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LRt roush endoplasmic reticulum
HuoNA heterogeneous nuclear NA
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nre~tliNA precursors of transfer INA
285 10 285 associated DN
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INTRODUCTTION

1. Controel in Living Systems,

A central problem in molecular bioclo; y is the manner in
which a cell can respond to a changing external environment by
changing the rate of synthesis and the activity of specific
proteins, Turing the last decade, extensive investigations
principally with micro-organisms, have resulted in considerable
achievements, The theories postulated in 1461 by Jacob and lionod
to account for repression and induction of protein synthesis have
found support in the isolation of reﬁressor proteins (Gilbert &
Miller-Ilill, 1966; Ptashne, 1967) and more recently in the develop~
ment of in vitro systems responding to the regulator substances (de
Crombrugghe et al., 1971).

Conclusive evidence, in suppert of one of the several
theories which have been put forward to account for feed-back and
related control mechanisms in bacteria and other organisms, has not
yet emeréed (Atkinson, 190663 IKoshland and Neet, 1968; Umbarger,
1969) although it is clear that in many of the synthetic pathways of
biolqgical compounds, products formed late-in a reaction chain,
control the activities of enzymes catalysing earlier steps. Thus,
the accunmlation of end products is used by the cell to inhibit
their further synthesis,

In multicellular organisms, tlie term “control" nust involve
far more than is implied above, In higher organisms considerations
mugt he extended to the mechanism of differentiation, organ
development, homeostasis, worpiogenesis and maturation. The inter-

relationship of cells within a population and the manner in whichi the




productions of one cell type might influence another must be
investigated. IMinally, an understanding must be reached of the
co-ordination of control mechanisms throughout the whole organism.

Higher animals possess two obvious systems by which one
tigsue might influence the activity of amother; these are the
nervous system and the hormones. Nerves transmit information in
the form of an electrical impulse, a process which is incompletely
vnderstood especially at the level of the brain., Here, nervous
activity is co-ordinated and, in highly evolved animals, a mewmory
has dveloped to allow the organism to draw on previous experience of
the external environment in the control of its internal environment.

By definition, a hormone is a chamical substance which is
produced in one part of the body, enters the circulation and is
carried to distant organs and tissues to modify their structure and
function (Bayliss & Starling, 1902).  The action of hormones is not
fully understood at the molecular level but, by observiné the
physiological actions of a spectrum of these compounds, it is
imnmediately clear that they are intimately concerned with the control
mechanisms of higher animals. Thus, the metamorphosis and post-
embryonic differentiation of amphibian larvae is strongly influenced
hy thyroid hormone (Frieden & Just, 1970). Bedysene, an invertebrate
steroid hormone, governs insect metamorphosis {Lang, 1971) and the
action of insulin and glucagon are involved in the homeostatic
conitrol of blood sugar levels (Hales, 1967).

The maturation of higher animals is controlled by the sex
hormones; +the androgens and the ocestrogens in male and female animals
respectively. The mode of action of oestrogens at a molecular level

is the subject of this thesis.




2. The Synthesis and Metabolism of Oestrorens.

Present knowledge of oestrogen synthesis and wmetabolism
is the product of many laboratories and is the subject of many
reviews snd texts (lopjdk & Cornforth, 1960; Breuer, 1962; ricKerns,
1667; Heftmann, 1970). The steroidal hormones, in cormon with
many other steroid and terpenoid compounds, are synthesized from
acetate. In brief, three acetate moieties,; joined and enzymatically
modified, form an isopentenyl unit. Repeated condensation then gives
rise to many terpenoid compounds; among them squalene, This C30
isoprencid cyclizeé to produce the cyclopentanophenanthrene steroidal
skeleton in the form of lanosterol and this,\via several intermediates,
gives rise To cliclesterol, Cholesterol is the parent compound of
all stercid hormwones and the major conversions by which it is thought
to give rise to oestrogens are shown in Fig.l.

Oestradiol-17P and oestrone are freely interconvertable in
many species buil the equilibfium is displaced in favour of ocestrone.
However, the biologically active component appears te be oestradiol~-
178. ¥lesher et al. (1960) reported that the only radioactive
substance found in the uterus following the administration of tritiated
oestradiel-17p was free oestradiol-l?ﬁ whereas liver containéd a
mixture of derivatives. Qestriol is a major end product of oestrégen
metabolism in man, dog and rat and is procduced mainly via 166 hydroxy
oegtrone. Oestradiol and oestrone, but notl oestriol, are made
continuously by the ovaries in small amounis but production increases
considerably in the maturing follicle so that in women, excretion of
15pg/day in the first week of the menstruol cycle rises to 50pg/day
at the time of ovulation., ¥or the firsgt tlree months of pregnancy

the ovaries furnish most of the cestrogens but subsequently, the
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foeto-placental takes over the role. By the end of pregnancy a
woman's urinary excretion is in excess of 30mg per day. The adrenals
produce small amowntls of oestrogens and in some animals, notably
stallions, the testes produce large quantities.

The secretion of oestrogen is under the control of
gonadotrophing secreted by the pituitary adenohypophysis. Pollicle-
stimulating hormone (FSH) brings about initiation of follicle growtbh
and further development and increased secretion is induced by the
combined effects of TSI and lutcinizing hormone (LH) (Fevold, 194k).
Ag well as bheing under the control of gonadotrophins, ocestrogens
themselves control the pituitary secretions so that high levels
inhikit the release of FSH and LI, This interplay is responsible
for the rhythmic uterine development in the menstrual cycle. In
pregnancy, the role of the pituitary is largely replaced by the
placenta which produces large amounts of chorionic gonadotrophin.

Oestrogen turnover is rapid and incompletely understood.
The liver is responsible for much degradation to produce wn-
identified products and it is also the key site at which ocestrogens
_are conjugated with sulplhurice and glucuronic acid. If labelled
oestrone or oestradiol ig injected into women, about half passes into
-the enterehepatic circulation and is metabolised in this way, whilst
the remainder goes through the kidneys and is eliminated in the

urine,

3 The Physiolorical lesronse to Qestrogens.
Oestropgens are resvonsible for the development of the female
reproductive organs and for the development of the secondary sex

charactexristics which, in women, include the texture of the skin,




the texture and distribution of hair, character of the voice and
distributicn of body fat. Ovariectomy results in an atrophy of the
reproductive orgnns which can be reversed by oestrogen therapy.
Administration of oestrogens to an iumature or ovari-
ectomized animal, or to an animal at a preovulatory stage, induces
proliferation of the epitheliumm of the vagina, cervix, endometrium
and fallopian tubes. In the latter it also induces contraction and
motility which promotes the transport of the ova.  The mucosa of the
endometrium grows and receives an increased blood supjply. The
myometrium hypertrophies and in soue species undergoes rhytlmic
contractions. In rats, rabbits and guinea pigs waber imbibition by
the uterus is an early consequence of oestrogen treatment and in
rodents, cornification of the vaginal epithelium forms the basis of
an oestro;en biocassay. Primates accumulate glycogen and mmcopoly-
saccharide in the wvagina when they respond o ovestradiol whilst in
rabbits oestriol causes an increase in the size of the vagina. If
given in sufficient amounts, oestrogens will in@uce mating in mice
but simultaneous administration of oestradiol and progesterone is
necessary to produce the same response in guinea pigs. In man,
however, mating is mainly under nervous control. It is clear from
the above that there are marked species variations in the physio-

logical response to the female sex hormones.

1 The Biochemistry ox Tarzet Tissue lesponse to Cestropens.

A hormone is carried in the bhlood system from its site of
synthesis to its target tissue, wheie it is accunulated. Intry into
the target cell must then set in motion a sequence of bLiochemical

events which will ultimately result in the observed physiological




changes. This section sets out to review what is known of the
biochemistry of oestrogen action and, where relevant, to compare and

contrast its response to that of other hormones,

by 1. Transport to the Target Organs.

Oestrogens associate spontaneously with serum proteins to
form reversible complexes. Serwn albwmin is well lknown for its
ability to associate with many compounds including steroid hormones
(DPennhold, 1966). The binding aifinity of oestropgen is low and the
amount bhound would be insignificanlt were it not for the high.concen—
tration of albumin in the blood. Conversely, Tavernetti et al.
(1967) showed that there is also a proteih in the B globulin fraction
which, although present in small amounts, binds oegtrogens with high
affinity. Competition experiments by Murphy (1968) and Mercier-
Bodard & Baulieu (1968) have shown that this protein is probably
identical to that which binds to testosterone; it can, however, be
separated from the corticosteroid binding globulin (Gueriguian &
Pearlman, 1968). The ocestrogen binding glebulin does not appear to
be present in all animals, Murphy (1963), Delioor et al. (1969) and
Diamond et al. (;969) renorted its presence in man, two other species
of primate, cows, pregnant guinea pigs and frogs. ' They also found
that the level rose in man during porital cirrhosis and pregnancy. No
activity was found in rat, dog, rabbit, duck and seven species of
ruminant.

It has been assumed that the binding of steroid harmones in
the plasma is necessary to eifect their soluvbilizalion but in fact,
levels at which the ﬁormones occur in serum is far below their

solubility in water, It scems likely that this reversible binding



is of importance in the control of hormone distribution. The hormene-
protein complex is inactive but the fact that it readily dissociates
provides a means whereby active hormone can be delivered to the target
cells when it is required.

L, Entry of QOestradiol-i17B into Target Cells,

n
1
.

Littie appearsvto be known about the passage of oestrogens
into target tissues. The fact that these tissues accumulate hormone
does not in itseld imply an active transport mechonism, This
accumulation is due to the presence, in the target cell cytoplasm, of
receplor proteins. Szego & Davis (1967) have shown that injection
of gestradiol results in very rapid changes in uterine cyclic AMP
(adenosine 3':5' cycliec monophosphate) levels, Mogt work in this
field indicates that these increases in cyclic AMP turnover are
related to the oesiropgen~induced changes in uterine parmiability.
However, since Szego & Davis (1967) report that there is a fall in
thie level of uterine cyclic AMP witﬁin 158 of oestradiol administration,
it is cogceivable that these chanpges are associated with the entry of

oegtradicl into the coils.

L, 3, Target Crll Cestroien Receplor Proteins..

In the last decade, numerous studies pionceered by the work
of Jensen, have revealed that there exists, in cestro-en-~sensitive
and other hormonal tarpet tissues, specific receptor proteins which
secem to be responsible for the accunmlation of hormone in the cytoplasm

and for its tramsport to the nucleus.




4. 3. 1. The Cyvtoplasmic and Nuclear iltecentor Yroteins.

Qestradiol is rapidly taken un by the uterus, vasina and
adenohypophysis (Jensen & Jacobson, 1962), by the mammary gland
(Puca & Bresciani, 1969) and by the hypothalamus (Pisenfeld &
Axelrod, 1966). Antoradiographical studies by Stumpf & Roth (19066)
and cell fractionations by Noteboom & Gﬁrski (1965) revealed that
although much of the accumulated hormone was to be found in the
nucleus, a substantial proportion, 20-30%, was present in the
cytoplasm, The binding of hormone was abolished by treatment with
proteolytic enzymes though not by nuclease action (Toft & Gorski,
1966) and was destroyed By heating at 80° for 10min (Talwar et al.,
1964) or by sulphydryl blocking reagents (Jensen et al., 1957).

These observabtions, topether with the binding specificity, indicated
that the receptors were proteins.

The specificity of ocestradiol binding in the cytoplasm of
the uterus was impressive; especially when compared with the broad
spectrom of 1igandé which bind to serwun albumin, the protein chiefly
responsible for transport in the blood. As well as being specific
to target tissues, the receptor did not bind the non-oestrogenic
corticosteroids or testosterone (Talwar et al., 190k; Toft & Gorski,
1966), The receptors also showed considerable stereosnecificity in
that the hinding of tritiated oestradiol-17p was inhibited by an
excess of non-radicactive horuone but not by its 17-epimer, cestradiol
~17cc (loteboonm & Gorski, 1965).  The non-steroidal synthetic
oestro:en, diethvlstilboestrol (N4, would compete with ocestradiol for
binding sites (Toft & Gorski, 1966) and the anti oestrogenic comnnownd,
U-11,100 le(2~(p—(3,kmdihydrouﬁ—methom ~2-phenyl-l-naphthylyhznoxy-

ethyl)pyrolidine, 1:01], intibited binding (Puca  Bresciani, 1968).

Y



Parther evidence for the protein nature of the uterine
cytoplasmic receptor came from fractionation studies. Talwar et al,.
(196%) showed that activity was associated with the first 280nm peak
eluted irom Sephadex (100 and Toft & Gorski (1960) sedimented the
105,000y supernatant through sucrose gradients and obtained a
sedimentation value of 9.55 for the receptor. By comparison with the
sedimentation coefficient of yeast alcohol dehydrogenase this value
has sgince been found to he nearer 8S (Erdﬁs, 1968; Rochefort &
Banlieu, 1968) but a precise value will require the pure protein,

The nuclear receptor proved more resistant to solubilization
but Jungblut & Jensen (1967) found that a receptor sedimenting at 58
could be extracted from uterine nuclei by high salt. Marther
characterization by Maurer & Chalkley (1967) and Fuca & Bresciani
(1968) establislied that it was proteinaceous, had a specificity
similar to the cytosol receptor and was best éxtracted in 0.4 KC1 at
pH 8,5, The 58 complex-was initially thought to be an artifact of
the high salt concentrations used in its extraction (Korenmon & Rao,
‘1968) buﬂ’ﬁarris (19?1) found that it could be released from nuclei
by deoxyribonuciease in the absence of mapnesiwn ions and KCl. then
KCl was not present, there was a strong tendency towards aggregation,

When the cytosol 8S receptor was treated with NaCl or KCl1
at concentrations of 0.2M or higher, it was found to break dowvn and
subunits were formed sedimenting in sucroseanl gradients at 48
(trdos, 1968; Jensen et al., 1969a).  The situation was confused by
disagreement over precise sedimentation values of these particles as
some workers (Brdos, 1968; Beziat EI.&&'; 1970) considered the
dissociated cytosol receptor to have a sedimentation value of 58S,

In the interests of wniformity this particle is identified by a




sedimentation value of 45 throughout this review,

The nuclear receptor and dissociated cyltosol receptor were
clearly different, Apart from having different sedimentation values
(Jensen et al., 1969b), they differed in their recombination
characteristics. Thus, the 45 receptor could reform into the 885
receptor on removal of KCL (iirdos, 1968) hut the 5S receptor had no
such reassociation properties, Furthermore, the 83 or 4S5 ocestradiol-
conplex could be made in vitroe by adding oestradiol to the uterine
high speed supernatant (Toft et al., 1967). No oestradiol-5S complex
was formed, however, by addition of oestradiol to ubterine nuclei, or
an extract of nuclei, except in the presence of the cyviesol recepthor
(Jensen et al., 1968).

Lk, 3. 2. The Relationship between the Nuclear and Cyteplasmic

lleceptor Proteins.

Clearly there was some relationghip between the different
receptors and Jensen et al. (1968) and Shyamala & Gorski (1969)
reported a temperature-dependent trénsfer of bound oestradiol from
the cytosol receptor to the nuclear recerptor. At 00, most of the
retained cestrogen was hound in the cytoplasm but, if the temperature
was ralsed to 370, bound hormone was lost from the cylosol and was
irreversihly transferred to the nuclear binding site.

From the early studies of Prdos (1968), it appeared that
the 8S cytosol recoptor was an aggregate of two LS receptors, More
recent work, however, showed it to be heterogeneous, IE£ the 88
recepbor was dissociated on a Kll-suerose gradient, the front

fractions of tiae 45 peak would reassociate fto the 85 receptor but

the trailing fractions combined to a form of intermediate size {See
= \




Fig. I1). from these and similar results obtained uwsing gel fil-
tration, Vonderhaar et al, (1970) suggested that the cytosol
receptor.was compogsed of a 4S5 oestrophilic A subunit and a non-~
oestrogenic B subunit which would itself dissociate. The
albsence of part of the B subunit from the rear fractions of the 4S
peak resulted in the observed incomplete reassociation.

A nuwber of treatments modify the 4S5 receplor so that
it can no longer reassociate to form the 85 compleﬁ. The
stabilization of the 45 subunit with calciwm ions las allowed
DeSombre Eﬁ.ﬂi' (1969) to effect a 5000-fold purification and to
estimate a molecular weight of 75,000 and an iso-electric r1oint
of 0.k, The fact that respective values of 200,000 and 5.8 were
obtained for the 83 complex also pointed to heteropgeneity. Modi-
fied &S subunits, unable tolreassociate into 1he 8S meiety, have
also been prepared by ageing the 45 receptor in G, KC1 for 4h
(Vbnderhaar_gj‘gl., 1970) and by incubating the 8S receptor in
the presence of ocestradioel at 3?0 (Vonderhaar 23_2&., 1970;
Brecher et al., 1970). It was further sbown by Brecher et al.
(1970) that if the temperature-dependent conversion was carried
out at pH 8.0 rathsr than at pll 7.0, the resulting oestrophilic
component sedimented at 5S. Thug, in sedimentation constant and
in reassociation characteristics, the produect rescubled +the nuclear
receptor, The complex could still enter the nuclei and was only

made in the presence of oestradiol,

Perhaps nmore relevant to the in vivo situation were the

results obtained using a polyvinyl (Cl-phenylenemaleiride) resin onto

which wag counled the 17« propyl mercaptan derivative of oestradiol

{Vonderhaar & tueller, 1969). The &5 oestrozen roeceptor abserbed
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Tho reassociation of receptor subunits in a low inoie environment. The
105,000 x g supernatant prepared in 0-01 > Tris-0-0015 s BDTA buffer was combined
with 03 » IXC1 and 1073 g 2fT-eatradiol per ml at 0° for 15 min. 0-3 ml aliquots were
layered on 4:3 ml gradients of 6-20%; sucrose prepared in Tris-BDTA containing 0-3 »
KCI, After centrifuging for 12 hr at 38,000 rev/min (27) in a 8W 39 rotor, the tubes
were piorced and fractions colleeted by gravity flow. The equivalent fractions from
theso separate gradienta were pooled and 150 1 aliquots of fractions (20 (A~ ~4) and
23 (A--A) wero diluted with 300 gl and 250 g of Tris-IEDTA buffer reapectively.
0:3 ml aliquots of each were then layered on 43 ml gradients of 5-209), suerose mado
in tho Tris-EDTA buffer and re-centrifuged for 12 he at 38,000 rov/min at 2° in & 8W 39
rotor. Fractions were collected by gravity flow and analyzed for 2H-estradiol. Beprinted
from Vonderhanr et al. (19700).

. Pigure III
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A diagram of the subunit character of thoe cytosol receptors for estradiol.
The nativercceptor (8-08) becomes Inbellized for dissociation (activated state) on binding
estradiol to the estrophilic subunit (A), Treatment with 0-3 M WCL dizsociates nntive
or activated comploxes to yield the 48 estrophilic subunit (A} and o 4-58 non-estrophilic
unit (B), With aging in 0-3 a0 KCIL &t 0° or incubation hriefly at 37° in the abseneo of
KC1 the B units dissociato further to yicld B’ and € units; the latter renct with A unite
to modify thoir ability to re-sssocinte with native B units.

Fig. IXII is taken from Mueller (1971)




onto tnis resin and treatment with 0.3 €l resulted in the dis-
sociation of +the non-osstrogen binding subunits. If this resin
extract was ithen added o more freshly dissociated 85 receptor, re-
association no longexr occcurred. The active substance bringing about
this change could be dialysed and extracted with ether (Mueller, 1971).
It appears then that oestradiol, on entry inteo the cell,
associntes spontaneonély with a cytoplasmic 88 receptor protein which
congistls of a 45 ocestrogen-binding subunit and a sccond subunit which
is composed of wore than one entity. This association allows a
temperature~dependent transfer of the hormone to the nucleus, where
it is found associuted with a 585 receptor. - The diagram oi the above
process in Fig, III is taken from Muellowr (1971). It seems likely
fhat the 558 receptor is the modified 45 suvbunit but whether, iﬂ.zizg,
this nodification occurs before entry into the nucleus is unclear.
It is known that the entry of hormone inte the nucleus is accowmpanied
by depletion of cytosol receptor (Jensen et al, 1968).

. The extent to which all these events are involved in the
primary action of oestradiol is unclear.  Association with the
cytosol receptors is not in itsclf an early step in the uterine
response to oestradiol, - Their_formation is not inhibited by puronmycin
or actinomycin I, both of which block overall ocestrogenic response
(Fensen, 1965). It seems likely that the cylosol receptor functions
in the delivery of the hormonal remlatory messape to the nucleus.
Alternatively, Jensen el nl. (1971) has supggzested that the hormene
could werely functien in the tramsporl of the protein into the nucleus
and that once there, the protein functions in a manner analorous to
the miecrohial sipgma factors,

In conelusion to this section it should be mentioned that




oestradiol is far from being the only hormone which binds to snecific
cytoplasmic and nuclear receptors, Ividence is accwmulating that a
gimilar -system to that outlined above exists for dihydrotestosterone
(Mainwaring, 1969; Banlieu & Jung, 1970), progesterone (0'Malley

et al., 1970}, corticosteroids (Beato et al., 1970; Baxter % Tomkins,

1970) and aldosterone (Swaneck et al,, 1970).

k, L, The Binding of Qestradiol to Chromatin,

Teng & Hamilton (1968) reported that within 2min of ad-
ninigtration of radiocactive oestracdiol to ovariectomized rats, the
hormone had entered the uterine cell, penetrated the nucleus and hound
to the chromatin, Binding, as measured by resistance to dialysis

O .
at 07, was maximal after 8h,
The funection of the receplor proteins is not vestricted to

transport of hormone. Steunles et al, (1971a) showed that they are

also involved in the binding of hormone to target cell cliromatin., Thus,

tritiateq oestradiel, after formation of its receptor complex by in-
cuhatibn with uterine cytosol, was bound %o uterine chromatin far
more than it was to liver, spleen or lung chromatin. Similarly di-
hydrotestosterone, complexed to the recepltor protein from prostate
gland cytoplasm, only bound extensively to the chromsbtin prepared from
the prostate gland or the testles. Furthermore, complexes between
dihydrotestosterone or oestradiol with non~target organ cytosols would
not hind well to any chromatin. Similar findings and additional in-
gights intc the bhinding process have heen providedbhy studies on the
agsoeciation of the progesterone-oviduct cytosol complex with oviduct
chromatin (Spelshers et al., 1971la,b; étegnles et al., 1971h). In

thisg instance, the use of the target ori;an cytosol and the target



organ chromatin was again essential for extensive binding and it was
alse shown that the binding of recertor protein~hormone complex was
ten times that of hormone alone, =~ The binding charncteristics of the
chromatin were not Dbrought about by the hormone but were the property
of the tissue. Oviducts from young, untreated animals showed the
same specificity.

Another interesting finding with this system was that the
chromatin could be disscciated and reconstituted without loss of
binding but, if it was reconstituted in the absence of acidic pro-
teins, binding was greatly reduced. These observations were extended
by C'Malley et al. (1972). They.found that if dissociated oviduct
chromatin was reassociated, replacing the native histone with non-
target tissue histones, the reconstituted product bound the receptor
in a mannér gimilar to native chromatin, I£, however, the acidiec
proteins were replaced by erythrocyte acidic proteins, the hormone-~
receptor complex was no longer hound, Conversely, acidic protleins
fram: oviduct, inserted onto erythrocyte DNA, bestowed bhinding
capacity on the hybrid chromatin° Thus, the inherent accevntor
capacity of target tissue chromatin for the hormone recentor of that
tissne could be transferred to a non-target DA by transfer of the
acidic protein fraction. The ahove workers went on to demonstrate
that a specific fraction of *the oviduct acidic protein contained the.
accentor molecules,

‘On the basis of the earlier work of Stegples et al. (1971a)
it seems likely that the above findings with progesterone will be

relevant to the binding of ocestrogen to chromating ¥ing et al.

(1969) reported the isolation of a chromatin associated acidic

protein f 1 rat mammary tuncur and rat liver, that binds tritiated
prot from rat ry tumnour 1 vat liver, that Dinds tritiated




oestradiol in vive and Alberga et al. (1971) nave recently described
a hon-histone chromatin protein with a very high affinity for
oestrogen.

The basgic entitics of chromatin may also be important in
the binding process, It is known that the receptor complex shows a
strong tendency to interact with hasic proteins and peptides, hence
its precipitation by protamine, histones or polylysine (King et al.,

1969) and its reaction with ribonuclease (Jensen'gﬁ_gi., 1969h),

4, 5, The Iiffect of Oestroren on the Chemical Composition

of Chrowmatin.

Teng & Hamilton (1968) studied the effect of oestrogen on
the chemical composition of the uterine chromatin of ovariectomized
rats. They found that the RNA to DNA ratio increased 17% within 15
min of treatment 5nd by 2-4&h the protein to DN\ ratioc had increased
35%e During this time, howevef, the level of histones fell and it
was interesting that after 8h of hormone {reatment, when the template
activity of the chromatin and the protein to INA ratio were maximal,
histone levels were reduced by 20%.

Obviously, the likeliest candidates for the increased
nuclear protein levels were the acidic proteins. Teng & Hamilton
(1969) investigated this possibility and found that within &h of
oestrogen treatment the incorporation of precursor into these uterine
proteins was increased by 30%. Liver acidic nuclear proteins were
unaifected. These workers also investigated the inhibition of
uvterine DNA.-lependent FNA synthe~sis by histones and reported that all
fractions, particularly the arginine rich histoney were potent

inhibitors of ENA gynthesis, The acidiec proteins were not inkibitors




and they reversed the inhibition by hisbtones, Yeng & Mawiltten (19069)
concluded that a major feature of early oestrozen action,; in the wirrus
of ovaricetomized rats, was a slimulation in the synthesis of acidic
proteins which reversed the eifect of histones on transcription Ly INA
polymerase, It should he noted, hovever, that other results of these
workers and others, indicate that A synthesis is stimulated in wtleri
mich earliecr than at 8h after hormone afministration and it seems wn-
likely that the ahove mechanism is selely responsible for these choanges,
Purthermorve, the inhibition of ITA synthesis by histones in vitro may be
an artifact due to the precipitation of template (Toare & Johms, 1971).
Other workers have also rerorted ocestrogen—induced changes
in mmaclear acidic proteins. Smith et al, (1970} nave reported
increases in the synthesis in mouse uwlerine epithelium responding
to oestradiol; Similarly, Spelshers EE 2&' (1971b) have shown that
the levels of chramatin associated acidic vroteins and BNA, in ehiek

L DS

& to DES, were dramatically inereased over the

o

oviduct respondin
first 8 days of treatment. Perhaps more relevant to early oestrosen
action was the discovery by Barker (1971) of an acidic protein
associated with uterine FIIT histone, It was synthesized in in-
creased avmornts in ovariectomized rats which had received a B0min
nilse of precursors 1%min after adminigtration of ocestradiol.
Concoﬁitanfly with this increase, histons levels were decreased and

a higstone complexing function was again postulated for the aecidic
protein. Teng & Hanilton (1970) have separated uterine muclenr
acidic »nroteing on polyacrylamide gels., They also observed an

oestro_en-stirmilated synthesis of a specific fraction of theiwr

w

preparation. The work of Chytil & Spelsbers (1971) indicated that

there wore definite tissue derendent differences in mnuclear acidic




proteins. Thef found that an antibody to the non-histone protein-iiA
complexes of diethylstilboestrol treated chick oviduct did net cross
react with similar preparations from liver, heart or spleen.

A possibility, as yet little investipgated, is thal horrones
mipght induce changes in histone siructure and in this way influence
chromatin template activity. Cyelic AMP, but not testosterone, was
found by Reddi et al. (i971) to stimulate phosphorylation of certain
testes histones. Burdon & Pearce (1971), however, have indicated
that certain steroid hormones, including testosterone ond oestradiol,
could influence the effect of adenine nucleotides on histoe modifli-
cation by inhibiting the conversion of cyclic P to AMP,

It has already been mentioned that the oestrogen-receptor com-
plex has a high affinity for polyamines, and studies have revealed
that the level of these compounds, and the activities of the enzymes
orthinine decarboxylase and S-adenosyl methionine decarboxyiase, are
increased in oestropgen-stirmlated rat uberus (Pussell & Taylor, 1971;

Cohen et al., 197C; XKaye et al., 1971).

L, 6. Effect of Cestrozen on the Termlate letivity of Chrematin,

It has Dbeen seen that ocestrogen entors the nucleus and hinds to
chromalin, so it is pertinent to ask whether the association inereases the
'transcription of _IKA and bow such increascs nmirht be brournt abeuts  Barker
& Warren (1966) and Jarren & Barker (1967) showed that the template activity
of chromatin was increased by the administration of ocoestradiol to ovari-
eclomnized rats. Increases alsao occurred concomitantly with rising
oegtrocen levels throupghout the oestrous cyele of golden hamsters,

Similar results have been presented by Teng & lamilton (1268) but all of

<

these workers used bacterial I\ polymerase rather than native ensyme,



The danzers of such an approach were revealed by Dati & Maurerw (1971).
They used a similar system and recorded an oestrogen-induced incréase
in the chromatin template activity of rat uterus. In the hormone
treated mouse uberus, however, the template activity was reduced.

Church & MeCarthy (1970), working with chromatin isolated
from rabbit endometrium and native enzyme, recorded increases in template
activity at.earlier times than the above workers. A stimulation of 2004
of control levels was recorded 10min after ocestradiol administration,
rising to 500% within 2h of hormone treatment, Addition of E. coli
INA polymerase to this system affected the response of neither the
controls nor the hormone treated animals. On this basis, they coo~
cluded that the stimmlation was due to increased availability of sites

for transcripition rather than increased polymerase activity. Further

studies separating these two parameters would be beneficial,

o 7. The Iffect of Oestrosen on DNA-Dependent INA

’folymerggg.

As indicated above, when the chromatin and IN& polymerase
are both derived from the target tissue, hormoune induced increases in
template activity could reflect increased availability of +trans-
cription sites or increased enzyme activity or both. ‘hat the latter
is stimulated os a result of oestradiol action is well documented.

Gorski (1964) first characterized the enzyme from uterine
nuclei and showed that rats, pre-~treated with oestradiol 1-4h earlier,
exhibited greater activity than contrels, At this time Widnell &
Tata, (1964, 1966a) investigating the INA polymerase of rat liver
nuclei, found an activity stimulated by marnesium ions which appeared

to catalyse the synthesis of riNA in the nucleoli, In the presence

x



of mangonese ions and 0.4MN awmonium sulphate a more DNA-Ilike INA
was made in the nucleoplasm. Tlamilton et al.. (1965, 1968)
characterized similar activities in the uterus of ovariectomized rat,

Ovariectony was followed by decreases in both of these
enzyme activities but the administration of 10pg oestradiol to rats
ovariectomized 3 weeks previously resulted in the stimulation of the
magnesivm ion activated reaction aifter 1h, This rvose to 2-2.5 times
the control levels 2-12h after treatment and was maintained at this
level for 12-24h, No change in the mgnganese/high salt-activated
enzyme was observed in the first 12h following hormone treatment
after which 1,5-1.6~fold increases were ohserved (See Pig. IV).

Nicolette & Mueller (1966) showed that oestrogen-stimlated
levels of INA polymerase were maintained if the stimulated uterns was
incubated in tissue culture medium but that the increased levels,
though not the control levels, were highly sensitive to the presence
of cycloheximide in the medium, This, and the similar observations
by Noteboom & Gorski (1963) and Gorski ct al.. (1965) using puromycin
in vivo, suggested that increased BNA polymerase activity was dependent
on protein synthesis,

The findings of Hough et al. (1970) were.somewhat at
variance with these conclusions,. They reporied that an ENA polymerase,
extracted from heifer endometrium and since shown to be associated
with the nucleoli (Arnaud et al., 1971a), was stimulated in vitro hy
added ocestradiol-45 recertor complex. (The receptor is 53 in their
hands). In addition, when tritiated oestradiol was used to form the
complex, the enzyme became radioastive and Arnaud gt al.. (1971b)
postulated that the hormone-~rcceptor complex could be funetioning in :

a manner analogous to the microbial sigma factors, These workers
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also indicated that oestradiol micht serve a second function in

this precess, They reported that the hormone-receptor complex was
phosphorylated by a myometrium kinase which was stimulated by cyclic
AP, The stimulation of INA polymerase by the complex was increased
after phosphorylation and ocestradiol appeared to influence this
system by stimulating adenyl cyclase,

Barry & Gorski (1971) inyestigated whether precursor was
incorporated into the 3' end or internal positions of newly syn-
thesized 1WA of rat uterus and found that oestrogen only stimulated
the latter paranmeter. Cn the basig of their findings they also con~
cluded that the hormone inecreased the activitly of INA polymerase
?ather than the absolute amount of the en=yme. They supgested that
the continued synthesis of protein was necessary for the activation
because some protein factor was invelved in the process,

Increases in INA polymerase activity have also been recorded
in response to thyroid hormone- (Tata & Widnell, 1966), testosterone
(Pegy & Korner, 1965), growth hormone (Widnell & Tata, 1966h),
progesterone (McGuire & O'Malley, 1968) and corticosteroids (Vu &

Teiglson, 1971).

L, 8. The Bffect of Oestropgen on INA Syntlesis.

One of the most clearly established biochemical elfects of
oesfrogen is the stimulation of INA symthesis in ites tarpet tissues,
(See IMg. V). Aizawa & dueller (1961) found that from Gh after the
administration of ocestradiol to rats, the measurable INA content of
the uterus increased steadily and, if the INA synthesis was measured
in terms of precursgor incorporation, wmuch earlier inecreases were

recorded (Hamilton, 1904). liowever, the efforts of the many workers

<



studying this vesponse over the last decade has not elucidated the
role of HHWA in mediating hormone contrel,  Frequently, they have
only added to the confusion. This is largely due to the fact that
mammalian NA and protein synthesis is not well understood, but

some of the systems used have been incompletely characterized, Data
has frequently been presented on the incorporation of precursors into
miclear, mitochendrial, rihosomal and cell sap fractions without any
attenpt having been made to demonstrate the inteprity or the purity
of the prenarations. Few workers have developed MNA purifications
which ensured the extraction, without degradation, of the vevry-hirsh-
molecular-weisht INA species, which form the bhulk of the rapidly
labelled iMA, Finally, in wany cases, little effort appears {o have
been nade to reduce to a minimuwa the many variables inherent in the
injection of radiocactive wurecursors inte whrle animals. The work
described in the results section of this thesis sets out to obhtain

a better characterized system and to use modern methodology and
knowledge of maumalian nucleic acid biochenistry to derive an improved

understanding of ocestrogen-induced changes in A synthesis,

4, 8. 1. The Oestroren-Stimulated Synthesis of ™A of

Yosgible HMessencer Tunction.

Since the supestion by Xarlson (1963) that hormonos induce
the synthesis of specific messenger MNAs, numerous attempts have heen
made to detect the early arnpearaance of unique !HA species in the
responding cells, Direct demonsitration of rarticular messensers has
not yet bheen shown in these systems and a number of indirect a proaches

have had to he relied upon.

One of the most used techunigques hiag been that of hybridization.



Charch & McCartby (1970) carried out INA/DNA hybridization on
ovariectomized rabbit tissues and demonstrated changes in the patiern
of IWNA transcription in the uterus and the liver, hut not the lung,
1h after the administration of oestradiol. (See Fig. VI). Only
25% of the new WNA was common to both liver and uterus, 0'Malley
et al. (1968) measured the ability of RNA extracted from untreated
chiclt oviduct to compete with the binding of RNA extracted from
hormone treated animals. They showed that differentiatiocn of chick
oviduct suhsequent to dietiylstilboestrol treatment was accompanied
by the production of new RNA species, Similar results have heen
recorded by lahn et al.. 1968) in the chick oviduct responding to
oestrogen and progesterone and by llalm et al.. (1969) in doméstic
fowl producing hepatic yolk proteins in response to oestrogens,
However, hybridization studies in mammalian systems are not totally
unambiguous and the new RNA sequences need not necessarily be
messengers.,

Sepal et al.. (1965) introduced the RNA extracted from the
uterus of cestrogen—stinmlated rats into the uwberi of unstimilated
rats via an indwelling cathetre, This ENA, whicih was shown to bhe
free of oesgtradiol, promoted a hormone-lilke histological response,
Ribonuclease treatment of the BNA abolislied the effect.

Means & Hamilton (1966Dh) demonstrated a 40% increase in
the incorporaticn of precursors into the nuclear ENA of ovariectomized
rats within Z2nin of oestradiol administration. After 2Umin the
incorporation was increased by 5004%. (See Pig. VII). This effect
preceded by several hours the stimmlation by oestrogen of IWNA polymerase
activity and ribosome formation and was sigunificant after allowing for

the increases in precursor uptake, Other workers, however, have not
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repeated these findings, Gorski & Nelson (1965) studied rapidly
labelled INA in immature rat uteri and Gorski & Nicolette (1963
followed the in vive incorporation of 32P into subcellular fractions
of ovariectomized and immature rats, In both casesg stimulated INA
synthesis was observed 1h after oestradiol administration, but

earlier eifeclts were not recorded, Since it is known that after short
pulses of radicactive precursors, virtuwally all labelled RNA is found
in the nucleus, there is no special merit in purifying nuclei for
these studies, Such purificatioen can only incrcase the risik that
RNA is degraded or lost by leaching during the preparative steps. In
addition, it is difficult to explain the early results of Hamilton
(1964) which only recorded a very slight stimulation of precursor
incorporation into total uterine HNA 30min after ocestradiol ad-
ministration.,

Turther evidence that the éestrogen»induced synthesis of
miNA might precede that of other ENA species came from inhibition
studies. Notides & Gorski (1966) found that the synihesis of a
specific protein was induced‘in rat uteri within 30min of ocestradiol
administration, well before the stinulation of total iINA synthesis,
but production of this protein was inhibited by Actinomycin D (De
Angelo & Gorski, 1970).

Results to be presented in this thesis show that an early
response to oestrogen is the increased synthesis in immature. rat
uteri of heterogeneous muclear BNA. A nmessenger precursox function

has been proposed for this fraction (Darnell et al., 1971a).

L, 8. 2. The Oestrogen-Itimmlated Synthesis of Ribosomal BNA,

The wuptake of many growth promoting hormones into their



target tissues is followed by increases in the synthesis of ribosomes
and polysomes and in polysome~directed polypeptide synthesis.

Billing et al. (1969¢) used MAK columns to separate the RNA species

of immature rat uteri. After 30-60min of EE.X£XQ oegtradiol
treatment, they detected slight stimulation in the incorporation of
precursors into pre-ribosomal and ribosomal ENA,  Uptake of radio-
activity continued to rise from that time, reaching 500% of control
levels in the ribosomal peak 6h after hormone administration,

Hamilton et al.. (1968) found that increased incorporation of precursors
into the microsomal fraction of ovariectomized rat uteri was stimulated
from GO—QOmin after hormone administrafion, Gorski & Nicolette (1963)
reported similar results with immature rats. Presumably, the slightly
later stimulation in the incorporation of precurscr into cytoplasmic
ribosomes reflected the time taken for ribomucleoprotein to migrate

out of the nucleus and into the ecytoplasm,

The polyribosome concentration in the cytoplasm ol the ovari-
ectomized rat uterus increased linearly from 2-24h after hiormone
administration (Teng & Hamilton, 1967). It reached 400-500% of
control levels after 24-30h of treatment but declined to 200-300% after
72h. Several groups of workers, including Greenman & Kenney (196&)
and Teng & Mamilton (1967), have isolated cell-free ribosomal ox
polysomal preparations whiclh incorporated amino acids into polypeptides
in vitro, The latter workers showed that incornoration by pre-
rarations from oestrogen-treated ovariectomized rats, was increased by
%0% and 100%, 2h and 8-12h rvespectively, after hormone administration.
At later times incorporation fell off. The contimual presence of
oestradiol was found to be essential te maintain increased polysome

levels.

—



~The derree by which the synthesis of rikosomes was

incereased and the generality of this response throushout a snrectrum
of growth-promoting hormones, led several workers to rostulate that
the production of new ribosocmes had an important function in the
mediation of hormone control. Tata (1970a) proposed a control
function bhased on the segregation of ribosomes inte populations.
The oeslrogen-stimulated synthesis of ribosomes is confirmed in the
results presented in this thesig, bhut ne evidence has been Tound
which would indicate that the newly synthesized ribosgomes fulfil an

important contrel function other than increased protein synthesis.

L, 8., 3. The Oestropen-Stimilated Synthesis of Transfer RNA.
NA

Biiling et al, {1969¢) have shown that the immature rat
uterine tiNA, separated from other iNA species on MAK colums, was
syuthesized nore rapidly when the animals had heen treated with
oestrogen. In fact, incorporation of precursor 1h after hormone
administration was increased nearly 2-fold, a significantly greater
gtimulation than was found at this time in wibosomal RNA. After Oh
the increase was greater than 5-fold. My own work also indiecntes
that the oestrosen-induced stimulation of tHNA synthesis may precede
that of rIlNA bub not HmNA synthesis. Dingman et al. (1969)
reported large increases in ithe incornoration of precursor into
chick oviduct 1A as a result of diethylstilboestrol and progesterone
treatment, They claimed that the increased synthesis was largely in
t2A located in the nucleus and ruggésted that their findings were
indicaﬁive of an important control function of t'NA in marmalian

systems., ;

Several reports indicated that oestrogen-stimulation of toNA




synthesis could bé selective towards parvticular amino acid-carrying
gpecies or might affect the methylation or modification of these

species, Thus in chicken, where oestrogen stimmlated the syntlesis
in the liver of phosvitin, a protein containing 50% serine residues,

ser .
synthesis was

Beck et al.. (1970) reported that the rate of titA
increased to a greater extent than that of total tRNA., DMays &
Borek (1971) have reported that, in this system, a single species of
Nzumethylguanine methyl transferase aclivity was stimulated whereas
other methyl transferase activities were reduced. Sharma & Borek
(1970) observed a change in the elution patitern of tiNA®®T and a
decrease in tINA methyl transferase activity in pig uwteri following
ovariectony. The situation was reversed by oestrogen administration
and it appeared that methyl transferase activities were restored
because the hormone reduced the levels of specific inhibitors,

Hacker (1909) demonstrated that diethylstilboestrol treatment of

chicks resulted in increased oviduet tBNA methyl transferase activity.

kg, The Effects of Oestradiol on Protein Synthesis.

The proteins synthesized in response to ocestradiocl fall into
two groups. Firstly, there secm to be a few poorly characterized
species produced early in the hormone-elicited sequence of events,
which may be essential for a major part ol the observed changes in
BNA and phospholipid production. Secondly, there is an increase in
total protein synthesis which follows the stimulation in the synthesis
of BNA and the accumilation in the cytoplasm of newly-made polysomes,
These latter proteins play impeortant structural and functional roles

in the hormone-differentiated target tissue,



9. 1. larly I'roteins,

The ocestrogen~induced increases in the synthesis of »iniA
are dependent on protein synthesis (Nicoletbte & tiorski, 1964h;
Noteboom & GQrski, 1963; Gorski & Axman, 1964), but as yet the
nature of these proteins is larpgely unknown. It should be
emphasized, however, that rRNA synthesis appears to be dependent on
protein synthesis in many, if not all, svstems. Thus, in conditions

of curtailed protein synthesis, ribosome processing heyond the 453
precursor stage is inhibited, probably due to a deficiency in
ribosomal profeins (Pederson & Lumar, 1971). There is evidewnce
that 1835 INA is degraded at an increased rate when protein synthesis

is reduced in resting cells‘or by treatmeont with eyceloheximide

(Cooper & Gibson, 1971). Therefore, the fact that hormone-induced
synthesis of riUNA is dependent on protein synlliesis does not necessarily
indicate the previous synthesis of oestrogen specified proteins.

An important protein, apparently activated as an early

result ol costrosen action, is the magnesiun ion-stimdated T
polymerase which appears to be hound to nucleolus chromatin and to be
funetional in the synthesis of rA., As already discussed, the
synthetic activity of this enzyme was maflnally increasged alter 24 of
oestradiol treatment {(Damilton et al., 1968) and secmed to he

stimulated after as little as A0win (See Pig. IV). The ztimvlated
A polymerase activity was iniibited hy puromvein {Noteboom & Corski,
1963; Gorski et al., 1965} and by cycloheximide (Nicolette & imeller,

906) crbing ites dependence on new protCL synthesis,

Larly changes in the symthesis of uterine proteins were also

detected by Motides & Gorski (1900) vhen tiey tollo.od the incor-

poration of radioactive amine acids into imeature yat protein. They




separated the soluble uwterine proteins on stavch gels and Tound an
oestrogen~gtinulated peak of pPrecursor incorporation within 30min of
hormone treatument. Synthesis of the protein or proteins in this
peak was not stimulated in similarly treated rat ileuwm bhut continued
in the uiterus until the increases in total protein synthesis masked
the effect., DBarnea & Gorski (1970) demonstrated that this protein

was synthesized de nove and Mayol & Thayer (1970) indicated that a
group of acidiec proteins, also synthesized early on in the oegtrogenic
response, miyght be the same prétein. Barker (1971) studied rats
receiving similar lengths of‘hormone treatnent, and found an acidic
protein syntlhesized in response to the hormone, This protein was
“associated with the FIIT histone fraction and its relationship to the
starch gel-detected protein is wnlmown. Thege findings are
igteresting in view of the already discussed possibility that acidie
proteins are important in the effect of oestrogen on chromatin,.
DeAngelo & Gorski (1970) showed that the synthesis of the
specific protein of Notides & Gorski (1966) was dependent on RNA
synthesis, as was the pgroup of acidic proteins reported hy Néyol &
Thayer (1970). Barker (1971), however, claimed that the histone-
associated acidic protein was still produced when RNA synthesis wos
Q0% inhibited., It may be that 90% inbibition of TWA synthesis is
insufficient to block messenper A production. - DeAngelo & Corski
(1970} found that a more complete inhibition of INA synthesis was

necessary to totally inhibit the syuthesis of the starch gel-

detected protein,

4, 9, 2., Later I'roteins.

2h after the administration of oestrosen to rats, there i:

U



a rise in the synthesis of total uwterine protein whicn, after 12h,
is manifested in measurable increases in the total protein content
(Means & Iamilton, 1966a; Aizawa & Mueller, 1961) (See Fig. V).
The uterus has not proved as amenable to the study of later protein
synthesis as other oestrogen-responsive tissues. Thus, although
the structufal protein involved in hormone~induced uterine
differentiation will obviously be synthesized and despite the facth
that increases in many enzyme activities have been demonstrated,
there does>not appear to bLe a readily detected single protein the
gynthesis of which has been followed, However, other systems exis{
for this study,.

Oestrogens and progesterone also stimulate the growth of
chick oviduct and cause the formation of glands for the secretion of
ege white proteins (Brant & Halbandor, 1956; Kohler et al., 1968),
0'Malley et al. (19067) observed that in chicks, treated with Smg
of diethylstilboestrol (DES) daily, the synthesis of ovalbumin and
lysozyme is initiated and by 15 days production of these proteins is
inereased to as much as 300 times the basal levels. Synthesis is
dependent on continued horwmone administration. XTI, after 12-18 days
of treatment, progesterone is given instead of DES, the synthesis
of avidin begins within 6h. Production of this protein is much
lower if progasterone administration is nol preceded by DIES treatwment..
It appears, therefore, that oestrogen can induce the synthesis of some
oviduct proteins and prime the tissve for the synthesis of others.
The production of avidin can also be promoted by progesterone in vitro
in oviduct derived from DES treated chigks (C'lalley, 1997).
Similarly, monolayers of oviduct cells, treated with DS for 14 dnys

and then with prosesterone, will produce avidin within 12h (0%ialley &



Kohler, 1967). wfidin synthesis is inhibited by cycloheximide
added at any time and by Actinomycin D if added with progesterone
but not if it is administered at later times (0'alley, 1967).
Ancther readily detected product of cestroren action is
phosvitin, a protein containing many phosphorylated serine residues.
This yolk protein is normally produced in. the livers of laying fowl
(Heald & lcLachlan, 1963), bul within 24h of the aduinistration of
oestrogen to ceckrels, they also initiate its synthesis (Greenpard
et al., 1965).  Actinomycin D, piven sirmltaneocusly with the
hormone, inhibits the symthesis hut when given 6~8h aflter the
hormone, it has no eifect. (Greengard et al., 19G4) . In the

African Clawed Toad Xenopus laevis, cestradiel stimulates the

synthesis of another phosphorylated protein - vitellosenin (lolphin
et al,, 1971).

It should be noted that these proteins are merely exannles,
the synthesis of which is readily folleowed; they are not, however,
made in isolation. By this point in the response to heormone, the
previously quiescent tarret tissue is mobilising its total protein
gynthetic machinery and making many proteins necessary for

differentiation into a fully functional formi.

4,10, Oestrosen-Stimilated Glucose Metabolism,

2h after hormones administration, the activities eof many

a .

enzyres of glucose metabolisn are stimulated, Yow, if any, of the
increases have been shown to be definitely Jwe to enzyue synthesis,
though in many cases, protein synthesis 1s nceecessary before the

chanre cceurs. Thus, the rate of ~lucose catabolism and of slucose
o H ¥ b

incorporation into protein, iy, lipid and glycoren in rats is



increased by oestradiocl adwministration (Gilmour & McKerns, 1966;
Macleod & Hollander, 1961; williams & Provine, 1966; Nicoletle &
Gorski, 1964h). The latter workers showed that inhibition of protein
or BNA synthesis blocks these oestrogen-induced increases in glucose
metabolism. The mobilization of biosynthelic pathways necessitates
increased supplies of NADIH. For this reason mucii has been made in
the past of the stimulation by cestirozen of the key enzymes of the
pentose phosphate pathway, particulariy a@lucose~6-phosphate
dehydrogenase and 6-phosphogluconate dehydrogenase (Scott & Lisi,
1960). These increases occurred after move than 10h of oestrogen
treatm:nt and probably represent protein synthesis, lowever, McKerns
(1967) has suggested that the primary effect of oestrogen action

might be an earlier activation of pre—existing molecules of these

enzynes, No direct evidence is available to support this concept.

ho11. The Effect of Oestrogen on Phospholipid and

Membrane Synthesis.

The effect of oestrogen on the synthesis oif lipids and the
manufacture of membranes has not been studied as fully as those con-
cerning INA and protein synthesis. Aizawa & Mueller (1961) showed
that in the first Gh following the administration of oestradiol to
rats, the levels of uterine ethanolamine, choline and inositol
phospholipids increased rapidly {See Fig., V), and uteri from hormone-

-

treated rats, incubated in vitro, incorporated 2“Pi into thespholipid
at increased rates. Gorski & Nicolette, (1963) made similar
observations but noest work in this field has been witn other hormones.

Under the influence of testosterone, growth hormone, tri-

iodothyronine and thyrotrophic hormone, phospholipid is synthesized



al increased rates in the resrective target tissues of ralts and
amphibians. All subcellular fractions ave alfected bhul the
gstimulation is most noticeable in the membranocus clements of the
mierosome fraclion,. The increase is co-~ordinated with stimulated
WA synthesis and with the accuulation in the cytoplasm of

rough endoplasmic reticuluwm (Tata, 1967a,b & c¢; NMerkof & Tata,

1967).

L,i2, wffects of Qestroren on INA Synthesis and Cell

Division.

Gventually, the growth promoting effects of oestradiol
leads not oniy to the hypertrophy, measurable as an early response,
but also to hyperplastic growth. Brody (1838) found that during
pregnancy, a 5~fold increase in size of the human uterus was caused
by cell multiplication and a concomitant G-fold enlarpement was
accounted for by increase in cell sgize. However; BNA synthesis,
mitosis and cell divisien are late responses to ocestradiol when
compared with fhe other metabolic parameters covered in this revicw,
Billing et al, (1969b) found that the measurable I\ content of the
irmature rat uterus did not inerease until 32k after hormone treat-—
ment. Brody & Wigvist (1961) found no change in the wherine DNA
content of ovariectomized rats 12h after cvestradiol treatment, but a
definite increase atter 736h, Spaziani (19A3) investigated the effect
of oestradiol on rat uterine cell division, 24h after intralvnminal
administration of lhormone, division of epithelial cells was
increased 1127 over control levels, Some mitosis was evident in the
epithelial lining of the uwterine rlands but wns not evidont elsewherse

at that time.



L,13, The “ffect of Cestroren on Uterine Ynter Imbibition

and Uptake of_Small Molecules,

The effects of ocestrogen so far discussed appear to be
interrelated and to some extent seqguential., In the rat uterus,
however, there is one hormone~induced response whicii seems to be
distinct from the others; namely the increased uptalie of water.
Oestradiol causes an imbibition of water by the rat uterus which is
detectable as increased tissue wet weight 2h after hormone treatment
and continues to rise for at least 36h (Billing et al., 1969h).

The effect may be distinguished from the oestrogen~induced changes
in uwterine metabolism.

Cortisol iphibits oestrogen~induced water imbibition, but has
no effect on the stimulated protein, INA and phospholipid synthesis
by the hormone (Spaziani & Szego, 1958; Nicolette & Gorski, 196ka &
b). TFurthermore, Spaziani & Szezo (1958) have shown thet uterine
histamine levels decrease after oestrogen injection and they
suggest that increased capillary permeability, due to higtamine
release, éauses the water and electrolyte accumulation, In support
of these ideas, Spaziani & Swmego (1959) have shown that histamine
and its analogues mimic the oestropgenic effects on rat wterine
water uptake and that antihistamines inhibit the response., Neither
histanines nor antihistawines have auy effect on ocesiradiol-stirmulated
RNA synthesis (Hamilton et al., 19068).

The oestrogen-induced increases in the uptoke of sugars,
amino acids and nucleosides are morve difficult to analyse, Increased
uptake of these metabolites could reflect the increased remquirement
in polymer synthesis. Conversely, the stinmlated synthesis of

rotein and INA could merely be due to increased nrecursor availabilitve.
¥




The latter arguwment was supported by 3illing et al,
(1969a), who concluded‘that the increased transport of IMNA nrecursor
inta-the uterns accounted for most of the stinulated INA synthesis in
the first 5h of hormone action. llowever, results to be presented
in this thesis show that the stimulation of wnterine RNA synthesis
can occur at much- -higher levels than can he explained by increased
precursor uptake, Morcover, OLliver (1971) has shown that nucleosides
are not actively transported into the uterus but enter by facilitated
d¢iffugion, Amine acids are actively transported into the uterus
and accumulntién is stimulated by oesbradiol (Risgs et al., 1968) .
Actinomycin D and cyclcheximide inhibit oestradicel-stimulated uptake
of etaminoisobutyric acid, but do not inhibit similar transport
~stinulation by insulin acting on muséle tissue (Hoskoski & Steiner,
1967). Thusz, it appears that oestrogen—~induced transport of amino
acids is dependent on, and secondary to, nucleiec acid and protein
synthesis,

The alternative ar  ument that oestrogen stimulation of

-,

precursor uptake is due to increased utilization in synthetic path-
ways, is also not supported by initial evidence. It was found that
accwnulation also occurs with the non-metabolizable nmino acid, &
amino-isobutyric acid (Neall et al., 1957), the non-utilizable sugar,
D-xylose (llalkerston et al,, 1960) and the non-utilizable nucleoside,
cytosine arabinoside (Gliver, 1971). lowever, the increase in the
uptake of cytosine arabinoside was wholly explained by oestrogen~
induced water imbibition and was considerably less than the stimulation
of uridine uptalke. As a result, Oliver (1971) coucluded that the

elevation in uridine uptake was duc either to more rapid delivery of

nucleoside to the uwberus or bto a more rapid removal of nveleoside for



the synthegis of wterine nucleotides and nucleic acids,

5 The Synthegis of Mammalian INA.

The ahove review has shown that following oestradicl
binding to target tissue there is stimulation of the cellular
synthetic processes, Many theories exist as to ‘the nature of the
activation of these events, the majority of which envisage eitler a
trangcriptional or a translational control of protein synthesis,
Since the production of all major HNA species is stimulated by
oegtradiol, it follows that if control is transcriptional, it could
be at the level of messenger, ribosomal or transfer RNA. The
further elucidation of these possibilities requires a more refined
investigation of the nature of the INA species synthesized in response
to hormone, Before describing the results obtained in attempiting
to achieve this, it is desirable to briefly review what is known of

RNA synthesis in mammalian cells.

5. 1. The Synthesis of Ribosomal INA.

In the eukaryotic cell, ribosomal ENA is synthesized in the
form of a giant precursor molecule containing the sequence of both
288 and 18S RNA together with long stretcehes of non-ribosomal
sequences, m™his gynthesis occurs in the micleolus (Penman et al.,
1966) where several hundred copies of the genes for rHNA are concen-
trated (Steele, 1968). These a parently form a linear entity, lmown
as rDNA, within whicn the genes for 285 and 185 HNA alternate (Brown
& Weber, 1968b; Quagliarotti & Ritossa, 1968), Trnnscriptioﬁ may
well be directgd by a specific BNA polynerase, (idA polymerase I)

wiich is located in the nucleolus, is magnesium ion dependent and is



sensitive to both cordycepin (%' deoxyadenosine) and high ionic
strength but velatively insensitive to oc amanitin (Widnell & Tata,
1966a; Siev et al., 19695 Roeder & Hutter, 1969; Jacob et al.,
1970).

The giant precursor molecule, which appears in nucleolar
BNA after a short pulse of radioactive precursors, sedimen?s at L35,
Actinomycin D chase and kinetic experiments revealed that this
molecule was converted to a smaller species, migrating at 3235, and
that simultaneously 188 rRNA appeared and imnediately migrated to the
cytoplasm. With longer chases, the 32S RNA disappeared and was re-
placed by the 28S ribosomal species (Scherrer et al., 1963; Soeiro
et al., 1966).  On the basie of these findings, a sequence of events

was postulated as follows:

458 ——————> 328 e 283

185

However, polyacrylamide gel separations revealed further shori lived
intermediate spacies and the faect that certain of these, sedimenting
at &15 and 203, accumulated during polio virus infection of IleLa
cells (Weinberg Ef,ﬂif’ 1967),allowed them to be fitted into the

scheme as follows:

458 > 415 » 328 —————> 288

T~

Ribosomal BNA is methylated and in evkaryotes the substi-

208 ——— 1885

tution is largely at the 2'0 position of the ribose moieties rather
than methylation of the bases. With the exception of one methyl

group, which is probably added during maturation (Zimmerman, 1968),



the methylation appears to occur during the gsynthesis of 455 UNA
(Greenberg & Penman, 1966). Methyl labelled methionine has been
uvsed by Salim et al.. (1970) to label the methyl groups of rilNA and
its precursors. Snzyme digests of the various species were then
separated electrophoretically and the resulting separation patterns,
when compared, confirmed the maturation procesgses outlined above.
Littie is known of the non~ribosomal sequences of 45S
INA except thit comparison with mature ruNA indicates that they have
a high G+C content and are unmethylated (Aualdi & Attardi, 1968;
Willems et al., 1968).  The presence or absence of the ribosomal
species in the various precursors has been used to postulate an
arrangement of ribosomal and non-ribosomal sequences within 453 RNA
(Fig. VIII). The 185 sequence has been placed nearvest the 5' end
of the molecule since only 18S seguences are found in IINA correspond-
ing to 4585 INA when transcription is prematurely terminated by
cordycepin (Siev et al., 1969). It is seon from Fig, V&II fhat ‘the
g0 called 75 KNA, which in fact sediments at 5.75 and is strongly
hydrogen %onded to 285 RNA, also has its origins in the 435 precursor.
The synthesgis of 55 ribosomal RNA is little understood hut,
since anucleolate toads which are wnable to synthesize rilNA, still

make 5S INA (Brown & Weber, 1968a), it can be assumed that it is made

‘enes for 58

I
)

outside the nucleolus, There anpear toAbe many more

RNA than there are for rRNA (Brown & Weber, 1968&).
The ribosomal 28S and 18S INA speciecs oceur in the 608 anl

40458 ribosomal subunits resrectively, and Givard el al. (1965

have shown that they are found in ribenucleoprotein complexes when

they first enter the cytoplasm. [Purther work has revealed that

nuclear pre-ribesomal INA also occurs as ribonucleoprotein particles.

B
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Figure IX

A possible arrangement for the ribosomal and non-ribosomal sequences in
Hela cell 45s RNA, based on the clues mentioned in the text. The ribosomal sequences
arc indicated by heavy lines, Removal of the non-ribosomal sequences A and A’ would
generate 41s molecules containing both 285 and 18s sequences. Cleavage at B would
then generate 32s and 20s RNA. Cleavage and removal of the non-ribosomal sequence
C would generate 28s RNA with its attached 7s fragment. Cleavage at B before re-
moval of A and A’ would generate 36s and 24s molecules. The latter might still be
capable of giving rise to mature rRNA, Since non-ribosomal fragments are not found
unattached to rpre RNA it is possible that they are removed by exonuciease action,
following preliminary cleavage of rpre RNA where necessary by endonuclease.
Slightly diflferent models are discussed by Weinberg and Penman (1970), the main
difference being that in their models there is no “hairpin foop” of non-ribosomal
material separating 28s and 7s sequences in 32s RNA. The molecular weight values

ar¢ also those of Weinberg and Penman.

Nucleolus o e o e oy

Nucleus

Cyloplosm

Polysomes

.. Schematic representation of ribosome formation in Hela cells. The numbers

outside the particles represent the sedimentation constants of the particles them-

selves, The numbers inside the particles represent the sedimentation coastants of the

RINA species which they contain, Note that the 30s particle is found in the nucleo-

plasm only in vanishingly small amounts. Note also that the exact relationship

between the protein components of the various nucleolar particles and cytoplasmic
ribosomes is not yet clear. o

Figs. VIII and IX are taken from Maden (19"/"1) )



They were first detected by clectron microscopy (Bernhard &
Granhoulan, 1963) and were later extracted from nucleoli Ly Warnex

& Swiro (1967) as particles sedimenting at 5358 and 80S in EDTA-
containing buffexr. Under these conditions ribosome subunits
sediment at 505 and 3085, Analysis of the protein and RNA within
these particlesg, together with pulse label studies, have shown that the
555 particles Qere precursors to the 503 ribosomal subunit and con-
tained 328 RNA, 55 BNA and most of the 505 ribosomal proteins. The
805 particle contained 45S MNA and some 355 and 41S intermediates
(Soeiro, 1968). IMgure IX shows a schematic representation of

ribosome formation.,

5. 2. The Synthesis of Transfer HNA.

Hybridization experiments by Ritossa et al.. (1966),
autoradiography by Woods & Zubay (1968) and studies with anucleolate

mutants of Xenopus laevis by Brown & Gurdon (1964) have established

that tRNA is synthesized on non-nucleolar chromosomes. The product
ef transcription, which rapidly leaves the nucleus, has been found
to be a precursor molecule. lnown as pre-~GiNA, Iul.se-chase ex-
‘periments revealed that it matures in the cytoplasm (Burdon Ei.ik"
1967). The precursor is found to he deficient in methyl groups and,
on Sephadex G100 or polyacrylamide gels; it wiprates to a position
between 55 ANA and tINA (Burdon et al., 1967; Burdon & Clason, 1969).
This migration characteristie is not the result of differences in
secondary structure (Burdon & Clason, 1969) and appears to be due to
the presence in the precursor of approximately 30 extra nucleotides.
Smillie (1970) showed that these extra sequences were rich iu

pyrividines and largely locatad at the %' end of the molecule. Zoth



the 3' and 5' end of the precursor nossess different terminal
sequences from mature t:MA.  Cell-ifree preparations which convert
pre—-tiNA to a tiNA-~like species have been described by Smilldie &
Burdon (1970) and by lMowshowitz (1970). The product, althouph
apparently trimmed to the right size, is deficient in methylated
nucleosides and pseudouridine. It appears that the nrimary gene
product first underpoces some base moedifications, as the pre~tiiA
does contain some pseudouridine (Mowshowitz, 1970). It is then
trimmed to the right size, probably by an exonuclease (Smillie &
Burden, 1970) and then undergoes further base alterations by cyto-

plasmic enzynes,

5¢ 3 The wynthesis of Messenrer DNNA,

The manner in which higher animals synthesize messenser INA
and the manner in which it is protected during its passage oul of the
nucleus are matterg of considerable controversy. Indeed, it is only
‘recently that RNA molecules, which appear to he messengers for the
synthesis of specific eukaryotic proteins, have been identified
(Mathews et al., 19715 lLazarides X Lukens, 1971; Williamson et al.,
1971).

Ividence has also been accumulatirg which sugrests that a

s
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rapidly-labelled, high-molecular-:;eight REA,>known as heteromencous
nuclear ﬁNA.(IhﬂHLL), is a precursor to cytoplasmic messengers.
Hetlerogeneous nuclear WA has been found in vertebrates, insects and
plants (Varner et al., 1966; Attardi et al., 19(6; Brown & Gurdon,
19663  dstrim & Daneholt, 1967 Retél.& Planta, 1967) and is
comprised of a wide spectruwn of polymers with sedimentation values

rancing from 208 fto 805 (Warner et al., 1606). It is synthesized




on non-nucleolar chromosomes, (Ierwnan et al., 1968) possibly by a
distincet A polymerase (RNA polvmerase Ii) which can he serarated
from the nucleolar enzyme by its nucleoplasmic location and its
sensitivity to the fungal toxin o amanitin (Roeder & jtatter, 1970;
Jacoh et al., 1970).

At fivst sicht, 1UNA is a poor candidate for a messenzer
nrecursor; at least 00% of it turms over without leaving the nucleus
and its average half life may be as little as %min (Shearer &
McCarthy, 1967; Soeiro Eﬁ.ﬁl" 1968).- ilowever, it has a DNA-like
base composition (Attardi et al., 1966; Soeiro et al., 1966) and
comparisons by DNA=RNA hybridization indicate some sequence homology
between TeLa cell 1niNA and a "messenger" fraction isolated by EDTA
treatment of MHela ceil polysomes (Seeiro & Darnell, 1970).  Thus,

a small proportion of the nuclear species might consist of messen~er
sequences which could survive the brealcdlowm of the remainder. In
further hybridization experiments with ImINA and mNA derived from
cells transformed by the oncogenic virws SVAD, Lindberg % Darnell
(1970) obtained more evidence in support of this hypothesis. Sueh
cells are known fo contain at least 20 copies of the viral genome
incorporated into their DNI. The above workers found that INA
which specifically hybridizes to wviral DNA is present in both the
ImilNA and thé cytonlasmic miNA of the transformed cells,

Farther evidence that the heteropgeneous nuclear species is
& messenger precursoi came with the finding that botl: zpecies cone

tain polyadenylate (poly A) sequences aboub 150-200 nucleotides lono

[

t al., 1971h; Lee Eﬁ,ﬁlf' 1971 Edmonds gi ale, 1971).

(Darnell
Poly (A) is alse found in both the nuclear and polysomal fractions

R

of viral swvecific TN\ from adenovirus infected llela cells



N

(Philipson ﬁi,ﬂl°’ 1971), yel the viral DNA does not contain sequences
complementary to poly (A). It appears that the poly (A) is added

in the nucleus by a hogt cell postetranscriptional mechanism, sSuch
addition provides a possible explanation for the finding by Peuman

et al,. (1970) that cordycepin inhibits the appearance of labelled

BNA in tﬂe polysome derived mitNA but has little effect on the
synthesis of ImilNA, Since the antibiotic is an analogue of adenosine,
it seemed likely that it might inhibit poly (A) synthesis, This

was found to be the case by Darnell et al.. (1971a) who suggest the
following scheme for the synthesis of mRNA.

By some unlknown mechanism, HnilNA molecules are selected for
conversion to miMA and a poly (A) segment is attached, probably at
one terminus. Nucleases then recopgnise and remove the miNA plus
poly (A) after which it is transported to the cytoplasm while the
vemainder of the UnilNA is destroyed, The further elucidation of
thege possibilities is of utmost importance in unravelling tlie manner
in which higher animals control their synthelic processes,

Bacterial messenger HNAs are susceptible to nuclease
attack and have very short half lives. Fukaryotic messenger species
would be expected to be egually vulnerable but, despite the fact
that they nust cross a puclear membrane and rmch greater cytoplasnic
 barriers, they appear to have relatively long half lives, It may bLe
that poly (A) serves a protective function (Lee et al., 1971) but
there is evidence tﬁat not all messenéers carry poly (A) (ldmonds
et al,., 1971).  There are at least two other postulated transport
meéhan@sms. The first is that messongers leave the nucleus attached
+o the small ribosomal subunit and the second that they are trans-

ferred as ribonucleoprotein particles known as informosomes.



The former arguwnent is supported by the work of Henshaw
et al. (1965) and McConkey & liopkins (1965) who have shown that in
rat liver, raridly labelled RWNA is first Tound in the cytoplasm in
association with a 40-455 ribonucleoprotein agpregsate, The particle
contains messenger-like #NA and ribosomal RNA and appears to be a
newly synthesized ribosomal subunit. Similar evidence hnas heen
published by Joklik & Becker (196%), ILatham & Darnell (1965) and
Kohler & Arends (1968). The informosome theory has been proposed
Jargely as a result of the finding that fish and sea urchin embryos
contain DNA~-like INA in ribonucleoprotein particles with sedimentation
values ranging from 15-1108 (Spirin & Nemer, 1965; Infante & Nemer,
19683 Spirin, 1969). These particles are formed al a timé when the
embryos are not producing ribosomes.

fvidence obtained to date does not conclusively surport
either of these theories and interpretation of results is confused by
the finding that ribosome particles may themselves undergo modification
and maturation in the ecytoplasm. A punber of forms with varying
buoyaﬁt densities have heen reported by Sugano et al. (1971) and
Chen et al. (1971). It seems very likely, however, thal messengers
are transported as ribonucleoprotein particles and in this respect it
ig interesting that InilNA has heen reported to occur as ribonucleo-
protein aggresates wifh sedimentation values as lhilzh as 50008 (Fenman
et al., 1968).

Although: there is still much to learn, this short review
hag shown that some understanding of FNA {ranseription and maturation
has heon achieved in recent years, Thege advuices have denended, in
large measure, on the develorment of improved methods of 301

fractionation. The exueviriental scetion of this thesis deseribes the



results obtained when some of this methodolony was used in an
atitempt to betlter understand the effects of ocestrogen on uterine

LNA synthesis.



MATERTALS AND MLTIHODS

1. Materials.

5 S e —ey

1. 1. Hormones, Inzymes and Jnhibitors,

Oestradiol~17P,oestrone, diethylstilboestrol, dibutyryl
adenosine 3' 5fwcyclic monophosphate, epinephrine, cycloheximide,
ribonuclease and pancreatic deoxyribonuclease (ribonuclease free)
were obtained from Sipma (London) Chemical Co. Ltd., London S.W.0.,
U.K. Actinomycin 13 and Pronase were purchased from Calbiochem Lid.,
London WiH 1AS, U.K. Oestrone sulphate was the generous gift of
Profegsor G.S. Boyd, Department of Biochemistry, Edinburgh

University.

1. 2. Nucleice Acids,.

Salmon sperm DNA (grade 4) was the product of Calbiochem
Ltd., London WIII 1AS, U.K. and yeast RNA and "Soluble" Z. coli RNA
were obtained from Sigma (London) Chemical Co. Ltd., London S.¥.06.,

U.X,.

1. 3. Iteapents for the TFurification of ENA,

Bentonite powder and sodiwm dodceyl sulphate (specially-
pure) was supplied by BDH Chewicals Ltd., Poole, Dorset, U,k. and
the bentonite was vurified essentially by the method of Fraenkel-
Conrat et al. (1961), 20p of hentonite was suspended in 400ml of
distilled water and centrifuzed at 800 x g for 15min. The super-
natant fraction was recentrifured at 8000 x g for 20min and the

resulting scdiment was resuspended in O0.1M disodiwm EDTA (r11 7.0)




for A48h at 250. The suspension in IDTA was recentrifuged
differentially and the 8000 x g sediment suspended in the buffer

in which it was to be used (either 0,05M sodium ace£ate buffer,

pH 5.2, or 0,1 tris-HCl, pH 7.5, containing lumdi MgClQ) and was

again centrifuged at 8000 x g for 20min. The sediment was suspended

in either of lhe above buifers al a concentration of 20mg/ml, as
determined by dry weipght estimation, and the preparations were
sterilized by autoclaving at 15 p.s.i. for 30min. Phenol was purchased
from BDI Chemicals Ltd., Ioole, Dorset, U.K. and was redistilled

before use.

Te b, Reagents for the seraration of JNA,

Acrylamide, agarose and NNN'NF-tetramethylethylenedinmine
were obtained from Koch-Light Laboratories Ltd., Colnbroolk, Bucks.,
U.K; The acrylamide was purified as described by Loening (1267).
Acrylamide‘was dissolved at a concentration of 70g/1 in chloroform
at 500, filtered hot withouwd suction and recrystallized at -20°
The crystials were collected by filtration in a chilled filter [unnel,
NN'=Methylene bisacrylamide was supplied by B Chemicals Tild.,
Pooie, Norset, U,K. and purified accerding to the method of Loening
(1967).  The solid was dissolved at 10g/1l in aceltone at 50°,
filtered hot and recrystallized by slowly coolings to -20°, The
crystals were recovered by filtration and wasied with cold acetone,
Bthylene diacrylate was purchased from TFodak L., Kirkby, Lanecs.,

+

U.K,

i. 5. Nearents Tor Histology,

DePeX mounting medivm and cosin (yellowish:iwater and



aleohol soluble) were obtained from George T. Gurr Ltd., London
SW.6., C.K. and cosin was made up as a 1%(@/@ aqueous solution.
Haemalum (Mayer's) was prepared from 3g of Haematein, provided by
BDH Chemicals Ltd., Poole, Dorset, U.K., whicii was dissolved in a
little glycerol and added to 11 of 5% potassium alum (KAI(OH)4)

in tap water. . Bouin's fixative was prepared from a mixture of
750m1 of saturated picric acid and 250ml of 40% aqueous formaldehyde,
neutralized with MgCO3 and 50ml of glacial acetic acid. Paraffin
wax ongealing point 54.500}was purchased from BDII Chemicals Ltd.,

Poole, Dorset, U.i.

1. 6. Reagents for In Vitroe Incubations,

Eagle's mediwm (Glasgow modification) (Bushy et al., 1964)
containing 100pg/ml of streptomycin, 100 units/ml of penicillin and
0.002% w/v phenol red was the usual mediwm in which excised uteri
were incubated in vitro. In some experiments, calf gerum and foetal
calf serum, pﬁrchased from Flow Laboratories Litd., Vietoria Park,
lleatherhouse Rd., Irvine, Ayrshire, U.K., was added to Bagle's
mediwn and in others a complex medium NCTC 109, purchased from

Microbiological Associates Inc., Bethesda, USA., was used instead,

1. 7. Radicisotbopes and Mat»rials for Liquid Scintillation

Counting.
S I AR I )
5 furidine (5Ci/mmol}, [2-7 Cluridine (60 mCimmol),

. I
[8~3H]guanosine (500mCi/rmmol ), @mthyl~1£0]methionine (53.6 mCi/rmmol},

<]

[@,5—5H]lysine (360 wmCi/mmol) and [QQP}orthophosphate (78 Ci/mgP) wer
purchased from The Radiochemical Centre, Amersham, Ducks, U.K,

Cellulose acetate Ffilters, 2.Dem diameter and 0.45p pore size, were

e



obtained from Sartorius Membran {ilter GHBM,3L, Gottinzen, West
Germany. Kieselguhr (Hyfle-supercell) was purchased from Koch-
Light 1td., Celnbrook, Bucks, U.K. Toluene scintillator was 0.5%'
2,5-~diphenyl-~oxazole in toluene and in counting radiocactivity in
gel slices this was mixed with 2-methoxyethanol (3:2v/v). Dioxan
scintillator was 0.7% 2,5~diphenyloxazole and 10% naphthalene in
scintillation grade dioxan.  Xoch-Light Laborﬁtories, Colnbrook,
Bucks., Y.K. supplied>2,5—diphenyl oxazole and dioxan, BDII Chemicals
Ltd., Poole, Dorset, T.¥. provided 2-methoxyethanol and Nuclear
Interprises (G.B.) Ltd., Sighthill, Sdinburgh. supplied naphthalene
and 1M hyamine hydroxide in methanol, Planchettes were the product

of MeGregpor and Alves Ltd., Glasgow,

1. 8. Miscellaneous,

Cellulose nitrate and polyallomer centrifluge tubes were a
product of Beclanan Spinco Litd., TPalo Alto, California, USA. All
other chemicals were Analar grade where possible and were usually

obtained from BDI Chemicals Lid., Poole, Dorset, U.K.

2. Biological Methods.
2. 1. Uxenerimental inimals,

The ratz, which were derived from the Wistar strain and
bred at Glaszow University, were fed ad libitwn on diet 41B (Bruce
& Parkes, 1956}, = They were used when 18-21 days old and in all
later exveriments were liwmited to a weight of 25-50g. The rats
were killed by cervical dislocation and, in most experiments, the

excised uteri were carefully dissected free of comnective tissue



before further treatment. An exception was the attempt to
demonstrate ocestrogen~stimulated 121\ gynthesis in an aritificial
meditn. Here, damape to the uterine cells was minimized by remov—
ing the comnective tissue after the in vitro incubation,

erann

2. 2. Administration of llormone, Inhibitors and Radioactive

Precursors Lo Pxnerimental Animals.

a) liormone: QOestradiol-17p was solubilized by the method
of Roberts & Szego (1947) using methyl red as an indicator, fixcent
where stated it was injectad intraperitoneally in 0,1ml of 0.9% NaCl
(saline) containing 0.5% {v/vi ethanol, Control animals received
saline-ethanol only.

b) Inhibitors: Actinowyein b and cycloheximide were

injected intraperitoneally in 0.2ml of saline.

c) Radioactive Precursors: Unless otherwise noted, radio-

active precursors were given intravenously via the lateral tail vein
in 0.2 or 0.25ml of saline. Tolfacilitate easier handling, animals
were kept wnder light ether anaesthesia during the injection and
their tails were pre-warmed in waler at 48° for approximately Z0sg.
Tritiated ribonucleosides were administered as an equal mixture of
bw3ﬁ]uridine and [8~3H guannsine., This increased the total uptake
of precursor but for any given experimental technigque the validity
of the results was checked by the adminigtration of [5~3H]uridine
alone, When uteri were used for the preparation of tetal uterine
acidfsoluble and acid~-insoluble fractions, the rats received QDpCi of
the rihonucileoside mixture. Whnen they were to be used for the
purification of uwterine IINA or the preparation of subcellular
particles, they received 230mCi of the precursors, although in acid-

insoluble preparations of wuterine mmelei, only three out of a group



of nine rats were so frcated. In one experiment, where protein
; : 3
synthesis was investigated, each rat received 20 pCli of 4,5~ H]

lysine,

2. 3. In Vitggilncubations.

P L

The uteri of 1-12 animals were incubated in 5wl conical
Tlasks under an atmosphere of 95% 02/5% CO2 at 370 in a shaking
water hath. Incubation was usually in 2-4ml of Bagle's medium
but precise conditions varied with the experiments as follows:

a Oegtrogen~-Stimulation of BNA Synthesis In Vitro: In
& M LD

most experiments, uteri were incubated individually in 5ml conical
flasks in 2ml of a medium containing 0.1 pCi/ml of each of [ﬁ—BH]
uridine and [SMEH]guanosine. here wterine horns were floated on
iens tissue rafts, the incubation was in Sem diameter petlri dishes
and a border of silicon grease was applied to the 2cm square rafts
to keep them afloat. The many modifications to the artificial
medimm are described in the Results section. Incubations were for
30min after which the uteri were washed twice in cold saline, blotted
dry and dissected free of connective tissue before being frozen.
Acid-soluble and acid-insoluble fractions were then prepared as
described in section 3. 1.

b} Methylation of rIA: Four uteri were dissected free

of connective tissue and incubated for 30 or 60min in a 5wl conical
flask,in 2ml of methionine~free Darle's medium, containing 5 pCi of
%nethyluigC]methionine and 20mM sodium formate, The latter addition
inhibits incorporation of the methonine into the purine ring
structure. After washing and dryin;, the uteri were frozen and RN/

prepaved from them as described in section 5. 1.
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%e A Acid-soluble and Acid-Insoluble Practions of whole

Uheri.

Acid-soluble and acid-insoluble %ractionﬂ were propaved
by a modification of the method of Billing et al. (196%a) .

Uteri, romoved from treated animals or Irom in vitro
incubations, weve washed thrae times with cold saline, placed
individually in universal containers and ranidly frozen in a
solidmCOO/methanol bath.,  They were then either stored for up to
3 days at-60° or used immnediately.

The uteri were thawed, finely chopped with scissors and
homogenized in 2.9ml of ijce-cold distilled water using a glass
homogenizer with a motor driven teflon postlé (Jencons, Ilemel
Tewpstead, lerts,). All subsequent steps were morformed at 0-4",
The homogenate plus a further 2ml of water, used to wash the
homogenizer, were added to 0.5ml of 50% (w/v) trichlorcacetic
acid and mixed, After standing for 15min, one guarter of the
homogenate was seporated from the remainder and both aliguots were
sedimented at 800 x g for Smin. The supernﬁtant from the smallex
fraction was discarded und the pellet put to one side for DNA
estimation, The supernatont £luid from fthe larpger fraction was
retained and the pellet washed with a further 2ml of 5% (w/v)
trichloroacetic acid. The washings were added to the supernstunt
and this constituted the acid-soluble fraction, The pellet waa
suspended in a small volume of 55 (w/v) trichlovoacetic acid and
mixed with 2mi of 24 {w/v) kissalgahr in 5% (w/v) trichloroacatic
acida An addéitienn] 2ml ¢f lrieselgubr suspension wag added to a
willirore filtration wnit and the kicseleuvhr cellect~rd as a rad orn

.

a 2.5cn Whalran No. 1 Dilter paver disc. The acideinsoluble pelled



hound to kiesclguhr was collected as a second layer on this pad and
washed with % x 15ml portions of 5% (w/v) trichloroacetic acid,

1 x 15ml portion of absolute alcohol and 2 x %ml portions of
diethyl ether. The pad was extracted with 0.5ml of 1M hyamine
iydroxide for 10min at 60° and the radioactivity measured by
scintillation counting in 10ml of toluene scintillator with tritium
counting efficiencies of 16~18%, The radiocactivity in 0.Lml
alicquots of the acid-soluble fraction was counted in 10ml of dioxan

gseintillator with tritium counting efficiencies of 18~21i%,

3. 2. Preparation of Acid~Insoluble Iractions from

Sub=~cellular Prenarations,

The above method was modified slightly for nuclei. Uterine
nuclear pellets were suspended in 1.0ml of Jmi MgC12 and divided into
unequal fractions of 0.3ml and 0,7ml. The larger fraction was
precipitated at 0-4° with 0,94 perchloric acid, washed three times
in cold 0.2 perchloric acid and used to estimate WA and DNA. The
smaller fraction was precipitated with ice cold 57 iv/v) trichloro-
acetic acid, washed twice in 5% {/v) trichloroacetic acid and the
acid-insoluble radiocactivity estimated as above.

Micfosomal and submicrosomal fractions were treated

gimilarly to liole uteri.  The pelleted fractions were suspended in

5% {v/v' trichloroacetic acid in the presence of 200pg of bovine serun
albwnin and divided in two. Affer standing at 0-4° for i5min, the
precipitates were collected by gsedimentation at 800 x g and washed
twice with 54 i/v} trichloroacetic acid. Half of the preparation was
then collected on a kieselguhr pad so that the acid-insoluble

radicactivity could he estimated as described -bove. The other



half of the preparation was used to estimate INA content,

Fe B Preparalion of Acid~Insoluhle Practions from

Less than 100pg of Material,

Small amounts of material, such as the INA in fracltions
from sucrosze density gradients, were trapped on membrane filters,
The fraclions were collected into an equal volume of ice cold 10%
tw/v) triehlervoacetic acid and a further 5ml of 5% {v/v) trichloroacetic
acid together with one drop of 2% fw/v) bovine serum albumin was
added. After mixing and standing at 0-4° for at least 15min, the
precipitates were collected on 2.5cm diameter membranes with a 0.45p
pore size., The membranes were washed with a further 5ml of 5% (v/v)
trichloroacetic acid, dried in scintillation vials at 50° for 1h
and the radioactivity measured by scintillation counting in 10ml of

toluene scintillator with efficiencies of 27-30% for “H and 80~82%

for 140.
i, Preparation of Subecellular Fractions,
by 1. Nuclei Preparation (A).

T#elve uteri, removed from treated animals or from in viitre
inenhations, were rapidly frozen in a solid COQ/methanol bath and
broken up with a footed-glasgs rod. They were then homogenized in
oml of RSB {0.01M tris-lICl, pI¥ 7.%, 0.01M NaCl, 0.0015M MgClg) con-
taining 1% 4/v) Triton X100 in an Ultra Turrax homogenizer run at 06OV
for 20s. Thig, and all subsequent steps were carried out at 0-4°,
The homogepate was filtered through two thicknesses of muslin and

to it was added a further 2ml cf the homogenization mediwm, which



was used to wash the homogenizer and muslin. A nuclear peilet

wag obtained by sedimenting the filtrate at 300 x g for Smin. and it

2

was suspended in 2ml of the homopenization buffer. A further 2ml
of homogenization buffer, containing 0.5 suecrose, was mixed with the
suspension and 2ml of 0.32M suecrose in homogenization buffer was

layered heneath it. The nueclei were collected by sedimentation

at 800 x g for Smin.

L, 2. Nuclei Preparation (B).

Twelve uteri, collected,«rapidly frozen and broken up as
in method (A), were hémogenized in 2ml of 1mM Mg012 in an Ultra
Turrax homogenizer yun at 40V lor 20s. The homogenization and
all subsequent steps were carried out at 0~k".,  After filtration
of the homogenate through two thicknesses of muslin, the filtrate
was mixed with 2ml of 0,1} citric acid in Lml MgClg, this having
first been used tkoash the homogenizer and muslin. The nuclei
were collected by éedimentation at 300 x g for Hmin and the pelletb

resuspended in imd HgCl, containing 0,05M citric acid and 1% (w/v’

2

Triton X100, The mixture was made 0.,25M with respect to sucrose

?cmmMnh@

0.32M sucrose, 0,05 citric acid and 1% §7/v) Triton X100, The

as in method (A) and underlaid with 2ml of 1mM MgCl
nuclei were collected by sedimentation at 800 x g for Suin.,

L, 3. Preparation of Mierosomal and Submicrosomal Fractions (A).

The method used was based on that described by Tata (1970b}
and differed mainly in modifications to the constituents and volumes
of the buffers nued. All steps were carried out at 0-4°, The

whberi of 24 rats were collected into a bomosenization mediwm which



consisted of TMKC huffer (0.05M tris-IiCL, pl 7.5, 0.025M KCI1,
0,003 MgClQ, 0.002M CdClg) containing 0,32l sucrose. After
draining and finely chopping with scissors, they were homogenized
in 5ml of homogenization media in a motor driven, teflon-glass,
Potter-Llvehjem~type homogenizar, The homogenizer was loose
Fitting and was run at the lowest speed at which it could operate.
A further %ml of homo;enizing mediwm, wsed to wash the homosenizer,
was added to the homogenate which was then sedimented for 7 and 10
min at 8000 x g to obtain a mitochondria~free supernatant. This
was then layered over 4ml of 1.3 sucrose in TKMC buffer in a 5/Sin
diameter x 3in cellulose nitrate tube and centrifuged at 105,000 x g
for 2.5h in a Beclman 50 Ti angle head rotor. Two fractions were
collected after centrifugation} an opaque layer which collected at
the interface and a pellet which was resuspended in homogenization
medium by carefnl hand homogenization in an all glass homopenizer,
Bach fraction was carefully layered onto a discontinuous sucrose
density gradient consisting of 1.25ml of each of 2M sucrose, 1.5M
sucrose and 1.1%M sucrose, all in TKMC buffer. The gradients; in
4in diameter x 2in cellulose nitrate tubes, wvere centrifuged at
50,000 x g for 10l in a Backman SWA0 rotor,

Material collected at eacﬁ of the threc interfaces of the
gradient and as a pellet. In the original method of Tata (1970b)
these fractions were equivalent to smoéth wembrane at the first
interface, li_ht and leavy rouph membrane at the second and third
interfaces and polysomes forming the pellet. Here they are
referred to as fractions 1, 2, 3 and 4 respectively. The interfnce
aggregate of the first discontinuous gradient partitioned between

fractions 1 and 2 while the pellet of the first fractiomation




partitioned between fractions 2, 3 and 4. These fractions,
together with the phase above them, were carefully collected and
the two second interface fraclions combined. Bach preparation was
diluted with TMEC buffer or homogenizing medium and pelleted hy
sedimentation at 105,000 x g. One half of each pellet was used

in the preparation of an acid-insoluble fraction for the assay of

IWNA and the other half was used fo measure acid-insoluble radicactivity

or to assay phospholipid. In one experiment INA was prepared from

the preparations as described in section 5. 2.

L. n, Preparation of Microsomal and Submicro.somal Fractions (B).

The method followed that of Andrews.& Tata (1971) for the
preparation of free and ﬁembrane~bound ribosomes of sgkeletal muscle.
It was scaled down and adapted to suit the small amount of tisgsue
available and all steps were carried out at 0-4°, The uteri of 24
rats were collected into a homogenimation medium which consisted of
0.05M tris-IiCi, pH 7.6, containing 0.1M ¥KC1 and 0.01b HgClz. After
collecticon, the tissue was drainéd,‘finely chopped and homogenized
in Bml of homogenization wmedium in an Ultra Turrax homogenizer run
at 80V for 2 x 15s. The homogenate was sedimented for 30min at
40,000 x g in a Griffin Christ SWi4O fotor and the pellet was dig~
carded. The supernatant was layerved onto 1.5 volumes of 2M sucrose
in homogenization medium and sedimented at 60,000 x g in a Griffin
Christ SWAO rotor for 16h, Three fractions were collected from
this gradient. These were referred to as fraction A which
accumulated at the interface, B occurring as a diffuse band just
below the interface and C forming a pellet. The isolated fractions

were pelleted by sedimentation at 105,000 x g  Aligquots were
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prepared for the assay of acid-insoluble radioactivity, IWA and

phospholipid or the whole pellet was used to purify DA as described

in method A.

L, 5. Preparation of Hela Cell MNueleoli,

Mucleoli were prepared from 1.5 x 108 Hela cells which had
been grown fof 2,5h in the presence of 0,1 pCi/ml Of[Q-th]uridine.
They were isolated by a slight modification of the method of Penman
et al, (1966) and, except where stated, all steps were carried out
at 0-4°,  The Hela cells were collected by sedimentation at 800 x g
for 5min and washed twice in Buffersd Saline Solution (BSS) (0.116M
NaCl, 5.4mM KCL, 1mM MgSGé, 1m NaHéPOQ, 1.8mM CaCIQ, 0,002 w/v
phénol red adjusted to pH 7.0 with 8.4% w/v NaHCO3),

, They were

then resuspended in 4,5ml of reticulocyte saline buffer (RSB) (0.01M
trig-liCl, pH 7.4, containing 0,01#4 NaCl and 0,0015M MgClz) and,

after standing for 10min, were homogenized by 25 strokes of a Dounce
homogenizer with a clearance of 0,00%mm, A crude nuclear pellet was
collected by sedimentation at 800 x g for 10min and this was re-
suspended in a further 2ml of RSB and again collected by sedimentation
at 800 % g. The pellet was resuspended in Jml of LSB and to it was
added 0.6ml of a mixture consisting of two thirds 10% (/%) [ween 40
and‘one_third 10% (v/v) sodium deoxycholate, After mixing, the clean
nuclei were collected hy sedimentation at 800 x g Lfoxr Smin. The
nuclei were suspended in 2l of high salt buffer (1183) (0.01M tris-HCL,
pH 7.4, G.5M NaCl, 0,051 MgClQ),containing 100pe of ribonuclease-Tfree
deoxyribonuclease and the mixbure was warmed to 370 until it became
clear, The digest was layered onto 20/ sucrose in HSB and sedi-~

s o . : .
mented at 40,000 x g for i%min at 0 in order to pellet the nucieoli,



5 Preparation of DNA,
5. 1. Prenaration of lipgh-Molecular-yeight THA,

With minor modifications, high-molecular-weisht BNA was
purified by the method of Joel & Iaggerman (1969).  Uteri removed
from treated onimals or from in vitro incubations were rapidly
frozen in a solidwﬁﬂz/methanol batii. Four {to eight frozen uteri,
breoken up with a foeted glass rod, were homogenized in a conical,
ground ylass, Potter-Elvehiem type homogenizer to which had been
added 2ml of 0.05M sodium acetate buffer, pll 5.2, containing img
bentonite/ml and 2ml of 88%(v/v) phenol in the same buffer,
Homogenization was carried out by hand in a water hath at 5»100, A
further 1.6m1 of 0,051 sddium acetate buffer containing img
bentonite/ml, 2ml of 88%(v/v) phenol and O.kml of 10% &/v)SDS in
acetate buifer was added to the homogenate. The mixture was then
blended for 30s in an Ultra Turrax homogenizer operated at 60V at
room temperature, .

Thenol extraclion was carried out by rapidly stirring the
homogenate for 3min at 520. After cooliﬁg in ice for Z2win, the
nixture was centrifuged at 20,000 x g for Omin at 59, The phenol
layer was discarded and the aqueous layer and interface were made
img/ml with respect to bentonite and re-extracted with a further
3.2m1 of 88% v/v) phenol. After re-centrifugation, the agueous
phase Qf this second extraction was removed, dmg of bentonite was
added and it was set aside at 0-4".  The phenol layer and interface
were re-extracted for a third time with a further 2ml of 0,05
acebate bulfer, pil 5,2, containing 2me of bentonite, The aqueous

layer from this extraction, combined with that from the sccond

L




extraction, was cenlrifuged at 20,000 x g for 18min to remove most
of the bentonite. INA and DNA was then precipitated from the
resulting supernatant in the presence of 0,15 NaCl and 2 volumes
of ethanol at -20° overnight,

The precipitate was collected by centrifugation, washed
twice with cold 95% (v/v ethanol and dried in a stream of nitrogen.
The pellet waé digested at 0° for Ymin and at 250 for 10min with
0.15mg of ribonuclease-free deoxyribonuclease dissolved in 1.0ml of
0,014 tris-HCI (pH 7.5) containing imd MgClgf This was the only
step in which glassware was sterilized since, in the remainder of the
preparation, the high levels of uterine nucleases (unpublished
observations of Greemman & Kenney, 1964) necessitated the use of
ribonuclease inhibitors..

After cooling in ice, the digest was made Img/ml with
respect to bentonite and to 1% with SDS before being extracted with
0.5 volumes of 88% (v/v)phenol for 10min at 10°. ° The extract was
centrifuged as before and lmg bentonite was added to the agueous
phase wiich was retained at 0--4°. The phenol and inter-phase were
re-~extracted with 0.5ml of 0,01 i 51101 (pi1 7.5) containing 1mM
Mg012 and the combined aqueous phases centrifupged, as before, to
remove bentonite. BHA was precipitated from the supernatant at -20°
for 1ih in the presence of 0.15M NaCl and 2 volwmes of othanol. The
precipitate, collected by centrifugntion, was dissolved in 0,3ml of
Imp MgClz and re-precipitated by treatment with 2 potassiuwn acetate
and 25% ethanol at -20° for 15h. Tﬁié re~precipitation was performed
three times and the final precipitate washel twice with cold 95% tv /)

ethanol.



Be 24 Freparation of WA fram Subcellular Particles.

The above method of INA preparation was also used 1o
prepare nuclear INA except thatl it was only necessary to perform one
potassium acetate/ethanol precinitation in order to remove the D¥A
oligonucleotides remaining after the deexyribonuclease digestion.

BNA from other subcollular fractions, such as microsomal
preparations and nuclecli, was prepared by following the above
fiethod of Joel & Hagperman {1969) as far as the overnjght athanol
precipitation, The wvirtual absence of INA in these prevarations
precluded the need for the subsequent steps. In extracting thesg
small amounts of RVA, all reagent volwnes were reduced by half and
1t was somebtimes necessary to add unlabelled uterine HENA to effect

precipitation,

5. 3. Preparation of Low-tlolecular-Weirht INA,

In preparing A for the study of the low-molecular-weight
species, the method of Joel & Ilarcerman (1969) was followed as far
ag the iirst ethanol precipitation but the deoxyribonuclease step
and subgegueni extraction and puviiication was omitted. Instead,

the ethanol rrecipitate was dissolved in 1wyl MeCl, and the high-

2

molecular-wei ht nucleic acids were precipidated with 1M NaCl in the
. o . s

presence of imz bentonite/ml at 0 for 4-GCh, The precipitate was

removed by sedimentation at 800 x o and the WA remaining in the

sunernatant was recovered by precinitation with 2 volumes of ethanol

) .
at 207 overnighbth,

6. WA Practionation,




6. 1. Fractionation of ™A on Polyacrylamide Gels,

Gtels were prepared as described by Loening (1967) except
that in all later experiments, NN'-methylene bisacrylamide was
replaced by ethylene diacrylate. The electrophoresis buffer (36uM

tris, 30mM Nalf,’0, and 1mM EDTA adjusted to pH 7.7-7.8 with glacial

L
acetic acid) was that described by Loening (1969). Toxr the
preparation of 2.7% acrylamide/bisacrylamide rels, a stock solution
was made containing 15% (w/v) reerystallized acrylanide and 0.75% w/v)
recrystallized Dbisacrylamide in water while, for 2.7% acrylamide/
ethylene diacrylate gels, the stock solution contained 27% {w/v} re-
crystallized acrylamide and 2.5% (v/v) ethylene diacrylate. 7e5%
acrylamide/ethylene diacrylate gels were prepared from stock solutions
containing 25% (wv/v) reerystallized acrylamide and 0.416% (v/v) ethylene
diacrylate. These stock solutions were waffected Dy storage‘at |
4° for at least 2 months. Vhen used, they were diluted such that
the required concentrations were present in electrophoresis buffer in
the presence of 0,3%ml of 10% w/v) aumonium persulphate aud 33pl of
NEN'N' tetramethylethylenediamine per gram of acrylamide, .

The prepared solutions were carefully mixed to avoid
aeration and 3ml aliquots were ranidly pipeétted into vertical % x 5in
plexiplass tubes. Water was then carefully layered over the
solution using a Hamilton syringe. The 2.7% gels set in approxi-
mately 15min and the 7.5% gels in about 2min, All gels were pre-
electroplioresed at BSmi/pel for 30min before RHA (QO;120pg),
dissolved in 0.0%ml of electrophoresis Dhulfer containing 10% sucrose,
was layered on the top. Blectronhoresis was for 2-0h at Smy/pel.
After separation, the gels were gcamned at 260mn in the lineaxr

transport alfachnent for the Giliord 243 vecording spectrophotometer,



but prior to this it was found advantaseous to allow them to gtand
in water for 30min, This procedure almost completely removed the
humps of 260mnm absorbing material which collected at either end of
all gels, including blanks., (tels containing radicactive INA were

frozen in powdered solid 002 and sliced into Jmm sections hy using

a Mickle gel slicer, Slices of acrylamide/ethylene diacrylate gels

3 14

conbaining ~Jl or 7 C lahelled NMA were digested individually in

vials with O0.5ml of agueous 2 Mil, solution at 50°.  After

3

evaporation to dryness, the digests were taken up in 0.%ml of water

and left for 30-GOmin to allow the gel residue to swell and the TNA

hydrolysate to diggolve. Radiocactivity was counted by scintil-

lation counting in 10ml of toluene/2-methoxyethanol~based

s . e . Ae - - 14
scintillator with efficiencies of 16-18% for ~JI and 71-7k% for Ce
Where acrylamide/bhisacrylamide gels were used% the individual

. . . re . - . 1L
scintillator with efficiencies of 16-18% for -1 and 71-74% for ~°C
slices were dried in scintillation vials by incubation at bU  dor

anproximately 2h, The slices were then totally digested by further
incubation at G0° for 18h in the presence of 0.%ml of 30% &/v)
hydrogen peroxide, Radioactivity was then assayed as above in 10ml
of toluene/2-methoxyethanol scintillator with 3H counting efficiencies
of 16~19%.

When RNA was labelled with 32P, the gel slices were dried
on Z.5em diancter Whatman No.1 filter parer discs whichaweye elued
to planchettes, The radicactivity was measured in a Nuclear
Chicago, low bhackpround, gas Llow counter,

4

6. 2. Practionation of BNA on Aparose Gela,

Agarose was dissolved to 1% in clectrophoresis buffer

(36m tris, 30w haH?PO Intf BDTA, brought to phl 7.7-7.8 with glacial

L?



acetic acid) in a boiling water bath and 3ml aliquots were rapidly
pipetted into & x 5in plexiglass tubes. After setting, the top
of the gels were cut level with a scalpel blade, The gels were
pre—~clectrophoresed for 30min at Smi/mel before approximately A
of INA was carefully layered on top in 0,05ml ofAioﬁ sucrose in
electrophoresis buffer, ﬂlectrophoreéis was carrvied out at 5mi/
gel for 2%h after which the gels were scanned at 260nm and sliced
as in section 6, 1. Gel slices were extracted overnight in 4ml of
O-methoxyethanol and 6ml of toluene scintillator was added to the
. ; s " . 3 14 .
extract Tor scintillation counting. H and = C were counted with

efiiciencies of 21-23% and 72-76% respectively.

6. 3. HNA Analysis on Sucrose Densitv Gradients,

The method used was a modification of that described by
Girard et al. (1965).  8Opz of RNA in approximately 0,Iml of LuIS
buffer (0,01 tris-HCl, pH 7.k, 0.1M LiCl, 0,001} EZDTA and 0.2 SHS)
was 1ayéréd onto a 1%ml; 15-30% linear sucrose density gradient in
LETS buffer in a 9/161n diameter x %%in cellulose nitrate tube,
Centriiugation was for 10h at 31,800 x g and at 20° in the SW40
rotor of a Beckman model L2 658 ultracentrifuge. Gradients were
eluted, by the use of a peristaltic puwnp, through the flow cell of a
Gilford 240 recording spectrophotometer anl the extinetion at 260mm
was continuously menitored. 10s fractions were collected {about
0.3%5ml) into an egual volume of 10% w/v)trichloroacetic acid and
the acid insoluble material was collected on membranes as described

in section 5. 5.
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Te Band Sedinentation Slhvrilies,

Total wterine MNA was dissolved ot 100p3/m1 in a buffer

containing 0.01M tris-lCl, pil 7.0, 0.1y KaCl and 0,0041 UDTA, A
20pl sample of the solution wos layered onto 10ml of 0,014 tris-!(Ci,
p 7.0, containing 1.3M NaCl and 0.204&1 DT\ and its band sedi-
nentation characteristics were kindly analysed by Dr. 1. Lason of
this deparitment. Sedimentation rate wans measured at 20° and
50,000rpm in the AnD rotor of a Beckman liodel 1 analytical ultra-
centrifure, fitted with UV scanner-multinlex accessories and
R.T.X.C, temperaﬁure control, Traces of tho rate of sedimentation

were recoxrded every Smin,

8. Dipestion and Dennturation of PR,
8. 1. dibonuclease Dizestion,

v,

Approximately 100pg of IXNA was purified as far as the
deoxyribonuclease treatment of section 5. 1. It was then incubnted
for 15min at 370 or 250 with 100pg ribonuclease in inl of 0.1 trig-
IICY, pH 7.5, containing 1mi] MgClz. The dizest was then subjected
to the second phenol extraction and subsecuent nmurification as in

section 5. 1.

8. 2o Pyonase

1001 of M4, purified as above to the deoxyribonuclease
e of section H. 1., was incubated with 100ps Pronnse in
il of 0,00 tris-~*iC1l, w! 7.5, contuining Lut 1i-C1 Treatment
was for 1h at 370, in the absenco of any ribonuclease inhibitors,
e

I I . . ‘o ;
and for 2/t at 37 in the presence of 5DS, The purification

of the preducts of the incubation was theon coutinued



as in section 5. 1.

8. 3. Denaturation,

The method was a slicht modification of that described by
Katz & Penman (1966),  Purified TNA was dissolved at SGug/ml in
0,08 tris-HCL, pH 7.4, containing 0.1 Nall, 0.001M EDTA and 0.5%
SDS. Six volumes of dimethyl sulphoxide was mixed with the
sélution which was then incubated at 370 for 18min. A gimilar
incubation without dimethyl sulphoxide formed a control, The HNA
was precipitated with two volumes of ethaneol at-20% .For 1h and the
precipitate was collected and washed once with 95% ethanol before

being loaded onto 2.7% polyacrylamide gels as described in section

6. L.
9. Base Composition Analvsis.
9. 1. Hecoverv and Iydrolvsis of TRIA,

Selected gel slices containing 32? labelled WA were cut
from the filter paper discs on which they bhad been counted (sce
section 6. 1.) and were extracted ovarnizht at 65% in 1ml of 4 x SSC
(O.SQM NaCl, 0,052 trisodium citrate adjusted te pil 7.0 with HCl).
This was essentially the methed described by Marceud et al. (1971).
The extracts wern diluted ten fold with saline and water such that
the Nall concentration was reduced 1o 0,151 IMA was precipitated,
in the presence of lmg of yeast VA, by two volumes of ethanol at
~20° overnizht. The hydrolysis and subsequent separation of the
hydrolysate was a modification of the method of Sebring & Salzman

(1964), Precipitated HNA was washed twice with ethanol/ether



(3:1 v/v) ond dried in a CaCl2 desiccator under vacuim, The dry
solid was then dissolved in 0.25ml of 0.3 KOII and digested for 18hL
at 37°. The digest was carefully adjusted to pif 3.5 with perciiloric
acid and the precipitated L’ClOli was removed by centrifugation., It

was found beneficial to freeze and thaw the samples and recentrifuge

them in order to completely remove the KClO&,

9. 2. #lectrophoretic Separation of UNA Digests.

The digests were spotted onto 20m‘1ong origins on 406 x
57cin sheets of Whatman 83 paper together-with 10pl’ of a mixture
containing 1mg/ml of each of the RNA monophosphates. After a
preliminary 20min pre-~electrophoresis at 300V to remove salts, the
monophosphates were separated in pil- 5.5 acetate/pyridine buffer
(1ml pyridine, 10ml glacial acetic acid, water to 300ml) containing
0.011 EDTA at 3000V for 2%h on a 10KV electrophoresis wnit (Miles
Hivolt Litd., Shoreham, Sussex.). The geparated spots were cut out,
placed in scintillation vials and the radicactivity determinéd by

scintillation counting in 10ml of toluene geintillator, .

10. Histolooy of the Uterus.

10. 1. Fixation md Embedding for Li~hi Microscopy.

Uteri from treated animals or from in vitro incubations
were loosely attaclied to a square of filter paper to keep the horns
gtraicht and then fixed for 2h in Douin's fixative. They were
left overnight in 70% ethanol before preparaltion for embedding as

follows:



The tissue was immersed in -

70% ethanol for = =~ « = = w = = 1h

96% ethanol for — - = = = — = - 1h

absclute ethanol for— = w= o = -

absolute ethanol/chloroform for 1h

chloroform for = = = « ;o e w -

xylol for — « -~ - - - ~ =

ih

The fixed and dehydrated tissue was then immersed in two changes of

. .0 . . .
paraffin wax at 57 for 3h before being embedded in paraffin wax,

10, 2. Stainine and Howunting for Lirht Microscony,

Using a rocking arm microtome, 0,005mm sections of the em~

. o]
bedded samples were cut, floated on water at approximately 40~ and

deposited onto alcohol~cleansed slides.
-
schedule:

Slides were immersed in -

xzylol for « « = w - - - -

ahsolute ethanol for -

methylated spirits for
tap water for = « = « -~ =

Tfiltered haemalum for

1
i

tap water for ~ = w w « -
% eosin for = = = = = -

They were then rinsed successively in tap

After

wion

wn

0 . . Vs
37, the preparations were stained according to

drying overnight at

the following

2min
Qmin
Zmin
Smin
Gmin
Smin

1 .
1smin

water, methylated spirites

and ahsolute alcohol, immersed in xyleol for 2min and mounted in

De¥eX resin.



10. 3. Light Microscopy.

Phage contrast micrographs of nuclei were made on a
Gitette & Sihert Conference Microscope fitted with an Iiford

Sportsman camera.

10. 4, Electren Microscopy.

The guality of subcellglar preparations was kindly in-
véstigated by the personnel, under the direction of Mr, M. Dlder,
of the Flectron Microscopy Unit of the Physiology Department of
this University. Briefly, samples supplied as sedimented pellets
~in polyallomer centrifuge tubes were fixed in gluteraldehydémosminm
tetroxide, embedded in plastic and cut sections were supported on
grids., Thege were stained with lead and uraniuﬁ for wvisualization

in the electron beam. The electron microscope was an A.0.I. K63,

11. Assay Urocedures,

1t. 1. Assay of DNA.

Samples for the assay of DNA were hydrolysed in 0.5
perchloric acid at 70° for 1h and were then assayed by the metlhod of

Burton (1956),

11, 2. Assay of RNA,

Samples for analysis were hydrolysed in 0.5 perchloric acid
0 . . ' '
for 1h at 707. TNA was then determined by the method of Kerr &

Seraidarian (1945).
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11. 3. Assay of Fhospholipid.

Material for assay was precipitated and washed twice in ice
cold 5% (w/v) trichloroacetic acid and phospholinid was extracted by
a slisht modification of the method of Tata (1967h). The washed
precipitate was homojenized in a conical, all glass, Potter~tlvehjem~
type homogenizer with chloroform/metiianol (2:1 v/v) and then extracted
by shaking in the same solvent for 1Lmin at 20° and 10min at 45°.

The orzanic golvent extract was washed once with ome fifth of its
volume of 0.1 HCl and twice with similar volumes of water, The
residue was evarorabed to dryness under a stream of air in a water
bath at 40°, Phospholipid in the residue was measured by the
method of Ames & Dubin (1960) by ashing and measuring inorganic
phosphate, The residue was dissolved in 0,0%ml of water and 0.05
ml of 10% Mg(N03)2.6H20 (w/¥) in ethanol. This solution was then
carefully evaporated to dryness over a strong flame and heating was
con#inued until no more hrown fumes evolved. The ash was taken up.
in 0.%ml of 111 MIC1 and heated in a hoiling water Dhath for 15min,
0.7ml of a mixbture of 1 part of 104 (w/v) ascorbic ncid in water to
6 parts of 0,42 (w/v) ammoniumm molybdate in 1M H2SOQ was added to
the dinest. The assay was developed in a water bath at 55° for
20min and read at 82%mm arainst a standard curve of 0,01-0,00pun0l of
phesphate. IThospholipid was taken as 295 times the inorganic

phesphate (insell & Hawthorne, 196L),
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i. factors Tnfluencing Ceostroeen~Stimulated MNA

Synthesis in T.mature Rat Uterus.

1. 1, Bffects of Injection Houile,

In studying oestradiol-induced stimulation of ONA and
protein synthesis, most workers have administered both hormone and
radicactive precursor iatrareritoneally and many have renorted larre
variations in the responses of replicate animals (Hamilton, 1964
Greenman,‘li)?O)c Fig. 1 compares the responses of animals receiving
radioactive ribonucleosides and hormone by various injection routes,
I+t is apparent that the mode of administration of labelled »rrecvrsors
exerts a profound effect on the observed stimulation of WA synthesis,
while the route of administration of hormone makes 1little difference
to the response.

Intraperitoneal injection of labelled ribonucleosides gives a
comparatively low and very variable stimulation of imcorporation into
the acid-insoluble fraction, The results shown for this method of
precurser administration are better than average in that the voriation
between duplicate animals is often greater than shown in Fig. 1 and
occasionally co great as to invalidate the experiment, Furtheriore,
increased incorporation into A is frecuently less than the 3.5-fold
shown in #¥ig., 1 and is often as low as 2~fold,

It can also be seen frem Pig, 1 that incorporation into the
acid-soluble fraciion is stiimlated 2-2.5-iold Ly ocestradiol ang, if
uptake into the acid-insoluble fraction is only increased to the same

extent, it becomes tossible that the whole effect is merely a



ioare 1.

e A A T vy

Cormparison hetweeon different injection routes For the administration

of cestradicl-17} and VA precurszors to 138-21 dav old rats,

Qestradiol (Sps/rat) in O.iml of 0,5% ethanol in saline,

or 0.5% ethanol in saline alone, was administered 2h before death,

10pLC1i of ench of [S_JN]nridine and. [S—JH]guanosine were given 30min
before death,. Acid-soluble and acid-insoluble fractions were
preparved from the excised uteri as described in the Haberials and

Methods scction. The histogram shows the mean and range of fhree

determinations,

I.p, = Intrapervitoneal injection,
I.V. =  Intravenous injection,

5.C. =  Subcutaneous injection.
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7

consequence of increased labelling of the precursor jools.

Intravenous injection of radioactive precursor, while
giving somewhat lower values for total radicactivity in hoth
acidwsoluble and acid-insoluble fractions, consistently gives rise
to an 8-11 fold stimulation of wptake into HNA. Incorporation into
the aoid«soluhle fraction is still only stimulated 2-2,5 fold and
variation between duplicate animals is greatly reduced.

When the lahelled precursors are‘given by subcutaneous
injection, the total uptake into RNA is low although the response to
oestradiol is preater than that obtained using intraperitoneal

injections,

1. 2. Iffect of Qestradiol-17B “oncentration.

g, 2 shows the effect of varying doses of cestradiol on
the incorporation of labelled ribonucleosides into the acid-soluble
and acid-insoluble fractions of immature rat uterus.. With con-
centrations as low as 0.0ipg oestradi01m17p/rat, the incorporation
of labelled nucleosides into the acid-insoluble fraction is still
L times higher than in control animals. Maximum responses are
obtained at doses of approximately G.Bpg/rat and at higher levels the

curve. forms a plateau.

1. 3. Effect of Rat Yeicht on Responsge o Oestradiol,

It can be geen from Fig, 2 that al the higher doses of
oegtradiol, there is still considerable variation between different
sets of results, This is caused, at least in part, by variations
in the weiphts of the mts since, depending partly on litter size,

1821 day old rats weipglh anything from 20-40g. Fine 3 shows the




Piure 2,

The effect of the level of oestradiol-l7p on the gtimulation of

HNA svnthesis in 18-21 day old rat uteri.

Yormone was pgiven intrareriitonealily 2h bhefore death and
10pCi each of [S«EH]uridine and F—Bh}guanosine were siven intra-
ﬁenously 30min before death, Acid-soluble and acid-insoluble
fractions were prepared from the excised uteri as described in
the Materials and Hethods section, ilesults were calculabed as
dpm/pg DMNA and expressed as a percentase of control incornoration.
Fach point represents a mean oif at least three animals,

—0—z= Acid-insoluble fraction

——= Acid-soluble fraction.
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Tievre 3,
L,

Time course (or the cffect of oestradicl-17p (1p~/rat) on the

incorpvoration of "NA nrecursor inte 13-21 day old rat uteri,

Hormone wan administered intraperitoneally and 10pCi aéch
of [émBﬁ]uridine and[S-BE]guanosine were given intravenously 30min
beifore deatii, Zesults were calculated as dpm/pg DA anG expressed
as a percentase of the uptake in non-hormone treated controls,

Lach point renresents a mean of at least three animals,

a = 20-25%~ rats.
o = 25-50s rats.
° = 30-33: ratls.

= Acid-insoluble rraction.

- = - = Acid-soluble fraction,
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Meure 4,

s A

Time course for the effect of onestradiol-17] (9.3 y/rat) on the

incorroration of U7\ rrecurser into 12-21 day old rat utari.

Hormone was administered intraperitoneally and 10pCi each

34

of [}» ﬂ]urldlne and [8- Q]CH&HOSlﬁQ were given intravenocusly 30min
before death. lesults were ealculated as dpn/pg INA and

expressed as a percentage of the uptake in non-hoimone treated

controls. dach point represents a mean of at least three animals.

o = 20250 rats,
e = 25-30g rats.
mema— Iz Acid~insoluble fraction.

- e oo Acid-soluble Traction.
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time course of incorporation of precursors into the acid-soluble and
ingoluble fractions of uteri from 18-21 day old rats sslected in 5g
weight ranses. The greatest response is observed in 20-237 ratks
where the peak of incornvoration into the acid-insoluble fraction is
12 times the control level at 4h after the administration of
oestradiol;i7p (1po/rat).  25-30s rats, which made up the bulk of
the numbers, peak at 10 times control incorroration, whilst in
30~35g rats the maximal resnonse is reduced to 7.5 fold. Sufficient
rats in the age range and weigh ing 35-40z were not awvailable for a
complete time course, but individual experiments indicated that the
peak response is reduced to less than O times the control value.
Incorporation of radicactivity into the acid-soluble fraction follows
a similar pattern in all the weight ran.es, peaking at 2-2.0 times the
control level, 4h afiter hormone acministration.

Fige 4 shows the results of an identical experiment to
that of Fig. 3 except that the rats received O.,ipg of oastradiol.
This level of hormomne nroduces slightly less than the maximal resvonse
(Mg. 2), and the time courses are very similar to those in Fig. 3
with the pealt for 25-30p rats and 30-35g rats being reduced to 8 and

6 times the control values respectively.

2, Oestromen-stirulated 2T\ Svnthesis in Imunture lat

2. 1 fifects of Modific tions to the Incubation :‘edia.

In the early gtudies on the bhiochemical elfects of

S T,
oestraciol-17p, exuensive use wis made of a system wheveby uteri of

hormone~treated rats were placed in an incubation medivm in order to



wirure 5,

Time course for the effect of oestradiol-A7h on the incorporntion

of LNA precursor into 18-20 day old rat uteri in vive and in vitro,

(a)

(»)

Oestradiol-17B (ipg/rat) was administered intraperitoneally
at various times and 19pCi of each of [Enjﬁ}1ridine and [S—BH]
cguanosine were piven intravenously 30min before death. Bach

point is the mean of at least three animals,

Gestradiol—i?P (5pg/rat) given at varying times =nd 10pCi
of each of b—sﬂ]uridine and IS—JH]guanosine given 30min hefore
T

death, wvere nhoth administered intraroritoneally. Bach point is

i

a nmean of three animals,

Spe of oestraciol was given intraperitoneally at various
times holore death, The excised uteri were incubated in vitro
individually, as described in the Materials and Metheds section,
in 2ml of Zarle's mediwn containing 0.1pCi/m1 of each of FmSHJ

3 . . . o e
uridine and [Sm’ﬂlguan051ne. The incubhation was {or 30min.

sach point is a mean of three animals,

A1l vesults were calculated as dpm/pg DNA and exrressed as

a percentare of the upitake in non-hormone treated controls.

S, WSNSESE Acid-insoluble fraction.

R = dcid~soluble Ffraction,.
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foilow any stimulation in the uptaké of precursors. Using these
techniques, Mueller (195%) demonstrated increased incorporation of
amino acids into proteins, Aizawa and tMueller (1961) observed the
increased uptake of acetate and phosphate into lipids énd Mueller
and Herranen (1996) recorded increased incorporation of one carhon
precursors into metabolic components. However, Gorski and Nicolctte
(196%), using a similar systen, found only a marginal increase in

the incorporation of precursors into INA, My findings are in
agreement with this observation and Fig., 5 shows a comparison hetween
the oegtrogen-stimulated incorporation of radioactivity into RNA

in vivo with the uptake of precursor in vitro. The in vivo
incorporation, Fig. 5(a) and 5(b), again emphasizes the effect of
injection route on the uptake of precursor and reveals that when
radioactivity is administered intraperitoneally there are differcnces
not only in the degree of stimulation but also in the time at which
response is maximal,

Fig, 5(c) illustrates the results of an experiment in which
immature rats were first treated with oestradiol~-17B, and then the
exciged uteri were incubated in Dagle's medium in the presence of
tritiated ribonucleosides, Phie effects of the hormone pretreatment
on the in vitro I\ synthesis were slipht. When rats received
oestradiol 4h beirore death, the incorporation of precursor was
increased 50% over that of control animals but at this, and all other
times, the uptake into the acid~insoluble fraction was mirrored by
increases in acid-soluble radiocactivity.

It seemed possible that this poor response was caused by
deficiencies in the incubation system or by components active in

hormone action leaching out of the uteri, Accordingly, the effect



?Mﬂelf

The rats rcceived 1pg oestradiol-17B 2L before death,
The excised uteri were incubated in vitro in 2ml of Hagle's
medivm, as described in the laterials and Methods section, in
the presence of 0.1pCi/m1 of cach of [Emjﬁ}uridine and [énBH]
anosine. Steroids were added Lo the incubation medium in
b.lml of saline containing 0.5 ethanol and the remaining
additions were in saline only, though the solution was made
Slightly'alknline to dissolve epinephrine, The incubations
were conltinued for 30min and the acid-soluble and acid-insoluble
radioactivity was calculated as dpm/pg DNA and expressed as a
percentaze of controls which had no additions to the in vitro

systeni.



PABLS T (A) The Effect of Various Hormonmes on the Incorporation
of Nucleosides, In Vitro, into Uteri from COestrozen—

treated rats.

NUCLEOSIDE INCORIORATION
(% of non=hormone
treated controls)
_ADDITIONS
ACID SOLUBLE ACID TINSCGIUBLE
FRACTTON FRACTION
~ None 123 157
10"614 Oestradiol 173 138 169
10704 Oestrone 152 194
1070 pestrone Sulphate : 233 261
100 Diethylstilbestrol ' 107 116
10—6M Progesterone , 121 141
100 Oestradiol-17B plus
1070 Progesterone 125 156
10~ Dibutyryl Cyclic AMP 111 127
10‘6M Oestradiol-17B plus
-l
10" Dibutyryl Cyclic AMP 106 193
100 Bpinephrine 101 - 108
107 M istamine 1450 121

(B) The Bffect of Increased Aeration on the
Incorporation of Mucleosides In Vitro by Uteri

from Oestrogen Treated Rats,

NUCLiSOSIDE INCORFORATION
(% of non-hormone
treated controls)

CONDITICNS
ACID SCLUBLIE ACID INSCLUBLE
FRACTION FRACTION
xyien/Clo (95:5) continuously
jrerating the medium 1351 137
Whole uterine horns supported .
on lens tissue rafts 127 ) 139
Shredded wisrine horns supported
on lens tissue rafts 127 43

finely chopped uterine horns sup-
norted on lens tissue rafts 77 69




of various additions to the incubation medium was investigated.

Tﬁe results ol some of these are shown in Table 1{A). Only the
three oestrogenic steroids give rise fto increcased levels of precuﬁsor
incorporation and in each case the incrcases they bring about occur
in both the acid-soluble and acid-insoluble fractions. It is
likely, therefore, that the ecilfects of these lLormones are on the

rate of precursor entry into the tissue.

A pumber ol modifications to the basic incubation medium
were also investigated, These included the addition of various
anounts of bovine serum, or foetal bovine serum, to the mediwm and
the substitution of Lagle's medium with the cowmplex medium, NCTC 109,
These alterations did not stimulate the in vitro synthesis of IDIA.

Tig. 6 shows histological preparations comparing the nterus
immediately aifter removal from the rat with uteri which have heen
incubated in vitro for 6h. It is clear that after incubation for
this length of time, the endometrium was unhealthy and the epithelium
Lining the lunen slouphing. Similar results were obtained whether
the uteri were incubated in vitro with or without oestrogen.

flectron microscopy has recenlly been used to investigate
the morphology of the mouse uberns after incubalion in a synthetic
medivm, (Ljungkvist & Terenius, 1970). This technique enabled
these workers to demonstrate that after incubation for periods as
short as EDmin,'pronounced mitochondrial and nuclear changes were
apparent in all cell layers, particularly the epithelimwm.  Mito-
chondria were swollen with the inner chistac logt and the chromatin
of nuclei was often condensed to a few svots. Some cells were
totally disintegrated. It was also found that even without in-

cubation, the time taken to fix fresh tissue was sufficient for some



Pimure 6,

The cffect of in vitro incubations on the morpholomy

of thie i-wvature rat uierus.

18~21 day old rats were administered oestradiol-17p
at ipg/rat and, afte; varying lengths of treatment, the uteri
were pently excised, fixed, sectioned and stained. The wuteri
of other non-treated rats were incubated in vitro, with or
without destroren, for up to Oh hefore they too were used for

histoloical wreparations,

Oestrogen trentment in vivo for Oh,

(4)

magnification x 450,

(B) Oestrogen treatment in viveo for 6h,

magnification x 1800,

1

(£) Oestrogen treatment in vitro for 6h,

magnification x 450,

il

Oestrogen treatment in vitro for 6h,

(D)

magnificevtion x 1800,
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mitochondrial damage to occur,

A possible explanation of this cellular bhreakdown is that
the uterine cells are very sensitive to anoxia.  Accordingly,
‘various means of increased aeration were tried. These included
continuous bubbling of 935% 02/5% 002 through the incubation medium
while the tissue itself was variously sliced, shredded or supported
on lens tissue rafts, Table 1(B) shows that none of these
alterations resulted in significant increases in the incorporation
of RNA precurseors into the tissue but the damage caused by excessive

maceration reduced uptake.

3 Effects of QOestrogsen on the Synthesis of liigh-

Molecular—-yeipht Uterine TWMNA.

3. 1. Purification of Uipgh-MHolecular—~Weight Utcrine RNA.

In all studies on purified uterine RNA,a standard system
was used in which 18-21 day old rats, wveighing 25~SGg,vwere treated
with Ipg of oestradiol-17P administered intraperitoneally.  The
eifects of this treatment upon RNA synthesis were determined by
following the incorporation of intravenously aduministered radiocactive
ribonucleoside precursors.

The investigation of 1IINA syntlesis in a differentiating
system, such as a target tissue responding to hormone, demands an
elfficient and reliable method of RNA purification which extracts all
gpecies of INA and avoids concomitant degradation. The earliocst
changes in the synthesis of uterine RNA in response to oestrogen
might be expected to take place in the nuclens but the purification

of -uterine nuclei is difficult and liable to result in RNA

o



degradation, Becanse of this, it wasg decided to prepare total JiA
from uteri and to cnsure that in so doing the nuclear species were
extracted without degradation. These difficulties have not always
been recognized in previous studies of oestro;en action although
Joel & llazgerman (1969) have compared many methods of INA extraction
from immature ral uteri and bave described one which fulfilled the
ahove criteria; Only this method successfully preserved the rat
uterus HNA species with sedimentation coefficients greater than

285,

The recovery of total uterine TWNA by the method of Joel %
llaggerman (1969) is shown in Tablé b2 It can he seen that, alter
the first phenel extractions and precipitation in the presence of
NaCl and ethanol (the modified extraction procedure of Warner et al,,
19736), there is considerably more DNA than INA in the prepafation.

- Subsequent purification, essentially by the method of DiGirolamo

et al, (1964), completely removes the DNA, as detected hy the
diphenylamine reaction, but in my lands also results in losses of
BRA. Later results will show that the losses of 4S TINA during this
purification are substantial but leosses of high-molecular-weight »NA
does not result in differences in the relative abundance of the
various species.

The nature of the WA specieg purified from iwmature rat
uwteri was investigated by analytical centrifusation. Band sedi-
mentation values of two wajor peaks were found to be 29.65 and 18, 79,
while a third minor peak had a value of 73.0683, Despite the «liphtly
high values, which may have heen caused by traces of SDS or alcoliol
in the“prepayation, these results conlirm that the bhulk of the iNA

igolated is derived frowm the lar:ge and small ribosonal subunits,.



Table 2,

The wberine WA of eight 18-21 day old rats, wveighing
25-507z, was puriiied by the wmethod of Joel & lapmrerman (1969)
(see laterials and }ethods). At each precipitation step an
aliquot was removed,; precipitated and washed with 5% trichloro-
o . ] 1,0 . s = . . ) o
acetic acid at 0-4", digested in 0.5 rerchloric acid at 70
for 1l and vsed to assay ¥WA and DMA, The results are expressed
as a percentage of Total uterine content (110pg ENA and 22%pg DNA)

after correction had bezn made for sampling losses.




TABLE 2

The FPurification of RN\ from the Uterus of the Tnmature Rat.

RNA DNA
PRICIFITATE
ng/rat i recovery | pg/rat % recovery

lst NaCl/1@t0l

precipitate 92.5 84,0 139.0 61.7

2nd NaCl/BtOH

precipitate 49,6 45,0 44,0 19.4
st X acetate/itCH!

precipitate 49.3 LL,7 4,8 2.1

%rd K acetate/nt0

precipitate L8 .8 bl b 0 0

89
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3. 2, Separation of Ilieb-dolecular-veisht TNA on

Yolyacrylamide tiels.

Initially, RNA purified by the method of Joel & lHazgerman
(1969) was separated on 2.0-2,7% polyacrylamide gels as described by
Loening (1967) but using the electrophoresis buffer of Loening (1969).
This method gave adequate separations when INA was electrophoresed
for 2-24h, a length of time suitable for separating 285, 18S and 48
IINA on one gel (fig, 7&). fowever, dwring longer electrophoretic
separations, suitable for investigating JWNA with sedimentation values
greater than 289, the peaks of INA becawe very diffuse (Fig. 7b).
This problem did not occur if the bisacrylamide crosslinker used by
Loeniny (1967) was replaced by ethylene diacrylate. Figs. 7(c¢) and
7(&) show the separation of RNA on gels containing 2;7% polyacryla—
mide and 0.25% ethylene diacrylate. TUsing these modified gels, tﬂg
" pealks corresponding toerNA remain sharp whether the gels were run -
for 2M1 or 5h. Ethylene diacrylate was, therefore, used as the
crosslinker in all subsequent experiments.

Two further points are noteworthy regarding these early
gel separations, Pirstly, Figs. 7(a) and 7{(c) illustrate the low
yield of 4S5 ANA in these preparations. Secondly, the opltical density
traces of thiese gels tend to be "U" shaped with a lmuap at either end.
This always occurred, even with blank gels containing no INA, but it
was found that i1 the rels were soaked in water For 3Umin before
gcanning at 260nm, the Immps larzely disappeared. Presunnbly they
are due to some diffusable substance which abserbs at 260mm and which
accurulates at the two ends of the gel in contact with the electro-

phoresis buifer.



Figure 7.

Comparison belween bisaerylamide and ethylene diacrylate

as crosslinkers in nolvacrylamide pels.

’ IMNA purified from the wteri of 18-21 day old rats,
weighing 25-30g, was separated on 2.7% acrylamide gels at
5mA/pel, as described in the Materials and Methois seection.
The extinction at 2060nm was recorded with the aid of a gel

scamming attachment for the Gilford 240 spectrophotometer.

(a) = 2%h electrophoresis in a polyacrylamidé/
hisaerylamide gel,

5h electrophoresis in a rolyacrylamide/

(b)

fi

bisacrylamide gel,

{¢) = 2%h electrophoresis in a polyacrylamide/

ethylene diacrylate gel.

5h electrophoresis in a volyacrylamide/

()

i

ethylene diacrylate gel.
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De Je iffect ol Oegtromen on Ut rine Mich-MolecularejJei. ht

TiNA anthegis,

Fe 3. 1o 15min Pulse of Precursors,

INA from the unteri of 18~21 day old rats, weighing 25-30¢g,
was sepavated for Sh on 2,7% polyacrylamide gels, Fig, 8 shows the

effect of oestradiol on the incorroratbion of tritiated ribomucleosides

into A alt various times after cestradiol treatment and 15min afte

=

administration of the radioactive precursor. Incorporation into
control animals is low and confined to INA species of very-high-
molecular~weight, 15min after ocestradiol administration (not shiown
in Mig. 8),incorporation of precursor is identical to the control
hut after 30min treatmeunt there is a marked inerease in the in-
corporation into JINA species that remained in the first two or three
slices of the gel, This increase is similarly apparent 45min and

th after oestradiol administration. It is interesting that after
30min and 45wmin treatments, the synthesis of INA migrating in the
position of the rihoéomal precursors appears slightly reducéd. This
decrease, although reproducible, is swall and may not be significant,
It scems possible, however, that a temporary reduction of rilNA
synthesis, during initial oestrosen action, could be the result of
precursors being used for the synthesgis of very—-high-molecular—weight
RhA. Furthermore, such a shift in emphasis could explain why thig
early resbonse to the Loxmone is not detected in wterine acid-
insoluble preparations (Mg, 3). By 1h after homsone treatment,

the synthesis of INA minrabing in the position of yibosomal precursors
is restored to control levels and continues to rise from that time.

After 2h and 4h of hormone treatment, therce is a strongly labelled



Firore 8,

i et e et

Incornoration into ubtarine "N of ratinactive mrecursor

adninigtored 19nin hefore death.

. 18-21 day old rats, weigshing 25-30¢, received 1ng of
oestradiol or vehicle Dby intraperitoneal injection and 125nCi
each of Fujﬂ]uridine and [8~3}];uanosine by dintravenous

T

injection, ifurified unterine T™NA was separated for 5h in 2.7%

polyacrylamide gels al 5mi/gel.

(a) = Control.
(b) = 30min after cestradiol-17P administration.
(¢) = 1U4Bmin after cestradicl-17P acdministration.
(a) = 1h after oestradiol-17 administration.
(e) = 2h after oestradiol-17P adwminigtration.
(£) = &h after oestradiol-17p adninistration.

=  Ixtinction at 250nm.

- -~ =~ = DRadioactivity per slice in dpm.
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peﬁk corresponding to 458 riNNA and a pronounced peak correspondine
to the 325 precursor, = The former of these two peaks was not always
clearly separated from the radiocactivity corresponding to hipgher-
molecular-weinsht species and in peneral the rihosomal precursor XA
peaks tended to be superimposed on a background ef heterogeneous

radioactivity.

B3e 3. 2. 30min Tulse of TFrecursor.

PFig. 9 shows the results of similar exreriments in which
the radiocactive ribonucleosides were given 30win hefore the death
of the rat, Here a:rain, the earliest response is in the increased
incorporation of precursor into PNA species remaining in the first
few slices of the gel. With the longer pulse length this early
stimulation is not detectable guite so soon, Thus, 30min after
oestradiol treatment, where hormone and precursor are given
simultancously, there is only a marginal stimulation in the synthesis
of the very-hish-nolecular-weirht RMNA, Presumably this ig hecause
mach of the labelled precursor is utilised before the hormone hegins
to act, By 1h the increased synthesis of RNA species remaining
in the firét few slices of the gels is clearly discernible and,
at 2 and 4h after hormone adwinistration, incorporation into
ribosomal precursor iMNA is again strongly stimulated, Yith the
longer pulse lensth, radioactivity moves out of the 455 rilA pre-~

L

cursor into the 328 srecies and incorporation is also apparent in the
HNA of the ribosomal subunits, Again due to differences in the
vepree of hormonal response at the time of preocursor administration,

the longer pulse length gives rise to more obvious differe:ces

hetween the resullts ohtained 2 and 4l aftnr hormone treatuent than



Pirvre G,

e s

Incorroration inte vterine "4 of radioaclive wrocursor

adiministered 50nin hefore death,

18~21 day old rats, weighing 25-50g, received ipg of

cestradiol or wvehicle by intraperitoneal injection and 125nCi
- o ‘

each of rmjﬁ]uridine and [Snjﬁ]guanosine by intravenous
injection. Furified uterine X\ was senarated for 51 in 2.7%
rolyacrylamide sels at Sm)/rel.
() = Control,
()} = 30min after oestradiol-17]} administration,
(e} = 1h after oestradiol-17p acministration,

(G.) =

() = bh after ocestradiol-17p administration.

n

aiter oestradiol~17P administration.

P
1

)

= Ixbtinction at 250nm.

Sraimrey ameng -

=~ = =~ = Dadioactivity per slice in dpm.
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Mirure 410,
PRS- R

Incovroration into utervine 2L of roadioactive nrecursor

artainisbered 1h helore denth,

. 18-21 day old rats, weighing 25-30g, received 1pg of
oestradiol or vehicle by intrnperitoneal injection and 125pCi each

I S ‘s ’ 3, . v . .
of bn)ﬁ]urldlne and [8~‘n rsuanosine by intravenous injection,

Turified uterine INA was senarvated for 5h in 2.7 vpolyacrylanide
gels at Hm\/zel,

Control.

()

(b) = 1h after oestradiol~17B adminigtration,

(e} = 2h after oestradicl-i7P administration.
(d) = kh after oestradiol-17p administration.
—— = Dxbinction at 200nm,

- =~ = Radioactivity per slice in dpm.
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was observed when 15min incorporation periods were used. Ag in the
previous experiment. (¥ig. 8), the synthesis of ribosomal precursor

BNA appears sliphtly reduced after 30min of hormone treatment.

%e 3. %, 60min Pnlse of Frecursor,

FPig, 10 shows the distribution of radiocactivity in RNA
specieg of rat ubterus 1h after adminigtration of precursors. The
increased incorporation into INA species remaining in the first few
slices of the gel is again the carliest observable change and is
clearly arparent 1h after hormone treatment of the rats. At
later times, 2 and 4h after ocestradiel administration, incorporation
into the INA of the ribosomal exbunits is strongly stimulated with

incorporation into the pre-ribosomal species still apparent.

3o ke Methylation of Uterine Migh-liolecular-ifeight DNA,

from Tigs. 8, 9 and 10 it can be scen thal with increasing
time after precursor administration the radioactivity in the BNA
appears bto move from a peal, agsumed to be 455 RNA, throusgh a
second peak, asswicd to be:325 DPNA, and finally into the rINA snecies.
The identities of the 455 and 325 LENA peaks bave been confirmed by
methylation experiments,

Attempts to methylate nterine INA in vivo showed that
incorporation was much too low for the experiment to yield meaningful
results. Therefore, in these experiments, one sample of 3H—labelled
NNA was prepared in the usual way from rats receiving 4h oestradiol
treatment and 30min after administration of radioactive precursors.

A second sample of MNA was proepared after labelling the uteri with

" 14 - . . .. . - . .
Lnetnyln €] methionine in vitro as described in the ilethods section,

e



Picore 11,

- T —Y

™

Melhylation of wterine JHA,

18~-21 day old raits, weizhing 25-30g, received
intraperitoneal injections of 1lpg of oestradiol-17p 4h
before death. The wteri were either labelled in wivo with
a 30min pulse of 125pCi of each of F—3H]nridine and [S—JH]
cuanesine or were incubated in vitro with 5pCi/m1 of bnethyl—
14 s i sos 1 e .
C| methionine. The purified nNAs were mixed and separated

on 2.7% acrylamide gels for 5h at Smi/pel.

(a) = In viﬁgg lahelled for 30min,

(b) = In vitro labelled for GOmin.

et SRS

= Ixtinction at 260nm.

-~ - = = Hadioactivity due to BH.

. &
caces = Radioactivity due to 1 C.
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N <!.
Lh after oestradiol treatment of the rats. The -1l and iiC labhelled

IINA samples were mixed and fractionated on 2.7% polyvacrylamide pels
} s [e 22

)]
b 118

for 5h. Fig.11(a) shows the distridution of “H and in the

various IIA smecies when the labelling with bnethy1—140] methionine
in vitro had been carried out for 30min and Fig. 11(h) shows the
results obtained alter 1h of in viiro methylation.

In Fig. 11(a), the 124 in the 15S, 325 and 195 peaks are
methylated, whereas the 28S peak contains little 140. Fig. 11(b)
shows that after 1h,a substantial amount of methylation of 288 INA
has taken place and that the 18S pealk is still more heavily labelled,
In both experiments, there is some evidence of other doubly labelled
cpmponents migrating between 455 and 32S. They may represent
shorf lived intermediates or degradation products as the existence of
such short 1i§ed species is well documented {Jfeinberg et al., 1967) .and
they have been assigned sedimentation values of 41S and 36S. The
sequence of methylation observed in Fig. 11 fits in with the rate of
riINA synthesis observed in Figs. 8, 9 and 10 and also with the now
accepted seguence in the Fformation of ritNA (Scherrer et al., 1963;
Soeiro et al., 1960; Greenberg & Pemman, 1966). It is noteworthy
that the high-moleccular-weight INA close to the gel origin does not
appear to be methylated, either after 30min or 1h of precursor in-

corporation.

3. 5. Cofractionation of HMirh-lolecular-veicht Uterine

INA with YMela Cell MNucleolaxr LA,

The identities of the unterine 4355 and 325 INA peaks have
. . . o o 1k
also been confirmed by cofractionation with lmown samnples of C

labelled 455 and 32S INA preparcd from lieLa cell nucleoli, Tterine

9




Pirure 12,

Comnarison hetween utorine “NA and YeLa nucleolar VA,

18~21 day old rats, weighing 25-30g, received ipg
‘oestradiol intraperitoneally 4l before death and 125pCi of each
of [S—BH]uridiﬁe and [S-Bh]guanosine by intravenous injection
1h before death, The purified INA was co-clectrophoresed with
14C labelled "eLa nucleolar INA, prepared as described in the

Materials and Methods section, Llectrophoresis was for Bh in

a 2.7% volyacrylamide gel,

= Ixbinction at 260nm.

- « ~ = Radiocactivity due to 3II.

l
Radioactivity due to 1EC.

11
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5H labelled MNA was prepared fyom immature rats 4h after oestradiol
treatment and 1h aflter administration of radiocactive precursors.
This wag mixed with INA prepared from the nucleoli of IieLa cells
. c O R T .

which had been pgrown in the p;resence of |2~ "C| uridine, Hela cell
nucleoli have been shown to contain predominantly 458 and 325 1A
(Perman et al., 1966), The combined INAs were separated on 2.7%
olyvacrylamide gels for %h and the results obtained are shown in
I
FMig. 12,

I 11& 1AY . [ RO T 3

The C labelled ilela nucleolar 455 and %25 INA species
essentially correspond to the 3H labelled peaks of uterine ENA.
They do, however, migrate slightly slower than the uterine preparation.
It is possible that this reflects differences between rat uterus and
Helia cells or that it is an artifact of the mixing of the two

different INA preparations,

%, 0. EHP Inhibition of Migh-Molecuvlar-Weisht MNA

Synthesis by Actinomyein D.

It has been established in tissue culture cells that
actinomyecin D inhibits riNNA éynthesis to a greafar extent than that
of other IMNA species (Perry, 1462). wxperiments were therefore
performed to deterwine whether this observation applied to the
synthesis ol wuterine IMA. This was important for two reasons.

(1) If the synthesis of rilNA in the uterus was inhibited

by actinomycin, without markedly affecting the higher-
molecular-weisht species, this would have provided a useful
tool in investicating the nature of the lattar species.

(2)  Tewnselo & Gorski (1970) have demonstrated that the

synthiesis of a new protein, at short tine intervals after




treatiient of rat uwberi with oestrogens was only

totally inhibited by high concentrations of actinomyecin
b, It was of interest, therefore, to determine wvhether
some HNA was still made at rclatively high levels of the
inhibitor.

PMig.13 shows the effecl of treating immabure rats with
various levels of actinomycin D. The inhibitor was given simul-
taneously with oestradiol 4h before the death of the animals and
radioactive precursors were given 1h before death. Purified INA
was then separated on 2.7 polyacrylamide gels for 2§h. The short
electroplhioresis time was designed {o reveal the effects of the
inhibitor on all BNA specics simultaneously. liowever, the low
yield of 4S5 XA affected the validity of the results with respect
to the low-nmolecular—weight RNA species and the effects of
actinomycin I on these will be presented later,

As can be seen from Tig.l13, the increased synthesis of
rINA %n responge to oestradiol was more suscepbtible to actinomycin
D inhibition than the synthesis of other INA species. This
differential effect was nolt, however, as clear cut as in tissue
culture systems (erry, 1962). At doses of 1%ng actinomyecin D/
rat, incorporation of radioactivity into riNA was partially
inhibited but incorperation inte the ENA remaining in the first
few slices of the gel was alfected to a much smaller extent. when.
the dose of inhibitor was increased {o 30pg/rat, synthesis of riNA
was almost totally elinminated whereas the synthesis of the very-high--
molecular-weiyht INA was still only partially inhibited and even when
the dose of actinomycin D was increased to 120ps/rat, there was still

some incorvoration into this fraction,.

AU




Fiemre 13,

Bifect of nctinomyein D on oestradiol-17]-

stirmlated wterine ™\ synthesis.

18-21 day old rats, &eighing 25-30r, received 1pg
of oestradiol-17P and actinomycin I simultsneously 4h before
death, 125pCi of each of [5~Sﬂ]uridine and [8~3H]guanosine
were administered 1h before death, Parified A was
separated on 2.7% polyacrylamide sels for 2in,

(a) = No actinomycin D.

(h) = 15pg/rat of actinomycin D,

(c) = 30pp/rat of actinomyein D.

(1) = 120pg/rat of actinomycin D,
. = Pxtinction at 260nm.

= = = = Radicactivity per slice in dpm.
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e 7o The Mfect of Cyclohoxinide on Uterine Protein

The oestrogen~dependent increcases in the synthesis of rINA
and in the activity of iNA polymerase are eliminatled by inhibitors
of protein synthesis (Noteboown & Gorski, 1963; Gorski & Axman,
1964). However, this finding does nod necessarily mean that the
increased production of ribosowmes depends on the hormone-induced
synthesis of protein. It is established that inbibitorg of protein
synthesis markedly affect INA synthesis in situations not involving
hormones (Pederson & Kumar, 1971; Cooprr & Gibson, 19?1) and it is
likely that the same alterations occur in the wterus, even in the
absence of any involvement of oestradiol. In view of this, it is
important to establish tle effects of inhibitors of protein
synthesis on the synthesis of IMA in uterine tissue,

Fige 1k shows the effect of cycloheximide inhibilion on
protein synthesis in immature rat wterus. The animals either
received no hormone or injections of oestradiol 4h hefore death.
Cycloheximide was administered at various doses 1h before death and
20pCi of [ﬂ,5m3ﬁ] lysine was given intravenously 30min before deatlh,
Acid-insoluble fractions were prepaved from the uteri and the
radioactivity determined as described in the Materials and Metheds
section. fohibition of @,5~3H] lysine wptake increased rapidly
with rising dosape of cycloheximide and at 75pg/rnt, reached 92.7%
and 94% in control and hormone-treated animals resvectively. At
higher doses, the curve tenled to form a plateau and more complete
inhibition reguired hich levels of inhibitor. Thus, 600pg cyclo~
heximide/rat was vequired to obitain a 906-987% inhibition of protein

synthesis,

NS



Ficure 14,

itffect of cyeloheximide on uterine rrotein synthesis,

18-21 day old rats, weighing 25-30g, received Ipg

‘of oestradiol-17]3 or vehicle 4h Dbefore death, cycloheximide
3

ih bhefore death and 20pCi [4,5~ H]lysine F0min hefore death,
Incorporation of radioactivity was calculated as acid-
insoluble dpm/pg A and expressed as a percentaze of un-
inhinited controls, Zach point represents a mean of wTwo
determinations.

= Control rats.

LSS,

Rt e TL Tt

i}

Hormone-treated rats,

Uninhibited control rats incorporated 44.8 dpm/pnz DA,
Uninhibited hormone~treated rats incornorated 77.5

dlnn/ﬁlg DNA,
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The results show that the effects of cycloheximide

were rapid since the iphibitor was injected only 30min before the
adninistration of radiocactive precursor. AL the higher levals of
inhibitor, the effects werc also lon;~lasting; .600pg cycloheximide
caused 96-98¢% inhibition of kq5—3HJ lysine incorporation whether
the inhibitor was given %, 1% or 33ih before the administration of
the precursor. ﬁhen lower doses of cycloheximide were used,
however, the inhibition was less persistant. In hormone-trcated
rats receiving 60pg/rat of cyclohexinide %, 1% and %%h before the
administration of F,ﬁwBH] lysine, inbibition of precursor
incorporation was 93%, 94% and 86% respectively. Iurthermore,
where animals were not treated with hormone, the effect of OGOpy
cycloheximide/rat was even more éhort lived and the inhibitioun of
92%,when there was %0min between treatment with inhibitor and
injection of radioactive precursor, was reduced to 82% if the time
interval was 1%h and to 64% when it was 3%h. It was interesting
that the slightly increased susceptibility to cycloheximiée, shown
by the hormone-treated animals in Iig. 14, was exaggerated with
the longer exposure to the inhibitor, Two other points arise
from the experiments described above,

(1) 1In experiments without cycloheximide, the in-

"z

corporation of [4,§mJH] lysine into wvterine protein

in rafs treated with oestradiol Lh hefore death was

significantly higher (77,5 dpm/pg DNA) than in untreated

animals (44,8 dpm/pg DNA),

(2) At bigher doses of cycloheximide there was some

evidence of toxic effects on the animals. Thiey

became slow in their movements and were more susceptible




A

M

to ether anaesthetigation,
On the hasis of the above results, it was decided to
investigate the effect of cycloheximide at 600psy/rat and 60pg/rat

on the synthesis of ANA.

3. 8 Bffects of Cycloheximide at 600ps/rat on the

Synthesis of i h-iolecular-~ieight IINA,

Fig. 15 shows the effect of cycloheximide at 600pg/rat on
the dncorporation of radioactive precursors into uterine RNA, The
ismature rats were given oestradiol 4h before death, cycloheximide
at various times before death and lahelled ribonucleosides were
administered F0min before death. When given 1h before ocestradiol,

cycloheximide severely curtailed the incorporation of radioactivity

into all }INA specics. Administration of cyclcheximide simultaneously

with oestradiol strongly inhibited incorporation into riNA and the
k58 and 325 pre-rihosomal peaks but the synthesis of very-high-
molecular—weight RNA at the gel origin was affected much less.

When the inhibitor was given 1h after cestradiol, the yrinciple

-effect arpeared to be the inhibition of rIKNA maturation. Thus,

after a 30min pulse of radicactivity, when the 325 INA should have
been most strongly labelled and the 285 and 185 A peaks should
also have been labelled, only the 455 1A pealt showed marked

incorporation.

3. 9. Ifects of Cycloheximide at OCne/rat on the

Svntliesis of Hishmﬁoleculnr—Teiﬁht RATRIR

Fiee 16 shows the results of an identical experiment to

that shown in fig. 15 except that tie rats received O0pg cyelo-

107



Uffect of cvelohiexinide at SOOpg/rat on oestradiol-

17p-stimulated uterine 1WA synthesis,

18-21 day old rats, weighing 25-30g, received ing
of oestradiol 4h hefore death and cycloheximide ab various -
times.  Doth were given by intraperitoneal injection but 125puCi
of ecach of [ﬁ—sﬂ]uridine and [8—3§]gunnosine was administered

intravenously 3Umin before death. The purified I4A was

separated on 2.7% nolyacrylamide gels for 5h.

(a) = No cycloheximide treatment,
(m) =  Cyclohexiumide giﬁen ih bhefore hormone.
(c) = Cyclohexinide given siwmultaneously with iiormone,
(d) = Cycloheximide given ih after hormone.
e = Ixbtinction at 260nm.

Radiocactivity per slice in dpm.

Y
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e

iiffect ol cyveloheximide at 60n=/rat on ocstradiol-

17]=stimlated uterine I\ synthesis.

‘ 18-21 day old rats, weiching 25-30g, received 1Ipg of
oeatradiol 4h before death and 00 p= of cycloheximide at

various times. Both were given by intr.peritoneal injecltion

e

Tr

hut 125pCi of sach of [SMJM}uridine and [8~)H]3uanosine was
administered intravenously 30min before death. The purified

RV was separated on 2.7w polyacrylanicde gels for S5h.
i / o

1

(a) = Mo eycloheximide treatment.
(b)
(e)
(a)

e = Pxtinction at 269nm,

i

Cyclohexinide given 1k Dbefore hormone.

i

Cyclohieximide <iven simultaneously with hormone,

il

Cycloheximide given ih after hormone,

w~ = =~ = Radioactivity per slice in dpm,
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heximide/rat. The wninhibited control result of Fip. 15 is
repeated in iig. 16 to facilitate comparison. In this case,; the

effect on ribosome maturation was observed whether the inhibitor
vas gi?en hefore, with or after the hormone. e inhibition by
cycloheximide of the maturation of ribosomes has been recorded by
Willems et al.. (1969) in HeLa cells and by Craig & Perry (1970)

in L cells.

3,10 Characterization of Uterine WNA: (a) Synthesis

In Vitro, (b) The tffects of the Later Purification

Steps on the HNA lecovered,

A number of questions crn be asked about the nature of
what appears to he INA remainine in the first few slices of poly-
acrylamide cels after the separation of total ntorine IINA. It is
possible that the radioactivity could represent higher-molacular-
weight heterogeneous IINA species. It is also possible, however,
that it represents agpresation products formed during the purification
of the A, ov that it is IEA complexed to protein. It is even
posgible that it is not ENA at all. If it is a high-molecular-

.

weilght INA, the experiments in Fig., 12 show that it is not methylated

in vitro,. Mevertheless, it is possible that this INA is not made

o —

under the conditions prevailing in vitro .  The experiments shown in
Figa. 17, 18 and 19 investigated these possibilities.
Fige 17(a) shows the incorporation of radiocactivity into

the INA of wtori incubated in vitro for 30min in the presence of

suanosine, The purified

nCi/ml of each of [§~)ﬁ]uridine and [ WBH]
ENA was separated on 2.7% polyacrylanmide gels for Sh, It was

evident that the ratio of radicactivity i the hipgh-molecular—wei-hit



(»)

piqvre 17.

Synthesis of uferine INA in vitro.

s e

The uteri of 18-21 day old rats, weighing 25-30z,
were incubated in 2ml of lasle's medium containing 3pCi/ml

rar
ind [S—)ngu:nosine for 30nmin.

r
)

of each of [5—jH]uridine
MNA was purified and separated for 5h on 2.7% polyacrylamide

mels.

Hlectrorhoresis of uterine MY which had not heen

puarified aftar deoxvrivomucleanse dizestion,

18-21 day old rats, weishing 25-303, received 1pn of
oestradiol~17p by intraperitoneal injection 2h before
death and 125pCi of eaca of b—EH]uridine and [q~SH]
puanosine by intravenouvs injection 15min before death,
Uterine DN\ wos pgrified as described in the Materials cond
iletliods section as far as the deoxvribonuclease digestion

and, without [urther purifiecation, was senarated electro-
3 i 3 i

rhoretically on a 2,7% pelyacrylamide gel for 5h,

s s = Imebinetion at 200nn,

-
. X

adioactivity per slice in dri.
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INA to that in %25, 285 and 185 BMNA was higher thon wounld hawve
been exnected after a 30min pulse in vivo. However, this almost
certainly reflected the relatively limitless availability of
1ube11éd precursor in the in vitro incubations which vermitted

the continuous synthesis oif the high-molecular-weight species,
Notwithstanding these differences, it was clear that the uterine
NA, synthesized at short time intervals in vitro, was not grossly
different from that made in vivo.

Fig., 17(b) shows the separation, on a polyacrylamide
gel, of "NA purified from rat uteri 2h alber oestradiol treatment
and 15min after administration of labelled riborucleosides. This
INA was not, however, purified free of DNA and was apnlied to the
gel irmedintely after DNase treatment, The sample tlhmus contained
DNA oligonucleotides and protein and was an wpurified equivalent
of the INA usad in Fig. 8(e). The profile of radioactivity in
this seraration wng essentially the some as that of purified RIA,
though the mipration through the mel appeared to be mlighfly
slower, The preparation contained at least as much very-high-
molecular-weisht UNA ag TNA-free prepavations and at first it was

thoueht to contain rather more, This wng probably not the case,

as it was later fomd that high-molecular-weight BNA from the uteri

of rats, which had received ocestradiol 2h bhefore death, incorporated

radioactive precursor to a very variable extent (compare Figs. Se
and 28d). Such findings would be expected because, after 2h
exposure to the hormone, the rate of 1N\ synthesis was changing
rapidly (Mipse 3 and 4). Tt was concluded from iz, 17(h) that
the radioactivity remaining in the first few slices of the gel

could only be the product of aggrecation, if the condensation

b w

112
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occurred before the final purification of {he ifNa. It was also
concluded that the lesses incurred during the yurification of the
RMA did not markedly alter the distribution or relative amounts of

the high-meolecular-weight Wla species,

3.11., Iffects of libonuclease and Fronase on

High=tolecular—Jeirht ENA,

The cifects of Pronase and ribonuclease on the profile of
INA separated on polyacrylamicde gels were exawmined to determine the
nature of the very-high-molecular-weipht INA, Immature rats were
treated for 2h with ocestradiol and received radioactive precursors
Z0min beflfore death. The INA was tlien purified as far as the
deoxyribonuclease dipestion step and thereafter it was treated with
self-digested Pronase or ribonuclease as described in the llaterials
and Methods section, Purification of the HNA then continued in the
usual way.

Some difficulty was experienced in the Pronase digestion
in that the enzyme is rather slow acting. Ideally, the IMNA should
be treaved for several hours. However, despite the use of self~
digested enzyme and sterilized glassware, it was found that when
digestion was cavried out for extended periods, some effects due to
ribonuclease contamination were found in all the !X\ species. It
was possible to continue the FPronase digestion for 1h without marked
RNA degradation, but longer treatments necessitated protection with
a ribonuclease inhibitor. SDS would protect the N4 for at least
24h but the deter. ent probably also affected the Ironase activity.

PMg. 18(a) shows the results ol treatment of approxiuately

o vart i 0 FE B
100py uterine XN\ with 100pg Yronase for 1l at 37 and Tig 18(b)

P
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Nffect of Tronase and ribonuclease on uterine TINA.

18-21 day old rats, weighing 25-30g, were given Ipg
“of oesgtradiol~17B intraneritonenlly 2h before death and 125pCi
of each of [5~3H]uridine and [8-3ﬁ]guanosine intravenously
mein before death, The ¥NA was purified from the excised
uteri as far as the deoxyribomueclease digestion after which
aliquots were further digested with Pronase or ribonuclease,
The purification was then continued as described in the Natefials
and Metlhiods section and the INA was separated on 2,7% poly-

acrylamice sels for 5h.

. . L s . . rry O
bigestion with 100pg of Pronase at 37 forxr 1ih,

= &
S g
il 1l

Digestion with 100pg of Tromase at 3?0 for 24h in
the presence of 1% SDS. |
(¢) = Digestion with 100pg ribomuclease for 15min at 37°.

=  Extinction at 260nm.

st s

— = - = Radioactivity per slice in dpn.
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illustrates a similar experiment in which the VFronase digestion
was continued for 24h in the presence of 1% SDS., Under these
conditions, protein dipestion had absolutely no eifect on the
profilé of radiocactivity due to high-molecular-weight RNA, The
only observable difference between these separations and thosge of
untreated preparations (See Mgs. 94 and 11) was that the 260mm
trace indicated some loss of the 185 HWNA species,

Pig. 18(c) shows the optical density and radicactivity

profiles obtained after a 1%min treatment of 100pz of uterine I\
with 100pg ribonuclease at 370. Virtually all radioactivity and
all extinction at 200nm due to the 285 and 18S ribosomal DNA penks
had disappeared, Identical results were obtained when the
digestion was carried out at 250.

In view of the fact that the radicactivity in the first
few slices of the polyacrylamide gels was highly susceptible to
attaclt by ribonuclease and was unaffected by Pronase, it was

concluded that RTNA was present in this segment of the gels.

3.12, iffects of Dimethylsulphoxide on Uighe

Moleecular~yeicht IUJA,

When radioactive uterine INA is separated on 2.7% poly=-
acrylamide geis for 5h, a peak of radioactivity is found in the fixst
few slices. The counts have been shown to be associated with DA
not complexed to protein (Pig. 18). The INA wmust, however, be of
very-high-molecular-weight (>458) since it has been established that
wigration of RNA in polyacrylamide pgels is a function of molecular
weight (Loening, 1969). Two possibilities therefore remaing

gither the INA is a very-hich-molecular-weipht species, such as
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heterogenecus nuclear ’NA, or it is a product of aggregation. At
the teuperatures used and the XNA concentrations obtained (never
wore than 0,1mg/ml% ageregation should net occur during the extraction
procedﬁre (fagner et al., 1967).  Furthermore, if it oceurs, it dones
so beforc the final purification steps (Fig. 17b).

Assuming that it is composed entirely of BiNA, an aggrepate
should have regions of double strandedness, Katz & Perman (1466)
have desceribed a method which achieves strand separation of double
gtranded A without degradin,: the single strands released. This
method, invelving treatment of ,¢iA with 85% dimethylsulphoxide (see
Materials and Methods), was used on half a preparation of uterine
BNA purified from immature rats 2h afber oegtradiol trratment and
15min after adinistration of radiocactive ribenucleosides. The
other half of the (VA preparation was incubated uwnder identical
conditions without dimethylsulphoxide. One deviation from the
method of Katz and Fenman (19066) was found to be nacessary, Dextran
sulphate, which was added as a ribonuclease inhibitor, had to Dhe
omitted as it markedly affected the polyacrylamide gels, causing
them to warp badly and producing unsatisfactory separations.

Figs 19 shows the results of incubations of wterine ¥IA
with or without dimethylsulrhoxide. The treated IMNA was in fact
more norimal than the untrzated preparation, the latbter showing scume
simng of depradation of the species mipgroating in the 458-188 size
range., iiibonuclease may have been the cause of this difference,
the dimethylsulphoxide porhars having sonme inhibitory effect on
ribonuclease,.,- flowever, the SO5 nregent in the incubation mediwm
should have afforded sufficient protection.

Notwithstanding tiese diffe-onces, it was clear tiat the



Pievre 10,

fof dimathwrl o gulvdioyide own uterine TITA

WA was pardtiaed frew the whbri of 10-21 day old rats,

rweiching 23~%30g, whese hoving received an intraneritoneal

injection of Ipg of oestradiol-170; 21 b

intravenous injection of 120pCi of ecach of liu H]uridin@ anG

waration

i
i bt

5 o s P . . Ly
[8* “]xvan051nc,ijm1n before death. Half of the pre:

(about (13111)‘) was inecubated in 88% dimetiyl sulvhoxide at 3

&

for 18 in while ithe vemainder was similarly incubated without

the denaturant, The precipitated

separated for Sh on

247/ rolyncrylaide gels,

(a) = ithont dimetihyl sul;liexide,

il

(b Fith dimethrl svlphexide.
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denaturation of the secondary structure of INA has no effect on the
amount of radioactivity present in the first few slices of the ool
and it was concluded that these H¥As were discrete species of veryw
highmmélecularmweight. |

As further confirmation of the above experiment, de-
naturation of wterine INA was attempted by incubation and electro-
phoresis in 8-12M urea as described by Dobos & Fanlkner {1970).
aven With.very extended electrophoresis periecds (27h), however, INA
did not enter the gels under these conditions. It sbould be mentioned

at this point that, althongh ethylene diacrylate as a crogslinker

[y

has pronounced advantares when electrophoresis is conbinued for
relatively long periods (Fig. 7), it is not without disadvantagces,
The method of Dobes & Faulkner (1970) ayparentiy worked anequately
when hisacrylauide was the crosslinker. Turthermore, the staining
with toluidine blue of BNA separated on acrylamide/bisacrylamide
gels (Nclndoe & Munro, 1967) was unsueccessful in my handsg when
ethylene diacrylate was used as a crosslinker,

-
!

F.13. The Yecay of Very-li-h-lolecular-Yeirht Uterine INA,

From the results obtained so far, it seerms that very-high-
molecular~weight BNA in the first few slices.of the gel is in fact
hetersgeneous nuclear WA (FniNA). Two of the characteristics of
this snecies have already been demonstrabted in the uterine material,
namely the hiph-molecular-weisht and {he absence of methylation
(Pig, 11), HniNA has also been shown to have a very rapid turnover,
a low G+C content and a nuclear locatior, so it remained to sece
whether these properties were also shaved by the vterine INA.

Hany attenpts were made to demonstrate a short half 1ife
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for the high-molecular-weight [NA in vivo, These largely involved
labelling these species of IMNA in isolation by using a short pulse
of radioaclive precursor in conjunction with a low dose of
actinoﬁycin De Incorporation of radiocactivity was then storped by
the amuinistration of high levels of actinomycin D and decay of
the HMA was iollowed. In practice, the variability and slow response
of the in vivo system marred the results. The time taken for the
inhibitor to get to its site of action, and exert its full effect,
was uncertain and variable, ‘oreover, it proved impossible to
completely stop :NA synthesis guickly enough.,  Although there seemed
to be a rapid decay of the high~molecular-weight INA, results were
not clear cut and the in vivo anproach was abandoned.

Since it had been shown that the very-high-molecular-weight
TNA was made in vitro, it seemed reasonable to study its synthesis
and decay in an artificial medium.  Zven here,it was found that
drastic conditions were required to inhibit BNA synthesis fast
enough. To stop incorporation éf radioactivity into TNA it was
not sufficient {o transfer uwbteri from an incorporation medimm into
a system not containing radiocactive precursor. liven if an excess
of wnlabelled precursor was added, intraccllular pools were not
diluted fast enough to inhibit further incorporation of radicactivity.
The ip vitro incubations werec, thereiore, carried out as described in
the Materials and Methods section. Radioactive uridine énd
guanogine were incorporated into rat uteri for 15min. The tissue
was thernt rapidly washed and either used to make PNA inmediately or
transferred to a second incubation medium containing 100pg/ml of each
of uvnlabelled uridine, ,uwanosine and actinomycin D. In this system

INA synthesis appeared to ston almost immediately and the decay of

119
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Decay of uterine hisb-nolecular-weirht THNA,

The uteri from 18-21 day old rats, weighinpy 25-30s,

were incubated in groups of fouwn in vitro, in 2ml of Hagle's

nedium containing Spli of each of [E-Jﬁ]uridine and {~—35]

puanosine, e incubation was continued for 10min, and the:
. . L . O :
uteri washed twice in lagle's mediwm at 37 . The newly-

synthesized N\ was then allowed to decay for various lengths
of time by ineubatine the uwberi in a further 2ml of Ragle's
mediuwn containing 100pgﬁn1 of each of uridine, puanosine and
actinomyecin D, The purified IiNA was sevarated on a 2,7

prolyacrylamide zel for 5Sh,

(a) = Yo decay.

() = 10min decay.

(c) = 20 .in decay.

(d) = 30min decay.

(e) = Uimin decay,

(t) = 60min decay.
o= Dxbinetion at 260nm,

- = = = Nadloactivity rer slice in dpm.

Por reasons ol clarity the Z260mm trace is omitted from

the first fow slices of the gels.
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previously synthesized INA was followed in uteri incubated for
varying lengths of time., The purified INA wag separated on
2.7% polyacrylamide gels for 5h,

Mg. 20 compares the profile of radiocactivity in INA which
had been allowed to decay for 10, 20, 30, 45 and GOmin?with a control.
Breakdown was rapid, especially during the first 10min, wheﬁ the
radioactivity in the first four slices of the gel were reduced by
135, After 1h of decay, the radiocactivity in these first four
slices was only 11% of the controls. No attempt has been made to
estimate a hall life since the in vitro conditions may not accurately

reflect those in vivo and it is possible that the high levels of

actinomycin 1) speeded up the decay.

3olk, Decay of Uterine Dibosomal RNA,

In the following experiment attempls were made to determine

- whether the decay observed in the very-high-moleculav—weipht snecies

also occurred with other species of iNA. The results shown in Pig.
21 compare the profile of radiocactivity in INA labelled in vitro for
1h with that from a similar preparation that had been allowed to
decay for a further hour, Again, after 1h decay the radicactivity
in the first four slices of the gel was reduced to 10%. Purtheruore,
the radioactivity in all INA of molecvlar weight ~reater than 28S
was drastically reduced, preswuably throush both decay and ribosome
naturation, When the decay of hetoropencous N\ associated with the
ribosomal pealis Lad been allowed for, it was clear that the 283 and
188 IHNA had not undergone narked depradation. It was concluded

that the very-high-molecular~veisht 1A had a mueh faster fTwrnovar

than ribosomal I,

121
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The decnv of whavine ribosonnl 74,

m

The uteri froa 13-21 day old rats, weirbing 25-50q,
were incubnted in pgroups of four i vitre,in 2nl of Dagle's
mediws containing SpCi/ml of each of [S-BE]uridine and Fmgﬂl
ﬁuznasine. The inecubation was continued for 1h after which
the ubteri were washed and the ENA from one gronp was purified,
The newly-synthesi~zed .2\ in a second group was allowed to
decay for 1h by incubating the uteri in a further 2ml of Bagle's
mediuvm, containing 100pg/hl of each of uridine, guanosine and
actinomycin .~ The NA of these uteri was also purified and

the two preparations were sepavated on 2.7% polyacrylamide ~els

for fh,

(a) = Ko decay.
(b) = 1k decay. .
e = Extinction at 260nm.

~ = = = Hadloactivity per slice in dpm.
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3.15. Bage Composition of Uterine 1HA,

Heterogeneous nuclear INA is characterized by a base
composition high in U and low in GC (Attardi et al., 1966; Soeiro,
et al., 1966). xperiments were, thereiore, periormed to debtarmine
wiether the uterine species which exhibit many of the properties
of MniN\ also shared this chovacteristic.

To determine the base ratios of ubterine MA it was again

2. .
7“U into

necessary to label the tissue in viiro. Incorporation of
immature rat uwiterus INA in vivoe was low, presuuably because the
isotope was being utilized in many ways and at many sites, In-
corporation also posed problems of isotope equilibration., TUterine
WAws, therefore, labelled in vitre in the presence of high levels
32, . ‘ '
of P and in a medium of low phosphate content (Sce Materials and
Methods section), The purified A was separated on 2.7% poly—
acrylomide gels which were then sliced and the radioactivity in the
separate slices determined. IINA was re~extractled from selected
glices, hydrolyzed, and the hydrelysate separated chromatographically,

The percentage of the radioactivity in each monophosphate was then

deteriiined.

Fig. 2 shows the radioactivity pfnfile of 32P labelled
uterine A and includes the base composition of the gel slices
corresponding to the major pealks of precursor incorporation. Slices
1 and 2 of the polyacrylamide'gel were selected as an area conbaining
possible HniiNA. Slice_S was chosen as an area containing IniNA
contaminated with 455 RNA whilst slice O was chosen as an aren of

458 INA contaminated with pnliiA (458 21\ was very poorly diflferen-
tiated). Slices 15, 20 and 21 contained 325, 28% and 183 A

resnect