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INTRODUETTION




INTRODUCTION

The mammary gland is a3 unique specialization of
memmalian class of animals. It is distinect from other
tissues as i% undergoes changes of most striking kind, both
structurally and functicnally during different phvsioclogicsl
stages. The mammary gland development results in the
production of lactating tissues thet have the capacity for
enormous rates of milk secretion. The high biosynthetie
capacity is a consequence of the cyto differentiation and
proliferation of the mammary lobulp~alvecolsr eells, It has
long been established that cell differentiation is hormaonslly
controlled and the differentisted stage of g given cell type
can be hormeonally maintained {(Rutter et al., 1973; Kuhn, 1977;:
Tucker, 1979; Shiu and Friesen, 1980; Akers et al., 1981).
The multiple regulatory processes which permit the mammary
cells to develop and function in response to pregnancy
occuring at discrete periods in the life of the animal, are
stimulated by a large number af systematic hormonal sigrnals.
Although ithe complexity of -hormonal signals has been defined
by studies in vivo (Folley, 1956; Lyons, 1958}, the analysis
of processes requires a more defined system such as tissue

culture or organ culture.

Explant culture of mammary gland from various stages
of pregnancy and lactation has been used to study seversl
aspects of mammary development and differentiation. Tissue

culture technigques particularly with the mammary. explants,
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have been used extensively in order to understand the role
of individual hormones in initiation of lactogenesis
(Topper and Oka, 1974). The effect of harmones (insulin,
prolactin and cortisol) on the synthesis of milk nroteins
and lactose has been studied in considerable details using
explants of mammary gland {Forsyth, 1971; Topper and Oka,
1974; Houdebine end Gaye, 1975). It has been demonstrated
by Hallowes et al., (1973) that insulin, prolactin and
cortisol are necessary for maximal fatty acid synthesis in
mammary explants from mid-pregnant rats. Tt has also been
ohaserved that the explants of maemmary gland from mid-
pregnant rabbit respond to hormones {(insulin, prolactin

and cortisnl} with an incresse in the activity of acetyl-
CoA carboxylase (Manning et al., 1976a), fatty acid
synthetase {Speake gt al., 1975, 1976a,b; Lynch and Dils,
1976; Forsyth, 1971}, glucose-6-phosphate dehydrogenase and
6-phosphogluconate dehydrogenase (Leader and Barry, 1969:
Okea and Perry, 1974; Betts and Mayer, 1277) and medium-chain
fatty acid synthesis in mouse mammary explants(Borst, 1980}.
But tissues from just before ox just after psriurition show
s much poorer stimulation of lipogenesis., Cameron et gl.,
(1983) reported that lipid biosynthesis in cultured mammary
tissue from mice during mid-pregnency was maximally
stimulated by tHe combined action of insulin, prolactin and
cortisol. However, fewer information is available on the
effect of these hormones on the enzymes related to fatty

acid synthesis and reducing equivalents generating enzymes

in explants from ruminant or gost mammary gland.



The acetyl-CoA carboxylase which is the first
enzyme related to fatty acid synthesis in lipogenie
pathway, has long been recognised as a potentially rate
limiting enzyms of the pathway leading to fatty acid
synthesis. It has been purified from rat mammary gland
{Miller and Levy, 1975; Ahmad et al., 1578; Ahmad and
Ahmad, 1981; Ahmad et al., 1982}, rabbit mammary gland

{Manning et =al, 1976b) and bovine adipose tissue {Moss
Je

et al., 1972 Fatty acid synthetase has slsoc been

purified to homogeneity from rat memmary gland (Smith and
Abraham, 1970, 1971a,b), rabbit mammary gland (Carey and
Dils, 1970 and Strong end Dils, 1972) and Eovine mammary
gland {(Knudsen, 1972; Kinsella et al., 1975). The anti
bodies have been raised against these enzymes purified
from different sources by different workers like from
rabbit mammaxry gland (Ahmad et al., 1978), rat mammary
gland (Smith, 1973) and rat liver {(Volpe et éi., 1973).
The antibodies so produced have been used to estimate the
amount of these enzymes in mammary explants from mid-
pregnant rabbits. The reports have conclusively shown
that the changes in the activities of these enzymes in the
presence of hormones ere due to the changes in the enzyme.
amounts. The maximum increases in the amnunts-of fhe
enzymes were only brought about by the culture of explaﬁts
in the presence of hormones (insulin, prolactin and
cortisasl). The increase in the activities of fatty acid

synthetase (Speake et al., 1975; 1976a,b), acetyl-CoA

carboxylase (Mayer, 1978} and 6-phosphogluconate



dehydrogenase {Betts and Mayer, 1977) were found to be due

to the increase in the amounts of these enzymes.

A scanty information is available on the purification
of the above enzymes and their gquantitative estimation
enploying immunological technique to elucidate the arntion of
hormones on the activities as well as on the amounts of the
lipogenic enzymes associeted with fetty acid synthesis and
reducing equivalents (NADPH) genersting enzymes in the

explants from mid-pregnant goat memmary gland.

In view of the above consderations, the present
project has been designed to
(1) Study the hormanal (insulin, prolactin and cortiseol)
regulation of the enzymes related to fatty ascid
synthesis viz, acetyl-CoA synthetase, acetyl-=CoA
garboxylase, fatty acid synthetase, medium-chagin
acyl thioestefase. long-chain acyl thioestersse
and reducing equivalents generating enzymes viz.
glucose~6-phosphate dehydrogenase 6-phosphogluconate
dehydrogenase and NADP-isocitrate dehydrogemnase
in mid-pregnant gaat mammary gland using explant

culture system.

(2) Purify SQme\éf the lipogenic enzymes to homogeneity
for the preparation of monospecific antisera and to
estimate immunologically the emounts of these enzymes,
in explants from mid-pregnant goat mammary gland

under the influence of insulin, prolactin and

cortisol.
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REVIEW OF LITFRATURE

The mammary gland is a unique tissue in the body
which undergoes tremendous metabolic adaptations during
prepartum and lactation. The contrcl of mammogenesis,
lectogenesis and lactation are sequential events in the
diffexentiation process, whereby mamm a Ty cells are
converted from e nonsecretory to s secretory stage. Tt
undexgoes differentiation to prepare itself far the task
of copicus secretion of milk with unique components like
casein, lactose and milk fet, st about the time of
parturitinn; With the approach of onset of lactation,
extensive changes in enzyme activities occur in mammary
tissue for synthesis nf.milk'cnmpnnEnts9 which were either
lower or absent during virgin nr'pregnant state. Hormones
are primary physiological factors, which act and interset
in a8 complex fashion -to regulate memmary secretory cell
development, initiste secretory process and maintsin
lactation. Thus lactogenesis is a cascade of events
exhibited by appearance or increase in enzyme activities
specific for synthesis and secretion of milk components
like lacipse, casein or triglycerides, with marked
increase in the mammary nucleic acids (RNA). Increased
secretion of prolactin, glucorticoids, estrogens and
placental lactogens are also observed during this process

and are related to these events.



Baldwin and Yang {1974) have presented z model
in which enzymes are placed into three groups namely,
{. Constitutive enzymes whose activities sre not hormone
dependent, 2. Etnzyme whose synthesis is in part
constitutive and in part hormone dependent, 3. Enzymes
whose synthesis is zlmost entirely subjected to specifie
kormonal regulation. The synthesis of the enzymes involved
in milk fat biosynthesis is considered to be under the

partial or complete contrxol of hormones (Baldwin and

Yang, 1974).

2.1 Lipid biosynthesis in mammary gland:

The mammary gland is one of the most active tissues
in the body with regard to lipid synthesis. Apsrt from
the high rate of synthesis, it is unigue in the synthetic
process viz. production of short and medium-chain fatty
acids. The fatty acids comprising milk triglycerides arise:
from two sources, circulating lipids in the blood and
de novo synthesis within mammary cell. In goat and cow
the fatty scids of milk fat with carbon chain {rom C‘!l - E14
as well as pert of E16 arise from de novo synthesis
(Popjak &t al., 1951a,b; Palmguist st al., 1569), while
rabbit ﬁammary tissue produces large amounts of [y and C1D
fatty acids (Carey and Dils, 1972). Bressler and Wakil
{1961) and Wakil {1962} showed that the principal mechanism
of fatty acid synthesis in many snimal tissues invclved two
basic reactions. The first reaction econcerns carboxylation
of scetyl-CoA to malonyl-CoA, which is catalyzed by aretyl-

CoA ecarboxylase enzyme. The second rEEction is catalyvzed



hy & group of enzymes. cpllectiuely‘called as fatty acid
synthetase, for synthesis of long-chain fatty acids by
repetitive addition of two carbon units in the fomm of
malonyl-fogA. BGanguly {1960) established that these two
reaciicons were mainly responsible for the de novo synthesis
af fatty acids in the cytosolic fraction of bavine mammary
gland. The literature on lipid biosynthesis in mammary
gland has been divided inta the following topics:
{a) Souxce of carbon for fatity acid synthesis,
{b} Source of reducing equivalents (NADPH) required

for fatty acid synthesis,
(c) de novp fatty acid synthesis,

{d) Hormonal requlastion of oversll lipogenesis.

2.1.1 Source _of carbgn for fatty scid synthesis:

Fatty aecid synthesis involves 8 spurce of sybstrates
and ascociated enzymes for their conversion to acetyl-ToA
end malonyl-CoA followed by orderly addition of this
compound to a primer (scetyl-CoA and/or propionyl-Cof)
until the newly synthesized fatty ocid is relessed from the

fatty acid synthetase complex.

Cytosol is the site of de nove synthesis of fattiy
acids both in non-ruminants (Bertley et sl., 1965: Smith
and Dils, 1966; Bauman and Devis, 1974) and in ruminants

{Dekey et al., 1976). In vivo end in vitro studies

demonstrate thst non-ruminants utilize glucese as a carbon
source for fatty acid synthesis. Glucose is converied to
pyruvate which enters the mitochondria where it undergoes

oxidative decarboxylation to acetyl-ToA. .Since acetyl-CoA



Plate 1. Pathways of fatty acid synthesis
in non=ruminant memmary tissue.

\ Souree:

Bauman, D.E, and Davis, C.L.
11974) In "Lactetion:

A comprehensive Trzatise",
Vol.Il {eds. B.L.Larson and
V.R.Smith]) p 36, Academic
Press, New York. }



GLUCOSE

g FATTY ACIDS
Glicose-6-P  _.." PENTOSE® \ o~ NaDP¥ !
l PmsPHArE . [
CYCLE i :
. 4 \ .
Fructose-6-F % : NADPH. \ i
: % \\ ¢
. % i
: N '
: Vo [
Y La !
Triose-P--vvooes o pmazop - Glysero-P . -- -~ —3NADP ‘
g NADH NAD* . y )
: ‘, l | 7 = - - "HADP'H -
NeNADH Y} NADPH :
: l.‘\_o"i s Malate :
: ) e NAD* - Pyruvate i
Y MALATE . | Malonyl-CoA” |
"“..NADH |TRANSHYDROGENATION :

Pyruvate CYCLE ( Primer)
Oxaloacetate™ acapi-coA

Omlon; etate Citr at

N TRICORBOXYLIC
ACID
CYCLE

l
'
'
\

MITOCHONDRIA

Citrate

CYTOSOL



can not diffuse inte the cytosol where fatty acid synthesis
occuxs, it circumvents the mitachondrial barrier hy condens—
ing with oxaloacetate to form citrate (Lowenstein, 1968).
Citrate passes intoc the cytosocl and is cleaved by the enzyme
ATP-citrate lyase to foxm extra mitochondrial oxsloacetate
and acetyl-CoA {(Spencer and Lowenstein, 1966; Bhaduri and
Srere, 1963). Acetyl-CoA is then used for fattv acid
synthesis and oxaloacetate thus released is used to
regenerate pyruvate through coupléd reactions involving the
two malate dehydrogenases, NAD-malate dehydrogenase and
NADP-malate dehydrogenase {Plate 1). The activity of ATP-
citrate lyase in non-ruminani mammary tissuve increases
dramatically at the onset of lactation and decreases with
‘weaning {(Howenitz and levy, 1965; Baldwin aﬁd Hilligan,'.
19663 Spencer znd lLowenstein, 19663 Jones, 1967: Kuhn and

Lowenstein, 1967; Watson and lowenstein, 1970).

On the other hend ruminant mammery tissue vtilires
acetate, propionate and ﬁ—hydrnxgbutyrats-(rumen microbigl
fermentation products) for de novo synthesis of fatty acids
{Folley and French, 1950; Balmain et sl., 1954; Hardwick
et al., 1963; Bauman et gl., 1973; Parker and Smith, 1974).
The key to this species difference came fFfrom studigs with
perfused goat mammary gland (Hardwick et al., 1963;
Hardwick, 1966) in which it was shown thet although glucose
was not incorporated into fetty acids, it wes uitilized in
the synthesis of milk citrate and casein glutamate (Plate2).
These results led Hardwick (1966) to propose that in

ruminant mammary tissue the mitochondrial end cytoselic



Plate 2 .

Pathways of fetty acid synthesis
in ruminant mammary tissus

(Source: Bauman D.E. and Davis, C,L,
L1974), In “Lactation: A Comprehensive
Treatise", Vol.II (eds. B.L. Larson
and V.R, Smith) P.38. Academic Press,
New York.
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poals of acetyl-CoA were not in eguilibrium. Both glucose
and acetate contributed to the intramitochondrial acetyl-CoA
pocl, but only ascetate contributed to the extre mitorhandrial

acetyl-CoA pool where fatty acid synthesis orcurred (Plate 2)

A comparison of the activities of enzymes involved
in citrate cleavage pathway {i.e. generaticn of extra
mitochondrisl acetyl-toﬂ) reveals marked spenies differences
between ruminants and non-ruminants. Substential activity of
ATP-citrate lyase has been found in the tissues of all
non-~ruminant species investigated: However, the activities
of this enzyme as well as of NADP-malate dehydrogenase are
extremely low in cow (Heuman et al., 1970). Shggp_(Bauman
et al., 1973) and goet (Hardwick, 1966; Reddy and Ray,1982).
Therefore, the inability,of the ruminant mammary‘gleﬁd o
utilizeé glucose carbon for fetty acid synthesis is due to
the absence of cytosolic ATP-citiate lyese which is
essential for translocation of mitochondrial acetyl-fn&

(derived from glucose]} to cytosol for fatty acid synthesis

{Plate 2).

It is now established from the in vivo experiments
that acetate and A2 -hydroxybutyrate originating from
microbial fermentation in the rumen are the predominant
carbon precursors for fatty ecid synthesis in ruminant
mammary gland (FPopjek et al., 1951a,b; Palmquist et al.
1969). It has been shown that these two metabolites
contribute almost equally to the initial four esrbons of
the fatty acids synthesized by goat and cow mammary tissue.

However, acetafe is the main supplier of the remsining
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carbon in the fatty acid chains. Part of £ -hydroxy

butyrate has been shown to enter chain elongation process

in the ruminant mammary tissue as an intact carbon unit
{Kumar et gl., 1965; luick and Kameoka, 1966; Bines and
Brown, 1968; Smith and McCarthy {1969). Dther studies

have indiceted that ruminent msmmary tissue inifially

cleaves a significant portion of /3~ hydroxybutyrate to

€, units (acetste) priox to its u}ilization for fatty arid
synthesis (Kumer éi al., 1959; Lguryssens et al., 1960:
Linzell et gl., 1567). The utilization of [ ~hydroxyhutyrate

for fatty acid synthesis, other than the initiel primer C4

vnit requires its conversion to acetyl-CoA.

The lack of utilization of glucose carbon for fatty
~acid synthesis in ruminants apDEBrS.tBIbE linked with
evolutionary adaptations which have resulted in & uwnique
process of digestion of feed stuffs rich in cellulose common
to ruminants. Ingested carbohydrates are fermented extensive
in the rumen to acetate, proprionete and butyrate, resﬁlting
in little absorption of glucose from the gut. Thus, the
glucose which is needed for specific functions by the
mammary gland {milk lactose, NADPH generstion, glyreride
glyceroi formation etc.) must be supplied almost entirely
from gluconeogepesis by the liver and kidney. This.places
glucose at a premium in the tissues of these animals. As

a consequence, acetate and /3-hydruxybutyrat9, hecause of
their availability, beceome the predominant carbon socurces
for fatty acid synthesis in the mammary gland as well gs

other lipogenic tissues of ruminants (Hanson and Ballard,
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1967, 1968; Ingle et al., 1Y72).

2.1.2 Sgurce of reducing equivalents (NADPH) for

fatty acid svnthesis:

Apart from the éource of carbon atoms, the other
factor neede& for active fatty acid synthesis is a readily
available sunply of reducing equivalents in the form of
NADPH. The NADPH is generated mainly by the first two
steps of pentose phosphate pathway. The other enzymes
involved in the contribution of reducing equivalents are
cytosolic NADP-mglate dehydrogemase and NADP-isocitrate
dehydragenase {(Bauman gt al., 1370}, All these enzymes
are generally present in the cytoscl of svnthesizing

mamnary cell.

There ere some differences in the source of
reducing equivalents (NADPH) for fetty mcid biosynthesis
in.;umipants and non-ruminants as might be expected when
different caxrbon sources are utilized for oxidation te
provide NABPH. Two essentially similer schemes have been
identified for generetion of NADPH in the ruminantis
{Plate 2) and non-ruminants (Plate 1) (Bauman et al., 1970;:

Gumaa et al., 1973; Bauman and Davis, 1974).

In non-ruminants, the pentose phosphate pathway and
tianshydrogenation cycle sre seen as potential producers
of NADPH (Bauman and Davis, 1974). It is pastuiatéd that
in lactating rat mammary tissue the pentose phosphate
pathway is the predominant system. The malate transhydro-

genase system plays s lesser role in mammary tissue than
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in adipose tissue (Plate 1 ) and cytosolic isocitrate
dehydrogenase is much less important than in the case of

runinants (Gumaa et al., 1973).

In ruminants, the cytosolic NADP-isccitrate
dehydrogenase is allocated a key role in NADPH bhiosynthesis
( Bauman et gL., 1970, 1973; Gumaa et al: Reddy end Ray,
1982) although pentase phosphate pathway alsc plays an
important role here (Plate 2). The quantitative
significance of pentose phosphate pathway will depend
upon glucose availability in ruminant mammary gland.

Gumaa et al., (1973) have pointed out that in a tissue
such as ruminant mammary glsnd, which is adapted to

conserve glucose, pentose phosphate pathway is the optimal

system in relation to lipogenesis.

With the onset of lactation pronouneced increases
in the activities of enzymes in particle free supernatant
fractions of mammary cells have been noticed. Activities
of acetyl=-CoA carboxylase, citrate cleavage enzymes,
enzymes aof HMP shunt were found to increase several folds
in rat, mice and rabbit mammary tissue as ecomnared to thp
pregnant levels (Howanitz and Levy, 1965; Baldwin and
Milligan, 1966; Bartly, et al., 1966). The peak enzvme
activities were observed at mid-lactation {fmery and
Baldwin, 1967; GBul and Dils, 1969). The peak enzyme
.activities were also reported to remain elevated during
late lactation, though a drop in milk yield was noticed
(Hertmann and Jones, 1970). A biphasic adaptation of

mammary tissue for fetty acid synthesis was observed by
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Mellenberger and Bauman {1974) in rabbit mammary tissue

as evidenced by increased dehydrogenase activities during
mid-nregnancy and at post partum. A {emporal relation
between fatty arid synthetic ability and acetyl-CoA
carboxylase activities was also observed by the same
investigatars. Weaning results in precipitous fall in the
activities of the acetyl-CoA carboxylase but .much slower

decline was observed for dehydrogenase activity.

In ruminant mammary gland 18 to 44-fold increase
in the activities of dehydrogenese enzymes between 3 to
14 week prepartum to 2 week postpartum wers noticed
(Shirley et al., 1973). A similar trend but of lesser
magnitude was observed by Mellenberger et gl., (1973) in
bovine mammary tissue between 30 and 7 day prepartum and
7 and 40 day postpartym studies. However, Currie {1972)
reported erxatic but statistically significant changes in
the enzymatic activity in the bovine mammary samples
obtained by biopsy throughout lactation. Increased levels
of dehydrogenases, especially isocitrate dehydrogenase
were reported in lactating bovine memmary tissue as
compared to non-lactating mammary tissue or mammary tissue
obtained from virgin animals {(Weldschmidt and Rilling,
1973). The activities of glucose-6-phosnhate
dehydrogenase and licoprotein lipase were also found to
vary in parallel with milk fat secretion during early

lactation in goats (Chilliard et al., 1978).
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2.1.3 de nove fatty acid synthesis

Notwithstanding species variations, a major guantity
of fatty acids is synthesized within mammary cell. Cytosol
is the site of de novo synthesis of fatty acids both in
nonruminants {Dils, 1977) and in ruminants (Dekay et al.,
1976). In animals, the seven enzymes in the synthesis of
fatty acids are held together tightly, in a multienzyme
complex known as fatty acid synthetase (FAS) which behave
as a single unit (Bloch and VYance, 1377}, This enzyme
complex is highly sctive in the lactating mammary gland,
where it is involved in the production of substantial
amount of milk fat {Chatterjee gt sl., 1979). Acetyl-foA
carboxylase catalyses the first committed reection - the
carboxylation of ecetyl-LoA to malonyl-CoA in de navo fatty
acid synthesis and is considered a likely site for
regulation of lipogenesis in animel tissues (Lane gt al.,
1974). After fomation of malonyl-CoA, its condensatien
with acetyl-CoA and further reduction Stepé are catalysed
by fatty scid synthetase. The mechanism of synthesis of
fatty acid in memmary tissue is similar to that of other
tissues, except that the product formed are short and
medium=-chain length acids which are characteristics of
milk fat.

The importance of these enzymes in mammary lipid
metabolism can be seen by the characteristic changes in
their activities during later stages of pregnancy,
lactogenesis and involution of the glsnd. Hartmann and

Jones (1970) and Short Bt al. (1977} noted 2 to 10 fold
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increase in the activities of acetyl-CoA carhoxylase and
acetyl~CoA synthetase during early lactetion in rabhit
mammary tissue as compared te the activities ahserved in
mammary tissue obtained from non-pregnsnt and pregnant
rabbits. Mellenberger and Bauman (1974) also observed a
dramstic rise in ecetyl-CoA carboxylase activity at onset
of lactation. Similar observations in the rats (Howanit:z
and levy, 1965; Mackall, 1976; Mackall and Lane, 1977)
indicated that acetyl-CoA activity which remained low
throughout gestation, increased to values 30 to 40 times
at parturition and during early lactation. In mouse
mammary tissue, in contrast teo the rat, the lipogenic
activity could be detected in late gestation which reached
maximum level at mid-lactstion. Changes in the lipogenic
activity in ruminant msmmary tissue has been investigated
by Kinsella and Heald (1972); Mellenberger et gl. (1972,
1Y73) who obtained mammary tissue during prepartum and
postpartum. It has been observed that 53 to 25-fald increase
in the activities of acetyl-CoA carboxylase and fatty acid
synthetase were noticed with initiation of lactation.
Chilliard et 2l. (197B) observed the changes in the
activities of acetyl-CoA carboxylese, glucose-f6-phosnhate
dehydrogenase, malic enzyme and lipoprotein lipase which
varied parallel with milk fat secretion after parturition
in goats and the proportion and chain length of fatty acids
formed in goat mammary tissue homogenate, were similar to

that found in goat milk {Grunret and Knudsen, 197%a).
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Normally the fatty acid synthetasse produrngs the
long—chain fatty acids as end products. However, short
and medium=chain fatty acids oceur in milk fat. The fatty
aclids are cleaved from their thicester linkages by thio-
esterases that are a composite part of the fatty acid
synthetas2 complex. The mammary gland specific thioesterase
appears to be responsible for the ebility of the tissues to
synthesise medium and short-chain fatty acids characteristic
of milk fat (Knudsen, 1976; Libertini et al., 197B; Smith
and Ryan, 192793 Smith, 1980; Smith and Stern, 1981;
Abdinesjad et al., 1981). A chain length modifying protein
has been prepsred from rabbit mammary gland, which may
loosely but specifically interect with fatty acid
synthetase (Carey, 1977). An ecyl-thicester hydrolase was
isoleted from cytoscl of the lactating rebbit mammary
gland. This enzyme terminstes fatty scid synthesis at
medium-chain {(Cg, g - 012”3) fatty acids when ineubated with
fatty acid synthetase and rete limiting concentration of
malonyl-CoA esters of chain length (C1G:G - Cié:ﬂ) when
these were used as model substrates (Knudsen et al., 19761,
The appearance of these acylthioesterases becomes quite
profound just prior to parturition (Chivers et al., 1976:
Knudsen and Dils, 19753 Knudsen et al., 1975). The
presence of short and medium-chsin acyl-thioestersses has
been demonstrated in rebbit and rat mammary gland. Its
presence in the goat mammary tissue is, however, not well

established {(Grunnet and Knudsen, 1979 a,b)} but the

presence af long-chain acyl-thioesterase has been observed
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(Smith et al., 1976; Agradi et al., 1976).

2.1.4 Hormonal control of over all linogenesis:

The studies durifg pregnancy and lactaijon show
that the mammary seecretory activity increases but the most
rapid shift oceurs from non=-lactating to lactational stage
around the time of parturition. The gradwal inerease jin
the totsl secretory activity is probably related to the
total amount of secretory tissue present as well as the
activity of these cells to secrete milk fat (Jeffer, 1935).
Normally, it Is only during pregnancy that the previocusly
determined mammary epithelisl cells begin to realize their
differentiative potential. It is seen that the progression
of changes, both structural and functional which the
epithelial cell experiences in this stage of ontegeny is
a response to several hormones (Hershako et sl., 1971;:
Rutter et al., 1973). It is ubiquitous that the initiation
and maintenance of lactatisn are dependent uvupon hormonal
requirements vary among sSpecies, but in general minimal
needs include prolactin and adrenal glurocorticoids and
relative absence of progesterone. Hormone actions at the
cellular levels can be divided into those that are ranidlv
mediated (acute responses) and those that are slowly
mediated {(chronic responses) according to Mayer (1978).
Several acute hormene responses, such as the requlation
of glycogen metabolism or lipolysis have been delineated
in detail. These responses to hormoneS are very rapid
and are zsspriated with changes in cellular concentration

of eyclic-AMP (Hers, 1976). The chronic hormonal
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regulation of cell metabolism occurs over periods of hours
to weeks, and usually involves selective changes in gene
expression resulting in the accumulation of enzymes or
proteins necessary for some differemtiated function (Chan
and 0'Malley, 1976). Hormones are required in mammarwv
gland in vivo in regulating the distinct parts of
lipogenesis {(a) The rate of fatty acid biosynthesis.

{b} The chain length composition of fatty acids produced.

Detailed measurements of the changes in lipegenic
flux in rabbit mammary gland development have been made
by Strong and Dils (1%72). The results show a hiphasic
increase in the lipogenic rate with an initisl lipogenic
stimulus in mid-pregnancy (16-18 days) and s serond
stimulus occurs just before parturiticn. It has been
suggested that in the rabbit the depressed plasma
progesterone on 21 day of pregnancy combined with a rise
in concentration of free glucocorticoids, may coincide
with the first lipogenic stimulus in rabhit mammary gland.
From studies with explants of mammary gIEnd from
rseudopregnant rabbit, it is apperent that prolactin and
insulin are also required for the first lipogenic stimulus

in mammary gland (Denamur, 1971).

Hallowes. et al., (1973) have dempnstrated that
insulin, prolactin and corticostercne are necessary for

maximal fatty acid synthesis in mammary explants from

mid-pregnant rats. 1% has further been observed that the

explants of mammary gland from mid-pregnsnt rabhit respond
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to hormones {insulin, preolactin and certisol) with an
increase in the sctivity of acetyl-foA carhoxylase
(Manning et al., 1976a) and an increase in the amcunt of
fatty acid synthetase (Speake et agl., 1975, 1976~,0: Lynri
and Dils, 1Y76&; forsyth, 19?1), 6-phcsphogluconate
dehydrogenase and glucose-é-phosphate dehydrcgenase
{leader and Berry, 1969; Riverz and fummins, 1971; Green
et al., 1971; Oka and Perry, 1974; Betts and Mayer, 1977),
acetyl=CoA synthetase agtivity (Merineze and Cook, 1971)
and medium chain faity acid synthesis in mcuse mammary
gland explants (Borst, 1980). But tissue from just before
or just after partirition show a much poorer stimulation
of lipugenesis or none at all. In explaents from lactating
tissue, there are decresses in rate of fatty acid bio-
synthesis, the percentage of medium-chain fatty ecids
synthesized compared. to that in the earlier stages of
development. However, the decrease ohserved in the

absence of hormones is significantiy greater than in the

presence of hormones.

Response of the mammary gland to hormones
progressively decreases during pregnancy and in lactstion.,
However, the interpretation of these £95punses is complex,
since it undoubtedly results from several factors including
the accumulation of the milk within the slveoclsr lumina in
explants, which simply prevents further response toc hormones
in the tissue by hydrodynamic feed back similar to that
which is believed to oecrur during mammary invelutionm

in vivo {Jones, 1967).
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2.1.4.1 Effect of insulin:

It has been revealed through histological studies
that insulin is required for good suzvival of postnatal
€lias and Rivera 1959; Walters and Mclean, 196B). Tt is
also essential for the meintenance and survival of the
nonruminant secretory cells and the prolonged insuffiriency
of insulin results in the significant loss of mammary
secretory cells. Changes in enzyme ‘activities invclved
in lipngenesis_and ultimately decressed synthesis of fatty
acids and glyceride glycercl from glucose and acetate
\Baldwin and louis, 1975). By utilizing-tissue slices and
explants from mammary tissues of mice {(Jones and Forsyth,
1969; Leader and Barry, 1989; Rivera and Cummins, 1971:
Wang gt al., 1971, 1972 a,by Dgnamur, 1971; Cameron, 1974:
Dka and Perry, 1974), rets (Hallowes et sl., 1973} and_
1., 1975, 1976 e,h;

rabbits (Heitzman, 1968; Speake et
Manning et gl., 1976a; Betts and Mayer, 1977) the role of
insulin has been established for the optimal rate of milk
fat synthesis and its requirements for glucose oxidation
via pentose phosphate pathway. Only limited data,

however, is available on possible insulin action, in the

regulation of ruminant mammary lipid metabolism.

Injection of insulir in the lectating cows
(Baldwin et al., 1972) brings about = significant increase
in the glucpose oxidestion and its conversion to glyeceride
glycerol. The mammary tissue slices from buffaloes

(Bhatia et al., 1979) end goat (Skarda et =21., 1977,1978)
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. . ; 14 .
incorporated increased levels of C —aretate into total
lipids in the presence of insulin and other hormones,
However, no effect of insulin could he observed in ~O WS

in other experiment {Bauman et al., 1973).

Geelen gt al., (1978) have concluded that the part
of the action of this hormone is located at a point beyond
the formation of pyruvate. Three lines of eviderces supnort
this conclusion, First of &ll, the insulin stimulates the
incorporation of C14—acetate into fetty acids. Serondly,
the activity of acetyl-CoA cerboxylase, the rate limiting
enzyme of fatty acid biosynthesis is stimulated by the
addition of insulin {Lee et gl., 1973)., Thirdly, insulin
rapidly elevates the level-of cellular centent of malonyl-
CoA, the product of acetyl-CoA carboxylation (Geelen et al.,
19787. The observations substantiate the raste of acetyl-CoA
carboxylase as a target in the short term control of fatty-
acid synthesis by insulin. Denton (1974) reported two-fold
incresse in the initial aectivity of acetyl~CoA carboxylase
when the explants were trested with insulin. Hnweue:, the
insulin appeared to have no effect on the total artivity
of the enzyme. Volpe and Vageles (1974) also reported the
fatty acid synthetase activity in relation tp administration
of insulin and glucose or fructose feeding. The results
indicated that the insulin wes not necessary for the
regulation of fatty acid synthetase activity in liver but
it may be necessary in the adipose tissue. Rcety;—EoA
carbolease activation occurs with insulin when inhikitors

1.,

of protein synthesis are employed in the medium {Lee et
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1973). The rate of fatty acid synthesis in culture or
suspension has been shown to be stimulated with zdded
insulin and defused with glucagon {(Geelen et al., 1978).
The decreased level of irnsulin decreased the fatty arid
synthesis in liver (Robinson et al., 1978)}. Insulin in
combination with triiodeothyronine, however, increased the
activity of acetyl-CoA carboxylase activity and fatty acid

synthetase activity in rats (Sophia et al., 1972).

In ispolated rat mammary secretory cells insulin
stimulates fatty acid synthesis from pyruvate three times
and decreased lactate conversion to fatty-ecids 20 to 30%
and stimulated glucose convézsion to fatty acids 1.2 to
1.5 times. Incubation of glucose and pyruvate together
depressed fatty acid synthesis from gluﬁmse. Insulin acts
at important site other than or in addition to glucose
transport in regulating mammary 58cretuiy cell metabolism
and particularly fatty acid synthesis. Its action iﬁ
fatty acid synthesis is dependent on the culture redox
state. Insulin increases fatty acid synithesis in cells

with a low redox state (Yang and Baldwin, 1976).

Green et al,,{1971) reported that glucose 1 mg/ml
(ml of medial and insulin 5 ug/ml (of media} are needed
fgr.maximum increase in the activity of the enzyme glucose
6-phosphatie and 6-phosphoglucenate aehydrogenases. The
increase in the enzyme activity results from a stimulated
uptake of glucose by the mammary tissue, and that they

are caused by a metabolic product of glucose stimulating

the formation of mRANA for the twe enzymes.
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The dentral énahnlic-fdle of the hormones in the
regulation of intermediary metabolism makes it difficult
to distinguish hetween these actions of the hormones
directed at the mammary gland and those affected or
mediated via its influence on overall metabolism bf
lacteting animals., It was shown that insulin could
étimulate fetty acid synthesis in mammary exnlants from
mid-pregnant mice (Moretti and Abraham, 1966) but the
highest rate of fatty acid synthesis was observed when
insulin wes initially present in the medium rather than
when it was added after & period of 24 hours (Wang et al.,
19?23). Although insulin stimulates fatty acid synthesis
énﬂ improves the viahility of the tissue, it did not affect
the pattern of fatty scid synthesized (Dils et al., 1972
1974 and Borst, 1980). MNepokroeff et al. (1974) have
indicated en increase in the fatty ascid synthetic artivity

in the rat liver.

2.1.4.2 FEffect of corticosterpids:

Glucocorticcid is one of the so called lactogenic
hormones, both in vivo and in vitrxo in many species. 1Its
role in the formation of rough endoplasmic reticulum,
casein mRNA and casein have been discussed. It has been
shown thet glucocorticoids are required for maximal
dﬁctal grﬁwth {Topper and Freeman, 1980}. The mammary
tissue of dairy cows contain specific sites for gluco-
corticoids (Gorewit and Tucker, 1976 a,b; Tucker et al.
1971; Denamur, 1971: Collier gt al., 1977) and these

binding sites are more in number in lactating than in
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non lactating mammary tissue. A number of studies
indicate that the glucccorticeids are not acute or shcrt
term effectors of mammary metabolism but do act over a
long term such that glucornerticoids insufficiency repsults
in depressed lactational performanre, cHanges in pattern
of mammary nucleic acid synthesis and rates of synthesis
uf several key mammary biosynthetic enzvmes. The effect
of adrenalectamy, hypophysectomy and gqlucocorticoid
replacement therspy uoon lactating rat mammary enzywe
leyels have been investigated (Willmer, 1960; Korsrud and
Baldwin, 1969, 1972 a,b,c; Yang and Baldwin, 1976;
Pluﬁinski and Baldwin, 1976). The results suggest that
glucocorticoids are intimately inmvelved in the regulation
of mammary enzyme levéls, that the effects are specific:
that the enzymes affected are primarily involyed in milk
synthesis and that the exient of dependence upen gluco-
corticoids for the development or maintenance of normal
enzyme activities varies such that the spparent enzyme
inductions by glucocorticoids range from. two to ten~fold
(for malic enzyme and fatty acid synthetase, respectively).
Although it was established long ago that glucocortiruids
are essential for maximal 1aqtationai performance in
ruminants (Baldwin and louis, 1975), only limited data
are available regarding possible glucocorticoid actian
upon mammary function. Ely and Baldwin {1976} inuestigafed
the effects of adrenalectomy and glucocorticoids
replacement therapy upon enzyme activities in mammary

tissue of lactating sheep. In contrast to rat, it has been
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found thst glucocorticoid insufficiency resulting from
ardrenalectomy did not result in decreased enzvme arctivities
suyge sting that the ruminant mammarv function is less

dependeni uecon gliuceccrticeids than in the rat.

Increesed concentrations of glucocerticoids in
humans anrd snimels arr associated with enhanrned hepnatie
lipogenesis mnd increwssed hepatie and plasma linids
{Steinberg et al., 1952; Stern et al., 1973; Casaretto

4; Diamant and Shafrir,

-

t al., 1974; Reaven et al., 19

—

1., 1576}. In

1975; Bagdade et al., 1976a,b; Krik et
additicn, physiologicel concentrations of glucucorticcids
in conjunction with insulin axe required for the enhanced
lipogenesis ascsociated with refeeding after starvation
\Berdanier and Shubeck, 1579; Bouillon and Berdanier, 1980).
The relative role of these two hommones in this hyper-
lipogenic response are known. It has been suggested that
the increased insulin concentrations associated with-
glucocorticoids excrss, or a synergism between gluro-
corticoids and insulin, may mediate the enhbnpéd thatip
lipogenesis (Krik et al., 1976; Bardanier and Shubeck,

1975 ).

Wang £t al. 11972 a,b} reported that various
hormones do not have esny effect on lipogenesis singly.
Cortisocl singly had no effert but in combination with
gther hormones, it stimulated linogenesis. Korsrud and
Baldwin (1969) also renorted that administration of

cortisol and proclactin were required to increasse the

normal lovels of the activities of glucose-f~nhosnphate



26

dehydrogenase and &~phosphogluconate dehydregenase.
Forsyth et al., (1972} reported that cortircosterone
antagonised the effect of prolactin in stimulating the

synthesis of medium chain fatty acid.

2.1.4.3 Effect of prolactin:

Prolactin is necessary fer the initistion and
differentiation in early pregnancy and it slso plays a
dominant role in the epithelial growth after parturition

(Topper. and Freeman, 1980).

Topper and Oka (1974) concluded that prolactin is
the hormone required for the sensitization of the
epithelial cells upto mitogenic effect of insulin and
other serum factors-that may be mitogenic. Prolactin is
required for the production ef biesynthetic products of

the mammary glend (casein and lactalbumin).

Cameron et al., (1983} reported that lipid
biosynthesis in cultured mammary tissue from mice during
mid-pregnancy was maximally stimulated by'%he combined
action of prolactin with insulin and corticoids., The
action of prolactin was specific for the formation cf
triglyéerides but not other lipid classes. Prolactin
increased fatty scid synthesis in pregnant mouse mémmary
gland explants (Mayne and Berry, 1970) and these fatty
acids were found to be similar to those produced by

lactating gland of mouse (Weng et al.. 1972a).

Forsyth et al., (1972} showed that culiure of

mammary explants from mid-pregnant rabbits with prolactin.



27

gives a rapid inerease in the preparation of medium-~chain
fatty acids synthesized, but lipogenic rates sre relatively
low. The explanation for this could be that prolactin
alone stimulatss accumulation of the enzymes involved in
producing medium—-chain fatty acids but makes much less
accumulation of other lipogenic enzyme, fatty acid
synthetase when the mammary explants from mid~pregnant
rabbits are cultured with prolactin zlone (Speske et al.,
19760}, However, eulture of EXPIEH¥S with insulin,
prolactin and cortisol results in the maximum inerease in
the activity and rate of synthesis of fatty acid synthetase.
The data put forward by forsyth et a2l., (1972) subport the
concept that prolactin alone or insulin and prolactin
together cause incomplete differentiation of mammery
explants as measured by low fatty ecid synthetase activitx
rate of enzyme synthesis, or lipogenic rate. However,
ﬁaximal amounts of medium—chain fetty acids are praduced

by these hormones. Much greater cyto-differentiation orcurs
in the tissues in response to insulin, prolactin and
cortisol as measured by high fatty acid synthetase activity
and rate of enzyme synthesis, or lipogenic rate { forsyth

et al., 1972) but the increased cytodifferentistion is
accompanied by decreased rates of medium—chain fatty arid
synthesis. The detailed mechanism is presently unknown

but is probably mediated at the transcriptional or

translational levels.

The mechanism by which prolactin exerts its artion

is obscure, It first interacts with the prolactin
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receptors on the plasma membrane. The number of these
receptors is under positive control of prolactin itsel¥

{Bohnet et al., i%78; Sheth et al., 1978).

2+1.4.4 Combined effect of insylin, brolactin and

corticosteroids:

Mammery tissue undergoes 3 structural and biechemical
differentiation during organ culture in the presence af the

hormone combination of insvwlin, prolaetin and cortisol,

Insulin could stimulate fatty acid synthesis in
mammary 2xplants from mid-pregnant mice (Moretti and
Abraham, 1966} and the rate of fatty acid synthesis rould
be better meintained over 2 days by culture wifh insulin,
corticosterone snd prolactin. The appeasrance ef lipid
droplets in mammary expiants treated with this hormone
cambinatinn can be observed histologically in 2 number of
species including the rabhit {(Bronewell, 1945; Mills and
Topper, 19780). The experiments of strong et al. (1972)
showed that if explarts from pseudo~pregnant rahbits were
cultured with insulin, vorticosterone and prolsetin for
6~7 days, they could synthesize triglycerides enriched in
the medium-~chain fatty acids characteristics of rahbit
milk., Freshly excised explants from pSEUdD“DrEgﬂEnt rabhits
synthesize triglycerides and phospholipids contasining long-
chein fatty acids. The maximum rate of fetty acid synthesis
observed with such explants after culture with insulin,
corticosterone and prolactin was similar to that seen with

freshly excised explente from lactating rabbit mammazry gland.
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receptors on the plaswma membrane. The number of these
receptore is under positive control of prolactin itself

{Bohnet et al., 1°78; Sheth et al., 1978).

2el1:4e4 Cpopmbined effect of insulin, brolactin and

corticosteroics:

Mamnery tissue undergoes a3 structural and biorhemical
differentiaticn during orgen eculture in the presenre of ths

hormone combination of insulin, prolaetin and cortisol,

Insulin could stimulate fatty acid synthesis in
mammary explants from mid=pregnant mice (Moretti and
Abraham, 1966) and the rate of fatty acid svnihesis roulid
be better meintained over 2 days by culture wifh insulin,
corticosterone and prolactin. The appearance eof lipid
droplets in mammary expiants treated with thizs hormone
cambinatinn can be observed histologically in 2 number of
species including the rebbit {Bronewell, 1965; Mills and
Tapper, 1970). The experiments of strong et al. (1972)
showed that if explarnts from pseudo-pregnant rsbbits weve
cultured with insulin, corticosterone and prolsctin forxr
6-7 days, they could synthesize triglycerides enriched in
the medium-chain fatty acids characteristics of raebbit
milk. Fzreshly excised explants from pseudo~nr§gnant rabhits
synthesize triglycerides and phospholipids containing long-
chaiﬁ fatty acids. The maximum rate of fatty a2cid synihesis-
observed with suech explants after culture with insulin,
corticosterone and prolactin was similar to that seen with

freshly excised explants from lactating rabbit mammary gland.
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by insulin and prolactin sssocisted with or not with
cortisal. Césein synthesis was stimulated only when
prolactin was present in the ewlture medium. Prolartin
alone was able to signifinantly support the induntion of
casein synthesis. The results indicate that insulin,
prolactin and cortisol are involved in maintenznee of

gost mammary tissue in culture but prolactin essentislly
stimulates milk synthesis {Skards ei al., 19822j). The
magnitude of the effect of prulattin’cn lipid synthesis
was optimal when cortisol concentration between 0.1 to

0.5 ug/ml were employed. These concentrations of cortisol
were reported by Ono and Dka (1980} to eptimise prolartin
siimulation of casein synthesis. The observations suggest
the possibilif{y thot theé mechanism by which prolactin
stimulates lipids and proteim biosynthesis in mammary glawnd

may have some aspects in common (Cemeron et al., 19823).

Green ot al. {1971} studied the hormonal regulatics
of glucose~f-phosphate snd b~phosphogluconate dehydrngenasé
activities in mammary 2xplants from mice, '}nsulin, glueose,
amino aerids and inorganie salts were the minimal requirements
needed tc increaee the enzyme zctivities in éxnlants from
lactating mice. Rivere and Cummins (197%) also showed that
sustained maximal inecresse in the enzyme sctivities cf
glucose-f-phosphate dehydrogenase and 6-phosoho gluconate
dehydrogenase were obtained when mammary explants from
mid-pregnant mice were cultured with insulin, cortirosterene
and prolactin. WHormones wereg required in the medium for

severzl hours in order to produce the maximal increrase in



N

enzyme activities which were measured after 48 hours in
culture. Oka and Perry (1974) have shown that insulin,
prolactin and cortisel were required for @ maximal incresse
in the activities of glucose-6-phosphate dehydrogenase in
mammary explants from mid-pregnant mice. Cortispl enhanrned
the effect of insulin in causing an increase iﬁ the enzyme

activity.

The mechanism of the change in enzyme activities
has to be identified i.e. whether thé inerease in the
enzyme sctivities 15 due to activation of preexisting
enzyme orx to an increase in the concentrstion (amount) of
the enzymes in the tissuz {(Mayer, 1973)., To measure the
changes in the amount of B-phosphogluconate dehydrogenase
into the mammary explants fsom mid-pregnant rabbits,
f-phosphongluceonate dehydrogensse has heen purified from
Rabbit msmmary gland (Betts and Mayer, 1975} and &
monospecific sntisers has been produced. The antiseras so
produced has been used to estimate the amount of 6-phosnho-
glucenate dehydrogenase in mammary explantis from gid-
pregnent rahbbits. The results conclusively have shown
that changes in the actiuity‘of the enzyme in the
presence or ahbsence of hormones are due to changes in
enzyme concentratian (Betts and Mayer, 1977). The
increases in- the concentration of the enzyme were only
brought about by culture of explants in the presenre of

hormones t{insulin, prolactin end cortissl).

Similarly, the increases in the activities of

fatty acid synthetase (Speake 2%t el., 1975, 1976 b} and
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acetyl-CoA carbdxylase (Ma§er. 1978) are found due to the
increases in the amounts of the acetyl-Tod carboxylase
(Mayer, 1378} and fatty acid synthetase (Speake et al., 1975,
1976b). Approximately six folds inrrease in the amparent
rate of synthesis of fatty acid synthetiase was observed

when the explants of mammary gland from mid-pregnant rabkbits

were cultured with insulin, prolactin and certisel.

2.1.4.5 FEffect of insulin, prolactin, cortisol and glurose:

The role of gluccse in triggering the increase in the
arount of S—phosphoglucconate dehydrogenase in explants of
rebbit mammary glénd has been defined (Betts and Mayer,TQ??).
In the absence of glucose, no inexresse in the amount of
enz&me occurred in the presence or in the absence of hormones.
When .explants were cultured in the presence of glucase;
increases in the amount of enzyme occurred with or without
hormones linsulin, prolactin and cortisoli. Transfer of
explants to glucose.free medium resulted in 8 decreasse in,
the amount nf enzyme, both in the presence and absence of
hormanes. When explants were cultured in the absence of
glucose, little increase in the amount of enzyme occurred
in the presence or in the absence of hormones hbut if the
explants were transferred to a glucose-cantaining medium
an increase occurred in the emount of the enzyme in the
pIresencs, but not in the absence of hormcnes. The
regulstion of 6-phosphoglucenate dehydrogenase in mammary
explants is evidently complex. However, the resuylts do
Show the obligatoryrequirement for glucose to produce an

increase in enzyme amount and the potentiating effect of
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insulin, prolaciin and cortisecl on glucose triqgered
increase in the enzyme amount. Glucose used in media eould
be rgplaned by mannose or fructose (Green et al., 1971).
With higher glucgse concentrations in the culture media.
insulin did not potentiate the glucose-mediated inerease

in enzyme activity. Glucose was necessary initiaglly in
order tc trigger the increase in enzyme activity, which
oecurred after 12 hours in culture {(leader and Barrv, 1969).
It has been suggesied by leader and Barry (1269)] that
increase in the activities of glucose-6-phosphate
dehydrogenase result from an increased uptake of glucese

by the mammsry tissue and that the incresses in activity
are caused by metabolic product of glucose that stimulates
the formatien of mRNA during & few hour period after glucose
is added to the culture medium. Leader and Barry (1969)
have also shown that the increases in the enzyme activity
both in cuiture and in the living animel at parturition

are induced by an influx of glucose that is restrained
during pregnancy by the growth hormone like action of
placental lactogen. Green et al. (1971) have shown that
when glucose was not added until 4 hours during exnlént.
culture of mid pregnant rabbit mammary gland, actinomycin D
edded at this time did prevent the rise in enzyme activity
suggesting that synthesis of essential RNA only occurs on

the addition of glucose.

Bolton (1971) has reported that when explants from
pseudo-pregnant rabbit mémmary gland were cultured for B

days with insulin, prolectin and corticostercne, the
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incorporation of 1—C1d glucose and 64C14 glucose with

total lipids increased seven-fold over control culture
without prolectin. Insulin stimulated fatty acid svnthesis
f rom C1a—glucnse (Moretti and Abrzham, 1966) but that tre
further sddition of corticostexrone and prolactin in cultqre
medium did not af%ect glucose incorporation into fatty arids

(Mayne and Barry, 1970).

In ip vitro experiments,insulin has been shawn to

increase membrane transport of glucqee in the adipose
tissue. Simultaneously conversion of glucose te glyceride
glycerol and fatty escid with accompanying formaticn'of £oy,
through HMP shunt pathway and oxidation of glucose by TCA
cyele are also enhanced, Increased rates of glﬂcose
oxidatien through HMP shunt pathway have been atiributed
to the generation of reduced NADP, which is required for
the effective fatty acid biosynthesis (Mclean, 1958).
Insulin increases the concentratien of glycerol phosphate;
and may 8upﬁress lipolysis. It has been suggested that
consequent to triglyceride formation, the tissue
coneentration of fatty acyl-Cod is lowered and thereby
acetyl-CoA carboxylase is activated. In severe glucose
deficiency in rats, fatty acid biosynthesis is markedly

reduced and normal rates are not restored even with insulin

vitio.

5




a5

2.2 Distribotion, purification and some properties gf

lipogenic enzymes:

2.2.1 Aceptyl-LeoAd carhoxylase:

-

Acetyl-CoA carboxylase has long been recegnized as

a potentially rate~limiting enzyme in the process of fatty
acid synthesis becavse of ii{s low ectivity in various
tissues as compared with other enzymes involved in
lipogenesis (Karchak and Masora, 1962; Howantiz and Leyy,
1965). The acetyl-CoA carboxylase inlextracts of nigeon
liver (Margolis and Baum, 1966) and rabbit mammary gland
(Smith gt al., 1966} was found distiributed between the
microsomal and supernatant fractions. Margolis and Raum
{1966) and Easter and Dills (1268) have concluded from
their experiments that all the acetyl-CoA carboxylase in
pigeon liver end in rabbit memmary glsnd, respectively,

is membrane bound in wvivo.

Acetyl-CoA carboxylase has been isolated in
homogenous faomm {ErEgolin.gg gl., 19665 1968; Numa et al.,
1966; Majerus and Kilburmn, 1969} and erystalized {Goto

1., 1967) from chicken liver. This enzyme has alsc

et
been purified frem rat liver (Majerus st gl., 1968:
Nakanishi and Numa, 1Y70; Inoue and Lowsnstein, 1972),
lactating rat mammary gland (Miller and Levy, 1975:
Ahmed et al., 1978; Ahmad and Ahmad, 1981; Abmad et al.,

1982), rat adipose iissue (Vagelos et al., 1963), rabbit

———

mammary gland {(Manning gt al., 1976 b)s bovine adipese

tissve (Moss et al., 1972}, pigeon liver (Waite and Walkil,

1962}, €. cali {Alberts and Vagelos, 1958 ) and
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vheat gemm (Hatch-and Stumpf, 1961).

It has been esisblished that the carbexylase from
animal tissues, either in homogenous form or in sell free
extracts requires the presenee of tricarboxylic acid
activetor e.g. citrate or isocitrate {(Martin and Vasgelos,

l.y 1974 &nd

1962; Kleinschmidt et al., 1%69; Lane et
Volpe and Vagelos, 1976}, without activato? homogenous

liver enzyme exists as s protomer (Mpss and Lane, 1972;
Guchhait et al., 1974). The addition of citrate leads %o
the formation of cetalytically active form of Enéymel

{Lane et al., 1975). Activation of the enzyme by Hg++
(Greenspan and Lowenstein, 1968) and o€ -Glycerol 3-phosphate
( Resmussen and Klein, 1967) has alsc been reported.
Phosphorylation of the enzéme inactivates whereas
'depﬁbaphorylatinn activetes the inactive acetyl-CoA
carboxylase (Lee and Kim, i977; Brownsey et al., 1977,1981:
Hardie and Guy, 1980; Hardie and Cohen, 1976a,b, 1979

Lent et al., 1578}, The activity of acetyl-CoA carboxylase
increases in parsiiel with the increased IiLOQEHic activity

of the gland during the transition from early to peak

lactation (Mackall and lLane, 1277; Martyn and Hansen,1581).

2.2.2 Ffatiy acid syntheimse:

This gnzyme is found in nature in two different
organisational forms. In plants and primitive becteria,
the seven enzymes of fatty acid synthetase complex exist
as discrete monofunctional proteins which can be isolated
individually. However, in the more advanced micrporganisms,

.yegsts, mold and animals, the component enzymes are
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integreted into a multienzyme complex, which has heen
purified as 2 single protein (Bloch and Vance, 1977).

Fatty acid synthetase has been purified to homogeneitv from
rat mammary gland { Smith and Anrgham, 1970; 1971a,h}, rat
liver (Burton et al., 1968; Nepakroeff et sl., 12757,
rabbit mammary gland {Carey and Dils, 1970; Strong and
Dils, 1972}, bovine mammary gland (Knudsen, 1972; Kinsella
gt al., 1975}, pigeon liver {Hsu et gl., 1965} snd human
liver {Roncari, 1374a). The fatty scid synthetase from
animal sources is obtained as @ oprotein of avoroximately
500000 molecular weight {Kumaxr et al., 1572: Yun and Hsu,
1972). Dissociation of this synthetese into 200, 000 -
250,000 myplecular weight subunits has been demonstrated
with both low ionic strength buffer (Kumer et sl., 1972:
Yun and Hsu, 1972} and prolonged storage at O - a°c
{Muesing et al., 1975). Jacob et al. {1968} studied the
covalent binding sites of the acetate and malonate to the
seluble pigeon liver fatty acid synthetase. Reoorts of

Yu and Burton L1975) confirmed the requirement of 4d-phosnho-
pantethedne group for fetty acid synthetase activity. Tt
possesses the properties similar {o those of acyl carrier
protein {ACP) isolated from E.Icoli (Qureshi st s1.,, 1974),

yeast (Willacke et al., 1969} and dog liver {Ronecari, 1974b).

The multienzyme complex from diffarent species
showed rrnarkahle physical and chemical similarities.
The molecular weight of the native enzyme has besn found

tg bhe 500,000, Ffatty acid synthetase from nabbit mammary
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gland has been found to have pH optimum of 6.5 - 6.8
{Hansen gt al., 1970; Carey et al., 1972). The major
product formed is palmitic acid. . The enzyme has been

shown to be cold labile. Upon ageing in the ecold, the
native enzyme dissociates into two identical half molecular

weight subunits whirh are inactive {Smith and Abraham,

1971b ).

2.3 Immunplogical properties of lipogenic enzvmes

Antibodies have been developed against some of the
lipogenic enzymes like acetyl-CoA carhboxylsse (Mackall and
Lane, 1977; Ahmad et al., 1978, 1981), fatty acid synthetase
(Smith, 1973; Volpe et al., 1973; Buckner and Kolattukudy,
1376) and 6-phosphoglucenate dehydrogenase (Betts and Mayer,
1975). Fisher and Goodridge {1978}, Smith (1973), Volpe
et al. (1973) and Gharbhi-Chihi et al. (1983) hsve remorted
the formation of a siﬁgle precipitin line on immunodiffusion
of the purified fatty aeid éynthetase from different sources
with the corresponding antibodies developed in rabbits.
Ahmad et al. (1978) and Betts and Mayexr {1975) have also
reported the formation of & single precipitin line pn
immupnodiffusion of the purified acetyl-Cuﬁ-carboxylase and

6~phosphogluconete dehydrogenase, respectively with the

antibodies developed against these enzymes.
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MATERIALS A&NI  MFTHODS

3.1 Chemicals:

Acptyl-foh, malanyl-FechA, dodecanovl-LoA,
palmitoyl-CocA, coenzyme A, glucbse-ﬁ-phosnhatE-
é-phosnhogluconate, isocitrate, micotinamide adenine
dinucleotide phosphate (NADP}, nicotinamide aden ine
dinucleotide phosohate reduced form {(NADPH), adenposine
triphosohate {(ATP), dithiéthreitol {DIT}, dithicerythrital
(BTE), §'-5"~dithiobis (2-nitrobenzoic acid) (DTNB),
glutathionr reduced, hovine serum albumin,{ Tris
hydroxymethyl amino methane}, HEPES buffer{ N-2
hydraxyethyl piperazine N2 ethane'sulfcnic'acidly
2,5-diphenyloxazone {PP0}, Phenyloxazolyl phenyl
oxazolylphenyl (POPOP}, acrylamide, NN'-methylene
bisacrylamide, N, N; N', N’-fetraméthyl ethyieﬁe dismine,
Coomassie brilliant blue, imidazole, BfAE—CeLlulnsa,
Sephadex G~200, Sevharose-28, calcium phgsnhate gel,
insulin {porcine pancrease) prplactin l;heep pituitary
gland} and cortisol were purchased from Sigma Chemiecsl

Compoany, MO, U.5.A.

¢'%.socdium bicarbonste and Eié—sudium acatate were
obtained from Bﬁabha Atomic Research Centre, Trombay,
Bombay. Medium 199 was purchased from Hindustan Dehﬁdrated
Medis, Bombay. Streptopenicillin (2 x QDﬁunitSXS“ml} weE
pbtained from M/s Alembic Chemical Warks Co. Ltd. Barcda.

Silicone oil was obtained from M/s S5.D. Fine Chemiragls Pvt.
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Ltd. Boiser, lLens papers (Microklin Brand) were obtgined
from M/s 3.X. Dutta & Co. Calcutta. Nutrient broth medium
weas purchased from OXCGID Lid., Basingstoke, Hants, England.
Agarose was obtained from Loba Chemie Indo-Austranal fo.
Bombay. All other chemicgls were either from HDH orx

Polypharm and were of analytical grade.

3.2 Experimental animals:

Mixed breed of goats-of approximately same age
which were in first or second lactation, were selerted from
the herd maintained st this Institute. The milk yield of
these animals was about | Kg per day. These animals were
kept under identical conditions of feédiﬁg and management

throughout the experimentsl period.

3.3 Follection of mammary tissue sembles:

Mammary tissue samnles were obtained from mid-
pregnant goats by surgical biopsy technique. The gnaté
were given 2 ml {50 mg) of largectil (M & B} as tranquillizer,
The milk was completely removed from the uddér before
upefation. The area of the udder to be nperatEd, was
cleanly shaved and aspplied with an antiseptic lotion.
local anaesthetic, procsine hydrochloride (3-4 ml) was
injected subcutanegusly. An incision of sbout 1—1?2" Was
made on the skin and the underlying connective tissue was
exposed. The mammary gland (sbout 2 gn) was taken ocut
and immediately kept in ice-cold pre~sterilized nommal
saline {.9% NaCl w/v). The whole process was nérformed

under well maintained aseptic conditions. The heemorrhage

was controlled by plugging the cotton and by soplving
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adrenzline drops. The incision was closed by suturing

the different layers and was treated as omer wound.

J.4 Processing of _the tissue:

The adincse and connective tissues were removed
and the glandular tissue washed repeatedly with normal
saline. The tissue was cut into small pieces
(approximately 1 mg 2ach) and were dipped in small quantity

- ef media for culturing purpose.

3.5 Method of explant culture:

The exnlant culture of the goat mammary tissue was
carried cut essentially aecording to the methed of Tooper
and Oka (1974). The precedure involved the following

steps.

3.5.1 Preparation of culture medis:

The culture media contained 1.% gm chemically
defined synthetic medium, Medium - 199 supplemented with
0.4766 gm of HEPES buffer; 0.0175 gm of sodium bicarhonates;
10 mg pot.sorbate and 1.1 m1 of sodium hydroxide (1 M) |
dissolved in a final volume of 100 ml with distilled water.
Tne pH of the content was adjusted toc 7.2. The media was
sterilized and 1000 units of streptopenicillin were addéd

per 10 m)l of media, before use for culture.

' 3,5.2 Preparation of silicgnized paper:

Siliconized lens papers were used as a support for
the small tissue explants to float on the media during
the culture. Prior to siliconization, the lens papers were

suspended in ethyl ether for 30 minutes end then ether was



.remoued by aspiration. This was done three times. The

samg procedure was then performed with 95% ethyl alcohol.
Finally the papers were washed four times for 15 minutes earh
with glass distilled water and dried at 37°C. Siliconization
was then accomplished by submerging the dried vaper in
silicon o0il: hexane (1: 1000 v/v) for 10 minutes ‘at room
temperature. After removal of silicone solution by
aspiration, epxcess silicone was eliminated by treatment

with hexane as described above. Agéin the paners were

dried at 3TDE ang plarced in covered petri.diﬁhes. Be fore
use, the paners were heated for 1 hr at 150°C in drv oven.
This final hesting served two purposes. First the lens
papers were sterilized and secondly the impregneted silirone

was modified so that it permitted the paper %o float.

N
3'5:3. Cultyure of explants:

Small pieces of the explants (about 25 exblants
approximately { mg each) were fransferred on a siliconized
paper which was floating on the medium in the culture dish
(BD mm dia). Ffach culture dish canta2ined 10 ml of
constituted medium 19%, glucose and specific hormeones at
varicus leﬁels wherever necessary. Ffour different sets,
consisting of 6 to 7 culture dishes each were made. One
set, in which hormones or glucose were not added to the
culture medium, functicned as control. Rest three sets
were experimental (combinatieon of hormones, glucose and
combination of hommones in addition with glucose treated
respectively). The whole nrocess was carried out under

aseptic conditions in BBL Biological fTabinet (BAL Mirro-
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biology System, Pivision, Becton Dickinson and To., USA)

equipped with U.V. lamn and laminar flow aof sterilized seir.

3.5.4 Masintemnance of culture:

Incubaticn was carried out in an sterilized inrgbateor
(previously swabbed with alcohol) normally for 24 hrs,
unless stated otherwise, at 37°C in the presenre of a
canstant flow of O, + [0, (93:5). All the ahove ogperaticns
were carried cut under sterile conditions. After rnulturing
the lens papers were remoyed from the -culture dish and
gently blotted te remove adhering medium. The explants

were then carefully collected with a fine forecep and

processed for enzyme as5aysS.

A.6 Monitoring the bacterisl contaminsation of the

culture media:

Before culturing and after harvesting, the culture
media were tested routinely for the bacterial and fungal
contamination. Sterilized nutrient broth (The DXDID
Manual, 1982), which contained all the nutrients required
for the growth of hacteria and fungi, wes used for testing
the conteminatien in the culture media. To ahout 10 ml of
pre-sterilized nutrient broth, 0,5 ml of culture medium |
was added with 2 presterilized pipette. The tube was then
vortexed and incubated at 37°C. In the event of any growth

in the medium upto 48 hrs of incubetion, the experiment was

discarded.

3.7 Freparation cf_cytposol:

The tissue samples, ccllected from different sets
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of petri dishes, were washed many times with the ice—rold
0.01 M Tris-HCI buffer (pH 7.4} centaining 0.25 M sucrpse,
1 mM DTE and 1 mM ENTA till the relour of mediz was
disappeared. The tissue was homogenized in fecur velumes
of the ice-cold buffer in a Duall (R} = 21 glass homogenizer
{Kontes Glass Co.U.5.A.). The homoqeﬁate was centrifuged
at 5000 x g for 10 minutes in refrigerated centrifuge
(Janetzki K-24) at 4°C to remcye nucleli and unbroken gells.
The 'supernatant was taken sfter disearding the floating

fat layer and filtered through cheese cloth. It was asgain
centrifuged at 105000 x g for 60 minutes in Beckman
L-Uléracentrifuge at 4°Cc, The pellet and the floating

fat layer were discarded. The supernatant was filtered
tgrcugh four layers of cheese cloth if necessary. The
particle free supernatant (cytosol) was used for

determinatien of the activities of the various enzymes.

3.8 Protein estimation:

The total protein in the cytosol was estimated
: L)

according to the method of lowry et al. (1951} using

bovine serum albumin as the standard.

3.9 fhzyme assays:

The enzymes assayed were: Acetyl-ToA synthetase,
acetyl-ToA carboxylase, fatty acid synthetase, medium-
chain and long.chain acyl thicesterases, glucose-6-
phosphate dehydrogenase, G-phosphegluconate dehydrogenase
and NADP-isocitrate dehydrogenase. All the enzymes were
assayed at B?OE under optimum conditions where the

~ activity was linearly related to protein (enzyme)
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cencentration and time of Incubation. The Bnzyme asSavs
wer2 done in duplicate. The dehydrogenases wexe measured
spectrophotometrically 2t 340 nm and the increase in
absorhance was measured. The extinction coefficient {F)
of NADPH 6.22 x 106 cmzfmale was taken for the calrulation

of the resulis.

3.9.1 Acetyl~CgA synthetase:

This enzyme was assayed as described by Paul (1962)
with some modification (Roughan and Slack, 1977). The
enzyme was assayed by the formation of radicactive
acetyl-CoA from radiocective acetate. The assay tubes
consisted of Tris—HCl buffer (pH 7.4}, 100 mM; MgE12.
S mM; KF, 50 mM; glutethione {reduced}, 10 mM; ATP, 40 mM;
CoA, D.5 mM; 2-E14—sodium acetate {2 pCi/u mole), 10 mM
and the enzyme in variable amounts im a finmal volume aof
0.2 ml., The tubes were incuebated at 37°E for 5 min.
Aliguots of 100 ul were spotted on the Whatman No.3 filter
paper discs. The discs were dried well and were immersed
in 5 ml of 0.25% (w/v) trichlorpacetic acid in ethancl:ether:
mixture {1:4] for 5 min. The snlvent was decanted. Vashing
was repeated three times. The discs were finally washed in
S ml of ether. The discs were air dried and transferred to
scintillation vials containing 10 ml of Bray's seluticn
{Bray, 1960} (POPOP, 100 mg; PP0, 2.0 g; ethylene glvcel,
10.C ml: methancl, 50.G ml; naphthalene, 30 gm and dioxane,
440 ml). The residual radioactivity was measured in

Seintillation Counter. An enzyme blank was prepared

simultancously.
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3.9.2 Acetvi-CoA carbgxylase:

Acetyl CoA carboxylase was assayed using el

bicarbonate fixation method as described by Markgll and
Lane {1977) with some modifications. The reaction

mixture (0.4 ml) consisted of imidazole-HCl buffer,

pH 7.5, 100 mM; glutathicne, 3 mM; potassium citrate,

20 mM; magnesium chloride, 20 mM; BSA, 0.6 mg: ATP, 3 mM;
acetyl=CoA, 1 mM; C14—sodium bicerbonate (0.5 pCi/p molel,
20 oM and enzyme protein {(0-250 ug).‘ Initially the

enzyme was preincubated at 37°C for 30 minutes with all
the components except ATP, acetyl-CoA and E1d—bicarbnnate.
ﬁfter_preincubatiun of the enzyme, the reaction was started
by:the addition of rest of the components. The complete
reaction mixture was incubated at BTDC'for € min and the
-reaction was.terminatEd by adding- 0.05 ml of 4N perchlorin
acid {HEIDd). The tubes were placed in am ice bath and
exXcess Elﬁh was precimitated by adding 0.1 ml of 2 M KC1..
The precipitasted protein and KE].U4 were allowed to settle
down {or centrifuged fer 10 minutes at ZDDU*g) and 0.1 ml
Isamnle of the clean supernatant was spotied on Whatman
No.1 filter paper disc of 2.2 cm dismeter. The disecs
were completely dried with a stream of warm sir which
removes any unreacted H14503 as 14502. The dises were
placed into scintillation vials and Scintillation fluid

was added. The samples were then counted in a Scintillation

Spectrometerx.



a¥

3.9.3 Fativy ascid synthriase:

The malonyl-Cof dependent oxidation of NADPH was
meosured sgpectroohotometrically according to the method
of Dils and Carey (1575). The assay mixture, in a fimal
volume of 1.5 ml, consisted of potassium phosohate bgffar
{ pH 6.85, 200 mMy DTE, t mM; EDTA, 1 mM; NADPH, 0.24 mM;
acetyl-CoA, 30 uM; malonyl-CnA, 50 uM and enough enzyme
protein to bring abcﬁt a change af 0.05 to 0.15 0.0, per
minute. The enzyme was preincubatea with buffer, DTE and
EDTA for 40 min at 37°C after which-the other components
excluding malonyl-UpA were added. The contents were mixed
and itransferred to the cuvette where the rsactibn -
initiated by the addition of malonyl-lnA. The decrease in
absorbance at 340 nm was measured. The extinction
coefficient of NADPH, 6.22 x 186 sz per mole wes taken
for celculation of results. A unit of enzyme activity

was defined as mnmoles of NADPH oxidised minu£ef1

3.9.4 TJhioesterase I and II or (lunq—chaig and mediun-

chain—acyl thicesterases):

Both thioestersse 1 and Il were measured by the
spectrophotometric method of Knudsen et al. (1976).
Thivesterase I was measured by the release of thio group
from palmitoyl-CoRA, whereas in the czse of thioesterase 11
the release of thiol group from dodecanceyl-ToA was
measured. Spectrophotometric measurement of the complex
formed by the reacticm of DTNB (5'5'=dithiobis {(2-nitro-
benzoic acid) with the relessed thiol groups was carried

out. The assay mixture (1.5 ml) contained 0.4 M Tris HfI
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buffer (pH 7.4}, EDTA, 1 mM; DTNB, 0.2 mM (in 10 mM
phosphate buffer, pH 7.4) and enzyme protein. Thé
reaction was started by adding 40 uM ascyl-Ceh and follwed
in a Spectrophctometer at 413 nm. The amount of thiol
relezssed wes calculated from molar extinctien ngeffirient

E of the complex, 1.36 x 1Uﬂ litre rrn:nle“1 c:m_1 (Means

and Feeney, 1971). A unit of enzyme activity is descrihed

&s the liberation of 1 n mole of CoA minute .

3.9.5 NADP-isocitrate dehydrogenase: This enzvme was

assayed according to the method of Cleland et al. (19549).
The assay mixture in a final volume of 1.5 ml had the
following components: Tris buffer (with EDTA 1 mM and
DTE 0.3 mM, pH 7.4), 33 mM; MaS0,, 1,33 mM; NADP, 0.1 mM;
isocitrate, 1.33 mM and enzyme preparation. The reaction

was initiated by the additian of the substrate.

3.9.6 S—PhQSphoqlucunate dehydrogenase;

The enzyme was assayed as described by Bauman et 31.
(1970). The assay mixture in the final valﬁme of 1.5 ml
consisted of Tris buffer (pH 7.4) 67 mM, Mg 512, 10 mM;
NADP, 0.1 mM; 6~phusph091uconate, 1.4 mM and the
appropriate amount of the enzyme preparation. The reaction
vas allowed te proceed with all the components except
substrate until the reaction ceaséd at which time the
substrate was added. The increase in abhsorbance at 340 nm

was noted for atleast 3 minutes.
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3.9.7 Glucosg—6-nhasphate dehydrogenase:

This enzyme was assaved hy the double method of
Bauman et al., (1970). In one cuvette all ¢he comoonents
of 6-phosrhogluconate dehydrogenase assay mixture were
taken and in the second cuvette, in addition to the above
assay mixture, glucose-6-phosphate (1.4 mM) was alse added
in the final volume of 1.5 wl, The rate of NATUPH formation
in cuvette-{ provides an estimate of G-phosnhae gluronate
dehydrogenase activity, whereas in cuvette-2 the rate
included both glucose—-6-phosphate dehydrogenase  and
6-phosphogluconate dehydrogenase activities. The
difference in the rate of reaction in cuvetie 2 to cuvette—1

gives the activity of glucose-é-phosphate dehydrogenase.

3.10 Purification of fa%tv acid synthetase:

Fatty acid synthetase was purified according to the
method of Dils end Carry (1975}, following the steps

mentioned as below:

3.10.1 Prepsration of particle free subernatant solution

All operations were carried out at 0 - 4°C. Mammary
tissue (about 500 g wet weight) was obtained from lactating
goats from the local slaughter house. Thekmammary tissue
was cut into strips about 0.5 mm wide and thorﬁughly washed
with 0.15 M KC1 to. make it milk free, followed by fine

mincing with scissozs. The tissue was homcgenized with 3-6
volume of Tris-Hcl buffer 0.01 M coentaining 0.25 M sucrose,

1 mM DTT and 1 mM EDTA (pH 6.8) in a Potter Elvehjam

homopgenizer. The homogenate was filtered through a single
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layer of cheese cloth and subjected to low speed centri-
fugatien (5000 x g) to remove cell debris andg other
particles. The flpating fat layer was carefully removed,
The supernatant was recentrifuged at 35,000 rom {105,0C0C xg)
for 60 minutes. The flosting fat layer was carefully
removed. The particles free supernatant contaimed the

fatty acid synthetase activity.

3.10.2 First ammonium sulfate fractionastion:

The supernatant solutiom was thawed slowly at 4°C.
Solid ammonium sulfate wes added at fhe rate of about
1 gm/min/100 ml to bring the seturation to 25%. The
sediment was removed by centrifugation at 15,000 x g for
15 min. More ammonium sulphate was added in a similar
manner to the supernetant to achieve s 40% saturation.
Thelprntein precipitated between 25 - 40% saturation was
collected and was dissclved in minimum emount of phosohate
buffer (0.1 M, pH 7.D) containing 1 mM EDTA and 1 mM DTE,.

This was dislysed against the same buffer far 10 hrs.

3.,10.3 Caleium phosnhate gel treatment:

Maximum purification is generelly achieved with
0.4 to 0.5 mg of gel/milligram of the protein depending
upon the batch of the gel. The protein solution was
gently stirred and mixed with calcium phosphate gel for
2 minutes. The gel was remeved by cenfrifugation at
1500 x g for 15 minutes. The gel was washed twice with

S0 mM potassium phosphate buffer {(pH 7.0) and the three

supernatants were combined.
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3.10.4 DEAE-Cellulpose chromatography:

DEAf-Cellulose was washed succeSsively with 0.5N.
NaOH, water, 0.5 N Hspﬂdg water and 25 mM potassium
phosphate buffer (pH }.D) containing 1 mM EDTA, 1 mM DTE.
The slurry was poured into glass calumn (2.2 x 25 cm) to
a bed height of about 23 ecm. The supernstant from the
step 3.10.3 was applied to the column. Normally not more
than 350 mg of protein was chromatographed on the column.
The enzyme was eluted with a linear gradient of 50 - 250 mM
of potassium phosphate buffer (500 ml) at a flow rate of
1.5 to 2 ml/minute. 5.0 ml of fractions were rollernted.
The pesk of synthetase sctivity correspnnqing to the major
protein peak was eluted at 110 mM. Fractions showing the
high enzymatic activity were carefully pooled, causing
least disturbance to the solution. Mechanical disturbance

of the eluent causes precipitation of denatured proteins.

3.10.5 Segond ammonium sulphate fractionation:

The pooled fractions were again subjected to ammonium
sulphate precipitation. The protein pracipitating between
26 and 32% saturation was dissolved in 2-5 ml of .25 M
phosphate buffer (pH 7) containing { mM EDTA, 1 mM OTE and
20% glycerol and was diaslyzed agsinst the same buffer for
2 hours. The dialysate was centrifuged at low speed

(3000 x g} to remove any denstured protein and the centendts
was frozen.

3.10.58 Sephadex G-=200 chromstography:

The procedure was carried out at 20°C. A column of
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Sephadex G~200 U1 x 15cm) equilibrated with 0.25 M
potassium phosphate buffer (pH 7.0} containing 1 mM FDTA,
1 mM EDTA, 1 mM DTT was pbrepared and enzyme solution was
applied to it. Since the enzyme is relatively stable in
high ionic strength buffer at ZUQC. the Sephadex can he
conveniently developed overnight with 0.25 M potassium
phosphate buffer (pH 7.0} containing 1 mM FDTA and 1 mM
DTT. A Tlow rate of 5-8 ml per hour was maintained and
fractions of 2-3 ml were collected. Fatty acid synthetase
activity was eluted with a relafive retention volume
(elution volume/void volume) of 1.15 and a single protein
peak was obtained. The active fractions from the leading
edge and the main section of the peak were pooled,
Fractions from the trailing edge of the peak sometimes
contain fatiy ecid ouf lower specific activity and wezre

therefore routinely discarded.

3.10.7 Polyacrvlamide gel electrophoresis:

‘The pnlyacrylamidé gel electrophoresis was carried
out according to the method of Weber and Osbeorn (1969).
Gel rods (60 x 4 mm) of 7% scrylamide were prepared in
30 mM Tris—-glycine buffer (pH B.4). The purified enzvme
(100200 pg)rin Saturéted sucrose solution was applied
to the cathode end of the gel rod. Bromophenol blue was
used as s tracking dye. Electraphofesis was carried out
2t voom temperature in 30 mM Tris—glycine buffer (pH 8.4)
for 60-80 minutes with a current maintained at 2.5 mA per
gel. After the electrophoresis, the gelswere removed

from the tubes and stained with Coomassie hlue {(0.1% in
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isopropancl:acetic acid:water, 25:10:65) for 12-16 hre.

The gels were then destained with 10% aceties acid.

3.1 Purificetion of acrtyl-CgA rmrhoxylase

Acetyl-CoA carhoxylese wes purified according to
the method of Miller and Levy 11975), which involved the
following buffers:
t1) Buffer I contained 2-mercaptoethannl, 7 mM; FFTA.
1.0 mM; glycerol (20%); and imidazole-HC1, 50 mM with
final pH 6.5.

\2) Buffer Il contained 2-mercaptoethanol, 7 mM:
EDTA, 0.1 mM; glycerol, (20%); imadazole-HC1, 50 mM and
patasgium critrate, 20 mM with final pH 6.5.

(3) Buffer II] contzined 2 mercaptoethanocl, 7 mM;:
EDTA 0.1 mM; Glyecerol 120%); imidszole-HCl, 5 mM: and

MgSDa T HED' 50 mM with final pH 6.5.

The purifiestion proeedure involved the following

steps.

3.11.1 Prepearation of extract:

Tissue was obtained from the lactating goat mammary
gland from the loeal slaughter house. The mammary tissue
was cut into small pieceé and thoroughly washed with 0.15M
KC1l to make it milk free which was followed by fine minring
with scissors and mixed with 2 volumes of buffer I. The
tissue was homogenized for { min. in Potter—Flvehjam homoge-
nizer. The homogenate was filtered through a single laver of
cheese cloth and subjected to centrxifugation for 10 min. at

2000 x g- The fat layer and precipitate was discarded gnd



54

the supernatant solution was recentrifuged for 45 minutes
at 10,5000 x g. TYThe precipitate and the small amount of
fat was discarded and the supernatsnt solution was

filtered as above.

3.11.2 Ammonium sulphate precipitstion:

The enzyme was precipitated by the addition of
ammonium sulphate to 50% of saturation. The suspension
was allowed to stand overnight and the precipitate was
then sedimented by centrifugatien for 30 mintues st 23,008xg.
The precipitete was redissolved in buffer I. The ssolution
was dislyzed against the huffer II] for iﬁ-haurs witﬁ
three changeé of buffer. The enzyme solution was sgain
centrifuged for 30 minutes at 23,000.x g to remove any

denatured prpotein resulting from dialysié'p‘rncessu

3.31.3- Negative sbsorption with DE-52:

‘The supernatsnt sclution wes placed onto the column
of DEAEeCellyluse {40 x 500 mmi gquilibereted with buffer=I111.
The column was prepared and run at room temperature.
Buffer T11 was added o wash through the enzyme, which did
not adhere to the ion exchenge resin. The enzyme was then
canecentrated to 11 to 12 mg of protein/ml in a Niasfle
ultrafilteration device, model 400, containing s UM-10
membrane. This was essential in order to prevent undue

loss as a result of dilution in the next step.

3.11.4 Ammdnium suiphate fractionstion:

An equezl volume of neutralized saturated smmonium

sulphate was added to the concentrated enzyme solution



55

and the suspension was allowed to stand overnight. The
precipitate was sedimented st 23,000 x g for 30 minutes
and the supernatant solution was discarded. The
preciritste was dissolved in appreximately 25 ml of
buffer I containing 40% ammonium sulfate, stirred faor 10
minutes and the contents centrifuged for 10 minutes at
23,000 x g- The supernatant stored for further enzyme
assay. The procedure was repeasted d_times, each with
15=20 ml of butter-I econtaining 30, 28, 10 and 0%
ammonium sulphate, respeativély. THEIbulk cf the enzyme
activity was always found in-the fractions eluted with
the buffers containing 10 and 0% ammonium sulfate. These
were puﬁled and the enzyme was precipitated by addirg
enzyme gréde ammanium sulfate to 30% saturation. The
content was kept for 1 hour snd was sedimented for 30
minutes at 23,000 x g. The supernatant solution was
disesrded. The precgpitate was redissolved in buffer 11,
to give & protein concentration of 20 - 30 mg/ml. There
were always two visibly different components on redissolving
the precipitate. One portion dissolved within a few heours
whareas the cther vsuvally took 3 days to dissalve

completely.

3.11.5 Gel filtratien on Sepharose 2 B:

The enzyme sclution contsining both components of
preciﬁitate as ohtained from step 3.11.4 was applied to
Sepharose 2B column (25 x 450 mm} equilibrated with
buffer II. The elution was done at room temperature {25°c)

under a hydrostatic head of 50 em of huffer, with a flow
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with staining solution prepared by dissolving 1.25 gm

of Coomassie brillisnt blur in a mixture of 454 ml of 50
methancl and 46 ml of glacial aretir acid. Steining was
done.at room temprorature. The time varied from 2 tg 10
hours. The gels were removed from the staining solution,
rinsed with distilled water and placed in desteining
solution (75 ml of acetic acid, 50 ml of methancl and

B75 ml of water). The gels were stored in 7.5% acetic

acid solution.

3.12 Preparation of antisera:

Antisera were réised against the msbove mentioned
purified enzymes viz. fatty acid synthetase and acetyl-ToA
carboxylase. Antiserum was also developed against
glucnse—ﬁ-ﬁhosphaté dehydrogenase, which was obtained
from Sigma Chemical Company, MO, USA. Antiserum for each
enzyme was prepared by the method of Bucknex and
Kolattakudy (1976) by immunizing different groups of
rabbits for different enzymes. Approximately S mg of
each of the purified enzyme was dissolved in 0.5 ml of
0.9% NaCl and was emulsified with 1.0 ml of coemplete
Freund's adjuvant. The highly homogenized water—-in-oil
emulsion was prepared by repeatedly drawing in.and
injecting the emulsion. The thoroughly homogenized
emulsion waes colourless and remained unaltered when kept
overnight. The emulsion was injected Ssubcutaneously inteo
rabbits at multiple sites. Two weeks after the first
injection, 3 mg pf each of purified enzyme protein,

emulsified with incemnlete Freund's adjuvant was injerted
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inte the rabbits. Two weeks after the secend injection,
the rabbits were bled from the margingl ear vein. Blood
was collected in perfectly clean and dry tubes. Maximuym
care was taken to avoid hemolysis. Tubes were kepi
undisturbed for 2 hcurs 2t room temperature and were kent
at JDC for 30 minutes for clot retraction. Later the
tubes were centrifuged at 3000 rpm for 10 minutes and the
antiserum wes collected for each enzyme in 1 ml;serum

Q
vials and stored at -20 L.

3.13 Immuno-diffusion studies:

Double diffusion analysis was done arcording to the
method of Ouchterlony (1966). Microslides {75 x 25 mm)
were coated wifh 3 mm thick 1% agarose in 0.5% sodium
chloride solution. The agarose was heated to 95°C and was
allowed to cocl at room temperature. When the temperature
reached 45°C, 3-4 ml of agarose was poured gently on the
slide with the help of syringe so that the gel was layered
evenly over the slide. The gels weré allowed to solidify
and the wells were cut using the gel punch. All the
microslides were pre-coated with 0/1% agar solutien to
form a thin bassl layer, prier to this proceduze. for
testing the antibodies formation against each above
mentioned enzyme the central weil was filled with the
respective enzymes and the peripheral wells with the
antisera raised against each enzyme. The charged slides
were kept at 4°C for diffusion and the appearance of
preuipitin bands were gbserved after 24, 4B, 72 and 96

hours. Nonagglutinated protein was removed from the
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agarose by xepeated washing with 0.9% NaCl and the Nafl’
was removed by washing with distilled water. The '
agglutinated protein hands were stained with solution of
0.5% amido black 5% mercuriec chloride ngClzJ in 5%
acetic arid for 2 to S minutes. Excess dye was removed

from the agarose with 5% acetic acid.

3.14 Rocket immuno electrophoresis:

In order toc estimate quantitatively the fatty acid
synthetase, acetyl-CoA carboxylase and glucose-6-phosthate
dehydrogenase from the explant cultured tissue, the rocket
immunoelectrophoresis by the method of Laurell (1946) was
employed. Ffor this purpose 1% agarose was melted in a
barbital buffer-(ionic strength 0.07M,pH 8.6) on a boiling
water bath and ﬁoaled to 450E. The desired amount of
antiserum was added and carefully mixed with the fluid
agarpse, The agarose antiserum mixture at s temperature
of 40=45°C was poured gently on the small glass plates
through a pipette so that a uniform layer of agarose
antiserum was formed. The plates were left for atleast
30 minutes to cool down to room temperature. Holes (3-3,Smm
diameter) were cut in the agsrose gel along the line 2 cm
from and paraellel with one of the 1ahg edges. The
distance between the centres of the adjacent holes was

at least B8 mm. The holes were filled with antigen solution.

The glass plates were placed on the conled surface
(2°C) of the phaerograph and connected with the elertrode

vessels by agerose sheets, filter paper strips or linen

bridges.
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The electrophoresis was run with 10 volits/em for
2 to 10 hours, depending upon the charge and amcunt of
antigen applied in reletion to antibody concentration
and/or desired exactness of the estimastion of peak height.
The height of the various peaks formed c.ould be measured

directly under dark field illumination.
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RESUYULTS




ESULTS

To investigate the effect of homones on the lipid
synthesizing capacity of the mid-pregnant goat mammary
gland, a combination of optimal concentrations of insulin,
prolactin and cortispl were used (i.e. each hormone 5 ug/ml
of medium) during explant culture. The effect was seen
on various lipogenic enzymes viz. acetyl-LoA Synthetasé,
acetyl-CoA carboxylase, fatty acid synthetase,medium-
chain scylthiocesterase, long~chain acylthiocesterase,
MADP-isccitrate dehydrogenase, glurose-f-phogphate
dehydrogenase and 6-phosphogluconate dehydrogenase, which
_play a major role in regulating the oversll rate of lipo-
genesgis in maﬁmary gland.l The effect of glucose alone and
in combination with optimal concentration of the zbove
hormones was ‘also seen gn lipogenesis in mid~pregnant gost
mammary gland. Studies were further extended to observe
the effect of combination of hormones, glucose and
combination of hormones in addition with glucose on the
rate of synthesis of some of the lipogenic enzymes viz.
scetyl-CoA carboxylsse {which is considered to be the rate
limiting enzyme in fatty acid synthesis), fetty acid
synthetase and glugose.b-phosphate dehydrogenase. In
sequel to this study, the acetyl-loA :érboxylgse and
fatty acid synthetesse were purified to homogeneity from
the goat mammary gland tissue. Antibodies were raised
against these enzymes in rabbits. Antibodies were also

raised against &6tandard glucose b-phosphate dehydrogenase
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procured in purified foim. Immunological studies were
conducted to investigate the effect of above mentioned
experimental conditiens on the amounts or rates of
synthesis of these enzymes in explant cultured tissue of
mid-pregnant geat mammary gland.

The results of the present study have been‘divided

into the following four sections.

Section - A

4.1 Fffect of hormones and glucose on the lipogenie

activity of mid-pregnant goat mammary gland.

4.1.1 Acetyl—-CoA synthetsse:

4.1.1.1 Effect of combination cf hcrmones:

The effect of combination of insulin, ﬁrulactip and
cartisol was studied using 5 pg of each hormone/ml of
medium-19% during explant culture. The Table-1 and Fig.f
show the effect of combination of hormones an-the specific
activity of acetyl-CoA synthetase at various intervasls F
of incubation i.e. 12, 24 and 36 hrs of inEubation at 37°C
in & gaseous atmosphexe of oxygen:carbon diAXide (96:5}. |
The mediuh, in which hormones or glurose were not sdded
during incubation period, served as control in the
experiment. It is obvious from the results that the
specific activity of acetyl-CoA synthetase increased
markedly; about 2-fold {3%.084 to 77.86) in the presence
of insulin, prolactin and cortisol after 12 houxs of

incubation or explant culture., On prolonged incubation

with hormecnes the specific activity of enzyme increased



Table .

-1

Effect of incubation time on the sctivity of
acetyl-CoA svnthetase.

2.No. Treatments n moles of acetyl-CoA formed/
min/mg of protein
Incubation Time (hrs)
12 24 36
1. Medium 39.04 44.28 45.G9
2. Mrdium + 77.G6 96.38 115.69
hormones ¥ *
3. Medium + 60. 66 13.46 90.45
glucose**
4. Medium + 87.95 136.89 175.5%
hormones®* +
glucose**

* Concentration of insulin, prolactin and
cortisol used was 5 ug/ml of culture medium
each hormone.

*% Cogncentration of glucose added to the medium

was 2 mg/ml of culture medium.



€ffect of combination of hormones
and glucose on the specific activity
of acetyl-CoA synthetase during
different houxrs of explant culiure:

(A}

vB )

()

(D}

In the absence of

hormones and glucose { 0—2D
In the presence of { 0—10
ho rmones

In the presence of © | M-y
glucose

In the presence of i &—D

hormones and glucase
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or combination of hormones during -the respective hours

cf incubation.

Aet1.2 Acetyl-Col carboxylase

4,1.2+1 E£ffect of Combingtion of hormones:

The combined effect Gf\insulin, vrolactin and
cortisol was studied on the speeific activity of acetyl-CoA
carboxylase at different hours of incubation.

Table=2 and Fig-2 show the effect of insulin,
pralactin and cortisol on the specific activity of
acetyl-CoA carboxylase after 12, 24 and 36 hours of
incubation. The specific activities of acetyl-CoA
carbpkylase increased significantly to 4.25, 5.26 and
5.97 after 12, 24 and 36 hours of incubstion. This
increase was sbout ?2-fold as compared to the contrel-
experiment where medium-199 was used =nd the speeific
activities of enzyme after respective hours ef incubation.

were found to be 2.04, 2.58 and 2.68, respectively.

4.1.2.2 Effect of glurcose:

The effect of glucose gn the specific activity of
acetyl-CoA carboxylase at varied hours of incubation has
been shown in Table 2 and Fig.2. The specific activities
of acetyl-CoA carboxylase were found te be 3.%0, 4.22 and
5.02 after different hours of incubation (12, 24 and 34
hours} in comparisen to thaﬁlcbserved in the case of
control experimenis which were 2.06, 2.58 and 2.68 at the

gimilar hours of explant culture incubation.



Effect of incubaticn time en the artivity of
acetyl-ToA carboxvlase.

5.Nc . Treatment n moles of tC14J bicerhonate
incorporated into malonyl-fghA/
min/mg protein

Incubation Time (hrs)

12 24 K3

1. Mf’dium 2-06 2.58 9_-68

2. Medium + 4.25 5.26 5.97
ho rmcnes®

e Medium + 3.90 4,22 5.02
glucose**

4. Medium + 6.05 h.52 7.68

hormones® +
glucose*~

* The conrentration of insulin, preartin and
cortisol used were 5 ug/ml of culture medium

each.

#* The concentration of glucose used was
2 mg/ml of culture medium.



Fig. 2. Effect of combination of hormones
and glucose pn the specific activity
of acetyl-CoA carboxylase during
different hours of explant culture:

(A} - In the absence of { 0—0 }
hormones and glucose

(8) In the presence of { §—-8 )
hormones

(C} In the presence of {( Xe=—=x )
glucose

(D) In the presence of { & )

hormones and glucose
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4.1.2.3 Effect of glucose with hormones combination

Table 2 and Fig.2 also show the effect of gluepse
in combination with insulin, prolactin and cortiscl on
the sprrifin activity of acetyl-foA carboxylase. The
specific ectivities of acetyl-CoA rarboxylase were increased
considerably by 2-3-fold i.e 6.05, 6.52 and 7.08 from 2.06,
2.%8 and 2.60 after 12, 24 and 36 hours of incubation.
Thus, specific activities; so nhserved: when glucose in
addition with combination of hormones was used in culture
medium, were comparatively higher than those when either
hormones or glucose was added to the culture medium-

separately.

4.1.3 Fatty 2cid synthetase

4.1.3.17 Effect of cpombhination of hormones:

The effect of combination of hormones i.e. insulin,
prolactin and cortisol was studied on the specific
activities of fatiy acid synthetase at different hours of
incubation. The specific activities of the fatty acid
synthetase increased markedly in the presanée of insulin,
prolactin and cortisol from 31.83, 36.19and 37.92 to 50.31,
57.51 and 74.02 after 12, 24, and 36 hours of explant

cultures, respectively (Table 3, Fig. i)

4.1.3.2 FEffect of glucpse:

The results for the effect of glucose on the
activities of fatty acid synthetase at different hours of
incubation hawbeen shown in Table 3 and Fig.3. When the
culture medium was supplemented with glucose, it resulied

in a8 substantial increase in the specific activities of



Table - 3

Effect of incuhation time on the activity of fatty
acid synthetase.

S.No. Treatment n moles of NATNPH oxidised/
min/mg of protein

Tncubation Time (hrs)

12 24 36

. Medium 31.83 36.10 37.92

2. Medium + 50. 31 57.51 71.02
he rmones®

3. Medium + 37.29 42, 40 54.44
glucosp**

4. Medium + a4 .71 79.45 76.93

hormones¥* +

glucose *¥

* The concentration of insulin, prolactin and

cortisol used were 5 ug/ml of culture medium

each.

#* The roncentration of glucose used was 2mg/ml
cf culture medium.



Effect of. combination of hormones
and glucose on the specific activity
of fatty acid synthetase during
differsnt hours of explant culture:

{A} In the absence of ( 0—=0 }
hormones and glucose

(B) 1In the presence of ( 8—0 )
hormones

tC)} In the presence of { Xe—wx }
glucose '

{D}) In the presence of { &r=—aA )

hormones and glucose
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Tatty acid synthetase tc 37.29, 42.40and 54.44 after 12,
24 and 36 hours of incubation as compared to those in the
control experiment, which were found to he 31.83, 36.10 and

37.92 afiexr tihe same hours of incubaticn.

4.1.3.3 fffect of glucose in combination of hormones:

The Takle 3 and Fig.3 also shows the effect of
glucose in combinaticn of hormcnes on the specifin activities
of fatty acid synthetase. It was observed that hormones
combination and glucose together significantly increased
the specific activities of fatty acid synthetase to
approximately 2-fold (from 31.83, 3A.1 and 37.92 to 64.71,
79.45 and .76.93) as observed in the case of control
gxperiment at 12, 24 and 36 hours of incubation, respectively.
The specific activities of the fatty aéid synthetase were
always higher as compared to the activities observed when

the incubation was carried out in culture medium containing

either glucose or combination of hormones,

4.1.4 Medium—chain acvylthioesterase:

It is obvious from the Table 4 that the activity of
medium—chain scylthioesterase could not be detected in any
of the experimental conditiahs i.e. controcl, hormones
combination, glucose and glucnse.in combination of hormones

treated experiments.carried out at different periods of

incubation.

4.,1.5 Long-chsin acylthiocesterase:

4.1.5.1 Effect of combiration of hormones

The effect of combinztion of harmones {(insulin,



Table - 4-

Effect of incubation time on the activity of
medium—chain acylthivesterase.

S5.No. lIreatment n moles of thiol grouo
re leased/min/mg of protein

Incubation Time {hrs)

12 24 a6

1. Medium ND ND ND

2 Medium + ND ND ND
ho rmonges™®

3. Medium + ND ND ND
glucose**

4. Madium + ND ND ND

ho rmones*® +
glucose*¥

* The concentration of insulin, prolactin
and cortisol used were 5 ug/ml of
culture medium each.

#%# The concentration of glucose used was
2 mg/m)l of culture medium.

ND= Not detected.



Table - 5

Effret of inrubation time on the activitv of long-
chain acvlihiorsterase.

9.Ng. Treatments n moles of thiol groun
released/min/mg of orotein

Incubation Time {hrs)

12 24 a6
1. Medium 4.51 4.95 4,10
2. Medium + b.21 T.27 4.75
ho rmonegt
3. Medium + 5.36 6.05 4,20
glucose**
4. Medium + 6.44 £.93 4.131

ho tmones*® +
glucose®**

* The concentration of insulin, prolactin and
cortisol used were 5 ug/ml of culture medium

each.

*x  The concentration of glucose used was 2 mg/ml
of culture medium.



Fig. 4. Effect of combination of hormones
and glucose on the specific
activity of long-chain acyl
"thioesterase during different
hours of explants culture:

(A} In the absence of ( 0—0
hormones and glucose

{ B) In the presence of ' { 0—D
: hormone s

(c) In the presence of { Xe——x
glucose

(D) In the presance of [ A-ep
hormones and glucose
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observed as 5.36 and 6.05 at 12 and 24 hours of inrubstion.
Whereas in the control experiment the specifir acrtivities
were obteined as 4.51 and 4.55 after the corresvonding
hours of incuhation. MHowever, no change in the sperifir
activity could ht gbserved during 36 hours of incuhation

with glucose.

4,1.5.3 Effect of glucose in combination of hormones

The combined effect of combination of hormones and
glucose was seen on the activities of long-chain acylthio-
esterase as given in Table 5 and Fig.4. The results show
that the addition of hormones in combination with glurose
in culture medium resulted in the increased specifie
activities of long-chain acylthioesterase, to 6.44, 6.53
and 4.3%1 from 4.51, 4.95 and 4.10 as obsexved in the case
of eontrol experiment at 12, 24 and 36 hours of incubation,
respectively. However, the extent of increase in the
specific activities of long-chain acylthioesteraese was
comparatively less when explant culture was carried out

alone with combination of hormones {insulin, prolactin, and

cortisol).

4.1.6 Glucose 6-phosphate dehvdrogenase:

4.1.6.1 €Effect of combination of hormones:

To ohserve the effect of insulin, praolartin and
cortisol on the activity of glucose-f-phosphate
dehydrogenase a combination of optimel concentration of
each of these hormones wass used in the medium. Table 6
and Fig.5 show the effect of combination of hormones on

the activity of glucose-6-phosphate dehydregenase at
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varying periods of incubation at 12, 24 and 36 hours.

The specific éctivity of glucose-6-phosphate dehydrogenase
incrensed markedly, abtout 1.5-fold from 51.8%1 to 83.82 in
the presence of insulin, prolactin and cortisel after 12
hours of incubation. On prclonged incubeation with the
same combination of hormones the specific activities cof
the enzyme increased to 86.75 and 91.25 after 24 and 36
hours of incubation. respectively. Whereas in the contreol
experiment the specific activities of the enzyme werr
considerably lower {51.81, 53.58 and 54.25) at 12, 24 and

36 hours of incubatien, respectively.

da1q6-2 EffEct of qlucUSE

Table 6 and Fig.5 slso show the effect of glurose
on the specific activities of glucose-H~phosphate
déhydrOgenase at different hours of incubation. The
addition of glucose in the culture medium markedly
increased the specific'activitieé of glucose~é-phosphate.
dehydrogenase to 61.45, 68.23 and T4.31 at 12, 24 and 36

.

hours of incubation, respectively from 59.81, 53.58 and

54.25 at the corresponding. hours of incubation in the

case of control.

4.1.6.3 €Effect of glucose in combination of hormones:

The combined effect of hormones combination and
glucose was observed on the specific activity of glucose-
-é-phosphate dehydrogenase (Tahle 6 and Fig.5). It is
evident from the results that glucose in combination with
insulin, prelactin and cortisol remarkably increased the

specifir activities of glucose-b-phosphate dehydrogenase



Table —~ 6

Effeet of incubation time on the artivitv of
glucose~b6-phosnhate drhydragenase. -

S.Mog. Trratments n moles of NANPH formed/min/
mg of rrotein

Incuabtion Time (hrs)

12 24 36
1. Medium 51.81 53.58 54.25
2. Medium + 83.82 B6.75 91.25
ho tmones™*
30 MEdiUm + 61045 68-25 ?4-31
glucose**
4. Medium + 90.82 102.85 107.95

hormones* +
glucose** -

¥ The conceniration of ingulin, prolactin and
cortisol used were 5 ug/ml of culture medium

each.

** The concentration of glucese used was 2 mg/ml
of culture medium.



Fig. 5. Effect of combination of hormones
and glucose on the specific
activity of glucose~G-phosphate
dehydrogenase during different
hours of explant culture:

{A) In the absence of { 0—20 )
ho rmones and glucose

LR) In the presence of ( 0—a
hormones

{(C) In the presence aof { Xe—mex
glucose

(D) In the presence of G —

hormones and glucose
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to almost 2-fold, from 53.81, 53.58 and 54.725 {in the pase
of control experiment} to 90.82, 102.85 and 107.95 after
12, 24 and 36 hcurs of inﬁubatiun,resnectivelv. These
values were strikingly higher than those found in the emases
when either glucose or hormenes wers added seoarately in
the explant culture medium and the explant rulture was

carried out for ithe corresponding hours of incubation.

4,1.7 6~phosphogluconate dehydrogenasge:

Similaf experiments ss mentioned in the case of
glucose—G-phosphate dehydrogenase were conducted for
G-phosohogluconste dehydregenase to sep the gffect of
camEinaticn of hormones, glucose and glucose in addition
with hormone combination, on the specific activity of

64phosphoglucunate dehydrogenase.

4.1.7.4% Fffect of comblnation of hormanes :

The effect of insulin, prolactin and cortiscl in
combination was studied on the specific actiyities of
6-phosphogluconate dehydrogenase at different hours of
incubation. As it is obvious from the Table 7 and Fig.§&
that the combination of hormones increased the specifie
activities of 6-phosphogluceonate dehydrogensse at
different hours of inéubatian, The specific setivity of
g~phosphogluconate dehydrogenase incresased significantly
about 1.5~Ffold, from 54.56 to 82.52 in the presence of
hormones combBination in the culture medium after 12 hours
of incubstion. On prolonged ingubation, the specifire
activities of s-phosphogluconate dehydrogenase incressed

to 92.98 and 105.80at 24 and 36 hours of incubation



Tahle — 7

Effeet of incubation time on the activity of
6-phosnhogluconate dehydrogenase.

S.ilo. Treatment ' n moles of NADPH formed/
min/mg of protein

Incubation Time (hrs)

12 24 36
1. Mledium 54,57 57.70 60,57
2. Medium + 82.52 92.98 105.80
ho ruones*
3. Medium + 66. 31 79.64 B7.46
glucose **
a. Medium + 86.22 95.92  113.76

hormones* +
glurose *¥

* The concentration of inSuliﬁ. prolsctin and
cortisol used were 5 ug/ml of cultuze medium

each.

*%* The concentration of glucose used was 2 mg/ml
of culture medium.
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period, respectively.

4.1.7.2 Effect of qlucose:

Table 7 and fig. 6 also depici the effect of glurose
on the specific sctivities of 6~-phesSnhogluconate dehvdrogenge-
ses, The addition of glucose in the culture medium
significantly enhanced the specific activities of g-phospho-
gluconate dehydrogenase from 54.56, 57.70and 60.5 to 68.31,
79.64 and 87.46 st 12, 24 and 36 hours of incubation, |
respectively, However, the increase in the specifiec
activities in this case was comparatively less as compared
to those observed during the incubation, carried ocut in the

presence of hormenes combination.

4.1.7.3 Effect of gqlucose in combination of bormones:

Table 7 and Fig. 6 show that glucose in combination
withinsulin, prolactin and cortisol, significantly
increased the specific activities of 6-phoschogluconste
dehydrogensese to B6.22, 95.92 snd 113.76 st 12, 24 and 3§
heurs of incubation. Morecver these values were higher as
compared to the specific activities found when only
glucose was used in the culture medium during explant
culture. The activitiss of this enzyme were also higher
than those at different hours of inecubaticn when the

explant culture medium contained combination of hormones,
only.

4.1.8 NADP-ispcitrate debydrogenase:

4.4.8.1% Effect of combination of hormones:

The combined effect of insulin, prolactin and cortisel
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wae studied on the specific activities of NADP-isoritrate

dehydrogenase at different hcurs of. incubation.

Tabicr nnd‘fi;.T show the pffect of comhination of
hormones, cn the snerific activities of NADF-ispritrate
dehydrogenase at 12, 24 and 36 hcurs of incubation. The
specific activities of NADP-isoritrate dehydrogenase
increased, significantiy, in the presence of insulin,
prelactin and cortiscl to 327.37, 368.37 and 315.61 after
12, 24 and 36 hours of incubation. Whereas the srecifin
activities of the EﬁzymE. Dbsgrved in the ﬁase of rocntrol
experiments, were 196.9% 224.5 and 209.50after the

corresponding hours of incubation.

4.1.8.,2 Fffect of glucose:

The effect of glucose on the specifie activities of
NADP-~isocitrate dehydrogenase after different hours of
incubation has been shown in Table B8 and Fig:7. The
gluécse addition tg the culture medium ied to the reharkablé
increase in the specific activities of NADP—ismcitraté
dehydrogenase to 287.57, 337.27 and 295.14 from 196.90,
21ansﬂand 20§.SDafter 12, 24 and 36 hours of incubatian,
respectively. However, this increase in the specific
activities was comparatively less as compared to that
-observed when the explant.cUlture was carried out in the
nresence of hormones comhination for the similar hours of

incubation.

4.1.8.3 Effert of glucose in combination of hormones

It is observed from the Tahle 8 and Fig.7 that

glucose in combination with insulin, prelactin and cortisol



Table — B

Effect of incuhation time on the activitv of
NADP-isocitrate dehvdrogenase.

S.40. Treatment n moles of NADPH formed/
min/mg of orotein

Tncubation Time (hrs)

12 24 36
1. . Medium 196.90 214.50  209.50
2. Medium + 327.37 368.57  315.61
ho rmanes ¥
3. Medium + 287.57 337.27  295.14
glucose ** '
& Medium + 354.35 W\2.72 317.63

hormones *+
glucose**¥

* The concerntration of insulin, nrolantin and
cortisol used were § ug/ml! of culture medium

¥

each.

#* The concentration of glucose used was 2 mg/ml
of culture medium.



Figo To

Effect of cambination of

ho rmones and glucose on the
specific activity of NADP-
isocitrate dehydrogensse
during different hours of
explant culture:

\A) In the absence-of
hormones and glucose

(B} In the presence of
hormones

\€) In the presence of
glucose

{n) In the presence of
hormenes and glucose
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increased the specific activities ef NADP-ispeitrste
dehydrogenase markedly to 354.35%, 382.72 anﬁ 317.63 at

12, 24 and 36 hours of incuhaticn. These values were
strikingly higher 3n comparisen to the values chserved in
the case of experiment where either glucose or romhination

of hormones was usred during exnlant rulture.

It was nlso ochoerved tmat the prolonged inrubation
for 35 hours resulted in the decrease in the sperific
activities of NADP-isocitrste drhydrogenase in comnarison
to the specific activities obtained after 12 or 24 heurs
of explant cultures in all the three experimentasl
conditions.,

Segtion - H

4.2 Purification of secetvl-LoA carboxvlase and

fattiy acid synthetase. .

8.2.1 Pyrification of scetvl-CoA csrboxylase:

The acetyl-CoA carboxylase was purified from the
guat mammary gland. The purificstion Chart of this enzvme
is given in Table 9, which depigts various stens undertaken
during the pufificatiﬂn.pfocess of this enzyme. The
starting point for the purification of acetyl-(oA
carboxylase was cytescl obtsined from goat mammary gland,
which contained 13,553 mg proicin and 255.4 units of
enzyme with the specific activity of 0.018. The first
ammonium sulphate fractionation of the cytesol resulted
in increase in the specific activity of the enzyme o

0.045 12.5 fold-purification) and a yield of 89%, was



pexr mg of protein.

Table - 9

Purification chart of scetyl-CoA carboxylase.

quantity which catelyzes the incorporation of 1 u mole of HC140
malonyl-Cod per minute at 37°C.

One unit is defined a2s the

into

Specific activitv is defined a8 the units

S.No. Purification step Velume Prpteiﬁ Total Total Snprrifin Yield fold
: iml) concentration protein units aAe~tivitv z) DuTi-
Amg/ml} (mg )’ {Units/mg) " Firma—
: tion
e Crude extract 1050 13.20 13,860.00 255,40 0.018 100.00 0©.0
2. Ammonium sulphate 200 25.20 5,040.00 227.00 C.04a9 8%.00 2.5
precipitation
0-50%
3. Post—dialysis 212 19.57 4,148.00 218.00 0.052 B5.40 2.9
4. Negative 305 7.04 2,147.00 195.00 0.390 76.29 5.0
adsorption
\DE~52}
5. Anmonium sulphate. 22 10. 62 233.64 95.75 0,409 37.50 23.0
Ffracticonation
G. Sephzrose 2B 48 1.26 60. 48 4% .50 C.818 19,2 45.5




Fig. B.  Sepharose 2B column chromatography
of acetyl-CoA carboxylase
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Plete 3. Polyacrylamide gel electrophoresis
of purified acetyl-CoA carboxylase.
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obtained. The overnight dialysis of this fraction
ingreased the specific activity to 0.052. The enzyme was
purified to 2.9-fuld and the total units of enzvme 1lrft
were 218.00, which represented a yield of 85.4%, The
negative adsorption on DFAf-Cellulose column resulted in
further enhanced specific activity (0,090) of the enzyme. .
The enzyme was purified to 5-fold and & yield eof 76.29%
was obtained. Next step in the purification, which
involved the second ammonium sulchate fractionafion, led
to & 23.0 fold purification of the enzyme with sperifie
activity of 0,409, Total units of the enzyme left in this
step were 95.75 and the yield achieved was 37.5%. The
last step involving the elution of enzyme through SenmharoSe-
2B column and pooling of the fractions having highest
enz}me activity resulted in a 45.5-fold purification of
the enzyme, with the specific activity of 0.818, Total
units of the enzyme left at the end of the whole procedure
were 49.05, which represented é 15.2% yieldlof.the enzyme.

The elution profile is given in Fig.B.

This purified enzyme so nhtainéd, when subjeeted to
polyacrylamide gel electrophoresis gave only one band as
shown in Plate 3. This confirmed that the enzyme acetyl-

CoA carboxylase was purified to homogeneity.

4.2.2 Purification of fatty acid synthetase:

This enzyme was also purified from the goat mammary
gland. The results of purification have been shown in
Table 10. The starting point for the purification of

fatty acid synthetase was cytosal, which contained 1900 mg
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protein.and 25225.50 units with a specific activity of
13.22.  After the first ammonium sulohate fractionstion
of the cytosol, the swpecific abtivity of the enzyme was
increased to 47.48 which resulted in 3.6-fold purification
and a yield of 52.45%. The total units of the fatty acid
synthetase left were 15678.00. Treatment of this frartien
with calcium phosphate gel led to the increase in thse
specific activity to 53.73. A 4.06-fold purification was
obtained with a yield of 60.33%. Total units of the
enzyme ohtained in this case were 15372.00. Elution of
the calcium phosphate gel treated fraction through DFAF-
telldlose column, with a linear grsdient of 50 to 250 mM
phosphate buffer (pH 7.0) and pooling together of the
fractions having highest activity resulted in further
increase in the specific activity of the enzyme to 192.76.
A 14.6-fold purification with & yield of 3%.33% was
obtained. The total units of the enzyme obhtaimed at the
end of this step were 9923.40. The elution profile of

the enzyme through DFAE-Cellhlose column is given in-
Fige3. The last step in the purification sequence which
invelved the second ammonium sulphste fractionation;
yielded a purified enzyme with a specific activity of
294.37. This represented the purificetion of the enzyme
to be 22.3-fold over that of cytosol., The yield was
11.95%. Total units of the enzyme fstty acid syﬁthetase

left at the end of all the purification steps were 3014,40,

When this purified enzyme so obtzined was subjerted

to Sephadex G-200 column chromatography, it emerged as a



Table ~ 10

Purificetion chart of fatty acid synthetase. 0One unit is defimed as n moles of
NADPH oxidised per minute. '
S.Nce Purification step Voplume - Protein Total Units Total Sperifir Yield Purifi-
{ml) concentration protein {ml) units antivity (%) ration
tmg/ml) ng) lunits/mg {(fold)
! protein)
1. Cytesnl 250 7.6 900,00 100.50 25225.50 13.22 100,20 0.D
2. First ammonium 28 12.7 330.20 683,00 15678.00 47.48 62415 3.6
sulphate
fracticnation
L25-40% saturation)
3. Czlcium phos~hate a8 5.94 286.00 320.25 15372.00 53.73 0.4 13 4.06
gel-treatment .
4, DEAT~Cellulose 180 0.286 51.48 55%.13 9923.40 152.758 9.33 14.6
5. Second zmmenium B8 1.28 10,24 376.8 3014.40 2%9a.37 11.95 22.3
sulphate
fractionation
(26~32%)

saturation




Fig. 9. EFlution profile of DEAf-Cellulose
chromatography of fatty ad®id
synthetase.
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Fig. 10. Sephadex=G 200 golumn
chromatography of- fatty acid
synthetase, ascertaining the
homogeneity of enzyme proiein.
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Plate 4. Polyacrylamide gel electrophoresis
of purified fatty acid synthetase.
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single enzyme protein peak which shows homogeneity of the
purified enzyme (Fig.1ﬂ). This was further ascertained,
when the purified enzyme was subjrcted to polyscrvlamide
gel electropheresis. This gave a single band as shown in
Plate 4, which revealed that the enzyme, fattv scid

synthetase was purified to homogeneity.

Seection = C

4.3 Development and assessment of the specificity af

the antibodies:

The antibodies were developed against acetyl-foA
carboxylase and fatty acid synthetase, which were purified
to homogeneity as mentioned in the Section-B. The anti-
bodies were slso developed against the purified enzyme
glucose-6-phosphate dehydrugenaSE'nbtgined as atandarxd.
Thenspecificity of the antibodies, thus developed -in
‘rabbits sgainst the gdifferent enzymes was checked by

Ouchterlony double immunodiffusion technique {1966 ).

4.3.1 Assessment of the immdnosvecificity of antibodies

deve loped against acetyl-CoA cerboxylase:

Thé immunospecificity of the antibodies develooed
againgt acetyl-CoA carboxylase was assessed by'ﬂucﬁterlony
{féﬁﬁi doubie immunodiffusiem technique. It is obyiocus
fram the Plate 5 that the antigen (acetyl-CoA carhboxylase)
and antibodies on diffusion through the agarose gel,
sgglutinated to form only a single precipitin line. The
| appearance of single precipitin line signified the

homogeneity as well as immunospecificity of the antibodies



Plate 5.

Plate 6.

Immunodiffusion analysis of goat
mammary gland acetyl-CoA carboxylase
with anti~-acetyl-CoA carboxylase
\Lactating goet mammary gland).
Central (€C) well containing purified
acetyl-Cod carboxylase and the
periphexal (P) wells cantaining
anti-acetyl-CoA carboxylase.

Immunodiffusion analysis of goat
mammary gland fatty acid synthetase
with anti-fatty acid synthetase
\Lactating goat mammary glend).
Central {(C) well containing purified
fatty 2cid synthetase and the
peripheral (P) wells containing
anti-fatty -heid synthetese.
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so0 developed agesinst Acetyl-CoA carhoxylase.

4,3.2 Assessment of the immunoespecificity of the

antibodies developed against fatty acid synthetase:

The immunospecificity or the immunogenecity of the
antibodies developed against fatty acid synthetase was
seen by Duchterlony {1966) double immuno diffusion
techniguee. UOn immunodiffusion,the antibodies agsinst
fatty acid synthetass gave one precipitin band as shown
in Plate 6{ This single precioitin line indicated the
homogeneity of the antiserum as well as its immuno~-
gpecificity against its antigen (fatty arid synthetase]

which has been purified ss s hompgenous nrdtein.

4.3.3 Asgessmeni of the immunosoecificity of the

sntibodies sgainst QIucése S~phosohate dehydroagensse

Similarly the antibodies were raised against the
purified glucnse—ﬁaphnsphate dehydrogenase and their
immunbspecificity ageinst glucnse—ﬁuphosnsate dehydrogenase
was checkeé by Ouchtarlony's (1966} double immunodiffusion

»
technique. Like the other iwo antibodies against two
different enzymes, respectively, as mentionsd abnue? the
antibndies against this enzyme also on immuncdiffusion
gove only one precipitin band as shown in Plate 7., The
appearance of single precipitin line ascertained the
komogeneity as well as the immunospercificity of the

antibodies developed against the purified enzvme.



Plate T.

Immunedi ffusion analysis of goat
mammary gland glucose-g-phasnhate
dehydrogenase (lactating goat
mammary glandl), with anti-glucose-
6-phosphate dehydrpgenase.

Central {C} well conteining purified
glucose~6-phosphate dehydrugenase
and the peripheral wells (P
containing anti-glucose-6-phosphate
dehydrogenase .
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Section - D

4.4 Effect of comhinatign of hormones {insulin, prolartin

and cortisol), glucose and glucose in addition with

combinaticn of hormones on the synthesis'of some of

the lipogenic enzymes.

Insulin, prolactin and cortisol were used in
combination (5 ug/ml of medium each} to see their effect on
the synthesis of some of the lipogenic enzymes viz. scetvl-
CoA csrboxylase, fatty acid synthetase and glucose-6-
phosphete dehydrogenase in mid-pregnant goat mamméry gland
using explant culture system. Sinilar experiments were
élsu coﬁducted to obServe the effect of glucose and glucose
with the combination of hermones (insulin, prolaetin.and

co:tiéol}_nn the synthesis of the above mentinned-énzymes.

The results obtained for the influence of the
various treatments, as mentioned above, on the synthesis of

lipogenic enzymes have been described as below.

4.4.1 Wuantitative estimation of acetyl-CoA carboxylase

For guantitation of acetyl-CoA carboxylase enzyme
in the Explaﬁtgcultuped tissue, the immunological measure-
ments, employing rocket immunneléctropharetic technique
were used; The increasing amount of antigen (acetyl-CoA
carbexylase) ranging from 20 to 80 fg were filled into
the wells made on the agarose anti-écatyl-toﬁ carboxylase,
gel slab. The desired dilution of antiserum was used for
this purpose. On subjecting the slab to rocket immuno-
electrophoresis, ii was ohserved that rocket shaped areas

foxmed after reaction of antigen wjth_anti;acetyl-CoA



Flate 8 Rocket immunce lectrophoresis of
antigen (acetyl-CoA carboxylase)
on egarcse containing anti-
acetyl=CoA carboxylase, using
varying amounts of antigen from
well No. 1 to 4.

Plate 10. Rocket immunoelectrophoresis of
unknown samples of acetyl-CoA-
carboxylase obtained from:

(A) Explants cultured in the
absence of hormones and
glugose.

({B) Explants cultured in the
- presence of hormones.

{C) Explents cultured in the
presence of glucose.

(D} Explants cultured in the
presence of hormones and
gluccse. :






Plzte 9. Preparation of Stiandard curve
for acetyl-CoA carboxylese
(antigen% using rocket
immunoelectrophoretic technique.
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carboxylase, increased proportionately with the ircrease

in the amcunt of the antigen aoplied (Plate 8). The
results shown in Plate 2 reveal that the aress orcupied

by the different amcunts of antigen an the gel slah were
linear functicn cf ihe incressing amount of antigen. for
'estimating the amount of antigen iaceiyl-ToA carboxylese)
present in cytosclic frzctions obtained from the rultured
tissurs under the effect of various conditiens (Contrel,
hormone treated, glurose treated and glucpse in cembination
with hormgnes treated experimente), rocket immunoelectro-
phoresis was cerried oui. The rocket shaped areas so formed
as given in Plate 10 were correlsted with the standard
curve (Plate 9). It was observed that the synthesis of
acetyl-CoA carboxylase was incressed to 216% of the control
in the case when insulin, prolactin énd cortisol were added
together in explant culiure medium, during 24 hours cf.
incubation or explant culture. When only glucose was added
to the cultﬁre medium, after 24 hours of incubation it was
phserved that the synthesis Jf acctyl-ToA carboxylese was
increased to 169% of the control. However, in the case,
when glucose in combination with hormones wes used in rulture
medium, the acatylwtaﬁ carboxylase was synthesized to a
gregtsx extent. It's syntheeis wes increased by 2.6-fold

i.e, 260% of the conirol as given in Teble 1.

4.4.2 Quantitative estimation of fatty acid synthetase:

fro the quantitative estimation of fatty acid
synthetase, similar technique was used as mentioned in

section 4.4.%1, however, the amount of the enzyme (antigen}



Plate 11.

Plate 12.

Rocket immuncelectrophoresis of
antigen { fatty acid synthetase)

on agarose conteining anti-fatty
acid synthetase, using varying
empunts of antigen from well 1 1o 3.

Preparation of Standard curve
for fatty acid synthetase (entigen)
using rocketimmunoelectrcphoresis.
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Plate 13. Rocket immunoelectrophoresis of
unknown samples of fetty acid
synthetase obtained from:

{A) €xplants cultured in the
ahsence of hormgones and
glucose.

tB) €xplants cultured in the
presence of hormones.

(C) Explants cultured in the
presence of glucose.

+D) Explants cultured in the
presence of hormones and

glucose.
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was taken in the range of 10 to 40 -pg for the purpose.

A standarxd graph, as shown in Plate 12 was obtained with
the help of the rocket shaped areass obtained during
rocket immungelectrophoresis using different amcunts of
antigen (Plate 11) and these were linear functicn of the
amount of the antigen. When the areas, ocrnupied hv the
cytosclic fractions obtained frem control experiments,
combination of hormomes treated experiment, glurose
treated and glucose plus hormcnesltreated explant cultured
tissues from mid-pr&gnant.goat mammary gland ass given in
Plaste {3, were correlated with the standard curve

{Plate 12}, it was observed tﬁat the synthesis of fatty
acid synthetase was increased to 167% of the.control when
combination of hormones {inswlin, prclactin and cortisel)
was added in the culture medium during 24 hours of explant
culture. The synthesis was increased to 127% of the
control when glucose alone was added ito the culture
medium and the explant cultufe wags carried cut %or the
similar HDU;S of incubation (24 hours). However, the
addition of qiucnse plus combimation of hoxmones to the
culture medidﬁ during 24 hours of incubation :ausea the
synthesis of fatty acid synthetsse to increase to 241%

of the control as shown in Table 11.

4.4.3 Quantitstive estimation of glucose—6-phosbhate

dehydrogenase:

The effect of combination of homones, glucese
and glucose plus combination of hormones on the synthesis

of glucose-g-phosphate dehydrogenase in mid-pregnant goat



Plate 14. Preparation of Standard curve
for glucose-&-phosphate
dehydrogenase (antigen) using
rocket immunoelectrophoretic
technique.
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mammary gland, using explant culture system was also
studied. Plate 14 depicts that rocket shaped areas
occupied by the increasing amount of antigenriglucose~f-
phosphate dehvdregrnase) on the gplrslabs censisting of
agarose and desired dilution of antiserum, so develoned
against purified glucese-—fO-phesphate dehydrogenase, were
linear function of the incressing amount of antigen.

'hen the cytosolic frections from the control experiment,
hoxmones treated, glucose treated and glucose plus
combination of hormones treated explant cultured tissues
were applied cn the agarose gel slab containing desired
dilution of antiserum, the areas so obtained after rorket
immunoelectrophoresis werelextranulated from standard |
graph (Plate 14) to find out the total amount of antigen
present. ‘It was observed that the addition of combination
of hormones caused the increase in the synthesis of
glucose-6-phosphate aehydrogenase to 166% of the control
after 24 hours of incubation or explant culture. When
only glucose {2 mg/ml of culture medium) was added to the
culture medium, the synthesis of glucose~6-phosphate
dehydrogenase was increased to 125% of the control,
However, by adding hormones in combination with glucose
to the explant culture medium, the synthesis of glucose-6-
phosphate dehydrogenase enhanced to 185% of the Eontrol

after 24 hours of incubation (Table 11).

On comparing the relative percent increase in the

synthesis of the lipogenic enzymes (acetyl-CoA carboxvlase,



Table=11

fffect of combingticn of hormones {insulin, prolactin ang
cortisel), glucose and combinstion of hormones plus
nlucose on the synthesis of lipogenic enzvmes, during
oxplant cultore for 24 hours. Values are exnressed as

percentagrs of the controls.

Treatments Acetyl-CDA Fatty acid
carboxylase synthetase

Glurpse— G-
phosnhate

" dehydrogrnase

Medium 1400 100
\control)

Medium + hormones* 216 167
Medium + glucose*# 169 127

Madium + hormones¥® +

glucose 260 241

100

185

* Concentrations of insulin, prolactin and
cortisol used were 5 ug/ml of culture

medium each.

#¥ Concentration of the gluccse added to the

culture medium was 2 mg/ml of medium.



Table — 12

fffect of comhinaticn af hormcnes linsulin, nrolarntin and
cortisol), glucose and comhingtion of hormones nlus qlurons
on the sneeific arctivities of the lipogenie enzvmes, during
exnlant culture for 24 hours. fEnzvme spPcific antivities

are expressed as nercentages of the controls.,

Treatments Acetyl-CoA Fatty acid
carboxylase synthetase

GluraosPr b=
phcsnhate
debvdrogenase

Medium 100 100
(contrel)
Medium + hormones# 204 160
Medium + glucose#** 164 t18
Medium + hormones#* 252 220

+glucose **

100

162

127

192

* (Concentrations of insulin, prolactin and

tortisol used were, § ug/ml of culture

medium each.

** (Cognecentration of the glucose added to the

culture medium was 2 mg/ml of medium.



Flate 15.

Effect of various combinations .
of hormones and glucose on the

synthesis and specific activity
of acetyl-CoA carboxylase.

Synthesis {

Specific L
activity:
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Effect of varicus cembinaticns
of hormones and glucocse on the
synthesis and specific activity
of fatty acid synthetase.

Plate 16.

Synthesis i )

Specific (S 2 )
activity
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Effect of various combinations

of hormones and gluccse on the
synthesis and specific activity

of glucose~§-phosphate dehydrogenase.

Plate 17.

Synthesis ( EUR )

Speci fic ¢ )

activity
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fatty acid synthetase and glucese-6-phecsohate dehvdrogenase)
shown in Table 11, with the rglative pereent increase in the
specific activities of the reéspective enzymes (Table 12), it
was found that the apparently obsexrved increase in the
specific agctivities of these enzymes were due to the

increases in their synthesis as shawn in Plates 15, 16 and

17.



CHAPTER - 5§

DI SCUSSION




The present study was undertaken to eluridate
the effect of combination of hermenes (insulin, prolactin
and certisol) an the lipogenic capacity of mid-nregnant
goat mammary gland using explant culture technique. The
sbove hormones, in cemhination, were used to observe their
effect an various enzymes cleosely related with fatty aci
synthesis viz. acetyl-ToA svnthetase, aretyl-ColA carhoxvlase
fatty acid synthetase, and the enzymes which jovern the
chain=len th of the fatty scids so synthesized by fatty
acid synthetase \medium-chein acylthioesterasse and lonn-
chain acyl thicesterase). The effect of these hormones
was alsa seen on various reducing equivalents (NADPH)
generating enzymes viz. glucose-6-phosphate dehydrogenase,
6-phosphogluconate dehydrogensse and NADP-isocitrate
dehydrogenase. These enzymes are considered as important
lipogenic enzymes since they generate reducing equivalents
in the form of NADPH, which are essentially required for
the effective fetty acid bilosynthesis. The effect of
glucose alone and in addition with the combination of
hormones {insulin, prolactin and cortisol) was alsa seen
on abaove mentioned enzymes, The experiments were further
extended to identify the mechanism of the regulation of
the activities of the above mentioned lipogenic enzymes
i.e. whether the changes in the activities of the enzymes
under the influence of the above treatmentis were due +to

the ectivation-of the pre-existing enzymes or due to
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the changes in the synthesis of the enzymes im the explants.

5.1 Cffect of combination of hormones and glucose on the

lipaogenic activity of mid—-pregnant goat mammarv gland

During the present study, the effect of rombination
of hormanes (insulin, prolactin and cortisel), glucose and
glucoseé in addition with the combination of hormones was

seen on the follecwing enzymes.

5.1.1 Acetyl-CpA synthetase:

The enzyme, responsible for the formation of extra-
mitochondrial acetyl-CoA, exists in cytosolic frarctien.
This scetyl-CoA so formed functions as a basic precursor
for the fatty dcid synthesis. A perusal of the literatuxe
showed that slmost no significant studies on this enzyme
in the memmary gland of ruminants have been made. furing
the present studies, it has been observed that the speeific
activity of acetyl-CoA synthetase was markedly increased
during the explant culture of the tissue from mid-pregnant
goat mammary gland, when hormones (insulin, prolactin and
cortisoll, glucose and glucose in combination of hormones
were added to the culture medium, as shown in Table 1 and
Fig.1. The steady increase in specific sctivity of arcetyl-
CoA synthetase at the rate of 2— top 4=fold was obseryed
upto 36 hours of explant culture. Merineze (1971) had
shown the sensitivity of this enzyme to the hormones
involved in mammagenesie and lactogenesis. He found that
the specific activity of acetyl-fLoA synthetase incregsed
in bpvine mammary gland zs the animal passed to lactation

stage from non-lactation. This increase in the specific
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activity of acetyl-LfoA synthetase as renorted by Merineze
(1971) mey be attributed to the influence of larntogenin
hormone complex iinsvlin, prolactin and cortiscl), whierh
governs the overall rate of lioogenesis or the rate of
fatty acid synthesis in the mammary gland. Acetvl-CoA
synthetase, being one of the lipogenic enzymes, mav be
under the influence of these hormones for maximal rete of
lipogenesis. Msllenberger and Bauman 11974} had observed
major inecerease in 4he specific activity of scetyl-Cod
synthetase slongwith the other lipogenic enzymes, hetwsen
.mid—pregnancy and lactation, while conducting tissue
ineubstion studies on rabbit maﬁmary gland. These results
obyipusly reflect the interasction of the lactogenic
hormone complex (insulin, prolsctin and eortisol), which
exhibits its sction afier mid-pregnency only, with the
lipngenic capacity of the memmary gland. This phenomens
subhstantiates the present findings. The increase in the
specific activity of acetyl-CoA synthetase, when explants
from mid-pregnant gonat mammery gland were cultured in the
medium containing glucuee only, may be atiributed te the
inecreased availability of the certein metabolites of
glucose oxidation, tp be responsible for the activation
éf acetyl-CoA synthetase activity. The similar reports
were put forward by Volpe and. Vagelos {1974}. They
suggested the increase im the specific activity of fatty
acid synthetase due to the increase in the conrentratien
of certain intermediates of glycolytiec pathway. 1t is

well known that ATP is required ss a cofactor in the
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reaction catalyzed by acetyl-fpA synthetase. Thus, the
addition of glucose to the cul?ure media during exnlant
culture may be leading to the;énhanced production of ATP
which in turnm results in the increase in the soecifien

activity of acetyl-CoA synthetsse.

The rombined effect of combination of hormones and
glueose resulted in a maximal increase { 2- to 4-fold) in
the specific activity of acetyl-CoA synthetase in present
studies, upto 36 hours nflexnlant culture. It mav he due
to the potentiating e#ffect of the combinaticon of hormones
on the glucose mediated increase in the specifir artivity
of acetyl-LoA synthetase as shown by different workers
with regard to different lipogenic enzymes, namely
acetyl«CoA cazrboxylase (Mayér, 1978}, fatty acid synthetase
( Speake % al., 1975, 197éa,b), glucose-g-phosphate
dehydrogenase and 6-phosphogluconate dehydrogepase (Betts

and Mayer, 1977 and Rivera an&_Eummins, 1971).

5.1.2 Acetyl-CoA carboxylase:

Acetyl-CoA carboxylsse catalyzes the carboxylatian
of acetyl-CoA to malonyi-Coh in the biosynthesis of fatty
arids. It is recognized es a rate limiting enzvme in the
process of overall synthesis of fatty acids. Tt has been
observed that the specific activity of scetyl-CoA
parboxylase was increased substantielly, when explants
from mid-pregnant goat mammary tissue were cultured in
the medium centaining combinstion of hormones {Table 2
and fiy. 2). It has long been recognized that the smerifin

activity of acetyl-CoA carboxylase is influenced hy
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hoxmones {(Mellenberger and Bauman, 1574; Witter ot al.,

1979; Denten, 1974; Goodridge, 1973, t1975: VYolpe and
Vagalos, 1976 and lemmen, 1%33}; Manning et al. (1976a)
have alco rensrted that the specifiec activity of acptvl-Fod
carboxylase was increased, when the exnolants from mid-
pregnant rabbit mammary gland were rultured in the

presence of combination of hormpones tinsulin, prolactin and
cartisol) and no increase in the specific activitv was
pbserved by them in the absence of this combination of
hormones. Thus the results in texms of incrEase in the
specific activity of acetyl-loA carhboxylase, in the explants
from mid-pregnant goat mammary gland, are in accordance
with the results reported by Manning et al. {(1976s8)}.
Maﬁning et al. (1976a) had ﬁbserved the fncrease in the
specific activity of acetyl-CoA carboxylase in the explants
of mid-pregnant rabbit mammary glend upto 60 hrs of
jncubation. On the contrary, the increase in the specific
activity of acetyl-CoA carbnxylése upto 36 hrs of explant

cultuzre has been observed in %he present study.

I+ has been found that the specific activity of
acetyl-CoA carboxylase was incressed tec lesser extent when
glucose alone was added to the culture medium (Table 2 and
Fig.2) than that when cembination of hormones was used in
the eulture medium., The increase in the specific artivity
of acetyl-CoA rcerboxylase on addition of glucose to the
culture media, can be substantisted on the basis of the
reports put forward by Goodridge {1975), who had reported

that the total activity of acetyl-CoA carboxylase as well
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as fatty acid synthetase wers stimulated in iSﬁlated‘Iivex
cells from neonatal chicks by glucose at 6 hours of
incubaticn. He had reported tgat fatty acid svnthesis in.
thése cells was markedlvy stimulested by fructose and pther
cemponents that could enter glyveelytic pathwavs., These
compenents causPd ar inerease in the eellular concentration
of citrate which in turn ectivated scetyl-ColA carbexylese.
These experiments demonstrated that citrate -ouwld regulate
the activity of ascetyl-loch carboxylese in intact rells,
Thue, these reports'substanfiate the present findings that
the increace in the specific activity of acetyl-ToA
carboxylase in the explants from mid-pregnart goat mammazv
tissue, when glucose was odded to the medium may be due to
an incresse in the iﬁtrecellular concentration of citrate,
which in turn stimulstes the over 8ll activity of scetyl-ToA
carSnylase. During the present studies it has :alse been
observed that the combined action of combination of hormones
end glucose have resulted in maximal fz_ to 3-fold) increase
in the specific activity of ascetyleCoA carboxylase when
explant culture was carried gut upte 24 and 36 hours,
respectively. This increase could be explained on the

hesis of the fact that the combination of hormones had a
potentiating effect on the glucose triggered increase in

the specific activity of acetyl-CoA carhoxylase.,

%5.1.3 Ffatiy scid syntheiasse

When insulin, prolectin and cortiscl were used
together in combination during the culturing of the explants

from mid-pregnant goat mammary gland it resulted in
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significant increase in the specific sctivity of fatty
acid synthetase after 12, 24 and 36 hours of incubation,

respectively (Table 3, Fig.3}..

Speake Pt al (1975, 1976a,5) have repeorted that
when explants of mammary gland from mid-pregnant rabbits
were cultured with insulin, prolactin and cortisol,
cytodifferentiaticn occured, which was measured hy the
increased synthesis of mediumwchain fatty acids, the
characteristics of the rabbit milk, This was ancombsnied
by an increase in the apparent specific activity of fatty
acid synthetase and also an dincrease in the apparent rate
of synthesis of fatty acvid synthetase in the exolants.
Similar results have b2en reporied by fersyth et al, (1972),
who had reported that on culturing the memmary exolants
from the rabbit (23 days pregnancyl) for 2 days with insylin,
prnléctin and coxtisol, the rate of fatty acid synthesis
was increased to S5-fold. However, np such.informetion is
available on ruminant memmary explants. The extent of the
incresse in the specific setivity of fatf} acid synthetase
under the influenne of insulin, prolactin and cortisel
observed in present studies were slightly lesser thsn that

reported by Speake gt al. {1975, 1976s,bi.

rA— Sl

Dils et al. (1974} had also reported that there was
a marked increase in the specific activity of fatiy acid
synthetase after 40 hr in culture of the explants from
mid~pregnant rabbit memmary gland when insulin, oxolactin

and cortisol were added to the medium. After having

meximum Stimulstion of over all lipogenesis, the explants
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were transferred to hormone free medium. This resulted in
a dramatic decline in the spEcific activity of fatty arid
synthetase. Thus, these results are in ggreement'with the
previcus findings which explain thzst insulin, prolartin and
cortisol used in combinstion, have got a stimulatorv effert

on the specific activity of fatiy acid synthetase.

A steady incress® in the sperific activity of fattve
acid synthetase has been observed up to 36 hrs of explant
culture, which is eguivocal to the increase in the SpEﬂific
activity of fatty acid synthetase cbserved upto 40 hfs of

incubation as reported by Dils et gl. (1574},

In present studies an increase in the specific
activity of fattiy acid synthetase has alse been ohserved
when explants were cultufed in the presence of glucose -
alone. {Table 3 and Fig. 3). This may be due to the
concentration of certain intermedietes of glycolytic
pathway ot beyond, which affect the specific sctivity of
fatty acid synthetase by cau?ing an increase in the
synthesis of fatty acid synthetase as reported by Valpe

and Vagelos (1974).

It was further observed that combination of
hormenes and glucose resulted in a mQximal increase
{approximately 2.25—fﬁ1d] in speaif;c activity of fatty
acid synthetase whicﬂ could be attributed to the cnmbined-
action of glucose and hormones in potentiating Eachlnthers
effect as reported in the literature for ofther lipogenic
enzymes like glucose-g-phosphate dehydrogenase and

é-phosphogluconate .dehydrogenase (Leader and Barry, 1969;
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Rivers and Cummins, 1971; Betts and Mayer, 1977).

5.1.4 Medium—chain acvlthicesterase:

No activity of medium~chain acylthicestrrase could
be detected in the particle free surernatant from the
explants from mid-pregnant goat mammary tissue, ecultured
in the media centaining rombination of hormones, glurose

and glucose plus combination of hormones (Table 4]).

However, it has been Established that the milk fat
from the gost centairs shcit, medium and long-chain fattv
acids (Marei gt al., 196%). arunnet and Knudsen {197%9a)
have also reported that the tisswve slices from lactating
goat mammaxry gland synthesized sﬁo;t {Ed:ﬂ to C6:D]’
medium (CB:U to C1D:G} and long-chain (C16:D to E18:0)
'Fatty acids in proportions simi;ar to that found in gnat
7 milk fst. But in contrast, the particle free supernatant
fractiqn_and the purified fatty acid synthetase from this
tissue, synthesized predominantly short-chain and leong—
chain fatty acids. The Enzyme terminating acyldhioesters
of low molecular weight (medium-chain acyl-thiuesferase]
could nct be detected in the particle free supernatant,
like the one found in rabbit and rat mammary gland
{Knudsen gt al., 1975; libertini and Smith, 1578; S5mith
and Stern, 1981). Thus the present observations reflecting
the absence of the medium=-chain acyl-thioesterase in the
particle free supernatant obtained from the explants from

the mid-pregnant goat mammary tissue, are in accordance

with the repoerte put forward by Grunnet and Knudsen

(1792 a,bl.
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5.1.5 Long~chain acyl thioesterase:

The present study has shocwn that the specific
activity of long~chain acyl thioesterase in the narticle
free supernatant, resnonsible for the svnthecic of long-
chain fatty acids-iC16:D fo C1B:D)’ increassed rmonsiderahly
in the explants from mid-pregnant goat mammarv tissue,
cultured in the presence of combirmation of hormenes, glurose
and glucose plus cembination of hormones (Table § and Fig.d).
However, this increace in the sperific activitv was found

maximum upto 24 hours of culture of the explents under all

the three treatments.

However, very scanty, or rather, negligible
information is available on the stimulatory effect of this
combination of hormones and glucése on the specific
activity of long~chain acyl thicesterase employing explant
culture techniques. ‘But it has been established thzt the
long-chain fatty acids constitute a significant portion of
the fatty acids so synthesized iﬁ the gbat mammary gland,
as found in the goat milk fat (Marai et al., 1969}.

Skarda et al. L1978, 1982a) have reported that the explants
from mid-pregnant goat mammary tissue respond well and 3
maximum stimulation of the over all lipogenesis is achieved
whén the explantsfrom the mid-pregnant goat mammary tissue

are exposed to insulin, prolactin and cortisol together in

the culture medium.

Hallowes et al. {1973) have demonstrated that

insulin, prolactin and cortisol are necessary for the

maximal fatty acid synthesis in mammary explants from
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mid-pregnant rat. The above informations refleci that
insulin, prolactin and cortisol are needed for the
enhanced canacity of over all limogenesis in explants

from mid-pregnant animals and the increase in the snerifir
activity of lonj—chain acyl thioesterase observed in
present study, contributes a pert of it to the over all
increase in lipogenesis., This ie further suhstantieted

by the present ohservations with other linogenir enzvmes.

5.1.6 Glucose~é-phosnhate dehydrogenase and

6-nhosrhogluconate dehvdrogenase

Glucose-~6—phcsphate dehydrogenase and 6-phosphe-
gluconate dehydrogenase are the enzymes invnlvEd in the
generation of NADPH for the effective éynthesis of fatty
acids. Mammary explants from the mid~pregnant goat
mammary gland when cultured in the presence of a combination
of hormones (insulin, prolactin and cortisol]), glucose and
glucose with combination of hormones, led to the innresse
in the specific activities of glucose~6-phosohate
dehydrogenase and 6-phosphogluconate dehydrogenase
{Table 6,7 and Fig. 5,6 ). The increase in the specific
activities of both the enzymes was studied upto 36 hours
of explant culture under the effect of all the ahove
mentioned three treatments. The significant increase in
the specific activities of gluﬁose-ﬁ-phosnhate dehvdro-
genase and 6-pheoschogluconate dehydrogenase im present
studies reflects the enhanced lipogenic sctivity of the

mammary explants from mid-pregnant goat.

Studies conducted by Betts and Mayer (1977) on



94

6_ph05phuglugonate de hydrogenase in explants from micd-
pregnant rabbit mammary gland and by leader and Barxy
{1969) and Oka and Perry (1974) on glucose-6-phosphate
dehydrogenase in organ culture of mammary tissue frecm

mice mammary epithelial cells, respectively revealed

that the increases in the specific activities were markedly
influenced when explants or cells were cultured in the

presence of insulin, prolactin and cortiscl together.

This observation is in agreement with the present findings.

The present results are further supported by the
findings of Rivera and Cummins {1971) who showed that
the maximal increase in the specific activities cf
glucose-6-phosphate dehydrogenase and G-phnsphogluccnate
dehydrogenase were obtained when mammary explants from
mid-pregnant mice were cultured in the presence of insulin,
prolactin and cortiscl tegether in the culturg_medium. The
necessity of this combination of hormones is justified by
by the fact that insulin itself is a potent stimulus,
whereas bocth hydrocortisnol 'and proléctin-require insulin
for manifestation of their effects. According to Dks and
Perry (1974) the mouse mammary epithelial ecells on
culturing in the presence of hydrocortiscne end insulin,
increased the specific activity of glucose-6-phespohate
dehydrogenase by about 250% of the control. The effect
of hydrocortisone was also manifested in the presence of
insulin and prolactin and resulted in & maximal increase
in the enzyme activity. In the present experiments thé

specific activities of glucose-f6-phosphate dehydrogenase
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8nd é~phosphagluccnate‘dehydrogenase werelincreased to
31.25 and 105.80 from 54.25 and 60,57, respertively, In
pther words the snetific actiuit?as of glucose~G.-nhosnhate
dehydroqenase and S-nhosohogluconate dehydrogenase were
increased to 168% and 175% of the rontrol, resoertivelvy,
after 36 hours of inpcubation, imsulin, prolactin and
cortisnl were ardded together to the culture medium. Though
this increpse in ihe asctivity of glucaé?«ﬁuphasnhate
dehydrogenase observed in the presént studirs is rom-
paratively loewer, yet it is in agréement with the resuvlts
reported by Oka and Perry {1974), because of ‘H.‘IE action

of the gimilar combination of hormones.

Rivera and Cummins (1971} showed thst continucus
maximal increase in the specific activities pof g}ﬁcoge-
6~phosnhate dehydrogenase and 6~phosphogluconate dehvdro-
genase were obtained when mammary explants from mid-
pregnent mire were cultured with insylin, prolactin and
cortiscl. Hormones were required in the medium for
several hours in arder to produce the maximal insreases
in the enzymeé activities which were measuyred after 48
hours in culture. After fhis time the continued pfesencs
of hormones was not required to maintain enzyme activity
over the following 24 hours., The present studies showed
that the sustained increase in the activities of glucose-
fephoschate dehydrocgenase and é-phosphogluconate dehydyoe
genaée was seen upto 36 hours of explant culturé whirh

appears to be equivocal to the previpus studies.
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It has been obseérved in present studies that the
glucose alone and glucose plus the combinstion of hormenes
(insulin, prolarmtin and rortisol) markedly inr~reased the
specifir activities c¢f glucosp=68-phusnhate dehudrogenage
and 6-phesphogluronate dehydrogenase. However, the maximum
increase in the arntivities was observed when glurose and
combination of hormones were added together to the rulture
media. The activities of both fthe enzymes under these
conditions were found increasing upte 36 hcours in culture.
Similar reportis have been put forward by Green et al (1971)
who have studied the hommonal requlation of glucose-~6-
phosphate dehydrogenase snd 6-phesnhogluceonate dehvdrogenase
activities in mammary explants from mid—prggnant mice.

They showed thet inscvlin, glucose, amino sacid and inorganic
salts were the minimal requirements needed to increase the
enzyme activities in the explants from mice. Replacement
af insulin in the incubation medium by cysteine resulted

in the increased uptake of glucose into the alvealer rells.
Glucose could be replaced by other monosacrharides like
mannose and fructose (Green et al., 1971) to get the
similer results. With higher glurose concentration in the

culture medium, insulin did not potentiate the glurose-

1.,

mediated increase in the enzyme antivity {(Green Pt
1971). Leader and Barry (196Y) shawed that glucose was
necessarv, initislly, in erder to trigger the increase

in enzyme artivity which orcured affe: 12 hours in culture.

1. {1971) suggested that incresse in the

—a—

Green Bt

activities of glucose~6-phosnhate dehydrogenase and
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6~phosphogluconate dehydrogensse resulted from .an

increased untake of glucose by the mammarv tissue and that
the increasse in the artivities were caused hy a metaholie
product of glucose, such as glurose—f-phesnhate that
stimulated the formation of mRNA during initial hcurs after
glucose was added to the culture medium. Betts and Maver
L1977) showed the obligatery reguirement of the gluecose to
produce an increase in the enzvme activities of glurose-6-
phosphate dehydrogenase and 6-phosnhogluconate dehvdrogenase
and the potentiating effeert of insulin, prolactin and.
rortisol on the glucose triggered increases in enzyme

activities as well as amounts.

Therefore, the present findings sre in accordance
with the previous results which indicated that glucosge as
such and in combination with hormones {insulin, prolartin
and cortisol) leads to the enhanced specific activities
of glucose-6-phosphate dehydrogenase end &é-nhosphoglunonate

dehydrogenase.

5.1.7 NALDP=ispcitrate dehvdrogenase

These studies indicate that the specific activity
of NADP-isoritrate dehydrogenase increased markedly under
the influence of combinstion of hormones {(insulin, prolaectin
and cortisol}, glucose and glucose in addition with
combination of hormcnes (Table B and Fig. 7). It has heen
found that the specific activity of NADP-isacitrate
dehydrogenase increased uptio 24 hours of the incubation

of the explant from the mid-nregnant goat mammary tissue.
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Tﬁis increase in thr specific sctivity of NADP_jeonjitrsie
dehydragenase in all thes three treatments, was at the
rate of 150% to 180% of the control upto 24 hours of
incubaticn which was 8~10 times more than that rerorted

in the rat mammary gland by Bauman et el. 11570},

The higher spenifin activity of NADP-isoritrate
dehydrogenase chtained in present studies may be explained
in the light of the fact that the possible alternate source
of NADPH ig the NADP-isocitrate dehydrogenase in the
ruminants. The role ¢f the NADP-isccitrate dehvdraogenase
pathway in producing NADPH in xuminant fatty acid
synthesis, is consistant with the availability of citrate
Iin the cytosol of the ruminant mammary tissue, due to the
ghsence of ciirate clevage pathway and the ability ﬁf
ruminant mammary tissue to synithesize fattv acids in the
absence of glucocse. The high specific asctivity of NADP-
ispocitrete dehydrogenase coupled with high levels of
citrate or isocitrate {Baldwin and Yang, 1974} in the
ruminant mammary tissue may presumably reflect its role
in NADPH formation for fatty acid synthesis. Whereas in
non—-ruminante NADP-ispeitrate dehydrogenase does not anpear
to be of major importance in generation cf reducing
equivalents because of its low activity {Leyeille énd

Hanson, 1966: Wise and Ball, 1964]).

The adaptation of NADP-isocitrate dehydrocgenase to
the ipitiation of lartation hags heen studied in rats,
rebbits =nd guinea pigs and shown ip increase 3- to B

folds in activity from pregnancy to mid-lactstion in the
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gttributed to the increased availability of citrate or
isocitrate in the cytosol of the mammary tissue dur to

the absence of nitraté cleavage pathwav in gozt mammarv
gland. This nresumably reflects the high generaticn of
reducing equivelenis by NADP-isocitrate dehvdrogenase as
reported by Baldwin and Yang (1974}. The maximal inrrease
in the specific activity of NADP-isocitrate dehvdrogenase
was ohserved in present studies when glucose and
combination of hormones were added together to the culture
medium. This may be attributed to the fact that
combination of hexmones {(insulin, prolactin and rortiscl)
may be having @ potentiating effects on the artion of
glucose on the activity of NADP-isgcitrate dehydrogenase,
as Expléined in the case of cther dehydrogenases like
glucose-6~phosphate dehydrogenase and 6-phocsphogluconate
dehydrogenase \leader and Barry, 1969; Rivera and Cummins,

1971; Betts and Mayer, 1977).

5.2 Purificetion of some of the lipogenic erzymes:

5.2.1 Acetyl-CoA carhgxylase:

Acetyl-CoA carboxylase has been opurified from
different species. However, fewer information is
aﬁailable on the purification of acetyl-CpA carhoxvlase
from gost mammarv gland. During present studies the
puri fication of acetyl-loA rarboxvlase was carried cut
by the method of Miller and Levy i(1975). A 45.5-fold"
purifiestion and a 19.2% yield of acetvl-CoA carboxvlace
have been ohtained (Table 9}, which are comparatively

lower than that obtained by Miller and Levy (1975}, Thev
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obtained 65- to 67- fold purification and a 24% yield of
acetyl-CoA carboxylase. Some enzyme protein as well as
enzyme activity might have been lost during purification
steps in present study. The specific activity of the
purified enzyme has been found te be 0.81B, whirch is in
agreement with that reported by Miller and Levy (1975).
The differences, so observed in present studies may be
attributed to the species difference. Polyaerylamide gel
electrophoresis of the purified enzyme was carried cut
according to the method of Betts and Mayer (1973) with
sume modificaticns. A single protein band {Plate 3) was
obtained on polyacrylamide gel, essentiglly in accordance
with the results reported by Ahmad gg al. (1978) for this

enzyme from rat mammaxy gland.

5.2.2 fatty acid synthetase:

The purification of fatty acid synthetase was
carried out by the method of Dils aﬁd Caxey (1975) with
scme mudifications. A 22-fold purification and 12% yield
of fatty =cid synthetase was obtained (Table 108) which |
compared favourahly with the 18-feld purificetion and a
16% yield of fatty acid synthetase obtained by Dils and
Carey 11975). €lution of this purified enzyme through
Sephadex G-200 column has given a single protein peak

{Fig.10} which is in agreement with the results .reported
by Dils and Carey (1975).
No adequate data was available on the purification

of fatty acid synthetese from goat mammary gland, however,

reports are available on the purification of fatty acid



synthetase from cow mammary gland (Knudsen, 1972,
Kinsella et al., 1975). Kinsella et 3l. (1975} purified
fatty acid synthetase from bovine mammary gland and
obtained a 20-fold purification and a 9% yield of the

fatty acid synthetase similar to the present findings.

Polysexrylamide gel electrophoresis of the purified
enzyme was carried out sccording to the method suggestad
by Dils and Carey (1975). The appearance of only single
protein band on 7% polyscrylamide gel {Plate-4) during
present studies is in accordance with the polyacrvlamide
gel electrophoresis pattern of the purified fatty acid
synthetase as reported by Dils and Carey (1975).

5.3 Prepsratipn of antibodies and assessment of their
specificity:

Antibodies were raised against the purified enzymes
mentioned in the Section 5.2. Similarly, antibodies were
elso prepared sgainst glucose-b-phosohate dehydrogenase

which was obtained purified as such.

5.3.1 Prepepration of the antibodies sgainst acetyl-loA

carboxylese and their assessment

Antibodies against purified acetyl-ToA carboxylase
were prepared sccording to the method of Buckner and
Kolattukudy {1976). The immunodiffusion studies were
performed using the method of Ouchterlony (1966), double
immunodiffusion technique with the purified acetyl-ToA
carboxylase from goat memmary gland and the antisera
obtained from rabbits. A single precipitin line wss

obtained on the agsrose gel {(Plete 5} which compared
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fairly wilh the single nrecirpitin line obtained by
Ahmad et al. (1978). They alsg rerorted the formation of
single precipitin line when purified acetv1-CoA rarthoxylacze

from rat mammary gland was allowed to diffuse with the

antibodies developed against it in rabbits.

5.3.2 Preparation of antibodies against fattv ercid

synthetace and their assessment

Antibodies against purified fattv acid svnthetase
were developed in rabbit sccerding to the methcd of
Buckner and Kolattukudy (1976). When immuncdiffusion
assays wrre performed with the purified fativ acid
synthetase from goat mammary gland and the antisera obtained
from the rabbits, using the method of Ouchterlony (1966)
double immunodiffusicn technique. & single precipitin
liﬁé {Plate f) was obtained, which was similar to the
single precipitin line obtained by Buckner and Kolattukudy
{1976}. They further, obtaineé one precipitin line aon
performing the immunodiffusjon assayv with purified fattv
acid synthetase from goose uropygial glands and the
antisera, obhtained fram the rabhits. The nresént results
are further substantiated by the results reported by the
different workers who have purified the fatty acid
synthetase from different sources like liver cells of
developing chick t(Fischer and Goodridge, 1978), rat
mammary gland {Smith, 1%73) and rat liver and brain
(Volpe et al., 1973 and Gharbi-Chihi et al., 1983) and

have reported the formation of a single precipitin line2



104

on immunodiffysion of the purified fatty acid synthétase
from different sources with the corresponding antihodies

developed in rabhitls.

5.3.3 PFrenaration of antibodies afqainst glucgse-A-~nhosnhate

dehydrogendse _and their assessment.

Artibodies against glucose-~A-phosohate dehydrogenase
were developed in rabbits acrerding tn the method of Settis
and Mayrr 11977}, On performing imnunodiffusion assav with
the purified glchSE—S—ththatE dehydrogenase and the
antisera pcbtained frum rabhit, bv the method of Durhterlonv
11966) double immunodiffusion technique a single nrecipitin
line was cbteined (Plate 7). This is in agreement with
the results reported by Betts and Mayer (1977) for

6-phosphogluconate dehydrogenase.

5.4 Effect of combination of hormones, qlucose and

glucose in addition with combination of hormgnes an

the svnthesis of some of the lipogenic Enzymes

S5tudies were carried out to elucidate the fart
whether the increasesin the specifiec activities of the
lipogenic enzymes (as observed in present study) were due
to the activation of the pfe—exiating less active enzyme
mplecules or due to increases in the concentration of the
enzymes in tne tissue explants, cultured under the
effect of different treatments as mentioned above. To
investigate the latter part of the ahove mentioned
problem, quantitative estimation of the lipogenic enzvmes
was daone using immunological technique. It was ochserved

that when combination of haormones, glucose and glucose in
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addition with combination of hornonrs were added separately
to the culiure wmodia, while culturing the explants from
mid-pregnant gnat mammary gland fox 24 hours, there was
an inenreasse ia the svnthegis or amountsef the lirogroic
ENZYMES under study tacetyl-CoA carhoxylase, fattv a-id
synthetase znd glucose~f6-phosnhate dehydrogenase). The
maximum increase in the synthesis was ohseyved when glurose
and combinaticn of hogmones were ysed together. It was
increased to 216k, 167% and 166% of the contral in the
case of acetyl-CpA parboxylase, fatty acid synthetage and
glucose~6-phosphaie dehydrogenase, resperciively, when
hormones combinaticn was added to the culture medium.
Whereas, when glucose and hormones combination were put
together to the culture medium, the values increased to
260%, 241% and 185% of the control in.the case of arcetyl-
LoA carboxylase fatty acid synthetase and glucose—é-
phosphate dehydrogenase, respectively. However, the
increase in synthesis of these lipogenic enzymes was
comparatively less when glhcose alone wes added to the
culture medium. The resulis for incresse in the synthesis
of these enzymes were found parallel with the increases

in the specific activities of these enzymes under study

{Tables 14, 12 and Plstes 15, 16 and {71},

Mayzr {1978) reported that the increase in the
activity of acetyl-lod carboxyvlase in the explant culture
tissue was dwe to the increase in the synthesis af the
enzyme, After conducting immunologicei titretions with

antibodies against fatty acid synthetase {(Dils et al.1974!
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it was found that the cherges in the specific dctivity of
fatty acid synthrtase, when mamma ry explants from {6 dav
pregnant rabhbits were cultured with insulin, prolartin and
cortisel, wrre Adue to the changes in the amount of the
fatty scid synthertase in the exnlants rather thanm by chanqes
in the activity of the constant ameunt of the nre—erxisting
enzyme. Similar reports regarding fatty anid sunthetase
have been given by Gpeake et al. (1975, 1976a,b), who havr
used antibodies rsised against Fattylacid svnthetase to
measure the rate of synthesis or amount of the fattv aerid
synthetase in the explant cultured tissue. Thev have
reported that the changes which occured in the activity of
fatty acid synthetase in the mammary explants from mid-
pregnant rabbit tissue, were due to the increases in fhe
amount of the enzyme. Betts and Mayer (1977} have also
reported that changes in the enzyme actiuify of f=phospho-
gluconate dehydrogenase in the explants of mammary gland
from mid-pregnant rabbits cultured in the presence of
ineulin, prolactin and cortisol, were found to be due to
corresponding changes in the synthesis of the enzyme

( 6-phosphogluconate dehydrogenase)., Similar results have
been presumed regarding glucose-~f-phosphate dehydrogenase

by Leader and Barry (196%).

The increase in the synthesis of the enzymes, when
glucose alone was added to the culture medium, may he
attributed to the increased uptake of glucose by the
mammary explants. The increases in the synthesis of the

lipogenic enzymes are caused by a metabolic product of
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glucose that stimulates the formation of mRNAs required
for the increases in the synthesis and in turn increases
in the activities of the resoective enzymes as sugqested
by Leader and Harcy (1969) and subsequently by other
research workers -\ Rivera and Numning, 1971 and Retts and
Mayer, 1977}. Their reports ate confined to liocogenir
enzymes like glucoge-6-~phosnhate dehydrogenase anrh

6-phosphogluconate dehydrogenese.

The combined effect of glucose and combination ef
hermones leading to maximal increase in the synthesis of
acetyl-CoA carhoxvlase, fatty acid synthetase and glucose-
6~-phosphate dehydrogenase, as observed in present studies,
may be substantiated by the fact that the hormones
\insulin, prolactin and cortisol) do show the obligatory
requirement for the increase in the enzyme synthesis and
the potentiating pffect of glucose on the hormones
triggered increase in the synthesis of the respective

enzymes under study.

On perusal of the present findings it can be put
forward that the increases in the specifiec activities of
the lipogenic .enzymes in the explants from the mid-nregnant
goat mammary tissue under the influence of hormones,
.glucose and glucose in combination of hormones (as observed

in present studies) were due to the increases-in the

synthesis of the enzymes.
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SUMMARY AND CONCLUSIDNS




SUMMARY AND _CONCLUSION

The effect of combination of hormones (insulin,
prolactin and cortisol, each at the rate of 5 ug/ml of
media ), glucose and combination of hormones in addition
to glucose was seen on the activities of pnzymes assaoniated
with fatiy acid synthesis viz. acetvl-CoA synthetase,
acetyl-CoA carhoxylase, fatty acid synthetsse, medium—~chain
acyl-thioesterase and long-chain acyl thioesterase in
mammary explants from mid-pregnant goat. The explant
culture was carried out for 12, 24 and 36 hours. The
specific activities of ascetyl=-CoA synthetase, acetyl-foA
carboxylase and fatty acid synthetase were found
increasing Steadily upto 36 hours-of incubaticn. Whereas
the incresse in fhe specific ectivity of long-chzin anyl-
thioesteraée was observed only upto 24 hours of inrubation
under the effect of all the three trestments mentioned
abhove. The presence of combination of hormanes: {(insulin,
prolactin and cartiscl) in the culture medium, resulted in
significant ingrease -in the specific activities of aretvl-
CoA-synthetase (from 39.04, 44.28 and 45.09 to 77.06, 96.38
and 115.69), acetyl-CoA rarboxylase { from 2.06, 2.58 and
2.58 to 4.25, 5.26 and 5.97) and fetty acid synthetase
{ from 31.83, 36.10 and 37.92 to 50.31, 57.51 and 71.02},
after 12, 24 and 36 hours of incubatien, respectively.

When glucose alone was added to the culture medium, it
led to the increase in the specific activities of aretvl-ToA

synthetase (60.66, 73.46 and 90,45}, acetyl-CoA carhaxylase
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{2.%90, 4.22 and 5.02) and fatty acid synthetase (37.29,
42,40 and 54.44), respectively, aftexr 12, 24 and 36 hours

of incubstion., The extent of increase in the artivities

of all the three enzymes under the effect af rombinaticn

of horaones was rcomparatively higher than that observed

when only glucose was added teo the culture medium. The
maximal increase (2~3 fold) in the activities of these
enzymes was ohserved when combinstion of hormones snd
glucose were added together to the culture medium. The
speeific activity of longwchain acyl thicesterase was slso
incressed due to the addition of combination of homcnes

to the culture medium from 4.51 to 6.21, 4.95 to 7.27 and
4.1 to 4.75, after 12, 24 and 36 hours of incubation,
respectively. On addition of glucose alone 1o the culture
medium, the specific activity of longechain acyl thio-
esterase was increased to 5.36, 6.05 and 4.75 from control
values. However, it was not possible to detect. the artivity
of medium—chain acyl thicesterzse under the influence of any

gf the three treatmenis.

Similarly the effect of these treatments was
cbserved on reducing equivalents (NADPH) generating enzvmes,
¥hen combination of hormones was edded to the culture medium
it led tc the increase in the sﬁeaific activities of
glucose~i-—phosnhate dehydrogenase {from 51.81, 53.28 and
§4.25 tc B83.62, 86.75 and 91.25), é-phosvhogluccnate
dehydrcgenase (from 54.57, 57.70 and 60.%7 to 82.32, 92.38
and 105.80} and of NADP-isocitrate dehydrogenase (frem

196.50, 214.50 and 209.50 to 327.37, 36B.57 and 315.61)-
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The addition of gluccse to the culture medium increased the
specific activities o7 glucose-f-phosnhate dehydrogenase
(61,45, 6B8.25 and 74.31}, G-phosphogluconate dehvdronenase
168.31, 79.64 and 87.46]) and NADP;isncitretF dehvdrcgenasse
{287.57, 337.27 and 295.14). The maximal increasesin the
spPpcifin antivities of these reducing equivalents generating
enzymes were ghserved when combination of hormones end
glucose were added together to the culture medium. The
speci fic activity of NADP_isocitrate dehydrogensse was
vbserved increasing upto 24 hours of incubétion only,
Wheress, the specific activities of glucose-~S~phosnhate
dehydrogenase snd &-nhesnhogluconate dehydrogenass
increased lineafly upto 35 hours of incubation under the

influence of all the three trestments.

Acetyl-LoA carboxylase was purified from the goat
mammary glsnd. The initial units of the acetyl-Coé
carboxylase in the cytescl were 255.4 and the specific
activity of acetyl-Col carboxylsse in the cytosol was 0.D018,
The ammenium sulphate precicitaticn of the cytosel, led to
the incresse in the specific activity of the enzyme to
0.045 with 2.5-fold purificaticon. Fuxther, overnight
dialysis‘nf the fraction increassed ihe specific activity
to 0.052. The enzyme was purified to 2.9=fold. The
negative adsorption on BEAE—Cellulbse, increased the
speci fic activity toc 0.090 (5-fold purifica§icn}. The
subsequent ammcnium sulphate fractionaticn led to ?3-fold
purificaticn of the enzyme with the spgcific artivitv of

0.409, The last step invalving the Sepharose-28 ecclumn
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chromatography resvlted in further ourificstion ef the
enzyme to 45.5 fold, with the specifir activity of 0.8180.
The yield of the enzvme cbtained at the end of whole
pIrocRdUrgE was 19.2%; This purified enzyme gave single

band on polvarrylemide gel electrocphoresis,

Fatty arid synthetase was also ourified frem mvtosol
obtained frcm gouat mammary gland, which ecntained 25225,.50
units aof fatty acid synthetase with specific activity of
13.22. The first ammcnium sulphate frarntionation increased
the specific activity to 47.48, lerading to a 3.6 fold
purification. further treatment of this fracticn with
calcium phosrhate gel, resulted in the purification of the
enzyme to 4.06-fold, with the specific activity of 53.73.
DEAE-Cellulose ecolumn chromatography led to the further
increase in the specific activity of the enzyme to 197.76,
‘which showed a 14.6-fold purification. The last sten
consisting of second ammgnium sulphate fractionation yielded
& purified enzyme with specific activity of 294.37,
representing a2 22.3 fold nuzif;cation of the enzyme over
cytosol. The total yield of the enzyme at the end of
purificatien procedure was 11.95%. This purified enzvme
on polyacrylamide gel electrcrnhoresis gsve one protein

band, which cenfirmed the homogeneity of the enzvme.

Antibcdirs were raised ageainst the purified enzymes
{acetyl-CoA carboxylase, fatty acid synthetase and
glucose-b-phosphate dPhydrngenasej in rabbits and their
immunospecificity was checked by douhle immunodiffusion

technigue. The fermation of the single precipitin lines
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on immunodiffusion of, the antibodies with the respertive
antigens, reflected the immuno .specificity of the
antibodies. Ffurthermcre, the :formation of single
precinitin line in pach case cenfirmed the homdgeneitv'of

the purified enzymes.

While estimating the quantities of the lipogenic
enzymes, employing immunological techniques, it was
observed that when cdmbinationlaf hec rmcnes was added to
the exﬁlant culture medium the syntheses of acetvl-TpA
cerboxylase, fatty acid synthetase and glucose-f-phosohate
dehydrogenase were increesed to 216%, 167% and 166% of
the contrcl, respectively. When only glucose was added teo
the culture medium, the increase in the amounts pf these.
enzymes was observed to be in the nrder of 169%, 127% and
129% of the control, respectively. Whereas, the cnmbined
effect of combination of hormones and glucosein culture
medium resulted in maximal increase (260%, 241% and 1685%)

of the control.

On the basis of the above mentioned findings, it is
concluded that the increase in the specifie eactivities of
acetyl-CoA cartoxylase, fatty acid synthetese and glucose-
é-phosphate dehydrogenase, under the influence of hormones
and glucose, were mainly due to the increase in the
synthesis or amounts of these enzymes, rather than
activation of the pre-—existing léss active enzymes molecules.
It appeared that the enzymes responsible for lipid
metabolism are stimulated by the lactegenic hormones

complex tinsulin, prolactin and cortiscl) from the mid-
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pregnant stage onwarde This invarisbly reflects that

by eltering the haymonal status of an animal, the lipid
synthesizing capacity of mammary tissue can be regulated
by hormonal induction. Furthermore, the pronounced effect
on the lipid metabolism can be induced by the rombined
action of hormones and glucose, which potentiate the
action of each other. This study can further be exterded
to investigate the role of these hormones on the lipogenic
capacity of the mammary tissue at different physiological

stages of an animal i.e. pregnancy and lactation as well.
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