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CHAPTER - ,. 

-----
I N T ROD U C TID N 



IIHROOUCTION 

The ma~mary gla~d is a unique sp~cializatian of 

tRammalian class of animals. It is distinct from other 

tissues as it undergoes changes of most striking kind. both 

structurally and functionally during different physiologir-al 

stages~ The mammary gland development results in the 

production of lactating tissues that have the capa~ity for 

enormous rates of milk secretion. The high biosynthetic 

capacity is a consequence of the cyto differentiation and 

proliferation of the mammary lobule-alveolar cells. It has 

long been established that cell differentiation is hormonally 

controlled and the differentIated stege of B given cell type 

can be hormonally maintained (Rutter et a1., 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 lar~e number of systematic hormonal signals. 

Although the complexity of ·hormonal signals has been defined 

by studies in vivo {folley, 1956; Lyonsg 1955}, the analysis 

of processes requires a more defined system such as tissue 

culture or organ culture. 

fxplant culture of mammary gland from various stages 

of pregnancy and lactation has been used to study several 

aspects of mammary development and differentiat·ion. Tissue 

culture techniques 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 hormones (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 611d Gaye, 1975). It has been demonstrated 

by Hallowes et 81.. (1973) that insulin, prolactin and 

cortisol are necessary for maximal fatty acid synthesis in 

mammary explants from mid-pregnant rats. It has elso bepn 

observed that the explants of mammary gland from mid­

pregnant rabbit respond to hormones (insulin, prolactin 

and cortisol) with an increase in the activity of acety1-

CoA carboxylase (Manning ~ a1., 1976a), fatty acid 

synthetase (Speake tl !!.!., 1975, 1976a,b; Lynch end Oi1s 9 

1976j Forsyth, 1971), glucose-6-phosphate dehydrogenase and 

6-phosphogluconate dehydrogenase (Leader and BarrY9 1969; 

Oka and Perry, 1974; Betts end Mayer, 1977) and medium-chein 

fatty acid synthesis in mouse mammary e:.:~lantB (Eorst. 19B(J)~ 

But tissues from just before Dr just after parturition show 

e much poorer stimulation of lipogenesis. Cameron ~ .§..l.t 

(19B3) reported that lipid biosynthesis in cultured mammary 

tissue from mice during mid-pregnancy was maxilllally 

stimulated by the combined action of insulin, prolar:tin 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 goat mammary 91end. 
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The acetyl-Coil carboxylase which is the first 

enzyme related to fatty acid synthesis in lipogenic 

pathl'!8Y, has long been recognised as 8 potentially rate 

limi ting enzyme of the pathway leading to fatty acid 

synthesis. It has been purified from rat mammary gland 

{Miller and Levy, 1975; Ahmad et 81. t 1978; Ahmad and --
Ahmad, 1981; Ahmad et ::!!.., 1982), rabbit mammary gland 

{Manning ~ aI, 1976bl and bovine adipose tissue (Moss 

et a1., 1972). fatty acid synthetase has elsa been 

purified to homogeneity from rat'memmary gland (Snith Bnd 

Abraham, 1970, 1971a,b)t rabbit mammary gland (Carey and 

Dils, 1970 and Strong end nils, 1972) and bovine mammary 

gland (Knudsen, 1972; Kinsella tl a1"" 1975). The anti 

bodies have been raised against these enzymes purified 

from different sources··by different workers like from 

rabbit mammary gland (Ahmed et a1., 1978), rat mammary 

gland (Smith, 1973) and rat liver (Volpe et al., 1973). 
. --

The antibodies so produced have been used to estimate the 

amount of these enzymes in mammary ~xplahts from mid-

pregnant rabbits. The reports have conclusively shown 

that the changes in the activities of these enzymes in the 

presence 0 f hormones ere due to the changes in the enzyme 

amounts. The maximum increases in the amounts of the 

enzymes were only brought about by the cultuJ:e of explsnts 

in the presence of hormones (insulin, prolactin and 

cortisol). The increase in the activities of fatty acid 

synthetase (Speake at a1., 1975; 1976a.b), acetyl-CoA 

carboxylase (M8yer~ 1978) and 6-ohosphogluconatp. 
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dehydrogenase (Betts end'{lIIayer, '1977) were found to be due 

to the increase in the amounts of these enzymes. 

A scanty information is available on the purifil:::ation 

of the above enzymes and their quantitative estimation 

employing immunological technique to elucidate the a~tion of 

hormones on the activities as well as on the amounts of the 

lipogenic enzymes associated with fatty acid synthesis and 

reducing equivalents (NADPH) generating enzymes in the 

explants from mid-pregnant goat mammary gland. 

In view of the above consderations, the present 

project has been designed to 

(1) Study the hormonal (insulin, prolactin and cortisoi) 

regulation of the enzymes related to fatty acid 

synthesis viz'. acetyl-ecA synthetase, acetyl-CoA 

carboxylase~ fatty acid synthetase, medium_eh~in 

acyl thioBsterase, long-chain acyl thi~esterBse 

and: reducing equivalents generating enzymes viz. 

9 luco se-6-phosphate dehydrogenase 6-phosphog lueonate 

dehydrogenase and NADP-isoeitrate dehydrogenas~ 

in mid-pregnant goat mammary gland using explant 

culture system. 

(2) Purify Some of the lipogenic enzymes to homogeneity 

for the preparation of monospeci fic antisera and to 

estimate immunologically the amounts 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 LITERATURE 

The mammary gland is a unique tissue in the bodv 

which undergoes tremendous metabolic adaptations during 

prepartum and lactation. The control of mammogenesis, 

lectogen~sis and lactation arB sequential events in the 

differentiation procEss, whereby mammary cells are 

converted from a nonsecretory to.9 secretary stageo rt 

undexgoes differentiation to prE'pare itself for the task 

of copious secretion of milk with unique components like 

casein. lactose and milk fat, at a'bout the time of 

parturition. With the approach of onset of lactation. 

extensive changes in enzyme activities occur in mammary 

tissue for synthesiS of.milk components t which were either 

lower or absent during virgin or pregnant state. Hormones 

are primary physiological factors, whieh act and interaet 

in B complex fashion ·to regulate mammary secretory cell 

development, initiate secretary process and maintain 

laetation~ Thus lactogenesis is a cascade of events 

exhibited by appearance or increase in enzyme activities 

specific for syntheSiS and secretion of milk components 

like lactose, cBsein or triglycerides, with marked 

increase in the mammary tlucleic acids (RNA). Increased 

secretion of prolactin, glucorticoids .. estrogens and 

placental I-acto gens arB also observed during this process 

and are related to these event5~ 



Baldwin and Yang (1974) have presented a model 

in which enzymes are placed into three groups namely, 

1. Constitutive enzymE'S whOGE'! activities are not hormone 

dependent, 2. fnzyme whose synthesis is in part 

consti tutiVB and in part hormone dependent, J. tnz:ymp.s 

whose synthesis is almost entirely subjected to spe~ifi~ 

hormonal regulation. The synthesis of the enzymes involv£!d 

in milk fat biosynthesis is considered to be under the 

partial or complete control of hormones (Baldwin and 

Yang, 1974). 

2 .. 1 Lipid biosynthesis in mammary glenQ.: 

The mammary gland is one of the most active tissues 

in the body with regard to lipid synthesis. Apart from 

the high rate of synthesisp it is unique in the synthetic 

process viz .. production of short and medium-chain fatty 

acids. The fatty acids comprising milk triglyr.erides arise 

from two scurces, circulating lipids in the blood and 

£~ ~ synthesis within mammary cell. In goat and .. ow 

the fatty acids of milk fat with cB:rbon -chain from C4 e,4 

as well as pert of C16 arise from de ,novo synthesis 

(Pcpjak tl a1., 1!.151a,b; Palmquist II e.l., 1969), whilE! 

rabbit mammary tissue produces large amounts of (8 and C,O 

fatty acids lCa.rey and Dils, 1972-). Bressler and Wakil 

(1961) and Wakil (1962) showed- that the principal mechanism 

of fatty acid synthesis in many animal -tissues invc.lved two 

basic reactions. The first reaction eoncernS carboxylation 

of acetyl-CcA to malonyl-CoA, which is catalyzed by ar.etyl­

eoA carboxylase enzyme. -The s-E'cond reaction is catalyzed 
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by a group of enzymes, collectively 'called as fattv acid 

synthetase, for synthesis of long-chain fatty acids hy· 

repe ti ti ve addi tion a f two carbon un i ts in the fa rm 0 f 

m~lonyl-CoA. Ganguly (1960) established that these two 

rear;tiQn~ \",ere mainly responsible for the ~ !:!...Q.Y.Q. synthpsis 

of fatty acids in thE' cytosolic fraction of bovine mammary 

gland. The literature on lipid biosynthesis in m€lmmary 

gland has been divided into the following topics: 

(a) Source of carbon for fatty acid synthesis, 

\b) Source of reducing equivalents (NADPH) required 

for fatty acid synthesis, 

(c) de QQY~ fatty acid synthesis, 

(d) Hormonal regulation of oversll lipogenesis. 

2.1.' Sou rca. a f carbon fa r fetty acid svnth~sis: 

Fatty acid synthesis involves a source of substrates 

and aSf.ociated en.z:YlI!es for their conversion to acetyl-CoA 

end malonyl-CoA followed by orderly addition of this 

compound to a primer 'acetyl-CoA and/or propionyl-CoA) 

until the newly synthesi-zed fatty acid i':5 released from the 

fatty acid synthetase complex. 

Cytosol is the site of ~ ~~ synthesis of fatty 

acids both in non-ruminants (Bartley tl ~., 1965: Smith 

and Dils, 1966;. Bauman and Devis, 1974) and in ruminants 

(Dekay et al., 1976). ill vivo end in vitro studies 

demonstrate that ncn-ruminants utilize glucose as a carbon 

source for fatty acid synthesis. Glucose is convprted to 

pyruvate which enters the mitochondria \.,here it underqoes 

oxidative decarboxylation to acetyl-eoA. Si-nce ac:etvl-CoA 



Plate 1. Pathways of fatty acid synthesis 
in non~ruminant mammary tissue. 

lSource: Bauman, D.L and Davis, C.L. 
(1974) In "Lactation: 
A comprehensive Treatise", 
Vol.II leds. B .. L.Lerson end 
V.R.5mithl p 36, Academic 
Press,' New York. } 
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can not diffus~ into thE> cytosol where fatty Bcid SVnthl!!sis 

occurs, it circumvents the mitochondrial barrier bv conrl~ns-

ing with oxalaacetate to form citrate (Lowenstein, 1968). 

Citrate paSS8S into the cytosol and is cleaved by th~ ~nzyme 

ATP-citrate lyase to form extra mitochondrial oxaloacetete 

and acetyl-eoA (Spencer and L"owenstein, 1966; Bhaduri and 

Srere, 1963). Acetyl-CoA is then used far fatty acid 

synthesis and oxaloacetate thus r~leased is used to 

regenerate pyruvate through coupled reactions involving thp 

two malate dehydrogenasBs. NAD-malate dehydrogenase and 

NADP-malate dehydrogenase {Plate 1). The activitv of ATP-

citrate lyase in non-ruminant mammary tissue increases 

dramatically at the onset of le,etation and decreases with 

'weaning {Howenitz and Levy. 1965; -Baldwin Bnd Milligan, 

1966; Spencer and Lowenstein, 1966; Jones, 1967; Kuhn and 

Lowenstein, 1967; Watson and Lowenstein, 1970,j. 

On the other hand ruminant mammary tissue utilites 

acetate, propionate and fi-hydrcxybutyrate. (rumen microbial 
• 

fermentation products) for de ~ synthesis of fatty acids 

(Folley and French, 1950; Balmai" tl 81., 1954; Hardwick 

et al .. , 1963; Bauman tl al., 1973; Parker and Smith, 1974). 

The key to this species difference came from studies with 

perfused goat mammary gland (Hardwick tl !!l;, 1963; 

Hardwick, 1966) in which it was shown that althdugh glucose 

was not incorporated into fatty acids, it "'as utilized in 

the synthesis of milk citrate and casein glutamate (Plate2). 

Thes.e results led Hardwick (1966) to propose that in 

ruminant mammary tissue the mitochondria.} 'end cytosolic 



Plate 2. Pathways 0 f fa'tty acid synthesis 
in ruminant mammary tissue 

(Source: Bauman D.E. and Davis, C.L. 
(1974), In IILactation: A Comprehensive 
Treatise", Vol.II leds. B.L. Larson 
and V.R. Smith) P.38. Ac'adenlic Press, 
New Yorle. 
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pools of acetyl-ecA ... if'1:'8 not in equilibrium.. Both glucosE' 

and acetate contributed to the intramitochondrial acetyl-eOA 

pODl~ but only acetate contributed to thE! extra mito~hondrial 

oCf:'tyl-CoA pool t-shere fatty acid synthesis occurred (Plate 2) 

A comparison of the activities of enzymes involved 

in citrat2 cleavage pat~way (i.e. generation of extra 

mi tochondrial ace tyl-CoA) reveals marked spe-cies di fferl!nc!?s 

between ruminants and l1on-ruminants. Substantial activity of 

ATP-citrate lyase has been found it" the tissues of all 

non-ruminant species investigated. However~ the activities 

of this enzyme as well as of NADP-malate dehydrogenase are 

extremely lo~ in cow (.fieuman tl a1.. 1970). She,ep (Baum'sn 

ti al., 1973) and goat'(Hardwiek, 1966; Reddy and Rsy.19B2·). 

T.herefore, the inabilit~ ,of the ruminant mammary.ljlen'd .. u 

utilize! glucose carbon for fatty acid synthesis is -due to 

the absE'nce of cytosolic ATP-eitrate lyase wh~ch is 

essential for translocation of mitochondrial 8cetyl-Co~' 

(derived from glucose) to cytosol for fatty acid synthesis 

(Plate 2). 

It is now established from the in ~ experiments 

that acetate and jJ -hydroxybutyrate originating from 

microbial fermentation in the rumen are the predominant 

carbon precursors for fat.ty ecid synthesis in ruminant 

mammary gland (f'opjak tl al., 1951a,b; Palmquist tl al. 

1~69). It has been shown that these two metabolites 

contribute almost equally to the initial four carbons of 

the fatty acids synthesized by goat and cow mammary tissue. 

Hmllever, acetate is the main supplier of the remaining 
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carbon in the fatty acid chains. Part of fi -hydroxy 

butyrate has been shown to ~nter chain elongation process 

in the ruminant mammary tissue 8S an intact carbon unit 

(Kumsr et !t!.o, 1965;: Luick and Kameoka, 1966; Bines and 

EroIrJn. 1~68; Smith and McCarthy (1969). Other sturlies 

have indicated that ruminant mammary tissue initially 

cleaves a significant porticn of f3 - hydroxybutyrate to 

~ units (acetate) prior to its ut.ilizstion for fatty ar:-id 
, 

synthesis (Kumar tl a!., 1959; La'uryssens II al .. , '960~ 

Linzell at a1., 1967}. The utilization of p -hydroxybutyrate 

for fatty acid synthesisp other than the initial primer C4 

unit requires its conversion to Bcetyl-Co~. 

The leek of utilization of glucose cerbon for fatty 

acid synthesis in ruminants appears .to be linked with 

evolutionary adaptations ~hich have resulted in B uniqUE! 

process of digestion of feed stuffs rich in cellulose common 

to ruminants. Ingested carbohydrates are fermented ex~ensive 

in the rumen to acetate, proprionete and butyrate, resulting 

in little absorption of glucose from tne gut. Thus, the 

glUCOSE! which is needed for specific functions by the 

mammary gland (milk lecto~e, NADPH generation, gly~eride 

glycerol formation etc.) must be supplied almost entirely 

from gluconeogeresis by the liver and kidney. This places 

glucose at a premium in the tissues of these animals. As 

a consequence, acetate and /3 -hydroxybutyrete, heceuse of 

their availability, become the predominant carbon SQUrr.8S 

for fatty acid synthesis in the mammary gland as well 85 

other lipogenic tissues a f ruminants {Hsnson and Sa lIarrl, 



1Y67, 196B; Ingle et §"'!".t 1 !:I 72 f. 

2~1.2 E.ource of reducin9...-§.9..Y.ivalents (NAOPH) for 

fatty acid svnthesis: 

11 

Apart from thE' source of carbon atoms p the othE'r 

factor needed for active fatty acid synthesis is a rearlilv 

available sUlJply 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 cont'ribution of reducing equivalents are 

cytosolic NADP-malate dehydrogenase and NADP-isocitrate 

dehydrogenase {Bauman tl a1., 1970}. All these enzymes 

are generally present in the cytosol 0 f synthesizing 

mammary cell. 

There are some differences in the source of 

re'dueing equiv<'J1p.nts (NADPH) for fatty acid biosynthesis 

in ruminants and non-ruminants as might be expected when 

dir"ferent carbon sources are utilized for mddation "tf) 

provide NADPH. Two essentially similar schemes hav~ been 

identified for generation of NADPH in the ruminants 

(Plate 2) and non-ruminants (Plate 1) {Bauman et ~., 1970; 

GumBS tl a1., 1973; Bauman and Davis, 19741. 

In non-rumin~nts, the pentose phosphate pethwav anrl 

transhydrogenation cycle are seen as potential producers 

of" NADPH (Bauman and Davis, 1974). It is postulated thet 

in lactating rat mammary tissue the pentcse phosphate 

pathway is the predominant svstem. Tha malate transhydro-

genase system plays a lesser role in mammary tissue than 
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in  tissue  1 ) and  isocitrate

 is much less  than in the case of

 (Gumaa et  1973).

In  the

 is  a key  in

 et  1970, 1973; Gumaa et  Reddy  Ray,

 although  plays an

 The

 phosphate

upon glucose availability in ruminant mammary gland.

Gumaa  ,  have pointed out that in a tissue

such  which is adapted to

 pathway is the

system in relation to lipogenesis.

With the  of lactation  increases

in the activities of  in particle free supernatant

 have been

 citrate cleavage

 found to

in rat, mice and rabbit mammary  as  to thp

 and  Baldwin

 1966;  1966). The peak

activities  observed at  and

Baldwin, 1967;  and  1969). The peak enzyme

activities were also reported to remain elevated during

late lactation, though a drop in milk yield was noticed

 and Jones,  A biphasic adaptation of

 by
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Mellenb~rgeT and Baum8~ (1974) in rabbit mammary tissue 

as evir:lenced by increased dehydrogenase activities during 

n;,id-nregni'Jncy and at post partum. A temporal rplstion 

between fatty acid syllthE'tic .<Jbility and acetvl-CoA 

carboxylase activities was also observed by the samp 

investigators. rJeRning results in precipitous fell in the 

activi ties 0 f the acetyl-eoA carboxylase but ·much slmller 

decline was observed for dehydrogenase ar.tivity. 

In ruminant memmary gland 16 to 44-fold increase 

in the activities of dehydrogenase enzymes between 3 to 

14 week prepartum to 2 WBPk postpartum wer~ noti~ed 

lShirley tl a1., 1973"). A similar trend but of lesser 

magnitude waS observed by Mellenberger ~i a!. t. (1973) in 

bovine mammary tissue between 30 and 7 day prepartum and 

7 and 40 day postpartvm studies. However, Currie (1972) 

reported erratic but statistically signi fican't changes in 

the enzymatic activity in the bovine mammary samples 

obtained by biopsy throughout lactation. Increased levels 

of dehydrogenases, especially isocitrate dehydrogen.ase 

were repor1;ed in lactating bovine mammary tissue as 

compared to non-lactating mamBlary tissue or memmarv tissue 

obtained from virgin animals (Weldschmidt and Rilling, 

1973). The activities of gluccse-6-phosohate 

dehydrogenase and lioopJ:otein 1ioa5e were alse found to 

vary in parallel \",ith milk fat secretion during early 

lactation in goats (Chilliard .§.i a!., 1978). 
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2.1.3 de novo fatty acid synthesi.§. 

Notwithstanding species variations, a major quantity 

of fatty acids is synthesized within mammary cell. Cytosol 

is the sits 0 f de !l!2..Y.£ synthesis of fatty acids both in 

nonruminants 1.0i15, 1977) and in ruminants lDekay ~i §..l., 

1976). In animals, the seven enzymes in the synth€sis 0 f 

fatty acids are held together tightly, in a multienzvme 

complex known as fatty acid synthetase (PAS) whir.h behave 

as a Single unit (Bloch and Vance, 1977). This enzyme 

complex is highly active in the lactating mammary gland, 

where it is involved in the production of substantial 

amount of milk fat (Cnatterjee tl al., 1979). Acetvl-r:oA 

carboxylase catalyses the first committed reaction - the 

carboxylation of acetyl-CoA to malonyl-CoA in ~ U2~ fatty 

acid synthesis and is considered a likely site for 

regulation of lipogenesis in animal tissues (lane ~ ~ •• 

1974). After formation of malonyl-eoA" its condensatiQn 

with acetyl-eoA and further reduction steps are catalysed 

by fatty acid synthetase. The mechanism of synthesis of 

fatty acid in mammary 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 oregnanCVt 

lactogp.nl;!sis and involution of th.,. gland. HArtmann and 

Jones l1970) and Short et a1. (1977) noted 2 to 10 fold 
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increase in the activities of acetvl-CoA carhoxV1ClsE' anrl 

acetyl-eoA synthetrlsE' during E!arly lactation in rabhit 

mammary tissue as compared to the activities obsp.rved in 

mammary tissue obtained from non-oregnant and oTegnant 

rabbits. I~ellenberger and Bauman (1974) also observed a 

dramatic rise in acetyl-eoA carboxylase activity at onset 

of lactation. Similar observations in thE' r~t8 (Howanitz 

and Levy, 1965; Mackall, 1976j Mac::kall and LanE', 1977) 

indicated that acetyl-eoA activity which remained low 

throughout gestation, increased to values 30 to 40 times 

at parturition 8nd during early lactation. In mousE' 

mammary tissue. in contrast to the r~t, the liDogenic 

activity could be detected in late gestation which r~acherl 

maximum level at mid-lactation. Changes in the lipogenic 

activity in ruminant mammary tissue has been investigated 

by Kinsella and Heald (1972); Mellenberger et .E.!. (1972. 

1Y7J) who obtained mammary tissue during prepartum and 

postpartum. It has been observF!d that 5 to 25-fold inrrease 

in the activities of acetyl-CoA carboxyl&se and fatty acid 

synthetase were noticed with initiation 0 f lactation 0 

Chilliard ~.§.!.. (197B) observed the changes in thE' 

activities of acetyl-Co A carboxylase, glucose-6-phosDhate 

dehydrogenase, malic enzyme and lipoprotein lipasp which 

varied parallel with milk fat secretion after oarturition 

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 (Grunnet and Knudsen, 1979a). 
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Normally the fatty acid synthetasE' produr.es thE' 

long-ehain fatty acids as end products. However. short 

and medium-ch~in fatty acids ocr.ur in milk fat. The fatty 

acids are cleaved from thEir thioester linkages bV thio­

esterases that are a composite part of the fatty acid 

synthetase complex. The mammary gland specific thioE'st~rase 

appears to be responsible for the ability of the tissues to 

synthesise medium and short-chain fatty acids characteristic 

of milk fat (Knudsen, 1976: Liberti-ni tl llo, 1978: Smith 

and Ryan, 1979; Smith, 1980; Smith and Stern, 1981; 

Abdinejad ~! a1., 1981). A chain length modifying protein 

has been prepared from xabbit mammary gland, which may 

loosely but specifically interact with fatty acid 

synthetase (Carey, 1977). An ecyl-thicester hydrolase weS 

isolated from cytosol of 'the lactating rabbit mamm~r'y 

gland. This enzyme terminates fatty acid synth~sis at 

medium-chain (. Ce : 0 - C12 : D) 'fatty beids when in~ubatE'd with 

fatty acid synthetase and rete limiting concentration OT 

malonyl-CoA esters of chain length ([10:0 - C16 : 0 ) when 

these were u-sed as model substrates (Knudsen et ~.9 1976). 

The appearance of these acylthioesterasesbecomes quite 

profound just prior to parturition (Chivers et !!!.., 1976: 

Knudsen and Oils, 1975; Knudsen tl ~., 1975). The 

presence of short and medium-chain acyl-thioestereses has 

been demonstrated in rabbit and rat mammary gland. Its 

presence in the goat mammary tissue is, however, not well 

established (Grunnet and KnlJdsen, 1979 a,b) but the 

presance of long-chain acyl-thioesterase has been observed 



1 7 

(Smith !:...:t.. £l .• 1'176; Agradi Q.i £1., 1976). 

2.1.4 l:!.~onal coniro!_of~Q.vef.~Llino9f.Q~: 

The studips rluring pregnAncy and lar.tntjon show 

that the mammary secretory activity increases but the most 

rapid 5hift occurs from non-lactating to lactational stage 

around the time of parturition. The gradual increase in 

the total secretory activity is probably related to the 

total amount of secretory tissue p:tesent as well as the 

activity of these cells to secrete milk fat (Jeffer, 1935). 

Normally, it is only during pregnancy that thE! oreviouslv 

determined ma~mary epithelial cells begin to realize thE'ir 

differentiative potential. It is seen that the progression 

of changes, both structural and functional which the 

epithelial cEdl experiences in this stage of ontogeny is 

8 response to several hormones (Hershako U 81., 1971; 

Rutter et al., 1973). It is ubiquitous that the initiation 

and maintenance of lactation are dependent upon hormonal 

requirements vary among species, but in general minimal 

needs include prolactin and adrenal gllJcocorticoids and 

relative absence of progesterone. l-iormone actions at the 

cellular levels can be divided into these that are ranirllv 

mediated lacute responses) and those that are slowly 

mediated t~hronic responses} according to Mayer (1978). 

Several acute hormone responses, such as the rEgulation 

of glycogen metabolism or lipolysis have been delineated 

in detail. These responses to hormones are very rapid 

and are associated with changes in cellular concentration 

of cyclic-AMP (Hers, 1976). ThE' rhronic hOTmona 1 
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regulation of cell metabolism occurs over perlods of hours 

to weeks, and usually involves selE"ctivE' changes in genp 

expression resulting in the aCGumulation of f'nzvmes or 

protpins np.r.essary for some cHfferE'ntiated funr.tion (r:hsn 

and O'Malley, 1~76). Hormones are required in mam"arv 

gland in vivo in regulating the distinct parts of 

lipogE'nesis {a} ThE' rate of fatty aeid biosynthesis. 

Ib} The chain length composition of fatty acins pro~uced. 

Detailed meaSurements of the changes in lipogenic 

flux in rabbit mammary gland devplopment have bE'sn marlE' 

by Strong and Dils \1~72). The results show a biphasir. 

incrBi3se in the lipogenic ratE' with an initial lipogenic 

stimulus in mid-oregnancy (16-18 days) and a ser.:ond 

stimulus occurs just before partur.it'ion. I t has been 

suggested that in the rabbit the depressed plasma 

progesterone on 21 day of pregnancy combined. with a rise 

in concentration of fre·£" glucot:"orticoids, may coincide 

v,rith the first lipotJenic stimulus in rahhit mamfTIary gland. 
, 

from studies wi th e xplBnts a f mammary gland from 

pseudopregnant rabbit. it is apparent that prolactin and 

insulin ar~ also required for the first lipogeni~ stimulus 

in mammary gland (Denamur, 15171). 

Hallowes. tl f!l., (.1973) have demonstrated that 

insu lin, prolactin and corticosterone arp necessary fa r 

maximal fatty acid synthesis in mammary explants from 

mid-pregnant rats. It has further been observed that the 

explants of mammary gland from mid-pregnant rabhit respond 
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to hormones tinsulin. prolactin and cortisoJ) with E1n 

increase in thp activity of acetyl-CoA carboxylas~ 

(Manning Pt 5!.l •• 1~76<d and an inCTf'FlSE' in thE' amount of 

fatty acid synthp.t6Sf' tSpeRke ~l .!l..:!.., 1975, 1':176<='.b: Lyn'-h 

and Dils t 1~76; Forsyth, 1971), 6-phcsphogluconAt~ 

dehydrogenase and glucose-6-pho5phate dehyrlrcgenflse 

(Leader and Berry, 1969; Rivera and r.ummins, 1971; GrEFn 

et al., ,,71; Oka and Perry, 1974; Betts and MaY!?T, 1977), 

acetyl-CoA synthetase activity (Mer'ineze and Cook, 1971) 

and medium chain fatty acid synthesis in mcuse mammarv 

gland explants (Borst, 1980). But tissuE' from just bf'fore 

or just after partiriti~n show a much poorer stimulation 

cif lipogenesis or none at all. In explents from lactating 

tissue, there arp decrSaseS in rate of fatty acid hio­

synthesis, the percentage of medium-chain fatty ar:ids 

synthesized compared to that in the earlier stages of 

development. However, the decrease observed in thp 

abs~nce of hormones is significantly greater than in the 

presence of hormones. 

Response of the mammary gland to hormoneS 

progre sSively decreases during pregnancy and in lactation_, 

However, the interpretation of these responSES is complex. 

since it undoubtedly results from several factors inclurling 

the accumulation of the milk within the alVEolar lumin8 in 

explents, which simply prevents fUrther response to hormones 

in the tissue by hydrodynamic feed back similar to th~t 

which is believed to oc~ur during mammary involuti~n 

in vi~ (Jones, 1967). 
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It has bep.n revealed through histological studi~s 

thCJt insulin is required for goon survival of oostnr:>tCll 

mammary tissue i!l vitrQ.. in many spE'ciE's (Trowflll, 1959; 

flies and Riv~ra 1959; Walters and Mclean, 1968). It is 

also essential for thE' maintenance and survival of the 

nonruminant secretory cells and the prolonged insuffir.ip.ncy 

of insulin results in the signifieant loss of mammary 

secretory cells. Changes in enzyme 'activities invclvE'd 

in lipogenesis and ultimately decreased synthesis of fatty 

acids and glyceride glycerol from glueD,ae and acetatE' 

lEaldwin and LOuis p 1975). By utilizing- tissuE' slice·s al'\d 

explants from mammary tissues of mice (Jones and fors.yth. 

1969; Leader and Barry, 1969; Rivera and Cummins, 1971; 

Wang ~i g., 1971, 1972 a,b;" Denamur, 1971; Cameron, 1974; 

Oka end Perry, 1974),' rets (Hallowes U 81 ... 1973) a'nd. 

rabbits lHeitzman, 1968; Speake ·~i e1., 1975, 1976 e,b; 

Manning tl 61., 1976a; Betts and Mayer, 1977} the rolF.' of 

insulin haS been estsblished fer the optimal rete of milk 

fat synthesis and its requirements foI' glucose oxidation 

via pentose phosphate patnl,o,ay_ Only limited data, 

however, is available on possible insulin action, in the 

regulation of rum~nant mammary lipid metabolism. 

Injection of insulin in the lactating cows 

(Baldwin et al., 1972) brings about e Significant increase - --
in the glucose oxidation and its conversion to glycpride 

glycerol. The mammary tissue slices from buffaloe$ 

(Bhatia et a1., 1979) end goat (Skarda!C!. !Cl., 1977,1978) 



21 

incorporated increased levels of C
14

_ecetate into total 

lipids in tile presence of insulin and other hormones. 

However, no effect of insulin cOllld be obsprved in ~ows 

in other f"xperiment (Bauman ('It 1'11.,1973). 

Geelen ~:t ~., (1978) have concludecl that thE" part 

of the action of this hormone is located at a point beyond 

the formation of pyruvate. Three lines of evidences supnort 

this conclusion. first of slIp the insulin stimulates the 

incorporation of C
14

_acetate into fatty acids. Ser:ondly, 

the activity of acetyl-eoA cerboxylase. the rate limiting 

enzyme of fatty acid biosynthesis is stimulated by thp 

addition of insulin {Lee tl a1 .. , 1973). Thirdly, insulin 

rapidly elevates the level of cellular content of malonyl­

CoA, the product of acetyl-CoA carboxylation (Geelen -u ~., 
1978'). The observations substantiate the rate of acetyl-CoA 

cBrbo)(ylas~ as a target in the short term control of fatty 

acid synthesis by insulin. Denton (1974) reported two-f'iJld 

increase in the initial activity of Bcetyl-CoA carboxylase 

when thl? explants were treated with insulin. However, the 

insulin appeared to have no effect on the total ar.tivitv 

of the enzyme. Volpe and Vagelos (1974) also reported the 

fatty acid synthetase activi ty in relatiDn· to administration 

of insulin and glucose or fructose feeding. The results 

indicated that the insulin weB not necessary for the 

regulation of fatty acid synth~t~5e activity in liver but 

it may be npcBssary in the adipose tissue. Acetyl-CoA 

carboxylasE' activation occurs with insulin when inhihitors 

of protein synthe5i~ are employed in the medium (lee tl :al.. 
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1973). The Ii~te of fatty acid .synthesis in culture or 

suspl?n5ion has bE'E"n shewn to bp stimu latl?d with added 

insulin and defusf'rl with glucagon (Gep.len E't !!lo. 1978). 

The decreased h'vel c f insulin decreased thE' fatty add 

synthesis in liver (RobinscJn ~J .. !i! .. 1976). Insulin in 

combination with triiodothyronine, however, increased the 

activity of aCEltyl-CoA carboxylase activity and fatty acid 

synthetas8 activity in rats (Sophia tl a1., 1972). 

In isolated rat mammary secretory cells insulin 

stimulates fatty acid syntheSis from pyruvate three times 

and decreased lactate conversion to fat~:y .. ·-at:ids 20 to 30% 

and stimulated glucose conversion to fatty acids 1.2 to 

1.5 times.. Incubation of 91ucose and pyruv~te together 

depressed fatty ar:id sYrithesis from gluc:ose. Insulin BC.ts 

at important site other than or in addition to glucose 

tr~nsport in regulating mammary secretory cell metabolism 

and particularly fatty acid syntheSis. Its aetion in 

fatty acid synthesis is dependent on the culture redox 

state. Insulin increases fatty acid synthesis in cells 

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

Green et a1. ~ (1971) reported that glucose 1 mg/ml 

{ml of medial and insulin 5 ug/ml (of media) are needed 

for maximum increase in the activity of the enzyme glu~ose 

6-phosphE'lte and 6-phosohogluccnate dehydrogenases. The 

increase in the enzyme Bctivity 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 mRNA for the two enzymes. 
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The central anabolic ro-Ie of the hormones in th? 

regulation of intermediary metabolism makes it difficult 

to distinguish bC'?tween thE'se actions of thf" hormones 

directed at the mammary glcnd and those affected Dr 

medi~ted via its influence on overall metabolism of 

lactating ani~als. It was shown that insulin could' 

stimulate 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 a period of 24 hours (Wang at ~.!.., 

1972aJ. Although insulin stimulates fetty acid 5Vnthf'sis 

and improves the viability of the tissue, it did not effect 

the pattern of fatty acid synthesized (Dils tl e1., 1972 ; 

1'974 and Borst, 1960). Nepokroeff tl .1. (1974) h.ve 

indicated en increase in ,the fatty acid synthetic e~tivi tv 

in the rat liver. 

2.1.4.2 fffeet of corticosteroids: 

Glucocorticcid is one of the so called lactogenic:: 

hormones, both in vivo and in vitro in many species. Its, 

role in thE'! formation of rough endoplasmic reticulum. 

casein mRNA and casein have been discussed. It has bee>n 

shown thet glucocorticoids are required for maximal 

ductal growth (Topper and freeman, 1980). The mammary 

tissue of dairy COVIS contain specific sites for gluco-

cortir.ojds (Gorewit and TuckE'r, 1976 e,b; Tucker ~i .,2!. 

1971; Denamur, 1971; Collier f..!. ~.I 1977) and thesE' 

binding si tes are more in number in lactating than in 
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no'n lactating mammary ti&sue. A numbE'r of studif's 

indicate that the glucocorticoids are not acute or shert 

term effectors of mammary metabolism but do Bct aVE'r a 

long term such that gluco~orticoids insufficipncy rpsults 

in depressed lactfltional perfo rmanre, changes in pattprn 

of mammary nucleic acid synthesis and rat-es of synthesis 

of several key mammary hiosynthetic enzymE:so The effect 

of adrenalectomy, hypophysectomy and glucocorticoid 

replacement therapy UDon lactating rat mammary enzyme 

levels have been investigated (vIiIlmer, 1960; Korsrud and 

Baldwin v 1969, 1972 a,b,c; Yang and Baldwin, 1976; 

Plucinski and Baldwin, 1976). The results suggest that 

glucocortico"ids are intimately involved in the regulation 

of mammary enzyme levels, that the effects are. speocific: 

tha,t the enzymes affected are primarily involved in milk 

synthesis and that the extent of dependence upon gluco­

corticoids for the development or maintenance of normal 

enzyme activities varies such that the apparent enzyme 

inductions by glucocorticoids range from two to ten-fold 

(for malic enzyme and fatty acid synthetase 9 respe~tively). 

Although it was established long ago that glucocorticoids 

are essentiel for maximal la~tational performance in 

ruminants lBaldwin and Louis, 1975}9 only limit8d data 

are available regarding possible glucocorticoid action 

upon mammary function. fly and Baldwin (1976) investigated 

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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fOL:nrl that gluco~ol·ticoid insufficiency r~sulting from 

arlren"lectcmy rlid nat r~sult in rlp~reaspd enzyme artiv~tips 

SIJIJ9pstinfJ ti'<lt thr' ru;;)ini;'lnt m?ml1lary funr::tion is ]pss 

drr~n~rn~ unon qlu~occrti~ci~s than in thE' ret. 

In~rp8sFrl conc~ntrations of glucororticoids in 

humans Bnrl animels arp associ2tpo with ~nh2nr.pd heoatic 

lipogrneRis ~nd in~rF~sed hepAti~ and plasma liDirls 

t5teinbe rg ~.i al .• 1952; StE'rn dEl. .. 1973; Casarptto 

et a1., 1974; Re>Elvf'n tl ~o. 1974; D'iamant and Shafrir, 

1975; 8agdade E't sl., 1976a,b; Krik tl ~., 1976). In 

2dditi~n. physiologicel concentrations of glucocorticoids 

in conjunction with insulin are requirE'd for the enryanr.l?rl 

lipogenesis associated with refeeding after starvation 

lBerdanier and Shubeck, 1979; Bouillon and Eerdanier,1980). 

The rE'lative role of these two hormones in this hyper­

lipogenic rpsponse are known. It has been suggested that 

the incr~ased insulin conc~ntrations associated with­

glue-Geortie-oirls eXCp.55. 0 r a synergism between glur.o­

corticaids and in~ulin. may mpdietE' the enh~n~p.d hpoati~ 

~ipogene5is ~ Krik ~! 5L!.D, 1976; Bardanier and Shuber:k, 

1979 ) • 

Hang pt a1. ~ 1972 a,b} r-eported that various 

hormones do not halfe any effect on lipogenesis singly. 

Cortisol singly had no effer::t but in combination with 

othE-T hormont"s, it stimulated linogpnesis. Korsrud and 

Baldwin l 1969} also re~orted that administration of 

cortisol and prclactin \"'-~re required to increase thE' 

normal lC'vels of thr:- activitil?s of glu(,;osE'-6-nh05phatp 
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dehydrogenase and 6-_ohosphogluconate dehydrO-genase. 

forsyth et <11.. (1972) reported that corticosterone 

antagonised the effect of prolactin in stimulating ..thE" 

5~nthesis of medium chain fatty acid. 

2.1.4.3 fffect of prol~ctin: 

Prolactin is necessary for the initiation snrt 

differentiation in early pregnancy and it also plays a 

dominant role in the epithelial gra,wth after parturition 

( Tappe r 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 

reqyired for the production of biosynthetic products of 

the ~ammary gland (casein and lactalbumin). 

Cameron II aI., (19B 3) reported that lipid 

biosynthesis in cultured mammary tissue from mice during 
, 

mid-pregnancy was maximally stimulated by· the combined 

action of prolactin with insulin and cortic:oidso The 

Bction of prolactin was specific fer the formation of 

triglycerides but not other lipid classes. Prolactin 

increased fatty acid synthesis in pregnant mouse mammary 

gland explants (Mayne and Berry, 1970) and these fatty 

acids were found to be similar to those produced by 

lactating gland of mouse (Wang et ~ ... 1972aL 

Forsyth ~~~~ (1972) showed that culture of 

mammary explants from mid-pregnant rabbits with prolacti~ 
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gives H rapid increasE' in th~ preparation of medium-chain 

f~tty acids synthBsized. but lipog~ni~ rates are relatively 

low. The explanati.on for this could be that prolactin 

alone stimulat85 accumulation of thp enzymes involved in 

pI-oducing Inedium-chain fatty acids but makes much less 

accumulation of Dtller lipogenic enzyme, fatty acid 

synthetase l"hen thE> m<lmmary explants from mid-pregnant 

rabbits are cultured with prolactin alone (Speake et !!! .. 

1976b). How_ever, culture of explants with insulin, 

prolactin and cortisol results in the maximum increase in 

the activity and rate of synthesis of fatty acid synthetase. 

ThE:! data put forward by forsyth et al., (1972) SUDDort the 

concept that prolactin alone or insulin and prolactin 

together cause incomplete di'fferentiation of mammary 

explants as measured by low fatty acid syntnetase activity , 
rate of enzyme synthesis, or lipogenic rate. HowE!'ver, 

maximal amount's of medium-cnain fatty acids arE! produr.ed 

by these hormones. Mur:::h greater cyto-differentiation OCGUrs 

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 g., 1972) but the increased cytodifferentia-tion is 

accompanied by decreased rates of medium-chain fatt~ a~id 

synthesis, The detailed mechanism is presently unknown 

but is probably mediated at the transcriptional or 

translational levels. 

The mechanism by which prolactin exerts its ar;tion 

is obscure f It first interacts with the pro.1actin 
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receptors on the plas~a membrane. The numbpr of these 

receptors is under positive control of prolactin itself 

2.1.4.4 Combined effect of insulin. Dj701ac·~in ~Q.1 

£.9-r.ti co 5 te ro i c:1 5: 

MamlBsry tissue undergoes a structural and biDrhp~ical 

differentiation during organ culture in the presen~e of the 

hOl:1nOne combination of ins!..!lin. prolactin and C:Dl"tisol. 

Insulin could stimulate fatty acid synthesis in 

mammary explants from mid-pregnant mice U~oZ'etti Bnd 

Abraham, 1966) and the rate of fatty acid svnthesis could 

be better maintained over 2 days by culture with insulin. 

corticosterone Bnd prolactin. The appesrance of lipid 

droplets in mammary explants treated with this hormone 

combination cen be observed histologically in a number of 

species inclUding the rabhi t (Brone~·,ell" 1965; Mills and 

Topper, 1970). ThE! .experiments of strong tl a1. (1972) 

showed that if explarlts frou: pseudo~p:t'egnant rabbits we1-°e 

cultured with insulin, corticosterone and prolsc:tin for 

6-7 days, they could synthesize triglycerides enriched i..n 

the medium-chain fatty acids characteristics of rabbit 

milk. FrEshly excised explants from pseudo'~Dregnent rabhits 

synthesize triglycerides sno phospholipids containing long~ 

chein fatty' acids. The maximum rate of fatty acid svnthpsis 

observed with such BKplants after culture with insulin. 

corticosterone and prolactin was similar to that seen with 

freshly e~cised explantE frem lactating rabbit mammary gland 
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receptors on the plas~a membrane. The numbpr of these 

receptors is under positive control of prolactin itself 

2.1.4.4 Combined effect of inslJlin!l~:Q.llli.i!L.2.C,lQ 

£.9...r.ti CD S te I'D ids: 

M~mlBery tissue undergoes a structural and bio~hpmical 

differentiation during organ culture in the pre5en~e of the 

hormone combination of insulin!! prolactin and CDl"tisol. 

Insulin could stimulate fatty acid synthesis in 

mammary explants from mid-pregnant mice U~oI'etti and 

Abraham, 1966) and the rate of fatty acid synthesis could 

be better maintained over 2 days by culture with insulin, 

cortieosterone and prolactin. The eppl"!srance of lipid 

droplets in mammary explants treated with this hormone 

combination can be observed histologically in a number of 

species including the rab'IJi t (Brone\-.rell,. 19 6S; Mills and 

Topper, 1970). The Experiments of strong tl al. (1972) 

showed that if explarlts from pseudo-pregnant rsbbits Wel"8 

cultured with insulin, corticosterone and prolactin for 

6-7 days, they could synthesize triglyceridGs enriched ~n 

the medium-chain fatty acids characteristics of rabbit 

milk. Freshly excised explants from pseudO'~Dregnent rabhits 

synthesize triglycerides ano phDspholipids containing 10ng-

chein fatty' acids. The ~aximum rate of fatty acid svnthpsis 

observed with such EKplants after cultur~ with insulin, 

corticosterone and pl~olactirJ was similar t[J that sefln with 

freshly 8Kcised explBnts from lactating rabbit mammary gland_ 



by insulin and prolRctin associated with or not wi th 

cortisol. Casein synthesis waS stimulated only whpn 

prolactin was nrpscnt in th~ culture medium. Prolartin 

alont? was ablE" to signi fi~antly sUPpa rt thE' indur.tion 0 f 

casein synthesis. The results indicate thAt insulin. 

prolactin and cortisol are involved in maintenance of 

goat mammary tissue in culture but prolactin essentially 

stimulates milk synthesis (Skarda et a!., 1982a). The 

magnitude of the effect of prolactin on lipid synth~sis 

was optimal when cortisol concentration between 0.1. to 

0.5 JJg/ml were employed. These concentrations of cortisol 

ware reported by Dna and Oka (1980) to optimise Drolar.tin 

stimulation of casein syntheSis. The observations suggest 

the possibility that the mechanism by which prola~tin 

stimulates lipids and protein biosynthesis :in mammary gland 

may have 50me aspects in common (Cameron U §.!.., 1983). 

Green ~ al. (1971) studied the hormonel regulBtio~ 

of glucose-6-phosphate and 6-pnosohoglu.conate dehydrogenasE' , 
activitie.s in mammary exolants from mice. Insulin. g1u1:"05e. 

amino acids end inorganic salts wer~ the minimal requirpm~nts 

needed tc increaBe th~ enzyme activities in E'xolants from 

lact2ting mice. Rivera and Cummins (1971) also showed that 

sustained maximal increase in the enzyme ectivitips of 

glucor,e-6-phosrhate dehydrogenase and 6-phosnho gluconat p 

dehydrogenase were ohtained when mammary E'xplants. from 

mid-pregnant micP were cultured with insulin. cortir.osterone 

and orolactin. Hormones were required in the medium for 

several hours 1n order to producE' th~ maxima! incrpsse in 



enzyme acti vi ties \lJhich .-Jere measured after 48 hours in 

culture. Oka and Perry (1974) have shO\,,!,n that insulin, 

prolactin and cortisol ~-Jere required for a maximal int:rease 

in the actjvities of glucosB-6-phospnate dehyrlrogenase in 

mammary explants from mid-pregnant mice. Cortisol enhan~ed 

the effect of insulin in cauGing an increase in the enzyme 

activity_ 

Thp. mechanism of the chang~ in enzyme activities 

has to be identified i.p~ whether the increase in thp 

enzyme activities is due tb activation of preeXisting 

enzyme or to an increase in the concentration (amount) of 

the enzymes in th~ tissue (Mayer. 197a)~ To measure th~ 

changes in the amount 0 f 6-phosphogluconate dehydrogenase 

into the mammary explants from mid-pregnant rabbits, 

6-phosphogluconate dehydrogenase has been purified from 

Rabbit mammary gland (Betts Bnd Mayer, 1975) and e 

monospec'i fic antisera has been produ€;;ed. The antisera .50 

produced has been used to estimate the amount of 6-phosoho:" 

gluconate dehydrogenase in mammary explants. f,rom mid­

pregnen~ rabbits. The results conclusively have shown 

that changes in the activity of the enzyme in the 

presence or absence of hormones arE' dUE! to changes in 

enzyme ccncEntration lBetts and Mayer, 1977). The 

increases in the concentration of the enzyme were only 

brought 'about by culture of exnlants in the presenr:e of 

hormones \insulin t prolactin end cortisol). 

Similarly, the increases in the activities of 

fatty acid synthetase (Speake £.i ~., 1975, 1,976 b) and 
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aCE?tyl-CoA carboxylasE? (Mayer, 1978) are found dUE! to thp. 

increases in the amounts of the acetyl-teA carboxylase 

l ~1ayerr 1978) anrl fatty acid synthetase (Soeake st al .• - -- -- 1975. 

1976b) _ Approximah,ly six foJds inrrease in thp. anDarr>nt 

rate of synthesis of fatty acid synthetase was observed 

L",hell the e)cplBnts of mammary gland from mid-pregnant rabbits 

were cultured with insulin, prolact1.n and cortisol. 

2.1.4.5 fffe£1~in5ulinr ~lactinz cortisol and~lU~05e: 

The role of glucose in triggering the increase in the 

arr.cunt of 6-phosphogluconate dehydrogenase in E'xn1ants of 

rebbit mammary gland has been defined (Eetts and Ma,ver, '-977). 

In the absence of glucose, no increase in the amount of 

enzyme occurred in the presence or in the absenr.e of hormones. 

When .e_xplants were cultured in the presence of glucosE'-. 

increases in the amount of enzyme occurred with or without 

hormones linsulin, prolactin and cortisol). Transfer of 

exp'lants to glucose free medium resulted in B de-crease in i 

the amount of enzymE. both in thE' pxesE'nce and absencp. of 

hormones. When sxplants werE cultured in the absenee of 

glUCOSE, little increase in the amount of enzyme occurred 

in the presence or in the absence of hormones but if the 

explants werE' transferred to a glucose-containing medium 

an increase occurr~d in the amount of the enzyme in the 

presence. but nat in the absence of hormones. The 

regulation of 6-phosphog1uconate dehydrogenasE in mammary 

explants i~ evidently complex. However, the r~sults do 

show the obligator~requirement for glucose to producE" an 

increase in enz·yme amount and the potBntiating effect of 
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insulin, prolactin and cortisol on glucose triggere-d 

increasE' in thp enzyme amount. Glucose used in media r.Ou Id 

be rJplar:ed by mannOSf> or fructosE' IGreE'n et a1.-, 1971). 

With highpr glucose concentrations in the ~ulture media. 

insulin did not potentiate the glucose-mediated in~rease 

in' enzyme activity. Glucose was n~cessary initially in 

DI'deI' tc trigger the increase in enzyme ar-tivity. which 

occurred after 12 hours in culture (Leader and Barry, 1969). 

It has been suggested by leeder and Barry (1969) that 

increase in the activities of glucose-6-phosphate 

dehydrogenase result from an increased uptake of glucose 

by the mammary tissue and that the increases in ar.tivity 

are caused by metabolic product of glucose that stimulates 

the formation of mRNA during a few hour period after glucose 

is s'dded to the culture medium. Leader end Barry (1969) 

have also shown that the increases in the enzym.e activity 

both in culture end' in the living animal at parturition 

ere induced by an influx of glucose that is restrainerl 

during pregnancy by th~ growth hormone like action of 

placental lactogen. Green et !!l. (1971) have shown that 

when glucose waS not added until 4 hours during exolant 

culture of mid ot'egnant rabbit mammary gland, actinomycin D 

added 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 mammary gland were cultured for B 

days with insulin. prolactin and corticostercne, the 



34 

incorporation of 1_C
14 

gluCOSE! and 6"':C
14 

glu'::os£> with 

total lipids increased seven-fold over control culture 

without prolactin. Insulin.stimulated fatty acid svnthesis 

14 
from C -glucose lMoretti and Abraham, 1966) but that trE' 

further addition of corticosterone and prolactin in culture 

medium did not affect glucose incorporation into fatty ar'!icis 

(Mayne and Barry. 1970). 

In in vitro experiments,insulin has been shown to 

increase membrane transport of glucose in the adipose 

tissue. Simultaneously conversion of glueosE': to glyceride 

glycerol and fatty acid with accompanying formation of CQ 2 

through HMP shunt pathway"and oxidation of glucose by TeA 

cycle are a160 enhanced. Increased rates of glucose 

oxidation th,rough HMP shunt path'nay have been attributed 

to the generation of reduced NADP, which is required for 

the effective fatty acid biosynthesis (Mch'an. ·1958). 

Insulin increases the· concentration of glycerol pho5Dhater 

a·nd may Suppress lipolysiS. It has been suggested that 

consequent to triglyceride .formation, the tissue 

concentration of fatty acyl-CoA is lowered and thereby 

acetyl_CoA carboxylas~ is activated. In severe glucose 

deficiency in rats, fatty acid biosynthesis is markedly 

reduced and normal. rates are not restored even with insulin 

!r!.. vi tra. 
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242 Di8tributioDt DUTification and some~rop~ti~~f 

lipogenic en~~~£: 

Ac~tyl-CoA carboxylase has long been recognizpd as 

a potentia.lly :rate-limiting enzyme in the process of fatty 

acid synthesis because of its low activity in various 

tissues as compared \",ith other enzymes involved in 

lipogenesis (Korchak and Masora 9 1962; Howantiz and L~vv. 

1965). The acetyl-eoA carboxylasE in. extracts of pigeon 

liver lMargolis and Baum, 1966) snd rabbit mammary gland 

15mi th tl .5!.1., 1966) was found distributed betwE'en the 

microsomal and supernatant fractions. Margolis and Raum 

(1966) Bnd Easter and Dills (1968) have concluded from 

their experiments that all the acetyl-rcA carboxylase in 

pigeon liver end in rabbit mammary gland9 respectively .. 

is membrane bound in vivo. 

Acetyl-CoA carboxylase has been isolated in 

homogenous fOITll (Gregolin at al., 1966; 1968; Numa u.§.l .. 

1966; Majerus and Kilburn, 1969) and crystalized (Goto 

at 131 •• 1967) 'from chicken liver. This enzyme has also 

been purified from rat liver (Najerus tl ~'r 1968; 

Nakanishi and Numa, 1Y7Di Inoue and Lowenstein, 1972), 

lactating rat mammary gland (Miller and Levy, 1975: 

Ahmad at ~., 1978; Ahmad and. Ahmad, 1981; Ahmad tl 131.. 

1982), rat adipose tissue (Vagelos et 131., 1963), rabbit 

mammary gland (Manning ~i ti., 1976 b), bovine adipos~ 

tissue (Moss tl ~., 1972), pigeon liver (Waite and \-Jaldlr 

1962), E. coli (Alberts and Vagelos p 1968) aod 



36 

\'/heat germ tHatch-and Stumpf, 1961). 

I t has be~n established that the carboxylase from 

animal tissues, either in homogenous form Dr in ~ell free 

8xtracts requires the presence of tricarboxylic acid 

activator e.g. citrate or isocitrate (Martin and VE'lgelos, 

1~62j Kleinschmidt eot a!., 1969; Lane tl ~., 1974 and 

Volpe and Vagelos, 1976}, without activatol\homogenou5 

liver enzyme exists as a protomer (Moss and Lane, 1972; 

Guchhait ~.E..!., 1974). The addition of citrate leads to 

the formation of catalytically active ferm of enzyme 

( L t 1 19 75) A • • f th Ug++ snB L L., . c:t~vatl.on 0 . e enzyme by 1:. 

lGreen.span and Lowenstein, 1968") and oC -Glycerol 3-phosphate 

(Rasmussen end Klein, 1967J has also bepn reported. 

Phosphorylation of the enzyme inactivates wher~as 

dephosphorylation activatee the inactive acety1-CoA 

carboxylase lLee and Kim, 1977; Brownsey tl a1., 1977,1981: 

Hardie and Guy. 1980; ·HBr~ Bnd Cohen, 197Ba,b, 1979; 

Lent et 81., 1978). The activity of acetyl-CoA carboxylase 

• incrE!ases in p·arallel with the increased lipogenic I3ctivi tv 

of the gland dur.ing the transition from early to Deak 

lactation (Mackall and Lane, 1977; Martyn and Hansen~19B1). 

This enzyme' is found in nBturE in hiO different 

organisational forms. In plants end primitive bactE'ria~ 

the seven enzymes of fatty acid synthetase complex exist 

as discrete monofunctional proteins which can be isolated 

individually. However, in the more advanced microorganisms • 

. yeasts, mold and animals, the component enzymes are 
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integrated into a multienzyme ccmplex~ which has been 

purified as a single protein lBloch and VanCf'!t 19771. 

fatty acid synthetase has bt'en puri fied to homogenF>ibr from 

rat mammary gl;,.~nd (Smith .... and A~)raham, 1970; 1971"".~1}. rRt 

liver (Burton s:.:!:.. a1., 1968; Nenakrof:>ff tl 2.l*9 19751. 

rabbit mammary gl8nd lC;arey and lHls, 19~;o; Strong anrl 

Dils, 1972), bovin~ mammary gland (Knudsen, 1972; Kinsella 

et f!.:!.q 1975), pigeon liver iHsu ~t !i!., 1965) and hllman 

liver {Roncari t 1974a}. Thp fatty acid synthe>tase from 

animal sources is obtained as a orate-in of aootoxLnstelv 

5,OOPOO molecular wl?ight (Kumar ~ 5!!., 1972; Yun and HStJ. 

1972), Dissociation of this synthl?t~se into 2pO.000 

2)°1000 molecular weight subunits has been d~monstrat~d 

with both low ionic strength buffer (Kumar tl a1 ... 1972; 

. 0 
Yun and Hsu, 1972) and prolongt>d storage at 0 - 4 C .. 

lMuesing !!i .1 •• 1975). Jacob tl !!.l. (1968) studied the 

covalent binding sites of the acetate end m-a1onate to the 

soluble pigeon liver fatty acid synthetase. Reoorts of 

Yw and Burton t 1975) confirmed the require_ment of a-phospho­

pantetheine group for fatty acid synthetasE! activity. It 

possesses the proosrties similar to those of acyl carrier 

protein i.ACP) isolat~d from f. coli (QurE'shi et 81., 1.974), ---
yeast \\'Jillecke tl a1." '~69} and dog liver (Roncari. 1974b). 

The multienzyme complex from different species 

showed rpmarkable physical and chf>mical similarities. 

The molpcular weight of the nstive enzyme has bepn found 

to bE 5.00.,000. Fatty acid synthetase from rabbit mammarv 
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gland nes be~n found to havl? pH optimum of 6.5 - 6~B 

\Hansen II a" 1. , 1970; Carey et .el., 1972}, The major 

pl~oduct fCJr~I'cd is palmitic acid. The enzymp has bf'en 

shown to be cold labile. Upon ag~ing in the cold, thp 

native enzyme dissociates into two identical half mol~r.uli'lr 

wr.ight subunits whir-h are inactiVE! {Smith and Abraham. 

1971bl. 

2.3 Immun 010 giC~D rop~tip.~~_l~ D~gl2..ll!.~~nzY!!l~~ 

Antibodies have been developed against some of thp 

lipogenic enzymes like acetyl-ecA carhoxvlBse (Mackall and 

Lane, 1977; Ahmad tl al., 1976, 19B1), fatty acid svnthetase 

{Smith, 19.73; Volpe at a1., 1973; Buckner and Kolattukudv, 

1916) and 6-phosphog!uconate dehydrogenase (Betts and Mayer. 

1975). fisher and Goodridge (1978), Smith (1973), VolpE? 

~.:t a1. l1973} and Gharbhi-Chihi et aL (19B3) have reoortF'd 

the formation C?f a single precipitin line on immunodiffusion 

of the purified fatty acid synthetase from different sources 

<1ith the corresponding antibodies developed 'in rabbits. 

Ahmad ~i ~l. l1978) and Betts and Mayer (1975) have also 

rf:lported th~ formation of a single precipitin line ,on 

immunodiffusion of the purified acetyl-tcA.carboxylase and 

6_pho5~hogluconste dehydrogenase, respectively with the 

antibodies developed against these enzymes. 



CHAPTER - 3 

MATERIALS AND METHODS 



Acptyl-CoA, mO'llonyl-CcA, dadecanoyl-':oA, 

pslmitoyl-CoA 1 coenzyme A, gluc~se-6-phosnhate. 

6-phosDhogluconate~ isocitrats, ~icotinamide adenin@ 

dinucleotide phosphate (NADP), nicotinamide adenine 

dinucleotide phOsDhate reduced fo~m (NADPH). ede.nosine 

triphosDhate (ATP)t dithiothr~itol (DIT), dithioervthritol . . 

(OTE'r S'-S'-dithiobis C2-nitrobenzoic aeid) {UTNB)t 

g!utathionp. I'f::'dur.eri, hovine sp.rum albuminr ( Tris 

hydroxymethyl amino methane), HfPfS buffert N-_2 

hydroxyethyl piperaz.ine N-2 ethane sulfonic acid )-, 

2 ~5-diphen'y loxazone (PPO), Phenyloxai:o lyl phenyl 

oxazolylphenyl (POPOP), acrylamide, NNt-methylene­

bisacrylamide, N, N, Nt, N'-tetramethyl ethyle~e diemine. 

Cocmassie brilliant blue, imidazole, DfAr-Cellulose. 

Sephadex (;-200. Seoharose-28, calcium phQsnhate gel, 

insulin {porcine pancreaseJ prolactin (sheep pituitary 

gland) and cortisol were purchased from Sigma Ch£"mical 

Comoany, MO, U.S.A. 

C14 _sodium bicarbonate and C14_sodium acetate were 

obtained from Bhabha Atomic Research Centre, Trombay, 

Bombay. ivledium 199 waS purchased from Hindustan Dehvdrated 

Media, Bombay. Streptopenicillin (2 )( 10
6
units/S ·ml) wes 

obtained from Mis Alembic Chemical Works Co. Ltd. Baroda. 

Silicone oil was obtained from Mis S.D. Fine ChE'mir.els Pvt. 
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Ltd. Boiser. Lens papers (Microklin Brand) viera obtainerl 

from Mis n.K. Dutta & Co. Calcutta. Nutripnt broth m~rlium 

.... /a5 purchRseo from nXGrD Ltrl., Basingstoke, Hflnts, fnglanr1. 

Agarose was obtBin~d from Lobs Chpmie Indo-Austranal ~o. 

Bombay. All oth~r chemicals were either from EDH or 

Polyphsrm and were of analytical grade. 

Mixed breed of goats of appro~imately same agE" 

which were in first or second lactation, were seler:ted from 

the herd maintained at this Institute. The milk yield of 

these animals was about 1 Kg per day. These animals were 

kept under identical conditions of feeding and management 

throughout the experimental period. 

3.3 Collection of mamm!!£L,.tis5ue semoles: 

Mammary tissue samoles were obtained from mid-

pregnant goats by surgical biopsy technique. The goats 

WBre given 2 ml {50 mg} of largactil (M &. B) as tran"quilli-zsr. 

The milk waS completely removed from the udder before 

operation. The area of the udder to be Doerated, was 

cleanly shaved and applied with an antiseptic lotion. 

local anaesthetic, procaine hydrochloride (3-4 mI) was 

" injected subcutaneously. An incision o~ about 1-1V2 WaS 

made on the skin and the unMerlying connective tissue WaS 

exposed. Tile mammary gland (about 2 gml waS taken out 

and immediately kept in ice-cold pre-sterilized nDD~al 

saline l.9'70 NaCl w/v). The Whole process was performed 

under well maintained aseptic conditions. The haemorrhage 

was controlled by plugging the cotton and by aoplving 
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the rlifferent lay~rs and was treated as oppn wound. 

3.LI fI!2E_Q_~_i~f......t.hf' ti5~~: 

The arliocsF and connective tissues were rpmovpd 

and thp g1andul:'lr tissue washed repeatedly with normal 

saline. Thp tissue was cut into small pieces 

(approximately 1 mg ear::h) and were dipped in small quantity 

of media for r::ulturing purpose. 

3.5 Method of explant cult~: 

The exnlant culture of thp goat mam'llsry tissue WaS 

carried Gut essentially according to the method of Tonper 

and Oka (1974). The procedure involved' thE' following 

ste ps. 

PrpPFlration 0 f culture me-dis: 

The culture media I:ontained 1.1- gm chemically 

defined synthetic medium, Medium - 199 supplemented with 

0.4766 gm of HfPfS buffer; 0 .. 0175 gm of sodium bicsrhoRate; 

10 mg pot.s;:Irbate and 1.1 ml of sodium hyd,roxide (1, M) 

dissolved in a final volume of 100 ml with distilled wate-r. 

T~e pH of thp content was adjusted to 7.2. The media was 

sterilized and 1000 units of streptopenicillin were- adde-d 

per 10 ml of media 9 before use for culture. 

3.5.2 Preparation of siliconized paper: 

5iliconized lpns Dapers were used as a SUDPort for 

the small tissue explants to float on the media durinq 

the cultur~. Prior to siliconization, the lens paDers were 

suspended in ethyl ether for 30 minutes and then ethe~ was 



re~oved b~ aspir9~ion. This was done three times. The 

SamE; procedure 'lUIS then performed with 95t;r, ethyl alcohoL 

finally the rapers I,Iext" ,..,ashed four times for 15 minutE'S E'ar:h 

with gl~ss distilled water and dried at 37o~. Siliconization 

was then accomplished by submerging the dried DaDer in 

silicon oil: hexane (1: 1000 v/v) for 10 minutes 'at room 

temperature. After removal of silicone solution bV 

aspiration, excess silicone was eliminated bV tr~atment 

with hexane as described above. Again the Paners we re 

o 
dried at 37 C and placed in covered petri dishes. Be fo re 

use, the paners were heated for 1 hr at 150°C in dry oven. 

This final he?!ting served two ourooses. Fj, rst the lens 

papers were sterilized' and secondly the impregnated silirene 

was modified so that it permitted the paoer to float. 

\ 
3a5a 3 Cult~_of _~e.lant§.: 

Small pieces of the explsnts (about 25 exnlants 

approximCltely 1 mg each) were transferred on a silieeniZf!rJ 

paper whieh was floating on the medium in the eulture dish 

(60 mm dial. fach c:ulture dish contained 10 ml of 

constituted medium 199, glueose and specific hormones at 

variGus levels wherever necessarya Four di fferent sets, 

consisting of 6 to 7 culture dishes each were made. Dne 

set, in which hormones or glucose were not added to the 

culture medium, functioned as control. Rest thr8P sets 

were experimentel lcombination of hormones. glucose i'lnn 

combination of hormones in addition with glucose treatec" 

respectively) • Thp, whole orocess was r.errip.d out unrJpr 

aseptic conditions in BBL Biological ~abinet (B8L Mir.ro-
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biology System. Division, Becton Dickinson anrl r:oo, USA) 

equipped with U.V. lamn and laminar flaw of sterilize~. air. 

3.5.4 Maintenance of culture: 

Incubation waS carri~d out in an sterilized in~ubator 

(previously swabbed with all:ohol) normall.~ for 24 hrs~ 

unless stated otherwise, at 37°C in the Dresenr€> of a 

constant flow of 02 + r:0
2 

(95:5). All the above operations 

were carded cut under st~rile conditions. After culturing 

the lens papers were removed from the 'culture dish and 

gently blotted to remove adhering medium. The explants 

were then carefully collected with a fine forc:ep and 

pr.ocessed for enzyme assays. 

3.6 Moni to ring, the bacterial contaminsation 0 f the 

cuI ture media: 

Before culturing and aftl"r harvesting, the culture 

media were testl"d routinely for the bacterial and fungal 

contamination. Sterilized nutrient broth (The OXOID 

Manual, 1982), which contained all the nutrients required 

for the grot.-Jth of hacteria and fungi, was used for testing 

the contamination in the culture media. To about 10 ml of 

pre-sterilized nutrient broth, 0.5 ml of culture medium 

"Jas added with 8 presterilized pipl;!tte. The tube WaS thfln 

o 
vortexed and incubated at 37 C. In the event of any growth 

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

piscarded. 

3.7 Erf>paration c;f cytosol: 

The tissue samples, collected from different sets 
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of petri dishes, were washed many times with thp ice-raId 

0.01 M Tris~HCl Duffer (pH 7.ll} containing 0.25 M sUr:roSE', 

1 mM DTf and 1 mM fPTA till thp ~Dlour of media w~s 

disappearEd. ThE' tissue was homogenized in feur volumps 

of the ice-cold buffer in a Duall tR} - 21 glass homogE'hizer 

l Kantes Glass Co. U.S.A.). The homogenate was cE'ntri fuqed 

at 5000 x!1 for 10 minutes in refrigerated _centrifuge 

~Janetzki K-24) at 4°C to .remeve nuclei and unbroken cells. 

The ·supernatant waS taken !3fter discarding the floatinQ 

fat layer and filtered through cheese cloth. It was aqain 

centri fuged at 105000 K £l for 60 minutes in Beckman 

L-Ultrecentrifuge at 4
0

C. The pellet and the f~Dating 

f.at layer were discarded.· The supernatant was filtered 

through four layers of cheese cloth if necessary. ThE' 

psr'ticle free supernatant (cytosol) was used for 

determination of the ,activities of the various E>.nzymes. 

3.8 Pro t"ein estimation: 

The total protein in the cytosol was estimated 
• 

according to the method of Lo'Wry ~ a!. ("1951) using 

bovine serum albumin as the standard. 

The> enzymes essayed were: Acetyl-CoA synthetase, 

acetyl-toA carboxylase, fatty acid synthetas.e I mE'dium~ 

chain and long_chain acyl thio8sterases, glucose-6-

phosphate dehydrogenase, 6-phosphogluconate dehydrogenase 

and NAD P-isoci trate dehydrogenase. All the enzymes WE're 

a 
assay~d at 37 ~ under optimum conditions where the 

activity was linearly related to protein (enzyme) 
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ccncentration and time of incubation. The Enzym~ asSavs 

~vere donp. in duplicatE', The dehydrogenases were measured 

spectrophoto~'~tricaJly at 340 nm and the increase in 

absorbanc~ was measured. The extinction copffic5ent (f) 

of NADPH 6.22 x 10
6 

cm
2
/mole was take>n for the calr.ulation 

o f the re su 1 ts. 

3.9.1 Acetyl-ecA svnthptase; 

This enzyme was essayed 9S rleseribE'd by Paul (1962) 

with some modification lHoughan anrl SIeck, 1977). ThE' 

enzyme was assayed by the formation of radioElctivE 

acetyl_ecA from radioC!ctive acetate. The assay tubE"s 

consisted of Tris-Hel buffer (pH 7.4), tOO mM; MgCl2 ' 

5 mM; KF, sO mM; glutathione (reduced) , 10 mM; AlP, 10 mM; 

CoA, 0.5 mM; 2_C '4_sodium acetate (2 ~Ci/J.! mole), 10 mM 

and the enzyme in variable amounts in a final volume of 

0.2 mI. The tubes were incubated at 37°C for 5 min. 

Aliquots of 100 u1 were spotted on tile Whatman No.3 fiIte,r 

papf'r discs. ThE! discs were dried well and were imml?rsed 

in 5 ml of O.25~ tw/v} trichloroacetic acid in ethancl:ethe.r 

mixture {1:4) for 5 min. The sol .... ent was decanter!. ~lashing 

was repl?ated thrEE' times. ThE' discs were finally washed in 

5 ml of ethE'r. The discs were air dried and transferred to 

scintillation vials containing 10 ml of Bray's solution 

tBrBY. 19.60) lPOP(1P~ 100 mg; PPO, 2.0 g; pthylpne gly~C']. 

10.0 ml; methanol. 50.0 ml; naphthalenE. 30 gm and dioxane, 

440 ml). The residual radioactivity was measured in 

Scintillation Counter. An enzyme blank was preoared 

simul tanEously. 
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3'~902 Acetyl-CoA carboxY!f!§.t: 

Acetyl ecA carboxylase was assayed using (14_ 

bicarbonate fixation m~thod as described by Markall and 

Lane '1977) with some modifications. The reaction 

mixture lD.4 ml) consisted of imidazole-Hel buff~r, 

pH 7.5. 100 mM; glutathione, 3 mM; potassium citrate, 

20 mM; magnesium chloride. 20 mM; BSA. 0.6 mg; ATP, 3 mN: 

acetyl-ecA, 1 mM; C
14

_sOdium bicarbonate (0.5 }JCi/p mohd, 

20 mM and enzyme protein (0-250 ug). Initially the 

enzyme waS preincubated at 37°C for 30 minutes with all 

the components except AlP, acetyl-ecA and C
14

_bicarbonate. 

A-fter preincubation of the enzyme, tne reaction was starteod 

by the addition of rest of the componen~s. The complete 

reaction mixture waS incubated at 37°C for 5 min and the 

reae\tion WaS terminated by adding 0.05 ml of 4N perchlorir. 

acid {HI:ID
4

)a The tubes were placed in an ir:e bath and 

excess C10'4 w.as precil'Jitated by adding 0.1 ml of 2 M Kr:L 

The precipitated protein and KelO 4 werE' allowed to settle 

• down (or centri fuged for 10 minutes at 2000 g) and 0.1 m 1 

samnle of the clean supernatant was spotted on Nhatman 

No.1 filter paper disc of 2.2 em diametera The discs 

were completely dried with a stream of warm air whieh 

removes any unreacted H14CD3 as 14C026 The discs WPre 

placed into scintillation vials and Scintillation fluid 

was added. The samples were then ccunted in a Scintillation 

Spectrometer. 
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The malonyl-eo A dep~ndent oxidation of NADPH was 

measured ~pectroQhotGmptrically ~~cording to th~ m~thorl 

of Dils and Carey (1975). Tile assay mi x.tu re, in a fina 1 

volume of lc5 ml, cont;isted of potassium phosnhate buffer 

(pH 6.8),200 mlvl; nTr t 1 mM; rOTA, 1 mM; NADPH, O .. 211 mM: 

ac~tyl-CoA, 30 pM; malonyl-CoA~ 50 ~M and enough enzyme 

protein to bring about a change of 0.05 to 0.15 D.D. per 

minute. The enzyme was preincubated with buffer, DTt and 

fOTA for 40 min at 37°C aftE"r which the othpr comoonE'nts 

excluding malonyl-ecA were added. The contents were mixed 

and transferred to the cuvette· where the rp8ction wa~' 

initiated by the addition of malonyl-CoA.. The decrease in 

absorbance at 340 nm waS measured. The extinction 

6 2 
coeffic:iE'nt of NADPH, 6.22 x 10 em per mole wes taken 

for calculaticn.of results. A unit of enzyme ~ctivity 

waS defined as nmoles of NADPH Dxidised minute: 1 

3.9.4 Thia~6terase I and II or lIang-chain and medium--- . 
chain-acyl thioesterases): 

Both thioesterese I and II were measured by the 

spectrophotometric methc,d of Knudsen at a1. (1976). 

Thioeste.rasE I waS measured by the release of thin group 

from palmitoyl-CoJl\, whereas in the case of thioesterasE' II 

the release of thiol group from dodeeanocyl-r:oA was 

measured. Spectrophotometric measurement of the complex 

formed by the reaction of DTN8 (StS'_dithiobis (2-nitro­

benzoic acid) with thE? released thiol groups was carried 

ouL The assay mIxture {1.5 mIl r.ontained 0 .. 4 M Tris Hr:l 



buffer lpH 7.4), fDTA, 1 mM; DTNE, Oa2 m{Lf (in 10 mM 

phosphcltP bu ffp.r, pH 7.4) and enzyme protein. The 

reac·tion waS started hy adding 40,uM acyl-eGA and fo} lYJPr! 

in a 5pp~trophotometer at 413 nm. The amount of thio] 

released \\las calculated from molar E'xtinction -r:-;oefficient 

g of the complex, 1.36 x 10
4 

litre mole-
1 

crn- 1 (Means 

and Feeney, 1971). A unit of enzyme activity is clescribE'd 

as th~ liberation of 1 n molp 0 f eoA minute-1 

3.9.5 NADP-isocitrate dehY.f!.rogenase: This enzvme WaS 

assayed according to thE' method of Cleland et al. l1969). 

The assay mixtur~ in a ffnal volume of 1.5 rnl had the 

following components: Tris buffer (with fDTA 1 mM an.d 

DTf 0.3 mM, pH 7.4), 33 mM; MnS0 4 , 1.33 mM; NADP. 0.1 mM; 

iSDCi trate, 1.33 mM and enzyme "preparation. ThE': reaction 

waS initiated by the addition of the substrate. 

3.9.6 6-Phosphogluconate dehydrogenase: 

The enzyme was assayed as described by Eauman et £!. 

(19"70). The assay mixture in the final vo"U.lme of 1.5 ml 

consisted of Tris buffer (pH 7.4) 67 mM, Mg Cl
2

, 10 mM; 

NAOP, 0.1 mf~l; 6-phosphogluconate, 1.4 mM and the 

appropriate amount of the enzyme preparation. ThE' rear.:tion 

vias a1.l-ow(;'(! to proceed with all the compone>nts E'XC£!pt 

substrate until the reaction ceased at which time the 

substrate was adcled. The increase in absorbancp at 340 nm 

was noted for atleast" 3 minutes. 
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3.9.7 Glucose 6-DhoSDnate d~hy~~~~: 

Thi;s enzyme I.-J9S essayed by the double mp.thorl of 

Bauman .t.~ ~I. .. ll~l70). In onE' (':uvettE' all thp. r:omnonrnts 

of 6-phosphogluconate dehydrogenasE' assay mixture? ~"f're 

taken and in the second cuvette, in addition to th~ above 

assay mixture, glucose-6-phosohate (1.4 mM) wes also adrlerl 

in the final volume of 1.5 mI. The rate of NA'F)PH formation 

in cuvette~1 provides an estimate of 6-phosnho glur.onate 

dehydroge~ase activity? whereaS in cuvette-2 the rate 

included botn glucose-6-phosphatF dehydrogenase.and 

6-phosphogluconate dehydrogenes~ activities. The 

di fference in thp rate of reaction in cuvette-2 to r:uvette-1 

gives the activity of glucose-6-ohosphate dehydrogenase • 

3.10 .f'urification of fatty s"cid synthetase: 

Fatty acid synthetase was puri fied according to the> 

method of Dils end Carry (197S), following the ,stepp 

mentioned as below: 

Preparation o~rticlE' free suoernatant solution 

a 
All operations were ~arried out at 0 - 4 C. Mammary 

tissue (about 500 g wet weight) was obt-ained from lactating 

goats from thE! local Slaughter house. The mammary tissue 

was cut into strips about 0.5 mm wide and thoroughly washed 

wi th 0.15 M KCl to. make it milk free J fo llowed by fine 

mincing with scissors. The tissue was hom-c.genized with 3-6 

volume of Tris-Hel buffer 0.01 r-1 containing 0.25 M Sur.rase, 

1 mM OTT and 1 mM tDTA (pH 6.8) in a Potter Elvehjam 

homogenizer. Th~ homogpnate was filtered through a single 
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layer af cheese cloth and subj~cted to low spepd centri­

fugation (5000 x g) to remove cell debris and other 

particles. The floating fat layer was carefully r~moved~ 

The supernat.::lnt ItJ8S rE'centrifuged at 35,000 rom l105.0CIJ xg) 

for 60 minutes. T"1e floating fat layer was carefully 

removed. The particl~s free supernatant contained th~ 

fatty acid synthptase activity. 

3.10.2 First ammonium sulfate fractionation: 

The supernatant solution was thawed slowly at 4°C. 

Soiid ammonium sulfate was added at the rate of about 

1 gm/min/100 rol to bring th~ saturation to 25% .. The 

sedimE:nt was removed by centrifugation at 15,000 x g for 

15 min. I~ore ammonium sulphate was added in a similar 

manner tD the supernatant to achieve a 40% saturation~ 

The protein precipitated between 25 - 4D~ saturation was 

collected and waS dissolved-"in minimum amount o.f phosohate 

buffer (0.1 M. pH 7.D} containing 1 mM fDTA and 1 rnM DTc. 

This waS dialysed against the Same buffer for 10 hrs. 

3.10.3 Calcium pnusnhate gel treatment: 

Maximum purification is generally achieved with 

0.4 to 0.5 mg of gel/milligram of the prote,in 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 removed by centrifugation at 

1500 x g for 15 minutes. The gel waS wa9ned twice with 

50 mM potassium phosDhate buffer (pH 7.0) and the three 

supernatants were combined. 
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DfAf-Cellulase was washed successively with O.5N. 

NaOH, water, 0.5 N H3 P0 4 " water and 25 mM potassium 
, 

phosphate buffer ~pH "(.0) containing i mM fUTA, 1 roM OrF. 

The slurry was rJoured into glass column <2.2 x 25 e!T1) to 

a bed height of about 23 em. The suoernatant from the 

step 3.10.3 was applied to the column. Nor'ilslly 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 (SOD ml) at a flow rate of 

1.5 to 2 ml/minute. 5.0 ml of fractions l",e>re r.oller.ted. 

The peek 0 f synthetase activity corresponding 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 d~natured proteins. 

3.10.5 Second ammonium sulphate fractionation: 

The pooled fractions were again subjected to ammonium 

< 
sulphate precipitation. The protein precipitating between 

26 and 32% saturation waS dissolved in 2-5 ml of .25 M 

phosphate buffer (pH 7) containing 1 mM fDTA, 1 mM OTf and 

20% glycerol and was dialyzed against the same buffer for 

2 hours. The dialysate was centrifuged at low speed 

l3000 x g} to remove any denatured protein and the C-o(1t~.f'1-t.s 

was frozen. 

3.10.6 SeDhadex G-200 chromatograp!:!,y: 

The procedure 1 .... '3S carried out at 20°C. A column of 
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Sephadex rj-200 l 1 x lScm) equilibrated with 0425 M_ 

potassium phosohate buffer lpH 7.0) containing 1 mM FDTA, 

1 mM tOTA, 1 mM OTT waS preoared and enzyme solution waS 

applied to it. Since the enzyme is relatively stahlp in 

o 
high ionic strFngth buffl?r at 2D C, thF.' .Sephadex can he 

conveniently developed overnight with 0.25 M potassium 

phosphate buffer tpH 7.0} containing 1 mM FDTA and 1 mM 

OTT. A flow rate of 5-8 ml per hour waS maintained and 

fractions of 2-3 ml were collected. Fatty acid synthptase 

activity WRS eluted with a rl?letivB retention volume 

(elution volume/void volume) of 1.15 and a single protein 

peak was obtained. Thp. active fractions from the leading 

edge and the main section of the peak were pooled. 

·Fractions from the trailing I?dge of th~ peak sometimes 

contain fatty acid of lower specific activity and we~e 

therefore routinely discarded. 

3.10.7 Polyacrvlamide gel "electrophoresis: 

The polyacrylamide gel electrophoresis was carried 

out according to the method of Weber snd Osborn (1969). 

Gel rods (60 x 4 mm) of 7% acrylamide were prepared in 

30 mM Tris-glycine buffer (pH 8.4). The purified Pn2vme 

l1DD-2DO )Jg) in saturated sucrose solution wes applied 

to the cathode end of the gel rod. Bromophenol blUE! waS 

used as a tr-acking dye. Electrophoresis waS carried out 

at room temperature in 30 mM Tris_glycine buffer (pH B.A) 

for 60-60 minutes with a current maintained at 2.5 rnA pE'r 

gel. A.fter the electrophoresis. toE' gelbwere rernove>d 

from the tubes and stained with Coomassie blue {O.1~ in 
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isoprbpanoJ:acptic ~cj~:wat~r. 25: 10: 65) for 1?-16 hrs. 

ThB gels \.-Jere then de stained with 10~", acp.tic acid. 

3.11 Puri fir:F:t.ion of ?r:l"hl r:oA r:EE.r.b.MY~ 

Ac~ty]-CoA c8rhox~las~ was ourifi~d 2ccor~ing to 

the method of Miller and Levy \ 1975), which involverl the 

follolrJing bu ffers: 

\ 1) Buffer I contained 2-merc9Ptoethanol. 7 mM; FflTA 

1.0 mM; glycE"rol 120%); and imidazole-Hel, 50 mM with 

final pH 6.5. 

\2) Buffer II containf:d 2-merc8Ptoethanol. 7 mfJI; 

fDTA, D.' mM; glycerol, l~O%); imadazole-HCl, 50 mM and 

potassium citratE', 20 mM with final pH 6.5. 

(3) Buffer III conteined 2 mercaptoethanoI, 7 mM; 

fDTA 0.1 mM; Glycerol ~20%}; imidazole-Hel, 5 mM: and 

MgSDA 7 H2 0, 50 mM with final pH 6.5. 

ThF. purification procedure involved thE" following 

steps. 

3.11.1 Preoaration of E'xtract: 

TissuE" ~"03S ohtained from thE" l<!ctating goat mammarv 

gla~d from thE" IOCBl slaughter house. The mammary tissue 

waS cut into small pieces and thoroughly wash!O!d with 0.15M 

KCl to makp it milk frE'~ which was followed by fine min~ing 

with scissors and mixed with 2 volumes of buffer L The 

tissue was homogenized for min. in Potter-flvp.hjam homoge'-

nizer. The homogenate was filtered through a Single la,ver of 

cheese cloth and subjected to centrifugation for 10 min. at 

2000 x g. Thn fat layer and orecipitate was discarde~ and 
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the supernatmnt solution "'as recentri fuged for 45 minutes 

at 10,5000 x g. The precioitate and the small amount of 

fRt waS nisc~rded and the supernatsnt solution was 

filtered as abovE'. 

3. 11.2 ~1!!Q1l:ium sulohate grm pi t?!-iQ.!l: 

The enzyme was precipitated by the addition of 

ammonium sulphate to 50% of saturation. ThE! susnension 

was allowed to stand overnight and the precipitate wes 

then sedimented by centrifugation for 30 mintues at 23,DDDxg_ 

The precipitat~ was r~dissolved in buffer 1. The solution 

was dialyzed against the buffer III for 18 hours wii;h 

three changes of buffer_ The enzyme so'lution ...,as again 

centrifuged for 30 minutes -at 23,000 x 9 to remove any 

denatured protein resulting from dialysis 'proeess~ 

3.11a3- Negative absorption with DE-52: 

The supe rnatant solution was placed onto the c'olumn 

of UfAf-CE'llulDse (40 x SOO mm) aquil~bereted' with buffer';'lJI. 

The column wes prepared and' run at roo~ tem~erature. 

Buffer III was added to wash through the enzyme, whieh did 

not adhere: to the ion exchange resin. The enzyme was then 

conCEntr?ted to 11 to 12 mg of protein/ml in a Diaflo 

ultrafilteration device, model 400, containing a UM-1D 

mernor?ne. This was essential in order to prevent unduE' 

10s6 as a result of dilution in the next step. 

Ammonium sulphate fractionation; - -- -
An equal volume of neutralized saturated ammonium 

sulphate was added to the concentrated enzyme solution 
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and the suspension. was allowed to stand overnight. The 

preciritate was ssdimented at 23,000 x .9 for 30 minutes 

and the supernatant solution waS di~carded. Thp 

prBciflitate was dissolved in apprcximately 25 ml of 

buffer I containing 40,% ammonium sulfate, stirrer! for 10 

minutes and the r.ontents centrifugE'd for 10 minutes at 

23,000 )(~. The supernatant stored for further enzyme 

assay. The procedure was repeateci 4 times. ear.h with 
, 

15-20 ml"of hutter-I containing-3D, 20, 10 and 0% 

ammonium sulphate, respectively. The bulk of the enzyme 

activity was always found in the fractions eluted with 

the buffers containing 10 Bnd 0' ammonium sulfate. ThesE' 

we,re pooled and the enzyme was precipitated by- adding 

enzyme grade ammonium sulfate to 30% saturation_ The 

content was kept for 1 hour and was sedimented for 30 

minutes at 23,000 x g_. The supernatant solution waS 

discerde::d. The precipitate wes redissolvl'!d in buf'fer I I, 

to give a protein concentration of 20 - 3D mg/ml. There 

were always two viSibly differE"nt comoonents on redissolving 

the precipitate. One portion dissolved within a few hours 

whereas the ether usually took 3 days to dissolve 

comple te ly. 

3.11.5 Gel filtration on 5epharose 2 B: 

The enzyme s[]lution containing both components of 

precipi tate as obtained from step 3.11.4 wes applied to 

Sepharose 2rl column (25 x 450 mm) equilibrated with 

buffer II. The elution waS done at room temperaturE" (2S
o

C) 

under a hydrostatic head of 50 em of buffer. with a flow 
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with staining solution pr~Pared by dissolving 1~25 gm 

of Coomss;;j.e brilli;;nt bluE' in a mixture of 454 ml of 50% 

methanol and 46 ml of glaciel ac~tir. acid. Staining was 

done at room tE'mpf'TClt.ure. ThE' timp varied from? to ,0 

hours. ThO' gels were removed from the staining solution~ 

rinsed with distilled water and placed in destaining 

solution l75 ml of acetic acid, 50 ml of methanol and 

675 ml of water}. The gels were stored in 7.5% acetic 

ecid solution. 

3 .. 12 Preparation of antisera: 

Antisera were raised against the abovE' mentioned 

purif.ied enzymes viz. fatty Bc~d synthetase and aCE'tyl-roA 

carboxylase. Antiserum was elsa developed against 

glucose-6-phosphate dehydrogenase, which was obtained 

from Sigma Chemical Company, MO, USA. Antiserum for pac" 

enzyme was prepared by the method of Bucknc;r and 

Kolattakudy. t 1976) by immunizing different groups of 

rabbits for different enzymes. ApprOXimately 5 mg of 

eac~1 of the purified enzyme was dissolved j~ 0.5 ml of 

O.9~ NeCl and was emulsified with 1.0 ml oT complete 

Freund's adjuvant. Thp highly homogenized water-in-oil 

emulsion was prepared by repea~edly drawing in.and 

injPcting t~e emulsion. The thoroughly homogenized 

emulsion waS colourless and remained unaltered when kEtpt 

overnight. The emulsion was injected subr.utaneDusly into 

rabbits at multiple sites. Two weeks after the first 

injection,S mg of each of purified enzyme protein, 

emulsifi~rl with in~omll1pte freund's adjuvant wns injertpri 
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into the ~abbits. Two w8pks aft~r th~ s~ccnd injFction, 

the rabbits Wf're hIed from tht' marginal E'ar vein. 9100rl 

was col]pcted in pprfectly clean anrl dry tubes. Maximum 

care was taken to Rvoid hemolysi;. Tubes WE;rp kppt 

undis-lurbe-o for 2 hours at room temperature and were kPDt 

o 
at 4 C for 30 minutes for clot .rt"traction. late r thF.' 

tubes were centrifugec1 at 3000 rpm for 10 minutel5 anc-! thp 

antiserum WCi5 collected for each enzyme in 1 m!'sE>rum 

vials and stored at _20°C. 

Douhle diffuf',lon analysis wa~ done ~rr:orrling to the 

method of Duchterlony ~ 1966). Micraslides (75 x 25 mm) 

were coated with 3 mm thick 1% agarose in 0.9% sodium 

chloride solution. o The agarose waS -heat~d to 95 C and was 

allowed to cool at room temperature. When the t~mpe rature 

reached 45°C, 3-4 ml of agarose ..... as poured gently on thE' 

slide wi th thE': help 0 f syring~ so that the gel was lave red 

evenly Dver the slide. The gels we re allowed ~o so lirH fy 

and the wells were cut using th~ gel punch. All the 

microslides were pre-coated with O~1% agar solution to 

form a thin basal layer, p-=-ior to this procedure. For 

testing the antibodies formation against each above 

mentioned enzyme the central well was filled with thp 

respective enzymes and the peripheral wells with the 

antisera raised against each enzyme. The charged slides 

o were kept at 4 C for diffusion and the appearance of 

precipitin bands wEre observed after 2.4, 48, 72 and 96 

hau rs. Nooagglutinated protein was rEmoved from the 
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agarose by repeate9 I-lashing with O.9~ .NaCl and thE' Nar::l 

was remov~d by washing with distilled water. The 

alJlJlutinatF.d protein h~nds were stained with solution of 

O.5~ amido black 5% mercuric chloride (HgC1
2

' in 5% 

aCE"tic ar.id for 2 to 5 minutes. fxcess dye> \,..a5 removeci 

from thF agarose with 5% acetic acid. 

3.14 Bocket immuno electrophoresis: 

In or.der to estimate quantitatively the fatty acid 

synthetase, ac~tyl-CoA carbo~ylase and glucose-6-phos~hate 

dehydrogenase from thf' explant cultured tissue, thE' rocket 

immunoelectrophoresis by the method of LaurelI (1966) was 

employed. for "this purpose 1~ agarose was melted in a 

barbital buffer (ionic strength O.07~tpH 8.6) on a boiling 

o 
water bath and cooled to 45 C. The desired .amount of 

antiserum was added and carefully mixed with the fluid 

aga1"OS8. The 9garoSE! antiserum mixture at a t.emperature 

o 
of 40-45 C was poured gently on the small ·glass plates 

through a pipette so that a .u.niform layer of aga·rose 

antiserum was formed. The plates ",'E're left for atlE'Bst 

30 minutes to cool down to room temp~rature. Holes (3-3.Smm 

diameter) were cut in the agsrosB gel along the line 2 cm 

from and parallel with one of the long edges. The 

distance between th~ centres of the adjacent holes was 

at least B mm. The holes werl2 filled with antigen solution. 

The glass plates were placed on the caolEod surface 

\4o C} of the phasrograph and connected with the elertrade 

vessels by agarose sheets, filter paper strips or lin(!n 

bridges. 



ou 

The elBctrophoresis W2S run IrJith 10 volts/em for 

2 to 10 hours, depending upon th~ charge and amc~nt of 

antigen applied in relation to antibody con~entration 

and/or de~ired eXactness of the estimation of peek height. 

The height of the:> various peaks formed could be rneasurecl 

directly under dark field illuminatiQ~. 
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RESULTS 



To investigate the effect of hounones on thf' lipid .. 

synthesizing capacity of the mid-pregnant goat mammarv 

gland. a combination of optimal concentrations of insulin, 

prolactin and cortisol were used (i.e. each harman£> 5 ug/ml 

of medium) r1LJring explant culture. The effec::t ~ ... as seen 

on various lipogenic enzyme~ viz. acetyl-eoA synthetas8, 

acetyl-CoA carboxylase, fatty acid synthetase)medium-

chain acylthioesterase, long-chain acylthioesterase~ 

NADP-isocitrate dehydrogenase, glucDse-6-phosphate 

dehydrogenase and 6_phosphogluconate dehydrogenase, which 

playa major rola in regulating the overall rate of lipo­

genesis in mammary gland_ The effect of glucose alone and 

in ~ombination with optimal concentration of the above 

hormones was ·also seen en lipogenesis in mi~-pregnant goat 

mammary gland. Studies were further extended to obse'rve 

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. 

acetyl-eoA carboxylasE' {which is considered to be the rate 

limiting enzyme in fatty acid synthesis). fatty acid 

synthetase and glu~ose_6_phosphate dehydrogenase. In 

sequel to this study, the acetyl-CoA carboxylase and 

fatty acid synthetase were puri fipd to homogeneity from 

the goat mammary gland tissue. Antibodies were raised 

against these enzymes in rabbits. Antibodies were also 

raised against standard glucose 6-!'JhosDhate dehydrogenase 
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procured in purifip'd f01":11. Immunological .ptudies were 

conducted to investigate the effect of above mentioned 

experimental conditions on the amounts or rates of 

synthesis of these enzymes in explant cultured tissue of 

mid-pregnant goat mammary gland. 

The results of the present study have been divided 

into the following four sections. 

Section - A 

4.1 fffect of hormones Bnd glucose on the lipogenic 

acti vi tv 0 f mi d-oregnan t goat mammary gland. 

4.1.1 ACEtyl-ecA synthetase: 

4.1.1.1 Effect of combination of hormones: 

The effect of combination of insulin, prolactin and 

cortisol was studied using 5 pg of eech hormone/ml of 

medium-t99 during explant culture. The Table-1 Bnd fig.1 

show the effect of combination of hormones on the Bper.:ifir: 

activity of ecetyl-CoA synthetase at various intervals 

of incubation i.e. 12, 24 and 36 hrs of intubation et 37°C 

in e gaseous atmosphere of oxygen;carbon dioxide (9s:s1. 

The medium, in which hormones Dr glucose were not addE'd 

during incubation period, served as control in the 

experiment. It is obvious from the results that tne 

specific activity of acetyl-Co A synthetase increased 

marked1Yt about 2-fold {39.04 to 77.06} in the presence 

of insulin, prolactin and cortisol after 12 hours of 

incubation or explant culture. On prolonged incubation 

with hormones the specific activity of enzyme increased 



Table - 1· 

fffE>ct of inr:ubi=ltiGn timE' on thE" activity of 
acetyl-r.oA synthptasE. 

5.No. Trpntments n moJes of acetyl-ecA formed/ 
min/mg of protein 

1 • 

2. 

3. 

4. 

• 

Incubation Time thrs} 

12 

r"ledium 39.04 

Mr>dium + 77. G6 
ho rmones * 

Medium + 60.66 
gluco se *'* 

f-1edium + 67.95 
ho rmones"" + 
glucose ** 

ConCE'ntration of insulin, 
cortisol used \'IIa5 5 ug/ml 
each hormone. 

24 36 

44.26 45. G9 

96.36 115. 69 

73.46 90.45 

136.69 175.55 

prolar:tin and 
of culture merlium , 

** Concentration 0 f glucose adrl,ed to thE' medium 
was 2 mg/ml of culture medium. 



Fig. 1. effect of combination of hormoneS 
and glucose on the specific activity 
of ace tyl-CoA synthe tase du rin 9 
different hours of explant culture: 

\ A ) In the ab sence 0 f 
hormones and glucose O--{) 

\ 8 ) In the presence of 0--0 
hormones 

\ C) In the presence of \ x---x 
glucose 

l D ) In the presence of \ ,b---!!':. 
ho rmones and glucose 

) 
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or combination of hormones during ·thl:' respective hours 

of incubation. 

4.1.2 Acetyl-CoA carb£xyl~ 

4f1.2.1 fffll!;t of Combin~tion of hormones: 

The combined effect of insulin, Drolactin and 

cortisol was studied on the specific activity of acetyl-rcA 

carboxylase at different hours of incubation. 

Table-2 and Fig-2 sho.-, the effE'ct of insulin, 

prolactin and cortisol on the specific activity of 

acetyl-ecA carboxylase after 12, 24 and 36 hours of 

incubation. The specl fic aeti vi ties 0 f aeety I_CoA 

carbo xylase increas-ed signi ficantly to 4 .. 25 9 5.26 and 

5.9.7 after 12, 24 and 36 hours o-f incubation. This 

increase was about 2_fold -as compared to the control­

experiment where medium-199 wes used end the speeific 

activities of enzyme after respective hours of incuhation. 

were found'to be 2.06, 2.58. and 2.68, respectively. 

4.1.2.2 Effect of glucose: 

The effect 0 f glucose on the speci fic acti vi ty 0 f 

Bcetyl-CoA carboxylase at varied hours of inr.ubation has 

been shewn in Table 2 and Fig.2. The specific ar:tivities 

of acetyl-eoA carboxylase were found to be 3.90. 4.22 and 

5 .. 02 after different hours of inCUbation (12, 24 and 36 

hours) in comparison to that observed in the case of 

control experiments w~ich were 2.06, 2.56 and 2.68 at the 

similar hours of explant culture incubation. 



Effect of illcubaticn time on thp. ar~t:ivitv of 
acrtyl·-r'.oA carboxvl&s£. 

S • l\ic • Treatment n molE's of tC
14

) bi"arbonate 
incoroorated into malonvl-r:oA/ 
min/mg protein 

1 • 

2 • 

3· 

4. 

HF:'ciium 

r'lerlium + 
ho rmones,;-

fo.1edi um + 
glul:ose**' 

r"'edium + 
horrnones* + 
glul:ose*'" 

Inc:ubation TimE" 

12 24 

2.06 2. 5B 

4.25 5.26 

3.90 4.22 

6.D5 6.52 

lhrs} 

36 

;>.68 

5.97 

5.02 

7.0B 

• The conrentration of insulin, 
cortisol used were 5 ug/ml of 
each. 

proqartin and 
culture medium 

** Thf) concentration of glucose used was 
2 mg/ml of cultlJre mBdium. 



Fig. 2. Effect of combination of hormones 
and glucose !;In the. speci fi·c activity 
of acetyl-raA carboxylase during 
different hours of explant culture: 

( A ) In the absence of O---{) 

hormones and glucose 

l B) In th~ presence. of O---{) 
hormones 

l C ) In the presence of x---x 
glucose 

( D ) In the presence of ( .<r-"1l> 
hormones .and glucose 

) 

) 

) 

) 
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4.1~2.3 tffect of glucose with hormones combination --------.--------
Table 2 and Fig.2 also show the effect of glucose 

in combination with in5ulin~ prolactin and cortisol on 

the spp.cifir. activity of acetyl-r:cA carhoxvlase. The 

spec~fic activities of ac~tyl-CoA ~arboxyla5e were inr.reAseri 

considerably by 2-3-fold i.e 6.05, 6.52 and 7.08 from 2.06, 

2.S8 and 2.6B after 12, 24 and 36 hours of incubation. 

Thus, specific activities~ so ohserved, 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 th~ culture medium 

separately. 

4.1.3 Fatty acid synthetase 

4.1.3.1 I.f..f!!.ct of combination of hormones: 

The effect of combination of hormones i~e. insu,lin, 

prolactin and cortisol was studied on the sp~c~fic 

activities of fatty acid syntheta.se at different hours of 

inCUbation ~ The speci fie activities of .the fatty acid 

• synthetase increased markedly in the presence of insulin. 

prolactin and cortisol from 31.83. 36~lGand 37.92 to 50.31, 

57.51 and 71.02 after 12, 24, and 36 hours of explant 

cultures, respectively (Table 3, Fig. 3). 

4.1.3 .. 2 effect of· gluc~: 

The results for the effect of glucose on the 

activities of fatty acid synthetase at different hours of 

incubation ha\.ebeen shown in Table 3 a.nd Fig.3. to/hen the 

culture medium was supplemented ~Jith glucose, it resulted 

in a substantial increase in the specific activities of 



Table - 3 

fffeet of incuhetion timp on thp activity of fatty 
acid synthrtasE'. 

----_._-----_._-----_._--
S.No. Treatmf.'nt n moles of NADPH Dxidispd/ 

min/mg of protein 

2. 

4. 

IncubatioLTime (hrs.L)=_ 
12 24 36 ._-_._------

i'.!}pdi um 

f"1t,~ ct i u m + 
hormones* 

fl.ledium + 
glucosell-* 

1'1edium + 
hormoneS* + 
glu co se ** 

31 • B 3 

50.31 

37.29 

64.71 

37.92 

57.51 71.02 

~2.40 54.44 

79.45 76.93 

------_._--

oK- The concentration of insulin, prolactin and 
cortisol used were 5 ug/ml of culturE! medium 
each. 

iH:· ThE' concentration 0 f glucose used was 2mg/ml 
of culture medium. 



c· 3. Effect Cl f. combination of hormones ,~g. 

and gluco se on the specific activity 
of ~etty acid synthetase during 
differ=nt hours of explant culture: 

( A ) In the absence of ( 0--0 ) 
hormones and glucose 

( B) In the pre sence of l tI---ilJ ) 
hormones 

\ C) In the presence of ( x---x ) 
glucose 

\ D ) In the presence of ( er--b. ) 
hormones and glucose 
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fatty acid synthf?tasp. tc 37.29, t12.40and 54.44 after 12 
" 

24 and 36 hours of incubation as co~pared to those in the 

control pX["Forimr;nt, which loJere founn to he 31.83, 36.10anri 

37.92 aftf?J:" tne 88me hours of incubation. 

4.1.3.3 fffect of glucose in combination of hormones: 

Thp Table J and Fig.3 also shows th~ effect of 

glucose in combination of hormcnes on the sppcifir; 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 lfrom 31.83, 36.1 and 37.92 to 64.71, 

79.45 and .76093) as observed in the- case of control 

experiment at 12, 24 ~nd 36 hours of incubation. reSPEctively. 

The specific activities of the fatty acid synthetase were 

always higher as compared to the activities observed when 

the incubation was carried out in culture m~nium containing 

either glUCOSE! or combination of hormones. 

4.1.4 Medium chain acylthioesterase: 

It is obvious from the Table 4 that the activity of 

medium-chain acylthioesterase could not be detected in any 

of the experimental conditions i.e. contra!, hormones 

combination, glucose and glucose in combination of hormones 

treated exp~riments.carried out at different ppriods of 

incubation. 

4.1.5 Long-chaJn_"1.£illhioesterase: 

4.1.5.1 fff~ct of combination of hormones 

Thp effect of combination of hormones (insulin, 



Table - 4-

fffect of incube.tion time on the activity of 
medium-chain acylthioesterase. 

S.No. I reatment n moles of th~ol grouD 
releasEd/min/rug 0 f pratE-in 

1 • 

2. 

J. 

4. 

Medium 

Medium + 
hormones" 

Medium + 
glucose*4 

Medium + 
hormones* + 
glucose** 

Incubation Time (hrs) 

12 24 36 

Nil NO ND 

ND ND ND 

NO ND NO 

ND ND ND 

---------------------------------
.. Th~ concentration of insulin, prolactin 

and cortisol used were 5 ug/ml of 
culture medium ea.ch. 

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

ND= Not detected. 



f'ffr.ct or inruh~tion timp on thr ;lctiv"itv of' lon"_l­
ellain B~ylltlior9trr~se. 

~--------------------.- --- -------------
~.r~Q. 

1-

2. 

3. 

4. 

Tre>atrnents n moles of thiol g roun 
re IF'asedi mini mg of orr.t,",in 

Incubruon Time lhrsr-

12 2. 36 

----
i'-1E'dium 4.51 4.95 4. 10 

ME'd i.um + 6.21 7.27 .1.75 
he rln 0 n F!f!: 

Medium + 5.36 6.05 •. 20 
glucose"* 

Medium + 6.44 6.93 •• 31 
hormones* + 
gluco se ** 

.. ThE' concentration of insulin, prolactin ann 
cortisol used were 5 ug/ml of oe;;u"lture medium 
each. 

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



Fi g. 4. fffect of combination of hormones 
and glucose on the speci fic 
activity of long-cha.in acyl 
thiciesterase during different 
hours of explants culture: 

l A ) 

l B) 

( C ) 

l D ) 

In the absence of 
hormones and glucose 

]n the presence of 
hormones 

In the presence 0 f 
glucose 

In the presence c f 
hormo~es and glucose 

0-0 ) 

rn-D ) 

x---x ) 
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observed as 5.36 and 6.05 at 12 and 24 hours of in~ub~tiDn. 

Wh~reas in thE' control experiment the:> specific ar.:ti.vities 

were ollt2ined as 4.51 and d.95 after thp corresnbnrling 

hours of incun?tion. 

activity could he observed during 36 hours of incubation 

with glucose. 

4.1.5.3 fffect of glucose in combination of hormones 

The combined effect of eombination of hormones and 

glucose was seen on the activities of long-chain acvlthio­

est~rase as given in Table 5 and Fig... The results show 

that the addition of hormones in combination with glurosE' 

in culture medium resulted in the increased spE'cific 

activities of long-chain acylthioesterase, to 6.44~ 6.93 

and 4.31 from 4.51,4.95 and 4.1Das observed in the case 

of control experiment at 12, 24 and 36 hours of incubat,ion, 

respectively. However, the extent of increase ,in the 

specific activities of long-chain acylthfoestera,sE' was 

comparatively less when explant culture was carried out 

alone with combination of hormones (insulin, prolactin, and 

cortisol) • 

4.1.6 Glucose 6-phosf!.hate dehydrogenase: 

4.1.6.1 fffect of combination of hormones: 

To observe the effect of insulin, prolac:tin and 

cortisol on the activity of glucose-6-phosphate 

dehydrogpnase a combination of optimal concentration of 

each of these hormones was used in the medium. Table 6 

and Fig.S show the effect of combination of hormones on 

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

The speci fie Beti vi ty 0 f glucose-6_phosphate dehydrogenase 

:increnser:l markedly, ahout 1.5-fold from 51.81 to 63.82 in 

thE' preSEncE' of insulin, prolactin and cortisol after 12 

hours of incubation. On prclonged incubation with the 

same combination of hormones the specific BetivitiE's of' 

the enzym~ increes~rl to 86.75 and 91.25 after 24 and 36 

hours of incubation, respectively. WhE'reas in the control 

Experiment the specific activities of the en2yme weTF 

considerably lower (51.81. 53.5B and 54.25) at 12, 24 and 

36 hours of incubation, respectively. 

4.1.6.2 fffect of glucose 

Table 6 and fig.S elso show the effect of glur.ose 

on the speei fic activities of glucose-6-phosphate 

dehydrogenase at different hours of inCUbation. The 

addition of glucose" in the culture medium markedly 

increased the speci fie "activi tie"s 0 f glucose-6-phospnate 

dehydrogenase to 61 .. 45, 6B.23 "and 74.31 at 12, 24 and 36 

hours of incubation, respectively from 5"1.81, 53.58 and 

54.25 at the corresponding hours of incubation in the 

cas!? of control. 

4.1.6.3 [ffeet of glucose in combination of hormones: 

The combined ~ffect of ~ormones combination snd 

gluco5~ wa~ observed on the specific activity of glucose­

-6_phosph."3te dehydrogenasE' (Table 6 and fig .. S). It is 

evident from the results that glucose in combination with 

insulin, prolactin and cortisol remarkably increased th€' 

specifir: activities of glucose-6-phosphate dehydrogenas"e 



Effect of· incubation time on thp ~~tivitv of 
gJ.ucose-6-!1hosnh~tp rl~hllrlrng!"nAsP ... 

5.1\10. 

1 • 

2. 

3. 

4 • 

Trf"atmPlltR 

f"1edium 

i~lf'dium + 
hormones* 

r"ledium + 
glucos e ** 

l"1edi urn + 
ho rmones· + 
glucose·· 

n molps of NAn PH formprl/min/ 
mg of Ilrotp.in 

-I~~ili;:;-T i-;;~h~;r-

12 24 36 

51 .8 1 53.58 54.25 

83.82 86.75 91 .25 

61.45 68.25 74.31 

90.82 1 02 .85 107.95 

* The concFntration of insulin, nrolactin and 
cortisol used were 5 ug/ml of cul~urp medium 
each. 

** Th~ concentration of glucose used was 2 ~g/ml 
of culture medium. 



fig. 5. Effect 0 f combination of hormones 
end glucose on the specific 
activity of glucose-6-phospha'te 
dehydrogenase during different 
hours of explant culture: 

( A ) In the ahsence of 
hormones and glucose 

( E ) In the presence of 
hormones 

( C) In the presence of ( 
glucose 

( D ) In the presence of ( 
hormones and glucose 

O~ ) 

O~ 

x __ x ) 

J/r-..... 
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to almost 2-fold, from 51 .. 81. 53.58 and 54.25 (in thr:> caSP 

of control experimE'nti to 90.B2. 102.85 and 107.95 after 

12~ 24 and 36 hours of incubation, resPpctivelv. Thps~ 

values wprp strikingly higher than those found in th~ ~?~~5 

~vhen ei ther ,glucose or ho rmones WErp adde>d senarately in 

the explant culture medium and the explant rulture was 

carried out for th~ corresponding hours of inCUbation. 

4.1.7 6-phosphogluconatEl dehydrogenase: 

Similar experiments as mentioned in the case of 

glucose-6-phoSDhete dehydrogEnase \"ere> conducted for 

6-phosohogluconate dehydrogenase to see the effe~t of 

combination 0 f ho rmones, glucose and glucosE' in addi ticn 

with hormone combination t On the specific activity of 

6-phosphogluconate dehydrogenase. 

4 .. 1.7~1 Effect of combination of hormones; 

The effect of insulin, prolactin and cortisol in 

combination was studied on the specifi"c activities of 

6_phosClhogluconate dehydrogenase at different hours of 

incubation. As it is obvious from the TablE' 7 and Fit;J.6 

that the combination 0 f hormones increased the speci fir. 

activi ties 0 f 6-phosohogluconate dehydrogenss"e at 

di ff"erent hours of' incubation. Ttle speci fic activity of 

6_phosphogluconate dehydrogenase increased significantly 

about" 1.5-fold, from 54.56 to 82.52 in the presence of 

hormones combination in the culture medium after 12 hours 

of incubation. On prolonged incubation, thE'! sper.ifir. 

activities of 6_phosoho91uconate dehydrogenase inereased 

to 92~ge and 105.8oat 24 end 36 hours of in"eub"ation 



Tabl~ - 7 

fffr?r.t of inruhi'lt.ion timE' on thp activity of 
6-phosnhogllJconatp dphvrirogpnasp. 

----------- --.-----
S.r·Ja. Treatment n ma les of NAT) PH fa rmpd/ 

min/mg of prot~in 

1 • 

2. 

3. 

Hedium + 
ho r.llonf.'S II-

Mpdium + 
glucose** 

i'1p.rlium + 
hormones*" + 
glur::ose ** 

In r. u bat i'MTr;;;;-( ;:-h r::CsOT) -

12 24 36 

54.57 57.70 60.57 

82.52 92.98 105.60 

6B. 31 79.64 B 7.46 

86.22 95.92 113.76 

-----
* Thr r.onr.E'ntratian. a f insulin, orolac:tin and 

t:ortisol used It/ere 5 ug/ml of cultul:e me'dium 
each. 

** The r.oncentration of glucose used was 2 mg/ml 
of culture medium. 
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period, respective·ly. 

4.1.7.2 Effect of glucose: 

Table 7 and fig. 6 also depict the effect Of glurose 

on the sp£'cific activities of 6-phcsnhogluconatE' rlphvrlrogens_ 

ses. The addition of glucose in thE' culture medium 

significantly enhancE'd the specific activitips of 6-Dhospho­

gluconate dehydrogenase from 54.56, 57.70and 60.5 to 68.31. 

79.64 ann 87.46 at 12~ 24 and 36 hours .of incubation, 

respectively. However, the increase in thE! specific 

activities in this case waS comparatively less as comnared 

to those observed during the incubation~ carried out in the 

presence 0 f hormones combination. 

4.1.7 .. 3 Effect of glucose in cgmbination of hormonfls: 

Table 7 and fig. 6 shaw that glucose in combination 

with ,insulin, prolactin and cortisol" Significantly 

increased the specific activities of 6-phosnhogluconate 

dehydrogenase to 66.22. 95.92 and 113.76 at 12. 24 and 36 

nours of incubation. Moreover these values w~re higher" as 

compared to the specific activities found when only 

glucose was used in the culture medium during explant 

culture. The activities of this enzyme were also higher 

tban those at di fferent hours of incubation when the 

explant culture medium contained combination of hormones? 

only. 

4~ 1.6 NAD P-isoci trate dehydrogenase: 

4.1.6.1 Iffect of combination of hormones: 

The combined effect of insulin. prolactin and ("7ortisoJ 
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was studied on the soecific activities of NADP-iso~itrate 

dehydrogpnase i1t rli fferent hcurs of inc::ub<:ition. 

T:rhir' f1 tmr! li'J.7 shoN thF' f'ffer:t of r:omhintlt.ion of 

hormolle"s, en thl'> SOf'r:ific uctivitiE's of NADF-isod.trctp 

dehydroqf'ncHip O:lt 12, ~4 2nd 36 hours of incubation. TM!" 

sp!?cific activities of NADP-i&odtrate dehydrogf'nasf' 

incrpas~rl. significantlYf in th~ presence of insulin, 

prolactin and cortiscl to 327.37. 368.57 and 315.61 aftF>r 

12, 24 and 36 hC)ur& of incubation. Whereas thE' sne .... ifir. 

activitiE's of tIll" enzVme, observed in the case of centrol 

experiments, were 196.90, 224.5 and 209.5Qafter the 

corresponding hours of inCUbation. 

4.1.6.2 fffect of glucose: 

,The effect of glucose on the spf'cific activities of 

NADP-isocitrate dehydrogenase after different hours of 

incubation has been shown in Table Band Fig.7. The 

glucose addi tion to the culture medium led to the remarkable 

increase in the specific activities of NADP-isocitrate 

dehydrogenase to 287.57, 337.27 and 295.14 from 196.90, 

214'.S0and 209.50after 12, 24 and 36 hours of incubation, 

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 

preSEncE' of hormonf'ScombinO'ltion for the similar hours of 

incubation. 

4.1.8.3 fffpct of glucose in combination of hormones 

It is obsE'rved from thE' Table a and Fig.7 that 

gluc~5e in combination with insul~n, prolactin and cortisol 



Table - 8 

Effect of incubation time dn thp activity of 
NADP-isocitratp. dehynrogE:'nase. 

::i • i~o. Treatml"nt n molE'S of NA.DPH for7lf'di 

1 • 

2 • 

3. 

4. 

minIm 9 of orot",in 

Incubation Time -l hrs) 

12 24 36 

l-1edium 196.90 214.50 209.50 

Medium + 327.37 368.57 315.61 
no rmonps * 

Medium 1- 287.57 337.27 295. 14 
glucose' ** 

t'-ledium + 354.35 382.72 317.63 
hormones*+ 
glucose** 

* The concpntration of insulin, nrola~tin anrl 
r:ortisol used ~"ere 5 ug/ml of culturE' mf'dium 
each. 

** The conc~ntration of glucose used was 2 mg/ml 
of cultlJrE' medium. 



Fig. 7. Effect of combination of 
ho rmones and glucose on the 
speci fic activity of NADP­
isocitrate dehydrogenase 
during different hours of 
explant culture: 

\ A ) In the absence -of 
hormones and glucose' 

i B) In the presence of 
hormones 

\ C ) In bhe presence, of 
glucose 

i 0 ) In the pre 8enCe of 
hormones and glucose 

\ 0-0 ) 

\ I-I ) 

\ x---x ) 
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increased the specifjc activitjps cf NADP-isocitrate 

dehydrogerl,!'!sP markf'dly to 354.35~ 38,'?72 and 317.63 <'It 

12, 24 and 36 hOUT5 of incubation. These valu~s w.rp 
, 

strikingly higher in comparison to thp values observed in 

the case of Rxper~~ent wh~re pithpr glucose Dr ~omhination 

of hormonp5 w<']s lJsr>d rluring I"xplant r-ulture. 

J t wn5 Riso c;h~prved ti"rnt thp prolongE'd inr.uhiltion 

for 36 hc,urs resulten in the dE'rreasE' in tnP sDPr.ifir. 

activities of NAOP-isocitrate dl"'hydrogenase in comrJarison 

to the specific activities obtainpd after 12 or 2~ heuIs 

of explant culturp.s in all the three f'xperiml:mtal 

cpnditions. 

Section - B 

4.2 Puri ficatio!l.....Q.f-l!.£.tl,yl-t:oA carboxylase and 

fatty acid synthetase. 

The acetyl-ecA carboxylase WaS ):!:uri fied from thE' 

goat mammary gland. The purification Chart of this enzvme 

is given in Table 9, which dspicts various steos unrlertaken 

during the purification. process of this enzyme. Thp. 

starting point for the purification of aCE'tyl-CoA 

carboxylase \'JaS cytosol obtained from goat mammary .qlanrl. 

which contained 13,660 mg prot~in and 255 .. 4 units of 

enzyme with the specific activity OT 0.018. The first 

ammonium sulphate fractionation of thp. cytosol resulte-d 

in increase in the specific activity of the enzyme to 

0.045 !2.5 fold_pu·rificat.ion) and a yield of 89%, was 



S. No. 

1 • 

2. 

3. 

4. 

5 • 

6. 

Table - 9 

Purification chart of acetyl-.CoA oarboxylase. One unit is d~fjnE'd as thE' 
quantity which catalyze·s the incarceration ef 1 u mole of HC14~3 into 
malonyl-eoA per minute at 37°C. Specific ectivitv is dE'finpd as thF units 
per mg of protein .. 

-----_.- ...-------------
Pu xi fication s.tep 

Crude extract 

Ammonium sulphate 
precipi t·ation 

0-50% 

Post-dialysis 

Negative 
edso rption 
I DE-52 ) 

Ammonium sulphate 
.fractionation 

Seph~xose 2 B 

Volume 
Iml) 

1050 

200 

212 

305 

22 

48 

Protein 
concen tra·tion 
.Img/m l ) 

13.20 

25.20 

19.57 

7.04 

10.62 

1 .26 

Total 
orotein 

1m g) 

Total 
units 

13,860.00 255.4D 

5,040.00 227.00 

4,148.00 21B.00 

2,147.00 195.00 

233.64 95.75 

60.49 49.50 

Snprl fir: 
p .... tjvitv 
IlJ'li ts/mg) 

0.018 

0.045 

0.052 

0.090 

0.409 

0.818 

Yi E' ld 

(% ) 

FO 1 rl 
oUTi -
fi~e.­

tion 

100.00 0.0 

89.00 2.5 

85.40 2.9 

76.29 5.n 

37~5o 23.0 

19.2 45.5 



Fig. B. Sepharose 2B column chromatography 
of acetyl-CcA carboxylase 
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Plete 3. Polyacrylamide gel electrophoresis 
of purified acetyl-CoA carboxylase. 
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obtained. The overnight dialy~is of this fraction 

increased the spe~ific activity to 0.052. The enzyme waS 

purified La 2.?-fol.j .£l11r! thr~ tot,d units of ('IHvmp Ipft 

were 218.00. which r~presented a yield of as.AS. The 

negative adsorptian on DfAf-Cpllulosp column resulted in 

further enhanced specific activity (0.090) of the enzvme. 

The enzyme was purified to 5-fold and a yield of 76.29% 

was obtained. Next step in the purification. which 

involved the second ammonium 5ulnhate fractionation, led 

to a 23.0 fold purification of th~ enzyme with spe~ifi~ 

activity of 0.409. Total units of the enzyme left in this 

step were 95.75 ann the yield achieved was 37.5%. The 

last step involving the elution of enzyme through Seoharose_ 

28 column and pooling of the fracti~ns'having highest 

enz~me activity resulted in a 45.5-fold purification of 

the enzyme, with the specific activity of O~a18~ Total 

units of the enzyme left at the end of the whole proc.E'dure 

were 49G05, which represented B 19.2% yield of the enzyme .. 

The elution profile is given in Fig.B. 

This purified enzyme so obtained, when subjected to 

polyacrylamide gel electrophoresis gave only one band as 

shown in Plate 3. This confirmed that the enzyme Bcetyl­

CcA ca:rboxylase was purified to homogeneity. 

4.2.2 Purification of fellY. acirl synthetase: 

This enzyme was also puri fied from the goat mammary 

gland. The results of purification have been shown in 

Table 1 D. The starting point for the purification Clf 

fatty acid synthetase was cytoso~,. which contained 1900 "mg 
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protein ·and 25225.30 units with a specific activity of 

13.22. After thE' fi rst ammoniu.m sulnhate fractionation 

of thE' c.vtosol, the sDecific a.ctivity of the enzvme Was 

increased to 47.48 wt,ich resulted in 3.6-fold purification 

and a yield of 62.-15%. The total units of the fatty acid 

synthetase left were 15678.00. Treatment of this fra~tion 

with calcium phosphate gel led to the increase in the 

specific activity to 53.73. A 4.06-fold purification was 

obtained with a yield of 60.93%. Total units of the 

enzyme, obtained in this caSB were 15372.00. Elution of 

the c~lciJlm phosphate gel treated fraction through nFAf­

Cellulose column, with a lineal:' ,gradient of 50 to 250 mM 

phosohate buffer lpH 7.0) and pooling together of the 

fractions having highest activity resul~ed in further 

increase in the specific Bctivily of the ~nzym.e to 192.76. 

A 14.6-fold purification with e yield of 39.33% Was 

obtained. The total units of the enzym~ obtained at the 

end of this step w8.re 9923.40·. The elution profile of" 

the enzyme through DfAf-Cell~lose column is given in 

Fig.9. The la~t step in the purification sequence which 

involved the second ammonium sulphate fractionation, 

yielded a purified enzyme with a speeific activity of 

294.37. This reprE'sented the purification of the enz.vme 

to be 22. 3-fold over that of cytosol. The yield WaS 

11.95~. Total units 0 f the enzyme fatty acid synthetase 

left at the end of 1311 the purification steps were 3014 • .10. 

When this purified enzyme 50 obtained was subjected 

to Sephadex G-200 column chromatography, it emerged 13S a. 



Table - 10 

Purificeti'o .... chart of fatty acid synthetas~. nne unit is definerl as n molp.s Df 
NAD"PH oxidised p~r minute. 

~ ---
5. No. Purificatio~ step Volume Pro teoin To tal Units Total Sppr.i fir YiE"lH Purifi-

\m 1) conc:eontration protein \ml) uni ts ar.tivity {';U ration 
\mg!mlJ \mgJ lunits/mg (folrlJ 

protein) 

1- Cytosol 250 7.6 1900.00 100.50 25225.50 13.22 100.00 0.0 

2. first ammonium 26 12.7 330.20 603.00 15678.00 67.48 62.15 3.6 
sulrhatE'! 
frar.ticnation 
l25-40~ saturation) 

3. Cel~iun pllos~h~te 4B 5.96 286.00 320.25 15372.00 53.73 60.,3 4. 0 6 
g~l-trE'B. tmpn t 

4. DfAf-Cf'llulose 1 SO 0.286 51 .48 55. 13 9923.40 1:-2. ?6 '9 .33 14. 6 

5. Second emmonium 8 1 .28 10.24 376.8 3014.40 ?9!J.3"'l' 11 • ~ , 2? .3 
sulohatE' 
fractionation 
l26-3~~) 
saturation 



fig. 9. E"lution profile of DfAf-Cellulose 
crnomatography of fatty ac&id 
synthetase. 
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Fig. 1.0. Sephadex-G 200 colum,n 
chromatography of- fatty acid 
synthetase, asee rtaining the 
homogeneity of enzyme protein. 
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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 th~ 

purified enzyme (Fig.10). This, was further ascertained, 

whel1 thC2 ru:dfjeri enzyme \1188 subjp.cted to polyecTvlf!mide 

gel electrophcresis. This gav~ a single band as shown in 

Plate 4, wtlich rev~alpd that th~ pnzyme, fatty 8~id 

synthetase was purified to homogeneity. 

Section - C 

403 Develooment and assessment of the specificity',of 

the antibodies.: 

The antibodies were developed against acetyl""'=oA 

carboxylase and fatty acid synthetase, which were purified 

to homogeneity as mentioned in the Section-H. The anti­

bodies were also developed against the purified enzyme 

gl~cose-6-phosph8te dehydrogenase obtained as stenda-rd. 

The 'specificity of the antibodies, th~s developed in 

rabbits against the different enzymes was -checked by 

Ouchterlony double immunodiffusion techniquE' (1966). 

4. 3.1 Asse~sment 0 f the imml)nosoeci fiei.ty 0 f antibodies 

developed against acetvl-roA carboxylase: 

The immunospecificity of the antibodies develooed 

again~t acetyl-eoA carboxylase waB assessed by Ouchterlonv 

{19'-.66) double immunodif'fusion technique. It is obvious_ 

fram ·the Plate 5 that the antigen'(aeetyl_CoA carhoxylasE'!) 

and antibodies on di ffusion through the agarose gel, 

agglutinated to form only a single precipitin line. The 

appearance of single precipitin lin~ signified the 

homogeneity as well as immunosoecificity of the antibodies 



Plate 5. 

Plate 6. 

Immunodi ff.usion analysis 0 f goat 
mammary gland acetyl-CoA carboxylase 
with anti_acetyl_CoA carboxylase 
~ Lactating goat mammary gland). 
tentral (C) we 11 containing puri fied 
acetyl-toA carboxylase end the 
periphe~al (P) ~ells containing 
anti-ace~yl-CoA carboxylase. 

Immunodiffusion analysi.6 of goat 
men,mary gland fatty acid synthetase 
with anti-fatty acid synthet"ase 
\ Lactating goat" mammary gland). 
Central (C) well containing pu%ified 
fatty acid synthetase and the 
peripneral \ Pl wells containing 
anti-fatty·~eid synthetase. 
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so developed against acetyl-CoA carhtlxylase. 

4.3 .. 2 Assessment of the immunospecifici!JL of thE' 

antibodies developed a~in5t fBtty-~cid~~h~t~~! 

TllB immunospecificity or the immunogenecity of the 

antibodies dev~loped against fatty acid synthetase was 

seen by OuchteI'lony (1966) double immuno diffusion 

technique. On immunodiffusion,the antibodies 8qainst 

fatty acid synthetase gave on~ precioitin band as shown 

in Plate 6. This single pr~cioitin line indicated the 

homogeneity of the antiserum as well as its immuno-

specificity against its antigen (fatty ar.id synthptase} 

which has been purified as e homogenous protein. 

4.3.3 Assessment of the im~unosoeeifieity of thp 

antibodies against glucose 6-ohosohatp dehydrogenase 

Similarly the antibodies were raised against the 

purified glucose-o-phosphate dehydrogenase 'and their 

immunospeci fici ty against glucose-6-phostloate dehvrlro9~nase 

waS checked by Ouchterlony's (1966) double immunodiffusion 
> 

technique. Like the other two antibodies against two 

different enzymes, respectively, as mentioned above, the 

antibodies _against this enzyme also on immunodiffusion 

gave only one precipitin band as shown ~n Plate 7. The 

appearance of single pr@cipitin line ascertained thE' 

homogeneity as well as the immunospecificity of thF. 

antibodies developed against the purified enzyme. 



Plate 7. Immunodi ffusion analysis 0 f goat 
mammary gland glucose-6-phosohate 
dehydrogenase \ Lac·tating goat 
mammary gland), with anti-glucose-
6-phosphate dehydrogenase. 
Central (C) well contajning purified 
glucose-6-phosphate de hyd r"genese 
and the peripheral wells l PJ 
containing anti_glucose_6_phosphate 
dehydrogenase. 
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Section -Jl 

4.4 Effect of com!2,inatiQll of hormones (insu1i~rolar.tin 

£~g~~rti5q~Q1g~~~nd glucose in addition with -----------
~Q.!!!..l_~in'!ti~~[,_hormont='s on thp ~nt~ps:is· Q.f.~~-2...f. 

the lipogenic enz;:v~ .. 

Insulin, prolactin and cortisol were used in 

combination (5 pg/ml of medium each) to see their effect on 

the synthesis of some of the lipogenic enzymes viz. acetvl_ 

eoA carboxylase, fatty acid synthe>tase and glucose-6-

phosphate dehydrogenase in mid-prpgnant goat mammary gland 

using explant culture system. Sillii 18 r e xpe riments WE'rp 

also conducted to observe the effect 0 f glucose and glucose 

with the combination of hormones {insulin, prolactin. end 

cortisol}_ on .the synthesis of the above mentioned -'enzyme~. 

Thp. results obtained for thl'! influence of the 

various treatments, as mentioned above, on the. synthesIs of 

lip0genic enzymes have been described as below. 

4.4.1 Quanti tative est.imation of acetyl-rcA carboxylase 

for quantitation of acetyl-CoA carboxylase enzyme 

in the explant 'cultu;red tissue, the immunological measure-

ments, employing rocket immunoelectrophoretic technique 

were used. The increaSing amount 0 f antigen (acetvl-CoA 

_carboxylase) ranging from 20 to 80 P9 were filled into 

the wells made on the agarose anti_acetyl_CoA carboxylase, 

gel slab. The desired dilution of antiserum wes used for 

this purpose. On sUbject-ing the slab to rocket immuno-

electrophoresis, it was observed that rocket shaped Breas 

forme-d after_ re-action of antigen with anti-acetyl-CoA 



Plate B 

Plate 10. 

Rocket immunoelectrophoresis of 
antigen (acetyl-eoA carboxylase) 
on ""agarcse containing anti­
acetyl-GoA carboxylase 9 using 
varying I?mounts of antigen from 
well No. -1 to ~. 

Rocket immunoelectrophoresis of 
unknown samples of ·acetyl-CoA­
carboxylase obtained from: 

lid fxplants cultured in t"he 
absence 0 f hormones and 
gluCDoe .. 

{B} fxplants cultured in the 
'presence 0 f hormones. 

\ C) Explc>n ts cultured in the 
pr~sence of glucose. 

(0 ) Explants cultured in the 
presence of honnones and 
glucose .. 





Plot. 9. Preparation cf Standard curve 
~cr acet,yl-C~A carboxylase 
lantigen} uS1ng rocket 
immunoelectro pho retic: te ehnique. 
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carboxylas~, increased proportionately with the in~rease 

in the C1mc,unt Df the: antigen 8r'1plied lPlate B). The 

r~sults shown in PlatF' 9 revel.'tl that the SIPes orr:Uf"llPr 

by the diffprent amcur.ts of ant:ig~n on thE' gel slab WPn:, 

linear function cr" thf' increasing amount of antigE"n. FO-T 

estimating the amount of antigen \acptyl-~oA carboxvla5~) 

present in cytosclic fr~ctiDnS obtained from the r.ultured 

tiSSUP5 under the effect of various conditicns (Contrel. 

hormGne treated, glucose treated and glucose in combination 

with hormones treated eXperiments), racket immunop!ectro-

pOOresis was carried out.. The rocket shaped areas so formed 

as given in Plate 10 were corre>laten with the standard 

curve {Plate 9). It was observed that the synthesis .Of 

ac:etyl-CoA carboxylase was increasE'd to 2161jt of tha eontrol 

in thE' casE' when insulin. prolactin end cortisol were added 

together in explant culture medium .. during 24 hours of 

inCUbation or explant culture. When only glucose was added 

to the culture medium, after 24 hours of incubation it was 
> 

observed that the synthesis of acetyl-CeA ·carnexylesl? was 

increased to 169% of thE' control. However. in the csse. 

when glucose in combination v.:ith hormones wes used· in ~ulturE' 

medium,- the acetyl-CoA carboxylase was synthesized to a 

greater extent. les synthesis wes increased by 2 .. 6-fold 

i.e. 26~ of the. control as given in Table 11. 

4.4.2 quantitative ~stimation of fatty acid synthetase: 

f~o the quantitative estimation of fatty acid 

synth~tase, similar technique \t/BS used as mentioned in 

section 4.4.1. however. the amount of the enzyme (el)ti_gp,n) 



Plate 11, 

Plate 12, 

l10cket immunoelectrophoresis of 
antig'en l fatty acid 'synthetase) 
on, agarose conteining anti-fatty 
acid synthetase, using varying 
amounts of antigen from we 11 1 to 3. 

Preparation of Standard curve 
for fatty acid syntheti."l.se (ar.ltigen) 
using rocketimmunoe lectrop ho reeis. 
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Plate 13. Rocket immunoelectrophoresis of 
unknown samples of fatty acid 
synthetase o~tained from: 

tAl txplants cultured in the 
absence of hormones B.nd 
glueD se. 

l B} fxplants cultured in the 
presence of hormones. 

(c) fxpla'hts cultured in the 
presence of glucose. 

'D·l fxplants cultured in the 
presence of hormones and 
glucose. 
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was taken in the range of 10 to 40 pg for th~ purpose. 

A standard graph, as shown in Plate 12 was ohtained wit~ 

the help of the rocket shaped areaS obtained during 

rocket immunoell?ctrophoresis using di ffl" re>nt amClJnts of 

antigen lPIBtE 1~J and thE'se were linear funr.tlcn of thE' 

amount 0 f thf' anti gen. WhE'n the areas, ocr:.upif:'d hy thp 

cytosolic fractions obtained from cont,rol experiments, 

combination of hormones treated e xppriment, glurosE' 

treated and glucose plus hormcnes treated explant culture~ 

tissues from mi~-pregnBnt goat mammary gland as given in 

Plate 13, were r.orrE'lated with the standard cu·rve 

\Plate 12), it was obseorved that the synthesis'of fatty 

acid synthetase was increased to 167% of the-control when 

combination 0 f hormones (insulin, prolactin and cortisol) 

WaS added in the culture medium during 24 hours of explant 

culture. The synthesis wes inc,reaeed to 127% of the 

control when glucose alone waS added to the culture 

medium and the exp1.ant culture was carried out for the 

similar hours of incubatioq (24 hours). However~ the 

addition of glucose plus combination of hormones to the , 

culture medium during 24 hours of inCUbation caused the 

synthesis of fatty ar.id synthptase to increase to 241% 

of the control as shown in Table 11. 

4.4.3 Quantitstiv~ estimation'of :glucose-6-phosnhat~ 

deh:t.rtl:Q.~ME2.: 

The effect of combination of hormones. glucose 

and glucose plus combination of hormones on the synthesis 

of glucose-6-phosphate dehydrogenase in mid-pregnant goat 



PlatE 14. Preparation of Standard curve 
for glucose-a-phosphate 
dehydrogenase (antigen) using 
rocket immunoelectrophoretic 
technique. 
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memmary gLand, uSing exr1ant culture system was also 

studied. Plete 14 depicts th~t rock~t shaDed areas 

occupied by thE' incrp8sing amount of antigpnlglu~osp_~_ 

phosphat~ dphyrlrogpnas p ) on the gp!'slabs consisting o~ 

agarosE and desired dilution of antiserum, so rlpvelonf"d 

against purifi@d gluccse_6_pho5ph~te dehyrlrogenasE', wprp 

linear function of the increasing amount of antigen. 

I-!hen thE cytosolic fractions from thE' control E'xrJprimpnt. 

hormones treated, glucose treated and glucose plus 

combination of hormones trE!8ted explant cultured tissues 

were applied on the agarOS8 gel slab containing desired 

dilution of antiserum, the areas 50 obtained after ror.ket 

immunoelectroohoz:esis WerE! extrapolated from standard 

graph (Plate 14) to find out thE! total amount of antigen 

present. It was observed that the addition of combinati-on 

of hormones caused the inc:rease in the synthE'sis of 

glucose-6-phos~hate dehydrogenase to 166% of thp control 

after 24 hours of ineubation or explant cultu.re. WhE'n 

only glucose t2 mg/ml of eu~ture medium) was added to the 

culture medium, the synthesis of glucose-6-phosDhate 

dehydrogenase was increased to 129% of thE' control. 

However, by adding hormones in cambin-stion with glucose 

to the explant culture medium, the sy_nthesis of glucose-6-

phosphate dehydrogenase enhanced to 185% of the control 

after 24 hours of incubation (Table 11). 

On comparing the relative percent increase in the 

synthesis of the lioogenic enzymes (acetyl-CoA carboxylase, 



Table-11 

fffeet of comiJination of hormones {insulin, prolactin and 
cortisol), glucose and combination of hormones plus 
al!JCOSP on th~ synthesis of lipogenic enzymes, during 
nxplnnt cultllrF' for ?4 hours. Values arl? exnrF'ssprl as 
rercr.ntf!(:F's of thp. controlfi. 

--.-_._---_._-----------_.--_._------
Treatm('nts Acetyl-r:oA 

carboxylasE' 
fatty acid 
synthetasE' 

Glurosl?-6-
phC)snhate 
rlehvdrog~nasE' 

._----------------
r-1edium 
\ control) 

t·1edium"+ hormones*" 

Medium + glucose** 

Medium + hormones* + 
glucose 

100 100 

216 167 

169 127 

260 241 

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

** Concentration of the glucose added to the 
culture medium waB.2 mg/ml of medium. 

100 

! 66 

129 

1.8 5 



Tabl!? - 12 

ffff'ct of comhinaticn OT hormcn~s linslJli~. nrolar.t.in i'lnd 
cort:isoIJ, gluco~f? an; r.omf-liilat.ion of hor;nonf's rlus ijluro"F" 
on th~ snp~ific a~tjvitips of thp linoqeni~ pnzvm~s. ~urinq 
exnlant cldtur:e for 24 hours. fnzvmp sClprifir: ar-::tivitips 
~rE ~xprFssed as ~erc~ntAges of thp Gontrols. 

"----------

Treatments 

Medium 
(control) 

Medium + hormones* 

Medium + gluco~e ** 

Medium + ho rmones* 
+gtuccse ** 

Act'!tyl-CoA 
carboxylase 

100 

204 

164 

252 

Fatty acid 
svnthe>tase 

100 

160 

220 

Glur.oSf?-6-
phcsnhate 
de h,v rl ro g en a SE' 

100 

162 

127 

192 

.. Concentrations 'of insulin, prolactin and 
eO'I'tisol used were,S ug/ml of ~ulture 
medium eaeh. 

•• Concentration of the glucose added to 
cul1!ure medium was 2 mg/ml of medium. 

the 



Plate 15. Effect 0 f va deus combinations 
o'f hormone,s and glucose on the 
synthesis· and specific activity 
of Bcetyl-CoA carboxylase. 
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Plate 16. fffect of various combinations 
of ho rmones and glucose on the 
synthesis and specific activity 
of fatty ac:id synthetase 6 
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Plate 17. tffect of various combinations 
of hormones and glucose on the 
synthesis and specific activity 
of glucose_6_phosphate dehydrogenase. 

Synthesis 

Speci fic 
activi ty 

(1lIlIII 

) 



to. 
0 

>-.. 
> -... 
" « 

'" II. 

'" u 1/1 
III « .. z 
1/1 '" 0 

.. 
0 z '" « Q 

1/1 
.. 
X - III 111 

III 0 
:t 

'" .. 
z :t > :x ., .. 
III 

., 
0 

:t :r .. Q. 

Z I 
- .. , 
'" '" 111 1/1 
<: 0 
III " It ::I 

" 
,..I 

z '" -... z 
'" u 
~ 
w .. 

100 

90 

10 • 

70 

60 

so 

10 

.0 

. 10 , . 
' .. 

MEDIUM 

I CONTROL I 

MEDIUM " ., 

GLUCOSE 

MEDIUM.. MEDIUM + HORMONES 

HORMONES + GLUCOSE 

TREATMENTS 



82 

fatty acid synthetase and glucos~-6-phoSDhate dehydrogenase) 

shown in Table 11. with the r~lative percent increase in ~he 

specific activities of the respective enzymes (Table 12), it 

'''85 found that th~ apparE'ntly observed increase in the 

specific activities of these enzymes were due to the 

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

17. 



CHAPTER - 5 

DIS C U 551 0 N 

-------.--



TI,e present sturly WaS undertaken to ~lu~idat~ 

the pff['!ct of combination of :·lGrIllCneS (insulin, Drola~tin 

and cortisol) an tbp liDogeni~ c~pacity of mid-or~gnant 

goat mammary gland using explant culture technique. ThE" 

above horrnones, in camhination. were uSl?d to observe their 

effect en various enzymes closely related with fatty 8Gid 

synthesis viz. a~etyl-CoA synthetase, a~etyl-CoA c~rho~vlasp 

fatty acid synth~tase, and the enzymps which 10vern the 

chain-len'jth of thE' fp-tty acids so synthesized hy fatty 

acid synthetase lmedium-chain acylthioesterase. and lon~­

chain acyl thioesterase). The effect of these h01\flonps 

waS alsa seen on various reducing equivalents (NADPH) 

gen,~rating enzymes vi z. glu~ose-6-phosphate dehvdroqenase, 

6-phosphoglueonete dehydrogenase and NADP-ieoeitrate 

dehydrogenase. Thes~ enzymes are considered as important 

lipogenic· enzymes sinc~ they generate reducing equiualents 

in the form 0 f NADPH, which are essentially required for 

the effective Jetty acid biosynthesis. The effect of 

glucose alone and in addition with the combination of 

hormones linsulin, prolactin and cortisol) was' also seen 

an above mentioned enzymes. The experiments were further 

extended to identify the mechanism of the regulation of 

the activities of the above mentioned lipogenic enzvm~s 

i.e. whether the changes in the activities of the enzymes 

under the influence of the above treatments were due to 

the activation of the pre-existing enzymes or due to 
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the changes in the synthesis of th~ enzymes in the ex~lants. 

5.1 Effect of combination of ho-rmonss aQL9...1~~LQ..!Lj~.he 

lipQ.9.~~!~ill.....Q.f mid-D£~gnan:L..9..Q.~~!!'!!m.~~and 

During the oresent StUdY9 the effect of ~ombination 

of hormones (insulin, prolactin and cortisol), glucosp anrt 

glucose in addition with the combination of hormones was 

seen on the following enzymes. 

5.1.1 Acetyl-eoA sYnthetase: 

The enzyme, responsible for the formation of extra-

mitochondrial acetyl_CoA, exists in eytosolic fra~tion. 

This Bcetyl-CoA so formed functions as a basic precUrsor 

for the fetty acid synthesis. A perusal of tne Ii tE'rature 

showed that almost no· signi ficant studies on this enzvme 

in the mammar.y gland of ruminants have been made. Ouring 

th~ pxesent studies, it has been observed that the spPcific 

~ctivity of acetyl-eo A synthetase was markedly increBs~d 

during the explant culture of the tissue from mid-pregnant 

goat mammary gland. when hormones linsulin, prolactin and 

cortisol}, glucose and glucose in combination of hormones 

were adde'd to the culture medium, as shown in Table 1 anrl 

Fig.1. The steady increase in spe-eifie activity of acetvl-

CoA synthetase at the rate of 2- to 4-fald waS observer:! 

upto 36 hours of explant culture. Merineze (1971) had 

shown the s!;'nsitivity of this enzyme to the hormones 

involved in mammC!gl?nesis and lactogen@sis~ He found that 

the specific activity of acetyl-LoA synthetase increased 

in bovine mammary gland as the animal passed to lactation 

stage from non-lactation. This increas~ in the specific 
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activity of acptyl-t:oA synthetasE' a5 renorted by Merinpzp 

\ 1971) may be attributed to th~ influ~nr.p of lar.togenj~ 

hormone r.omple~ \insulin, prolactin and cortisol}, whirh 

governs the over~ll r~te of lioogenpsis or thp TRtP o~ 

fatty acid 5ynthe~is in the mammary gland. Acetyl-eoA 

synthetase, bpi'ng ont: of the liflogp.nic enzyllles, may hE' 

under the influence of these hormones for maximal ret!;' of 

lipogenesis~ Mallenberger and 8auman (1974) had observed 

majer increase in the specific activity OT acetyl-CoA 

synthe>tase alongwi th the other lipogenic enzymes, hetwl?en 

mid-pregnancy and lactation, while conducting tissue 

incubation studies on rabbit mammary gland. ThElse results 

obviously reflect the interaction of th~ laetogeni~ 

hormone complex (ins_ulin., prolactin end cortiso 1), which 

exhibits its action aft8r mid-Dregneney onlytwith the 

lipogenic c~pacity of the mammary gland. This phenomena 

substantiates the present findings. The increase in the 

specific activity of aeetyl-CoA synthetase, when explants 

from mid-pregnant goat mamm'Ery gland were cultured in the 

medium contai,ning glucose only, may be attributed to the 

increased availability of the certein metabolites of 

glucose oxidation, to be responsible for the activation 

of acetyl-CoA synthptase activity. The similar rl:'ports 

were put forward by Volpe and.Vagelos (1974). They 

sugfJElsted the incr~Ase in the speci fie ac'tivity of fatty 

acid synthetase due to the increase in the conr.en~ration 

of certain intermediatl?s of glycolytic pathway. It is 

... Jell known thet ATP is requir8d as a cofBr.tor in thf> 
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reaction catalyzed .by acetyl-CcA synthetase. Thus, thE' 

addition of glucose to the culturE' media during E!xnlent 

culture may .be leading to the .enhanced production of ATP 

which in turn rp5ults in the increase in th~ so?~ifi~ 

activity of acety~_CoA synthetase. 

Thp. r:ombined effect of combination of hOrmonEs ann 

glucose resulted in a maximal incrE"ase ( 2- to d-fold) in 

the specific activity of acetyl_CoA synthE"tase in present 

studies, upto 36 hours of ~xolant culture. It mev hp nul":' 

to the potEmtiating pffect of the combination of hormones 

on the glucose mediated increase in the SDE'cifir: ar:tivitv 

of acetyl-LoA syntheta·sp as shown bV differ~nt workprs 

with regard to different lipogenic enzymes. namely 

acetyl-CcA cB~bCJxylase (Ms,yer, 1978), fatty acid syn1;hl"!tase 

lSpeake et 21., 1975, 1976a,b), glucose-6-pho5pnate 

dehydrog~na6e and 6-phosphogluconate dehydrogenase (Betts 

and Mayer, 1977 and Rivera and. Cummins, 19711. 

5.1.2 Ace-tU1_CoA carboxyls§!!: 

Acetyl-CoA carboxylase catalyzes the carboxylation 

of aCEltyl-CoA' to malonyl_CcA in the biosynthesis of fattv 

arids. It is recognized as a ratp limiting pnzvme in thp. 

process of overall synthesis of fatty seins. It has be!?n 

observed that the specific activity·of acetyl-r..oA 

carboxylase waS incr~ased SUbstantially, when exolants 

from mid-pregnant goat mammary tissue WE're cultured in 

the mediuM containing combination of hormones (TablE'! 2 

and fiy. 2). It has long been recognized that th~ snPrifi~ 

E3cti vi ty 0 face ty l-CoA carboxylase is in f lu?ncE'd hy 



87 

hormones {Mellenberger and Bauman, 197..:1; WittE'T E't 5!!~. 

1979; Denten, 1974; Goodridge, 1973. 1975·; Volpe and 

Vagalos, 1976 And Lemmen, 1~83J. Manning!:i:J.l. (1976.d 

have aJ~o rEnor-ted that the specifit: ectivity of ar:-ptv]-r:o.4 

carbDxy12S~ was increased. whE'n thp exolants from mirl­

pregnant rabbit mammary gland wer~ rultur~d in thp 

pre5~nc2 of combination of hormones linsulin, prolst:tin and 

corti501J and no increase in the spEcific activitv WaS 

observed by them in thE' abse,nee of this combination of 

hormones. Thus the results in terms of increase in thp 

specific activity of acetyl-CoA car~oxvla6e. in the ex~lents 

from mid-pregnant goat mammary gland. are in acc~rdanr.p 

with the results reoorted by Manning ti al~ {1976a}_ 

Manning ti a1. l1976a) had observed thE'!' .f'ncrease in the 

specific activity of acetyl-evA carboxylase in the explants 

of mid-pregnant rabbit mammary gland upto 6(J hr$ of 

incubat"ion ~ On the contrary,. the increase in the spl;!ci fic 

activity of acetyl_eoA carboxylase upto 36 hrs of explant 

culture has been observed in the prpsent study. 

It has been found that the specific. activity of 

acetyl-CoA carboxylase was increased to lesser extent whPn 

glucose alone was added to the culture medium (Table 2 and 

rig.2) than that when combination of hormones was used in 

the cultu~e medium. The increase in the speeific ar.tivitv 

of acetyl-ecA carbDxylase on addition of" glucose to the 

culture media. can be substantiated on the basis of thp 

reports put forward bv GoodridgF:' (1975). who hacl rE'ported 

that the total activity of acetyl-CoA carboxylase as wpll 
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as fatty Bci d synth~ t?SE' :'Ie re stimu lated in i 50 leted· Ii vet' 

cells from neonatal chicks by glucose at 6 hours of 

incubaticn. Hp h~d reported that fatty aci~ svnthpsis in. 

these cells was markedly stimulated by fructO$E anrl othpr 

compQn~nts th~t co~l~ pnter glycolytic pathways. ThPse 

componentf: cRuspd an increase in the cpllular ("onr.£'ntration 

of citrate which in turn activated ac~tyl-CoA carboxylase. 

These experiments demonstrated that r.itr~te ~ould r~gulnte 

the activity of acetyl_ecA carbo'xylase in intact r::~lls. 

Thus, these reports' sUbstantiate the prE"sent findinqs that 

the incre~se in the specific acti.vity of acetvl-CoA 

carboxylase in tnP explants from mid-pregnant gaet mammarv 

tissue, when glucose was added to the medium may b@ due to 

an increase in the intracellular concentration 0., citrjate. 

which in turn stimulates the over all activity of sc,.t:v1-CoA 

carboxylase. During the prFsent studies it has :alsc beem 

observed that thp combined a~tion of combination of hormones 

Bnd glucOSE have resulted in maximal (2- to 3-foldl incrpast" 

in the specific activity of acetyl-CoA carboxylasE' when 

E'xplant culturE' wes carried out upto 24 and 36 hours~ 

respp.ctivE'ly. This incrRase could be explained on thE' 

basi£ o~ thE' fact that the combination of hormones hed a 

potentiating effect on the> glucose triggered inc~ease in 

thE! speci fic activity of acetyl":'CoA carboxylase. 

5.1.3 FattY.......'§.£id~theta§.~ 

\rJhen insulin, prolactin and cortisol wpre USE'n 

together in combination during thE! culturing of the pxplants 

from mid-pregnant g~at mammary gland it result@d in 
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significant increase in the S"Pcific activity of fattv 

acid synthptasE aftpr 12~ 24 and 36 hours of incubatj~n. 

respectively lTablE" 3, fig.3} •. 

when I?xr.dents of molJlllli:iry glilnd from miri-prE'gni'int rFlbhits 

were cultured with inDulin', prolactin and cortisol. 

cytodifferpntiAticn occured, which was measured bv thp 

increased synthesis of medium-chain fatty aciMs~ thp 

characteristics of thE' rab~it milk. This was ar.r.omoani~d 

by en incre8se in the apparent spe:ocific aetivity of fatty 

acid synthetasp and also an incre~se in thp apparent rate 

of synthesi~ of fatty acid synthE'tfl.se in the> exolents. 

Similar results have been reported by forsyth II ~.!.. (1972). 

who had reported that Of) culturing the mammary exolants 

fro~ the rabbit (23 days pregnancy) for 2 days with insulin, 

prolactin and cortisol, the rate of fatty acid synthesis 

waS increased to S-fold. However. no such .information is 

available on ruminant mammary explants. The extent of the 

increase in the specific set~vity of fatt~y acid synthetase 

under the influent::f' of insulin. prolactin and cortisol 

observed in present studies were slightly lesser than that 

reported by Speake U~. (1975, 1976a,b). 

Oils et a1. (1974) had also reported that there WaS --
a marked increase in the specific activity of fatty af:id 

synthetase afte~ 40 hr in cultur~ of the explants from 

mid-pregnant rabbit mammary gland when insulin, orolar.tin 

and cortisol were added to the IDE'dium. After having 

maximum stimulation of over all lipogf'nesis, th~ E'xolants 
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were transferr~d to hormone free mf'dium~ This resulted in 

a dramatic dec-line in the sDeci~ic activity of fatty ar.id 

~ynthetasF. Thus, these result.s arp. in agreement with thE' 

previcus finrlings which explain thet ~nsulin, pialartin .anrl 

cortisol used in combinbtion, have got a stimulatorv pffFrt 

on the speci fie: aetivi ty of fatty acid synthetase. 

A steady increase in the scp.~ific ar-tivity of f~ttv 

acid synthetase has been observed uo to 36 hrs of explant 

culture, which is equivocal to the increase in the soer.ifie 

activity of fatty acid synthetase observed upto 40 hrs of 

incubation as reported by Dils et §l.. \1974). 

In present studies an incre'ase in the specific 

activity of fatty acid synthetase has alse been observed 

when E!xplants were cultured in ,the presence of glueosE' 

alone (Table 3 and Fig. 3). This may be due to tne 

concentration of certain intermediates of glycolytic 

pathway 01; beyond, which eff-ect the specific activity of 

fatty acid synthetase by causing' an increase in the 

synthesis of fatty acid synthetase as reported by Volpe 

and Vagelos (1974). 

It was further observed thet combination of 

hotmones and glUCOSE! resulted in a maximal increoase 

(approximately 2.25-fold) in specific activity of fatty 

acid synthetase which could be attributed to the combined 

action of glucose and hormones in potentiating eBch ethers 

effect as reported in the literature for other lipogenic 

enzymes like glucDse_6-phosphate dehydrogenase and 

6-phosphoglucona-te dehydrogenase (L'rader and ,Barry, 1969.; 
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'Rivera ann Cummins, 1971; Betts and I'-'Iaypr, 1977J. 

5.1.4 Medium-chain acvlthioesterase: 

No activity of mpdium-chr.dn acylthicf"'stpras;p roulrl 

be detected in the narticle frpp supernatant from the 

explants from mid~pregnant goat mammary tissue, eultured 

in the media containing ~ombination of hormDn~5, glucosp 

and glucose plus combinatiDn of hormones (Table 4). 

However, it has been established that the milk fat 

from the goat contains sho~t, medium and long-chajn fatty 

acids \Marei tl 81.'1 1969). Grunnet end Knurlsen {1979a} 

have also reported that the tissue slices from lactating 

goat mammaxy gland synthesized short \C4 : O to C
6

: O)' 

m~dium (C8 : 0 to C1D : O) and long-chain (C 16 : 0 to [,8:0) 

fattv acids in proportions similar to that found in goat 

milk fat. But in contrast, th~ particl~ frep supernatant 

fraction and the puri fied fatty acid synthetase from thi 5 

tissue, synthesized predominantly short-cbain and long-

chain fatty acids. The enlxme tezminating acy~hioesters 

of low molpcular weight \m~dium-chain acyl-thio~steraspl 

could not be detected in the particle free supernatant,. 

like the one found in rabbit and rat mammary gland 

(Knudsen et ~ .. 1975; Libertin.i and Smith, 1978; Smith 

and Stern, 1961). Thus the present observations refler.ting 

the abs~nce of thp medium-chain acyl-thio~sterase in the 

particle free supernatant obtained from thE' exp!ants from 

the mid-pregnant goat mammary tissue. are in acrordancp 

with thiO' r2f10rts f)ut forward by Grunnet anr:! Knudsen 

I 1,79 a. b l. 



5.1.'5 Long::.£.llitin acyl thio~stE'rase: 

The prpsent study has shewn that the specific 

activity of long-chain acyl thiaesterase in thp oarti~l~ 

free supern;ltant, res..-,onsible for thp svnthE'~i~ of lonq-

chcd.n fatty acids -~C16:0 to (1B:O)9 increased r.Ql"'si~f'rahlv 

in the exnlants from mid-pregnant goat mammary tissue. 

cultured in the presencE' of combination of hormcnes. glurcose 

and glucose plus combination of hormones t Table 5 ann fig. ll). 

However, this increase in thE' spe~ific activitv was found 

maximum upto 2ll hours of culturE' of the explants under all 

the three treatments. 

HOIiJever, very ·scanty, or rather, nf!gligible 

information is availabls on the stimulatory effect of this 

combination of hormones and glucose on .the specific 

activity of long-chajn acyl thioesterase emp10Ylng explant 

culture techniques. ·But it has been established that the 

long-chain fatty acids constitute a Significant portion of 

the fatty acids so synthesized in the goat rnam'llaI'"'y qland. 
, 

as found in thE' goat milk fat {Marai tl ~ .. 1969). 

Skarda et ~. l1978. 19B2a J hBve reported that the pxp1~nts 

from mid-pregnant goat 'Tlammary tissue respond We'll and a 

maximum stimulation of the over all lipogenl?sis is archieved 

when the explantsfrom the mid-pregnant goat mammary tissue 

are exposed to insulin, prolactin and cortisol together in 

the culture medium. 

HallowE's et a1. (1973·) have demonstrated that 

insulin, prolactin and c:orti:5o1 are necessary far the 

maximal fatty acid synthesis in mammary explants from 
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mid-pregni.nt rat. The abovE' informations I'f'flpr.t that 

insulin, prolactin ann cortisol are needed for the 

enhanced ca~acitv of over all li~ogpnesis in exr1ants 

frrlm mid-pregnRnt animals anrl the increasE' in thE' snp,...i fir 

activity of lonJ-cilein acyl thioestprase obsprved in 

present study, contributes a part of it to thp over all 

inCrE!ClSE' in lipogenesis. This is further suhstantiatf'd 

by the pr~sE!nt Dhs~rvations with other linogpni~ enzvmes. 

5.1.6 ~~S~£~Q=E~~~Q~~n~~f£gpnase .~~~ 

6-nQ~~Q~~luconate dehvdro~U2~~ 

Glucose-6-ohosphate dehydrogenase and 6-phospho­

gluconate d~hydrDgenase are the enzymes involved in the 

generation o-f NADPH for the effective synthesis of fattv 

acids. Mammary explants from the mid-cregnant goat 

mammary gland when cultured in the preSEnce o·f a combination 

of hormones (insulin, prolactin and cortisol), glucosE' and 

glucost=" with combination of hormones, led to thE' inr:rease 

in tha specific activities of gllJcos,e-6-phosohate 

dehydrogenase and 6-phospho~luconate dehydrogenas~ 

\ Table 6,7 and fig. 5,6>' The increaSE! in the specifiC": 

activities of both the enzymes was studied upto 36 hours 

of explant cultur~ under the effect of all the above 

mentioned three treatm~nts. The significant increase in 

the spec! fic activities of glucose-6-phosr:lhate J:feh.vrlro-

genese and 6-phoschogluconate dehydrogenase iR preSE'nt 

studies refl~cts th~ enhanced lipogenic activity of the 

mammary explants from mid_pregnant goat. 

Studies conducted by Betts and Mayer (1977) on 
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6.-phosphogluconate dehydrogenase in explants from mid­

pregnant n,bbit mammary gland and by Leader and Barry 

l1969) and Oka and Perry (1974) on glucose-6-rhosphate 

dehydrogenase in organ culture of mammary tis-sue from 

mice mammary 8rithelial cells. respectively revealed 

that the increases in the specific. activities were markedly 

influenced when e><;plants or cells were cultured in the 

presence of insulin. prolactin and cortisol together. 

This observation is in agreement with the present findings. 

The present results are further supported by the 

findings of Rivera and Cummins 1.1971) who showed th2t 

the maximal increase in the specific activities of 

glucose-6-phosphate dehydrogenase B~d 6-phosphogluccnate 

dehydrogenase were obtained when mammary explants from 

mid_pregnant mice were cultured in the presence of insulin. 

prolactin and cortisol together in the culture medium. The 

necessity of this combination of hormones is justified by 

by the fact that insulin itself is a potent stimulus. 

whereas both hydrocartisol 'and prolactin require insulin 

far manifesta.tion of their effects. According to Oka and 

Perry l1974) the mouse mammary epithelial cells on 

culturing in the- presence of hydrocortisone and insulin, 

increased the specific activity of glucose-6-phosohate 

dehydrogenase by about 250% of the control. The effect 

of hydrocortisone I'/as also manifested in the presence of 

insulin and prolactin and resulted in a maximal increose 

in the enzyme activity. In the present experiments the 

specific activities of glucose-6-phosphate dehydrogenase 
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and 6-phosphoglucon.'3.te dE'hydl"ogenase were increased to 

91.25 FInd l05~30from 54.25 and 60.57, rE'sper:tivelv. In 

other wl')rdS thp. sDf"rific activitips of glucose-6-nhosnhate 

rlehj'iiT0'lentl~jf? .. mn 6-l'1hosnhogluc:-onatf' dE"hvrlroql?-nasp wp,P. 

incrl?asprj to 160'~. <-1nrl 175% of thF' r;ontrol, rpsnp.r"'tiv!'>lv. 

aftEr 36 hours of in~ubat.ion, insulin, P1"olar:-tin and 

cortisol vJere adrierl together to thp culture mec1ium. Though 

this increasE' in thp activitv of gllJcosp-6-phosohate­

dehydrogp.nasp. ob5P-rV{~rl in the oresent studips is ~om­

paratively lower, yet it.is in agr€'~ment with the results 

reported by Oka anrt Perry {1974}, ber.ause of the action 

of the similar combination of hormones. 

Rivera and Cummins (1971) showed that continuous 

maximal increase in the specific activities of 91ucope-

6-phosnhate dehydrogenase end 6-phosohogluconate dehvnrD­

genese were obtained when mammary explants from mid­

pregnant mir.p. werp t:':ultured with insulin, prolactin and 

cortisol. Hormones wer~ require~ in the medium for 

several hours in order to produce the maximal increases 

in the enzyme activities which w~re measured after 48 

hours in culture. After this time the continueod p-respncp 

of hormones waS not re>quired to maintain enzyme Bctivit:v 

o'Jer the following 24 hours. The present studies showf"d 

that the sustained increase in the' activities of glucosE'-

6-pho5phate dehyrlrcgenase and 6-phosohogluconatp dphvdro -

genese waS seen upto 36 hours of explant culture whir.h 

appears to be equivocal to the previous studies. 
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I t has ,bf!en observ@d in pr~sent studies that thp. 

glucose alone and qlucose plus th~ combination of hormones 

[instllin. prola~tin Rnrl ~ortisol) markedly in~reaserl thp 

speci fic oActivi t.ie's C f glucosIP-6-ohosnhatp rif'hi/t-lra'~f'n,'1S'" 

and 6-phospholjlur.onntp r1E'hynrogp.nasf' .. Howpv~r. thp m~ximum 

increase in thE' ar.tivities waS obsE'rved when glur.ose pnrl 

combinat.lon of hormones were addpd togF>ther to the r.ulturE' 

media. The activities of both the enzymes under these 

conditions werE' found increasing UDto 36 hcurs in culture. 

Similar rE'ports have been put forward by GrpPn tl !!! (1971) 

who have studied the hormonal regulation of glucose-6_ 

phos[)hate dehydrogenase and 6-pho,::whogluconatE' dehydroqAnoSE' 

activities in mammary Explants from mid-pregnant mir£'. 

They showed that insulin, glucose, amino acid and inqrganic 

sal,~s were the minimal requirements needed to increase the 

enzyme activities in the explants from mice. Replal":ement 

a f insulin in the inCUbation medium by cystp.ine resultp.rI 

in the increased uptake of glucose into the alveol~r ~p.lls. 

Glucose could be replaced b~ other monosacr.harides like 

mannose and f:.;-uctose (Green ~i a,l., 1971) to get thp 

simileI.' results. With higher glu~ose concentration in th~ 

culture medium, insulin did not potE'ntiate the glur.osp­

mediated increRse in thp enzyme activity (Green ~ ~ •• 

1971). Leader and Barry l196~) showed that glucose was 

nE~essaTV, initially, in order to trigger the increasE' 

in enzyme a~tivity which occurerl after 12 hours in rulture. 

Green et al. {1971} suggested that increasE' in thE' 

activities of glucos~-6_phDsohate dehydrogenase and 
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6-nhosphogluconate rlr->h.'fdrag~nasp resulted from .an 

increased uotake of glucose by thp mammary tissuE' and that 

the incrEase in th~ a~tivitie~ were caused by a metaholic 

prurluf:t or 1 hJf:osP. su.::h as glur:ose>-6-ohcsohflte th~t 

s'!:imulatFrl thF.' fOI'ifIaticn of mRNA rluring initial hours aftpr 

glucose WaS adrled to the culture medium. Betts and Mavpr 

l1977) showed thE' obligatory requirement of the glu~ose to 

produce an inr:rPRsP in thp enzyme ar:tivities of qlu~oSE'-6-

phosphate rlF.h\'dro!Jpn;~5F.' anrl 6-phosohogluconate> r:lehvi:lrDqpni'ls~ 

and the potent.ic'!ting effert of insulin, prolactin ?Jnd 

cortisol on the glucose triggered increases in enzyme 

activities as well as amounts. 

Therefore, the present findings are in accordance 

\·dth the previous results which indicated that glucoSe, as 

such and in combination with hormones (insulin, orolar.tin 

and cortiso l) leads t'o the enhanced speci fic Bctivi ties 

of glucose-6-phosohate dehydrogenase and 6-phosphog"lur.onate 

dehydrogenase. 

5.1.7 !!!@!:::.i§.ocitrat.e dehydrogenase 

These studies indicate that the specific activity 

of NADP-isocitrate dehydrogenase increased markedlV under 

the influRnce of combination of hormones linsulin, prolar:tin 

and cortisol), glucose and glucose in addition with 

combination of hormcnes ~Table B and Fig. 7). It has been 

found that the specific activity of NADP-isocitrate 

dehydrogenase incre~sed upto 24 hours of the incubAtion 

of the explant from the mid-oregn-ant goat mammary tissuE'. 
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This increase in th'F speCific activity of NA!)P-isor:itr~tp 

dehydrogE'nase in all the three treatmEnts. was at thp 

rate of 150% to 180,% of the Fontrol upto 24 hours of 

incubBti~n whi~h waS 8-10 times mOrP th~n th~t rp~ortp~ 

in the r?lt mcHl'llUriry glClnd b:t Bauman ~1 £.l. ll5170). 

The highp.r sf'lPr,ifir: activity of NADP-isor.itr<'lte 

dehydrogenase obtained in prpse-nt studiE's may !:"te p.xcdsf nf.>r1 

in the light of the fa~t that th~ possible alternat~ sourc~ 

of NADPH is the NADP-isocitr;;ote> rlE'hydrogE'nasE' in the 

ruminan ts. The roll? af the NADP-isoci trate dehvriroqf"nasF' 

pathwav in producing NADPH in ruminant fatty acid 

synthesis, is consistent with the- availability of citrate 

in the cytosol of the ruminant Illammary tissue, dUE" to the 

absence of citrate clevage pathway and the ability of 

ruminant mammary tissue to synthesi:tE' fatty acids in the 

absence of glucDse~ The hi'1h specific activity OT NAOP_ 

isocitn;te dehydrogenase couple:>CI with high levels of 

citrete or isocitrate ~Baldwin and Yang. 197.-1) in the 

ruminant mammary tissue may prf>sumably refler:-t its role 

in NADPH fOI'mation for fatty acid synthesis. Whp.rf"8S in 

non-ruminant~ NAnp-isocitrate dphydrogpnase does not app~ar 

to be of major imnort8nce in gFneration of rE'rfucinq 

equivalents b€'C6US€ of its lo1t! ar::tivity {Leveille ann 

Hanson, 1966; Wise cmd RaIl, 1964)~ 

ThE:! adaptation of NAOP-isocitrate d~hydrogE'nasf' to 

the initintion ~f la~tation h~E hepn studierl in rAts, 

rebbitti End quineR pigs and shewn to in~Ie8s~ 3- to B­

folds in activity from pregnancy to mirl-lactstion in thf' 
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attributErl to th~ incr~as~d availability of citretp or 

isocitrate in the cytosol of tl(E' mammary tissue nul" to 

the absence of citrete cleavage oathway in gaet mammnTV 

gland. This nr,,"stlmably reflects thF' high gFnPT<'!tiCln of 

reducing E'QUivf;h'rlts by NAOP-isocitratE' r!E'h,VQTogFn?sp P.S 

reported by Beldwin and Yang l1974). The maximal in~rp2~~ 

in thE" specific activity of NADP-isocitrate dE'hvdrog,",n~s,", 

was onSpIVE'rl in nrpspnt stu~ips whpn glucose and 

combination of hormone>s we,re added together to the culture 

medium. This may be ~ttributed to the fact that 

combination of hormones (insulin. nralactin and r::artisol J 

may ,be having a potentiating effects on th~ action of 

glucose on the- activity of NADP-isocitratE' dehY,drogenasf>, 

as explained in the case of other ~phydrogenases like 

glqcose-6-pho5phate dE'hydragena5~ snd 6-phGSDhogluconate 

dehydrogenase \ Leade,r and Barry, 1969; Rivera and Cummins, 

1911; Betts and Mayer, 1977). 

5 .. 2 Purification af some of the l!Q~nie enzvme?s: 

5 .. 2 .. 1 A.cety1_CoA carbo xy1ase: 

Acetyl-CoA earboxylas p has been Durifierl from 

di fferent species.. HmrlE'ver., fewE'r information is 

available on th<:> purification of acety1-CoA carhoxylasp 

from goat mammary gland. During present studies the 

purification of acetyl_CoA r.arboxvlasE' was carried aut 

by the method o-f 1-1iJler and Levy (1975). A 45.S-fold 

purification and a 19.2~ yield of acetyl-CcA carboxvlasp 

have been ohtained lIable 9), which are comnaretiv~lv 

lOlr-Jer than that ohtainf'd by Millpr .and Lpvy \ 1975). nlE'V 



obtained 65- to 67- fold purification and a 24$ yi~ld of 

acetyl-eoA carboxylase. Some enzyme protein as wel-l as 

enzymE' activity misht have been lost rluring puri flc:ction 

steps in present sturly. The sOEcific activity of th~ 

puri fied enzyme rrss been found to be 0.818. "'Jhir::h is in 

ag~eement with that reoorted by Miller' and Levy' 1975). 

The differences t so observed in present studies may be 

attributed to the species difference. Polyacrylamide gel 

electrophoresis of the pu~ified enzyme was carried out 

according to the method of Be~ts and Mayer (1975) with 

some modifications. A single protein band (Plate 3) was 

obtained on polyacrylami-d,e gel, essentially in ar,:cordanr.e 

with the results reported by Ahmad tl 91. (1978) 'for this 

enzyme· from rat mammary gland. 

5.2.2 Fatty acid synthetase: 

The purification_ of fatty acid synthetase WaS 

carried out by the method of Dils and Caxf'Y (1975) with 

some modifications. rA 22-fo1d purification and 121. yield 

of fatty acid synthetase was obtained (T~ble 10) which 

compared favourably wi th the l8-fold puri ficetion and a 

16% yield of fatty acid synthetase obtained by Dils and 

CarEY '1975). flution of this purifi~d enzyme through 

Sephadex G-200 column has given a single protein peak 

\ fig.'O} which is in agreement with the results .reported 

by Oils and Carey (1975). 

No adequate data was available on thE' purification 

of fatty acid synthetase from goat mammary gland. howpver, 

reports are available on the purification of fatty acid 
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synthetase from cow mammary gland (Knudsen f -1972; 

Kinsella et £1.. t 1975). Kinsefla tl a!. (1975) purifiEd 

fatty aci.d synthE'tase from boVine mammary gland anrl 

obtained a 20-fold purification and a 9% yipld' of thf" 

fatty acid synthetase similar to the present findings. 

PolyacrylamidE' gel electrophoresis of thp ouri fif'd 

enzyme was carried out according to the method sugqested 

by Dils and Carey ~ 1975 L The appearance of only single 

protein band on 7cf., polyacrylamide gel (PlatE'-4) during 

present studies is in aecor,dancE' with the polysr.:rvlamidl? 

gel elE'ctrophoresis pattern of the puri fied fatty acid 

synthetase as reported by Dils and Carey (1975). 

5.3 Preparation -of antibodies and 6ss!issment of their 

specificity: 

Antibodies were raised against the purified enzymes 

mentioned in the Section 5.2. Similarly, ant"ibodies were 

elso prepared against glucose-6-phosphate dehydrogenase 

which was obtained purified as such. 

5.3.1 PrEparation of the antibodies against acetyl-r:oA 

carboxylase and their assessmeni 

Antibodies against purified acetyl-eoA carboxylase 

~ere prepared according to the method of Buckner and 

KolattukudY \ 1976). The immunodiffusion studies were 

performed USing the method of ~uchterlon,y (1966~ double 

immunodiffusion technique with the purified acetyl-r:oA 

carboxylase from goat mammary gland and the antisera 

obtained from rabbits. A single precipitin line was 

obtained on the agarose gel {Plat7' 5} which comparl:'d' 
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fairJy with till? singlf' nrpcinitin line obtained bv 

Ahmed ot 01. l19781. They also re~arted thE' formation of 

single precipitin linp when purifiFrl ecet"l-CoA ~Arboxvla5e 

fl.-om rat :namrnary gland was alloweD to diffusE' I'dth thE 

antibodies developed against it in rabbits. 

5.3.2 Pr('[1<1ration o~ _antibotliE's aga~nst faitv ~ili 

svnthpta~e end their assessmEnt 

Antiborlies against Durifil?d fatty acirl svnthptase 

were developed in rabbit according to thF m~thcrl of 

Buckner ~nd KoJattukudy (1976). WhEn immunodiffusion 

assays \nI1"r.-e performed with thE' r'lurlfied fi'dty BC:i.ri 

syntnetase from goat mammary gland a"nd the antisera obtajned 

from the rabbits, using the method of Ouchterlony (1966) 

double immunodiffusion technique •. A single precipitin 

line l Plate fi) was obtained. which was simi lar to the 

single precipitin line obtained by. Buckner and Kolattukudy 

l1976}. They further, obtained one precipitin line on 

performing the immunodiffus.\on assay with purified fattv 

acid synthetase from goose uropygial glands and the 

antisera, obtained from the rabhits. The oresent results 

are further substantiated by the results reported by thp 

different work~rs who have purified the fatty acid 

synthetase from different sourcps like liver cells of 

developing chick lfischer and Goodr~dget 1978), rat 

mammary gland ,Smith, 1973) and rat liver and brain 

~ VDlpe et ~. ~ 1973 and Gl1arbi-Chihi et a!., 1983) and 

have report~d the formation of a single precioitin lin~ 



on immunodiffusion of the purified fatty 8c~d svnth~tese 

frfJm diffE':!:"ent sources 'with thf." corresponding antiborlies 

dE'Vf?lone~ in t3bbits. 

5 . 3. 3 .E!:f . .Q.fif.~..iLQlL.Q.f._<!n t i bo rl if'.:L€L1B..LllS t_!lL'!.£tI.f~6- ~~12 he tfO'_ 

~drQ..9.~nase _~~ihei!._ aSSE'§.sment. 

Antiborli~s against glucose-6-nhosohat2 rl~hvrlrogpna5~ 

WPr~ dev~]DneM in rabbits aC~Drrlinq ta thp mpthorl of ~ptts 

<Inri i"jr:lyror l1~(7). On rerforming bl<r1unorliffur:ion A55dV with 

antispra obtained froiTI rabhit, bv thp mE'thod of (lur:hterlonv 

\ 1966) doubl!:' immunodi ffusion technique a single f"lrE'cioi tin 

line was obtained lP.late 1). This is in agre~:nent with 

the results reported by Betts and Mayer (1977) for 

6-pho sphoglu conate dehydro genase. 

5.4 Effect of combination of' hormon~!.ucQ.~and 

glucose in addition with comhination of hormones on 

the sy"thesis of samfO of. the lipcg,mic_enzymE's 

Studies were carried out to elucidatE' the far.t 

whether the increasE'sin the specific activities of the 

lipogenic enzymes las observed in present study) wer~ due 

to the activation of the pre-existing less active enzyme 

molecules or due to increases in the concentration of the 

enzymes in tne tissue explants, cultured unrler the 

effect of different treatments as mentioned above. To 

investigate th~ latter part of thp ahove mentioned 

problem, quantitative estimation of the lipogE'nic enzymes 

was donp using immunological tE'chnique. It was ohs£'rvpcl 

that when combinntion of hormones, glucose and qlucose in 



105 

addition with combinetion of hovflonrs were adrled spperetplv 

to the culturE? medi n • while cultur-in9 the explants from 

mid-prf'gli<lnt 9rlCOlt mammary glanrl fol,- <ll hours. thprp w?s 

an inr:-re:'lsf' in thl? 5vnthpsis or amountsof tr.p liro'l"nir 

enzymes undf'!r ~tu11v \i'Jcl'tyl-CoA r.~rhoxyL?'se, fatty a .... id 

synthet<lse ~"d glucosp-6-phosDhatf> rlf"hyrirogp.oHSf."}. The> 

maximum inr.ree:sP in thp synthe6is .,19S ohserved whpn ~lur:osR 

and combin8tion of normon«>s WE're lJsP.rl toge>the>r. It was 

increl'lsed to 21m~. 167,% and 166% of the control in thf: 

case of acetyl-CoA carboxylasE', fetty acid synthE'tase anri 

glucose-6_phoDpha\e d~hydrogpnase, re~ppctivplv, wh~n 

hormonEs combinatic.n was added to thE> culture medium. 

Whereas, when glucose and hormones combination were out 

together to the culture medium, thp values increased to 

260'%,241% and 185% of the control in. the case of ar.etyl­

CoA carboxylase fatty acid synthetase and glucose-6-

phosphate dehydrogenas!', respectivel.\,. Howevf.'Ir, thE' 

increase in synthesis of these lioogenic enzymE's wes 

comparatively less when glbcose alone wes added to thE' 

culture mr:>rli',lm. Thp results for increase in thp. synthesis 

cf these enzymes were found parallel with the incr~asPs 

in the specific activities of these ~nzymes una~r study 

tTables 11,12 and Plates 15, 16 end 17). 

t-1ayer l1976) reported that t_he increase in the 

activi ty 0 f acetyl-CcA carboxylase in the exolant cultur€' 

tissue was dLle to thF.' increase in the synthesis of the 

enzymE'. After conducting immunological titretions w:tth 

Clntibodies against fatty acid synthp.tase ,nils et §!l...,i974) 
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it was found that the changes in the specific activity of 

fatty acid synthl?tas8. when mamm~ry explants from 16 deH' 

pregnant rabbits wpre cultured with insulin, orolar;ti.n anrl 

cortisol, V:""TP rillP t(1 tilp r.h?ngE's in th~ amount of thp 

fatty aeiel synth p ti1s(> .in the E'xnl;:mts rathpr thAn I">v ch?n'lPS 

il' thl?' C'lr.tivitv of thp r.onstant amount of thB nrp-px.1Gt'in" 

enzymp. Silnilar r~norts reg~rdin~ f~tty ar;irl svnthptA5P 

have been given by Soeake ~ 2.1.. l1975. 19768,;:'), who hnVf' 

used antibodips raised against fatty acid svnthE'tasP to 

measure thp rate of synthE'si,s or amount of thp fatty ar.iri 

synth~tas~ in thp pxpl~nt cultur~d tissue. Thev havA 

reported that th~ c~langes which occured in thE' activit~ of 

fatty a"cid synthetase ir:a the mammary e)(plants from mid­

pregnant rabbit tissue, were due to the increases in th~ 

amount of the enzyme. Betts and Mayer (1977) havE' also 

reported that changes in the enzyme activity of 6-phospho­

gluc:onate dehydrogF.!nase in tne explants of mammary gland 

from mid_pregnant rabbits cultured in the presenr.p of 

insulin, prolactin and cortisol, were found to be rlu£' to 

corresponding changes in the synthesis of the enzyme 

l6-phosphogluconate dehydrogenase). Siilfilar results have 

been presumed regarding glucose-6-phosnhate dehydrogenase 

by Leadpr FInd Barry l1969). 

The increase in the synthesis- of the enzymes, whf'n 

glucose alone was adrled to the cu lture medium I may he 

attributed to the increased uptake of glucose by the 

mammary explants. ThF increases in the synthesis of th~ 

lipogenic enzymes ere caused by a metabolic produr.t 0 f 



glucose that stimulat~s thR formation of mRNAs rFquirpd 

for the increas~s in the synthesis and in turn in~rPa5es 

in the activities of the resoectivp ~nzvmes as suqqpst~d 

by Lead!"!' ::Inn :l€Hl'y \ 1969) <'Jnd sub~;pquf"'ntly by othpr 

resE'arch workpTs·\Ri'l€'Ta anr! r:um:nins, 1971 i=!nrl Rptts <'1nrl 

Mayer, 19771. Th~iT reports a~F confined to licogFni~ 

enzymes like glucC"lse-6-fJhosnhateo dph.vdrogE'nas~ anrl 

6-phosphogluconate dE'hydrogenese. 

Th~ combined effect of glucose and ~ombination of 

hormones leading to maximal increase in thE' synthE'sis of 

acetyl-eoA carhox.,!lasE', fatty acid synthetase and glucose_ 

6-phosphate dehydrogenase I as obse'Tved in present studies. 

may be substantiated by the fact that the hormones 

,insulin, prolactin and cortisol) do show the obliga:tor.v 

requi remen t fo r the increase in the en zyme synthesis and 

the potentiating !;!!ffect of glucose en the hormones 

triggered increase in the synthesis of the respective 

enzymes under study. 

On perusal of the present findings it can bp put 

forwBrd that the increases in the specific activities of 

the lipogenic .enzymes in the exnlants from the mid-nregnant 

goat mammary tissue under the influence of hormones. 

glucose and glucose in combination of hormones (as observer! 

in present studies) wer~ due to the increases ·in the 

synthesis of th~ enzymes. 
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SUMMARY AND CDNCLUSIONS 



SUMMARY AND CONCLUSION 

Th2 E'ff~ct of combination of hormones linsulin. 

prolactin 8nd cortisol, each at the rate of 5 ).1g/m1 of 

media l, glucose an.d combination of hormonps in Er:irli tion 

to glUCDSP was seen on the activitips of pnzvmes asso~i~tprl 

with fatty ~cid synthesis viz. acetvl-CoA 5vnthptasp, 

acetyl-ecA ~arboxylase. fatty acid synthetase, mpdium-chain 

acyl-thioestE"rase and long-chaiT! acyl thioestE"rase in 

mammary explants from mid-oregnant goat. The E'xoiRnt 

culture wa's carried out for 12, 2.'1 and 36 hOIJrs. Thp 

SR9Cific activities of acetyl-ecA synthetase, acetyl_~DA 

carbo xylasfO and fatty acid synthetase were found 

increasing steadily upto 36 hours' of inCUbation. \"'heF'~as 

the ,increase in the specific activity of lang-chein a~vl­

thioesterase was observed- only upto 24 hours of in~ubation 

under the sffe~t of all the thre~ treatments mentioned 

above. The presence of combination of hormones· (insulin., 

prolactin and cortisol) in the culture medium, resultE"d in 

significant inl==rease in the specific activities of ar.E"tvl­

CoA-synthetase ~from 39.04, 44.28 and 45.09 to 77.06, 96.38 

and 115.69), acetyl-eoA carboxylase ( from 2.06, 2.58 and 

2.68 to 4.25, 5.26 and 5.97) and fetty acid synthptasp 

~from 31.83,36.10 and 37.92 to 50.31, 57.51 and 71.02), 

after 12. ?4 anrl 36 hours of incubation. respectivelv. 

When glucose alone was added to· the culture medium, it 

led to thE" incr~ase in the snecific activities of a~ptyl_(oA 

synthetasp. l60.66, 73.46 and 90.45), acetyl-CcA r:arhoxvlasp 
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(J~90, 4.22 and S~02) and futty acid synthetasE' (37.29~ 

42.40 and 54.44), respectively. after 12, 24 and 36 hours 

of incubation. The extE'nt of increasE' in thE' a~tivit~E's 

of all the three enzymes under thp E'ffE'ct of rcombination 

of hormonps VIas r:oOloaratively highf"r than that observpn 

when only qlucose was aodl?d to "thp culture medium. ThE' 

maximal incren5P \2-3 fold) in thp octivi tips of thpsf.! 

enzymes was obsf:'rve>d whpn combination of hormones and 

glucose were added togpthe,r to thE> culture medium. The 

specific activity of long-chain acyl thioesterasp was also 

incre<"lsEld due to the addition of combination of hormcnes 

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 ineubation. 

respectively.. On addition of glucosE alone to the culture 

medium, the specific activity of long_chain acyl thlo­

esterase waS increased to 5.36. 6.05 and 4.75 from control 

values. Howe-ver, it was not possible to detect. the activity 

of medium-chain acyl thioesterase under the influen('"e of any 

of the three tx-eatmen ts. 

Simi larly the effect of these treatme>nts was 

observed on reducing pquivalents lNADPH) generating e.>nzvmE's. 

Vihen combin~tion of hormones was added to the culturp mF>dium 

it led tc thE' incrf'eee in thE' speci fie activi ties 0 f 

glucose-6-rhosnhatp dphyrlrogenase (from 51.81,. 5J.2B fmr! 

54.25 to 83.52, 66.75 and 91.25], 6-phosohogluccnetp 

dehydrcgenase \frof'l 54.57, 57.70 and 60.57 to 82.52~ 92.98 

and 1C5.00) and of rliADP-isDcitrate dehyclrogenf.'lse (frem 

196 .. ~O,.214.5(J and 209.50 to 327.37.368.57 and 315.61)' 
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Tht? addi tj on of glucosE to the culture medium increased the 

specific activities of glucos€-6-phoSDnate dehydrogenasE" 

\ 61.45, 68425 ('lnrt 7t1.31), 6-onospho.g1ucofli;ftf;" c\phvrircqf'nasp. 

\68.31,79.64 anr! 87.46) and NADP-isor:itretp dehvdn;gFn;'3gp 

l2B7.S7~ 337.27 and 295.1d). The maximal incrE"asE"sin thf' 

3p~cifir. octivitip.s of thpse rpducing equivAlpnts qpnerzting 

enzymes were observed when combination of hormones end 

glucose \';fEre addBd together to thp culture medium. The 

specific activity of NAnp_isocitrate de-hydro-genase was 

observed increasing upto 24 hours of inCUbation only_ 

Whereas, the specific activities of glucosE-6~phosnhatE" 

dehyd rogenasE' and 6-nhosnnoglur:onate d€'hvdrogenase 

increased linearly upto 36 hours of incubation under the 

influence of all thE' three treatments .. 

Acetyl-eoA carboxylase waS pur.ified from the goat 

mammary glsnd. The 'initial units of the acetyl-CoA 

carboxylase in the cytoscl were 255.4 and the spe·cifie 

activity of acetyl-CoA carboxylase in the cytosol was 0.018. 

The ammonium sulohatE orecinitaticn of the cytosol, led to 

th~ 'inerel;lse in the 5pf'ci fic activity of the enzyme to 

0.045 with 2.5-fold purification. further, overnight 

dialysi~ of the fraction increased the specific activit\!' 

to 0.052. The enzyme was purified to 2.9-fold. The 

negative adsorption on DfAf-Cellulose, increased thp. 

speeific activity to 0.090 lS-fold purification). Thp 

subSEqu~nt ammcnium sulDhat~ fractjonation led to ?]_fQl~ 

purificAtion of thF en~ym~ with the specific activitv of 

O.40~. The lest step involving the Sepnarosp-2B t::clumn 
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chromatography rpsulterl in furthpr Qltrification cf the 

r,>nzyrne to 45.5 fold, l'.'jth the sppcifjr. ;If::tivitv of 0.6HL 

The yield of thE" enzyme obti'dnf~d at thE' end of wholF 

proCE'dure WflS 19.27~. This [tLlrifierl pnzyme g1'111f' sinqh'" 

band on nuJya~rylemirip gAl electrGDhvresis. 

Fatty a~id synth~tase WflS Also Durifjprl from ryto~ol 

obtained frem goat mammary glAnd, w~'ich containpd ~52?5.50 

units of fatty acid synthetase with specific activity of 

13.22. The first ammcnium 5ulnh~tp fra~tjQnation in~reRsprl 

the specific activity to 47.46, Ip8ding to a 3.6 folc1 

purification. further tr~stment of this fracticn with 

calcium phosphate gel, resulted in thE> nurification of the 

enzyme to 4.06-fold, with the specific activity of 53.73. 

DfAE-Cellulose column chromatogr;;lphy led to thE' further 

increase in the spscific activity Df the enzyme to 197.76, 

'which showed a 14.6-fold purification. The last stPD 

consisting of sE'cond ammonium 5ulph8te fractionfttion yi~lded 

a purified enzyme with specific activity of 294.37, 

representing a 22.3 fold nur.,ification of thE' en'zyme over 

cytosol. The toti'll yielrl of the enzyme at the end o'f 

puri ficatiC'n r'lIoc~dure was 11.9s'}f.. This purified enzvmp 

on polyacrylamide gel electrcnhorpsis gave one orotein 

band, w~,ich ccnfirmed the homogeneity of thf'. enzym~. 

AntibGdiPS we~e raised against the Durifipd enzymes 

'acEtyl-eoA cfirbQxylase, fatty a~id synthetase and 

glucose_6_phosphate dphydrogenasel in rabbits and their 

immunosrecificity was checked by double immunodiffusion 

technique. Thp fc.rm;:;tian of thE> single nrecioitin linps 
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on immunodiffusion of. th~ antibodies with the respe~tiv~ 

antigens, rpflected the immuno -specificity of the 

antibodie.s. Furthermcre, the form.,tion of single 

p rE'cini tin linE' in E'8ch case confi rmp.d thE' homogenf'i tv 0 f 

the purified enzymes .. 

Whi]~ estimating the quantities of the liDO genic 

enzymes. employing immunological techniques, it was 

observed that when ccmbination of hcrmcnes was added to 

the explant culture medium the syntheses of acetyl-rcA 

cc;rbGxylase, fatty acid synthetase Bnd .glucose-6-phosnhAte 

dehydrogenasp. WE're increased to 216%. 167% and 1665[" of 
the contro], respectively_ When only glucose was ,added to 

the culture medium, the increaSE. in the amounts of thesE'­

enzymes was obsE'Tved to be in the order of 1691.:, 127~' and 

129'Jt. of the control, respectively. Whereas,. the com'bined 

effect of combination' of hormones and glucose ··in culture 

medium resulted in maximal increase ·(260~, 241~ and 1B5$) 

of the control. 

On the b~sis of the above mentioned findings, it is 

ccncluded that the increase in the specific 8ctivities of 

acetyl-r:oA carcoxylase. fatty acid synthetase and glucose-

6-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 less active enzymes molecules. 

It appeared that the enzymes responsible for lipid 

metabolism are stimuJated by the lactogenic hormones 

complex \insulin , prolactin and cortisol) from the mid_ 



11 3 

pregnant stage' onvJi3rd. This invariably reflects that 

by slterin;! the hormonal status .of an Bnimal, the lipid 

synthesizinl] capacity of mammary tissue can be regulaterl 

by hormona 1 induction. furthermore, the pronoonced effect 

on the lipid metabo1ism can be induced by the combined 

action of hormones and glucose, ..... hich potentiate the 

action of Each othe~~ This study can further be exter,ded 

to investigate the role of these hormones on the lipDgeni~ 

capacity of the mammary tissue at different phySiological 

stages a f an animal i.8. pregnancy and lactation as we 11. 
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