform 

pattern of two bands corresponding to Â^̂  and A^B. isozymes 

in all the populations except Smit- Out of the four bands 

obtained in the specimens tested from Smit (Fig.6e; Plate 

l£e), the most cathodal band correspond to A^ , two 

intermediate bands of low staining intensity correspond to 

AgBj and ApBg and the fourth most anodal band was the B̂ . 

isozyme. 

(f) Rana cyanophlyctis i Specimens collected from three 

localities (viz- Shillong, Jowai and Williamnagar) were 

examined to obtain the LDH gene expression• A typical five-

banded LDH pattern was obtained for all the tissues except 

skeletal muscle-

47 



Gonad tissue contained all the five isozymes. In 

comparison, the B^ isozyme was most intensely stained 

followed by AjiBg isozymes- The isozymes A^, AgB.. and ^P^P 

showed similar staining intensity <Fig. 73,5,c; Plate 

l-̂ -ajb ,c) -

Kidney tissue showed an LDH pattern of five isozymes 

similar to that of gonad- Both A^ and B^ isozymes showed 

identical staining intensity in the specimens tested from 

Shillong and Jowai <Fig- 7a,bj Plate l'^a,b). The A^ isozymes 

in the kidney tissue of specimens from Williamnagar was 

poorly stained <Fig.7cj( Plate 14c)-

All the five isozymes were expressed in cardiac muscle 

tissue, the B̂ . isozyme being highly active towards the 

anode- The isozymes A^ , AgB^, ^Q^Q sf̂ °wed relatively less 

staining intensities in the specimens examined from 

Wi 1 liamnagar (Fig-7c ; Plate lA-c). 

Brain tissue LDH resolved into a five banded pattern of 

the major isozymes- The isozymes A^ and A^B^ showed highest 

staining intensity followed by B^ and AgB^, the least be-ing 

the AjBg isozyme <Fig.7a,b,c; Plate 14a,b,c)-

In the specimens from Shillong and Williamnagar eye 

tissue presented a similar pattern to that of brain, with 
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respect to number of bands and staining intensities-

(Fig.7a,c5 Plate 14a,c). All the five isozymes were faintly 

stained in the specimens tested from Jowai (Fig-7b; Plate 

14b) . 

In the liver tissue all the homoletramers (Â ^̂  and B^> , 

and heterotetramers (AgBjiAgBg and AiBo^ were present- The 

specimens examined from Jowai (Fiy-Vbj Plate 14b) showed a 

six-banded LDH pattern- An intermediate band between A^ and 

AgPĵ  was resolved in the specimens- Moreover the 

heterotetramera AgBg and AgB^ were less intensely stained-

The isozyme Â^̂  was fourid to be liiqhly active xn the tissue. 

Skeletal muscle tissue presented a simple pattern of 

either two bands corresponding to A^ and A^B^ (Fig.7a,cj! 

Plate 14a,c) or a single band of A^ isozyme <Fig.7b; Plate 

14u) at xne caThoaal end- However a faint band of B^ 

isozymes was observed m the specimens tested from Shi 1 long 

(Fig.7£i; Plate 14a)-

<g) Rana nicobanensis i Individuals from three localities 

<viz- Mawkaiaw, Wi 11 lamnagar, and Mawhati) sltowed a uniform 

LDH banding pattern with five isozymes <Fig» Of Plate 15)'. 

Gonad LDH isozyme resolved mlo equally spaced i ive ba\nds 

in the specimens analysed from Mawkaiaw and Williamnagar 

(Fag. 8a\,b; Plate lGa,b)- The homotetramer A^ and 
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heterotetramers AgB^, ^p^p ^^d AjB^ were less intensely 

stained in the specimens tested from Mawhati <Fig.8cf Plate 

15c) . 

Kidney tissue showed a sidiilar pattern to that of 

aonad. The hBterDtclrr>.";r„crc A.E' an'̂  A.P!_ werra stained \/(=iry 

lightly in the specimens e);amined from Williamnagar and 

liawhal-i <Fiy.8b,c; F'late 15b,c). 

LDH isozymes in cardiac muscle resolved into a five-

banded pattern, the B^ isonyme being highly active- The A^ 

isozyme could not be detected in the specimens examined 

from Mawhati <Fig.8c; Plate 15c). 

An equally spaced five-banded phenotype was obbained in the 

brain tissue extract. Both the homotetramers A^ and B-

showed similar activity, of the heterotetramer A^B, showed 

highest staining intensity (Fig.8a,b,c;Plate 15a,b,c). 

Eye tissue presented a similar isozyme pattern to that 

of brain tissue . The isozymes Â . and ^-q^i being most 

intensely stained than the other isozymes (Fig. 8a,b,c;Plate 

15a,b,c ) . 

Liver showed a similar five-banded LDH pattern m the 

specimens tested from Williamnagar and liawhati (Fig.Sb; 

Plate 15b> while specimens collected from Mawkaiaw showed 
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only three bands, heterotetramers A^Bo and Aj Ei-̂  were not 

detectable (Fig- Sc; Plaxbe 15c). 

Skeltstal muscle tisst.ie e/!tract presented a simple two banded 

LDH being composed of A^ and A^B^ isozymes, in the specimens 

analysed from the three localities. (Fig. 8a,b,c; Plate 

15a,b,c) . 

3-l.S-Waiate dehydrogenase i L-malate NAD D>; idoreductase, 
E. C. 1 . 1.1 - 37) . 

(a)Hyla annectens: All the seven tissues-of the specimens 

analysed from two populations (viz.Smit and Mawphlang) 

revealed only two bands of MDH with almost equal staining 

intensities <Fiy.9af Plate 16a>. The most cathodal band was 

designated as Ap and the other as Bg fraction respectively. 

<b)Polypedates leucomystax: All the seven tissues of the 

specimens examined from four localities (viz- Shjlloruj, 

Jowai, Mawhatij Wi11iamnagar) showed similar staining 

intensities (Fig. 9b;Plate 16b). MDH was resolved into a 

less anodal relatively condensed band and a more anodal much 

diffused zone-

(.c)Rhacopborus reiriwarcftii : Out of seven tissues of the 

specimens analysed from four populations (viz. Smit, 

hawsynram, Jowai, and Mawhati) skeletal muscle and liver 
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showed a three-banded pattern (Fig.9c5 Plate 16c), other 

tissues showed only two bands while gonad sMDH was resolved 

as single more anodal band. 

<d) Rhacophorus maximus s A two-banded phenotype of s-MDH 

was observed in all the seven tissues of the specimens 

tested from Jowai and Cherrapunji. The bands showed similar 

staining intensities except liver tissue where both the Ag 

and Bg fractions took deep stain <Fig- 9d; Plate 16d). 

<e) Amoiops afghanus i Tissue s-MDH was resolved into 2-3 

banded pattern . Gonad , brain , eye and skeletal muscle 

tissue s-MDH were found to be composed of two bands while 

kidney, heart and liver tissue s-MDH resolve?d into a three 

banded pattern (Fig- 9e; Plate 16e)• 

(f) Rana cyanophiyctis i A three - banded phenotype was 

observed in all the tissues of the specimens tested from 

different populations <Fig. Si'f p Plate 16f) • However the 

staining intensities of the isozyme was found to be very 

less in muscle tissue. 

(g) Rana nicobariensis t All the tissues except kidney and 

liver showed a single-banded s-MDH pattern (Fig.9gj Plate 

l'5g). In the kidney a very faint band close to the B,.-j 

homodimer could be seen and liver tissue extract presented a 
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cathodal band in addition to the BQ anodal band. 

3.1.3. Alcohol dehydrogenase (Alcohol : NAD-0>! idoreductase, 
E . C - 1 . 1 - 1 . 1 . ) : 

<a) Hyla annectens i Out of the seven tissues of the 

specimens collected from Smit and Mawphlang only liver and 

kidney tissues showed ADH activity (Fig.10a; Plate 17a). In 

the kidney tissue a single band of ADH with moderate 

staining intensity and slightly faster mobility towards 

anode was obtained • Liver tissue also showed a single ADH 

isozyme of high activity with less anodal migration in 

compi^rison to the kidney isozyme. 

(b) Polypedates leucomystax: Kidney and liver tissue ADH of 

the specimens from all the four populations (viz. Shillong, 

Jowai, Mawhati and Wi11iamnagar) presented a single banded 

isozyme pattern. The kidney isozyme showed anodal affinity 

and was faintly stained- In the liver tissue ADH was 

intensely stained and migrated slowly towards the anode 

(Fig.10b;Plate 17b). Other tissues did not show any activity 

for ADH. 

<c)Rhacophorus reinuardtxis A similar pattern of ADH isozyme 

to that of P.leucomystax was found to occur in the species 

(Fig.10cfPlate 17c). ADH isozyme being resolved in the 
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kidney tissue as a faint anndally riiiqratjnq band at^d <•» 

deeply stained less anodal ban(J m tlie J ivei t i w5->ue uf I he 

species collected from all thie tour localities (viz:. Smit, 

Mawsyrn~am, Jowaa and Mawphlaitq)-

(.d)Rhacophorus mavxmus: ADH isonyaie of the specimens 

collected front Jowai and Cherrapiin 11 presented identical 

pattern. ADH activity was obsetved only in kidney and liver 

lisr>ues <Fiq. 10d; Plate IVd). A s m q L e ADH was resolved in 

the kidney tissue. Livet exhibited a two-bancJed isoryme 

pattern. Out o1 the two be^nds, orte band was laintly stained 

and resolved cathodally while the other stained deeply and 

showed sanie inobili ty to that of (he ^ idney 3=iOi:ynie« 

<.s)Amolops BYghsnus i ADH isozymes of the species collected 

from SIX djfferertt loca J j I if>?.> <vi:^. Nonqnilaw, Hcnwkaiaw, 

Wi 11 lamne^qar, Smit, fahillonq and Mawsynram) showed a uniform 

pattein- Unly t idn(?y and I j VCM- I ISSU«' ADH Lould be < e'iolved 

<F ig. 10e fPlatt:* 17e>- I- idney showed two banded pattern, one 

band was very family stained and hjqhly cathodal, while ttie 

other was moderately stained and showed a faster anodal 

iniyration. In i\\o liver tissue only one intensely stained 

band of ADH was resolved. Ttie livei ADH showed a slow anodal 

miqralion t lian that of (he 1aB(er anod.Hl ADH i<Ho.'yme of 

k idney. 
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(f)/?ana cyanophlyctisi Ail the specimens analysed from the 

three localities (viz- Shillong, Jowai, and Wi11iamnagar) 

exhibited an identical ADH banding pattern- Except kidney 

and liver ADH activity was not observed in other tissues-

Kidney showed a single isozyme band with very fast anodal 

migration- In the^liver two bands of ADH was resolved- One 

of the band was resolved cathodally while the other moved 

faster towards the anode- However the faster anodal ly 

migrating liver ADH was not as fast as the kidney isozyme 

(Fig.lOf;Plate 17f)-

(g)/?ana nxcobariensis s Specimens collected from three 

localities (viz. Mawkaiaw, Mawhati, and Wi11iamnagar) 

exhibited the same ADH pattern- In the kidney tissue ADH 

resolved into a single band of moderate staining intensity-

Liver tissue exhibited a two banded phenotype- Out of the 

two bands a more cathodal band was intensely stained while 

the other less cathodal band was moderately stained-

Comparison of the relative mobilities indicate the less 

cathodal isozyme of kidney and liver are same (Fig - l(3f ;Plate 

17f)- ADH activity was not detected in other tissues. 

3-1-^-Glucose—6—phosphate dehydrogenase (D-Glucose-6-
phosphate : NADP~oxidoreductase, E-C- i.1.1-49). 

(a\)Hyla annectens z Specimens collected from Smit and 
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Mawphlang presented t.ho sspimp* bandina pattern <Fig - 1 la jPlate 

18a). Heart, kidney, brain and eye tissues possessed single 

G6PDH" In the gonad and liver two bands were observed. A 

faint band of the isozyme was resolved in these tissues 

cathodally in addition to the band observed in other 

tissues. Skeletal muscle tissue did not show any activity of 

the enzyme. 

(b)Polypedates leucomystaxt Four populations (viz- Shillong, 

Jowai, Mawhati, and Wi11iamnagar) were analysed to study the 

G6PDH isozyme pattern of the species- Specimens showed 

identical results (Fig.lib; Plate 18b). A single-banded 

pattern of G6PDH was observed in kidney, heart, brain, eye 

and liver tissues. No activity was recorded in skeletal 

muscle. In the gonadal tissue two bands of G6PDH were 

resolved. Out of these one correspond to the isozyme found 

in other tissues while the other, more cathodal took deep 

stain. 

(c)Rhacophorus reinuardtii s All the specimens analysed from 

four localities (viz. Smit, liawsynram, Jowai and Mawphlang) 

exhibited single band of G6PDH in gonad, kidney, heart, 

brain tissues (Fig-1Ic;Plate 18c). In the eye tissues two 

bands were resolved, one band was faintly stained and 

resolved at the cathodal end. The other being less cathodal, 
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deeply stained and correspond to isozyme found in other 

tissues in its relative mobility. Liver also possessed two 

isozymes, of which one strongly stained band resolved 

cathodally corresponding to isozyme found in other tissues 

and a faint band moved faster towards anode. A similar faint 

band was also resolved anodally in the skeletal muscle of 

the species. 

<d)Rhacophorus maximus s A single-banded 66PDH isozyme was 

observed in gonad, kidney,; heart, brain and eye tissues of 

the specimens tested from Jowai and Cherrapunji. The band 

resolved cathodally. In the liver tissue the band was most 

intensely stained. In addition liver also showed a fast 

anodally migrating band similar to that of, R.reiTiMardtii-

This band was also found to occur in the skeletal muscle 

(Fig.lid; Plate 18d). 

(e)AmoIops a-fghanus: A single band of G6PDH isozyme was 

resolved in gonad, kidney, heart, brain, eye and liver 

tissues. Skeletal muscle did not show any activity of the 

isozyme (Fig.lie; Plate 18e). The activity was found to be 

highest in liver followed by kidney tissue- The pattern was 

uniform for all t-ho specimens an;:\iyc:ed from different 

populations (viz. Nongkhiaw, Mawkaiaw, Wi11iamnagar, Smit, 

Shi 1 long and Mawsynram). 
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<f)/?ana cyanophlyctis s Specimens analysed from Shillong,, 

Jowai and Williamnagar showed similar G6PDH isozyme pattern 

<Fig.1 If;Plate ISf)- Gonad, heart, brain and eye tissues 

possessed single isozyme- In the kidney and liver a two-

banded phenotype was observed- Out of these two bands one 

band was deeply stained and correspond to the isozyme in 

other tissues. The second band was faintly stained and 

resolved more cathodally- In the skeletal muscle G6PDH could 

not be detected-

<g)Rana nicobariensis: Uniform result was obtained for 

specimens obtained from Mawkaiaw, Williamnagar and Mawhati 

<Fig-llg; Plate 18g)- Single band of G6PDH was observed in 

gonad, heairt, brain, eye and liver tissues. In the eye and 

liver tissues the band was intensely stained. Two bands of 

the isozyme were recorded in the kidney tissue, one 

corresponds to the isozyme found in other tissues and was 

intensely stained. A second faint band was resolved in the 

tissue more cathodally. Skeletal muscle did not show 

activity for G6F='DH. 

3.a. Thermostability studies : 

3.E-1. Lactate dehydrogenase s Heart and skeletal muscle 

tissue sample incubated at 6(a°C for 10 minutes when analysed 
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eiectrophoretically showed no band at the cathodal end 

indicating the loss of A^ isozyme. When samples were 

incubated at 65°C for 10 minutes, the anodal bands 

disappeared, which implied the denaturation of B. isozymes-

Single banded phenotype obtained in some of the specimens of 

P^Jeucomystax (Fig.3f; Plate 10g) and H.annecter/s (Fig-Sb; 

Plate 9b) when subjected to such test showed stability of 

the isozyme at the lower temperature and the activity starts 

declining at 60°C. This clearly indicated that the isozyme 

was A^. 

3.S.S./7aiate dehydrogenase ilhe heat inactivation tests 

applied to s-MDH isozymes in the tissue of seven species 

suggested, as commonly found in other vertebrates, that the 

Ag dimer is thermostable than the Bg fraction. 

3.S..3. Alcoho I dehydrogenase I Kidney and liver tissue sample 

incubated at 50°C for 10 minutes when analysed for ADH 

activity showed no bands indicating total denaturation of 

ADH-

3'B-^-GIucose-6-phosphate dehydrogenase tJi&suB sample showed 

G6PDH activity upto <^0°C. The activity diminished when the 

temperature was increased to ^0°C. 
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3.3. TOTAL PROTEIN CONTENT ANALYSISs 

A liU'A tissue extract analysed for the seven tissues revealed 

that the concentration of proteins was highest in the 

skeletal muscle tissue followed by liver tissue extract. 

Rest of the tissues showed a moderate concentration of 

protein, the least being the gonad-
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^.1 LACTATE DEHYDROGENASE < LDH 5 E.C-1.1.1 -S7) 

Lactate dehydrogenase isozyme has proven to be extremely 

useful in the comparison and characterisation of multilocus 

protein systems- The enzyme play important role in the 

carbohydrate metabolism, catalyzing the reactions of the 

lactate OKidation as well as pyruvate reduction. During 

anaerobic periods when the Krebs cycle is 

inoperativejpyruvate is converted to lactate by LDH with a 

concomitant production of NAD- This oxidation of NADH to NAD 

allows glycolysis to continue, which in turn permits the 

continued production of ATP for energy (Whitt et aji'.,1973)-

The isozyme has been reported to be of common 

occurrence in all groups of vertebrates (Markert and 

Ursprung, 197̂ +) - In vertebrates the ubiquitous enzyme has a 

tetrameric structure with a total molecular weight of 

140,,000 <Darnall and Klotz, 1975) and exists in several 

molecular forms-

The LDH polypeptide subunits in vertebrates are encoded 

in at least two codominant loci (liarkert, 196H; Shaw and 

BartD|,1963 and Cahn et aI-,196E)' The two corresponding 

types of polypeptide subunits produced a.re designated A^ and 

Eî^ <Markert, 196S) , which upon association generate five 
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tetrameric isozymes- These five functionally active 

molecular forms are designated as LDHj == B^, LDHg = AjBo, 

LDHg = AgBg, LDĤ ^ •= AgB^ «̂ nd LDHtj = A^. These isozymes 

differ in net charge and thus can be separated by 

electrophoresis. In mammals, birds, reptiles and amphibians 

the B^ homotetramer has the greatest neb negative charge, 

and consequen l"ly migrates rapidly towards Uie anode. The 

same is true for most fishes, but a significant number 

nhowpd a reverse mobility (harl-ert and f-au I haber, lV65f 

Chatterjee and Dhar,1985). The A^ isozyme predominate m 

tissues which undergo anaerobic glycolysis, such as the 

skeletal muscle whereas B^ isozyme is the major form found 

in tissues with an aerobic metabolism like the heart (Wilson 

et a/.,1963). Some vertebrates possess a third LDH, which m 

mammals and birds is called C~isozyme and is expressed only 

in spermatocytes Ooldberg,197S, Zinkham et ai.,1969). The 

C^ isozyme have also been found in many bony fishes (M^vrkert 

e^ a/.,1975). The tissue specificity of LDH-C gene 

expression is very broad in lower bony fishes and is found 

in heart, gills, liver, spleen, kidney and gonads- In more 

advanced toleosts the gene has a very restiicted expression 

to neural tissues such as the eye and brain, where it is 

designated as E^ (Lush et a/., 1969; Whitt,1970). In Crddida 

the C- isozyme is predominantly synthesized in liver 



designated as F^ (Sensabaugh and Kaplan, 197S)• Shaklee et 

a/••,(1973) have shown that the eye specific Ê ^ and the liver 

specific FA are coded by the same locus C which exhibits 

tissue specific expression. A kidney specific K^ eMpression 

of the C gene has also been found in Indian catfishes 

<Chatterjee and Joseph,1988). In electrophoretic separation 

the liver specific <F^) and the kidney specific <K^) LDH 

isozyme are found to be resolved cathodally while the eye 

specific (Ê )̂ possess more net negative charge and migrates 

anodally« 

Little is understood about the metabolic significance 

of Ĉ;̂  isozyme and the heterotetramers <ApBp, ^2^1 "̂*̂  ̂ I'^S^" 

However it has been postulated that the retinal if.. is 

involved in the regeneration of rhodopsin in the 

photoreceptor cells (Nakano and Whiteley,1965)• One of the 

characteristics of the mammalian C-type LDH is their ability 

to utilize a-ketogluterate as a major substrate (Bchatz and 

Segal,1969), this reflect a specialized need for the isozyme 

in the metabolism of mammalian spermat.ocyte?B. As regards the 

heterotetrameric hybrid forms of A^ and B̂^̂  types, it may be 

speculated that a tissue whose metabolism is intermediate 

between that of heart and muscle tissue may function best 

with a mixture of both types of lactate dehydrogenase. 

A variety of LDH banding patterns has been observed in 
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the presently studied frogs. Each species presented a 

distinctive pattern with respect to tissue specificity and 

mobility of the isor:ymes on the polyacrylamide gel- The 

tissue specificity of the patterns manifests itself m the 

predominance of acidic isozymr-s of the hearf , and the 

predominance of basic or.c^ ir. ̂ r'clctr.l .r.̂ tscle and I* vet in 

all the tested species- Among the three Ranid species, two 

(VIZ./?-ni CO dan ensis and R.cyano phlyc t is) were found to 

possess all the five isonymes in their tissues except 

skeletal muscle where the homotetramer Â_|, and only one 

heterotetramer (^;2^i were expressed- The other Ranid species 

(viz-/?, afghanus) however showed a deviation from classical 

5-banded pattern and a maximum of ^ bands could be resolved-

The heterotetramer A^B^ was not detected in any of the 

tissue examined from the different population- The species 

however possessed a highly cathodal tissue specific band 

resolved in the liver (Fiq-6f; Plate 13f) tissue of Uie 

specimens examined from Mawsynram (East Kha&i Hills), a high 

rainfall area- Studies on the Ranid species by earlier 

wort'ers have also showed a similar pattern of S-isozymes in 

various tissues- (Moyer et ai.,1968; Case et ai-,197'j; 1978; 

Lakshmipathi et ai-,19805 Chatterjee and Prakash,1990)-

Table ^ represents a compiled list of Ranid species examined 

for LDH isozyme pattern-
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TABLE 4 ! No. of LDH bands observed in Ranid species 

Species Maximum Reference Ma>! imum 
No. of bands 

Rana gryllio 

R.temporaria 

R.catesbiaria 

R.clamxtans 

R.aurora 

R, palustr X s 

R. pipieris 

R.septentr ionalis 

R.wjrgatipes 

R.sy lu-at ica 

R,boy lei 

R.esculanta 

R^inuscosa 

R .preiiosa 

R. tetrahumarae 

R,cascadae 

R.hexadactyla 

R.t i gr i n a 

R.Iimnochar is 

R.Ti icobar iensis 

R. cy an o phIy c t is 

Amolops afghanus 

a 

8 

3 

3 

6 

E5 

18 

3 

Wright et ai.,1966 

Chen, 1968 

Moyer et al•,1968 

Case, 1975 

Case, 1978 

Lakshmipathi et ai-, (19813) 

Chatter jee and Prakash (19913) 

Present study 
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(he Situation in the tsliacapho) sdae seems 'o be more 

complicated. Various number of bands ranqinq fro(n one to 

Iwelve have been found" In /?, )-f> uiMrHi-'J 11 i Â_̂  is 

predominantly e;; pressed m all the tissues- The 

hfHerotet ramer ^̂ î -'a showed no activity 3n any specimen 

eiicept qonad in one population (Fiq-^d; t'Jate lid). h-urther 

the eye tissue presert+ed a cathodal t issue-'^^pec if ic band in 

the specimens examined from Jowai (F iq-4b ;F-'I a te 3 1b). 

Rhaco phor uz- ma\imu:s, pon'=>essed only two homotot r amer ic A-

and B^ isozymes. No heterotetramenc form were found in any 

of •! he tissues of the species, the occurrence of only two 

bands (Â ^ and B^ ) have also been found in the urodales, 

Iritarus <f-aulhaber and L anqe--Lyi"a, 19~'B), Di'smoc/nathiis 

(ShonLz, 1968) and m Rana teniporaria (Giamqer and funz, 

1966) with no hybridisation between tht̂  polypeptides-

Po lypedates leucomy B <:a\' showed a great variation of LDM 

pat-tern from diffeient populations and even within the same 

population. The specimens ejtaminod f i om ShilJonq presented a 

classical five-bartded phe^notype though some of the specimens 

possessed nine to twelve Ll)H bands m different tissues 

<Fiq.3c,d5 Plate 10c,d). Occurrf->nce of such multiple bands 

than the usual five have been reported m Xenopus laei.'is by 

a number of workers <li\nz and hlearn, 1967; Cla/comb and 

V i U e e , 1971; lunz, 1973; Faulhaber and Lanqe-Lvra, 1978). 
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Hyla annecteris f showed two types of LDH pattern from two 

different, populations, one papulation (Smit) presented a 

typical closely spaced five bands (Fig-SajPlate 9a) while 

the other showed only a single band (Fig-Sb;Plate 9b) in all 

the tissues. 

Similar studies in f ? shes have revealed thf̂ t they "̂ ay 

contain one, two, threei, four, five, or many 

electrophoretical ly distinguishable isozymes of LDH (Markert. 

and Faulhaber, 1965; Achaval, 1984). Although the A^ and B-

Bubunits have different amino-acid composition but are 

homologous, because they interact to form active tetramers 

in t^itro and in t'ii/o (Markert, 1963; Chilson et a/., 1963, 

Markert et ai.,1975). The binomial distribution of five 

isozymes have been reported in many vertebrates including 

frogs (Moyer et a/.,1968; Vonwyl and Fischberg, 1980; 

Chatterjee and Prakash, 1990). In the present investigation 

an identical result was obtained for Rana cyancphlyctis, 

Rana nicobariensis and certain populations of Polypedates 

leucomystax (Fig.3a,b;Plate 10a,b) and Hyla annectens• 

(Fig •Sa;Plat.e 9a). Further, in one population (Mawhati) of 

P. leucomystaxf a five-banded pattern was obtained in heart 

and liver (Fig.3g,h;Plate 10h,i) while other tissues 

possessed one to three bands. The classical five-banded 
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pattern with identical electrophoretic mobility obtained for 

Rana cyariophlyctis and Rana n icobariensis in different 

populations reveals a homozygous state of the loci coding 

for LDH (Fig.7a,b,c;Plate 14a,b,c and Fig.8a,b,cjPlate 

15a!,b,c). Occurrence of all the five isozymes in most of the 

tissues (except skeletal muscle) of the specimens analysed 

from different localities indicate a greater demand of 

energy derivation utilizing both lactate and pyruvate as 

substrates. Rana cyanophlyctis is a non-hibernating, water 

frog and is commonly referred to as 'water skipper' because 

of its powerful diving habit- The capability of prolonged 

under water survival as well as occasional swim to the 

surface may be related to the tissue distribution of LDH of 

the species. Rana nicobariensis, on the other hand is a 

terrestrial frog available in warm humid climatic condition 

at lower altitude. During breeding season these frogs leap 

across the land in search of suitable water bodies. Further 

at lower altitude the environmental temperature is high and 

fluctuates diurnally. Thus at higher temperature under 

conditions of low ambient oxygen tension and high metabolic 

rate, as pyruvate levels increase, A^ isozyme i® most 

active, enabling the frogs to maintain a high level of 

anaerobic metabolism. At lower temperature oxygen 

availability probably increases and B^ isozyme become 

active, allowing pyruvate to be aerobically oxidised. 
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Therefore the balanced catalytic requirenient of A and B type 

of LDH Esubunjts in the &piecie& could be enhanced by the 

thermal modulation-

A similar explanation to that of W, nicobariensis could 

be extended to the five banded LDH pattern observed m the 

upf.'camens of Po lypedaies leucomystas (Fiq .3a jp late 10a,b) 

and HylB annectens (P ig-cia jPlate 9a) » These frogs are 

arboreal] in liabit and exhibits active miqratiun luCnlly 

during breed]nq season-

However, ttie bir^omiai distribution of the five isozymes 

IS not of universal occurrence in many vertebrates. This 

impJies thai the A and H subunit<b do not randomly H!i>sociate 

in tetramers either because of the primary structure of the? 

subunits or because epigenetic meclianisms that operate in 

order to restrict the association of subunits or because of 

the evolutionary divergence of subunits A and F{«̂ <M̂ xrl"erl and 

Faulhaber, 1965; Marlert, 1968). A similar'' non-binomial 

dist> jbution of the isozymes have been observed in some of 

our frogs viz- A, afghanus, R. re irn^ardt 11 and R. maximus-

Less than the usual five LDH isozymes have also been 

re^ported m a number of frogs by numerous workers (Dpssauer 

t'i ai.,1977; Wriyhi and Hoyer, 1966; Lal'<=ih((>ipat h i &t 

di-,19a0; Moyer et ai., 1968; Case, 197B). 
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The iwo-banded pattern as observed in gonad, kidney and 

cardiac tissue of R, maximus was formed probably by the 

presence of bwo homopolymeric A^ and B. isoriymes and the 

absence of the ejtpected hoteropolymers. 

This clearly indicates that both the loci coding for 

LDH were active m gonad, I- idney and heart tissues of the 

specimens analysed fiom Jowai (Fig.5a;Plate lEa) and gonad 

and heart tissues of the specimens from Cherrapunii 

(Fig-bb; PI ate lEb). Minor activity of B̂ ^ isozyme was also 

noted m eye and liver tissues of the specimens from 

Cherrapunji m addition to the strongly expressed A^ 

isozyme. Though Cherrapunji receives a higher rainfall 

compared to Jowai, the ecological cortditions seems to be 

otherwise identical in both the places with large scale 

delorestation and mining o1 coal and limestone in the 

surrounding areas- Perhaps these factors coupled with their 

physiological adjustment resulted gonad, 1- idney; heart and 

to certain extent eye and liver tissues to utilise both 

lactate and pyruvate as substrates 3n energy metabolism. 

Other tissues, on the contrary are subiected lo anaerobic 

glycolysis utilising only pyruvate (Holmes and liarkert, 

lV(by> . 

In Rhacophorus reiuMardtii Â _̂  is p i e d o m i n a n t ly 
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>̂'prpic;HF»rl in <=»3 1 rnp* ri<=5<nuf=s. Tne hfetehatet rcinifr A-i3.% showed 

no activity m any tissues except qonad of the specimens 

cu><->lyfa>e>d from Smit (1-j q .'̂ d jl-'laie 1lcl). Mawsynram receivers 

Ihe highest rainfall m the world, the biota consist of 

dense temperate forests with relatively less human 

influence. A similar condition prevails m Mawph1ang, though 

the rainfall is not as hjqh as Mawsynram- The specimens of 

R, rexTiMBfdti I collected from these two places as well as 

from Smil and Jowai showed predominance of Â ^ isoeyme 

followed by A^B^ and AgBp m their tjssties (Fiq • ̂ a ,b ,c ,d ; 

Plate ila,b,c,d). However qonad <A{\d heart tissues of the 

specimens from Mawphlanq and Sinit also showed the activity 

of B^ and ^p^2 -isozymes (Fiq.4c ,d jiPla te llc,d). 7he Lî  

isozyme was also strongly expressed m the heart tissue of 

the specimens tested from Mawsyni am <Fiq •'̂ a jPlate 11a). This 

restriction of b qene expression in all other tissues of the 

specimens reflect that they aie dependant on anaerobjc 

g]ycolysis for deriving energy (Marker t and flolmes, 1969). 

The absertce of the heterotet ramers A ^ B Q in these fvoqs could 

be the result of restricted subunit assembly (Whitt, 1970) 

or an instability of the asymmetrical heteropolymer <Shaklee 

et ai.,1973). Further the specimens analysed from Jowai, 

ptesented an additional cathodal band close to A/̂  band in 

the eye tissue (Fig.^ib; Plate lib). From the ecoloqical 

point of view, Jowai with jts mndc-i a1 e lairrfall, temperature 
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and subtropical forest cover constitutes an ideal liabitat 

for amphibians - However the l€.wel of environmental 

pollution (No data available) seems to be hiqh due to 

deforestation and unscientific means of coal mining 

activities in the surrounding areas- Thus in absence of the 

B gene expression this additional isozyme perhaps, plays a 

role in the visual physiology, as have been postulated for 

eye-sp£^cif ic LDH iso;:yme of C gene ejipression in fishes 

(Nakano and Whiteluy,1965; Chatlerjee and Dhar,lV8^). Iha 

Kanid froq Amoiops afghanus analysed from six djfferenl 

localiljes presented a ma;:imum of three to four bands with 

restricted &ubuni-( assenibly (Whitt, 1970). The 

heterotetramor A•Bq was not formed in any tissue of the 

spef.imL'>ns (f-1 q-6;Plate 13), while i he isu:3yme (̂ ytĴ  showed 

minor activity m certain populations (Fiq.6a,c,e,t; Plate 

L3a,c,e,f). The live) tissue at the specimrMTS collected from 

Mc*wsynram possessed throe isozymes of I DH - Out ol'', these, two 

taandn correspond to A^ and A3B2 while the ^third band 

re'solved much cathodally aind showed a tissue pi eferenco-

Similar liver specific cathodal isozyme have been reported 

in fishes (Klose et aZ.,19ifi95 Shakloe ei ai»,1973). The 

occurrence of this additional isozyme was probably of qreat 

physiological imporlance to l he frogs inhibiting a hjqiilv 

humid niche- The B locus being inactive in the tissue. 



predominance of A^ isozyme along with the additional liver 

specific isozyme provided the frogs with greater metabolic 

precision• 

Specimens of P. leucomystax analysed from Mawhati and 

Williamnagar having a higher ambient temperature, however 

exhibited a restriction in heteropolymer assembly in their 

tissues <Fig .3f j,g ,h i; Plate i0gj,hj,i; and Fig.3dj,e; Plate 

10e,f). This restriction could be perhaps either due to a 

function of their physiological adjustment thereby 

eliminating the need of the isozyme or instability of 

heterotetramer <Shaklee ef ai-,1973). 

Our observation of a single banded LDH pattern in one 

population of each of P. ieucomystax and H. arinectens is 

comparable to the most primitive form in lampreys where only 

Aij isozyme occurs (Wilson et ai > ,196^; Whitt et a i., 1975). 

Occurrence of a single band towards the Ccithodal end in 

these frogs suggests that the isozyme is a basic form of LDH 

^^i^^ ' '̂''® single banded pattern of Hyla annectens 

(Fig.£bjPlate 9b) as confirmed by thermostability test as 

well as observation of relative mobility of the band to be 

composed of AA isozyme only- This raises a vital que<=i+'ion 

regarding the functional significance of the isozyme in the 

specimens because the same species when tested from Smit 

showed all the five isDzymes(Fig-Ha;Plate 9a) in gonad, 
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kidney and heart tissues- The restriction of the B gene 

expression in the specimens from Mawphlang may be attributed 

to the local ecological conditions- The place is marked by 

its high rainfall and mixed evergreen "sacred grove". The 

average temperature remains constant in summer. The other 

locality vSmit) on the other hand lies at an higher 

elevation, receives low rainfall, high wind velocity and 

frequent temperature fluctuation. The single banded pattern 

of P. leucomystax (Fig.3f; Plate lOg) however was different 

than -that of H. anriecteris • Heat inactivation studies 

revealed that the isozyme A_̂  was rc^solved in kidn<=y, ^ye, 

liver and skeletal muscle. However the relative mobility of 

the band in gonad, heart and brain showed a less cathodal 

affinity of the isozyme in these tissues- We presume that 

subunit composition of this isozyme in these tissues was 

A3B1 . 

The occurrence of only A gene activity with a sharp 

reduction of the B gene expression have been reported in 

many advanced teleosts (liarkert et a/., 1975; Whitt et 

ai",(1775) claimed that the LDH from American brook lamprey, 

possessed only AA isozyme- However Agata'Dell et a/.,(1988) 

based on electrophoretic and kinetic studies of LDH .'from 

Lampetra planeri suggested the occurrence of an intermediate 

form of LDH between the A and B types of polypeptides- They 
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further concluded that the occurrence of a single LDH type 

was probab}y due e3ther through a qene jnactivation or a 

qene loss-

SinqJo banded pattern m one population of each of the 

above mentioned species m our study is probably due to a 

qene inactjvatlan, since both the loci <A and B) have been 

found to be active in the specimens tested from other 

populations of the same species respectively. The reduction 

iri is qene expression and wide spread expression ot the A 

locus in these fioqs perhaps may be linked to t;heir niche 

condition- It could be suqqested that this reduction in E< 

qerie expression and more patticularly its absence ii> lH?a» t 

was a result of the frogs being subjected to periods of 

anaerotaiasis (Holmes and Markert, 1969). As a consequence 

pyruvate level increase and place all the tested tissues, 

including heart, under conditions of oxyqen shortage and 

accumulation of lactate. Thus Â ^ isozyme would 5be expected 

to be better suited to those ecological conditions, it being 

less susceptible to substrate and product inhibition than 

the b̂ , isozyme <Everse and ^^aplan, 1970). Ihis could exp.lam 

the absence of B^ isozyme in the &pe»cimens of above 

mtentionod species-

A large proportion of the specimens of P. } eucomy :> las 



analysed from Shi 1 long exhibited nine to twelve bands of LDH 

(Fig.3b,c; Plate ItScjd). Such complex LDH pattern have also 

been studied in many Anura (Sal the,1968; Sal the and 

Nevo,1967j Maxson and Wi Ison j, 1974 5 Vogel and Chen, 1976) and 

Urodela <Balek and Snow,1967; Sherr,1968). Seven, nine, 

eleven and eighteen LDH isozymes have been reported for 

Xenopus laevis (Kuns and Hearn, 1967; Kunz,1973; 

Sasaki,1977; Lange-Lyra and Faulhaber,1978; Wall and 

Blackler,1974)• It has been indicated in these studies that 

random association among the products of the alleles <A and 

B ) with the products of loci A and B in a heterozygous 

state produce such multiple bands. An identical 

heterozygotic genotype have been clearly reflected in the 

specimens of P. leucomystax analysed from Shi 1 long. 

We presume a mutation of locus A resulted into an 

allele A in the population. Thus the two homozygotes A/A 

and A /A on random mating produced a hybrid A/A with 

intermediate characteristics. The frequency of the three 

phenotypes among 5S studied frogs were : 9AA, ISA A and 

31AA . The frequencies of two alleles A and A were 0.47 and 

(3.53 respectively. The observed number of phenotypes and 

their Hardy-Weinberg expectations are given in table 5-

Results showed that the differences between observed numbers 

and their Hardy-Weinberg expectations were not significant 
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at P<0.05 for the polymorphic locus examined here- This 

support the validity of the genetic model (Hardy-Weinberg) 

proposed for the polymorphism and indicate that the P. 

leucomystax samples were collected from a single Mendelian 

population. Our hypothesis was supported by good agreement 

between the observed and expected number of the three LDH 

2 
phenotypes ^^idf ~ ^ ^"'^ P>0.10)' Of course, controlled 

inheritance experiments are needed to confirm our genetic 

interpretation. Thus in this heterozygous population of the 

frog, random association among the products of A,A and B 

genes resulted into the observed pattern. We rule out the 

possibility of a B locus mutation in these frogs because the 

B^ isozyme band was resolved as an isolated band in all the 

specimens with the same electrophoretic mobility (Plate 19). 

The appearance of the allele A by a mutation might have a 

bearing to the general character of the habitat of the frog, 

due to man-modified environments. Forest environments are 

becoming increasingly constricted to islands with rapid 

expansion of urban activities, thereby subjecting the 

species into pressure of natural selection. Thus, while the 

homozygotes were able to form only five molecular forms -of 

LDH, the heterozyyCil.-ir=» pioduce a l.c»l.ai uf nine to twelve 

different molecular forms- From the observed numbers of 

heterozygotes <Table 5) in the population, it appears that 

they are yet to enjoy a definite selective advantage. 
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Since the hybrid contains three classes of polypeptides 

encoded by loci A and B and a codominant allele A , fifteen 

LDH isozymes were expected to be yielded in the specimens. 

The number of LDH bands observed in tissues of lower 

vertebrates is suggested to be reduced, presumably due to 

restriction in the types of monomeric associations that can 

give rise to enzymatically active tetramers . (Markert et 

ai.,1975) or to similar electrophoretic mobilities of 

tetramers composed of different monomeric combinations 

(Maxson and Wi Ison , 197'̂ ) • 

In figure IS we propose a hypothetical model from the 

precise count and measurement of relative mobilities of the 

LDH bands to explain the complex subunit composition in the 

heterozygotes- It may be proposed that the subun it-

composition of LDH isozymes in the individual heterozygotes 

with nine bands were due to heteropolymeric association 

between the products of alleles A and A with that of B 

gene- Here we presume that no molecular hybridization 

between the products; cf A and A wccured to produce 

functionally active isozymes. Alternatively it may ,tae 

suggested that such hybridized products were either unstable 

or carry same net charge and thus co-migrated in the 

electrophoretic field. On the other hand individual 

heterozygotes showing twelve-banded LDH pattern may be 
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TABLE : 5 s ALLELE FREQUENCY AND CHI-SQUARE ANALYSIS FOR THE 
HETEROZYGOUS POPULATION OF SHILLONB. 

DTYPE PHENOTYPE NO.OF INDIVIDUALS ALLELE FREQUENCY 

OBSERVED EXPECTED 

VA 

V A ' 

^ /A 

AAAA 

AAA 'A ' 

? J > > 

A A A A 

N 

09 

31 

la 

= 5E 

11.'tS 

25.9 

14.6 

0.47 A 

0.53 A 

0.54 

1.00 

0.46 

B.00 

Idf and P>0.1 
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presumed to eKhibit the hybridiz:ed polypeptides < vi z . A'g'"̂ ! !> 

^'B^B' ^'1^3 etc.; there by accounting for the observed 

pattern• 

Less than the expected fifteen isozyme bands for a 

locus polymorphic have been also reported in other anurans: 

Ba.1 the (1969) analysed elec trophov et i c palieiris. of heari-

muscle lactate dehydrogenase (HLDhl) ancj was able to 

distinguish ten isozymes at this locus withtrt the Raua 

pipieiis comple;; in United States- Ihe LDH pattern of 11 

variafjt of the froq Wyia regill<d with twelve isozymes was 

investigated by Ma>!Son and Wilson (1974); nine bands of LDH 

was observed in Raua pipiens (Platz,1975) for polymorphism 

of B locus; the pattern of Rana esculania with eleven 

isozymes organised by two H variant was revealed by Vogel 

and Chen(1976); seven bands of LDH was observed in Hyla 

crucifer for a variant. LDH locus by Killer and Lyerla 

(1977). 

The phylogenetJc relationships of the various vertebrat.e 

LDH isozymes appeared to have been well established (Holmes 

and Marker t, 1969; lihi il , 1967; '-'c?i;-->'?-j , t'''VJ.'; l-'̂-Jl-t f^t 

ai-,1975)- It has been postulated that the LDH A and B loci 

of vertebrates have evolved hy duplication from a sinqle 

ancestral gene- However, the locus A has been suqqested to 

be the close representative of the ancestral neno and 
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considerable divergence between A and B loci has occured in 

course of time- Further it has been presumed that the C 

locus in certain vertebrates arose from a duplication of B 

gene. This third gene is present in fishes, birds and 

mammals (Markert,198^)- A different evolutionary scheme for 

LDH genes <Li et a/.,1983; Rehse and Davidson,1986; Baldwin 

and Lake,1987) has been proposed in which the C-gene is 

considered more ancestral like that of the A gene- Baldwin 

(1988) reviewing the subject, suggested that the ascidian 

single LDH type and teleost C subunit may represent the 

ancestral subunit type of vertebrate LDH« 

In our experiment we have obtained at least one highly 

cathodal band other than the A^ homotetramer in eye and 

liver tissues of R,rexrii^ardtix and A. afgharius from two 

populations (viz.Jowai and liawsynram) respectively. Similar 

tissue specific isozymes with different electrophoretic 

mobilities have also been observed by Andrew et a/.,1977 in 

Hyla crucxfer, which they stated to be comparable to the C 

isozymes seen in other vertsbrate'? - Hornby et ei.,1709, 

compared the extra band obtained in brain and eye tissue of 

X.laevis with C polypeptides of less advanced bony fishes-

However, at the present state of our investigation it is 

difficult to ascertain whether or not these amphibians 

possess the C gene. Whitt (1969) suggested the C gene have 
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arisen after fish gave rise to the amphibians. Further to 

establish the presuHipLion that C g<pne is present in these 

species, more rigorous experimental procedures srs required 

(viz. pun f icrtt ion oi the protein, kinetic and immuno loLjical 

test and determination of primary structure) which are 

beycjnd the scope ol the present study. Vonwyl and Fie>chberq 

(1980) observed a similar situation in the qenus Xericptts -

His analysis ol heart and ovary tissue ievealed an 

additional anodal band other than the B. iso;:yme. He 

substantiated the oDservacion by uie n-̂ soumpt lun tn' a u uene 

duplication resultmq m the occui rence of the additional 

locus coding for the tissue specific form- We also propose a 

similar explanation for the occurrence of a cathodal band in 

eye and liver tissues o1 two species (viz. R. reiriMardt x i 

and A.afghanus) respectively, though in this case it may be 

a duplication of the A gene because of its cathodal 

local ion. 

Sal the (196LJ) provided evidence based on substrate 

inhibition studies that amphibians living in standinq water 

tend to be adapted for respiration under conditions o-f 

oxygen deprivation; these adaptations include a greater 

proportion of p» edommant ly Â ^ isozymes in their skeletal 

muscles. 1errest)"ja] amphibians, Ijvmq whet e OKygen is 

plentyful, have larger amount of B^ isonymes in 5^eletal 

muscle than their aquatic relatives- Our collections include 
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only one standing water frog (viz./?- cyanophlyctis) and the 

rest are semiaquatic, either terrestrial or arboreal. We 

have not observed such varied expression of A^ and B-

isozymes in skeletal muscle of the tested species-

4.S MALATE DEHYDROGENASE (MDH, E-C.1.1.1.37) : 

Malate dehydrogenase (MDH) is a key enzyme of Krebs cycle in 

aerobic metabolism. ,The enzyme catalyzes the reversible 

oxidation of L-malate to oxaloacetate with the concomitant 

reduction of NAD- Malate dehydrogenase from mammalian 

(Siegel and England, 1962; Throne and Kaplan, 1963), avian 

(Kitto and Kaplan, 1966) and most eukaryotic organisms 

consist of two isozymes. One associated with the 

mitochondria designated m-MDH and the other with the 

cytosol, designated as s-MDH- In the present investigation 

attention have been paid only to the electrophoretic pattern 

of s-MDH. The cytosolic malate dehydrogenase is known to be 

dimeric in nature, being encoded in vertebrates at two gene 

loci, A and B (Banaszak and Eiradshaw, 1975). The association 

of A and B polypeptides with molecular weights 30,000 • -, 

35,000 results in the formation of three dimeric isozymes 

Ag, Aĵ B]̂  and Bg • 

The s-MDH electrophoretic pattern obtained (Fig.9;Plate 
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16) for the frogs in the present investigation is in 

agreement with those found in fishes <Bailey et a/.,1970; 

tiassaro, 1973) and amphibians (Schwantes and Schwantes, 1977) . 

In most of the species two zones of the s-MDH activity were 

obtained on the gels a relatively less anodal band and a 

more anodal broadly stained zone. An identical observation 

have been made in the anura Bombina ^-ariegata, where s-MDH 

isozymes resolved into a narrow band and a more anodal zone 

on polyacrylamide gel <Chen,1968)• Based upon 

electrophoretic mobility the less anodal band was designated 

as Ag homodimer- Identification of the homodimer Bp and 

heterodimer A^Bj creates difficulty from results where a 

broad zone of activity at the anodal end is obtained-

However, the possible explanation which we presume 

applicable in the present case is that, in most of the 

frogs, both the loci A and B arm equally active and code for 

the respective polypeptides to form Ag and Bg homodimers. 

The heterodimer A^Bi though formed, do not resolve 

separately into a distinct band during electrophoretic 

separation and closely follow the Bg homodimers. So both Bg 

and AjBj appear together on gel ai» a broad zone of activity. 

This presumption draws support from the observation of 

similar nature in the teleost fish Barbus (Frainkel and 

Wilson,198-^) . 
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A different pattern of s-MDH expression was obtained in 

/?. Tiicobariensis f (Fig-99; Plate 16g) where only one locus 

was found to be active in all the seven tissues- Similar 

observation of a single banded s-MDH pattern have been made 

in anura and urodela (Chen, 1968j! Fisher et ai., 1980). 

The thermostability tests performed in our experiment, 

agree with those obtained for other vertebrates (Schwantes 

and Schwantes, 1988) . Tlie isozyme Ag shows itself to be more 

thermostable than Bg isozyme-

The findings that Ag and Bg isozymes are related in 

chemical catalytic and immunological properties (Bailey et 

a/.,1970) support the suggestion that these proteins are 

coded by duplicated genes, which haxve undergone limited 

evolutionary divergence unlike LDH isozymes- The occurrence 

of multiple forms of s-MDH in poikilotherm vertebrates 

raises the question as to whether the multiplicity is 

meaningful. It is possible that Ag and Eg may have different 

metabolic roles. It may therefore be that the s-MDH A and B 

loci have arisen from duplication (Karig and Wilson, 1971; 

Wheat and Whitt, 1971) and permitted very Important 

functional specialization of the two forms- The presence of 

the Ag isozyme, more thermostable in most tissues than bg 

suggests that this isozyme is correlated with temperature 
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(Basaqlia, 1989). It has been sugaested that at low 

temperature By enters into oxidative muscula)- metabolism, 

and at high environmert tal temperature Ap innervates in the 

reduction of malate favouring the glycolytic di)"ectaori 

(Coppes, et a/., 19B7). 

Allelic variants of s-MDH locj have been noted in a 

variety of teleost fishes (Frankel,19S5; Frankel and Wilson, 

1984), nonteleostean fishes, amphibians (bailey ei al-, 

1970). Our investigation have not shown such variants. 

4.3. Alcohol dehydrogenase (ADH, E-CL1-1.1.) s 

Alcohol dehydrogenase (ADH) is an NAD (H) dependent enzyme 

that catalyzes the reversible interconversion of a vast 

number of aliphatic and aromatic alcohols to their 

respective aldehydes and ketones. The enzyme is universally 

distributed in living organisms, occui ing in microuiganisms, 

plants and animals- In vertebrates ADH activity is highest 

in liver (Vallee, 1983), but to a lesser extent it is also 

found in the kidney and stomach tissues of several species 

(Hitzeroth et al., 1968; Shaklee et al-, 1974). 

Alcohol dehydrogenase observed in several mammals, 

birds, reptiles, amphibians and teleost fishes behaves as a 

dimeric er-:yme, and is apparently encoded m one gene locus 
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(Shaw and Koen,, 1965; Beutler, 1967; Castro-Sierra and Ohno, 

1968; Hitzeroth et al., 1968; Selander and Yang, 1969; 

Schwantes and Schwantes, 1977)-

A variety of genetic models have been used to explain 

the formation of ADH phenotypic pattern. The activity of a 

single gene may exhibit, cither a r;ingia: band or in casts of 

an allelic variant three closely spaced bands on the gel- On 

the other hand when two genes are active then one may expect 

a three banded pattern with the bands relatively distant 

from each other- Occurrence of more than three bands can be 

attributed to the presence of allelic variant(s)-

The genetics and biochemistry of ADH from Drosophila 

melanogaster has been extensively studied and this enzyme 

has served as a model system- ADH of the fly is encoded by a 

single structural locus <Grell et al•, 1965)- Moreover, four 

allelic variants of this isozyme have been distinguished 

(Thatcher, 1980). 

Compared to other vertebrates the ADH isozymes in 

amphibians have not received much attention. Wesolowski and 

Lyerla (1983) obtained four isozymes in the clawed frog 

Xenopus laeviS' The isozymes in the frog have been found to 

be coded by two structural genes designated as Adh-1 and 

Adh-S- Further Adh-1 possess three electrophoretically 

87 



separable isozyme variants capable of forming heterodimers 

with one another, the alleles being designated as adh-1^, 

adh-1 , and adh-l*". Adh-S codes for an isozyme that 

comigrates with adh-1*" and does not form heterodimers with 

products of Adh-1 and its alleles- A similar isozyme pattern 

has been detected in the adult frog of Ran a J imriochar is 

(Chatterjee and Prakash, 1990). 

In the present investigation we have obtained a rather 

simple ADH isozyme pi»t-hptrn for th*= 'fro'z species tecLtju and 

the model of Wesolowski and Lyerla (1983) does not hold 

good. ADH a\ctivity in all seven tested species was detected 

in the liver and kidney tissues. Tissues such as gonad, 

heart, brain, eye, and skeletal muscle tissues failed to 

show detectable ADH activity. A similar result of the 

occurrence of ADH isozymes only in kidney and liver tissues 

have also been observed in the frog Odontophrynus americanas 

<Schwantes and Schwantes, 1977). 

The kidney tissue extract of all seven tested species 

revealed a single banded ADH phenotype (Fig.10? Plate 17) 

indicating a dimeric nature of the enzyme, being encoded at 

a single gene locus. However unlike fishes (Frankel, 1985) 

and some amphibians (Schwantes and Schwantes, 1977) where 

the isozyme was found to resolve towards the cathode, our 
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result showed a more anodal form of the isozyme in at least 

one species (viz./?, cyBnophiyct is) (F-ig.ltJfj Plate 17f). 

This we presume was due to the presence of an allelic 

variant of the locus coding for the enzyme having 

predominance of negatively charged aminoacid composition. 

Liver tissue extract showed two electrophoretically 

detectable bands in the three Ran id species (viz. R. 

cyanophiyctis, R. nicobarierisis ^ and A. afghanus ) and in 

Rhacophorus maximus ( Fig . lOf , g , e |,d ;Plate i7f , g ,e |,d ) . Rest of 

the species (/?, reiriNardtii , P. leucomystax and H, 

arinecteris) possessed a single cathodal isozyme (Fig . 10a,b ,c f 

Plate 17a,b,c ) « 

In R. cyanophlyctis and A. afghanus, out of the two 

bands one band showed a faster anodal mobility, indicating a 

close resemblance to that of the kidney isozyme. Thus it is 

presumed that the anodal isozyme of liver tissue and the 

kidney ADH isozyme are being encoded by a single gene locus. 

This locus may be identical to the ADH-S locus of X". laei^is 

(Wesolowski and Lyerla 1983). An observation of the zymogram 

for liver-ADH isozyme of R. nicobariensis and R. maxiwus 

reveals that the two isozymes are similar in their 

electrophoretic characteristics. Eieing resolved at the 

cathodal end, of the two isozyme one may be presumed to be 

the product of the gene Adh-1 and the other is the product 
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of an allele. Formation of a heterodimer between the gene 

products; however was not observed in our species-

i*.i+. GLUCOSE-6-PHOSPHATE DEHYDROBENASE ( G6PDH, E . C. 1 .1 .1 . ̂ 9) s 

Glucose-6-phosphate dehydrogenase (G6PDH) catalyzes the 

glucose-6-phoBphate oxidation, providing NADPH for 

biosynthetic purposes, in the pentose phosphate pathway. It 

is the first step enzyme of the pentose phosphate shunt, its 

enzymatic properties and physiological functions have been 

extensively studied by numerous workers <Shatton, &t 

ai.,1971; Cederbaum and Yoshida, 1976; Bautista, ef al-, 

1984). Further G6PDH has proved to be one of the accurate 

molecular clocks (Ohnishi, 1985). 

Glucose-6-pho5phate dehydrogenase isozyme is dimeric in 

vertebrates (Shaw,, 1966) . Echinoderms and vertebrates have 

two isozymes of G6PDH. One designated as form A, is the 

G6PDH in a strict sense. It is the first step enzyme of the 

pentose phosphate shunt (E-C1.1.1.49), and is highly 

specific for glucose-6-phosphate and NADP (Bautista, et 

ai-,1984) the other designated as form B is called glucose 

dehydrogenase or hexose-6-phosphate (H6PDH, E-C.1.1.8-47)• 

This has a broad substrate specificity and catalyzes the 

oxidation of galactose-6-pho5phate, E-deoxyglucose-6-
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phosphate as well as glucose-6-phosphatB and accept NAD as 

cofactor (Eiautista, et ai-, 1984). 

As regards to their evolution, Hon and his co-workers 

(1975) have predicted that H6PDH and G6PDH share a common 

ancestral molecule and their divergence was probably at the 

time of or before the echinoderm evolution. This prediction 

IS mainly based on the similarity in their catalytic 

properties, and on the distribution of the two isorymes in 

animal kingdorfi (Huri, ef al-, I975j Yoshida, 1975;. in 

addition G6PDH exists m all animals, while H6PDH occurs 

only in vertebrates and echinoderms (Mochi2uki and Hori, 

1973; 1976; Ohnishi and Hori, 1977). 

A single form of G6PDH activity was resolved m gonad, 

|..idney, heart, brain, eye, and liver tissue extracts 0I the 

three Ranid Species (via. /?, cyariophlyct is, /?, n icobarieTisis 

and A, afyharius) tested in our investigation (Fig.l3f,g,e; 

Plate 19f,g,e). Of the various tissues the enzyme was 

stained more intensely in kidney and liver tissue extracts 

while skeletal muscle tissue failed to show any activity for 

the enzyme. 

Two forms <A and B) of D6PUH isozyme were detected in 

the Rhacophorid species (viz. R. reim^ardt 11 , R. ma-ximus and 

P. leucomys(:a\) • Kidney, heart, brain tissue extracts of all 

91 



the three species showed a single band corresponding to A 

form of isozyme (Fig -1Ic,d,b; Plate 18c,d,b). Gonad tissue 

extract of P. leucomystax possessed two bands of G6PDH 

isozyme (Fig»llc,d; Plate 17c,d)» Eye tissue extract of /?, 

reinNardtii showed a similar banding pattern of two G6PDH 

isozyme. Liver tissue extract of R, reintmardtii and R 

maximus again found to possess both A and B form of isozyme. 

However, unlike gonad and kidney the Liver G6PDH-B. showed an 

anodal affinity. G6PDH activity was not detected in skeletal 

muscle tissue extract of P, leucomystax, while R, 

rexnNardtii and R, maximus showed minor activity for G6PDH-B 

corresponding to the anodally migrating band of liver 

tissue. 

Hyla annectens showed a pattern of both A and B form of 

isozymes in gonad and liver tissue extracts (Fig.11a; Plate 

17a). Skeletal muscle tissue did not show any activity while 

a single band corresponding to A form was detected in 

kidney, heart, brain and eye tissue extract. 

Similar studies on other amphibians have revealed an 

identical result- The total number of molecular form of 

G&PDH isozymes varied from four in Bomb in a to two in Ran a 

and Triturus (Chen, 1966)-

It is worth adding that little oy- no activity of 66PDH 



in the sl-'eletal muscle tissue of the frog species tested 

suggests that the generation of NADPH from glucose oxidation 

via the heKO'"'5e monaphD'=;pha te shunt does not p)\ny an 

essential role in this tissue. SimilaJ observation have been 

made in teleosts (Fried, et a/.,1969) and frogs (Chen, 

1966). 

A relatively high G6PDH activity (generally indicative 

of an active pentose shunt) m the liver tissue of these 

frogs suggest this tissue may be a majoi site of fatty acid 

synthesis at those phylogenetic Jevels preceeding the 

development of adipose tissue or a synthetically competent 

Bitf.̂ . In preliminary studies with amphibians ^Rana pipieris) 

appreciable hepatic G6PDH activity has beer) encouniered 

(Rosen, et a/.,1968). Scholl and Anders (1973) have also 

reported the highest level of G6PDH activity m the liver 

tissue of Xxphophorj s ' 

The genetic basis of B6PDH iso:jymes has been of 

particular interest. The mammalian G6PDH are encoded by two 

separate loci, one being X-chromosomally linted (firkman and 

HendricKson, 1963) and the other being autosomal (Bhaw and 

Barto, 1965). The autosomally inherited isozyme, designated 

as H6PDH showed a higher Cathodal affinity in fishes (Scholl 

and Anders, 1973). Our observation of the cathodal isoz/me 
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m eye, qonad and liver tissue extract of R, rexriNardt i i , P. 

leucomy^ tax and H, annectens respe^ct ively is well in 

agreement with those found in fishes but specilic substrate 

study demonstrates it to be G6FDH. 

An increasing number of allelic variants of G6PDH have 

been reported in a number of vertebrates (Cederbaum and 

Yoshida,1976; Diebig et al-, 1976). Frequently the allelic 

products showed distinctive electrophoretic migraljon as 

have been observed in liver and skelfiJtaJ musclo tissue 

e;;tract& of our frogs iR, re jnMardi 11 and R. ma\imus) with 

an anodal mobility. 

The two forms G6PDH observed m our frogs are thus 

assumed to be homolcqcur. tw lh.w::;e f'-̂ -md -^n o-^hi^r vrr̂ -ĉ br̂ +'es 

and the enzyme is dimeric in rtature. There was however, r̂o 

se;; differential pattern observed m the frogs. This 

indicate that the influence ai locus is uniform in botfi the 

se;;es" 
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'tissue LDH isozyme pattern: 

(3 = Gonad, k = 1- idney, H ~ Heart 

b = Firaan, F == Eye?, L - LIVHT 

M == Ŝ  eletal Muscle-

F-iq P: H, annec (-ens 

<a) Smit 

(b) l iawphlang 

F i g 3 : P,leucomy ?ta\ 

(a ) Shi 1 l o n g : Jj-bandftfU p a t t e r n 

(b> S l i i i l o n q : 9--banderi p a t t e r n 

(u ) oil 11 ioiiq ; IE—bctiidfefd p a t t e r n 

<d) Wi ] 13 amri£igar: 3 -banded p a t team 

169 



e 

y B4 

© G K H B E L M 

Fig. 2 (a) 

0 

0 

G K H B E L M 

Fig:2(b) 

A. 

© • 

e 

G K H B E L M 

Fig, 3 ( a ) 

© G K H B E L M 

Fig:3(b) 

O. 

B4 

© G K H B E L M 

F i g : 3 ( c ) 

© G K H B E L M 

F i g . ? ( d ) 



1 i^jBue LDH 1 Bu-^ymfo p a t t e r n s 

G = Gonad, K =• K i d n e y , H - H e a r t , 

B = B r a i n , fcl = byt?, L ~ L i v t > r , 

M = SkG le t£ i l muBcle 

F1 q . 3 P. Ix'^Li corny <-iri\ i 

<«) Wi 11 if-xmuaqar : '^+"banded p a t t p r n 

(1) MawhaLis 1-banded p a t t e i n 

( g ; M a w h a t i ! 5 -banded p a t t e r n 

(h) M a w h a t i : 5 -banded p a t t e r n 

( i ) J o w a i : 5~banded p a t t e r n 

F i g . 4 (a ) R.reihNardtixi Mawfeynram 
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T i s s u e LDH J.so^:ymQ p a t t e r n 

13 ~ Gon£>d, h. == K i u n e y , H = H e a r t , , 

B ~ B r a i n , F -- E y e , I. -= L i v e i " , 

M - y i - i e l e t a l m u & c l e -

F i g - ' 4 . R^reiriMardt 11 

( b ) J o w a i 

( c ) M a w p h l a n q 

<d) Smi t . 

F 1H . lii. H. ma s i mu s 

(b) Cherrapunjee 

Fiq.6.(a) A,afghariusi Nonq^hlaw 
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Tissue LDH iBo;:Ymn patU3rn 

G =•- Gonad, 1- = Kidney, H = Heart, 

b = E f r a i n , E - E y e , L •= L i v e r , 

M = Skelela] muBcle-

F i g . 6 ! A. afgharnts 

( b ) MawUaiaw 

( c ) W i l l i a m n a q a r 

( d ) Sm11 

<e) b h i H o n q 

( f ) Mawsyr>ram 

F1 y . 7 ! R. <:yano phly c t i ? 

( a ) S h i l l o n q 
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Tissue LDH isozyme pattern 

G = Gonad, I--. = Kidney, H - Heart, 

E.i = Brain, E = Eye, L = Liver, 

M - SI-! e ] e ta 1 muse 1 e -

F1 q . 7 - A*- cyanophlyct 1 s 

( b ) JowaL 

( c ) Wi 11 l a r n n a q a i ' 

F i q . 8 " R, 11 i<:obarieii ?IS 

( a ) f i awkaiaw 

( b ) W i l l j.a(nrtc«q<:.u' 

<c) Mawhatx 

r i g - 9 . T i s s u e MDH i s o z y m e p a t t e r n 

( a ) H. amiecteris 
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F i q - V " TiBBUB MUH i s o z y m e p a t t e r n 

F i ( 3 . 9 . ( b ) P. leucomystax 

( c ) R, reiriNardtii 

< d ) R. ma XI mu s 

( e ) A.- afghajius 

(f) R. cyano phlyct is 

( g ) R. ri icobar lerisx s 
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l - iq . l0 . liSGHEJ ADH isozyme p<:\1 tp.u n 

<a) H. annecteiis 

( b ) P. leucomysi di\ 

< c ) R, rejriMardtii 

< d ) R. maMinu--

( e ) A . afqhanu;: 

( f > R. cyario phlyct IS 

< q ) R, n icobar leii s IS 
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Fig . 11- Tissue? G6PDH isozyme pati&Tn 

<a) H^ aiiiiecteris 

(b) P, leucomystax 

(c) R, reirii'jairdtii 

(<J ) R, ma -v i ma s 

<f) R. cyanophlyctIS 

(q> /?, r/icoi>a)-"j er/5J5 
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l - i g . l £ . Model '=>uqqe<3l ir>q s u b m i t c o m p o s i t i o n <.ii 

LDH p h e n o t y p e in h e t e r o r : y q o u s P. leucofnv-^ta\ 

p o p u l a l j o n ( S h i l J o n q ) 
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Plate 1 : H. annectens 

Plate S : P^ leucomystax 
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Plate 3 : R, re inNardtix 

Plate ^ i R. maximus (undisturbed J 





Plate 5 5 R. maximus 
(colour change due to disturbance) 

Plate 6 : A. afgharius 
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Plate 7 : R, cyaiiophlyctis 

Plate 8 : R, n icobar iensis 
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Plate 9(a) H, aTmecteris : LDH <Pmit) 

Plate 9(b) H. aniiectens : LDH (Mawphlanq) 

Plate 10(a> Pr ieuromysta\ s LDH (Shilionq, 5--banded) 

Plate 10(b) P, Ieucomysta\ : LDH (Shillony, 5-banded) 
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P l a t e 1 0 ( c ) P. leuromystB\ : LDH ( S h i l l o n q , V-bandf?d) 

F-'labe 1 0 ( d ) P. leucomystax s LDH ( S h i l l o n q , t r ' ~ b a r i d e d ) 

P i a t t ? ll<D(e) P. leucomy^tdi\ : LDH ( Wi 1 ] i a m n a q a r , 3- 6 - b a i ) d e d ) 

P i a t t ' l W ( f ) P , leucomysias : LDH (Wi 11 J.amnaqar, ' ' - f-bandf?d ) 
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P l a t e l(a<n) '"- leuco/nYst:a\ ; LDH ( M a w h a t i , 1 - b a n d e d ^ 

P l a t e H3(h ) P. leucoinyj ta \ s LUH ( h a w l - i a t i , b - b a n d e d ) 

P l a t e 1 0 ( i ) />» leu'.oiny.^tHK : l.DH ( M a w h a t i , L)-bandf>d) 

P l a t e 1 0 < j ) / ' . leucomy^tas t LDH ( J o w a i ) 

124 



m^'^^n H-'iJMirii H' 

G K H B E L IVI 

lOg 

1 

» 4 

G K H B E L M 

lOh 

• ,1 1, . . 

if 
G K H B E L M 

lOi 

G k H B E L M 

lOj 



F o l a t e 1 1 ( a ) R, reini-'iardt ix : LDH ( h a w s y n r a m ) 

P l a t e 11 <b) R, reiriNardti i : LDH ( J o w a i ) 

P l a t e 1 1 ( c ) R, rexriNardtI x : LDH ( M a w p h l a n g ) 

P l a t e 1 1 ( d ) R. reiriNardtii : LDH ( S m i t ) 
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Plate lH(a) R. ma>ixmus r LDH (Jowai) 

Plate ia(b) R. maximus : LDH (Cherrapunji) 

Plate 13<a) A, at oh an as : LDH (Nongkhlaw) 

Plate 13(b) A. atqhaTius : LDH (Mawkaiaw) 
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Platt-> i 3 ( c ) A. afg harms : LDH k W i ] 1 l ami idq r t r ) 

h ' l a t o 1 3 ( d ) A, atghaniis : LDH (Smil") 

l-'lc\^<:? l'vJ<t.>) A. afi^harius : LDH ( B h i l l o D q ) 

P l a t e 1 3 ( t ) / I , afQhaiiUS s LDH ( l l a w s y n r a m ) 
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l- ' lf t te J 4 ( ci) /?- 'zyaiiophlyct 1^ ^ LDH ( i r J I t i l l o n q ) 

H i a t G l'^h(b) R. cyanophlyctIS, LDH ( J o w a i ) 

P l s i t e 1*^(0) R. cyario phlyct 13 ^ LDH < Wi 1 11 a i n n ^ q a r ) 
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P l a b e l b ( a ) R, nicobaripnsis : LDH (Mawka iaw) 

P l a L e 1 5 ( b ) R, n i< obarien JI: i s t LDH ( Wi 111 £A(nnacjar ) 

F- 'Jate 1 5 ( c ) R, n 7 r ohar i eri.'t 2 j : LDH ( H a w h c i t t ) 
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P l a t e 1 6 ( a ) H^ ariTit" tt'vs : MDH 

P l a t e 1 6 ( b ) R, leucomy:-tdi\ : MDH 

P l a t e 1 6 ( c ) R, reiriNarJtii t l-ll>H 

P l a t e 1 6 ( d ) RA IHBMmus : MDH 
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H l a l p 1 6 < e ) A. dir<yhariu^ s MDH 

Pia t t ? 1 6 ( f ) R, cyanophlyctis : NDH 

P l a t e 16(q> R. n icobarien <^ i s '. MDH 
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Plate 17(a) H. annectens : ADH 

Plate 17(b) P. leucomystax : ADH 

Plate 17(c) R, reiriNardtix : ADH 

Plate 17(d) R, maximus : ADH 
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Plate 17<e) A. afghanus s ADH 

Plate 17(f) R. cyanophlyctis s ADH 

Plate 17(q) R. nicobariensis : ADH 
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Plate 18(a) H. annectens -. G6PDH 

Plate 18(b) P. leucomystax : 66PDH 

Plate 18(c) R. reiriMardt i i : G6PDH 

Plate 18(d) R. maximus : G6PDH 
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Plate 18(e) A. aighaMus s G6PDH 

Plate 18(f) R. cyanophlyctis t B6PDH 

Plato 18(q) R. u icobtirieris i s s 66F'DH 
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Plate 19- Homozygous (AA and A'A') and heterozygous (AA') 

phenotypic LDH pattern in P.leucomystax population 

(Shillong). 

A,B = Homozygous, C == Heterozygous 
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Many ma^or texa have evolved comple;; life histories 

featurjnq a rapid trans-formation, oi metamorphosis, between 

successive forms. Some of the best-known and most 

sppctaculftr e;.'ampJes can be found amonq the holomel abolous 

insects and the anurans- The extensive morphological 

re(ji ganizat 3 on that. occurs during metamorphosis posF>s 

profound questions at cell levels of bioloqical orqanisation 

and t>as stimulated a large body of iiteralLn-e on the 

physiological and developmental processes involved (Wilbert 

a\^di F r leden , 198] ) . However, littje is undersl ooJ alinut the 

genetic and evolutionary significance of comple;; life 

h1 stories-

Amphibians are an excellent g)oup for the compaiative 

study of the evolution of comple;; life histories; they have 

invaded neai ly all ma lor land habitats, and they exhibit ri 

corresponding diversity of life histories and reproductive 

modes- The striking variety of life histories represented in 

the amphibians highlights the broader issues of the adaptive 

prope)"t les, the course ol evolution, and maintenance u1 

complex life cycles- Such life cycles have persisted over 

long periods of evolutionaty time in amph3t)ians« 

A re^marlable series of change'-^ takes place when an a(^URt^r 

fish lit'e tadpoU^ 3S tians^ormed into a 1 (U>d-duel 1 m g f t og -
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Throughout the embryonic and larval life the development of 

the frog has been almost entjreiy a gradual, unfolding 

process of growth and differentiation, but during the 

metamoiphac period growth is almost halted and 

differentiation and degeneration occur simultaneously with 

dramatic suddenness. Et^'ln<1934) regards Anuran 

metamorphosis as consisting of three phases. The first 

postembryonic perjod is characterized by much rjrowth with 

very little change in form. This is designated as 

premetamorphic period- Prometamorphosis js marked by the 

rapid elongation of hindlimbs- The appearance of forelimbs 

marl s thti beg i runny of metamorpliic climax-

In ttie theoretical scheme proposed by e»volutinnary 

genetics, development is the -function 1 hat maps tfie yenoLype 

onto the phenotypes- It is well known that, even at the 

lowest level of protein transcription, the )-e I at lonsliip 

genotype-phenotype is not one to one- At hiqher levels of 

interactions, such as morphological traits, the qenotype-

pherwjtype is more complex- Ihe inter<.\r_ t ions at the 

molecular, cellular and tissue levels give a structure to 

developmental systems that may have important evolutionary 

consequences-

Renes control developmental processes, which in turn 
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generate form- Genes mal-'e proteins that either regulate the 

e>!pr(3Ssion of other qenes, or in llie case of pioducts of the 

so-called morphoqenet ic genes (Edelman, 19B8) , det<--̂ r(ninp-> 

(riorphogene t ic propei lies- Ihus mor phoqenesi a j &. Ni(.> i en̂ u M 

of complex physio-chemical inte)-act ions at this level-

A major theme o{ developmpni is Lliat thp -̂ p̂ecial i rat ion 

of cells IS the result of and or the impetus for, 

differential gene activity- The appearar)t_e of specific 

proteins during embryoqenesis reflects both biochemical and 

mel^ibolic changes £\ssociated vgith development and therefore,' 

functional and morphological states of d if f erent lat j ori -

Jn a continuing survey of somt^ o< the biochemical 

chunqco which occur durmq am|)hihian mt? lamo) f)ha'-. I'J> , I riiMlpn 

and Horner < 1 9 J 7 ) noted siqnif leant changes m botli tfie 

amount, and the distribution of the proteins-

In applying the principles of modern genetics- il must be 

appreciated that the tadpole has £*11 the qenetic machinery 

to become* a frog and lliat represents a change in grMTF-̂ tic 

expression. Great ernphasis has been place(J in changes in 

protejfi that r^ccompany me tamorphosi î) < I-1 i oderi, J 961 ) - The 

qenetic control of information transci-ip t ion and translation 

xi> ex per led Lo be untimely i ef lee led m terms <jf the 

synthesis of specific proteins- Durmq development, it is 
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believed tliat many hundreds or pei haps thousands, of qenes 

are selectively 1 in-ned on cUid off m a co(nple;t conreited 

fashion (Britten and Davidson, 196V) or that an intejqration 

ijf ri l<-ii tji- 1 iLiiiiuKr ijf j»iiTif(]e ipqulatory ovunls is irr^t'Lvd 

(Rutter et a£•, 1960)-

In this respect multi locus isozyme systems have F)roven 

to be ideally suited to stttdies designated to characterize 

Lhe tissue specificity aind ontoqt.̂ nic patterns of qene 

expression. It is believed that lhe appearance of particular 

isozymes at specif jc st.a\qes of development le-flects 

metabolic and, thus, biochemical changes in the dovelopin(3 

umbryo- Therefore, in addjtior^ to being able to charc\c ten ?e 

the temporal changes in isozyme c\ctivity during development, 

it Ls possible to correl£\te certain biochemical chaxntiê s with 

morphological or functional states of differentiation. 

Studies invest J gat 1 ng the ontogenic e>! pi ess ion oi 

isozymes have been undertal-en by many wort ers in a variety 

of vertebrates. Markert and Ursprung (196^) examined the 

ontogenic isozyme patterns of lactate dehydrogenase in mouse 

and concluded that nmbryonic tissues possess only one form 

of LDH and the tissue ~ specific da^tribution develops' as 

the tissue differentiate-

Oimilar observations have also bnen matle m <.hi(J«n)<̂  
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(Cahn et ai.,19<bE). Lactate dehydroqenase ontology, paternal 

gene activation and tetiamer assembly in embryo of t)rool-

trout, lake trout and their hybrids have revealed repression 

or delay of eithe?r paternal ot maternal alleles ((ioldberq ft 

BI.,1963). 

The time of gene ejipi ession has been detei mined for 

G6PDH in quail <(Jhno et a/., 1968), ADH and LDH m fish 

(Hilzeroth et al.,19h0; Goldberg et a/.,J969j ^olse ei 

al.,1969). 

Among amphibians, anui-an larvae (tadpoles) <^rki 

especially noted for dramait ic changes, which occur in their 

form and mode of existence during metamorphosis. In 

connection with tho problem of cellular differentiation the 

isozymes of amphibians liave attracted interest oi many 

investigators. Grainer ijnd Kuns (1966) recorded the change'-, 

in isozymes of LDH and MDH during ihe development of the 

'ftoq Raria ti?mporaria. fhe onlogenic pattei ns in both normal 

and hybrid frog embi yo have been analysed by Wrjgfit and 

Moyer (1966). Kunz and Hearn (196V) demonstrated distinct-

morphogenetic changes in the pattern of LDH m Kenopus 

iaenj;. L;hen(1968) analysed the isonyme pattr?rr>s ' of 

deliydrogenase (LDH, MDH, f3DH, and ADH) m both embryonic and 

adult tissues of Lhree frogs- Claycomta and Villee (1971) 

studied the electrophoretic pattern of LDH isozyme m 
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tissues from adult organs and embryo of Xenopas laevxs-

Soluble proteins from liver, sevum and tail muscles of 

Alytes tadpole were electrophoretically analysed by 

(iuyetant<1977). Activity and electrophoretic profiles of hDH 

uunng metamorpThosis in Rar/a pipdein^ waw studied by Luuy ft 

ai. J (1903). The expression of LDH genes throughoul- early 

development of different Xeriopu? species and interspecies 

hybrid were compared by Vonwy1<1983). LDH-

olectrophoretographs of tail-base, tail-t?p, tail-middle and 

lieart from X', laev i s and R. temper ar x a wo>"e compjared by Hornby 

et ai-,(1989) to look for any differential distribution of 

LDH isozymes correlatinq with muscle^ function and 

differentiation as reported for mammalian muscle-

The above review clearly indicates that a large volume 

of literature is available on the isozyme pattern in the 

developmental stages of amphibians. However, little . or no 

attention has been paid to use Indian frogs for-'- similar 

studies- In view of this the present investigation^has been 

undertali en to evaluate the isozyme pattern of post embryonic 

tadpoles of /?ar/a 1 imnocharis Weigmann at four progressive 

s tagesjpremetamorphic , prometamorphic , met amorphic cl i'ma>! 

and postmetamorphic juvenile-
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E-l-THE FROG : Rdna Ixmnocharis Weigmann, (Plate 1) the 

widely distributed species of the froa in India and whole of 

South-East Asia (£iatyamurl i , 1967) - The breedmq season of 

the frog extends from April to September, breeding occurs in 

temporary as well as permanent bodies of water- Its life 

cycle IS completed in approximately five weeks and the post-

embryonic period 15 relatively shorter than the embryonic 

period (Roy and Khare, 197&)). 

2.E Methods:Electrophoretic analysis was carried out to 

depict isonyme pattern m tadpoles at different stages of 

metamorphosis- Adult tissue pattern of the isozymes was 

analysed to compare with the developmental pattern-

(a) REARING OF TADPOLES 5 Egg masses in a jelly coat of 

R^ iimnochans, were collected from paddy fields beside the 

Umkhrah river, Shillong (Lat-15°36 , Lon.91°5'^ ), Meghalaya-

The egg masses were maintained m laboratory acquaria 

containing pond water, and at room temperature of S5° -

30°C. Some alqae and water plants were added to the aquaria-

The tadpoles hatched out m about a week and started feeding 

on \he added algae- The aquaria was cleaned on eve)y 

alternate day and freshly collected pond water added-
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<b) STAGING OF TADPOLES: The stages of tadpoles were 

established from e)!te»nal visible characteristics according 

to the "Normal tablp of Rana 1 imriocharis" (Roy and 

Khare,1978): 

(i) Preme tamurphosiC) : 

Stage £5 : Eyes with wtjll dev(.»loped lens and \t^tina, 

coiled intestine, taj I long, starts feeding on algae 

(Pla te £a,b,c). 

Stage S6 : Hmd 1 j mb bud stage- Appearance of hind 

limbs at the groove between Ihe base of the tail and 

be]ly wall (Plate 3)-

( I J. ) Promel-amorphosiB : 

Stcige H7 : Tadpoles with well developpri divinq hind 

limbs and halted tail growth (Plate "̂ ) -

Stage S8 s Tadpoles with developing torelimbs 

(Plate 5). 

(ill) Met amorphic climax s 

Stage H9 : Tadpoles with both limbs developnd- From 

this stage onwards, the tadpoles undergo 

metamorphosis. Tail darker and less transparent 

(Plate 6). 

Stage 30 : Tail starts resorbmg and shortens 

gradually (Plate 7)• 

Stage 31 : Tail resorption continue and become a 
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small triangular dark coloured stub (Plate Sajta) 

(iv) Post-meteimorph i c juvenile : 

Stage 3S : Fully metamorphosed miniature frog with 

all anuran charaicters (Plate 9). 

(c) TISSUES: tadpoles of known stages (Plate E-9) were 

placed in ice, the alimentary canal was removed, head, tail 

and liver were separately used for preparation of crude 

e>! tract. 

(d) CONTROLS: Adult specimens of R.Iimnocharis were placed 

in ice and gonad, kidney, heart, brain, eye, liver and 

skeletal muscle tissues were dissected out to prepare 

e>!tract for control experiment-

(e) EXTRACTION : Tissues collected at different stages of 

development, as well as adult tissues were weighed accurately 

and homogenised in ice cold sucrose (0.H5M> solution- The 

homogenised tissues were centrifuged for 15 minutes at 

ei,000>(g. The temperature of the centrifuge machine (REMI-

CS'+) during operations was maintained at ^°C. After 

centrifugation the supernatant was collected in test tubes 

and measured volumes of the samples were subjected to 

electrophoresis for separation of isozymes-

(f) ELECTROPHORESIS : Vertical disc-electrophoresis system 

(Davis, 196-4) was employed using 7.5*/. polyacry lamide gel (For 
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procedural detail please refer chapter one, (section S-S-S). 

(g) STAINING OF ISOZYMES: Four isozyme (viz- LDH, MDH, ADH 

and G6PDH) systems were stained in the gel using the 

staining protocol described in section S-S.3 of chapter one. 

The stained gels were washed and preserved in 7'/. acetic 

ac id . 
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3.1 The electrophoretic pattern of Lactate dehydrogenase 

(LDH), Malate dehydroyenase(MUH), Alcohol dehydrogenase 

(ADH) and GlucDse-6-phosphate dehydrogenase (B6PDH) were 

analysf^d from -tadpole tail, hê ad arui liver tissues <-\(. the 

various developmental stages (Stage S5 to stage 31) and head 

and liver from young froglet (Stage 32). Adu3t tissues of 

the frog were analysed for comparison with the isozyme 

pattern of tadpoles. 

3.1.1 LACTATE DEHYDROGENASE (Lac tate:NAD-0?! idoreductase, 
E.C.1.1.1.27) 

(a) Adult tjssue LDH pattern : Seven tissues, vir:. gonad, 

kidney, heart, brain, eye, liver and skeletal muscle were 

analysed (Fig.lj Plate 10). 

Gonad tissue LUH was resolved into four-bands. The most 

cathodal A^ showed highest activity, A^Hj , AgB.j were 

r e l a t i v e l y l l . ^SS i n t e n ( = ; p » 1 y ---H a i ' - iwH +h;ar^ Ot xc;r-» - j/frjo t-'• • _ 1 e '^^ l''.-) 

was faintly stained and B^ isozymes was not resolved. 

Kidney presented similar foui—banded pattern to that o1 

gonad with high staining intensity of A^ iso::yme. Ihe 

isozymes ^s^*! - ^cl^^E =""*'-' ^i^^ were faintly stained and 

showed identical mobility to that of gonad iBo/yme<5. 

LDH isozymes in the heart tissue was resolved into a 
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five-banded pattern- The A^ isozyme was faintly slained, 

AyBĵ  I, AgBg and Aj Bg heterotetramers showed highest stemming 

intensity while the homotetromer B̂ ^ was moderHlely siained. 

Brain tissue LDH showed a lour-banded phenotype of A^, 

AgBĵ  , AgB-j and A^Bg isozymes- The heterotetramers f^'j^x =*"d 

AgBg showed a relatively higher staining intensity than that 

uf gonad and kidney-

Eye tissue LDH pattern was identical to that of brain. 

However the homotetramer Â . was more strongly stained than 

in brain- The heterotetramers A^Bj^ , Â B̂ j and Aĵ Bg showed 

similar staining intensity and eiectrophoretic mobility-

Four-bended isozyme pattei n resolved m livt->r tissue 

showed predominance of Â . iso::yme while heterotetramers 

AgBj 5 Ap^H were nioderately stained and AjBg was faintly 

stained -

A two-banded phenotype with a very high activity of Â ^ 

isosvme and a minui eiu L-i v i ty uf r.-jB/--) was rsccj v-ed in 

skeletal muscle of the frog-

(b) Tadpole tail LDH pattern: Hie tai] muscle LDH at 

different stages of development (Stage Sf5 to stage 31) 

resolved into a two-banded phenotype. The relative 
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mobilities of the bands from the cathodal end were simi lai 

in all the stages (Fiq.O;Plate 3 1>- Out of the two bands the 

more cathodal band was more strongly stained thari the other 

band- Comparison of (he )-elative mobilities of the two bands 

with the adult tissue LUH pattern indicated that these bands 

correspond to the homotetramer A^ and A3bj^ heterot etramer. 

(c)Tadpole head region LDH pattern: Head region of the 

tadpoles analysed during the various developmental stages 

(Stage 15 to stage 3S) of tadpoles revealed a distirtctive 

LDH pattern (Fig.3; Plate IE)- A two-banded pattern of A^ 

and AqBi were resolved at the premetamorphic stages S5 and 

E6. I he A^ isozyme was more intensely stained than AyHj. A 

very faint band of U/_^ activity was also observed at stage 

E5. A total of five bands were resolved at stage 'cl7- T\\(^ 

most cathodal isozyme band Â ^ showed highest activity and 

appeared as a compact none- The band AyB^ was moderately 

stained while A^jBo, Aj^B3 and B^ bands were fairitly stained-

During the late prometamorphosiB(Stage SB) the homotetramer 

B- showed ttighest activity and was most intensely stained 

while the isozymes A 3 B H ^2^B ^^'^ '̂ l''̂ 3 took a moderate 

stain. At the onset metamorphosis(Stage E9) the isozymes A^, 

A3BJ and AjBy were moderately stained. The heterotetramers 

AgE<g showed highest activity while the homotetramer B̂ ^ was 

not ejipressed. An identical pattern was observed at stage 
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312' In the late metamorphic period (stage 3(1) the 

homotetramer A^ was again highly active and rpsolvDd as a 

strongly stained band. The lieterotet r amers AgBj, AgB/j and 

Aĵ By were moderately stained while the homotptramer BA was 

not expressed. In the juvenile frog a four banded phenotype 

was obtained of which the homotetrame.>rs Â^̂  and f<A were 

moderately stained while the heterotetramers ApBg and A. Bo 

were faintly stained-

(d) ladpole liver tissue LDH pattern: Livei tis-^ue LDH 

analysed at early premetamorphosis (stage H5) revealed a 

four banded phenotype being resolved into Â ĵ , ŝ'̂ ''!' ^E^''P. 

and B^ isozymes (Fig .'4;Plate 13). Out of these the 

hoTotetrpmer A^ was mos-̂t inf(='n?'ely •̂ >tairu?(l- i ho 

homotetramer h^ and the hete^roletramer AgBi were moderate} y 

stained while Agbg took a faint stain. In stage H6 rxnci 'd'7 

only two t)ands of LDH were resolved, the Â ĵ  isozyme was 

resolved cathodal ly as a da^^' band. The B^ isozyme did not 

show any activity while of the heterotetrame)- only ApBg band 

was faintly stained- A three-banded LDH pattern of A^ , A-̂ B̂  

and AgBg was obtained at stage S3. The isozyme band A, was 

most intensely stained and the least being the A^Bj^ band. 

Four bands of the isozyme consisting of A^, A^Bj^ , A-jB̂  and 

Aĵ Hg wci p obdn'rvc'd in stiuifr. PV r̂rul 31 i pnprct i vf-" I y while 

at stage 30 A^, A^Bj^, AgB^ and B^ isozymes were lesolvpd-
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Out of these A^ isozyme was most intensely stained in the 

three staqes (c29,30 and 31), the heterotetramer A^B^ showed 

an identical moderate staininq intensity in these stages, 

AoBo followed a higher concentration at stage 89 and 31 while 

at was not rpx^oivea at. stage 3liD. fhc B^ isozyme observed at 

stage 30 was moderately stained- The young froglet (stage 

3E) liver LDH was resolved into a three-banded phenotype 

repres^entiny P\^, "̂̂ '̂ l ^^^ ^^'d^'"c!l ^'^o^Vi^*^^' '^^ these the 

homotetramer Â ^ was most strongly stained, AgP^ showed a 

moderate staining intensity and AgBp was faintly stained. 

3.1.a.MALATE DEHYDROGENASE (L-malatesNAD-Uxidoreductase, 
E"C»1>1«1-37) 

(a) Adult tissue MDH patterns Seven tissues (viz-gonad, 

kidney, heart, brain, eye- liver and muscle) of adult froq 

analysed electrophoretically showed similar MDH isozyme 

(Fig.5;Plate !<!+) pattern- A three-banded phenotype of the 

isozyme was resolved in all the tissues of which the more 

cathodal band presumably the homodimer Ag was very faintly 

stained m ail the tissues- However the band was relatively 

more intensely stained in the skeletal muscle than in other 

tissues. The homodimer Pg and the heterodimer ^\^\ were 

rpsolved as a zone of activity. The zone was faintly stained 

in all the tissues e;;cept liver and skeleta] muscle where 
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this showed highest staining intensity. 

(b)Tadpole tail MDH pattern: Tail muscle of the tadpole 

analysed at different developmental stages revealed an 

identical MDH pattern <Fig.6; Plate 15). Ihe isozyme was 

resolved into a more cathodal condensed band corresponding 

t-o Ag homod imer and a less cathodal much diffused zone 

corresponding to A^B^^ heterodimer and bg homod imer. Mil the 

three isozymes showed highest staining intensity at stage 

S5. In the following stages (Stage S6 and stage 32) a 

gradual decrease in t-he staining intensity of the bands was 

noteworthy. 

(c) Tadpole head region MDH patteins Malate dehydrogenase 

isozyme was resolved into a single band coi ) espondinq to B,j 

homodimer <Fig.7;Plate 16) at stage £5- No other isozyme was 

resolved at this stage. Three bands of the isozyme 

corresponding to Ag, AjBj^ and BQ were resolved at stage £6-

In the subseguent stages (stage £7 and stage 3S) a single 

band of the isozyme corresponding to Ag liomodimer was 

resolved. Staining intensity of the band was found to 

decrease considerably with the progression of development. 

(d) Tadpole liver tissue MDH pattern : A distinctive pattern 

of MDH isozyme was obtained in liver tissue of the tadpoles. 

During the premetamorphic stages (£5 and £6) the isozyme 
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could not be resolved in liver tissue. A broad zone of 

cathodal isozyme presumably composed of Ap and AjB, was 

resolved at stage S7 <Fig.8;Plate 17)- A single band of the 

isozyme corresponding to A^ homodimer was detected at stage 

H8 while both the homodimers Ag and BQ were resolvc^d at 

stage S9. The heterodimer Aĵ Etj could not be detected at this 

stage- At stage 30 a single band of MDH isozyme 

corresponding to Ag homodimer was obtained- A faint band of 

Ag isozyme was detected at stage 31. The juvenile frog 

(stage 3E) liver MDH could be resolved into homodimers Ag 

and Bg. 

3.1.3.ALCOHOL DEHYDROGENASE (Alcohol NAD-Dxidoreductase, 
E-C-l-1-1.1) 

(a)Adult tissue ADH pattern t Out of the seven tissues of 

the adult frog analysed only liver and kidney 

(Fig-9fPlate IS) showed ADH activity- A single band ADH was 

resolved in both the tissues. Liver ADH showed higher 

staining intensity than that of kidney. In both the tissues 

the enzyme showed identical electrophoretic mobility. 

(b) Tadpole liver tissue ADH pattern a Alcohol 

dehydrogenase(ADH) isozyme pattern was studied only in liver 

tissue of the tadpole at the different stages of 

development. During early developmental stages (stage 55,86 
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and 27) ADH isozyme could not be resolved in the liver 

tissue. Tail muscle and head region of the tadpole also did 

not show any activity for ADH-

Liver tissue of the tadpole analysed at staqe 28 showed 

a maximum of six ADH isozyme bands <Fiq.10;Plate 19). Out of 

these the most cathodal band was faintly stained 

(Designated band-1)- Bands 2,3 and 4 showed higher activity 

and were closely spaced to each other- These bands were 

however spaced further away from the cathodal end. The 

fifth ADH isozyme was resolved still further towards the 

anode as a highly active condensed band- Band~6 showed a 

faint staining intensity and was resolved anodally. 

Only two bands of ADH isozyme could be resolved in 

statjes 29 and 30. Out of these one cathodal isozynie showed 

higher staining intensity and correspond to the band~l of 

t5+-̂ni=> Pft in P1 p»r trnnhor fe" n u inub i 1 i I v \ T J. q - 1W JI "1 ate li)' The 

other band was resolved anodally, exhibited less staining 

intensity and correspond to the sixth ADH band of stage 28-

A three-banded phenotype of ADH isozyme was exhibited 

in the liver tissue of the tadpoles at stage 31. Out "of 

t.hese the intensely stained cathodal band correspond to 

band-2 of Bta(3e L'O and a faintly stained l)and CDrM-'spDnd tn 

band--^ in relative mobjlity- The third isozyme band with 
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higher staining intensity was resolved anodally with 

identicaxl electrophoretic mobility to that of the band~6 of 

stage 28. 

ADH isozyme was resolved into a three banded pattern 

Of 

in liver tissuey^young frog- Two faintly stained bands 

showing minimum activity resolved cathodally and correspond 

to band-1 and band~^^ respectively of stage EB- The third ADH 

band with highest activity was resolved away from the 

cathode and showed identical mobility to that of the taand-5 

of stage £8- This band also correspond to the single isozyme 

obtained in adult liver and kidney (F-'ig .9;Plate 18). 

3.1-4.GLUCOSE-6-PHOSPHATE DEHYDROGENASE (D-Blucose-6-
phosphate : NADP-Ox idoreduc tase,, E-C 1 . 1 . 1 . "̂ 9 ) : 

(a) Adult tissue G6PDH pattern : A two-banded phenotype of 

G6F'DH isozyme was obtained in gonad, kidney, heart, brain, 

eye and liver tissues of the adult frog <Fig.11;Plate S0). 

Both the bands were resolved cathodally of which one band 

exhibited strong staining intensity while the other band was 

faintly stained. Tissuewise gonad, kidney, eye and liver 

showed a higher concentration of the isozyme. In these 

tissues the isozyme was most intensely stained than in heart 

and brain. No activity of the isozyme could be detected in 
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skeletal muscle-

(b) Tadpole tail muscle G6PDH pattern : A characteristic 

pattern of G6PDH isozyme was obtained in the tail muscle of 

the tadpole at different stages of development 

(Fig.lEfPlate El). An identical two-banded pattern was 

observed in stages S5 and E6- Both the bands showed higher 

staining intensity at stage £6 than at stage S5. A single 

band of the isozyme with a strong staining intensity was 

resolved at stage S7. This band showed an identical 

electrophoretic mobility with that of the second cathodal 

band of G6PDH observed at stage £5 and.S6. A single G6PDH 

band with slightly faster electrophoretic mobility was 

obtained in stages S8, S9, 30 and 31. At stage S8 the band 

was most strongly stained and exhibited a reduction in the 

staining intensity in the subsequent stages (£9, 30 and 31). 

(c) Tadpole head region G6PDH pattern : An identical two-

banded G6PDH isozyme pattern was observed in the head region 

of the tadpoles at the different developmental stages 

(Fig.13;Plate £E). Both the bands were resolved cathodally 

and were closely spaced to each other. The first cathodal 

band was more strongly stained than the second band-

(d) Tadpole liver tissue G6PDH pattern : Liver tissue G6PDH 

exhibited a distinctive phenotypic pattern at the specific 
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stages of development (Fig -14;Plate 23). A three-banded 

pattern of the iso::yme was resolved at staqe E5^of these one 

most cathodal band showed highest staining intensity while 

the other Iwo bands showed faster anodal migration and were 

moderately stained. At stage E6 a single isozyme 

coriespondjnq to the fastest anodal band of staqe £5 was 

obtained" In comparison the band was more intensely stained 

at staqe S6 than that of at stage 25- A single band of G6PDH 

corresponding to the cathodal band of stage 25 was resolved 

at stage 27. The band showed a higher staining intensity 

than at stage S5. Some sub-bands were also observed at this 

staqe. Only one band of G6PDH with identical electrophoretic 

mobility to that of the fastest anodal band of stage S5 was 

resolved at stages 28 and 29. The band showed a higher 

staining intensity at stage 29 than at staqe 28- A two-

bainded pattern of the isozyme was observed at stage 313, of 

these one most strongly stained band resolved cathodally 

wtii ] e the other band with a very faint intensity moved 

faster and showed identical mobility to that of the fastest 

anodal band observed at stage 25- Single G6PDH band was 

resolved cathodaliy at staqe 31- The juvenile presented a 

two-bandt?d hiqhly cathodal phenotypic pattern identical in 

mobility to that of the adult G6PDH isozyme 

<Fjg. 11 iiPlaie 20 ) . 
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4-1- Development is the process by which a programme of 

selective gene expression, operating on a constant pool of 

genetic information produces a complex adult organism from a 

single fertilised egg (Rider and Taylor. 19S(3)- The primary 

objective in the aresi of ontogenic research is to gain 

insight into the mechanism underlying differential gene 

expression- This also provides an understanding of the 

evolution of the regulatory specificity of gene loci during 

development. 

Isozymes, as specific gene products, are efficient 

markers of cell type, enabling to define a cell in terms of 

its molecular composition (Markert and holier, 1959). It has 

been found that there is a gradual transformation of the 

pattern of isozymes during the ontogeny of a variety of 

tissues (Markert and Ursprung, 196S; Hunz and Hearn, 1967; 

Chen, 1968; Hornby et ai-,1989), and that an abrupt change 

to the pattern characteristic of the adult tissues occur 

just before or just after hatching or parturition (Masters 

and Holmes,197S; Takasu and Hughes, 1969a,b). In the present 

investigation we have observed a tissue specific gene 

expression of the four isozyme systems(viz-LDH, MDH, ADH, 

G6PDH) during the postembryonic developmental stages of the 

frog Raria 11 mnochar i s . 
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(a) LACTATE DEHYDROGENASE (LDH; E.C- 1.1 - 1.£7) : 

Lactate dehydrogenase isozyme system has been the focus of 

much interest in isozyme changes in ontogeny, beginning with 

Ihe pioneering observation of Martert and Moller<1959). In 

most vertebrates the tetrameric isozyme is coded by two loci 

(A and B) and form five different molecular forms <A^, AgB],, 

AgBg H ^i^^s «*nd B^) • The total concentration of LDH and the 

proportion of the five isozymes vary from tissue to tissue 

within an individual and within a given tissue at different 

developmental stages thus reflecting differential gene 

expression <Coffin and Hal 1,1974). 

Ontogenic pattern of mouse lactate dehydrogenase was 

investigated by Markert and Ursprung (196S)- This study 

indicated that all embryonic tissues first exhibit a 

predominance of A^ isozyme- The pattern gradually shifted 

towards B^ with developmental progression- The extent of 

this shift however varied enormously in different tissues. 

In skeletal muscle, very little change in the pattern 

occured, nearly all LDH activity being in A^, both in the 

embryo and in the adult- Heart muscle exhibited quite 

another picture. In this tissue enzyme activity was 

progressively shifted from A^ toward B^. On the contrary 

Cahn et ai-,<196S) reported a contrasting result of LDH gene 
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expression at various stages of chick development- Their 

analysis showed that B subunit appears first during 

development, even in breast muscle- However, at a later 

stage there was a progressive shift to A subunit activity in 

the breast muscle. Roy and Chatterjee(1993) reported similar 

pattern of B gene activation in early cellular 

differentiation of chick embryo. A similar observation was 

also made in the ontogenic pattern of LDH gene eKpression in 

fishes (Frankel and Hart, 1977; Frankel,, 1985) - Comparison of 

the LDH isozyme pattern obtained from embryo at various 

stages of development of several species of frogs and newts 

showed an identical result (Moyer et ai.,1968) to that of 

chick. Chen(196S) while investigating the pattern of soluble 

proteins and multiple form of dehydrogenase in amphibian 

development, obtained contrasting result in three different 

species. The anura Bombiria \^ar iegata and the urodela 

Triturus alpestris possessed both A^ and B^ isozymes in 

their embryo, while Rana temporaria embryo possessed only B^ 

isozyme. The electrophoretic pattern of LDH during early 

embryonic development of Xenopus laeyis indicated that the 

B^ isozyme was predominant form until the initial muscular 

response in tadpoles. At this stage there was an abrupt 

appearance of A^ isozyme (Claycomb and Vi1 lee,1971). 

Vonwyl(1983) analysed the LDH pattern in early embryonic and 

tadpole development of Xenopus I,yictorianus and X.borealis -
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The analysis revealed that the gene coding for A subunit was 

activated first followed by the gene coding for B subunit-

The foregoing account reveal, that the activation of LDH 

qene loci during development is highly species-specific and 

thus shows a diversity of isozyme pattern- In our experiment 

we have also encountered a species specific developmental 

pattern. 

The tail muscle of the tadpoles revealed a 

characteristic two banded pattern at all the developmental 

stages <Fig.p; Plate 11). 7he pattern did not alter 

throughout different stages of development- A comparison of 

1 elative mobilities of the bands with that of adult tissue 

LDH pattern (Fig-l; Plate 10) revealed that the subunit 

composition of tadpole tail muscle LDH were A^ and A-̂ Bj,- The 

high concentration of the A^ isozyme suggests that the gene 

coding foi A polypeptides is highly active in the tadpole 

tail musrJe. Anuran tadpole tail has a thick white muscle 

with relatively few mitochondria (Munte et ai-,1988)- This 

muscle IS probably used in short bursts of rapid swimming 

and may perhaps is subjected to hypoxic condition resulting 

m accumulation of pyruvate- The isozyme A^ being less 

susceptible to substrate inhibition was most helpful in the 

tail to maintain a steady generation of energy. 

161 



In an attractive analysis of tadpole tail muscle LDH of 

K. laeyxs and R .temper at-1 a ^ it has been found that in both 

the species B^ isozyme was the embryonic form and expressed 

most stronqly at the tadpole tail tip- However in tail base 

A^ isozyme predominated (Hornby et a/-,1989). It was 

concluded that the tail base being rich in white skeletal 

muscle showed predominance of A^ isozymes while the tail tip 

contains some red skeletal muscle and possessed B̂ . isozymes-

The electrophoretic pattern of LDH obtained in the head 

region of tadpoles during developmental stages (Fig-3; Plate 

11) indicated the predominance of A subunit activity. 

However h^^ isozyme was most active form during late 

promeiamorphosis (Stage E8). The subunit also eKhibited 

moderate activity at stage 25,27 during development and in 

the juvenile (Stage 32). Heteropolymeric association between 

A and B subunits was allowed in all the stages, though the 

type and concentration of the assembly varied considerably 

from stage to stage. 

The observed pattern indicated that there was a 

differential gene ejipression of the isozyme correlated with 

the progressive cellular specialization (Champion and 

Whitt,1976; Philipp et a/.,1979; Whitt 1981). Activation of 

the E( locus was not allowed in the tadpoles until the 

prometamorphosis (Stage 27). Perhaps, at this stage there 
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was a sudden increase in energy demand of the tadpoles and 

both glycolytic and fCA cycles were operative to fulfill the 

need . 

During metamorphosis, the amphibian liver undergoes a 

major mete^bolic reorganisation ( Brown , 196"^ ) - Bilewicz (1938) 

has demonstiated an increase in glycogen content of the 

liver in R,temporaria durinq premetamorphosis- At the 

metamorphic clima;; there is a reversal and a pronounced 

utilization of glycogen occurs, as reflected in a drastic 

decrease m liver glycogen- In a study of the carbohydrate 

of several species, Faraggiana (1933) and Urbani (1957) both 

noted rf decline in these constituents during 

prernetamo) phosis in contrast to the findings of Bilewicz. 

Ttie decrease was more rapid at the beginning of the 

metamorphic clima;;- These studies suggest that glycogen 

reserves in the liver acquire importance as a source of 

energy nourishment durinq the period of metamorphosis when 

dramatic changes occur in the digestive system and the 

animal stops feeding-

In our study we have obtained a distinctive LDH pattern' 

characteristic of specific developmental stages- The 

e?arliest premetamorph ic stage 25 was characterized by 

beginnmci of musculai movement and feeding (Roy and 
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Khare,1978;. It was observed that at this stage both the 

gene» loci encoding A^ and E-<A isozymes were active 

(Fig - 4;Plate 13). However AA being more strongly expressed 

may be indicative of a higher dependence of liver on 

glycolytic energy metabolism- Following this there was a 

sudden repression of the h locus- A strikingly identical 

pattern of only A^ and AgBg isoi^ymes were observed during 

the stages S6 to S8- This perhaps may be correlated to a 

temporary hypoxic state of ihe liver during the period- In 

the beginning of metamorphosis (stage E9) synthesis of B 

polypeptides was probably stepped up and the heterotetram€-:?r 

Aj B-:̂  assembly occured for the first time in the course of 

development-- The process of metamorphosis reached a climax 

at stage 30, marked by resorption of tail and freguent use 

of the limbs hy the tadpoles-

The anLmals rehearse their performance occasionally in 

the adjoining terrestrial habitat- The B^ isozyme was again 

observed at this stage- All the major isozymes were 

expressed at this stage though A^ showed highest activity-

The pattern remained unaltered till the end of 

metamorphosis. The young froglet liver did not show any 

activity of B^ isozyme and was strikingly identical to that 

of the adult LDH pattern (Fig.l; Plate 10)-

From the physiological point of view it may be presumed 
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that all along the tadpole development liver tissue 

primarily utili;zes pyruvate as an energy deriving substrate-

Ihis may directly or indirectly influence the liver tissue 

to maintain a higher concentration of A subunit of LDH-

However for a brief period during development (stage S5,30 

arid 31) both lactate and pyruvate were utilized to meet the 

increased energy demand-

Lool-'inq at the overall picture of LDH isozyme pattern 

in the three tissues it appears that the expression of the 

loci A and B at the various stages of development show a 

hiqh tissue specificity. Activation/repression of the genes 

were acnuiately programmed. However, what is the molecular 

mechanism in the synthesis of the different subunits remain 

unclear. The regulating mechanisms, which distinguishes 

between the two genes at a specific time may be related 

either to the Jevel of oxygen or to intermediates of 

o;:idative metabolism (Lindy and Ra jasa] mi , 1966) • 

< b)MALATE DEHYDROGENASE (MDH; E-C.1.1.1.37) : 

Malate dehydrogenase in most anurans is a darner, constituted 

by the combination of two types of subunits, A and B 

(Danzmann and Bogart,198S). The enzyme is encoded by two 

separate genes, Mdh-A and Mdh-B (Schwantes and 
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Schwantes,1977). MDH isozyme pattern during development has 

been studied in several spqcies of fishes (Champion and 

Whitt,1976; Philipp et ai-, 1979; Arai,198'^; Padhi and Khuda-

bulcsh, 1989) and amphibians (Rim et ai.,1965; Schwantes and 

Schwantes,1977; Long et aZ.,1983). 

In the present investigation adult tissue s~MDH was 

resolved into three bands (Fig.5; Plate 1^). The subunit 

composition of the isozymes was designated on the basis of 

tissue specificity and electrophoretic mobility. The 

presence of three forms of Ihte enryme indicated that the 

frog possesses two loci A and B encoding the cytosolic MDH-

Electrophoretic mobility of the homodimer Ag and Eg are in 

general agreement with the observed pattern in other anurans 

(Schwantes and Schwantes,1977). Out of the seven tissues 

analysed liver and skeletal muscle exhibited a higher 

concentration of the isozyme- This may be attributed to a 

greater metabolic need of the isozyme in these tissues. 

Tadpole tail muscle analysed during the developmental 

stages (stage S5 to stage 31) a characteristic pattern- Both 

the loci A and B were active producing a three banded 

pattern (Fig.6; Plate 15). The isozyme showed a decreasing 

trend in activity with the progression of development. In 

the head region onlv one isozyme corresponding to B^ 

166 



homodime?!- was resolved at stage E5, both the loci seemed to 

be active at stage E6 while only one s-MDH corresponding to 

Ag homodimer was expressed in the rest of the developmental 

stages (Fig.6; Plate 16). 

Liver tissue of the tadpole exhibited a higher 

concentration of s-MDH isozymes (Fiq.7; Plate 17)- The gene 

expression showed a characteristic developmental pattern-

The s-MDH isozyme did not show any detectable activity 

during premetamoiphic growth stages (E5 and S6)- This may be 

either due to total inactivation of the MDH loci or a very 

low concent)ation ol the enzyme in liver of the tadpole in 

these stages. During premetamorphic growth phase (stage 27 

and SB) only the locus A encoding Ag homodimer was found to 

be axctive. At the beginning of metamorphosis (Stage S9) both 

the loci were active- In the next two stages (30 and 31) the 

tadpoles showed pronounced growth of their limbs and 

resorption of tail- The isozyme in these stages are 

represented by a single band corresponding to A^ homodimer-

Both the isozymes Ag and Bg were again detected in the 

juvenile frog (stage 3S)-

Mai ate dehydrogenase is one of the '̂ey enzyme m 1 he 

tficarboxyl3c acid (TCA) cycle- The enzyme catalyzes the 

reversible mterconvei-sion of ojsaloacetate to malate using 

NAD as coenzyme- Enzymes of TCA cycle generally have been 
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found to decrease in activity during metamorphosis (Long et 

rii.,1983; Vamamoto, 1960) - MDH activity in normal and 

thyroxine treated tadpoles of Rana pipiens has been found to 

decrease ^ema^^ably during development (Long et ai.,1983)• 

The decreasing trend of MDH activity observed m tail 

and head region along with the progression of development of 

tadpoles may be ascribed to the fact that these tissues 

contain enough white sJ-eletal muscle and pe)-haps anaerobic 

breakdown of carbohydrate is the predominant path -way of 

enprgy metabolism. It may be presumed that the TCA cycle was 

operative in these tissues- It has been reported (Salmon ide 

Leqname ei ai-,1971) that in Bufo arenarum development, TCA 

cycle was incompletely operative in certain tissues-

MDH activity decline may also result from deficiencies 

m energy-rich compounds, such as TCA cycle substrates (Long 

<^ t a/., 1983). If regulation of MDH amounts present at any 

given time is controlled at the "transcriptional level", 

tfien the amount of active enzyme may reflect the amount of 

substrate available withm the cell at that period-

Liver tissue of the tadpoles exhibited highest 

concent)at ion of s-MDH isozymes. The expression of isozyme 

varied CDnside)"ably during development- This may perhaps be 

related to the feeding habit of the tadpoles at the various 
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stages- In feeding tadpoles (stage E7,28,30, and 31) only 

one locus(A) was activated while in the nonfeeding stages 

(stage 29 and 32) both the loci (A and B) showed equal 

activity. 

(a)ALCOHOL DEHYDROGENASE (ADH, E.C -1.1.1 - 1 ) : 

ADH isozyme was analysed in liver and kidney tissues of the 

adult frog and liver tissues of the tadpoles- Other tissues 

(vjn- gonad, brain, eye, heart and muscle) of adult "and 

tadpoles (vis- tail muscle and head region) did not show 

ADH activity- Our results are thus in conformity with the 

Dbse)-vation made in other vertebrates (Raiha et di.,1967; 

Mai koviK ef ai-,1971), where it has been regarded as a liver 

specific enzyme. The i5o-::yme is known to be dimer (Rossman 

et a/-,197S) and encoded at a single locus in majority of 

vertebrates (Hitneroth et ai.,l968; Shaklee et al-,197^i! 

Vallee,1985; }eung et ai.,1989). 

Ontogenic pattern of ADH isozymes have been 

investigated m a number of vertebrates (Raiha et aZ.,1967; 

Hitneroth et ai-,1968; Smith et ai-,1971; Shaklee et 

ai.,197^; Lavsne and Hadley,1975; Frantel,1980) including 

amphibians (Chen,1963; Wesolowski and Lyerla,1979)-
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The ADH isozyme pattern of liver and kidney tissues of 

adult froq investigated here revealed a single banded 

pattern (Fiq-9; P]ate IS). A greater activity of ADH was 

noted in the Ijver tissue than in kidney- The single banded 

pattern with identical electrophoretic mobility in both the 

tissues revealed that ADH being coded by the same gene locus 

m these tissues-

The ADH isozymes observed m tadpole liver at various 

stages of development showed a unique pattern of gene 

e>;pressjon ( Fiq - 10 ; PI ate 19)- Premetamorphic (stage £5,26) 

as well as earlv prometamorphic (stage 27) tadpole liver did 

not show ADH activity- Ihis ma/ be presumed either due to 

repression of the ADH gene oi absence of specific substrate-

Mevertheless, a distinctive pattern of the isozyme was 

observed at stage H8- The liver tissue ADH at this stage was 

resolved into as many as si;; isozymes. Similar multiple 

bands of ADH has beeen observed previously in the embryo of 

Bombina v ar legata (Chen, 1968) and >.eTiopus laevis adult 

(Wesolowski and Lyerla,1983)- This phenomenon may be 

e^!plalned by assuming that there SVB at least three 

structural genes A, B and A", which s^re coding for the ADH 

dimers- Genes A and A' may be allelic m eiipression- The 

possible Hubunjt composition of isozymes therefore may be 

designated as A^, A^Eij^, A^A"^, bp, A'̂ E-tĵ , A'g (Fig-9). The 
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sudden activation of all the structural genes at this stage 

may have relation with the feeding habit of the tadpoles. 

Additional genes were probably activated m response to 

accumulation of alcoholic substrates in liver as a byproduct 

of other pathways of metabolism-

A sharp reduction in the isozymes have been observed 

during the later period of development (stages £9, 30 and 

31) which ma/ be indicative of lesser metabolic reguirement 

and repression of the additional genes. However a detailed 

study un ihe expression o1 ADH isozymes with ecological 

correlates is needed to draw any concluding remark-

GLUCOSE-6-PHDSPHATE DEHYDROGENASE ( G6PDH , E . C. 1 . 1 . 1 - -̂ 9 ) : 

Glucose-6-phosphate dehydrogenase catalyzes the oxidation of 

glucose-6-pho5phate, providing NADPH for biosynthetic 

purposes in the pentose phosphate pathway. G6PDH isozymes in 

amphibians is apparently dimeric in nature (Chen,1968; 

Schwantes et a/.,1969; Chatterjee and Prakash,1990). In the 

pre%ent investigation a two banded phenotype of the isozyme 

Wcis observed in the tissues of the adult frog (F ig. 11 ;Plate 

80). E-iolh 1 he bands were resolved cathodal ly, of which the 

most cathodal band was heavily stained than the other-

Sii/iilar tesulis were ob<sP) ved in fishes (Scholl and 
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Anders,1973). Out of the two bands of G6PDH, one designated 

Ag is highly specific for glucose-6-phosphate and NADP, 

whereas the other called Bg has a broad substrate 

specificity (E'autista e^ a/., 1984)- However, the molecular 

and genetic basis governing the expression of G6PDH isozymes 

in amphibians has not yet been resolved. Little or no 

activity of G6PDH in skeletal muscle of the frog may suggest 

that the generation of NADPH from glucose oxidation via 

he>!Dse monophosphiate shunt does not play an essential role 

in the tissue (Fried et ai-,i969). 

In contrast the white skeletal muscle of tadpole tail 

exhibited significant G6PDH activity (Fig-IS; Plate SI). 

During premetamorphosis (stage S5 and S6) and early 

prometamorphosis (stage S7) only Ap form was most intensely 

expressed- The pattern altered in the subsequent stages of 

development and only Bg was expressed.. This pattern was 

maintained in the tail muscle through entire metamorphic 

period. However a gradual decrease in the staining intensity 

of the isozyme was noted in tail muscle with the 

progression of development. This reduction in concentration 

of the enzyme with the progressive developmental activities 

and resorption of tadpole tail may be correlated with the 

metabolic switch over from hexose monophosphate shunt to an 

alternative pathway of NADPH generation. Alternatively, it 
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may be suggested that during metamorphosis as the tail is 

resorbed biosynthetic activities diminishes resulting in 

lower demand of NADPH-

G6PDH isozymes analysed in the head region of the 

tadpoles during development (Fig-13; Plate ££) showed a 

striking similarity with that of adult tissue G6PDH pattern 

(Fig.11; Plate 2(3). Both the form (Ag and Bg) of the enzyme 

were expressed. The isozyme showed a progressive increase in 

concentration from premetamorphosis to metamorphosis- This 

may imply greater biosynthetic activities using NADPH in the 

tissue with progression of development. 

Liver receives a mixture of free monosaccharides 

resulting from the digestion of oligosaccharides and 

polysaccharides. About two-thirds of the free glucose coming 

to the liver enters its cells and is phosphorylated to 

glucose-6-phosphate by hexokinase (Lehninger,1975)-

Monosaccharides other than glucose such as D-fructose, D-

galactose and D-mannose Bre also phosphorylated in the liver 

Bnd further transformed into gluco5e-6-phosphate• About half 

of the glucose that undergo degradation in liver enters the 

hexose monophosphate shunt generating NADPH <Axel rod,1967). 

Our analysis of the tadpole liver G6PDH during 

development ievealed that both the isozymes A^ and Bg were 
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catalytically active- The pattern however varied 

considerably with the progression of development- Both the 

forms were expressed at staqe 55- A single enzyme 

representing Ag homodimer was found to be highly active in 

stages E7, 30 and 31 (Fig-14; Plate E3) while Bg in stages 

S6, S8 and 29- It may be presumed that the feeding habit of 

the tadpoles directly or indirectly influence this 

differential pattern of the isozymes- During late 

premetamorphosis and late prometamorphosis feeding 

activities decrease while in the beginning of metamorphosis 

feeding virtually ceases- Perhaps m these stages liver was 

constrained with glucose availability and only Bg form of 

the isozyme was synthesized- In the feeding stages of the 

tadpoles (stages S5, S7, 30 and 31) Ag homodimer was the 

most active form of the enzyme- Ihis shift of enzyme 

activity has been regarded to be the inherent property of 

liver tissue (Lehninqer,1975)- Thus it has been suggested 

that the ej.'prpssion of 1 he qeiie coding for specific enzymes 

m liver is a highly regulated process-

The overall pattern of G6PDH observed in this froq 

suggest that the isozymes may be encoded by two separate 

gene loci A and b- 1 he differential activity of the loci 

observed during the tadpole development may have specific 

functional significance at various stages- The expression of 

the loci may be related to the alteration of metabolic 

pathways nn accordance with the availability of susbstrates-
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TissuEj LDH isD;:yme pat-tern-

Fiq.l. Adult tissue LDH 

Fig-S. Tadpole tail muscle LDH 

Fig»3. Tadpole head region LDH 

Fig.^. Tadpole liver LDH 
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"I issue MDH isozyme pattern 

Fig-5. Adult tissue MDH 

Fig.6. Tadpole tail muscle MUH 

Fig.7. Tadpole head region MDH 

Fig.8. Tadpole liver MDH 
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Tissue ADH isozyme pattern 

Fiq.9. Adult liver and kidney ADH 

Fig.10. Tadpole liver ADH 
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Tissue (i6PDH isozyme patterr) 

Fig. 11- Adult- tissue G6PDH 

Fig. IS. Tadpole tail (36PDH 

Pig.13. Tadpole head region B6PDH 

Fig.l-^. ladpole liver G6PDH 
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Plate:1- Adult frog s Rana £jmnocharis 
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Plate;2<a-c) and 3: Premetamorphic tadpoles 
Bar = 5mm 
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PIate:4 and 5: Prometamorphic tadpoles 

Plate:6 and 7: Metamorphic tadpoles 
Bar = 5 mm 





Plate:8<a !,b ) : Metamorphic staqes 

Plate:?: Juvenile froq 
Bar = 5 mm 
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Plate:10: Tissue LDH isozyme pattern of adult froq 

Plates 11: Tadpole tail reqion LDH pattern 

Plate:IE: Tadpole head reqion LDH pattern 

Plate:13: Tadpole liver LDH pattern 
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Plate-. 1^: Tissue MDH isozyme 
pattern of adult froq 

Pla 
t.= 15= Tadpola tail ,„us.le HDH pattern 

Platea6= •r.dpo.e head region MDH pattern 

Plate=17= Tadpole liver MDH pattern 
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Plates 18: Liver and kidney tissue of AUH 
pattern of adult frog 

Plates 19s Tadpole liver ADH pattern 
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Plate:S0: Tissue G6PDH isozyme pattern 
of adult frog 

Plate;£ls Tadpole tail muscle G6PDH pattern 

Plate:ES: Tadpole head region G6PDH pattern 

PlatesESa Tadpole liver G6PDH pattern 
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C O I M C L - U D I INIC3 F t E : M # = f c F t K S 



iiuiil uf liie isluclies ui) enzyme else t rophorpsx = havf? 

be>en designed pi imarily to assess allt^lic or allorymjc 

<Case, 1978; Chatter.iee and Pral-ash 1990) variation among 

populations and species. "I he number o1 tissues incorporated 

m these studies generally is small, usually restricted to 

one o) two tissues. Studies involving multiple tissue may be 

used to assess isozyme characteristics, such as tissue-

spocificity, heteropo] ymer assembly axnd number of loci 

coding for a single enzyme (Buth, 1984)- For multilocus 

enzymes, the pattern of tissue-specific e>!pi ession for each 

locus IS often evolutlonarily conserved, and tissue-specific 

e);pression may be important m determining J orus homologies 

among tejja (Whitt, 1983). 

Our analysis of I.DH gene expression involving 

multiple tissues of the seven species supports the eailier 

findings that m most vertebrates theie are mainly two loci 

coding for these isozymes- 1-lowever, the observed individual 

variation from different populations as wel] as inter­

species variability of the isozyme pattern was remar^able. 

We have ttled to correlate these variations with the 

suspected macro-environmental factors (viz- deforestation, 

mining, urban activities, etc-) as well as ptesumed 

phyii lolog iC(U state? of the frogs- Nelthe) a sp(̂ (.ifl(_ 

environmental factor nor any ph/siologtea I criteria was 
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measured witiiin the framework of our study. Incorporation of 

those parameters to the presently evaluated ir>oi:yme pattew) 

may reveal more accurate biological anformation. 

It is claimed itiat the third qene locus C encoding 

tissue specific l.DH in birds and mammals (Zjnkham et 

ai., 1969; Goldberri, 197E) £\s well as in bony fishes (Markert 

ei dil ' , l^yVti) is absent in amphibians (Wfiill J969>. However, 

the possibility of ttte occin-rence of the qene jn froqs 

cannot t3e ruled out totally- Uur observation of aw 

additional iso;;:yme in Ijver and eye tissues in two species 

(vin- A.afqhanas <AI-H\ R.reiriNar<iti i ) arises some questions in 

this regard. A con f i rjnat ion to thas observation 3s possible 

only when an extensive analysis involvmq pnrif j c<-» t ion o\ 

the iso.:yme to tiomoqenei 1 y, immunolo(n cal test, 

determination of primary sequence of the protein, etc- Are 

undertaten. However, such analysis were beyond ttte obiective 

of the present study. Thus this may provide a clue for 

further investigation. 

Moieover, we have detected a highly heteroryqous 

population of P, leucomysta\ - fhouqh ttie si:2e of our sample 

was smal J even then we wLM'e able.' to i ecoi d variability. Ttns 

oi course needs furtlier reweai ch involving analyBis ui 

larger s,unp]e si:;:e and tontt oiled breedsnq (-̂jqie) iments- Tttis 
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data can be more meaninqful if substantiated with 

eitvi ronmen ta J correlates-

The pattern of r.-MDH iso:;:ymes m tfiese frogs 

revealed a considerable homology am(jnq them- "flie iso.:yme m 

Itu.̂ se froqs seems to be encoded by two iori,(A and hO and are 

under the similar regulatory mechanism- Oin- results BCB in 

conformity witt> -the pattern m previously studied amphibians 

(Chen, 1963; Fisher et ai.,lV80; Schwantes and Schwantes, 

198££) -

Alcohol dehydroqenase in these ^ioqs seems to be 

dime^ric m nature and is bemq rntle<1 at a sinqlf» Incus-

However, addationaJ bands of the en::yme liave tulso been 

obse)"ved in some •appcies (R ̂ <.y nuo ph ly~t i s arid 

R.ri icobar leuj IS f ' Such additional bands may arise due to 

allelic variation (Wesolowsl^ i , 1983) - We propose a more 

ojttensive mvipst iqat ion wj th 1 arqer samfiles to score t hê  

alleles <rom different populations-

A unifoim pattern of (-)6PDH obsciv^'d ^s^ (ho rMDus 

may be indicative of identical gene expression- We could not 

detort ar)v activity uT u>or;.-li in si clstj,!. mnz.cJ;.' i ..->'3iu of 

the froqs- We tried to substantiate this with a low pentose-

phosphate shunt nf qJurnse /netabolism- Ifiis speculation may 

be more meaningful with I he incorporation of the elaborate 
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biochemical analytical data. 

Jn the "bernnri chapter of the thesis we have 

analysed the iBonyme pattern of /?a;;d iimnocharis dm m g 

I adpo 1 e me ( amorpho'-ii in - I he> ob̂ ifM V^MJ patlein p>uvi(itMj 

additional evidence of differential gene activity and 

useluJness of isoisymes as 'gene maxri-ers' in genetic nsludies-

The differential pattern of isozymes observed 

during the growth and metamorphosis of tadpoles implied an 

acci.n~ately programmed act i vat ion/repress ion phenomenon of 

structural genes at specific developmental stage- Howeve), 

the moJecuJar genetic mechanism of the events iemains 

unclf-'ar though we have tried to ejipJnin this with 

physiological coirelatesj- lio> eovf?r the simultaneous 

acLivation of all iha Anw rj^nes H.i>-ir->/-i e.i_i,-iy £'=:î er, of 

development and a gradual repression of one or more genes 

with the progression of development clearly reflected a 

differential gene action- It has been suggested that the 

degree of dissimilarity between paternal and maternal 

alleles may affe>ct their synchronous activation 

(Numexchi , 197H) - Thus m order to determine the paterr>al and 

maternai gene effect during individual development of the 

frog lurthei expeiiments may be designed involving 

controlled breeding as well as ecological and physiological 

measurements -
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I he present investigation was one of the first step 

analysis involviruj these fioqs. We have observed Ihat in 

most of the species LDH gone locus A was hiqhly active- The 

locus showed almost identical gene expression m all the 

tissues (except gonad and heart in certain cases) of the 

froqs. Further, the locus also exhibited a considerable 

amount o+ variability (viz- P. Ic>ucomysta\ ) ' Nevertheless the 

locus showed equally high activity even during 1 he tadpole 

metamorphosis au evident m the second chaptei • Ihit*-. it may 

be presumed that the LDH qene locus A play some adaptive 

role. However with the limitation of ou) study \\ was not 

possible to measui e such aspect- Furl tier investigation may 

enlighten us about tt>'-> o(1.=>c> 11 ve lolê  of ihn ]oci(<̂-. in the 

frogs-
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