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ABoTRACT

Part One of this thesis describe;: studies on 

the counter-current distribution of rapidly-labelled lift A   

Other workers had previously reported that several hormones, 

when injected into ratr, altered the counter-current 

distribution profiles of the rapidly-labelled :KA isolated 

from their livers. It was hvDped to use counter-current 

distribution, in this thesis, to stv.dy the HKA svnthesised 

by ifcamiaary gland slices incubated with different hormones.

Initial experiments were performed to see if 

hormones influenced the counter-current distribution 

profiles of rapidly-labelled KM A formed in liver slices. 

Double-labellin was employed to eliminate differences 

in isolation and fractionation of control and experimental 

EVA: control slices were incubated with (Oadenine, 

amd experimental rliccs with the horirone and ("'rOadenine. 

The dicer were then combined for HA isolation and 

fractionation snd the C and ^<:. in each fraction measured 

simultaneously. However it was found that addition of 

corticosterone (50 ug./ml,), insulin (3 u£./ail.) f oestradiol 

(5^f./ffil.) or trii^dothyronine (5 ug./ml.) did r-.ot 

significantly alter the counter-current distribution
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Attempte were then made to repeat come of the 

experiments in which hormones had been reported to 

produce marked ^rofile changes in vivo . However it 

was found that intra;critoneal injections of h^drocortisone 

(5 mg.) for 50 rain., insulin (1 sg.) for 25 min. or 

thyroxine (>0 iig.. for 35 .nin. did not alter the counter- 

current distribution profiles of liver HKA, labelled by 

a 20 min. r-uloe of radioactive orotic acid.

The rapidly-labelled iNA trots liver slices, 

which was isolated mainly with ribososial ^KA Oethod A), 

travelled more slowly on counter-current distribution 

than that fro^i whole livers, which was isolated mainly 

with DNA U/ethod B), Since these '* arfe differences in 

profile resulted from different methods of isolation, 

it appeared possible that in revious experiments, wnere 

double-labelling was not used, differences between control 

and experimental profiles ai^ht have resulted from s.'Lall 

and unavoidable differences in isolation.

Experiments were performed to eee if the difference 

in r>rofile between ;\ A isolated by Methods A and B was 

due to the raridly-labelled ;tNA c->mplexing with dii'ferent 

nucleic acid species. However addition of i'NA to material 

isolated by Met. od A, or ribO8o;.al .^A to that isolated 

by ivethod -J f did not alter the profiles, nor did digestion 

with deoxyribonuclease of material isolated by ethod 3.
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Experiments were designed to tent the suggestion 

that rapidly-labelled !JIA was separated on counter-current 

distribution into fractions of differing baee composition, 

those rich in adenine travelling faster than those rich in 

guanine. In the first experiment slices of ats' liver
X 1 IL

were incubate-: ior 30 rain, with ( %):;uanosine and ( C)adenine. 

Despite differential labelling of the two bases, the 'H. 

and ^C profiles did not differ significantly. A second 

ex.i'c-rinent used the feet that nuclei, isolated from rats' 

liver, synthesise \i"& with a lower ratio of G+C:AVu in 

the resence of am:r oril >m sulphate than in its absence. 

Fat liver nuclei were incubated for 30 min.with ('H)Ari' 

or with ( C)ATP and ammonium sulphate (0.26 M) arid the 

HHA isolated. In *»~>ite of different base COST ositiors,
*y i A

the H and "*  C counter-current distribution profiles were 

again superimposed. It was concluded that base coraroeition 

is not the basis of fr&ctionation o. ra idly-lacelled x^NA. 

Aheri rapidly-labelled iiNA, repared by Method A, 

was stored at 2°C for >:. months, its speed of movement on 

counter-ciirrent distribution increased. Treatment of 

rapidly-labelled :" ;>.'A with pancreatic ribonuclense alt-o 

increased the speed of movement* It was concluded that 

the different fractior.ation of --A prepared by ;'ethoos 

A and B was probably due to different degrees of degradation 

by an intrinsic ribonucleaee.
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In Part Two of this thesis, increases in the 

activity of mammary gland glucose 6-Dhosnhate dehydrogenase 

and 6-phosphogluconate dehyr'rogenase, which occur in 

the living animal at parturition, have been reproduced 

in vitro for the first time. Some investigations of 

the biochemical basis of these changes have therefore 

been possible and the ef:ects of various hormones p-nd 

inhibitors of nucleic acid and protein synthesis on 

these enzyme increases are described.

Initial experiments showed that, as in rats, 

the activity of theee enzymes in the mammary gland in vivo 

rose slowly durinp- pregnancy but more sharply at parturition 

The HNA and DNA contents of the glands also increased 

during -regnancy and lactation.

A culture method was developed in which 20 

explants of mammary tissue were floated on the surface 

of defined medium "199" in sterile petri dishes. When 

explants from late-pregnant (day 19) mice were incubated 

with insulin (5 iig./ml.) for 22 hr. the activity of 

glucose 6- hosphate dehydrogenase increased by 84 and 

that of 6-phosphogluconate dehydrogenase by 04,. 

Without insulin the activities of both enzymes fell.

In experiments in which the rate of appearnnce 

of glucose 6-phosphate dehydrogenase was followed, it was
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found that there was no increase in activity duririr about 

the first 12 hr., but during tfu next 1? hr. the erizyise 

activity increaet-d sharply.

If prolaotin (10 ug./ml.) t corticosterone (1 ug./s 

or prjlactin + corticoaterone were added to 72 hr. cultures

in addition to inr; lin, the glucose 6-phosphate 

deh^drogenase activity did not increase further. However 

In 45 hr. cultures with insulin or insulin + cortieoaterone 

the enayme activity fell below trie <-2 hr. level, v^.ereas 

with insulin + prolaetin or with insulin, prolactin 

and corticosteront the 22 hr, level v*as approximately 

maintained . Change of media® or further addition of 

prolactin (100 p.'~./al.) f growth hormone (10 ug./sil.), 

triiodothyronine (5 ug./^l.), ocstradiol (0.05 ug./jQl.)
«» "i

or oxytocin (10 units/ml.) did not cause any further 

inoreaae in enzyae activity.

In experiments to gee if the iucreane in 

glucose 6-phosphate dehydrogenase activity in vitro was 

due to the removal of the tieeue from inhibitory hormonal 

influences it waa found that neither oestradiol (1 ug./ml.), 

progesterone (1 Uf:./nl.) f oestradiol (0.01 ug./ml.; * 

progesterone ('5 ug./JLl.) nor an extract of ;;iice placentae 

prevented the increase in enzyme activity.
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The enzyme activities would continue to increase 

above the 22 hr. level daring the second day of culture 

if serum from lactating mice w s addtd to the medium. 

Insulin had to be included in the medium for this effect 

but, in the presence of serum, further addition of 

prolactin and corticosterone caused no further increase 

in activity. It was found that serum from virgin or 

pregnant mice was as good as that from lactating mice 

but that bovine serum albumin could not replace serum.

Some experiments were done with mice at other 

stages of development. When mammary tissue from 

mid-pregnant (day 12) mice was incubated for 22 hr. 

with insulin the activities of both enzymes again increased 

but there were certain differences from late-pregnant 

tissue. Thus glucose 6-phosphate dehydro^enase activity 

increased during both the first and second days of 

culture with insulin alone. If orolactin or prolactin + 

corticosterone were added to cultures in addition to 

insulin there was a further significant increase at 

both 22 hr. and 45 hr.. The implications of the greater 

effect of prolactin on the enzyme level in mid-pregnancy 

are discussed.

In some experiments virgin tissue behaved 

similarly to mid-pregnant tissue but in others there
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was no increase in enzyme activity. Ho greater ccm.^stancy 

was obtained either by killing mice at oestrus or raetjeetrus 

or by adding oe&tradiol (0.03 ^g./ml.}  * progesterone (1 jig./ml) 

to the medium*

The effect of different inhibitors on the increase 

in mammary glucose 6-phoephate dehydrogenase activity 

during 22 hr. culture was examined after determining 

their minimum effective concentrations. Actinoaycin i) 

(0.5 ug./ial.), cycloheximide (1 ug./al.} or puromycin 

(10 ug./nil.), added at the Btart of culture, prevented 

the enzyme increase, but hydroxyurea (50 ug./ail.) had 

no effect. This eurgeeted that HMA and protein synthesis, 

but not IJNA synthesis, were required for the enssyaae increase.

If actinomycin I) was added after about 3i hr. 

it completely failed to prevent the enayme rise, suggesting 

that iiNA ©yntheeis was only necessary dvring the first 3i hr*»

Cyclohexiaide, added during the first 10 hr., 

completely inhibited the increase but, if added alter 12 hr., 

had little effect, Since cyclonexisiide, added at 12 hr. , 

still inhibited protein synthesis almost immediately, 

it appears that the increase in enzyme activitj occurs 

in the absence of protein synthesis. This mirht be due 

to eynthesis of the enzyme in an inactive form but 

preliminary ex oriments failed to detect inactive enzyiae 

precursor in supernatant frora explants inc\*bated Tor 12 hr..
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Abbreviation® adopted by the Biochemical 

Society (eee Bloc hem.. J> (1967) 102. D are ueed 

without definition. Other abbreviations used in this 

thesis are:

A Adenine.

ACTH Adrenooorticotropic hormone.

0 Cytosine.

COD Counter-current distribution.

8 Guanine *

G6?D Glucose 6-phosphate dehydrogenase.

MAK Mtthylated albumin-kieeelgnhr.

N.S. Not 8ign5ficant,

6VdP b-phosphogl\iconate dehydrogenase*

U TIracil.

Abbreviations of the names of journals are 

thoae given by Brown, P. and Stratton v G. B. (196>) (Kd.) 

/;orld list of ocitntific   eriQclicale. 4-ondon: Butterworths.
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1. INTRODUCTION

The purpose of the work dfjecribc^d In this 

thesis was to study the way in which hormones act on 

the mammary gland to stimulate the syntheeis of specific 

proteins.

1.1 The hormonal control of the mammary inland.

It ia convenient in discusoing the hormonal 

control of the mammary gland during [ regnancy and 

lactation to consider three stages: mammary development, 

initiation of copious milk secretion and maintenance 

of lactation.

Mammary development.

From experiments in which varioua hormones 

were injected into animals from which different endocrine 

glance had been removed, it has been concluded that 

oestrogen, progesterone, glucoccrticoide, growth hormone 

and prolactin are involved in the control of mammary 

development (see Lyons, 1958). Although these experiments 

did not show whether each hormone acts directly at the 

mammary gland, prolactin does appear to act in this way
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since it can give e localised lactogenic response when 

injected into one alactophore of a rabbit (Lyons, 1942).

Experiments in *hich hormones have been added 

to mammary tissue in long term culture have helped to 

establish which other hormones act directly at the 

mammary gland (eee Lasnitzki, V*65). Hlias (1959) found 

that insulir. is essential for the survival of small 

pieces of mid-pregnant mouse mammary tissue in culture 

and that the further addition of cortisol increases the 

size of the alveolar lumina. If prolactin is also added 

the alveoli enlarge further, the cells increase in siae 

and a copious secretion appears in the lumina (nivera 

and Bern, 1961). If cortisol is not included, and only 

insulin and prolactin are added, a full secretory response 

IB not obtained although come secretion ie observed 

(^tockdale, Juer/jens and Topper, 1966). Barnawell (1965) 

has obtained similar results with cultures of mammary 

tissue from other species, iiivera (I964a) showed that 

cortisol may be replaced by corticosterone or aldosterone, 

the predominant corticosteroids in the blood of &ice, 

and it hac also been found that rrolactin ^ay be replaced 

by huffian lacental lactogen (Turkington and Topper, I960) 

or growth hormone (Hivera and Bern, 1961)  Growth hormone 

will only replace prolactin in some strains of mice 

and its effect does not appear to be due to contamination
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by prolactin (Hivera, 1964b). Qestradiol and progesterone 

are not needed for the development of mid*pregnant 

mouse mammary tissue in culture (^lias and Hivera, 1959)« 

However, when added to cultures of virgin mouse mammary 

tissue, these hormone® cause duct growth and end-bud 

development, although strain differences are observed 

(Prop, 1960$ Kosiorowska, 1962).

Initiation of copious milk secretion.

It has generally been concluded that copious 

milk secretion at parturition is also initiated by the 

action of hormones at the mammary gland and the evidence 

for this h«e been reviewed (see Folley, 1956; Meitee, 1961). 

fhe hormones involved are thought to be prolactin and 

glucocorticoids as secretion has been induced in some 

instances by the injection of either of these into 

auitably prepared animals (Lyons, 1942j Talwalker, Hicoll 

and Meites, 19&1). It is also known that the pituitary 

prolactin content (Meites and Turner, 1942) and the 

plasma level of corticosterone (Gala and Weotphal, 1965) 

increase at parturition. During pregnancy it is 

thought that the production of prolactin and AOfH by 

the pituitary is prevented by high levels of progesterone 

and oestrogens and that these might also inhibit 

pituitary hormone action directly at the mammary gland.



-4-

At parturition a fall in the levels of oestrogen and 

progesterone iB thought to release the pituitary 

inhibition and also to allow an actual stimulation of 
pituitary function by low levels of oestrogens. There 

ia evidence that oeetradlol can stimulate the production 
of prolaotin by pituitaries in culture (Kicoll and ^eites, 
1964) and the olasma level of progesterone in rats has 

been found to fall just before parturition (Grota and 
Eik-Nes, 1967).

Maintenance of lactation

There has lon& been indirect evidence that 
prolactin, and possibly other pituitary hormones, are 
also involved in the maintenance of lactation (see Meites f 
1961). Seyle (1934) showed that siickling at only one 

set of nipples of s rat delayed the involution of the 
unsuckled set and he suggested that the suckling stimulus 
caused release of prolactin from the pituitary. Suckling 
has been found to cause a decrease in both the pituitary 
content of prolactin (Heeoe and Turner, 1937) and the 

granularity of the specific prolactin cells of the 

pituitary (VasterIs, 1963). It has also been shown 

that injection of ovine hypothalamic 'prolaetin-inhibiting 
factor* reduces the lactational performance of rats 

(Grosvenor, ^ena, Dhariwal and ^cCann, 1967).
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Effects of hormone L on the maintenance of 

lactation have not, however, been demonstrated in the 

perfused mammary ? land. Hardwick and linzell (I960) 

perfused a goat's mammary gland for a day and were 

able to achieve a milk yield of about i>0, of that in 

the intact animal; however prolactln and other hormones 

did not affect the milk yield.

1.2 ^Q«e biochemical studies of the action of hormones 

on the mammary gland

The development of the mammary gland under 

hormonal control is accompanied by great changea in its 

metabolic and biosynthetic activity. After parturition, 

especially, the gland contains increased amounts of 

proteins, nucleic acids and many enzymes (see Munford, 

1964 )  Some of these changes have been studied by 

incubating mammary tissue with various hormones in vitro.

The effect of insulin on the metabolism of 

mammary slices has been studied during short incubations. 

Balaain, French and Policy (1950) showed that insulin 

rapidly increased the respiratory quotient of lactating 

rat mammary gland slices incubated with glucose or 

glucose r.*luB acetate, and It was later found that this 

was associated with an increased incorporation of
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the substrates into fatty acids (Balmain, Volley and 

Glascock, 1954). Insulin aid rot affect the respiratory 

quotient of mammary slieee from pregnant rate or from 

lactatin-?; sheep (Balmain and Polley, 19 (&1). Abraham, 

Cady and Chaikoff (1957) and tfoLenn (1958) showed that

in slices of lactating rat mammary gland insulin
14 caused a greater incre <»  in {-<°2 T)r°duction from

(1- G)^lucose than from (6- *C)gluco8e f probably 

indicating an increase in the amount of gluooee passing 

through the rentose phosphate pathway. McLean (I960) 

found that insulin also increased CO production from 

(1- C)glucoRe during pregnancy but the effect was 

smaller than in lactation*

In the above experiments, lactating tiasue 

is more sensitive to insulin than pregnant tissue. 

In contrast, Ma;/ne, Barry and ' ivera (1966) found that 

in 3hr, incubations insulin stimulated the incorporation 

of ( Oleucine into the protein of mammary gland 

slices of pregnant, but not of lactatine;» rats. They 

also found that Insulin stimulated ( C)ad©nine 

incorporation into the rtNA uf slices of the pregnant 

gland to a ^renter extent than in slices of T.he 

lactating gland.

Horetti and Abraham (1966) Incubated mouse 

mammary tissue in culture for up to four days and found
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that Insulin affected the utilisation of ( 14C)glucooe 

in both pregnant and lactating tissue. Insulin was 

needed to maintain the uptake of glucose after about 

the first dny and was shown to stimulate the formation 

of £4 C)fatty acids and 14 G02 in both pregnant and 

lactating tissue and the formation of ( *C)lactic acid 

in pregnant tissue*

Biochemical effects of other hormones have 

been found with the culture system of Elias (1957)* 

Juergens, Stockdale, Topper and Llias (1965) showed 

that in 48 hour cultures of explants of mid-pregnant

mouse saamjaary tissue insulin, prolactin and hydrooortisone
52 greatly stimulated the incorporation of ( * )orthophosphate

into casein over that with combinations of two of 

these hormones. Topper and coworkers have used 

colchicine, an inhibitor of cell division, to study 

this hormonal stimalation of casein synthesis (Stockdale 

and fopper, 1966; Iockwood f Stockdale and Topper, 1967). 

They conclude that the epithelial cells of the cultured 

tissue srust divide before they can synthesise casein 

and that insulin initiates the mitosis, they find that 

while prolactin can act after mitosis, hydrocortisone 

cannot.

ix>ckwood f furkington and Topper (1966) have 

shown that the incorporation of ( *C)amino acids into



the whey proteins, 8-lactoglobu.lin and a-laotalbumin. 

Is also greatest when all three hormones are present.

Stockdale, Juergens and Topper (1966) studied 

the effect of these three hormones on f<BA and DfJA 

syntheeis. they found a greater Incorporation of 

( C)uridine into 115 A when all three hormones were 

present and this could first be seen at about 24 hours* 

No similar effect on the incorporation of (^K)thyaidine 

into DKA was seen until 48 hours. Workers in this 

department » however, have found a greater effect of 

the three hormones on the incorporation of ( 4C)adenine

into HNA by 9 hours of incubation (Mayne, Porsyth and
\ 

Barry, I lj67) and on the incorporation of (^H)thymidine

into DHA by 24 hours (Mayne and Barry, personal 

communication).

1*5 ^ome aspects of the, hormonal control of enzyme 

activity and protein synthesig*

Some years ago it was suggested that hormon^o, 

like the water-soluble vitamins, mi^ht influence 

metabolism by actinr as co-factors in ensymic reactions 

(Green, 1941). Although this analogy proved to be 

groundless, the possibility remained that hormones 

might be &ble to alter the activity of enzyia&s and 

the concept of allosterio protein® (Monod,
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and Jacob, 1963) has suggested how this ^ight be 

accomplished. It has in fact been shown that certain 

 teroid hormones can exert an alloeterlc effect on the 

degree of dissociation of liver glutamic dehydrogenase, 

hence altering its activity (see Tomkins and Yielding, 

1-^64). However the number of reports of similar effects 

is limited and their physiological significance is 

doubtful.

There is stronger evidence that, by altering 

the activity of aden;/l cyclase, certain hor&ones can 

influence the activity of enzymes controling major 

metabolic pathways. Adenosine 5 f 5 f -nian0phosrhate, 

added to tissues in vitro, ha© been found to mimic some 

of the actions of these hormones (see Sutherland, 0ye 

and Butcher, 1965)  f*he hormones may not act directly 

on adenyl cyclnae and it has been suggested that their 

effects might be mediated through histamines, which 

are rapidly released from target tissues (Szego, 1965) 

One feature of the action of some hormones 

involved in growth and development is augmentation of 

protein eynthesie, often with a greater relative 

stimulation of the synthesis of specific proteins and 

enayiaes. It appears likely that in many cases such 

stimulation of protein synthesis involves hormonal 

control of transcription or translation of HBA, and
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is not merely a result of an increased metabolic rate 

caused by increased enzyme activities or, with insulin 

for example, increased substrate transport.

Borne > ormones may act by firet stimulating 

RNA synthesis and hence cause an increase in protein 

synthesis. >videnc« for this came from the observations 

that certain hormones stimulate rtNA synthesis when 

injected into suitably prepared animal®, that this 

effect precedes the stimulation of protein synthesis 

and that in many caaes the stimulation of protein 

synthesis can be prevented by the administration of 

aotinomycin D, buch studies have been performed with 

growth hormone (Korner, 19&5), thyroxine (Tata f 19t5)» 

oestrogens (*/ueller, 1965)t testosterone (Williams-Ashman, 

1^65) and aldosterone (Sharp and Leaf, 1966).

S"he mechanism by which hormones stimulate 

this RNA synthesis is obscure. However Karlson (1963), 

by analogy with the mod«l for the control of bacterial 

enzyme synthesis (Jacob and Monod, 1^61), has suggested 

that hormones act directly at the gene and induce the 

synthesis of specific RWA. templates. The siain evidence 

for this theory is the effect of the insect hormone, 

ecdyeone, on the chromosome puffs in the salivary -,land 

°* Chironomus tentans (Clever arid Karlaon, I960; Karlson 

and Sekerio, 1966) and the report of a direct stimulation
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of RHA synthesis when oortiaol was added to rat liver 

nuclei (see Lukacs and Sekeris, 1967). It hae not 

been generally possible to obtain direct effects of 

other homsones on isolated nuclei, however, and thle 

theory has recently been critically reviewed (Heehter 

and Kalkerston, 1965* Tata, 1966 j Korner, 196?)»

Control of protein synthesis at the level 

of translation rather than transcription ia also 

possible, especially for hormones such as insulin 

(Fboue-Bonis, Chambaut, Volfin and Clauser, 1963) and 

ACTH (Garren, Key and Davis, 1965) whose stimulation 

of protein synthesis is independent of RHA synthesis. 

Thus Garren, Key and Bavis (1965) have presented evidence 

that the stimulation of corticosteroid biosynthesis by 

ACTH takes place on stable HHA templates and is mediated 

by a rapidly turning-over protein. A possible mode of 

translational control is suggested by the finding© that 

the reduced protein synthesising ability of ribosomes 

from the heart muscle of diabetic rats (Haspersand and 

Wool, 1965) or the liver of hypophysectomieed rats 

(Korner and Gumbley, 1966) may be due to a decreased 

ability of the riboaomes to attach to templates 

Wither than a deficiency of available template 

RHA.
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1«4 Bffeots of hormones on rar>idly-labelled RRA,

The theory of Jacob and Monad (1^61) implies 

that, in bacteria, template rtNA has a shorter half-life 

than ribosomal HNA and this appear® to be so (Levinthal, 

Keynan and Higa, 1962$ Nakada and Magasanik, 1964} 

M*««lson, Nomura, Brenner, I/avern and Sohleseinger, 1964) 

Thus the HKA labelled during a short pulse of radioactive 

precursor ("rapidly-labelled nHAM ) should be mainly 

template HNA.

In mammalian cells the half-life of template 

:iKA may more nearly approach that of ribosomal KNA 

(Bevel and Hiatt, 1964; Loeb, Howell and 'fomkins, 1965) 

and there is evidence that HHA templates are transported 

from nucleus to cytoplasm in association with the 45s 

ribosocial subunit (Kenshaw, Hevel and Hiatt, 1965). 

Moreover much of the mammalian rapidly-labelled ;<NA 

appears to be rapidly broken down in the nucleus 

(Harris and .Vatts, 1962; Harris, Fisher, dodgers, Spencer 

and Watts, 1965), Nevertheless it Is reasonable to 

expect that at least part of the mammalian rapidly- 

labelled HHA is template RNA and it is for this reason 

that there have been numerous studies of it (see Singer 

and Leder, 1966).



-13-

It hormones stimulate the synthesis of 

 pecific iiHA templates they might be expected to alter 

the fractionation profiles of rapidly-labelled KHA 

obtained by sucrose density gradient c<ntrifugetion. 

It is possible, however, that the lack of such alterations 

(see Karlsori, 196^) is due to insufficient resolution 

by this method. ViAK. columns (Yoshikawa-Pukada, Fukada, 

and Kawnda, 1965), electrophoreeis (Tsanev, Markov and 

Dessev, 1966) and substituted DEAE-cellulose columns 

(Ledat, lelly and Sinsheimer, 1967) have also been 

used to fractionate rapidly-labelled RIA but only 

achieve a similar degree of resolution.

Counter-current distribution has been used to 

fractionate soluble HNA (Holley, Apgar and doctor, I960) 

and Kirby and coworkers applied this method to other 

nucleic acids* They developed solvent systems with 

which they achieved #ood resolution of s&all molecular 

weight segments of (mainly ribosomal) a$h (Kirby, 1962) 

and of native i)KA and DNA segments (Kidson and Kirby, 

1963; Kidoon and Kirby, 1964a). It was shown that while 

the basis of separation of the native i)NA was its 

degree of denaturation, the segments of tthA and of 

DHA were separated according to baae composition, 

with a high proportion of adenine moving 

rapidly than those with a high proportion of guanine.
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Kidson and Kirby (1964b) fractionated rat 

liver rapidly-labelled itNA by counter-current 

distribution and found it could be separated from 

much of the DNA. and ribosoiEal and soluble UNA. The 

profile of the rauidly-laballed ;*VA had a number of 

peaks and different profiles were obtained with <!IA 

froa different tissues and with :iNA from the livers of 

rnts fed different diets. Altered profiles of 

rapidly-labelled UNA were also found in mouse hepatoma 

at different times after transplantation (Kidson and 

lirby, 1964c) and in the livers of rats during 

carcinogenesis (Kidson and Kirby, 1965; Parish and 

Kirby, 1966a). It was suggested (Kidson and Kirby t 

I964b) that the basis of the fractionation of 

rapidly-labelled 'rtWA was base composition, by analogy 

with segments of "DSA and ribosomal riNA. This would 

explain why resolution was greater than in methods 

whose basis was molecular sisse or conformation.

#hen rats were injected with various hormones 

there were changes in the profiles? of rat liver 

rapidly-labelled clM (Kidson and Kirby, 1964d). 

Kffects were found with hydrocortieone, insulin, 

thyroxine, testosterone and etilboestrol and it wtis 

suggeeted that the hormones were promoting changes in 

the synthesis of specific *.NA templates.
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1.5 Aims*

Part One*

In Part One of this thesis it was hoped to 

study the effects of hormones on the UNA eynthesised 

by the mammary gland during short incubations iri vitro 

Previous workers had not been able to detect hormonal 

stimulations of HNA synthesis before 5 hours in the 

case of insulin (Mayne, Barry and Hivera, 1966 ), and 

9 hours in the case of prolactin (Mayne, Forsyth and 

Barry, 1967)* Kidson and Kirby Cl964d) found early 

effects of hormone injections on rat liver .aNA, 

fractionated by counter-current distribution, and 

it was therefore hoped to apply this fractionation 

method to uNA from the mammary gland* However, as 

described in this thesis, it was not found possible 

to repeat the results of Kidson and Kirby (I964d) and 

evidence is presented that the fractionation of the 

HNA by counter-current distribution is probably due 

to an intrinsic ribonucleaoe.

?art Two.

In the absence of a satisfactory method for 

fractionating rapidly-labelled HNA, the study of the 

hormonal control of protein synthesis in the mammary 

gland was fooussed on the enzyme, glucose 6-phosphate
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dehydrogtnase. This is the first enssyme of the 

phosphate pathway, which is important in the laetating 

amaaary gland In supplying SADPH for fatty acid synthesis 

In Part Two of this theeis It was hoped to reproduce 

and study jLn vitro the Increase in the activity of this 

enzyme that occurs in the living animal at parturition 

(Glock and McL«an t 1954). A culture method was 

developed to achieve this and the effects of hormones 

and inhibitors on the enzyme rise are described.



PART OH1



-17-

2.1 Materials*

Hormones were obtained from the following 

sources. Oluca^on-free insulin (lot ?J-4609) *&s * 

gift from Dr. Otto Behrens, Eli Lilly .ieseiirch Laboratories, 

Indianapolis, Znd., U.S.A.* Corticosterone (lot 

126-197C), hydrocortisone (lot H43B-288) and 3,V,5~ 

triiodo-L-thyronine (lot 24B-030Q) were purchased from 

bigma Chemical Co* Ltd., London, and thyroxine and 

oeatradiol from British Drug Houses Ltd., Poole, Dorset. 

For each experiment insulin was freshly dissolved in 

3 aM HG1 (2 ffig./ml.), thyroxine and hydrocortisone in 

10 oM KaOH and all other hormones in ethanol. The 

final concentration of ethanol In the incubation medium 

was 1%.

Deoxyribonuolease ( G 3.1.4.5, electrophoretically 

purified and free from ribonuclease) was purchased 

irom Vtorthington Biochemical Corporation, freehold, 

H.J. 0U.^*A«| pancreatic ribonacleaee (KG 2.7.7.16) 

from Armour Pharmaceutical Co. Ltd., astbourne; AT?, 

Ofr, GT and CTP from Si>;oa Ltd.; 2 f *>-dipheix>loxaatolc ( .P.O
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a-napthylphenyloxazole (P.O.P.O.P.) and napthmlane from 

Thorn Plectronice, Tolworth, Surrey. All other reagents 

were purchaser] from British Drug Houses ltd. and were, 

where ooseible, AnalaH grade. &laa»-dlatille-d water 

was used for all solutions.

(B-14C)adenine (specific activity 2U.9 mc/m-mole), 

(2,8-^H)adenine (specific activity %3 c/m-siole), 

(6- *C)orotic acid (specific activity 44.5 me/m-mole), 

(5-^H)orotic acid (specific activity 1.0 e/ft-mole) and 

(Gr- K)guanoaine (specific activity 200 mo/m-mole) were 

purchased from the Radiochemical Centre, Amersham, 

Bucks.; and (0-14C)AT? (specific activity 21 mc/m-mole), 

(G-5h)ATP (specific activity 5 c/a-aaole) and (2-l4C)CTP 

(specific activity 20.6 mo/m-mole) from Bchwartz 

Bio re search Inc. f Orangeburg, K,T. f l/.S.A..

2.2 Isolation of rapidly-labelled ?.KA*

the following solutions were usedj 

Solution 1. Phenol (rediatilled, 500 g.) t ig-creeol

(rediatilled, 70 ml.), 8-hydroxyquinoline

(0.5 g.)» water (55 ml.). 

Solution 2. Sodium 4-aiainoaalicylate (6 g.) in water

to 100 ml. . 

Solution 3« Sodium napthalene 1,5-disulphonate Cu.5 g.) in

100 ml. potassium ..hosphate buffer, pH 7.2

(0.05 M phosphate).
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All operations were at ?'~C.

Method A.

Method A wns used with liver slices and was 

based on Method 2 of Kirby (1965).

Before isolating the HNA a crude nuclear fraction 

was prepared. This was done because it wae later hoped 

to compare this HNA with that synthesised by isolated 

nuclei. Slices from control and hormone incubations 

were cooled and homogenised in » solution (20 ,-1.) of 

sucrose (0.32 M) and MgClp (1.5 &M) in a Potter-ftlvehjem 

tyi>e homogeniser. The homogenete was strained through 

muslin and centrifuged at 5GOg for 5 min.. The pellet 

was resuspended in fresh solution (15 ml,) and 

centrifuged at 450g for 3 rain., and then resuspended 

in fresh solution (15 ml.) and centrifuged at 300g 

for 1 min.. The nuclear pellet obtained was contaminated 

with whole cello and had a ItNAsDNA ratio of about 5.5 

(compared with a ratio of 0.1 for nuclei prepared by 

the method of Widnell and Tata (1%4))»

The nuclear pellet was shaken for 30 min.

with 15 ml, each of solutions 1 and 2. After centrii'uging 

for 30 min. at 4 t OOOg f the upper aqueous phase was 

removed and the solid l.nter*«hase was shaken once more 

with a similar mixture and centrifuged as before.
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To the combined aqueous extracts, containing Loth the

HKA and DBA, sodium chloride was added to give a >/

solution followed by 0,5 volume of Solution 1. After

shaking and centrifuging as before, the nucltic acids

were precipitated from the aqueous phase by adding

2 volumes of a mixture of ethanol and in-cresol (^ vol.:l vol«)«

After standing at -40°C overnight, the precipitate

was washed once with 75*' (v/v) ethanol (containing

10 g./l. sodium chloride), once with 75, ethanol and

twice with absolute ethanol* The precipitate was

dried in a vacuua deaicator and stored in a desieator

at 2°C.

The total nucleic acid content of the final 

precipitate was 76. (mean value of 4 preparations, 

range 69-69/O.

Method 3.

Method B was used mainly for whole livers. 

It was based on the method of Kidson, Kirby and Ralph 

(1963), but included Ifiter improvements in extraction 

technique (Firby, 1965). It was not used for nuclear 

preparations since the first extraction removed eome 

of the rapidly-labelled RflA from the crude nuclear 

pellet.
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fholt livers were dropped into liquid nitrogen 

immediately after excision. The livers from control 

and hormone- treated rats were blended together for 

5 min. in a "Sunbeam" blender in 120 ml. each of Solutions 

1 and % After shaking for 30 rniru, the mixture was 

oentrifuged for 30 a&in. at 4 t !;OGg. The upper aqueous 

phase 9 which contained the bulk of the soluble and 

ribosorsal HNA, was discarded. The solid interphase 

was removed and shaken for "50 miiu with 180 ml. each 

of solutions 1 and 2* After centrifuging as before, 

the upper aqueous phase was collected and the interpha&e 

extracted once more in the same way. To the combined 

aqueous phases, sodium chloride was added to give a 

"5% solution, followed by 0.5 volume of Solution 1. 

The mixture was again shaken for 30 sin. and centrifuged 

as before. DNA and rapidly-labelled i*NA were precipitated 

from the aqueous phase with 2.5 volumes of ethanol. 

After standing at -40°C overnight, the precipitate 

was washed once each with 70? ethanol, 80/ ethanol , 

90^ ethanol and, finally, absolute ethanol. The 

precipitate ww» dried in a vacuum desicator and stored 

in a desicator at 2°G.

The total nucleic acid content of the final

precipitate was 33$ (mean value of 5 preparations, 

range 15-42;).
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2.3 Counter-current distribution*

The solvent system of Kidson and Kirby (19643) 

was used for counter-current distribution of rapidly- 

labelled RNA. The following solutions were useds 

'Organic Solution'. 2-iaethylbutan-2-ol (redistilled,

5 volumes), 2-butoxyethanol (redistilled, 

4 volumes), 2-methoxyethanol (redistilled, 

1 volume)*

 Affiine Solution*. Tri-n-amylamine (redistilled, 6 volume©) ,

acetic acid (glacial, 1.06 volumes ) t 

 Organic Solution* (100 volumes). 

The *150/x* solvent systems, of different 

lithium contents, were made by siixing 'Organic Solution' 

(28 volumes), 'Amine Solution* (12 volumes }, trilithium 

citrate (O.OJ3 M f x volumes), water ((52-x) volumes). 

A two phase system resulted, the top phase being organic 

and the bottom phase a"ueous.

The rapidly-labelled HNA was dissolved in the 

homogeneous solution formed at 2°S by 1.5 ml, of each 

phase of a 150/2 system, fhe amount of RNA used was 

usually 1 mg. , although it was found that 0.25 to 1.5 ing. 

quantities of iiNA gave similar counter-current 

distribution profiles. The HNA solution was placed,
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at 22°C t in tube No. 1 of a 50 tube, hand operated 

machine which had a capacity for 1.5 ml* of each phase 

(glass units made by the glassblower of the Department 

of Biochemistry, frame by the workshop of the Department 

of Agriculture). The next four tubes contained bottom 

phase (1.5 ml.) of 150/4, 150/6, 150/8 and 150/10 

systems respectively. All remaining txsbes contained 

bottom phase (1.5 ml.) of 150/12.5 system. The Initial 

low lithium ion concentration was necessary because of 

the contribution made to the ionic strength by material 

associated with the rapidly-labelled &NA, the speed 

of movement of the rabidly-labelled HKA decreasing 

with increasing ionic strength. The top phase 

was passed along the series of tubes, tube No.l 

being replenished with top phase of 150/12.5 system 

after each transfer. Fifty or 80 transfers were 

made, in the latter case fractions being collected 

from the end of the apparatus.

Ethanol (1 ml.) was then added to each

tube to give one nhaee, the extinction at 260 mu 

measured in a £eiss . MCJI spectrophotometer and the 

radioactivity measured as described below*
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2.4 Measurement of the radioactivity of counter-current 

distribution fractions*

The single phase mixture from each tube 

was transferred to a counting vial and scintillation 

fluid (18 ml.) added. This latter was prepared by 

dissolving 2,5-diphenyloxazole (5 g.)t ^-napthyloxESOle 

(0,05 g. ) and napthalene (80 g. ) in a solution of 

toluene O85 al.) 9 dioxan (36$ ml.) and ethanol (230 ml.)

The 14 C and % radioactivity oxf each fraction 

was measured simultaneously in a liquid scintillation 

counter and a correction made for the contribution 

of 14 C counts to the % channel. Initially (Fig. 5.1 - 

3.5) samples were counted by Mr. J*D.£akins of A.K.H.E., 

Harwell, in a Packard TriCarb Liquid Scintillation 

Counter with efficiencies of 15$ for 14C and 7> for hi
Tt 1 A

and a H correction of about 100> of the C counts. 

All other samples were counted in a Beokman Liquid 

Scintillation ST5ectrometer with efficiencies of

for 4C and 20% for 5H and a 5 ii correction of about 

255; of the C counts. 1'here was no significant 

variation in the quenching of different fractions 

as shown by the external standard channels ratio 

method.

Each sample was 'counted' for 20 or 40 min..
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2.5 Formation of labelled HHA by isolated nuclei*

The basic medium uaed for incubating nuclei 

(I)NA content about 4.5 mg.» in 1.5 ml. of 0.25 M sucrose 

containing 1 sM MgCl-) had the following compositions 

tris-HCl buffer pH 8.0 (450 uiaole); MgCl? (45 umole); 

KC1 (540 umole); NaP (60 uaole)| CTP, GT; and bTF

(3 UJBole each); P-scercaptoethanol (90 umole); in a 
j y

total volume of 9&1.. Incubations without ammonium 

eulphate contained (^H)AfP (15 ucj 0.75 umole )  

Incubations with ammonlux sulphate (2.5 &~mole) 

contained MnCl^ (30 umole) instead of MgClg and 

( 4 C)AT? (1.5 uci 0.75 umole). Incubation wae for 

30 irin. at 37°C f after which the nuclei were 

precipitated by centrifuging at 2°C before combination 

for PJA isolation.

?ilot experiments to determine ratios of 

CTPtATP incorporated into HNA under the two conditions 

were done with ( 14C)ATr and ( 14C)CT, in incubation® 

of one-thirtieth the scale of the above. Synthesis 

was stopped by adding 10/ trichloitscetic acid (2 ml.) 

and the precipitates were collected on membrane filters 

(type MF 50, Sartorious Co., Goettingen 9 w.G«r&an£) 9 

weened with lo£ trichloracetic acid, glued to aluminium 

planchettee and counted in a Beekman Lowbeta II gas-flow 

counter.
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3.1 Effect of hormones on the, counter-current distribution 

of rapidly-labelled HHA.

In vitro experiments.

Kidson and Kirby (I964d) reported that' 

several hormones, when injected into rats, caused 

rapid and specific alterations in the profiles obtained 

by counter-current distribution of rapidly-labelled 

RHA from the liver. It was therefore hoped to use 

counter-current distribution in this work to study the 

early effects of hormones on the HNA synthesieed by 

mammary tissue in vitro. Since Kidson and Kirby (1964d) 

studied liver HNA, trial experiments were first 

performed to see if addition of hormones to liver slices 

affected the co\mter-current distribution of rapidly- 

labelled RHA.

Virgin, female, Wistar rats (about 200 g.), 

fed diet Oxo 413, were killed by cervical dislocation 

and bled from the neck* The livers were then rapidly 

removed and sliced using a microtome (Stadie and Higge* 

1944)* Portions of slices (1 g.) were incubated at 37° 0
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for 1 hr., with shaking, in Ringer-bicarbonate buffer

(10 ail.) (Krebs and Henseleit, 1952) containing glucose

(30 ag.) under an atmosphere of oxygen (95/0 / carbon

dioxide (5£). One flask contained the hormone from

the start of incubation and received (^H)adenine (200 uc5

0.35 umole) after 30 min. f while a control flask was

without hormone and received (Oadenine (10 uc; 0.35 psole)

after >0 min.. After incubation the slices were combined

and the rtNA isolated by Method A (section 2.2).

itNA (1 mg.) was fractionated by countescurrent distribution

(section 2.3) and the radioactivity of each fraction

determined (section 2,4)*

The radioactivity profiles of 3NA from elicee 

incubated with various hormones are shown: corticosterone 

(50 ug./ml.) - Fig. 3.1; ineulin <5^s/ml.) - Fig. 3.2; 

oestradiol (5 ug./ml.) - Fig. 3.3* 3 f 3' f 5-triiodothyronine 

(5 Jig./ml.) - Pig. 3.4. The ^H and 14C counts have 

been plotted on scales that give the same area beneath 

each profile to facilitate comparison. It can be seen 

that in these figures there is little difference between 

the profiles from control and hormone*treated slices.

To determine what degree of random variation 
 » «i I 

between H and C profiles might be expected in a

single experiment, a 'double control 1 experiment was 

performed. Slices were incubated with (^il)adenine and
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( ^C)adenine ao above, but without any hormone in 

either flask. The iiHA profiles are shown in Fig. 3.5
•at •}*

and it can be seen that, while the 'H and ^C profiles 

are broadly coincident, small random variations do 

occur. It is clear that in Mg. 3.1, 3.2, 3.3 and 3.4
 x. T A

the degree of variation between the 'H and *C profiles 

is no greater than in Fig. 3.5.

In vivo experiments.

Because hormones added to liver slices did 

not affect the profile© of rapidly-labelled RNA, an 

attempt was made to repeat some of the experiments of 

Kidson and Kirby (1964d) where hormones produced 

marked alterations in profile in vivo.

A solution of the hormone, or its solvent only, 

was injected intraperitoneally into the rats. Twenty

minutee before death the experimental rat received
 ? 

( H)orotic acid (200 uoj 0.22 umole) intraperitoneally,
14while the control rat received (Oorotic acid 

(10 uc; 0.22 umole). The rate were killed and rxNA 

isolated from their combined livers by Method B 

(section 2.2). rtHA (1 mg.) was fractionated by 

counter-current distribution and the radioactivity 

of each fraction determined.
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The radioactivity profiles of tiHA from 

the livers of rats treated with various hormones 

art shown: hydrocortisone (5 &£• ) for 50 min. - /ig. 3.6? 

insulin (1 rag.) for 35 rain. - ng. 3.7; thyroxine (30

for ;5 min. - ?ig. 3.8. In each of these figures
•35 

there ia no significant difference between the •'H

and 14 C .rofile.
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3.2 Effect of associated PEA and ribosoasal HH4 on the

counter-cur rent distribution of rapidly-labelled HNA,

It can be seen that the bulk of the rapidly- 

labelled HHA isolated from whole livers by Method B 

(?ig. 3.6, 3.7 and 3.8) has travelled further along 

the counter-current distribution apparatus than that 

isolated from rat liver slices by Method A (?ig. 3.1, 

3.2, 5.3, 3.4 and 3.5). The movement of the rapidly- 

labelled ANA can be expressed on a linear scale between 

0 and 1 by the following "index of travel". The tube 

is found where one-half of the radioactivity in the 

apparatus is in tubes l^ter than itself. The number 

of this tube is divided by the total number of exchanges, 

In 8 experiments in which the SNA was isolated fro& 

rat liver slices by Method A the mep.n index of travel 

was J.22 4 G.CQ8 (. •L.M.), while in 6 experiments where 

the RNA was isolated from whole livers by Method B 

the mean index of travel was 0.36 * 0.02 (S.E.tt.).

This difference was not due to the different 

radioactive precursors ueed for experiments in vivo

and in vitro since an experiment similar to that in
14 5 Fig. 3.7, but with ( ^c)adenine and ("h)adenine, gave

» profile in a similar position.
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The rapidly-labelled KNA ? reparations 

isolated by the two different methods differec in 

their relative amounts of DHA and R!U. BKA was 

estimated by the diphenylanine method (Burton, 

and HMA by the orcinol method (Mejbaum, I>j39), a 

correction being applied for the contribution of DNA. 

It was found that 4 samples of material prepared from 

slices by Method A had a mean DNA:RNA ratio of 

1:3.5 (range 1:2.3 to 1:5.0) while 5 samples of 

material prepared from whole livers by Method B had 

a mean i/KA: iNA ratio of 1;0,22 (range 1:0.1 to 1:0.4).

Association can affect the profile of 

rapidly-labelled ,\NA fractionated in sucrose density 

gradients (Hayes, Hayes and Guerin, 1966; Parish and 

Kirby, 1966b; Braiawell and Harris, 1967). It therefore 

seemed possible that the difference in profile positions 

of the ;iNA prepared by the two methods might be due 

to association with different nucleic acids.

Fig. 3.9 and 5.10 show the ultraviolet 

abaorption profiles after counter-current distribution 

of the iiHA isolated by the two different methods. 

In both the ultraviolet absorbing material is mainly 

found in a slow moving peak but the material of high 

DNA content ( ethod 3) does appear to contain a greater 

proportion of fast-moving material. Although *ig. 3.11
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showa that both rat liver ribosomal fflfA (prepared by 

Method 1 of Kirby, 1965) and native rat liver SKA 

(prepared by the method of Marmur, 1961) gave a single 

slow-moving peak on counter-current distribution, the 

faster-moving peak in ?ig. 3.10 might be degraded DNA 

(see Kideon and Kirby, 1964a; Jackson and Sells, 1968).

To material isolated by Method A (0.2 mg.) 

was added commercial ealf-thymua DNA (0.8 mg«), and 

to material isolated by Method B (0.2 sag.) was added 

rat liver ribosomal HHA (0.8 ing.). Each of these 

mixtures was subjected to counter-oxirrent distribution, 

but the positions and shapes of the radioactivity 

profiles were unchanged. A similar result was obtained 

when DNA that had been denatured was added to material 

isolated by Method A.

To tect further whether the faster-moving 

rapidly-labelled #NA was associating with (degraded) 

DMA, material isolated by Method 8 was digested with 

deoxyrlbonucleaee. The HNA (1 rag.) was Incubated at 

37°C for 2 hr. in 1.70ml. buffer (0.1 M sodium acetate, 

0.005 M magnesium sulphate, pH 7.6) containing 

deoxyribonuclease (150 UP-.). The solution was then 

dial;/sed against 250 ml. trilithium citrate (0.00127 M) 

for 4 x 15 min. t with shaking, and its composition 

made up to that of a 15C/2 system by addition of
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•Aiaine Solution* (0.39 ml.) and 'Organic Solution 1 

(0.^1 &!.)• »hen the material was fractionated by 

counter-current distribution it was found that the 

position of the radioactivity profile was unchanged.

Hence these experiments lend no support 

to the idea that the different counter-current 

distribution profiles of rapidly-labelled H»A 

prepared by Methods A and 3 are due to physical 

association of the rapidly-labelled HKA with 

ribosoaal HNA or with DNA*
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3.3 Kffect of baae composition on the counter-current 

diatributton of rapidly-labelled (HA.

Because changes in profile of rapidly- 

labelled HNA could not be obtained witn hormones 

but differences in profile did result from different 

methods of preparation, the baaia of the fractionation 

of rapidly-labelled HKA was investigated* Polyaucleotide 

fragments froai (mainly ribosomal) HKA and DHA art 

separated by counter-current distribution into fractions 

of differing base composition, those with a high 

proportion of adenine tending to move aost rapidly 

and those with a high proportion of guanine ;ost 

slowly (Kirby t 1962; Kidson and Kirby, 1963). 

It has been suggested that rapidly-labelled I-vNA is 

similarly separated into fractions of differing 

base composition (Kidson and Kirby, 1964b) and 

experiments were performed to see if this is so*

Differential labelling of adenine and guanine residues of

Slices of rats' liver (2 g.) were incubated 

for 30 min. f as above (section 3.1 ) f with (^li)guanosine 

(200 uc; 1 umole) and ( G)adenine (1 uc| 0.035 uiaole). 

The slices were then homogenised in a Potter-Elvehjem 

type honogenieer with Solution 3 (20 ml., t Solution 1 

(20 ail) added and HNA isolated by Method B (eic), using



-35-

30 ml. each solution in subsequent extractions.

A portion of the HNA (0.5 &&•) plus carrier 

yeaat HHA (G.!> mg.) waa hvdrolyaed with 0.5 N KOH (0.5 ml.) 

at 37°C for 3 hr., DNA precipitated by adding 15* 

perchloric acid at 2°C, the ribonucleotides separated 

by the method of Katz and Comb (1963) and their *H 

and C radioactivity determined. There was negligible 

incorporation into UM? or CM? and the distribution of 

radioactivity between CJM? and AM? la shown in Table 3«1«
c

It can be seen that approximately 90% of the ( K)guanoeine 

was incorporated into £MP. As expected, the ( ^G)adenine 

incor oration was less specific but there was almost 

twice as much 14 C In AMP as in OH?. Hence the ^Hs^C 

ratios of the guanine and adenine residue© of the 

labelled USA differ by a factor of about 17.

The counter-current distribution profiles 

of this differentially labelled HNA are smown in Fig 3.12 

ana can be seen to be generally coincident. The 

radioactive material that travelled most rapidly cannot 

therefore have a higher than average aderiine content, 

nor can that which travelled most slowly have a higher 

than average guanine content; for if this had been so

the % profile would have lagged behind the ^C profile.
t, 

There may be a local area of somewhat greater H content



TABLE ^1

•j; -I *

Relative a..Qunts of ('/ H)>rue:iosine and ( ;C) ad.er.infc 

incorporated into individual ribonucleotictes of ra^idly- 

labelled tNA from rat liver dices.

I-;at liver slices (2 g.) were incubated for >J 

with (' :7 )gxianosine (200 uc; 1 urr.ole) anci ( G)nder;ine 

(1 uc; 0.035 umole).

Counts per sin. incorporated into

GMP AMP

"A

•'H counts 60.2 7.0 

(1e re e ntage) (b9.7 ) (10.3

14 G counts 20.0 37.5 

( ercentage) C^4«8>)
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between tubes 8 and 12. This could be due to * amall 

amount of labelled ribosomal i^IiA which is found in 

this position (Pig. 3.11) and is thought to have a 

higher gu&nine and lower adenine content than rapidly- 

labelled UNA (see Singer and Leder, 1966).

Samples of labelled t<HA of different base conroeitions.

A second experiment made use of the fact that 

nuclei isolated from rats' livers synthesis® HHA with 

a lower ratio of G+C:A+U in the presence of asuaoniua 

sulphate than in its absence (Widnell, 196$). Nuclei 

•are isolated from rats' livers essentially according 

to fidnell and Tata (1964) and incubated ae described 

(section 2.5).

The resalt of a pilot experiment, coi&paring

the relative incorporation of ( 14 C)Ct, (0.0$ uc; 0.025 umole) 

and ( 14 C)AT? (0.05 pc; 0.025 uiaole) into r®A in the
V V

presence and absence of ammonium sulphate (0.28 M), 

is shown in Table 3.2. It can be seen that in the 

presence of ammonium sulphate the A:C ratio has increased 

by 33? from 0.64 to 0.8$, in agreement with the findings 

of idnell (1965).

Kuclei ^ere incubated at >7°C for 50 min. 

with ( ^C)AT> (1.5 uc; 0.75 uraole) and ammoninnj sulphate 

(0.28 M) or in control medium with ( 5H)ATP (15 uc; 0.75 imole).



TABLE 3.2

Incorporation of ( 14 C)ATr and ( l4 )GT1 into NA aynthe&iaed 

by rat liver nuclei at low and hi^h ionic strength*

Nuclei were incubated at 37°C for 30 lain, with 

( 14 C)ATP (0.05 jic; 0.025 uffiole) or with (. 14C)CTP (0.05 uc; 

0.025 umolc).
V

Amraoniiiia sulphate concentration

0 0.26 M

mumole ( 14 C)AT?
incorporated/ mg. D'A/ min. 0.39 1.81

aumole ( 14 C)CTP
incorporated/ mg, I;NA/ min. 0.61 2.13

mumol« AT? incorporated
^1————————————————— 0.64 0. 
muinole CT. incorporated
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the nuclei were combined, the IN A isolated by Method A 

and 1 mg. fractionated by counter- cur rent distribution.

If the r^HA rich in adenine &oved aiore rapidly along 

the apparatus than that rich in guanine, the G
X

profile would be expected to be ahead of the H profile,

However it can be seen from Ĥig. 3*13 that the profiles 

are coincident, again showing that rapidly-labelled itlfA 

is not fractionated according to base composition.
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3.4 Effect of derradatlye *>roce£urrs on the covmter- 

current dlgtrlbntion of raoidly-labelled .HNA.

It appears from sections 3.2 and 3.3 that 

the basis of fractiunation of rapidly-labelled -HA 

is neither physical association with other nucleic acids 

nor nucleotlde base composition. The results described 

below suggest that the degree of degradation by an 

intrinsic ribonucleatse may be responsible for differences 

In the counter-current distribution profiles of different 

samples of rapidly-labelled RNA.

Pig. %14 shows two counter-current distribution 

profiles of the same sample of rapidly-labelled HNA 

prepared by Method A. Immediately after preparation 

the material had an index of travel of 0.24 but after 

storage at 2°C for 8 months the mdex had increased 

to 0.33. Similar changes were found in the radioactivity 

profiles of other samples of rapidly-labelled nNA 

prepared by Method A, although the ultraviolet 

absorption profiles were unchanged.

Pi£» 3.15 shows that digestion with pancreatic 

ribonuclease also increased the index of travel of 

rapidly-labelled MA. Hapidly-labelled HNA (1 nig.) from 

Fig. 3.12 w»s dissolved in water (1.635 ail.) and incubated 

for 1 hr. at 37Q C with 10 ug. rlbonuclense, Trilithiam 

citrate (:.03> K; 0.065 ml.), 'Aaine Solution* (0.2^ ml,)
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and 'Organic Solution' (0.91 ml.) were then added, to 

adjust the composition of the solution to that of a 

150/2 Bystem, and the material was fractionated by 

counter-current distribution. The index of travel has 

increased to 0.52 in Fig. 3*15 and ribonucleaee digestion 

of material prepared by Methods A or B always caused the 

index of travel to increase to a similar value. Another 

feature of Pig. 3.15 is that the 14C profile has now
•a

moved slightly ahead of the 'M profile (indices of travel: 

14 C«C.54, *H«0.50). The rapidly-labelled ^KA in this 

experiment was that .from ^ig. 5.12 and had been differentially
•a n t

labelled by ( yH)guanosine and ( Oadenine. It therefore 

appears that small fragments of rapidly-labelled ,JJA are 

fractionated to some extent in terms of base composition, 

as are small segments of ribosoiaal HKA and DFIA (Kirby, 1962; 

Kidson and Kirby> 1963).

l-arish and Kirby (1966b) have suggested that 

counter-current profiles of rapidly-labelled .HKA isolated 

by Method B .dght in fact be profiles of segments produced 

by shearing the HNA during preparation, bince only ^NA 

isolated by Method B was blended during preparetion t it 

did appear possible that differences in the indices of 

travel of the two materials might be due to shearing*
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KRA (1 mg.) isolated by Method A was therefore dissolved 

in 3 ml. solvent Byctem 150/2 and blended for 5 min. t 

at full speed, in a Vertis '*4!>" homogeniser (The Virtis 

Co. Ltd,, Yonkers, K.Y* f U.S.A.) beiore oounter-current 

distribution. However the Index of travel was found 

to be unchanged.
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4.DISCUSSION

It can be seen from Pig.3.1-4 and ?ig.5.6-8 

that the presence of hormones during the formation of 

rapidly-labelled HHA did not alter its counter-cur rent 

distribution profile. The experiments with live rats 

were as similar as possible to those that have been 

reported to give marked changes in profile (Kidson and 

Kirby, I964d) f except for certain improvements in the 

RSA extraction. These were the use of a second 

Miinosalicylate extraction, a sodium chloride deproteinisation 

and the inclusion of m-cresol in the phenol (see section 2.2). 

Whether unknown factors have prevented profile changes 

in this work cannot be certain. However there is clearly 

a large difference in the profiles of rapidly-labelled 

HNA isolated by Methods A and B (compare ?ig.3.1~4 with 

Pig.J.6-8); hence smaller differences may well result 

from small and unavoidable variations in isolation. 

In these experiments, but not in previous ones, variations 

in the isolation of control and experimental OfA were 

avoided by double-labelling.
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Since the publication of part of the work 

described in Fart One of this thesis (Leader and Barry, 

1967? Leader and Barry, 196ft) somewhat similar studies 

have been reported by Jackson and Sells (l.;68). They 

were unable to detect changes in the counter-current 

distribution profiles of rapidly-labelled iNA from the 

livers of hypophysectomised rats after treatment with 

growth hormone, thyroxine or hydracortisone. They also 

used double-labelling but isolated the rapidly-labelled 

HHA differently and used a 150/14 solvent system.

Storage (Pig. 5.14) and ribonuclease treatment 

(Pig. 5.15) caused an increase in the index of travel 

of rapidly-labelled HHA prepared by Method A. the 

different profiles of rapidly-labelled 3BTA isolated by 

Methods A and B most probably result from differing 

degrees of degradation by an intrinsic ribonucleaee. 

Although it is known that ribonuclease does survive 

phenol extraction (see Kuppert and Pelmont, 1962) f 

Kidson and Kirby (1964b) claimed that their rapidly- 

labelled HNA preparations (isolated by a Method similar 

to Method B) were unde^raded since these had high 

sedimentation coefficients on sucrose gradients. 

However Parish and Kirby (1966b) have eince found that 

when certain rapidly-labelled HKA preparations were
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examined on sulpholane/ethylurea gradients (in which 

complex formation is reduced) there wae degraded material 

of low sedimentation coefficient which was not apparent 

on sucrose gradients. Indeed, because of their findings, 

Kirby and coworkers have altered their methods of HNA 

isolation and more recently have been using rapidly- 

labelled ;*KA prepared by a method similar to Method A 

(Parish and Kirby, 196bb; Ulkinson and Kirby, 1^66). 

The results in Fig. 3.l4 f however, show that even 11NA 

prepared by Method A is not free from ribonucleaee. 

It is not clear why rapidly-labelled RHA 

prepared by Method B should be more degraded than that 

prepared by Method A. '6'hile the material prepared by

Method A may contain less ribonuclease, it is also
/

possible that the large amount of ribosomal HBA protects 

this rapidly-labelled HKA from the ribonucleaee.

It is necessary to consider whether other 

factors, which it has been suggested may influence 

counter-current distribution, could have caused the 

difference in profile between Methods A and B. 

Kidson and Kirby (1964b) found differences between 

profiles of HKA labelled in vivo and in vitro and 

suggested that this might be due to different rates 

of uptake and utilisation of radioactive precursor.



-44-

Although, generally, Method A was used for experiments 

in vitro and Method 3 for exoeriments in vivo, this 

cannot be the cause of the different indices of travel 

for HHA. isolated by the two methods, eince "*NA isolated 

by Method B from slices incubated j.ii vitro had a high 

index of travel (?ig. 3.12).

Association of rapidly-labelled HHA with 

other species of nucleic acide might also influence 

its counter-current distribution profile (Kidson and 

Kirby, I964b; Jackson and Sells, 1968), However the 

results described in section 3.2 provide no evidence 

that the difference between the HIA prepared by Methods 

A and & is due to association with different nucleic 

acid species.

Perish and Kirby (lS66b) have shown that 

homogenisation by blending, which ie used in Method B, 

may cause fragmentation of rapidly-labelled HHA, 

Though shearing of HtNA isolated by Method A did not 

affect its counter-current distribution profile (p. 40), 

this could be conceivably clue to the different experimental 

conditions employed. However when rapidly-labelled HBA 

was prepared from slices by Method B, homogenisation 

was cone in a I otter-Elvehjem type homogeniser and 

cot in a blender (see section 3.3). Since this RHA had
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a high index of travel (Pig. 3.12), factors other 

than shearing must be involved.

It was originally suggested that the counter- 

current fractionation of rapidly-labelled RSA might 

depend on its base composition, as does the fractionation 

of segments of ribososal ;<NA and of DNA (Kid son and Kirby, 

1964b). However the two different experiments described 

in section 3.3 show that this is not so, although 

base composition may influence the fractionation when 

the ANA is extremely degraded.

It appears that any fractionation of rapidly- 

labelled RNA that does occur on counter-current 

distribution is probably on the basis of molecular size. 

However when the least degraded rapidly-labelled RNA 

was subjected to counter-current distribution in solvent 

system 150/12.5 little fractionation occurred and the 

rapidly-labelled HHA was not separated from other species 

of nucleic acids.
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5»1 Materials.,

Hormones were obtained from the following sources. 

Glucagon-free insulin (lot PJ-4609) was a gift from 

Dr. Otto Behrens, Ell Lilly Research Laboratories, 

Indianapolis, Ind., U.S.A.. Bovine prolactin (NIH-?-Bl) 

and bovine growth hormone (NIH-GH-B10) were donated by 

the Endocrinology Study lection, National Institute of 

Health, Bethesda, Md., U.S.A.. Corticosterone (lot 126B- 

197C) and 5,3',5-triiodo-L-thyronine (lot 24B-03GG) 

were purchased from the Sigma Chemical Co. Ltd., London, 

oestradiol and progesterone fro& British Ji>rug Houses Ltd., 

Poole, Dorset, and oxytocin ( H Syntooin% Batch Ko.660ci3; 

1 unit/ml, ethanol) from Sandoz Ltd., Basle, Switzerland. 

For each experiment insulin was freshly dissolved in 

3mM HC1 (2 mg./ml.), prolactin and growth hormone in 

»edium"199" (2 mg./0.5 ml.) and the other hormones in 

•thanol. The final concentration of ethanol in the culture 

medium never exceeded 0.25^*
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Actinomycin D waa a gift from Dr. H. D. Brown, 

Merck, Sharp and Bohme Research Laboratories, Railway, 

l».J. f U.S.A.. Puromycin was purchased from Mutritional 

Biochemical Corporation , Cleveland, Ohio, U.S.A., and 

hydroxyurea and cyclohexiaiide from Sigma Ltd., A stock 

solution of actinomycin D (1 mg./ml. JUO) was stored 

at -40 C in the dark. Fresh aqueous solutions of 

other inhibitors were prepared for each experiment.

D-glucose 6-phosphate, dipotaesium salt; 

6-phosphogluoonate, trisodium salt, and nicotinaaide- 

adenine dinucleotide, oxidised form, uionosodium ealt, 

were purchased from Sigma Ltd., Bovine serum albumin 

(fraction V) was purchased from Armour Pharmaceutical 

Co, Ltd.* Kaatbourne, and Tissue Culture tedium "199" 

and aera from Glaxo Laboratories Ltd., Greenford. 

All other reagents were purchased from British Drug 

Houses itd. and were, where possible, AnalaK grade. 

Glass-distilled water was used for all solutions.

l-(U-14 C)lysine (specific activity 7.6 mc/m-inole) , 

(2-^Ouridine (specific activity 56.1 mc/m-raole) and 

(6-5H(n))thymidine (specific activity 2.0 c/a-ffiQle) 

were purchased froze the liadiochemical Centre, Amersham, 

Bucks.*
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5-2 Animals.

All mice used were of the CJH strain derived 

from stock of the K.3.C. Laboratory Animal Centre, 

Carshalton, Surrey. They were housed and bred in the 

Department of Agriculture and were given diet FFG(M) 

(Dlxon and Soi.s Ltd., A'are, Herts.) and tap water 

ad libitum.

Mice used for experiments were in their first 

pregnancy or lactation and approximately 3 months old. 

Pairs were mated in separate cages and examined each 

morning for the presence of vaginal plugs. The day on 

which the plug was detected *as designated 'day 1* of 

pregnancy and pregnancy lasted about 19 days, young 

being born between midnight on May 19* and saJkaday on 

*day 20 *» In all experiments * mid-pregnant* refers to 

mice killed on the morning of day 12 of pregnancy and 

'late-pregnant* to mice killed on the morning of day 19 

of pregnancy. Alien mice were to be used in lactation, 

the males were removed after mating to prevent poet 

parturn coitus. The day on which young were first 

detected was designated 'day 1* of lactation.

In some experiments mice were used at a definite 

stage of the oestrous cycle. This was determined by 

examining vaginal smt ars under a -hase-contrast microscope.
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Oestrous mice were those in which the smears contained 

predominantly non-nucleated f cornified, cells, 

ttetoestrous mice were those in which the smears contained 

predominantly leucocytes.

5.3 Determination of DKA and HKA.

The DNA and HKA of mammary tissue was determined 

by the following procedure. All operations were perforsed 

in the cold room at 2°C,

Tissue was ground with acetone (3 ml.) in an 

all-glass homogenizer with a mechanical drive* The 

homogenate was allowed to stand for 20 min. before 

separating the residue by centrifugation (5 sin. at 5»000g). 

The residue was washed 3 times with acetone (3 ml.)* 

to remove all the fat § and twice with 0.2 K perchloric 

acid (3 ml.). The residue was then incubated with 0.3 N 

KOH (2 ml.) for 2 hours at 37°C t to hydrolyse the HNA. 

The solution was adjusted to pH 2 with 1.2 N perchloric 

acid and allowed to stand for 10 ain. , precipitating

the DHA.

H»A was determined in a portion of the supernatant 

by the orcinol method (Mejbaum, 1939), with yeast RNA as 

a standard.
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The residue was then washed twice with 0.2 I
e^acUct 

perchloric acid (1 ml.). The DHA was hyrirolyscd by

heating at 70°C for 25 aiin, with 0.5 N perchloric

acid (4 ml.) and estimated by the diphenylamine method

(Burton, 1956), uaing deoxyribose as a standard.

5.4 reparation of tissue for microscopic examination.

Tissue for microscopic examination was fixed 

in Bouin's solution, sectioned serially at 7 u and 

stained with haem&toxylin and eosin ( /. T. G-urr Ltd., 

London.).

5.5 Method of culture.

The watchglase organ culture method of hlias 

(1957) is suitable for histological or radioactive 

incorporation studies (Juergens, .tockdale, fopper and 

Elias, 19t5)« However to study changes in the enzyme 

activities of mammary tissue in culture it was necessary 

to develop a method of incubating greater amounts of 

tissue. This new method is described below.

All operations were performed under asceptic 

conditions, and instruments and apparatus were sterilised 

by autoclaving (15 sain, at 15 lb./in. 2 ). Solutions were 

sterilised by passing through a oterile filter, 0.22 u
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pore size, held in a "Swinny Adaptor" (Mlllipore Filter 

Corporation. Bedford, Mass,, U.S.A.).

A single mouse was killed by cervical dislocation, 

immersed in 70;ethanol, dried, and the inguinal mammary 

glands reiaowed and placed in medium "199" (5 sal.) in

a petri dish. A large number of explants, of about
•5 

1.5 ma size, were cut from the glands using iridectomy

scissors and transferred with fine forceps to a second 

petri dish containing medium "199" (5 ml.). Groups of 

20 explants, selected at random, were added to sterile 

plastic petri dishes* 5 cm. diameter, with lids specially 

designed to allow passage of gaa into the dishes (bterilin 

Ltd., Richmond, Surrey). The dishes contained medium "199" 

(5 ml.) with the relevant hor&one additions and the 

explants floated on the surface of the medium* In each 

experiment two batches of explants were stored at ~40 C 

for determination of the initial enzyme activity and 

the fresh weight of 20 explants was also determined, 

after blotting.

the composition of medium "199" is given by 

Morgan, Morton and barker (1950). It contains 100 mg. 

glucose / 100 ml. and is supplied with added penicillin 

(200 units/ml.) and di* ydrostreptomycin (100 ug./ml.). 

Before use an extra 152 mg. of KaKCO^ / 100ml. was added 

to maintain the pH at 7.4 under the conditions of incubation.
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The hormones , when added, were always at the following 

concentrations: 5 ug./ml. insulin (8.7x10"' M) f
— *Tf

1C ug./ml. prolactin (3.4x10 ' M) and 1 Ug»/ ml. corticosterone 

(2.9x10* M). The concentrations of other hormones 

are indicated in the text.

The culture apparatus, which was constructed in 

the Department of Agriculture, is shown in J*ig. 5.1 

and was sterilised before each experiment. The incubation 

vessel is a 3 litre glass beaker with a loose fitting 

lid inside which is a stainless steel stand on which about 

20 petri dishes can be stacked. The gas mixture of 

oxygen (S»5; )/ carbon dioxide (5'£) first passes through 

a water bubbler and then through a sterile filter tube 

containing cotton wool before entering the incubation 

vessel. I'he whole of the apparatus is housed in an 

incubator at 37°C and is not illuminated.

After incubation, the explants were removed 

and stored at -40°C. Their enzyme activities were 

determined when all the incubations had been completed 

(see section 5.6).



FIG, 5»1 Mammary explant culture
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5.6 Determination of enzyme activities.

A tissue supernatant for enzyme assay was 

prepared in the following manner. Each batch of 

20 exnlants was ground at 2°C with 0.75 ml. of 0.13 M KC1 

containing 10 ^M tris-HCl (pH 7.6) in an all-^laes 

homof-eniser with a mechanical drive. The homorenate 

wae centrifuged at 100 f OGOg for 45 min. et 2°C in an

"Superspeed 40 H centrifuge. The supernatant was 

drawn off with a Pasteur pipette, care being taken to 

avoid the plug of fat which floated on the surface.

Glucose 6-phosphate dehydrogenase (B-glucose 

fe-phosphate: HAih oxidoreductese, l*C 1.1.1.49) and 

6-phosphogluconate dehydrogenase (6-phospho-i>-el^conate! 

BADj oxidoreductase (decarboxylating), FC 1.1.1.44) were 

determined according to Glock and McLean (I f.j53). The 

reactions catalysed by these enaymec are shown below:

glucose rrrs-p, 6-phosphOfrlucono- 6-phospho- 
e-phoephate 4^-^s 6-lactone ••* gluconic

acid

t-phosrhogluoonic acid fiT GI) ^D-ribalOfce ^-phosphate

1'he enzymes were determined in the preoence of excess 

substrates by following the appearance of KAD-H 

speotropr.otometrically at 540 mu. In the presence of



-54-

glucose 6-phosphate and 6--hospho?';lucomte, NAD?H formation 

is due to both enzymes, while with 6-phosphogluconate alone 

it is due only to 6-phosphogluconate dehydro^enase. The 

HADPH formation due to glucose 6-phosphate dehydrogenase 

can be found by difference. The complete reaction mixture 

contained: 40 *M £lycyl glycine-HCl, pH 7.6 (1.5 '£'.}, 

1 mM NAT)? 4 (0.3 al.) f 10 mM MgClg (1 ml.), 30 aU 

6-phosphogluconete (0.1 ml.), 4 20 mM glucose 6-t>hosphate 

(0,1 sal.) in 1 oou quartz ©pectro-jhotoaeter cells. Th« 

reaction was started by adding supernatant (generally 0.1 ml.} 

and was followed at 2G°C in a ^eise * i«*ll spectrophotometer 

at 540 au. The increase in extinction was measured 

during the first 5 ®in. and was not allowed to exceed 

0.03/ain.. One unit of enzyme activity is equivalent 

to the reduction of 1 umole of NADt'Vmln..

Pi*r. 5.2 shows that the rate of reaction was 

linear over the first 5 sain, and Fig. 5«> shows that it 

was directly proportional to the amount of supernatant. 

Ho change in extinction was observed without s^anernatant 

or NAD?4 . *hen the concentrations of KM I 4 , glucose 

6-phosphate or 6-phoophogl,,conate were doubled there 

*ae no further increase in the rate of reaction.

AS unincubated explants weie assayed after storage 

st -40°C for up to 24 hr. f an experiment was performed to 

see if this affected the enzyme activities, iable 5.1 

ahowe that it did not.
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had a total volume of 3.1 ml..



fABLF 5.1 

S6-/D and 6: GJJ activities of 1 a te-p remnant mouse mammary
--\

tiseue before and after storage for 24 hiy at ~40W C.

Mammary glands were removed from mice in late 

pregnancy and divided into 2 portions. One portion

ar-eayed icimed lately and the other after storage for 24 hr,

at -4C°C.

Expt. No.

Expt. 1

Exp t • 2

Time of assay 
(hr.)

0

24

0

24

Lnzyrae

G6I-D

2.40 

2.28

1.98

2.02

activity ( units/ g.)

6PCJD

0.36 

0.33

0.44 

0.44
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5.7 Preparation of raouae sorum.

When serum was added to the culture medium 

it was freshly prepared for each experiment. It urns 

obtained by bleeding mice frora the right carotid 

artery under ether anaesthesia. The blood was allowed 

to clot at 37°C for 30 sin. , the clot precipitated 

by gentle centrifugation and the clear supernatant 

seruia drawn off by Pasteur pipette.

5«8 Preparation of an extract of mouse placentae.

A mouse was killed on day 12 of pregnancy, 

the foeti removed and the placentae diaeected out. 

Kight placentae were homogenised at 2°C in 1 si. 

medium "199" in an all-glass hoaogenl&er. Xhe ho<aogenat« 

was centrifured at 100 t OOOg for 60 min. and the 

supernatant extract drawn off with a Pasteur pipette.

5.9 Betertsjnation of inhibition curves.

Inhibition curves were determined for the 

inhibitors of nucleic acid and protein synthesis to 

decide which concentrations were suitable for use.

Batches of 20 explante were prepared and 

incubated as described (section 5.5). -xplante were



pre-ineubated with the inhibitor for 30 Bin. in

medium "199" containing insulin (5 ug./ml.) before

the addition of the particxilar radioactive nucleic acid

or protein precursor (0.25 uo of L-(U- C)lyeine, w.25 uo

of (2-l4 C)uridine or 2 uc of (6-5H(n) )tKyiaidine).

The explants were incubated for a further 3 hr. and

then stored at -40° C until analysed.

1'rotein was isolated by the method of ^ool 

and ^oyer (1964), dissolved in 90i (v/v) formic acid 

(0.7 ml.), the solution spread on an aluminium plonchette 

and dried under an infrared lamp* ^he C disintigrations 

were measured in a Beckiaan Lowbeta JJ gas-flow counter 

with en efficiency of approximately 25^ •

DSA and .tf«A were isolated by the following

procedure. Tissue was ground in (3:1» v/v) ethanol/ diethy1 

ether (3 ail.) and allowed to stand for 30 min. before 

separating the residue by centrifugation. The residue 

waa extracted twice for 20 min. with 1^> trichloro&cetic 

acid (3 ml.) and then wasl.ed 3 times in O:l, v/v) ethanol/ 

ether (3 ml.). The residue wm» then extracted t*ice 

at loO°C for lb min. with 90;^ (v/v) formic acid (1 ml.) f 

0.5 ml. of the extract deposited on a ^lass-i-ibre disc 

(j'hetman G^/A f 2.1 cin.) t dried with an infrared lamp 

and placed in a counting bottle containing 4 ml. of 

scintillation fluid (toluene (1 l.) f 2,3-oipheriyijxaz^le (5 g.)»
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14 o-naDthylphenyloxazole (0.05 «•)). *he *C or

disintigratione were measured in a Beckman ).iquid Scintillation 

Spectrometer with efficiencies of 45, 5' and 5; respectively.

Fig. 5.4 shows the inhibition curve for 

cyclohexiaiide (actidione), an inhibitor of protein synthesis.

the(Ennis and Lubin t 1964). At 1 ug./ rl. it inhibited

incorporation of ( C)lysine into protein by 9>, and

thie concentration was chosen for use in culture experiment©.

Pig. 5.5 shows the inhibition curve for 

purosjycin, another inhibitor of x>rotein synthesis 

(Yansolinsky and de la Haba, 1959). At 10 jig./aal. it 

inhibited the incorporation of ( *C)lyeine into protein 

by 90ft and this concentration was chosen for use in 

culture experiments.

Pig. 5*6 sherds the inhibition curve Tor 

; D f an inhibitor of UNA synthesis (lieich,

?ranklin t Shatkin and ?atu» t 1961). At 0.5 ug./ml. it
V14. inhibited incorr^oration of ( ^Ouridine into ;JJ<A by

&7% and thie concentration was chosen for use in culture 

experiments. Actino ycin D (0.5 ug./ml.) inhibited 

incorporation of (*H)thvmidine into DP»A by 16 and 

incorporation of ( *U)lysine into protein by 17 . 

Pig. 5.7 chows the inhibition curve lor 

hydro xyurea f an inhibitor of i)&A synthesis (Young and 

Hudae, 19C4). At 50 ug./ial. it inhibited incorporation
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of (^H)thyaiaine into DNA by 92? and tr is concentration 

wae chosen for uee in culture experiments, Hydroxyurea 

(50 jig./ml.) inhibited incorporation of ( l4 C)uridine 

into ivNA by B?.

5*10 Statistical treatment of results*

Where the su an of a number of determinations 

la ahown the standard error of the mean is given 

thus: ( + S.K.?:•:.).

Where the results of individual culture 

experimento are shown these are means of determinations 

on duplicate cultures. The individual values eeldoa 

differed from the mean by more than 5, •

?o determine the sifqiificance of a difference 

between two conditions in a number of experiments it 

w&s necessary to take into nccount each duplicate value. 

The results were therefore subjected to an r-nalysis of 

variance and values of P f the probability of the difference 

being due to chance alone, were obtained from ;:nedecor f 8 

P (variance ratio) distribution. It was regarded that 

differences which frnve L^O.05 were not significant 

1X0.05 were probably significant, P<O.C1 were significant 

end ?< 0.001 were highly significant.
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6 »i»-.«»T-r fp»r* 
. h,-..Qlj^.Tl>

6.1 .yha/iges in mouse mammary gland during pregnancy 
and lact- tlon.

There have been many studies of changes in 
•nfcyrne activities and nucleic acid contents of the 
Maaary glands of rats and mice during pregnancy and 
lactation (see Munford, 19^4; Baldwin and Milligan, 1966). 
It was decided to repeat the determinations of glucose 
6-phoephate dehydrogenase and 6-phoephogluconate 
dehydrogenase with the C3H mice used here BO that any 
changes found with mammary tissue In vitro could be 
related to the changes in the living animal.

Three month old female mice were mated and 
tfe* day of fertilisation determined (section 5*2). 
At different stages of pregnancy and lactation they 
were killed and the inguinal mammary glands removed and 
quickly weighed on a toreion balance. A portion of 
the #land \vas remo vcd for glucoee 6-phasphate dehydrogenaae 
and 6-phosphogluconate dehydrogenaee determinations and

^•vthe remainder rabidly frozen and stored at -40 C for 
later nucleic ecid determinations.
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. 6.1 and 6.2 show the changes in total 

activities of these enzyiaes. As found by other workers, 

the activltieo increase only slowly during the second 

half of pregnancy but increase rapidly after parturition. 

Between day 19 of pregnancy and day 8 of lactation the 

activities of glucose t-phosphate dehydrogenase and 

6-phosphogluconate deh.vdrorenase increase by about 

eight and four timer, respectively.

Table 6,1 shows the change in the total weight 

of the inguinal mammary glands and also the changes in 

enzymes and nucleic acids per gram of tissue. It can 

be seen that the HNA content increases significantly 

during pregnancy and more rapidly after parturition. 

Moat of the increase in DEA content is during pregnancy 

but there ie a small increase in total MA during 

early lactation.

Portions of tissue were prepared for microscopic 

examination (section c>.4). Tissue fror. virgin, 12 day 

pregnant, 19 day nregnant and 2 day lactating mice is 

shown in Pig. 6.5, 6.4 f 6.5 and 6.6. It can be seen that 

the tissue changes as pregnancy oroceeds. The ratio of 

parenchymal to fat cella increases and the alveoli and 

their lumina enlarge. At day Ib* of pregnancy and day 2 

of lactation secretion ie present in the lu&ina.
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TA^LT-'; 6.1 

Chan/'es in mouse mammary glands d -rin# pregnancy and lactation.

Values are exDressed in terms of freeh weight and 

are the mean 4 o.l'.i.'1 . 01 u ammals. No correction has 

been made for retained : Ilk.

W T «i "I ^%
W/ v C* V" C?

Virgin

Day 12
preg.

i>ay 19
preg.

I>ay 1
lact.

Day 2
lact.

Day 6
lact.

G6 D

3.37
«»

2.49
(40.15)

2.50
(^0.16)

2.96
(*0.26)

4.49
(40.40)

10.37
(4v).4l)

6 Gi) 
[units/g. )

0.75
(40.06)

0.61
(-fO.09)

0.61
(^0.07)

0.76
(40.12)

1.10
(40.19)

1.55
(40.34)

;ilU 
(rrig./g.)

1.11
(40.15)

2.01
(40.28)

2.92
(4C.15)

3.57
(40.27)

5.12
(40. 2u)

7.07
(40.18)

JJNA 
(mg./g.) ,

1.12
(40.10)

1.71
(40.16)

2.49
(40.18)

2.54
( :0.22)

3.20
(40.08)

2.31
(40.09)

t. of inguinal 
•lands (&£•>

214
(418)

362
(*lb)

974
(4114)

1122
C-12U)

784
(4^6)

1636
(4132)



Co Mammary tissue, from a virgin

Magnification: x 150.



FIS. C.4 Maaaary tissue froiit a mouse on the 12th day 

of

Magnification: x 150.



PI3. 6*5 Mammary tioeue from a mcrgee on the 19th day 
of pregnancy.

Magnification: x



FIG. 6,6 JlMBMtrr tissue from a. mouse on the 2nd day 
of lactation,

Magnification: x 150.
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6.2 Aotion gf hormones on cultures of mammary tissue 
from mice in lete ^

22 hour cultures with insulin.

Implants were cut from the mammary glands 
of mice in late pregnancy (day 19) and incubated for 
22 hr. (section 5.5)- They were then removed , homogenised, 
centrifuged and the enzymes in the supernatant assayed 
(section 5.6).

Table 6.2 shows that there was a highly 
significant increase in the activity of both enzyme©
after 22 hr. in culture with insulin ( 5 ug./'&l.).

*
These increases are of the same order of magnitude as 
those which occur in early lactation over a similar 
time period (eee Table 6.1). Moreover, as in the living 
animal, the percentage increase of glucose 6-1 hoephate 
dehydro^enase activity is somewhat greater than that 
of 6-phosphogluconate dehydrogenase. Because of the 
•mailer optical density change with 6-phoephogluconate 
dehydrogenaee, it was only possible to detect gross 
changes in the activity of this enzyme. Most of the 
results to be .resented are, therefore, only for glucose 
6-phosphate dehydrogenase.

The results of experiments with and without 
insulin are shown in Table 6.3 and it is clear that



T/VBLS 6.2

Increase in S6?D and 6?GD activity of late-nre giant 

mammary exolants after 22 hr. culture with i

The figures are means + S.E.ivI. of duplicate 

determinations on 19 mice.

Enzyme activity (units/g.)

G6PD 6PGD

Mean initial value 1.82 0.56
(+0.21) (+0.04)

M«an increase 1.53 0 
during 22 hr. (±0.1$) (+0.06) 
incubation

ncrease as
percentage of 84/i 64$ 
initial value

P < 0.001 < 0.001



Ig 6.j

G6: I) and 6T'GD activity of late-r?re -nant•_ mouse ..aapaary ex lant-s

aftt.r ,^2 hr. culture *ith ^n- /*it :out inaulin.

The figuree are avera^e*j of duplicate determinations.

nayiae ~ xnt, " nzymc activity of ex^lante (units/ 
No.

Hot Incubated Incubated 
incubated - insulin + insulin

2.37 1.65 3.11

? 2.10 1.76 .79

3 1.C5 .90 2.82

Mean change -20% +9l£

(- inaulin v. + insulin) < 0.001

w ̂ ^ }J

1 0.49 0.36 0.55

2 1.43 1.11 2.01

3 0.4? u.4;> 0.76

Mean change -15*- 

P (- ins.ilin v. •»- inaulin)
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inaulin la necessary for the enzyme increases. The 

effect of ineulin could be detected by at least 12 hr. 

as in trial incubations of 12 hr. , although the enzyme 

activity did not increase wit?' insulin, it fell without it.

Pig. 6.7 shows the time course of the increase 

in glucose 6-:;hoephate dehydrogenase activity. There 

is a lag of about 12 hr. before the activity starts 

to increase.

McKerne (1964) has suggested that some hormones 

alter glucose 6-.hosphate dehydrogenise activity by 

direct activation or inactivation of the enzyme. To 

test whether insulir could directly affect the enzyme 

activity, supernatants from unincubated ex lants were 

incubated witb insulin (5 ug./ml.) for 1 hr. at both 

0°C and 37°C. As with r-t liver (Glock and McLean, 1955), 

neither enzyme increased in activity.

To test whether the increase in activity after 

22 hr. culture with insulin could be due to the removal 

of an inhibitor, the experiment in Table 6.4 was performed. 

It can be seen that the activities in mixed supernatants 

from incubated and unincubated ex'ilants are the average 

of their components. If the supernatant from unincubated 

explants contained an inhibitor, a lower activity would 

be expected.
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FIG. 6.7 G-6PD activity of late-pregnant mouse mammary explants 
after culture with insulin for different times.

The figure is a combination of 2 experiments, 
each comprising duplicate determinations at the 
same times. In each experiment the initial and 
24 hr. activities have been set at 100 and 200 
respectively, to give each experiment equal weight.



Effect on £€"']) and 6: GD activity of coabir.in* au-f.rntitftnts 

fro ;ni^ ted late- r -it mouse .rar;::T- i'.ry exrl^r>^s ajdd 

cx-lanta incubated for .2 hr. with, ins lin.

The enzyme activities of the sunematarts wert 

••asured ee^erstfly and after combination in equal volumes 

at 0°C for 15 air-..

Expected value of 
combination

Knssyme activity (unite/g.)

6 r GD

Not incubated

Incubated -» insulin

Combined su^ernetante

1.45

^.25

2.36

0.53

1.28

0.83

0.91
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Cellular location of the increase in enzyme activities.

The mammary gland contains both mammary 

parenchyma and adipose tissue. As glucose 6-phosphate 

dehydrogenase and 6-phosphoglueonate d«hydrogenase are 

present in adipose tissue, it was important to determine 

whether the increase in their activities occurred in the 

fat or parenchymal cells. Mayne, Barry and .tivera (1966), 

using facilities at the National Institute for Research 

in Dairying (Shinfiela, Heading), were able to dissect 

adipoee tissue free from mammary parenchyma. Here it 

has not been found possible to separate them so precisely 

but it has been possible, under a dissecting microecooe, 

to separate tissue that contained a higher proportion 

of adipoee tissue* This was taken from the edges of 

the gland and is referred to as 'peripheral 1 mammary 

tissue*

Table 6.5 shows the results of 22 hr. cultures 

of 'peripheral' mammary tissue, mammary tissue and also 

of adipose tissue. The initial ensyme activities of 

the peripheral 1 tissue are lower than those of the 

mammary tissue and during 22 hr. culture the enzyme 

activities of 'peripheral* tissue rose less than those 

of mammary tissue. It can be calculated from the 

figures in Table 6.5 that the increments of glucose 

6-phosphate dehydrogenase and 6-phosphogluconate



TAB

G6,. L' i :.nd t . GT> activity of cxlants of 1 a te-n regnant mouse

naamary tissue. * • eri : '-U'rr..I * ir.aranar.y tissue and a 

adipose tissue after 22 hr. culture with insulin.

The are averages of du 11 rate dettriain&tione.

Enzya* Enzyme activity of ex^lantt- (units/g.)

Mammary * peripheral * Abdominal
mammary tiesiie e^ipose tissue

6 ':

Hot
incv.bated

Incubated

Not 
incubated

Incubated 
-*• insulin

Change
(;ercentage)

1.05 0.%

0.42

0.76 0.52

4^.20y- )

•*• insulin

Change 
(1'ercentnge)

2.82

41.77

1.42

4-0.86

0.14

-0.09 
(-40;,)

0.16

—'-/ • 07 
(-44.)
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dehydrogenase activity in 'peripheral 1 tissue are 49, 

and 56;: Of those in mammary tissue. Hence the contribution 

of adipose tissue to the increaseo in enzyme activity 

could at the vtry most be about 50£. However Pig. 6,?P 

shows that the 'peripheral' mammary tissue still contained 

many parenchymal cells; and Table 6.5 shows that the 

percentage rise in activity of each enzyme in 'peripheral* 

tissue was similar to that in mammary tissue. These 

facts surgeot that a large part of the increase in 

enzyme activities in 'peripheral* tissue is due to its 

parenchymal cells and hence that adipose cells contribute 

considerably lees than 50 to the increases.

Table 6.5 also shows that the enzyme level in 

explants of abdominal fat fell during culture. This, 

though not proof, again does not lend any support to 

the idea of the enzyme rises being located in the 

adipose tissue of the mammary gland*

The conclusion that it is the enzymes of the 

parenchymal rather than the adipose cells which increase 

in vitro ie consistent with results obtained by other 

workers in vivo. Thus Kershey, Lewis, Johneton and 

Mason (1963) dissected small pieces of mouse mammary 

parenchyma and measured glucose 6-phosphate dehydrogenase 

activity by a micro technique. They found that the enzyme 

activity rose between pregnancy and lactation.
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Bartle,y, Abraham and Chaikoff (1966) followed the activity 

of glucose 6-phosphate dehydrogenase in C3H mice in 

which parenchyaal tissue from one of the inguinal 

msmiBary glands had been removed by the surgical procedure 

of DeOite, Paulkin, Bern and Blair (1959). They found 

that between pregnancy and lactation the activity in 

the intact gland roee but that in the operated gland 

and in abdominal adipose tissue fell.

22 hour cultures with various hormones.

Cultures of mammary explants froa mice in
52 mid-pregnancy incorporate ( ?)orthophosphate into

casein more rapidly if prolactin and corticosterone 

are included in the medium in addition to insulin 

(Juergene, Stocicdale, Topper and Klias, 1965). 

Table 6.6 shows that in 22 hr. cultures the increase 

in enzyme activity when Insulin (5 ug./ml.) t prolactin 

(10 ug./ml.) and corticosterone (1 ug./ml.) were 

included in the medium did not differ significantly 

from that *ith insulin alone. Table 6.7 shows that 

insulin * prolactin and insulin * corticosterone 

acted similarly to insulin, while neither prolactin 

nor corticostfirone alone produced any increase in 

activity.



TAB!/ . u

— — lison °* the effects of Insulin and insulin + -rolactin

+ L-JI ticoatcrone on the 36.1 activity o.f late-nr _ t

youse raama»ry ex lants in :g hr, c^.lt^re,

The fl^ires are averages of ehr licate deterrainations.

xpt. :<o. 06 PU activity ^ units/.:.) ^ x
A

Not Incubated Jncuoated 
incubated ^insulin -fins

+eorticosterone 
(A) (B)

1
2

3

4

2.37

2.70

2.62

1.80

5.11

4.54

4.01

3.26

Mean

P

3.15

5.40

4 . 01

3.38

101>*

119.

1'JOf,

1C4£

106%

>0.05



TABI" f. .7

Effects of prolactin and corUcosterone on the G6PD activity 

of la*e-rrc.--n.nnt mouse mammary ex^-lants In 22 hr. culture 

with and without insulin.

The figures are averages of duplicate determinations. 

Percentages of the initial value are given in parentheses.

Sxpt. Ho. Hormone additions G6PD activity
(units/g,)

1. Uninoubated 2.10 (1CO>)

None 1.76

Insulin 3.79

Prolactin 1.58 (75$)

Corticosterone 1.80 (66 ;O

2. Unincubated 2.70 (100>)

Tnanlin 4.54 (168,,)

Ineulin 4.99 
•»•

3. Uninoubated 1.45 (100, )

Insulin 2.99 (206; )

Insulin 3.03 (209^) 
+ corticosterone
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45 hour cultures with various hormones.

Fift. 6.8 shows the results of 22 and 45 hr. 

cultures with insulin alone or with insulin, prolactin 

and corticosterone* It can he seen that with insulin 

alone the glucose 6-phosphate dehydrogenase activity 

at 45 hr. has fallen below the 22 hr. level but that 

with insulin, rrolactin and cortlcosterone the level 

has, on the average, been maintained. Table 6.8 shows 

that this difference at 45 hr. was highly significant. 

Table t.9 shows that Insulin + prolactin gave a 

similar effect to that of all three hormones while 

insulin + corticoeterone was not significantly different 

from ineulin alone.

It was seen in ^ig. 6.8 that the increase in 

enzyme activity over the first day of culture did not 

continue over the second day, even with all three 

hormones in the medium. This contrasts with the living 

animal where the enzymes continue to rise for several 

days. This difference was not due to exhaustion of 

the medium for when the explants were transferred to 

fresh medium at 22 hr. there was no difference in the 

final enzyme activity.

Other hormones have been implicated in mammary 

development and the initiation of lactation (see section 1.1 

or Cowie, 1961 for a review) and it was decided to test
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FIG 6.8 Comparison of the effects of insulin and insulin +
prolactin + corticosterone on the G6PD activity of 
late-pregnant mouse mammary explants in 22 and 43 hr 
culture.

-O Incubated with insulin.
Incubated with insulin + prolactin + 
corticosterone.

The figure is a combination of 3 similar 
experiments, each comprising duplicate determinations 
at the same points. In each experiment the initial 
activity and that after 45 hr. culture with the 
three hormones have been set at 100 and 200 
respectively.



TA3L, 6.8

Comparison of the effects of insulin and insulin * prolactin 

+ corticostcronfc on th» ;;6, activitv of late-pregnant

mouse JT :; explants in 45 hr. culture.

The figures are averages of duplicate determinations.

ExDt. No. 'D activity (units/g.) fxlOO

Hot
incubated

Incubated 
*insulin

(A)

Incubated 
^insulin 
^ pro lac tin 
+corticosterone 

(B)

1
2

1

4

5
6

7

8

1.95

2.70

2.b2

1.60

1.09

1.45

1.75

1.04

2.21

3.96

>.52

2.92

2.25

2.28

2.45

2.35

Mean

P

2.89 131*

4.72 119£

4.38 125>

3.68 126;

2.89 128/*

2.95 129/

3.33 137^

3.28 140^

129>

< 0.001



TABl

Effects of various, combinatione of Imulin, prolactin and

on, the Gi-' j activity of late-.<r< it o\j.se

ry exrlants in 4 r hr. c

fhe fimre* »re averages of duplicate determinations

Hormone additions G6PB activity (xmi te/

Not incu

Insulin

.^sxilin

Insulin

Insulin

bated

4 corticostf rone

4 prolactin

«• nrolactin

Expt. 1

2.70

3.96

4.12

4.65

4.72

Ixpt, 2

1.C9

2.25

2.40

3.>6

2.89
corticoat«ronc



whether growth hornone, oeetradiol, thyroid horoione, 

oxytocin or a higher level of prolactin affected the 

enzyme rise over the second day of culture. Table 6.10 

shows that none of these hormones had any effect.

Some theories postulate that lactation is 

initiated by the removal of inhibitor;; oestrogens or 

progesterone (see eection 1.1). If these act directly 

at the mammary gland thry might possibly prevent the 

riae in enzyme activity. However 'i'able 6.11 shows 

that none of the concentrations and combinations tried 

had any effect.

To test whether the enzyme activity in vivo 

might be restrained by some unknown factor secreted 

by the placentae, a placental extract was prepared 

(section 5.8) and 0.25 ml. (obtained from 2 placentae) 

added to culture medium containing insulin. However 

after 22 hr. of culture no difference wae found between, 

the enzyme activity of the explants Incubated with and 

without the placental extract.

Cultures with added sera.

Although the additional hormones used in the 

above experiments did not affect the enzyme activities, 

it was possible that the correct hormones or concentrations 

had not been tested. Because of this possibility and



y.ffect of v^rjo-ug hormonffi on the Gf^B activity of late-

pre/mant ropugf •••PTn T rt n.riY expl^n.cg In 4^ hr. culture.

The aediom contained insulin, prolactiri ar.d 

corticoaterone in addition to other hormoneo. The 

ce art averages of duplicate determinations.

Lxtra horaone Concentration G6?D activity
additions (iig./ml. raedium) (

Initial value 3.00

Hone 4*66

Jrowth hormone 10 4.75

Prolactin 100 4.7 lj
	—5 Ox^tocin 10 ^units/ml. 4.fc r

Initial value 2.04

None 4.5t

3t^',^-trliodothyronine 5 4.20

Oeet.rwdiol 0.05 4.64



of variouo hormones on the abl'D activity of 

K.e mammary ex lants in 22 hr. culture.

The tedium contained insulin in addition to other 

hormones. The firures are averages of duplicate d etc rminations.

Kxtra hormone Concentration G6PD activity 
additions (u^./rnl. medium)

Initial ^alue

Hone

Oestradiol 1

1.09

2.74

2.69

. ro^esterone 1 ?

Oestradiol + 0.01 2.60
TToresterone 3
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the need for added serum in many tissue and cell cultures, 

sera from mice in different physiological conditions 

were tested.

Pig. 6.9 shows that serum from lactating mice 

(section 5.7) had no effect at 22 hr. but by 45 hr. 

had caused a further rice in glucose 6-phosphate 

dehydrogenase activity. Serum similarly effected the 

6-phoophogluconate dehydrogenase activity*

Table 6.12 shows that this effect was not 

restricted to serum from lactating nice: sera from 

virgin and pregnant mice behaved similarly. Thu0 the 

effect of serum does not appear to be r ceociated with 

changes in its hormone content at parturition.

Table 6.13 shows that insulin is required 

for cerun- to increase the enzyme activity. In contract 

to the stimulation in the absence of serum, further 

addition of prolacttn * corticosterone had no effect.

The constituent of serum responsible for 

maintaining the rise in enzyme activity has not been 

identified. However it was found that 4, bovine serum 

albaiain (fraction V f dialvsed to pll 7.4 as described 

by ftodbellt 1^64) ift the medium did not replace serum. 

When various commercial sera were tteted, foetal calf



Culture time (hr.)

6 .9 Effect of serum from lactating mice on the G-6PD 
activity of late-pregnant mouse mammary exolants 
in 22 and 43 hr. culture with insulin + prolactin 
+ corticosterone.

O Incubated with insulin.

Incubated with insulin + prolactin + 
corticosterone.

Incubated with insulin + prolactin + 
corticosterone 4 lactating-mouse serum 

% of total volume).

Each point is the average of duplicate 
determinations.



eon of the effcctr ^. r.gr?i 1'rom virgin. re.^rmnt aria 

tinp. saAcu- on the -jt..:O pctivit.v of late-r?rc;.-Tmn I : 

ry, ex--lHn.tP. in 4 r hr. culture .

The »«<1ixJT:i contained i v in »llri t orolactin and 

cort-icosterone and the sera c msiituted lr 01 the total 

volume. The prr /'nant seru» donors were in the eecond. half 

of ^re^rmncy. The figures are average* of duplicate 

determinations*

Fxpt. No, Serum addition G6i; X> activity (units/ g.)

Lx o t . 1

Initial value 1.45 

fcone 2,95 

lactatintf-moxise ecrum 4.37 

* regnant-nsouse eerum 5*^5

Initial valiie 2.10

None 2.7b

remnant-mouse serum >.7t

^ -fiio ..- ;j c ? e j-u.m > . 94



Je termination or the basic hprrepne requirements i'or the 

effect of serum fr o ;••* JLaoJ^yjftjLMgJLJ^^

of late-*.- regnant _aou.8e ^sara-aary ex plants in 45 hi. culture.

The serum constituted 10.. of the total volume of 

the incubation medium. The figures are averages of 

duplicate determinations.

Hormone

Insulin

addition

Not incuba

Insulin •* crolactin 
4 corticosterone

Hone

Insulin

Ins ,lin 4 nrolactin

Serum addition

ted

Hone

None

4 Serum

4 Serum

4 Serum

G6i; i> activity 
(units/ g. )

1.80

2.92

^.66

1.73

4.57

4.28
4 corticosterone
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was found to be about 90>- as effective, horse

serum about 50; as effective and calf eerua about 

as effective aa serum from lactating mice.
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^•' Action of hormones on cultures of svaannary tissue 

fros aid-?remnant and virgin sice.

Mice in mid-pregnancy.

When tissue from mice in mid-pregnancy (day 12) 

was incubated for 22 hr. with Insulin, glucose 6-phos;hate 

dehydrogenaee and G-nhospho^ruconate dehydrogenise a<ain 

rose in activity. This is shown in fable 6.14. 

Comparison with Table 6.2 shows that these increases 

are somewhat smaller than those in late pregnancy.

Pig. 6.10 shows the results of 22 and 45 hr. 

cultures with insulin and with insulin, prolaetin and 

corticosterone. It can be seen that even with insulin 

alone the glucose c-phoophate dehyrlrogenase activity 

continued to rise during the second day of culture. 

In addition there was a stimulation by prolaetin + 

corticoeterone at 22 hr. which was almost as great as 

that at 45 hr. . In these reapects mid-pregnant tissue 

differed from late-pregnant tissue (see Fig. 6.8).

Table 6.15 shows that the additional increase 

in enzyme activity due to prolaetin + corticosterone 

was significant at 22 hr.. Table 6.1fc compares different 

horaune combinations. It can be seen that insulin was 

again required for the rice in enzyme activity.



f , t .14

Increase in SfcPD and 6 PSD nctlvity of gid~pre/Tian.t___nouse

-•ir,. ux I^nti- n.fter 2? r-r. culture ^it:- ins-..j.in.

The fi£ru.res are ...epn.s ^ S.K.M. of 

deterrainations on 7 mice.

^ean initial value

Mean inerc'&se 
during 22 hr.

Kti'iyms activity (units/ r.

Gb^D 6PaB

1.50 0.54 
(±0.11) (±0.05)

1.03 0.29 
(+0.12) (+0.12)

)

incubati jn

Mean increase as
percentage of 68;, 54f<; 
initial value

; <: o.ooi < o.ooi
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6.10 Comparison of the effects of insulin and insulin +
prolactin + corticosterone on the ObPD activity 
of mid-T3regnant mouse mammary explants in 22 and 
45 hr. culture.

"O Incubated with insulin.

•^—————• Incubated with insulin + prolactin + 
corticosterone.

The figure is a combination of 4 similar 
experiments, each comprising duplicate determination:: 
at the same points. In each experiment the initial 
activity and that after 45 hr. culture with the 
three hormones have been set at 100 and 200 

respectively.



wo-i^iioon of the effects of insulin and ins-.lin + -r->lnctln

.t. c jx viu^e itro^c -jr* the at. ^ctivitv of .id-'-r .* : .

ir ex 'Itinta. in 22 hr. culture.

The figures are averages of duplicate dt ten: inations.

EXM

1
2

3

4

5

6

7

:. No. G6

Not
Incubated

1.96

1.75

1.70

1.56

1.15

1.30

1.30

PI> activity

Incubated
+ insulin

(A)

2.7-

2.39

2.54

2.64

2.14

2.90

2.45

Mean

P

(unit*/*.) B x Io0
A

Incubated
^insulin

^coi ticofc teroae
(3)

4.20 155>

2.77 116$

2.75 107;

%43 130^

2 / T ^ f\ ̂  i . j/ 
«Ol 12^A

'^.45 11B4

3.01 123£

124.

<: o.oi



TABLE 6.16

Sffecte of rolactin and corticostcronfe on the £6PD activity 

of .T:JQ- .-rernant mouse mammary exylants in £<L ar. and. ^-^ hr. 

culture witn insulin,

The figures are averages of duplicate detertuinations.

Txr^t. Hormone G6?D activity Cunite/g. 
Bo, additions

22 hr. culture 45 hr, culture

i. XT, 1 Not incubated 1.96

None 1.68 0.69

Insulin 2.70 >

Not incubated 1.75 

Insulin 2.59 5.10

Insulin
^corticosterone 1.89 2.32

inaulin
3.66

Insulin
^prolactin 2.77
•»-oortic08terone
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Insulin + prolactin gave as great an increase in 

activity as ins .lin, prolactin and corticosteronej 

insulin * corticosterone, however, repeatedly gave a 

smaller increase than insulin alone.

Virgin mice.

Severn! experiments were performed with mammary 

tissue frors virgin mice. Unlike late-pregnant or 

mid-pregnant tissue, virgin tissue gave inconsistent 

results. In 3 out of 8 experiments, results resembling 

those in ?ig. 6.10 were obtained Ce.g. Table 6.17)j 

while in the remaining 5 no increase in activity occurred.

Miehkinsky, Dikstein, Ben-David, Asseroual and 

Sulman (1967) have reported conditions for the culture 

of mammary tissue from virgin rate. For full 

histolo^ical development they find that the rate must 

be killed in metoestrus and oestradiol and progesterone 

must be added to the culture ^ediuia. Table 6*18 shows 

that the reason for the inconsistent behaviour of 

virgin mouse tissue was neither the stage of the 

oestrous cycle nor the need for oestradiol and progesterone



YA3Lfc 6,17

n of the eff*ot« of insulin and inauliti + vrolactin 

+. corticoptfcronc on the 36:'!) activity of virgin mouse 

exnlants ir; 2? and 4^_ hr._cuj jure.

The figures are average* of duplicate det«r»inations

and were typical of exreriotente in which the enzyme activity 

(see text).

Hor-r-one additions G6PD activity (units/. .)

22 hr. 45 hr.

Not incubated 

Inaulin

Insulin + prolactin 
•«• corticost^rone

3.09

3.51 4.06

4.38 4.95



TABLE 6.16

Effect of oetradi.ol + T?.ro/?t.f.*tf rone on the Crfcl • LJ ocU

of 22 hr. cultures of gaasaary exclants from mice in oestrus 

and metoestrus

Progesterone was added at a final concentration of 

1 ug./ml. end oestradiol et 0.05 ;i«»/ml.. The figures axe 

averages of duplicate determinations.

Hormone additions

Not incubated

Insulin

Insulin 
+oestrau'iol « progesterone

Insulin
•'-prolacti^ •' corticoeteron®

Insulin 
+prclectin*cQrticooterone

S6iD activity ( units/ g.)

oestrus

2.11

2.14

2.00

2.06

2.11

metoeotrus

2.55

2.71

2.58

2.45

2.4l
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^•4 Action of inhibitors on cultures of mammary tissue 

froa mice in late pregnancy.

Effects of different inhibitors.

She increases in glucose 6-phosph&te 

dehydrogenase activity and 6*phoephogluoonate 

debydrogenaee activity in mammary cultures may be 

due to activation of pre-existing inactive enzymes, 

decreased degradation of the enzymes or increased 

enzyme synthesis. If there is an increase in synthesis 

of the enzymes, new HKA may also be required. It is 

also -ossicle that new DNA synthesis is needed in 

view of the increase in total gland DKA at parturition 

(Table 6.1} and the suggestion that mitosis and new 

D!f& synthesis must occur before mid-pregnant aammary 

tissue can synthesise casein (Stock-dale and Topper, 1966).

Experiments were therefore performed with 

inhibitors of nucleic acid and protein synthesis to 

see if they affected the appearance of the enzymes 

in 22 hr. cultures of tissue from mice in late pregnancy. 

In all these experiments the culture medium contained 

insulin (5 ug./nil.). To minimise possible toxic 

side-effects, the inhibitors *ere added at their 

lowest effective concentrations (see section 5.9 )•



The results of experiment® in which different 

inhibitors were added at the start of culture are shown 

in Table 6.19. Both puromyein and cycloheximide 

prevented the increase in enzyme activities and in 

fact caused them to fall. This suggests that protein 

synthesis is required before the enayme activities can 

rise. The large fall in activity with puromycin may 

be due to acme of the side-effects of this inhibitor 

(Pain, IS'64; Appleman and Kemp t 19CC). The smaller 

fall with cycloheximide may perhaps represent enz^aie 

turnover. In 4 experiment© over 22 hr., cycloheximide 

reduced the initial glucoae 6-pnosphate dehydrogenaae 

and 6-phoephogluconate dehydrogenase activities by 

averages of 33, ari^ 34/- respectively*

It can also be seen from Table 6.19 that the 

enzyme rises are inhibited by actinomycin D. This 

suggerts that new T?N4 is required before the enzyme 

activitieB can rise.

When hydroxyurea (50ug«/ail.) was added to 

the culture medium the rises in enzyme activity vjere 

unaffected. As this concentration of hydroxyurea 

inhibited the incorporation of (" Il)thymidinc into BHA 

by 92; (section 5.9) it ia clear that in the culture 

DKA synthesis ie not required for the ensyrae increase.



TA3LT: 6.19

Effects of inhibitors of HNA, J)NA and protein synthesis

on the G6PD antivity of " ate-nre-\rmnt mouse mamnary explants

in 22 hr. culture with inc^lin.

The figures are avera ea of duplicate do^erain&tione. 

Percentages of the Initial value are given in parentheses.

i> % >\ t.^A-f,- b .

No.
Inhibitor 
addition

Concentration nz-yae activity 
r-./'ml.) ___ ___

G6PD 6?GD

hx : t.

Not incubated 

None

1C

Cyclohexiaiide 1

2.02(100;-)
4.20(^00,) 

0.1C(8>) 

1.50(74, )

0.60(100^) 

1.20 200^) 

0.16(27.)

Not incubated

!,'one

Hydroxyurea 50 

Actirionaycin D 0.5

1.53(100;,) 

2.9K190>) 

2.80(183;.) 

1.10(72; )

0.46(100^)

0.46(100 »
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Peterkofeky and Tomkins (1967) have similarly shown 

that T.»SA synthesis ie not required for the steroid- 

mediated increase in tyroeinc arsinotransferase activity 

in hepatoma cell cultures.

Studies with aotinomycin D.

If new HHA is required for the enzyme rises, 

as is suggested by the result with actinomycin D, it 

is of interest to know whether this requirement is 

restricted to a particular stage of the incubation - 

possibly before the enzyme starts to appear (Fig. 6.7). 

Experiments were therefore performed to determine the 

period during ?;hich actinoEycin D inhibited the enzyme 

rise.

Table 6.20 shows the results of a 22 hr. 

culture in which actinomycin D wae added C f 6 and 12 hr. 

after the start of incubation. It can be seen that 

actinomycin I>, added at the start of incubation, again 

completely prevented the rise in glucose 6~phost>hate 

dehydrogenase activity but,when added at 6 or 12 hr. f 

the full increase in enzyme activity occurred. This 

was despite the fact that the activity had not increased

by 12 hr..

?ig. 6.11 shows the results of an experiment 

in which actinorayoin D was added at different times



TABIF 6,20

The G6: activit.y or. lEte-. remnant ao^se

in 2? '--I-, culture with insulin after addition of., sc.tinoni.ycin I* 

at 6 or 12 hr..

Actinom^cin D was added, as indicated, to a 

concentration of 0.5 ug./nl.. The fixtures are means of 

duplicate determinations.

reriod of
incubation (hr.)

0

12

22

22

22

22

Time of
actinonycin B 
addition (hr.)

-

-

-

0

6

12

G6PD t-.ctivitj
( units/ g. )

1.28

1.20

2.76

1.06

%>8

2.56
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FIG. 6.11 Effect of addition of actinomycin D at various
times on the G-6PD activity of late-pregnant mouse 
mammary explants in 22 hr. culture with insulin.

Actinomycin D was added to a concentration of 
0.5 ug./ml. at the times indicated and all the 
cultures terminated at 22 hr.. Each point is 
the average of duplicate determinations.
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over the firet 6 hr. of 22 hr. culture. It can be seen 

that the tiae after which actinoraycin D addition no 

longer inhibits the enayme rise is approximately 3ir hr.. 

These results could conceivably be due to the 

tissue becoming refractory to actinomycin i> during the 

first >i hr. of culture. C'his possibility was excluded 

by an experiment in which explants were incubated for 

4 hr. before the addition of aotinomycin D (0.5 ug./ml.) and
"» A

(^C)uridine for a further > hr. (as described in 

section 5.9)* It was found that actinoiaycin U still 

caused the same inhibition of uKA synthesis as when 

added at the atart of culture.

These results therefore suggest that new R$A 

required for the rise in en^y^e activity need only be 

ayntheeised during the first 3* hr. of culture* 

Soaewhat aimiiar results have been obtained by previous 

workers (del Valle and Aroneon, 1962; Kirk, 1^65; wussaan 

and L;u80yian t 1965; Griffin and Cox, 1966a).

There have been reports of aotinomycin stimulating 

the activities of certain enzymes, both in vivo and in vitro 

(Moog 9 1^64; Garren, Howell, fomkine and Grocco, 1964; 

&agle and \obineon, 1964; Thomoson, tonkins and Gurran, 1966) 

No euch stimulating effects were observed when actinooyein D 

(0.5 ug./ml.) was added at 12 or 24 hr. to ex,lante in 

45 hr. culture with insulin.
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Studies with cyclohtximide.

-xperiments tvere performed with cyclohexiaide 

to see whether inhibition of protein synthesis at 

different stages of the culture always prevented all 

further increase in enzyme activity. A preliminary 

experiment (Table 6.21) showed that this was not so. 

Cyclohexiinide, added at the start of culture, prevented 

the enzyme rise but, if added at 12 hr., the enzyme 

increased in activity almost as much as in the control 

without inhibitor. This result was confirmed in 2 

more similar ex eriments*

This result could conceivably be due to 

the tiae taken by the inhibitor to penetrate the tissue 

However Table 6.22 shows that after explants have been 

in culture for 12 hr«, addition of cyclohexirnide 

inhibits 92/? of protein synthesis within a few minutes.

Experiments were performed to find, more 

exactly, how c;> clohexiiaide affected the enzyme rise 

when added at various? times. As it had been found that 

no further rise occurred if cycloheximide *as added 

during the first 9 hr., an experiment was done with 

additions between 10 and 15 hr.. ?ig. 6.12 shows that 

oycloheximide completely inhibited the increaae ill



riL:*: 6,21

The G6?D activity of late-pregnant rRouse_ mammary cxvlanta

in 22 hr. culture with ineulin after sedition of cyolohexiaide

at .1^. hr..

Cyclohexi::iidfi WAB added, as indicated, to a 

concentration of 1 ug./rnl.. The figures are means of 

duplicate determinations.

lerioci of 
incubfetion (hr.)

0

12

22

22

22

Time of
c^clo- cxinide 
addition (hr.)

-

-

-

0

12

GtPi) activity 
(unit&/£« )

1.27

1.51

2.25

0.8?

2.02



T4BLF 6.22

" fjfect of cyclohexi r.ldc pre-incubation fc-rioO on thg 

Incorporation of (^Cjlvgine into the protein of 

pregnant mouse mammary

After 12 hr. incubation with insulin, ( 'J)lyaine 

(0.25 uc) was added to each batch of explains and these 

*e;-e tnen incubated for a farther 3 hr.. borne batches

had been r-re-incubated with cyclohexiraide ( 1 t;g./ral. \ as
v

indicated. The valuta arc averages or duplicate determinations.

Cycloheximlde
ure-incuba t ion
tlac (mi-.)

Ho inMbitor
addition

0

15

30

60

counte/min.
in orotein

934

77

74

74

65

: erct?ntage of
uninhibited
level

100^

8^-

8>

Bf

1%
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PIG. 6.12 Effect of the addition of cycloheximide at various 
times on the G6PD activity of late-pregnant mouse 
mammary explants in 22 hr. culture with insulin.

•—————• G6PD activity after 22 hr. culture,
cycloheximide (1 ug./ml.) being added at 
the times indicated.

O-----O G6PD activity after culture, in the 
absence of inhibitor, for the times 

indicated.

Each point is the average of duplicate
determinations.
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glucose 6-phosphate dehydrogcmase activity, if added 

at 10 hr,, but, when added at 11, 12 and !;> hr., its 

ability to inhibit a further rise in activity progressively
declined.

These results show that by 12 hr. essential 

protein synthesis is almost completed, while the bulk 

of the ensyiae activity has still to appear. It io 

possible that glucose 6-> ho8t>hate dehydrogenase has 

been synthesised in an inactive form by this time and 

is then slowly activated. If this is so, there 

might be present in the supernatant of ©xplanta , 

incubated for 22 hr. , activators which would activate 

inactive enzyr&e in the '12 hr.' supernatant. These 

two supernatants were therefore combined for 2C> rain* 

at both 0°C and 37 J C in a similar way to that described 

in Table C.4. However it was found that the enzyae 

activities of the mixed supernatants were the overage 

of the activities of their components.

Nevaldine and Levy (196 rj) havt shown that 

•mmmary ilucose 6-phoephate c'ehydrogenasa may be 

dissociated into inactive euburiits. These rea aociate 

to active enzyme in buffer containing f^-saeroaptoethanol
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and NAD' *. Table 6.23 shows nri experiment in which 
the supernatant froa explants tifter 1^ hr. culture 
wae incubated in P-mercaptoethanol buffer coritfctinii 
BAD? • It can "be oeen that the enzyme activity did 
not increase.



TABLE

Effect of incubation with ffAPP 4 and glucose 6-

on the S6PD activity of the supernatant fro. n late-pregnant

mouse mammary explantg incubated for 12 hr, witr- insvlin.

The supernatant woe incubated, ae indicated, 

with an equal volume of a solution containing: 

8-mercaptoethanol (26 rntf), tria-HCl (160 iaM), NAJDP* (0.14 mM) t 

glucose 6-phoaphate (S mJ^), «^H 7.6, for 2 hr. at ?7°C,

Dxplant 
incubation 
time

0 

12

12 

22

Supernatant 
incubation

No

Ho 

Ye© 

Ho

G6PD activity 
(unite, g.)

1.65 

2.44
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7.1 Introduction,

The purpose of the work described, in 
Part Two of this thesis waa to develop a method 
of incubating laammary tissue which would allow some 
of the increases in enzyme activities that occur at 
the onset of lactation to be studied in vi^ro. 
A method is described (section 5.5) for the culture 
of sufficient tissue to allow accurate determination 
of chan&es in glucose 6-phosphate dehyclrogenase 
activity, and l^aa accurate determination of cnanges 
in 6-p;.08phogluconate dehydrogenase activity* 
With tissue fro ;& pregnant sice it has been poasiole 
to reproduce, in vitro, the increases in the activities 
of these eni^e* that occur in the living animal 
after parturition. This is the first time such 
ohangee in vitro have been reported and it should be 
possible, by this method, to stidy chan-efc> in the 
activities of other euatymea in aammary tissue.
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There are only a few previous report* 
of increases of enzyme activities in maauBalion 
tissues in vitro, ifirstly there are some examples 
Of the induction of increased enavme activities 
in FseLa cells (Cox and MacLoed, 1^61) and nepatoiaa 
cells (Thompson, Tomkins and -urran, 1966j rotter, 
Aatanabc, £>ecker and ,itot, 1967)» wnen incuoated 
with certain hormones. erhaps more relevant to 
this thesis are reports of enaiymee increasing in 
activity prematurely, when tissues are transferred 
from their natural environment to in yitro culture. 
TheB8 include glutaminotransferase activity of 
embryonic chick retina C \-o8cona and Kubby, 19t>3)p 
UJ>P-glucuronyl transferase activity of embryonic 
chick liver O'o f Dutton and $e»eth, 1967) and 
••late dehydrogenaee activity of regenerative-phase 
huiaan endoaetriusi (Aileon, 1/67).



-81-

^* 2 ilorfflones and the stimulus for the increase...in 

glucose .6«»phosphate. dehydropenase activity.
mm • •^^•*^^^MM»M»a^«ai>»«««tMMp»»«»«><M. • i i •—^•^^^•Jfca^^iM^a^i a,. ifrii. •,,— .•-IJ-TI—i nn-T-ii--r^- -ir~ _ MjiMunn _~r T TUir^T

The hormone requirements for the maximum 

increase in glucose 6-r>hosphate dehydrogenese activity 

in late-pregnant mammary tissue in vitro differ froia 

thope in mid-pregnant tissue. V.ith late-pregnant 

tissue prolactin has no significant effect on th« 

enzyme activity during the first day of culture (Table 6.6), 

whereas with mid-oregnant :issue the increase with 

insulin and prolactin is greater than that with insulin 

alone (?ig. 6.1C, Table 6.15)*

One Dossible explanation for this is ao follows. 

The increase in enzyme activity will only occur in cells 

which have fully differentiated undtr the stimulus of 

prolactin (cf. Stockdale and Topper, 1966). In late 

pregnancy virtually all the parenoi-ymal cells have 

already been fully influenced by r»rolactin but in 

aid-r\regnancy only a proportion have and the remainder 

may, therefore, be stimulated by ^rolactin in the culture. 

In mid-pregnant tissue the enzyme rise that occurs 

with insulin alone would thus be taking place in cells 

which have already differentiated.



Against this idea is the fact that casein 

synthesis in mid-rregnant tissue ir, not stimulated by 

insulin alone but requiree cortico&terone and prolactin. 

In this respect casein synthesis more closely resembles 

microscopically observable differentiation (Ltockdale, 

Juergens and Topper, 1966), Thus it seems unlikely 

that in mid-oregnant tissue there are many fully 

differentiated cello that can be stimulated by insulin 

alone. An alternative explanation $ight therefore be 

that the increase in enzyme activity can take place in 

cells which have not been influenced by prolaetin. 

However because prolaetin induces growth and differentiation 

in mid-rregnant tissue, it cauees a general increase in 

many cell constituents, including glucose 6-nhoaphate 

dehydrogenase.

Over the second day of culture the enzyme 

activity continues to rise in mid-pregnant tissue 

(Fig. 6.10) but it only does so in late-pregnant tisoue 

if the medium contains serum (Pig* 0.9). The reason 

for this difference is not clear. Though it is 

conceivable that the effect of serum was dae to hormones 

contained in it, none of the hormones tested v;erc able 

to replace serum (Table 6.10), although prjlactiri did 

prevent the enzyme decline (Fig* 6.6, Table 6.8). It 

seems more likely that the effect of serum is dut to
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some other components which prevent deterioration of 

the tissue (sec Wayrjouth, 1 65).

The lack ox efrecto of other hoiniones on the 

the increase in glucose 6- hoophate dehydrogenize activity 

in late-pregnant tissue in. vitro (Table 6.7, 6.9 and 6.10), 

contrasts at first si^ht *itb tbe ree Its of endocrine 

ablation anc aormone replacement experiments in y.iyo. Thus 

in lactating rate, the mammary enzyme level is reduced by 

adrenalectoiny (fillmer, 1-joO; ;illa*er and Foster, 1965), 

hypophysectomy (Jone©, 1967; Baldwin and Martin, 1^66), 

thyroidectorjy ('.alters and McLean, 1967) arid ovariectoiay 

(Barker and Ludwick, 1^67). liovvevtr these operations may 

alter the enzvme level in the mammary gland indirectly. 

Hy;ophyseoto:iy, for example, cauees reduced intestinal 

absorption of carbohydrates (.hillipo and uobb, 1934) and 

it seems particularly relevant that, though hypophyaectoiay 

prevents the increase in liver glucose 6-phosphate 

dehydrof*enase that accompanies a hi^h carbohydrate diet, 

the operation has no effect if the rate are led by stomach 

tube (Teppe r&an and "Pepperrnan, 1962).

Although insulin is the only hormone needed to 

initiate the enzyme rise in vitro, it is difficult to 

envisage insulin as the initiator in vivo (Weber, Singhal, 

Stamm, Lea and Wisher, 1966) beoauee of the large iluctustions 

in ins>lin level, and the fact that in women the level ic 

higher pre nartum than -ost arturn (Spellacy and GoetK,
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It seeae aore likely that the increases in vitro are caused 

by the removal of the tissue from an inhibitory influence 

whicr is present in the pregnant animal but disappears at 

parturition. However addition of oestradiol, progesterone 

or placental extract to the medium did not affect the 

en*yae ripe (Table 6.11, n, 67) and they cannot, therefore, 

inhibit directly. The enzyme increase might instead be 

restrained by a limited intracellular concentration of 

one or more metabolic intermediate©. These would rise 

both in vitro in the culture and in vivo at parturition 

when the foeti cease to exert a drain on the metabolites 

of the maternal blood and when tht* blood flow to the 

maramary gland lnorear.es (Linzell, i960? aeynolds, 1965) • 

The resulting increase in enzyme activities might be due 

to the metabolite combining with a specific represser and 

thue inducing enzyme synthesis (Jacob and Monod, 19tl), or 

it mi^ht merely be due to a more general increase in 

nrotein synthesis on pre-existing KKA templates when 

the rate of metabolism of the cell increases.

Jf the increase in mammary gland glucose 6-phosphate 

dehydrogenaee after parturition is caused by an increased 

intracellular concentration of a metabolic intermediate, 

it would seem to be similar to the increase in liver and 

jaaamary {'land f-lucoee 6-phosphate riehydro.*:enase in (virgin) 

rats fed high carbohydrate diets (Kitch, Hill and CLai.



1959; Hllf f itichel, Gibbe and Bell, 1%6), and the increase 

in this enzyme in the liver when starved rats are refed 

(Tepperaan and Tepperman, 1058). Other examples >f effects 

of aetabollt* levels on enzymes and proteins have been 

reported* Katzen, Soderasan and \itowsky (1.-655 round 

an increared hexokinase activity when human liver cell 

cultures were transferred to a higher *rlucose medium; 

Schingoethe, Hageman and Larsori (1967) found that the 

synthesis of aillk proteins in aammary cell cultures was 

stimulated »hen the concentration of essential araino acids 

WHS increased above physiological and Jefferson and 

Xorner (1967) found that growth hormone only stimulated 

protein synthesis in perfused rat liver when the amino acid 

concentration was raised ab..we that in rat plasma,

It is interesting to speculate whether increased 

availability of metftbolitee rather than hormones could 

also be involved in the initiation, at parturition, of 

the synthesis of &ore specific mammary cell products 

such as lactose and casein, studies of the hormonal 

requirements for the synthesis of these products in 

cultures of late- regnant tissue should help to resolve 

this and experiments with a simplified aediua might 

lead to the identification of the metabolite involved.
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events following the stimulus for the 

increase in /glucose 6-phoaphate dehydrp^enaee activity.

The experiments with inhibitors (section 6.4) 

were performed to elucidate the biochemical events 

involved in the iri vitro increase in glucose 6-phosphate 

dehydrogenase activity. Care is needed in the interpretation 

of such experiments because of the possible ride-effects 

of the inhibitors and their Incomplete inhibition of 

nucleic acid and protein synthesis at the levels used. 

Though side-effects appear to be les>s important with 

cycloheximide, actinomycin D has been reported to have 

the following effects, independent of its inhibition of 

i<NA synthesisi inhibition of protein synthesis (Revel* 

Hiatt and Hevel, 1964; Honig and tabinowitz, 1965), 

degradation of KNA (Wieener, Acs, Reich and Shafiq, 1965), 

inhibition of respiration and glycolysis (Laazlo, Miller, 

KeCartv and hochstein, 1966) and inhibition of phospholioid 

synthesis (Pastan and Friedman, 1968). However, bearing 

in mind the minimal concentrations used (section 5*9) 

and the absence of any toxic effect when addition was 

suitably delayed (Pig. 6.11 and 6.12), it is probably 

Justifiable to discuss the effects of actinomycin D and 

cyclohexiraide in terms of specific inhibition of HKA 

and protein synthesis.



-87-

If this conclusion is accepted, the results 

in ?lg. 6.7, 6.11 and 6.12 and in Table 6.19 suggest 

that, for the increase in glucose t-phosphate dehydrogenase 

activity in vitro. RKA must be synthesised between 

0 and >J- hr. and protein syntheeised between lu and 12 hr. 

(and possibly sometime before 1C hr.). Also the appearance 

of active enzyme between 10-12 and 22 hr. can occur in 

the absence of HNA or protein synthesis.

This last fact suggests that the enzyme is 

first syntheslsed in an inactive forra. Although attempts 

to demonstrate the presence of an inactive enzyme 

precursor have been unsuccessful (p. 62, fable 6.4* p. 77, 

Table 6.23), a more extensive investigation ie required. 

An alternative explanation is that active er. i>yme is 

transferred from a eubcellular fraction to the supernatant. 

However this seems unlikely as glucose 6-phoephate 

debydrogenaee appears to be confined to the soluble 

fraction of mammalian tissues (e.g. Glock and Mcleen, 1953 )•

Perhaps the most obvious explanation of the 

KHA and protein requirements for the enzyme rise is 

that "iNA templates are syntbeeised during the firct 

3i hr. and inactive enzyme protein is synthesized on 

these templates between 10 and 12 hr., the enzyme then 

being slowly activated. The ftKA templates would be
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quite stable as the increase in enzyme activity was 

not affected by actinomycin D in the culture medium 

between 4* and 22 hr. (Fig. 6.11). The reason for 

the lag between synthesis of template and protein is 

unclear. Such lags, which are a feature of many siainmalian 

enzyme inductions, may represent the time needed for 

new ribosomes and HNA templates to be organised into 

new endo-:lasmic retioulum (Tata, 1967). To account 

for the increase in enzyme activity, an increase in 

RKA an* protein synthesis? seems most likely although 

a decreased rate of enzyme degradation could also be 

responsible (eee Schimke, Sweeny and Berlin, 19^4).

The requirements for *NA synthesis and even 

protein synthesis can, however, be explained in other 

ways. It is possible that the new HNA contains 

templates for the synthesis of another protein which 

in turn either activates a reserve of glucose 6-phosphate 

dehydrogenase precursor protein or else stimulates the 

synthesis of the precursor on pre-existing templates. 

This latter may seera rather unlikely but activation of 

pre-existing templates does occur on fertilisation of 

sea-urchin e^re (see Monroy, H&ggio and itirialdi, 1
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of enzyme «ctivntiona catalysed 

other enzymes are the formation of chyniotrypsin 
(Kunitz and ftorthrop, 1935) and the interconversion 

of the a and b forms of o-glucan -hosphorylase (Cori 

and Cori, 1^45). A more indirect enzyme activation 

might occur if the newly sunthesised protein were 

an enzyme catalysing the formation of a small molecular 

weight activator of glucose 6-phosphate dehydrogenase*

There is a precedent for enzyme activation 

which requires ;tNA and protein synthesis. «Vhen 

l-rednisolone is added to HeLa cell cultures there 

is an increase in alkaline phosphatase activity which 

is inhibited by low concentrations of puromycin and 

actinomycin D. There ie no increase in radioactivity 

in ( *C)leucine labelled protein, precipitated by 

an antibody to the enzyme* but there art; differences 

between the physical properties of the enzyme before 

end after induction. This suKgeets that the increased 

catalytic activity is due to a change in conformation 

of the enzyme and doee not represent increased 

enzyme synthesis or decr«a*ed enzyme degradation (Griffin 

and Cox, 1^66a arid b).
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Although the results of : rnery and Baldwin (1^67) 

t that there ie an increase in the amount of 

glucose 6-phoephate dehydrogenase protein in the rat 

mammary gland during early lactation, a decision about 

the increase in vitro will have to await experiments 

with a specific antibody. It might also be possible 

to detect the presence of inactive enzyme precursor 

with an antibody to the active eneyiae.
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