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The transitiron from water to land 18 & very remarl able
step 1 the phyloyenetic history ot ver lebrates. this
conguest of land was 1nitiated by the primitive amphibtans
in the Devonean perviod. [h the cow e of thewn evoluliona y
history amphiblrans have become extraordinarily moditired to
lead a dual Iife. Their life covcle 1nvolves a drasbic
matamorphosis. They are cold blooded and so hibernate during

winler months.

They are world wide 1n distiyibubtion and aws many as 2600
species of anwrans. the laryest group of amphibians have
bBeen reported. In india annurans e represented by  about
16% species of frogs and toads belonginag to & families. Uut
of the &b species of anurans repur ted 1yvom Ny Lh-kasteirn
regron of  India 40 belong to the hills of HMeghalaya. In
spite of this vichness yenetic studies wilh these anw ans
are very limited. The present i1nvestigation i1s thus carried
out lo evaluate the wlectrophoretic patlern of  maltyloous
isacyme  systems. Seven species of frogs belongainag to  three
famtlies woie analysed from cdifferent populations to  study
the 1sozyme pattern. The results are vecorded 1 chapler
one. In chapter two the developmenlal aenetic aspect of ‘the
1socymes  during tadpole growth end metamorphosis  has  been

studied for ane coumonly avallable species.



In each of these chapters we have included the pattern
of gene expression of four dehyvdroogenases {viz-. || actate
dehydrogenase. Malate dehydrogenase, Alcohol dehydrogenase
and BGlucose-b6-phosphale dJdehydrouaenasae) . Seven {issues of
adult froge were analysed to study the i1socyme pattern.
Tadpole {arl muscle, head regron and liver tiossues were used
tor similar study at different stages of develapment 1n
chapler two. Relateod worl has beon decorded v ool oduclory

section of each chapteir.

Live specimens were sacvificed tn lthe Jaboralory and
fresh tissues vaizs. gonad. kidney, heart, brain, eve., liver
and skeletal muscle wer e used. Isorymes were separated on
7.5% polyacrylamide rod gel accovding to the standard disc—
electirophoretic proredines. Gels were subected (o specific

staining solution to vaisualire the i1socyme bands-.

Lactate debydrogenase (LDH) 12 2 tebyameric encyme
catalyzing the interconversion of lactate to pyruvate. In
most wverlebrates lhe encyme 1s coded by two codominant
loci (A and K. Random associratiron between the products of
these uenes vield Tive electrophovetically daistainguishable
lenzymes 1n vertebrates. In some verteb ates a third locus
designated € codes foyr highly lLissue apecific 1 DH. ihe
prezsently  studied froas revealed a similey pattesn  of the

LDOH 1sozvme phenotypes as obsery vesd an othen veriebhrales. The



patiern manifests 1tselt 1n predomnance of acidic 1sozymes
uf hearl and pyedominance of basic vnes 1 skeletal  ouscle.
Activity of the locus & was found Lo be move Fhan Fhint of
locus  HBH. The expression of locus L showed a restyiction  in
some of the ltissues of cevtain species. 1he hetevopolymeric
LEQzYme QIUS also showed a restricted assembly 1 certain

pecies. Allelic variant of the locus A waes detected an one
SPEC LES resuwlting into A twelve-banded heloyrozyaoniic
esip euuion ol P DH« The observved number and  therry Heody-
Weanberg expectalions Tor Lhe polymorphic loci: suppor-t the
validity of lhe pyoposed model and indicate thal the samples
were collected from & single Mendalian population.  Further
1 two specles Lisste specific evprescion of the 1sosyme n
eye and liver were obsevrved. The 1sozyme chowed a differvent
electrophorelic characteristaics compavablde {o Lthe G4 LDH

observed i1n other vertcebrates.

Malate dehydrogenase (MDH) 18 diwmevic  1n natuwre  and
catalyzes the interconversion of malate to oxaloacetate in
trebs cycle. The cytosolic malate dehydrogenase (s—MDH) 14
encoded by two loct an most vertebrates. In  the present

wluwdy bollhh the loct have beenn founnd to be active.

Alcohol dehydroaenase (ADH) 1n most vertebrates e the

product of a sitngle locus and 1s primarily a liver specaific

o



enzyma. It catalyces the interconversion of meny alcohols to
thet e corresponding aldehydes and | etones. A single  Dbanded
pattern of the enzyme could be resolved in liver and Laidney
tissues  of Lhe froas analysed beve. However, additional
bands of low staining intensity has also been observed 1n
some  species. These may be due to allelic variants 1n the

population of the species.

Glucuse—-a-phosphale dehydrogenase (GEFDH) 18 a ey enoyme
in pentose  phosphate shunt. [t 1s dimeric wn nature  and
eiisl in two foims (A and R), without esthaibiting
heterodimeric forms. B single form corresponding ta lhe form
G owas resolved in most of the tissues of the froas examined
1in the present study. However, liver ., qgonad and eye tilssues
revealed addiftional band cormresponding to form B 1n some
cases. Skeletal muscle tissue did not show any activity fto
GEFDH enayme  1ndicating jittle or no penteose phosphate

shunt .

Analysis of  1he tadpole tissuss at various staages of
development showed a daistinctive 1sozyme pattein. ladpole
lz1l,  head regiron and laver tissues exhaibiyted predominance
of LLDH polypeptides at the various developmental staces.
Sipvession of the Rolocus showed & yestriction, HMalate
dehydrogenase (MDH) showed o less complet tenryme  pattern.

Both the locus wen e eunallyv active. Howsves theye  was g



w%q??

restriction 1n the heteropolymeric assembly. A rvemarkable
variation 1n the expression of alcohol dehvydroaenase gene
was noted 1n the liver tissue of lhe tadpoles. During early
stayes of development mulbtiple of ADH bands were resolved.
Subsequently thevre was reduction in the number of 1=ozymes
with the prodression of development. Glucose-é-phosphate
dehydrogenase (G6FPDH) revealed a single banded phenotype 1n
the tail, & two-banded phenotype corresponding to A and U
form of the 1sozvme weve observed in the hestd vegion. Liver
tizsue ¥habited a daifterential repression actaivation
phenomenon  of the genes coding for G6FDH 1sozymes.  During
@arly metamorphic stages both Lthe H{orm  showed higher
concentration of lhe enzyme. Lubesequently wilh the
prograssion of growth and development the 1=ozyme fuim A was

predominantly synthesized.

The 1sozyme pattern obtained for the four dehvdronenases
in the adult specimens af the seven species and the tadpole
liesuwes of one frog have been correlated with the local
eeologirical condrlgons as well as with the  physiwologroal
states of lhe frogs. However, ows presumplion of the varioos
correlates with the observed 1soryme pattern need further

vesearch to draw & final conclusion.
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FOREWORD



The transition from water to land is a very remarvkable
step in the phylogenetic history of the vertebrates. This
conguest of land was first initiated by the primitive
amphibians in the Devoniarn period and was completed by the
reptiles in course of time. Even though amphibians
CoNnavibiube « sort of transitional oroup, 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 as well
as in water. The life oycle involves a drastic
metamarphosis. The young tadpoles of frogs and toads differ
markedly from their parents not only being aguatic but also
in  their feeding habits. Amphibians are 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 & 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 demonstirating and
elucidating vertebrate anatomy, physiology and development.

i



Ferhaps no animal, except man, has been the subject of so
many scientific investigations (Holmes, 1927)- 1t indeed
seems, 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 (Ohkada, 1927). Nevertheless, in the
recent vears 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
exchange 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 specieg-
Thus, in order to achieve the goal of 'bio-diversity” it is
essential to have strict conservation policies supported by
sound scientific knowledge-

ii



It is thus widely felt that both from conservation and
evoluticnary 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 understénding
of the genetic basis of evolutionary changes, the ‘patterns
of genetic diversity present in many species must be

examined (Allendorf et al., 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 isozy@e
patterns from eléctrophoretic separation of selected tissue
extbracts. Chapter Two deals with detection of differential
gene expression during developmental stages of one selected

SpeCclies.

i
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There are as many as 2600 anuran species belonging to
B8 genera grouped under 18 families (Heusser, 1974). They
are world wide in distribution and about 165 species of
froge and toads belonging to & 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
cbliteration of Fre~tertiary Tethys Sea began in North-East
India producing in its wake a land bridge between Indian
Peninsuia’ 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 Palararctic fauna
spread to the Indian Sub-Continent. Located in the North-
East angle of the Indian Sub-Continent cris—crossed by hill
vanges flanking the Brahmaputra.and Surma Valleys, the
Constituent wnits of the region are Assam, Arunachal
Fradesh, Meghalaya, Nagaland, Manipur, Mizoram and Tripurag
The region offer a complex variety of ecosystems varying

.

fyrom ‘tbe alpine meadows and semi temperate slopes of the
- eastern Himalavas, ‘through the wet evergreen forests of
North Assam and Arunachal Fradesh, to the mixed evergreen
and moist deciduous forests of South and East Brahmaputra

(Ghosh and Tiwari, 1984).



{1 16 1nteresling to note (Table«1) thal out of about
59 epecies reported from the rearon (Chanda., 1998) 40 belong
to Lthe halls of Meghalaya. Az many as 24 species of Ranidae
and 13 wpecies of Rhacophoridae have been reported from the
region,  of  which 19 species of Ranidae and 11 species of
Rhacophaoridae are found in Meahslava. Tree frogs belonging
to the family Hylidae have a resivicted distraibutiion in
India and one species (vic.Hvia annecYens Jerdon) has been
reported from this region. The 4 species of Bufonidae found
in the region have been reported from Meghalava. Out of the
4 burrowing amphiblans belonging to the family of
Microhylidae availlable in the reygion two have been 1 eported
trom Meghalayas The tamily Pelobatidae 15 regarded to be
intormediate between the advarnced and primitive families. Of
the four species reported tvom Norih-East  Tndia  three

belong te the hills of Meghalava.

Besides, many amphibian are endemic to lhe region @ as
many as 13 species have been exclusively found in Meghalaya.
8 1n Arunachal Fyadesh., 3 30 Assam, 1 10 Manipuwr and 1 an
Tripuras Amphibian fauna thus present one aof the a1mportant
componen te of fauwal wealth, specially in view .of
increasing nterest an utilisation of these animals  n
bbiological control of mnsect pest and could Jead to  an

interesting aspect of economic Zoology in the regilon.

&3



Falaeontological studies have revealed that the modern
frogs are much similar to those living 20 million years ago
(Eates, 1978 . Thus it seems obvious that organismal
evolution has been slow in frogs (Chatterjee and Prakash,
199@) vyet at the molecular level evolution must have been
rapid. Otherwise they would have eventuwally succumbed to the
vagaries of the environment. Due to the existence of
morphological plasticity among individuals, conventional
morvphological 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 coriteria. Many recent tadxonomic studies, have
benefited greatly from the advent of biochemical procedures
that have been used to quantify molecular differentiation
and . thus affinity among species (Avise, 1974; Wake, 1981;
Wilson et al., 1977). Molecular differentiation often is
large and may‘be used, by considering patterns of genetic

and evolutionary relationship among species.

The exploitation of bioclogical events in  terms .of
taxonomy mainly depends upon the presence of enormous
gspecificity of macromolecules and metabolic processes at
every taxonomic level which are basically same in the lowest

and highest organisms (Dhar and Chatterjee, 1982). Moreover,



numerous fundamental questions concerning  the specl1es—
structure and process of speciation seem capable of being

answeved by studies concentrated at the molecular level-

Fhenotypac expressions of  an organisam have been
manifested by sequential biochemical events which 1n turn
fhrave been conlrolled by differential actavity of appropy r1ate
genes. The genetic information encoded i1n  the nucleotide
meguence  of the DNA ol wmoiwctural aenes 1s tyanslated  anlo

a sequence of amino acids mal ing up a protewn.

Eirochemical techniques desianed Lo compar e specles on
the basis of protein differences were starvled by Nuttal
(l9W4) « The analysis of proleins have been considerved to be
the simplest indirect approach to understand the structure
and funclion of genetic material. Moreover, comparison of

functionally homologous proteins from a variety of species

M ovides valuable information on the phylugenetic
relationships among these species. In recent years
brochemical data have proven useful m deteymining

systematic relationship between organisms. lhe degyee of
gsimilarity between (he proteins of uorganisams 16 dl\enily
proportional to theilr degvee of relalionship (Sibley. 1964).
lThese proleins are oi1ther structural proleins o functional

proteins. The functional proteins, called enocymes ave divect



praoducts  of genes and variation 1in their expression 18
indicative to the variation an  the corvesponding oene

(Markert and Ursprung. 1974).

The variation in the stvucture of proteins, leading to
the surface charge can be detected by electrophoresis and
Lhise technigque has been fTound to bhe useful in stuwlving
problems invelving  different taxonomic ranks. I'votein
charactermistics as ascertained electrophoretically are oftilen
usaefuwl 1n elucidatbting patterns of rvelationship and genetic
ditferentiation at and below the species level {(Avise,
1974)« The genetic relationships between two or more forms
and even individual genetic variations can be i1revealed from
Lhe sbtudy of electrophoretic variants of enzymes. Ihe
varitant molecules provide a natural " label’ which makes {hem
readily detectable in small guantities. In addition,
electvrophoresis is used widely to detecl a large porlaon of
allelic variation at a specific locus. making it possible to
calculate freguency ot specific alleles in different
populations (Case et al., 197%9; Chatterjee and FPrakash,
1993) . The application of high resolution electrophoretic
techniques to detect specific protein banding patteéng
showing signs of common ancestyry instead of non-specitic
fraction of diverse origins are move meaningful. Individual

variants or mubtants have wide application as  "genetic



markers” and in biochemical analysis of enzyme
relatlonships. of ihe structure of complex enzymes, «and of

multiple substrate specificities.

Many enazymes even afier orysiallization have been
found to be made up of mixtwre of clusely related molecules.
These forms are termed "i1sozymes' {Markert and Moller,
19599)« According to the recommendations of the commission on
Eiochemical nomenclature of IURAC ~ IUR (1977) i1soxymes are
defined as multiple molecular forms of an enzyme occuring
within a single species as a reswlt of more than one
structural gene. The multiple gene may be due to the
presence of multiple gene Joci or multaiple alleles. Also
included 1n this defanition are those multaiple forms of
enzymes which ayise by associabtion of protern subunits that
are themselves the preoduct of distinct structural gene and
excluding all multaple forms due to post-translational

madifications.

Since  Lhelr discovery a wealth of informalion o
enzyme heterogeneilty has occured and 1t seemed likely that
at  leasl half of all enzymes eilsl an 1%00yNMes. hig has
beren  1mpoyvtant 1 many areas of biological and medical
sclenees.  Thus 1sonyme studies have provided the main
experimental  substance for neutral draift controversy an

genetics and evolution. Thewr existence has made available a



multirtude of highly sensitive "markers" for the study of
differentiation and development, a5 well as praoviding
indices ol aberranlt gene expresslon 1n carcilnogenesis and
other pathological processes. Isozymes are also being used

increasaingly in diagnostic clinical brochemistry.

The Iiteratuwre COMPI1S1Mnyg yenetic studies on
amphaiblans using electrophoretic separation of 1spoymes as a
Lol  are enovrmous and an effort to review all would always
remain inadeyguate. A very comprehensive review 1s  presented

here, which may be treated s a representative une.

A wide spectrum of variations in proteins with respect
to 1sozymes have been observed tn amphiblans. Blalr  (1962)
reviewed +the wutility of nonmorphologlcal technigues an
Stwdying «anuran evolution. At that time chyromatography was
the biochemical technique used i1n anuwran studies. However,
gel electrophuresis of pratewns was being perfected at  that
time and has since become extremely i1mporlant 1n modern
evolutionary studies. Wells (19&64) developed a key to five
anuran subspeciles based upon electrophoretic patterns of
plasma proteins. Wilson ed af., (192464) detected dlffermn;es
in molecular expression of LDH isozymes amongst vartious
amphiibilian sprcless Salthe (1965) studied the catalytac

properties 1in  the heart and muscle extracts for the LDH



1sonxymes oOblained {fyrom 85 species of frogs from various
populations and delected only heart Laclate dehydrouenase
(LLDH) to be haighly polymorphic. Shon tx (19&5) examined four
sprcles of salamander of the genus Desmognathus to delermine
the Tfeasibility of distinguishing them by electrophoretac
patterns of LDH and haemoglobin characteristic. The study
suggested that the degree of intraspecific birochemical
varrlalbion 1s correlated with the deygree of  va lalion  1n
external morphology within each species. Dessauwer and Nevo
(1969) studied protein vartation in cricket frogs throuwghout
southern United States. Salthe {19269) analysed
electrophoretic patterns ot heart LDH and was able to
distinguish ten 1sozymes at this locus withain the frog Rarna

Prpiens complex i1n the United States of America.

Guttman (1973) further reviewed the biochemical
studies of anuwran evolution and documented the emergence of
glectrophoretic technigque as an important tool. Guttman and
Wilson (1973) studied inlrapopulation variation at protein
lJocy of American toad Bufe americanus. Inger et al., 1974)
were lhe firat +to 1nvestigate genetic wvariation and
populalion ecology of some South—East Asian frogs and toaﬁs
ot  1lhe gonus Rana and huve yvespeclively. Maxson and  Wilson
(1974 FTound approximately equal numbers of heart and

skeletal muscle LDH variants in Hyia regriia. Platz (1927%5)



stated that morphological traits are associated with some
consistent electrophoretic protein differences. His analysis
of isozymes from bSé Arizonan leopard frog {Rana gipiens)
from 34 sites distinguished three well established distinct
types. Vagel and Chen (1?75) investigated the LDH isczyme
patterns in Rana esculanta complex and observed that it has
a genetic control mechanism. Guttman (1975) concluded his
analysis of genetic variation in 28 Bufo americanus
populations by noting that the high heterozygosity in  Bufo
could be linked to enviiwimenial Deuver LyeiBily s A Cumpar 1=on
of fouwr andvan species in lsrael conducted by Nevo (1976)
provided support for  this hypolthesis. Dessauer et als,
(1977) utilising eletrophoretic comparison of isozymes from
13 species of New Guinea hylid frogs estimated the genetic
variability within and-amoné the speciés in concordance with
morphological evidence aAdMSUQQEStEd.thE presence of two
distinct lineages. Killer and Lyerla (1977) reported an
initial study on LLDH variants in the spring peeper, Hyla
cruciter, and revealed polymorphism at the muscle type
locus. Schwanteé and Schwantes (1977) made & comparison of
eletrophoretic pattern of nine iso:ymes between tetraploid
and dipleoid species of Odentophrynus americanus and U,
cultripes. Schwantes et af., (1977) discussed mobility,
activity and number of glucose-é—phosphate dehydrogenase

(GEHFDH) electrophoretic bamd in the tetraploid frogs



Odentophrynusz americanus fTrom Brazil and concluded that

though the number of genes coding for ibhe ensyme has been

duplicated only a single band was obtained
electrophoretically indicating higher concentration of
repressors reducing gene activity.s Tabachnaick C1977)

analysed the serum albumin and tissue LDH of North American
Newt to defermine the genetic variation and suggested that
aeven lhough the enzvme variants are physiologically neutral,
are linked to loca that are under the influence of
seleclion. Case (1978a) studied 11 1sozymes and 2 serum
proteins to asses levels of genetic variation and
evolutionary relationship between Rara boviexr and R. muscosza

from Calafornia. Cas

i

£1978k), bagod on elecirophorsiaze and
immunological data presented the evolutionary relationship
among MNorth Amevican frogs of the genus Rarna. Fauwlhaber and
Lange-iyra (1978) ernamined the disbtraibulion and homologies
of subunits 1n the LDH 1sozymes pattern of wodales from
Germany. Firerce and Mitlon (1980) assayed genetic variation
in 2 subspecies of Ambysztoma from United Stales and
confiirned  the nalure of variation at 8 polymorphic  i1sczyme
luci« Gerhardt et al., (1900) made a detalled survey on 'the
movrpholaygy. voralization, electrophoretic analysis of

natural bhybrids between Hyla cinerea and h. yratioza. Vonwyl

aritd  Faishbery (1988 studied LDH 1sozyme in xenepus and
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indicated a specles-specific pattern. Dauaherty of af.,
(1981) surveyed variation i1n lthe New fZealand frogs and
discussed their implications &as tasonomic tools- bunlap  «and
Flalz (1981) eyvamined the geographic variations of piroleins
and mating call in Rana piprens from Narith Cenlial United
States. Miyamoto (1981) examined 19 1=zozyme loc: amoiwg  {he
Costea Rican frog species of the agernus Lleptodaciyius Lo diraw
phylogenetic inferences. Flerce vt ai., (1981) assayed three
morphotypes of tiger salamander from West Teinas for genetic
vartation and concluded that 1n spitle of considey able
marphological and life history daffevences, there exaist
little genetic divergence in i1scazyme pattern. Danzmann and
Bogart (1982) studied eletrophoretic staining inlensilies at
& polymorphic Malale dehydrogenase (MDH) locus 1 the
tetrapload tree frog Hyla verszicoelor and diploid H.
charysoscells and provaided additional evidence Lhat gene
dosages can be accurately interpretled from Hbainingy
intensities. karlip and Means (1982) (eported 13 of the 19
1sozyme loci to be polymorphic from a comparison between &
American Trogs Hyla andersonit oend /. c1nerea. Gunihen et
ale, (19¢3) swrveyved LDH — I 1socyme 1n water frogs firom
different parls of BEuwrope and Cenlyal Asia and commented on
1its polymorphic nature among geographically separated
populalions. Lyerla and Fournier (1983) examined 1issue

specific expression of Xanthane dehydrogenase (XDH) 183zyme
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activity 1n clawed frog, ixerneopus faervis and concluded that
unly  1dney tissue esxhibit high levels of aclivity. Mivamoto
(1983) analysed taxonomic status of Cousta Rican 109
Eieutherodactylus bransfordr: based on electrophoretic
comparison of proteins. Odendaal and Bull (1983) compared
lwo morphologically identical species of lhe genus Ranidella
in South Australia and from the observed i1sosyme  var1ation
concluded that the external morphological similar ily between
aopecles  could be the resull of eilther converuent evolution
o lhe mainlenance of an anceslral morpheology- Formas et
ad., (1983) examined biochemical variation ain  the South
American lLeptodactylid frog EFupsephus roseus. Miyamoto and
lennant (1984) were able to establish close relalionshaip
amony three speciwvs of Central Ame) 1can rain frogs based on
aelectrophoretic, myological and karyological investigations.
Eaght gpeciet of (rtgs of the uvliie Ravey (P LS00 TIVE
endemic speciles from western North America were examined
electrophoretically 1n order to ascertain lheir systemalic
relationships by OGreen (1986). Hedges (1986) analysed 33
1sozyme locir n thiryfaive species of holavctic frogs Tirom
the United States and developed phylogenetic relatlonah;ps
MO the speciles belonging to fouy genes a- Shatfe et
al~  (1991), by compayison ol 180IYmes analysis with

morphological data, vyielded points of hoth agreement  and

12



conflict regarding phylogenetic relaltionships of all North
American Ambystoma.. Fyriakopoulouw-8hlavounow et al., (1992)
studied the morphometric and electrophoretic variation of
two population of Hyla arhorea in  Greece. Tissue-specific
expression, number of presumtive loci, and interlocus
heteropol ymen formation  for numerous 1sozcymes  in erght
trssues of the small mouth salamander. Ambystoma {texanum was
invesligated by Tilus (1994). A high degmee of agenetic
variation in five populations of the agreen toad Bufo virids,
from narihiern  Grecce was 1evealed by Fyiriel opoul on-
St lavounouw and hkarakousis (1993) based on studies of

external morphology and 1soryme analysis.

Biochemical genetic sludy o Indian amphibians was
nittaterd hy  Lareanmiparni et ~f., (]%wW) WIEN they
demonastrated species—-specific and tissue-specific patterns
of LDH 1sorymes 1n 1hree species of Indian frogs belonging
to the genus Rana. However., 1nspite of the richness of
amphibian  fauna 1n North-Eastern India, no genetic studies
was done unltil 1990« Challerjee and Frakash (1990) based on
is0zyme  data of nine populalion aof Rana {rmnocharzs  £i1om
Narthi-kastern India concluded that protein polymorphlsm' is

atdaptavely important and mainiained by nalural selecbion.

Fyom the foregoing review, 1t seems that considevrable

information  1s avatllable on lhe genelics of dehyd oarnase

13



specially Lactate dehydrogenase(LDH), Malate dehydrogenase
{MDH)>, Alcohol dehydrogenase (ADH) and Glucose—é-phosphate
dehydrogenase (G&6FPDH) . 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 subseguently to study
their genetic pattern in seven species of frogs, viz :Hyla
annectens, Folypedates leucomystax, Rhacophorus masximus,
Rhacophorus refnwardtii, Amolops afghanus, Rana

cyanophiyctis, and Rana nicebariensis.
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TABLE H 1

Distribution of Fropas_and Toads_in N.E. India.

Family Meghalaya Assam Arunachal Nagaland Manipur Mizoram Tripura
Pradesh
Ranidae 24 19 12 7 4 7 7 4
Rhacophoridae 18 11 4 1 3 4 3 2
Hylidae i 1 1 2 0 (] 1 ]
Bufonidae 4 4 1 2 1 1 g i
Microhylidae 4 a 4 1 i i 2 1
Pelobatidae 4 3 1 1 @ 0} 1 ]
Total 99 490 23 22 9 13 16 8

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

—— -

Name of the species Total number of specimen studied
Hyla annectens (Jerdon) 17
Polypedates leucomystax Bravenhorst ga
Rhacophorus reinwardtil (Boie) 26
Rhacophorus maximusz Gunther 14
Amofops afghanus (Bunther) &5
Rana cyanaphlvctis Schneider 54
Rana riceobariensis Stoliczka | 18
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Geoqraphical location of the sites

TABLE

: 3
»

of collection of different species

Locality Latitude Longitude Species collected

Ghillong 85086? 91054’ R.cyanophlvecitis,A.afghanus P.leucomystax

Jowai 25%7 92%1p R.cyanophlyctis,R.reinmardtii R.maximus,
F.leucomystax

Williamnagar 25%e 90935 R.nicobariensis,R.cyanophlyctis,A.arqghanus,
P.leucomystax

Hawhati ESDSB’ 9805’ R.nicobariensisz,P.leucomystax.

Mawkaiaw p5%p 92%9 " R.nicobariensis,A.afghanus.

Norgkhlaw 25%e2 9198~ A.afghanus.

Smit 85035’ 91°5Q’ A.afghanus H.annectens,R.reinnwardtii.

Mawnsyri-am 25%3 91034, A.afghanus,R.reinmardtii. -

Cherrapunji  25°18 9193 " R. maxinus.

Mawphlang 25%s8 91045’ R.reinwardtii,H.annectens.
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CHAFTER—I
MATERIAL S & METHODS



2.1 THE FROGS :

The materials four the present investigations comprise of
seven opeciles (Flates 1 to 8) belonging to three families of
Lhe order Anusras
(a) Hyla anneciens (Jerdon) 3 Family Hylidae.
() Polypedates leucomystaxy Gravenhors : Family Rhacophoridae.
() Rhacophorus reitnwardézr (Rore) @ Family Rhacopho 1dae.
(d) Rhacaphorus maximus Gunther ¢ Family Rhacophoridae.
V@) AMmGLopE atgnanus (Gunther} 3 Femily Ranidae.
(f) Rana cyanophiycérs Schnerder @ Family Ranidae.
{g) Rava nicobariensis =toliczkae 3 Family Ranidae.

2.1-1 BRIEF DESCRIPTION, HABITAT AND DISTRIBUTION :

{a) Hyla annectens (Jerdonl) : A small leafy agreen frog ;
dorsal swface of ilhe body 1s smooth and belly coarsely
granuwlar. A slate dart plate on both the lateral side of the
body (Flate 1). Fanders and toes wilh large discs. They are
nocturnal, arboreal frogs and live 1n hollow stems of trees
duwirang winlers They visitl lemporary water boadies in LPT N
and summer for breeding. Distraibution extends 1n Western
China (Cochvran, 1961), Thairland and Myanmar (Taylor, 1962),

Norlh—-East India, Bangladesh (Heusser, 1974). In North~East

India 1t 1 found i1n Assam, Meghalaya and Mizoram (Chanda.,
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1992) . Interestingly this 1s the only species of Hyla found

s India (Tiwari, 1991).

(b)) Polypedates feucomystax Gravernhors¢ : A moderate sized
frog. Dorsal skin colowr variable from grey to bright
yellowish brown with davk spotted dote or brolen stripes
(Flate 2). Belly white and coarsely granular. Fingers and
toes webbed with large daiscs. They are nocturnal airboreal
frogs. In summer and spring visit pools for breeding.
Mhibernate under forest litters during winter « They exhibit
amplexus and prepare foamy nests on twigs and leaves at the
edges of water bodies. Its distribution exiends 1n India,
Malay Peninsula, Java (Annandale, 1912; Cochran. 1961 and
Church, i243). Thailand and through South~East Asia (laylor,
1962). It 1s reported from all the North-East Indian states

(Chanda, 1992).

(c) Rhacophorus reinwmardtir (Boiel): A moderate sized, leafy
green coloured frog. Belly rough yellowish white 1in colow
and the dorsal shin 1s smoolh (Flate 3)- Fingers and toes
webbed with large discs. Webs are bright orange 1n colour
arnd 1-2 blacl circular spots on lateral armpit. An arboreal,
nocturnal frog and hide in hollow trees i1n  winter. During
sprina and summer female deposit eggs 1n a foamy nest at the

edes of water bodies. Distribution extends i1n Java., Sumatra
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(Gadow, 1901). Malayasia (Cochran, 1961) and Meghalavya,
Arunachal  FPradesh in North East lndia (Fillas and Chanda,

1976&) -

(1) Rhacophorus maximus Gunther : A moderate sized leafy
green coloured ftrog (Flate 4). Dorsal skin 1s smooth and
folded near tympanum. Belly smooth and brownish in colour.
Fingers and toes webbed with very large discs. The frog 1s
nocturnal 1n habit and 1s found among dense foliage., grass
and  bushes. Colour change from byight green to dull green
and finally to light brown have been observed during
handlaing (Flate 5). Visit pools 10 spring.  eggs are
deposited 1n foamy nest on the sides of water bodies.
Distribution extends 1n Himalayvan forests (Gadow, 19@1) .
Narth of Siam, Sumatyra and Malay (Taylor 1962), Thailand.
Malayasia, Fampuchia, Laos, Borneo {(Heusser, 1974) and

Meghalaya, Mizoram in North—-East India (Chanda, 1992).

{(e) Amolops afghanus (Guntherl : G stouter and larger frog.
Doveal shkin smooth, darl olive spotted and marbled with
black and grey.- Belly light brown and finely granulated

{(Flale 6)e Thighs with Taint bars. Fingers and toes with

large prominent discs. Toes webbed, fingers free. A
noclurnal  frog,y live ain cool streams near water falls and
hide in crevices. Distraibution eustends trom eastern
Himalayas lo Weslern Himalayas (Oadow., 1901 antd Lo rpaling
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1941)« It 18 distributed in a&ll the North Easlern stales of

India except Tripura (Chanda. 1992).

{f) Rana cyanophlyctis Schneider : A moderately small frog-.
Dorsal skin smooth olive brown with darkh spols. L.ower parts
white and smooth. Fingers free, toes webbed (Flate 7). They
are water frogs and do not bibernate. Distribution extends
1 South Arabla. Baluchistan, Afganistan, india. Srilanka,
Norihern Malay Peninsula (Louliengei, 192@; batyamurthi,
19267) Thailand (Taylor., 1962) Fakistan (Mantorn. 19643 than,
1976)« [t 1 distvraibuted in all lhe North—-kEasiern States ot

India {(Chanda. 1992

~-

() Rana nicobariensis Stoliczka : A moderate frog.
Dorsomedially the st Ln i1s  brown with darh dots.
Denvrwalaterally green wilh birol en yellow sputs.s Relly smooth
and white. Limbs brown with darlker stripes. Fingers and toes
Ffree (Plate 8). A noctuwrnal frog, lave 1n warm damp places
such as the base of banana plantations. Distribution extends
in Nicobar itslands (Stolicaola, 187@), Sumatra, Malayvasia,
Borneo., and Java (Boulenger, 192@)-. In India the species s
widely distiribuled i1n Wesl engal (bYacrkar. ef ale, 199é).
Irmipura and Arunachael Pradesh (Sarkar and Ray. In Fress).

This 1% the first report of lhe species from Meghalayas



The specimens have been collected from different places
ot Meghalava during the months of April to Qctober for &
period of three yvears (1991 - 1993« To avoid onteogenic
problems only fully grown adult speclimens were analysed
{please see lable 2 for number of individuals analysed) . The

site 0f cvollectiron 1e indicated 1n Fig 1, Table 3.

2-2 POLYACRYLAMIDE — GEL ELECTROPHORESIS =

Folyacrylamide gel electrophoresis of four i1socvymes, vio.
Lactate dehydrogenase (LDH), Malate dehydrogenase (MDOH),
Alcohol dehydrogenase (ADH) and Glucose - & -  Fhosphate
dehydrogyenase (G&6FDH) of lhe seven species of frogs were
performed according to Davais (1964) with suitable

improvisation.

2.2-«1 PREPARATION OF TISSUE HOMOGENATES

Frogs were cocoled i1n 1ce and sacrificed to dissect out seven
lissues wvizx. gonad, kidney, heart, brain, eye, liver and
skeletal muscle. Disseclted tissues were 1mmedialely wrapped
in aluminium foi1l, collected 1n glass contailner and hept ain
an icer bath. Each tissue was then welghed accurately and
taken in & glass homogenizer containing ice cold

homogeniaation medium (B.25 M Sucrose solution). The bissues
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ware homogeniced using an electric homogenizey with teflon
peastle. During homogenization the {ubes were always held in
an 1ce bath to avoird denaturation of tissue proteins. A 10%
homaogenate was Tound to be suitable for all tissues.
However, due to bhigh protein content ot liver and skeletal
muscle « 5% solution proved satisfactory. The homogenates
were i1mmediately transferrved into poly-propylene centrafuge

lubes (1% ml) kepb 1n an 1ce bath.

2-2.2 EXTRACTION OF TISSUE PROTEINS :

The structural elements were removed from the homogenates by
ditferential centrifugation in a cooling - centrifuge (REMI-
C-24), pre-adiusted to 4° . Centrifugation was carried out
at 81,008 xg for 15 minutes. The resultant clear supernpatant

were decan bed i test tubes and sub jecied to

electrophoresis.

2-2-3 ELECTROPHORESIS : GENERAL PRINCIPLES :

When particle of efteclive charge () 1s forced to mlgréta
1N & viscouws medium (Tiguid or gel) by action of an electric
tield (potential gradient, E), the phenomenon 1s generally

called as Electrophoresis (Mawrer. 1971). The draiving fTorce
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which acts upon  the particle migrating with constant
velocily 18 equal to the frictional resistance (F) which the

particle must overcome 1n the medium, 1.e..

The electivrophoretic mobilaty of a particle 1s defined as

M 5= e e e (e )
teE E F valt X sec

where "d’ 1s the migration distance of ihe particle in  time

Ny ' Y

f '
9 - v

the velocity and 'F° 1s lhe fractional resistance.

The vertical disc elecivophoresis system of Davas
{1964) was emplaoved. It 18 & discontinuous separating system
wilh  regeacd lo pH value. buffer composition and gel pore

si1ce 1n which polyacrylamide gel serves as a matris.

Disc electrophoresis 1s carried oul wilh small columns
of polyacrylamide gel consisting of three layers, in
wuitable conlainer like cylindrical tubes. 1he three laver s
are : (1) a large pore gpacer ov stacking gel., (11) a small
pore separation or running gel 1n which  the sample
constituents are separated and (111) a large pore sample gel
containing sample sulution. Electrophoresis 31s performed
with a vertical column of gels attached to two different

FfeLervolrs : sample gel uppermost., attached to an upper

reserveilr and the lower end submerged in the buffer solution



ot the lower eservoir. Electrodes are placed 1in  each

reservolr  and polarity 1s set so thal sample 1o0ns migrate
towards the s3mall pore gels A voltage 1s  applied for a
wpecific  tumes The gel 18 then removed trom the container

and placed for a period of time i1in a solution of protewn
Taivation and stained. Unbound dye i1s removed from the gel
slowly by washing in 7% acetic acid and then the gel 1%

preserved 1n a suitable solution.

2-2-3.1 REAGENTS

Stock solution : To obtain & 7.-7% polvacrylamide gel
following stouck solulion were prepared and stored in  dark
bottles 1n a refrigerator. The shelf life of these solutions

are two montihs.

Stock solution A : pH 8.9
1 N HC1 : 48.00 m)
Tris (Hydroxymethyl methylamine) : 6.6 q

TEMED (NyN,N.N -~ Tetra methyl
ethylenediamineg) : ¥W.23 ml

The volume 1s made upto 1080 ml with distilled water.

26



Stock solution B . pH 6.7
1 N HCI1

Tris

TEMED

Distilled water

Stock solution C

13

Acrylamide
Bis (N-N- Methylene bis-—-acrylamide)

Distilled water

Stock soclution D

Acrylamide
Ris

Distilled water

Stock solution E :
Riboflavin

Digstilled water

Stock solution F
Sucrose

Distilled water

Stock solution G

Ammonium persulphate

Distilled water

2z

L2 ]

48.0@0 ml
H.98 g
@46 ml

9L-34 ml

100.80 ml

4.@ mg

100.® ml

40.0 ¢

100.80 mi

@.14 g

100.@ ml
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Stock buffer solution : pH 8.3

Tris ] 6.0 g
Glycine : 8.8 g
Digstilled water H 100@.0 ml

For reservoir, 104 strength of this stock solution was used.

Indicator solution : 1% Bromophenclblue

Bromuphenolblue_ H @1 g
Distilled water . 10.8 ml
Destaining solution ¢ 7% Acetic acid.

Glacial acetic acid H 70.80 mil
Digtilled water 3 Q301 ml

2.2.3-2 Equipment used

The size of the cylindrical gel tubes used were about 10 cm
in  length with an inneyr diameter of &% mm. These tubes were
fived wvertically in the electrophoresis yrunning chamber,
consisting pfimarily of the upper and lower chambers with
platinum electrodes. The upper and lower chambers were the
buffer reservoirs. Arrangements were there to hold the qgel
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 uwunit (Systronics

H@4), gel casting rack, fluorescent lamp, micropipette with



disposable tips. hypodermic syrinage, needle, test tubes,

incubator, elc.

2.2.3.3 OGEL SYSTEMS AND THE1lR COMFOSITION 2

Separation gel was preparved just before wuse by mixing

reagents 1n lhe following proporiion (meang ratio v/v)

Stock solution A H 1 part
Sloct solution C : & peate
Distilled watey H 1 pear t
HStoct sclution G : 4 pertis

Spacer gel system was prenared he miviinn the =tack solotion

1in the following proportion (v/v)

Stock solution K : 1 part
Siock solution D : 2 parts
Stock solution & : 1 part
Stocl solution F : 4 parls

2-2-3.4 PROCEDURE H

About 1.3 ml (upto 7 cm 1ty tenath of 1he gel tubes) of | the
separation agel system was poured inlo the ael tubes held
vertically on & casting 1 ach. tare was lalt on nel lo «wllow
any aiv bubble 1n the ael column. A few drops of distilled

wAalen were  carefully  layered above the eeparation qel



system and left undistuwrbed for about 3 houwrs to polymerioe.
After polymerication. the watenw from the top of 1he agel
calumn was vremoved carvefully and aboul @.¢ ml (aboult @.0 com
in Jenath of the gel lube) of the space el system  was
pouwred caretully into the gel tube. A few drops of distilled
waler were again layeved above this gel system and the gel
Llubes were lefl under fluoyescent Light for about 20 minutes
lo polymuerize. Aftery polvmesrication the layer of water was
removed . The gel tubes were then faxed vertically as
descrribed by Davis (1964) 1in the disc electrophoiesis
chambiers [he lower chamber of the apparatus was filled with
1 M Tiis-glycine (pH 8.3). HMeaswed gquantity of fiesh
tirgsues oxtract was divectly pouoed over the spacer  gel
system with Llhe help of a micivopipette. 2o0pl ot extiact was
tound to be suitable 1o weparation of L DH., 1200l fon AL
arnd  G6FDH while J@-15ul extract was used tor separalion ot
MDH. The remaining vacant part of the gel Lube was filled
with the hutfer used 1oc the reservoiry avortding «1r bubblers.
The  upper buffer chamber was filled with hris—glycaine {pH
H.-3). A drop of 1% Bromophenol blue sclution was mixed in
the uwpper buffer chamber in order to delermine the time
requiired for Lhe separation of different a1<sopzyme. the  uppen

buffer chamber was closed by placing the electrode lid.
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The apparatus was then placed inside a refrigerator
and the i1wo electrodes were connected with a Systronic—604
power supply unit.- The power supply switch was put on and a
normal mode ot current was allowed to flow. The voltage was
set at BE20® 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 1n a tray containing ice-cold
diwtilled water. The gels were taken out promptly by
flushing cold distilled water with the help of hypodermic
syringe and « needle. Llhe gels were 1mmediately subjected to

specific treatment to obtain different isozyme patterns.

2-2.3.53 VISUALISATION OF ISOZYME PATTERNS

Gels were tahen 1n different test tubes containing specific
sltaining mulures and were i1ncubated for specitic period.
Gels incubated without substrate served as controls. After
the reaction the gels were washed and preserved in 74 acetic

acid to make genetic interpretation.

Faur 1sozyme systems were investigated using the following

stalining recipes H
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A-iLactate dehydrogenase(lL.DH; 2.0« leioi.&7) =

For staining seven gels the following mixture was prepared:

1 M Tris-HCL H 2.5 ml
1 N Lathium lactate : @.53 ml
MAD (B-nicotinamide adenine dinucleotide) t 8.0 my
NEBT (P-Nitroblue Tetrazolium Chloraide) 2 4@8.0 mg
FMS (Fhenaczine Methoswlphatle) : L2 mg
Distilled water : 4a47.8 ml

The gels were incubated 1n the above solution at 37°C for 15

minutes violel colowred LDH bands were visualised.

B. Malate dehydrogenase (MDH; E.C. 1.1.1.37) :

Only @.5 ml of 1 N malic acid was used as a substrate

instead of Lithium lactate, rest of the staining seolution

remained as far LLDH.

C- Alcohol dehydrogenase (ADH; E.C. l1.1.1.1.)

the  solution remains as for LDH except that the substrate

has been substituted for 8.5 ml of ethyl alcohol.
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D. Glucose—&—-phosphate dehydrogenase (G6FDH; E.C. 1.1.1.49)

D@5 M Tris.HCl (pH 8.0 S0.2 ml
Glucose-bé—phosphate 4@.0 mg
NADF 20.8 mg
FMS @b mg
NET 15.0 mag

The gels were incubated in the above mixtuwre at 372 C for 15

minutes. The bands were vaisuwalised 1n violet colour .

2-2-4 HEAT INACTIVATION STUD1ES OF ISOZYMES:

In order to distinguish between the different isczyme
subunits, heat inactivation studies were performed for all
the four dehydrogenases. The crude extracts after
centrifugation were taken in test tubes and lept 1 water

bathe at variable tempevratuwre for different 1sozymes:

LOH - Temperature of water bathe 5500 - 65°9C
MDH - Temperature of water bathe 4@°C - 45°C
ADH - Temperature of water bathe 25Cc - 30°C
B6FPDH - Temperature of water balhe 60°C - &5°C

Measured quantity of samples were taken aflier every 10
minutes, loaded 1n  the polyacrylamide gel tubes and

sub jec ted to electrophorests in the usual manner. The gels
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were then stained for the specific isozyme. For convenience,
tissues showing high activity for the specific isuzyme were
selected for this experiment. LDH 1sozymes were tested for
cardirac muscle and skeletal muscle extract, for MDH all the
seven tissues were examined, ADH was tested only an laiver
tissues and GOSPUDH was tested in all the tissues except

skeletal muscle.

2.2.3 QUANTITATIVE EETIMATION GF PROTEIN

In order to determine the total protein content in different
tissues of the frogs studied & preliminary estimation was
made accovding to the procedure of Lowry ef¢ al,.(1951):

Prianciple : Protein when veact with Folin-Ciocalteau, form
a blue colour, the ntensity of which at 730 nm 1s
proportional to the amount of proteins presenl 1n a sample.
The final colour reactions are the bi-uret reaction of
phosphomolybdic phosphotungstic reagent by tyrosine and

tryptophan present i1n the treated protein.

REAGENTS =

1) 8Stoch solution A 3 1% CuSOq
1i) Stock solution B 3 2% F-Na—-tartarate

111) Stock solution C 3 2% NaeCOB in 9.1 N NaUOH.
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iv) Folin-Ciocalteau reagent.

2.5 ml of stock sclution A was mided with 8.5 ml of the
stock solution B and the volume was raised upto 5@ ml with
stock solution € just before use. Commercially available
Folin-Ciocalteau reagent was diluted with equél 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. 0.3 ml of diluted F-C
reagent was added and rapidly mixed. After 30 minutes, the
extinction was read against an appropriate blank at 790 nm.
in a colorimeter. FProtein concentration was determined after

preparing a standard curve using Bovine Serum albumin.
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-1 The electrophorgtic patterns of fouwr 1sozyme systems
viz« Lactate dehydrogenase, Malate dehydrogenase, Alcohol
dehydrogenase and glucose—-é—-phosphate dehydrogenase in  the
saeverr species have been studied from different localities

(Fig«1l. Table.3) in Meghalaya.

Guelal Lactate dehydrogenase € Lactate : NAD -
Oxidoreductase, ECv 1.1.1.27)2

() Hyla annectens: Specimens collected from two localities
(Viz. 8mit and Mawphlang) were studied. A claﬁéical five-
banded LDH isoczyme pattern was obtained in the Smit
population (Fig.2a; Flate 9a). 0Of 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 E, was not expressed
in these tissues. Liver tissue exhibited & four-banded
pattern repreéented by Aq,AEBE,ﬁ133 and B, isozymes. The
skeletal muscle tissue extract showed a single intensely
stained band of A, isozyme at the cathodal end. No other

isopzyme could be detected in this tissue.

Specimens examined from Mawphlang, however, possessed a
single cathodal LDH band in all the seven tissues tested.

(Figs-2bjy Flate 9b). Comparison of relative mobility
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indicates the band represents the A, isozyme.

(b) Polypedates leucomystax: Specimens were collected from
four different localities (viz. Shillong, Jowai, HMawhati,
and Williamnagar) for the present investigation. A five-

banded LDH pattern was obtained for the species.

Specimens examined from Shillong possessed all the five
isozymes (Fig.3a; Flate 10a,b) in kidney , brain , eye and
liver tissues while gonad and heart presented only four
bands, the homotetramer Aq did not resolve in these tissues.
Skeletal muscle tissue showed only A, and AgHy isozyme
bands. A five-banded LDH pattern was obtained in gonad,
heart, (Fig.3dg;Plate 10h) and liver(Fig.3h: Flate 10i) tissue
of the specimens examined from Mawhati and in the heart and
brain tissue of the specimens from Jowai (Fig.3i; Flate
183). Less than five banded LDH pattern was observed in all
the specimens examined from Williamnagar (Fig.3d,e; Plate
10e,f) whevre "all the seven tissues showed either two or
three bands of LDH. A similar pattern was obtained in some
of the specimens examined from Mawhati (Fig-3f,g.h; Flate

1wgnl”)qi)“

Tissuewise, gonad was found to possess either three,
fouwr or five isozymes in different populations. However a

two—-banded pattern showing predominance of B, isozymes was
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cbtained in the specimens tested from Williamnagar
(Fig-d3d.e; Flate 10e.f) and Jowair (Fig-31; Flate 1@3). A
single-banded pattern was also observed in some of the

specimens examined from Mawhatis (Fig-31; Plate 1@g).

kidney tissue LDH was resolved i1into a five-banded
pattern in  the specaimens examined from 8Shillong (Fig.3ajy
FPlate 1da.b)., two to three bands 1n the specimen from
Williamnagar (Fig.3d,e; FPlate 18e,f), one to four bands 1in
the specimens from Mawhati (Fig.3f.g.h) Flate 1@g.h.1) and &
two-banded pattern in tho Zpocinene from Jowail(Fig.-"13F  ~te

1230 .

Cardiac muscle tissue showed A& maximam of  fouwr  LDH
1socyme  bands 1n the specimens examined from Shillong
(Fig«3ajFlate l@a,b) Mawhati (Fi1g.-3T.g.h; Plate l@g.h.s) and
Jawai(Fig-313;FPlate 1l83). Two to three bands were obtained in
the specimens examined from Williamnagar (Fig.3d,.e; Flate
1%e,f) while some of the specimens fTrom Mawhati showed

egi1ther one or two bands (Fig.3f,g.h; Plate 1@g.h.1).

A five-banded phenotype i1n the brain tissue extract was
obtained for the specimens examined from Shillong (Fig«3aj;
Flate 10a.b) and Jowal (Fig-31; FPlate 1032. ln the specimens
examined Trom Williamnagar (Fi1g.3d.e; Flate 1@e,.f) and

Mawhata {(Fig-3g.h; Flate 18h,1) only A4‘ABB1 and AEBE
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1sozymes were resolved. A single banded pattern was obtained
in some of the specimens examined from Mawhata {(Fig.3f;

Flate 1@g).

Eye tissue LDH resolved into a five-banded patteyn in
the specimens examined from Shillong{Fig.-3a;FPlate 10a.b),
thiee to fuwr bands 1n  the specimens tested tyom
Williamnagar (Fig.3d,ej;Flate 1@e.f) one to four bands in the
specimens @xamined from Mawhalil (Fi1g.3f,0.h; Flate lUg.h.1)
and a two banded pattern in the specimens from Jowa:

(F1g.31; Plate 1@3).

Liver tissue showed « five banded i1sozyme patiern 1n
the specimens examined from Shillong (Fig«.3a; Flate 10a,b)
and Mawhata (Fig-3gjPlate 10h). Three to {1ow 1sozvymes
corresponding to A#’ABBI‘AEBB and A; By were obtained in the
specimens examined from Williamnagar (Fig.3d.e; FPlate 1Qe.f)
and Jowair (Fig-.-31; Plate 183). In some of the specimens
examined from Mawhati (Fig.3f.h; Flate 18g.1) & four—-banded

or single-banded pattern have been recorded.

Skeletal muscle tissue LDH showed predominance of | A,
1sozyme«. A two-banded pattern corresponding to Ay, and Aaﬂl
1sorymes were obtained 1n the specimens examined from

Shillong, Williamhagay and Mawhat: (Fig.-3a.d.e.q; Plate

10a.b.e,f.h)-. Specimens examined Trom Jowair ., 1n a&ddition
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ta Aq and ABB] also possessed AHBE 1sozyme (Fig.3a; Flate
1@3)« Some of the specimens collected from Mawhati also

showed a single banded pattern (Fig.3f.hj; Flate 1@h. 1)

More tham the usual five-banded i1sozyme pattern was
obhtained 1n some of the specimens examined from Shillong
(Fig.3b.c; Plate 1@c.d). All the seven tissues showed a
multaple of LDH bands. Gonad tissue LLDH was irvesolved into
s51x to nine bands, kKidney showed eleven bands, heart
presented seven to nine bands, brain tissue showed nine 1o
twelve bands, eye tissue possessed six lo nine bands, liver
tissue extract presented siy to eleven bands and sheletal

muscle tissue showed two to four bands of LDH i1sozymes-.

) Rhacophorus reinwmardtii: Four populations (V{z. Smit,
Mawsynram, Jowair and Mawphlang) were studied to elucidate
the LDH gene expression in the species. In general Aq
1sozyme was found to be the most strongly active in all  the
specimens examined from the fouwr localities. LDH 1sozyme an

this species could be resolved into a maximum of fouwr bands

corresponding to Ay ABEI‘ ABg and B, i the gonadal

i

ti1ssue of the specaimonc zollcoted from SBmit (Tig-4u. Faate
11d) and A, . AgBy . ALB; and B, 1n heart tissue of Mawsynram
(Fige4a; Flale lla) wspecimens. In other populations as well

as  1in these lwo populalion most nf lhe Llissues presented

only three i1sozymes.
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Tissuewise gonad showed three i1sozymes of Aq ‘ABBl and
AEBE in  the specimens examined from Mawsynram and Jowal
{(Fig.4a.b; Flate lla.b), a two-banded pattern ot Aq and Bq
in specimens from Mawphlang (Fig.4c; Plate 1ic) and a tfour—
banded pattern 1n the specimen from Smit (Fig.4d; Flate

11d)

hidney tissue LDH was resclved into A, ,Agly and Aalp
1sorymes 1n the specimens from Mawsyrnram (Fig.4aj;Plate 1la),
Aq. AEEE arl Hq 1in the specimens from Jowal (Fig.4bj;Flate

ho specicors from M-~phlang

ri-

1ib) . Ag and 34 i
(Fig.ac3Plate 11c) and Aq and AEBE an the specimens from

Smit (Fig.4d;Plate 11d) .

Cardiac muscle tissue showed predominance  of B,
1SO0ZYMES A fauwr-banded pattern with Aq . ASHI. AEBE and
B, lsozymes was resolved in the specimens collected from
Mawsynram (Fig«4a; Plate 11a) and a three banded pattern
correspondang  to Aq, AEHE and Bq 1sozymes 1in the spoecimens

examined from Jowa:r and Smit (Fig-.4b.d; Flate 11lb,d) while

only ﬁq and Eq isonymes were expressed in the specimens from

Mawphlang (Fig«4c; FPlate 11c¢).

A three-banded isozyme pattern corresponding to Aq.
ABBI and QPBE was resolved i1in the brain tissue of the

specimens lested from Mawsynram (Fig-4a; Plate 11a). Agyn
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AzBy,  and By 1n the specimens examined from Jowair (Fig-4bj;
Plate 11b). 0Only two bands representing A, and R, 1n ihe
specimens from Mawphlang (Fig-4cj;Flate llc) and ﬁq and QEEE‘

were resalved in the specimens from Smit (Fig-4dj;Flate 11d).

In the eye tissue of specimens esxamined from Mawsynyam
(Fig. 4aj3;Plate 1la) a three—banded i1sozymes pattevrn of 94.
AQBI and AEBE was resolved while only two bands of the
iscoymes covresponding to Aq and BQ and A4 and AEBE were
obtained 1in the specimens examined from Mawphlang and Smit
respectively (Fig.4c,d;Plate lic.d). The specimen analysed
from Jowal presented a four—-banded phenotype (Fig-4bj;Flate
11b)« OFf the four bands, three correspond to Aq. AEBH and B,
while the fourth band showed & cathodal affainity and
indicated a tissue-specific expression. Liver tissue LDH
in  the specimens examined from Mawsynram was vesolved 1nto
A4, A3B1 and AEBE 1spoymes (Fig.4aiFlate 11a), hy, and  ARBo
in lhe specimens Trom Jowar (Fig.4bjPlate 11b), Ay ApB o
and B, i1n the specimens from Mawphlang (Fig-4c;Flate 11c)
and Aq and AEEE in the specimens from Smit (Fig.4dj;Flate

1id) -

bleletal muscle tissue snowed TNYree 1S0IYMES Vi P
Agky and AzE, in the specimens Trom Mawsyniram (Fig.4aj; Flate
Tla) Aq and AEBE in the specimens from Jowa: aridd Smit

{tFig-4b.d; Flaie 1ib.d). Only Aq isooyme was vresolved in the



specimens trom Mawphlanag (Fig.4c; Flate 11a).

(d)Rhacophorus maximus: Froags f1rom different localities
(viae Jowal and Chevvapungil) weve collecled 10 cavivy out the
investigation. The specimens showed a @ less complex LDH

At K

pattern and 1n mect tizzuls only fwe hands of AL . “

1850zvymes were obtained (Fig.93Flate 12).

Gonadal tissue LLLDH rewolved 1nto two intensely stained
bands ol A, and B, 1sozymes 1n the specimens from bolth  the
population (Fig.Sa,bilate 12a.b) . Minor aclivily of ABHl
15H02yme Wel s noted 1n Lhe  specimens rollected Trom

Cherrapungl .

Lbidney tissue extract showed a two-handed patbtern
similar to that of gonadal 1sozyme  1n the GPERCIMENS
collected from Jowal (Fig.Sajllate 124), while a single band
of A“ 1so0z2yme was expressed in Fhe specimens collected  from

Cherrrapunist (FigebHb3Flale 12L).

LDH i1sozymes 1n the cardiac muscle tissue of  the
specimens from both the population vesolved 1nto two major
bands of A, and B, bomotetramers (Fig.0a.bjPlate 12a.b) .
Howeven, i the specimens examined from  Cherrapunisa the
trssue also showed minor activity of “a“1 and AIBB

hetercotetramers.



BErain tissue of the specimens from both the localities
showed predominance of A, isozyme and only little activity
of AgEy heterotetrameric form in the specimens tested from

Chervrapunji (Fig-Shi;FPlate 18b).

Eye tissue also possessed a single cathodal band of Aq
isozymes. The specimens collected from Jowai, however showed
an additional lighter band representing B, activity (Fig.3a;

Flate 12a).

Liver tissue LDH resolved into strongly stained A, and
weakly stained B, homotetramers in the specimens collected
from Jowail (Fig.GDajriate iza), while che specimens from

Cherrapunji showed only the R, isozyme (Fig.3bj;Plate 12b).

Skeletal muscle tissue presented a single-~banded
phenotype of Aq isozyme in both the population. No other
form of +the isozyme could be detected in the tissue

(Fig.-3a.b; Plate 12a,b).

(e) Amolops afgharnus: 8ix populations (viz. Nongkhlaw,
Mawkaiaw, Williamnagar, Smit, Shillong and Mawsynram) were
examined to depict the LDH gene expression in the apecimené-
Numbey of LDH bands in all the individuals studied from the
said populations varied from 2-4 (Fig.é; Flate 13)

homaotetramers Aq and Bq showed the usual tissue saspecific
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distribution an skeletal muscle and cardiac muscle

respaectively.

Specimens examined from Nongkhlaw. Mawkaiaw and
Shillong showed & three-banded LDH pattern in the gonadal
tissue corresponding  to Aq . ABHl and B, 1sozymes (Faig.
ba.ba.cj Flate 13a.bh,c). A tour-banded phenotype
corresponding to Aq ,QSBI, AEEB and 54 was enpressed in
the specimens from Mawsynram (Fig. é6f3; Flate 13f). Two-
banded phenolypes corresponding Lo Aq and B, isozymes 1n
specimens from Smit (Fig.béd; Flate 13d) and Aq and 9381 in
the specimens from Williamnagar (Fig-éc; Plate 13c) were

also obtained.

hidney tissue LDH resclved into a maximum ot four
bands 1n the specimens examined from Shillong and Mawsynram
(Fig«ébe,f; FPlate 13e,f) the Bq isonyme being moyre
intensely stained, Qq, ABBI ispzymes were moderately
stained while AEBE took very light stain. Thiree bands of LDH
corresponding to Py s A3B1 and B, lsozymes were obtained
in the specaimens from Nongkhlaw and Mawkaiaw (Fig.ba.b;
Flate 13a.b). 0Only two bands of strongly stained Aq and
weakly stained B, were resolved in the specimens from Smit

(Fig«b6d; Plate 13d).

Cardiac muscle tissue showed a predominance of anodally
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migrating 1sozymes. A four-banded pattern of Aq. 9881‘ QEBB
and BQ leorymes wore obtained from the specimens analysed
from Nonghhlaw, Williampagar and Mawsynram (Fi1g-éa.c.fy
Plate 13a.c.f). Specimens examined from Mawhaiaw, Smit and
Bhillong possessed two to three bands corresponding to Aq,

AaBy and B, 1socymes (Fig-éb.d.ej Flate 13b.d.e).

In the brain tissue LDH 1sozymes were resolved 1nto
three— banded pattern i1n the specimens analysed from
Mawk aiaw » Shillong and Mawsynram (Fig.éb,e.f; Flate

13b,e.f)« These bands correspond to Aq . 9381 and Bq
isozymes. The specimens from Nongkhlaw showed the presence
of AEBE 1sozymes 1n addition to the above three bands
(Fig-6a; Flate 13a). Specimens examined from Williamnagayr
{Fig«6c; Flate 13c) possessed Qq and AEBI isozymes while
both A, and B, 1sozymes were expressed 1n the specimens

examined from SBmit.(Fig-6d; Flate 13d).

Eye tissue I.LDH showed a similar electrophoretic
pattern to that of brain tissue ain the specimens of
respective populations. However minor activity of AgBy and
Az By was observed in the population from Smit. (Flg-éd;

Flate 13d).

Livenr tissue possessed only [wo i1sosymes COVespuiiding

to A, and ABBl in all the specimens examined from Nonghhlaw,
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Mawkaiaw, Williamnagar (Fig.ba,b,c; FPlate 13a,b,c)+s A Three-
banded LDH isozyme pattern was obtained for the other
three populations. Specimens frdm 8mit possessed Ays  PgBy
and AEBE isozymes (Fig.6d; Flate 13d), while specimens froam
Bhillong showed A,, AgR, %nd B, isozymes (Fig.bej Flate
13el). Out of the three bands obtained in the specimens
from Mawsynvram, two bands correspond to A, and ABBI
respectively, whereas the third band showed & different
electrophoretic mobility and resolved most  cathodally,
thereby indicating a tissue-specific expression (Fig.6f;
Flate 13f). ‘

LLDH isozymes in skeletal muscle tissue showed a uniform
pattern of two bands corresponding to Aq and Aaﬂl isozymes
in &ll the populations except Smit. Out of the four bands
obtained in the specimens tested from Smit (Fig.ébe; Flate
i12e), the most cathodal band corvespond to A, » two
intermediate bands of low staining intensity correspond to
9331 and AEBE and the fourth most anodal band was the &,

ispayme.

{(f) Rama cyanophiyctis: 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. 1In
compairison, the Bq ispzyme was most intensely stained
followed by 9183 isozymes. The isozymes A, AgB, and AEBE
showed similar staining intensity (Fig. 7a,b.c; Flate

14a,b,c) .

Kidney tissue showed an LDH pattern of five ispzymnes
similar to that of gonad. Roth A4 and Bq isozymes showed
identical staining intensity in the specimens tested from
Shillong and Jowai (Fig. 7a,b; Flate 14a,b). The A, isozymes
in the kidney tissue of specimens from Williamnagar was

poorly stained (Fig.7cy; Flate l4c).

All the five isozymes were expressed in cardiac muscle
tissuwe, the Bq isozyme being highly active towards the
anode. The isozymes A4 . Agﬂl, AEBE showed relatively less
staining intensities in the specimens examined from

Williamnagar(Fig-7c; FPlate lac).

Brain tissue LDH resolved into a five banded pattern of
the major isozymes. The isozymes Aq and ABBI showed highest
staining intensity followed by Bq and AaBe, the least being

the AjBp isozyme (Fig«7a,b,c; Plate l4a,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.c; FPlate l4a.c). All the five 1sozymes were TfTaintly
stained 1n the specimens tested from Jowail (Fig.7bj; Plate

l4b) .

In the liver tissue all the homoletramers (Aq and  Eg,),
and heterotetramers (ABBI.AEBE and Alﬁs) were present. The
gspecimnens examined from Jowail (Fig«.7bh; Flate 14b) showed a
six-banded LDH patiern. An 1ntermediate band between A, and
Ag By wWas resolved 1n  the spec.imens. Moreover the
heterotetramers AEBE and ABBI were less i1ntensely stained.

The isozyme Aq was tound to be highly active in the tissue.

Skeletal muscle tissue presented a simple pattern of
either two bands corresponding to ﬁq and ABBI (Fig.7a.,c;
Flate l4a.c) or a single band of Aq isonyme (Fag-7b; Plate
i%) at wne cathodgal end. However a faint band of Bq
1s02ymes was observed i1n the specimens tested from Shillong

(Fig-7a; Plate l14a).

{(g) Rarma nicobariensis: Indivaiduals from three localities
(viz. Mawhalaw, Williamnageai, and Mawhati) showed a uniform
LDH bandingy pattern with five 1sozymes (Figs. 8; Flale 15).

Gonad LDH 1socyme resolved inlo equally spaced five bands
n the specimeng analysed from Mawkaiaw and Williamnagar

(Faig- Ba.,bj Flate 150a,b) - The homotelramer Aq and
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heterotetramers Agh, ., AEBE and Ay B,y were lesg ntensely
stained 1n the specimens tested from Mawhati (Fig.Bc; Plate

18c) .

baaddney tissue showed a similar pattern to  that of
gonad. The hetercotoctroncrs GdBd and AiRS were stained  very
lightly in the specimens examined from Williamnagar and

Mawhali (Fiy.8b.c; Flate 18b.c).

LDH i1socymes 1n cardiac muscle resolved into & five-
banded pattern, the B, 1sozyme being highly active. The A,
1sozyme cowld not be detected in the specimens examined

from Mawhati (Fig.8c; Flate 1Sg).

An equally spaced five-banded phenotype was obtained in  the
brain tissue extract. Both the homotetramers Aq and Bq
showed similar activity, af the heterotetramer HBBI showed

highest staining intensity (Fig.Ba.b,c;Flate 18a,b,c).

Eye tissue presented a similar 1sozyme pattern to that
of brain tissue . The isozymes A, and ARy being most
intensely stained than the other isozymes (Fig. Ba,b,c;FPlate

lslc-‘\gbq(:)t'

Liver showed & similar five-banded LLDH pattern in the
specimens tested from Williamnagar and Mawhati (Fig.8bjy

Flate 15b) while specimens collected from Mawkaiaw showed
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only three bands, heterotetramers ALE, and AR were not
(A -3

detectable (Fig. 8c; FPlate 135c¢).

Gheletbal muscle ltissue edtract presented a simple two banded
LDH being composed of Aq and 9331 1sozymes, in the specimens
analysed from the three localities. (Fig~ 8Ba,b,c; Flate

15a,b,c) s

3.1.2.Malate dehydrogenase{ L-malate NAD oxidoreductase,
1.1.1.37).

(a)Hyla annectens: All the seven tissues -of the specimens
analysed from two populations (viz.8mit and Mawphlang)
revealed only two bands of MDH with almost equal staining
intensities (Fig.%aj; Flate l1éa). The most cathodal band was

designated as A; and the other as BE fraction respectively.

(b)Polypedates Ieucomystax: All the seven tissues of the
specimens  examined fTrom four localities (viz. Shillong,
Jowaa , Mawhati, Williamnagar) showed similar staining
intensitios (Fige. 9bjiPlate léb). MDH  was resélved into a
less anodal relatively condensed band and & more ancdal much

diffused zone.

(GCIYRhacophorus reinwardtii: Out of seven tissuwes of the
spheclimnens analysed from fouwr populations (viz. Smit.,

Mawsynram, Jowai, and Mawhati) shkeletal muscle and liver

51



showed a three-banded pattern (Fig.9c; Plate 1é6c), other
tissues showed only two bands while gonad sMDH was resolved

as single more anodal band-

(d) Rhacophorus maximus: A two—banded phenaotype of s—-MDH
was observed in all the seven tissues of the specimens
tested from Jowai and Cherrapunji.- The bands showed similaryr
staining intensities except liver tissue where both the Ao

and By fractions took deep stain (Fig. 9d; Plate 1é6d).

(e) Amolops afghanus: Tissue s-MDH was resolved into 2-3
banded pattern . Gunad‘, brain , eye and skeletal muscle
tissue s—-MDH wevre found to be composed of two bands while
kidney, heart and liver tissue s-MDH resolved into a three

banded pattern (Fig. Pe; Flate 16e).

(f) Rama cyanophiyctis: A three -~ banded phenotype was
obsevved in all the tissues of the specimens tested from
different populations {(Fig. 9f; Flate 16f). However the
staining intensities of the isczyme was found to be very

less in muscle tissue.

(g) Rana nicobariensis: All the tissues except kidney and
liver showed a single—-banded s-MDH pattern (Fig.%?g; FPlate
15g>. In the kidney a very faint band close to the HE

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

W

«1.3. Alcohol dehydrogenase (Alcohol : NAD-Oxidoreductase,
:-Cul-l‘ll!l‘):

m

(a) Hyla annectens: 0Out of the seven tissues of the
specimens collected from Smit and Mawphlang only liver and
kidney tissues showed ADH activity (Fig.1@a; 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 & single ADH
isozyme of high activity with less anodal migration in

comparison to the kidney isozyme.

{(b) Polypedates leuceoemystax: Kidney and liver tissue ADH of
the specimens from all the four populations (viz. Shillong,
Jowai, Mawhati and Williamnagar) presented a single banded
isozyme pattern. The kidney iso:zyme showed anodal affinity
and was faintly stained. In the liver tissue ADH was
intensely stained and migrated slowly towards the anode
(Fig«.1@bj;Flate 17b). Other tissues did not show any activity

for ADH.

{(cC)Rhacophorus reinwardtii; A similar pattern of ADH isozyme
to that of P.leucomysitax was found to occur in the species

(Fig«1@cjFlate 17c). ADH isozyme being resolved in the
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hidney tissue as a faint ancodally miarating  band  and oa
deeply stained less anodal band in the livey Tissue of  (he
species collected from all the Tour localities (vaio. Bmat,

Mawsynvram, Jowal and Mawphlang) .

(d)Rhacophorus maximus: ADH 1sazyme of the SRECLNnens
collected from Jowalr and Cherrapunil presented 1dentical
pattern. ADH actaivity was obseyved only in kidney and laver
lissues (Fi1g-1@0djiPlate 17d). A single ADH was resolved 1in
the Kidney trossue. Lavenr exhiblited a  two- bandedd LBOTYmMe
patiern. OQut of the two bands. one band was faintly gstained
and resclved cathodally while lhe other stained deeply and

showed same mobilibty to {hat of {(he | idney 1&50zyme.

(e)Amolops aftghanus: ADH 1socymes of the species collected
from  wsax dafferent localilies (vize Nonal bl aw, Huauwh @t aw,
Williamnagar, Smit, bhillonag and Mawsyniram) showed a unitorm
pattein. Unly adney and Liver lissue ADH conld be ) esolved
(Fig-1@e;Flate 17e). tidney showed two banded pattern., one
band was very faintly stained and highly calhodal., while the
other was moderately stained and showed a faster anodal
miygralion. In the liver ligsue only oneg  1ntensely Eta{nud
band of ADH was resolved. The live: ADH showed a slow anodal
migyvalion than  that of lhe faster anodal  ADH asosyme  of

kidney .



{f)Rana cyanophiyctis: All the specimens analysed from the
three localities (viz. Bhillong, Jowai, and Williamnagar)
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 thipliver two bands of ADH was resolved. One
of the band was resolved cathodally while the other moved
faster towards the anode. However the faster anodally

migrating liver ADH was not as fast as the kidney isozyme

(Fig«-10f;Plate 17f).

(g)Rana nicobariensis: Specimens collected from three
localities (viz. Mawkaiaw, Mawhati, and Williamnagar)
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. Dut 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.1@fj;FPlate

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

3-le4.Giucose—6—phosphate dehydrogenase {D-Glucose—b&—
phosphate : NADP~oxidoreductase, E.Cs 1+1.1.49).

{alHyla annectens: Specimens collected from Smit and
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Mawphlang presented the same banéina pattern (Fig.1l1laj;Plate
i8a) . Heart, kidney, brain and eye tissues possessed single
G&FDH. In the gonad and liver two bands were observed. A
faint band of the ispzyme was resolved in these tissues
. tathodally in addition to the band obsevrved in other
tissues. Skeletal muscle tissue did not show any activity of

the enzymea.

{b)Polypedates leucomystax: Four populations (viz. Shillong,
Jowai, Mawhati, and Williamnagar) were analysed to study the
G6FDH  isozyme pattern of the species. Specimens showed
identical results (Fig.1libj; Plate 18b). A single-banded
pattern. of G&6FDH was observed in kidney, heart, brain, eye
and liver tissues. No activity was recorded in skeletal
muscle. Iﬁ the gonadal tissue two bands of G6FDH were
resolved. Out of these one corvespond to the isoczyme found
in other tissues while the other, more cathodal took deep

astain.

{(c)Rhacophorus reinwardtii: All the specimens analysed from
four localities (viz. 8mit, Mawsynram, Jowai and Mawphlang)
exhibited single band of G&FDH in gonad, kidney, heart,
brain tissues (Fig«.llcj;Plate 18c)« In the eye tissues two
bands were resalvéd, 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: A siﬁgle~banded G6FPDH 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 ’mf‘ R.reinwardtii.

This band was alsoc found to occur in the skeletal muscle

(Fig.-11d; Flate 18d).

(eAmoiops afghanus: A single band of BG&6FDH isozyme was
resplved in gonad, kidney, heart, brain, eye and liver
tissues. OSkeletal muscle did not show any activity of the
isozyme (Fig.lle; Flate 18e). The activity was found to be

highest in liver followed by kidney tissue. The pattern was

-4

uniform for all the gnecimeng >snalveed from i

fferent
populations (viz. Mongkbhlaw, Mawkaiaw, Williamnagar, GSmit,

Shillong and Mawsynram).
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(f)Rana cyanophlyctis:. Specimens analysed from Shillong,
Jowai and Williamnagar showed similar G6FDH isczyme pattern
(Fig«.l1f;Plate 18f). 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 Stai%ed and correspond to the isozyme in

other tissues. The second band was faintly stained and

resolved more cathodallys. In the skeletal muscle G6FDH could

not be detected.

(g)Rana nicobariensis: Uniform result was obtained for
specimens obtained from Mawkaiaw, Williamnagar and PMawhati
(Fig-11g; Plate 18g). Single band of G&6FDH was observed in
gonad, heart, 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 G6FDH.
J«.2. Thermostability studies :

3.8«1« Lactate dehydrogenase: Heart and skeletal muscle

tissue sample incubated at 60°C for 10 minutes when analysed
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electrophoretically showed no band at the cathodal end
indicating the loss of Aq isozyme. When samples were
incubated at 65°C for 10 minutes, the anodal bands
disappeared, which implied the denaturation af F.({+ isozymes.
Single banded phenotype obtained in some of the specimens of
P.leucomystax (Fig.3f; Plate 10g) and H.annectens (Fig.2bj;
Flate 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 Aq-

3.2+.2.Malate dehydrogenase:The heat inactivation tests
applied to s-MDH isozymes in the tissue of seven species
suggested, as commonly found in other vertebrates, that the

AE dimer is thermostable than the BE fraction.

3.8u3.Alcohol dehydrogenase: Kidney and liver tissue sample
incubated at 5S@9C for 10 minutes when analysed for ADH
activity showed no bands indicating total denaturation of

ADH L

3.8 Glucose—~&~phosphate dehydrogenase:Tissue sample showed
G6FDH activity upto 4®c. The activity diminished when the

temnperature was increased to &2°%¢C.
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3.3. TOTAL PROTEIN CONTENT ANALYSIS:

A 10% 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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CHAFTER—I
DISCUSSION



4.1 LACTATE DEHYDROGENASE (LDH; E.C-1.1.1.27)

Lactate dehydrogenase isozyme has proven to he ntremely
useful in the comparison and characterization of multilocus
protein systems. The enzyme play important role in the
carbohydrate metabolism, catalyzing the reactions of the
lactate widation as well as pyruvate reduction. During
anaerobic periods when the Krebs cycle is
inoperative,pyruvate 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 ATF for energy (Whitt et af.,1973).

The isozyme has been reported to be of common
pcocwrrence  in all groups of vertebrates (Markert and
Ursprung, 1974). In vertebrates the ubiguitous enzyme has &
tetrameric structure with a total molecular weight of
140,008 (Darnéll and Klotz, 1975) and Hists 1In several

molecular forms.

The LLDH polypeptide subunits in vertebrates are encoded
in atleast two codominant loci (Markert,1962; Shaw and
Barto, 1963 and Cahn et al-.,1962). The two corresponding
types of polypeptide subunits produced are designated Aq and

Ey, {(Markert,1962), which upon association genevate five
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tetrameraic isozymes. These five functionally active
molecular forms are designated as LDHl = Eq. LDHE = AIBB'
LDHy = AgBp. LDH, = AyB, and LDH, = A,. These isozymes
differ in net charge and thus can be separated by
electrophoresis. In mammals, birds, reptiles and amphibians
the K, homotetramer has the greatest net negative charge.
and consequently migrates rapidly towards the anodes e
same is true for most fishes, but a significant npumber
showed & reverse mobility (Marviert and Faulbhaber,1965;
Chatterjee and Dhar,1983). The R, 1seozyme predominate in
tissues which undergo anaerobic glycolysis, such as  the
sheletal muscle whareas Bq isooyme 1s 1lhe major form found
in tissues with an eerobic metabolism like the heart (Wilson
et al.,19463). Some vertebrates possess a thivrd LDH, which 1n
mammals and birds 1s called C-isuzyme and is expressed only
in spermatocytes (Goldberg 1972, Zinkham et al.,1%269). The
Cq 1s0zyme have also been found i1n many bony fishes (Markert
et af«,1973). The tissue specificity of L.DH~-C gene
expression  1s very broad in lower bony fishes and 1s found
in heart, gills, liver, spleen, hidney and gonads- In more
advanced teleosts the gene has a very rest)icted expression
to neural tissues such as the eye and brain, where 1t 14
designated as E, (Lush et al.,1969; Wh1tt,192780). In Gadida

the Cq isozyme 15 predominantly synthesized an liver



~-designated as F, (Sensabaugh and Kaplan, 1972). Shaklee et
al«, (1973) have shown that the eye specific E, and the liver
specific Fq are coded by the same locus € which #hibits
tissue specific expression. A kidney specific K, expression
of the C gene has also been found in Indian catfishes
(Chatter jee and Joseph,1988). In electrophoretic separation
the liver specific (Fq) and the kidney specific (Hq) LDH
igozyme are found to be resolved cathodally while the evye
specific (Eq) possess more net negative charge and migrates

anodally.

Little is understood about the metabolic significance
of G, isozyme and the heterotetramers (AEEE, A4B, and AIBB)-
However it has been postulated that the retinal EQ 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 wtilize a—~ketogluterate as a major substrate (Schatz and
Seqgal ,1969), this reflect a specialized need for the isozyme
in the metabolism of mammalian spermatocytes. As regards the
heterotetrameric hybrid forms of Aq and B, 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 specificily and
mobilaty of the 1socymes on the polyacrylamide gel. The
tissue specificity of the patterns manifests 1tself in  the
predominance of acidic 1sozymes of the heart, and the
predominance of basic ooz an areletsl mascle and Laves in
all the tested species. Among the three Ranid species., two
(viz«R.nicobariensiz and R.cyvancphlycétis) were found to
possess all the five i1sozymes 1n thewr tissues except
sheletal muscle where the homotetramer A, and only one
heterotetramer AzB; were eipressed. [he other Ranid species
(viz.A. atghanuz) however showed a deviation from classical
H-banded pattern and a maximum of 4 bands could be resolved.
The heterotetramer AIBB was not detected 1n any of the
tissue examined from the different population. The speciles
however possessed a highly cathodal tissue specific band
resolved 1n the liver (Fig.é6f; FHlate 131) tissue of lhe
specimens examined from Mawsynram (East Khasai Hills). & high
rainfall area. Studies on the Ranid species by earlier
workers have also showed a similar pattern of J-isozymes 1n
various tissues. (Moyer et al..1968; Case et al..197u; 1978;
Laltshmipath: et al.,198@8; Chatterjee and Frakash,1970).
Table 4 represents a compiled list of Ranid species examined

for LDH i1socyme pattern.
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TABLE 4 : No. of LDH bands observed in Ranid species
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Rana gryllio 4
R.temporaria 2
’R.catesbiana a
R.ciamitans G4
R.aurora 3
R.palustris 4
R.pipiens 3
R.septentrionalis , -]
R.virgatipes 25
svivatica 18
R.baoylel 5
R.esculanta 5
R.muscosa b
R.prefiasa 4
R.tetrahumarae 4
 R.cascadae ' 3
R.hexadactyla 4
R.tigrina b
R.limnocharis 5
R.nicobariensis &S
R.ocyanophlyetis S
Amolops artghanus 4

Wright et al..1946
Chen, 1968

Mayer et al.,1968

Case, 1975

Lakshmipathi et al.,(1980)
Chatter jee and Frakash (1990)

Fresent study
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the  siluAation an the hhacophoy sdae seeins 1o be more
complicated. Various numbey of bands ranging from one to

lwelve have been fouwnd. In R. rernwardé Ay, s

2
predominantly edpressadl tn atl the tissues. The
heleroteptramer QIHB showed no activaty In any specimen
estcept goanad 1n one populalion (Fig.4ds Hlate 11d).  bFurther

lhe eye tissue presented a cathodal tissue—-specific band ain

the specimens examined firom Jowar (Fig-4bhj;Flate 11b).

Rhacophorus maximus, poatsessed only two homotetrameric Aq

and B, 1sozymes. No heterotetrameric form were found in  any
of 1he tassues of the species. the occurirence of only  two
bands (A, and B,) bave also been found 1 the urodales,
lrrturus {Faulhaber and Lange—-Lyira, 1978), Desmoguathus
{(Shonlz, 1968) and 1n Rana tempararia (Grainger and Hunz,

1964) with o hybridication between the polypeptides.

Polypedates leucomystavy showed a greal variation of LDH
pattern from different populations and even within the same
population. The specaimens examined from Shillong presented a
classical five-bhanded pbenolype though some of the specimens
possessed nine to twelve LUH bands 1n different tissues
(F1g.-3c.dy; Flate 1@c.d). Occurvence of such multiple bands
than the usual five have bheen rveported i1n Xeropuz laeviz by
& number of workers (Funz and Hearn, 19673 Claycomb and

Villee, 1971; tunz. 1973; Faulhaber and Lange-Lvra., 1978).
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Hyla annectensz, showed two types of LDH pattern from two
different populations, one population (Smit) presented a
typical closely spaced five bands (Fig«.2aj;Plate 9a) while
the other showed only a single band (Fig.28bjFlate 9b) in all

the tissues.

Bimilar studies in fighes have reyealed that thgy may
contain one ., two, three, four, five, or many
electrophoretically distinguishable isozymes of LDH (Markert
and Faulhaber, 1965; Achaval, 1984). Although the Aq and Bg
subunits have different amino—acid composition but are
homologous, because they interact to form active tetramers
In vitre and in vivo (Markert, 1963; Chilson et al.,196463,
Markert et al.,1973). The binomial distribution of five
isozymes have been reported in many vertebrates including
frogs (Moyer et al»-,1968; Vonwyl and Fischberg, 1980;
Chatter jee and Prakash, 199@). In the present investigation
an identical result was obtained for Ranrna cyanophlyctis,
Rana nicobariensis and certain populations of Polypedates
leuacomystax (Fig.3a,b;Flate 10a,b) and Hyla annectens.
{Fig.2ajFlate 9a). Further, in one population (Mawhati) ‘of
P. leucomystax, a five—-banded pattern was obtained in heart
and liver (Fig.3a.,hjFlate 1@h,i) while other tissues

possesesed one to three bands. The classical five-banded
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pattern with identical electrophoretic mobility obtained for
Rana «cyanophlyctis and Rana nicobariensis in different
populations reveals a homozygous state of the loci coding
for LDH (Fig.7a,b,c;Plate l4a,b,c and Fig-Ba,b,cj;Plate
18a,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
sWwrface 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
AcCross 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 is most

active, enabling the frogs to maintain a high level of

anaerobic metabolisme. At lower temperature oxygen
availability probably increases and Bq isozyme become
active, allowing pyruvate to be aerobically oxidised.
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Therefore lhe balanced catalytic reguivement of A and B type
ot LDH subunits in the species could be enhanced by the

thermal modulation.

A similar explanation to that of R. nicebariensis could
be edtended to the five banded LDH pattern observed in  the
specimens of Polypedates leucomystan (Fig«3ajkFlate 10a,.b)
and Hyla annectens (Fig-2azFlate Pal). These frogs are
arbuoyeal i habat and exhibite active migratiws  Jwacemily

during breeding seasons

However, the bDainomial distrabution of the five i1so-ymes
18 not of universal occurrence i1n many vertebrates. This
tmpiies thal lhe A and B subunite do not vandomly associate
1in tetramers erther because of the primary structure of  the
subiunits or because epirdencelic mechanisms that operate 1in
order to restrict the association of subunits or because ot

the evolutionary divergence of subumits A and R<{Markert and

£
~

Faulhaber, 196%; Martert, 19268). A similar® non-binomial
dastiibution of the i1sozymes have been observed ain some of
aur frogs vic. A4, afghanus, R. reinwardtr: and R, maximus.
Less than the usual tive LDH i1soxymes have also  been
reported an a number of frogs by numeyous workers (Dessauer
el alel,19277; Wiright and Floyei . 194463 labshmipathn et

al.,198d; Mover et al.., 1968; Case, 1978).
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The two-banded pattern as observed in gonad. hidney and
cardiac tissue Of R. maximus was formed probably by the
presence of two homopolymeric Aq and Bq tsorymes  and the

absence of the expected heteropolymers.

This clearly indicates that both the loci coding tor
LDH were active in gonad. |} rdney and heart tissues of the
specimens analysed fiom Jowail (Fig.YSagFlate l&2a) and aonad
and heart ftissues of the specimens from Cheriapunin
(Fig.Sbsklate 12b). Minor activiily of By 1802yme was  also
noted 1n eye and liver tissues of the specimens from
Cherrapunji in  addition to the strongly upressed ﬁq
1sozyme. Though Cherrapunjir receives a higher rainfall
compared to Jowai, the ecological conditions seems to  be
otherwise 1dentical in both the places with large scale
detorestation and mining of coal and limestone 1n  the
surrounding areas. FPerhaps these factors coupled‘plth their

~

physi1ological adjustment resulted gonad, lldnexffﬁeart and
to certain extent eye and liver tissues to utilise both
lac tate and pyruvate as substrates 1n enerqgy metabolism.
Other tissues, on the contrary are subhected Lo anaerobic
glycolysis utilasing only pyruvate (Holmes and Markert,

196%) -

in Rhacophorus rernwardiir Ay 15 predominantly
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eyPrmm%md 1noall tne tisaues. The heterotel ramer Aoy shiowed
no activity 1n any tissues except gonad of the specimens
anwdlywsed  from Smrt (Fig.aditlate 1Ld). Mawsynram recelves
lhe highest ryrainfall in the world, the bilota consist of
dense temperate forests with relatively less human
influence. A similar condition prevails in Mawphlang., thaough
the ramnfall 1s not as high as Mawsynram. The specimens of
R. reinwardtir collected from these two places as well as
trom Smit and Jowai showed pyedominance of Ry 1BLZYME
followed by ﬁdhl and ABHB i their bissues (Fig.4a.b.c.dj
Flate 1la.b.c.d). However gonad and heart tissues of the
specimens  from Mawphlang and Smit also showed the a«activity
of B, and Ak, i1sozymes (Fig-4c,djFlate 1lc,d)- The K,
1sozyme was also strongly expressed in the heart tissue of
the specimens tested from Mawsym am (Fig-4a3Flate lia). This
restiriction of B gene expression 1n all other tissues of the
specimens reflect that they ave dependanl on anaevobac
glycolysis for deriving energy (Marbert and Holmes., 1969).
the abisence of the heterotetyramers AIHB i these frogs could
pbe the result of restricted subunit assembly (Whatt, 197@)
or an 1nstability of the asymmetrical heteropolymer {(Shallee
et al«.,1973). Further the specimens analysed from Jowal,
presented  an additional cathodal band close to A, band n
the eyve tissue (Fig.-4bj; Flate 1ib). From 1he ecological

point af view, Jowar with ats mode ale yainfall, lemperature
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and subtropical forest cover constilutes an  1deal habitat
far amphibians « However the level of environmental
pollution (No data avairlable) seems to be high due to
deforestation and unscientific means of coal mining
activities in the surrounding areas. Thus 1n absence of the
B gene expression this additional isozyme perhaps. plays a
role 1n the visual physiology. as have been postulated for
eye-specific LDH i1sozyme of C gene pressiton 1n fishes
(Makano  and Whiteley,1965; Chatlerjee and  Dhar,1984) .  The
Hanid frog Amoleps atghanuws analysed drom six  dyfferent
localilies presented & masiimum of three to four bands with
restricted suburad ansemhly (Whilt, Le724) . The
heterotetramer Alﬂa was not formed 1n any tissue of the
specimuens  (Fi1g.-o3Flate 13), while {he 1soryme Aok, showed
minoyr actavity an certain populations (Fig.ba.c.e.t; Flate
L3a.cee, ) The liver lissue of the specimens collected from

Mawsyniram possessed three iscocymes of L DH. Qut 01;tha§e. two

=
-

bands correspond  to Ay and AgR) while the ‘third Land
resolved much cathodally and showed a Missue preference.
Similar liver specific cathodal i1sozyme have been reported
tn fishes (Mlose ef al.,1969; Shallee ed al..1973). }he
occwrrence of this additional 1sozyme was probably of great
physiological impoviance to 1the frods inhabiting a highlyv

humid niche. The B locus being inactaive 1 lhe 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,g.h; Plate 18g,h,i; and Fig«.3d,e; Flate
1@e,f)» This restriction could be perhaps either due to a
function of their physiclogical ad justment thereby
eliminating the need of the isozyme or instability of

heterotetramer (Shaklee et al.,1973).

ODur observation of & single banded LDH pattern in one
population of each of P. leucomystax and H. annectens ié
comparable to the most primitive form in lampreys where only
A, isozyme occurs (Wilson e¢ al.,1964; Whitt et al.,1973).
Occurrence of a single band towards the cathodal end in
these frogs suggests that the isozyme is a basic form of LDH
(Aq)- The single banded pattern of Hyla annectens
(Fig.2bj;Flate éb) as confirmed by thermostability test as
well as observation of relative mobility of the band to be
composed of Aq isozyme onlv. This raises a vital aouestion
regarding the functional significance of the isozyme in  the
specimens because the same species when tested from GSmit

showed all the five isozymes(Fig.2aj;Flate 9a) in gonad,
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kidney and heart tissues- The restriction of the R gene
expression in the specimens from Mawphlang may be attributed
to the local ecological conditions. The place is marked Sy
its high rainfall and mixed evergreen "sacved grove". The
average temperature remains constant in summer. The other
locality «Smit) on the other hand lies at an higher
elevation, receives ‘low rainfall, high wind velocity and
freguent temperature fluctuation. The single banded pattern
of FP. Ieucomys%ax (Fig.3f; Flate 1@g) howevey was different
than - that of H. annectens. Heat inactivation studies
revealed that the isozyme A, was resolved in  kidney, =ve,
liver and skeletal muscle. However the relative mobility of
the band in gonad, heart and brain showed a less cathodal
affinity of the isczyme in these tissues. We presume that
subunit composition of this isozyme in these tissues was

AgE, -

The ococurrence of only A gene activity with a sharp
reduction of the B gene expression have been reported in
many advanced teleosts (Markert et ai.,19783; Whitt et
al-,@975) claimed that the LDH from American brook lamprey,
possessed only A, isozyme. However Agata’Dell et- al.,(1988)
based on electrophoretic and kinetic studies of LDH s 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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furlthe,r concluded that the occurrence of a single LDH  type

was  probably  due either throuwgh a gene 1nactivation or a

yene 1oss.

HSingle banded pattern in une population of each of the
above mentioned species wn ouwr study 18 probably due to a
gene ipactavation, since both the loci: (& and B) have been
found to be active i1n the specimens tested from other
populations of 1he same specles vrespectively. lThe reduction
1 B ogene eMpression and wide spread expression ot the A
locus 1n these fiogs perhaps may be linked to thetr niche
condition. It couwld be suggested ithat this reduction in B
gerne  expression and more pen Licularly tbe absence i beaa t
was a result of the frogs being subjected to periods of
anaercbiasts {(Holmes and Marhkert, 1969). fis & conseguence
pyruvate level increase and place all the tested tissues,

tnceluding heavt, uwunder conditions of oiyygen shortage  and
~ 2

-

accumulation of lactate. Thus Aq 1S802yme wouldfbe expected
to be better suirted to those ecological cmnd1t1ons. it being
less susceptible to substrate and product 1nhabatron  than
the K, 1socyme (Everse and haplan, 1978). this could explain

the absence of Bq ispzyme  1n the specimens of above

mentioned species.

A large proporvition of the specimens of #.  feucomysfan

-3
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analysed from Shillong exhibited nine to twelve bands of LDH
(Fig-.3b,c; FPlate 18c,d).« BSuch complex LDH pattern have also
been studied in many Anura (Salthe,1948; Salthe and
Nevo,17649; Maxson and Wilson,1974; Vogel and Chen,1976) and
Urodela (Balek and Bnow,1967; 5Sherr,19468). Seven, nine,
eleven and eighteen LDH isozymes have been reported for
Xenopus laevis {(Kunz and Hearn, 19673 Kunz,1973;
Sasaki 1977; Lange—-Lyra and Faulhaber,1978; Wall and
Rlackler,1274). It has been indicated in these studies that
random association among the products of the alleles (Aﬂ and
B’) with the products of loci A and B in & heterozygous
state produce such multiple bands. AN identical
heterozygotic genotype have been clearly reflected in the

specimens of P. leucomystax analysed from Shillong-

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 32 studied frogs were : 944, IEA’A, and
BIAA,- The frequencies of two alleles A and A’ were B.47 and
@B.%38 regpectively. The observed number of phenotypes and
their Hardy-~Weinberg expectations are given in table 9.
Results showed that the differences between observed numbers

and their Hardy-Weinberg expectations were not significant
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at F<0.05 for the polymorphic locus examined here. This
suppor£ the validity of the genetic model (Hardy-Weinberg)
proposed for the polymorphism and indicate that the P,
levcomystax samples were collected from a single Mendelian
population. Our hypothesis was supported by good agreement

between the observed and expected number of the three L.DH

2
phenotypes (def = 2 and F:0.10). Ofcourse, 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 R
genes resulted into the observed pattern. We rule out the
possibility of a B locus mutation in these frogs because the
Bq isozyme band was rescolved as an isolated band in all the
specimens with the same electrophoretic mobility (Flate 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 constricteq to islands with rapid
expanaion of urban activities, thereby subjecting the
species into pressure of natwral selection. Thus, while the
homozygotes were able to form only five molecular forms .of
LDH, the heterozyaoies produce a tuval of nine to twetve
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 vielded 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
al«,1973) or to similar electvrophoretic mobilities of
tetramers composed of different monomeric combinations

(Maxson and Wilson,1974).

In figure 12 we propose & hypothetical model from the
precise count and measurement of relative mobilities of the
lLDH bands to explain the complex subunit composition in  the
heterozygotes. It may be proposed that the subunit
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 productz of & a&and ﬁ’ cccured  to  produce
functionally active isozymes. Alternatively it may be
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 : ALLELE FREGUENCY AND CHI-EQUARE ANALYSIS FOR THE
HETEROZYGOUS POPULATION OF SHILLONG.

JTYPE PHENOTYPE NG.OF INDIVIDUALS  ALLELE FRERQUENCY xE

OBSERVED EXPECTED

/A AAAA 29 11.48 0.47 A 0.54
VA~ apa A’ 3t 25.9 - 1.00
Y/’ aaaA 12 14.6 0.-53 A .46

N-s a.e0

1df and P>0.1
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presumed bto exhibit the hybridized polypeptides (v1z-A“301,
A’EAE, 9’193 etc.) there by accounting for the observed

pattermn.

Less than the expeclted fifteen isozyme bands for  a
laocus polymorphic have been also reported in other anuwrans:
Salthe (196%) analysed electrophoretic palteins of heairtl
muscle lactate dehydrogenase (FLDHD)  and was able to
digtinguish ten idisocymes ab this locus within the Rana
prpiens complex in United States. The LDH patteyn of M
variankt of the frog Hyia regiifa with twelve isozvmes was
investigated by Maxson and Wilson (1974); nine bands of LDH
was observed in Rara pipiens (Flatz,i975) 1or polymorphism
of B locus; the pattern of Rara esculanta with eleven
isozymes organised by two H variant was revealed by Vogel
ancd Chen(l974); seven bands of LDH was observed 1n  Hyla
crucrter for a variant LDH locus by hiller and Lyerla

(L977) .

The phylogenetic relationships of the various vertebrate
LDH i1sozymes appeared to have been well established (Holoes

LLL1987;  Molemog, 19710 Whg bt et

e

andt Markevt.,19&49; L
al«y1975). It has been postulated that the LDH A and B loci
of vertebhrates have evolved by duplication fyom A sI1ngie
ancestral gene. However, the locus A has been suagested 1o

ha the close representative ot the ancestral aene 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 R
gene. This third gene is present in fishes, birds aﬁd
mammals (Markert,1984). A different evolutionary scheme for
LDH genes (Li et al.,1983; Rehse and Davidson,198&6; Baldwin
and Lake,1987) has been proposed in whicg the C-gene is
considered more ancestral like that of the A gene. Haldwin
(1988) reviewing the subject, suyggested that the ascidian

single LDH type and teleost O 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.reifnwardt¢ii and A. afghanus from two
populations (viz.Jowai and Mawsynram) respectively. GSimilar
tissue specifig ispzymes with different electrophoretic
mobilities haye also been observed by Andvrew et afl.,1977 in
Hyla crucifer, which they stated to be comparable to the C
isozymes seen in other vertshrates- Hoynby ¢ 2f.,1789,
compared the extra band obtained in brain and eye tissue of
Xe.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 gens have
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arisen after fish gave rise to the amphibians. Further to
establish the presumplion that C gene 1s present in  these
species, more rigorous experimental procedures are  required
(viz« purificalion of ithe protein, hinetic and immumotlogical
test and determination of primary structure) which are
beyand the scope of the present study. Vonwyl and Fischbeirg
(1980) observed a similar situation 1n the genus lenopus.
His analysis of heart and ovary tissue 1evealed an
additional anodal band othey than the kK, 1sozyme. He
cubstantieted the observatbti1on by tae muwsumpltion i & M gene
guplication resulting i1n the occcwyrence of the additional
locus coding for the tissue specific forms. We also propose a
simi lar explanation for the occurrence of o cathodal band in
eye and liver tissues ol two species (vic. R, rernwarditiz
and A.atghanus) respectively, though in this case 1t may be
a duplication of the A gene because of 1ls cathodal

locatiorn.

Salthe (19445) provided evidence based on substrate
inhabition studies that amphibians living in standing water
tend to be adapted for respiration under conditions  of
osygen deprivation; these adaptations nclude a wqreéater
proportion of predominant ly Aq 1soxymes in thewr skeletal

muscles. Terrestirial amphiibrans, living where oxygen 14

plentyful, have larger amount of B, 1sozymes 1n shteletal

muscle than theiv aguatic relatives. Our collections i1nclude
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only one standing water frog (viz.R. cvanophlyctisz) and the
rest  are semiaquatic, either terrestrial or arboreal. We
have not observed such varied expression of Q4 and Bq

isazymes in skeletal muscle of the tested species.

4.2 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 oxaloascetate with the concomitant
reduction of NAD. Malate dehydrogenase from mammalian
(Siegel and England, 1%962; Throne and Kaplan, 1963), avian
(Kitto and Kaplan, 1966) and most euvkaryotic organisms
consist of two isozymes. One assaciated 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 (Banaszalk and Bradshaw, 1975). The association
of A and B polypeptides with molecular weights 30,008 . -
30,008 results in the formation of three dimeric isczymes
Aae ARy and Bp-

The s-MDH electrophoretic pattern obtained (Fig.%;Flate
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{
16 Ffor the frogs in the present investigation is in

agreement with those found in fishes (Bailey et al.,1970;
‘" Massaro,1973) and amphibians (Schwantes and Schwantes,1977).
In most of the species two zones of the s-MDH activity were
obtained on the gel: a relatively less anodal band and &
mare anodal broadly stained zone. On identical observation
have been made in the anura Rombina wariegata, where s—MDH
isozymes resolved into a marrow band and a more anodal zone
on polyacrylamide gel (Chen,19468) .« Based upon
electrophoretic mobility the less anodal band was designated
as Ap homodimer. ;dentification of the homodimer By and
heterodimer A} 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 are equally active and code for
the respective polypeptides to form AE and Bg homodimers.
The heterodimer A;Ey though formed, do not resclve
separately into a distinct band during electrophoretic
separation and closely follow the EE homodimers. So both BE
and 9181 appear together on gel as a broad zone of activity.
This presumption draws support from the observation of
similar nature in the teleost fish Rarbusx (Frankel and

Wilson,1984) .
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A different pattern of s-~MUH expression was obtained in
R. nicobariensis, (Fig.9g; FPlate 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 wrodela (Chen, 1968; Fisher et al.,1980).

The thermostability tests performed in ouww experiment,
agree with those obtained for other vertebrates (Schwantes
and Schwantes, 198&8). The isozyme Ap shows itself to be more

thermostable than B2 ispzvme .

The findings that AE and Bo isozymes are related in
chemical catalytic and immunological properties (Hailey et
af«,1970) support the suggestion that these proteins are
coded by duplicated genes, which have undevrgone 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. 1t is possible that Ap and En 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 Ay isozyme, more thermostable in most tissues than By

suggests that this isozyme is correlated with temperature
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(Rasaglia, 1989) . It has been sugaested that at low
Lemperalure HE enters i1nbto oxidative musculay metabolism,
and at high environmental temperature Ao innervates 1n the
reduction of malate favouwring the glycolytic dirvection

(Coppes, et al., 1987).

Allelic wvariants of s-MDH locr have been noted 1n a
variety of telecgst fishes (Frankel,1985; Frankel and Wilson,
19845, nonteleostean tishes, amphibians (Bailey et al.,

197@) « Ouwr investigation have not shown such variants.

4.3. Alcohol dehydrogenase (ADH., E-Csl.1.1.1.)

Alcohol dehydrogenase (ADH) is an NAD (H) dependent enzyme
that catalyzes the reversible interconversion of a vast
number of &liphatic and avomatic alcohols ta their
respective aldehydes and ketones. The enzyme is universally
distributed in living organisms. occw ing in microwm ganisms,
plants and animals. In vertebrates ADH activity is highest
in  liver (Vallee, 198Y%), but to a lesser extent 1t 158 also
found in the kidney and stomach tissues of several species

(Hitzeroth e¢ ai., 1968; Shaklee et al.., 1974).

Alcohol  dehydrogenase observed in  several mammals,
birds, rveptiles, amphibians and telwost fishes behaves as a

dimeric ervyme, and is apparently encoded in one qene locus
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(Shaw and koen, 1965; Beutler, 1967; Castro-Sierra and Ohno,
1968; Hitzeroth et al., 1968; Selander and Yang, 1946%;

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 exhibiit cither & zZinglzs band or in case 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., 1943). Moreover, four
allellc variants of this isozyme have been distinguished

(Thatcher, 1980).

Compared to other vertebrates the ADH isczymes in
aﬁphibians have not received much attention. Wesolowski and
Lyerla (1983) obtained four isozymes in the clawed frog
Xenopus laeviss. The isozymes in the frog have been found to
be coded by two structural genes designated as Adh-1 and

Adh—-2 .« Further Adh-1 possess three electrophoretically
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separable isozyme variants capable of forming heterodimers
with one another. the alleles being designated as adh-la,
adh~1b, and adh-1%. Adh~-2 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 Rana Iimnocharis

(Chatter jee and Prakash, 199@).

In the present investigation we have obtained a rather
simple ADH isozyme nattern for the fron gpecies tecled and
the model of Wesolowski and Lyevla (1983) does not hold
good. ADH activity 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 Odentoephrynus americanas

" (Schwantes and Schwantes, 1977).

The kidney tissue extract of all seven tested species
revealed & single banded ADH phenntybe (Fig.1@; Plate 17)
indicating & dimeric nature of the enzyme, being encoded 'at
a single gene locus. However unlike fishes (Frankel, 198%5)
and some amphibians (Schwantes and Schwantes, 1977) where

the isozyme was found to resoclve towards the cathode, our
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result showed a more anodal form of the isozyme in at least
one species (viz.R, cvanophlyctis) (Fig.1@f; Flate 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 Ranid species (viz. RK.
cyanophlyctisz, R. nicobariensis, and A. atghanus) and in
Rhacophorus maximusz (Flg.10f,g,e,d;Flate 17f,g,e,d). Rest of
the species (R. reinwardtiji, P. leucomysztax and H.
annectens) possessed a single cathodal isozyme (Fig.1@a.,b,c;

Flate 17a,b,c).

In R. cvanophlyctis 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 isczyme of liver tissue and the
kidney ADH isozyme are being encoded by a single gene locus.
This locus may be identical to the ADH-2 locus of X. laevis

(Wesolowski and Lyerla 1983). An observation of the zymogram

for liver-ADH isozyme of R. nicobariensis and R. maxinmpus
reveals that the two isozymes are similar in their
electrophoretic characteristics. Being 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.
4.4. BLUCOSE-6~-PHOSPHATE DEHYDROBENASE (G&FDH, E.C.1.1.1.49)

Glucose—-b6-phosphate dehydrogenase (G6FDH) catalyres the
glucose-é—phosphate oxidation, providing NADFH 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, et
al-,1971; Cederbaum and Yoshida, 1976; Bautista, et al.,
1984) . Further G6FDH has proved to be one of the accurate

molecular clocks (Ohnishi, 1985).

Glucose-6—-phosphate dehydrogenase isozyme is dimeric in
vertebrates  (Shaw, 19&66). Echinoderms and vertebrates have
two isozymes ‘of G&FDH. One designated as form A, is the
B&FPDH in a strict sense. It is the first step enzyme of the
pentose phosphate shunt (E.C.1.1.1.49), and is highly
specific for glucose-é-phosphate and NADF (Bautista, et
al«,1984) the other designated as form B is called glucose
dehydrogenase or hexose-é~phosphate (H6FDH, E.C.1.1.2-.47).
This has a broad substrate specificity and catalyzes the

oxidation of galactose—-b-phosphate, 2—-deosyglucose—-6-
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phosphate as well as glucose—-6—-phosphate and accept NAD as

cofactor (Bautista, et al..1984).

As regards to btheir evolution, Hori and his co-workers
(1975) have predicted that H6FDH and G&6FDH share & common
ancestral molecule and theiyv divergence was probably at  the
time of or before the echinoderm evolution. Thais prediction
1s mainly based on the similarity in their catalytic
properties, and on the dislribution of the two i1sorymes in
animal kingdom (Hori, et al., 1975; Yoshida, 1975). 1In
addition G&FDH exists in all animals, while H&6FDH occurs
only in vertebrates and echainoderms (Mochizuki and Hori,.

19735 1976; Ohnaishi and Hori, 1977).

A single form of G6PDH activity was resolved 1n  gonad,
lidney, heart, brain, eye, and liver tissue extracts of the
three Ranid Species (viz. R. cyanophlyctis, R. nicobariensis
and A. afgyhanus) tested in ouwr anvestigation (Fig.11f.g.e;
Flate 19f,g,e). Of the various tissues the enzyme was
stained more intensely 1n hidney and liver tissue extracts
while skeletal muscle tissue failed to show any activity for

Lthe enzyme-

Two Fforms (A and B) of G6FDH 1sor-yme were detected an
the Rhacophorid species (viz. R. reinwardtir, R, maximus and

FP. leucomystax). kidney, heart, brain tissue extracts of all



the three species showed a single band covresponding to A
form of isozyme (Fig.llc,d.b; Flate 18Bc.d,b). Gonad tissue
extract of F. leucomystax possessed two bands of G6FDH
ispzyme (Fig.llc,d; Flate 17c,d). Eye tissue extract of R.
reinwardtii showed a similar banding pattern of two G&FDH
isozyme. Liver tissue extract of R. relfnwardéii and R
maximus again found to possess both A and B form of isozyme.
However, unlike gonad and kidney the Liver B&6FDH-E. showed an
anodal affinity« G6FDH activity was not detected in skeletal
muscle tissue extract of P. feucomystax, while R.
reinmard€¢il and R. maximus showed minor activity for G6FDH-R
corvesponding 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.llaj; Flate
17a) .« Skeletal muscle tissue did not show any activity while
a single band corresponding to A form was detected in

kidney, heart, brain and eve tissue extract.

Similar studies on other amphibians have revealed an
identical result. The total number of molecular form of
G6FPDH isozymes varied from four in Bombirna to two in Rana

and Triturus (Chen, 19&66).

It is worth adding that little oy no activity of G&FDH



in  the skeletal muscle tissue of the frog species tested
suggests that the generation of NADFH from glucose oxidation
via the hexose monophosphate shunt  does  not play an
essenbtial role 1n this tissue. Similar observation have been
made 1n  teleosts (Fried, e¢ al..1969) and frogs (Chen.,

1966) -

A relatively high G6FPDH activity (generally indicative
of an active pentose shunt) 1n the liver tissue of these
frogs suggest this tissue may be a major site of fatty acid
synthesis at those phylogenetic Jevels preceeding the
development of adipose tissue or a synthetically competent
si1te. In preliminary studies with amphaibrans (Rana pipilens)
appreciable hepatic G&6FDH activity has been encountiered
{Rosen, e?¢ af.,1968). Scholl and Anders (1973) have also
repaorted the highest level of G&6FDH activity in the laiver

tissue of Xiphophoris.

The genetic basis of G&FDH i1sozymes has been  of
particular interest. The mammalian G&6FDH are encoded by two
separate loci, one being X-chromosomally linted ((Firkman and
Hendrichson, 1963) and the other being autosomal (Bhaw “and
Barto. 1965). The autosomally inherited i1sozyme. desianated
an MH6FPDH showed a higher Cathodal affinity in fishes (Scholl

and Anders, 19273). Our observation of the cathodal 1sozyme
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in eye, gonad and liver tissue extract of R. rernwarddtrr, P.
{eucomystaxy and H. annectens respectively 13 well in
agreement with lhose found in fishes but specific substrate

study demonstrates 1t to be GOLFDH.

An increas:ing number of allelic variants af G6FPDH  have
been reported 1n a number of vertebrates (Cederbaum and
Yoshida,1976; Diebig et al., 1976). Freguently the allelic
products showed distinctive electrophoretic migvralion as
have been observed 1 liver and skeletal muscle tissue
extracts of owr froge (R. rernwardtir and R, masximus) with

an anodal mobility.

The two forms G&6PPDH observed in owr frogs are thus
assumed to be homologous tw ithooe feund 1 (they vertobestaeg
and the enzyme 1s daimevric in nature. There was however, no
sen differvrential pattern observed an  thoe trogs. Thas
indicate that the anfluence of locus 1s uniform wn both  the

SEIIEG .
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Tissue LDH 1sozyme pattern:

3 = Gounad, k = I idney., H = Heart
B = Hrain, F = Eveoe, L. o= Laiver
M= bleletal Muscle.

Fig ©@: H.annectens
(a) Smut

(b)) FMawphlang

Frg 3: P.leucomystan

(a) Shillona: U-banded pattern
(b)) Shiltlong: 9-banded pattern
(L) o livnysid-banded patiemrn

(d) Williramnagar: 3-banded patteyn
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Tressue LDH 1sosyme pattern:

G = Gonad, h = hidney. H = Heart.
B = Brain, L = khyva, L= Liver,
M = Sheletal muscle

Fig.3 P.levcomystan:

() Willramnhagar: 4-banded pattern
(1) Mawhali: l-bhanded patlein

(g? Mawhati: S—-banded pattern

{(h) Mawhati: S-banded patiern

(1) Jowai: S-banded pattern

Firg.4 (a) R.reznwardétiri: Mawsyhram
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Tissue LDH 1spsyme pattern

{ryt
]

Gonad, ko= kidney, |4 = Heart,

Iy
i

Brain, F = Eye,. o= Livey,

! Gkelelal muscle.

Fige4. R.re1nmaratil
(b)) Jowai
(c) Mawphlany

(d) Smit

FrygeSe Ro.marximus
(a) Jowal

(h) Cherrapun jee

Figebe(a) A.arfghanus: Nongkhlaw
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tissue LDH 1soxyme patiern

]

G = GBonad., I = haidney, H

i

H Brain, E = Eye, L

H

M

i

Shelelal muscle.
Fig.b6b: A. aftghanus
(b)) Mawhainw
(¢) Williamnagar
() Smat
() bhiillong

(f) Mawsynram

Fiy-7: R. wyanophlyctss

(a) Bhillong

Heart .

Liver,
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Tissue LDH isozyme pattern

G = Gonad, b = Kidney, H = Heart,
I = Brain, £ = Eye, L= Laiver.,
M= Skalebal muscle.

Fig.7- K. cvanophlvctis
(b)Y Jowai

() Willitamnmagay

Fig«8. R. nivcobariensis
(a) Mawkaiaw
(L) Williamnagen:

() Mawhat

Fig.9. Tissue MDH isoryme pabbtern

(a) H. annectenx
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Fig«.9. Tissue

Fige?.
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MDH isozyme pattern
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cyanophivotis
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Fig«l0. Tissue ADH Llsuzyme patl tern
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Fig-11. Tiszsue G6FDH igsozyme patiern
(a) H. annectens
(bh) P. leucomystax
() R. refnwardéil
(d) R. maximus
(e2) A. alghanus
(f) R. avanaphivectiz

{q) R, nicobarienszixs
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Fig-12. Maodel suggesting submit composition of
LDH phenctype 1n heterosygous P. leucomvstas

pupulalron (Shallong)
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Flate 1 = H. annectens

Flate & 3 P. leucomystax
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Flate S ¢ R. maximus
{(colowr change due to disturbance)

Flate 6 1 A. arghanus
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Hlate 14(a) R. wvaneophivctiz, LRDH (S8hallonag)
late 14<b) R. cvaneophlvcérs, LDH (Jowal)

Flate 14(c) R. cyanephlyatiz., LDH (Williamnagan)
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Flate 16y P, leucomystan 3 MDH
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Flate 17(e) A.
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Plate 18(a) H, annectens : LG&6HFDH

FPlate 18(h) P. leucomystayxy : G6FPDH

Flate 18(c) R. reinwardé¢ir : G&FDH

Flate 18(d) R. maximus : G6FDH



| 1
U B

GKHBELM
18a

GKHBELM
18 b

GKHBELM
18d
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Flate 19. Homozygous (AA and ATAY) and heterozygous (AAT)
phenotypic LDH pattern in P.leucomystax population
(Shillong) -

A,B = Homozygous, C = Heterozygous
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CHAaAaFTER—II '
INTRODUCT ION



Mary ma -  texa have evolved complex Life histories
featuring a rapid transformation, o metamorphosis, between
suCcessive Torms. Some of the best-hknown ang most
sprctacular damples can be found among the holomelabolous
insects and the amurans. The extensive movphological
e qanization that occuwrrs dwring metamorphosts poses
proftound questions albt cell levels of biological organisation
and has  staimulatod & large body ot Literatuwre on the
physiological and developmental processes involved (Gilbert
and Frieden,1981). However, little 1s undersliood ~about the
genetic and evolutionary significance ot complex lafe

histories.

Amphaiblans are an excellent ghroup for the compayative
study of the evolution of complen life histuries; they have
invaded  near ly all maiovr land habitats., and they exhibit
corresponding diversity of life hastoyies and rveproductive
modes. The strihang variely of Life histovies represenied in
the amphibians highlights the broader i1ssues of the adaptive
properties, the course of evolution, and mantenance ol
compler l1Tife cycles. Buch life cycles have persisted over

long periords of evoludionavy time an amphiblans.

A remart able sey des of changes tabkes place when an aguatac

tash libke tadpole 15 Lranstormed into A land -duellinag frnaqe.
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Throughout the embryonic and larval life the development of
the frog has been almost entirely a gradual. unfolding
process of growth and differentiation., but dwring the
metamo phic periad growth 16 almost halted and
differentiation and degeneration occur simultaneously with
dramalic suddenness . Ethin(1934) regards Anuran
metamorphosis as consisting of three phases. The fairst
postembryonic period 1s characterized by much arowlh  with
very little change 1i1n form. This 1s designaled as
premetamorphic period. Frometamorphosis 1s marked by the
rapid elongation of hindlimbs. The appearance of forelimbs

marl & the beginning of metamorphic clima.

In the theoretical scheme proposed by evolubionary
genelics, development i1s the function lhat maps the yenolype
onto the phenotypes. {t 15 well Lnown that. even at the
lowest level of protein Llranscription, the relationship
genotype-phenotype 1% not one to one. At hiagher levels of
inlevactions, such as movphological traits, the genotype-
phenotype 15 more complex. The interactions at the
molecular, cellular and tissue levels give a structure  to
developmental systems that may have 1mportant evolutionary

consequences.

Genes control developmental processes., which 1 tuwrn
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generate form. Genes male proteins that ei1ther regulate the
expression of other genes. or 11 the tase of products of the
so-called morphogenetic genes (Edelman. 1288), determine
morphogenetic propes Lies. thuas morphogenesis 1s the esalt

of complex physio-chemical 1nteractions at this level.

A magor theme of developmenl 1s Lhat the specraliration
of cells 15 the result of and or the 1mpetus for.
daifferential gene actavity. The apperarance ot specatfic
proteins during embryogenesis reflects both biochemical and
metabolic changes assouciated with development and therefoyve o

functional and morphological states ot differentiation.

Jn a countinuaing swrvey of some of the biochemical
changoes whitch ococuwre dworang amphaibran metamoy phosis, | rioden
and Hermey  (199°7) noted significant changes 1n both  the

amount and the distribution of the proteins.

Im applyaing the prainciples of modern agenetics 1l musl b
appreciated ihat the tadpole has all the genetic machinery
to become o Tvog and that represents o chanae 1n genetac
expression. Great emphasi1s has been placed i1n  chandges 1n
protesn  thal accompany metamovphosis  (F reden,1961) - ’['h(_-
genetic control of anformation transcraption and translation
e enpeclied Lo bhe untaimely Yeflecled an terms of  ihe

synlhesis of specific proteins. Durinag development, 11t 1s



believed that many hundreds or pelhaps thousands, of genes
are seleclively twned on and off 1n & complenr concey ted
fashion (Hrritten and Davidson,196%) or that an  integvration
s et et g ndmber of Bimple tegulatory evenls 18 TR Lyesd

(Rutter ef ai., 19683).

In this respect multilocus tsoryme systems have proven
ta be 1deally suited to studies designated to characterize
lhe tissue specificity and ontogenic patterns  of gene
expression. [t 1s beliteved thal the appearance of particular
lulymes at saspecific stages of developmenl reflecls
metabolic and., thus., biochemical changes in the doveloping
cimbryos. Therefore, 1n additiron to Leing able to characlerize
the temporal changes 1n 1sozyme activity duwrina development,
1l 18 possible to covrelate certain biochemical changes witbh

morphological or functional states of differentiation.

Studies investigating tihe ontogenic  expession of
1spzymes  have been undertal en by many worters 1n a variety
of vertebrates. Marbert and Ursprung (1%262) examined the
ontogenic 1soxyme patterns of lactate dehydrogenase in mouse
and  concluded that embryonic tissues possess only one  form
of LDH and the tissue —~ specific distribution develops  as

lthe tissue differentiate.

Similar observalions have also  beenr made 1ty chie) ens
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(Cahn et al.,l962). Lactate dehydrogenase aontology. paternal
gene aclivalion and teb)amer assembly i1n  embryo ot brool
trout, lake Lrout and their hybrids have revealed repression
ar delay of erther paternal oy maternal alleles (Goldberg et

al.,1963).

fhe time of gene expression has been deteymined for
H6FDH an qual (Uhno et af.,1968), ADH and LDH 1n  fish
(Hitzervoth et aifi.,1968; Goldberg vé al-,194693 lLolse ef

alw,194%).

Among amphibilans, anwran larvae {ladpoles) e
especially noted for dramatic changes, which occuy 1 thear
form and mode of edaistence during metamorphosiss b
comnection with tho problem of cellular ditffeventiation the
ws0eymes of  amphibians have attracted interest  of many
investigators. Grainer and kunz (19466) rvecorded the change«s
1N 1sezymes of LDH and MDH duwring the development of  the
“frog Rana temporaria. lhe ontogenic patlievns 1n both normal
and hybrad frog embyyo have been analysed Dby Wraghl and
Moyer (1966)« huns and Heqarn (1947)  demonstrated distinctl
marphogenetic changes 1 the patteyrn of LDH  an xenopus
laevis. Chen(1968) analysed the isoocyme patterns © of
debvdrogenase (LDH, MDH, GDH, and ADH) in bobth embryonio and
athul t lissues of Llhree frogs. Claycomb and Villee (19710

studied the electivophorelic paltern of LDH 1sozyme 1n
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tir1ssues from adult organs and embryo of Aenopus faevis.
Soluble proteins from liver, serum and tail muscles of
Alytes tadpole were electrophoretically analysed by
Guyetant(1977). Activity and elecbrophoretic profiles of MDH
uuring metamorphosis in Rara pipiens way studied by Loy wi
al., (1933« The expression of LDH genes thiroughoul early
development of different Xenopus species and interspecies
Rhybyrid were compared by Vonwy1(1983) . .DH~
electrophoretographs of tail~base; tail—-tiIp, tail-middle and
heart from X.laewvisz and R.lemporaria weve compared by Hovrnby
et al.,(1989) to look for any differential distribution of
LLDH isozymes caorrelating  with muscle funclion and

differentiation as reported for mammalian muacle.

The above review clearly indicates that a large volume
of literatuwre is available on the isozyme pattern in  the
developmental stages of amphibians. However, litile . or no

attention has been paid to use Indian frogs for< similar

at
-

studies. In view of this the present investigation has been
undertaken to evaluate the isozyme pattern of post embryonic
tadpoles of Rana lIimnocharis Weigmann at four progressive
stages:premetamorphic, prometamorphic, metamorphic clihSM

and postmelamorphic juvenile-
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CHAaAFTER—II
MaTERIAGLS & METHODS



2«1.THE FROG : Rana limnocharis Weigmann, (Flate 1) the
widely distiributed specires of the froa in India and whole of
South-East Asia (Satyamuri1,1967). The breeding season of
the frog extends from Apiril to September. Hreeding occurs 1n
temporary as well as permanent bodies of water. Its life
cycle 158 completed i1in approximately five weeks and the post-
embryonic period 1s relatively shovrter than the embryonic

period (Roy and Khare, 1978).

2.2 Methods:Electrophovetic analysis was carried out to
depict i1soryme pattern in tadpoles at different stages of
metamorphosis. Adult ti1ssue pattern of the 1sozymes was

andlysed to compare with the developmental pattern.

(a) REARING OF TADPOLES : Egg masses i1n a jelly coat of
R.iitmnochariz, were collected from paddy fields beside the
Umkhrah river. Shillong (Lat-15936 . Lon.91954 ), Meghalaya-
The eqgg masses were maintained 1n  laboratory acquaria
containing pond water, and at room temperature of 259 -
30°C. Some algae and water plants were added to lhe agquaria.
The tadpoles hatched out in about a week and started feeding

on 1he added algae. The aguaria was cleaned on eveary

alternate day and freshly collected pond water added.
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{b) OSTAGING OF TADPOLES: lhe stages of tadpoles were
established from enternal visible characteristics accarding

to the "Normal table of Rara Jlimnocharaz” (Roy and

Fhare,1978):

(1) Fremetamorphosis @
Stage 25 3 Eyes with well devaeloped lens and yetina,
colled intestine., tail long. starts feeding on algae
{(Flalte 2a.b.c).
Stage 86 : Hind limbk bud stage. fAppearance of hind
lambs at the groove between lhe base of the tail and
belly wall (Flate 3).

(11) Prometamorphosis ;

Stager 27 : ladpoles with well developed diving hind
limbs and halted tail growth (Flate 4).
Stage 28 s Tadpoles with developing forelimbs

(Plate 59).

(121) Metamorphic climas

Stage 29 : Tadpoles with both laimbs developed. From

this stage ONWAaYrUs the tadpoles undergo
metamorphosis. Tairl darbker and less transparent
(Flate &).

Stage 3@ : Tail starts resorbing and shortens

gradually (Flate 7).

Stage 31 : Ta:l resorption continue and become &
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small triangular dark coloured stub (Flate Ba,b)
(iv) Fost—-metamorphic juvenile :
Stage 32 3 Fully metamovphosed miniature frog with

all anuran characters (Plate 9).

() TISSUES: tadpoles of known stages (Flate B2-9) were
placed in ice, the alimentary canal was removed, head, tail
and liver were separately used for preparation of crude

extract.

() CONTROLS: Adult specimens of R.Iimnocharisz were placed
in ice and gonad, kidney, heart, brain, eye, liver and
skeletal muscle tissues were dissected out to prepare

extract for control experiment.

(@) EXTRACTION : Tissues collected at different stages of
development as well as adult tissues were weighed accurately
and homogenised in ice cold sucrose (@A.23M) solution. The
homogenised tissues were centrifuged for 15 minuwtes at
21,00@0xg. The temperatuwre of the centrifuge machine (REMI-
caa) during operations was maintained at 49c. After
centrifugation the supernatant was collected in test tubes
and measuwred volumes of the samples were subjected to

electrophoresis for separation of isozymes.

(f) ELECTROPHORESIS : Vertical disc-electrophoresis system

(Davis, 1964) was employved using 7.5% polvacrylamide gel (For
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procedural detail please refer chapter one, (section 2.2.3).

(g) STAINING DOF IS50ZYMES: Four isozyme (viz. LDH, MDH, ADH
and G&FDH) systems were stained in  the gel wusing the
staining protocol described in section €.2.3 of chapter one.
The stained gels were washed and preserved in 74 acetic

acids
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3.1 The electropbhoretic pattern of Lactate dehydrogenase
(LDH), HMMalate dehydrogenase(MDH). Alcohol dehydrogenase
{ADH)  and Glucose—-é—-phosphate dehydrogenase (G&FDH)Y  were
analysed from tadpole taxl, bhead and livey (issues «l Lhe
various developmental slages (8tage BY to stage 31) and head
arnd liver from yvoung froglet (Stage 38). Adullt tigsues of
the frog were analysed for comparison with the 1sozyme

pattern of tadpoles.

.11 LACTATE DEHYDROGENASE {Lactate:NaD-Di1dorveductase,
E-C'l-1n1-277)

(a) Adult tissue LDH pattern : Seven tissues, vio. gonad,
kidney, heart., brain, eye. liver and sheletal muscle were

analysed (Fig.l; Plate 1@).

Gonad tissue LDH was resolved into four-bands. The most

cathadal A, showed highest activity. Agly . AEB were

E_)

relatively loss intensely <t artnor than a, 1saryme b le N Hg

was faintly stained and B, 1sozymes was nat resolved.

Fidney presented similar four-banded patteyrn to that of
gonad with high staining intensity of Aq isozymes lhe
1s0zymes AgBy . AuBn  and ARy were faintly stained and

showed 1dentical mobility to that of gonad 1s0symes.
LDH 1sozymes in the heart {i1ssue was resolved into a
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five-banded pattern. The A, isozyme was faintly slained,
AR s AsBy and Ay By heterotetramers showed highest staining

intensity while {Lhe homotebyramer B4 was moderalely stiained.

Brain tissue LDH showed a fouwr-banded phenotype ot Ag.
AgBy» AR, and AIBB isozymes. The heterotetramers ABBI and
Ao Eo showed a relatively higher staining intensity than that

uf gonad and kidney.

Eye tissue LLDH pattern was i1dentical to that of brain.
Howeveyr the homotetramer Aq was move strongly stained than
in brain. The heterotetramers ABBI’ AEHE and AIBB showed

similar staining 1ntensity and electrophoretic mobility.

Four-bended i1sozyme pattern resolved 1n liver tissue
showed predominance of A, isozyme while heterotetramers
AgEBy . AuBS were moderately stained and AIHB was faintly

stained.

A two-banded phenotype with a very high activity of A,
1sozyme and & minw acitavaily wf ﬂvﬁa wWas restsved  in

skeletal muscle of the frog.

{(b) Tadpole tail LDH pattern: lThe tail muscle LDH at
different slages of development (Stage 23 to staage 31)

resolved into a two—-banded phenotype. The relative
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mobilities of the bands from the cathoudal end were saimilan
1n all the stages (Fig.2;Plate 11)« Out of the lwo bands the
more cathodal band was more strongly stained than the other
band. Comparison of (he relative mobalili1es of the two bands
with 1he adult tissue LDH pattern indicated that these bands

correspond to the homoletramer A, and Agly heterotetramer.

(c)Tadpole head regiron LDH pattern: Head region of the
tadpoles analysed duwring the various developmental stages
(Stage 195 to stage 32) of tadpoles revealed a daistinctive
LDH pattern (Fi1g.«3; Flate 12). A two—-banded pattern of Aq
and ABBl were resolved at the premetamorphic stages 25  and
26 . ihe A, 1sozyme was more intensely otained than Agky. A
very faint band of L, activily was also observed at stage
25. A total of five bands were resolved at stage 27« The
most cathodal isozyme band @A, showed highest activiby and
appeared as a compact zone. The band 9331 was moderately
stained while AEBE. ALBB and BQ bands were faintly stained.
During the late prometamorphosis(Stage 28) the homotetramer
b, showed highest aclivity and was most ntensely stained
while the 1sozymes AgR,. AEBE and AjB4  took a moderate
stain. At the onset metamorphosis(bStage £9) the 1socymes Ag.
Ak, and A153 were moderately stained. The heterotetramers
ApEly  showed highest activity while the homotetramer H, was

not expressed. An i1dentical pattern was observed at stage
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3@ In tlhe late metamorphic period (stage 34 the
homotetrameyr A, was again highly aclive and resolved o8 A&
strongly stained band. The heterotetramers Aghy. ApBEp and
AIBB were moderately stained while the homotetramer Bq was
not expressed. In the juvenile frog a four banded phenotype
was obtained of which the homotetramers A, and H, were
moderately stained while the heterotetramers AEBE and AIBB

were faintly stained.

d) iadpole liver tissue LDH pattern: Laives tissue LLDH
analysed at early premetamorphosis (stage 253) revealed a
four banded phenotype being resolved into Ay, Agkty.  Apls
and E, i1sozymes (Fig.4jPlate 13). (Out of these the
homotetramer Aq wWAg moet inrEnsely stainac. Ihe
homotetramer B4 and the heteroletramer Agkty were moderately
stained while AEBE took a faint stain. In stage 2&6 w27
only 1wo bands of LDH were resolved, the A,  1sozyme was
resolved cathodally as a dark band. The 54 isozyme daid  pot
show any actaivaity while of the heterotetramer only AEBE band
was faintly stained. A three-banded LDH pattern of Aq. Afﬂl
and ApBp was obtained at stage 28. The i1sozyme band AQ WAS
most 1ntensely stained and the least being the A331 bapd-
Four bands ot the i1sozyme consisting of A,. Agk, . ALR, and
Ay Ty wen ¢ Obiserved dn stages 9 and 3L vespeclively  whilde

at slage 30 A,. AgH,. Apk, and B, 1sozymes were esolved.
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Out ot these A, isozyme was most intensely stained in  the
three stages (29,30 and 31), the heterotetvamer A48, showed
an  identical moderate staining intensity in  these stages,

A B& showaed « higher concentration at stage 29 and 31 while

o
1t was not re=olvea at stage 3@. fhe B, 1sozyme observed at
stage 30 was moderately stained- The young froglet (sbage
32) liver LDH was resolved into a three-banded phenotype
representing Ay Agly and AR, isozymes, of  these the

homotetramer AQ was most strongly stained., ABHl showed a

moderate staining intensity and ApE, was faintly stained.

mw

«1.2.MALATE DEHYDROGENASE (L-malate:NAD-Uxidoreductase,
“-C-1-1-1-37)

(a) Adult tissue MDH pattern: Seven tissues (viz.gonad,
kidney, heart, brain, eye, liver and muscle) of adult frog
analysed electrophoretically showed similar MDH aisozyme
(Fig-5;Flate 14) pattern. A three-banded phenotype of the
isozyme was resolved in all the tissues of which the more
cathodal band presumably the homodimer A, was very faintly
stained in all the tissues. However the band was relatively
more intensely stained in the skeletal muscle than in  other
tissues. The homodimer Rp and the heterodimer A K, were
resolved as a zone of activiby. The zone was faintly stained

in all the tissues except liver and skeletal 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 MDHH pattern (Fig.é; Plate 15). lhe 1sozyme was
resolved into a more cathodal condensed band corresponding
to Ay homodimer and a less cathodal much diffused zone
corresponding to 9151 heteradimer and By homodimer. ALl the
three 1sorymes showed highest staaining intensity al stage
25 In the following stages (Stage 26 and stage 32) a
gradual decrease in lhe staining intensity of the bands was

noteworthy.

(c) Tadpole head region MDH pattein: Malate dehydrogenase
1e0zyme was resolved into a single band cori esponding to BH
homodimer (Fig.73Flate 16) at stage 25. No other i1sozyme was
resolved at this stage« Three bands of the isolyme
corresponding to Ay, AjBE; and By, were resolved at stage Rb.
In the subsequent stages (stage 87 and stage 32) & single
band of the isozyme corresponding to Ay homodimer was

resolved. 8Staining 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 isoryme was obtained in liver tissue of the tadpoles.

During the premetamorphic stages (83 and 26) the isocyme
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could net be resolved in liver tissue. A broad zone of
cathodal isozyme presumably composed of An  and AIBI was
resolved at stage 27 (Fig.8;FPlate 17). A single band of the
isozyme corresponding to AE hamodimer was detected alt stage
28 while both the homodimers An and By were resolved at
stage @7. The heterodimer A;B, could not be detected at this
stage. At stage 3B a single band of MDH isozyme
corresponding to A homodimer was obtained. A faint band of
A isozyme was detected at stage 31. The juvenile frog
(stage 32) liver MDH could be resolved into homodimers An

and EE'

3.1.3.ALCOHOL DEHYDROGENASE (Alcohol NAD-Ox idoreductase,
E:IC.]. 1-1.1)

(a)Adult tissue ADH pattern @ Out of the seven tissues of
the adult frog analysed only liver and kidney
(Fig.-9;Flate 18) 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 H 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 25,26
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and &87) ADH 1socyme could not be resolved in  the liver
tissue. Tail muscle and head yvegion of the itadpole also dad

not show any activity for ADH.

Liver tissue of the tadpole analysed at stage 28 showed
a maximum of six ADH isozyme bands (Fig.1@;Flate 19). Out of
these the mast cathodal band was taintly 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
fafth ADH i1socyme was resolved sti11] further towards the
anude as & highly active condensed band. Band—-6 showed a

faint staining internsity and was resolved ancdally.

Only two bands of ADH aisocyme could be resolved in

stages 29 and 30. Out of these one cathodal i1sozyme showed

higher staining intensitly and covrespond to the band-—-1  of
atane PR N electropbiorecit mubitlaey dag-illzitiate i9). 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 isocyme was exhibited
in  the liver ltissue of the tadpoles at slage 31. Out " of
these the intensely stained cathodal band correspond  to
band=-2 of stage 28 and a faintly stained band cormyespond 1o

bBand~4 1n  relative mobi:lity. The third i1sozyme band with
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higher staining intensity was resolved ancodally with
identical electrophoretic mobility to that of the band-6 of

stage 28.

ADH isozyme was resolved into a three banded pattern
in  liver tissuajfyoung frog. Tweo faintly stained bands
showing minimum activity resolved cathodally and correspond
to band-1 and band-4 respectively of stage @8. The third ADH
‘band with highest activity was resolved away from the
cathode and showed identical mobility to that of the band-35
of stage 28. This band also correspond to the single isozyme

obtained in adult liver and kidney (Fig.?;Flate 18).

B3a1.4.6LUCOSE-6-PHOSPHATE DEHYDROGENASE (D-Glucose—b-
phosphate : NADP-Oxidoreductase, E.C.l.1.1.49):

(a) Adult tissue GLEFDH pattern : A two-banded phenotype of
G6FDH isozyme was obtained in gonad, kidney, heart, brain,
eye and liver'tissues of the adult frog (Fig.11;Plate 20).
EBoth 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 G&FDH pattern @ A characteristic
pattern of G&6FDH isozyme was obtained in the tail muscle of
the tadpole at different stages of development
(Fig.12;Plate 21). An identical two—-banded pattern was
observed in stages 23 and 26. Both the bands showed higher
staining intensity at stage 26 than at stage 23. A single
band of the isozyme with a strong staining intensity was
resolved at stage &7. This band showed an  identical
electrophoretic mobility with that of the second cathodal
band of G&6FDH observed at stage 25 and. 26« A single G6PDH
band with slightly faster electrophoretic mobility was
obtained in stages 28, 29, 36 and 31. At stage 28 the band
was most strongly stained and exhibited a reduction in the

staining intensity in the subsequent stages (29, 30 and 31).

(c) Tadpole head region G6FDH pattern : An  identical two-
banded G&6FPDH isoczyme pattern was observed in the head region
of the tadpoles at the different developmental stages
(Fig«.13j;Flate 22). EBoth the bands were resolved cathadally
and were closely spaced to each other. The first cathodal

band was more strongly stained than the second band.

(d) Tadpole liver tissue G6FDH pattern : Liver tissue BGO6FDH

exhibited a distinctive phenotypic pattern at the specific
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stages of development (Fig-14;Flate 23)- A three-banded
pattern of the 1sotyme was resolved at stage 25,0f these one
most cathodal band showed highest staining i1ntensity while
the other lwo bands showed faster anodal migration and were
moderately stained. At stage 26 a single 1s50zyme
cormesponding to the fastest anodal band of stage 295 was
obtained- In comparison the band was more i1ntensely stained
at stage 26 than that of at stage 2%5. A single band of G&6FDH
corresponding to the cathodal band of stage 25 was ~fesolved
at stage 27. The band showed a higher staining intensity
tharn at stage 25. Some sub-bands were also observed at this
stage. Only one band of G&6FDH with 1dentical electrophoretic
mobi1lity to that of the fastest anodal band of stage 25 was
resolved at stages 28 and 29. The band showed a&a higher
staining intensity at stage 29 than at stage 28. A two-
banded pattern of lhe 1sozyme was observed at stage 380, of
these one most strongly stained band resolved cathodally
while the other band with a very fTaint intensity moved
faster and showed i1dentical mobility to that of the fastest
anodal band observed at stage 2%. Single G&6FDH band was
resolved cathodally at stage 31. The juvenile presented a
two-banded highly cathodal pherotypic pattern i1dentical in
mobilyty to that of the adult G&RPDH 1s0zyme

(Fig«-11;Flale 20).
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CHAFTER—II
DISCUSSION



4.1+ Development 1s the process by which a programme of
selective gene eMpression, operalting on a constant pool of
genetic 1nformation produces a complex adult organism from a
single fertilised egg (Kider and Taylor. 1980). The primary
objective 1n the area of ontogenic research 18 to gain
insight 1nto  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
mavkers of cell type., enabling to define a cell an terms of
1ts molecular composition (Markert and Moller, 1989). It has
been found that there 18 a gradual transformation of the
pattern ot 1sozymes during the ontogeny of a variety of
tissues (Markert and Ursprung. 1962; kunz and Hearn., 1967;
Chen, 1968; Hornby et al.,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,19272; Takasu and Hughes, 196%a.b). In the present
investigation we have observed a tissue specific gene
expression of the fouw i1sozyme systems(vaiz.LDH, MDH, ADH,
G6FDH)Y during the postembiryonic developmental stages of  the

frog Rana fimnocharils.
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(a) LACTATE DEHYDROGENASE (LDH; E.C.1.1-1.27) 3

l.Lactate dehvdrogenase 1sozyme system has been the focus of
much interest 1n 1sostyme changes i1n ontogeny. beginning with
lhe pironeeving observation of Martert and Moller(1959). In
most vertebrates the tetrameric 1sozyme i1s coded by two loca
(A and B) and form five different molecular forms (A,. AgBy,
Aokn. ARy and B,) . The total concentration of LDH and the
proportion of the five 1socymes vary from tissue to tissue
within an i1ndivaidual and withain a given taissue at daifferent
developmental stages thus reflecting differential gene

expression (Coffin and Hall,1974).

Ontogenic pattern of mouse lactate dehydrogenase was
investligated by Markert and Ursprung ((1968). This study
indicated that all embryvonic tissues TfTirst exhibat a
predominance of A, 1sozyme. The pattern gradually shifted
towards Hq with developmental proaression. The extent of
this shift however varied enormously i1n daifferent taissues.
In skeletal muscle. very little change 1n  the pattern
occured, nearly all LDH actaivaty being in A,, both 1in  the
embryo and 1n the adult. Heart muscle exhibited quaite
anather picture. In this tissue enczcyme activity was
progressively shifted from A, toward R, - On the contrary

Cahn et al..(1962) reported a contrasting result of LDH gene
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expression at various stages of chick development. Their
analysis showed tgat E 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 Chatter jee(l1993) reported similar
pattern of R gene activation in early cellular
differentiation of chick embryo. A similar observation was
also made in the ontogenic pattern of LDH gene expression in
fishes (Frankel and Hart,1977; Frankel,1983). Comparison of
the LDH isozyme pattern obtained from embryo &t various
stages of development of several species of frogs and newts
showed an identical result (Moyer et alfl.,1968) to that of
chick. Chen(1968) while investigating the pattern of soluble
proteinsg and multiple form of debhydvrogenase in  amphibian
development obtained contrasting result in three different
species. The anura Rombina variegata and the urodela
Triturus alpestris possessed both ﬁq and E(,+ isozymes in
their embryo, while Rana temporaria embryo possessed only B,
ispzyme. The electrophoretic pattern of LDH during early
embryonic development of Xernopus laewrvis 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 Villee,1971) .
Vonwy 1 (1283) analysed the LDH pattern in early embryonic and

tadpole development of Xenopus I.victorianus and X.borealls.
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The analysi1s 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 actaivation of LDH
gene locy during development i1s highly species—-specific and
thus shaows & diversity of 1socyme pattern. In our experiment
we have also encountered a species specific developmental

pattern.

The tail muscle of tihe tadpoles revealed A
characteristic two banded pattern at all the developmental
stages (Fig.2; Flate 11). The pattern did not alter
throughout different stages of development. A comparison of
relative mobailities of the bands with that of adult tissue
LDHM pattern (Fig.l; Flate 1@) revealed that the subunat
composition of tadpole tai1l muscle LDH were Aq and ABBI' The
high concentration of the A, 1sozyme suggests that the gene
coding for A polypeptides 1s hiahly active i1n  the tadpole
tarl muscle. Anwran tadpole tairl has & thick white ouscle
with relatively few mitochondria (Muntz et al.,1988). Thas
muscle 15 probably used 1n short bursts of rapid swimming
and may perhaps 1s subjected to hypoxic condition resulting
in accumulation of pyruvate. The i1sozyme A, being less
susceptible to substrate inhibition was most helpful in  the

a1l to maintain a steady genevration of energy.
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In an attractive analysis of tadpole tail muscle LDH of
K.laevis and R.t¢temporarrza. 1t has been found that in both
the species K, isozyme was the embryonic form and expressed
most stronyly at the tadpole tai1l tip. However in tail base
A, isozyme predominated (Hornby et al..1989). It was
concluded that the tail base being rich i1n white skeletal
muscle showed predominance of A, isozymes while the tail tip

contains some red skeletal muscle and possessed Bq isozymes.

The electrophoretic pattern of LDH obtained in the head
region of tadpoles during developmental stages (Fig.3; Flate
11) indicated the predominance of A subunit activity.
However Hq isozyme was most active form during late
prometamorphosis (Stage 28). The subunit also exhibited
moderate activity at stage 23,27 duwring development and in
the juvenile (Stage 32). Heteropolymeric association between
A and B subunits was allowed in all the stages, though the
type and concentralion ot the assembly varied considervably

from stage to stage.

The observed pattern indicated that there was a
differential gene expression of the isocyme correlated with
the progressive cellular specialization (Champion and
Whitt,1976; Fhilipp et al-.1979; Whitt 1981). Activation of
the B locus was not allowed in  the tadpoles wuntil the

prometamorphosis (Stage 27). Ferhaps. at this stage there
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was & sudden i1ncrease 1n energy demand of the tadpoles and

both glycolytic and TCA cycles were operative to fulfill the

need.

During metamovphosis, the amphibian liver undergoes a
major metabolic reocrganisation (Brown,1964). EBilewicz (1938)
has demonst) ated an 1ncrease 1n glycogen content of the
liver 1n R.temporaria during premetamorphosis. At the
metamorphic climax there 1s a reversal and & pronounced
utilization of glycogen occurs, as reflected 1n a drastic
decrease  1n laver glycogen. In a study of the carbohydrate
of several species, Faraggiana (1933) and Urbani (1957) both
noled «t decline in these constituents during
premetamo phosis  1n contrast to the findings of HBilewic:o.
The decrease was more rapid at  the beginning of the
metamorphic climax. These studies suaggest that glycogen
reserves 1n lhe liver acquire imporiance as a source of
energy nowrishment during the period of metamorphosis  when
dramatic changes occur 1n Lhe digestive system and the

anitmal stops feeding-

In owr study we bhave obtained a distinctive LDH patlern-

characteristic of specific developmental stages. The
garliest premetamorphic stage 235 was characterized by
beginning of musculas maovement and feeding (Roy and



Fhare,.1278) . It was observed that at this stage both the
gene loci encoding Aq and Bq isozymes were active
(Fig.-43;Flate 13). However A, being more strongly expressed
may be 1indicative of a higher dependence of liver on
glycolytic energy metabolism. Following this there was a
sudden repression of the K locus. A strikingly identical
pattern of only Aq and QEBE isozymes were observed during
the stages @6 to 28. This perhaps may be correlated to a
Lemporary hypoxic state of the liver during the period- In
the beginning of metamovphosis (stage 29) synthesis of B
polypeptides was probably siepped up and the bheterotetramer
AjBs  assembly occured for the first time in the course of
developmeni.. The process of metbtamorphosis reached a climax
at stage 3@. marked by resovption of tail and frequent use

of the limbs by the tadpoles.

The animals rehearse their performance occasionally in
the adjoining tervrestirial habitat. The Hq 1s0zyme was again
observed at this stage. All the major isozymes were
expressed at this stage lhough A, showed highest activity.
The pattern remained unal tered till the end of
metamorphosis. The young froglet liver did not show any
acbivity of H, 1socyre and was strikingly identical to that

of the adult LDH pattern (Fig.l; Flate 1@).
From the physiological point of view it may be presumed
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that all along the tadpole development liver tissue
primarily utilizes pyruvate as an energy deriving substrate.
lhis 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 25,30
and 31) both lactate and pyruvate were utilized to meet the

increased energy demand.

lL.ooking at the overall picture of LDH 1sozyme pattern
in  the three tissues 1t appears that the expression of the
loc:s A and B at the various stages of development show a
high tissue specificity. Activation/repression of the genes
waere accw ately programmed. However, what 1s the molecular
mechanism i1n the synthesis of the different subumits remain
wnclear. The regulating mechanisms. which distinguishes
between the two genes at a specific time may be related
e1ther to the lJevel of ousygen or to intermediates of

mirdative metabolism (Lindy and Rajasalmi,1966) .

(h YMALATE DEHYDROGENASE (MDH; E-C«1.1.1.37) =

Malate dehydrogenase 1n most anurans 1s a dimer. constituted
by the combination of two types of subunits.,. A and R
{Danzmann and Hogart,1982). The enzyme 15 encoded by two

separate enes, Mdh—~A and Mdh—H (Schwantes and
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Srhwantes,1977). MDH isozyme pattern during development has
been studied in several spegcies of fishes (Champion and
Whitt,1976; Philipp et al.,1979; Arai,l1984; Fadhi and Khuda-
bBulish,198%9) and amphibians (Kim et al.,1965; Schwantes and

Schwantes,1977; Long et al.,1983).

In the present investigation adult tissue s—-MDH was
resolved into three bands (Fig.5; Plate 14). The subunit
composition of the iscozymes was designated on the basis of
tissue specificity and electrophoretic mobility. The
presence of three forms of ihe enryme indicated that the
froaq possesses two loci A and B encoding the cytosolic MDH.
Electrophoretic mobility of the homodimer Aa and BE 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 i1socyme in these tissues.

Tadpole tail muscle analysed during the developmental
stages (stage P9 to stage 31) a characteristic pattern. Both
the loci A and B were active praoducing a three banded
pattern (Fig.6; Flate 15). The isozyme showed a decreasing
trend in activity with the progression of development. in

the head ryegion only one isozyme corresponding to BE
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homodimer was resolved at stage 25, both the loci seemed to
be active at stage 26 while only one s—-MDH corresponding to
An homodimer was expressed in the rest of the developmental

stages (Fig-6; Flate 16) -

Liver tissue of the tadpole exhibited a higher
concentration of s-MDH i1sozymes (Fig.7; Flate 17). The gene
expression  showed a characteristaic developmental pattern.
The s—-MDH 11sozyme did not show any detectable activity
during premetamo)phic growlh stages (235 and 26). This may be
@ither due to total inactivation of the MDH logl ar & very
low concent)ation of the enzyme 1n liver of the tadpole 1in
these stages. During premetamorphic growth phase (stage 27
and 28) only the locus A encoding Ap homodimer was found to
be active. At the beginning of metamorphosis (Stage 29) both
the loci: wevre active. In the next two stages (30 and 31) the
tadpoles showed pronounced growth of their limbs and
resorption of tail. The i1sozyme 1n these stages are
represented by a single band corresponding to AE homodimey .
Both the 1sozymes An and B, were again detected 1n the

juvenile frog (stage 32) .

Malate dehydrogenase 1s one of the tey enzyme 1n  ihe
traicarboxylic acid (TCA) cycle. The encyme catalyzes the
reversible anterconversion of onaloacetate to malate using

MNAD as coenzyme. Enzymes of TCA cycle qenerally have been
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found to decrease i1n activity during metamaorphosis (Long et
al.-,1983; Yamamoto,196W) . MDH activity in noyrmal and
thyroxine treated tadpoles of Rana piprens has been found to

decrease remart ably during development (Long et af.,1983).

The decrveasing trend of MDH activity observed in  taal
and head region along with the progression of development ot
tadpoles may be ascribed to the fact that these tissues
contain enough while skeletal muscle and perhaps anaerobic
brealkdown of carbohydrate 1s the predominant path -way of
energy metabolism. It may be presumed that the TCA cycle was
operative i1n these tissues. It has been reported (S8almon de
Legname et al.,1971) that in Bufoe arernarum development., TCA

cycle was 1ncompletely operative in certain tissues.

MDH activity decline may also rvesult from deficiencies
i energy—rich compounds. such as TCA cycle substrates (Long
et al., 1983). If regulation of MDH amounts present at any
given time 15 controlled at the "transcriptional level”,
thern the amount of active enzyme may reflect the amount of

substrate available within the cell at that period.

l.aver tissue of the tadpoles exhibited highest
concentiation of s—MDH 1sozymes. The expression of 1sozyme
varied considerably 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 27.28,30., and 31) only
one locus(A) was activated while 1n the nonfeeding stages
(stage 29 and 32) both the loci (A and R) showed equal

activity.

(a)ALCOHOL  DEHYDROGENASE (ADH, E.C.1.1.1-1) =

ADH 1s0zyme was analysed in liver and Fidney tissues of the
adult frog and liver tissues of the tadpoles. Other tissues
{viz. gonad, brain, eye, heart and muscle) of adult "and
tadpoles {(viz. tai1l muscle and head region) dad not show
ADH  activity. Our results are thus i1n conformity with the
pbservation made i1n other vertebrates (Raiha et al., 1967;
Markovaig ef al..1971). where 1t has been regarded as a liver
specific encyme. The 1solyme 1s Frnown to be dimer (Rossman
et al..19759) and encoded at « single locus in majority of
vertebyrates (Hitzeroth et al.,1968; Shaklee et al..1974;

Vallee,198%; teung et al.,19689) -

Ontogenic pattern of ADH 1sozymes have been
investigated 1n a number of vertebrates (Raiha et al..1%67;
Hitzeroth et af.,1968; Smith et al.,1971; Shaklee et
@l 19743 Lavine and Hadley.1975; Franlel,198@) including

amphibians (Chen,1963; UWescolowskh1l and Lyerla.1979).
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The ADH i1sozyme pattern of liver and haidney tissues of
adult frog i1nvestigated here revealed a single banded
pattern (F1g9-9; Flate 18). A agreater actaivaity of ADH was
noted in the liver tissue tham i1n hidney. The single banded
pattern with i1dentical electrophoretic mobility in both the
tissues revealed that ADH being coded by the same gene locus

in these tissues.

fhe ADH 1sozymes observed i1n tadpole liver at various
stages of development showed & uwunique pattern of gene
EHPTEsSS ) on (Fig.-1@;Flate 19). Fremetamorphic (stage 25%5,26)
as well as early praometamorphic (stage 27) tadpole liver did
not show ADH actaivity. Jhis may be presumed either due to
repression of the ADH gene o absence of specific substrate.
Mevertheless, a distinctive pattern of the 1socyme was
observed al stage 28. The liver tissue ADH at this stage was
resolved 1nto as many as sis 1sozymess. Similar multaiple
barnds of ADH has been observed previously in the embryo of
Bombina variegata (Chen,19268) and Xxernopus laerls adult
(Wesalowsh and Lyerla,1983). 1This phenomenon may be
explained by assuming that there are at least three
structural genes A, B and A", which are coding for the ADH
dimers. Genes A and A" may be allelic 1n eupression. The
possible subunit composaition of i1sozymes therefore may be

desiygnated as AE‘ AyEBy . Qlﬁ"l. Boe AT By ATp (F1g-9)«  The
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sudden activation of all the structural genes at this stage
may have relation with the feeding habait of the tadpoles.
Additional genes were probably activated 1n response to
accumilation of alcoholic substrates i1in liver as a byproduct

of other pathways of metabolism.

A sharp reduction i1n the i1so-cymes have been observed
cdin-ing the later period of development (stages 29. 3@ and
31) which may be i1ndicative of lesser metabolic reqguirement
and repression of the additional genes. However a detailled
sludy oun the expression of ADH 1soczymes with ecological

correlates 1s needed to draw any concluding remark -

GLUCOSE-6-PHOSPHATE DEHYDROGENASE (G&FDH, E-C.1-.1.1.49) 3

Glucose-b6b-phosphate dehydrogenase catalyzes the oxidation of
glucose—-é6-phosphate, praviding NADFH for biosynthetic
puirposes 1h the pentose phosphate pathway. G6FPDH 1sozymes 1n
amphibians 1s apparently dimeric 1n nature (Chen.1968;
Schwantes et al..1969; Chatterjee and Frakash,199@). In the
precsent 1nvestigation a two banded phenotype of the 1sozyme
was ubserved 1n the tissues of the adult frog (Fig.11l;Flate
20) .« Bolh the bandes were resolved cathodally, of which the
most cathodal band was heavily stained than the other.

Stinrlar resulls were  nbhse ved in fishes (Scholl and
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Anders,1973) .« Out of the two bands of B6FDH, one designated
An is  highly speci%ic for glucose—-é—phosphate and NADF,
whereas the other called Rz has & broad substrate
specificity (Hautista et ai.,1984). However, the molecular
and genetic basis governing the expression of G&FDH isoczymes
in amphibians has not yet been resolved. Little or no
activity of G&FDH in skeletal muscle of the frog may suggest
that the generation of NADFH from glucose oxidation via
hexose monophosphate shunt does not play an essential role

in the tissue (Fried et al.,19469).

In contrast the white skeletal muscle of tadpole tail
exhibited significant G&6FDH activity (Fig.l12; Flate @21).
During premetamorphosis (stage 25 and 26) and early
prometamorphosis (stage 27) only An form was most intensely
expressed. The pattern altered in the subsequent stages of
development and only BE was expressed.. This pattern was
maintained in the tail muscle through entire metamorphic
periocd. 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 MNADFH generation. Alternatively, it
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may be suggested that during metamorphosis as the tail 18
resorbed bilosyntheltic activaities diminishes resulting in

lower demand of NADPH.

G&FDH tsooymes analysed 1n the head region of the
tadpoles during development (F1g-13; Plate &82) showed a
striking similarity with that of adult tissue G6AFDH pattern
(Fig«11; Plate 2@0). Both the form (A; and Byp) of the enzyme
were expressed. he 1sozyme showed a progressive 1ncrease in
concentration from premetamorphosis to metamorphosis. This
may 1mply greater biosynthetic activities using NADFH in the

tissue with progression of development.

Liver receives a mixtuwre of free monosaccharides
resulting from the digestion of oligosaccharides and
polysaccharides. About two-thirds of the free glucose coming
to the liver enters i1ts cells and 15 phosphorylated to
glucose-6b-phosphate by hexolk L1nase (Lehninger,1975) .
Monosaccharides other than glucose such as D-fructose., D=—-
galactose and D—mannose are also phosphorylated in the liver
and further transformed into glucose-é—phosphate. About half
of the glucose that undergo degradation in liver entevrs the

herose monophosphate shunt genevating NADFH (Axelrod,1967).

Ounr analysis of the tadpole 1liver G6FDH during

development 1 evealed that both the 1sozymes Ag and BE were
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catalytically active. fhe pattern however var:ied
considevyably with the progression of development. RBoth the
farms were expressed at stage 23- A si1ngle enzyme
representing Ae homodimer was found to be highly actaive 1in
stages 87, 30 and 31 (Fig.14; Flate 23) while BE in stages

26, 28 and 29. It may be presumed that the feeding habit of

the tadpoles directly or indivectly influence thais
differential pattern of the 1802yYMES - During late
premetamorphosis and late prometamorphosis feeding

activities decrease while in the beaginning of metamorphosas
feeding vairtually ceases. Ferhaps in these stages liver was
constrained with glucose availability and only By, form of
the 1soryme was synthesized. In the feeding stages of the
tadpoles (stages 25, 27. 30 and 31) Ao homodimer was the
most active form of the enzyme- This shift of enzyme
activity has been regarded to be ihe inherent property of
liver tissue (Lehninger,1973). Thus 1t has been suggested
that the enpression of the gene coding for specific enzymes
i liver 1s a highly regulated process.

The overall pattern of G6FDH observed 11n  this frog
suggest that the i1sozymes may be encoded by two separate
gene loci A and H. The differential activity of the loca
cbserved 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 1N accordance with the avairlabilily of susbstrates.
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CHAFTER—II
FIGGURES



31

Tissue LDH isozyme pabktern.
Figel. Adult tissue LDH

Fig.2. Tadpole tail muscle LDH
Fig.3. Tadpole head region LDH

Fig«4. Tadpole liver LDH
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Tissue MDH isozyme pattern

Fig«5.
Figeba
Fig«7-

Fig‘e-

Adult tissue MDH
Tadpole tail muscle MDH
Tadpole head raegion MDH

ladpole liver MDH
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ADH isozyme pattern
Adult liver and kidney ADH
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Tissue G6HFDH 1s0zvme pattern
Fig-11. Adult tissue G&6FDH
Fig-18. Tadpole tai1l Gé6FDH
Fi1g«13. Tadpole head region G&FDH

Fig«14. ladpole liver G&DH
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CHAFTER—IXI
FLAaTES



FPlaterl« Adult frog ¢ Rana Iimnocharisz
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Flate:2(a-c) and 3: Premetamorphic tadpoles
Bay = Gmm
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Flate:4 and S: Frometamorphic tadpoles

Plate:6 and 7: Metamorphic tadpoles
Bar = & mm






Flate:8(a,b): Metamorphic stages

Flate:?: Juvenile frog
Bar = 5 mm
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Flate:10: Tissue LDH isozyme pattern of adult frog.
Platerll: Tadpole tail region LDH pattern
Flate:lcd: Tadpole head region LDH patlern

Flate:13: Tadpole liver LDH pattern
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Flate:la: Tissue MDH isozyme pattern of adult frog
Flate:l5: Tadpole tail muscle MDH pattern
Flateslbs Tadpole head region MDH pattern

Plate:l7: Tadpole liver MDH pattern



G KHB ELM 252627282930 30
14 15

b D, . "’ #ﬁnf e
b

(3]

2526 27 2829303132 27 28 29 3031 32
16 17




Plate:18: Liver and kidney tissue of ADH
pattern of adult frog

Flate:19: Tadpole liver ADH pattern
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Flate:20:

Flate:21:

Plate:l2a:

Flate:23:

Tissue G&PDH isozyme pattern
of adult firog

Tadpole tail muscle G&6FDH pattern
Tadpole head region G4FDH pattern

Tadpole liver G6FPDH pattern
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CONMNCLUDING REMARKS



tosl wi the stuwdies un encyme electrophores.s have
been designed prunarily Lo assess allelic or allorymic
(Case, 1978; Chatterjee and Pral ash 1990) variation among
populalions and species. The number of Lissues 1ncorporated
in these studies generally 1s small, usually restricted to
une o1 two tissues. Studies involvaing multaple tissue may be
used to assess 1sozyme characteristics, such as  tissue-
specificily. heteropolymer assembly and number of loca
coding for & single enzyme (Buth, 1984)« For multilocus
enczymes, the pattern of tissue-specific expression for each
locus 18 often evolutionarily conserved, and tissue—-specific

expression may be amportanl in determining locus homolougies

among teira (Whitt, 1983).

Our analysis of I.DH gene expression involving
multiple tissues of lhe seven species supports the earlier
findings thal i1n mosl vertebrates there are mainly two louca
coding for these i1sonymes. However. the observed individual
variation from different populalions as well as 1nter—
species variability of the i1socyme pattern was remari able.
Wee have 1ii1ed to correlate these variations with the
suspected macro-~environmental factors (viz. deforestation.
MIN LTI . urban  actaivities, etc«) as well as Y esumed
phyvisiologlical state of the froys. Nest then A spectf i

environmental tfactor por any physiological oriteria was
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measured within the framewort of owr study. Incorpordation of
these parameters to ihe presently evaluated i1oo0oyme patteyn

may reveal more accwrate biologircal information.

It 18 clawvmed that the third gene locus C encoding
Fisoue specific WDH an bavds  and  mammals  (Zinkbham et
af.,1969; Goldberg. 1972) as well as in bony fishes (Markert
e ad e, 1970) 1s absent an amplizbians (Whall 1969« However,
the possibility of Lthe occwvence of the gene i frogs
cannot be ruled out totally. UOuwr observation of an
additional a1sosyme 1n lLiver and eye tissues 1n two species
(vize A.afghanus and R.rernwmardtrr) arises some questions in
lhis regard. A confirmation to this observation 1s possible
only  when an extensive analysis 1nvolving purafication  of
the 1H0sYyme to homogeneily, v logical test,
determination of primary sequence of the protein, etc. are
undertal en. However, such analysis were beyond the obieclive
of the present study. Thus this may provide a clue for

further investigation.

Mot eovery, we have detected & highly heterocyqgous
population of P.leucomystas. [houah the si1ze of owr sample
was small even then we woere able lo record varaiabalitys Thais
af course  needs  further reseayoh invalving Aanalysis of

larger sample si1oe and contiolled breceding capey iments. Thes
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data can be more meaningful 1f substantiated with

envaronmental correlates.

The pattern of s-MDH 1sozymes 1 these frogs
revealed & considerable homology among them. The 1sozyme
Lhese frogs seems to be encoded by two loci (0 and B) and are
under the similar regulatory mechanism- Dur results are  1n
conformity with {he pattean an previously studied emphibians
(Chen . 1968; Fishey et ai..1l198@; Schwantes and Schwantes,

1982) .

Alcohol dehvydrogenase i these 11 0gs seems to  be
dimeric  1n nature and 15 beng cnded al & sinale Tocus.
However, additional bands of lhe enzyme have «also  beon
observed 1N & (INE SBOC LS (Recyrnophlyectr s and
R.nicobariensizts Huch additional bands may arise due to
allelic wvariation (Wesolowsh1,1783). We propose & move
extensive  anvestigation with larger samples to scovre 1he

alleles from different populations.

A uniform pallern of G6HFDH obsocm ved an Lhe tyous
may be indicative of identical gene ewpression. We could not
delorlt vy activity wi Golisd in 5 Slstol muoneiw i;nbu" o f
Lhe frogs. We tried to substantiate this with & low pentose—
phosphate shunt nof glucose motaboliam. 1his speculation may

be more meaningful with the incovporation of the elaborate
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brochemical analytical data.

In ihe «econd cohapter of the thesis we have
analysed tho 1sozyme pattern of  Raena limnochariz  duang
tadple mel amoyrphoesis. The  obe vesd patlern Iy ovided
additional evidence of differential agene activity and

usefuiness of 1sozymes as 'gene maviers® in genetic sludies.

The differential pattern of i1socymes observed
during the growth and metamovphosis of tadpoles implied an
accurately programmed activatiron/vepression  phenomenon  of
structural genes at specific developmenlal slage. However ,

the molecular genetic mechanism of  the oevents ) emains

unc lear thaotgh  we have lried to xplawn this with
phystolagical corrvelates. Moy eaven- the simul taneous
aclbivation af all Phrar O nenes rlory sl ey ] % = Cgyen uf

development &and a gradual repression of one or more genes
with the progression of developmenl clearly reflected a
differential gene action. It has been suggestied Llhat the
degree of dissimilarity between paternal  and maternal
alleles may affect thear synchronous attivation
(Numachi,1972) . Thus in order to determine the paternal and
maternal gene effect during indaividual development of the
fruyg fuwrthey expey Iments  may  De desraned inveolving
conlrolled breeding as well as ecological and physi1ologacal

measurements.
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the present i1nvestigation was one of the first step
analysis anvolving  these frogs. We have ohsevved {hat in
moast aof the species LDH gene locus A was hiahly «active.  The
locus showed almost 1dentical gene expression in all the
tissues (except gonad and heart in certain cases) of ihe
trougs. Further, the locus also mhibited a considerable
amount of variabilaity (viz. P.levcomystar). NMevertheless the
locus  showed eqgually high activity even during the tadpole
metamorrphosis as evident 1n the second chapter - Thus 1t may
Le presumed that the LDH gene locus A play some «dapbive
role. However with the limitation of o study 1t was not
pussible to measw e such aspecl. Further investigation may
enlighten s aboul the adaplbive 1ole ot the locus an the

tTrogs.
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