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An in v e s t ig a t io n  in to  th e  e f f e c t  o f  o e s t r a d io l - 1 ? p  on th e  s y n th e s is  o f  

th e  com ponents o f  p o ly rib o so m es in  th e  im m ature r a t  u te r u s  has been  c a r r i e d  

o u t .  P re v io u s  s tu d ie s  have sho\m t h a t  rRIxA s y n th e s is  i s  s t im u la te d  2 -4 h r  

a f t e r  t re a tm e n t w ith  th e  horm one. T h is  i s  p rece d ed  by , and dep en d en t on, 

a s t im u la t io n  o f  th e  s y n th e s is  o f  BiRNA, d e t e c ta b le  $0 min a f t e r  g iv in g  th e  

horm one. I t  has been  p o s tu la te d  t h a t  mRNA seq u en ces  p r e s e n t  in  th e  HnRNA 

m ust be t r a n s l a t e d  b e fo re  th e  s t im u la t io n  o f  rRNA s y n th e s is  can o c c u r ,

A method f o r  th e  p r e p a r a t io n  o f  rib o so m es from im m ature r a t  u t e r i ,  ta k in g  

p re c a u t io n s  to  m in im ise  r ib o n u c le a s e  a c t i v i t y ,  i s  d e s c r ib e d .  Polysom e 

p r o f i l e s  have been  a n a ly se d  on su c ro se  d e n s i ty  g r a d ie n ts  in  o rd e r  to  d e t e c t  

a l t e r a t i o n s  in  p r o te i n  s y n th e s is  fo llo w in g  hormone t r e a tm e n t .  R ibosom es 

from c o n t ro l  an im als  a re  m a in ly  i n  th e  form  o f  monomers and d im ers , b u t  

fo llo w in g  o e s tro g e n  tr e a tm e n t ,  th e r e  i s  an  in c r e a s e  in  th e  p ro p o r t io n  o f  

po lysom es. T h is  e f f e c t  i s  f i r s t  d e t e c ta b le  50 min -  I h r  a f t e r  g iv in g  

horm one, re a c h in g  a  maximum a f t e r  4 h r  and d e c l in in g  a f t e r  16 h r .

The k i n e t i c s  o f  th e  s y n th e s is  o f  th e  com ponents o f  th e  polysom es in  re sp o n se  

to  o e s tro g e n  have been  s tu d ie d .  The RNA was e x t r a c te d  from  th e  polysom es 

and f r a c t io n a t e d  on o l ig o  (dT) c e l l u lo s e  in  o rd e r  to  s tu d y  th e  s y n th e s is  

o f  mRNA and rRITA, w h i l s t  th e  rib o so m es w ere d i s s o c ia te d  in to  s u b u n its  and 

th e  s u b u n its  s e p a ra te d  on su c ro se  d e n s i ty  g r a d ie n ts  in  o rd e r  to  s tu d y  th e  

s y n th e s is  o f  r ib o so m a l p r o t e i n s .  I t  h as  been  shown t h a t  th e  a g g re g a tio n  

o f  ribosom es in to  polysom es 2 -4 h r  a f t e r  hormone t r e a tm e n t  o c c u rs  a s  a  

r e s u l t  o f  th e  a s s o c ia t io n  o f  n e w ly - s y n th e s is e d  mRlTA w ith  p r e - e x i s t i n g  

rib o so m es. D e sp ite  th e  s t im u la t io n  o f  rRNA s y n th e s is  2 -4 h r  a f t e r  o e s tro g e n  

a d m in is t r a t io n ,  th e  in c o rp o r a t io n  o f  n e w ly -s y n th e s is e d  rRNA in to  rib o so m es i s  

n o t  maximal u n t i l  12 h r  a f t e r  hormone t r e a tm e n t .  The in c o rp o r a t io n  o f  new ly - 

s y n th e s is e d  r ib o so m a l p r o te in s  i n t o  rib o so m es i s  a l s o  m axim al a t  t h i s  t im e .

F r a c t io n a t io n  o f  th e s e  n e w ly -s y n th e s is e d  p r o te in s  by p o ly a c ry la m id e  g e l  

e le c t r o p h o r e s i s  has been c a r r i e d  o u t in  o rd e r  to  co n firm  t h e i r  i d e n t i t y  a s



IV

rib o so m a l p r o t e i n s .  The k i n e t i c s  o f  th e  in c o rp o r a t io n  o f  n e w ly -sy n th e s is e d  

rib o so m a l p r o te in s  in t o  rib o so m es fo llo w  th e  k i n e t i c s  o f  th e  s t im u la t io n  

o f  t o t a l  p r o te in  s y n th e s i s  i n  th e  u te r u s  by o e s tro g e n . The peak o f  maximal 

in c o rp o r a t io n  o f  n e w ly - s y n th e s is e d  mRlTA in t o  polysom es c o in c id e s  w ith  th e  

peak  o f  maximal p r o te in  s y n th e s i s .

These r e s u l . t s  a re  d is c u s s e d  in  r e l a t i o n  to  th e  p o s tu la te d  mechanism o f  

o e s t ro g e n - s t im u la te d  rRl'TA s y n th e s i s  in  th e  im m ature r a t  u te r u s .  The 

in v o lv em en t o f  p r o te i n  s y n th e s is  in  rRNA s y n th e s is  i s  a l s o  d is c u s s e d .



INTRODUCTION



1 INTRODUCTION

1.1 C o n tro l sy stem s in  mammals

Many d i f f e r e n t  c e l l  ty p e s  a re  p r e s e n t  in  an in d iv id u a l ,  each  c e l l  

ty p e  c a r ry in g  o u t i t s  own s p e c i a l i s e d  fu n c t io n .  I t  fo llo w s  t h a t ,  in  

o rd e r  f o r  th e  d i f f e r e n t  c e l l s  to  f u n c t io n  to g e th e r  e f f e c t i v e l y ,  c o n t ro l  

mechanism s m ust e x i s t  to  c o o rd in a te  t h e i r  a c t i v i t i e s .  In  mammals, a s  i n  

m ost e u k a ry o t ic  o rg an ism s, th e r e  a re  two ty p e s  o f  c o n t ro l  sy stem . T here 

i s  a  f a s t - a c t i n g ,  e l e c t r i c a l  c o n t r o l  sy stem , o r  n e rv o u s  system , in  w hich 

e l e c t r i c a l  im p u lse s  a re  t r a n s m i t t e d  a lo n g  s p e c i f i c  pathw ays known a s  

n eu ro n es  o r  n e rv e s .  T here  i s  a l s o  a  r e l a t i v e l y  s lo w e r - a c t in g  ch em ica l 

c o n t ro l  sy stem , o r  e n d o c r in e  sy stem . In  t h i s  l a t t e r  system , ch em ica l 

c o n t r o l  i s  a c h ie v e d  by th e  a c t io n  o f  horm ones, w hich  may he d e f in e d  a s  

chem ica l compounds form ed in  one p a r t  o f  th e  body and t r a n s p o r te d  in  

th e  c i r c u l a t o r y  system  to  o th e r  o rg a n s  and t i s s u e s  whose a c t i v i t y  th e y  

in f lu e n c e  (B e s t and T a y lo r ,  1945)* The f i r s t  r e p o r t  o f  such a 

" s e c r e te d  body" o r  hormone was p u b lis h e d  by B a y l is s  and S t a r l i n g  (1 9 0 2 ) , 

These a u th o rs  w ere a b le  to  d e m o n s tra te  an in c r e a s e  in  .th e  s e c r e t io n  o f  

p a n c r e a t ic  ju i c e  upon in t r o d u c in g  a c id  i n t o  a  lo o p  o f  th e  sm all 

i n t e s t i n e  whose n e rv o u s  c o n n e c tio n s  had been s e v e re d , so t h a t  th e  o n ly  

com m unication w ith  th e  p a n c re a s  was th ro u g h  th e  b lo o d s tre a m . In  

a d d i t io n ,  an e x t r a c t  o f  th e  d u o d en a l m ucosa le d  to  th e  same r e s u l t  

when in j e c t e d  in t o  an a n im a l.

W ith in  th e  e n d o c rin e  sy stem , two c l a s s e s  o f  hormone can be 

d is t in g u is h e d  on th e  b a s i s  o f  t h e i r  p ro p o sed  m echanism  o f  a c t i o n .

The f i r s t  c l a s s  in c lu d e s  th e  p e p t id e  horm ones and c a te c h o l am ines 

w h i l s t  th e  second c l a s s  in c lu d e s  th e  s t e r o i d  hormones and th y r o id  

horm ones. In  g e n e r a l ,  th e  p h y s io lo g ic a l  re sp o n se  to  th e  fo rm er group 

i s  q u i t e  r a p id .  In  th e  exam ple o f  th e  " s e c r e te d  body", o r  s e c r e t i n ,  

d e s c r ib e d  by B a y l is s  and S t a r l i n g  (1 9 0 2 ) , in c re a s e d  p a n c r e a t ic  

s e c r e t io n  was o b serv ed  w ith in  2 min o f  th e  in t r o d u c t io n  o f  a c id  i n t o



the sm all in t e s t in e  and d ied  av/ay r a p id ly  u n le s s  a second stim u lu s  

was g iv e n , I t  was form erly  b e lie v e d  th a t  the p ep tid e  hormones and 

c a tec h o l am ines d id  n o t e n te r  the ta r g e t  c e l l s  to  e x e r t  t h e ir  

p h y s io lo g ic a l  e f f e c t  b u t, in s te a d , bound to  a r e c e p to r  in  the c e l l  

membrane. T his r e s u lte d  in  th e a c t iv a t io n  o f  an in t r a c e l lu la r  

m essenger system , w hich, in  most c a s e s ,  appeared to  be an adenyl 

c y c la se  which was s tim u la ted  to  s y n th e s is e  adenosine 5 ' : 3 ' -  phosphate  

(R a il and Su therlan d , 1958 î Sutherland and R obinson, I 966) .

E vidence f o r  th e  e x t r a c e l l u l a r  s i t e  o f  a c t io n  o f  p e p t id e  horm ones 

came - from s tu d i e s  in  w hich  i n s u l i n  was c o v a le n t ly  l in k e d  to  a  h ig h  

m o le c u la r  w e ig h t p o lym er, w hich  d id  n o t  p e n e t r a te  c e l l  membranes, and 

th e  i n s u l i n  was shown to  r e t a i n  i t s  b io l o g ic a l  a c t i v i t y  ( C u a tre c a s a s ,

1969; Armstrong e t  a l , ,  1 9 7 2 ). In a d d it io n , c e l l  membrane r e c e p to r s  fo r  

p o ly p ep tid e  hormones have been d esc r ib e d  (C u atrecasas, 1974 ). However, 

the v a l i d i t y  o f  the experim ents in  w hich in s u l in  was lin k ed  to  a 

h igh  m olecu lar w eight support has been q u estio n ed  s in c e ,  under th e  

in cu b ation  c o n d it io n s  em ployed, the co v a le n t l in k  between the polym er 

and in s u l in  i s  u n s ta b le , r e s u l t in g  in  th e  r e le a s e  o f  s u f f i c i e n t  fr e e  

in s u l in  to  account fo r  th e  b io lo g ic a l  a c t iv i t y  o f  th e  Sepharose 

in  s u lin  (Kolb e t  a l . , 1 9 7 5 ). I n t r a c e l lu la r  b in d in g  s i t e s  fo r  

p o ly p ep tid e  hormones have a ls o  been rep orted  (G o ld fin e  and Smith,

1976) .  T herefore co n tro v ersy  surrounds th e  mechanism o f  a c t io n  o f  

the p o ly p ep tid e  hormones. They may e x e r t  t h e ir  a c t io n  a t the su rfa ce  

o f  the c e l l  and on ly  su b seq u en tly  e n te r  the c e l l  in  order to  be 

degraded o r  fo r  the r e c e p to r  to  be r e c y c le d . A lte r n a t iv e ly ,  i t  i s  

p o s s ib le  th a t  th e  hormone b inds to  th e  c e l l  membrane and cau ses sh ort term  

e f f e c t s  v ia  a secondary m essenger, and th e  lo n g  term e f f e c t s  o f  th e  

hormone, i f  any, occur a f t e r  i t s  en try  in to  the c e l l  (K olata , 1 9 7 8 ), 

S tero id  and th y ro id  hormones b e lon g  to  the second group o f  hormones. 

Although th e se  hormones can a ls o  le a d  to  resp o n ses  in  t h e ir  ta r g e t



t i s s u e s  w ith in  m in u tes, t h e ir  a c t io n  i s  u su a lly  more prolonged , in  

co n tra st to  th e a c t io n  o f  th e  p o ly p ep tid e  horrriones and ca tech o l 

am ines. The a c t io n  o f  s te r o id  and th y ro id  hormones r e s u l t s  in  an 

a lte r a t io n  o f  the p a tte r n  o f  m acrom olecular s y n th e s is  o f  th e ir  

ta r g e t  c e l l s .  The mechanism o f  a c t io n  o f  s te r o id  hormones v .d ll he 

d iscu sse d  below .



1 ,2  S te ro id  horm ones

S tero idG  a r e  s m a ll ,  h y d ro p h o b ic  m o le c u le s  d e r iv e d  ch em ica lly  

from a  p a r e n t  compound c h o l e s t e r o l  (Pi^p^re 1 ) .

HO

F igure 1 , Chemical s tru c tu re  o f  c h o le s te r o l  
( c h o le s t “ 5“en e~5^  - o l )

T h is  27“ Carbon compound i s  c o n v e rte d  to  p re g n e n o lo n e , a  21-c a rb o n  

compound, by a s e r i e s  o f  b io s y n th e t ic  s te p s  common to  a l l  

mammalian s t e r o i d  horm ones ( B a ird , 1972)* P reg n en o lo n e  can be 

co n v e rte d  to  th e  21-c a rb o n  c o r t i c o s t e r o i d s  and p ro g e s te ro n e ,  th e  

19-c a rb o n  an d ro g en s  and th e  1 8 -ca rb o n  o e s tro g e n s .

S te ro id  horm ones have been  d e s c r ib e d  in  a r th ro p o d s  and v e r t e b r a t e s  

and th e  b io s y n th e s i s  o f  s t e r o i d a l  o e s tro g e n s  has  a l s o  been d em o n stra te d  

in  p la n ts  (Young e t  a l . , 1 9 7 7 ), a l th o u g h  th e  p h y s io lo g ic a l  

s ig n i f i c a n c e  o f  s t e r o i d  horm ones in  p l a n t s  i s  n o t  c l e a r .

1 .2 .1  M echanism o f  a c t io n  o f  s t e r o i d  horm ones

In  t h i s  s e c t io n ,  th e  m echanism  o f  a c t io n  o f  s t e r o i d  hormones in  

g e n e ra l  w i l l  be o u t l in e d  b e fo re  g o in g  on to  d e s c r ib e  in  d e t a i l  th e  

a c t io n  o f  o e s tro g e n  i n  th e  u t e r u s .

N early  a l l  s t e r o i d  horm ones in d u ce  th e  s y n th e s is  o f  one o r  more 

p r o te in s  in  t h e i r  t a r g e t  c e l l s  (Tomkins and M a r tin ,  1970 ). T h is



was f i r s t  su g g e s te d  by th e  e x p e rim e n ts  o f  Knox and A uerbach (1955) who 

d e m o n stra te d  t h a t  th e  a c t i v i t y  o f  t ry p to p h a n  p y r r o la s e ,  an  enzyme 

p r e s e n t  in  th e  l i v e r ,  was red u ced  in  r a t s  fo l lo w in g  a d ren a lec to m y . 

T rea tm en t w ith  c o r t i s o n e ,  one o f  th e  g lu c o c o r t ic o id  hormones 

n o rm a lly  p ro d u ced  by th e  a d re n a l  g la n d s ,  le d  to  an in c r e a s e  in  

try p to p h a n  p y r r o la s e  a c t i v i t y  in  b o th  norm al and a d re n a le c to m ise d  

a n im a ls , Schimke e t  a l ,  (19&5) su b se q u e n tly  showed t h a t  t h i s  

g lu c o c o r t ic o id - s t im u la te d  in c r e a s e  i n  t ry p to p h a n  p y r r o la s e  a c t i v i t y  

was a  r e s u l t  o f  de novo s y n th e s is  o f  th e  enzyme. The in d u c t io n  o f  

th e  s y n th e s is  o f  c e r t a i n  p r o te in s  a p p e a rs  to  be a  fu n d am en ta l a c t io n  

o f  a l l  s t e r o i d  horm ones (O 'M alley  e t  a l , ,  19&9; Tomkins and M a rtin ,

1970) .

I t  i s  b e l ie v e d  t h a t  s t e r o i d  horm ones a c t  by a  tw o -s te p  mechanism 

i n  w hich th e  hormone i s  bound by a  c y to p la sm ic  r e c e p to r  p r o te in  

b e fo re  b e in g  t r a n s lo c a te d  to  th e  n u c le u s .  T h is  s u g g e s tio n  was made 

a s  a  r e s u l t  o f  e x p e r im e n ts  on th e  c e l l u l a r  lo c a t io n  o f  r a d io a c t i v e ly -  

l a b e l l e d  o e s tro g e n  c a r r i e d  o u t i n  th e  l a b o r a t o r i e s  o f  J e n se n  ( Jen sen  e t  

a l . ,  1968) and G orsk i (Shyam ala and G o rsk i , I 969) .  A s im p l i f ie d  

v e r s io n  o f  t h i s  tw o -s te p  mechanism i s  shown in  F ig u re  2 ,

B l o o d

V\or/Doot

CYTOPLASM  
'Hormone rcccpW

e

4 #
Activatedl

Complex

1
froteîns RNA

NUCLEUS

r -^ -i Acc€fto< gltg  

^  Transcription

R N A

F ig u re  2 , T w o-step  m echanism  o f  s t e r o i d  hormone 
a c t io n  (From Leake (19?6) ) ,



In  o u t l i n e ,  th e  hormone i s  t r a n s p o r te d  in  th e  b lo o d s tre am  from 

th e  e n d o c rin e  organ to  i t s  t a r g e t  c o l l .  I t  p a s s e s  a c ro s s  th e  

c e l l  membrane in to  th e  cy to p lasm  o f  th e  c e l l  w here i t  becomes 

bound by a  s p e c i f i c  hormone r e c e p to r .  T h is  b in d in g  o c c u rs  w ith  

a  v e ry  h ig h  a f f i n i t y  an d , u n d e r  p h y s io lo g ic a l  c o n d i t io n s ,  i t  

r e s u l t s  in  a  m o d if ic a t io n  o f  th e  r e c e p to r  known a s  a c t i v a t i o n .

In  t h i s  a c t i v a t e d  s t a t e ,  th e  h o rm o n e -re c e p to r  com plex can p ass  in to  

th e  n u c le u s .  Once in s id e  th e  n u c le u s ,  th e  h o rm o n e -re c e p to r  com plex 

becomes a s s o c ia t e d  w ith  th e  c h ro m a tin  a t  s i t e s  known a s  a c c e p to r  

s i t e s .  T h is  r e s u l t s  in  th e  in d u c t io n  o f  th e  r e s p o n s e s  c h a r a c t e r i s t i c  

o f  th e  horm one, such  a s  th e  s t im u la t io n  o f  r ib o n u c le ic  a c id  (RDTA) 

s y n th e s is  and p r o te in  s y n th e s i s .  T h is  tw o -s te p  mechanism o f  a c t io n  

h as  been  s tu d ie d  m ost e x te n s iv e ly  f o r  o e s tro g e n s ,  b u t i t  a p p e a rs  to  

be a p p l ic a b le  to  a l l  s t e r o i d  horm ones (Je n se n  and DeSombre, 1972; 

G orsk i and Gannon, 1 9 7 ^ ),

A lthough  t h i s  model o f  s t e r o i d  hormone a c t io n  h as  been  th e  s u b je c t  

o f  v e ry  d e t a i l e d  e x a m in a tio n  and a  g r e a t  d e a l  o f  ev id en ce  h as  been  

accu m u la ted  in  su p p o r t o f  i t s  m a jo r c o n c e p ts , a  few a s p e c ts  o f  th e  

model a r e  s t i l l  p o o r ly  d e f in e d .  In ' p a r t i c u l a r ,  th e  mechanism by 

w hich th e  a c t iv a t e d  h o rm o n e -re c e p to r  com plex t r a n s l o c a t e s  to  th e  

n u c le u s ,  i n t e r a c t s  w ith  n u c le a r  com ponents and s t im u la te s  th e  

e x p re s s io n  o f  p a r t i c u l a r  genes i s  f a r  from  c l e a r .

The m ost a t t r a c t i v e  h y p o th e s is  to  d e s c r ib e  th e  e f f e c t s  o f  s t e r o i d  

hormones a t  th e  n u c le a r  l e v e l  s u g g e s ts  t h a t  th e  s t e r o i d  in d u c e s  th e  

t r a n s c r i p t i o n  o f  s p e c i f i c  m essen g er RNA (mRNA) m o le c u le s  from th e  

d e o x y r ib o n u c le ic  a c id  (DNA) te m p la te .  The mRNA seq u en ces  th e n  code 

f o r  th e  s y n th e s is  o f  th e  p a r t i c u l a r  p r o t e i n s  in d u c ed  by th e  horm one. 

T h is  h y p o th e s is  was o r i g i n a l l y  b a se d  on an a n a lo g y  w ith  th e  l a c  

r e p r e s s o r  system  in  th e  b a c te r iu m  E s c h e r ic h ia  c o l i , f i r s t  d e s c r ib e d  

by Jacob  and Monod ( 19& I). In  t h i s  o rg an ism , th e  genes co d in g  f o r



th r e e  enzymes concerned  w ith  th e  m e tab o lism  o f  l a c to s e  a re  t r a n s c r ib e d  

a s  a s in g le  u n i t ,  known a s  an o p e ro n . The th r e e  enzymes a re  

P - g a la c to s id a s e ,  ^ - g a l a c t o s id e  perm ease and g a la c to s id e  

a c e ty la s e ,  and th e  com plete  u n i t  i s  known a s  th e  l a c  o p ero n . I n  

a d d i t io n  to  th e s e  th r e e  s t r u c t u r a l  g e n e s , th e r e  i s  a n o th e r  re g io n  

o f  DNA p r e s e n t  in  th e  o p ero n , te rm ed  th e  o p e r a to r  r e g io n ,  w hich can 

b in d  a p r o t e i n  known a s  a r e p r e s s o r .  When th e  r e p r e s s o r  i s  bound, 

t r a n s c r i p t i o n  o f  th e  s t r u c t u r a l  g en es  i s  p r e v e n te d .  L a c to se , 

how ever, can  combine w ith  th e  r e p r e s s o r  and p re v e n t  i t s  b in d in g  to  

th e  o p e r a to r  re g io n ,  th u s  a l lo w in g  t r a n s c r i p t i o n  o f  th e  o p e ro n . 

T h e re fo re , th e  p re se n c e  o f  l a c to s e  i n  th e  medium in d u c e s ,  o r  

d e - r e p r e s s e s ,  th e  s y n th e s is  o f  th e s e  th r e e  enzym es co n ce rn ed  in  i t s  

m e tab o lism .

An e a r ly  l i n e  o f  e v id e n c e  s u p p o r t in g  th e  v iew  t h a t  s t e r o i d  hormones 

a c te d  a s  s p e c i f i c  d e - r e p r e s s o r s  o f  g en es  came from  s tu d ie s  on th e  

a c t io n  o f  th e  m o u ltin g  hormone, ecd y so n e , i n  i n s e c t s  (C le v e r  and 

K a r l8on, I 96O; K a rlso n , 19^3» C le v e r , I 966 ) ,  The s a l i v a r y  g la n d s  o f  

c e r t a in  i n s e c t s ,  such  a s  Chironom us t e n t a n s , c o n ta in  g i a n t ,  p o ly te n e  

chromosomes w hich a p p e a r  " p u ffe d  up" a t  c e r t a i n  s i t e s  a lo n g  t h e i r  

l e n g th .  T hese r e g io n s ,  known a s  chromosome p u f f s ,  a r e  s i t e s  o f  RNA 

s y n th e s is  ( f e l l i n g ,  1 9 5 9 ). T rea tm e n t o f  la r v a e  w ith  ecdysone le a d s  to  

a  r a p id  a l t e r a t i o n  in  th e  p a t t e r n  o f  chromosome p u f f s ,  new p u f f s  

a p p e a r in g  w h i l s t  p r e - e x i s t i n g  p u f f s  r e g r e s s .  T hese r e s u l t s  le d  

C lev e r and K arlso n  to  p o s tu la te  t h a t  th e  p rim ary  e f f e c t  o f  ecdysone 

was to  a l t e r  th e  a c t i v i t y  o f  s p e c i f i c  g e n e s .

Such s tu d ie s  have now been  ex ten d ed  by th e  d i r e c t  d e m o n s tra tio n  o f  

a  horm one-induced  in c r e a s e  in  th e  num ber o f  mRNA seq u en ces  c o d in g  f o r  

a  s p e c i f i c  p r o te in  in  a  number o f  e x p e r im e n ta l sy s te m s . The in c re a s e  

i n  mRNA a c t i v i t y  can be d em o n stra te d  e i t h e r  by e x t r a c t i n g  th e  RNA and 

t r a n s l a t i n g  i t  in  an h e te ro lo g o u s ,  c e l l - f r e e  p r o t e i n  s y n th e s i s in g  system
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or, more d ir e c t ly ,  by h y b r id isa t io n  o f  c e ] lu la r  RNA to  a 

complementary DNA tr a n s c r ip t  o f  the p a r t ic u la r  mRNA s p e c ie s  

b e lie v e d  to  be induced by the hormone. The most e x te n s iv e ly  

stu d ied  system  in  which the hormone-dependent in d u ctio n  o f  s p e c i f ic  

mPü'ÏA s p e c ie s  has been dem onstrated by th e se  tech n iq u es i s  the ch ick  

o v id u ct system . Treatment o f  fem ale ch ick s  w ith  oestro g en  r e s u lt s  

in  d i f f e r e n t ia t io n  o f  the o v id u ct which s t a r t s  to  sy n th e s ise  the  

major egg -w h ite  p r o te in s  (O 'M alley e t  a l . ,  I 969) .  In the case o f  

th ree  o f  th e se  p r o te in s ,  ovalbum in, conalbumin and ovomucoid, i t  

has been shown th a t th ere  i s  an in c r e a se  in  the l e v e l  o f  the mRNA 

sp e c ie s  in  resp on se to  o estro g en  (Means e t  a l . , 1972; Chan e t  a l . ,

1973; P a lm iter , 1973; Rhoads e t  a l , ,  1973; McKnight e t  a l . , 1975»

Raimite r  e t  a l , ,  197^» M u lv ih i l l  and P a lm iter , 1977» S, Tsai e t  a l . ,

1978), P rogesteron e has a ls o  been shown to  have the same e f f e c t  on 

the mRNA s p e c ie s  cod in g  fo r  ovalbumin and conalbumin i f  i t  i s  

ad m in istered  to  ch ick s  which have been p r e v io u s ly  tr e a te d  w ith  o estro g en , 

so th a t d i f f e r e n t ia t io n  o f  the ov id u ct has occurred , and then th e  

oestrogen  i s  withdrawn (McKnight e t  a l , ,  1975» P a lm iter  e t  a l , ,  1 9 7 6 ),

In a d d it io n , p rogesteron e in d u ces the mRÎ A cod ing fo r  another egg-w h ite  

p r o te in , a v id in , which i s  n o t induced by oestrogen  a lon e  (Chan e t  a l , ,  

1973; Sperry e t  a l , ,  1976),

Other exam ples o f  th e  in d u c tio n  o f  s p e c i f i c  mRNA s p e c ie s  by a s te r o id  

hormone are kno^m. G lu c o c o r t ic o s te r o id s  s t im u la te  th e le v e l s  o f  the  

mRNA8 cod ing fo r  ty r o s in e  amino tr a n s fe r a s e  and tryptophan oxygenase 

in  ra t l i v e r  (S ch u tx  e t  a l . ,  1975; E rnest e t  a l . ,  1978; H offer and 

S e k er is , 1 9 7 8 ). O estrogen in d u ces th e  mRNA cod ing fo r  the egg y o lk  

p ro te in  p recu rso r , v i t e l lo g e n in ,  in  the l i v e r  o f  r o o s te r s  (D eeley  

e t  a l , ,  1977; Gordon e t  a l . , 1977; Bum s e t  a l , ,  1978; d o st e t  a l , ,

1978) and th e l i v e r  o f  the clawed toad , Xenopus l a e v i s , (Clemens, 1974; 

Baker and Shapiro, 1977; Parmer e t  a l , ,  1 9 78 ), and androgens induce the



mRNA coding fo r  a number o f  p r o te in s ,  in c lu d in g  a ld o la s e , in  the 

v e n tr a l p r o s ta te  o f  r a ts  (M ainwaring e t  a l , ,  1974» Parker and S crace ,

1978» M ezzetti e t  a l , ,  1 9 79 ).

These s tu d ie s  a l l  provide ev id en ce su p p ortin g  th e  h y p o th esis  th a t  

s te r o id  hormones a c t by r e g u la t in g  the accum ulation o f  s p e c if ic  

mRNA m o lecu les . However, in  a number o f  c a s e s , the sy n th e s is  o f  a l l  

c la s s e s  o f  RNA i s  s tim u la ted  by the hormone (O’M alley e t  a l , ,  1969; 

Tomkins and M artin, 197^), In  the case o f  androgens a c t in g  on r a t  

sem inal v e s i c l e ,  H iggins and B u rch ell (-j 978) have shown th a t the 

hormone c o n tr o ls  the s y n th e s is  o f  two b a s ic ,  se c r e to r y  p ro te in s  by 

r e g u la tin g  th e l e v e l  o f  tr a n s la ta b le  mRNA coding fo r  th ese  two p r o te in s .  

However, t h i s  e f f e c t  o f  androgens i s  p art o f  a g en era l e f f e c t  on mRNA 

and a lso  on t o t a l  c e l lu la r  RNA, so th a t  the hormone ,does not r e g u la te  

the sy n th e s is  o f  the se c r e to r y  p r o te in s  in dependently  o f  gen era l p r o te in  

s y n th e s is .

Other mechanisms by which s te r o id  hormones may in f lu e n c e  gene 

ex p ress io n  have been p o s tu la te d . One p o s s i b i l i t y  i s  th a t the hormone 

a c t s  a t  the l e v e l  o f  p o s t - t r a n s c r ip t io n a l  p r o c e ss in g  and tra n sp o r t o f  

the mRNA, Tomkins has proposed a p o s t - t r a n s c r ip t io n a l  co n tro l model 

based on s tu d ie s  o f  thé s o - c a l le d  p a ra d o x ica l e f f e c t  o f  in h ib ito r s  o f  

RNA sy n th e s is  (Tomkins e t  a l , ,  1 9 7 2 ), In the l i v e r ,  and in  cu ltu red  

hepatoma c e l l s ,  ty r o s in e  amino tr a n s fe r a s e  i s  induced by g lu c o c o r t ic o id s .  

Removal o f  th e  s te r o id  le a d s  to  d e in d u ctio n  o f  the enzyme, but treatm en t  

w ith  actinom ycin  D, an in h ib i t o r  o f  RNA s y n th e s is ,  a f t e r  in d u c tio n  o f  the  

enzyme has occurred , n o t on ly  p rev en ts  de in d u ctio n  but can a ls o  

"superinduce" th e  enzyme beyond th e l e v e l s  e l i c i t e d  by the s t e r o id ,  

Tomkins has in te r p r e te d  th e se  r e s u l t s - a s  b e in g  due to  the p resen ce o f  

a la b i l e ,  p o s t - t r a n s c r ip t io n a l  r e p r e sso r  which p reven ts tr a n s la t io n  o f  th e  

mRNA coding fo r  ty r o s in e  amino tr a n s fe r a se  and promotes i t s  d egra d a tio n . 

The s te r o id  in h ib i t s  th e  a c t i v i t y  o f  t h i s  rep resso r  w h ils t  actinom ycin  D
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p re v e n ts  t r a n s c r i p t i o n  o f  th e  gene co d in g  f o r  th e  r e p r e s s o r ,  th u s  

a llo w in g  t r a n s l a t i o n  o f  th e  more s t a b l e  ty r o s in e  amino t r a n s f e r a s e  

mRNA m o lecu le s  w hich  have accu m u la ted  u n d e r  th e  in f lu e n c e  o f  th e  s t e r o i d .  

More r e c e n t  e x p e rim e n ts  have d e m o n s tra te d  s u p e r in d u c t io n  o f  ty r o s in e  

amino t r a n s f e r a s e  by p r o t e i n  s y n th e s is  i n h i b i t o r s ,  s u g g e s tin g  t h a t  th e  

p o s t - t r a n s l a t i o n a l  r e p r e s s o r  i s  a  l a b i l e  p o ly p e p tid e  (E rn e s t  e t  a l , ,  1978» 

Ho f e r  and S e k e r is ,  1 9 7 8 ).

Superinduction  o f  eg g -w h ite  p r o te in s  has a ls o  been dem onstrated in  the  

ch ick  ov id u ct fo l lo w in g  treatm ent w ith  actinom ycin  D, P a lm iter  and 

Schimke (1973) have proposed th a t  t h i s  occu rs as a r e s u lt  o f  com p etition  

a t the t r a n s la t io n a l  l e v e l .  The r a te  o f  ovalbumin s y n th e s is  does not 

d e c lin e  as r a p id ly  a s  th e  r a te  o f  s y n th e s is  o f  n o n -sec re to ry  p r o te in s  

fo llo w in g  treatm en t w ith  actinom ycin  D, P a lm iter  and Schimke th e r e fo r e  

suggested  th a t  th o se  mRNA m olecu les  w hich are superinduced have lo n g er  

h a l f - l i v e s  than o th e r  mRNA m o lec u le s , so w i l l  form a g r e a te r  p rop ortion  

o f  the mRNA p o p u la tio n  fo llo w in g  in h ib i t io n  o f  RNA s y n th e s is .  T h erefore, 

they  w i l l  be a b le  to  compete more e f f e c t i v e l y  fo r  r a t e - l im it in g  fa c to r s  

fo r  t r a n s la t io n ,

P a lm ite r  had , i n  f a c t ,  p r e v io u s ly  su g g e s te d  t h a t  o e s tro g e n  a c t s  a t  th e  

t r a n s l a t i o n a l  l e v e l ,  i n  a d d i t io n  to  i t s  e f f e c t  on mRNA t r a n s c r i p t i o n ,  in  

th e  ch ick  o v id u c t  ( P a lm i te r ,  1 9 7 2 ), A n a ly s is  o f  th e  r a t e s  o f  

i n i t i a t i o n  and e lo n g a t io n  o f  p o ly p e p tid e  c h a in s  su g g e s te d  t h a t  t r e a tm e n t  

w ith  o e s tro g e n  d o u b le d  th e  r a t e  o f  i n i t i a t i o n  and a l s o  le d  to  a  sm a ll 

in c re a s e  i n  th e  r a t e  o f  e lo n g a t io n ,  p en n eq u in  e t  a l  ( l9 7 8 )  have con firm ed  

th e s e  f in d in g s  and  have a l s o  n o te d  s i m i l a r  e f f e c t s  o f  p ro g e s te ro n e  on 

o e s t r o g e n - t r e a te d  c h ic k s .  However, i n  c o n t r a s t  to  o e s tro g e n  w hich  

a f f e c t s  t r a n s l a t i o n  i n  a  n o n - s p e c i f i c  m anner, p ro g e s te ro n e  a p p e a rs  to  

r e g u la te  p r e f e r e n t i a l l y  th e  i n i t i a t i o n  o f  ovalbum in mRNA se q u e n c e s .

These s tu d ie s  w ere c a r r i e d  o u t on th e  c h ic k  o v id u c t in  w hich th e  

m ajo r e f f e c t  o f  th e  hormone i s  to  r e g u la te  th e  r a t e  o f  mRNA p ro d u c t io n .
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An experim ental system  in  which s te r o id  hormones appear to  r e g u la te  

tr a n s la t io n  w ith ou t a f f e c t in g  tr a n s c r ip t io n  i s  the ch ick  "blastoderm  

cu ltu red  in  v i t r o .  T his t i s s u e  i s  s tim u la ted  by 5 |3 -redu ced  s t e r o id s  to  

produce f o e t a l  haem oglob ins, and i t  appears th a t the g lo b in  mRNA 

m olecu les are a lread y  p r e s e n t , but are n o t tr a n s la te d , p r io r  to

hormone s t im u la t io n  ( I r v in g  e t  a l , ,  1 9 7 6 ). The s te r o id  appears to  a c t

a t  the t r a n s la t io n a l  l e v e l  by s t im u la t in g  i n i t i a t i o n  ( I r v in g  and 

Mainwaring, 1976) ,

Another p o s s ib le  s i t e  o f  a c t io n  o f  s te r o id  hormones w hich has been  

proposed, i s  th e  c e l l  membrane. Amphibian o o cy te s  are a r r e s te d  a t  

the prophase o f  th e  f i r s t  m e io t ic  d iv i s io n .  A d m in istra tion  o f  

p rogesteron e in  v i t r o  le a d s  to  m e io tic  m aturation , th a t  i s  m e io s is  

proceeds to  th e  m etaphase o f  the second m e io tic  d iv is io n  and the f i r s t  

p o la r  body i s  ex tru d ed . In  t h i s  s t a t e ,  th e o ocy te  i s  ready fo r

f e r t i l i s a t i o n .  The hormone i s  e f f e c t i v e  on en u clea ted  o o c y te s , so i t

does not appear to  be a c t in g  by th e  tw o -step  mechanism (R a u lieu e t  a l , ,

1978) ,  A p ro g estero n e  analogue c o v a le n tly  lin k e d  to  a p o ly e th y le n e  

oxide polym er i s  a ls o  e f f e c t i v e  under c o n d it io n s  in  w hich c lea v a g e  o f  

the bond between th e  hormone and th e  polymer does n o t occu r , su g g e s t in g

th a t p rogesteron e i s  a c t in g  a t  th e  c e l l  membrane (Godeau e t  a l , ,  1 9 7 8 ),
e t  a l .

However, a lth ou gh  R a u lieu ^ (i9 7 8 ) d id  n ot d e te c t  p ro g estero n e  r e c e p to r s  in  the  

cytoplasm  o f  the o o c y te , K alim i e t  a l , , (1979) have rep o rted  th e  p resen ce  

o f  p rogesteron e r e c e p to r s .  The in te r a c t io n  between p ro g estero n e  and th e  

c e l l  membrane o f  th e  o o cy te  th e r e fo r e  remains c o n tr o v e r s ia l .  Another 

example o f  a s te r o id  hormone in te r a c t in g  w ith  c e l l  membranes, in  t h i s  

case o e s t r a d io l -1 7 p and th e su rfa ce  o f  endom etria l c e l l s ,  has been  

d escrib ed  by P ie tr a s 'a n d  Sxego (1976)#

In  c o n c lu s io n , the ev id en ce  p resen ted  in  t h i s  s e c t io n  i s  c o n s is te n t  

w ith  the major e f f e c t s  o f  s t e r o id  hormones b e in g  a t  n u c le a r  s i t e s  w ith in  ■ 

c e l l s .  The hormone in t e r a c t s  w ith  the n u c leu s  by a tw o -s te p  mechanism
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in v o lv in g  cy to p la sm ic  re c e p to r  p r o te in s  and t h is  appears to  r e s u lt  in  

a m odulation o f  t r a n s c r ip t io n .  In  a d d it io n , the s te r o id  hormone may 

a lso  a c t a t o th er , n on -n u clea r , s i t e s  to  complement i t s  e f f e c t  a t  th e  

n u clear l e v e l .

The a c t io n  o f  o e s t r a d io l -1 7 p  on the r a t u teru s w i l l  he d isc u sse d  

in  the n ext s e c t io n ,

1 .2 .2  A c tio n  o f  o e s tro g e n  on th e  im m ature r a t  u te r u s

In the a d u lt , fem ale r a t ,  th e  o estro u s  c y c le  l a s t s  approxim ately  

4 days. As th e  G raafian  f o l l i c l e s  m ature, they  s e c r e te  in c r e a s in g  

amounts o f  o e s tr o g e n . The l e v e l  o f  o estro g en  in  th e  plasm a reach es a 

peak o f  ah out $0 pg per ml j u s t  b efo re  the animal e n te r s  the o e s tr u s  

phase o f  th e  c y c le  ( Brown -G rant e t  a l , ,  1 9 70 ). One o f  th e e f f e c t s  

o f  t h is  s e c r e t io n  o f  oestro g en  i s  to  i n i t i a t e  a p ro cess  o f  growth and 

development in  th e u te r u s . The endometrium becomes v a sc u la r ise d  and 

th ere i s  p r o l i f e r a t io n  o f  the g lan d u lar  e lem en ts. I f  corpora lu t e a  are  

formed from the G raafian  f o l l i c l e s ,  a s  a r e s u lt  o f  co p u la tio n , th e  

l e v e l  o f  p ro g estero n e  se c r e te d  by th e ovary w i l l  in c r e a s e . This 

hormone appears to  s t im u la te  s e c r e t io n  by the endom etria l g la n d s. In  

t h i s  way, th e  u te r u s  i s  prepared fo r  th e  im p la n ta tio n  and m aintenance o f  

the b la s to c y s t  should  s u c c e s s fu l f e r t i l i s a t i o n  occur.

The a c t io n  o f  o e stro g en  i s  most e a s ily , s tu d ied  in  immature o r  

ovariectom ised  a n im a ls , in  w hich th e  l e v e l  o f  f r e e ,  c ir c u la t in g  

o estro g en s should be n e g l i g ib le .  Immature, fem ale r a t s  have been used  

in  the experim ents d escr ib ed  in  t h i s  t h e s i s ,

1 , 2 , 2 , 1  T ra n s p o r t  o f  o e s tro g e n  to  t a r g e t  o rg an s

O estrogen i s  tra n sp o r ted  in  th e  bloodstream  from th e o v a r ie s  to  th e  

ta r g e t  organ s. A pproxim ately 90% o f  the s te r o id  in  th e  b lood  I s  bound 

to  plasma p r o te in s .  In  th e  a d u lt  r a t ,  most o f  the o estro g en  i s  bound 

to  albumin, which i s  th e  plasma p r o te in  p resen t in  h ig h e s t  c o n c e n tr a tio n s . 

Some o estro g en  i s  a ls o  tra n sp o r ted  by c o r t ic o s te r o id  b in d in g  g lo b u lin .
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In the immature anim al, another p r o te in , knovm as - f e t o p r o t e in ,  

i s  a ls o  p resen t in  th e  b lood . T his i s  a g ly c o p r o te in  b e lon g in g  to  

the o t-g lo b u lin  c la s s  o f  plasma p r o te in s .  I t  i s  p resen t in  r e l a t iv e l y  

high co n cen tra tio n s  in  fo e t a l  b lood  and i t s  l e v e l  d e c l in e s  during the  

f i r s t  5 weeks fo llo w in g  b ir th ,  a lth ou gh  i t  i s  s t i l l  p resen t a t a 

co n cen tra tio n  o f  1mg/ml in  21 d ay -o ld  anim als (U r ie l e t  a l , ,  1 9 7 6 ).

TMs p r o te in  b in d s o estro g en  w ith  a h igh  a f f i n i t y ,  s tu d ie s  by V ersee and= 

B arrel (1978) hav in g  shown th a t 0 ,4  m o lecu les  o f  o e s tr a d io l  are bound 

per m olecule o f  o c - fe to p r o te in  a t  p h y s io lo g ic a l  pH, Because o f  i t s  

o estro g en -b in d in g  p r o p e r t ie s ,  o c~ fe to p ro te in  i s  a ls o  known as o estro g en  

b in d in g  plasma p r o te in  or EBP (B a u lieu , 1975» Germain e t  a l . ,  1 9 7 8 ).

I t  i s  s p e c i f i c  fo r  o estro g en , u n lik e  albumin which can bind a la r g e  

number o f  su b stan ces in  a d d it io n  to  o estro g en  (Bennhold, I 966) ,

However, albumin has a h igh er  c a p a c ity  s in c e  i t s  co n cen tra tio n  in  the 

blood i s  20-38 tim es th a t o f  « ( .- fe to p r o te in .

I t  i s  n ot c le a r  what th e fu n c tio n  o f  th e se  tra n sp o rt p r o te in s  i s .

I t  i s  b e lie v e d  th a t  on ly  unbound hormone i s  b io lo g ic a l ly  a c t iv e .  S ince  

an eq u ilib r iu m  w i l l  e x i s t  betw een the fr e e  and protein -bound  hormone, 

the l a t t e r  cou ld  serv e  a s  a  r e s e r v o ir  o f  hormone. B in d in g  o f  a 

hormone to  a c a r r ie r  p r o te in  cou ld  a ls o  p r o te c t  the hormone from 

d egradation  by th e l i v e r , . th ereb y  a s s i s t i n g  i t s  tra n sp o r t from th e  

endocrine organ to  th e  ta r g e t  organ,

1 ,2 ,2 .2  E n try  o f  o e s tro g e n  in t o  t a r g e t  c e l l s

I t  i s  b e lie v e d  th a t  s te r o id  hormones, b e in g  l ip o p h i l i c  m o lec u le s , e n te r  

c e l l s  by p a s s iv e  d if f u s io n  a c r o ss  th e c e l l  membrane. T herefore s te r o id  

hormones should  be a b le  to  e n te r  n o n -ta r g e t c e l l s  a s  w e ll  a s  ta r g e t  c e l l s ,  

and t h i s  was f i r s t  dem onstrated fo r  o e s tr a d io l  by Jensen  and Jacobson  

( i 960) .  On t r e a t in g  immature r a t s  w ith  t r i t i a t e d  o e s t r a d io l ,  th e  la b e l  

was taken up very  r a p id ly  by n o n -ta r g e t  t i s s u e s ,  such as  m uscle and k idney, 

as w e ll as ta r g e t  t i s s u e s ,  such as th e u teru s  and v a g in a . However,
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on ly  th e  t a r g e t  t i s s u e s  w ere found to  accu m u la te  th e  hormone a g a in s t

a  c o n c e n tra t io n  g r a d ie n t  in  th e  b lo o d , so t h a t  th e  l a b e l  was r e ta in e d

by th e s e  t i s s u e s  f o r  a  p e r io d  o f  s e v e r a l  h o u rs , w h i l s t  th e  l a b e l  was l o s t

by th e  n o n - ta r g e t  t i s s u e s  a s  th e  l e v e l  o f  hormone in  th e  b lood  d e c l in e d .

T h is  in d ic a te d  th a t  th e r e  was no p e r m e a b i l i ty  b a r r i e r  to  th e  e n t ry  o f

o e s t r a d io l  i n to  c e l l s ,  b u t  th e  hormone c o u ld  p a s s  o u t o f  th e  c e l l s  a g a in

u n le s s  r e ta in e d  by a  r e c e p to r .

The p re se n c e  o f  i n t r a c e l l u l a r  r e c e p to r s  f o r  s t e r o i d  hormones can

le a d  to  p rob lem s in  th e  s tu d y  o f  e n t r y  i n to  c e l l s  s in c e  i t  i s  d i f f i c u l t

to  d i f f e r e n t i a t e  betw een  t r a n s p o r t  a c r o s s  th e  c e l l  membrane and

i n t r a c e l l u l a r  b in d in g  by th e  c y to p la sm ic  hormone r e c e p to r .  Some a u th o rs

have p roposed  th a t  th e  e n t ry  o f  o e s tro g e n  in to  u t e r i n e  c e l l s  o c c u rs  by

a  p ro te in -m e d ia te d  s te p  on th e  b a s i s  o f  b e in g  a b le  to  d i s t i n g u i s h

betw een th e s e  two p a ra m e te rs  (B a u lie u , 1975» U r ie l  e t  a l . , 1 9 7 6 ). On

m easu rin g  th e  e n try  o f  o e s t r a d i o l  a t  a  ran g e  o f  p h y s io lo g ic a l  hormone

co n cen tra tio n s , Milgrom e t  a l ,  ( 1975) fonnd th a t  e n t iy  was sa tu ra b le  a t

h ig h e r  c o n c e n t r a t io n s .  I n  a d d i t io n ,  th e s e  a u th o r s  found  t h a t  th e

s p e c i f i c i t y  o f  o estro g en  e n t iy  was d i f f e r e n t  from th a t o f  b in d in g  to  the

cytop lasm ic rec ep to r  and a ls o  th a t  th io l - b lo c k in g  rea g e n ts  in h ib ite d

o e s tr a d io l  en try  under c o n d it io n s  in  w hich th e r e c e p to r  was u n a ffe c te d .

However, Peck e t  a l , (1975) were unable to  confirm  th e se  f in d in g s .  They

found th a t th e  i n i t i a l  r a te  o f  c e l lu la r  uptake o f  o e s tr a d io l  was the

same fo r  th e  diaphragm, a n o n -ta r g e t organ, and th e  u te r u s , was non-
\

sa tu r a b le , and was u n a ffe c te d  by H -eth y lm aleim ide , a  th io l-b lo c k in g  

reagent n o t used by Milgrom e t  a l .

The f a c t  th a t  uptake o f  o estro g en  by a n o n -ta r g e t  organ occurs a t  the  

same i n i t i a l  ra te  a s  th e  uptake by a ta r g e t  organ, would appear to  

support th e  case fo r  en try  o f  th e s t e r o id  by p a ss iv e  d if f u s io n .  However, 

experim ents u s in g  in t a c t  u te r in e  t i s s u e  may be su b je c t  to  errors due to  

d if fu s io n  o f  the hormone through the v a r io u s  c e l l  l ^ e r s  and b in d in g  o f
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the hormone to  n o n - s p e c i f ic  e x t r a c e l lu la r  s i t e s .  In an attem pt to  

avoid such e r r o r s , M uller and W otiz (1979) used fr e e  u te r in e  c e l l  

su sp en sio n s. These au th ors showed th a t the uptake o f  s te r o id  was 

extrem ely rapid  and was a l in e a r  fu n ctio n  o f  the co n cen tra tion  o f  

oestrogen  in  the medium, su g g e s t in g  th a t en try  i s  by p a ss iv e  d i f f u s io n .  

T herefore, on b a la n ce , th e  ev id en ce  would appear to  support en try  

o f  the hormone in to  th e  c e l l  by p a s s iv e  d if fu s io n  ra th er  than by a 

p rotein -m ed ia ted  s te p .  W hatever th e  mechanism, en try  does not appear  

to  be energy-dependent s in c e  i t  i s  u n a ffe c te d  by in h ib ito r s  o f  

o x id a tiv e  p h osp h ory la tion  (Shyamala and G orsk i, I 969) .

1 .2 .2 ,5  B in d in g  o f  o e s tro g e n  to  th e  c y to p la sm ic  r e c e p to r

In the p reced in g  s e c t io n ,  r e fe r e n c e  was made to  the experim ents o f  

Jensen and Jacobson ( 196O) in  which r e te n t io n  o f  o e s tr a d io l by th e  

u teru s and o th er  ta r g e t, organs was ob served . This suggested  th a t  a 

recep tor  fo r  o e s tr a d io l  was p resen t in  the u te r in e  c e l l s .  This  

r e te n tio n  d id  n ot appear to  be due to  m etabolism  o f  o e s tr a d io l  by 

the u teru s s in c e  o e s tr a d io l  was the major la b e l le d  substance recovered  

a t  the end o f  th e  experim ent ( Jensen and Jacobson, 1962) ,  The 

oestrogen  re c e p to r  was c h a r a c te r ise d  by su b je c t in g  u te r in e  cytoplasm  

from anim als in je c te d  w ith  t r i t i a t e d  o e s tr a d io l  to  sucrose d e n s ity  

grad ient c e n tr i fu g a t io n .  Most o f  th e  r a d io a c tiv e  la b e l was bound to  

a substance w ith  a sed im en ta tion  c o e f f i c i e n t  o f  9 .5  S (T oft and G orsk i, 

1966) ,  No such r e c e p to r s  were found in  n o n -ta r g e t t i s s u e s .  T his b in d in g  

was s p e c i f i c  fo r  o e s tr o g e n s , s in c e  s te r o id  and n o n -ste r o id  o estro g en s  

in h ib ite d  th e  b in d in g  o f  t r i t i a t e d  o e s tr a d io l  whereas n o n -o estr o g en ic  - 

s te r o id s  d id  n ot (Noteboom and G orsk i, 1 9 65 ). B ind ing was a ls o  in h ib ite d  

by treatm ent w ith  a p r o te a se , and th e se  r e s u l t s  le d  Noteboom and G orski 

to  propose th a t th e o estro g en  r e c e p to r  was a p r o te in .

In a d d itio n  to  b in d in g  th e  hormone w ith  a h igh  s p e c i f i c i t y ,  th e  

oestrogen  re c e p to r  a ls o  d is p la y s  a very  h igh  a f f i n i t y  fo r  the s t e r o id .
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M easurem ent o f  th e  d i s s o c ia t io n  c o n s ta n t  f o r  th e e q u i l ih r iu m  "between 

th e  u t e r i n e  r e c e p to r  and o e s t r a d i o l - 17 ^  h as  g iv e n  v a lu e s  o f  10*"^ -  10"^^ M 

( Jen sen  and BeSombre, 1972; B a u lie u , 1975) w hich a re  o f  th e  same o rd e r  

a s  th e  c i r c u l a t i n g  l e v e l s  o f  th e  horm one. Q u a n t i f i c a t io n  o f  th e  number 

o f  r e c e p to r s  p r e s e n t  h as  g iven  v a lu e s  ra n g in g  from 6 ,000  -  20,000 p e r  

c e l l  (L eake , 1976) and even a s  h ig h  a s  100,000 p e r  c e l l  ( Jen sen  and 

B eSom bre,, 1972), T h is  means t h a t  th e  r e c e p to r  i s  p r e s e n t  a t  a  v e ry  

low c o n c e n tr a t io n  in  th e  c e l l ,  m aking i t s  p u r i f i c a t i o n  and su b seq u en t 

c h a r a c t e r i s a t i o n  v e ry  d i f f i c u l t .  M ost o f  th e  c h a r a c t e r i s a t i o n  o f  th e  

r a t  u t e r i n e  o e s tro g e n  r e c e p to r  h as  been  co n ce rn ed  w ith  th e  

d e te rm in a tio n  o f  i t s  s e d im e n ta tio n  c o e f f i c i e n t  on su c ro se  d e n s i ty  

g r a d ie n ts  by com parison  w ith  m arker p r o t e i n s ,  A ran g e  o f  v a lu e s  has 

been o b ta in e d ,  d ep en d in g  on th e  io n ic  s t r e n g th  and p r o t e i n  c o n c e n tr a t io n  

d u rin g  th e  p r e p a r a t io n  (Chamness and M cG uire, 1972; S ta n c e l e t  a l , ,

1975) .  I n  t h e i r  i n i t i a l  e x p e r im e n ts . T o f t  and G o rsk i ( 1966) used  a  

low io n i c  s t r e n g th ,  and , u n d e r th e s e  c o n d i t io n s ,  th e  s e d im e n ta tio n  

c o e f f i c i e n t  o f  th e  o e s tro g e n  r e c e p to r  can v a ry  from  7 S to  9*5 S, a lth o u g h  

8 S i s  th e  commonest v a lu e  r e p o r te d .  I n  0 .1 5  M p o ta ss iu m  c h lo r id e ,  

w hich i s  th o u g h t to  ap p ro x im ate  th e  i n t r a c e l l u l a r  i o n i c  s t r e n g th ,  v a lu e s  

o f  3 .8  S — 7 8 a re  o b ta in e d ,  w h i l s t  i n  0 ,4  M p o ta ss iu m  c h lo r id e ,  th e  

r e c e p to r , sed im en ts  a t  3 .8  S -  5*2 S, w ith  4 8 b e in g  th e  commonest v a lu e  

r e p o r te d .  I n  a d d i t io n  to  th e s e  e f f e c t s  o f  io n i c  s t r e n g t h ,  th e  r e c e p to r  

a p p e a rs  t o  undergo  c o n c e n tra t io n -d e p e n d e n t a g g re g a t io n  ( S ta n c e l e t  a l , ,  

1975) • The 4 S form  i s  b e l ie v e d  to  be th e  form  p r e s e n t  in  th e  

cy top lasm  i n  v iv o  and t h i s  w i l l  be u sed  when r e f e r r i n g  to  th e  

c y to p la sm ic  o e s tro g e n  r e c e p to r  th ro u g h o u t t h i s  t h e s i s .  When i s o l a t e d  

u n d e r h i ^  s a l t  c o n d i t io n s ,  th e  r a t  u t e r i n e  c y to p la s m ic  o e s tro g e n  

r e c e p to r  h a s  a  m o le c u la r  w eig h t o f  76,200 (N o tid e s  and N ie ls e n ,  19 74).

In  im m ature r a t s ,  th e  number o f  c y to p la sm ic  o e s tro g e n  r e c e p to r s  p e r  

c e l l  i s  v e ry  low a t  b i r t h  b u t in c r e a s e s  d u r in g  th e  f i r s t  few days o f  l i f e



u n t i l  a maximum v a lu e  i s  reached a f t e r  10 d ays, the number rem aining  

f a ir ly  co n stan t a f t e r  t h i s  tim e u n t i l  puberty (Clark and G orski, 1 9 7 0 ) .

In mature r a t s ,  i t  appears th a t th e  number o f  u te r in e  cytop lasm ic  

oestrogen  r e c e p to r s  v a r ie s  during  th e o estro u s  c y c le ,  a lthough  

c o n f l ic t in g  rep o r ts  have been p u b lish ed . Some authors have rep orted  

th a t the number i s  maximal a t  p r o -o e s tr u s , when the c ir c u la t in g  l e v e l  

o f  o estrogen  i s  h ig h e s t  ( ih h e r ty  e t  a l ,  1970) ,  o th ers  have reported  th a t  

the number i s  lo w e st a t  p r o -o e s tr u s  (Lee and Jacobson, 1971)» w h ils t  

White e t  a l ,  ( l 978)  cou ld  f in d  no changes in  th e co n cen tra tio n  o f  

cytop lasm ic rec ep to r  throughout th e  c y c le .

A lthough most s tu d ie s  on the cy top lasm ic  oestro g en  r e c e p to r  have been  

carr ied  out on the immature r a t  u te r u s , i t  appears th a t u te r in e  o estro g en  

recep to rs  from o th er  mammals have s im ila r  p r o p e r t ie s ,  S ica  and 

B resc ia n i (1979)  have p u r if ie d  th e  oestro g en  rec ep to r  from c a l f  u teru s  

to  apparent hom ogeneity, a s in g le  band o f  m olecu lar w eigh t 70 ,000 b e in g  

observed on po lyacry lam id e g e l  e le c tr o p h o r e s is .  In  a d d it io n , a 

ca lciu m -d erived  o e s tr o g e n  r e c e p to r  has been rep orted  to  occur in  the  

c y to so l f r a c t io n  o f  t h i s  same t i s s u e  (M olinari e t  a l . ,  1 9 7 7 ), T h is  

i s  produced by th e  a c t io n  o f  a  calcium -dependent p ro tea se  on th e  4 8 

recep to r  (Puca e t  a l , ,  1 9 7 7 ). T h is ca lc iu m -d erived  r e c e p to r  s t i l l  

sedim ents a t  4 S but i t  does n o t aggregate  on low erin g  th e  io n ic  s tr e n g th .  

The s ig n if ic a n c e  o f  t h i s  ca lc iu m -d er iv ed  rec ep to r  i s  n o t c le a r .  I t  may 

be an experim ental a r t i f a c t  or i t  may rep resen t the way in  which th e  

oestrogen  r e c e p to r  i s  m eta b o lised  by the u te r in e  c e l l ,

1 ,2 .2 .4  T ra n s lo ca tio n  o f  th e  horm one-receptor complex to  th e  n u c leu s  

On g iv in g  t r i t i a t e d  o e s t r a d io l  to  immature r a t s ,  i t  wqs shown, by 

s u b -c e llu la r  f r a c t io n a t io n  (Noteboom and G orski, 1965) or  

autoradiography (Stum pf, I 968) ,  th a t  approxim ately 60% o f  th e la b e l  was 

lo c a l i s e d  in  the n u c le i  o f  the u te r in e  c e l l s .  The hormone could  be 

ex tra c ted  from the n u c le i  w ith  0 ,5  M potassium  c h lo r id e , when i t  was found
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to  be complexed w ith  a p r o te in  o f  sed im en tation  c o e f f i c i e n t  5 8 

(Gorski e t  a l . ,  I 96B; Jensen e t  a l , ,  I 968) .  A tem perature-dependent 

tran sform ation  o f  th e  4 8 horm one-receptor complex to  t h i s  5 8 hormone- 

recep to r  complex was shown to  occur i f  the c y to s o l f r a c t io n  o f  th e  

u teru s were incubated  a t 25°C w ith  o e s tr a d io l  (B recher e t  a l , ,  1970)*

This tem perature-dependent co n v ersio n  i s  known as a c t iv a t io n  and i t  appears 

to  r e s u lt  from th e a d d it io n  o f  an e x tr a  subun it o f  m olecu lar w eigh t 

50,000 to  th e 4 8 r e c e p to r  (N o tid es  and N ie ls e n , 1974; Yamamoto, 1 9 7 4 ). 

A c tiv a tio n  can take p la c e  in  the absence o f  n u c le i  in  v i t r o  (B recher  

e t  a l , ,  I 97O; Jensen  e t  a l . ,  1971)» su g g e st in g  th a t i t  norm ally occu rs  

in  the cytoplasm  in  v iv o .  No 5 8 horm one-receptor complex i s  formed 

i f  n u c le i  are in cu b ated  w ith  t r i t i a t e d  o e s tr a d io l  in  th e absence o f  

c y to so l (Jen sen  e t  a l , ,  I 968; Shyamala and G orsk i, I 969) ,  I f ,  however, 

u te r i  are in cu b ated  w ith  t r i t i a t e d  o e s tr a d io l  a t  0°C, when the  

cytop lasm ic 4 8 horm one-receptor complex w i l l  be formed, and then  

tr a n sfe r r e d  to  a horm one-free medium and incubated  a t  57°C, th e  5 8 

horm one-receptor complex w i l l  be formed and w i l l  t r a n s lo c a te  to  th e  

n u cleu s, w ith  concom itant . d e p le t io n  o f  th e 4 8 horm one-receptor complex 

in  th e cytoplasm  (Shyamala and G orski 1969» Giannopoulos and G orsk i,

1971) .  Such a horm one-induced tr a n s io c a t io n  can a ls o  be dem onstrated i f  

a p h y s io lo g ic a l  dose o f  t r i t i a t e d  o e s t r a d io l - 17/5t i s  g iv en  to  immature 

r a ts  in  v iv o  ( je n se n  e t  a l . , I 9 6 9» Shyamala and G orsk i, I 969) .

These experim ents provided  th e i n i t i a l  ev id en ce  upon which th e  tw o- 

step  th eory  o f  s t e r o id  hormone a c t io n  was based . T his th eory  e x p la in s  th e  

f a l l  in  th e  l e v e l  o f  th e  4 8 horm one-receptor complex in  the cytop lasm  

accompanied by the r i s e  in  th e l e v e l  o f  the 5 8 horm one-receptor com plex  

in  the n u c le u s  by sa y in g  th a t the 5 8 rec ep to r  i s  d er iv ed  from th e 4 8 

re c e p to r , Further ev id en ce  th a t  th e two forms o f  r e c e p to r  are r e la te d  

comes from the f a c t  th a t  th ey  show s im ila r  s p e c i f i c i t i e s  o f  b in d in g  

hormone a g o n is t s  and a n ta g o n is ts  ( Jensen and Be Sombre, 1972) and th a t .
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in  the p resen ce o f  u rea , the 5 S horm one-receptor complex sedim ents a t  

4 S (N o tid es  and N ie ls e n , 1 9 74 ). In a d d it io n , an antiserum  r a ise d  

a g a in st  c a l f  u te r in e  n u c lea r  r e c e p to r  c r o s s -r e a c te  w ith  both cy top lasm ic  

and n u c lea r  rec ep to rs  from r a t  u teru s  (Greene e t  a l , ,  1977 ). T his  

l a s t  r e s u l t  may, however, be fo r tu ito u s  s in c e  Pox (1978) reported  th a t  

a n t is e r a  r a ise d  a g a in s t  s e v e r a l d if f e r e n t  a n tig en s  conta ined  a component 

th a t could  in te r a c t  w ith  the n u c le a r  o estrogen  r e c e p to r .

Very l i t t l e  i s  known about th e  mechanism o f  tr a n s lo c a t io n  o f  the  

horm one-receptor complex from th e cytoplasm  to  the n u c le u s . The 

o r ig in a l s tu d ie s  o f  Shyamala and Go^aki (l9&9) showed th a t the p ro cess  

was not energy-dependent, nor was i t  in h ib ite d  by cycloh ex im id e, su g g e stin g  

th a t i t  was not lin k e d  to  p r o te in  s y n th e s is .  One in t e r e s t in g  h y p o th e s is ,  

proposed by Gorski and Gannon ( 1 9 7 6 ) ,  su g g e sts  th a t tr a n s lo c a t io n  can 

occur as a r e s u lt  o f  d if f e r e n c e s  between the w ater spaces in  the  

n u clea r  and cy top lasm ic  compartments o f  th e  c e l l .  This h y p o th esis  i s  

based on th e  o b serv a tio n  th a t r a d io a c t iv e ly - la b e l le d  in u l in ,  in je c te d  

in to  fr o g  o o c y te s , becomes co n cen tra ted  in  th e  n u c le i  a lthough  i t  does  

not bind to  any n u c le a r  components (H orow itz and Moore, 1974). I t  

appears th a t  in u lin  i s  excluded  from th e  w ater space o f  th e  cytoplasm  

because o f  th e  in te r a c t io n  o f  w ater w ith  cy top lasm ic m acrom olecules, 

making a la r g e  p rop ortion  u n a v a ila b le  as a  s o lv e n t .  A ccording to  G orski 

and Gannon, i t  i s  p o s s ib le  th a t  the oestro g en  rec ep to r  e x i s t s  in  the  

cytoplasm  in  some way lo o s e ly  bound to  o th er  components, and in te r a c t io n  

w ith  the hormone r e le a s e s  the r e c e p to r  so th a t i t  can e q u il ib r a te  w ith  

the la r g e r  w ater space in  th e n u c le a r  compartment.

The n u c le a r  5 8 horm one-receptor complex has a  m olecu lar w e i ^ t  o f  

152,700 (N o tid es  and N ie ls e n , 1974) and, l ik e - t h e  4 8 horm one-receptor  

complex, i t  a g g reg a tes  in  th e  absence o f  s a l t .  A lthough n u c lea r  

rec ep to rs  are u s u a lly  e x tr a c te d  w ith  potassium  c h lo r id e , n ot a l l  the  

n u clear  bound o estrogen  i s  removed by t h i s  treatm ent (C lark and Peck,
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1976;  Barrack e t  a l . ,  1977;  T raish  e t  a l . ,  1 9 7 7 ) .  T his would su ggest  

th a t some o e s tr o g e n -r e c e p to r  com plexes are bound more t ig h t ly  than  

oth ers (C lark and Peck, 1976 ) ,  although  T ra ish  e t  a l  (1977)  claim ed  

th a t the r e s is ta n c e  to  s a l t  e x tr a c t io n  was a r e s u l t  o f  p h y s ic a l entrapment 

in  the n u c lea r  p e l l e t  and th e r e fo r e  probably n o t o f  p h y s io lo g ic a l s ig n if ic a n c e ,  

N uclear b in d in g  o f  o estro g en  appears to  be o f  p h y s io lo g ic a l im portance 

in  the u te r o tr o p h ic  resp on se to  the hormone (Leake, 1 97 6 ) .

M acrom olecular s y n th e s is  i s  s tim u la ted  alm ost im m ediately a f t e r  the  

hormone has en tered  th e  n u c le u s . One o f  the e a r l i e s t  resp on ses in  the  

r a t u teru s  i s  the s t im u la t io n , a f t e r  about 40 min, o f  the sy n th e s is  o f  

a p ro te in  known as induced p r o te in  ( iP ) .  The degree o f  in d u ctio n  o f  

t h is  p r o te in  i s  p ro p o rtio n a l to  the amount o f  n u c lea r  bound o e s tr a d io l  

(K atzenellenbogen  and G orsk i, 1 9 7 2 ), L ater resp o n ses  to  the hormone, 

such as th e  s t im u la tio n  o f  LNA s y n th e s is  a f t e r  24 hr , req u ire  th e  lo n g  

term r e te n t io n  o f  o e s tr o g e n -r e c e p to r  com plexes in  th e  n u c leu s . Thus, 

o e s t r a d io l - 1 7 f* » i f  ad m in istered  a s  a s in g le  in j e c t io n ,  w i l l  be 

re ta in ed  in  th e  n u c leu s a t  a low l e v e l  fo r  up to  24 hr and w i l l  e l i c i t  

the lo n g  term resp o n ses  to  th e  hormone, w h ils t  a s in g le  dose o f  o e s t r io l ,  

which i s  l o s t  from th e  n u c leu s a f t e r  6hr, w i l l  on ly  e l i c i t  the e a r ly  

resp on ses (Anderson e t  a l , ,  1972, 1975» Stormshak e t  a l , ,  1976» Clark 

e t  a l , ,  1 9 7 7 ). As w e ll  a s d em onstrating  th e p h y s io lo g ic a l  s ig n if ic a n c e  

o f  n u c lea r  b in d in g , th e se  exp erim en ts, w ith  two d i f f e r e n t  o estro g en s which 

bind to  %he same r e c e p to r , a ls o  show th a t the s tr u c tu r e  o f  the hoimone i s  

im portant fo r  the u te r o tr o p h ic  resp o n se . The fu n c tio n  o f  th e  s te r o id ,  

th e r e fo r e , in v o lv e s  more than tr a n sp o r tin g  th e rec ep to r  p r o te in  to  the  

n u c leu s . Other fa c to r s  are r e q u iie d , in  a d d itio n  to  n u c lea r  b ind ing , fo r  

the resp on se to  the hormone to  occu r . A lthough n u c lea r  b in d in g  o f  

exogenous o e s tr a d io l  can be dem onstrated in  tJne u te r i  o f  r a ts  a t  b ir th ,  

the c a p a c ity  to  respond to  the hormone i s  not aqu ired  u n t i l  1 -2  weeks 

a f t e r  b ir th  (Somjen e t  a l . ,  1 9 7 5 ).
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The amount o f  o e s tr o g e n -r e c e p to r  complex in  the n u cleu s d e c l in e s  f a i r l y  

s lo w ly , fo llo w in g  th e  i n i t i a l  tr a n s lo c a t io n  o f  th e  cy top lasm ic hormone- 

recep to r  complex, u n t i l  th e  c o n tr o l l e v e l  i s  reached a f t e r  24hr, The 

l e v e l  o f  cy top lasm ic  r e c e p to r s  a t  t h i s  tim e i s  e le v a te d  above co n tr o l  

v a lu es  ( d a r k  e t  a l . ,  1973)» and t h i s  would su g g est th a t oestro g en  

induces th e  s y n th e s is  o f  i t s  own r e c e p to r . A d d itio n a l ev id en ce comes 

from s tu d ie s  on a d u lt r a t s  showing t h a t ,  a lth ou gh  n u c lea r  re c e p to r  l e v e l s  

are h ig h e s t  a t  p r o -o e s tr u s , th ere  i s  no d e p le t io n  o f  cy top lasm ic  rec ep to r  

l e v e l s  (P eh erty  e t  a l . , 1970» W hite e t  a l . , 1 9 78 ). The rep len ishm ent  

o f  cytop lasm ic re c e p to r  l e v e l s  commences some tim e b efo re  24 hr 

a f t e r  hormone treatm ent and i s  in h ib it e d  by cyc loh ex im id e, an in h ib ito r  

o f  p ro te in  s y n th e s is ,  and actin om ycin  D, an in h ib i t o r  o f  ENA s y n th e s is ,  

su g g estin g  th a t  rep len ishm ent i s  due to  s y n th e s is  o f  rec ep to rs  

(Jensen e t  a l . ,  1969» S a r f f  and G orsk i, 1971 ). However, i t  i s  p o s s ib le  

th a t some r e c y c lin g  o f  th e  n u c le a r  r e c e p to r  o ccu rs . The a n t i-o e s tr o g e n  

n a fo x id in e  has some o e s tr o g e n ic  a c t i v i t y  in  r a t s .  I t  b in d s to  th e  

oestrogen  r e c e p to r , r e s u l t in g  in  tr a n s lo c a t io n  to  th e  n u c le u s , but 

the recep to r  i s  r e ta in e d  in  th e  n u c le u s  fo r  up to  19 d ays. The normal 

u te r in e  growth resp o n ses  occu r fo r  th e  f i r s t  24 hr , but th ere  i s  no 

replen ishm ent o f  cy to p la sm ic  r e c e p to r s .  C onsequently, th e u te r u s  w i l l  

be u n resp onsive to  fu r th e r  in j e c t io n s  o f  o estro g en  ( Clark e t  a l , ,  1973)* 

T his would su g g est t h a t ,  under normal c ircu m stan ces, some r e c y c lin g  o f  

the recep to r  occu rs in  some p r o te in  sy n th es is-d ep en d en t fa sh io n  

(Leake, 1 9 7 6 ). I t  i s  p o s s ib le  th a t  th e  cy top lasm ic  rec ep to r  l e v e l s  are  

re p len ish e d , p a r t ia l ly  by r e c y c l in g  and p a r t ia l ly  by th e s y n th e s is  o f  

new r e c e p to r s , th e  l a t t e r  e v e n tu a lly  le a d in g  to  an e le v a te d  l e v e l  o f  

oestrogen  r e c e p to r s .
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1 ,2 .2 .5  N uclear a cce p to r  s i t e s

Once th e o e s tr o g e n -r e c e p to r  complex has en tered  th e  n u c leu s , i t  

becomes bound a t  c e r ta in  s i t e s  known as  a cce p to r  s i t e s ,  A g rea t d ea l 

o f  con troversy  surrounds th e id e n t i t y  o f  the n u c lea r  components engaged  

in  the h igh  a f f i n i t y  b in d in g  o f  horm one-receptor com plexes. N early  every  

component o f  th e  n u c leu s has been proposed as th e a ccep to r  s i t e .

Thus, BNA, h ls to n e s ,  n o n -h isto n e  p r o te in s ,  r ib o n u c le o p r o te in  p a r t ic l e s ,  

n u c lea r  membranes and BNA polym erase have a l l  been im p lica ted  in  the  

b in d in g  o f  th e  horm one-receptor complex (G orski and Gannon, 1 9 7 6 ).

The bulk o f  th e  ev id en ce  has favoured  th e  attachm ent o f  horm one-receptor  

com plexes to  chrom atin, in  p a r t ic u la r  to  the BNA and n o n -h isto n e  p r o te in s .  

B inding o f  r a d io a c t iv e ly - la b e l le d  o e s tr a d io l  to  u te r in e  chrom atin was 

shown to  occur very  r a p id ly  fo llo w in g  treatm ent o f  r a t s  w ith  th e  

hormone (Teng and H am ilton, 1 9 6 8 ). S im ila r  s tu d ie s  ca rr ied  out on the  

c a l f  u teru s  have a ls o  dem onstrated b in d in g  to  th e chrom atin (Maurer and 

C halkley, 1 9 6 7 ). The o e s tr o g e n -r e c e p to r  complex can be shown to  be 

a sso c ia te d  w ith  nucleosom es fo llo w in g  m icrococca l n u c lea se  d ig e s t io n  o f  

chromatin from r a t  u te r u s  (S en io r  and Prankel, 1978) and sheep u teru s  

(Andre e t  a l , ,  1 9 7 8 ).

BNA has been proposed as th e  a c c e p to r  fo r  the o e s tr o g e n -r e c e p to r  

complex in  th e  r a t  u te r u s  s in c e  i t  has been shown th a t  th e  complex w i l l  

in te r a c t  w ith  BNA (K ing and Gordon, 1972; Yamamoto and A lb e r ts , 1 9 7 4 ). 

However, t h i s  b in d in g  i s  n o n - s p e c i f ic ;  o e s tr o g e n -r e c e p to r  com plexes w i l l  

b in d , w ith  a s im ila r  a f f i n i t y ,  to  d ou b le-stran d ed  BNA from r a t  u te r u s , 

c a l f  thymus, salmon sperm, th e  b acterium  E sch er ich ia  c o l i .  and even to  th e  

s y n th e t ic  polym er ,po ly  (d A -d T ) (Yamamoto and A lb e r ts , 1974; Leake, 1976; 

K a llo s  and H ollan d er, 1 9 7 8 ). I t  would appear, th e r e fo r e , th a t  BNA alone  

cannot a c t  a s  th e  a cce p to r  s i t e  f o r  th e  o estr o g e n -r e c e p to r  com plex. There 

i s  a ls o  ev id en ce  which su g g e s ts  th a t  b in d in g  o f  th e  o e s tr o g e n -r e c e p to r  

complex to  th e  n o n -h isto n e  p r o te in s  o f  th e chrom atin o ccu rs . Such
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experim ents a re , however, hampered by c e r ta in  d i f f i c u l t i e s .  The 

o e s tr o g e n -r e c e p to r  p rep a ra tio n s  cou ld  con ta in  su b stan ces which in h ib i t  

b in d in g , r e s u lt in g  in  an u n d e r -e s tim a tio n  o f  the number o f  a ccep to r  s i t e s  

(Gorski and Gannon, 1 9 7 6 ). A lt e r n a t iv e ly ,  th e  tendency o f  the o e s tr o g e n -  

recep to r  complex to  a g g reg a te , p a r t ic u la r ly  in  the p resen ce o f  p o ly a n io n s , 

could le a d  to  a r t i f a c t s  i f  th e  b in d in g  to  p u ta tiv e  a cce p to r  s i t e s  i s  

stu d ied  by a techn ique in v o lv in g  co -sed im en ta tio n  or f i l t r a t i o n  on 

M illip o r e  f i l t e r s  (Yamamoto and A lb e r ts , 19 7 4 ). Thus, the ta r g e t  

t i s s u e - s p e c i f i c  b in d in g  o f  o estro g en  rec ep to rs  to  u te r in e  chromatin  

reported  by S te g g le s  e t  a l .  (1971)> u s in g  M illip o r e  f i l t r a t i o n ,  may have 

r e su lte d  from r e c e p to r  a g g r e g a tio n , p o s s ib ly  r e s u l t in g  from in te r a c t io n  

w ith  a c id ic  p o ly sa cch a r id e s  in  th e  n u c lea r  e x tr a c t s .

These problem s o f  re c e p to r  a g g reg a tio n  can be circum vented i f  th e  

n u clear  components are c o v a le n tly  lin k e d  to  an in e r t  m atrix  and th e  

r e te n tio n  o f  o estro g en  r e c e p to r  by columns o f  th ese  m a te r ia ls  i s  s tu d ie d .

By th ese  tech n iq u es , i t  has been shown th a t  b in d in g  occu rs to  b a s ic ,  non

h is to n e  p r o te in s  in  th e  c a l f  u te r u s  (Puca e t  a l , ,  1974, 1975) and. to  a  

so lu b le , n u c lea r  p r o te in  e x tr a c t  o f  r a t  u teru s  (Mainwaring e t  a l . , 1 9 7 6 ). 

T his b in d in g  i s  o f  v ery  h ig h  a f f i n i t y  and i s  d is s o c ia te d  by potassium  

c h lo r id e . However, Puca e t  a l .  (1975) showed th a t  s im ila r  a ccep to r  s i t e s  

were a ls o  p resen t in  n o n -ta r g e t  t i s s u e s ,  whereas Mainwaring e t  a l ,  (1976) 

dem onstrated th a t  more b in d in g  o f  th e  o e s tr o g e n -r e c e p to r  complex occurred  to  

a n u clear  e x tr a c t  from th e  u te r u s  than to  n u c lea r  e x tr a c ts  from n o n -ta r g e t  

t i s s u e s .

The above r e s u l t s  would th e r e fo r e  appear to  im p lic a te  b oth  BNA and non

h is to n e  p r o te in s  in  form ing th e  a c c e p to r  s i t e s  f o r  o e s tr o g e n -r e c e p to r  

complexes in  th e  u te r u s . However, th e  s ig n if ic a n c e  o f  such b in d in g  s tu d ie s  

carr ied  ou t in  v itiro  has been q u e s t io n e d . H igg in s e t  a l . ( l 9 7 3 )  tr e a te d  

immature r a t s  w ith  o e s tr o g e n , th ereb y  " p re-lo a d in g ” th e n u c le i  o f  the  

in ta c t  c e l l s  o f  th e  u te r u s .,  U ter in e  n u c le i  were then is o la t e d  and i t
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recep to r  com plexes in  a c e l l - f r e e  system  compared to  n u c le i  from u n trea ted  

r a t s .  T his would su g g e st  th a t the a cce p to r  s i t e s  in  i s o la t e d  n u c le i  are  

to p o g ra p h ica lly  d i f f e r e n t  from th o se  in  th e  in t a c t  c e l l  (H igg in s e t  a l . , 

1973; Leake, 1 9 7 6 ). Furtherm ore, th e  number o f  a ccep to r  s i t e s  appears  

to  be too  h ig h . S a tu r a tio n  o f  u te r in e  chrom atin w ith  o e s tr a d io l-r e c e p to r  

complex corresponds to  8 ,0 0 0  m olecu les per c e l l ,  which i s  in c o n s is t e n t  

w ith  the r o le  o f  s t e r o id  hormones a s  a c t iv a to r s  o f  a l im ite d  number o f  

genes (Leake, 1 9 7 6 ). Yamamoto and A lb er ts  (1975» 1976) have p o s tu la te d  

th a t th ere  are a  la r g e  number o f  low  a f f i n i t y  a ccep to r  s i t e s  w hich mask a 

sm all number o f  h ig h  a f f i n i t y  a cce p to r  s i t e s  a t  which the p h y s io lo g ic a l  

a c t io n s  o f  th e  hormone o ccu r. T h is h y p o th e s is  i s  based on an analogy w ith  

th e la c  r e p r e sso r  system  in  E. c o l i . The la c  re p r e sso r  p r o te in  b in d s w ith  , 

a very h ig h  a f f i n i t y  to  BNA co n ta in in g  a s p e c i f i c  base sequence norm ally  

p resen t in  th e  o p era to r  reg io n  o f  th e  la c  operon, but i t  w i l l  b ind to  

oth er  r e g io n s  o f  BNA w ith  a  low a f f i n i t y .  In  a s im ila r  way, o e s tr o g e n -  

recep to r  com plexes cou ld  b ind  to  a la r g e  number o f  s i t e s  w ith  a low  

a f f in i t y  and a s  many a s  1 ,0 0 0  a f f i n i t y  a cce p to r  s i t e s  cou ld  be masked.

The low a f f i n i t y  s i t e s  cou ld  be n ecessa ry  fo r  c o -o p e r a tiv e  b in d in g  o f  

o e s tr o g e n -r e c e p to r  com plexes to  occu r in  order to  unmask a s in g le  gene 

(Yamamoto and A lb e r ts , 1 9 7 6 ), or th ey  cou ld  " fu n n el” th e  horm one-receptor  

complexes to  th e  h ig ji a f f i n i t y  s i t e s  (J a f fa  e t  a l , ,  1975)*

There i s  ev id en ce  from o th er  s te r o id  hormone-dependent system s th a t  

n u clea r  b in d in g  o f  th e  s te r o id -r e c e p to r  complex in v o lv e s  th e  n o n -h isto n e  

p ro te in  component o f  th e  chrom atin. Thus, in  th e  r a t  p r o s ta te ,  th e  androgen  

recep to r  h as been rep o rted  to  bind to  th e  n o n -h isto n e  p r o te in s  (Mainwaring 

e t  a l .  19765 Wang, 1978) and c h a r a c te r is a t io n  o f  th e  a cce p to r  s i t e s  has 

shown th a t th ey  are b a s ic ,  n o n -h isto n e  p r o t e in s . (Mainwaring e t  a l . , 1 9 7 6 ).

In  the ch ick  o v id u c t , n u c le a r  b in d in g  o f  p rogesteron e r e c e p to r s  has been  

e x te n s iv e ly  s tu d ie d . I t  has been shown th a t p r o g e s te r o n e -r e c e p to r  com plexes
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w i l l  bind more s tr o n g ly  to  o v id u ct chrom atin than to  chromatin from  

n o n -ta r g e t t i s s u e s  (S p e lsb erg  e t  a l . , 1 9 7 1 ). F urther experim ents have 

dem onstrated th a t th e  chrom atin can be d is s o c ia te d  in to  i t s  BNA, 

h i ston e  and n o n -h isto n e  p r o te in  components and r e c o n s t itu te d  w ith ou t  

l o s s  o f  i t s  b in d in g  c h a r a c t e r is t ic s ,  S p elsb erg  e t  a l . ( l9 7 1 »  1972) 

were ab le  to  prepare l^ b r id  chrom atins, u s in g  components from d if f e r e n t  

t i s s u e s ,  and th e  a b i l i t y  to  bind the p r o g e s te r o n e -r e c e p to r  complex was 

found to  r e s id e  in  th e  n o n -h is to n e , or a c id ic ,  p r o te in  component.

Further a n a ly s is  o f  the n o n -h isto n e  p r o te in s  showed th a t  b in d in g  occurred  

to  one p a r t ic u la r  f r a c t io n ,  d es ig n a ted  AP5 (O^Malley e t  a l . , 1972;

S p elsb erg  e t  a l . , 1 9 72 ), and th a t o th er  n o n -h isto n e  p r o te in  f r a c t io n s  

could mask th e se  s i t e s ,  p a r t ia l ly  in  th e o v id u ct and t o t a l l y  in  non

ta r g e t  t i s s u e s  (S p e lsb erg  e t  a l . ,  1 9 7 6 ). In  t h is  p a r t ic u la r  exp erim en ta l 

system , th e  s te r o id  rec ep to r  i s  unusual in  th a t i t  i s  d im eric (Schrader  

and O 'M alley, 1 9 7 2 ). The A su bu n it on i t s  own b in d s to  naked BNA 

w h ils t  th e  B subun it b in d s to  chrom atin. Both su b u n its  have been  

e x te n s iv e ly  p u r if ie d  (Schrader e t  a l . , 1977» Coty e t  a l . ,  1979) and i t  

i s  now p o s s ib le  to  o b ta in , by m olecu lar  c lo n in g  q u a n ti e s  o f  p u r if ie d  

fragm ents o f  BNA co n ta in in g  th e  ovalbumin ^ n e  (G arapin e t  a l . ,  1978; 

K ourilsky  and Chambon, 1978; Woo e t  a l . ,  1978; B ugaiczyk  e t  a l . ,  1979»

Gannon e t  a l . , 1979)# U sing th e se  p u r if ie d  com ponents, i t  may be 

p o s s ib le  to  study fu r th e r  the b in d in g  o f  the horm one-receptor complex 

to  a  gene whose fu n c tio n  i t  co n tro ls*

The u teru s  d i f f e r s  from the ch ick  o v id u ct system  in  th a t  no ev id en ce  has 

been o b ta in e d .to  su g g est th a t th e  4 S cy top lasm ic o estro g en  r e c e p to r  

i s  d im er ic . M oreover, Puca e t  a l .  (1974) showed th a t  th e  a cce p to r  s i t e s  

in  th e  c a l f  u teru s  were b a s ic ,  n o n -h isto n e  p r o te in s ,  w hereas S p e lsb erg  

e t  a l . ( l 971, 1972) termed th e  ov id u ct a cce p to r  s i t e s  a c id ic  p r o te in s .  

However, i t  i s  p o s s ib le  th a t th e  e x tr a c t io n  procedures employed by S p elsb erg  

e t  a l.m ay have r e s u lte d  in  th e in c lu s io n  o f  sm all amounts o f  b a s ic  p r o te in s
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in  th e a c id ic  p r o te in  f r a c t io n s .

In  the r a t  u te r u s , th e  in t e g r i t y  o f  th e  a cce p to r  s i t e s  appears to  

depend on th e th ree -d im en sio n a l s tr u c tu r e  o f  the chrom atin . Both BNA 

and n o n -h isto n e  p r o te in s  are s tr o n g ly  im p lic a te d  in  form ing th e a ccep to r  

s i t e .  I t  has been su ggested  th a t  th e n o n -h isto n e  p r o te in s  cou ld  p lay  an 

a c t iv e  r o le ,  a s  th e  a c tu a l a ccep to r , o r  a p a ss iv e  r o le  by m od ify in g  the  

in te r a c t io n  o f  th e  horm one-receptor com plex w ith  th e  BNA (King and 

Gordon, 1972; King and Mainwaring, 1 9 7 4 ).

1 .2 .2 .6  T ra n sc r ip tio n a l e f f e c t s  o f  o estro g en

The most s t r ik in g  e f f e c t s  o f  o e s tr a d io l  -1?jP on th e  r a t  u teru s  in v o lv e  

a lt e r a t io n s  in  th e  tr a n s c r ip t io n  o f  ENA from the BNA tem p la te . These 

tr a n s c r ip t io n a l e f f e c t s  are amongst th e  e a r l i e s t  resp o n ses  to  th e  hoimone. 

N e v e r th e le ss , th ere  are some e f f e c t s  o f  o e s tr a d io l  w hich do n o t appear  

to  in v o lv e  tr a n s c r ip t io n .

W ithin 15 min o f  hormone a d m in is tr a tio n , hyperaem ia o f  the u te r u s  can be 

d etec ted  which appears to  le a d  to  an in c r e a se d  accum ulation  o f  f l u i d  by th e  

organ (M u eller  e t  a l . ,  1 9 5 8 ). I t  has been proposed by S z e ^  (1965)  

th a t  the hyperaem ic e f f e c t  i s  m ediated by h istam in e r e le a se d  from the  

u te r u s . The in c r e a se d  uptake o f  w ater p e r s i s t s  f o r  up to  6hr (M u eller  e t  a l . ,  

1958; B i l l i n g  e t  a l . ,  I 969 a) and i t  i s  n o t a b o lish e d  by actin om ycin  B, 

an in h ib ito r  o f  BN A -directed ENA s y n th e s is  (U i and M u eller , I 965) .  This 

in c r e a se  in  u te r in e  p erm ea b ility  a ls o  le a d s  to  an in c r e a se  in  th e  uptake 

o f  th e  n u c le o s id e  p recu rso rs  fo r  ENA s y n th e s is ,  so  th a t  i f  

r a d io a c t iv e ly - la b e l le d  p recu rso rs  are ad m in istered  in  v iv o , o e s tro g en  

w i l l  le a d  to  an in c r e a se  in  th e s p e c i f i c  a c t i v i t y  o f  th e  p recu rsor  p o o ls  

in  th e  u te r u s  ( B i l l i n g  e t  a l , ,  I 969 a ) .  As w ith  th e  in crea sed  f lu id  

accum ulation in  th e  u te r u s , t h i s  s t im u la t io n  o f  n u c le o s id e  uptake iô  n o t  

blocked  by actin om ycin  B, showing th a t  i t  i s  n o t a  t r a n s c r ip t io n a l  response  

( B i l l in g  e t  a l . , 1969 a ) .  I t  i s  n o t c le a r  i f  th e se  n o n -tr a n sc r ip t io n a l e f f e c t s  

o f  o estrogen  occur as a  r e s u l t  o f  in t e r a c t io n  o f  th e  hormone w ith  th e
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c e l l  membrane, or  w hether form ation  o f  the o estr o g e n -r e c e p to r  complex in  

the cytoplasm  i s  n e c e s sa r y . A lso , th e  r o l e ,  i f  any, p layed by c y c l i c  

n u c le o t id e s ,  w hich a c t  a s  secondary m essengers fo r  p ep tid e  hormones, 

i s  u n c lea r .

Changes in  th e l e v e l s  o f  c y c l ic  n u c le o t id e s  have been rep orted  to  

occur r a p id ly  in  resp on se  to  o e s tr o g e n , G oldb erg 's group has shown 

th a t  o estro g en  le a d s  to  an in c r e a se  in  th e  l e v e l  o f  guano s in e  5 's 5 * “ 

jhosphate ( c y c l i c  GMP) in  the u te r u s  w h i ls t  d e c r e a s in g  the l e v e l  o f  

adenosine 3 ':5 '-p h o sp h a te  ( c y c l i c  AMP) (Kuehl e t  a l , ,  1974; N ic o l e t  a l . ,

1974) .  In  c o n tr a s t  to  m ost e f f e c t s  on c y c l i c  GMP l e v e l s ,  which are  

u s u a lly  t r a n s ie n t ,  th e  e le v a te d  c y c l ic  ŒP l e v e l  in  the u teru s  i s  

m aintained f o r  up to  24 h r . T h is e f f e c t  o f  th e  hoimone i s  o f  in t e r e s t  

because c y c l i c  (MP has been im p lic a te d  in  a number o f  p r o l i f e r a t iv e  

resp o n se s . T ra n scr ip tio n  appears to  be n ecessa ry  fo r  th e  m aintenance o f  

the e le v a te d  c y c l i c  GMP l e v e l ,  s in c e  th e  e f f e c t  i s  in h ib ite d  by 

actinom ycin  D and p r o te in  s y n th e s is  in h ib it o r s  (N ic o l and G oldberg, 1 9 7 6 ). 

Furthermore, th e  in c r e a s e  in  c y c l i c  GMP co n ten t, l i k e  o th er  u te r o tr o p h ic  

resp o n ses , appears to  in v o lv e  b in d in g  o f  th e  hormone to  o estro g en  r e c e p to r s  

w ith  subsequent tr a n s lo c a t io n  to  th e  n u c leu s  (F landroy and Galand, 1 9 7 9 ).

The m a jo r ity  o f  th e  resp o n ses  o f  th e  r a t  u teru s  to  o estro g en  are  

in h ib ite d  by a c t in o n y c in  D and th e r e fo r e  appear to  stem from an e f f e c t  o f  

th e  hormone on th e  tr a n s c r ip t io n  o f  ENA. W ithin 30 niin o f  th e  

a d m in is tra tio n  o f  o e s t r a d io l -1 7 p  » in c r e a se d  BNA polym erase a c t i v i t y  

and in c r e a se d  ENA s y n th e s is  can be d e te c te d . T h is i s  fo llo w ed  by a 

s t im u la tio n  o f  p r o te in  s y n th e s is  and, a t  l a t e r  t im e s , a s t im u la t io n  

o f  BNA s y n th e s i s .  The amounts o f  ENA, p r o te in  and BNA in  th e  immature 

r a t  u te r u s , determ ined c h em ic a lly , th u s in c r e a se  in  sequence d u rin g  th e  

f i r s t  30 h r  fo llo w in g  hormone treatm en t ( B i l l in g  e t  a l , ,  1969 b ) .  The 

r e s u l t  o f  g iv in g  o e s t r a d io l  - 1 7 ^ i s  th e r e fo r e  an o v e r a ll  hypertrophy  

and h y p e r p la s ia  o f  th e  u te r u s .
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The i n i t i a l  s t im u la t io n  o f  ENA s y n th e s is  in  th e immature r a t u teru s  

has been shown to  occu r  in  two p h a se s , $0 min a f t e r  th e a d m in is tra tio n  

o f  hormone, th ere  i s  a s t im u la t io n  o f  the s y n th e s is  o f  a s p e c ie s  o f  

ENA o f  very  h igh  m o lecu la r  w eigh t (Knowler and S m e llie , 1971» 1 9 7 3 ). 

D eterm ination  o f  th e  "base com p osition , c e l lu la r  lo c a t io n  and r a te  o f  

decay, and dem on stration  o f  the la c k  o f  m éth y la tio n  and th e  h eterogeneous  

nature o f  t h i s  ENA have shown t h i s  s p e c ie s  to  he h eterogen eou s, n u c lea r  

ENA, or Nh ENA (Knowler and S m e ll ie , 1973)» a s p e c ie s  o f  ENA b e lie v e d  to  

co n ta in  th e p recu rso rs  o f  m ENA, Further ev id en ce  su p p ortin g  th e  

id e n t i f i c a t io n  o f  t h i s  ENA s p e c ie s  a s  Eh ENA has come from the  

dem onstration  th a t  i t  co n ta in s  t r a c t s  o f  p o ly i-a d en y lic  a c id , o r  p o ly  (a ) 

(A ziz  and Knowler, 1 9 7 8 a ), The p o ly  ( a) co n ten t has been u sed  a s  the  

b a s is  o f  f r a c t io n a t io n  o f  th e  En ENA on p o ly  (u )-S ep h arose  columns in to  

th ree  c l a s s e s .  The s y n th e s is  o f  a l l  th ree  c la s s e s  i s  stim u la ted  by 

o e s tr a d io l b u t the d egree  and tim in g  o f  the response i s  d i f f e r e n t  fo r  

each , w ith  th e  f r a c t io n  havin g  h ig h e s t  a f f i n i t y  fo r  p o ly  (U )-Sepharose  

showing th e g r e a te s t  resp on se a f t e r  50 rain (A ziz  and Knowler, 1978a),

T his s t im u la t io n  o f  En ENA sy n th e s is  i s  s t i l l  d e te c ta b le  once th e  Eh ENA 

has been p ro cessed  in t o  r ib o n u c le o p r o te in  p a r t ic l e s  in  th e  n u c le u s , 

although  i t  i s  found to  occur a t  s l i g h t l y  l a t e r  tim es (Knowler, 1 9 7 6 ).

This i n i t i a l  phase o f  s tim u la ted  Eh ENA s y n th e s is  i s  fo llo w e d  by an 

in c r e a se  in  th e  s y n th e s is  o f  ribosom al ENA (rENA) and t r a n s fe r  ENA 

(tENA) o ccu rr in g  2 -4  hr a f t e r  hormone a d m in is tr a tio n  ( B i l l i n g  e t  a l . , 1969c; 

Knowler and S m e ll ie , 1 9 7 1 ). T h is s t im u la t io n  o f  rENA s y n th e s is  can be 

fo llow ed  through from th e  45 S p recu rso r  (Knowler and S m e ll ie , 1 9 7 1 ). 

S im ila r  experim ents u s in g  o v a r iec to m ised  a d u lt  r a t s  have a ls o  shown a  

s t im u la tio n  o f  th e  s y n th e s is  o f  rENA and, in  a d d it io n , an in c r e a se d  r a te  

o f  con version  o f  th e  rENA p recu rso rs  to  th e  mature 28S and IBS rENA 

s p e c ie s  (Luck and H am ilton, 1972; Khecht and Luck, 1 9 7 7 ).
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S tu d ies on the a c t i v i t i e s  o f  u te r in e  ENA polym erases have g iven  

r e s u lt s  w hich correspond to  the p a tte r n  o f  s tim u la ted  ENA s y n th e s is .

There i s  an in c r e a se  in  the a c t i v i t y  o f  ENA polym erase I I  (b ) ,  th e  

enzyme r e sp o n s ib le  fo r  th e  s y n th e s is  o f  Hh ENA, 3O-6O min a f t e r  g iv in g  

o e s tr a d io l  to  immature r a t s  (Hardin e t  a l , ,  1 9 7 6 ), o v a r iecto m ised  a d u lt  

r a ts  (G la sser  e t  a l . , 1972) and r a b b its  (Borthw ick and S m e llie , 1975)*

The a c t iv i t y  then d e c l in e s  a f t e r  1 -2  hr and r i s e s  to  a  second peak a t  

5-4 hr, b e fo re  r e tu r n in g  to  c o n tr o l l e v e l s  a f t e r  24 h r  ( Clark e t  a l . ,

1978) * The i n i t i a l  r i s e  in  ENA polym erase I I  a c t i v i t y  i s  fo llo w ed  by an 

in c r e a se  in  the a c t i v i t y  o f  ENA polym erase I  ( a ) ,  th e  enzyme r e sp o n s ib le  

fo r  the s y n th e s is  o f  rENA. The a c t i v i t y  o f  t h i s  enzyme reach es a  

maximum 4 hr a f t e r  g iv in g  hormone and i s  m ain tained  a t  t h i s  l e v e l  fo r  

up to  12 hr (G la sser  e t  a l . , 1972; Borthw ick and S m e ll ie , 1975» Hardin 

e t  a l . , 1976) .  The a c t i v i t y  o f  ENA polym erase I I I ,  th e  enzyme 

r e sp o n sib le  fo r  th e s y n th e s is  o f  tENA and 58 rENA, a ls o  appears to  be 

stim u la ted  a t  th e  same tim e as th e  ENA polym erase I  a c t i v i t y  in  

is o la t e d  n u c le i  from th e  u teru s  o f  immature r a t s  (W eil e t  a l , ,  1977) and 

ovariectom ised  a d u lt  r a t s  (W ebster and H am ilton, 1 9 7 6 ). The 

s t im u la tio n  o f  ENA polym erase I  a c t i v i t y  i s  dependent on th e  i n i t i a l  

st im u la tio n  o f  ENA polym erase I I  a c t i v i t y .  Treatment w ith  c t-a m a n itin ,  

a s p e c i f ic  in h ib i t o r  o f  th e  l a t t e r  enzyme, b e fo r e  g iv in g  o e s t r a d io l  

a b o lish e s  th e  horm one-stim ulated  in c r e a se  in  ENA polym erase I  a c t i v i t y ,  and 

hence the in c r e a se  in  rENA s y n th e s is ,  whereas treatm en t w ith  th e  in h ib i t o r  

a f t e r  the in c r e a se  in  ENA polym erase I I  a c t i v i t y  has a lrea d y  occurred does 

n o t prevent th e  s t im u la t io n  o f  rENA s y n th e s is  (Eaynaud-Jammet e t  a l , ,  1972; 

Borthwick and S m e llie , 1975)* Treatm ent w ith  cy c lo h ex im id e , an in h ib i t o r  

o f  p r o te in  s y n th e s is ,  le a d s  to  s im ila r  r e s u l t s .

These f in d in g s  have le d  to  th e  su g g e st io n  th a t  th e  s t im u la t io n  by o estro g en  

o f  rENA s y n th e s is  in  th e  r a t  u te r u s , an im portant ev en t in  th e  u te r o tr o p h ic  

resp on se , i s  dependent on th e  i n i t i a l  s t im u la t io n  o f  ENA polym erase I I
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a c t iv i t y  (G la sse r  e t  a l , ,  1 9 72 ). T h is r e s u l t s  in  th e sy n th e s is  o f  

Hn ENA which co n ta in s  mENA sequences which must be tr a n s la te d  to  

produce a sm all number o f  p r o te in s  n e cessa ry  fo r  the subsequent 

s t im u la tio n  o f  rENA s y n th e s is  (B a u lie u  e t  a l , ,  1972; B a u lieu , 1975» Knowler 

e t  a l . , 1975) .  Because th e se  p r o te in s ,  whose e x is te n c e  i s  su ggested  by th e  

r e s u l t s  o f  th e  in h ib i t io n  exp erim en ts, could  p la y  a key r o le  in  

i n i t i a t i n g  th e  tro p h ic  resp on se o f  th e  u te r u s  to  o estro g en , they  have 

been termed Key In term ed ia iy  P r o te in s  by B au lieu  (B au lieu  e t  a l , ,  1972;

B a u lieu , 1975) •

The nature o f  th e se  Key In term ed iary  P r o te in s  i s  unknown. They do n o t  

appear to  be components o f  th e  ENA p o ly m e r a se s ,s in c e  i s o la t io n  o f  the  

enzymes has f a i l e d  to  show any d if f e r e n c e s  betw een c o n tr o l and hormone- 

tr e a te d  an im als (Borthw ick and S m e ll ie ,  1975» W eil e t  a l , ,  1977) end 

an ex h a u stiv e  search  fo r  enzyme fa c to r s  has proved u n su c c e ss fu l (Knowler 

e t  a l , ,  1975) .  I t  i s  p o s s ib le ,  th e r e fo r e , th a t  hormone treatm ent le a d s  

to  an a lt e r a t io n  in  th e  chrom atin tem p late  (Knowler e t  a l , ,  1 9 75 ).

I t  has been reported  th a t  both  th e  com p osition  o f  u te r in e  chrom atin  

and i t s  tem plate c a p a c ity , determ ined u s in g  exogenous ENA polym erase from  

E. c o l i . are  a lte r e d  fo llo w in g  hormone trea tm en t, a lth ou gh  th e  changes 

are found to  fo llo w  th e  i n i t i a l  s t im u la t io n  o f  ENA polym erase I I  a c t i v i t y  

(G la sser  e t  a l . ,  1 9 7 2 ). In  a d d it io n , th e r e  i s  an o estrogen -in d u ced  

in c r e a se  in  th e number o f  i n i t i a t i o n  s i t e s  on the chrom atin fo r  E. c o l i  

ENA polym erase, a s  measured in  th e  p resen ce  o f  th e  a n t ib io t ic  r ifa m p ic in  which  

p reven ts r e - i n i t i a t i o n  (Markavericb. e t  a l , ,  1 9 7 8 ). A lthough th e se  

s tu d ie s  u s in g  b a c te r ia l  ENA polym erase m ^  n o t a c c u r a te ly  r e f l e c t  

a lt e r a t io n s  in  the t r a n s c r ip t io n  o f  a  eu k a ry o tic  tem plate by eu k a ry o tic  

ENA polym erases, th ey  are in d ic a t iv e  o f  a  s tr u c tu r a l a l t e r a t io n  o f  th e  

chrom atin in  response to  th e  hormone (Johnson and B axter, 1 9 7 8 ).

Experim ents c a rr ied  out to  in v e s t ig a t e  th e  s y n th e s is  o f  p r o te in s  a t  th e se  

e a r ly  tim es fo llo w in g  hormone s t im u la t io n  have dem onstrated th e  s y n th e s is
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o f  an o estro g en -in d u ced  p r o te in , known as IP , 40 min a f t e r  hormone 

trea tm en t. T his p r o te in  i s  d e te c ta b le  by e le c tr o p h o r e s is  o f  r a d io a c t iv e ly -  

la b e l le d  u te r in e  p r o te in s  or by radioimmunoassay ( l a c o b e l l i  e t  a l . , 1977)* 

I t s  s y n th e s is  i s  s t im u la te d  by o e s tr o g e n s , both  in  v iv o  (N o tid es  and 

G orski, 1966) and in  v i t r o  (K atzenellenb ogen  and G orsk i, 1972 ), and 

in h ib ite d  by treatm ent w ith  actin om ycin  B g iv en  up to  15 min a f t e r  

hormone a d m in is tr a t io n  (De Angelo and G orsk i, 1 9 7 0 ). No fu n c tio n  has y e t  

been a ss ig n e d  to  t h i s  p r o te in , a lth ou gh  King e t  a l .  (1977) have shown 

th a t  IP c o - p u r i f ie s  w ith  some fa c to r  a b le  to  s t im u la te  DNA sy n th e s is  in  

cu ltu red  f ib r o b la s t s ,  su g g e st in g  th a t  IP may p la y  a r o le  in  th e  l a t e r  

s t im u la tio n  o f  DNA s y n th e s is  in  th e  u te r u s . Barker (1971) has a ls o  

reported  th e  s t im u la t io n  o f  th e s y n th e s is  o f  a  n o n -h isto n e  p r o te in  

a s so c ia te d  w ith  a r g in in e -r ic h  h i  s to n e s  o ccu rr in g  soon a f t e r  o estro g en  

trea tm en t.

There i s  very  l i t t l e  ev id e n c e , however, to  su g g est th a t  e i t h e r  o f  

th e se  two p r o te in s  i s  a Key In term ed iary  P r o te in  in v o lv e d  in  the  

s t im u la tio n  o f  rRNA sy n th e s is  in  th e  u te r u s .

A ttem pts to  d e te c t  s p e c i f i c ,  horm one-induced mENA s p e c ie s  in  th e  

u teru s  have le d  to  co n tro v er sy . An ENA s p e c ie s  o f  sed im en ta tion  

c o e f f i c i e n t  15 8 , whose s y n th e s is  i s  s tim u la ted  w ith in  15 min o f  hormone 

trea tm en t, has been rep orted  (B a u lie u , 1975)» but F r o lik  and G orski (1977) 

could  n o t confirm  t h i s  f in d in g . I t  i s  p o s s ib le  th a t  th e  h ig h  

r ib o n u c le a se  a c t i v i t y  o f  th e  r a t  u te r u s  can r e s u l t  in  l o s s e s  during  

th e  i s o la t i o n  o f  ENA (G la sser  e t  a l . ,  1972; F r o lik  and G orsk i, 1 9 7 7 ). 

R ib o n u c lea se -ca ta ly sed  d egrad ation  cou ld  a ls o  e x p la in  th e  f a i lu r e  to  

d e te c t  a  s t im u la t io n  o f  ENA polym erase I I  a c t iv i t y  in  some c a se s  (W ebster 

and H am ilton, 1976; W eil e t  a l . ,  1 9 7 7 ). I t  i s  a ls o  p o s s ib le  th a t  the  

tech n iq u es u sed  by F r o lik  and G orsk i, in v o lv in g  th e  in c o r p o r a tio n  o f  

la b e l le d  p recu rso rs  in to  ENA in  v i t r o  fo llo w ed  by po lyacry lam id e g e l  

e le c tr o p h o r e s is  o f  th e  ENA, are n o t s e n s i t iv e  enough to  d e te c t  th e
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s y n th e s is  o f  s p e c i f i c  mRNA s p e c ie s  and th a t  a more s e n s i t iv e  tech n iq u e , 

such as m olecu lar h y b r id is a t io n , i s  n e c e s s a r y . T his approach has been  

used  by A ziz  and Knowler (i9 ? 8 b ) to  dem onstrate a l t e r a t io n s  in  th e  

mENA p o p u la tio n  o f  th e  r a t  u teru s  4 hr a f t e r  hormone treatm ent and to  

estim a te  th e  d iv e r s i t y  and com p lex ity  o f  th e  mRNA p o p u la tio n  (A ziz  e t  a l , ,

1 9 7 9 ). I t  i s  o f  in t e r e s t  to  n o te  th a t  Frk>lik and G orski ( l9 7 7 )  

incubated  r a t  u t e r i  in  v i t r o  in  o rd er  to  la b e l  th e  ENA, U sing t h i s  

p a r t ic u la r  tech n iq u e , i t  has been shown th a t  o estro g en  s t im u la te s  the  

sy n th e s is  o f  HnRNA in corp ora ted  in t o  n u c le a r  r ib o n u c le o p r o te in  p a r t ic l e s  

(Knowler, 1976) and th e  sy n th e s is  o f  IP (K atzenellenbogen  and G orsk i, 1972)» 

so th a t new mENA s p e c ie s  should be p r e s e n t . However, under th ese  same 

c o n d it io n s , th e  s t im u la ted  s y n th e s is  o f  rENA cannot be d e te c te d , su g g e st in g  

th a t ,  a t  l e a s t  fo r  th e  rENA s p e c ie s ,  p a rt o f  th e  t r a n s c r ip t io n a l mechanism  

i s  s e n s i t iv e  to  th e in  v i t r o  in c u b a tio n  c o n d it io n s  (Knowler e t  a l , ,  1975» 

Knowler, 1976)•

A cascade phenomenom, whereby e a r ly  tr a n s c r ip t io n a l  resp o n ses  are a  

p r e -r e q u is i te  fo r  l a t e r  t r a n s c r ip t io n a l  re sp o n se s , appears to  occur in  a  

number o f  o th e r  s t e r o id  horm one-dependent sy stem s. The ecdysone-induced  

p u ffin g  o f  th e g ia n t  chromosomes o f  in s e c t  s a liv a r y  g lan d s has a lread y  

been m entioned in  S e c t io n  1 .2 ,1 ,  In  D ro so p h ila , a d i s t in c t io n  can be made 

between chromosome p u f fs  which appear r a p id ly  in  response to  th e  hormone 

'and o th er  p u f fs  w hich on ly  appear a f t e r  an I n te r v a l o f  some hours.

The in d u c tio n  o f  th e  e a r ly  p u ffs  i s  independent o f  p r o te in  sy n th e s is  

whereas th e  in d u c tio n  o f  th e  l a t e  p u f f s  i s  b locked  by in h ib it o r s  o f  p r o te in  

s y n th e s is ,  su g g e st in g  th a t  th e  l a t e  p u f fs  are c o n tr o lle d  by a product 

r e s u lt in g  from th e  e a r ly  p u ffs  (A shbum er, 1972, 1 9 7 4 ).

In r a t  l i v e r ,  g lu c o c o r t ic o id s  s t im u la te  rENA sy n th e s is  and t h i s  

s t im u la tio n  i s  prevented  by « -a m a n it in  and cycloh ex im id e (Yu and 

F e ig e lso n , 1973)* su g g e s t in g  th a t  a  sequence o f  ev en ts  s im ila r  to  th a t  

occu rr in g  in  th e  o e s tr o g e n -s t im u la te d  r a t  u teru s  i s  a ls o  o ccu rr in g  in



t h i s  t i s s u e ,  .

A lso d isc u sse d  in  S e c tio n  1 ,2 ,1  was the in d u ctio n  oestrogen  and 

p rogesteron e o f  th e  mRNA s p e c ie s  cod in g  fo r  the egg w h ite  p r o te in s  

in  the ch ick  o v id u c t . A lthough some e f f e c t s  o f  th e  hormones on 

tr a n s la t io n  have been found to  o ccu r , th e  major e f f e c t s  appear to  be 

t r a n s c r ip t io n a l .  The number o f  i n i t i a t i o n  s i t e s  on o v id u ct chrom atin  

fo r  th e RNA polym erase from E, c o l i  can be estim a ted  in  a r ifa m p ic in  

ch a llen g e  a s sa y . I t  has been shown th a t  th ere  i s  an in c r e a se  in  t h i s  

number, fo llo w in g  o estro g en  trea tm en t, which can be c o r r e la te d  w ith  th e  

number o f  n u c lea r  o e s tr o g e n -r e c e p to r  com plexes (S , T sa i e t  a l , ,  1975»

M. T sa i e t  a l , , 1 9 7 6 ). S im ila r  r e s u l t s  have been ob ta in ed  u s in g  

p u r if ie d  p r o g e s te r o n e -r e c e p to r  com plexes in  a c e l l - f r e e  system  

(Schwartz e t  a l , ,  1976; D u lle r  e t  a l , ,  1 9 76 ), Experim ents u s in g  

homologous RNA polym erase I I ,  and th e  a n t ib io t ic  r ifam yc in  to  p revent  

r e - i n i t i a t i o n ,  have g iv e n  th e  same r e s u l t s  and i t  has a ls o  been shown 

th a t the homologous enzyme w i l l  compete w ith  the b a c te r ia l  enzyme fo r  

b in d in g  to  th e  chrom atin, su g g e s t in g  th a t  th ey  are b in d in g  to  th e  same 

in i t i a t i o n  s i t e s ,  a lth ou gh  th e  form er le a d s  to  more ovalbumin mRNA 

t r a n s c r ip ts  (M, T sa i e t  a l , ,  1 9 7 6 ) , The a c tu a l number o f  e x tr a  

i n i t i a t i o n  s i t e s  fo llo w in g  p ro g estero n e  treatm ent in  v i t r o  has been  

estim ated  to  be 5»000 -  7»000 p er  c e l l  (Schwartz e t  a l , ,  1976; D u lle r  

e t  a l , ,  1976) .  T h is f ig u r e  seems g r e a te r  than exp ected  i f  th e  hormone 

were s t im u la t in g  th e  t r a n s c r ip t io n  o f  on ly  a sm all number o f  g en es .

Therefore i t  would appear t h a t ,  a s  p o s tu la te d  by Johnson and B axter ( l9 7 8 ) ,  

th e  r ifa m p ic in - ie  s i s  ta n t  b in d in g  o f  ENA polym erase to  chrom atin i s  an 

in d ex  o f  chrom atin s tr u c tu r e  r a th e r  than an in d ex  o f  t r a n s c r ip t io n a l ly  a c t iv e  

g en es.

The k in e t i c s  o f  in d u c tio n  o f  th e  eg g  w hite p r o te in s  in  th e  ch ick  o v id u c t  

are n ot id e n t ic a l  f o r  each  p r o te in .  O estrogen s t im u la te s  the sy n th e s is  

o f  conalbumin alm ost im m ed iately , w hereas th ere  i s  a  la g  o f  about 5 hr
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b efo re  ovalbumin sy n th e s is  i s  s t im u la te d , s u g g e s t in g  th a t  in term ed ia te  

s te p s  must occur betw een the b in d in g  o f  th e  horm one-receptor complex to  

the chrom atin and th e in d u c tio n  o f  ovalbumin mRNA (P a lm iter  e t  a l . ,  1 9 7 6 ). 

P a lm ite r  o r ig in a l ly  d isco u n ted  th e  p o s s i b i l i t y  th a t th e  s y n th e s is  o f  

p r o te in  in te r m e d ia te s  was req u ired  fo r  ovalbumin mRNA in d u ctio n  s in c e ,  

although  cycloh ex im id e in h ib ite d  th e  in d u c tio n  o f  ovalbumin mRNA, 

em etine was found to  have l i t t l e  e f f e c t .  C yclohexim ide appeared to  be 

a f f e c t in g  RNA sy n th e s is  by a mechanism u n re la ted  to  i t s  a c t io n  on p r o te in  

s y n th e s is  and, in  f a c t ,  b oth  cycloh ex im id e and em etine e v e n tu a lly  le d  to  

th e death  o f  the exp erim en ta l a n im a ls , i l l u s t r a t i n g  th e problems o f  

in te r p r e ta t io n  o f  experim ents in v o lv in g  th e  a d m in is tr a tio n  o f  m eta b o lic  

in h ib ito r s  in  v iv o . To e x p la in  th e  la g  phase in  th e  in d u c tio n  o f  

ovalbumin mRNA, P a lm iter  proposed a r e c e p to r  t r a n s lo c a t io n  model whereby 

o e s tr o g e n -r e c e p to r  com plexes b ind to  n on -p rod u ctive  s i t e s  on th e  chrom atin  

and then tr a n s lo c a te  to  p ro d u ctiv e  s i t e s  a t  which th e  g e n e t ic  resp o n ses  

are i n i t i a t e d ,  th e  r a te  o f  r e c e p to r  t r a n s lo c a t io n  d eterm in in g  th e  tim in g  

o f  th e  in d u ctio n  o f  th e  mRNA s p e c ie s  (P a lm iter  e t  a l . ,  1 9 7 6 ). However, in  

a more r e c e n t  p u b lic a t io n  from th e  same la b o r a to r y , McKhight (1978) has rep orted  

th a t  primary c u ltu r e s  o f  ch ick  o v id u c t w i l l  respond to  o estro g en  and 

p rogesteron e in  v i t r o .  I n h ib ito r s  o f  p r o te in  s y n th e s is  prevent th e  

in d u ctio n  o f  b oth  ovalbum in and conalbum in mRNAs, su g g e s t in g  th a t  p r o te in  

sy n th e s is  i s  n e c e ssa r y  in  order f o r  th e  s te r o id -in d u c e d  accum ulation  o f  

th e se  s p e c i f i c  mRNA s p e c ie s  to  o ccu r .

To conclude t h i s  s e c t io n  on t r a n s c r ip t io n ,  m ention should  be made o f  

re c e n t d is c o v e r ie s  on th e s tr u c tu r e  o f  eu k a ry o tic  g en es . As d isc u sse d  

in  th e  p reced in g  s e c t io n ,  i t  i s  now p o s s ib le  to  o b ta in  c o p ie s  o f  c e r ta in  

eu k aryotic  g en es , in c lu d in g  th e  ovalbumin gen e, by m olecu lar  c lo n in g .

Treatment o f  th e  c lon ed  ovalbumin gene w ith  r e s t r i c t io n  en d on u cleases  

fo llo w ed  by mapping th e  s i t e s  o f  en d on uclease c lea v a g e  has shown th a t ,  

in  common w ith  a number o f  o th er  eu k a ry o tic  g en es , the DNA cod in g  fo r
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th e ovalbumin mRNA i s  n o t continuous* The gene appears to  c o n s is t  o f  

e ig h t  cod in g  reg io n s  o f  DNA in te r r u p te d  by seven  reg io n s  o f  DNA o f  

unknown fu n c t io n , r e fe r r e d  to  a s  in te r v e n in g  seq u en ces, in s e r t s  or in tr o n s  

(Breathnach e t  a l , ,  1977» D oel e t  a l , ,  1977» D ugaiczyk e t  a l , ,  1978, 1979» 

K ourilsky and Chambon, 1 9 7 8 ). In te r v e n in g  sequences have a ls o  been  

reported  in  the ovomucoid gene (C a t te r a l l  e t  a l . , 1 9 7 9 ). The fu n c tio n  

o f  th ese  in te r v e n in g  sequences i s  unknown. They appear to  be tra n sc r ib e d  

(Hoop e t  a l , , 1978; Nordstrom e t  a l , ,  1979» Swaneck e t  a l , , 1979) so 

th ere  must be p o s t - t r a n s c r ip t io n a l  mechanisms fo r  t h e ir  removal b efo re  

th e  mature mRNA s p e c ie s  e n te r  th e  cytop lasm ,

1 ,2 ,2 ,7  E f fe c t  o f  o estro g en  on p r o te in  s y n th e s is  in  th e  r a t u teru s

During th e  f i r s t  hour fo llo w in g  hormone trea tm en t, th ere  are 

a lt e r a t io n s  in  the s y n th e s is  o f  ENA and p h o sp h o lip id s  and in  th e  

m etabolism  o f  g lu co se  in  th e u te r u s  (M u eller e t  a l . , 1961, 1972; Jensen  

and DeSombre, 1972 ), A s t im u la t io n  o f  p r o te in  s y n th e s is  appears to  

fo llo w  in  th e  wake o f  th e se  changes (M u eller  e t  a l , ,  1958, 1961, 1972; B i l l i n g  

e t  a l , , 1969b; Jensen  and DeSombre, 1 9 7 2 ). As d is c u s se d  in  the p rev iou s  

s e c t io n ,  th e  s t im u la tio n  o f  RNA s y n th e s is  i s  dependent on p r o te in  

s y n th e s is .  T his i s  a ls o  tru e  f o r  th e  e a r ly  s t im u la t io n  o f  p h osp h o lip id  

t h e s i s .  Thus, p r o te in  s y n th e s is  in h ib i t o r s  w i l l  b lo ck  the o e str o g e n -  

induced in c r e a se s  in  p h o sp h o lip id  and RNA s y n th e s is  (M u eller e t  a l , ,  I 96I , 

1972; Noteboom and G orsk i, 1965; G orski and A m an, 1964) .

Although th e se  r e s u l t s  show th a t  a  s t im u la t io n  o f  th e  sy n th e s is  o f  

s e le c t iv e  p r o te in s  appears to  be n e c e s sa r y  fo r  th e i n i t i a l  a c t io n s  o f  

o estro g en , a  gen era l in c r e a se  in  p r o te in  s y n th e s is  in  th e  u teru s  i s  n o t  

d e te c ta b le  u n t i l  4 hr a f t e r  hormone treatm en t (M ueller e t  a l , ,  I 96I ;

Noteboom and G orski, 1965) ,  r ea c h in g  a maximum a f t e r  about 12 hr (M ueller  

e t  a l , ,  1972) .  T his g en era l s t im u la t io n  occurs in  the n u c le a r , ribosom al 

and m itoch on d ria l f r a c t io n s  o f  the c e l l  (Noteboom and G orsk i, I965) and 

i s  dependent on th e  p r io r  s t im u la t io n  o f  RNA s y n th e s is  (tJi and M u eller ,

1963).
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As d isc u sse d  in  S e c tio n  1 ,2 ,2 .4 ,  th e  o estro g en  rec ep to r  l e v e l s  in  

the cytoplasm  are r e p le n ish e d  d u rin g  t h i s  tim e , so th e oestrogen  

recep to r  would appear to  be one o f  the many p r o te in s  whose sy n th e s is  

i s  s tim u la ted  ( Jensen  e t  a l . , 1969* S a r ff  and G orski, 1 9 7 1 ). O estrogen  

a ls o  appears to  s t im u la te  th e s y n th e s is  o f  p rogesteron e rec ep to rs  in  

the r a t  ( Faber e t  a l . , 1972 ), gu in ea  p ig  (Milgrom e t  a l . , 1970;

F r e ife ld  e t  a l . ,  1974; S affran  e t  a l . , 1976) and ra b b it u teru s  (Faber  

e t  a l , ,  1972; S a ffran  e t  a l , , 1 9 7 6 ).

T his g en era l s t im u la t io n  o f  p r o te in  s y n th e s is  in  th e u teru s  i s  

accompanied by an in c r e a se  in  th e number o f  ribosom es in  th e  cytoplasm  

(Teng and H am ilton, 1967b; Ham ilton e t  a l . , 1968) .  I t  has a ls o  been  

reported  th a t  treatm ent w ith  oestro'gen le a d s  to  an in c r e a se  in  th e  

p r o te in -s y n th e s is in g  a c t iv i t y  o f  th e  ribosom es, as measured in  a c e l l - f r e e  

system , in  th e  r a t (Greenman and Kenney, 1964; Teng and Ham ilton, 1967b; 

W helley and Barker, 1974) and gu in ea  p ig  u te r u s  (S u v a tte  and Hagerman, 1970; 

Shapiro e t  a l . ,  1 9 7 5 ). Shapiro e t  a l , (1975) found th a t  t h i s  in cr ea se d  

a c t iv i t y  was a s s o c ia te d  w ith  th e  60S ribosom al subunit and th a t a s in g le  

e x tr a  band was p resen t fo llo w in g  p o lyacry lam id e g e l e le c tr o p h o r e s is  o f  

60s ribosom al p r o te in s  from horm one-treated  an im als.

I t  has been p o s tu la te d  by T ata ( 1967, 1976) th a t  grow th-prom oting  

hormones, o f  v ^ c h  oestradLiol i s  an exam ple, le a d  to  a  coord in ated  

s t im u la tio n  o f  th e  s y n th e s is  o f  ribosom es and th e  membranes to  w hich th ey  

are a tta c h e d . The n e t  r e s u l t  would be a new p o p u la tio n  o f  to p o g r a p h ic a lly -  

segregated  r ibosom es. The s y n th e s is  o f  ribosom es and t h e ir  subsequent 

d is t r ib u t io n  in  the cytoplasm  cou ld  th u s be .an im portant even t in  th e  

u te r o tr o p h ic  resp on se to  o e s tr o g e n .

1 .2 .2 .8  E f fe c t  o f  o estro g en  on BNA s y n th e s is  in  th e r a t  u teru s  

A s t im u la t io n  o f  DNA sy n th e s is  fo llo w s  th e  s t im u la tio n  o f  RNA and p r o te in  

sy n th e s is  in  th e r a t  u te r u s  in  resp on se  to  o estro g en  (M u eller  e t  a l . , 1958; 

B i l l in g  e t  a l . ,  1969b ) .  I t  i s  f i r s t  d e te c ta b le  18hr a f t e r  th e  

a d m in is tra tio n  o f  o e s t r a d io l  and i t  reach es a maximum 24hr a f t e r  hormone
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treatm ent (Kaye e t  a l . ,  1972j Stormshak e t  a l , ,  197&). T his s t im u la tio n  

o f  DNA s y n th e s is  i s  accompanied by an in c r e a se  in  th e  m ito t ic  in d ex  o f  

the u te r in e  c e l l s ,  le a d in g  to  an in c r e a se  in  c e l l  numbers. In  th e  mature 

r a t ,  o e s tr a d io l  trea tm en t, in  th e  absence o f  p ro g estero n e , s t im u la te s  

c e l l  d iv is io n  alm ost e x c lu s iv e ly  in  th e  endometrium (Leake e t  a l , ,  1975)*  

However, in  th e immature an im al, o e s t r a d io l  s t im u la te s  LNA sy n th e s is  

and m ito s is  s im u lta n eo u sly  in  b oth  th e  endometrium and myometrium (Kaye 

e t  a l , ,  1 9 7 2 ).

T his s t im u la tio n  o f  LNA s y n th e s is  r e s u l t s  in  h y p e r p la s ia  o f  th e  u teru s  

and would appear to  be a lo n g  term o e s tr o g e n ic  resp o n se . Such lo n g  

term resp o n ses  r e s u l t  in  u te r in e  grow th, as measured by an in c r e a se  in  

the dry w eigh t o f  th e  u te r u s . As d is c u s se d  in  S e c tio n  1 .2 ,2 ,4 ,  lo n g  term  

resp on ses req u ire  th e  continued  p resen ce o f  horm one-receptor com plexes in  

th e n u c leu s  (Anderson e t  a l . ,  1972, 1975? Stormshak e t  a l , , 197^? Clark 

e t  a l , ,  1977) .  T h is would su g g est th a t  th e s t im u la t io n  o f  LNA s y n th e s is  does 

n ot depend on th e  s y n th e s is  o f  in term e d ia te  fa c to r s  in i t i a t e d  sh o r t ly  a f t e r  

th e o e s tr o g e n -r e c e p to r  complex e n te r s  the n u c le u s . Thus, i t  would appear 

th a t a  cascade phenomenom, s im ila r  to  th a t  o ccu rr in g  in  th e  s t im u la tio n  

o f  rRNA s y n th e s is ,  does n o t occur in  th e  ca se  o f  LNA s y n th e s is .

However, a s  m entioned in  S e c tio n  1 ,2 ,2 ,6 ,  a fa c to r  which c o - p u r if ie s  w ith  

IP can s t im u la te  LNA s y n th e s is  in  c u ltu red  f ib r o b la s t s ,  su g g e st in g  a  

p o s s ib le  r o le  fo r  IP in  th e  s t im u la t io n  o f  LNA s y n th e s is  in  th e  u te r u s  

(King e t  a l , ,  1 9 7 7 ). Leake e t  a l .  ( l 975) have shown th a t  th e  o e s tr o g e n -  

induced s t im u la t io n  o f  LNA s y n th e s is  in  th e  immature r a t  u te r u s  i s  

b lock ed  by cyc lo h ex im id e , an in h ib i t o r  o f  p r o te in  s y n th e s is ,  su g g e stin g  

th a t the s y n th e s is  o f  a  p r o te in  in term e d ia te  i s  n ecessa ry  fo r  th e  

s t im u la tio n  o f  LNA s y n th e s is .  T h is p r o te in  in term ed ia te  appears to  be 

degraded f a i r l y  r a p id ly , however, s in c e  cycloh ex im id e i s  e f f e c t i v e  se v e r a l  

hours a f t e r  o e s tr a d io l  treatm ent (Leake e t  a l , ,  1 9 7 5 ).

I t  i s  th e r e fo r e  p o s s ib le  th a t  th e  o estro g en -in d u ced  s t im u la t io n  o f  LNA
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sy n th e s is  i s  dependent on th e s y n th e s is  o f  Key Interm ediary P r o te in s  in  a 

s im ila r  manner to  th e  o e s tr o g e n ic  s t im u la tio n  o f  rRNA s y n th e s is .  The 

continued p resen ce o f  o e s tr o g e n -r e c e p to r  com plexes in  th e  n u cleu s could  

he n ecessa ry  because th e  p r o te in s  have a sh ort h a l f - l i f e .  The continued  

sy n th e s is  o f  th e se  p r o te in s  would thus be req u ired  u n t i l  sh o r tly  b efo re  

LNA s y n th e s is  i s  s t im u la te d ,

1 . 2 . 2 , 9  Summary

In  summary, th e  a c t io n  o f  o e s tr a d io l-1 7 p  le a d s  to  a p ro cess  o f  growth 

and developm ent in  th e  immature r a t  u te r u s , r e s u lt in g  in  hypertrophy  

and h y p e r p la s ia  o f  th e  organ. The s t im u la tio n  o f  rRNA s y n th e s is ,  and 

hence ribosom e s y n th e s is ,  i s  an im portant fa c to r  in  u te r in e  hypertrophy  

s in ce  th ere  i s  a g en era l in c r e a se  in  p r o te in  sy n th e s is  in  response to  the  

hormone. The subsequent h y p e r p la s ia  o f  th e u teru s  a ls o  appears to  depend 

on the u te r o tr o p h ic  resp o n se . T h erefore , th e  o estrogen -in d u ced  

s t im u la tio n  o f  ribosom e s y n th e s is  appears to  be an im portant e a r ly  e f f e c t  

o f  the hormone.

The s tr u c tu r e  and fu n c tio n  o f  mammalian ribosom es w i l l  be d isc u sse d  in  

th e  n ex t s e c t io n .
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1 ,5  Role o f  Ribosomes in  P r o te in  S y n th esis

The dem onstration  o f  th e  r o le  o f  ribosom es in  p r o te in  s y n th e s is  was 

preceded by o b serv a tio n s  o f  a r e la t io n s h ip  between the amount o f  RNA 

in  a c e l l  and the r a te  o f  p r o te in  s y n th e s is .  An h i s t o r ic a l  account o f  th e  

involvem ent o f  RNA in  p r o te in  s y n th e s is  has been p resen ted  by Watson 

( 1965)* Most o f  th e  RNA was found to  be p resen t in  cy top lasm ic  

r ib o n u c le o p r o te in  p a r t ic l e s  which cou ld  be observed in  e le c tr o n  

m icrographs o f  b oth  p ro k a ry o tic  (L u ria  e t  a l . ,  1945) end eu k a ry o tic  c e l l s  

( L i t t l e f i e l d  e t  a l . ,  1955» Palade and S ie k e v itz ,  1 9 5 6 ). Experim ents 

in v o lv in g  p u lse  la b e l l in g  w ith  amino a c id s  fo llo w ed  by c e l l  f r a c t io n a t io n  

showed th a t  th e se  cy to p la sm ic , r ib o n u c le o p r o te in  p a r t ic l e s  were th e  s i t e s  

o f  i n i t i a l  in co r p o r a tio n  o f  amino a c id s  in to  p r o te in  in  eu k a ry o tic  c e l l s  

( L i t t l e f i e l d  e t  a l , ,  1 9 5 5 ). S im ila r  o b serv a tio n s  were made on 

p rok aryotic  c e l l s ,  u s in g  su crose  d e n s ity  g ra d ien t c e n tr ifu g a t io n  to  r e s o lv e  

the r ib o n u c le o p r o te in  p a r t ic l e s  (M cQ uillen e t  a l , ,  1 9 5 9 ). By t h i s  tim e, 

Roberts (1958) had g iv e n  th e  name •ribosom e" to  th e se  r ib o n u c le o p r o te in  

p a r t ic l e s .

The name ribosom e in c lu d e s  th e cy top lasm ic  r ib o n u c le o p r o te in  p a r t ic l e s  

o f  both  p ro k a ry o tic  and eu k a ry o tic  c e l l s .  S tru ctu ra l d if f e r e n c e s  do e x i s t  

between p ro k a ry o tic  and eu k a ry o tic  ribosom es, however: p ro k a ry o tic  

ribosom es are sm a lle r  and have a h ig h er  r a t io  o f  RNA to  p r o te in  than  

t h e ir  eu k a ry o tic  c o u n terp a r ts . The s tr u c tu r e  and fu n c tio n  o f  p ro k a ry o tic  

and mammalian ribosom es w i l l  be d isc u sse d  se p a r a te ly  in  th e  fo llo w in g  

s e c t io n s ,

1 ,5 ,1  Ribosomes from p rok aryotic  organism s

As s ta te d  in  th e  p reced in g  s e c t io n ,  th ere  are s e v e r a l d if f e r e n c e s  ■ 

between ribosom es from p ro k a ry o tic  and eu k a ry o tic  organ ism s. These 

d if fe r e n c e s  are summarised in  F igure 5 .

Ribosomes from p ro k a ry o tic  organism s have a  sed im en tation  c o e f f i c i e n t  o f  

70s ,  On lo w er in g  th e  co n cen tra tio n  o f  magnesium io n s ,  th e  ribosom e



P rok aryotic  ribosom es

Sedim entation  c o e f f i c i e n t  ?0S

D is s o c ia te  in to  su b u n its  o f  50S 
and 50s

Approxim ately 64% by w eigh t MA 
and 36% by w eigh t p r o te in

23s ,  16s  and 5S rRNA 
sp e c ie s  p resen t

34 p r o te in s  in  la r g e r  su b u n it, 
21 p r o te in s  in  sm a ller  subunit

S y n th esise  p r o te in s  w ith  
N-form yl m eth ion ine a t  
N-term inus

D if fe r e n t  supernatant fa c to r s  
requ ired  fo r  t r a n s la t io n

D if fe r e n t  t r a n s la t io n a l  
in h ib ito r s

Mammalian ribosom es

Sedim entation  c o e f f i c i e n t  80S

D is s o c ia te  in to  su b u n its  o f  60S 
and 40s

Approxim ately equal amounts o f  
RNA and p r o te in  by w eigh t

288, 18S, 5 . 8 S and 5S 
rRNA s p e c ie s  p resen t

Approxim ately 40 p r o te in s  in  
la r g e r  subun it and 30 p r o te in s  
in  sm a ller  subunit

S y n th esise  p r o te in s  w ith  
m ethionine a t  N -term inus

D if fe r e n t  supernatant fa c to r s  
req u ired  fo r  tr a n s la t io n

D if fe r e n t  tr a n s la t io n a l  
in h ib ito r s

Figure 3

D iffe r e n c e s  between p ro k a ry o tic  and. mammalian 
ribosom es
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d is s o c ia t e s  in to  two su b u n its  o f  sed im en ta tion  c o e f f i c i e n t s  5OS and 3OS 

r e s p e c t iv e ly  (Watson, I 965) .  The la r g e r  su b u n it from E sch er ich ia  c o l i  

co n ta in s two rRNA m o le c u le s , one w ith  a sed im en ta tion  c o e f f i c i e n t  o f  238 

and the o th er  w ith  a sed im en ta tion  c o e f f i c i e n t  o f  5S, to g e th e r  w ith  34 

d if f e r e n t  p r o te in s  (Brimacombe e t  a l , ,  1978) ,  The sm a lle r  subunit 

co n ta in s one rRNA s p e c ie s ,  o f  sed im en tation  c o e f f i c i e n t  16S, and 21 

p r o te in s  (Brimacombe e t  a l . ,1 9 7 8 ) .  Because th ey  are l e s s  complex than  

eu k aryotic  ribosom es, and a ls o  because o f  th e  r e la t iv e  ea se  w ith  which  

they  can be prepared and g e n e t ic  s tu d ie s  c a r r ie d  ou t, e x te n s iv e  s tu d ie s  

have been ca rr ied  out on the ribosom es from t h i s  organism . These s tu d ie s  

have been concerned w ith  th e fu n c t io n in g  o f  th e  ribosome during p r o te in  

s y n th e s is ,  s tr u c tu r a l s tu d ie s  on th e  in d iv id u a l ribosom al components, and 

how th e in d iv id u a l components are arranged r e la t iv e  to  each  o th er  in  

sp ace. The r e s u l t s  o f  such s tu d ie s  have been review ed by Brimacombe (1 9 7 6 ), 

Kurland ( l9 7 7 )  and Brimacombe* e t  a l . (1 9 7 8 ).

The most rap id  p r o g r e ss , in  re c e n t y e a r s , has been made on th e ' 

arrangement in  space o f  th e  ribosom al components, or ribosom e 

topography, A number o f  d if f e r e n t  tech n iq u es have been used  to  study  

ribosome topography, in c lu d in g  neutron  s c a t t e r in g ,  f lu o r e sc e n c e  t r a n s fe r  

between m od ified  d e r iv a t iv e s  o f  ribosom al p r o te in s ,  n u c lea se  d ig e s t io n  o f  

rRNA in  th e  presence o f  ribosom al p r o te in s , in  v i t r o  assem bly , c r o s s - l in k in g  

w ith  b ifu n c t io n a l r e a g e n ts , and immune e le c tr o n  m icroscopy . The l a s t  two 

tech n iq u es have proved to  be the most p rod u ctive  fo r  s tu d y in g  th e  s p a t ia l  

r e la t io n s h ip s  between th e  ribosom al p r o te in s .  In  c r o s s - l in k in g  s tu d ie s ,  

the in t a c t  ribosom al su bu n it i s  t r e a te d  w ith  a b ifu n c t io n a l r ea g e n t. T his  

can r e s u lt  in  the form ation  o f  c r o s s - l in k s  betw een ribosom al p r o te in s ,  and 

the c r o s s - l in k e d  p r o te in s  can be i s o la t e d ,  fo llo w in g  d is s o c ia t io n  o f  the  

ribosom al subunit in to  i t s  rRNA and p r o te in  com ponents, and id e n t i f i e d  

by means o f  s p e c i f i c  a n t ib o d ie s  a g a in s t  s in g le  ribosom al p r o te in s .  

I d e n t i f ic a t io n  o f  th e  c r o s s - lin k e d  p r o te in s  can a ls o  be c a r r ie d  out i f  the
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p a r t ic u la r  M fu n c t io n a l reagen t i s  c le a v a b le .  C r o ss- lin k in g  rea g e n ts  

w ith  d isu lp h id e  groups, c le a v a h le  w ith  2 -in ercaptoethan ol, (Traut e t  a l . ,

1975) or w ith  v ic in a l  hydroxyl groups, c le a v a h le  w ith  p e r io d a te , (L u tter  

e t  a l , ,  1974) have been developed  fo r  t h i s  purpose. The in d iv id u a l  

ribosom al p r o te in s  w hich have become c r o s s - lin k e d  can be id e n t i f i e d  by 

polyacrylam ide g e l  e le c tr o p h o r e s is  fo llo w in g  chem ical c leavage  o f  th e  

c r o s s - l in k .  In  t h i s  way, i t  i s  p o s s ib le  to  map p r o te in  "neighbourhoods"  

o f  the ribosom al su b u n its  (Kenney and T raut, 1 9 79 ), The in form ation  

about the r e la t iv e  p o s it io n s  o f  th e  ribosom al p r o te in s  ob ta in ed  from such  

experim ents i s  l im it e d ,  however. Many o f  th e  ribosom al p r o te in s  have 

an e lon gated  shape and would th e r e fo r e  be exp ected  to  be in  co n ta c t  

w ith  se v e r a l o th er  ribosom al p r o te in s  in  th e in t a c t  ribosom e (Brimacombe, 

1976; Kurland, 1977» Brimacombe e t  a l , ,  1 9 7 8 ), Experim ents can a ls o  be 

ca rr ied  out to  c r o s s - l in k  ribosom al p r o te in s  to  rRNA by ir r a d ia t io n  w ith  

u l t r a - v i o l e t  l i g h t  o r  by treatm en t w ith  form aldehyde or p er io d a te  

(Kurland, 1977; Brimacombe e t  a l , ,  1 9 7 8 ),

In  th e tech n iq u e o f  immune e le c tr o n  m icroscopy, ribosom al su b u n its  

are tr e a te d  w ith  a p u r if ie d  an tibody  s p e c i f i c  to  one p a r t ic u la r  ribosom al 

p r o te in . The b iv a le n t  an tibody can b ind two ribosom al su b u n its , th u s  

form ing d im ers, jo in ed  by a s in g le  an tibody m o lecu le , w hich can be 

examined by e le c tr o n  m icroscopy. S in ce th e ribosom al su b u n its  have 

d is t in c t iv e  shapes, th e  p o in t o f  attachm ent o f  the an tibody  can be 

determ ined, and hence th e  p o s it io n  o f  the a n t ig e n ic  determ inant o f  the  

p a r t ic u la r  p r o te in  can be lo c a te d . In  t h i s  way, th e  lo c a t io n s  o f  a l l  

21 p r o te in s  from th e 5OS subun it and many o f  th e  p r o te in s  from th e  5OS 

subunit have been p u b lish ed  (T isch en d o rf e t  a l , ,  1975» Lake, 1 9 7 7 ).

The v a r io u s  exp erim en ta l approaches to  ribosom e top ograp l^  have g iv en  

r e s u lt s  w hich are in  f a i r l y  good agreement and a g en era l p ic tu r e  o f  th e  

ribosome from E. c o l i  i s  em erging (Kurland, 1977» Brimacombe e t  a l , ,  1 9 7 8 ), 

The 30s  su bu n it has an e lon gated  s tr u c tu r e  w ith  a "head" and a "body" r e g io n .



42

A ll 21 p r o te in s  appear to  be a s s o c ia te d  w ith  s p e c i f i c  reg io n s o f  th e  I 6 s  

rRNA, The 50S su bu n it has a shape resem b lin g  th a t o f  a k idney, th e  

30s  subunit f i t t i n g  in to  the groove a t  th e  top  o f  the s tr u c tu r e . L ess  

in form ation  i s  a v a i la b le  con cern in g  th e  arrangement o f  the p r o te in s  and 

th e  two rRNA s p e c ie s .

In  a d d itio n  to  s tu d ie s  on th e s tr u c tu r e  o f  th e  p rok aryotic  ribosom e, 

advances have been made in  u n d erstan d in g  th e  fu n c tio n in g  o f  the  

p rok aryotic  ribosom e d u rin g  p r o te in  s y n th e s is .  Severa l l in e s  o f  ev id e n c e  

have su ggested  th a t  th e  rRNA, w hich makes up alm ost two th ir d s  o f  the  

ribosom e, i s  very  im portant in  ribosom e fu n c t io n . Indeed, both C rick  

( 1968) and Orgel ( 1968) have su g g ested  th a t  th e p r im it iv e  ribosome c o n s is te d  

e n t ir e ly  o f  rRNA, w ith  p r o te in s  g ra d u a lly  ta k in g  over some o f the fu n c t io n s ,  

le a d in g  to  an improved e f f i c i e n c y .

I t  has been shown th a t  the 3* end o f  the 16S rRNA can form base p a ir s  w ith  

p u r in e -r ic h  sequences near th e i n i t i a t i o n  codon o f  mRNA and t h is  has been  

proposed a s  a mechanism fo r  th e  i n i t i a t i o n  o f  p r o te in  sy n th e s is  (S h in e and 

D algam o, 1974» S t e i t z  and Jak es, 1 9 7 5 ). T h is in te r a c t io n  appears to  

be a p p lic a b le  to  a l l  p ro k a ry o tic  mRNA s p e c ie s  and i s  b e lie v e d  to  p lay  

a r o le  in  th e  id e n t i f i c a t io n  o f  th e  i n i t i a t i o n  codon o f  th e  m essage. In  

a d d itio n  to  t h is  in t e r a c t io n  betw een the 16S rRNA and mRNA s p e c ie s ,  th e  58 

rRNA o f  th e  la r g e r  ribosom al su b u n it has been im p lica ted  in  the b in d in g  o f  

tr a n s fe r  RNA (tRNA) w h i ls t  th e  16S rRNA has a ls o  been im p lica ted  in  the  

b in d in g  o f  one o f  th e  i n i t i a t i o n  f a c t o r s ,  IF3» req u ired  fo r  p r o te in  s y n th e s is  

(Kurland, 1977» Brimacombe e t  a l , ,  1 9 7 8 ). T h is  fu n c tio n a l im portance 

o f  th e  rRNA i s  r e f l e c t e d  by th e  f a c t  th a t  th e  sequences have been conserved  

to  a  la r g e  e x te n t  d u rin g  e v o lu t io n  (Brimacombe, 1976; Brimacombe e t  a l , ,  1 9 78 ), 

Ribosomal p r o te in s  are a ls o  in v o lv e d  in  th e  b in d in g  o f  mRNA, tRNA and 

supernatant fa c to r s  and i t  would appear th a t  th e  fu n c tio n a l s i t e s  o f  the  

p rok aryotic  ribosom e c o n s is t  o f  RNA and p r o te in  "domains" (Kurland, 1977 ).
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1 ,3 .2  S tru ctu re  and fu n c tio n  o f  mammalian ribosom es

As d isc u sse d  in  the p reced in g  s e c t io n s ,  eu k a ry o tic  ribosom es d i f f e r  

from p ro k a ry o tic  ribosom es in  th a t  th ey  are b ig g e r  and more com plex. 

However, s tu d ie s  c a rr ied  out on a range o f  eu k a ry o tic  organism s have 

shown th a t  th ere  i s  a p h y lo g e n e tic  v a r ia t io n  in  the ribosom es o f  the  

d if f e r e n t  organism s. The a c tu a l s i z e  o f  th e  ribosom al su b u n its , a s  

judged from t h e ir  sed im en ta tion  c o e f f i c i e n t s ,  does n ot appear to  vary , 

but d if f e r e n c e s  in  th e  v a r io u s components o f  th e  ribosom e, in  p a r t ic u la r  

the rRNA, occu r. The s iz e  o f  th e  rRNA shows a gradual in cr ea se  g o in g  

from the low er euk aryotes to  th e h ig h e r  eu k aryotes (H ad jio lov , 1 9 7 7 ).

The sm a lle s t  rRNA s p e c ie s  are thus found in  p la n ts ,  y e a s t ,  protozoans  

and slim e moulds w h ils t  th e  la r g e s t  rRNA s p e c ie s  occur in  v e r te b r a te s .

The ribosom es from the in s e c t  D rosop h ila  appear to  f i t  p h y lo g e n e t ic a lly  

between th e se  two groups (L ev is  and Penman, 1 9 7 8 ),

In a d d it io n , th e c e l l s  o f  eu k a ry o tic  organism s con ta in  o r g a n e lle s ,  

namely, m itochondria  and c h lo r o p la s t s ,  which co n ta in  t h e ir  own ribosom es. 

These ribosom es are b e lie v e d  to  s y n th e s is e  c e r ta in  p r o te in s  o f  th e  

m itochondria  and c h lo r o p la s ts  w hich cannot c r o ss  th e  membranes o f  th e se  

o r g a n e l le s .  S y n th esis  o f  th e se  p r o te in s  by cy top lasm ic  ribosom es fo llo w ed  

by t h e ir  tra n sp o r t in to  the m itochondria  and c h lo r o p la s ts  would th e r e fo r e  

be p reclu d ed . The ribosom es p resen t in  th e se  o r g a n e lle s  are sm a ller  

than th e  cy top lasm ic  ribosom es and resem ble p ro k aryotic  ribosom es.

In  f a c t ,  m itoch on d ria l ribosom es have a sed im en tation  c o e f f i c i e n t  o f  55S, 

d is s o c ia t in g  in to  su b u n its  o f  sed im en ta tio n  c o e f f i c i e n t s  398 and 298 

r e s p e c t iv e ly ,  and have a h ig h er  p r o te in  co n ten t than p rok aryotic  ribosom es, 

c o n s is t in g  o f  approxim ately two th ir d s  p r o te in  ( Sacchi e t  a l , ,  1 9 7 7 ).

The ribosom es from c h lo r o p la s ts  have been rep orted  to  have a sed im en ta tion  

c o e f f i c ie n t  o f  70S, a lth ou gh  M argu lies and T iffa n y  ( l9 7 9 )  have su ggested  

th a t ,  in  th e  case o f  th e  c h lo r o p la s t  ribosom es from th e  u n ic e l lu la r  a lg a ,  

Chlamydomonas, such a sed im en tation  c o e f f i c i e n t  occurs as a r e s u l t  o f  an
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experim ental a r t i f a c t .  Taking p reca u tio n s  a g a in s t  d is s o c ia t io n  o f  th e  

ribosom es, th e se  au th ors rep orted  a v a lu e  o f  753 fo r  th e  sed im en ta tion  

c o e f f i c ie n t  o f  th e  u n d is s o c ia te d  c h lo r o p la s t  ribosom e and v a lu e s  o f  60S 

and 453 fo r  th e  two su b u n its  (M argu lies and T iffa n y , 1979 ).

The rem ainder o f  t h i s  d is c u s s io n  w i l l  be con fin ed  to  th e s tru c tu re  

and fu n c tio n  o f  mammalian, cy to p la sm ic  ribosom es,

1 ,5 ,2 ,1  S tru ctu re  o f  mammalian ribosom es

Mammalian ribosom es c o n s is t  o f  n e a r ly  equal amounts o f  p r o te in  and 

rRNA (B ie lk a , 1978) and th ey  are s y n th e s ise d  as two sep a ra te  su b u n its  

which a s s o c ia t e  r e v e r s ib ly  d u rin g  p r o te in  s y n th e s is  (P a lvey  and 

S ta c h e lin , 1970)* These su b u n its  have sed im en ta tion  c o e f f i c i e n t s  o f  60S 

and 40s  r e s p e c t iv e ly ,  r e - a s s o c ia t in g  to  form the 80S ribosom e (Watson,

1965) .  The la r g e  su b u n it c o n ta in s  one h igh  m olecu lar w eigh t rRNA m o lecu le , 

o f  sed im en ta tion  c o e f f i c i e n t  28S, and one low m olecu lar w eigh t rRl^A m o lecu le , 

o f  sed im en ta tion  c o e f f i c i e n t  53 (H a d jio lo v , 1977; B ie lk a , 1978; Wool, 1 9 79 ). 

There i s  a ls o  an oth er rRNA s p e c ie s ,  o f  sed im en tation  c o e f f i c i e n t  5 .8 8 ,  

hydrogen-bonded to  th e  288 rRNA, In  a d d it io n  to  th e rRNA s p e c ie s ,  th e  

la rg e  ribosom al su b u n it c o n ta in s  approxim ately  40 d i f f e r e n t  ribosom al 

p r o te in s  (H a d jio lo v , 1977; B ie lk a , 1978; Wool, 1 9 7 9 ). The sm all 

ribosom al su b u n it c o n ta in s  one rRNA m o lecu le , o f  sed im en ta tion  c o e f f i c i e n t  

IBS, and ap proxim ately  50 ribosom al p r o te in s  (H a d jio lo v , 1977; B ie lk a ,

1978; Wool, 1979) .

The rRNA s p e c ie s  have a h igh  co n ten t o f  guano s in e  ( g) and c y t id in e  (C) 

(Scherrer e t  a l , ,  1965; B ie lk a , 1 9 7 8 ), They a ls o  co n ta in  th e unusual 

r ib o n u c le o s id e  p seu d o u rid in e , or 5 -^ iB o s y lu r a c il ,  which a r i s e s  by 

p o s t - t r a n s c r ip t io n a l  m o d if ic a t io n  o f  an e x i s t i n g  u r id in e  r ib o n u c le o s id e .  

Another m o d if ic a tio n  o f  th e  rRNA which occu rs i s  m éth y la tio n . A ll  t h e ' 

rRNA s p e c ie s  are m eth y la ted  and two c la s s e s  o f  m éth y la tion  can be 

d is t in g u is h e d . Most o f  th e  m ethyl groups occur on the 2*-h yd roxy l group 

o f  the r ib o s e ,  but some m éth y la tio n s  o f  the b a ses  occur (Maden e t  a l , ,  1972;
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Maden and Salim , 1974; Khan and Maden, 1 9 7 8 ).

S tu d ies o f  the p r o te in  complement o f  mammalian ribosom es have been  

based alm ost e n t ir e ly  on a n a ly s is  o f  the p r o te in s  by tw o-d im ensional 

polyacrylam ide g e l e le c tr o p h o r e s is  u s in g  a method such as  th a t d escr ib ed  

by Sherton and Wool (1 9 7 2 ) . The number o f  p r o te in  sp o ts  re so lv e d  by 

t h is  method ranges from 70 to  80 , depending on the source o f  the  

ribosom es ( Sherton and Wool, 1972, 1974* C o lla tz  e t  a l , ,  1977; Tsurugi 

e t  a l , ,  1978; Schiffm ann and Horak, 1978; C a z i l l i s  and H ou ssa is , 1 9 7 9 ).

An e s t im a tio n  o f  th e  e x a c t  number o f  ribosom al p r o te in s  i s  made d i f f i c u l t  

by problems in  d e f in in g  tru e  ribosom al p r o te in s  in  eu k a ry o tic  organism s 

(Wool, 1 9 7 9 ), I t  has a ls o  been su ggested  th a t  some p r o te in  sp o ts  could  

a r is e  by o x id a tio n  o f  ribosom al p r o te in s  during t h e ir  i s o la t i o n ,  th u s  

le a d in g  to  er r o r s  (W elfle  e t  a l , ,  1 9 7 8 ).

The m a jo r ity  o f  th e  p r o te in s  are b a s ic ,  w ith  on ly  approxim ately  fou r  

p r o te in s  o f  the 80S ribosom e b e in g  a c id ic .  Each o f  th e  p r o te in s  appears 

to  be unique and most are p resen t in  on ly  one copy per ribosom e (B ie lk a ,

1978; Wool, 1979) .  N early  a l l  o f  th e p r o te in s  have been i s o la t e d  in  a pure 

form and t h e ir  amino a c id  com p osition s have been p u b lish ed  (C o lla tz  e t  a l . ,  1977; 

Tsurugi e t  a l , ,  1977, 1978; G oerl e t  a l , ,  1 9 7 8 ).

Because o f  th e  g r e a te r  com p lex ity  o f  mammalian ribosom es compared to  

b a c te r ia l  r ibosom es, and o f  the g r e a te r  d i f f i c u l t y  in  t h e ir  p rep a ra tio n , 

knowledge o f  th e topography and fu n c tio n  o f  th e  in d iv id u a l ribosom al 

components i s  n o t so advanced. P rogress i s  b e in g  made, how ever,. u s in g  

the same methods used  fo r  s tu d y in g  ribosom e topography in  p rok aryotic  

ribosom es. Thus, experim ents c a r r ie d  out in  Wool* s la b o ra to ry  have 

dem onstrated in t e r a c t io n s  between v a r io u s  p r o te in s  o f  th e  la r g e  

ribosom al su b u n it and th e 53 rRNA (U lb r ich  and Wool, 1978) and th e 5 ,8 3  

rRNA s p e c ie s  (U lb r ic h  e t  a l . , 1 9 7 9 ). Two p r o te in s  o f  th e  sm all ribosom al 

subunit were a ls o  found to  in t e r a c t  w ith  the 5 .83  rRNA (U lb r ich  e t  a l . ,  1 9 7 9 ), 

N o ll e t  a l . ( 1978) have u sed  immune e le c tr o n  m icroscopy to  determ ine the



46

lo c a t io n  and fu n c t io n  o f  one o f  th e  p r o te i n s  o f  th e  sm all r ib o so m a l s u b u n it .

I t  i s  p o s s ib le ,  th e r e f o r e ,  to  make t e n t a t i v e  d e d u c tio n s  abou t th e  r o le s  

p la y e d  by some o f  th e  com ponents o f  mammalian r ib o so m e s . These d e d u c tio n s  have 

been  sum m arised by B ie lk a  (1978) and Wool (1 9 7 9 ).

The g r e a te r  com plexity  o f  mammalian ribosom es as compared to  b a c te r ia l  

ribosom es may be r e la te d  to  e x tr a  fu n c t io n a l r o le s  o f  the former, such  

as th e r e g u la tio n  o f p r o te in  sy n th e s is  a t  th e  l e v e l  o f  t r a n s la t io n .

However, th e b a s ic  fu n c tio n  o f  the ribosom e, th a t i s ,  p ro te in  s y n th e s is ,  

i s  v ir t u a l ly  u n a ltered  in  the two d i f f e r e n t  ty p es  o f  organism . There i s  

very  l i t t l e  s tr u c tu r a l homology betw een th e  p r o te in  components, however.

The ribosom al p r o te in s  appear to  have d if f e r e n t  com p osition s and th ere  i s  

a low degree o f  im m unological c r o s s -r e a c t io n  when a n tib o d ie s  r a ise d  a g a in s t  

the in d iv id u a l p r o te in s  from E, c o l i  are t e s te d  a g a in s t  the p r o te in s  from 

mammalian ribosom es (Brimacombe e t  a l , ,  1 9 7 8 ). The one ex cep tio n  i s  the  

a n t is e r a  a g a in s t  th e E. c o l i  p r o te in s  L7 and LI 2 w hich c r o s s -r e a c t  w ith  

the mammalian p r o te in s  L40 and L41 ( S t o f f l e r  e t  a l , ,  1974; Leader and 

Coia, 1 9 7 8 c ), In  a d d it io n , th e  mammalian p r o te in s  can rep la ce  th o se  in  

E , c o l i  ribosom es w ith ou t l o s s  o f  a c t i v i t y ,  su g g e s t in g  th a t  th ese  p r o te in s  

have been conserved  d u rin g  e v o lu t io n  ( S t o f f l e r  e t  a l , ,  1974; Brimacombe 

e t  a l , , 1 9 7 8 ), These two p r o te in s  have the same amino a c id  sequence in  

E. c o l i , L7 b e in g  an N -a c e ty la te d  d e r iv a t iv e  o f  LI2 , and th ey  appear to  

be th e  on ly  p r o te in s  p resen t in  m u lt ip le  c o p ie s .

The rRNA s p e c ie s  may have s im ila r  fu n c t io n s  in  th e two d if f e r e n t  ty p es  

o f  organism . I t  has been su ggested  th a t  th e 5 .8S  rRNA sp e c ie s  in  

mammalian ribosom es i s  homologous to  th e 58 rRNA in  b a c te r ia l  ribosom es 

(Wrede and Erdmann, 1 9 7 7 ). One d if fe r e n c e  between mammalian and b a c te r ia l  

ribosom es, however, i s  th a t  no d ir e c t  ev id en ce  has y e t  been obtained  fo r  

the form ation  o f  base p a ir s  between th e  188 rRNA in  mammalian ribosom es and 

the 5* end o f  mRNA s p e c ie s .  A p u r in e -r ic h  sequence a t  th e 3* end o f  

the 188 rRNA in  euk aryotes has been conserved d u rin g  e v o lu t io n  and i t  has
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been proposed th a t  t h i s  in t e r a c t s  w ith  th e  5' end Of the mRNA in  an 

analogous way to  th e  16S rRNA o f-p ro k a ry o tes  (Hagenbuchle e t  a l . ,  1978 ; 

Both, 1979) .  However, the ribosom e b in d in g  reg io n s  from a number o f  

d if f e r e n t  mRNA s p e c ie s  do n o t share common fe a tu r e s ,  nor do they  

appear to  co n ta in  r e g io n s  complementary to  th e  5* end o f  183 rRNA 

(R ose, 1977)* In  f a c t ,  th e  on ly  sequence which appears to  be conserved  

a t  the 5* end o f  a number o f  d i f f e r e n t  eu k a ry o tic  mRNA s p e c ie s  i s  the AUG 

i n i t i a t i o n  codon (Kozak, 1977» B a r a lle  and Brownlee, 1 9 7 8 ). I t  has been  

proposed th a t  th e  in te r a c t io n  between th e  rRNA and mRNA sp e c ie s  in  

prokaryotes i s  rep la ced  by an in te r a c t io n  w ith  a m eth ylated  guanosine  

res id u e  lin k e d  by a 5*-5* tr ip h o sp h a te , a s o - c a l le d  cap s tr u c tu r e , a t  

th e 5* end o f  many eu k ary o tic  mRNA m o lecu les  (Kozak, 1977» Clemens, 1979). 

A ccording to  t h i s  m odel, i n i t i a t i o n  would occur on ly  a t  the AUG sequence  

n e a rest  th e  capped 5* end o f  th e mRNA. T h is would p r e d ic t  th a t in  a  

p o ly c is t r o n ic  m essage, cap-dependent t r a n s la t io n  would be r e s t r ic t e d  to  the  

5»-p roxim al c i s t r o n ,  and t h i s  has been dem onstrated ex p er im en ta lly  by 

Rosenberg and P aterson  ( l9 7 9 )  u s in g  p o ly c is tr o n ic ,  p rok aryotic  mRNA 

m olecu les m od ified  by the a d d itio n  o f  a 5* cap s tr u c tu r e . T h is th eory  

s t i l l  le a v e s  a number o f  q u e s tio n s  unanswered, however. In  p a r t ic u la r ,  

i t  does n o t eX p la in  why some v ir a l  mRNA s p e c ie s  appear to  la c k  a 5* cap 

nor why t r a n s la t io n  o f  some mRNA s p e c ie s  i s  s t i l l  p o s s ib le  fo llo w in g  

removal o f  the cap (Rose and L odish , 1 9 7 6 ),

1 ,5 ,2 ,2  S y n th e s is  o f  mammalian ribosom es

In  mammals, sy n th e s is  o f  th e  rRNA and i t s  assem bly, w ith  th e  ribosom al 

p r o te in s , in t o  ribosom es ta k es  p la ce  in  th e  n u c le o lu s  (p erry , 1967»

Maden, 1 9 7 1 ). The involvem ent o f  th e  n u c le o lu s  in  ribosome s y n th e s is  was 

f i r s t  su g g ested  by experim ents w ith  actinom ycin  B , T his a n t ib io t ic  can 

in h ib it  a l l  D NA-directed RNA s y n th e s is ,  b u t, i f  a s u f f i c i e n t l y  sm all dose  

i s  ad m in istered , th e  s y n th e s is  o f  rRNA on ly  w i l l  be in h ib it e d .  Under th e se  

c ircu m stan ces, th e  in co rp o ra tio n  o f  r a d io a c t iv e ly - la b e l le d  u r id in e  in to
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RNA in  the n u c le o lu s  w i l l  a ls o  he in h ib ite d  (P er ry , I 963) .

Further ev id en ce  fo r  th e n u c le o lu s  "being th e  s i t e  o f  r i ’bosome s y n th e s is  

in  mammals has come from experim ents showing th a t  i s o la t e d  n u c le o l i  

con ta in  a l l  th e  components n ecessa ry  fo r  rRNA s y n th e s is .  I t  has "been 

shown th a t n u c le o l i  i s o la t e d  from r a t  l i v e r  c o n ta in  p recu rsors o f  the  

rRNA s p e c ie s ,  a s  w e ll  a s  sm all amounts o f  th e  mature rRNA s p e c ie s  

th em selves (Da"beva e t  a l , ,  1 9 78 ). I s o la t e d  n u c le o l i  have a ls o  "been shown 

to  con ta in  p re-r ib osom al r ib o n u c le o p r o te in  p a r t i c l e s  (Higashinakagawa  

and Muramatsu, 1974) and to  be en rich ed  in  th e gen es cod ing fo r  rRNA 

(McGonkey and Hopkins, I 964) .  Furtherm ore, n u c le o l i  from hepatoma c e l l s  

w i l l  s y n th e s ise  rRNA in  v i t r o ,  and chrom atin i s o la t e d  from such n u c le o l i  

w i l l  a c t  a s  a tem p late f o r  the s y n th e s is  o f  rRNA (M atsui e t  a l , ,  1 9 7 7 ).

The genes cod in g  fo r  rRNA are tr a n sc r ib e d  by th e  en 2yme RNA polym erase I 

(M atsui e t  a l , ,  1977» H a d jio lo v , 1 9 7 7 ). The 18S rRNA o f  th e  sm all 

ribosom al su b u n it and th e 283 rRNA, to g e th e r  w ith  th e  5 .8 3  rRNA, o f  th e  

la r g e  subun it are tr a n sc r ib e d  i n i t i a l l y  as p art o f  the same p recu rsor  

m o lecu le^  c h e r  r e  r e t  a l ,  1965» Maden e t  a l , ,  1972; H a d jio lo v , 1977»

B ie lk a , 1 9 7 8 ). The s y n th e s is  o f  rRNA has been s tu d ie d  in  HeLa c e l l s  by 

p u lse  chase experim ents c a r r ie d  out in  both  th e absence and p resen ce  o f  

actinom ycin  D which p rev en ts  in co r p o r a tio n  o f  r a d io a c t iv e ly - la b e l le d  

p recu rsors from the la r g e  n u c le o t id e  p o o ls  o f  th e c e l l s  du rin g  th e co ld  

chase (Penman, I 966; Penman e t  a l , ,  I 966) ,  The i n i t i a l  p recu rso r  o f  th e  

rRNA s p e c ie s  has a sed im en ta tion  c o e f f i c i e n t  o f  4 53 . T his p recu rso r  

rRNA (pre-rRNA) m olecu le  then  undergoes m o d if ic a tio n  by m ethylase enzymes 

and c lea v a g e-b y  s p e c i f i c  en d on ucleases to  gen era te  th e  mature 183 and 

(283 + 5. 8 S) rRNA s p e c ie s ,  A number o f  in term e d ia te  pre-rRNA m olecu les  

have been id e n t i f i e d  and p r o c e ss in g  pathways fo r  th e  m aturation  o f  th e  453  

pre-rRNA to  th e  mature rRNA m o lecu les  have been proposed . There appears  

to  be some f l e x i b i l i t y  in  th e sequence o f  endonuclease a tta c k s  on the

pre-rRNA m o le c u le s , so th a t  two or more p r o c e ss in g  pathways can e x i s t  ii^ p a r a l le l  

(H ad jio lov , 1977; Dudov e t  a l , , 1 9 7 8 ). W einberg and Penman (l9 7 0 )h a v e  su gg ested  

th a t the predominant m aturation  pathway in  HeLa c e l l s  i s  as shown in  F igure 4 .
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Figure 4* Proposed m aturation  pathway fo r  pre-rRNA in  
HeLa c e l l s  accord in g  to  W einberg and Penman
(1970)

I t  should be s tr e s s e d  th a t  t h i s  i s  not the e x c lu s iv e  m aturation  pathway, 

o th er  pathways e x i s t in g  s im u lta n eo u sly  w ith  t h i s  p a r t ic u la r  one. 

Experiments in  H adjiolov* s la b o ra to ry  have dem onstrated th e  e x is te n c e  

o f  59s and 56s  pre-rRNA s p e c ie s  in  r a t  l i v e r ,  in  a d d it io n  to  th ose  

i l lu s t r a t e d  in  F igure 4 » and have a ls o  le d  to  the su g g estio n  th a t o th er  

pre-rRNA s p e c ie s  may e x i s t  (Dabeva e t  a l , ,  1978» Dudov e t  a l , ,  1 9 78 ).

Evidence f o r  th e p recu rsor-p rod u ct r e la t io n s h ip  between th e  pre-rRNA 

and the mature rRNA s p e c ie s  has come from h y b r id is a t io n  exp erim en ts, 

comparison o f  the base com p osition s o f  the v a r io u s  ENA m o lec u les , and 

comparison o f  the p a tte r n s  o f  m éth y la tio n  o f  th e  RNA m o le c u le s , 183 and 

283 rRNA w i l l  both  compete w ith  453 pre-rRNA fo r  h y b r id is a t io n  back to  

the DNA, but on ly  th e 283 rRNA w i l l  compete w ith  323 pre-rRNA, and no 

c r o ss -c o m p e tit io n  w i l l  occur between th e  IBS and 283 rRNA s p e c ie s
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(je a n te u r  and A tta r d i, I 969) .  Comparison o f  the base com positions o f  

the va r io u s RNA s p e c ie s  has shown th a t th ey  a l l  have a h igh  (G+C) 

conten t (S ch errer  e t  a l . ,  1963) .  The h ig h  (G+C) co n ten t o f  the 

mature rRNA s p e c ie s  was m entioned in  th e p rev io u s s e c t io n .  These 

o b serv a tio n s  would im ply th a t  th e  (G+C) -  r ic h  reg io n s  o f  the pre-rRNA 

m olecu les are conserved  to  a la r g e  e x te n t  d u rin g  p r o c e ss in g  

(H ad jio lov , 1 9 77 ).

The e x te n s iv e  m éth y la tio n  o f  th e rRNA s p e c ie s  was a ls o  m entioned in  the  

p rev ious s e c t io n .  The m éth y la tio n s  occur m ainly in  th e  2*-h yd roxy l 

p o s it io n . The pre-rRNA s p e c ie s  are a ls o  m eth y la ted , and a n a ly s is  o f  the  

m ethylated  n u c le o t id e s  has shown th a t  110 ou t o f  the t o t a l  117 m ethyl groups 

p resen t in  th e  mature rRNA m olecu les  occur in  pre-rRNA (Maden and Salim ,

1974) .  The m eth ylated  sequences o f  453 pre-rRNA and 413 pre-rRNA appear 

to  be id e n t ic a l  and to  correspond to  a m ixture o f  IBS and 28S rRNA 

(Maden e t  a l , ,  1 9 7 2 ), Furthermore, th e  m eth ylated  n u c le o t id e s  p resen t  

in  32s  pre-rRNA are id e n t ic a l  to  th ose  p r esen t in  288 rRNA w h ils t  th e  

m éth y la tion  p a tte r n s  o f  208 pre-rRNA and 18S rRNA a ls o  appear to  be 

id e n t ic a l  (Maden e t  a l , ,  1 9 7 2 ). These r e s u l t s  have le d  Maden e t  a l ,  (1972) 

to  conclude th a t th e 453 and 413 pre-rRNA s p e c ie s  co n ta in  both  rRNA 

sequences; 323 pre-rRNA co n ta in s  th e 283 rRNA sequence o n ly , and 203 

pre-rRNA co n ta in s  th e  IBS rRNA sequence o n ly . These f in d in g s  are in  

agreement w ith  th e m aturation  pathway i l lu s t r a t e d  in  F igure 4 . The 

reasons fo r  the m éth y la tion  o f  pre-rRNA are u n c le a r . Almost a l l  the  

m ethyl groups o f  453 pre-rRNA are r e ta in e d  during m atu ration , so th a t  

the unm ethylated re g io n s  o f  th e  m olecu le are removed (Maden, 1971 ;

Maden e t  a l . , 1972; Maden and Salim , 1 9 7 4 ). I t  i s  p o s s ib le  th a t  

m éth y la tio n s o f  th e  2*-h yd roxy l group o f  th e  r ib o se  cou ld  p r o te c t  

p a r t ic u la r  p h osp h o d iester  bonds from c lea v a g e  during p r o c e ss in g  o f  the  

pre-rRNA (H a d jio lo v , 1977 ). T his does n o t ,  however, e x p la in  th e r o le  

o f  m éth y la tio n s  o f  th e  b a se s .



51

S tu d ies o f  th e s tr u c tu r a l o r g a n isa tio n  o f  th e  453 pre-rRNA have shown 

th e 18S rRNA sequence to  he a t th e  5* end. o f  the m olecule and the  

283 rRNA to  he a t  th e  5* end o f  th e  m olecu le (L iau  and H urlhert,

1975» B ie lk a , 1 9 7 8 ). N ew ly -sy n th es ised  183 rRNA appears in  

ribosom al su b u n its  in  th e  cytoplasm  e a r l i e r  than n e w ly -sy n th e s ise d  283 

•rRNA (G irard e t  a l . ,  1965» Penman, 1 9 6 6 ), However, t h i s  f a s t e r  

appearance o f  n e w ly -sy n th e s ise d  183 rRNA in  th e  cytoplasm  in  the form 

o f  sm all r ibosom al su b u n its  does n o t appear to  r e s u l t  from a sm all pool 

o f  t h is  rRNA m olecu le  in  th e  n u cleu s (Babeva e t  a l , ,  1 9 7 8 ). In ste a d ,

Dudov e t  a l . ,  ( l9 ? 8 )  have proposed th a t  th ere  are n u c lea r  p o o ls  o f  

sm all and la r g e  ribosom al su b u n its  and th a t th e  form er i s  in  rap id  

eq u ilib r iu m  w ith  the cy to p la sm ic  p oo l o f  403 su b u n its . This model 

e x p la in s  th e  asynchronous appearance o f  the 183 and 283 rRNA s p e c ie s  in  

th e  cytop lasm , d e s p ite  th e  fa c t  th a t  th ey  are sy n th e s ise d  as p a rt  

o f  the same p recu rso r  m o lecu le . I t  a ls o  e x p la in s  the low er s p e c i f i c  

a c t iv i t y  o f  th e n u c le a r  183 rRNA compared w ith  the n u c lea r  283 rRNA in  

r a d io a c tiv e  la b e l l in g  exp erim en ts.

Although th ere  i s  co n s id era b le  f l e x i b i l i t y  in  th e  sequence o f  endonuclease  

cleavage  o f  th e  pre-rRNA m o lec u le s , th e  $23 pre-rRNA s p e c ie s  i s  b e lie v e d  

to  be the main p recu rsor  o f  283 rRNA w h i ls t  203 pre-rRNA (term ed 213 

by H ad jio lov) i s  the main precu rsor o f  183 rRNA. T h erefore, i t  appears 

th a t the r e le v a n t  p h o sp h o d iester  bonds are p r o te c te d  from endonuclease  

a tta c k  u n t i l  th e  form ation  o f  th e  5^3 and 203 pre-rRNA m olecu les  

r e s p e c t iv e ly  (Dudov e t  a l , ,  1978 ).

The 53 rRNA p resen t in  th e  la r g e  ribosom al su b u n it i s  n o t con ta in ed  

w ith in  the 453 pre-rRNA m olecu le and does not appear to  be sy n th e s ise d  

in  the n u c le o lu s . Thus, low d oses o f  actinom ycin  D, w hich in h ib i t  the  

sy n th e s is  o f  pre-rRNA w ith ou t in h ib i t in g  n u c lea r  RNA s y n th e s is ,  do n o t  

in h ib i t  th e  s y n th e s is  o f  53 rRNA (P erry  and K e lle y , I 968) ,  There does 

n o t appear to  be a p recu rso r  o f  53 rRNA in  mammals, the m olecu le found
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in  ribosom es b earin g  a tr ip h o sp h a te  group a t  i t s  5* end and appearing  

to  be a prim ary tr a n s c r ip t  (L e v is , 1 9 7 8 ).

The pre-rRNA m o lecu les  are a s s o c ia te d  w ith  p r o te in s  in  the n u c le o lu s ,  

form ing r ib o n u c le o p r o te in  p a r t ic l e s  (Vaughan e t  a l . ,  196?; Maden, 1 9 7 1 ). 

T his i s  because m aturation  o f  th e pre-rRNA occu rs con com itan tly  w ith  

assem bly o f  th e  ribosom es, so th e  188 and 28S rRNA e n te r  the cytoplasm  

in  the form o f  s u b s t a n t ia l ly  com plete ribosom al su b u n its  (G irard e t  a l . , 

1965) .  I t  i s  p o s s ib le ,  th e r e fo r e , th a t  some o f  th e  p r o te in s  in  the  

r ib o n u c le o p r o te in  p a r t ic l e s  are in v o lv e d  in  s p e c ify in g  th e  s i t e s  fo r  th e  

s p e c i f i c  en d on uclease c le a v a g e s  o f  th e  pre-rRNA du rin g  m aturation  

(H a d jio lo v , 1 9 7 7 ). The ribosom al p r o te in s  are s y n th e s ise d  in  the  

cytoplasm  ( C raig and P e n y ,  1971) and th ey  m igrate to  the n u c le o lu s ,  

where th ey  a s s o c ia t e  w ith  th e  pre-rRNA and th e  53 rRNA to  form th e  

p recu rsor r ib o n u c le o p r o te in  p a r t i c l e s .

The most n a scen t r ib o n u c le o p r o te in  p a r t ic l e  has a sed im en ta tion  

c o e f f i c i e n t  o f  80S and co n ta in s  th e 453 pre-rRNA s p e c ie s  (Warner and 

S o e ir o , I 967) .  A n a ly s is  o f  the p r o te in s  by tw o-d im en sional 

p olyacry lam id e g e l  e le c tr o p h o r e s is  has shown th a t  th ere  are approxim ately  

60 d i f f e r e n t  p r o te in s  p r e se n t , th e  e le c tr o p h o r e t ic  p a tte r n  b e in g  very  

s im ila r  to  th a t  o f  a  m ixture o f  cy to p la sm ic  408 and 60S ribosom al 

su b u n its  (Augeiv-Buendia and Longuet, 1978; A uger-Buendia e t  a l . ,  1979 ). 

However, s e v e r a l  a d d it io n a l p r o te in  sp o ts  are p resen t on e le c tr o p h o r e s is  o f  

th e p r o te in s  from 80S n u c le o la r  r ib o n u c le o p r o te in  p a r t i c l e s .  Moreover, 

a number o f  p r o te in s  p r esen t in  th e  mature ribosom al su b u n its , 

p a r t ic u la r ly  th e  sm all su b u n it, are a b sen t from th e  80S p recu rsor  

p a r t ic le s  (A uger-Buendia and Longuet, 1 9 78 ),

The 80S p a r t ic l e  undergoes m atu ration , r e s u lt in g  in  th e  sm all ribosom al 

subunit and a n u c le o la r  r ib o n u c le o p r o te in  p a r t ic l e  which appears to  be 

th e  im m ediate p recu rsor  o f  the la r g e  ribosom al su b u n it. In  HeLa c e l l s ,  

t h i s  p recu rsor  p a r t ic l e  has a  sed im en ta tio n  c o e f f i c i e n t  o f  553 (Warner
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and S o e iro , 1967; Kumar and Subramanian, 1975)» a lthough  v a lu es  o f  60S 

have been rep orted  fo r  th e  correspon d in g  p recu rsor  p a r t ic le s  from r a t  

l i v e r  (Higashinakagawa and Muramatsu, 1974) and cu ltu red  mouse leukaem ia  

c e l l s  (Auger-Buendia and Longuet, 1 9 7 8 ). The sed im en tation  c o e f f i c i e n t  

does appear to  vary w ith  th e  c o n c e n tr a tio n  o f  magnesium io n s , however.

These p recu rsor  p a r t ic l e s  co n ta in  th e  32S pre-rRNA sp e c ie s  (Wamer 

and S o e iro , I 967; A uger-Buendia and L onguet, 1978 ), a lthough  

Higashinakagawa and Muramatsu (1974) rep o rted  th a t  th e RNA e x tr a c te d  from 

r a t  l i v e r  60S p recu rsor  p a r t ic l e s  c o n s is te d  o f  28S rRNA hydrogen-bonded  

to  a  low m olecu lar  w eig h t RNA s p e c ie s .  I t  i s  p o s s ib le  th a t  d if f e r e n c e s  

in  the a s s o c ia te d  pre-rRNA m o lecu les  are r e la te d  to  d if fe r e n c e s  in  the  

predominant m aturation  pathway o f  th e  pre-rRNA in  the d if f e r e n t  c e l l  

ty p e s . As w e ll  a s  c o n ta in in g  th e  p recu rso r  to  th e 288 rRNA, th e 55-608  

p recu rsor p a r t ic l e s  co n ta in  th e 58 rRNA s p e c ie s  (Warner and S o e ir o , I 967» 

Higashinakagawa and Muramatsu, 1974 )- A n a ly s is  o f  th e  p r o te in  complement 

o f  the n u c le o la r  55-608 p recu rsor  p a r t ic l e s  has shown th a t n ea r ly  a l l  th e  

p ro te in s  o f  th e  la r g e  ribosom al su b u n it are p r e se n t , on ly  5-10 p r o te in s  

b e in g  ab sen t (Warner and S o e ir o , I 9 6 7 » Higashinakagawa and Muramatsu, 1974» 

Kumar and Subramanian, 1975» A uger-Buendia and Longuet, 1 9 7 8 ), In  a d d it io n ,  

th e  55-608 r ib o n u c le o p r o te in  p a r t ic le  has been shown to  con ta in  some 

e x tr a  p r o te in s  n o t p resen t in  th e la r g e  ribosom al subunit (Warner and 

S o e ir o , 1967; Higashinakagawa and Muramatsu, 1974» Kumar and 

Subramanian, 1 9 7 5 ). Tw o-dim ensional p o lyacry lam id e g e l  e le c tr o p h o r e s is  

has shown th a t  some o f  th e s e  n on-ribosom al p r o te in s  co-m i g ra te  w ith  the  

non-ribosom al p r o te in s  o f  th e 80S n u c le o la r  p recu rsor  p a r t ic le  (Auger- 

Buendia and Longuet, 1 9 7 8 ), U sing t h i s  method o f  a n a ly s is ,  Auger-Buendia 

and Longuet ( l9 7 8 )  were unable to  dem onstrate th e  presen ce o f  a iy  o f  

th e  p r o te in s  o f  th e  sm all r ibosom al su b u n it in  th e 55-608 p recu rsor  

p a r t ic l e .  E vidence fo r  th e  55-608 r ib o n u c le o p r o te in  p a r t i c l e ' s  b e in g  th e  

p recu rsor o f  th e  la r g e  ribosom al su b u n it has come from p u lse  chase
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experim ents (Warner and S o e ir o , I 967) .  A m aturation  pathway fo r  n u c le o la r  

r ib o n u c le o p r o te in  p a r t ic l e s  in  HeLa c e l l s ,  s im ila r  to  th a t fo r  pre-rRNA, 

can thus be rep re se n ted . T his i s  shown in  Figure 5 .

60S'*’subunit

Nucleolus

8 0S
particle

55 S 
particle

Nucleoplas'

Cytoplasm

Figure 5* Proposed m aturation  pathway fo r  n u c le o la r  
r ib o n u c le o p r o te in  p a r t ic l e s  in  HeLa c e l l s .  
The f ig u r e s  in s id e  th e  p a r t ic l e s  r e f e r  to  
th e  sed im en ta tion  c o e f f i c i e n t s  o f  th e  
a s s o c ia te d  ENA s p e c ie s .

A gain, i t  should  be s tr e s s e d  th a t t h i s  may n o t be th e e x c lu s iv e  

m aturation  pathway and th a t  d i f f e r e n t  m aturation  pathways may predom inate  

in  o th er  c e l l  ty p e s . A lso , i t  i s  n ot c le a r  w hether in term ed ia te  

p recu rsor p a r t ic l e s ,  co n ta in in g  o th er  pre-rRNA m o lec u le s , e x i s t .  The n e t  

r e s u l t  o f  th e s e  m aturation  p r o c e sse s  i s  th a t  c lea v a g e  o f  the pre-rRNA 

occurs con com itan tly  w ith  changes in  th e  p ro te in  complement o f  th e  

p recu rsor  p a r t ic l e s  in  th e  n u c le o lu s , r e s u l t in g  in  the mature ribosom al 

su b u n its .
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At f i r s t  s ig h t ,  the sy n th e s is  o f  rRNA and ribosom al p ro te in s  in  the  

c e l l  would appear to  be c lo s e ly  l in k e d . With the ex cep tio n  o f  a v e iy  sm all 

number o f  p r o te in s ,  to  be d isc u sse d  below , n ew ly -sy n th es ised  ribosom al 

p r o te in s  do n o t become in corp ora ted  in to  ribosom al su bu n its i f  th e  

sy n th e s is  o f  rRNA i s  in h ib it e d  w ith  actin om ycin  D (V am er, I 966; C raig,

1971) .  However, u s in g  a crude c e l l  e x tr a c t  o f  HeLa c e l l s ,  V am er (1977) 

has shown th a t  a  group o f  p r o te in s  w hich co-m igrate w ith  a u th e n tic  

ribosom al p r o te in s  on tw o-d im en sional polyacrylam ide g e l e le c tr o p h o r e s is ,  

and th e r e fo r e  presumed to  be ribosom al p r o te in s ,  are sy n th es ised  when 

pre-rRNA sy n th e s is  has been blocked  fo r  more than 24hr by actinom ycin  D.

This could  occur e i th e r  because th e sy n th e s is  o f  th e mRNA s p e c ie s  cod ing  

fo r  the ribosom al p r o te in s  i s  independent o f  the sy n th e s is  o f  pre-rRNA 

or because th e ribosom al p r o te in  mRNA s p e c ie s  have an e x c e p t io n a lly  lo n g  

h a l f - l i f e ,  Wamer ( l9 7 7 )  bas su g g ested  th a t  th e former ex p la n a tio n  i s  the  

more l i k e l y  o f  th e  tw o. He has a ls o  proposed th a t  th ese  n e w ly -sy n th es ised  

ribosom al p r o te in s  accum ulate in  the n u c le o lu s  but are degraded extrem ely  

r a p id ly  in  th e absence o f  pre-rRNA s y n th e s is .  They do n o t , th e r e fo r e ,  

become in corp ora ted  in to  ribosom al su b u n its  i f  pre-rRNA sy n th e s is  i s  

resumed. These f in d in g s  have been extended  by s tu d ie s  u s in g  toyocam ycin, 

an analogue o f  a d en osin e , which i s  in co rp o ra ted  in to  458 pre-rRNA, 

a lt e r in g  i t s  s tr u c tu r e  so th a t  p r o c e ss in g  to  th e mature 288 and 188 rRNA 

m olecu les does n o t occur (W eiss and P i t o t ,  1 9 74 ). Under th e se  c o n d it io n s ,  

n ew ly -sy n th es ised  ribosom al p r o te in s  a s s o c ia t e  w ith  the 458 pre-rRNA in  th e  

n u c le o lu s , form ing 80S p recu rsor  p a r t ic l e s  (Auger-Buendia and T a v it ia n , 1979)*  

T herefore, th e  s y n th e s is  o f  ribosom al p r o te in s  does n ot appear to  depend 

on the tr a n s c r ip t io n  o f  pre-rRNA nor on i t s  p r o c e ss in g .

S im ila r ly , th e  tr a n s c r ip t io n  o f  458 pre-tRNA does n ot appear to  depend 

on ribosom al p r o te in  s y n th e s is .  B lo ck in g  p r o te in  sy n th e s is  by treatm ent  

w ith  cycloh exim id e does in h ib i t  the form ation  o f  mature ribosom es (Warner 

e t  a l . ,  1966) .  However, i f  a s u f f i c i e n t l y  low dose o f  cyclohexim ide i s
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g iv en , 4 5 s  pre-rRNA co n tin u es  to  be tra n sc r ib e d  but appears to  undergo  

aberrant p r o c e ss in g  (Stoyanova and H a d jio lo v , 1 9 7 9 ). I t  i s  p o s s ib le  th a t ,  

under th e se  c o n d it io n s , th e  e x c e s s  rRNA i s  degraded, a s  appears to  be 

the case in  r e s t in g  lym phocytes (Cooper, I 969) .

The r e s u l t s  o f  th e se  in h ib i t io n  experim ents have le d  H adjio lov  (1977) 

to  su g g est th a t  ribosom e s y n th e s is  i s  su b je c t  to  some form o f  c o n tr o l  

during m aturation  o f  th e  p recu rso r  r ib o n u c le o p r o te in  p a r t ic l e s  in  the  

n u c le o lu s . I f  th e  supply o f  pre-rRNA i s  l im it in g ,  the ribosom al 

p r o te in s  con tin u e to  be sy n th e s ise d  w h i ls t  i f  th e supply o f  ribosom al 

p r o te in s  i s  l im it in g ,  th e  tr a n s c r ip t io n  o f  pre-rRNA c o n tin u e s . The 

ex c e ss  components are degraded, r e s u l t in g  in  what appears to  be coord in ate  

sy n th e s is  o f  th e  ribosom al components th a t  appear in  th e cytoplasm  in  the  

form o f  ribosom al su b u n its . Once in  the cytop lasm , th e  s tr u c tu r a l  

components o f  th e  ribosom es appear to  be degraded as a u n it  w ith  a 

h a l f - l i f e  o f  s e v e r a l days (T surugi e t  a l , ,  1974? L a stic k  and McGonkey, 

1976) .  The ribosom al components th e r e fo r e  have a h igh  s t a b i l i t y  when 

they  are assem bled to  form th e  com plete ribosom e.

I t  was m entioned th a t ,  amongst th e  ribosom al p r o te in s ,  th ere  were some 

ex ce p tio n s  to  t h i s  r u le  o f  assem bly and d egrad ation  o f  th e  ribosom e a s  a  

u n it .  Some ribosom al p r o te in s  appear to  be added to  th e  ribosom es in  th e  

cytoplasm . T his a d d it io n  s t i l l  co n tin u es  i f  the s y n th e s is  o f  the  

ribosom al p recu rso r  p a r t ic l e s  and t h e ir  subsequent m aturation  i s  

in h ib ite d  w ith  actinom ycin  D, su g g e s t in g  th a t  i t  occu rs a s  a r e s u l t  o f  

exchange betw een th e ribosom es and cy top lasm ic  p o o ls  o f  th e  ribosom al 

p r o te in s .  The q u e s t io n  o f  r ibosom al p r o te in  exchange has been th e  su b jec t  

o f  some co n tr o v e r sy . D ice and Schimke (1972) have su g g ested  th a t  

mammalian c e l l s  co n ta in  la r g e  p o o ls  o f  ribosom al p r o te in s  which are in  

eq u ilib r iu m  w ith  th e  ribosom es. However, V am er (1966) could  d e te c t  th e  

la b e l l in g  o f  on ly  th ree  p r o te in s  o f  th e 60S subunit by exchange in  the  

presence o f  actinom ycin  D, These f in d in g s  have been confirm ed by L a stick
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and McGonkey (1976) who were ab le  to  id e n t i f y  the p r o te in s ,  from t h e ir  

p o s it io n s  on tw o-d im en sional po lyacry lam id e g e l s ,  a s  b e in g  L10, LI9» and 

L24, accord in g  to  th e nom enclature system  o f  McGonkey e t  a l , ,  ( l9 7 9 )«

Other workers have su ggested  th a t  a g r e a te r  number o f  n e w ly -sy n th e s ise d  

ribosom al p r o te in s  become in corp ora ted  in t o  ribosom es in  the p resence o f  

actinom ycin  L ( A ie l lo  e t  a l , ,  1977» C a z i l l i s  and H o u ssa is , 1979) or  

toyocam ycin (Auger-Buendia and T a v it ia n , 1979)* I t  i s  n o t c le a r  why such  

d if fe r e n c e s  in  the number o f  exchangeable ribosom al p r o te in s  should occu r.

L a stick  and McGonkey ( l9 7 6 )  measured th e  s t a b i l i t y  o f  th e  ribosom al 

p r o te in s  and found th a t  two o f  th e  th ree  exchangeab le p r o te in s  which th ey  

could d e te c t  had a reduced s t a b i l i t y  compared to  th e h ig h  s t a b i l i t y  o f  the  

bulk o f  th e  ribosom al p r o te in s .  T his would be exp ected  s in ce  exchangeable  

ribosom al p r o te in s  would n o t be a s s o c ia te d  perm anently w ith  the ribosom es 

and would th e r e fo r e  be more l i a b l e  to  d egrad ation  w h i ls t  part o f  a 

cytop lasm ic  p o o l. The th ir d  exchangeable p r o te in  d id  n o t have a reduced  

s t a b i l i t y ,  p o s s ib ly  because o f  a slow  r a te  o f  exchange. Only one o th er  

ribosom al p r o te in  had a reduced s t a b i l i t y  and exchange o f  t h is  p r o te in  

could  n o t be d e te c te d . I t  i s  p o s s ib le  th a t  t h i s  p r o te in  was b e in g  degraded  

w h ils t  on th e  ribosom al subun it (L a s t ic k  and McGonkey, 1 9 7 6 ),

These experim ents depend on th e assum ption th a t  la r g e ,  fr e e  p o o ls  o f  most 

o f  th e ribosom al p r o te in s  do n o t e x i s t ,  in  c o n tr a s t  to  th e f in d in g s  

o f  D ice and Schimke (1 9 7 2 ) , U sin g  immunochemical m ethods. Wool and 

S t o f f l e r  ( 1976) have shown th a t th e  poo l o f  fr e e  ribosom al p r o te in s  in  

r a t  l i v e r  cytoplasm  is -  very  sm a ll. In  f a c t ,  s in c e  most authors agree th a t  

very  few o f  th e ribosom al p r o te in s  sy n th e s ise d  in  th e  p resen ce o f  

actinom ycin  D become a s s o c ia te d  w ith  ribosom es in  v iv o ,  y e t  the sy n th e s is  

o f  a l l  the ribosom al p r o te in s  co n tin u es  in  th e  p resen ce  o f  the a n t ib io t i c ,  

i t  seems h ig h ly  u n l ik e ly  th a t  th e r e  are p o o ls  o f  ribosom al p r o te in s  which  

are in  eq u ilib r iu m  w ith  th e  mature r ib osom es, Sherton and Wool (1974) 

have su ggested  th a t  th e  u se  o f  sodium d od ecy l su lp h a te  (SDS) by D ice and
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Schimke ( l9 7 2 )  fo r  the e x tr a c t io n  o f  ribosom al p r o te in s  may have le d  to  

erroneous r e s u l t s  on p o lyacry lam id e g e l  e le c tr o p h o r e s is .

P ost — tr a n s la t io n a l  m o d if ic a t io n s  o f  the ribosom al p ro te in s  have 

been shown to  occu r . These m o d if ic a tio n s  in c lu d e  p h osphorylation  

and m éth y la tio n , to g e th e r  w ith  o th er  forms o f  m o d if ic a tio n . P h osp hory la tion  

i s  the form o f  m o d if ic a tio n  which has been stu d ied  most e x te n s iv e ly .  I t  

appears to  be s p e c i f i c  to  eu k a ry o tic  r ibosom es. P hosphorylation  o f  

ribosom al p r o te in s  in  v iv o  was dem onstrated i n i t i a l l y  in  ra b b it r e t ic u lo c y t e s  

(Kabat, 19?0) and r a t  l i v e r  (Loeb and P la t ,  19 ? 0 ), These e a r ly  s tu d ie s  

employed e le c tr o p h o r e s is  o f  th e  ribosom al p r o te in s  on one-d im ensional 

p olyacrylam ide g e l s ,  a tech n iq u e in  w hich on ly  approxim ately tw enty p r o te in  

bands are r e s o lv e d . G reater r e s o lu t io n  i s  p o s s ib le  w ith  tw o-dim ensional 

polyacrylam ide g e l s ,  which a llo w s  th e phosphorylated  p r o te in s  to  be 

id e n t i f i e d .  Such s tu d ie s  have shown th a t  the major phosphorylated  product 

from a v a r ie ty  o f  mammalian t i s s u e s  i s  th e  ribosom al p ro te in  S6, accord in g  

to  th e nom enclature o f  McGonkey e t  a l , ,  (1 9 7 9 ), P hosphorylation  o f  S6 in  

in t a c t  c e l l s  has been dem onstrated in  r a t  l i v e r  (G ressner and Wool, 1974)» 

baby hamster k idney f ib r o b la s t  (BHK) c e l l s  (Leader e t  a l , ,  1976), 

mouse a s c i t e s  c e l l s  (Rankine e t  a l . ,  1977» Leader and Goia, 1978 b ) ,  HeLa 

c e l l s  (K aer le in  and Horak, 1976, 1978» B la ir  and Horak, 1977» Schiffmann  

and Horak, 1 9 7 8 ), r a b b it  r e t i c u lo c y t e s  (TraugL, and P o rte r , 1976) and r a t  

b ra in  (R oberts and Ashby, 1978; R oberts and M oreloP, 19 7 9 ). C ovalent 

attachm ent o f  th e  phosphate group to  th e  p r o te in  i s  suggested  by the  

f a c t  th a t , i f  th e  phosphorus i s  r a d io a c t iv e ly - la b e l le d ,  treatm ent w ith  

a lk a lin e  phosphatase w i l l  remove th e  la b e l  (G ressner and Wool, 1974;

Rankine e t  a l , ,  1977) and la b e l le d  phosphoserine w i l l  be recovered  from 

an a c id  h y d ro ly sa te  o f  ribosom al p r o te in s  (G ressner and Wool, 1974»

Rankine e t  a l , ,  1977» Leader and Goia, 1978b; K aerle in  and Horak, 1978 ),

The p h osp h ory la tion  o f  S6 i s  in cr ea se d  under c o n d it io n s  o f  rap id  c e l lu la r  

growth, such as th o se  found in  r e g e n e r a tin g  r a t  l i v e r  (G ressner and Wool,



59

1974) and p r e -c o n flu e n t BHK c e l l s  (L eader e t  a l . ,  1976 ), and a ls o  in  

HeLa c e l l s  in fe c te d  w ith  v a c c in ia  v ir u s  (K a er le in  and Horak, 1976, 1978) 

and adenovirus (B la ir  and Horak, 1 9 7 7 ). T his in cr ea se d  p h osp h orylation  

p o s s ib ly  may be r e la te d  to  an in c r e a se  in  th e  r a te  o f  p r o te in  s y n th e s is .  

Another p o s s i b i l i t y  i s  th a t p h osp h ory la tion  o f  S6 occurs during ribosome 

assem bly in  th e n u c le o lu s  and the phosphate group i s  removed in  th e  

cytoplasm . The in cr ea se d  p h o sp h ory la tion  observed  in  ra p id ly  growing c e l l s  

could thus r e s u l t  from a g r e a te r  p rop o rtio n  o f  n e w ly -sy n th es ised  ribosom es 

(G ressner and Wool, 1 9 7 4 ). The r o le  o f  p h osp h ory la tion  o f  S6 i s  s t i l l  n ot  

c le a r ,  however. Other p r o te in s  o f  th e  sm all su bu n it have been reported  

to  be phosphorylated  under c e r ta in  c o n d it io n s , th e s e  p r o te in s  b e in g  82 

(Rankine e t  a l , ,  1977» Leader and C oia, 1978b; K a er le in  and Horak, 1976, 1978; 

R oberts and Ashby, 1978; R oberts and M orelos, 1979)» 85 (Leader and Coia, 

1978b; R oberts and Ashby, 1978; R oberts and M orelos, 1979% 85 (R oberts and 

M orelos, 1979) and 816 (K a er le in  and Horak, 1 9 7 8 ),

The p h osp h ory la tion  o f  p r o te in s  o f  th e  la r g e  ribosom al subunit i s  a more 

co n ten tio u s  i s s u e .  L ead er's  la b o ra to ry  has rep orted  th e  p h osp h orylation  

in  v iv o  o f  an a c id ic  p r o te in , d es ig n a ted  LT* , o f  th e  la r g e  ribosom al 

subun it o f  mouse Krebs I I  a s c i t e s  c e l l s  (Rankine e t  a l , ,  1977; Leader and 

C oia, 1977» 1978a, b , c) and BHK c e l l s  (Leader and C oia, 1978 a , c ) .

T his p r o te in  appears to  be e q u iv a le n t to  r a t  l i v e r  p r o te in s  L40 and L41 » on 

th e b a s is  o f  i t s  e le c tr o p h o r e t ic  m o b il i ty .  In  a d d it io n , immunochemical 

experim ents have shown th a t  both  th e a s c i t e s  p r o te in  and r a t l i v e r  l 40 

and L41 are r e la te d  to  the a c id ic  p r o te in  Li 2 from E. c o l i  (Leader and C oia, 

1978 c ) .  P h osp h ory la tion  in  v iv o  o f  . L40/L41 has a ls o  been rep orted  in  HeLa 

c e l l s  (Horak and Schiffm ann, 1977» Schiffm ann and Horak, 1978) and mouse 

L c e l l s  (H ouston, 1 9 78 ). However, o th e r  workers have n o t been a b le  to  

d e te c t  p h osp h ory la tion  o f  any o f  the p r o te in s  o f  th e  l a r ^  ribosom al subun it 

under c o n d it io n s  in  which th e  p h osp h ory la tion  o f  S6 occu rs (G ressner and 

Wool, 1974; Traugh and P o r te r , 1 9 7 6 ). As w ith  th e  p h osp h ory la tion  o f  S6,
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th e s ig n if ic a n c e  o f  any p o s s ib le  p h o sp h o ry la tio n  o f  a c id ic  p r o te in s  o f  the  

la r g e  ribosom al subun it i s  n o t c le a r .  In  f a c t ,  th e  r e la t io n s h ip , i f  any, 

between p h osp h ory la tion  o f  r ibosom al p r o te in s  and p r o te in  s y n th e s is  s t i l l  

remains to  be e s ta b lis h e d .

Another m o d if ic a tio n  o f  ribosom al p r o te in s  i s  a c é ty la t io n ,  which has 

been reported  to  occur in  r a t  l i v e r  in  v iv o  (blew  and G o m a ll, 1 9 7 5 ).

I t  has been m entioned th a t  th e  mammalian ribosom al p r o te in s  140 and 141 

are im m unologically  and fu n c t io n a lly  r e la t e d  to  th e  E, c o l i  p r o te in s  L7 and LI 2 , 

In  th e p rok aryotic  organism , th e se  p r o te in s  are in v o lv ed  in  t r a n s lo c a t io n ,  

p rov id in g  th e  b in d in g  s i t e  f o r  i n i t i a t i o n ,  e lo n g a tio n  and term in a tio n  f a c t o r s ,  

and p a r t ic ip a t in g  in  th e  h y d r o ly s is  o f  GTP, They d i f f e r  on ly  in  t h e ir  

N -term inal amino a c id , w hich i s  a c e ty la te d  in  L7* I t  i s  n o t known whether 

a s im ila r  N -a c e ty la t io n  occu rs in  th e  mammalian p r o te in s  L40 and 141 .

Horak and Schiffm ann (1977) have p o s tu la te d  th a t  the p h osp h ory la tion  o f  

th e se  p r o te in s  in  mammalian ribosom es i s  homologous to  the K -a c e ty la t io n  

which occurs in  b a c t e r ia l  r ibosom es.

M éthylation  o f  ribosom al p r o te in s  in  v iv o  occurs in  both prokaryotes and 

eu k aryotes, A number o f  r ibosom al p r o te in s  have been reported  to  be 

m ethylated  in  HeLa c e l l s  on e i t h e r  a r g in in e  or  ly s in e  r e s id u e s  

(Goldenberg and E l i c e i r i ,  1977» Chang e t  a l , , 1978; S co ln ik  and E l i c e i r i ,

1979)* A fu r th e r  p o s t - t r a n s la t io n a l  m o d if ic a t io n  o f  ribosom al p r o te in s  

rep orted  in  mammalian ribosom es i s  th e  c y c l i s a t io n  o f  g lu tam ic a c id  to  .form 

"0 -carboD yglutam ic a c id  (Van B uskirk  and K irsch , 1 9 78 ),

1 ,3 .2 .5  Aim o f  n ro .iect

The aim o f  th e exp erim en ta l work d e sc r ib e d  in  t h i s  t h e s i s  i s  to  

in v e s t ig a te  the r e la t io n s h ip  betw een th e  s y n th e s is  o f  the v a r io u s  components 

o f  polyribosom es in  the o e s tr o g e n -s t im u la te d  immature r a t  u te r u s . I t  was 

d isc u sse d , in  S ec tio n  1 ,2 ,2 ,6 ,  th a t  trea tm en t o f  immature r a t s  w ith  

o e s tr a d io l-1 7 P  le a d s  to  a s t im u la t io n  o f  ENA s y n th e s is  in  th e u teru s  fo llo w ed  

by a s t im u la tio n  o f  p r o te in  s y n th e s is  and then a s t im u la tio n  o f  DNA s y n th e s is .
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For the s y n th e s is  o f  rihosom es, b oth  rRNA and ribosom al p r o te in s  are  

req u ired . I t  i s  n ot known w hether th e  r ibosom al p r o te in s  are sy n th e s ise d  

a t  the same tim e as  th e  rRNA or w hether the s t im u la tio n  o f  ribosom al p r o te in  

sy n th e s is  in  response to  oestro g en  occu rs a t  the same tim e as the g en era l 

in cr ea se  in  p r o te in  s y n th e s is  in  th e  u te r u s . A lso , th e  ex a ct  

r e la t io n s h ip  between th e  sy n th e s is  o f  mRNA, and th e  s o -c a l le d  Key 

Interm ediary  P r o te in s , and the l a t e r  s t im u la t io n  o f  rRNA s y n th e s is  i s  n o t  

c le a r .
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2 MATERIALS AKD METHODS

2.1 E xperim ental an im als

Fem ale,, a lb in o  r a t s ,  d er iv ed  from th e  V /istar  s t r a in ,  were bred in  the  

departm ental anim al h ou se . A l l  the an im als used were 18-21 d a y -o ld  

w ean lings and, f o r  most exp erim en ts, t h e ir  w eigh ts were in  the range 

50-40g .
Throughout th e  cou rse o f  th e  exp erim en ts, th e r a ts  were given  fr e e  

a c c e ss  to  w ater and p e l l e t e d  d ie t  su p p lied  by Labsure Animal Foods,

C h r isto r  H i l l  Group L td ., P o o le , D o r se t , U.K.

O estra d io l-1  Yp / “o e s t r a - 1 , 5 , 5 ( lO ) - t r i e n - 5 ,1 Y p - d io lJ / ,  ob ta in ed  from 

Sigma (London) Chemical Co, L td .,  K ingston-upon-Tham es, Surrey, U .K ., was 

d is s o lv e d  in  a b s o lu te  e th a n o l to  g iv e  a s to c k  s o lu t io n  o f  2mg/ml and 

sto red  a t  -20^C , R a d io a ctiv e  p recu rso rs  were purchased from the  

R adiochem ical C entre, Amer sham, B ucks., U .K ., and were d ilu te d  to  th e  

req u ired  c o n c e n tr a tio n  w ith  0.9?o (w /v) s a l in e  b efo re  u s e .  The 

a d m in is tra tio n  o f  o e s t r a d io l  - 1 Yf and r a d io a c tiv e  p recu rso rs  was ca rr ied  

out a s  d escr ib ed  by Knowler and S m ellie  ( l? Y l) .  O e str a d io l - l Y f  was 

g iven  as  a  s in g le ,  in tr a p e r ito n e a l in j e c t io n  in  0 ,1m l 0.9% (w /v) s a l in e  

co n ta in in g  0.5% ( v /v )  e th a n o l. C ontrol an im als r e c e iv e d  0 ,1m l s a l in e -  

e th an o l a lo n e . R a d io a ctiv e  p recu rso rs  were ad m in istered  by in traven ou s  

in j e c t io n  v ia  th e  l a t e r a l  t a i l  v e in  in  0 .2m l 0,9?'o (w /v) s a l in e  w h i ls t  the  

anim al was under e th e r  a n a e s th e s ia ,

2 .2  R eagents and g lassw are

U n less o th erw ise  s p e c i f ie d ,  a l l  ch em ica ls  used w ere, a s  fa r  a s  p o s s ib le ,  

su p p lied  by B .B .H , C hem icals L td .,  P o o le , D o rse t, U.K. and were AnalaR 

grade.

A ll hom ogen isation  s te p s  were c a r r ie d  out in  g la s s  hom ogenisers w ith  motor- 

d riven  T eflo n  p e s t l e s .  The hom ogenisers were e i th e r  ob ta in ed  from 

Jencons, Hemel Hempstead, H e r ts ., U.K. o r  were made in  th e  Chemistry 

Department o f  th e  U n iv e r s ity  o f  Glasgow,



63

Corex g la s s  c e n tr ifu g e  tu b es were purchased from C om ing G lass Works,

New York, U .S .A . C e llu lo se  n i t r a t e  tu b es , fo r  u lt r a c e n tr ifu g a t io n ,  were 

su p p lied  by Beckman Spinco L td ., P a lo  A lto , C a lifo r n ia , U .S .A . A l l  o th er  

glassw are was ob ta in ed  from th e  la b o ra to ry  s to c k .

The g lassw are fo r  a l l  s u b -c e l lu la r  p rep a ra tio n s was s t e r i l i s e d  a t  160^C 

fo r  14hr b efo re  u s e .  P la s t i c  t ip s  fo r  autom atic p ip e t t e s  were steam  

a u to c la v ed . Any fu r th e r  p reca u tio n s  taken a g a in s t  r ib o n u c lea se  a c t i v i t y  

w i l l  be d escr ib ed  in  th e  r e le v a n t  s e c t io n .

D ia ly s is  tu b in g  was b o ile d  in  0.01M EDTA (e th y le n e d ia m in e te tr a -a c e ta te ) , 

pH 7 .0 ,  and s to red  in  10% (v /v )  e th an o l b e fo re  u s e .

2 .5  R eagents fo r  l in u id  s c i n t i l l a t i o n  cou n tin g

The rea g e n ts  used  fo r  l iq u id  s c i n t i l l a t i o n  spectrom etry were;

2 , 5 -d ip h en y lo x a zo le  (PPO), o b ta in ed  from I n te r n a t io n a l Enzymes L td .,  

Windsor, B erk s,, U .K .; s c i n t i l l a t i o n  grade p -b is  (o -m e th y ls ty r y l)  benzene 

(bis-M SB), su p p lied  by Eastman-Kodalc C o., R och ester , New York, U .S .A .;  

T riton  X -100, su p p lied  by Rohm and Haas (U .K .) L td ., Croydon, Surrey, U.K.; 

AnalaR grade to lu e n e , ob ta in ed  from K och-Light L ab ora tories  L td .,

Colnbrook, B u ck s., U.K.

The s c i n t i l l a t i o n  f lu id s  used were PPO -toluene, c o n s is t in g  o f  0,5% (w /v)

PPO in  to lu e n e , and T r ito n -to lu e n e , c o n s is t in g  o f  0.5% (w /v) PPO,

0 . 05% (w /v) bis-MSB and 35% (v /v )  T riton  X-100 in  to lu e n e ,

2 .4  Experim ental methods

2 .4 .1  P rep aration  o f  a c id - s o lu b le  and a c id - in s o lu b le  f r a c t io n s  from 

immature, r a t  u t e r i

A c id -so lu b le  and a c id - in s o lu b le  f r a c t io n s  were prepared from th e  u t e r i  

o f  immature r a t s  th a t  had r e c e iv e d  r a d io a c tiv e  p recu rso rs  30 min b efo re  

death  a s  d escr ib ed  by Knowler and S m ellie  (1 9 ? 1 ).

For t h is  part o f  th e  exp erim en ta l work, th e  r a ts  were lim ite d  to  a 

w eigh t range o f  2 2 -3 0 g , The r a d io a c tiv e  p recu rsors used  were / ” 5-^LL7 

u r id in e , o f  s p e c i f i c  a c t i v i t y  5 Ci/mmol, and L /"U -^ ^ C j/ le u c in e ,  o f
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s p e c i f i c  a c t iv i t y  $24 mCi/m m ol.

The anim als were k i l l e d  and t h e ir  u t e r i  removed, d is s e c te d  fr e e  o f  

ad ip ose  t i s s u e ,  washed in  s a l in e  and sn a p -fro zen  in  a s o l id  COg-methanol 

h ath . The u t e r i  were s to red  in d iv id u a l ly  a t  -60°C fo r  up to  fou r  d ays.

The subsequent s te p s  in  th e p rep a ra tio n  were c a rr ied  out a t 0 -4 °C .

Each u teru s was a llow ed  to  thaw, chopped f in e ly  w ith  s c is s o r s  and 

homogenised in  2,5m l d i s t i l l e d  w ater . The hom ogeniser was washed w ith  a 

fu r th e r  2ml d i s t i l l e d  w ater and the combined homogenate and w ashings were 

added to  0 , 5nil 50̂ o (w /v) t r ic h lo r o a c e t ic  a c id .  A fte r  a llo w in g  th e  

m ixture to  stand fo r  15 min, one q u a r ter  was removed in to  a sep a ra te  tube and 

both  p o r tio n s  were c e n tr ifu g e d  a t  800g fo r  5 min. The supernatant from the  

sm a ller  fr a c t io n  was d isca rd ed , r e ta in in g  th e  p e l l e t  fo r  subsequent DNA 

a ssa y . The supernatant from th e  la r g e r  fr a c t io n  was r e ta in e d  and the  

p e l l e t  was re suspended in  $ml 5% (w /v) t r ic h lo r a c e t i c  a c id  and re-sp u n  a t  

800g fo r  5 m in. The supernatant was added to  the supernatant from the  

p rev iou s c e n tr i fu g a t io n ,  th e  combined su pern atan ts . c o n s t i tu t in g  th e a c id -  

so lu b le  f r a c t io n .  The a c id - in s o lu b le  p e l l e t  was resuspended in  2ml 

5% (w /v) t r ic h lo r o a c e t ic  a c id , and 2ml o f  a  2% (w /v) .suspension  o f  

k ie se lg u h r  (H yflo  Super C e ll ,  K och-Light L ab oratories L td ., Colnbrook, B u ck s., 

U .K .) in  5% (w /v) t r i c h l o r o a c e t i c  a c id  was added. The resuspended p e l l e t ,  

bound to  k ie s e lg u h r , was f i l t e r e d  on a pad o f  k ie s e lg u h r , u s in g  a M l l ip o r e  

f i l t r a t i o n  u n it ,  and washed th r e e  tim es w ith  15ml 5% (w /v) t r ic h lo r a c e t i c  

a c id , once w ith  15ml m ethanol and once w ith  15ml d ie th y l  e th e r , . The a c id -  

in s o lu b le  p e l l e t  was d ig e s te d  fo r  10 min a t  60^C w ith  0 ,5m l o f  a 1M s o lu t io n  

o f  hyamine hydroxide in  m ethanol ( l i s o n s  S c ie n t i f i c  A pparatus, Loughborough, 

L e ic s .,  U.K. ) ,  R a d io a c t iv ity  was m easured, a f t e r  the a d d it io n  o f  10ml 

PPO -toluene s c i n t i l l a n t ,  in  a p h il ip s '  l iq u id  s c i n t i l l a t i o n  co u n ter . T his 

c o n s t itu te s  th e a c id - in s o lu b le  f r a c t io n .  The r a d io a c t iv i t y  in  0 ,$m l 

sam ples o f  the a c id - s o lu b le  f r a c t io n  was measured a f t e r  th e a d d it io n  o f  2 .7m l 

T r ito n -to lu e n e  s c i n t i l l a n t .  The co u n tin g  e f f ic ie n c y ,  estim a ted  by th e e x te r n a l
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%

standard ch an n els  r a t io  method, was approxim ately 20% fo r  H and 50% fo r

fo r  both  th e a c id - s o lu b le  and a c id - in s o lu b le  f r a c t io n s .  DNA e s tim a tio n  

was ca rr ied  out on th e  sm a lle r , a c id - in s o lu b le  p e l l e t  th a t had been  

r e ta in e d ,

2 .4 .2  P rep ara tion  o f  n o lvribosom es

Ribosomes were prepared from immature r a t  u t e r i  by a method based  

on th a t o f  B errid ge e t  a l ,  (1 9 7 6 ) . T h is method, d e sc r ib in g  the  

p rep aration  o f  fr o g  l i v e r  ribosom es, was- sca led  down to  s u i t  the sm a ller  

amount o f  t i s s u e  a v a i la b le ,  A fu r th e r  m o d if ic a tio n  was th a t d ie th y l  

pyrocarbonate was om itted  from th e  b u f fe r s .

U ter i were removed from the immature r a t s  and sn ap -frozen  in  a 

s o l id  COg-methanol b a th . The u t e r i  were n o t stored  a t  t h is  sta g e  but 

were used im m ediately  fo r  th e  p rep ara tion  o f  ribosom es. Twelve u t e r i  were 

used fo r  each  p rep a ra tio n .

The u t e r i  were broken up, w h i ls t  s t i l l  fro zen , w ith  a g la s s  rod and 

the r e s u lt in g  fragm ents were a llow ed  to  thaw. A ll subsequent s te p s  in  the  

p rep aration  were c a r r ie d  out a t  0 -4°C , The u t e r i  were homogenised in  a 

t o t a l  o f  5nil 0.2M T ris-H C l (2-am ino-2-hydroxym ethyl-propane-1 , $ - d io l ,  su p p lied  

as "Trizma Base" by Sigma (London) Chemical Co. L td ., Kingston-upon-Tham es, 

Surrey, U .K .), 0.05M KCl, 0 .0 1 5M MgClg b u f fe r , pH 8,5* c o n ta in in g  ^ g /m l  

cyclohexim ide ( Sigma) and 7mM 2-m ercap toeth an o l, The homogenate was 

ad ju sted  to  2% (w /v) T r ito n  X -100, by the a d d itio n  o f  0 .55m l 20% (w /v)

T riton  X-100 (Rohm and H aas), and c e n tr ifu g e d  a t 10 ,0 0 0 g  fo r  10 min in  a 

S o rv a ll SS $4 ( f ix e d  a n g le ) r o to r . The supernatant was removed, la y ered  

over a 1ml cu sh ion  o f  0.05M T ris-H C l, 0.05M KCl, 0 .01 5M MgClg . b u ffe r ,  

pH 8,5» c o n ta in in g  1M su c r o se , 5 /ig /m l cycloh exim id e and 7 mM 2-m ercaptoethanol, 

and c e n tr ifu g e d  a t  47*000 rev /m in  fo r  90 min a t  2°C in  a Beckman SW 50.1  

r o to r  (gfcv = 200 ,000  g ) .  The r e s u l t in g  supernatant was d iscard ed  and 

the in s id e  o f  th e  c e n tr ifu g e  tube was wiped w ith  a c le a n  t i s s u e ,  ta k in g  

care n o t to  d is tu r b  th e  p e l l e t .  The p e l l e t  was r in se d  w ith  a sm all
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amount o f  0 . 0 5M T ris-H C l, 0.25M KCl, 0.005M MgClp b u ffe r , pH 7 .6 ,  

co n ta in in g  5 ^g/m l cyclohexim ide and 50 ^g/m l heparin  (su p p lied  a t  a 

co n cen tra tio n  o f  5 ,000  Tj/ml in  a p y r o g e n -fr e e , s t e r i l e  so lu t io n  by Evans 

M edical L td ., L iv erp o o l, U .K .), The p e l l e t  was then resuspended in  0.4m l 

o f  t h is  same b u ffe r , u s in g  a m otor-d riven , T e f lo n -g la s s  hom ogeniser 

o p era tin g  a t  the s lo w e st  p o s s ib le  speed , and c a r e fu l ly  la y ered  ov er  a 

5ml, l in e a r ,  15- 45% (w /v) sucrose d e n s ity  g ra d ien t made up in  the same 

b u ffe r . The g ra d ien t was c e n tr ifu g e d  a t  50,000 rev/m in fo r  40 min a t  2^C 

in  a Beckman SW50.1 r o to r  ( g a v =  2 3 0 ,0 0 0 g ), The absorbance a t 260nm o f  

th e g ra d ien t was measured by upwards d isp lacem ent w ith  50% (w /v) su crose  

through a flo w  c e l l  attachm ent fo r  th e  G ilfo r d  240 spectrophotom eter.

In a d d it io n  to  s t e r i l i s i n g  the g la ssw a re , a l l  the s o lu t io n s  were s t e r i l i s e d  

by steam a u to c la v in g ; cy c loh ex im id e , 2-m ercaptoethanol and heparin  b e in g  

added to  th e  s o lu t io n s ,  where n e c e ssa r y , a f t e r  a u to c la v in g ,

2 .4 .5  D eterm ination  o f  r ib o n u c le a se  a c t iv i t y

The r ib o n u c le a se  a c t i v i t y  o f  u te r in e  homogenates was assayed  by a method 

based on th a t  o f  In g eb retsen  e t  a l . (1972) u s in g  a r a d io a o t iv e ly - la b e l le d  

su b s tr a te .

A ll s o lu t io n s  were s t e r i l i s e d  by steam a u to c la v in g , w ith  cyclohexim ide and 

2-m ercaptoethanol, where n e c e ssa r y , b e in g  added a f t e r  a u to c la v in g .

U ter i were removed from immature r a t s ,  d is s e c te d  fr e e  o f  ad ip ose  t i s s u e ,  

and sn ap -frozen  in  a s o l id  CO^-methanol b a th . Two u te r i  were used  fo r  the  

p rep aration  o f  each homogenate. The u t e r i  were a llow ed  to  thaw and chopped 

f in e ly  w ith  s c i s s o r s .  They were homogenised in  1ml 0.2M T ris-H C l,

0.05M KCl, 0 .0 1 5M !MgClg b u ffe r , pH 8 .5 ,  c o n ta in in g  5 /ig /m l cycloh exim id e  

and "JuM 2 -m ercap toeth an o l. The hom ogenates were stored  a t  -70^C fo r  up to  

2 days.

52The su b str a te  fo r  the r ib o n u c le a se  a ssa y  was P - la b e lle d  28S rRNA from 

HeLa c e l l s ,  from w hich th e  5*85 rRNA s p e c ie s  had been removed, provided  by 

Mr J.M, K e lly , o f  t h is  departm ent, in  th e form o f  a su sp en sion  in  e th a n o l.
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The RNA was p e l l e t e d  by c e n tr ifu g in g  a t  2 ,000  g fo r  $0 min. The p e l l e t  

was d ried  in  a g e n t le  stream  o f  n itr o g e n  and d is s o lv e d  in  1ml 0,1M 

Tris-H C l, 0,06M KCl b u f fe r ,  pH 8 , 5 , The RNA was p r e c ip ita te d  th ree  tim es  

from t h is  b u f fe r  w ith  e th a n o l, to  remove any low m olecu lar w eight 

contam inants, and d ia ly s e d  a g a in s t  0,1M T ris-H C l, 0,06m KCl, pH 8 , 5 ,

The f in a l  product gave on ly  one peak on polyacrylam ide g e l e le c tr o p h o r e s is  

in  the p o s it io n  ex p ected  o f  288 rRNA. The co n cen tra tio n  o f  RNA in  th e  

f in a l  p rep a ra tio n , a s  measured by th e absorbance a t  260nm, was 56 yig/m l 

and i t s  s p e c i f i c  a c t i v i t y  was e s tim a ted  to  be 1 ,7  m C i/g, This s o lu t io n  was 

stored  a t  -20^C.

52The r ib o n u c le a se  a s sa y  m ixture c o n s is te d  o f  10 j j l L  o f  t h i s  P - la b e l le d  

RNA s u b s tr a te , 0 .2m l 0.1M T ris-H C l, O.OéM KCl b u ffe r , pH 8 , 5, and s u f f i c i e n t  

d i s t i l l e d  w ater to  b r in g  th e  volume to  0 ,5 5  m l. The m ixture was 

p re-in cu b ated  a t  37^0 fo r  15 min and th e  r e a c t io n  in i t i a t e d  by th e  

a d d itio n  o f  50 jpl u te r in e  hom ogenate. The m ixture was incubated  a t  37^0 

fo r  30 min and th e  r e a c t io n  was term inated  by c o o lin g  to  Ô C and adding  

5ml o f  5% (w /v) t r ic h lo r o a c e t ic  a c id ,  to g e th e r  w ith  0 .1m l o f  a 5mg/ml 

so lu tio n  o f  y e a s t  RNA to  a c t  as a  c o -p r e c ip ita n t .  A c id -in so lu b le  

r a d io a c t iv ity  was determ ined  by a llo w in g  th e tu b es to  stand  fo r  a t  l e a s t  

15 min b e fo re  sp in n in g  a t  12 ,000  g fo r  10 min in  a S o r v a ll SS 34 r o to r .

The supern atan ts were r e ta in e d  and th e  p e l l e t s  were resuspended in  2ml 

5% (w /v ) t r ic h lo r o a c e t ic  a c id  and f i l t e r e d  on 2,5cm d iam eter GP/C g la s s  

f ib r e  f i l t e r s  (Whatman, M aidstone, K ent, U .K .). The f i l t e r s  were washed 

th ree tim es w ith  5ml 5% (w /v) t r ic h lo r o a c e t ic  a c id , once w ith  5ml m ethanol 

and once w ith  5ml d ie t h y l  e th e r , and a llow ed  to  d ry . 5ml PPO -toluene 

s c in t i l l a n t  was added to  each f i l t e r  and th e  r a d io a c t iv i t y  was measured in  

a P h il ip s  l iq u id  s c i n t i l l a t i o n  co u n ter . To check th e recovery  o f  

r a d io a c t iv ity ,  th e  a c t i v i t y  in  0 ,3m l a l iq u o ts  o f  the su pern atan ts was a ls o  

measured a f t e r  the a d d it io n  o f  2 .7m l T r ito n -to lu e n e  s c i n t i l l a n t .
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C ontrol in cu b a tio n s  were c a r r ie d  out in  which the $0 p i  u te r in e  

homogenate was rep la ced  by w ater . In cu b a tio n s were a ls o  carr ied  out  

u sin g  50 ^ 1 o f  a m ixture o f  p a n c r e a tic  r ib o n u c le a se  ( Sigma) and T, 

r ib o n u c lea se  (Calbiochem  L td ., B ishops S to r tfo r d , H e r t s , ,  U .K .), both  

a t  a co n cen tra tio n  o f  2 p.g/ml in  w ater, to  a c t  as stan d ard s.

The p r o te in  co n cen tra tio n  o f  th e  u te r in e  homogenates was measured by 

the method o f  Bramhall e t  a l , (1 969) ,

■2.4.4 P reparation  o f  r a t  l i v e r  r ib o n u c le a se  in h ib ito r

A crude supernatant f r a c t io n  from r a t  l i v e r  was prepared , in  ord er to  

provide a source o f  r ib o n u c le a se  in h ib i t io n ,  as d escr ib ed  by Both (1 9 5 8 ) ,

The a c tu a l method adopted d if f e r e d  from th e o r ig in a l  one d escr ib ed  by 

Both ( 1958) in  th a t ,  in s te a d  o f  two c e n tr ifu g a t io n  s te p s  a t  the same speed, 

a low speed sp in , to  remove n u c le i  and m itochondria , was ca rr ied  out  

fo llow ed  by a h igh  speed sp in  to  p e l l e t  ribosom es.

One a d u lt , male r a t  w eigh in g  approxim ately  200 g was k i l l e d  and i t s  l i v e r  

was removed and w eighed . The l i v e r  was chopped f in e l y  w ith  s c i s s o r s  

and homogenised in  s t e r i l i s e d ,  d i s t i l l e d  w ater, u s in g  5ml w ater p er  g l i v e r .  

The homogenate was c e n tr ifu g e d  a t  12 ,0 0 0 g  fo r  10 min a t  in  a S o r v a ll  

SS 34 r o to r . The p e l l e t  was d isca rd ed  and th e  supernatant was c e n tr ifu g e d  

a t  25,000 rev/m in fo r  2 h r a t  4°C in  a Beckman SV 40 r o to r  (g  max = 110,000 g) 

The supernatant was decanted  and s to red  fro zen  a t  -2 0 ^ 0 ,

The e f f e c t iv e n e s s  o f  t h i s  supernatant p rep ara tion  a s  a  r ib o n u c le a se  

in h ib ito r  was determ ined by in c lu d in g  50 p i  in  a  standard r ib o n u c le a se  a ssa y ,  

as d escr ib ed  in  S e c tio n  2 ,4 .3 »  u s in g  a m ixture o f  p a n c r e a tic  and T̂  

r ib o n u c le a se s , both  a t  a  co n cen tra tio n  o f  2 ^ g /m l,

2 .4 .8  P reparation  o f  cy top lasm ic  RNA

C ytoplasm ic RNA was prepared from th e p o st-m ito ch o n d r ia l su pern atan t o f  

immature r a t  u t e r i  by a method based  on th a t  o f  B errid ge e t  a l . (1 9 7 6 ) .

A ll b u ffe r  s o lu t io n s  were s t e r i l i s e d  by steam a u to c la v in g , w ith  heparin  

and p o ly v in y l su lp h a te  b e in g  added, where n e c e ssa r y , a f t e r  a u to c la v in g .
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Phenol was r e - d i s t i l l e d ,  c o l l e c t i n g  th e  fr a c t io n  d i s t i l l i n g  a t 182°C, 

and sto red  a t  4°C "before d i lu t io n  w ith  th e  ap p rop riate "buffer.

The anim als were k i l l e d  and t h e ir  u t e r i  were removed, d is s e c te d  

fr e e  o f  ad ip ose  t i s s u e ,  washed in  s a l in e  and sn ap -frozen  in  a s o l id  

COg-methanol b a th . The u t e r i  were n o t s to r e d  a t  t h i s  sta g e  but were used  

fo r  th e p rep ara tion  o f  RNA im m ed ia te ly . The p rep ara tion  was c a r r ie d  out 

u sin g  tw elve  u t e r i .

The u t e r i  were broken up w ith  a g la s s  rod w h ils t  s t i l l  fro zen . The 

fragm ents were a llo w ed  to  thaw and hom ogenised in  a t o t a l  o f  5nil 0,2M  

Tris-H C l, O.O5M KCl, O.O^M KgClg b u f fe r ,  pH 8,5» c o n ta in in g  50 /ig /m l  

heparin  (Evans M edical L td ,, L iv e rp o o l, U,K) and 10 yug/ml p o ly v in y l  

su lp hate (Eastman-Kodak C o,, R o ch ester , New York, U .S .A .) ,  0,55m l

20% (w /v) T riton  X-100 was added, to  g iv e  a co n cen tra tio n  o f  2% (w /v)

T riton  X -100, and th e  homogenate was c e n tr ifu g e d  a t  10 ,0 0 0 g  fo r  10 min a t  

4°C in  a S o r v a ll HH 4 (sw in g -o u t)  r o to r . The supernatant was removed and 

i t s  volume m easured. One n in th  v o l .  0,1M T ris-H C l, 0,1M EDTA b u f fe r ,  

pH 7 ,6 ,  was added, th u s b r in g in g  th e  co n cen tra tio n  o f  EDTA in  th e  p o s t -  

m itoch on d ria l su pern atan t to  0,01M , 0 ,5  v o l ,  88% (v /v )  phenol in

0,01M T ris-H C l, 0.01M EDTA b u f fe r ,  pH 7 .6 ,  co n ta in in g  1% (w /v) SDS was then  

added and th e  m ixture was shaken fo r  15 min a t  room tem perature (20-24^ C ), 

0 ,5  v o l ,  ch loroform  was added and th e shaking was con tin u ed  fo r  a fu r th e r  

20 min a t  room tem perature. The m ixture was c e n tr ifu g e d  a t  10 ,000  g fo r  

10 min a t  20°C in  a S o r v a ll HB4 r o to r  and the low er, phenol phase was 

removed and d isc a r d e d . The aqueous phase was r e -e x tr a c te d  w ith  an equal 

volume o f  88% (v /v )  p h en o l-ch loroform  (1:1  v /v )  by shak ing  fo r  50 min a t  

room tem perature. The m ixture was r e -c e n tr ifu g e d  a t  10 ,000  g fo r  10 min a t  

20^C, The aqueous la y e r  was removed and i t s  volume m easured, 0 .1  v o l,1 ,65M  

NaCl was added to  g iv e  a NaCl co n cen tra tio n  o f  0 .1 5M and th e  RNA was 

p r e c ip ita te d  by th e a d d it io n  o f  2 volum es a b so lu te  e th a n o l and s to r e d  a t  

-20°C ,
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T his method was used  to  prepare r a d io a c t iv e ly - la h e l le d  RNA and a ls o

u n la h e lle d  RNA to  a c t  as a c a r r ie r .  When th e l a t t e r  was ca rr ied  o u t,

th e RNA su sp en sion  in  e th an o l was spun down by c e n tr ifu g in g  a t 2 ,0 0 0  g 

fo r  50 m in. The p e l l e t  was d r ied  in  a g e n t le  stream o f  n itro g en  and 

d is s o lv e d  in  s u f f i c i e n t  s t e r i l i s e d ,  d i s t i l l e d  w ater to  g iv e  a co n cen tra tio n  

o f  Img/ml, a s  determ ined from the absorbance a t  260nm, Samples were a ls o  

taken fo r  e le c tr o p h o r e s is  on po lyacry lam id e g e ls  to  check the in t e g r i t y  o f  

the rRNA. A t y p ic a l  p rep ara tion  from tw elv e  immature r a t  u te r i  r e s u lte d  

in  approxim ately  1mg RNA which gave peaks o f  rRNA on e le c tr o p h o r e s is .

The RNA s o lu t io n  was sto red  fro zen  a t  -20°C  as  1ml a l iq u o t s .  The rRNA 

was s ta b le ,  a s  judged by e le c tr o p h o r e s is ,  f o r  up to  4 months,

2 .4 .6  E x tra ctio n  o f  n o lvribosom al RNA

PolysomaJL RNA was prepared from th e u t e r i  o f  immature r a t s  th a t had 

re c e iv e d  u r id in e  30 min b efo re  d ea th ,

Zr 5»6 -   ̂ H U rid in e  was su p p lied  by th e  R adiochem ical C entre,

Amersham, B ucks., U.K. a t  a s p e c i f i c  a c t i v i t y  which v a r ie d  from 43 Ci/m mol 

to  58 Ci/m m ol. U n la b e lled  u r id in e  ( Sigma) was added to  b r in g  th e  s p e c i f i c  

a c t iv i t y  to  5 Ci/m mol and the s o lu t io n  was d ilu te d  to  th e  req u ired  

co n cen tra tio n  w ith  0,9% (w /v) s a l in e .  The anim als r e c e iv e d  100 yuCi o f  the  

iso to p e  30 min b e fo r e  d ea th ,

Polysom al RNA was prepared from groups o f  tw elve  u t e r i  by a m o d if ic a tio n  

o f  th e  method d escr ib ed  by B erridge e t  a l . (1 9 7 6 ) , S o lu t io n s  were s t e r i l i s e d  

by steam a u to c la v in g  and heparin  added, where n e c e s sa r y , a f t e r  a u to c la v in g .  

Polysom es were prepared and sedim ented on a su crose d e n s ity  g ra d ien t as  

d escr ib ed  in  S e c tio n  2 ,4 * 2 , The reg io n  o f  th e  g ra d ie n t co n ta in in g  the  

ribosom es, from th e  ribosom al su b u n its  to  th e  la r g e s t  polysom es, was 

c o l le c t e d .  The ribosom es were p r e c ip ita te d  by the a d d it io n  o f  2 volumes 

a b so lu te  e th a n o l and sto red  a t -20°C  o v e r n ig h t. The fo llo w in g  day, the  

p r e c ip ita te d  ribosom es were p e l le t e d  by c e n tr ifu g in g  a t  2 ,000  g fo r  30 min. 

The p e l l e t  was d r ie d  in  a g e n t le  stream  o f  n itr o g e n  and resuspended in
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0,25m l 0.05M T ris-H C l, 0.25M KCl, 0.005M b u ffe r , pH 7 .6 , co n ta in in g

50 T^g/ml h ep arin  (Evans M edical Ltd.), and 5ml 0.01M T ris-H C l, 0.01M EDTA 

b u ffe r , pH 7 .6 ,  c o n ta in in g  ^% (w /v) SDS was added, 2,5m l 88% (v /v )  phenol 

in  0.01M T ris-H C l, 0,01M EDTA b u ffe r ,  pH 7 .6 ,  co n ta in in g  1% (w /v) SDS was 

then  added and the m ixture was shaken a t  room tem perature fo r  15 m ins.

2,5m l ch loroform  was added and th e  sh ak ing  was continued  fo r  a fu r th e r  

20 min a t  room tem perature. The m ixture was ce n tr ifu g e d  a t  10,000 g fo r  

10 min a t  20°C in  a S orv a ll HB4 r o to r . The low er, phenol la y e r  was removed 

and d isca rd ed  w h ils t  the aqueous la y e r  was r e -e x tr a c te d  w ith  5ml 88% (v /v )  

p h en ol-ch loroform  (1:1  v /v )  by sh ak ing  fo r  ^0 min a t  room tem perature.

The m ixture was c e n tr ifu g e d  a t  10 ,000  g  fo r  10 min a t  20^C in  a S o r v a ll EB4 

r o to r . The aqueous la y e r  was removed and i t s  volume was measured, 0 ,1  volume 

1.65M NaCl was added, to  g iv e  a NaCl c o n cen tra tio n  o f  0 ,1 5M, and th e  RNA 

was p r e c ip ita te d  by th e  a d d it io n  o f  2 volum es a b so lu te  eth an o l and sto red  

a t  -20°C .

2 .4 .7  A f f in i t y  chromatogranhv o f  n o lvrib osom al RNA on o i l  go fdT"̂  -  c e l lu lo s e  

Polysom al RNA, prepared as  d e sc r ib e d  in  th e  p reced in g  s e c t io n ,  was 

fr a c t io n a te d  by chromatography on o l ig o  (dT) -  c e l lu lo s e  by th e method o f  

A viv and Leder (1 9 7 2 ), m od ified  a cco rd in g  to  McGrath (1 9 7 8 ).

A ll  the r e a g e n ts , ex ce p t f o r  th e  o l ig o  (dT) -  c e l lu lo s e ,  were 

a u to c la v ed . In  a d d itio n  to  th e u su a l p reca u tio n s  o f  s t e r i l i s i n g  th e g la ssw a re , 

the p a steu r  p ip e t t e s  in to  w hich th e  o l ig o  (dT) -  c e l lu lo s e  columns were 

go in g  to  be poured, to g e th e r  w ith  the g la s s  wool p lu g s , were soaked in  

0,02% (v /v )  d ie th y l  pyrocarbonate and d r ie d  in  an oven ,

O ligo (dT) -  c e l lu lo s e ,  type T -2 , was purchased from Uni sc ie n c e  L td ,, 

Cambridge, U.K. 0 ,0 7  ë  was suspended in  5^1 w ater and the su sp en sion  was 

poured in to  a p a steu r  p ip e t t e  w ith  a g la s s  wool p lu g . A fter  s e t t l i n g ,  

the r e s u l t in g  column o f  o l ig o  (dT) -  c e l lu lo s e  was 1,5cm h igh  w ith  a bed 

volume o f  approxim ately  0 ,5 n il. ’The column was m aintained  a t  room 

tem perature throughout th e  exp erim en ta l p roced u res. I t  was washed w ith
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5ml 2% (w /v) SDS fo llo w ed  by 5ml lo a d in g  b u ffe r  (0 .5  M L iC l, 0,001 M EDTA, 

0.01M T ris-H C l, pH 7 .5 ,  c o n ta in in g  0.1% (w /v) SDS),

The ex tr a c te d  polysom al RNA, s to r e d  as a su sp en sion  in  e th a n o l, was 

p e lle te d  by c e n tr ifu g in g  a t  2 ,0 0 0 g  fo r  30 min. The p e l l e t  was d r ie d  w ith  

n itro g en  and d is s o lv e d  in  1ml lo a d in g  b u f fe r .  The amount o f  RNA p resen t  

was determ ined by m easuring th e  absorbance a t  260nm, u s in g  y e a s t  ENA as  

a standard. The s o lu t io n  o f  polysom al RNA was warmed to  60°C fo r  10 min, to  

d isa g g reg a te  th e RNA, and a p p lie d  to  th e  column. The e lu a te  was c o l le c t e d  and 

re -a p p lie d  to  the column tw ic e  more to  ensure com plete b in d in g  o f  a l l  the  

poly  ( a) - c o n ta in in g  RNA. The f in a l  e lu a te  was c o l le c t e d  and r e ta in e d .

The column was washed w ith  5ml in term e d ia te  b u ffe r  (O.IM L iC l, 0.001M EDTA, 

0.01M Tris-H C l, pH 7 .5 ,  c o n ta in in g  0,1% (w /v) SDS), c o l le c t in g  th e  e lu a te  

as 1ml fr a c t io n s  whose absorbance a t  260nm was m easured, 5ml o f  t h i s  

b u ffe r  was u s u a lly  s u f f i c i e n t  to  reduce th e  absorbance to  below O.O5.

I f  the absorbance was s t i l l  g r e a te r  than 0 ,0 5 ,  the column was washed w ith  

fu r th er  1ml a l iq u o ts  o f  in term e d ia te  b u f fe r  u n t i l  i t  had f a l l e n  to  below  

0 , 0 5 , The f r a c t io n s  e lu te d  by t h i s  procedure were p oo led  and combined w ith  

the f in a l  e lu a te  r e s u l t in g  from th e  a p p lic a t io n  o f  th e  o r ig in a l RNA 

so lu t io n  to  th e  column. The p oo led  e lu a t e s  were d es ig n a ted  the unbound 

fr a c t io n .

RNA bound to  th e  column was e lu te d  w ith  5^1 e lu t in g  b u ffe r  (O.OOIM EDTA, 

O.OIM T ris-H C l, pH 7 . 5 ) .  The r e s u l t in g  e lu a te  was d es ig n a ted  th e bound 

fr a c t io n .

The volumes o f  b oth  f r a c t io n s  were measured and the amount o f  RNA p resen t  

was determ ined by measurement o f  the absorbance a t  260nm, u s in g  y e a s t  

RNA as a standard , 1.65M NaCl was added to  both  f r a c t io n s  to  a co n cen tra tio n  

o f  0 ,1 5M, fo llo w ed  by 0 ,1m l o f  a  Img/ml s o lu t io n  o f  c a r r ie r ,  u te r in e  RNA.

The RNA in  the two fr a c t io n s  was p r e c ip ita te d  w ith  2 volumes a b so lu te  e th a n o l 

and stored  a t  -20°C  fo r  up to  one week.

The amount o f  a c id - in s o lu b le  r a d io a c t iv i t y  in  the two fr a c t io n s  was 

determ ined fo llo w in g  p r e c ip it a t io n  w ith  t r ic h lo r o a c e t ic  a c id . The RNA
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su sp en sion s in  e th a n o l were p e l le t e d  hy c e n tr ifu g in g  a t  2 ,000g  fo r  

30 min. The p e l l e t s  were d r ied  w ith  n itr o g e n  and d is s o lv e d  in  2,5m l 

w a ter , 0 ,1m l o f  a 5mg/ml s o lu t io n  o f  bovine serum albumin was added as  

a c o -p r e c ip ita n t  fo llo w ed  by 2,5m l 10% (w /v) t r ic h lo r o a c e t ic  a c id .  A fter  

stan d in g  a t  0°C fo r  30 min, the m ixtu res were f i l t e r e d  on 2,5cm d iam eter  

g la s s  f ib r e  f i l t e r s  (Whatman) and th e f i l t e r s  were washed th ree  tim es w ith  

5ml 5% (w /v) t r ic h lo r o a c e t i c  a c id , once w ith  5ml m ethanol, once w ith  5ml 

d ie th y l e th e r , and d r ie d , 10ml PPO -toluene s c i n t i l l a n t  was added to  each  

f i l t e r  and th e  r a d io a c t iv i t y  was measured in  a S ea r le  l iq u id  s c i n t i l l a t i o n  

cou n ter .

The o l ig o  (dT) -  c e l lu lo s e  columns were d iscard ed  a f t e r  a s in g le  use and 

were not reg en era ted  w ith  d i lu t e  a lk a l i  as d escr ib ed  by A viv and Leder

( 1972) .

2 .4 ,8  A n a ly s is  o f  RNA

2 .4 .8 .1  P olyacry lam ide g e l  e le c tr o p h o r e s is  o f  RNA

P u r if ie d  RNA was sep ara ted  on 2,7% p o ly a c iy la m id e  g e l s  a s  d escr ib ed  by 

Loening (1 969) w ith  m o d if ic a t io n s  (Knowler and S m e llie , 1 9 7 1 ),

Acrylamide ( s p e c ia l ly  p u r if ie d  fo r  e le c tr o p h o r e s is )  was purchased from 

B.D.H, C hem icals, L td ,, P o o le , D o rse t, U.K. and e th y le n e  d ia c r y la te  was 

su p p lied  by Kodak L td ,, K irkby, L ancs,, U.K, A s to c k  s o lu t io n  co n ta in in g  

27% (w /v) acrylam ide and 2,5% (v /v )  e th y le n e  d ia c r y la te  was prepared  

and sto red  a t  4^C in  th e  dark , A t e n - f o ld  co n cen tra te  o f  the  

e le c tr o p h o r e s is  b u ffe r  was prepared , u s in g  orthophosphoric a c id  to  a d ju st  

the pH, so th a t  a 1 in  10 d i lu t io n  would have th e com p osition  O.O56M T ris-H C l, 

0.03M NaHgPO^, O.OOIM EDTA, pH 7 .8 .  N,N,N',N* -  te tra m eth y le th y len e  diam ine

(TEMED) was ob ta in ed  from K och-Light L ab oratories L td ., Colnbrook, B ucks.,

U.K. and s to r e d  a t  4^C. ■

The g e ls  con ta in ed  2,7% acry lam ide, 0,25% eth y len e  d ia c r y la te  and 0,1%

TEMED in  e le c tr o p h o r e s is  b u f fe r . P o ly m erisa tio n  was i n i t i a t e d  by the  

a d d itio n  o f  s u f f i c i e n t  o f  a fre sh ly -p rep a re d  s o lu t io n  o f  10% (w /v)
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ammonium p e r s u lp h a te  to  g iv e  a  f i n a l  c o n c e n tr a t io n  o f  0.1%. 3ml a l iq u o t s  

o f  th e  s o lu t io n  w ere pou red  in t o  P l e x i g l a s s  tu b e s ,  o f  i n t e r n a l  

d ia m e te r  6mm, eac h  w ith  a  p o ly p ro p y le n e  w asher and a  f i l t e r  p a p e r  d i s c  

a t  th e  bo ttom  to  p re v e n t  th e  g e l  f a l l i n g  o u t o f  th e  tu b e  when 

p o ly m e rise d . The s o lu t io n  was o v e r la y e re d  c a r e f u l ly  w ith  w a te r  and 

a llo w ed  to  p o ly m e r is e , r e s u l t i n g  in  a  g e l  a p p ro x im a te ly  10cm lo n g .

The g e l  was p la ced  in  th e  e le c t r o p h o r e s is  tank , the tank f i l l e d  w ith  

e le c tr o p h o r e s is  b u ffe r  to  w hich SDS had been added to  a co n cen tra tio n  o f  

0,2% (w /v ), and p r e -e le c tr o p h o r e s is  o f  th e  g e l  was ca rr ied  out a t  5mA 

per g e l fo r  Ih r ,

The RNA sam ple, in  th e form o f  a su sp en sio n  in  e th a n o l, was p e l l e t e d  by 

c e n tr ifu g in g  a t  2 ,0 0 0 g  f o r  $0 min. The p e l l e t  was washed by 

re suspending in  5^1 e th a n o l and r e -c e n tr i fu g in g .  The f in a l  p e l l e t  was 

d ried  w ith  n itr o g e n  and d is s o lv e d  in  0 ,06m l o f  a s o lu t io n  o f  e le c tr o p h o r e s is  

b u ffe r  c o n ta in in g  10% (w /v) su cro se  and 0,2% (w /v) SDS th a t had been  

s t e r i l i s e d  by a u to c la v in g . The sample was la y ered  on to  the g e l  and 

e le c tr o p h o r e s is  was c a r r ie d  out a t  5^A p er  g e l  fo r  2-g- h r . A fter  

e le c tr o p h o r e s is ,  the g e l  was removed from th e  t u b e , . soaked in  d i s t i l l e d  

w ater fo r  50 min and scanned a t  260nm u s in g  a  g e l-sc a n n in g  attachm ent fo r  

th e G ilfo rd  240 sp ectrop h otom eter . The p o s it io n s  o f  th e  peaks were 

compared w ith  markers o f  188 and 288 rRNA from HeLa c e l l s ,  provided  by 

Mr J. M. K elly , and tRNA from E sc h e r ic h ia  c o l i ,  provided  by Dr J, P. Goddard, 

both  o f  t h i s  departm ent,

2 .4 .8 .2  Sucrose d e n s ity  g ra d ie n t c e n tr ifu g a t io n  o f  RNA

L ab elled , cy top lasm ic  RNA, e x tr a c te d  from immature r a t  u t e r i ,  was 

analysed  on su crose  d e n s ity  g r a d ie n ts  a s  d escr ib ed  by Maden and 

Robertson ( l 9 7 4 ).

A ll  s o lu t io n s  were s t e r i l i s e d  by steam a u to c la v in g .

The RNA sam ple, in  the form o f  a su sp en sion  in  e th a n o l, was spun down 

by c e n tr ifu g in g  a t  2 ,0 0 0 g  fo r  50 min. The p e l l e t  was d r ied  w ith
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n itro g en  and d is s o lv e d  in  0.5m l LETS b u ffe r  (O.IM L iC l, O.OOIM EDTA,

O.OIM T ris-H C l, pH 7*4» co n ta in in g  0.2% (w /v) SDS) . This so lu t io n  was 

la y ered  c a r e fu l ly  over a 15ml, 1 0 -25% (w /v ) , l in e a r  su crose g rad ien t made 

up in  LETS b u f fe r .  The g ra d ie n t was c e n tr ifu g e d  a t  25,000 rev/m in fo r  

16 hr a t 20°C in  a Beckman SW40 r o to r  (gav  = 77|OOOg). I t  was fr a c t io n a te d  

by pumping i t  through a flow  c e l l  attachm ent fo r  the G ilfo rd  240 sp ec tro 

photom eter, u s in g  a p e r i s t a l t i c  pump, and the absorbance a t  260nm was 

m onitored. 0 ,5m l f r a c t io n s  were c o l le c t e d  in  tu b es  co n ta in in g  an equal 

volume o f  10% (w /v) t r ic h lo r o a c e t ic  a c id , 0 ,1m l o f  a 5mg/ml so lu t io n  

o f  bovine serum albumin was added to  each  fr a c t io n  fo llo w ed  by 5ml 5% (w /v) 

t r ic h lo r o a c e t ic  a c id . A c id - in s o lu b le  r a d io a c t iv i t y  was determ ined as  

d escr ib ed  in  S e c tio n  2 .4 ,7 '

2 .4 .9  P rep ara tion  o f  ribosom al su b u n its  from r a t  u teru s

Ribosomes were d is s o c ia t e d  in to  su b u n its  in  a b u ffe r  o f  h igh  io n ic  

stren g th  c o n ta in in g  puromycin as d escr ib ed  by B lo b e l and S a b a tin i (1 9 7 1 ).

Immature, fem ale r a t s  were g iv en  e i t h e r  200 yuCi L-/*"G -  ^H_7 tryptophan  

(R adiochem ical C entre, Amersham, B ucks., U .K .), o f  s p e c i f i c  a c t iv i t y  

11 Ci/m mol or  100 yuCi L -  4 ,5  -  Ĥ_% le u c in e  (R adiochem ical C entre),

o f  s p e c i f i c  a c t i v i t y  1 Ci/m mol, by in tra v en o u s in j e c t io n  in  0 .2m l s a lin e  

Ihr b efo re  d ea th . The u t e r i  were removed, d is s e c te d  fr e e  o f  ad ip ose t i s s u e ,  

washed in  0,9% (w /v) s a l in e  and fro ze n  in  a s o l id  COg -  m ethanol b a th . 

Ribosomes were prepared from th e p oo led  u t e r i  from tw elv e  r a ts  as soon  

a s  p o s s ib le  a f t e r  removal o f  th e  u t e r i ,  fo llo w in g  th e method d escr ib ed  in  

S ec tio n  2 ,4 .2  up to  th e  u L tra cen tr ifu g a tio n  s tep  to  y ie ld  th e  ribosom es 

as a p e l l e t .  The p e l l e t  was resuspended in  0 ,6m l 0,01M T ris-H C l, 0.08M KCl 

0.005M MgClg b u ffe r , pH 7 .6 ,  u s in g  a m otor-d riven . T e f lo n -g la s s  hom ogeniser, 

and 0 .5m l 1.25M KCl was added, b r in g in g  the KCl co n cen tra tio n  to  0.5M,

0,02m l 1M 2-m ercaptoethanol was then  added fo llo w ed  by 0 .01m l O.OIM puromycin 

( Sigm a), r e s u l t in g  in  c o n cen tra tio n s  o f  0.02M 2-m ercaptoethanol and O.ImM 

puromycin. The m ixture was in cu b ated  a t  57°C fo r  15 min and then  layered
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im m ediately over su crose d e n s ity  g r a d ie n ts .  The p rep aration  was d iv id ed  

eq u a lly  between two 15- 50% (w /v ) , l in e a r  su crose  d e n s ity  g ra d ie n ts

made up in  O.OIM T ris-H C l, 0.5M KCl, 0 .0 0 5M MgClg b u ffe r , pH 7 .6 ,  c o n ta in in g  

0.02M 2-m ercap toeth an ol. The g r a d ie n ts  were c e n tr ifu g e d  a t 50,000  

rev/m in fo r  90 min a t  28°C in  a Beckman SW50.1 r o to r  ( g a v  = 2 5 0 ,0 0 0 g ).

The absorbance a t  260nm o f  the g r a d ie n ts  was measured by upwards 

disp lacem ent w ith  50% (w /v) su crose  through a flow  c e l l  attachm ent fo r  

the G ilfo rd  240 spectrophotom eter. The p o r tio n s  o f  the g r a d ie n ts  

c o n ta in in g  th e  40 S and 60S ribosom al su b u n its  were c o l le c t e d  se p a r a te ly ,  

th e corresponding fr a c t io n s  from the two g r a d ie n ts  p oo led , and the  

ribosom al su b u n its  were p r e c ip ita te d  by th e a d d it io n  o f  2 volumes 

a b so lu te  e th a n o l and sto red  a t  -20°C  f o r  up to  5 d a y s.

The amount o f  r a d io a c t iv i ty  in  th e ribosom al su b u n its  was determ ined  

fo llo w in g  p r e c ip ita t io n  w ith  t r ic h lo r o a c e t ic  a c id . The e th an o l 

p r e c ip ita t e s  were c e n tr ifu g e d  a t  2 ,0 0 0 g  fo r  50 min. The p e l l e t s  were 

d ried  w ith  n itr o g e n  and d is s o lv e d  in  2ml d i s t i l l e d  w ater. Two 0 ,1m l 

( l / 2 0 )  a liq u o ts  were removed from each  f r a c t io n  and p laced  on Whatman,

2,5cm d iam eter paper f i l t e r s  (Grade 1) fo r  subsequent p r o te in  a s sa y .

To the rem aining 9 /1 0  o f  each f r a c t io n  wag added 0 ,1m l o f  a  5 :̂»g/nil 

so lu t io n  o f  bovine serum albumin, to  a c t  a s  a c o -p r e c ip ita n t ,  fo llo w ed  

by 2ml 10% (w /v) t r ic h lo r o a c e t ic  a c id .  A c id - in so lu b le  r a d io a c t iv i t y  was 

determ ined as d escr ib ed  in  S ec tio n  2 ,4 .7 .

2 .4 .1 0  P reparation  o f  ribosom al su b u n its  from r a t  l i v e r

Ribosomal su b u n its  were prepared from r a t  l i v e r  to  provide m a ter ia l 

to  a c t  as a c a r r ie r  d u rin g  the e x tr a c t io n  o f  p r o te in s  from th e u te r in e  

ribosom al su b u n its . The method used  was e s s e n t ia l l y  a sca led -u p  v e r s io n  

o f  the method d escr ib ed  in  the p rev io u s  s e c t io n  fo r  th e  p rep a ra tio n  o f  

u te r in e  ribosom al su b u n its .

One a d u lt , male r a t  w eigh ing  200g was s ta rv ed  overn igh t and k i l l e d  th e  

fo llo w in g  m orning. The l i v e r  was removed and chopped f in e ly  w ith  s c i s s o r s .
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A ll subsequent s te p s  up to  the d is s o c ia t io n  o f  the ribosom es in to  su bu n its  

were c a rr ied  out a t  0-4^C.

The chopped l i v e r  was r in se d  in  a sm all volume o f  0.2M T ris-H C l,

0.05M KCl, 0 ,01 5M MgClg b u ffe r , pH 8 .5 ,  co n ta in in g  5 /ig /m l 

cyclohexim ide and 2 -m ercap toeth an o l, S u f f ic ie n t  o f  th is  same b u ffe r  

was added to  the chopped l i v e r  to  b r in g  th e  t o t a l  volume to  50ml and 

the l i v e r  was homogenised in  a T e f lo n -g la s s  hom ogeniser w ith  a m otor- 

d riven  p e s t l e ,  5*5ml 20% (w /v) T r ito n  X-100 (Rohm and Haas) was added, 

to  g iv e  a co n cen tra tio n  o f  2°/of and the homogenate was cen tr ifu g e d  a t  10 ,000g  

fo r  20 min in  a S o r v a ll SS54 r o to r , 11ml a liq u o ts  o f  th e  supernatant were 

la yered  ov er  5ml cu sh ion s o f  0 . 0 5M T ris-H C l, 0.05M KCl, 0 .0 1 5M MgClg 

b u ffe r , pH 8 .5 ,  c o n ta in in g  1M su c r o se , ^ p g /m l cyclohexim ide and 7mM 

2-m ercaptoethanol and c e n tr ifu g e d  a t  40 ,000  rev/m in fo r  2hr (gav = 2 0 0 ,0 0 0 g ). 

The r e s u l t in g  su pern atan ts were poured o f f ,  the in s id e s  o f  the c e n tr ifu g e  

tubes wiped w ith  a c lea n  t i s s u e ,  and the p e l l e t s  were r in sed  c a r e fu l ly  w ith  

a sm all volume o f  O.OIM T ris-H C l, 0.08M KCl, 0.005M MgClg b u ffe r , pH 7 .6 ,

One p e l l e t  was used fo r  th e p rep a ra tio n  o f  ribosom al su b u n its  w h ils t  

the rem ainder were s to r e d  fro zen  a t  -20^0 u n t i l  more ribosom al su b u n its  

were req u ired .

The p e l l e t  th a t was to  be used fo r  th e p rep ara tion  o f  ribosom al su b u n its  

was re suspended in  2ml O.OIM T ris-H C l, 0.08M KCl, 0.005M MgClg b u ffe r , pH 7 .6 ,  

u s in g  a m otor-d riven . T e f lo n -g la s s  hom ogeniser, 1ml 1.25M KCl was added, 

to  b r in g  th e  co n cen tra tio n  o f  KCl to  0.5M, and the m ixture was c l a r i f i e d  

by c e n tr ifu g in g  a t  800g fo r  5 m in, A sm all amount o f  m a ter ia l was spun 

down by t h i s  c e n tr ifu g a t io n . The supernatant was decanted  and 0 .06m l 1M 

2-m ercaptoethanol and 0 .05m l O.OIM puromycin ( Sigma) were added, g iv in g  

c o n cen tra tio n s  o f  0.02M 2-m ercaptoethanol and O.ImM puromycin. The 

m ixture was incubated  a t  57°C fo r  15 mins and 1ml a l iq u o ts  were la y ered  on 

to  15®!» 1 5- 50% (w /v) l in e a r ,  su crose  d e n s ity  g ra d ie n ts  made up in  O.OIM 

T ris-H C l, 0.5M KCl, 0.005M MgCl^ b u f fe r , pH 7 .6 ,  co n ta in in g  0.02M
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2-m ercaptoethanol, The g r a d ie n ts  were cen tr ifu g e d  a t 40 ,000  rev/m in  fo r  

2hr a t  28°C in  a Beckman SW40 r o to r  (g  = 2 0 0 ,0 0 0 g ),

The absorbance a t  260nm was m onitored w h i ls t  the g ra d ie n ts  were pumped 

through a flow  c e l l  attachm ent fo r  th e G ilfo rd  240 spectrophotom eter u s in g  

a p e r i s t a l t i c  pump. The p o r t io n s  o f  the g ra d ie n ts  corresponding to  the 408 

and 60S ribosom al su b u n its  were c o l le c t e d  sep a r a te ly  and the corresponding  

f r a c t io n s  from the th ree  g r a d ie n ts  were p o o led . The two fr a c t io n s  were 

d ia ly se d  a g a in s t  1 l i t r e  0,05M T ris-H C l, 0,08M KCl, 0 ,0 1 25M MgClg b u ffe r ,  

pH 7 ,6 ,  c o n ta in in g  0,01M 2-m ercap toeth an o l, overn igh t a t  4*̂ 0 w ith  one 

change o f  d ia ly s i s  b u f fe r . The volumes o f  th e two d ia ly se d  fr a c t io n s  were 

measured, 0 ,2  volumes o f  a t e n - f o ld  c o n c e n tr a te -o f  the d ia ly s i s  b u ffe r  was 

added and the ribosom al su b u n its  were p r e c ip ita te d  by th e a d d itio n  o f  2 volumes 

a b so lu te  e th a n o l and s to red  ov ern ig h t a t  -20°C .

The fo llo w in g  day, th e f r a c t io n s  were spun down by c e n tr ifu g in g  a t  2 ,000g  

fo r  50 min and the p e l l e t s  were d r ied  w ith  n itr o g e n . The p e l l e t s  were 

d is s o lv e d  in  1ml d i s t i l l e d  w ater and the absorbances a t  260nm and 280nm 

measured. The amount o f  r ibosom al p r o te in  p resen t was c a lc u la te d , u s in g  the  

r e la t io n s h ip  th a t 1 absorbance u n it  a t  260nm over a path  le n g th  o f  1 cm i s  

eq u iv a le n t to  4 2 ,4  /ig /m l r ibosom al p r o te in  (Nieuwenhuysen e t  a l , ,  1978 ).

The y ie ld  from one r a t  l i v e r  was approxim ately  4®S 60S ribosom al subun it  

p r o te in  and 1 . 5mg 408 ribosom al subunit p r o te in . The r a t io  o f  the  

absorbance a t  260nm to  th a t  a t  280nm was in  th e  range 1 ,4  -  2 .1 ,

I . 65M NaCl was added to  a co n cen tra tio n  o f  0 .1 5M and the ribosom al su bu n its  

were r e -p r e c ip ita te d  by the a d d it io n  o f  2 volumes a b so lu te  eth a n o l and 

sto red  a t  -20°C o v e r n ig h t. The fo llo w in g  day, they were p e l le t e d  by 

c e n tr ifu g in g  a t  1 0 ,0 0 0 g  fo r  10 min in  a S o r v a ll HB4 r o to r . The p e l l e t s  

were d r ied  in  a g e n t le  stream  o f  n itr o g e n  and each f r a c t io n  was d is s o lv e d  in  

a s u f f i c i e n t  volume o f  O.OIM T ris-H C l, 0,6m magnesium a c e ta te  b u ffe r , pH 7 .7 ,  

to  g iv e  a s o lu t io n  c o n ta in in g  6OO ^ g/m l ribosom al p r o te in . The two fr a c t io n s  

were frozen  and s to r e d  a t  -20^C .
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2 .4 .1 1  In cu bation  o f  ra t u t e r i  in  v i t r o

Immature r a t  u te r i  were in cu b ated  in  E a g le ’ s HeLa medium (E a g le , 1955), 

m odified  acco rd in g  to  Busby e t  a l , ,  ( 1964) .  Leucine was om itted  during the  

p rep aration  o f  the medium and J  le u c in e  was added where a p p ro p ria te .

The medium was f i l t e r e d  through a Hal gene f i l t e r  u n it  w ith  a membrane 

f i l t e r  o f  0 ,2  jam pore s iz e  (Sybron C orporation , R och ester, New York,

U .S .A .) b e fo re  u se  and a l l  m an ip u la tion s were c a rr ied  out under s t e r i l e  

c o n d it io n s . The in cu b a tio n  c o n d it io n s  used were as d escr ib ed  by Knowler 

and S m ellie  (1 9 7 5 ).

T\felve immature fem ale r a t s  were k i l l e d  by c e r v ic a l  d is lo c a t io n  and 

t h e ir  u te r i  were removed, w ithout rem oving any ad h erin g  ad ipose t i s s u e  a t  

t h i s  s ta g e . The u t e r i  were c o l le c t e d  in  le u c in e - f r e e  E a g le ’ s medium during  

the d is s e c t io n .  The medium was m aintained  a t  57°C and a m ixture o f  95%

Og, 5% COg (v /v )  was passed  through i t .  When a l l  12 u te r i  had been c o l le c t e d ,  

they  were tr a n s fe r r e d  to  2ml o f  the same medium co n ta in in g  50 jaCi/ml 

L -  le u c in e  (R adiochem ical C en tre), o f  s p e c i f i c  a c t i v i t y

55Ci/m m ol, in  a 10ml, stopp ered , c o n ic a l f la s k .  The f la s k  was incubated  

fo r  Ihr a t  57^C under an atmosphere o f  95% 0^, 5% COg (v /v )  in  a shaking  

w ater b ath . At th e end o f  th e  in cu b a tio n  p er io d , th e  medium was poured 

o f f  and th e u t e r i  were washed f iv e  tim es w ith  ic e - c o ld  0,9% (w /v) s a l in e .

Any adhering ad ip ose  t i s s u e  was removed and the u t e r i  were sn ap -frozen  in  

a s o l id  COg-methanol b a th ,

Ribosomal su b u n its  were prepared from the u t e r i  a s  d escr ib ed  in  S ection  

2 , 4 .9  excep t th a t  the volum es used fo r  th e d is s o c ia t io n  o f  the ribosom es 

in to  su b u n its  were reduced to  one h a l f  o f  t h e ir  o r ig in a l  v a lu e . Thus, 

the ribosom al p e l l e t  r e s u l t in g  from the f i r s t  u lt r a c e n tr ifu g a t io n  s tep  was 

re suspended" in  0,5®1 0,01M T ris-H C l, 0,08M KCl, O.OOIM MgCl^ b u ffe r , pH 7 ,6 ,  

0 , 15ml I . 25M KCl was added, fo llo w ed  by 0,01m l 1M 2-m ercaptoethanol and 

0 . 005ml O.OIM puromycin ( Sigm a). F o llow in g  in cu b a tio n  fo r  1 5 min a t  57°C, 

a l l  the m a te r ia l was la y e red  on to  a s in g le ,  5®1, 1 5-50^o (w /v ) , l in e a r
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sucrose d e n s ity  g r a d ie n t . The g ra d ie n t was c e n tr ifu g e d  a t  50,000 rev/m in  

fo r  90 min a t  28°C in  a Beckman SV50.1 r o to r  ( g a v  = 2 5 0 ,0 0 0 g ), The 

absorbance a t  260nm o f  th e  g ra d ien t was measured by upwards d isp lacem ent 

w ith  50̂ 0 (w /v ) su cro se  through a flow  c e l l  attachm ent fo r  the G ilfo rd  240 

sp ectrop h otom eter . The p o r tio n s  o f  th e  g ra d ien t co n ta in in g  the 408 and 

60s  ribosom al su b u n its  were c o l le c t e d  s e p a r a te ly  and d ia ly se d  a g a in s t  

500ml 0.05Ï4 T ris-H C l, 0.08M KCl, 0.0125M MgClg b u f fe r ,  pH 7 .6 .  D ia ly s is  

was ca rr ied  out o v ern ig h t a t  4°0  w ith  one change o f  d ia ly s i s  b u f fe r .

The fo llo w in g  m orning, th e  volum es o f  the two fr a c t io n s  were measured 

and 0 ,2  volum es o f  a t e n - f o ld  co n cen tra te  o f  th e d ia ly s i s  b u ffe r  was 

added, fo llo w ed  by 2 volum es a b so lu te  a lc o h o l to  p r e c ip ita t e  th e  ribosom al 

su b u n its . The f r a c t io n s  were s to red  a t  -20°C fo r  up to  two weeks b efo re  

fr a c t io n a t io n  o f  th e  ribosom al p r o te in s ,

2 .4 .1 2  F r a c tio n a tio n  o f  r ibosom al n r o te in s

2 .4 .1 2 .1  F r a c t io n a t io n  o f  ribosom al p r o te in s  bv on e-d im en sion al 

n o lvacrv lam id e  g e l  e le c tr o n h o r e s is  

The ribosom al su b u n its  were su b jec ted  d ir e c t ly  to  e le c tr o p h o r e s is  on 12,5% 

SD S-polyacrylam ide d is c  g e l s  u s in g  th e  d isco n tin u o u s  b u ffe r  system  o f  

Laeramli ( l 970)*

Acrylam ide and N ,N '-m eth ylene b is -a cry la m id e  (b o th  s p e c ia l ly  p u r if ie d  fo r  

e le c tr o p h o r e s is )  were o b ta in ed  from BDH Chem icals L td ,,  P o o le , D o rse t, U.K, 

TEMED was purchased  from K och-Light L ab ora to r ies  L td ,,  Colnbrook, B ucks., 

U.K. and s to r e d  a t  4^0, B ovine serum albumin and cytochrome c , fo r  use as  

marker p r o te in s ,  were su p p lied  by B oehringer, Mannheim, Germany, w ith  

a th ir d  marker p r o te in , b ov in e  p a n c r e a tic  r ib o n u c le a se , b e in g  su p p lied  

by Sigma (London) Chemical Co. L td ., K ingston-upon-Tham es, Surrey, U,K.

G lass tu b es w ith  an in te r n a l  d iam eter  o f  6mm were s i l i c o n i s e d  u s in g  

S i l i c la d ,  a  w a te r -s o lu b le  s i l i c o n e  con cen tra te  su p p lied  by Clay Adams, 

Parsipanny, New J e r se y , U .S .A . T h is was ca rr ied  out to  p reven t th e  

polyacry lam ide g e l s  s h a tte r in g  in s id e  th e tu b es d u rin g  p o ly m e r isa tio n .
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A stock  s o lu t io n  c o n ta in in g  28% (w /v) acrylam ide and 0.755% (w /v)

N ,w '-m ethylene h is -a c r y la m id e  was prepared . T his s o lu t io n  was s to r e d  a t  

4°C in  the dark ov er  A m berlite monobed r e s in  HB1 (BDH) to  absorb h y d r o ly s is  

p rod u cts.

The sep a ra tio n  g e l s  con ta in ed  12,5% acry lam id e, 0,55% N ,n '-m eth y len e  

b is -a o iy la m id e , 0.05% TEMED and 0,1% SDS in  0.58M Tris-H Cl b u ffe r , pH 8 .5 .  

P o ly m erisa tio n  was in i t i a t e d  by the a d d it io n  o f  a fresh ly -p rep a re d  0,2% (w /v) 

so lu t io n  o f  ammonium p ersu lp h a te  to  g iv e  a f in a l  co n cen tra tio n  o f  0 , 05% 

ammonium p e r su lp h a te . The m ixture was poured in to  th e s i l i c o n is e d  g la s s  

tubes to  a h e ig h t o f  8cm, The s o lu t io n  was over la y ered  c a r e fu l ly  w ith  

w ater and l e f t  fo r  Ih r  to  p o lym erise  and s e t .  When p o ly m er isa tio n  was 

com plete, th e  w ater o v e r la y e r  was removed w ith  a t i s s u e  and the  

polyacrylam ide s ta c k in g  g e l  was prepared . The s ta c k in g  g e l  con ta in ed  

5% acry lam id e, 0,078% N ,N '-m ethylene b is -a c r y la m id e , 0,05% TEMED and 

0,1% SDS in  0,12m T ris-H C l b u f fe r , pH 7*8, P o ly m er isa tio n  was i n i t i a t e d  

by the a d d it io n  o f  a  fre sh ly -p rep a re d  0,2% (w /v) s o lu t io n  o f  ammonium 

p ersu lp h ate  to  a f i n a l  co n cen tra tio n  o f  0,1% and a l iq u o ts  were poured over  

the sep a ra tio n  g e l s  to  g iv e  a h e ig h t o f  s ta c k in g  g e l  o f  1,5cm , The s o lu t io n  

was over la y ered  c a r e f u l ly  w ith  w ater and l e f t  fo r  Ih r  to  po lym erise  and s e t .  

The su sp en sio n s o f  ribosom al su b u n its  in  e th a n o l, prepared as  d escr ib ed  

in  th e p reced in g  s e c t io n ,  were c e n tr ifu g e d  a t  2 ,000g  fo r  50 min. The 

p e l l e t s  were washed by re suspending them in  5ml e th a n o l and r e -c e n tr ifu g in g  

a t 2 ,000g  fo r  5O m in. The p e l l e t s  were d r ie d  w ith  n itr o g e n  and d is s o lv e d  

in  100 ^ 1  SD S-gel sample b u ffe r  (0,05M T ris-H C l, pH 7 .0 ,  c o n ta in in g  2% (w /v) 

SDS, 5% (v /v )  2 -m ercaptoethanol and 10% ( v /v )  g ly c e r o l ) .  The sam ples 

were h eated  a t  lOO^C fo r  2 min, to  r e le a s e  th e  ribosom al p r o te in s  from 

the RNA and to  en su re com plete red u ctio n  and d én atu ra tio n  o f  the p r o te in s ,  

and one drop 0,055'o (w /v) bromophenol b lu e  ( l .  L ight and Co. L td ., Colnbrook, 

Bucks., U .K .) was added as a marker dye.

The polyacry lam ide g e l s  were p laced  in  th e e le c tr o p h o r e s is  tank which
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was f i l l e d  w ith  e le c t r o p h o r e s is  b u ffe r  (0.025M  T r is  b a se , 0 .1 9M g ly c in e ,  

pH 8 .5 ,  c o n ta in in g  0,1% (w /v) SDS), The sam ples were a p p lied  to  th e  g e ls  

and e le c tr o p h o r e s is  was c a rr ied  out a t  4niA p er  g e l  u n t i l  the bromophenol 

b lue fro n t was 1 cm from the bottom  o f  th e g e l s  ( t h i s  u s u a lly  took  

approxim ately 2 h r ),

At th e end o f  th e  run, th e  g e l s  were removed from t h e ir  tubes and f ix e d  

overn igh t in  m ethanol; a c e t i c  a c id :  w ater (5 :1 :5  v / v ) , They were s ta in e d  

fo r  2hr a t  57°C in  0,1% (w /v) Coomassie b r i l l i a n t  b lu e  (Ourr, S e a r le ,

High Wycombe, B u ck s ,, U .K ,) in  th e  same s o lv e n t ,  and d e sta in e d  by d if fu s io n  

a t  room tem perature in  5% m ethanol, 7»5% a c e t i c  a c id  (v /v )  in  w ater .

The g e ls  were scanned a t  600nm u s in g  a g e l  scann ing attachm ent f o r  the  

G ilfo rd  240 sp e c tr o p h o to m e te r ,- The g e l  p a tte r n s  o f  u te r in e  ribosom al p r o te in s  

were compared w ith  th o se  o f  4OS and 60S ribosom al p r o te in s  from BHK c e l l s  

provided by Dr D .P , Leader o f  t h i s  departm ent. Standard p r o te in s  to  a c t  

as m olecu lar w eigh t markers were a ls o  e lec tro p h o resed  on a sep a ra te  g e l .

The marker p r o te in s  used  were cytochrome c (m ol, w t, 1 1 ,5 0 0 ) ,  bov in e pancreas 

r ib o n u c le a se  (m o l.w t, 15 , 500) and bovine serum albumin (m ol, w t, 6 5 ,4 0 0 ) .

I f  th e ribosom al su b u n its  were r a d io a c t iv e ly - la b e l le d ,  the g e l  was fro zen , 

a f t e r  scan n in g , w ith  s o l id  COg and s l ic e d  in to  1mm s e c t io n s  u s in g  a  

M ickle g e l  s l i c e r .  The in d iv id u a l g e l  s l i c e s  were d ig e s te d  w ith  hydrogen  

p ero x id e , a s  d esc r ib e d  by D ien er  and Paetkau ( i9 7 2 ) ,  ex c e p t th a t d ig e s t io n  

was c a r r ie d  out o v ern ig h t in s te a d  o f  fo r  I h r , The g e l  s l i c e s  were d r ied  

fo r  2hr a t  60°C, 0 ,5m l 50% (w /v) h yd ro ^ n  p eroxide was added and the

s l i c e s  were d ig e s te d  a t  60°C o v e r n ig h t. The fo llo w in g  morning, 10ml 

T r ito n -to lu e n e  s c i n t i l l a n t  was added to  each  s l i c e  and th e  r a d io a c t iv i t y  

was measured in  a S ea r le  l iq u id  s c i n t i l l a t i o n  cou n ter ,

2 .4 .1 2 .2  F r a c tio n a tio n  o f  r ibosom al p r o te in s  bv tw o-d im en sional 

n olvacrv lam id e g e l  e le c tr o n h o r e s is  

B efore f r a c t io n a t io n  o f  th e  ribosom al p r o te in s  on tw o-d im en sional 

polyacry lam ide g e l s  cou ld  be c a r r ie d  o u t, the ribosom al p r o te in s  had to  be
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e x tra c te d  from the su b u n its  s in c e ,  under th e c o n d it io n s  o f  the  

e le c tr o p h o r e t ic  system  u sed , th e  r ib o n u c le o p r o te in  p a r t ic l e s  would n ot 

have been d isa g g reg a ted  co m p le te ly . E x tra c tio n  o f  the ribosom al p r o te in s  

was ca rr ied  out w ith  67 0̂ (v /v )  a c e t i c  a c id  a s  d escr ib ed  by Sherton and Wool 

( 1972) ,  ex cep t th a t  th e  co n c e n tr a tio n  o f  magnesium a c e ta te  was in c r e a se d  

from O.O55M to  0.2M in  an attem p t to  in c r e a se  the y i e l d .

A ll s te p s  were c a r r ie d  out a t  0-4^C, The su sp en sio n s o f  ribosom al 

su b u n its  in  e th a n o l, prepared as  d escr ib ed  in  S ec tio n  2 .4 ,1 1 ,  were p e l le t e d  

by c e n tr ifu g in g  a t  1 0 ,0 0 0 g  fo r  10 min in  a S o r v a ll HB4 r o to r . The p e l l e t s  

were d r ied  in  a g e n t le  stream  o f  n itr o g e n , 0 ,5m l o f  th e  s o lu t io n  o f  c a r r ie r ,  

l i v e r  40s  ribosom al su b u n its  in  O.OIM T ris-H C l, 0,6M magnesium a c e ta te  

b u ffe r , pH 7*7,  prepared a s  d e sc r ib e d  in  S e c t io n  2 ,4 * 1 0 , was added to  the  

u te r in e  4OS f r a c t io n .  S im ila r ly , 0 ,5m l o f  th e  s o lu t io n  o f  c a r r ie r ,  l i v e r  

60s  ribosom al su b u n its  in  the same b u ffe r  was added to  th e u te r in e  60S 

fr a c t io n .  S ince th e  two s o lu t io n s  o f  l i v e r  ribosom al su b u n its  had a 

co n cen tra tio n  o f  6OO jag/ml ribosom al p r o te in , J>00 p.g c a r r ie r ,  l i v e r  

ribosom al p r o te in  would have been added to  th e  r e s p e c t iv e  u te r in e  f r a c t io n s  

in  0 , 5ml O.OIM T ris-H C l, 0,6M magnesium a c e ta te  b u ffe r , pH 7*7*

The p e l le t e d  u te r in e  ribosom al su b u n its  were d is s o lv e d  in  t h i s  s o lu t io n  

and 1ml g la c ia l  a c e t i c  a c id  was added to  each  f r a c t io n .  The m ixtures  

were shaken fo r  Ih r and c e n tr ifu g e d  a t  15 ,0 0 0 g  fo r  10 min in  a S o r v a ll HB4 

ro to r  to  sp in  down rRNA, The su p ern atan ts were r e ta in e d  w h ils t  th e  p e l l e t s  

were r e -e x tr a c te d  by d is s o lv in g  them in  0 ,5m l O.OIM T ris-H C l, 0^6M magnesium 

a c e ta te  b u ffe r , pH 7*7 ,  adding 1ml g la c ia l  a c e t i c  a c id  and shaking fo r  a 

fu r th er  Ih r , The m ix tu res  were r e -c e n tr ifu g e d  a t  15 ,0 0 0 g  fo r  10 min and the  

supernatants were added to  th e su p ern atan ts from the p rev io u s e x tr a c t io n ,

10ml ic e - c o ld  a ceto n e  was added to  the combined su p ern atan ts and th e  

m ixtures were a llow ed  to  stand a t  -20^C o v ern ig h t to  ensure com plete  

p r e c ip ita t io n  o f  th e  ribosom al p r o te in s .  The fo llo w in g  morning, th e two 

fr a c t io n s  were spun down-by c e n tr ifu g in g  a t  1 5 ,0 0 0 g  fo r  10 m in. The



84

p e l l e t s  were washed by resu sp en d in g  them in  5ml ic e - c o ld  acetone and 

r e -c e n tr ifu g in g  a t  1 5 ,0 0 0 g  fo r  10 min. The w ashing was repeated  by 

re suspending the p e l l e t s  in  a fu r th e r  5ml a ceton e and the two f r a c t io n s  

were s to r e d , as a  su sp en sion  in  a ce to n e , a t  -20^0 fo r  up to  four d a y s.

Two-dim ensional po lyacry lam id e g e l e le c tr o p h o r e s is  o f  the a c e to n e -  

p r e c ip ita te d  ribosom al p r o te in s  was c a r r ie d  out by Mr I,M . Kennedy, o f  t h i s  

departm ent, u s in g  th e standard procedure o f  K altschm idt and Vittmann (1970) 

w ith  m o d if ic a tio n s  (L a stic k  and McConkey, 1 9 7 6 ). The apparatus u sed  has 

been d escr ib ed  p r e v io u s ly  (L eader, 1 9 7 5 ).

In  o u t l in e ,  the two p r o te in  f r a c t io n s ,  in  the form o f  a su sp en sion  in  a c e to n e , 

were spun down by c e n tr ifu g in g  a t  15»000g fo r  10 min in  a S o rv a ll ÏÏB4 

r o to r . The p e l l e t s  were d r ie d  in  à very  g e n t le  stream  o f  n itr o g e n , ta k in g  

extreme care n ot to  d is tu r b  th e  f la k y  m a te r ia l a t  th e  bottom o f  th e  tu b e.

The p e l l e t s  were d is s o lv e d  in  100 p i  sample b u ffe r  (8M u rea , O.OOIM 2-

m ercaptoethanol, 0,01M b ica rb o n a te  b u f fe r ,  pH 8 . 5) and la y ered  over

5cm X 0.4cm , 4% p olyacry lam id e d is c  g e l s  c o n ta in in g  6M urea a t a  pH o f  8 ,7 .

One drop o f  a 0 , 5̂ 0 s o lu t io n  o f  Pyronin  Y was added as  a tra ck er  dye and 

e le c tr o p h o r e s is  was c a r r ie d  out a t  p er  g e l  fo r  3kr, th e  d ir e c t io n  o f  

m igra tion  b e in g  towards the ca th od e. The tank b u ffe r  used was a T r is -b o r a te  

b u ffe r  w ith  a pH o f  8 ,6 ,  The f i r s t  d im ension  g e ls  were removed from t h e ir  

tubes and e q u ilib r a te d  fo r  Ih r  in  a c e ta te -u r e a  b u ffe r , pH 5 .2 , w ith  th ree  

changes o f  b u ffe r , to  b r in g  t h e i r  pH down to  a va lu e  approaching th a t  o f  

the second dim ension g e l s .  Each f i r s t  d im ension  g e l  was la id  on top  o f  a 

7cm X 7cm X 0.4cm , 18% polyacry lam id e s la b  g e l ,  co n ta in in g  6M urea a t  a 

pH o f  4 . 5 . The f i r s t  d im ension g e l  was annealed  in to  p la c e  w ith  1% (w /v) 

a ga ro se . E le c tr o p h o r e s is  was then  c a r r ie d  out a t  10mA p er g e l f o r  18hr, 

w ith  m igra tion  a ga in  b e in g  tow ards th e ca th od e. The tank b u ffe r  u sed  fo r  

the second dim ension was a g ly c in e - a c e t a t e  b u ffe r  w ith  a pH o f  4 .0 .  When 

e le c tr o p h o r e s is  was com plete, th e  g e ls  were s ta in e d  fo r  5hr a t  57^8 in  0,1%

(w /v) Coomassie b r i l l i a n t  b lu e  in  m ethanol; a c e t ic  a c id : w ater (5 :1 :5  v /v )
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and d es ta in ed  a t  57°C "by d if f u s io n  in  7*5% (v /v )  a c e t ic  a c id .

The r a d io a c t iv i t y  o f  in d iv id u a l p r o te in  sp o ts  vas determ ined by c u t t in g  

out the sp o ts  u s in g  a d e n ta l s c a lp e l .  The g e l  p ie c e s  were tr a n s fe r r e d  

to  s c i n t i l l a t i o n  v i a l s  and d ig e s te d  w ith  hydrogen p erox id e as d e sc r ib e d  in  

the p rev iou s s e c t io n .  R a d io a c t iv ity  was measured in  a S ea r le  l iq u id  

s c i n t i l l a t i o n  cou n ter  a f t e r  the a d d it io n  o f  10ml T r ito n -to lu e n e  

s c i n t i l l a n t .

2 .4 .1 3  E x tra ctio n  o f  RNA from ribosom al su b u n its

RNA was e x tr a c te d  from ribosom al su b u n its  from r a t  u t e r i  by a method 

based on th a t  o f  J o e l and Hagerman ( 1969) ,  ex cep t th a t  a low er  

tem perature was used  and th e  treatm ent w ith  d eoxyrib on u clease  and second  

phenol e x tr a c t io n  a t  pH 7 .5  were om itted .

B en to n ite , o b ta in ed  from BDH Chem icals L td .,  P o o le ,D o r se t , U .K ., 

was p u r if ie d  by th e  method o f  P raenkel-C onrat e t  a l , ( l 9 6 l ) ,  the f in a l  p e l l e t  

b ein g  resuspended in  O.O5M sodium a c e ta te  b u ffe r , pH 5*2, a t  a co n cen tra tio n  

o f  20mg/ml,

Ribosomal su b u n its  were prepared as d e sc r ib e d  in  S e c t io n  2 .4 .9 .  The 

p o rtio n s  o f  th e  su cro se  d e n s ity  g r a d ie n ts  correspond ing  to  th e 4OS and 60S 

ribosom al su b u n its  were c o l le c t e d  s e p a r a te ly  and p r e c ip ita te d  w ith  2 

volumes a b so lu te  e th a n o l. A fte r  s to r in g  overn ig h t a t  -20°C , th e  two 

fr a c t io n s  were spun down by c e n tr ifu g in g  a t  2 ,000g  fo r  $0 min. A ll  subsequent 

s te p s  were c a r r ie d  out a t  0 -4°C . The p e l l e t s  were d r ied  w ith  n itr o g e n  and 

re suspended in  2ml 0 ,0  5M sodium a c e ta te  b u f fe r ,  pH 5 .2 , c o n ta in in g  Img/ml 

b e n to n ite . To t h i s  were added 0 .2m l 10% (w /v) SDS and 2,2m l 08% (v /v )  ph en ol, 

both in  th e  same b u f fe r ,  and the m ixtu res were shaken fo r  10 m in. They were 

then c e n tr ifu g e d  a t  2 7 ,000g  fo r  6 min in  a S o r v a ll 8854 r o to r  and the low er, 

phenol la y e r  was removed and d isca rd ed , 1ml 88% (v /v )  phenol in  0 , 0 5M sodium  

a c e ta te  b u ffe r , pH 5 .2 ,  was added to  the aqueous phase and the m ixture was 

shaken and c e n tr ifu g e d  as  b e fo r e . The aqueous la y e r  was removed, w ith  a 

w id e-tip p ed  p ip e t t e ,  added to  0 , 15ml o f  a 20mg/ml su sp en sion  o f  b e n to n ite  in
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0.05M sodium a c e ta te  b u ffe r , pH 5 .2 , and re ta in e d  a t  O^C, The phenol la y e r  

th a t remained was e x tr a c te d  by adding 1ml 0 , 05M sodium a c e ta te  b u f fe r ,  

pH 5 .2 , and 0,1m l 10% (w /v) SDS in  th e  same b u ffe r , and re-sh a k in g  fo r  

a fu r th e r  10 min and c e n tr ifu g in g  as b e fo r e . The aqueous phase from t h is  

e x tr a c tio n  was removed and added to  th e  aqueous phase from the p rev io u s  

e x tr a c t io n . The combined aqueous phases were cen tr ifu g e d  a t 2 ? ,000g  fo r  

15 min to  sedim ent th e  b e n to n ite .  The supernatant was decanted and the  

ENA p resen t was p r e c ip ita te d  by th e a d d it io n  o f  1.65M sodium c h lo r id e  to  a  

co n cen tra tio n  o f  0 ,1 5M fo llo w ed  by 2 volum es a b so lu te  e th a n o l. The 

p r e c ip ita te d  ENA was sto red  a t  -20°C b e fo re  subsequent a n a ly s is  on 2,7% 

polyacrylam ide g e ls  as d escr ib ed  in  S e c tio n  2 ,4 .8 ,1 ,

2 .4 .1 4  Chemical d eterm in a tio n s

P ro te in  co n cen tra tio n s  were determ ined by th e dye method o f  Bramhall 

e t  a l ,  ( 1969) .  Samples co n ta in in g  up to  40 ^ g  p r o te in  were sp o tted  on 

to  2 , 5cm diam eter paper c i r c l e s  (Whatman, Grade 1) and d ried  under a heat  

lamp. The paper d is c s  were p la ced  in  7.5% (w /v) t r ic h lo r o a c e t ic  a c id ,  

heated to  80°C and m aintained  a t  t h i s  tem perature fo r  50 min. The d is c s  

were then washed th ree  tim es w ith  7 . 5% tr ic h lo r o a c e t ic  a c id , once w ith  

m ethanol; d ie th y l  e th e r  ( 1:1 v / v ) , once w ith  d ie th y l e th e r  and a llow ed  to  

dry in  a stream  o f  a i r .  T h is treatm ent would have removed a l l  th e  non- 

p rote in a ceo u s m a ter ia l from th e paper d i s c s .

The p r o te in  on the d is c s  was s ta in e d  fo r  15 min a t  50^0 in  a s o lu t io n  

o f  xy len e b r i l l i a n t  cyan in  G (Microchrome n o .1224, ob ta in ed  from E, Gurr, 

London, U ,K ,) a t  a co n cen tra tio n  o f  10 mg/ml in  7% (v /v )  a c e t ic  a c id .  The 

paper d is c s  were washed w ith  se v e r a l changes o f  7% (v /v )  a c e t ic  a c id  a t  

50°C u n t i l  the background was a lm ost w h ite , : The d is c s  were then a llow ed  

to  dra in  and tr a n sfe r r e d  to  in d iv id u a l t e s t  tu b es . The dye was lea ch ed  from 

the paper by the a d d it io n  o f  5ml d e s ta in  s o lu t io n  (66ml m ethanol, 54 1̂1 w ater, 

1ml 0,88% ammonia). The absorbance a t  6lOnm o f  th e r e s u lt in g  supernatant  

so lu t io n  was measured. A standard curve was prepared from 0-40  ^ g  u s in g
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bovine serum albumin ( Sigm a),

RNA co n cen tra tio n s  were determ ined by m easuring the absorbance a t  260nm 

and comparing i t  w ith  th e  absorbance o f  a standard s o lu t io n  o f  y e a s t  RNA, 

DNA was determ ined by the d iphenylam ine method o f  Burton (1 956 ), u s in g  

h ig h ly  polym erised  c a l f  thymus DNA ( Sigma) as a stan d a id .
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3 RESULTS

3.1 E f f e c t  o f  Q e s t r a d l 'o l  -  17|9 on n r o t e i n  s y n th e s i s

3 .1 .1  E f f e c t  o f  o e s t r a d i o l  -  17^ on t o t a l  u t e r i n e  p r o t e i n  s y n th e s i s

The e f f e c t  o f  o e s tr a d io l  -  17^ on the in co r p o r a tio n  o f  a  r a d io a c t iv e ly -  

la b e l le d  p r o te in  p recu rsor  in to  a c id -p r e c ip ita b le  m a te r ia l o f  the  

immature r a t u teru s  was in v e s t ig a te d .  The r a d io a c tiv e  precu rsor chosen was 

Ir -leu c in e , an amino a c id  th a t does n o t a c t  as a p recu rsor  fo r  as many 

a n a b o lic  pathways as some o f  th e  o th er  amino a c id s .  A fte r  a JO min pu lpe  

w ith /T * J7  le u c in e ,  th e r e fo r e , n ea r ly  a l l  th e a c id - in s o lu b le  m a te r ia l  

la b e l le d  w ith  the is o to p e  w i l l  be p r o te in .

For the experim ents d escr ib ed  in  t h is  s e c t io n ,  th e  r a t s  were l im ite d  to  a 

w eight range o f  2 2 -J 0 g . T his was because i t  had been shown p r e v io u s ly  th a t  

the degree o f  hormonal s t im u la tio n  o f  th e  in co r p o r a tio n  o f  p recu rsors  in to  

RNA d ecreased  w ith  in c r e a s in g  r a t w eight (Knowler and S m e llie , 1971»

Khowler e t  a l . ,  1975)» and th e se  f in d in g s  had been confirm ed in  p relim in ary  

exp erim en ts. For th e  rem ainder o f  the experim ents d escr ib ed  in  t h i s  t h e s i s ,  

the r a ts  were tr e a te d  in  groups ra th er  than in d iv id u a l ly .  Because o f  the  

la r g e r  number o f  anim als in v o lv e d , i t  was n o t p o s s ib le  to  co n fin e  t h e ir  

w eigh ts to  such a sm all range. C onsequently, anim als w eigh ing  up to  40g were 

u sed .

Figure 6 shows th e  tim e course o f  the e f f e c t  o f  o e s t r a d io l  -  17^ on the  

in co rp o ra tio n  o f  le u c in e  in to  immature ra t u t e r i .

The in co rp o ra tio n  in to  the a c id - in s o lu b le  fr a c t io n  i s  stim u la ted  a t  2hr 

and in c r e a se s  t o .a  maximum, a t  n ea r ly  th ree  tim es the c o n tr o l l e v e l ,  8hr 

a f t e r  hormone trea tm en t. A fte r  24 hr, th e  in c o r p o r a tio n  has returned  alm ost 

to  the co n tro l l e v e l .  The in co rp o ra tio n  in to  the a c id - s o lu b le  p recu rsor  pool 

was a ls o  s tim u la ted  fo llo w in g  hormone trea tm en t, b u t, f o r  most o f  the  

experim ent, t h i s  s t im u la tio n  d id  not exceed  tw o -fo ld . The s t im u la tio n  o f  

in co rp o ra tio n  in to  th e  a c id - in s o lu b le  f r a c t io n  exceeded  t h i s  l e v e l ,  a lthough



Figure 6

Time Course o f  in c o r p o r a tio n  o f  4,5-^H  ^  le u c in e  in to  immature

r a t u te r i  in  response to  o e s t r a d io l - 17 p

18-21 d ay -o ld  fem ale r a t s  were g iv en  1 ^ g  o e s t r a d io l - 17̂ or s a lin e  c a r r ie r  

by in tr a p e r ito n e a l in j e c t io n  a t  th e  tim es b e fo re  death  in d ic a te d . A ll  

th e anim als r e c e iv e d  20 yiCi LrZT 4 , 5-^h le u c in e  by in tra v en o u s in j e c t io n  

JO min b efo re  d ea th . A c id -so lu b le  and a c id - in s o lu b le  f r a c t io n s  were 

prepared from th e u t e r i  o f  th e an im als, as d escr ib ed  in  M a ter ia ls  and 

Methods, The r e s u l t s  were c a lc u la te d  as d ,p .m ./^zg DNA and are exp ressed  

as p ercen tages o f  th e  in c o r p o r a tio n  in to  u t e r i  from anim als th a t d id  n o t  

r e c e iv e  hormone. Each p o in t  r e p r e se n ts  the mean o f  a t  l e a s t  th ree  an im als

and the error  bars in d ic a te  th e  range o f  th e  r e s u l t s ,  #--------- * ,

a c id - in s o lu b le  f r a c t io n ;  A ^ , a c id - s o lu b le  f r a c t io n .
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i t  can be seen th a t the err o r  bars fo r  the two s e t s  o f  r e s u lt s  o v e r la p .

Thus, i t  would appear th a t th ere  i s  s t im u la tio n  o f  p r o te in  s y n th e s is ,  but 

the uptake o f  p recu rsor  may p lay  a r o le  in  t h i s  s t im u la t io n . A fte r  24hr, 

the s t im u la tio n  o f  in co r p o r a tio n  in to  the a c id -s o lu b le  fr a c t io n  i s  g r e a te r  

than th a t o f  the a c id - in s o lu b le  f r a c t io n .  The reason fo r  t h is  i s  n ot  

understood .

To in v e s t ig a te  th e r e la t io n s h ip  between t h i s  s t im u la tio n  o f  p r o te in  s y n th e s is  

and the p r e v io u s ly -r e p o r te d  s t im u la t io n  o f  RNA s y n th e s is ,  a d o u b le - la b e l l in g  

experim ent was c a r r ie d  out u s in g  u r id in e  as an RNA p recu rsor and le u c in e  as 

a p ro te in  p recu rso r . The e f f e c t  o f  o e s tr a d io l  -  17^ on the in co r p o r a tio n  

o f  J7 ii^ ih ine and ^  le u c in e  in to  immature r a t u te r i  i s  shown

in  f ig u r e  7*

The r a d io a c t iv ity  o f  standards c o n ta in in g  ”*^8 JJ le u c in e  on ly  was
%

measured and no s p i l l - o v e r  o f  cou n ts in to  th e  channel s e t  fo r  H was 

d e te c te d , f ig u r e  7 shows th a t  treatm en t w ith  o e s tr a d io l -  17^ r e s u l t s  in  

a s tim u la tio n  o f  th e  in c o r p o r a tio n  o f  ^  u r id in e  in to  a c id -p r e c ip ita b le

m ater ia l from immature r a t u t e r i ,  f i r s t  d e te c ta b le  a f t e r  1hr, T his  

s tim u la tio n  i s  maximal a f t e r  2hr a t  n ine tim es the l e v e l  o f  in co r p o r a tio n  

o f  co n tro l a n im als. I t  then d e c l in e s  f a i r l y  r a p id ly , a lth ou gh  i t  i s  s t i l l  

tw ice the c o n tro l l e v e l  a f t e r  24hr, The s t im u la tio n  o f  in co r p o r a tio n  in to  

the a c id - in s o lu b le  f r a c t io n  i s  much g r e a te r  than the s t im u la tio n  o f  

in co rp o ra tio n  in to  th e  a c id - s o lu b le  p recu rsor  p o o l, which i s  on ly  tw o -fo ld  

a t  maximum, so would appear to  be due to  a tru e  in c r e a se  in  RNA s y n th e s is .

This s t im u la tio n  o f  RNA s y n th e s is  fo llo w in g  hormone treatm ent i s  in  

agreement w ith  p rev io u s  r e s u l t s  o f  Knowler and S m ellie  (1971 ) and Khowler 

e t  a l .  ( 1975)» a lth ou gh  th e  tim e o f  maximum st im u la tio n  i s  s l i g h t ly  e a r l i e r ,  

a t  2hr a f t e r  hormone a d m in is tr a tio n  in s te a d  o f  T his may be a r e s u l t

o f  v a r ia t io n s  in  the anim als u sed .

The r e s u l t s  fo r  th e in co r p o r a tio n  o f  O  le u c in e  are in  good

agreement w ith  the r e s u l t s  o f  th e  in co r p o r a tio n  o f  J / le u c in e  shown



F ig u re  7

Time course o f  in c o r p o r a tio n  o f  5-^H J7 u r id in e  and L - /” Ü-^^C le u c in e  

in to  immature r a t u t e r i  in  response to  o e s t r a d io l - 17^

18-21 day-old  fem ale r a t s  r e c e iv e d  1 ^ g  o e s t r a d io l - 17p or s a l in e  c a r r ie r  

a t the tim es b efo re  death  in d ic a te d . A ll  th e  an im als r e c e iv e d  20 ^C i 

n  5-^H J7 u r id in e  and 1 juCi L - ^  U-^^C J7  le u c in e  by in traven ou s  

in j e c t io n  50 min b e fo r e  d ea th . A c id -so lu b le  and a c id - in s o lu b le  fr a c t io n s  

were prepared from th e  u t e r i  o f  the an im als. The r e s u l t s  were 

c a lc u la te d  as d .p .m ,/y u g  DNA and are exp ressed  as p ercen ta g es  o f  the  

in co rp o ra tio n  in to  u t e r i  from co n tr o l an im a ls . Each p o in t re p r e se n ts  

th e mean o f  a t  l e a s t  th ree  an im als, ex cep t the 24hr v a lu e s  which were

taken from one an im al. The er r o r  bars in d ic a te  th e  range o f  the

5 ?r e s u l t s ,  A-----------A > H a c id - in s o lu b le  r a d io a c t iv i ty ;  A------------ A , H

a c id -s o lu b le  r a d io a c t iv i t y ;  o---------- o  , a c id - in s o lu b le  r a d io a c t iv ity ;

#---------—» , a c id - s o lu b le  r a d io a c t iv i t y .
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in  f ig u r e  6 , The s t im u la tio n  o f  in co r p o r a tio n  in to  th e  a r id - in s o lu b le  

fr a c t io n  i s  even more marked, b e in g  alm ost fo u r - fo ld  by 6hr a f t e r  hormone 

trea tm en t. Furthermore, the in co r p o r a tio n  o f  th e  p recu rsor  in to  th e  

a c id -s o lu b le  fr a c t io n  i s  a p p rec ia b ly  l e s s  than the in co rp o ra tio n  in to  

the a c id - in s o lu b le  f r a c t io n .  In  c o n tr a s t  to  th e p rev io u s experim ent 

( f ig u r e  6 ) ,  no s t im u la tio n  o f  in co r p o r a tio n  in to  the a c id -  so lu b le  fr a c t io n  

was observed a f t e r  24 h r .

T h erefore, the r e s u l t s  o f  t h i s  experim ent show th a t  hormone treatm ent 

r e s u l t s  in  a s t im u la tio n  o f  both  t o t a l  RNA and t o t a l  p r o te in  sy n th e s is  in  

the immature ra t u te r u s . The s t im u la tio n  o f  RNA sy n th e s is  precedes th e  

s t im u la tio n  o f  p r o te in  s y n th e s is ,  b e in g  d e te c ta b le  a f t e r  1hr and maximal 

2-4hr a f t e r  oestro g en  trea tm en t. The s t im u la t io n  o f  p r o te in  s y n th e s is  i s  

d e te c ta b le  a f t e r  2hr and co n tin u es  to  in c r e a se  up to  8hr a f t e r  treatm ent 

w ith  the hormone, d e c l in in g  s l i g h t l y  a f t e r  24hr, T h is i s  in  agreement 

w ith  p rev io u s f in d in g s  o f  M u eller  e t  a l . ( l 9 6 l ,  1972) and Noteboom and 

Gorski ( I 965) .

5 .1 .2  E f fe c t  o f  o e s tr a d io l  -  17^ on u te r in e  nolvribosom es  

As d isc u sse d  in  S e c tio n  1 ,2 .2 .6 ,  s tu d ie s  u s in g  in h ib it o r s  o f  p r o te in  

sy n th e s is  have su g g ested  th a t ,  w ith in  the f i r s t  hour fo llo w in g  hormone 

treatm en t, c e r ta in  s o - c a l le d  Key In term ed ia iy  P r o te in s  must be sy n th e s ise d  

fo r  th e l a t e r  u te r o tr o p h ic  e f f e c t s  o f  th e  hormone to  occur (R a u lieu e t  a l , , 

1972; R au lieu , 1975; Knowler e t  a l , ,1 9 7 5 ) .  In  the experim ents d escr ib ed  

in  th e p reced in g  s e c t io n ,  however, a s t im u la t io n  o f  p r o te in  s y n th e s is  was 

not d e te c ta b le  u n t i l  2hr a f t e r  hormone trea tm en t. T h is i s  probably  

because th e  techn ique o f  in co r p o r a tio n  o f  r a d io a c t iv e ly - la b e l le d  p recu rsors  

in to  t o t a l ,  a c id -p r e c ip ita b le  m a te r ia l i s  n o t s e n s i t iv e  enough to  d e te c t  sm all 

changes r e s u lt in g  from th e s y n th e s is  o f  a l im ite d  number o f  p r o te in s ,

A more s e n s i t iv e  tech n iq u e i s  the a n a ly s is  o f  th e  p r o f i l e s  o f  

polyribosom es on su crose  d e n s ity  g r a d ie n ts . Ribosomes were prepared, 

th e r e fo r e , from immature r a t u t e r i  and polysome p r o f i l e s  were an a lysed  to
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determ ine whether a s t im u la tio n  o f  p r o te in  sy n th e s is  could  be d e te c te d  

a t e a r ly  tim es fo llo w in g  hormone trea tm en t. I n i t i a l l y ,  the p rep aration  

o f  u te r in e  ribosom es proved to  be d i f f i c u l t .  V arious methods were 

fo llo w ed , in c lu d in g  p u b lish ed  methods fo r  the p rep aration  o f  ribosom es  

from r a t  u teru s (Teng and H am ilton, 1987a), gu inea p ig  u teru s ( Suv a t t e  and 

Hagerman, 1970) and r a t  s k e le t a l  m uscle ( f l o r i n i  and Rreuer, I 986) but 

w ith  l i t t l e  s u c c e s s . The main problem appeared to  be r ib o n u c le a se -c a ta ly se d  

degradation  during th e  p rep a ra tio n , r e s u l t in g  in  no ribosom es b e in g  observed  

a f t e r  su crose  d e n s ity  g ra d ien t c e n tr ifu g a t io n  and no rRNA b ein g  d e te c te d  

fo llo w in g  e x tr a c t io n  o f  the RNA and subsequent a n a ly s is  on polyacrylam ide  

g e l s .  No such problem s were encountered  in  th e  p rep aration  o f  ribosom es from 

ra t l i v e r ,  presumably because o f  th e p resen ce o f  an endogenous r ib o n u c le a se  

in h ib ito r  in  the supernatant f r a c t io n  o f  th e  l i v e r  (Roth, 1958), r e s u l t in g  

in  a low er r ib o n u c le a se  a c t iv i t y  in  t h i s  t i s s u e  compared w ith  the u te r u s .

The i n s t a b i l i t y  o f  u te r in e  polysom es has been noted  p r e v io u s ly  by Teng 

and Hamilton ( 1967a ) ,

The method o f  B err id ge e t  a l , (1 9 7 6 ), d e sc r ib in g  th e i s o la t io n  o f  fr o g  

l i v e r  ribosom es, was found to  be more s u c c e s s fu l .  T his method u se s  a h igh  

pH ( 8 , 5) and a m oderately  h igh  io n ic  s tr e n g th  during the hom ogenisation  

s te p s , to  m inim ise r ib o n u c le a se  a c t i v i t y ,  and a ls o  u t i l i s e s  heparin  as  

a r ib o n u c lea se  in h ib i t o r  during  a n a ly s is  o f  th e polysom es. I t  was found  

th a t polysome p r o f i l e s  from immature r a t  u t e r i  could be analysed  u s in g  

5ml su crose  d e n s ity  g r a d ie n ts . Figure 8 shows th e r e s u l t s  from a t y p ic a l  

p rep aration  ob ta in ed  from the u t e r i  o f  anim als th a t had n o t been tr e a te d  

w ith  hormone. Three peaks were o b serv ed -a t th e  top  o f  the su crose  d e n s ity  

g ra d ie n t. The ribosom al p e l l e t  ob ta in ed  from th e u te r i  o f  tw elve such  

u n treated  anim als u s u a lly  con ta in ed  200 yig RNA and th e  r a t io  o f  th e  

absorbances a t  260 nm and 280 nm was 1 ,6  -  1 ,7 .  A lso  shown in  f ig u r e  8 

are th e r e s u l t s  o f  c o l l e c t i n g  the th ree  peaks se p a r a te ly  from the su crose  

grad ien t and a n a ly s in g  the ENA on polyacrylam ide g e l s .  The s lo w e st-se d im e n tin g



F ig u re  8

Polysome p r o f i l e  o f  im m ature r a t  u te ru s

U ter i were removed from tw elve immature r a ts  th a t  had n ot rec e iv ed  hormone. 

Ribosomes were prepared and an alysed  on a 1 5 —45% su crose d e n s ity  

g rad ien t as d escr ib ed  in  M a ter ia ls  and M ethods. The upper p art o f  the  

f ig u r e  shows the polysom e p r o f i l e  o b ta in ed . The tr a c e  has been  

co rrected  fo r  the absorbance o f  a b lank g r a d ie n t .

F raction s from th e  g ra d ien t were p oo led , as in d ic a te d , and the RNA was 

e x tra c te d  and an alysed  on 2,7% p o lyaciy lam id e g e l s .  The d en sitom eter  

tr a c e s  o f  th e  g e ls  are shown in  th e  low er p art o f  the f ig u r e .  The 

arrows in d ic a te  the p o s it io n s  o f  28S rRNA, 188 rRNA and tEI^A markers which  

were e lec tro p h o resed  on p a r a l le l  g e l s .
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peak from th e su crose  g r a d ie n t , peak A, co n ta in s  m ainly 18S rRNA, 

su g g e st in g  th a t t h is  peak corresponds to  4OS ribosom al su b u n its . The 

o th er  two peaks from th e  su cro se  g r a d ie n t b oth  co n ta in  28S and IBS rRNA.

T his su g g ests  th a t  peak B c o n s i s t s  o f  a m ixture o f  60S su bu n its and 

monomeric ribosom es w h ils t  th e  fa s te s t - s e d im e n t in g  pealc, peak C, 

corresponds to  d im eric ribosom es. The su cro se  d e n s ity  grad ien t shows th a t  

very few polysom es are p resen t in  the u t e r i  from u n trea ted  an im als, 

the ribosom es b e in g  p resen t m ain ly  as monomers. T his i s  to  be exp ected  

o f  a t i s s u e  which i s  n o t grow ing very  r a p id ly  in  the immature an im al.

The e f f e c t  o f  g iv in g  o e s t r a d io l  -  17^ was in v e s t ig a te d .  The r a t s  were 

g iven  two in j e c t io n s  o f  hormone, one 24hr and the o th er  4br b e fo re  d ea th , 

in  order to  o b ta in  as marked an e f f e c t  a s  p o s s ib le .  The r e s u l t s  are  shown 

in  f ig u r e  9 .

O estra d io l -  17/3 le a d s  to  an in c r e a se  in  th e  p rop ortion  o f  p o lysom es.

T his e f f e c t  was rep ro d u c ib le , provided  th e su crose  d e n s ity  g ra d ien t  

c e n tr ifu g a t io n s  were c a rr ied  ou t th e  same day the anim als were k i l l e d  and 

the ribosom es prepared , f ig u r e  10 shows th e e f f e c t s  o f  s to r in g  th e  

resuspended ribosom al p e l l e t  a t  -20°C ,

On comparing th e polysom e p r o f i l e s  from th e  co n tr o l an im als, shown in  

f ig u r e  9» w ith  th o se  shown in  f ig u r e  10 , i t  can be seen  th a t  s to r in g  fo r  

1 day a t  -20^0 r e s u l t s  in  a p a r t ia l  l o s s  o f  th e  th ree  peaks a t  th e  top  o f  th e  

g ra d ien t and a f t e r  2 days a t  - 2 0 t here  i s  com plete l o s s  o f  th e se  peaks.

In th e  p rep aration  from the an im als th a t  r e c e iv e d  two in j e c t io n s  o f  

o e s tr a d io l  -  I 7 p , th e  fa s te r -s e d im e n t in g  polysom es are l o s t  a f t e r  1 day 

a t  -20^ 0 , w h i ls t  a lm ost a l l  th e  peaks are l o s t  a f t e r  2 days a t  t h i s  

tem perature. These lo s s e s  cou ld  r e s u l t  from a g g reg a tio n  o f  the ribosom es  

during s to ra g e , so th a t  th ey  sedim ent to  th e bottom o f  the su crose  g r a d ie n t , 

or from r ib o n u c le a se -c a ta ly se d  d egrad ation  o f  th e ribosom es. The f a c t  

th a t on ly  th e  polysom es are l o s t  a f t e r  s to r in g  the p rep ara tion  from th e  

horm one-treated  an im als fo r  1 day would su g g e st  th a t th e l a t t e r  ex p la n a tio n



F ig u re  9

E f f e c t  o f  o e s t r a d io l - l7 p  on polysome p r o f i l e s  o f  im m ature r a t  u t e r i

Immature fem ale r a ts  were g iven  two in tr a p e r ito n e a l in j e c t io n s  o f  1 yug 

o e s tr a d io l-1  7|3 24hr and 4hr b efo re  d ea th . Polysom es were prepared  

from the u te r i  and an a lysed  on su crose  d e n s ity  g r a d ie n ts  as d escrib ed  

in  M a ter ia ls  and M ethods. C ontrol anim als r e c e iv e d  s a l in e  in  p lace  o f  

hormone. The tr a c e s  have been co rrec ted  fo r  the absorbance o f  a blank  

g r a d ie n t ,
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F igure 10

E ffe c t  o f  s to r in g  a t  -20°C on polysome p r o f i l e s  from immature ra t u te r i

The remainder o f  th e  p rep a ra tio n s used to  o b ta in  th e polysome p r o f i le s  

shovm in  F igure 9 were fro zen  in  th e form o f  th e  resuspended ribosom al 

p e l l e t  and stored  a t -20°C , Samples were taken fo r  su crose  d e n s ity  g ra d ien t  

c e n tr ifu g a t io n  a f t e r  1 day a t  -20°C and a f t e r  2 days a t  -20°C ,

For experim ental d e t a i l s ,  see  legen d  to  F igure 9 .
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i s  more l i k e l y .  The mKNA l in k in g  the ribosom es to  form polysom es would be 

expected  to  be th e RNA s p e c ie s  most s e n s i t iv e  to  the e f f e c t s  o f  

r ib o n u c le a se , B err id ge  e t  a l .  (1 9 7 6 ), in  f a c t ,  rep orted  th a t p a r t ia l  

d egrad ation  o f  v i t e l lo g e n in  and a lb u m in -sy n th e s is in g  polysom es cou ld  be 

d etec ted  in  p rep a ra tio n s  c a rr ied  out 'by t h i s  method. They a ls o  found 

th a t polysom es prepared by t h i s  method were u n sta b le  du rin g  rep eated  fr e e z in g  

and thaw ing. T h erefore , a lth ou gh  the method o f  B errid ge e t  a l , (1976)  

overcame th e  problem o f  r ib o n u c le a se -c a ta ly se d  d egrad ation  during th e  

p rep aration  o f  u te r in e  ribosom es, r ib o n u c le a se  a c t i v i t y  was s t i l l  p r e se n t .

Because o f  t h i s ,  u t e r i  removed from the immature r a t s  were not s to r e d  but 

were used fo r  th e  p rep ara tion  o f  ribosom es im m ediately .

One o f  th e  p reca u tio n s  taken by B erridge e t  a l . (1976) a g a in s t  r ib o n u c le a se  

a c t iv i t y  was th e  u se  o f  d ie th y l  pyrocarbonate in  the b u f fe r s .  T h is was used  

in  some o f  th e  p relim in a ry  p rep a ra tio n s  o f  r a t u te r in e  ribosom es, but i t  

was found th a t  th e  d ie th y l  pyrocarbonate cou ld  be om itted  w ithout any 

d e le te r io u s  e f f e c t s  on the polysom e p r o f i l e s  ( r e s u l t s  n o t shown). T his 

i s  in  agreement w ith  the f in d in g s  o f  B erridge e t  a l . (1 9 7 6 ), who rep orted  th a t  

d ie th y l pyrocarbonate was not n ecessa ry  i f  a  h igh  c o n cen tra tio n  o f  T ris-H C l, a t  

a pH o f  8 ,5 ,  were u sed  in  th e b u f fe r s .  S ince d ie th y l  pyrocarbonate has 

been rep orted  to  r e a c t  w ith  p r o te in s  (W olf e t  a l , , 1970) and n u c le ic  a c id s  

(E h ren b erg 'et a l , ,  1 9 7 6 ), and so could  p o s s ib ly  in t e r f e r e  w ith  subsequent 

a n a ly s is  o f  th e  rRNA and ribosom al p r o te in s ,  i t  was d ec id ed  to  om it i t  from 

a l l  fu r th e r  p r e p a r a tio n s .

Polysom es prepared from immature r a t  u t e r i  by t h i s  method were found to  

be a c t iv e  in  a c e l l - f r e e  t r a n s la t io n  system  ( j ,T ,  K n ow ler ,.un p u b lish ed  

o b s e r v a t io n s ) . Treatment o f  immature r a t s  w ith  two in j e c t io n s  o f  o e s tr a d io l  -  17^ 

had le d  to  a marked in c r e a se  in  the p rop ortion  o f  polysom es’ on su crose  d e n s ity  

gra d ien t c e n tr i fu g a t io n  ( f ig u r e  9 ) .  The tim e course o f  th e  changes in  

the polysom e p r o f i l e ,r e s u l t in g  from primary s t im u la tio n  o f  immature r a ts  w ith  

o e s tr a d io l  -  17^ , was th e r e fo r e  fo llo w ed , th e r e s u l t s  are  shown in  f ig u r e  11 ,



F ig u re  11

Polysome p r o f i l e s  o f  immature r a t  u te r u s  resp on d in g  to  o e s t r a d io l -1 7^

18-21 d ay-o ld  r a ts  were g iven  1 yig  o e s t r a d io l - 17  ̂ by a s in g le ,  in tr a p e r ito n e a l  

in j e c t io n  a t the tim es b e fo re  death  in d ic a te d . C ontrol an im als rece iv ed  

s a lin e  in  p la ce  o f  hormone

For experim ental d e t a i l s ,  see  legen d  to  F igure 9 ,
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As noted  p r e v io u s ly , ribosom es from c o n tr o l anim als are mainly in  

the form o f  monomeric ribosom es and su b u n its . Treatment w ith  o e s t r a d io l -1 7^ 

le a d s , i n i t i a l l y ,  to  a s l ig h t  in c r e a se  in  the p rop ortion  o f  polysom es.

This e f f e c t  i s  d e te c ta b le  ^  hr a f t e r  g iv in g  the hormone and i s  observed  

fo r  up to  2 h r . A fter  4hr, the e f f e c t  o f  o e s t r a d io l -1 7/  ̂ on the  

polysome p r o f i l e  i s  even more marked. T his e f f e c t  i s  m aintained up to  

16 hr and by 24 h r, i t  i s  b eg in n in g  to  d e c l in e .  The p r o f i l e s  shown in  

f ig u re  11 were rep rod u cib le  ex cep t fo r  the p r o f i le  ob ta in ed  ^ hr a f t e r  

hormone trea tm en t. In  two out o f  th ree  exp erim en ts, th e  polysome p r o f i le  

was id e n t ic a l  to  th a t  observed 1 hr a f t e r  g iv in g  hormone, as sho\-m in  

fig u r e  11, whereas in  the th ir d  experim ent, the p r o f i l e  was s im ila r  to  th a t  

o f  c o n tro l a n im als. T his may be due to  v a r ia t io n s  in  the experim ental 

an im als.

T his e f f e c t  o f  o e s tr a d io l-1 7 P  on the o r g a n isa tio n  o f  monomeric ribosom es 

in to  polysom es in  the u teru s  may be in te r p r e te d  by sa y in g  th a t the  

hormone r e s u l t s  in  a s t im u la tio n  o f  p r o te in  sy n th e s is  in  t h i s  organ.

T his cou ld  occur p o s s ib ly  because o f  an in cr ea se d  a v a i l a b i l i t y  o f  mRNA 

sequences fo r  t r a n s la t io n  in  th e  cytop lasm .

These r e s u l t s  are in  co n tr a s t  to  th o se  o f  Teng and Hamilton ( I 967 b ) , who 

concluded th a t  a d m in is tra tio n  o f  o e s tr a d io l  to  o v ariectom ised  r a t s  d id  not 

lead  to  changes in  the p r o f i l e s  o f  u te r in e  polysom es. D if fe r e n c e s  could  

a r is e  because o f  th e  type o f  exp erim en ta l animal u sed , A s im ila r  

stim u la to ry  e f f e c t  o f  oestrogen  on th e o r g a n isa tio n  o f  ribosom es in to  

polysom es has been reported  by B errid ge e t  a l . ( l9 7 ^ )  fo r  Xenopus l i v e r .  

S im ilar  r e s u l t s  have a ls o  been ob ta in ed  stu d y in g  the e f f e c t s  o f  oestrogen  

and p rogesteron e on ch ick  o v id u c t (P a lm iter  e t  a l , ,  1 9 7 0 ;-Means e t  a l , ,  1971) 

and o estro g en  on co ck er e l l i v e r  (B ast e t  a l , ,  1977). In  a l l  th ese  

experim ents, however, the a l t e r a t io n s  in  the polysome p r o f i l e s  were not  

observed u n t i l  s e v e r a l hours, or even d ays, a f t e r  hormone treatm en t. The 

e f f e c t  o f  o e s t r a d io l  on th e polysome p r o f i l e s  shown in  f ig u r e  11 a f t e r  -^1hr
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would a p p e a r  to  a g re e  w ith  th e  r e s u l t s  o f  V /helley  and B ark e r (1 9 7 4 ) .

These a u th o rs  d e te c te d  an in c r e a s e  in  th e  r a t e  o f  p r o te in  s y n th e s is  by 

u te r i n e  ribosom es 1 h r  a f t e r  g iv in g  o e s t r a d i o l  to  o v a r ie c to m ise d  r a t s .

Another p o s s ib le  in te r p r e ta t io n  o f  th e se  r e s u l t s  i s  th a t treatm ent w ith  

oestrogen  le a d s  to  a d ecrease  in  the r ib o n u c le a se  a c t i v i t y  o f  the u te r u s ,  

r e s u lt in g  in  an improved reco v ery  o f  p o lysom es. T his has been rep o rted  to  

occur in  r o o s te r  l i v e r  (h ijk s tr a  e t  a l , ,  1 9 7 8 ). Treatment w ith  o e s t r a d io l  

le d  to  an in c r e a se  in  th e l e v e l  o f  an endogenous r ib o n u c le a se  in h ib i t o r ,  

and hence an in c r e a se  in  the reco v ery  o f  p o lysom es, A new c la s s  o f  la r g e  

polysom es d id  appear, however, w hich were probably r e sp o n s ib le  fo r  the  

sy n th e s is  o f  v i t e l lo g e n in .

S evera l experim ents were c a r r ie d  out to  determ ine whether o e s t r a d io l -  

induced changes in  th e  p r o f i l e s  o f  polysom es from th e r a t  u teru s were 

a r e s u l t  o f  a l t e r a t io n s  in  th e r ib o n u c le a se  a c t i v i t y .  The f i r s t  s e r ie s  

o f  experim ents in v o lv e d  the a c tu a l measurement o f  th e  r ib o n u c le a se  a c t iv i t y  

o f  u te r in e  hom ogenates. The r ib o n u c le a se  a ssa y  o f  In g eb retsen  e t  a l , (1972) 

was chosen on th e b a s is  o f  p re lim in a ry  experim ents which showed th a t  t h i s  

method gave th e b e s t  recovery  o f  th e  r a d io a c t iv e  l a b e l .  A lso , the pH 

a t  which th e  a ssa y  was ca rr ied  out was th e  same as th e  pH o f  the b u ffe r s  

used a t  th e  b eg in n in g  o f  th e  polysom e p rep a ra tio n , F urther p relim in ary  

experim ents showed th a t ,  a lth ou gh  r ib o n u c le a se  a c t i v i t y  was p resen t in  a l l  

the s u b -c e l lu la r  f r a c t io n s  o f  th e  u te r u s , most a c t i v i t y  was p resen t in  

the so lu b le  f r a c t io n .  I t  was d ec id ed  to  carry  out th e  r ib o n u c le a se  a ssa y  

on a crude u te r in e  homogenate, ag a in  to  approxim ate a s  c lo s e ly  as p o s s ib le  

the c o n d it io n s  o f  the polysome p r e p a r a tio n , and a ls o  because o f  th e  r e la t iv e  

ease  w ith  which a la r g e  number o f  sam ples cou ld  be prepared fo r  subsequent 

a ssa y .

The r ib o n u c le a se  a c t iv i t y  o f  u t e r i  from c o n tr o l an im als was compared w ith  

the a c t i v i t y  o f  u t e r i  from an im als th a t had r e c e iv ed  o e s t r a d io l - 17/Î 4 hr

b efore  d ea th . The tim e o f  hormone treatm en t was chosen a s  4 hr s in c e  t h is
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was th e  tim e a t  w hich  th e  e f f e c t  on th e  polysom e p r o f i l e  was m axim al.

The r e s u l t s  a re  shown in  f ig u r e  12,

The r a d i o a c t i v i t y  in  b o th  th e  a c id - in s o lu b le  and a c id - s o lu b le  f r a c t i o n s  

was m easured f o r  eac h  sam ple, so th e  re c o v e ry  o f  th e  l a b e l  cou ld  be 

c a l c u la te d .  Sam ples w hich gave a  low re c o v e ry  were d is c a rd e d .  The a c id -  

in s o lu b le  co u n ts  w ere u sed  f o r  th e  c a l c u l a t i o n  o f  r ib o n u c le a s e  a c t i v i t y .

In a l l  o f  th e  sam ples shown in  f ig u r e  12, g r e a te r  than 80% recovery  o f  

the la b e l  was o b ta in ed . A pproxim ately 50% s o lu b i l i s a t io n  o f  the la b e l le d  

su b stra te  was found to  occur in  th ose  in cu b a tio n s  c a r r ie d  out w ith  

u te r in e  homogenates and approxim ately  70% s o lu b i l i s a t io n  occurred in  the  

tubes to  w hich 0 , 171g o f  each  o f  p a n c r e a tic  r ib o n u c lea se  and T̂  r ib o n u c le a se  

had been added. No d ig e s t io n  o f  the su b str a te  occurred in  the c o n tr o l  

in cu b a tio n s .

There i s  very  l i t t l e  d if fe r e n c e  between the a c t i v i t i e s  from c o n tr o l and

horm one-treated an im als, any d if fe r e n c e  b e in g  in s ig n i f i c a n t  (P >  0 ,2 5  by

S tu dent’ s t  t e s t ) .  These r e s u l t s  should be con sid ered  in  the l i g h t  o f  

the f in d in g  th a t th e  r a t  u teru s  co n ta in s  a r ib o n u c le a se  in h ib ito r  

(O in esi and Khowler, unpublished  o b s e r v a t io n s ) . However, a s can be seen  

from f ig u r e  12, fr e e  r ib o n u c le a se  a c t i v i t y  i s  s t i l l  p resen t in  th e  r a t  

u te r u s , b e in g  the same in  both  co n tro l and horm one-treated  u t e r i .  This  

i s  in  c o n tr a s t  to  th e r e s u l t s  o f  Zan-Kowalczewska and Roth (1 9 7 5 ), who 

found no d e te c ta b le ,  fr e e  r ib o n u c le a se  a c t i v i t y  in  th e  immature r a t  u te r u s .  

These authors rep orted  th a t  r ib o n u c lea se  a c t iv i t y  was p r e se n t, but i t  was 

com plexe! w ith  an in h ib it o r ,  from which i t  was r e le a s e d  by treatm en t w ith  

p-chlorom ercuribenzene su lp h on ic  a c id .

In  the second s e r ie s  o f  experim ents to  determ ine w hether horm one-induced  

changes in  th e polysome p r o f i l e s  r e s u lte d  from a l t e r a t io n s  in  th e  

rib o n u clea se  a c t i v i t y ,  th e  e f f e c t  o f  adding r a t l i v e r  su p ern atan t, which  

con ta in s an endogenous r ib o n u c le a se  in h ib ito r  (Roth, 19 5 8 ), to  u te r in e  

ribosom al p rep a ra tio n s was in v e s t ig a te d .  The p rep ara tion  o f  the r a t  l i v e r



Sample

R ilo n u c le a s e  A c t iv i ty  
( c .p .m ,  so l-ub iliB ed /m g  p r o te i n )

C ontrol 4hr Des'

1 10098 4640
2 7775 7902
5 -  5769 5500
4 7051 4716
5 5964 ■ 4841
6 4695
7 6504
8 8728
9 4247

10 5822

Mean 6443 5520
S.D. 2004 1374

F igure 12

E ffe c t  o f  o e s tr a d io l-1 7 p  on th e  r ih o n u c le a se  a c t i v i t y  o f  u te r in e  

homogenates

Immature r a ts  were g iv en  1 yug o e s t r a d i o l - 1 b y  a s in g le ,  in tr a p e r ito n e a l  

in j e c t io n  4hr b e fo r e  d ea th . C ontrol an im als r e c e iv e d  s a l in e  in  p la ce  o f  

hormone. The u t e r i  were removed from th e  an im als and the r ib o n u c le a se  

a c t iv i t y  was determ ined as  d e sc r ib e d  in  M a te r ia ls  and M ethods, The 

r e s u lt s  have been c a lc u la te d  a s  c .p .m , s o lu b i l i s e d  p er mg p r o te in .
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supernatant f r a c t io n ,  d escr ib ed  in  M a ter ia ls  and M ethods, d if fe r e d  from 

the o r ig in a l method o f  Roth (1958) in  th a t  a low speed c e n tr ifu g a t io n  step  

fo llow ed  by a h igh  speed c e n tr ifu g a t io n  was used . The purpose o f  t h i s  was 

to  sp in  down n u c le i  and m itoch on d ria  and then  to  sedim ent the ribosom es, 

so th a t the f in a l  p rep ara tion  should  be s u ita b le  fo r  a d d itio n  to  a u te r in e  

polysom al p rep ara tion  w ithout in te r fe r e n c e  w ith  the o p t ic a l  d e n s ity  tr a c e  

o f  the u te r in e  ribosom es, 5O o f  the supernatant f r a c t io n  prepared in  

t h i s  way in h ib it e d  the a c t i v i t y  o f  a m ixture o f  0 ,1  p.g o f  each o f  p a n c r e a tic  

and T̂  r ib o n u c le a se s  by 25%.

1ml o f  t h is  p rep ara tion  was added to  a u te r in e  polysom e p rep ara tion  from 

co n tro l an im als. I f  the polysom e p r o f i l e  from co n tro l anim als observed  in  

f ig u r e  11 were a r e s u l t  o f  r ib o n u c le a se -c a ta ly se d  degrad ation  o f  m ost o f  

the polysom es, then the a d d it io n  o f  a r ib o n u c lea se  in h ib it o r  m ight be 

expected  to  r e s u lt  in  a polysom e p r o f i l e  w ith  a g r e a te r  p rop ortion  o f  

polysom es. However, a s can be seen  in  f ig u r e  15, th e  p resence o f  r a t  l i v e r  

supernatant made l i t t l e  d if f e r e n c e  to  the polysome r e g io n s  o f  the su crose  

d e n s ity  g ra d ie n ts  o f  ribosom es from co n tr o l an im als. T h is would su g g est  th a t  

the polysome p r o f i l e  from c o n tr o l an im als i s  n o t caused by r ib o n u c le a se -  

c a ta ly sed  d egrad ation  du rin g  th e p rep ara tion  o f  the ribosom es.

In the f in a l  experim ent on u te r in e  r ib o n u c lea se  a c t i v i t y ,  a p rep a ra tio n  

in  which u t e r i  from co n tr o l and horm one-treated  anim als were mixed was 

ca rr ied  o u t . The r e s u l t s  are shown in  f ig u r e  I 4 .

The p r o f i l e s  o f  th e  c o n tro l and horm one-treated  polysom es prepared  

sep a ra te ly  show few polysom es and a g r e a te r  p rop ortion  o f  polysom es 

r e s p e c t iv e ly .  The p r o f i l e  from th e  p rep ara tion  from m ixed c o n tr o l and 

horm one-treated u t e r i  shows polysom es s im ila r  to  th o se  o f  th e  horm one-treated  

p rep ara tion . The peaks in  th e  monosome reg io n  o f  the g ra d ien t are s l i g h t l y  

la r g e r , probably because o f  th e  p resence o f  the c o n tro l u t e r i ,  whose ribosom es 

w i l l  be m ainly in  th e form o f  monosomes. T h erefore, i t  would appear th a t the  

polysome p r o f i l e  observed in  c o n tr o l u t e r i  does not r e s u l t  from th e  a c t io n



F ig u re  1 5

E f fe c t  o f  r a t  l i v e r  s u p e rn a ta n t  on polysom e p r o f i l e s  o f  u t e r i  from c o n t ro l  

r a t s

Tv/elve u t e r i  were hom ogenised in  5^ i h o m o g e n isa tio n  b u f f e r ,  a s  d e s c r ib e d  in  

M a te r ia ls  and M ethods, and a  f u r t h e r  tw e lv e  w ere hom ogenised in  4ml 

h o m o g en isa tio n  b u f f e r  to  w hich 1ml r a t  l i v e r  s u p e rn a ta n t ,  had  been added .

F or f u r t h e r  e x p e r im e n ta l d e t a i l s ,  see  le g e n d  to  F ig u re  9»
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Fig-ure I 4

E ffe c t  o f  mixing' u te r i  from co n tr o l and horm one-treated r a ts  on the polysom e 

p r o f i le

S ix  u t e r i  from a n im a ls  t h a t  had re c e iv e d  1 / i g  o e s t r a d i o l - 1 7/3 hy a  s in g le ,  

i n t r a p e r i t o n e a l  i n j e c t i o n  w ere m ixed w ith  s ix  u t e r i  from a n im a ls  t h a t  had 

re c e iv e d  s a l in e  in  p la c e  o f  horm one. Polysom es w ere p re p a re d  and 

a n a ly se d  on su c ro se  d e n s i ty  g r a d ie n ts  a s  d e s c r ib e d  in  M a te r ia ls  and 

M ethods, A lso shown a re  th e  polysom es from  th e  c o n t ro l  and h o rm o n e - tre a te d  

an im a ls  p re p a re d  s e p a r a t e ly .  The t r a c e s  have been  c o r r e c te d  f o r  th e  

abso rbance  o f  a  b la n k  g r a d i e n t .



c
o
o

o

(/)

(S

■ §

s
o
L_

JC

•co
o

LO
CN
Ô

î

C
O

■4— '

0  
^—'c
eu
1

X)eu
U 1

09Z V
o



98

o f  a r ib o n u c lea se  d arin g  the i s o la t i o n  o f  the ribosom es. This confirm s  

the r e s u lt  o f  the p reced in g  experim ent.

Taken on i t s  own, the r e s u l t  o f  the r ib o n u c lea se  a ssa y  ( f ig u r e  12) does

not provide s tro n g  ev id en ce  a g a in s t  an e f f e c t  o f  a l t e r a t io n s  in  th e  fr e e  

r ib o n u clea se  a c t i v i t y  during the i s o la t io n  o f  u te r in e  ribosom es on the  

recovery o f  the fa s te r -s e d im e n tin g  polysom es. F ir s t ly ,  the assay  measured 

the f a i r l y  e x te n s iv e  d egrad ation  o f  rRNA, to  produce a c id -s o lu b le  fragm ents, 

whereas s in g le -s tr a n d e d  n ic k s  o f  mRNA i s  a l l  th a t would be n ecessa ry  to  

degrade polysom es. Secondly, i t  i s  p o s s ib le  th a t th e r ib o n u c lea se  a c t iv i t y  

and polysom es are com partm entalised  w ith in  the u te r in e  c e l l ,  so th a t  they  

do not norm ally come in to  c o n ta c t . However, the two o th er  l in e s  o f

evidence h e lp  to  make out a s tro n g  case a g a in s t  the e f f e c t  o f  o e s tr a d io l

on the u te r in e  polysom es b e in g  a r e s u lt ,  o f  changes in  the fr e e  r ib o n u c le a se  

a c t iv i t y  during the i s o la t io n  o f  the polysom es.

This s e c t io n  can be concluded by sa y in g  th a t  treatm ent o f  immature r a ts  

w ith  o e s t r a d io l - 17/S r e s u l t s  in  a s t im u la tio n  o f  p r o te in  sy n th e s is  in  

the u teru s which i s  d e te c ta b le  -  1 hr a f t e r  g iv in g  th e  hormone, a lth ou gh  

i t  does n ot become maximal u n t i l  l a t e r  t im e s . T herefore, u s in g  polysom e  

p r o f i l e s  as an in d ex  o f  p r o te in  s y n th e s is  would appear to  be a more s e n s i t iv e  

technique than m easuring the in co r p o r a tio n  o f  r a d io a c t iv e ly - la b e l le d  

precu rsors in to  a c id -p r e c ip ita b le  m a te r ia l,

^ .2 E f fe c t  o f  o e s tr a d io l-1 7 |3  on u te r in e  HWA sy n th e s is

The experim ents on the e f f e c t  o f  o e s tr a d io l-1 7 p  on u te r in e  ENA s y n th e s is  

reported  by Knowler and S m ellie  (19?1) and Knowler e t  a l , ( l 9 7 5 )  were ca rr ied  

out on t o t a l  u te r in e  HNA, In  th e p reced in g  s e c t io n , r e s u l t s  were d escr ib ed  

which would su ggest th a t o estro g en  le a d s  to  an in c r e a se  in  the amount o f  

mENA a v a ila b le  fo r  tr a n s la t io n  in  the u te r u s . This mHKA su b seq u en tly  becomes 

a sso c ia te d  w ith  the ribosom es. To determ ine whether the in c r e a se  in  the  

proportion  o f  polysom es to  monosomes w ith in  the f i r s t  hour o f  hormone treatm ent 

occurs as a r e s u lt  o f  the a s s o c ia t io n  o f  n e w ly -sy n th es ised  mRNA w ith
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p r e -e x is t in g  ribosom es, experim ents were ca rr ied  out to  measure the  

in co rp o ra tio n  o f  a r a d io a c t iv e ly - la b e lle d . precu rsor in to  poly (a) -  

co n ta in in g  and n on -p o ly  (A )-c o n ta in in g  polysom al RNA.

P relim inary experim ents showed th a t s u f f i c i e n t  r a d io a c t iv ity  was 

in corporated  in to  polysom al RNA i f  each anim al was g iven  lOOyaCi 

5» 6 -  ^  u r id in e  and th a t  a l l  th e  la b e l  in  the polysom es was

p resen t in  an a c id - in s o lu b le  form . The le n g th  o f  time between th e  

in j e c t io n  o f  the r a d io a c tiv e  p recu rsor  and the death  o f  the anim al 

appeared to  make l i t t l e  d if fe r e n c e  to  the a c tu a l l e v e l  o f  in c o r p o r a tio n ,

A p u lse  le n g th  o f  min was chosen in  order to  d e te c t  rapid  hormonal 

resp o n ses.

For the f r a c t io n a t io n  o f  polysom al RNA in to  p o ly  (A )-c o n ta in in g  and non

p o ly  (a ) -c o n ta in in g  s p e c ie s ,  two methods were con sid ered ; f r a c t io n a t io n  on 

poly  (u) Sepharose, and fr a c t io n a t io n  on o l ig o  (dT) c e l lu lo s e .  The l a t t e r  

method was chosen s in c e  good r e c o v e r ie s  o f  RNA could be ach iev ed . A lso , 

a n a ly s is  o f  the fr a c t io n a te d  RNA on polyacrylam ide g e ls  showed th a t  the  

unbound, n on -poly  (A )-c o n ta in in g  RNA c o n s is te d  o f  rRNA and tRNA, w ith  very  

l i t t l e  apparent degrad ation  o f  th e rRNA s p e c ie s ,  and th e  bound ENA, 

presumed to  be p o lyad en y la ted  mRNA, co n ta in ed  no d e te c ta b le  rRNA* In  

co n tr a s t , problems were encountered  during fr a c t io n a t io n  o f  the polysom al 

RNA on p o ly  (u) Sepharose colum ns. The columns took a lo n g  tim e to  run 

and t h is  appeared to  r e s u lt  in  some d egrad ation  o f  the rRNA in  th e  unbound 

f r a c t io n .  Furthermore, the bound RNA fr a c t io n  appeared to  co n ta in  some 

rRNA ( r e s u l t s  not shown).

An experim ent was ca rr ied  o u t, th e r e fo r e , to  determ ine th e e f f e c t  o f  

hormone on the in co r p o r a tio n  o f  t r i t i a t e d  u r id in e  in to  u te r in e  

polysom al RNA th a t had been fr a c t io n a te d  on o l ig o  (dT) c e l lu lo s e .  The 

r e s u lt s  are shown in  f ig u r e  I 5 . This f ig u r e  shows the amount o f  RNA 

recovered  in  each f r a c t io n  a t  v a r io u s  tim es fo llo w in g  hormone trea tm en t, 

the a c id -p r e c ip ita b le  r a d io a c t iv i t y  in corp orated  and the s p e c i f i c  a c t i v i t y
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E f f e c t  o f  o e s t r a d io l - 1 7 p  on th e  in c o rp o r a t io n  o f  J 7  n r id in e  in to

u te r i n e  polysom al Rl̂ IA

G roups o f  tw elve  18-21 d a y -o ld  fem a le  r a t s  re c e iv e d  1 y ig  o e s t r a d i o l - 1 7^ 

o r  s a l in e  c a r r i e r  a t  th e  t im e s  b e fo re  d e a th  in d i c a te d .  A ll  th e  an im als  

r e c e iv e d  100 yiGi 9* 6-^H  J  u r id i n e  ^0 min b e fo re  d e a th .  Polysom es w ere 

p re p a re d  from th e  u t e r i  o f  eac h  group  and th e  po lysom al MA was e x t r a c te d  

w ith  p h e n o l-c h lo ro fo rm  and  f r a c t i o n a t e d  on o l ig o  (dT) c e l l u lo s e  a s  d e s c r ib e d  

in  M a te r ia ls  and M ethods. A c id - in s o lu b le  r a d i o a c t i v i t y  was d e te rm in ed  f o r  

th e  f r a c t i o n  r e ta in e d  by o l ig o  (dT) c e l lu lo s e  (bound f r a c t i o n )  and th e  

f r a c t i o n  n o t r e ta in e d  by o l ig o  (dT) c e l lu lo s e  (unbound f r a c t i o n ) ,

A. Amount o f  MA

B, A c id - in s o lu b le  r a d i o a c t i v i t y  

G, S p e c if ic  a c t i v i t y  o f  MA

O------------o f t o t a l  po ly som al M A; #— •—  — , bound po ly som al MA; A- -  -  -  -A ,

unbound polysom al M A,

N,B, The r e s u l t s  f o r  th e  p o in t s  a t  8 h r  and 1 2 h r w ere o b ta in e d  by 

D r, J ,T .  Knowler,
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o f  each f r a c t io n .  The r e s u l t s  fo r  the p o in ts  8 hr and 12 hr a f t e r  hormone 

treatm ent were ob ta in ed  by Dr J ,T , Knowler and are in c lu d ed  w ith  h is  

p erm issio n . The v a lu e s  a t  each tim e p o in t have not been p lo tte d  as  

p ercen tages o f  th e  c o n tr o l in co r p o r a tio n  s in c e ,  in  th e case  o f th e  

bound fr a c t io n , h ard ly  any r a d io a c t iv i t y  was in corp orated  by the c o n tr o l  

an im als.

Prom the r e s u l t s  o f  the amount o f  RNA recovered  from u te r in e  polysom es, 

i t  can be seen  th a t th e  bound RNA, presumed to  rep resen t polysom al, 

p olyad en y la ted  RNA, r e p r e se n ts  approxim ately  2-6% o f  th e  t o t a l  polysom al 

RNA, depending upon w hether the anim als had rece iv ed  hormone or n o t .

The amount o f  RNA recovered  in  both  f r a c t io n s  in c r e a se s  16 hr a f t e r  

hormone treatm en t, and then f a l l s  o f f  a f t e r  24 hr. T his peak a t 16 hr may be, 

in  p a rt, an a r t i f a c t  caused by the in cr ea se d  w ater uptake o f  the u te r u s ,  

making the t i s s u e  e a s ie r  to  homogenise and th e r e fo r e  le a d in g  to  a g r e a te r  

recovery o f  ribosom es. The amount o f  e x tr a c ta b le  RNA would be exp ected  to  

in c r e a se , but should  not e x c ^ d  200% o f  co n tr o l l e v e l s  over 24 hr o f  

o estrogen  treatm ent ( B i l l in g  e t  a l , ,  1969’b ),

The in co r p o r a tio n  o f  r a d io a c t iv i t y  in to  the bound RNA i s  very low  up to  

1 hr a f t e r  hormone trea tm en t, a f t e r  w hich i t  in c r e a se s  and appears to  

be m aintained  a t t h i s  l e v e l .  The in co r p o r a tio n  in to  th e  unbound RNA shows 

a s l ig h t  in c r e a se  2 hr a f t e r  hormone treatm ent and a la r g e  in c r e a se  a f t e r  

16 hr, the e f f e c t  d e c l in in g  a f t e r  24 h r. However, because o f  th e p o s s i b i l i t y  

th a t the in cr ea se d  r a d io a c tiv e  in co r p o r a tio n  observed a f t e r  16 hr i s  p a r t ly  a 

r e s u lt  o f  an in c r e a se d  recovery  o f  RNA a t  t h i s  tim e, the r e s u lt s  are b e t t e r  

expressed  as  s p e c i f i c  a c t iv i t y  o f  RNA,

When t h i s  i s  done, i t  i s  seen  th a t th ere  i s  a s l ig h t  s t im u la tio n  o f  

in co rp o ra tio n  in to  th e  unbound RNA 2 hr a f t e r  hormone treatm ent a t  

approxim ately fou r tim es the c o n tr o l in c o r p o r a tio n . T his l e v e l  o f  

in co rp o ra tio n  i s  m aintained  u n t i l  8 hr and i s  fo llow ed  by a fu r th e r  

s tim u la tio n  o f  in co r p o r a tio n  w hich reach es a maximum 12 hr a f t e r  o estro g en
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a d m in istra tio n  a t  approxim ately  ten  tim es the c o n tro l l e v e l .  The 

in co rp o ra tio n  in to  unbound RMA then g ra d u a lly  d e c l in e s .

F igure 15 a ls o  shows the r e s u l t s  o f  th e  in co rp o ra tio n  in to  the bound ENA

expressed  a s  th e  s p e c i f i c  a c t iv i t y  o f  th e  ENA. Caution should be

e x e r c ise d  in  the in te r p r e ta t io n  o f  th ese  r e s u l t s  s in c e , a s  can be seen ,

both the amounts o f  RNA recovered  and th e  l e v e l s  o f  a c id - in s o lu b le

r a d io a c t iv ity  are low . C onsequently, sm all a l t e r a t io n s  in  e i th e r  o f  th ese  

param eters cou ld  r e s u l t  in  la r g e  changes in  the s p e c i f i c  a c t iv i t y  o f  t h i s  

RNA fr a c t io n .  Thus, changes in  the s p e c i f i c  a c t iv i t y  occu rrin g  w ith in  the  

f i r s t  hour o f  hormone treatm ent are probably a r e s u lt  o f  experim ental 

a r t i f a c t s .  However, th ere  does appear to  be a s t im u la tio n  o f  in co r p o r a tio n  

2 hr a f t e r  hormone treatm ent w hich reach es a maximum a t  12 hr and then  

d e c l in e s .

A lthough p o lyacry lam id e g e l  e le c tr o p h o r e s is  had shown th e unbound RNA 

to  c o n s is t  o f  rRNA and tRNA, i t  was not known whether a d m in is tra tio n  of, 

the r a d io a c t iv e ly - la b e l le d  p recu rsor  $0 min b efore  death  would r e s u l t  in  

the cy top lasm ic rRNA and tRNA s p e c ie s  becoming la b e l le d .  T h erefore, RNA 

was ex tr a c te d  from th e p o st-m ito ch o n d r ia l supernatant o f  u te r i  from 

horm one-treated  an im als th a t  had been g iven  /T  J7  u r id in e  $0 min b efore  

d eath . The RNA was an a lysed  on sucrose d e n s ity  g r a d ie n ts , in  p re fer en ce  to  

polyacrylam ide g e l s ,  to  a llo w  a g r e a te r  s e n s i t i v i t y  o f  d e te c t io n  o f  

r a d io a c t iv e ly - la b e l le d  RNA, The r e s u l t  i s  shown in  f ig u r e  16 .

Three peaks were observed  on the su crose  g ra d ie n t, corresponding to  

28S rRI'îA, 188 rRNA and tRNA r e s p e c t iv e ly .  A ll  th ree RNA s p e c ie s  were 

r a d io a c t iv e ly - la b e l le d ,  w ith  tRNA b ein g  la b e l le d  to  the g r e a te s t  e x te n t  and 

288 rRNA h avin g  th e  lo w e st a c t iv i t y ,  t h i s  b e in g  a r e f l e c t io n  o f  th e  r e la t iv e  

r a te s  o f  s y n th e s is  and tra n sp o r t to  the cytoplasm  o f  the th ree EI'TA s p e c ie s .  

However, a lth ou gh  th e  tRNA was la b e l le d  to  a g rea te r  e x te n t  than e i th e r  o f  the  

rRNA s p e c ie s  taken s in g ly ,  when the a c t iv i t y  p resen t in  the two rRNA peaks 

was summed, the t o t a l  a c t iv i t y  was 25% g r e a te r  than the a c t iv i t y  o f  the tRNA,



F ig u re  16

In corp oration  o f  r a d io a c tiv e  p recu rsor  in to  u te r in e  RNA

Tvrelve immature fem ale r a ts  \ie re  g iv en  1 o e s t r a d io l -1 7/3 16hr b efo re  d ea th .

Each animal a lso  r e c e iv e d  200 yiCi 5 ,6-^R J  u r id in e  $0 min b efo re  d ea th ,

RÎ̂ A was ex tra c ted  from th e p o st-m ito ch o n d r ia l supernatant and an alysed  by 

sucrose d e n s ity  g ra d ie n t c e n tr ifu g a t io n  as d escr ib ed  in  M a ter ia ls  and 

Methods. F raction s were c o l le c t e d  from the su crose  g ra d ie n t and the

a c id - in s o lu b le  r a d io a c t iv i ty  in  each  fr a c t io n  was determ ined , ---------- ,

A2é0; ------- , r a d io a c t iv i ty  ( c ,p ,m .)  per f r a c t io n .
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Moreover, the KNA fo r  t h i s  experim ent was ex tra c te d  from the p o st-m ito ch o n d r ia l 

supernatant o f  th e u te r u s , so would in c lu d e  any cy top lasm ic  tRNA. In  

polysom es, th ere  w i l l  be only two tRlTA s p e c ie s  per ribonom e, so th e  la b e l le d ,  

unbound polysom al RNA would be exp ected  to  c o n s is t  m ainly o f  rRNA w ith  

some tRNA p r e se n t . As s ta te d  p r e v io u s ly  , th e  bound polysom al Rl-TA contained  

no d e te c ta b le  rRNA and, in  f a c t ,  no d is c r e t e  RNA s p e c ie s  sm a ller  than  

rRNA were d e te c te d  on polyacry lam id e g e l s ,  and no s p e c ie s  la r g e r  than rRNA 

were d e te c te d  on su crose  g r a d ie n ts  under c o n d it io n s  where the rRNA remained 

at the top  o f  the g r a d ie n t .

T h erefore, the s t im u la t io n  o f  th e  in co r p o r a tio n  o f  la b e l le d ,  non- 

p olyad en y la ted  RÎ A in to  u te r in e  polysom es would appear to  r e s u lt  m ainly  

from the in co r p o r a tio n  o f  n e w ly -sy n th e s ise d  rRNA, but a ls o  some tRNA, 

in to  the p olysom es. There i s  a ls o  a s t im u la t io n  o f  the in co r p o r a tio n  o f  

r a d io a c t iv i ty  in to  th e  polysom al RNA fr a c t io n  re ta in e d  by o l ig o  (dT) c e l lu lo s e ,  

presumed to  be p o ly a d en y la ted  mRNA.

I t  i s  n ot p o s s ib le ,  from th e se  exp erim en ts, to  say w hether the a g grega tion  

o f  ribosom es in to  polysom es in  th e  u teru s  $0 min -  1 hr a f t e r  treatm ent  

w ith  o estro g en  r e s u l t s  from th e  a s s o c ia t io n  o f  n e w ly -sy n th e s ise d  mRNA w ith  

the r ibosom es. However, th e  in c r e a se  in  th e  p rop ortion  o f  polysom es to  

monosomes a f t e r  4 hr would appear to  r e s u l t  from the a s s o c ia t io n  o f  

n ew ly -sy n th es ised  mRNA w ith  m ain ly  p r e - e x is t in g  ribosom es. N ew ly -sy n th es ised  

ribosom es are b eg in n in g  to  appear in  the polysom es a t  t h i s  tim e, a lth ou gh  

the in co r p o r a tio n  o f  n e w ly -sy n th e s ise d  rRNA in to  u te r in e  polysom es i s  not 

maximal u n t i l  12hr a f t e r  hormone trea tm en t. By t h is  tim e, the in co r p o r a tio n  

o f  n e w ly -sy n th e s ise d  mRNA in to  polysom es a ls o  appears to  be maximal.

E f fe c t  o f  o e s tr a d io l-1 7 p  on u te r in e  ribosom al p r o te in  sy n th e s is  

^.'5,1 In co rp o ra tio n  o f  r a d io a c t iv e ly - la b e l le d  n recu rsors in to  ribosom al 

su b u n its

In  th e  p reced in g  s e c t io n ,  r e s u l t s  were d escr ib ed  which showed th a t  o estrogen  

stim u la ted  th e  in co r p o r a tio n  o f  n e w ly -sy n th e s ise d  rRNA in to  u te r in e  ribosom es.
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In  a d d itio n  to  rRI'îA, ribosom al p r o te in s  are requ ired  fo r  the assem bly  

o f  com plete ribosom es. Experim ents were c a r r ie d  ou t, th e r e fo r e , to  study  

the e f f e c t  o f  o e s t r a d io l - 17 p on th e  in co r p o r a tio n  o f  n ew ly -sy n th e s ise d  

ribosom al p r o te in s  in to  u te r in e  r ib osom es.

One major problem in  stu d y in g  th e  s y n th e s is  o f  ribosom al p r o te in s  

concerns the d e f in i t io n  o f  a ribosom al p r o te in .  Ribosomes is o la t e d  

from eu k a ry o tic  c e l l s  are u s u a lly  contam inated w ith  cy top lasm ic p r o te in s .

I f  the ribosom es are a s s o c ia te d  w ith  mRNA to  form polysom es, th ere  w i l l  

be n ascen t p o ly p ep tid e  ch ain s p r e se n t a l s o .  C ontam inating p r o te in s  can 

be removed, to  a la r g e  e x te n t ,  i f  the ribosom es are d is s o c ia te d  in to  

su b u n its  and the su b u n its  sep ara ted  on a su cro se  d e n s ity  g rad ien t in  the  

presence o f  a h igh  co n cen tra tio n  o f  potassium  c h lo r id e . T his w i l l  a ls o  

s im p lify  subsequent a n a ly s is  o f  th e ribosom al p r o te in s .  P re lim in ary  

experim ents were c a r r ie d  ou t, th e r e fo r e , to  determ ine the b e s t  c o n d it io n s  

fo r  d is s o c ia t io n  o f  th e  ribosom es in to  su b u n its . F igure 17 shows the  

r e s u lt s  o f  in cu b a tin g  th e ribosom es w ith  a h ig h  co n cen tra tio n  o f  potassium  

ch lo r id e  in  the p resen ce o f  e i th e r  puromycin or EDTA,

In the sample tr e a te d  w ith  purom ycin, two re so lv e d  peaks can be seen  on 

the sucrose g r a d ie n t, which would appear to  correspond to  40S and 60S 

ribosom al su b u n its  r e s p e c t iv e ly .  The su cro se  gra d ien t o f  th e  EDTA-treated 

sample does not show such good r e s o lu t io n .  The 40S su b u n its  do n o t appear 

to  be r e so lv e d  from th e  fa s te r -s e d im e n t in g  60S su b u n its , and th ere  appears 

to  be more than one component in  th e  60S peak . D is s o c ia t io n  th e r e fo r e  

appears to  be more com plete in  the p resen ce  o f  puromycin.

D is s o c ia t io n  o f  ribosom es i s  favoured  by h igh  potassium  co n cen tra tio n s  

and low magnesium c o n c e n tr a t io n s . I t  w i l l  thus be favoured by magnesium- 

c h e la t in g  a g en ts , such as  EDTA, T h is has been rep orted  to  lea d  to  

b io lo g ic a l ly  in a c t iv e  su b u n its , however (B lo b e l and S a b a tin i, 1971)* 

Puromycin appears to  promote d is s o c ia t io n  by le a d in g  to  the r e le a s e  o f  th e  

peptidyl-tR N A  from th e  ribosom e. The p e p tid e  chain a ffo r d s  some p r o te c t io n



F ig u re  I 7

D is s o c ia t io n  o f  u t e r i n e  rib o so m a l s u b u n its

U te r in e  ribosom es were p re p a re d  from two g ro u p s o f  tw e lv e  im m ature r a t s  

a s  d e s c r ib e d  in  M a te r ia ls  and M ethods, D oth r ib o so m a l p e l l e t s  w ere 

re su sp en d ed  s e p a r a te ly  i n  0 ,67m l 0,01M T ris -H C l, 0,08M KCl, O.OO^M 

MgOlg b u f f e r ,  pH 7*&, and 1,25M KCl was added to  g iv e  a  f i n a l  

c o n c e n tra t io n  o f  0,5M. To one o f  th e  re su sp e n d e d  p e l l e t s  was added 

purom ycin  to  G,1mM and 2 -m e rc a p to e th a n o l to  0.02M . To th e  o th e r  

p e l l e t  was added EDTA, pH 7 .0 ,  to  1QmM* B oth  re su sp e n d e d  p e l l e t s  were 

in c u b a te d  a t  57^0 f o r  15 min b e fo re  c e n t r i f u g a t io n  on 15- 50?o l i n e a r ,  

su c ro se  d e n s i ty  g r a d ie n ts  a s  d e s c r ib e d  i n  M a te r i a ls  and M ethods, B oth 

t r a c e s  have been  c o r r e c te d  f o r  th e  ab so rb an ce  o f  a  b la n k  g r a d i e n t .
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a g a in st  d i s s o c ia t io n  by a high co n cen tra tio n  o f  potassium  io n s . Under 

co n d itio n s  o f  a h igh  io n ic  s tr e n g th  and a r e l a t iv e l y  h igh  puromycin co n cen tra tio n  

such as 0 ,1 m]i, th e  peptidyl-tR N A  w i l l  be r e le a se d  from both  the p e p t id y l  

s i t e  and th e  a cce p to r  s i t e  on th e ribosom e (Skogerson and Moldave, I 968) ,

For the p resen t work, r e le a s e  o f  n a scen t p ep tid e  ch ain s i s  an added 

advantage o f  u s in g  purom ycin. T his a n t ib io t i c  was used in  a l l  subsequent 

experim ents on ribosom al su b u n its .

The two peaks observed  on the su crose g ra d ie n t were c o l le c t e d  s e p a r a te ly  

and the HWA was e x tr a c te d  and a n a lysed  on polyacrylam ide g e l s .  The 

r e s u lt s  are  shown in  f ig u r e  18 . The s lo w er-sed im en tin g  peak co n ta in s  both  

28S and IBS rRNA, a lth o u g h  i t  i s  en rich ed  in  1BS rRNA (th e  h e ig h ts  o f  th e  

peaks correspon d in g  to  28S and 188 rRNA are u s u a lly  in  the r a t io  2 to  1 fo r  

u n d isso c ia te d  ribosom es, as can be seen  in  f ig u r e  8 ) ,  T his su g g e sts  th a t  

t h i s  peak c o n s is t s  m ain ly  o f  4OS ribosom al su b u n its  w ith  some con tam in atin g  

60s su b u n its  p r e se n t . The fa s te r -s e d im e n t in g  peak on the su crose g r a d ie n ts  

co n ta in s 288 rRNA o n ly , showing th a t  i t  c o n s is t s  o f  60S ribosom al su b u n its .  

Therefore i t  i s  p o s s ib le  to  prepare pure 60S su b u n its , a s judged by a n a ly s is  

o f  th e rRNA, by t h i s  method, but i t  would appear th a t  the 408 su b u n it f r a c t io n  

i s  contam inated w ith  60S su b u n its . Even when on ly  th e l i g h t  s id e  o f  the  

408 peak from the su cro se  g ra d ie n t was c o lle c te d ,so m e  288 rRNA was s t i l l  

p resen t on e x tr a c t io n  and a n a ly s is  o f  th e  rRNA (n ot shown). T his i s  in  

c o n tra st to  the s i t u a t io n  rep orted  fo r  r a t  l i v e r  r ibosom es, "When 

ribosom es from t h i s  t i s s u e  are d is s o c ia t e d  and the su b u n its  sep arated  on 

a sucrose d e n s ity  g r a d ie n t , th e  4OS su bu n it fr a c t io n  i s  u s u a lly  p u re, whereas 

i t  i s  d i f f i c u l t  to  o b ta in  pure 60S su b u n its . This i s  due to  contam ination  

on the l i g h t  s id e  o f  th e  60S peak w ith  aggregated  408 su b u n its  and on the  

heavy s id e  o f  the peak w ith  u n d is s o c ia te d  monomeric ribosom es (M artin e t  a l , , 

1971)» The reason  fo r  such a d if f e r e n c e  betw een two organs from th e  same 

animal i s  n o t known.

I t  was d ec id ed  to  c o l l e c t  th e  whole o f  th e  two peaks on the su crose  g ra d ien t



F ig u re  18

/m a ly s is  o f  the RNA o f  u te r in e  ribosom al su b u n its

U terin e  ribosom es were prepared from tw elve  inunature r a t s ,  d is s o c ia te d  

in to  subun its in  th e p resen ce o f  puromycin, and th e su b u n its  were 

separated  on a su crose  d e n s ity  g ra d ien t a s  d escr ib ed  in  M a ter ia ls  and 

M ethods, The absorbance tr a c e  o f  th e  su crose  g r a d ie n t , co rrected  fo r  

the absorbance o f  a blank g r a d ie n t, i s  sho\m in  th e  upper p art o f  the 

f ig u r e .

The reg ion s o f  th e  su crose  g ra d ien t in d ic a te d  were c o l le c t e d  

s e p a r a te ly . The RNA was e x tr a c te d  and separated  on 2,7?é 

polyacrylam ide g e l s  as d e sc r ib e d  in  M a ter ia ls  and M ethods, The 

d en sitom eter  tr a c e s  o f  th e  g e l s  are shown in  th e  low er p a rt o f  th e f ig u r e .  

The arrows in d ic a te  the p o s i t io n s  o f  288 and 188 rRNA which were 

e lectro p h o resed  on a sep a ra te  g e l .
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in  subsequent experim ents ca rr ied  out to  determ ine the e f f e c t  o f  oestro g en  

on the in co r p o r a tio n  o f  n ew ly -sy n th e s ise d  p r o te in s  in to  u te r in e  r ibosom es. 

Immature r a t s  were g iv e n  100 yiCi J  le u c in e  and ribosom al

su bu n its were prepared and p r e c ip ita te d  w ith  e th a n o l. A liq u o ts  were 

removed fo r  p r o te in  a ssa y , in  order th a t the s p e c i f i c  a c t i v i t y  o f  the  

la b e l le d  p r o te in  cou ld  be c a lc u la te d , and th e a c id - in s o lu b le  r a d io a c t iv i t y  

o f  the rem ainder was determ ined . The r e s u l t s  are shown in  f ig u r e  19, 

which shows the amount o f  p r o te in  recovered  in  th e two su bu n it f r a c t io n s  

a t va r io u s tim es fo llo w in g  hormone trea tm en t, the r a d io a c t iv i t y  in co rp o ra ted , 

and the s p e c i f i c  a c t i v i t y  o f  each f r a c t io n ,  A ty p ic a l  p rep a ra tio n  from 

the u t e r i  from tw elve  co n tr o l an im als y ie ld e d  approxim ately  yojug  

ribosom al p r o te in , w ith  approxim ately  $00 c .p .m , in co r p o r a te d . Both the  

amount o f  p r o te in  and r a d io a c t iv i t y  in  th e 60S subun it fr a c t io n  was tw ice  

th a t in  th e 40S su b u n it f r a c t io n .

The t o t a l  amount o f  p r o te in  recovered  from the ribosom al su b u n its  

in c r e a se s  fo llo w in g  hormone s t im u la t io n , b e in g  f i r s t  d e te c ta b le  betw een  

4-8h r a f t e r  o estro g en  trea tm en t. The reco v ery  o f  p r o te in  co n tin u es  to  

in cr ea se  u n t i l ,  a f t e r  24h r, th e  t o t a l  amount recovered  i s  fou r  tim es the  

co n tr o l v a lu e . For th e same reason  th a t the amount o f  polysom al RNA 

recovered  from the u te r u s  in c r e a se s  fo llo w in g  hormone trea tm en t, the  

in c r e a se  in  th e  amount o f  ribosom al p r o te in  cou ld  occur because o f  g r e a te r  

ease  in  hom ogenising th e t i s s u e ,  a s  w e ll  a s  an horm one-stim ulated  in c r e a se  

in  the number o f  ribosom es.

The in co r p o r a tio n  o f  r a d io a c t iv i t y  can be seen  to  be v ery  s im ila r  fo r  the  

40S and 60S .su b u n it f r a c t io n s .  Hormone treatm en t r e s u l t s  in  a s t im u la t io n  

o f  in co r p o r a tio n  in to  both  f r a c t io n s  d e te c ta b le  a f t e r  4hr and maximal a f t e r  

12hr, d e c l in in g  by 24hr. The maximum l e v e l  o f  r a d io a c t iv e  in co r p o r a tio n  

in to  t o t a l  ribosom es appears to  be 18 tim es th e  c o n tr o l l e v e l .  However, 

because o f  th e  p o s s i b i l i t y  th a t th e horm one-stim ulated  in c r e a se  in  w ater  

uptake by th e  u teru s  cou ld  lea d  to  the t i s s u e  b e in g  more e a s i l y  broken up.



Figure I 9

E ffe c t  o f  o e s t r a d io l - l  7/3 on th e  in co r p o r a tio n  o f  J  le u c in e  in to

u te r in e  ribosom al su b u n its

Groups o f  tw elve immature fem ale r a ts  r e c e iv e d  1 yig o e s tr a d io l-1 7 p  

or s a l in e  c a r r ie r  a t  the tim es  b efo re  death  in d ic a te d . A ll the  

anim als rec e iv ed  100 yuCi L - /7  4 , j [  le u c in e  1hr b e fo re  d ea th , 

Ribosomal su b u n its  were prepared from th e u t e r i  o f  each  group as  

d escr ib ed  in  M a ter ia ls  and M ethods. 1 /2 0  a l iq u o ts  were removed 

fo r  p r o te in  e s t im a tio n  and th e  rem ainder was p r e c ip ita t e d  w ith  

t r ic h lo r o a c e t ic  a c id  and a c id - in s o lu b le  r a d io a c t iv i t y  was determ ined  

fo r  th e  40s  and 60S su bu n it f r a c t io n s ,

A, Amount o f  p r o te in  (m easured in  jug)

B, A c id - in so lu b le  r a d io a c t iv i t y  (measured in  c .p .m .)

C, S p e c if ic  a c t i v i t y  o f  p r o te in  (c a lc u la te d  as c .p ,m ,/^ ig  p r o te in )

The r e s u lt s  have been ex p ressed  as  p ercen ta g es o f  e i th e r  the amount o f  

p r o te in  or th e in c o r p o r a tio n  by anim als th a t  r e c e iv e d  s a l in e  in  p la ce  o f

hormone, o ---------- o  , t o t a l  ribosom al su b u n its; #— • —  —e , 60S ribosom al

su b u n its; A   -A , 40S r ibosom al su b u n its .
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r e s u lt in g  in  an in cr ea se d  recovery  o f  r ibosom es, the r e s u lt s  are expressed  

b e t te r  as s p e c i f i c  a c t iv i t y  o f  p r o te in ,

Mhen t h is  i s  done, i t  i s  seen  th a t  th ere  i s  a s t im u la tio n  o f  

in co rp o ra tio n  in to  t o t a l  ribosom es which i s  s t i l l  d e te c ta b le  a f t e r  4hr and 

i s  maximal 8 -1 2hr a f t e r  hormone treatm en t a t 6 tim es th e co n tro l l e v e l .

By 24hr a f t e r  hormone trea tm en t, th e  in co r p o r a tio n  has returned to  the  

co n tro l l e v e l .  However, the r e s u l t s  appear to  be d i f f e r e n t  fo r  th e  two 

ribosom al su b u n its . The s t im u la t io n  o f  in co r p o r a tio n  in to  the 40S fr a c t io n  

i s  much g r e a te r  than th e  s t im u la t io n  o f  in co r p o r a tio n  in to  the 60S, the  

maximum l e v e l  b e in g  reached a f t e r  12hr a t  17 tim es th e  co n tro l v a lu e .  

In corp oration  in to  the 60S su bu n it f r a c t io n  appears to  reach  a maximum 8hr 

a f t e r  hormone treatm en t a t  4 tim es th e c o n tr o l l e v e l .  T h is i s  unusual 

because i t  would be exp ected  th a t  th e s t im u la t io n  o f  in co rp o ra tio n  o f  

n e w ly -sy n th es ised  p r o te in  in to  th e  two ribosom al su b u n its  should be the  

same s in ce  the rRNA s p e c ie s  p r esen t in  the su b u n its  are sy n th e s ise d  as part 

o f  the same p recu rsor  m o lecu le . C onsequently, a s t im u la tio n  o f  th e  sy n th e s is  

o f  rRNA should  r e s u l t  in  an equal s t im u la t io n  o f  the s y n th e s is  o f  the rRNA 

o f  both  th e 4OS and 60S su b u n its , and, presum ably, t h i s  would be 

accompanied by an eq u al s t im u la tio n  o f  th e  s y n th e s is  o f  the ribosom al 

p r o te in s  o f  both  su b u n its . One reason  fo r  the ap p aren tly  g rea te r  s t im u la tio n  

o f  in co r p o r a tio n  in to  th e 4OS su bu n it f r a c t io n  could  be th a t t h is  fr a c t io n ,  

as i s o la t e d  from su cro se  d e n s ity  g r a d ie n ts , i s  contam inated w ith  60S su b u n its . 

Since the amount o f  p r o te in  in  th e  60S ribosom al su bu n it i s  g r e a te r  than th a t  

in  the 4OS su b u n it, a low l e v e l  o f  contam ination  could  r e s u l t  in  marked 

changes in  th e amount o f  r a d io a c t iv i t y  in co r p o r a te d . T h is l e v e l  o f  

contam ination  cou ld  be a lte r e d  in  d i f f e r e n t  p r e p a r a tio n s . I t  i s  th ere fo re  

b e s t  to  c o n s id er  th e  sum o f  th e amounts o f  p r o te in  and r a d io a c t iv i t y  recovered  

from the two ribosom al su b u n its , g iv in g  th e r e s u l t s  fo r  com plete ribosom es, 

which have thus been s tr ip p ed  o f  n ascen t p o ly p e p tid e s . The r e s u l t s  fo r  

the s p e c i f i c  a c t iv i t y  o f  t o t a l  ribosom es from fig u r e  I 9 can be combined w ith
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the r e s u l t s  fo r  the in co r p o r a tio n  o f  J  le u c in e  in to  t o t a l  u te r in e

a c id - in s o lu b le  m a te r ia l from f ig u r e  6 , This i s  shown in  f ig u r e  20 ,

The r e s u l t s  fo r  the in co r p o r a tio n  in to  t o t a l  u te r in e  p r o te in  12hr

and 16hr a f t e r  hormone treatm ent were ob ta in ed  by î)r , J,T « Knowler and are

in clu d ed  w ith  h is  p erm iss io n .

The s t im u la tio n  o f  in co r p o r a tio n  o f  n e w ly -sy n th e s ise d  p r o te in s  in to  

u te r in e  ribosom es in  response to  oestro g en  shows the same k in e t ic s  as  

the s t im u la tio n  o f  t o t a l  p r o te in  s y n th e s is  in  th e  u te r u s . Thus, a 

s t im u la tio n  o f  in co r p o r a tio n  in to  both  t o t a l  and ribosom al p r o te in  i s  

d e te c ta b le  a f t e r  4kr, maximal a f t e r  12hr and has d e c lin e d  by 24hr, The 

s t im u la tio n  o f  in c o r p o r a tio n  o f  n e w ly -sy n th e s ise d  p r o te in  in to  ribosom es  

appears to  be s l i g h t l y  g r e a te r  than th e s t im u la tio n  o f  in co r p o r a tio n  in to  

t o t a l  u te r in e  p r o te in . S im ila r  r e s u l t s  were ob ta in ed  in  an experim ent 

m easuring th e  in c o r p o r a tio n  o f  L-/*" J  t]^ptophan in to  ribosom al

subun its ( r e s u l t s  n o t shown), 200 ^C i o f  t h i s  p recu rsor was g iv e n  to  

each anim al, but th e  r a d io a c t iv i t y  in corp ora ted  was about 1 /10  th a t  

in corporated  when 100 yuCi _ /  le u c in e  was g iven  as the r a d io a c t iv e

p recu rsor. The r e s u l t s  u s in g  ^E tryptophan aga in  showed th a t  no 

s t im u la tio n  o f  p recu rsor  in co r p o r a tio n  in to  th e  ribosom es was d e te c ta b le  

b efore 4hr a f t e r  hormone a d m in is tr a tio n .

These r e s u l t s  would th e r e fo r e  appear to  confirm  th e f in d in g  o f  th e  

prev ious s e c t io n  th a t th e  in c r e a se  in  th e p rop ortion  o f  polysom es in  the  

u teru s 4hr a f t e r  hormone treatm ent r e s u l t s  from th e a s s o c ia t io n  o f  new ly-  

sy n th es ised  mHNA w ith  p r e - e x is t in g  ribosom es. A fter  t h i s  tim e, n ew ly-  

sy n th es ised  p r o te in s  become in corp ora ted  in to  ribosom es, maximum in c o r p o r a tio n  

occurring  8 - 1 2hr a f t e r  hormone trea tm en t, furtherm ore, th e  r e s u l t s  shown 

in  f ig u r e  20 s tr o n g ly  su g g est th a t  the s t im u la t io n  o f  ribosom al p r o te in  

sy n th e s is  in  response to  o estro g en  occurs a t  the same tim e as th e hormone- 

stim u la ted  in c r e a se  in  gen era l p r o te in  sy n th e s is  in  the u te r u s .



F i gur e 20

Comparison o f  the e f f e c t s  o f  o e s tr a d io l~ 1 7/3 on the in co r p o r a tio n  

o f  H _y le u c in e  in to  u te r in e  ribosom al p r o te in  and t o t a l  p ro te in

Immature r a ts  were g iv e n  1 o e s t r a d io l -1 7/3 or  s a l in e  c a r r ie r  a t the  

tim es b efo re  death  in d ic a te d . Measurement o f  th e  in co r p o r a tio n  in to

t o t a l  u te r in e  a c id - in s o lu b le  m a te r ia l (A A) was c a r r ie d  out as

d escr ib ed  in  the leg en d  to  F igure 6 , Animals r e c e iv e d  20 yiCi lr~£^ J /

le u c in e  30 min b efo re  d ea th . The r e s u l t s  were c a lc u la te d  a s  d .p .m ./ yug 

DMA and are exp ressed  a s  p ercen ta g es o f  th e  in c o r p o r a tio n  in to  u te r i  o f  

anim als th a t d id  n o t r e c e iv e  hormone. Each p o in t  r e p r e se n ts  the mean o f  

a t l e a s t  th ree  a n im als,

N,B, The r e s u lt s  f o r  the p o in ts  a t  12hr and I6hr were ob ta in ed  by 

Dr J .T . Knowler,

In corp oration  in to  ribosom es (o O) was c a r r ie d  ou t a s  d escr ib ed  in

th e legen d  to  F igure 19# Animals re c e iv e d  100 yuCi J  le u c in e

Ihr b efo re  death . The r e s u l t s  were c a lc u la te d  as c .p .m ,/  ^ g  p r o te in  

in corporated  in to  t o t a l  ribosom al su b u n its  and have a ls o  been exp ressed  

as p ercen tages o f  th e  in co r p o r a tio n  by c o n tr o l a n im als.
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In corp o ra tio n  o f  r a d io a c tiv e  -precursors in to  u te r in e  ribonorial 

•proteins in  v i t r o  

^ u ^ .2 .1 . E f fe c t  o f  Q estra d io I-1 7 p  on in co rp o ra tio n  in  v it r o

In  the p reced in g  s e c t io n ,  i t  was shown th a t r a d io a c t iv e ly - la b e l le d  

amino a c id s  ad m in istered  to  immature r a t s  in  v iv o  were in corporated  in to  

a c id -p r e c ip ita h le  m a ter ia l o f  u te r in e  ribosom al su b u n its  and th a t t h is  

in co rp o ra tio n  was stim u la ted  by o e s t r a d io l -1 7^ . However, i t  was

n ecessa ry  to  show th a t t h i s  in co r p o r a tio n  was in to  ribosom al p r o te in s .

This can be done by fr a c t io n a t in g  th e  p r o te in s  by polyacrylam ide g e l  

e le c tr o p h o r e s is  and d eterm in in g  w hether they  have become r a d io a c t iv e ly -  

la b e l le d .

The in co r p o r a tio n  o f  r a d io a c t iv it y  ach ieved  in  v iv o  was n o t s u f f i c ie n t  

to  a llow  th e  d e te c t io n  o f  la b e l le d  p r o te in s  on polyacrylam ide g e l s .  

Experim ents were ca rr ied  o u t, th e r e fo r e , to  determ ine whether i t  were 

p o s s ib le  to  a ch iev e  s u f f i c i e n t  la b e l l in g  o f  the ribosom al su bu n its by 

in cu b a tin g  the u te r i  from the anim als in  v i t r o  in  a medium c o n ta in in g  a 

r a d io a c t iv e ly - la b e l le d  amino a c id . T h is would a llo w  v e r i f ic a t io n  o f  whether 

the ribosom al p r o te in s  were becoming la b e l le d .

P relim inary  experim ents were c a r r ie d  out to  determ ine the amount o f  la b e l  

in  the medium and the le n g th  o f  in cu b a tio n  tim e req u ired  to  ach iev e  a 

s u f f i c i e n t l y  h igh  l e v e l  o f  in c o r p o r a tio n . These showed th a t in cu b a tio n  in  

a medium c o n ta in in g  L -/7  J  le u c in e ,  a t  a co n cen tra tio n  o f  ^0 j iC i/m l,

fo r  Ihr r e s u lte d  in  the in co r p o r a tio n  o f  approxim ately  10,000 c .p .m . in to  

the ribosom es o f  the u t e r i  from tw elve  co n tr o l r a t s .  T his was considered  

s u f f i c i e n t  fo r  subsequent f r a c t io n a t io n  o f  the p r o te in s  by polyacrylam ide  

g e l e le c tr o p h o r e s is .  The degree o f  r a d io a c tiv e  in co r p o r a tio n  was, in  f a c t ,  

found to  in c r e a se  w ith  in c r e a s in g  in cu b a tio n  t im e s , but Ihr was chosen as  

the g r e a te s t  le n g th  o f  tim e b efo re  w hich the u t e r i  s ta r te d  showing s ig n s  o f  

an ox ia . I t  was found to  make very  l i t t l e  d if fe r e n c e  to  the l e v e l  o f  

r a d io a c tiv e  in co r p o r a tio n  i f  th e ]Z  3  le u c in e  were added to  le u c in e - f r e e
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E a g le’ s Medium or to  Medium 199 (O ibco, B io -C u lt L aboratories L td .,

P a is le y ,  U .K .), a more com plete medium c o n ta in in g  u n la b e lle d  D L -leucine  

a t a co n cen tra tio n  o f  120 y ig /m l. However, i t  was decided  to  use le u c in e -  

fr e e  E a g le 's  Medium in  a l l  subsequent exp erim en ts.

These experim ents showed th a t i t  was p o s s ib le  to  in corp orate  la b e l  in to  

a c id - in s o lu b le  m a ter ia l o f  ribosom al su b u n its  u s in g  an in  v it r o  in cu b a tio n  

tech n iq u e . However^ as d isc u sse d  in  S e c tio n  1 ,2 ,2 ,6 ,  when u te r i  are  

incubated  in  v i t r o ,  th e  o e s tr o g e n -s t im u la te d  sy n th e s is  o f  rRHA cannot be 

d e te c te d . T his su g g e sts  th a t  some s te p  in  the s y n th e s is  o f  ribosom es i s  

s e n s i t iv e  to  the in  v i t r o  in cu b a tio n  c o n d it io n s  (Knowler e t  a l , ,  1975»

Knowler, 1 9 7 6 ). I t  was th e r e fo r e  con sid ered  n ecessa ry  to  dem onstrate a 

stim u la to ry  e f f e c t  o f  o e s t r a d io l - 17 j3 on th e in co rp o ra tio n  o f  ^  

le u c in e  in to  ribosom al su b u n its  in  v i t r o .  T his would show whether the  

p a r t ic u la r  s te p  s e n s i t iv e  to  the in cu b a tio n  c o n d it io n s  in clu d ed  the  

sy n th e s is  o f  ribosom al p r o te in s .  F igure 21 shows the r e s u lt s  o f  an 

experim ent to  determ ine the e f f e c t  o f  o e s t r a d io l - 17 , ad m in istered  in  

v iv o , on th e  in  v i t r o  in co r p o r a tio n  o f  ^  le u c in e  in to  ribosom al

su b u n its .

I t  can be seen  th a t hormone treatm en t in  v iv o  r e s u l t s  in  a s t im u la tio n  

o f  in co rp o ra tio n  in to  th e ribosom al su b u n its . The s t im u la tio n  o f  

r a d io a c t iv i ty  in co rp o ra ted  i s  approxim ately  t e n - f o ld  fo r  both  th e 40S and 

60S su b u n its . When the r e s u l t s  are exp ressed  as s p e c i f i c  a c t iv i t y  o f  

p r o te in , th ere  i s  s t i l l  a t e n - fo ld  s t im u la t io n  o f  in co rp o ra tio n  in  th e  40 S 

fr a c t io n , b u t the s t im u la tio n  o f  in co r p o r a tio n  in to  the 60S fr a c t io n  i s  on ly  

tw o -fo ld . Thus, as in  th e p rev io u s s e c t io n ,  th ere  appears to  be a g rea te r  

s t im u la tio n  o f  in co r p o r a tio n  in to  the 4OS fr a c t io n  than in to  the 60S f r a c t io n ,  

probably r e s u l t in g  from incom plete sep a ra tio n  o f  the ribosom al su b u n its  on 

the su crose g r a d ie n ts .

T his experim ent th e r e fo r e  shows th a t  o e s t r a d io l -1 7 ^ does s t im u la te  the in  

v i t r o  in co rp o ra tio n  o f  ^  le u c in e  in to  a c id -p r e c ip ita b le  m a ter ia l
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F igure 21

E ffe c t  o f  o e s tr a d io l-1 7 P  on th e  in co r p o r a tio n  o f  ^  J7  le u c in e  in t o  

u te r in e  ribosom al su b u n its  in  v i t r o

Twelve immature r a t s  were g iven  1 joLg o e s tr a d io l-1 7 P  12hr b e fo re  d ea th  

w h ils t  an oth er group o f  tw elv e  an im als r e c e iv e d  s a l in e  in  p la c e  o f  

hormone. The u t e r i  from each group o f  anim als were in cu b ated  in  E a g le ’ s 

Medium c o n ta in in g  50 /JiCi/ml 4 i 5-^H 3  le u c in e  fo r  Ih r  a t  57°C as

d escrib ed  in  M a te r ia ls  and M ethods, Ribosomal su b u n its  were prepared  and 

the f r a c t io n s  from th e  su crose  g r a d ie n ts  were p r e c ip ita te d  w ith  e th a n o l.  

A liq u o ts  were removed from each f r a c t io n  fo r  p r o te in  a ssa y  and th e  a c id -  

in s o lu b le  r a d io a c t iv i t y  o f  the rem ainder o f  each fr a c t io n  was d eterm in ed .



o f  u ter in e  ribosom al su b u n its . I f  the r a d io a c t iv e ly - la b e l le d  le u c in e  i s ,  

indeed , becoming in corp ora ted  in to  the ribosom al p r o te in s ,  the r e s u l t s  

o f  th is  experim ent would appear to  su g g est th a t th e p a r t ic u la r  s te p  in  the  

sy n th e s is  o f  u te r in e  ribosom es th a t i s  s e n s i t iv e  to  the in  v it r o  in cu b a tio n  

co n d itio n s  i s  an e a r ly  one. Thus, i f  the s y n th e s is  o f  rRMA has a lrea d y  been  

stim u lated  in  v iv o  by treatm ent w ith  the hormone, then i t  may be p o s s ib le  

to  ob ta in  a s t im u la t io n  o f  the sy n th e s is  o f  ribosom al p r o te in s  in  v i t r o .

The experim ents d escr ib ed  in  the n ex t s e c t io n s  were designed  to  in v e s t ig a t e  

whether the ribosom al p r o te in s  became la b e l le d  fo llo w in g  in  v i t r o  

in cu b ation  o f  ra t u t e r i  w ith  3  J  le u c in e ,

^ .^ .2 .2  F r a c tio n a tio n  o f  ribosom al p r o te in s  on one-d im ensional 

polyacry lam ide g e ls  

Ribosomal su b u n its , prepared from the u t e r i  o f  tw elve immature r a t s  

th a t had r e c e iv e d  o e s t r a d io l  12hr b e fo re  death , were p r e c ip ita te d  w ith  

eth an o l and su b jec ted  to  e le c tr o p h o r e s is  on 12,5% SbS-polyacrylam ide g e l s .  

Figure 22 compares the g e l  p a tte r n s  ob ta in ed  w ith  th o se  o f  403 and 60S 

ribosom al p r o te in s  from BHK c e l l s .

U n fo rtu n a te ly , the g e l  to  which th e u te r in e  60S subunit f r a c t io n  was 

ap p lied  i s  o v erload ed . However, i t  can be seen  th a t  th ere i s  very  good 

agreement betw een th e g e l  p a ttern s  o f  u te r in e  ribosom al su b u n its  and 

ribosom al p r o te in s  from BHK c e l l s .  In  the case o f  th e  40 S su b u n its , the  

correspondence i s  e x c e l l e n t .  E xtra bands were p resen t in  both  th e  u te r in e  

ribosom al su bu n it f r a c t io n s ,  m ainly a t  the top o f  the g e l s .  These bands a t  

th e top o f  th e  g e ls  are common to  both  th e 40 S and 60S subun it fr a c t io n s  

from the r a t  u te r u s , and th ey  appear to  have a h igh er  m olecu lar w eigh t  

than any o f  th e  BHK c e l l  ribosom al p r o te in s ,  in d ic a t in g  th a t th ey  are n ot  

tru e ribosom al p r o te in s .  T his would su g g est th a t the ribosom al su b u n its  from 

th e ra t u teru s  are s t i l l  contam inated w ith  some h igh  m olecu lar w eight p r o te in s .  

A fu rth er  p o s s ib le  source o f  contam ination  o f  the 408 ribosom al p r o te in s  

from the r a t  u teru s  may be p r o te in s  o f  the 60S ribosom al su b u n it. The



F ig u re  22

E le c tro p h o re s is  o f  r ib o so m a l p r o te in s  on S b S -p o ly ac ry lam id e  g e ls

Ribosomal su b u n its  were prepared from th e  u t e r i  o f  tw elv e  immature r a ts  

th a t had rec e iv ed  1 o e s t r a d io l -1 7  ̂ 12hr b e fo re  d ea th . The 4OS and 

60s su b u n its were c o l le c t e d  se p a r a te ly , d ia ly s e d  a g a in s t  500ml 0.05M 

T ris-H C l, 0.08M KCl, 0.0125% MgClg b u f fe r ,  pH 7 .6 ,  co n ta in in g  0,01% 

2-m ercaptoethanol, and p r e c ip ita te d  w ith  e th a n o l.

The p r e c ip ita te d  su b u n its were d is s o lv e d  in  100 y il SDS-gel sample b u ffe r ,  

h eated  a t  100°C fo r  2 min and e le c tr o p h o r e se d  on 12,5% SbS-polyacrylam ide  

g e ls  accord ing to  th e  method o f  Laemmli (1 9 ? 0 ) . E le c tr o p h o r e s is  was a t  

4mA p er g e l u n t i l  th e  bromophenol b lu e  fr o n t  was 1 cm from the bottom o f  

th e g e l s .  The g e l  p a tte r n s  are compared w ith  th o se  o f  4OS and 60S 

ribosom al p r o te in s  from BHK c e l l s  which were e le c tr o p h o r e se d  on separate  

g e l s .

L e ft  to  r ig h t;  A, U ter in e  4OS su b u n its; B, U ter in e  60S su b u n its; C, BHK 

4OS p r o te in s ;  b , BHK 60S p r o te in s .

A lso  shown are th e  p o s it io n s  o f  marker p r o te in s ,  bovine serum albumin 

(m ol, w t, 65, 400) ,  bovine pancreas r ib o n u c le a se  (m ol. w t. 1 5 , 500) and 

cytochrome c (m ol. w t, 11 , 300) which were e le c tr o p h o r e se d  on a separate  

g e l .
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r e s o lu t io n  p o s s ib le  on on e-d im en sion a l g e ls  was n ot s u f f i c ie n t  to  show 

whether t h i s  was o ccu rr in g . N e v e r th e le ss , t h i s  does show th a t u te r in e  

ribosom al p r o te in s  can be fr a c t io n a te d  on one-d im en sion al SbS-polyacrylam ide  

g e l s .

Ribosomal su b u n its  were prepared from immature r a t  u te r i  th a t had been  

incubated  w ith  3  le u c in e  in  v i t r o ,  and su b jec ted  to  e le c tr o p h o r e s is .

The g e ls  were then s l ic e d  and the r a d io a c t iv i t y  in  the in d iv id u a l s l i c e s  

was determ ined. The r e s u l t s  are shown in  f ig u r e s  25 and 24 .

From the a c tu a l g e l p a tte r n s  shown in  f ig u r e  25, i t  can be seen  th a t  

hormone treatm ent does n o t lea d  to  the appearance o f  any new bands nor 

to  the d isappearance o f  any bands. The on ly  d e te c ta b le  d if f e r e n c e s  are  

a lt e r a t io n s  in  the s ta in in g  in t e n s i t y  o f  some o f  the bands. In  p a r t ic u la r ,  

one band in  th e g e l p a ttern  o f  60S su b u n its  from anim als tr e a te d  w ith  

oestrogen  12hr b efore d ea th  i s  much more in te n s e  than in  any o f  th e  o th er  

g e l  p a ttern s  o f  60S su b u n its . T h is band co -m igra tes  w ith  bovine serum 

album in. I t  i s  probably an a r t i f a c t ,  however, s in c e  i t  i s  not p resen t in  

the g e ls  shown in  f ig u r e  22, which are a ls o  o f  ribosom al su b u n its from 

anim als tr e a te d  w ith  hormone fo r  12hr, showing i t  i s  n o t an e f f e c t  th a t i s  

observed c o n s is t e n t ly .

The fa c t  th a t  no e x tr a  bands r e s u l t in g  from hormone treatm ent cou ld  be 

observed i s  in  co n tra st  to  the f in d in g s  o f  Shapiro e t  a l . ( l 9 7 5 ). These 

workers rep orted  the p resen ce o f  an e x tr a  band on polyacrylam ide g e l  

e le c tr o p h o r e s is  o f  u te r in e  60S ribosom al p r o te in s  from ovariectom ised  gu in ea  

p ig s  tr e a te d  w ith  o e s t r a d io l -1 7/5 fo r  th ree  w eeks. I t  could be th a t  t h i s  

hormone-induced e x tr a  band i s  observed in  a d i f f e r e n t  animal or  th a t  i t  

on ly  r e s u l t s  from prolonged  hormone trea tm en t.

Figure 24 shows the r e s u l t s  o f  p lo t t in g  out th e p r o f i l e s  o f  r a d io a c t iv i t y  

a lon g  the g e l s .  There i s  e x c e l le n t  correspondence between th e peaks o f  

r a d io a c t iv ity  and the s ta in e d  p r o te in  bands in  a l l  the g e l s .  T h is shows 

th a t th ese  p r o te in s ,  which co-m igrate  w ith  ribosom al p r o te in s  from BHK c e l l s .



F ig u re  25

E le c tro p h o re s is  o f  u t e r i n e  r ib o so m a l p r o te i n s  on S B S -po lyacry lam ide  g e ls

Groups o f  tw elve r a ts  were g iv e n  1 p.g o e s tr a d io l-1 7 p  a t v a r io u s tim es  

b efore death . C ontrol an im als r e c e iv e d  s a l in e  in  p la ce  o f  hormone.

The u te r i  from each group o f  an im als were incu b ated  in  E a g le ’ s Medium 

c o n ta in in g  5O /rCi/m l 4 ,5-^H  J  le u c in e  a s  d e sc r ib e d  in  M a ter ia ls

and Methods, Ribosomal su b u n its  were prepared from each  group o f  u te r i  

and e lec tro p h o resed  on 12.5% SD S-polyacrylam ide g e l s ,  a s  d escr ib ed  in  

the legen d  to  F igure 22,

A, C ontrol 4OS su b u n its; B, C ontrol 60S su b u n its; C, 2hr o e s tr a d io l  4OS 

su b u n its; D, 2hr o e s tr a d io l  60S su b u n its; E, 4hr o e s t r a d io l  40S su b u n its;  

P, 4hr o e s tr a d io l 60S su b u n its ; G, 12hr o e s tr a d io l  4OS su b u n its; ÏÏ, 12hr 

o e s tr a d io l  60S su b u n its .
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F ig u re  24

E le c tro p h o re s is  o f u te r in e  rib o s o m a l p ro te in s  on S B S -p o lyacry la in id e  g e ls

The g e ls  shovm in  F ig u re  23 w ere scanned  a t  600nm, They w ere th e n  s l i c e d  

and th e  r a d i o a c t i v i t y  in  eac h  s l i c e  was d e te rm in e d  a s  d e s c r ib e d  in

M a te r ia ls  and M ethods. ----------- , A600; -  -  -  - ,  r a d i o a c t i v i t y  ( c .p .m .)

p e r  s l i c e .

F o r e x p e rim e n ta l d e t a i l s ,  se e  le g en d  to  F ig u re  23 .
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have become la b e l le d  during the in  v i t r o  in cu b a tio n  w ith  ^  J7 le u c in e .  

Treatment w ith  o e s tr a d io l~ 1 7^ r e s u l t s  in  an in c r e a se  in  the l e v e l  o f  

r a d io a c tiv e  la b e l l in g  o f  the bands. T h is in c r e a se  appears to  occur in  

a l l  the p r o te in  bands^ w ith  more la b e l  b e in g  in corp ora ted  a f t e r  lo n g e r  tim es  

o f  hormone trea tm en t. There i s  some in c o r p o r a tio n  by co n tro l an im als, - 

however, su g g e stin g  th a t th ere  i s  a low ra te  o f  s y n th e s is  o f  th ese  p r o te in s  

in  the u teru s  in  the absence o f  hormone.

One in t e r e s t in g  r e s u l t  from th e se  experim ents concerns th ree bands a t  

the tops o f  the g e l s .  These bands were p resen t in  g e ls  o f  both 4OS and 60S 

u te r in e  ribosom al su b u n its  but were a b sen t from g e ls  o f  BHK ribosom al 

p r o te in s .  They a ls o  m igrated  slow er than b ovin e serum album in. S ince the  

m olecu lar w e ig h ts  o f  th e  p r o te in s  o f  th e  4OS ribosom al subunit range from 

8 ,000  to  55»500» w h ils t  th o se  o f  the 60S ribosom al subunit range from 11,000  

to  55» 500 (V /e lfle  e t  a l , ,  1 9 78 ), none o f  th e  ribosom al p r o te in s  should  

m igrate s low er than bovine serum albumin (m ol, w t, 6 5 ,4 0 0 ) , These p r o te in s  

are th e r e fo r e  contam inants p resen t in  th e  u te r u s . They were found to  be 

la b e l le d  fo llo w in g  hormone treatm en t, a lth ou gh  th e  degree o f  la b e l l in g  was 

v a r ia b le .  The id e n t i t y  o f  th ese  p r o te in s  i s  n o t Icnown. Prom t h e ir  

p o s it io n s  in  the g e l s ,  t h e ir  m olecu lar w eig h ts  can be estim ated  to  be 

500,000, 125,000 and 90 ,000  r e s p e c t iv e ly .  P r o te in s  in  the u teru s  whose 

sy n th e s is  i s  stim u la ted  by o e s tr a d io l  in c lu d e  induced p r o te in , IP ,

(N otid es and O orski, 1966; K atzenellenbogen  and G orsk i, 1972) and o estrogen  

rec ep to r  (Jensen  e t  a l , ,  19&9; S a r f f  and G orski, 1 9 7 1 ). None o f  the th ree  

p r o te in s  would appear to  correspond to  IP , which has a m olecu lar w eight o f  

4G,OOP (King e t  a l , ,  1977) but i t  i s  p o s s ib le  th a t  th e fa s te s t -m ig r a t in g  

band r e s u lt s  from contam ination  o f  the ribosom es w ith  oestrogen  r e c e p to r .  

Another p o s s i b i l i t y  i s  th a t  the bands are due to  aggregated  forms o f  

ribosom al p r o te in s .

These experim ents th e r e fo r e  show th a t  e le c tr o p h o r e s is  o f  ribosom al 

subun its from immature r a t  u t e r i  r e s u l t s  in  bands which co-m igrate w ith
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rib o so m al p r o te in s  from BHK c e l l s  and t h a t  th e s e  bands a re  r a d io a c t i v e ly -  

la b e l le d  fo llo w in g  in c u b a t io n  in  v i t r o  w ith  J J  l e u c in e .  Hormone

tre a tm e n t s t im u la te s  th e  in c o rp o r a t io n  o f  l a b e l  b u t i t  does n o t r e s u l t  in  

th e  ap p ea ran ce  o f  any new bands d e te c ta b le  on o n e -d im en s io n a l g e l s .  These 

r e s u l t s  s t r o n g ly  su g g e s t t h a t  th e  o e s tro g e n ic  s t im u la t io n  o f  th e  

in c o rp o ra t io n  o f  r a d i o a c t i v e l y - l a b e l l e d  amino a c id s ,  a d m in is te re d  i n  v iv o , 

i n to  u te r i n e  rib o so m a l s u b u n i ts ,  d e s c r ib e d  in  S e c t io n  5 ,5 .1 ,  o c c u rs  a s  a 

r e s u l t  o f  a  s t im u la t io n  o f  th e  in c o rp o r a t io n  o f  n e w ly -s y n th e s is e d  rib o so m a l 

p r o te in s  i n t o  r ib o so m e s. However, a l th o u g h  th e  bands o b served  on e l e c t r o p h o r e s i s  

o f  u te r in e  rib o so m a l s u b u n its  c o -m ig ra te d  w ith  rib o so m a l p r o te in s  from 

BHK c e l l s ,  th e  r e s o lu t io n  a c h ie v e d  on o n e -d im en s io n a l g e ls  was n o t  s u f f i c i e n t  

to  s e p a ra te  a l l  th e  r ib o so m a l p r o t e i n s .  F u rth e rm o re , e x t r a  bands w ere 

p re s e n t  in  th e  g e ls  o f  r ib o so m a l s u b u n its  from im m ature r a t  u t e r i ,  i n d i c a t i n g  

th e  p re se n c e  o f  c o n ta m in a tin g  c y to p la sm ic  p r o t e i n s .  E xperim en ts w ere t h e r e f o r e  

c a r r ie d  o u t u s in g  a tw o -d im e n s io n a l e l e c t r o p h o r e s i s  system  in  o r d e r  to  

o b ta in  b e t t e r  r e s o lu t io n  o f  th e  r ib o so m a l p r o t e i n s .

F r a c tio n a tio n  o f  ribosom al n r o te in s  on tw o-dim ensional 

polyacrylam ide g e ls  

I n  the experim ents d escr ib ed  in  the p reced in g  s e c t io n , the p r e c ip ita te d  

ribosom al su b u n its  could  be la y e red  d ir e c t ly  on to  the one-d im ensional 

SDS-polyacrylam ide g e l s  s in c e ,  under the d en atu rin g  c o n d itio n s  employed, 

a l l  the p r o te in s  would be r e le a se d  from the rRNA, The rHNA would then remain 

a t the top  o f  the g e l .  T h is would n o t occur under the co n d itio n s  o f  the tw o- 

dim ensional e le c tr o p h o r e t ic  system . I t  was n ecessa ry , th e r e fo r e , to  e x tr a c t  

the ribosom al p r o te in s  p r io r  to  e le c tr o p h o r e s is .  P re lim in ary  experim ents to  

e x tr a c t  the p r o te in s  from ribosom al su b u n its from the u t e r i  o f  tw elve  

immature r a t s  w ith  a c e t i c  a c id  by th e  method o f  Sherton and Wool (1972) 

r e su lte d  in  a recovery  o f  on ly  o f  r a d io a c t iv e ly - la b e l le d  m a te r ia l, even  

when the co n cen tra tio n  o f  magnesium a c e ta te  was r a ise d  in  an attem pt to  in c r e a se  

the y ie ld .  The recovery  o f  la b e l  was n o t g r e a t ly  improved when th e e x tr a c t io n
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o f  ribosom al p r o té in e  was c a rr ied  out by the Bearden p r e c ip ita t io n  method 

(Bearden, 1 9 74 ), in  which the ribosom al su b u n its  are s o lu b i l i s e d  in  

guanidine h yd roch lorid e and the rRNA p r e c ip ita te d  w ith  e th a n o l, r e ta in in g  

the p r o te in s  in  s o lu t io n  ( r e s u l t s  n o t shown). The poor r e c o v e r ie s  may 

r e s u l t  from th e sm all amount o f  m a te r ia l p resen t in  the ribosom al su b u n its  

from the u t e r i  o f  immature r a t s .  T his w i l l  mean th a t the co n cen tra tio n  

o f  ribosom al p r o te in s  w i l l  be very  low during the e x tr a c tio n  p rocedure.

S ince f a i r l y  la r g e  (ap p roxim ately  $00 p.g) amounts o f  p r o te in  are req u ired  

in  order to  ob ta in  v i s i b l e  sp o ts  on th e  tw o-d im ensional po lyacry lam ide g e l s ,  

i t  was decided  to  prepare l i v e r  ribosom al su b u n its  to  a c t  as a c a r r ie r .

The l i v e r  su b u n its  cou ld  then be added to  th e r a d io a c t iv e ly - la b e l le d  u te r in e  

su bu n its p r io r  to  e x tr a c t io n  w ith  a c e t i c  a c id . The d isadvantage o f  t h i s  

i s  th a t any e f f e c t s  o f  th e  hormone on th e tw o-dim ensional g e l p a tte r n  o f  the  

u te r in e  ribosom al p r o te in s  would n o t be d e te c te d . However, s in c e  i t  was 

n ot p o s s ib le  to  e x tr a c t  s u f f i c i e n t  p r o te in  from the u te r in e  ribosom al 

su b u n its to  g iv e  v i s i b l e  sp o ts  on th e tw o-d im ensional g e l s ,  th ere  was no 

o th er  a l t e r n a t iv e .

Rat l i v e r  ribosom al su b u n its  were prepared by a sca led -u p  v e r s io n  o f  the  

method used fo r  the p rep a ra tio n  o f  u te r in e  ribosom al su b u n its . A liq u o ts ,  

estim ated  to  con ta in  300 yjig ribosom al p r o te in , were removed from both  

subunit f r a c t io n s  and th e  ribosom al p r o te in s  were ex tr a c te d  by th e a c e t i c  

a c id  method o f  Sherton and Wool (1972) u s in g  an in crea sed  co n cen tra tio n  o f  

magnesium a c e t a t e .  A c e t ic  a c id  has been reported  as b e in g  the most e f f i c i e n t  

method fo r  e x tr a c t in g  ribosom al p r o te in s ,  w ith  up to  ^0% recovery  b e in g  

ach ieved  (Sherton  and Wool, 1 9 7 4 ). The e x tr a c te d  p r o te in s  were p r e c ip ita te d  

w ith  acetone and su b jec ted  to  tw o-d im en sional polyacrylam ide g e l  

e le c tr o p h o r e s is .  The e le c tr o p h o r e s is  was c a rr ied  out by Mr I.M , Kennedy, 

working under the su p e r v is io n  o f  Dr D ,P , Leader o f  t h is  departm ent.

The r e s u lt s  are shown in  f ig u r e  25,

In  t h is  tw o-d im en sional g e l system , th e b a s ic  ribosom al p r o te in s  are  

fr a c tio n a te d  m ainly on th e  b a s is  o f  t h e ir  charge in  the f i r s t  d im ension  and



F ig u re  25

E le c tro p h o res is  o f  r a t l i v e r  ribosom al p r o te in s  on tv/o-d im ensional 

polyacrylam ide g e ls

Ribosomal su b u n its were prepared from th e  l i v e r  o f  an a d u lt male ra t and 

the p ro te in s  were e x tr a c te d  and p r e c ip ita te d  w ith  aceton e as d escr ib ed  

in  M a ter ia ls  and M ethods, The p r o te in s  were su b jec ted  to  two- 

dim ensional polyacrylam ide g e l  e le c tr o p h o r e s is  by the method o f  

K altschm idt and Wittmann (1970) w ith  m o d if ic a tio n s  (L a stic k  and 

McConkey, 1978 ). The e le c tr o p h o r e s is  was ca rr ied  out by Mr I,M . Kennedy 

as d escrib ed  in  M a ter ia ls  and M ethods. The d ir e c t io n  o f  m igration  was 

from l e f t  to  r ig h t  in  th e f i r s t  d im ension and from top  to  bottom in  the  

second dim ension,

A, 40s ribosom al p r o te in s ;  B, 60S ribosom al p r o te in s .
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t h e ir  s iz e  in  the second dim ension . The few a c id ic  ribosom al p r o te in s  do 

not e n ter  the g e l  in  the f i r s t  d im ension . E le c tr o p h o r e s is  o f  the l i v e r  

ribosom al p r o te in s  r e s u lte d  in  g e l p a tte r n s  s im ila r  to  p u b lish ed  p a tte r n s  o f  

r a t  l i v e r  ribosom es (L eader, 1975î V /e lfle  e t  a l , ,  19 7 8 ). Twenty fou r  

sp o ts  were v i s i b l e  on th e g e l o f  4OS ribosom al p r o te in s  and t h ir t y  sp o ts  

could  be seen  on the g e l  o f  the 60S ribosom al p r o te in s .  There appeared  

to  be some p r o te in s  o f  h igh  m olecu lar w eigh t on both  g e ls  which d id  not  

m igrate very  fa r  in  th e  f i r s t  d im ension . These cou ld  be due e i t h e r  to  

contam ination o f  both  ribosom al su b u n its  w ith  cy top lasm ic  p r o te in s ,  or to  

aggregated  ribosom al p r o te in s .  T h erefore , the g e l  p a tte r n s  ob ta in ed  on 

tw o-d im ensional e le c tr o p h o r e s is  o f  th e  l i v e r  ribosom al p r o te in s  were 

s a t is f a c t o r y ,  showing th a t  the l i v e r  p rep ara tion  cou ld  be used a s  a source  

o f  c a r r ie r  p r o te in  fo r  th e  e x tr a c t io n  o f  u te r in e  ribosom al p r o te in s ,

Ribosomal su b u n its  were prepared from immature r a t  u te r i  th a t had been  

incubated  w ith  _y  le u c in e  in  v i t r o .  L iv er  ribosom al su b u n its  were

added to  th e  correspon d in g  u te r in e  su bu n it f r a c t io n s  such th a t 3OO j ig  l i v e r  

ribosom al p r o te in  was added to  each  u te r in e  subun it f r a c t io n ,  Ribosomal 

p r o te in s  were ex tr a c te d  and su b jec ted  to  tw o-d im ensional e le c tr o p h o r e s is .  

Figure 26 shows th e g e l s  ob ta ined  when u te r in e  ribosom al su b u n its  were 

prepared a t  v a r io u s  tim es fo llo w in g  hormone trea tm en t.

U n fo rtu n a te ly , the g e l  p a ttern s  were n ot a s  good as  th o se  ob ta in ed  on 

e le c tr o p h o r e s is  o f  l i v e r  ribosom al p r o te in s  a lo n e , a lth ou gh  e x a c t ly  th e  

same amounts o f  l i v e r  ribosom al su b u n its  were taken  fo r  p r o te in  e x tr a c t io n .  

Only fa in t  sp o ts  were observed on some o f  the g e l s  o f  u te r in e  ribosom al 

p r o te in s , e x tr a c te d  in  th e presence o f  c a r r ie r  l i v e r  ribosom al p r o te in s ,  

and se v e r a l sp o ts  were ab sen t a lto g e th e r .  However, the g e l  p a tte r n s  th a t  

were ob tained  a l l  showed s im i l a r i t i e s  and a ls o  th e sp o ts  appeared to  

correspond to  sp o ts  ob ta in ed  on e le c tr o p h o r e s is  o f  l i v e r  ribosom al p r o te in s  

a lo n e . Because th e Coomassie b r i l l i a n t  b lue s ta in in g  i s  due to  the c a r r ie r  

l i v e r  ribosom al p r o te in s ,  i t  i s  n ot p o s s ib le  to  say whether hormone treatm ent



F ig u re  26

E le c tr o p h o r e s is  o f  u te r in e  ribosom al p r o te in s  on tw o-d im ensional 

polyacrylam ide g e ls

Groups o f  tw elve  immature r a t s  were g iv en  1 p.g o e s t r a d io l -1 7^ a t  v ariou s  

tim es b efo re  d ea th . C ontrol an im als rec e iv ed  s a l in e  in  p la ce  o f  hormone. 

The u te r i  from each group o f  an im als were in cu b ated  in  E a g le ’ s Medium 

co n ta in in g  50 p.O±/ml lr-£ ^  4 , 5-^H le u c in e  a s  d escr ib ed  in  M a ter ia ls  

and M ethods, Ribosomal su b u n its  were prepared from each group o f  u t e r i ,  

l i v e r  ribosom al su b u n its  were added to  a c t  a s  a c a r r ie r  and th e p ro te in s  

were e x tr a c te d . Tw o-dim ensional g e l  e le c tr o p h o r e s is  was c a rr ied  out by 

Mr I,M , Kennedy as  d escr ib ed  in  th e  legen d  to  F igure 25,

A, C ontrol 40S su b u n its; B, C ontrol 60S su b u n its; C, 2hr o e s tr a d io l  408 

su b u n its; D, 2hr o e s t r a d io l  60S su b u n its; E, 4hr o e s t r a d io l  408 su b u n its;  

F, 4hr o e s tr a d io l  60S su b u n its; G ,1 2 h ro estra d io l 408 su b u n its; H, 12hr 

o e s tr a d io l 60S su b u n its .
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r e s u lt s  in  the appearance o f  any new p r o te in  s p o ts .

Schem atic r e p r e se n ta t io n s  o f  the g e ls  are shovm in  f ig u r e  27 , The 

p ro te in  sp o ts  on the g e l s  were t e n t a t iv e ly  id e n t i f i e d  and a ssig n ed  numbers 

accord ing  to  a new nom enclature system  proposed by McConkey e t  a l . ( l 9 7 9 ).

In t h is  system , the p r o te in s  o f  th e  sm all ribosom al subunit are a ssig n ed  

the p r e f ix  S fo llovæ d  by a number w h i ls t  the p r o te in s  o f  the la r g e  ribosom al 

subunit are g iv en  th e p r e f ix  L fo llo w ed  by a number. I d e n t i f ic a t io n  o f  

some o f  th e p r o te in s  proved d i f f i c u l t ,  p a r t ic u la r ly  on th ose  g e l s  in  which  

many o f  the p r o te in s  were m iss in g , so th a t  th ere  were few p o in ts  o f  

r e fe r e n c e . However, i t  was ensured th a t p r o te in s  which m igrated  to  the  

same p o s it io n  in  d i f f e r e n t  g e ls  were a ss ig n ed  th e same number so th a t  d ir e c t  

com parisons cou ld  be made, A few e x tr a  sp ots were p resen t which could  n o t be 

id e n t i f i e d .  These were g iv en  the p r e f ix  NR fo llo w ed  by a number, im ply ing  

th a t they  are n o t ribosom al p r o te in s ,  a lthough  i t  i s  p o s s ib le  th a t  they  are  

aggregated forms o f  ribosom al p r o te in s .  In  f a c t ,  some o f  the e x tr a  sp o ts  

p resen t on th e  g e ls  o f  4OS ribosom al p r o te in s  appear to  correspond to  

p r o te in s  o f  th e  60S ribosom al su b u n it. This would su g g est th a t th ere  was 

some contam ination  o f  th e  l i v e r  4OS ribosom al su b u n its  w ith  60S su b u n its .

Some o f  th e ex tra  sp o ts  d id  not appear to  correspond betw een d i f f e r e n t  g e l s ,  

however, and no comparison was made between them.

In d iv id u a l sp o ts  were cu t out and the amount o f  r a d io a c t iv i ty  was m easured. 

Although th e v i s i b l e  s ta in in g  i s  due to  the l i v e r  ribosom al p r o te in s ,  

any r a d io a c t iv i t y  p resen t w i l l  be due to  the u te r in e  ribosom al p r o te in s .

T his assumes th a t th ere  i s  co -m ig ra tio n  o f  th e  ribosom al p r o te in s  from the  

two d i f f e r e n t  organs. For the m a jo r ity  o f  the p r o te in s ,  t h i s  assum ption i s  

j u s t i f i e d  s in c e  mammalian ribosom al p r o te in s  from a number o f  sou rces  g iv e  

id e n t ic a l  p a tte r n s  on tw o-d im ensional g e l  e le c tr o p h o r e s is  (Auger-Buendia and 

Longuet, 1978» L a stick  and McConkey, 1976; Schiffm ann and Horak, 1978; 

C a z i l l i s  and H ou ssa is , 1979» McConkey e t  a l , ,  1 9 7 9 ). Minor d if f e r e n c e s  

have been observed , however (L a stick  and McConkey, 1976; Schiffm ann and



F ig u re  27

Schem atic r e p r e s e n t a t io n s  o f  tw o -d im en s io n a l p o ly a c ry la m id e  g e ls  o f  

rib o so m al p r o te in s

For e x p e rim e n ta l d e t a i l s ,  see  le g en d  to  F ig u re  26,
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Horak, 1978; McConkey e t  a l , ,  1 9 79 ). In p a r t ic u la r ,  any hormone-induced  

m o d if ic a tio n s  o f  the u te r in e  p r o te in s  r e s u lt in g  in  an a lt e r a t io n  in  the  

n e t  charge o f  a p r o te in , such as p h o sp h ory la tion , w i l l  r e s u lt  in  an a lt e r a t io n

o f  the p o s it io n  to  w hich the p r o te in  m ig r a te s . The amount o f  

r a d io a c t iv i ty  in  each  p r o te in  sp ot fo llo w in g  treatm ent w ith  o estro g en  i s  

shov/n in  f ig u r e  28 , The in co r p o r a tio n  o f  r a d io a c t iv i t y  in to  a l l  o f  the  

sp o ts  th a t  cou ld  n ot be id e n t i f i e d  as tru e  ribosom al p r o te in s  was very

low and th e r e s u l t s  have not been in clu d ed  in  f ig u r e  28,

I t  can be seen  th a t  the amount o f  r a d io a c t iv i ty  in corp orated  in to  the  

in d iv id u a l p r o te in  sp o ts  i s  l e s s  than th a t in corp ora ted  in to  th e p r o te in  

bands on th e  on e-d im en sion a l g e l s .  T h is i s  probably because th e ribosom al 

su bu n its were la y e red  d ir e c t ly  on th e on e-d im en sion al g e l s ,  whereas fu r th e r  

p u r if ic a t io n  o f  th e  ribosom al p r o te in s ,  which cou ld  have r e s u lte d  in  l o s s e s ,  

v;as n ecessa ry  fo r  tw o-d im ensional g e l e le c tr o p h o r e s is .  In a d d it io n , some o f  

the bands on th e  on e-d im en sion a l g e ls  would have c o n s is te d  o f  more than one 

p r o te in . On lo o k in g  a t  th e  e f f e c t  o f  hormone treatm ent on the  

in co r p o r a tio n  o f  r a d io a c t iv i t y  in to  the in d iv id u a l p r o te in  sp o ts  on the  

tw o-d im ensional g e l s ,  i t  would appear th a t  th e in co r p o r a tio n  o f  n ew ly-  

sy n th e s ise d  ribosom al p r o te in s  in to  ribosom al su b u n its  from c o n tr o l an im als  

i s  very low . In f a c t ,  th e  r a d io a c t iv i ty  in corp orated  i s  hard ly  above 

background. Treatm ent w ith  oestro g en  r e s u l t s  in  a s t im u la tio n  o f  

in c o r p o r a tio n . However, d if f e r e n c e s  in  the amount o f  r a d io a c t iv i t y  

incorporated  betw een d i f f e r e n t  g e ls  may be caused by d i f f e r e n c e s ■in  the  

e f f ic ie n c y  o f  e x tr a c t io n  and subsequent recovery  o f  th e ribosom al p r o te in s  

from the g e l s .  The g e l s  o f  th e  40S p r o te in s  from an im als g iv en  hormone 4hr  

b efore  d eath  and o f  th e  60S p r o te in s  from anim als tr e a te d  12hr b efo re  

d eath  gave th e most c le a r ly -d e f in e d  p a tte r n s . T h is w ould . su g g est  th a t the  

recovery o f  l i v e r  c a r r ie r  p r o te in  was b e s t  in  th e se  two g e ls  and, by 

im p lic a t io n , the recovery  o f  r a d io a c tiv e  la b e l  from the u te r in e  ribosom al 

p r o te in s  would have been b e s t .  T h is , in  f a c t ,  was ob served . The g e l o f



P ro te in

C o n tro l

Small S u b u n it 

c .p .m . in c o rp o ra te d  

2h r  O e s tr a d io l  4h r  O e s tr a d io l 12hr O e s tr a d io l

S2 0 28 51 1
8 3 /3 a 4 16 58 0
S4 4 4 28 7
S5 — 0 28
86 - - 24 —

87 6 17 27 0
89/8 - — 18 —

810 — 11 16 0
811 — 0
815 - — 17 —

814 7 29 49 52
815 1 0 29 11
816/18 - 24 44 8
817 - — 27 —

819 5 29 72 20
820 0 0 28 16
825/24 0 9 65 4
825 0 - - 15



Larre Hnbun i t

P ro te in

L5

C ontrol

0

c .p .m . in co rp o ra ted  

2hr O e str a d io l 4hr O e stra d io l 12hr O e str a d io l

24 -  28
L4 — — 25
L5 0 26 — 26
L6 1 — - 155
L7 7 0 14 60
L8 0 54 22 122
L9 0 51 - 10
110 7 12 22 29
LI 2/11 9 40 2 46
1 1 5/15 5 21 24 52
LI 4 0 25 26 51

*L16 0 0 — 0
117 0 •— 22 25
119 — •M ■— 16
L 2 l/25a 0 0 19 151
L22 7 56 - 29
124 - - — 7
L25 0 5 11 14
L26 4 15 15 0
L27 9 20 16 0
L28/29 7 — — 40

. 150/51 — - - 11
152/55 — - - 0
154/55 — - - 4
L56 12

E ffe c t  o f o e s t r a d io l - 17p

F igure 28 

on th e  in c o r p o r a ti on o f  r a d io a c t iv i t y in to .

u te r in e  ribosom al p r o te in s .

The p r o te in  sp o ts  from the g e l s  shown in  F ig u r e s -26 and 27 were cu t out 

and the r a d io a c t iv i t y  o f  each sp o t was measured as d escr ib ed  in  M a te r ia ls  

and M ethods, A dash in d ic a te s  th a t  th e p a r t ic u la r  p r o te in  cou ld  n o t be 

observed on a g e l .
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the 60S p r o te in s  from co n tro l anim als a ls o  gave f a ir l y  w e ll-d e f in e d  sp o ts ,  

but the r a d io a c tiv e  in co r p o r a tio n  was low . T his would su ggest th a t  th ere  

i s  a stim u la to ry  e f f e c t  o f  the hormone on the in co rp o ra tio n  o f  n ew ly -  

syn th esised  ribosom al p r o te in s  in to  ribosom es.

I t  was observed th a t ,  12hr a f t e r  hormone treatm en t, the in co r p o r a tio n  

o f  la b e l  was h igh  fo r  th ree  o f  the s p o ts , l 6, L8, and L 2 l/2 5 a . T his

does not appear to  be a r e f l e c t io n  o f  the le u c in e  con ten t o f  the p r o te in s

s in c e , a lthough  th ese  p a r t ic u la r  p r o te in s  have a f a ir ly  h igh  le u c in e  c o n ten t, 

th ere are o th er  p r o te in s  o f  the sm all and la r g e  ribosom al su b u n its  w ith  

an eq u a lly  high, or even h igh er, le u c in e  con ten t (Tsurugi e t  a l . ,  1977»

C o lla tz  e t  a l , ,  1977» Goerl e t  a l , ,  1978) which are n o t la b e l le d  to  such  

a great e x te n t .  M oreover, no la b e l  was d e te c te d  in  th ree  sp o ts , 811, LI6 

and L52/55 in  any o f  the g e l s ,  even though th ese  p r o te in s  a lso  have a 

f a ir ly  h igh  le u c in e  con ten t (T surugi e t  a l . ,  1977» C o lla tz  e t  a l , ,  1977»

Goerl e t  a l , ,  1 9 7 8 ). However, d if f e r e n c e s  in  the l a b e l l in g  o f  in d iv id u a l

p ro te in  sp o ts  could  a r is e  from d if f e r e n c e s  in  the recovery  o f  a p a r t ic u la r

p r o te in . In a d d it io n , absence o f  r a d io a c t iv i ty  from a p ro te in  sp o t cou ld  

r e s u lt  from lo s s  o f  the u te r in e  p r o te in  du rin g  the e x tr a c t io n  and subsequent 

e le c tr o p h o r e s is ,  f a i lu r e  o f  the u te r in e  p r o te in  to  co-m igrate w ith  a l i v e r  

ribosom al p r o te in , or  even com plete absence o f  the u te r in e  ribosom al p r o te in .

I t  i s  not known why, in  t h i s  p a r t ic u la r  experim ent, th e a d d it io n  o f  the  

same q u a n tity  o f  c a r r ie r  l i v e r  ribosom al su bu n its b efo re  p r o te in  e x tr a c t io n  

should g iv e  such d i f f e r e n t  r e s u l t s  on tw o-d im ensional e le c tr o p h o r e s is .

Because o f  th ese  d if f e r e n c e s  in  the r e c o v e r ie s  o f  the ribosom al p r o te in s ,  

i t  i s  not p o s s ib le  to  compare r e a l i s t i c a l l y  th e la b e l l in g  o f  the p r o te in s  

fo llo w in g  d if f e r e n t  p er io d s  o f  hormone treatm ent or to  compare th e  la b e l l in g  

o f  d if f e r e n t  p r o te in s .  The c o n c lu s io n  th a t can be drawn from th e  r e s u l t s  

o f  t h is  experim ent, however, i s  th a t  treatm ent o f  immature r a ts  w ith  

o e s tr a d io l-17p r e s u l t s  in  th e in co r p o r a tio n  o f  r a d io a c tiv e  la b e l  in to  in d iv id u a l  

p r o te in s  th a t co -m igrate  w ith  a u th e n tic  ribosom al p r o te in s  on tw o-d im en sional
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g e l e l e c t r o p h o r e s i s .  These r e s u l t s  th e r e f o r e  c o r ro b o ra te  th e  f in d in g s  o f  

th e  p re v io u s  s e c t io n ,  nam ely t h a t  in  v i t r o  in c u b a tio n  o f  im m ature 

r a t  u t e r i  w ith  _7  le u c in e  r e s u l t s  in  th e  rib o so m a l p r o te in s

becom ing l a b e l l e d  and  t h a t  t r e a tm e n t  w ith  o e s tro g e n  s t im u la te s  th e  

in c o rp o r a t io n  o f  l a b e l  i n to  th e s e  p r o t e i n s .

T h e re fo re , th e  u se  o f  an in  v i t r o  in c u b a t io n  te c h n iq u e  has co n firm ed  

th a t  th e  o e s t r o g e n - s t im u la te d  in c o rp o r a t io n  o f  r a d i o a c t i v e l y - l a b e l l e d  

amino a c id s ,  a d m in is te re d  in  v iv o ,  i n t o  a c id - in s o lu b le  m a te r ia l  o f  u t e r i n e  

ribosom es o ccu rs  b e c a u se  o f  th e  in c o rp o r a t io n  o f  n e w ly -s y n th e s is e d  

rib o so m al p r o te in s  i n t o  r ib o so m e s .
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4 DISCUSSION

The purpose o f  t h i s  d i s c u s s io n  i s  t o  summarise the co n c lu s io n s  reached  

a t  the end o f  each exp erim enta l s e c t io n  and to  s e t  o b je c t iv e s  fo r  fu r th e r  

resea rch ,

4 .1  In corp ora tion  o f  n e v lv - s v n t h e s i s e d  RI'JA and p r o te in  in to  ribosomes in  

the immature ra t  u teru s

Any e x p e rim e n ts  d e s ig n e d  to  s tu d y  th e  e f f e c t  o f  o e s tro g e n  on th e  s y n th e s is  

o f  th e  v a r io u s  com ponents o f  r ib o so m es w i l l  be d ep en d en t on th e  

p r e p a r a t io n  o f  th e  r ib o so m e s . The m ethod u sed  to  p re p a re  ribosom es in  

th e  e x p e r im e n ta l work d e s c r ib e d  in  t h i s  t h e s i s  would a p p e a r to  be 

s a t i s f a c t o r y  by a  number o f  c r i t e r i a .  The i s o l a t e d  ribosom es c o n ta in  

i n t a c t  rRNA; th e y  a re  a c t i v e  i n  a  c e l l - f r e e  t r a n s l a t i o n  system ; th e y  can 

be d i s s o c ia te d  in t o  d i s s i m i l a r  s u b u n i t s .  F u rth e rm o re , e l e c t r o p h o r e s i s  

o f  th e  p r o te in s  on o n e -d im e n s io n a l p o ly a c ry la m id e  g e ls  in  th e  p re se n c e  o f  

SDS r e s u l t e d  in  bands v e ry  s i m i l a r  to  th o s e  o b ta in e d  on e le c t r o p h o r e s i s  

o f  a u th e n t ic  rib o so m a l p r o t e i n s  from  BHK c e l l s ,  A more r ig o ro u s  

d e m o n s tra tio n  o f  th e  p re se n c e  o f  r ib o so m a l p r o te in s  in  th e  u t e r i n e  

p r e p a r a t io n s  would have been  e l e c t r o p h o r e s i s  on tw o -d im en s io n a l 

p o ly a c ry la m id e  g e l s .  T h is  w ould have s e rv e d  to  d i s t i n g u i s h  r ib o so m a l p r o t e i n s  

from  o th e r  c y to p la sm ic  p r o t e i n s ,  p a r t i c u l a r l y  th e  p r o te in s  o f  m essen g er 

r ib o n u c le o p r o te in  p a r t i c l e s  w hich  have d i f f e r e n t  e l e c t r o p h o r e t i c  p r o p e r t i e s  

(Bag and S e l l s ,  1 9 79 ). U n fo r tu n a te ly ,  th e  tw o -d im e n s io n a l e le c tro p h o re to g ra m s  

o b ta in e d  w ere n o t  v e ry  s a t i s f a c t o r y .  N e v e r th e le s s ,  th e r e  was c o -m ig ra tio n  

o f  some o f  th e  p r o te in s  p r e s e n t  in  th e  u t e r i n e  p r e p a r a t io n s  w ith  rib o so m a l 

p r o te in s  from  r a t  l i v e r .

The h y p o th e s is  o f  Key In te rm e d ia ry  P r o t e i n s ,  w hich  m ust be s y n th e s is e d  

b e fo re  th e  o e s t r o g e n - s t im u la te d  s y n th e s i s  o f  rRNA in  th e  im m ature r a t  

u te r u s  can o c c u r , was d is c u s s e d  i n  S e c t io n  1 ,2 ,2 ,6 .  T h is  h y p o th e s is  p o ses  

a  number o f  q u e s t io n s .  A p art from  th e  p roblem  o f  th e  i d e n t i t y  o f  th e se  

p a r t i c u l a r  p r o t e i n s ,  th e r e  i s  th e  q u e s t io n  o f  w h e th e r  a  s t im u la t io n  o f



121

p r o te in  s y n th e s is  can he d e te c te d  a t  e a r ly  tim es  fo llo w in g  tre a tm e n t 

w ith  o e s t r a d i o l .  The a n a ly s i s  o f  polysom e p r o f i l e s  o f  immature r a t  u t e r i  

re sp o n d in g  to  o e s tr a d io l-1 7 |3  shows t h a t  an in c re a s e  in  p r o te in  s y n th e s is ,  

a s  judged hy an in c r e a s e  in  th e  p r o p o r t io n  o f  polysom es to  monosomes, can 

be d em o n stra ted  50min -  I h r  a f t e r  g iv in g  th e  horm one. T h is  r e s u l t  i s  

in  agreem ent w ith  th e  r e s u l t s  o f  V /helley and B a rk e r  ( l 9 7 4 )  who d e te c te d  

an in c re a s e d  r a t e  o f  in c o rp o r a t io n  o f  ^  J  le u c in e  by u te r i n e

ribosom es in c u b a te d  in  v i t r o  I h r  a f t e r  g iv in g  o e s t r a d i o l  to  o v a r ie c to m is e d  

r a t s .  The t im in g  o f  th e  in c re a s e  in  th e  p ro p o r t io n  o f  polysom es to  

monosomes in  th e  im m ature r a t  u te ru s  a l s o  a g re e s  w ith  th e  p r e d ic t io n  o f  th e  

Key In te rm e d ia ry  P r o te in s  m odel. The i d e n t i t y  o f  th e  p r o te in s  s y n th e s is e d  

by th e  polysom es i s  n o t known, how ever, a l th o u g h  i t  i s  p o s s ib le  t h a t  a t  

l e a s t  one o f  th e  p r o te in s  i s  th e  s p e c i f i c ,  o e s tro g e n - in d u c e d  p r o t e i n  IP ,

The f a c t  t h a t  a  horm one-induced  s t im u la t io n  o f  p r o te in  s y n th e s is  can be 

d em o n stra ted  a t  such  an e a r ly  s ta g e  by th e  a n a ly s i s  o f  polysome p r o f i l e s ,  

b u t n o t by m e asu rin g  th e  in c o rp o r a t io n  o f  r a d io a c t i v e ly - l a b e l l e d  amino 

a c id s  in to  a c id - in s o lu b le  m a te r i a l ,  i s  a  r e f l e c t i o n  o f  th e  g r e a t e r  

s e n s i t i v i t y  o f  th e  fo rm er te c h n iq u e , A s t im u la t io n  o f  p r o te in  s y n th e s is  

i s  o n ly  d e t e c ta b le  by r a d io a c t iv e  in c o rp o r a t io n  m easurem ents a t  th e  

b e g in n in g  o f  th e  g e n e ra l  in c re a s e  in  p r o te i n  s y n th e s is  in  re sp o n se  to  

o e s tro g e n . By t h i s  t im e , th e  e f f e c t  o f  th e  hormone on th e  polysom e 

p r o f i l e s  i s  even more m arked.

A ccord ing  to  th e  Key In te rm e d ia ry  P r o te in s  m odel, t h i s  s t im u la t io n  o f  

p r o te in  s y n th e s is  a f t e r  30 min -  I h r  sh o u ld  r e s u l t  from  a  s t im u la t io n  o f  

th e  s y n th e s is  o f  th e  mENA m o lecu le s  co d in g  f o r  th e s e  p r o te i n s .  When th e  

po lysom al BI-ÎA was e x t r a c te d  and f r a c t io n a t e d  by a f f i n i t y  chrom atography  on 

o l ig o  (dT) c e l l u l o s e ,  a  bound f r a c t i o n ,  presum ed to " r e p r e s e n t  p o ly so m a l, 

p o ly a d e n y la te d  mPNA, was o b ta in e d , A s t im u la t io n  o f  th e  in c o rp o r a t io n  o f  a 

r a d io a c t i v e ly - l a b e l l e d  p r e c u r s o r  i n to  t h i s  BNA f r a c t i o n  was d e te c ta b le  2h r  

a f t e r  hormone t r e a tm e n t .  However, a t  e a r l i e r  tim e s  fo llo w in g  hormone 

tr e a tm e n t ,  th e  in c o rp o r a t io n  o f  r a d i o a c t i v i t y  in t o  t h i s  f r a c t i o n  was v e ry
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low and i t  i s  n o t  p o s s ib le  to  s t a t e ,  w ith  c e r t a i n t y ,  w h e th er th e  

a g g re g a tio n  o f  ribosom es i n t o  polysom es w ith in  th e  f i r s t  hou r in v o lv e s  

n e w ly -s y n th e s is e d  mRNA. I t  i s  e s p e c i a l l y  im p o r ta n t t h a t  a b s o lu te  

r e l i a b i l i t y  can be p la c e d  on any d a ta  o b ta in e d  a t  th e s e  e a r ly  t im e s  in  

view  o f  th e  c o n tro v e rs y  s u r ro u n d in g  th e  i d e n t i f i c a t i o n  o f  s p e c i f i c ,  

horm one-induced  mRNA s p e c ie s  in  th e  u te r u s  by r a d io a c t iv e  in c o rp o r a t io n  

e x p e r im e n ts . T h is  c o n tro v e r s y  h as  been  d is c u s s e d  by F r o l ik  and G o rsk i 

(197T) and i s  d is c u s s e d  a l s o  in  S e c t io n  1 .2 ,2 ,6 .  N e v e r th e le s s ,  th e r e  i s  

a  g r e a t  d e a l  o f  c i r c u m s ta n t i a l  ev id en ce  to  su g g e s t t h a t  o e s tro g e n  does 

ind u ce  th e  s y n th e s is  o f  s p e c i f i c  mRNA s p e c ie s  in  th e  u t e r u s .  T h is  has 

come from th e  r e s u l t s  o f  e x p e rim e n ts  u s in g  i n h i b i t o r s  o f  ENA and p r o te i n  

s y n th e s is ,  s tu d ie s  on th e  a c t i v i t i e s  o f  RÎ A p o ly m erases  and s tu d ie s  on 

HnRNA s y n th e s i s .  F u rth e rm o re , o e s tro g e n - in d u c e d  s y n th e s is  o f  s p e c i f i c  

mRNA s p e c ie s  h as  been  d e m o n s tra te d  in  o th e r  t a r g e t  t i s s u e s ,  such  a s  

a v ia n  o v id u c t and l i v e r .  I n  th e  u t e r u s ,  i t  i s  te m p tin g  to  s p e c u la te  t h a t  

HnRl'̂ A, r a p id ly  s y n th e s is e d  i n  re sp o n s e  to  o e s tro g e n , c o n ta in s  mRNA s p e c ie s  

w hich p ass  to  th e  cy to p lasm  and le a d  to  th e  a g g re g a t io n  o f  r ib o so m es in t o  

polysom es (A ziz  and K now ler, 1 9 ?8 a ).

A more s e n s i t i v e  tech n iq u e ,  p o s s ib ly  m olecular h y b r id is a t io n ,  i s  n ecessa ry  

to  confirm t h i s  h y p o th e s i s .  Encouraging r e s u l t s  have a lready  been  

obtained by t h i s  tech n iq ue u s in g  p o lyad en y la ted , polysom al RNA from immature 

r a t s  responding to  4hr hormone treatm ent (A ziz e t  a l , ,  1979 ) .  However, 

there are t e c h n ic a l  d i f f i c u l t i e s  in  o b ta in in g  polysom al, p o lyad en y la ted  

ENA from th e  u t e r i  o f  u n st im ula ted  animals or anim als responding to  Ihr  

hormone treatm ent because o f  th e  very small proportion  o f  polysomes in  the  

t i s s u e  a t  th e s e  t im es .

The in co rp o ra tio n  o f  r a d i o a c t i v i t y  in t o  the bound f r a c t io n  o f  polysom al  

Rl̂ A was maximal 12hr a f t e r  hormone treatm en t. This concurs w ith  the  time 

a t  which the g en era l s t im u la t io n  o f  u te r in e  p r o te in  s y n th e s i s  in  response to  

oestrogen  i s  occu rr in g .  I t  i s  l i k e l y ,  th e r e fo r e ,  th a t  maximal l a b e l l i n g
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o f  th e  bound RNA f r a c t io n  12 h r a f t e r  hormone t r e a tm e n t  r e s u l t s  from 

th e  s y n th e s is  o f  th e  mRÎ A sequences n e c e s s a ry  f o r  th e  s t im u la t io n  o f  

t o t a l  p r o te in  s y n th e s is  a t  t h i s  tim e .

When th e  in c o r p o r a t io n  o f  a  r a d i o a c t i v e l y - l a b e l l e d  p r e c u r s o r  in t o  

th e  unbound f r a c t i o n  o f  th e  po lysom al RNA was s tu d ie d ,  a  s t im u la t io n  o f  

in c o rp o r a t io n  was o b se rv ed  2h r  a f t e r  t r e a tm e n t w ith  o e s tro g e n . T h is  

r e p r e s e n ts  th e  in c o rp o r a t io n  m ain ly  o f  n e w ly -s y n th e s is e d  rRÎ IA in t o  

u te r in e  po lysom es, a l th o u g h  some tRNA was a ls o  shown to  be p r e s e n t  in  

t h i s  f r a c t i o n .  T h is  l e v e l  o f  in c o r p o r a t io n  was m a in ta in e d  u n t i l  8h r  

a f t e r  hormone t r e a tm e n t ,  when th e r e  was a  f u r t h e r  s t im u la t io n  su ch  t h a t  

by 12hr a f t e r  o e s tro g e n  t r e a tm e n t ,  p r e c u r s o r  in c o rp o r a t io n  was s t im u la te d  

m axim ally  a t  a p p ro x im a te ly  te n - f o l d  o v e r  th e  c o n t ro l  l e v e l s .

S tu d ie s  w ere a l s o  c a r r i e d  o u t on th e  in c o rp o r a t io n  o f  n e w ly -s y n th e s is e d  

rib o so m al p r o t e i n s  i n t o  u te r i n e  rib o so m es in  re sp o n se  to  o e s t r a d i o l .

These ex p e rim en ts  showed t h a t  th e r e  was a  s t im u la t io n  o f  in c o rp o r a t io n  o f  

n e w ly -s y n th e s is e d  p r o te in s  in t o  rib o so m es s im i la r  to  th e  h o rm o n e -s tim u la te d  

in c o rp o r a t io n  o f  n e w ly -s y n th e s is e d  rRl'ïA in t o  r ib o so m e s. T hus, maximum 

in c o rp o r a t io n  o c c u rre d  1 2h r a f t e r  hormone tr e a tm e n t  a t  s i x  tim e s  th e  c o n t ro l  

l e v e l ,  a l th o u g h , u n l ik e  th e  o e s t ro g e n - s t im u la te d  rRNA in c o r p o r a t io n ,  th e  

s t im u la t io n  was a p p ro a c h in g  i t s  maximum l e v e l  a f t e r  8h r .  F u rth e rm o re , 

th e  s t im u la t io n  o f  in c o rp o r a t io n  o f  n e w ly -s y n th e s is e d  p r o te in s  in t o  

ribosom es showed th e  same k i n e t i c s  a s  th e  s t im u la t io n  o f  t o t a l  p r o te in  

s y n th e s is  i n  th e  u t e r u s .  T h is  s t im u la t io n  o f  in c o r p o r a t io n  co u ld  be 

rep ro d u ced  i f  i s o l a t e d  u t e r i  were in c u b a te d  in  v i t r o  w ith  th e  r a d i o a c t i v e l y -  

l a b e l l e d  p r e c u r s o r .  E le c t r o p h o r e s is  o f  th e  p r o t e i n s  a s s o c ia t e d  w ith  th e  

ribosom es on o n e -d im e n s io n a l g e ls  showed th a t  p r o t e i n  b an d s , w hich  

c o -m ig ra te d  w ith  a u th e n t ic  rib o so m a l p r o te in s  from  BHK c e l l s ,  in c o rp o ra te d  

r a d i o a c t i v i t y  u n d e r  th e s e  c o n d i t io n s .  A lthough  e l e c t r o p h o r e s i s  o f  th e  

p r o te in s  from  u te r i n e  ribosom es on tw o -d im e n s io n a l g e ls  was l e s s  s u c c e s s f u l ,  

some p r o te in s  w hich c o -m ig ra te d  w ith  a u th e n t ic  l i v e r  r ib o so m a l p r o te in s  w ere
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shovm to  be r a d i o a c t i v e l y - l a b e l l e d .  Current d e f i n i t i o n s  o f  euk aryotic  

ribosomal p r o te in s  are based on the sed im entation  o f  the d i s s o c ia t e d  

‘ribosomal su b u n its  through sucrose g ra d ie n ts  in  the presence o f  h igh  s a l t  

c o n cen tra t io n s ,  and on the e le c t r o p h o r e t ic  p r o p e r t ie s  o f  the p r o te in s  on 

tw o-dim ensional polyacrylam ide g e l  e l e c t r o p h o r e s i s .  By the f i r s t  c r i t e r io n ,  

the r a d io a c t i v e ly - l a b e l l e d  bands on the one-dim ensional g e l s  are ribosomal 

p r o te in s .  However, th e  f a c t  th a t  some h igh  m olecular w eight contaminants  

were observed a t  the  top o f  the g e l s  would in d ic a te  th a t  t h i s  i d e n t i f i c a t i o n  

must remain t e n t a t i v e  u n t i l  more complete in form ation  on the e le c t r o p h o r e t ic  

p r o p e r t ie s  o f  the p r o te in s  on tw o-dim ensional g e l s  i s  a v a i la b le .  

N e v e r th e le ss ,  th e  f a c t  th a t  some u te r in e  p r o te in s  which had in corporated  

l a b e l  co-m igrated  w ith  l i v e r  ribosom al p r o te in s  su g g e s ts  th a t  new ly-  

s y n th es ised  ribosom al p r o te in s  are incorporated  in t o  u te r in e  ribosomes  

and th a t  i t  i s  t h i s  in c o r p o r a t io n  th a t  i s  be ing  measured in  the experim ents  

conducted in  v iv o .

On com paring th e  r e s u l t s  o f  th e  in c o rp o r a t io n  o f  n e w ly -s y n th e s is e d  mRNA 

in to  u te r i n e  p o ly rib o so m es  w ith  th o s e  o f  th e  in c o rp o r a t io n  o f  n ew ly - 

s y n th e s is e d  rRNA and r ib o so m a l p r o t e i n s ,  i t  can be concluded  t h a t  th e  

a g g re g a tio n  o f  rib o so m es in t o  polysom es 2 -4 h r a f t e r  o e s tro g e n  t r e a tm e n t  

in v o lv e s  th e  a s s o c ia t io n  o f  n e w ly -s y n th e s is e d  mRNA w ith  p r e - e x i s t i n g  

r ib o so m es. The tim e  o f  maximum s t im u la t io n  o f  th e  in c o rp o r a t io n  o f  new ly - 

s y n th e s is e d  rRNA and r ib o so m a l p r o te i n  in to  u te r i n e  ribosom es may n o t  have 

been  p r e d ic te d  to  be a s  l a t e  a s  12 h r by th e  o r ig i n a l  e x p e rim e n ts  on rRNA 

s y n th e s is  o f  K now ler and S m e llie  ( l 9 7 l ) .  In  th e s e  e x p e r im e n ts , t o t a l  

u te r i n e  ENA was s e p a ra te d  on p o ly a c ry la m id e  g e ls  and th e  in c o rp o r a t io n  o f  

p r e c u r s o r  i n t o  rRNA was s t im u la te d  by t e n - f o l d  o v e r th e  c o n t r o l  l e v e l  2 -4 h r  

a f t e r  tr e a tm e n t  w ith  o e s t r a d i o l .  T h is  was confirm ed  by th e  r e s u l t s  o f  th e  

experim en t shown in  f ig u r e  7* However, th e  r e s u l t s  shown in  f ig u r e  20 

d em o n stra te  t h a t  r ib o so m a l p r o te i n  s y n th e s is  i s  n o t  s t im u la te d  u n t i l  8 -1 2 h r 

a f t e r  hormone t r e a tm e n t ,  a t  th e  same tim e  a s  th e  o e s tro g e n ic  s t im u la t io n  o f
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t o t a l  u te r i n e  p r o te in  s y n th e s i s .  T h e re fo re ,  th e  s y n th e s is  o f  r ib o so m a l 

p r o te in s ,  a s  judged  by th e  in c o r p o r a t io n  o f  n e w ly -s y n th e s is e d  r ib o so m a l 

p r o te in s  i n t o  rib o so m e s, does n o t  p re c e d e  th e  g e n e ra l  in c re a s e  in  u te r in e  

p r o te in  s y n th e s is  in  re sp o n se  to  horm one. F u rth e rm o re , th e  r e s u l t s  shown 

in  f ig u r e  15 su g g e s t t h a t  th e  in c o r p o r a t io n  o f  n e w ly -s y n th e s is e d  rRNA 

in t o  polysom es i s  n o t  m ax im ally  s t im u la te d  u n t i l  th e  in c o rp o r a t io n  o f  

new rib o so m a l p r o te in s  i s  a l s o  m axim al a t  12h r a f t e r  o e s tro g e n  t r e a tm e n t ,  

d e s p i t e  th e  t e n - f o l d  s t im u la t io n  i n  rRNA s y n th e s is  a f t e r  2 -4 h r  (K now ler 

and S m e llie , 1 9 7 1 ). These r e s u l t s  im p ly  t h a t ,  betw een  2 h r and 12 h r fo l lo w in g  

hormone t r e a tm e n t ,  a  p o o l o f  rRNA, n o t  a s s o c ia t e d  w ith  c y to p la sm ic  rib o so m e s, 

a ccu m u la tes  in  th e  u t e r i n e  c e l l s ,  A sm a ll f r a c t i o n  o f  t h i s  rRNA co u ld  be 

in c o rp o ra te d  in to  rib o so m e s , r e s u l t i n g  i n  th e  s l i g h t  s t im u la t io n  o b se rv ed  

a f t e r  2 h r , However, i t  w ould a p p e a r  t h a t  i t  i s  n o t  u n t i l  t h i s  p o o l o f  

rRNA i s  d e p le te d  by a s s o c i a t i o n  w ith  n e w ly - s y n th e s is e d  r ib o so m a l p r o te in s  

betw een 8h r  and 12 h r a f t e r  o e s tro g e n  tr e a tm e n t  t h a t  th e  in c o rp o r a t io n  o f  

n e w ly -s y n th e s is e d  rRNA i n t o  rib o so m es re a c h e s  a  maximum.

These c o n c lu s io n s  would a p p e a r  to  be i n  c o n t r a s t  to  th e  f in d in g s  

d is c u s s e d  i n  S e c tio n  1 ,5 ,2 ,2  t h a t ,  a l th o u g h  th e  s y n th e s is  o f  rRl'ïA and 

rib o so m a l p r o te i n s  can  o c c u r  s e p a r a t e ly ,  th e  r e s u l t i n g  p ro d u c ts  a re  n o t  

in c o rp o ra te d  in t o  rib o so m es b u t  a r e  d e g rad e d  r a p id l y .  Many o f  th e  

ex p e rim en ts  on w hich  th e s e  f in d in g s  a r e  b ased  w ere c a r r i e d  o u t on c e l l s  

c u l tu r e d  in  v i t r o .  I t  i s  p o s s ib le  t h a t  th e  u t e r u s ,  w hich, a s  p a r t  o f  i t s  

norm al m e tab o lism , u n d e rg o es  c y c l i c a l  p e r io d s  o f  grow th  and deve lo p m en t, 

may show d i f f e r e n t  p r o p e r t i e s .  T hus, i t  co u ld  be t h a t ,  i n  t h i s  t i s s u e ,  

com ponents o f  ribosom es co u ld  acc u m u la te  in d e p e n d e n tly  o f  t h e i r  assem bly  

in to  m atu re  r ib o so m e s,

4 .2  Rnle o f  p r o te in  s y n th e s is  in  rRNA s y n th e s is

The r e s u l t s  d e s c r ib e d  i n  t h i s  t h e s i s  le n d  su p p o r t to  th e  c o n c e p t o f  a  

cascade  phenomenon to  d e s c r ib e  th e  s t im u la t io n  o f  ribosom e s y n th e s is  i n  

th e  u te r u s  in  re sp o n se  to  o e s tro g e n .  Thus, th e  HnRNA s y n th e s is e d  50min a f t e r
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o e s tro g e n  tr e a tm e n t i s  p ro p o sed  to  c o n ta in  mRI-iA sequences  w hich m ust he 

t r a n s l a t e d ,  r e s u l t i n g  in  c e r t a in  Key In te rm e d ia ry  P r o te in s  r e q u ire d  f o r  

th e  s t im u la t io n  o f  rRl'ïA s y n th e s i s .  E v idence f o r  a s t im u la t io n  o f  p r o te i n  

s y n th e s is  30 min -  I h r  a f t e r  o e s tro g e n  a d m in is t r a t io n  i s  p re s e n te d  in  

t h i s  t h e s i s ,  a l th o u g h  i t  i s  n o t p o s s ib le  to  say w h e th e r t h i s  o c c u rs  b ecau se  

o f  th e  a v a i l a b i l i t y  o f  n e w ly - s y n th e s is e d  mMA a t  t h i s  tim e .

P r o te in  s y n th e s is  a p p e a rs  to  be n e c e s s a ry  f o r  rRNA s y n th e s is  in  a l l  l i v i n g  

c e l l s .  The p r o k a ry o t ic  o rg an ism , E. c o l i , u n d erg o es  a  re sp o n se , known a s  

a  s t r in g e n t  re sp o n se , to  th e  d e p r iv a t io n  o f  an amino a c id .  T h is  re sp o n se  

i s  dependen t on th e  r e l  A g en e . I n  s o - c a l l e d  s t r i n g e n t  ( r e l ^ )  s t r a i n s ,  

th e  ribosom es s y n th e s is e  g u an o sin e  te t r a p h o s p h a te  (pp G pp) d u r in g  amino 

a c id  s t a r v a t io n  in  a s s o c ia t io n  w ith  th e  p ro d u c t o f  th e  r e l  A gene known 

a s  s t r i n g e n t  f a c t o r .  M u tan ts  l a c k in g  t h i s  gene , s o - c a l l e d  re la x e d  ( r e l ” ) 

s t r a i n s ,  do n o t  s y n th e s is e  pp G p p . T h is  p ro d u c t a p p e a rs  to  m e d ia te  th e  

i n h i b i t i o n  o f  s ta b le  RNA s y n th e s i s ,  so t h a t  rRNA i s  n o t  s y n th e s is e d  d u r in g  

amino a c id  d e p r iv a t io n .  I t  a l s o  m e d ia te s  th e  i n h i b i t i o n  o f  th e  s y n th e s is  

o f  th e  mRNA s p e c ie s  co d in g  f o r  th e  r ib o so m a l p r o te in s  (D ennis and Nomura, 

1975)* U nder th e s e  c o n d i t io n s ,  th e  s y n th e s is  o f  rib o so m es i s  s a id  to  be 

u n d e r s t r i n g e n t  c o n t r o l ,  0*P a r r e l l  (197®) has  su g g e s te d  t h a t  th e  s t r i n g e n t  

re sp o n se  c o u ld  p r o t e c t  c e l l s  from th e  e f f e c t s  o f  t r a n s l a t i o n a l  e r r o r s ,  

because  o f  s u b s t r a t e  l i m i t a t i o n ,  d u r in g  amino a c id  s t a r v a t io n ,  r e s u l t i n g  in  

an  a d a p ta t io n  to  a  lo w e r grow th  r a t e .

E u k a ry o tic  c e l l s  a re  n o t  known to  have th e  e q u iv a le n t  o f  a  s t r i n g e n t  

f a c t o r  and th e y  do n o t  s y n th e s is e  pp G pp . N e v e r th e le s s ,  y e a s t  c e l l s  do 

show a  s t r i n g e n t  re sp o n s e  to  amino a c id  s t a r v a t io n  w hich in v o lv e s  th e  

p a r a l l e l  i n h i b i t i o n  o f  th e  s y n th e s is  o f  rRNA and th e  mRNA co d in g  f o r  

rib o so m a l p r o t e i n s ,  b u t  e x c lu d e s  th e  s y n th e s is  o f  b o th  tRNA and mRÎ'ÎA f o r  

th e  b u lk  o f  th e  c e l l s 'p r o t e i n s  (W arner and G o re n s te in ,  1 9 7 8 ). The 

re g u la to ry  mechanism f o r  t h i s  re sp o n s e  i s  n o t  known.

In  mammals, i t  has been  p o s tu la te d  t h a t  ribosom e s y n th e s is  i s  c o n t r o l le d  

by a  mechanism l in k e d  to  p r o te in  s y n th e s is  in  a  s im i l a r  way to  s t r i n g e n t
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c o n t ro l  in  E. c o l i  (C oupar e t  a l . ,  1 9 7 8 ). The in h i b i t i o n  o f  ribosom e

s y n th e s is  by p r o te in  s y n th e s is  i n h i b i t o r s  was d is c u s s e d  in  S e c tio n  1 . 5 .2 .2 ,

In  a d d i t io n ,  d e p r iv a t io n  o f  an e s s e n t i a l  amino a c id  can i n h i b i t  ribosom e

s y n th e s is  (H aden, 1 9 7 1 ). A gain , th e  m echanism  by w hich  t h i s  i n h i b i t i o n

o c c u rs  i s  n o t  known, a l th o u g h  h y p o th e se s  have been  p u t fo rv /a rd ,

S toyanova and H a d jio lo v  ( l9 7 9 )  have s u g g e s te d  t h a t  low d o ses  o f

c y c lo h ex im id e , w h i l s t  n o t  i n i t i a l l y  a f f e c t i n g  th e  t r a n s c r i p t i o n  o f  458

pre-rRNA, cau se  d r a s t i c  a l t e r a t i o n s  i n  th e  p r o c e s s in g  pathw ays o f  th e

458 pre-rKWA le a d in g  to  an i n h i b i t i o n  o f  th e  s y n th e s is  o f  18S rRNA and a

marked r e d u c t io n  in  th e  s y n th e s is  o f  288 rRNA, E v idence has been o b ta in e d

by b i n d e l l 's  la b o ra to r y  to  su g g e s t t h a t  th e  t r a n s c r i p t i o n  o f  rRl^A i s  u n d e r

th e  c o n t ro l  o f  mRNA t r a n s c r i p t i o n .  T hus, low d o se s  o f  ac tin o m y c in  D,

w hich  a p p e a r  to  i n h i b i t  e x c lu s iv e ly  rRNA s y n th e s i s ,  a c t u a l l y  do so  by

i n h i b i t i n g  th e  s y n th e s is  o f  th o s e  mRNA s p e c ie s  in v o lv e d  in  th e  c o n t r o l  o f

rRNA t r a n s c r i p t i o n .  E x p erim en ts  have shown t h a t  th e  same d o ses  o f

ac tin o m y c in  D w hich a r e  e f f e c t i v e  in  s e l e c t i v e l y  i n h i b i t i n g  rRI^A s y n th e s i s ,

a l s o  i n h i b i t  RNA p o ly m erase  I I  i n  i s o l a t e d  n u c l e i  ( L in d e l l ,  1976) and when

a d m in is te re d  in  v iv o  ( L in d e l l  e t  a l , ,1 9 7 8 ) .  I n  th e  l a t t e r  c a se , th e r e  i s

a l s o  an  i n h i b i t i o n  o f  th e  s y n th e s is  o f  r a p i d l y - l a b e l l e d  n u c le a r  p r o te i n s

(L in d e l l  e t  a l . ,  1 9 7 8 ). T hese o b s e r v a t io n s  have le d  L in d e l l  to  s u g g e s t

t h a t  a c tin o m y c in  D h as  an  e x t r a n u c l e o l a r  m echanism  o f  a c t io n  on rRNA s y n th e s i s .

The a n t i b i o t i c  <x-am anitin  a l s o  i n h i b i t s  RNA po lym erase  I I  a c t i v i t y ,  b u t

i t s  f a i l u r e  to  i n h i b i t  rRNA s y n th e s i s  may be due to  i t s  i n a b i l i t y  to

p e n e t r a te  th e  c e l l  membrane o f  a l l  c e l l s  ( L in d e l l ,  1976; L in d e l l  e t  a l . ,  1 9 7 8 ).

T his h y p o th e s is  i s  n o t in com p a tib le  w ith  th a t o f  Stoyanova and

H ad jio lov  (1 9 7 9 ). I t  i s  p o s s ib le  th a t  th e  p r o te in s  coded fo r  by th e  mRNA

s e n s i t i v e  to  low d o se s  o f  a c tin o m y c in  L , p o s tu la te d  by L in d e l l ,  a r e  n e c e s s a ry

f o r  th e  c o r r e c t  p r o c e s s in g  o f  th e  458 pre-rRNA m o le c u le . The p r e d ic t io n

o f  b o th  h y p o th e se s  i s  t h a t  th e s e  p r o t e i n s  w i l l  have a  v e ry  h ig h  r a t e  o f

turnover and a very  sm all p oo l s i z e ,  so th a t  rap id  a lt e r a t io n s  in  the ra te  

o f  rR N A 'synthesis can occu r.
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The s im i l a r i t y  between the h y p o th e s is  o f  L in d e l l ,  d e s c r ib in g  the con tro l

o f  rRNA s y n th e s is  u n d e r  norm al c o n d i t io n s ,  and th e  Key In te rm e d ia ry  P r o te in s

h y p o th e s is ,  d e s c r ib in g  th e  c o n t ro l  o f  rRNA s y n th e s is  u n d e r  c o n d i t io n s  o f

o e s t r o g e n - s t im u la te d  grow th  in  th e  im m ature r a t  u t e r u s ,  i s  s t r i k i n g .

A cco rd ing  to  b o th  h y p o th e se s , th e  s y n th e s i s  o f  rRNA i s  dependen t on th e

s y n th e s is  and su b se q u e n t t r a n s l a t i o n  o f  mRI’IA s p e c ie s .  The fo rm a tio n  o f

m atu re  ribosom es i n  e u k a ry o t ic  o rg an ism s w ould th e r e f o r e  ap p ea r to  be 
a

dependen t upony(c o n t  i n n  o n  s  su p p ly  o f  p r o t e i n s .  However, th e  p r o t e i n s  

w hich a p p e a r to  c o n t r o l  ribosom e s y n th e s is  may n o t be th e  same i n  b o th  

c irc u m s ta n c e s . I t  i s  p o s s ib le  t h a t  a  new s e t  o f  Key In te rm e d ia ry  P r o te in s  i s  

n e c e s s a ry  f o r  th e  s t im u la te d  s y n th e s is  o f  rib o so m es d u r in g  th e  o e s t ro g e n -  

in d u ced  h y p e r tro p h y  o f  th e  im m ature r a t  u t e r u s .  The i d e n t i f i c a t i o n  o f  th e s e  

p r o te in s  i s  e s s e n t i a l  f o r  a  g i e a t e r  u n d e r s ta n d in g  o f  th e  e f f e c t  o f  o e s t r a d i o l - 17P 

on th e  s y n th e s is  o f  rib o so m es in  th e  im m ature r a t  u t e r u s ,

4 .5  F u r th e r  e x p e r im e n ta l work su g g e s te d  bv th e s e  s tu d ie s

T here a re  a  num ber o f  a d d i t i o n a l  e x p e r im e n ts  su g g e s te d  by th e  r e s u l t s  

d e s c r ib e d  in  t h i s  t h e s i s .  One p o s s ib le  e x p e r im e n ta l ap p ro ach  i s  su g g e s te d  

by th e  r e s u l t s  o f  th e  a n a ly s i s  o f  polysom e p r o f i l e s  fo l lo w in g  hormone 

t r e a tm e n t .  I t  sh o u ld  be p o s s ib le  to  i s o l a t e  th e  polysom es and in c u b a te  them 

in  a  c e l l - f r e e  t r a n s l a t i o n  sy stem . The polysom es sh o u ld  th e n  co m p le te  th e  

s y n th e s is  o f  th e  p r o te i n s  th e y  w ere s y n th e s i s in g  in  th e  u te r u s ,  s in c e  th e y  

w i l l  be a t ta c h e d  s t i l l  to  th e  mRNA m o le c u le . The p r o t e i n s  s y n th e s is e d  a t  

v a r io u s  tim e s  fo llo w in g  o e s tro g e n  a d m in is t r a t io n  can  th e n  be i d e n t i f i e d .

The i d e n t i f i c a t i o n  o f  th e  o e s tro g e n - in d u c e d  p r o t e i n ,  IP , would be f a c i l i t a t e d  

by u se  o f  th e  a n tis e ru m  d e s c r ib e d  by l a c o b e l l i  e t  a l . ( l 9 7 7 ) . Of p a r t i c u l a r  

i n t e r e s t  would be th o s e  p r o t e i n s  s y n th e s is e d  J>0 m in - lh r  a f t e r  hormone 

tre a tm e n t s in c e  th e y  sh o u ld  in c lu d e  any p o s s ib le  Key In te rm e d ia ry  P r o t e i n s ,  

A no ther e x p e r im e n ta l ap p ro ac h  would be to  u se  im m unolog ical te c h n iq u e s  

to  i d e n t i f y  th e  s y n th e s is  o f  r ib o so m a l p r o t e i n s  in  th e  u t e r u s .  I n  th e  

e x p e r im e n ta l work d e s c r ib e d  in  t h i s  t h e s i s ,  th e  in c o rp o r a t io n  o f  n ew ly -
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sy n th es ised  ribosom al p r o te in s  in to  mature ribosom es was s tu d ied . However, 

the p o s s i b i l i t y  th a t th ere  i s  a c o n s id era b le  la g  between the time o f  s y n th e s is  

o f  th e ribosom al p r o te in s  and th e tim e o f  t h e ir  in co rp o ra tio n  in to  mature, 

cy top lasm ic  ribosom es cannot be ru led  o u t. U sing a n tib o d ie s  r a is e d  a g a in s t  

ribosom al p r o te in s ,  i t  may be p o s s ib le  to  measure th e sy n th e s is  o f  th ese  

p r o te in s  d ir e c t ly  fo llo w in g  hormone trea tm en t. T his approach has been used  

by Smith and Barker (1974) to  dem onstrate the o e s tr o g e n -s tim u la te d  s y n th e s is  

o f  g lu co se -6 -p h o sp h a te  dehydrogenase in  th e  u teru s  o f  ovariecto m ised  r a t s .

In th e  case  o f  ribosom al p r o te in s ,  i t  must be ensured th a t n ascen t p r o te in s  

are separated  from the ribosom es to  avo id  r e a c t io n s  between the a n t ib o d ie s  

a g a in s t  th e ribosom al p r o te in s  and th e mature ribosom es. A n tib od ies r a ise d  

a g a in s t  t o t a l  r ibosom al p r o te in s ,  ribosom al p r o te in s  o f  the 408 su b u n it, 

ribosom al p r o te in s  o f  the 60S su b u n it and in d iv id u a l ribosom al p r o te in s  have 

been d escr ib ed  (Wool, 1 9 79).

The ex p e rim en ts  on f r a c t i o n a t i n g  th e  u t e r i n e  r ib o so m a l p r o te in s  by tw o- 

d im e n s io n a l p o ly a c ry la m id e  g e l  e l e c t r o p h o r e s i s  were o n ly  p a r t i a l l y  s u c c e s s f u l ,  

a l th o u g h  th e y  d id  show t h a t  some o f  th e  p r o t e i n  s p o ts  were r a d io a c t i v e ly -  

l a b e l l e d ,  One o f  th e  p rob lem s was th e  low  y ie ld  o f  rib o so m a l p r o t e i n s  from  

th e  im m ature r a t  u t e r u s ,  A m i n ia tu r i s e d  v e r s io n  o f  th e  tw o -d im en s io n a l 

p o ly a c iy la m id e  g e l e l e c t r o p h o r e s i s  system  o f  S h e rto n  and Wool (1 9 7 2 ) , 

r e q u i r in g  o n ly  20- 30yig p r o t e i n  and g iv in g  com parable r e s o lu t io n ,  h as  been 

d e s c r ib e d  (L in  e t  a l , , 1 9 7 6 ), U sing  t h i s  m ethod, i t  sh o u ld  be p o s s ib le  to  

f r a c t i o n a t e  th e  p r o te i n s  o f  u t e r i n e  rib o so m e s , p o s s ib ly  w ith o u t th e  

n e c e s s i ty  f o r  l i v e r  r ib o so m a l p r o te i n s  to  be added a s  a  c a r r i e r .

The id e n t i f i c a t io n  o f  the r a d io a c t iv e ly - la b e l le d  p r o te in s  cou ld  a ls o  be 

improved i f  s u f f i c i e n t  r a d io a c t iv i t y  were in corp ora ted  in to  the u te r in e  

ribosom es to  a llo w  th e  use o f  f lu o r o g r a p l^ , as d escr ib ed  by Laskey and M il ls

( l9 7 5 )f  to  d e te c t  th e  la b e l le d  p r o te in s .  T his method o f  d e te c t io n  was n o t  

used  in  th e experim ents d e sc r ib e d  in  t h i s  t h e s i s  because i t  was con sid ered  

th a t the in d iv id u a l p r o te in  s p o ts  would co n ta in  in s u f f i c i e n t  r a d io a c t iv i t y .
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