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Realilsing the importance of applying genetic
principles in aguaculture programme.in our country and
the long term needs for preserving the natural genetic
resources, f£ish geneties has been identifled as a priority

field for research and development,

Genetic studies using isozymes have made a substantial
contribution towards efforts at preserving genetic
resources of £fish, They allow identification and
description of the population genetic structure of speciés
interest, They thus provide the basis-for development of
appropriate sampling and preservation procedures for

particular sp=ciles.

Lactate dehydrogenase in f£ishes has been used as a
genetic marker for the luvestigation of several biological
problems. This is partly because of its tetrameric
structure, its ability to diésociate and hybridize
without aﬁprpciable loss in enzyme activity., ®Markert
and Faulhaber, 1965), Also in most of the fishes, this

enzyme has been found to be polymworphic.

The present work was aimed at standardizing the

electrophoretic conditions to study the enzyme IDH in



detail and to study certain biochemical characteristics

of the enzyme in the mullets Liza parsia and Mugil cephalus.

In the present study it has been possible to
standardize experimental conditions like duration of tissue
storage, polyacrylamide concentration and concentrations
of substrate and cofactor in staining sclution. The use
of ditferent combinations of acrylamide and bisacrylamide
in this study has shown the scope for detecting a greater
number of alleles. The differént responses of the 5 LDH
isozymes to varying concentrations of NAD and lithium
lactate indicate that such studles can be extended for
further individual biochemical characterization of the
five isozyme as a function of activators, inhibitors,
temperature, pH etce The tissue speclific expression of
LDH observed in this study is distinct from that of other
teleosts. Two different methods for e%timating enzyme
activity have been compared. Differences in enzyme

activity between tissues and species have been demonstrated.
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INTRODUCTION

Lactate dehydrogenase is an essential resplratory
enzyme, It serves to catalyse the reversible reactions
of lactate in to pyruvate. Lactate dehydrogenase (LDH)
exists in multimolecular forms, termed as isozymes.
Vertebrates possess atleast two LDH Locli. each encoding a
different poly=-peptide. In the tissues of the majority
of fishfﬁsually five tretrameric isozymes (A4, AaBl'A2Bz,
A,Bq and B4) are present which are the products of the
combination of subunits A and B genetically controlled
by two different loci (Markert, 1963). Lactate
dehydrogenase isozymes are readily separable by
electrophoresis and are useful gene markers for
investigating gene action during embryogenesis and the

mechanism of evolution of homologus genese

Most Teleosts possess 3 genetic loci, coding for
LDH subunitse The third loci is restricted to highly
ditferentiated tissues like eye (LDH E,) and the liver
(LDH F,). The retinal specific LDH {with kinetic
properties suitable for aerobic conditions) is localized
in the ellipsoidal region of the photroeceptor cells

containing high concentrations of mitochondria (Whitt

et. al., 1968). Immunochemical and phylogenetic data



suggest that the LDH E gene resulted from a duplication
of the LDH B gene. The Cypriniformes and Gadiformes
which lack the ancdal retinal specific. LDH possess a
' cathodal specific, LbH isozyme (LDH F4) precominantly
synthesized in liver. The liver specific isozyme
differs from the retinal specific isozyme in its
electrophoretic mokility and its lability bo-heat
denaturation (Whitt et. al., 1968). Besides the
lzb%quitous A and B loci, mammals and birds possess a
third locus, the *E' locus, which functions only in

spermatocytes (ZinkhamIEE. al., 1969)., In Fundulus

heterolitcus 3 tissue specific LDH loci, viz., &, B and

C have been found (Whitt, 1969). Locus A predominated in

<1

white skeletal muscle, B locus predominated in heart, liver,

and erthrocytes and C locus was found to be specific for

eye tissue, Similarly in Gambusia affinils locus A was

found principally in skeletal muscle, B locus in liver,
but the C locus both in neural and retinal tissue.

(dhitmore., 1978).

The LDH pattern in different size-classes of
milk £ish hes been studied by Requintina et. al., (1981).
The patterns were found to be tissue specific. They have

identified 3 loci A, B and C and reported that the



subunits were present in all tissues (eye, liver, heart
and skeletal muscle), but their relative concentration

wasg tilssue specific,

The distinctive isozyme synthesized in the nervous
system was absent in the eyeless Mexican cave fish

(Anoptichthys jordani) and other characins possessing

normal eyes (Gregory'sg. El" 1970). In 23 species of
freshwater teleosts other than A and B, two additional
locus, E, specific of retina, lens and brain and 1L,
specific of liver parenchyme, spleen and mid and hing
gut were identified (Callegarini and Ricci, 1974).

The specificitity of LDH loci to speciallzed
tissues could be attributed to factors like, physiOIOgical
role of tissues, production of lactate etc. A negative
corelation between the respiratory cspacity and the
occurence of heart fype LbH,was found by Gesser arid Poupa
(1973). They also found a positive corelation between
the capscity of skeletsl muscle to produce lactate and

the 'H' type isc-enzymes in heart nmuscle.

In those fishes like salmon and carp which have

a tetraploid chromosomes, 3 LDH loci have been duplicated.
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In the tench (Tinca tinca), crucian carp (Carassius

carassius) and carp (Cyprinus carpio) the isozyme patterns

were tissue and species specifice In crucian carp,
subunits with different'electroPhoretic mobility are
present which are genetically controlled from the

Ble, A1A2 and C loci, while the set of loci in common

carp 1s Ble, A, ct and C2. But in tench there are only

one set of loci vize A,B and € (Valenta et. al., 1977).

Lactate dehydrogenase was the first duplicated
enzyme system I1ln salmonids to be described. The diploid
ancestor of the salmonids apparently possessed 3 LDH loci, -
a muscle specific locus, for LDH A, an eye specific locus,
for LDH-C, and a third locus found in all tissudes, for
LDH B (Markégasz. E&" 1975). &s many as eight LDH Loci
have been suggested to be present in extant salmondds
(Massaro and Markert, 1968). Ivaniva et. al.. (1973)
found that carp LDH isozyme spectrum ccntsined 17 or even

1 1,2 2

more bands grouped in several series - &~ and B™ A° and B,

1

both in liver, E~ and g2 in eyes, heart and other organs

3

and B and E1 (found everywhere), All the series except

last had 5 or 6 isozymes.

Studies omn the effect of storage on the resoclution

of isozyme pattern is very essential when the isozymes are



employed in genetic study. One may mistake the extra
bands which appear due to storage for polymorphic

phenotype. Hodgins et. al. (1969) found that freezing

and'thawing of sockeye salmon {Oncorhynchus nerka) sera,

/ forzen for 6 years, didn't markedly alter LDH patterns,
. However they noted thst discrete bznds of LDH couldn't
be resolved from a few of the long frozen sera and thsast
two weak extra bands of ILDH enzyme activity were frequently
present anodal to LDH-1, particularly in clder sampless.
The effect of freezing and thawing on LDH and esterase

isozyme patterns of the gold fish Carassius auratus

was demonstrated by Burch ete. al. (1983) by means

of isoelectric focussinge

Prolonged storage of samples would affect the
activity of enzymes. A decrease in the activity of
Adenosine moncphosphate deaminase was observed by Cheuk

et. al. (1979), during the early period of ice storage

in piﬁk and brown shrimp. They observed a complete loss
of activity after 10 days in pink shrimp and after 16
days in brown shrimp. A sudden loss in the activity of
Malate dehydrogenase and Lactate dehydrogenase was
observed from the 16th day of storage in the fish

Trachurus murphyi. An alteration in the band pattern

GO



was observed from 32nd day onwards (Alay et.alo,21984).

The effect of storage on the products of
different LDH locl have been found to vary. Kankova ete. al.
{1983) studied the changes in total LCH activity and
the activity corresponding to subunit composition of
LDH isozymes in the stored samples prepared from liver,

white muscle and red muscle of tench (Tinca tinca).

Samples had been stored at 25°C, 4°C and-20°C for 24,
48, 72 and 192 hrs. They found that isozymes composed
of 'A' subunits were highly stable, while *B' subunit
were next to 'A' subunits in stability and 'C!' subunits

had the least stability.

In population genetics and other fields, where
electrophoresis is used in a comparative way, one wishes
to distinguish between electrophoretically homologus
proteins. There is greater scope of deteéting more
number of aslleles, when optimum concentrations of
gerylamide and bisacrylamide (cross-linker) are
standardized for the system concerned. Homologus
proteins, whichare known to differ from each other can
be resolved by choosing the coptimum cross-linker,
concentrations. For example two forms (wild and modified)

of Xanthine dehYdrogenase‘(xdh) oi Drosophila melanogaster




are homologus proteins, but biochemically they are
distinct., The two forms of Xdh have identical mobility

at bisacrylamide concentration of 5%, But these proteins
are readily resolved when cross-linker concentration is
varied (Johnson, 1979). Parag (1984) found that

the combination of 10% acrylamide (&) with 4% bisacrylamide
(BA) resolves the proteln system in the tissues of

L. parsia 1In to more number of bands than other & and DRA

combinations,

The IDH pattern has been used to confirm or
redefine taxonomical groupings. The IDH pattern in 33
specles of CGadiform fishes, belonging to different genera
and grouped under four subcrders, have been studied by
Shaklee and Whitt (1981). All species exhibited 3
homopolymers, LDH A4, B4 and Cye Thelr electrophoretic
mebility and tissue distrubution was species specific,
with fishes belonging to each suborder having common
pattern, Scholl and Herzberg (1972) have used the LDH
isozymes 0f 17 species of South American cichlids to group

them into six distinct groups, which do not correspond

to the comwventional grouping by morphological classif ication.

Species specifity of LDH 1sozymes has been

extensively studied in fishes- LDH pattern in 5 different



Channa species have been studied by Chatterjee and
Jyotidhar (1985) who found them to be spescies specific.
Based on different Lactate dehydrogenase zymograms

' obtained for Tilapla species, Chen and Tsuyuki (1970)
have suggested that, they could be used to differentiate

the substrate spawners T, zilli and T. melanopleura from

the other two mouth breeders, T. mossambica and

T. hornorum. It is also possible to identify hybrids
between specles using LDH isozymes. The F, hybrids from
salmon X sea trout expressed a classic hybrid isozyme
pattern but the F, hybrids had the parental sea trout
pattern. ExXtra bands in trout eye had been observed,

which were heteropolymers and composed of suounit *C!

in various combinations with subunits A and B (Joyce et. al.,

1973),

Ontologicsl change in the expression of LILH
system during different developmental stages has been

opbserved in Lizz parsia (Parag, 1984). In two species of

cat £ish, Trachurus haymela and Te muticus characters like

the number, position =nd density of LDH Zones, have been

found to be influenced by fish length (Wang and Yin, 1983).

Biochemlcal genetic data has served as a means

for identifying discrete stocks and separating mixtures



into component stocks (Gharrett et..al., 1983). Since
LDH is one of the highly polymorphic enzyme in fishes,
this enzyme has been éxtensively used to separate fish
stockss The existence of 5 muscle LDH phenotype in

megrim (Lepidorhombus whiff-iagonis) populations from the

English channel has been reported by Dando (1970). He
observed significant differences in phenotype distribution
between megrim samples, caught in different areas of the
channel in May end no significant difference in samples

caught during Nov-Dec,

Poly-morphism of LDH loci have also been detected

in a number of fishes. Hodgins et. al. (1969) observed

3 LDH phenotypes in sera of sockeye salinon {Oncorhynchus

nerka). They suggested that random combinations of 3

1 and A) resulted In 9 isozyme

types of subunits (B, B
bands. The same number of bands in heterozygotes was
observed by Morrison and Wright (1966) in lake trout,
Polymorphic loci have been identified in fishes belonging
to Cyprinidae by Valenta (1978)s He has reported that in
bitterling locus B was polymorphic. In ﬁhite bream, locus
A was found to be polymorphic. In bresm, rudd, silver,
carp and barbel, polymorphism was found at C locus. The
B locus of LDH in tench, the 52 locus in crucdan carp and

2

the B%:l and C® loci in carp were found to be polymorphic
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each with two alleles (Valenta et. al., 1977). The
absence of polymorphism at LDH loci has also been reported
in fishes like, Gambusia affinis (Whitmore, 1978).

The detection of genetlc variation by gel
electrophoresis can also be applied to the problem of
preserving genetic variation in f£ish speties. Ryman
(1980) analysed the distributibn of genetic varlation at
3 loci, coding for Creatinine phosphokinase, LDH and
Glycerophosphate dehydrgoenase in hatehery stocks and
natural populations which have been subjected to various
degree of human manipulations. The genetic pattern
observed in waters affected by human perturbation indicate,
that the disturbance have drastically altered the
distribution of genetic variation in those areas and that the
genetic characteristics of previously existing populations

have most likely been lost. Similarly Ivaniva et. al., (1973)

found changes in allele frequency at locus A and B

between cultured and wild carpe

Allele frequency data could be also used to
study the migration pattern of populaticns. Varnavskaya
(1984), identified two polymorphic loci (LDH-BL, Pgm)
in some spawning sockeye salmon. He observed ‘that depending
on the type of spawning grounds, the frequency of the

1

LDH~-B™ allele changed from 0.1 tc 0.9.



The occurrance of different alleles at LDH-locd
is also reflective of physiclogical performence of the
individual. Varnavskaya (1984) has reported that the
adaptive significance 0f the LDH-B1 allele in the
spawning sockeye salmon seemed to be comnected with
higher swimming stamina, in conditions of high current
velocity, low temperature and a high content of dissolved
oxygens. Environmental parameters, like rapid water flow
and tendency of rainbow trout to swim against current
have been found to influence the phenotypic expression

of LDH 84 (Northcote ete als, 1970).

Iscenzymes study in the mullets iz very limited.
Some amount of work on the mullets avsilable In the
brackish water and estuaries of Cochin zrea has been
carried out by Parag {1984) and Mary (1985). Parag(1984)
studied the expression of general protein and Esterase
enzyme system in liver, kidney, heart, eye, muscle and

brain of Liza parcis and identified 3 groups of esterase

system with @ total of & bands. He analysed the LDH

system in different tissues of Liza parsia, and noted

that LDH pattern was tissue specific. Mary (1985)

studied the expression of 7 enzymes in Liza parsia via.,

Esterase, Acid phosphatase, Alcohol dehydrogenase,
lactate dehydrogenase, Tetrazolium oxidase, Malate

dehydrogenase and Malelc enzyme, in muscle, liver, heart,



brain, kidney and stomach and found that enzyme patterns

were tissue specifice.

Isoenzyme patterns of mullets of Porto Novo was
studied by Reddy et. al. (1979)., They studied the
iscenzymes (Succinate, Lactate, and Malate) in the

'l
mullets, L. parsia, L. macrolepis and Osteomugil cunneglus.

More than 3 isoenzyme pattern have been observed in heart,
liver, spleen, and gonadal tissues and a common slow
moving LDH in heart, spleen and muscle tissues. all

the above work were of general nature, dealing

simultaneously with a number of enzymes.

The present work was aimed at studying the LDH
system in detail in two culturably significant mullets,
Me cephalus and L. parsia. &n attempt was made to
standardize the eiectrophoretic aonditions with a view

to study certain biochemical characteristics of the LDH

systeme

In view of this, studies on M. cephalus and

L. persia were carried out with the following three objectse.

1. Standardization of electrophoretic conditions like

a) Acrylamide concentration

b) Concentrations of co-factor and substrate

in stsining of LDH Bands,



¢) Durstion of storage.

2e - To study the genetic varistion of the enzyme

Lactate dehydrogenase in adult Liza parsia

3 To compare the enzyme activity din different
tissues of adult and fingerlings of L. parsia and

M. cephalus.

16



MATERIALS AND METHODS

In the electrophoretic study of any enzyme system,
a number of variables need to be standardized to obtain
better resolution. Some of the varilables have already
been standardized for the electrophoretic study of Liza

parsia by previous workers, (Table 1),

In Liza parsia, Parag (1984) had standardized the

polyacrylamide cqncentration for Separation of proteins,
He found that 10% Acrylamide with 4% Bis-acrylamide gave
optimum results. He employed the same combination to
study LDH. But clear resolution of a particular iscenzyme
into 1ts components also greatly depends on the
polyacrylamide concentration which would be different
from that of proteins, Once separated, using proper
acrylamide concentration, then. the visualisation of the
bands require optimal concentrations of cofactor and

substrate in staining solutione

In the present study keeping in mind the above

factors the following variables have been standardized,

ls1e Quantity of sample

1.2, Polyacrylamide concentration
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1.3 Cofactor and substrate concentrations

1.4 Duration of storage.

Having standardized the electrophoretic conditions,

the comparative study of M. cephalus and L. parsia were

carried out to determine

2e1 Tissue LDH expression by electrophoretic method

2¢2 Genetle varistion of LDH locus by electrophoretic

method
2.3 Enzyme activity by serial dilution method.

2.4 Enzyme activity by spectrophotometric method.

The different combinations and experimental
conditions under which the present study was carried out

is indicated in Tables(2 & 3).

Test species

s Mugil cephslus is a euryhaline £ish with katadromic

tendencies. Locally it is designated as Thirutha' by
the fisherman of Kerala. The grey mullet occcurs in the
estuaries and brackish waters. M. cephalus is caught in

the Chinese dip nets at Cochin barmouth, It is widely
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cultivated in different countries like Japan, Hong Kong,
China, Phillippines, Korea, India, Israel, Italy etc.,
It is generally cultured in brackish waters and

occasionally in fresh waters as in China and India.

It feeds on a variety of materilals like diatoms,
blue green algae and detritus., It has been recorded to
grow to a size of 400mm in 1 year and 2,27 = 2.72 kge wte
" in 2 years. (Pillay, 1949). Jhing Yan and Natarajan
(1969) have-reported that in Chilka lake the fish attains
an average length of 309 mm in its 1 year. Fecundity of

this fish varies from 1,28 to 2.8 million.

At the Cochin estuary the population of M. cephalus
was found to spawn from November to February (Krishnan,
Per, Comme,} The young ones are available in the brackish
water creeks and lagoons and the period of évailability

varies with placess

24 Liza parsia. Commonly called the *Kanambu' by

the local fishermen of Kerala, is a euryhaline £ish .and
constitutes a thriving fishery in the estuaries and

back waters of India (Jhingran, 1982)«

L. parisa grows to a maximum size of 400 mm,

Males of this species attains maturity at a size of



120mm and females at a size of 129mm (Kurup & Samuel,
1983)., From West Bengal, Sarojini (1957) has reported

a feundity of 2 to 6 lakhs in this species. It has been
found that feundity of L. parsia found in Cochin estuary
varies from 64,000 to 3,90,000 (Kurup & Samuel, 1983).

L. parsia spawns in the Cochin estuary from

October to May and exhibits peak spawning during

December to April,

Sampling methods

Adult specimen of both Liza parsia and M. cephalus

were purchased from the local Chinese dipnet_fishermen(}ﬂate.[)

of the Vypeen barmouth region. Fingerlings of Liza parsila

and Mugil cephalus were collected from the ponds of

Kerala Agricultursl University fisheries station at
Puduvypeen, All samples were transported in polythene
transportation bags. About 8-10 adults of average length
130mm were transported in a bag of 18 litre capacity.
These bags were f£illed to three-fourth with the same
brackish wster, from where the specimen were collected.
Aeration was provided by means of manual agitation of the
water throughout the period of transportatione The

duration of transportation was about 45 minutes.



Collection site of live specimens of

Mugil cephalus and Liza parsia
Chinese dip net at Vypeen Barmouth




About 15-20 fingerlings of average length 35mm
were transported in a plastic bag of 10 litre capacity.
One fourth of the bag was £illed with the pond water
then filled with oxygen. Maximum time taken for

transportation was only two hours.

At the laboratory, the adult specimens were
transferred to plastic lined circular pools of 1 ton
dapacity, filled with sez water of same salinitye. The
pool was provided with a biological filter and water
circulation was maintained by an airlift pump,- The
fingerlings of L. parsia and M. cephalus were kept
separately in fibre glass drums of 25 litre capacity,

provided with aseration,

FPor population genetic study, whole eye tissue
from freshly killed adult specimens was used. Live
specimgh were frozen in deep freezers for 48 hours.
Whole eye tissue and skeletal muscle tissue, taken from
just below the first dorssl £in of frozen specimens
were used in the measurement of specific activity by
serial dilution method. Eye and skeletal muscle tissues
of freshly killed fingerlings of L. parsia and
M. cephalus were used in the spectrophotometric estimation

of lactate dehydrogenase activitye



Due to the restricted availability of M. cephalus
specimens, all the studies carried out in L. parsia

couldntt be repeated.

For both electrophoretic and enzyme activity
studies, samples were homogenized with double distilled
water (Mary; 1985) et the rate of 60mg of tissue/ml
(Parag, 1984) in glass homogenizers. The homogenates
were centrifuged at 4000 rpm for 10 minutes, All these
procedures were carrlied out at lowered temperatures using

icee

Electrophoretic methods

@
Polyacrylamide dise gel electrophoresis, as
described by Davis(1964)was followed. Tris-glycine
tank buffer pH Be9 which was found to be optimum

{Parag, 1984) for electrophoretic study of LDH was used.

Serial dilution method:

Specific sctivity of the enzyme lactate dehy-
drogenase in the eye and skeletal muscle tissues of
juveniles of L. parsia and M. cephalus — estimated by
serial dilution method as described by Klebe (1975).

In this method, the enzyme sample was serially two fold

co



diluted, to a visual end point. The specific activity
of lactate dehydrogenase was measured by' (i) determining
the isozyme titre (T), defined as mg protein/ml in the
last visible band and (ii} determining the specific

activity (Sin units/mg protein) by applying the formula.

§ = K/T

3

where K = 1.6x10° units/ml in the last visible

band. The units/ml (U) in the starting material was

calculated from the equation.

U =Kk (2)"1

where n = is the number of the tube producing

the last visible band.

Protein concentrations were determined by the
method of Lowry ete al.,, (1951) employing tovine serum

albumin as a standarde

Meagurement of Enzvme activity-Spectrophotmetric method

The activity of Lactate dehydrogenase was estimated

in the eye and skeletal muscle tissues of fingerlings
of L. parsia and‘g. cephalus by measuring the rate of
appearance of DPNH at 340 mau. The assay was carried
out at p»H 10, since the reaction produced 1 eguivalent

of acid (Neilands, 1955).



Reagents:

1. 0«5M Lithium lactate —~ 4,801 gm lithium lactate
dissolved in 100ml of double distilled water., P&

adjusted to 8.65 using 5N NacH.

24 ©2x10 "M DPN - 133 mg of NAD dissolved in 5ml
of double distilled water. PP adjusted to 6.0 with N,
NalH. Then the solution was diluted to 10ml. EH of

the £inal solution was 6.11.

3. O.1M Glycine ~ 0751 gms Glycine dissolved in 100ml.

of double distilled water PY' adjusted to 10 with N NeOH.

Procedure

The activity measurements were carried out with a
ECIL GS 865D UV/V senior model spectrophotometer at room

temperature,

Exactly 1.8ml of glycine buffer, 0,1ml of lithium
lactate solution, and 0.iml of NAD solution were pipetted
in to a 1loqm quartz cell, The mixture was stirred with a
smooth glass rod and the cell was placed in the holder.
0.02ml. 0of the crude extract was pipetted into the cell,

The shutter was opened and the optical density change



I.

™)
o

at 340 mm wWas measured at one minute interval for the

first 15 minutes.

Optical density of the blank sclution was measured

at regular intervals of time and was found to be nil,

DPNH produced was calculated using the following

formulae.
OeDe :
C = .2 (Segel, 1976)
(am) (1) ’
where
C = Concentration of substrate produced.
am = Molar absorption Co-efficient

am for NADH = 6.22%10°

1 cm.

1l = Path length

STANDARDIZATION OF METHODOLOGY

1.1 Quantity of sample

Different guantities of eye extract, 30ul, 401,
60/u1 were tested for lactate dehydrogenase system in

Liza parsis to £ind out the optimum guantity of sample

to get clear bands.

1.2 Polyscrylamide concentration

In the original method as described by Davis (1964)

the following combingtion of acrylamide and bls acrylamide



have been used where bis-acryamide concentrstion was

found to vary between acrylamide concentrationse.

2% = 5 643 7 77
Bt = 5 3.1 2.5 3.2

On the other hand Parag (1984) had used a fixed

concentration of bis for all acrylamide concentrations

(T able 1) °

Acrylamide stock solution was prepared by dissolving
40 g of acrylamide in 100ml of double distilled water.

Running gel sclution (total volume 20ml) was prepared

by mixinge
1. 1 part (5ml) of Tris-Hcl buffer pH 8.9
2. 1 part (5ml) of Ammonium per sulphate

(catalyst-140mg./50ml distilled water)

3. 1 part (5ml) which contained respective volumes

of acrylamide stock sclution + double distilled

water {Table 4).

4o 1 part (5ml) a combination of respective volumes

0f bis-acrylamide stock solution + double distilled

water {(Table 4).
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The % of acrylamlde in the rumning gel solution

was calculated as follows:

Quantity of

% of acrylamide = Acrylamide(g)x 100
20 mle

(20 ml-Total volume of running gel solution).

Bis-acrylamide concentration was calculated by

the formula,.

Quantity of lkis-acrylamide(qg) = 100
Total acrylamidelq)

% of bils-acrylamide

Total acrylamide(q) = Quantity of acrylamide +
bis=acrylamide in 20 ml,

Stock sclution of bismacrylamide was prepared by
dissolving 1.475 g. of bis-acrylamide in 100ml of double

Gistilled water.

The preparation of various combinations of acrylamide
and bis-acrylamide and their respective % in the final
solution is explained in Table, 4. This procedure was
adopted to avoid arriving at different £inal molar values
of buifer ag done with other studies involving different

acrylamide concentrations (quahnelgg-al.. 19717)



A spacer gel of 3% was used. The 3% acrylamide
solution was prepared by dissolving 10 gmse. of acrylamide
and 2.5 gms pof bis-acrylamide in 100 ml of double distilled
waters Tris-~Hcl buffer pH 6.7 with T=MED (N,N,N',N’~ tetra

methylene diamine) was used in the spacer gel.

A total of 16 combinations of Acrylamide (A) and
Bis~acrylamide (BA)(Table 5) were tested to determine

the optimum A:B ratic for best resolution .

1.3 Cofactor and substrate concentrationss

The staining procedure described by Redfield and
Salini (1980) was adopted. Tris=-Hcl staining buffer pH
7454 which was found to be optimum for LDH staining by
Parag (1984) was used., The compésition of the staining
solution, used by various authors for staining LDH bands

is given in Table, 6.

In the present work the following concentrations of
NAD and Lithium Lactate (LL) were used in combination to
find the optimum concentrations of these factors per ml

of the staining solutions

NAD = 0,05, 0.5, 1.0, 2.0, 3.0, 5.0
(mg/ml)

LL - 5 and 10
{ mo/ml)



TARBLE=5

Combinations of Acrylamide and Bis-

dcrylamice tested

Mo, kerylamide (%) Bisacrylamide (%)
1 5 2
2 5 3
3 5 4
4 5 5
5 7 2
6 7 3
7 7 4
8 7 5
9 9 2
10 2} 3
11 9 4
12 9 5
13 10 2
14 10 3
15 10 4
16 10 3
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The concentrations of Nitroblue tetrszolium and

Phenozonium methosulphate were held constant at 0.9 mg/ml

and 0,06 mg/ml respectively.

1.4

Duration of storage (at -4°C)

The present study was also carried out to £ind out

the storage effect on the resolution of lactate dehy=-

drogenase system in the eye and skeletal muscle tissues

of Liza parsiae Following were the variables in the

storage effect study.

Se

L.

Cs

d.

Tissues

(1) eye

(ii) sSkeletal muscle

Nature of tissue

(1) as tissue

(1i) as extract.

Hours 0of storage

Numbser of thawing.



Terminoclogy.

Band
-
II "

III -
v -
v -

Homo/Hetero Polymer

A, Homopolymer

4

AlBB Hetercpolymer
A2B2 Heteropclymer
A183 Heteropolymer

B4 Homopolymer

Polarity

Cathodal

Anodal



RESULTS

I. STANDARDIZATION OF METIIODOLOGY.

1.1 Quantity of Sample.

1.2

The quantity of sample used was standardized and
samples of 30 ml1, 40l and 60 ul were tested for
Lactate dehydrogenase system. While sample
concentrations of 30 ml gave light bandsy 60/u1
samples gave diffused bands. But clear band with
distnict margins were obtained with 40/ul sample.

For the rest of the study 40/ul sample was used.

Polvacryalmide concentration.

With varying combinations of Acrylamide (A) and
Bisacrylanide  (BA), the intensity, thickness and
inter space between bands have been observed to change
{Table, 7 Figel). The zymograms (Fig.l) reveal the

3ifferences in the resolution of eye LDH of Lilza parsia

in 16 varving combinations of acrylamide and bis-acryla=-

midee

It had been observed thats

8. The number of bands was constant at 5% and T4 ‘A!

levels, for all the tested concentrations of Ba%.
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Flge. 1o Eye LDH of Liza parsia resolved 1n varying

combinations of acrylamide and bisacrylamides.

Arrow indicates the directdon of migration.

No. 1=5 denotes bandse

e dark
EExImedium

E==1light

[o—=itrace
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But at 9 and 10% & level, there was & reduction in
the number of bands to 4 and 3 respectively when

BA% was increased to above 2.

The intensity of the homopolymer (&,, B,) was
constant {at 4x) for all the tested A and Ba% levels,
except at 104 A and 5% BA when it decreases to 3x.
The intensity of heteropolymer (ABBl' A,B,, AlB3)
were maximum {2x) at 7% A and above or below this

level of 2% it decreased,

The thickness of Ist band decreased from 2 to 0.5 mm

when & was increased from 5 to 10%.

The inter space between bands become reduced both
when Ba% was held constant and BA% increased or

when BA% was held constant and &% increased.

The separatidn,of bands was better at 5 snd 76

A levels for all BA levels. At 9% A, for Ba

lévels 3, 4 and 5, the bands (I II) and (IV V)
were closely associsted. In other Ba% levels bands

II and IV were sbsente

(<2
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g There was no diffusion of bands at 5% snd 7% A
levels. But at 9%, increase in B2 level above 2%
causes diifusioﬁ of bands IV =2nd V. At 10% 'a!l
level increase in B2 akove 3% caﬁses diffusion of

Ist and IXIIrd bands.

It is obvious both from figure 1 and the above
conclugions that 7% acrylamide with 4% bix~zcrylamide
gives the best resolution. In this combination

the LDH system has been resolved clearly into 5
igozymes with equal spacing of A3Bl and A1B3
heteropolymers on either side of Asz. The
homopolymers (A4 & 84) has been resclved with eqgual
thickness and intensity. also the 3 heteropolyvuers
3Bq+ A,E, and A1B3) have egual thickness and
intensitye. |

(A

The same combination of acrylamide and bis-acrylamide
was used to resolve LDH system in different tissues

tested in all further studies.

le3 Concentration of Co-factor{liaD) and sukstrate (Lithium

Lactate)

It had been observed that the number, intensity and

thickness of the bands were greatly affected by varying



combinations of WAD and lithium lactate {(LL)

(rable 8, Fig.2, Plate 2).

From the zymograms (Fig.2) it could be observed that

at both levels of lithium lactate {5 & 10 mg) there

is a increase in the number of bands with increasing
NaD concentrations. At 5mg/ml LL, the intensity and
thickness of bands alsc increasing until a NAD
concentration of 1 mg, above which there 1ls a reduction
in the intensity of bends. The heteropolymers A,B,

end A;B; were affected much, by the increasing
concentrations of NAD. Also, there is a reduction in

the thickness of homopolymers with incressing concen-

trations of NAD, bkeyond the level of 1 mg/ml.

When substrate concentratioch was held constant at

10 mg/ml, increase in NAD concentration had no effect
on the thickness or intensity of homopolymers. But

at this level of substiate,'the homopolymers were
better expressed even st lower concentrations of NAD,
when compared with lower NAD concentrations at 10 mg Tle
But increase in substrate concentration causes
suppression, in the intensity of all hetercpolymers,

ALB, being the worst affected.
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Fige2s Differential expression of eye LDH of Liza parsia
with varying combinations of substrate and

cofactor,.
Sheadad Pcrhh'n Abesve furs)% bethd mdicates trailing

Arrow indicates the direction of migration,No. 1=5

denctes bands .

et dark
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F==T light
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Fig. 2.

EFFECT OF NAD AND LITHIUMLACTATE (LL) ON THE
EYE LDH OF LIZA PARSIA
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Plate.?2
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varying combinations of substrate

and co-factor,



l.4

Thg heteropolymers, A331 and 3183 were found diffused
at 3 different levels of NaD, 0,05, 3.00 and 5.00,

when substrate concentration was held constant 3t 5 mge
Both the homopolymers were without distinct margin

and diffused only when both substrate and NAD
concentrations were held at 5 mg level., &t 10 mg
substrate leﬁel, A4 homopolymer was found diffused
without distinct margin, when NAD was increased beyond
0.05 mg/mi (Fige .2 )}« At 10 mg substrate level,

A3Bl was found diffused at NAD levels of 3 and 5.

From the results it is clear that the LDH system was
better expressed when the substrate and cofactor
concentrations were 5 mg and 1 mg fespectively. At
this level of lithium lactate and HAD the LDH system
was expressed with maximum number of bands; the
homopolymers with egual intensity and thickness, All
the three heteropolymers were also expressed with equal
Intensity. Hence this combination was used in vizusli-

zing IDH bands in all further studies.

Durastion of Storage.

Band characteristics such as intensity, thickness and
interspace have been obgserved to change with storage

time and frequency of thawing (Table 9).
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(i)

Once thawed:

oY

Eye tissue: Even with 24 hrs of storage the distance

h
migrated by the TJt band from origin increased

from 15mm to 16mme. A gradual reduction in the
intensity and thickness of homopolﬁmers was
observed with incresse in storage times The By
homopolymers showed more reduction in thickness,
when compared with A4 homopolymers. At the end
of 96 hrs of storage, both &, and B4 homopolymers
had egual intensity, but differed in thickness.
211 the heteropolymers had equal intensity at the
end of 96 hrs of siorage, but the second band

was without distinct margin.

Skeletal musclee.

At 72 hrs of storage A, homopolymer was expressed
with increased intensity and thicknesse. Except
for this, a gradual reduction in thickness and
intensity of A, homopolynmers was observed with
increased hours of storage. After 24 hours, the
intensity of B, homopolymer was reduced to traces,
but it was observed even after 96 hrs of storage

as a trace., The heteropolymer EBBI which



(1i)

disappeared at 24 hrs at storage, resppeared

at 72 hrs of storage.

Eve extractes

With increasing hrs of storage both homepolymers
showed the same rate of reduction in the intensity
and thickness. Reduction in the intensities of
AZB2 heteropolymer was observed only after 48 hrs

of storage.

Thawed more than onces

Skeletal muscle,

Intenéity and thickness of Ay & B, hom@polymer of
twice thawed skeletzl muscle was the same as that
of once thawed skeletal muscle. B, homOpolymer
disappeared after third thswings &n increasse in
the intensity and thickness of &, homépolymeﬁ was
observed after the 6th thawinge. A3B1 heteropolymer
reappeared after third thawing gnd disappeared

after 6th thawinge

Skeletal muscle extracts

Traces of By homopolymer was observed even upto the

f£ifth thawing. A gradual reduction in the intensity

3



and thickness of A, homopolymer was observed upto
fourth thawing. Then a sudden increase in
intensity was observed upto the 7th ﬁhawing, beyond
which there was reduction in the inteﬂsity. A3B,
heteropolymer resppeared after fourth thawing and
traces of that band was observed'after sixth
thawing. Then there was a sudden increase in the
intensity after 7th thaswing. With'iﬁrther.thawing

a decrease in intensity was observed.

Eve extracts

A, and B, homopolymer of twice thawed eye extract
had the seme intensity and thickness as that of
once thawed eyve extract. Those bands had the same
intensity and thickness even after fourth thawing.
B, homepolymer disappeared after eigth thawing.
Traces of A, homopolymer was observed after 9th
thawing. A reduction in the intensity oi hetero-

polymers was observed upto fourth thawing, after

which they disappeared.

Taking into consideration all the results of the

storage study certain general conclusions can be

arriveds
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Even 24 hrs of storage alters the expression

of LDH systeme

The effect 0f storage is more on muscle tilssue LDH

than on eye LDH.,

The homopolymer A4 is more stable than B4o The
homopolymer B4 is more stable in extract than in the

tissue.

The heteropolymer ASBl of Bkeletal muscle tissue
is reassembled after it has completely disappeared
at 264 hrs in muscle tissue and at 96 hrs in

muscle extract,

Storage affects the mobility of heoteropolymer

A B

-By even by 24 hrse

The distance migrated by the homopolymers is not

altered by long duration of storage (upto 264 hrs)

or number of thawings or even when the extract is

Repeated thawings have a pronounced effect on the
thickness of bands than on intensity of bands

Table (10).
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From the above observations it is seen that both
durstion and freguency of thawing affect the expression

of isozyme bandcs.

II. OBSERVED VARIAELES.

2.1

Expression of Lactate dehydrogerase in different tissues.

LDH expression was found to be tissue speciiic

(Table 11, Fig.3,.Plate 3)

In the whole eye two loci Ldh-A and Ldh-B were
identified with a total of 5 isoenzymes (I, II, IIIL,
IV, V){Fig.4). Bands II, III and IV were lighter.
Eye tissue expect lens (Fige4) revealed all the 5
iscenzymes, identical in all respects as that of
whole eye tissue. In lens alone (Fig.4) only 3
bands I, II and V were observed. The h4 homopolymer
was identical in terms of intensity snd thickness

with that of f£ull eye. Though the intensity of

By homopolymer was same &s that of full eye, it had

only hslf the thickness ss seen in full eye., The
A3Bl hetercpolymer were identical with that of full

e€Yee

Brain tissue revealed six bands, Among these, the

pOsition of bands I, II & III was the same as observed



Juesexd jou - JUbTT E
ooeIl T /1 InTpsu pidsl
QUTer b JqIep pla7l

spueq JO A3 TSUS3UT,

= o ™ - e xP T IO AT 9
e Xz /T =X = = Xy Z 3}Iesy g
- w2/T - - ¥ . 4 STTYD ¥
a o e ® T xg £ 3Tosn1T €
- b7 XZ P ne XY = alqg z

Xz /T X2 /T %2/ x *E Xy 9 ureaqg T
IA ¥ AT L IE A3 I

gnurd I0 "0 S3INSSTY *on
LSPU2Q 3O A3Tsusjury

eysied czin

ATOp2 70 SINSSTI JUDISIITD UT aseualoIpAyap 9323007 JO uotssoadxsyg

[ S 5 i




Figs. 3. nynogramsr,; of LDH in different tissues of

Liza parsia.

Arrow indicates the direction of migration.
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trace
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Expression sues
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Fig. 4. Zymograms of LDH in different parts of the eye
tissue of Liza parsia.

Arrow indicates the direction of migration
No. 1-5 denotes bands,

mmems dark
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=== 1light
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in the case of eye tissue, but they differed in
intensity. Band I was darker, than the normal’

A, homopolymer. Band II had m=dium intensity. Band III
was fainte. Other 3 bands (4, 5 & 6) were faintly

eXpresseds

Gill and liver revealed the expression of A, homopolymer

with faint expression of the homopolymer Byo

Three bands (I, II & V) were observed in the skeletal
muscle. Among the three,band I was darkely stained,
but when compared to 4, homopolymer of eye tissue, it
is lighter and less (1mm) thick. The heteropolymer
(A3B1) was observed as a light band, whereas B4 homo=-

polymer was faintly expressed.

Parag (1984) observed all the three heteropolymers

of eye tissue, as bands of different intensity. In the
liver he observad the hetercpclymer A,B,,a faint
exprescion of the B4 homopelymer in the heart tissue and

a faint expression'of the A B, heteropolymer in the skele~

tal muscle.

Mary (1985) identified all the isozymes of LDH in the

skletal muscle she found that the By homopolymer, and
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the heteropolymers A3B1 andralB3 were af equal intensity.
She observed a faint expression of the B, homopolymer

in the liver tissues

The askove observed differences could be attributed to
different acrylamide concentration and staining

parameters used by these workers.

Genetie variation:

‘No significant varistion was observed among the 34

specimen tested for the LDH locus. Minor variation
in the Rf values(Table 12) were observed, which are

within the expefimental errore.

Enzvme activity by serial dilution methods:

There was differences in the enzyme activity between
tissues of an individual; between individuals of the

same specles and between tissues o0f two different

species (Table 13).

In the case of L. parsia,for the eye, the last visible
band was observed in the 9th tube and for muscle the
last visible band was observed in the 6th t.ube° For

eve tissue of M.‘cephalus, the last visible band was

observed in the 12th tubeo
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2.4

Specific activity of LDH in the skeletal mUScle'tissué

oL L. parsia was less, when compared to that‘in the eye
tissue of L. ﬁarsia. Butween individuals of the same
species not much difference in the speciiic actiﬁity

had been observed. The specific activity of LDH in the
eye tissue of L. parsia was greater than that in the eye

tissue of M. cephalus.

Enzvme activity bv spectrophotometric method.

Bye LDH of Liza parsia and Mugdil cephalus,exhibited aliost

identical rate of reaction {(Fig.5). A gradual reduction

in the rate of production of DPNH was observed in both

the ¢ases.

The activity of skeletal muscle LDH of both specles was-
not comparable. M, cephalus exhibited a higher rate of
production of DPHH during the intiial period of the

reaction. When compared to L. Parsia the rate of production

of DPNH wss nearly uniform from 7th to 12th minute of the

course of reaction in the case 0f M. cephalus. In

1., parsia the decrease in the rate of production of DPKH

was uniform from the sixth minute onwards.

In both species, skeletal muscle LDH was superior to eye

LEH in sctivity.



Fige 5. @as LDH activity (Cumulative DPNH(u mol) produced

be

in the muscle of Mugil cephalus and Liza parsia

as a function of time of incubation (0-15 min)e.

LDH activity (Cumulative DENH (P mol) produced

in the eye of Mugil cephalus and Liza parsia

as a function of time of incubation (0-15 min)e.
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The major advantages of electrophoretic methodlogy
for genetic studies of populations are (i) the relative
ease of application and efficiency of the techniques and
(2) the direct relatidnship between electrophoretically

detected protein variants and genetic variation.

—

The amount of genetic variation getected can be
enhanced by the use of different concentrations of
bisacrylamide {(Johnson, 1979} and pH of gel buffer (Beaumont
and Beveridge, 1983). Jhonson {1979) resolved the homologus
forms of the protein Xanthine dehydrogenase of Drcsophila

melanogaster in to two distinct bands by varying cross linker
concentrations, This was not possible at 5% bisacrylamide,

Beaumont and Beveridge (1983) have reported differences

in the number of phosphoglucomutase alleles depending on

the pH of the tris;maleic electrode buffer used. In the
present study a reduction in the number, change in
electrophoretic mobllity and thickness of Lactate dehydro-
genase isozymes have been observed when bisacrylamide
concentration was increased above 2%, The above findings

in L. parsia offers scope for detecting more number of alleles

by employing various bisacrylamide concentrations. Also when



polymorphism is detected one can choose the acrylamide
concentration which would help in increasing the differences
in relative mobility of the observed alleles and also
increase or decrease the thickness of polymorphic

‘isozyme as required.

In the present study 1t has been observed that the
homo and heteropolymers of locus A and B react differently
to changing concentrations of NAD and Lithium lactate.
Also thé response to increased NAD concéntration'was found
to depend on the level of substract. Unless the enzyme is
purified and separated into isozymes,it is not possible to
get such kind of informations. The approach used in this
study can be extended to study the effect of activators,

inhibitors, pH, temperature etc.

In biochemical genetic study one may wish to
detect a rare varlante. The occurence of extra bands due
to storage, will affect the interpretation of genetic data.
Hence it is essential to know how long samples could be
stored for studies concerning genetic variation and enzyme
activity. Hodgins et. al. (1969) observed extra bands of
LDH enzyme activity in sera of sockeye salmon stored for

long duration. But in the present study no new extra



bands were observed. Only the disappearance of bands, the
conversion of A, homopolymer to A3Bl heteropolymer was
seen, The result of the study indicate that for estimating
genetic variation, eye and muaclérsamples stored for 72 and

48 hrs respectively can be used. In Trachurus murphyi

a8 sudden decrease in the activity of malate dehydrogenase
had been obserfed by Alay et. ala (1984).a£ter 16 days

of storage. But in the present study a reduction in
intensity and thickness of bands at even 24 hrs of storage
indicate that the decline commences immediately éfter the

tissue is stored.

The effect of storage is different on the subunits
of LDH isoenzymese. In tench LDH 1soenzymes composed of
Ay subunits had been found to be more stable than subunits
composed of B or C polypeptides. (Kankova'fz.'gi., 1983)
A similar picture was okserved l1n tﬂe present study, where

traces of A, homopolymer of eye LDH of Liza parsia was

observed even after 840 hrs of storage, where as, B,

homopolymer disappeared after 264 hrs of storage.

The tissue specificity of LDH observed in the
present study is similar in some aspects to those found
by many workers in other fishess But the retinal specific

C or E loci is not observed in mullets. Callegarinl and

3]
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Ricci (1974) have identified retinal specific E locus in
23 specles of fresh water teleosts. But like the mullets
observed in the present study, eyé specific isozyme of

LDH was found to be absent in the nervous system‘ of eyeless

Mexican cave f£ish (Anoptichthys jordani) and other

characins possessing normal eyes. (Gregory et. al., 1970).
‘A comparison of tissue expression of LDH in both specles

of mullet reveal that B locus 1s more active in eye than in
ofher tissue. There is a possibility that this locus.rrd.ght
have taken the function of C or E locus observed in other
fishese. Another deviation from the picture, observed in
other fishes, is the difference in locus specifity

between brain and eye. In the present study a difference
in the intensity of homopolymers ©f brain LDH, from that

of eye was observed. In other fishes (Callegarinl and
Ricci, 1974) the sdme: pattern has: been observed in the

eye and nervous systemse.

In Liza parsia fingerlings of Puduvypeen area, the

locus B in eye had been found to be polymorphic with two
codominant allele.;s by Parag (1984). But in the present
study, no polymorphism has been observed in both locd

of the eye tissue of adult L. parsia collected from Vypeen
bar mouth areas This may be attributed to differences

in the population and size class studied.



While there is no much difference between species
in the tissue specifity of LDH bands, there is variation

with regard to activity. Mugil cephalus exhibits higher

rate of activity for both eye and muscle. But that of
muscle tissue is more pronounced. A comparison of the
two methods employed in the present study indicate that
by serial dilutioh method it is not possible to detect
significant variation between individuals of the same

specles as shown by the spectrophotometric method.

Though in the eye two locus are present in both

specles, the muscle LDH activity is higher than that of

eye LDH, indicating that total enzyme activity i1s influenced

by physioclogical role of tissuese.

In the present work a combined study of genetlc
make up and biochemical characteristics of Lactate
dehydrogenase isozyme has been attempted. It is hoped
that above findings will iind.wider application in

biochemical genetic study.

8

<
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SUMMARY

The polyacrylamide concentration for electrophoretic
separation of Lactate dehydrogenase system was
standardizeds The use of optimum acryalmide concent-
ration in iscenzyme studies enhances the scope of

detecting rare variants in a wide population.

Optimum concentrations of éo-factor (NAD) and substrate
(Lithium lactate) for staining LDH benés were obtained,
The difterential response of LDH jsozymes to varying
concentrations of substrate and cofactor would
facilitate the selective study of various forms of an

isozymg.

The effect of duration of storage and frequency of
thawing on the resolution of LDH system in the eye and

skeletal muscle tissues of Liza parisa was studied.

Lactate dehydrogenase expression was obtained in 6

tissues viz., Brain, Eve, Skeletal muscle, Liver, Gills

and Heart.

No genetic variation was observed in the adult species

of Liza parsia.
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The sctivity of Lactate dehydrogenase enzyme in the

skeletal muscle and eye tissue of Liza parsia and in

the eye tissue of Mugil cephalus was determined by

serial dilution method and the differences in the

activity between species and tissue discussed.

In the fingerlings of Liza parsia and Mugil cephalus

the activity of muscle and eye LDH was determined by

spectrophotomstric method,
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