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Sm#ARY

E v id en ce  c o l l e c t e d  in  t h i s  l a b o ra to r y  showed t h a t  an e a r l y  

a c t io n  o f  o e s tro g e n  on th e  im m ature r a t  u te ru s  was a  d ra m a tic  s t im u la t io n  

in  th e  s y n th e s is  o f  h e te ro g e n o u s  n u c le a r  RMA(HnRNA)* S u b s e q u e n tly , mRNA, 

w hich i s  p resu m ab ly  d e r iv e d  from  th e  HnRNA, a cc u m u la te s  in  th e  cy top lasm  

and  b r in g s  ab o u t th e  a g g re g a tio n  o f  p r e - e x i s t i n g  rib o so m es in to  p o ly som es. 

T h is  e a r ly  re s p o n s e ,  and th e  t r a n s l a t i o n  o f th e  mRÎ'lA in to  a  sm a ll number 

o f  i l l - c h a r a c t e r i z e d  p r o t e i n s ,  a p p e a rs  to  be a  p r e r e q u i s i t e  f o r  th e  

su b se q u e n t s t r i k i n g  in c r e a s e  in  s y n th e s i s  o f  rRNA, th e  a c c u m u la tio n  o f  

new rib o so m es and th e  su b se q u en t u t e r i n e  h y p e rtro p h y  and  h y p erp la sia©

The work in  t h i s  t h e s i s  d e s c r ib e s  a  c o n t in u in g  s tu d y  o f  

o e s tro g e n —in d u c ed  changes i n  u t e r i n e  t r a n s c r i p t i o n  and c o n c e n tr a te s  

on l )  th e  e f f e c t s  o f  o e s tro g e n  on u t e r i n e  HnRNA s y n th e s is  2) th e  

e f f e c t  o f  o e s tro g e n  on th e  p o p u la t io n  o f  mRNA in  u t e r i n e  c e l l  cy to p lasm  

3 ) th e  r e l a t i o n s h i p  o f  th e  HnRITA s y n th e s is  to  th e  changes in  mRNA 

d iv e r s i ty #

U te r in e  HnRNA was e x te n s iv e ly  p u r i f i e d  and c h a r a c te r i z e d  u n d er 

d e n a tu r in g  a s  w e ll as non d e n a tu r in g  c o n d itio n s *  The p u r i f i e d  h ig h  

m o le c u la r  w eig h t HnRNA s p e c ie s  w ere f r a c t i o n a t e d  on p o ly (u )  S ep h aro se  

i n t o  s p e c ie s  d i f f e r i n g  in  t h e i r  po ly (A ) co n ten t#  Each f r a c t i o n  was a ls o  

fo u n d  to  d i f f e r  in  i t s  s i z e  p r o f i l e  in  p o ly a c ry la m id e  g e ls  and s u c ro s e  

g r a d ie n ts #  O e s t r a d io l  t r e a tm e n t  o f  th e  r a t s  s t im u la te d  th e  s y n th e s i s  

o f  a l l  t h r e e . c h ro m a to g rap h ic  f r a c t i o n s  o f  h ig h  m o le c u la r  w eig h t HnRtTA, 

b u t th e  k i n e t i c s  o f  s y n th e s i s ,  d eg ree  o f s t im u la t io n  and s i z e  d i s t r i b u t i o n  

o f  th e  new ly s y n th e s iz e d  RNA d i f f e r e d  in  each  f r a c t io n #  The s t im u la t io n  

o f  HnRMA s y n th e s i s  was d e te c ta b le  as  e a r ly  as  30 rain a f t e r  th e
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a d m in is t r a t io n  o f  o e s t r a d i o l  and  p ro cee d ed  th e  s y n th e s i s  o f  rRNA and  

th e  a g g re g a tio n  o f  rib o so m es in to  polysom es* The s t im u la te d  s y n th e s i s  

o f  HnRNA a t  e a r ly  tim e s  a f t e r  o e s t r a d i o l  a d m in is t r a t io n  to  im m ature r a t s  

was m ost s t r i k i n g  in  th e  p o ly a d e n y la te d  f r a c t io n *  S in c e  e v id en ce  i s  

a c c u m u la tin g  t h a t  HnRNA c o n ta in s  p o ly n u c le o t id e  se q u en ce s  w hich 

u l t im a te ly  become m e sse n g e rs , i t  i s  s u g g e s te d  t h a t  th e  s t im u la te d  

p ro d u c tio n  o f  t h i s  s p e c ie s  in  th e  u te r u s  o f  o e s t r o g e n - s t im u la te d  r a t s  

may r e f l e c t  hormone—in d u c ed  mRNA s y n th e s is *

The d i v e r s i t y  and c o m p le x ity  o f  th e  u t e r i n e  poly(A)+mïïïNA 

p o p u la tio n  h as  been com pared a t  two d i f f e r e n t  s ta g e s  o f  u t e r i n e  g ro w th  

and  developm ent in  th e  rat©  A n a ly s is  by cHîA h y b r id iz a t io n  to  homologous 

mRNA in d i c a t e s  t h a t  th e r e  a re  8OOO d i f f e r e n t  seq u en ces  e x p re s se d  in  th e  

im m ature r a t  u te r u s  re sp o n d in g  to  j u s t  4h o f  0 e s t r a d i o l - 1 7 3 in d u c e d  

g row th  w h ile  th e  f u l l y  d e v e lo p ed  u te r u s  e x p re s s e s  36 ,000 se q u e n c e s 0 

R easons a re  d is c u s s e d  f o r  b e l ie v in g  t h a t  th e  a n a ly s i s  by t h i s  may le a d  

to  u n d e re s t im a te s  and f o r  t h i s  re a s o n  and as a  check  on r e s u l t s  o b ta in e d  

by gINA-RNA h y b r id iz a t io n  k i n e t i c s ,  th e  co m p lex ity  was r e a n a ly s e d  by 

h y b r id iz a t io n  o f  m e ro u ra te d  mRNA to  t o t a l  u n iq u e  ^ H - la b e l le d  ENA and 

h y b r id iz a t io n  a s sa y e d  by th io l - S e p h a r o s e  chrom atography* A n a ly s is  by 

t h i s  m ethod i n d i c a t e s  t h a t  th e  hormone s t im u la te d  im m ature r a t  u te ru s  

c o n ta in s  12 ,000  po ly (A ) c o n ta in in g  mRNA seq u en ce s  w h ile  th e  f u l l y  

d i f f e r e n t i a t e d  a d u l t  t i s s u e  c o n ta in s  53 ,000  d iv e r s e  sequences*

The mRNA p o p u la t io n  o f  im m ature r a t  u t e r i ,  re sp o n d in g  to  

d i f f e r e n t  le n g th s  o f  o e s t r a d io l - in d u c e d  d i f f e r e n t i a t i o n ,  have been 

com pared by th e  te c h n iq u e  o f DNA h y b r id iz a t io n  w ith  h e te ro lo g o u s  RNA*

O ver th e  f i r s t  4h o f  hormone—in d u c t io n  th e r e  a r e  c o n t in u in g  q u a l i t a t i v e  

and q u a n t i t a t i v e  changes in  th e  poly(A)+mRNA su c h  t h a t  by 4h a f t e r
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o e s t r a d i o l  t r e a tm e n t  th e  p o p u la t io n  b e a rs  l i t t l e  resem b lan ce  to  t h a t  

o f  th e  u n s t im u la te d  anim al* Between 2h and 4h a f t e r  o e s t r a d i o l  

a d m in is t r a t io n ,  th e  m ost s t r i k i n g  changes a re  in  seq u en ce s  o f 

in te r m e d ia te  abundance# The p o s s i b le  s ig n i f i c a n c e  o f  th e s e  f in d in g s  

i s  d iscu ssed *

cINA com plem entary  to  mRMA was s e p a r a te d  in to  th e  abundan t 

seq u en ces  by HAP ch rom atog raphy  and  h y b r id iz e d  to  o e s t r a d i o l - s t im u la t e d  

poly(A)+HhRMA* H y b r id iz a t io n  d a ta  r e v e a le d  th e  p re se n c e  o f  mRMA 

seq u en ces  in  poly(A)4'HhRMA s e d im a n tin g  a t  4O-3OS u n d e r d e n a tu r in g  

c o n d itio n s *  The mRMA sequence  c o n te n t  in c re a s e d  s e v e r a l  f o ld  a f t e r  

2h o f  o e s t r a d i o l  t re a tm e n t*



INTRODUCTION



1# In trod u ction

1*1 Eukaryotic Gene M aterial and T ranscription

The fa c to r  concerned w ith  the transm ission  o f  h ered itary

c h a r a c te r is t ic s ,  be i t  an in d iv id u a l c e l l  or a m u lt ic e l lu la r  organism  

i s  the broadest working d e f in it io n  o f  a gene© The g e n e tic  inform ation  

fo r  the development and proper fu n ction in g  o f the organism i s  encoded 

in  the lin e a r  sequences o f  the deoxyribonucleotide m olecules p resen t in  

chromosomes at one INA m olecule per chromosome (Kavenoff & Ziman, 1973» 

P ates & Pangman, 1972; Blamier _et ^  , 1972)© The INA o f  eukaryotic  

c e l l s  i s  p resen t in  complex w ith  n u cleo p ro te in s, namely h iston e  and the 

a c id ic  n on -h iston e proteins® This nu cleoprotein  complex con ta in in g  

g e n e tic  m ateria l was id e n t i f ie d  in  1882 (Flemming, 1882) as a nu clear  

m ateria l which s ta in e d  w ith a b a s ic  s ta in  and in  recent years has come 

to  be known as chromatin©

The s tru c tu re  o f  chromatin in  r e la t io n  to  the arrangement o f  

h is to n es  along th e ESTA m olecule and lo c a liz a t io n  o f  th e  non -h iston e  

p ro te in s  has been the cen tra l theme o f  a number o f  research projects©  

E lectron  m icroscope data (O lins & 01i n s , 1974), neutron d if fr a c t io n  

data (Balwin _et , 1975) and biochem ical evidence (Thomas & Komberg,

1975» Kornberg 1977 { P inch _et ^  , 1977) has shown that h is to n es  are 

complexed w ith  the HTA in  the form o f  c lu ste r s  in tersp ersed  w ith  

s tr e tc h e s  o f  n u c le o tid e s  th at are more vulnerable to  n u cleases  

(F e ls e n fe ld , 1976; Kornberg, 1977)* Such histone-EMA complex or 

nucleosomes look  l ik e  beads on a s tr in g  when examined under th e e lec tro n  

microscope and th ese  have been observed in  many p lan t and animal c e l l s



( s t e i n  je t ^  1976; F e l s e n f e l d  ^  ^  i 1976; K o m b e rg , 1977) and  in

some DTA tum our v i r u s e s  ( S te i n  ^  ^  ,  1978a; P o l i s k i  & M cC arty , 1975? 

Germond e t  a l  , 1975)®

l o l * l  The h is to n es

The h i s to n e  c o n s t i t u t e  a  s e t  o f  low  m o le c u la r  w e ig h t h ig h ly  

b a s ic  p r o te in s  a r r a n g e d  in to  f i v e  d i f f e r e n t  c la s s e s #  H is to n e s  w ere 

f i r s t  p ro p o se d  to  a c t  as r e p r e s s o r  m o le c u le s  in  e u k a ry o t ic  gene 

e x p re s s io n  by Stedm an & Stedm an (1950) and in  th e  1960 ' s  Huang e t  a l  * 

( 1 9 6 4 ) and  A lf r e y  _et ^  , ( I 9 6 3 ) p ro v id e d  e v id e n c e  t h a t  th e  a c t i v a t i o n  

o r  r e p r e s s io n  o f  RNA t r a n s c r i p t i o n  depended upon th e  am ounts o f  h i s to n e  

com plexed to  ENA# I n  r e c e n t  s tu d i e s  i t  h as  been shown t h a t  h i s to n e s  

s e v e r e ly  re d u c e  th e  te m p la te  c a p a c i ty  o f  th e  ovalbum in  gene (T s a i  e t  a l  . 

1976a ,  1976b) and  g lo b in  gene (G ilm o u r & M a c G ill iv ra y , 1976)© T h is  

may be due to  i t s  e f f e c t s  on ENA c h a in  e lo n g a t io n  r a t e  (K o s I o v  &

G eorgiev, 1970)» S tru ctu ra l m o d ifica tion s o f  h is to n e s  such as 

p h osp horylation , a c é ty la t io n  and m éthylation which could le a d  to  

changes in  th e e le c t r o s t a t ic  in te r a c tio n  w ith ENA, may be resp o n sib le  

fo r  inducing or rep ressin g  tr a n sc r ip tio n  o f s p e c i f ic  genes (T sa i e t  a l . 

1976a; G o tte s fe ld  £ t  a l , 1975? Axel ^  a l , 1975» S te in  & S t e in ,  1976)© 

Such changes occur concom itantly w ith  th e a c t iv a t io n  o f  tr a n sc r ip tio n  

a sso c ia te d  w ith  various b io lo g ic a l  processes e»g# c e l lu la r  pro I ife r a t io n  

(B alhom  e t , 1971? 1 9 7 2 a ,b ,c ; Gurley ^  , 1974)» s tim u la tio n

by hormones and transform ation by oncogenic v iru ses  (G o tte s fe ld  ^  ^  , 

1975? Langan & Hohmann, 1975? H n ilio a , 1972; S te in  ^  ^  , 1978b ) .

Thus h is to n es  appear to  p lay  an important r o le  in  the maintenance o f



genome stru ctu re  (K om berg, 1977) and in  the n o n -sp e c if ic  rep ression  

o f INA—dependent ENA sy n th es is  (S te in  e t ^  , 1978a)*

1*1*2 N o n -h is to n e  chrom osom al P r o te in s  (NHCF)

The te rm  n o n -h is to n e  chrom osom al p r o te in s  d e f in e s  a l l  

chromosom al p r o t e i n s  e x c e p t th e  h is to n e s *  Thus th e  NHGP in c lu d e s  

p r o te i n s  w hich form  s t r u c t u r a l  com ponents o r  genome a s s o c ia te d  

c o n t r a c t i l e  p r o te in s  (Douvas ^  ^  , 1975? Le S to u rg eo n  e t  ^  ,

1973, 1975)» enzymes in clu d in g  th ose  a sso c ia ted  w ith  tra n scr ip tio n  

and r e p lic a t io n  ( S te in  ^  ^  » 1978b) and regu la tory  m olecules  

(B aserga, 1974? E lg in  & Weintraub, 1975? Paul e t  al* # 1975? S te in  

& K leinsm ith , 1975? S te in  ^  ^  , 1975a? Thomas & P a te l ,  1976)*

L ik e  th e  h i s to n e s ,  th e  NHGP can  undergo  p o s t—t r a n s l a t i o n a l  m o d if ic a t io n s  

in c lu d in g  a c é t y l a t i o n  ( S u r i a  & L iew , 1974) ,  m é th y la t io n  (F ried m an , I 969 ) 

and  p h o s p h o ry la t io n  (K le in s m ith ,  1 9 7 5 )* These m o d if ic a t io n s  c o n fe r  

th e  p o t e n t i a l  f o r  in c r e a s e d  s p e c i f i c i t y  on NHGP* A d d it io n a l  ch an g es  

in  th e  c o m p o sitio n  and m e tab o lism  o f  NHGP accompany th e  a l t e r a t i o n s  

t h a t  o c c u r d u r in g  e u k a ry o t ic  gene e x p re s s io n  a s s o c ia t e d  w ith  developm ent 

(Jo h n so n  & H n i l io a  1972? S h e lto n  & W ee lin , I 97I ) ,  c e l l u l a r  d i f f e r e n t i a t i o n  

( P l a t a  _et a l . ,  1975? S te llw a g e n  & G o le , 1969? Z o rn e tz e r  & S t e i n ,  1 9 7 5 ) ,  

th e  c e l l  c y c le  ( S te in  & B orun , 1972? G em er & Humphrey, 1973? B h o rje e  

& P e d e rs o n , 1 9 7 2 ) ,  s t im u la t io n  o f  c e l l  p r o l i f e r a t i o n  (L e w  e t  a l  ,

1973? S te in  & B urtner, 1974, 1975? Tsuboi & B aserga, 1972), in  

response to variou s s te r o id  hormones (Swaneck ^  ad , 1970? O'M alley 

& Means, 1974? O'M alley e t a l* . 1977), during v ir a l  in fe c t io n  and 

transform ation (Gholon & S tu z in sk i, 1974? Krause , 1975a, 1975b)

and in  tum ourigenesis (S te in  ^  ^  , 1978b)* Q u an tita tive  and



h

q u a l i t a t i v e  ch an g es  o f  th e  NHGP have a ls o  been o b se rv e d  in  eu ch ro raa tin  

o f  t r a n s c r i p t i o n a l l y  a c t iv e  t i s s u e s  (Wilhem ^  a l .  , 1973? G o t te s f e ld  

e t a .  , 1974. 1975) .

That NHGP may s p e c i f ic a l ly  con tro l the expression  o f a g iven  

gene has been in d ica ted  by r e c o n s t itu t io n  experim ents in  which i t  was 

shown th a t , on ly  in  the presence o f  those NHGP norm ally a sso c ia te d  w ith  

a given a c tiv e  gen e , was th at gene transcribed© Such experim ents have 

im p lica ted  NHGP in  the s p e c i f ic  expression  o f  g lo b in  genes (B arret ^  , 

1974? Chiu ^  ^  f 1975? Gilmour & M acGillvary, 1976) the o estro g en -  

induced tr a n sc r ip tio n  o f ovalbumin genes (T sai ^  ^  , 1976a, 1976b,

1976c; M asaki e t  , 1976) im m unoglobulin  k appa  l i g h t  c h a in  g en es  

(S m ith  & Huang, 1976) and th e  c e l l  c y c le  s t a g e s p e c i f i o  t r a n s c r i p t i o n  

o f  h is to n e  g en es  ( J a n s in g  e t  ^  , 1977? S te in  ^  ^  , 1975b)®

However, d o u b ts  have been e x p re s s e d  in  th e  v a l i d i t y  o f  some o f  th e s e  

e x p e r im e n ts , b e c a u se  o f  th e  in f lu e n c e  o f  c o n ta m in a tin g  endogenous ENA 

se q u en ce s  on th e  i n t e r p r e t a t i o n  o f  s p e c i f i c i t y  and  o r ig i n  o f  t r a n s c r i b e d  

HNA ( Z a s lo f f  & F e l s e n f e l d ,  1977? S h ih  e t  ^  , 1 977 ).

l* lo 3  T ran scr ip tion a l Thzvrnes

In a l l  l iv in g  c e l l s ,  th e  expression  o f g e n e tic  inform ation  

in v o lv es  the sy n th e s is  o f  RNA m olecules from HNA and the fu n ction in g  

o f  th ese  RNA m olecules in  p ro te in  synthesis®  The sy n th esis  o f  RNA 

m olecules i s  ca ta ly sed  by m u ltip le  forms o f ENA polym erases which f a l l  

in to  three major c la s s e s  d esign ated  Glass I ,  II  and I I I  ( Roeder e t a l . #

1976)0 Each c la s s  has d is t in c t  c a ta ly t ic  p r o p e r tie s , d is t in c t  subunit 

s tru c tu res  and s p e c i f ic  fu n ction s in  the sy n th es is  o f the major c la s s e s



o f  RNA (Chambon, 1975? R oeder _et ,  1976, 1977)* The c l a s s  I  

enzyme i s  n u c l e o la r  i n  o r ig i n  and  c a ta ly s e s  th e  s y n th e s i s  o f  r ib o so m a l 

RNA ( B l a t t i  ^  ^  , 1970» Z y lb e r  & Penman, 1971» R eeder and R o ed er, 

1972; Weinman & R o ed e r, 1 9 7 4 )o C la s s  I I  enzyme c a t a ly s e s  th e  s y n th e s i s  

o f  th e  h e te ro g e n o u s  n u c le a r  RNA in  th e  n u c le o p la sm io  f r a c t i o n s  o f  c e l l s  

(R eed e r & R o ed e r, 1972; B l a t t i  e t  a l # , 1971» R oeder & R u t t e r ,  1970)#

The c l a s s  I I I  enzyme c a t a ly s e s  th e  s y n th e s is  o f  th e  p r e c u r s o r s  o f  5-S 

an d  tRNA (Weinman & R o ed er, 1974; S chw artz  e t  ^  , 1974» R oeder ^  ^  , 

1977» U dvardy & S e i f a r t ,  1976; W eil & B l a t t i ,  1976; W eil ^  ^  ,

1977)0 Changes in  c a t a l y t i c  a c t i v i t y  o f  th e s e  enzym es have been 

c o r r e l a t e d  w ith  a l t e r a t i o n s  in  th e  b io l o g ic a l  s t a t e s  o f  c e l l s  and  

t i s s u e s  t h a t  r e f l e c t  m o d if ic a t io n s  in  gene e x p re s s io n  t h a t  i s  d u r in g  

c e l l  p r o l i f e r a t i o n  ( S chw artz  ^  ^  , 1974» Ja e h n in g s  ^  a l  » 1975;

Mauck & G reen , 1975)» em bryonic developm ent (R o e d e r , 1974), v i r a l  

i n f e c t io n  o f  h o s t  c e l l s  (Weinman ^  a l .  ,  1975) and  d u r in g  o e s tro g e n  

in d u c e d  ch anges in  t r a n s c r i p t i o n  (O 'M alley  & M eans, 1974» O 'M alley

^  1977) .

The c a t a l y t i c  a c t i v i t y  and  th e  q u a n t i t a t i v e  changes w hich  

o c c u r  d u rin g  some s ta g e s  o f  gene e x p re s s io n  a p p e a r  to  be m o d u la ted  by 

some u n s ta b le  f a c t o r s  w hich  have been  shown to  be s t r u c t u r a l l y  s i m i l a r  

(Hondo & B l a t t i ,  1977» Benson js t  ^ ,  1978) to  th e  s u b u n its  o f  th e  

p r o k a r y o t ic  p o ly m e ra se s  (B u rg e s s ,  1969)0  Thus d i s s o c ia b le  p r o t e i n  

f a c t o r s  su ch  as sigm a f a c t o r  and  o th e r  low m o le c u la r  w eigh t p r o t e i n  

f a c t o r s  (C h a m b e rla in , 1974) w hich  a r e  r e q u i r e d  f o r  p ro p e r  i n i t i a t i o n  

and  s p e c i f i c i t y  o f  gene e x p re s s io n  may a ls o  be p r e s e n t  in  e u k a ry o t ic  

t r a n s c r i p t i o n  system s©  R e c e n tly  su c h  f a c t o r s  have been p u r i f i e d  to  

hom ogeneity  from  c a l f  thym us (S e k iz u  a t  , 1976; Benson ^  , 1978)o



However, i t  appears l ik e ly  th a t the a b i l i t y  o f  the RNA polym erases to  

gain  access to  s p e c i f ic  genes i s  prim arly due to  s tr u c tu r a l m o d ifica tion s  

o f the chromosomal chromatin# This concept, o r ig in a l ly  propounded by 

Bonner _et ^  , ( 1 9 6 8 ) has found con sid erab le  support in  the work o f  

Axel & F e ls e n fe ld  (1973)? Gilmour & Paul (1973? S teg g les  e t a l ,

( 1974) and Towle ^  a l t (1976)#

2# The products o f  gene tr a n sc r ip tio n

Eukaryotic MA i s  more complex than th a t o f prokaryotes  

and appears to  in c lu d e  e n t i t i e s  o f  d if fe r in g  abundance# One abundance 

c la ^ s , apparently coding fo r  the m ajority  o f  p ro te in s  are p resen t in  

s in g le  or a sm all number o f co p ies  — th e so c a lle d  unique sequences#  

Another c la s s  which are presen t in  r e ite r a te d  co p ies  i s  known to  

include the genes fo r  rENA, tRNA and h isto n es  which are c lu s te re d  in  

a few s i t e s  in  the genome# A th ir d  c la s s ,  the h ig h ly  r e p e t it iv e  c la s s
if

in clu d es s a t e l l i t e  MAs o f very  sh ort repeat length s#  In a wide range 

o f  organism s, from in s e c ts  to  mammals, repeated  MA sequences a lso  

occur in  a h ig h ly  ordered arrangement in  which th ey  are in ter sp ersed  

w ith  unique sequences (Angerer & Evans, 1977)# A model, f i r s t  proposed  

by B r itten  and Davidson, su ggestS th at th ese  r e p e t it iv e  sequences may 

rep resen t con tro l regions fo r  th e  expression  o f  adjacent s tr u c tu r a l  

genes (B r itte n  & Davidson, 1969)0  A number o f  s tr u c tu r a l gen es, here 

d efin ed  as the MA sequences from which a fu n ctio n a l polysomal mMA i s  

tran scrib ed , have been id en tified ,n a m ely , ovalbumin (H arris e t  a l# , 1976? 

Monahan e t  a l , 1976? Woo _et ^  , 1976, 1977) which has r ecen tly  been 

prepared by a m p lifica tio n  w ith  b a c te r ia l plasmids (MoReynolds _et , 1977)



im m unoglobulin  g en es  (Sm ith, and  Huang, 1976),  th e  s i l k  f i b r o i n  g en es  

(S u zu k i , 1972 ) ,  h is to n e  g en es  (K edes & B i m s t e i l ,  1971?

Weinberg ^  ^   ̂ 1972; S te in  e t ^  , 1975b? Jansing , 1977 ),

and g lob in  genes (Tilghman ^  , 1977) o The mechanism o f  tra n scr ip tio n

o f  s tru c tu ra l genes i s  s t i l l  not clear© However, mRNA i s  probably- 

derived in  a s im ila r  fash ion  to  rHNA from la rg e  precursor m olecules 

( fo r  review , see P erry , 1976) which are then cleaved  in  the nucleus 

to y ie ld  mRNA# Considerable evidence suggests th a t th ese  precursors 

form at le a s t  a p art o f  heterogenous nuclear ENA (Lewin, 1975b and 1975c)#

2#lo  The Heterogenous N uclear RNA (HhRNA)

HhRNA, a d esign ation  proposed hj Warner _et a l - ,  ( I 966) ,  

r e fe r s  to i t s  p h y sica l c h a r a c te r is t ic s  o f  p o ly d isp e rs ity  or h etero g en eity  

in  respect to  m olecular weight# Various authors have used d if fe r e n t  

terms for d esign ation  o f th is  nucleoplasm io RNA sp ecies#  E a r lie r  i t  

was c a lle d  nuclear AU—rich  RNA or dRNA (Georgiev & M antieva, 1962a,

1962b) due to  i t s  MA l i k e  b ase  co m p o sitio n  (W illiam s at , I 968?

Soeiro at ^  , I 966, I968? Markov & Arion, 1973)* The HnRNA bear 

cer ta in  s tru c tu ra l fe a tu re s , in  common w ith mHNA which f o r t i f i e s  the  

concept th a t th e  HnRNA are precursors to  cytoplasm ic mRNA#

2 # lo l The high m olecular w eight nature of HnRNA

Depending on tim e o f p u lse - la b e llin g  o f ra d io a c tiv e  

precursors the d is tr ib u tio n  o f la b e l le d  HhRNA sp e c ie s  ranged between 

IO-9O8# For example, p u lse  la b e l l in g  o f HeLa c e l l s  w ith or Ĥ 

la b e lle d  precursors for  10—45 seconds re su lted  in  HnRNA tra n scr ip ts



FIGURE 1

A n a ly s is  o f  th e  b a se  c o m p o sitio n  
o f  u t e r i n e  RNA©

(From K now ler & S m e l l ie ,  1973)

The u t e r i  o f  f o u r  18—21 day o ld  r a t s ,  w eigh ing  25-30g 

were in c u b a te d  in  2ml o f  E a g le 's  medium w hich  had i t s  p h o sp h a te  

c o n te n t re d u c e d  to  l ( ÿ  o f  th e  norm al c o n c e n tr a t io n  b u t c o n ta in e d  

2mCi ( ^ ^ )  o r th o p h o sp h a te#  A f te r  w ashing  th e  in c u b a te d  u t e r i  

th o ro u g h ly , th e  t o t a l  RNA was p u r i f i e d  and  s e p a r a te d  on a  2*7^ 

p o ly a c ry la m id e  g e l  f o r  5ho The e x t in c t i o n  o t  260nm and  th e  

r a d i o a c t i v i t y  w ere d e te rm in e d  th ro u g h o u t th e  g e l  and th e  RNA wan 

e x t r a c te d  from  s e l e c t e d  s l i c e s #  T h is  was p r e c i p i t a t e d  i n  th e  

p re se n c e  o f  u n la b e l le d  RNA, h y d ro ly se d  and i t s  base  co m p o sitio n  

an a ly sed #

—  = E x t in c t io n  a t  260nm 

#,## = R a d io a c t iv i ty  p e r  s l i c e  in  cpm,



jjrüsü i JL Kjjc u  rüiXJLLNü KJNA 8

60 70
slice

Base Ratio (%)
Slice 1 2 5 9 12 15 20 42

Base

C 23.2 19.3 26.7 30.3 24,1 28.2 27.3 25.2
A 26.1 28.4 21.9 17.7 22.2 20,2 20.3 22.7
G 19.8 22.6 24.1 25.8 27,0 28.4 29.2 27,0
U 30.9 29.7 27,3 26.3 26.7 23.2 23,2 25.1
G + C 43.0 41.9 50,8 56.1 51.1 56,6 56. 5 52,2



being equal to  sedim entation ra te  o f  l8So However, a t steady s t a t e ,  

w ith a la b e l l in g  tim e o f 3*5 hours the r a d io a c t iv ity  was contained in  

m olecules 10—15 k ilo b a ses  corresponding to  la rg er  than 45S RNA sp e c ie s  

(Dennan & D a rn e ll, 19745 Herman ^  a l , 197^)o The r e la t iv e  s iz e  

d is tr ib u tio n  o f  HhRNA v a r ies  from organism to organism* In the s e a -  

urchin embryos, th ere  appear to be d isc r e te  m olecular c la s s e s  o f  HnRNA 

w ith  a mean sedim entation v a lu e  as la rg e  as 368 (Dubroff & Nemer, 19755 

Kung, 1974)0 In in s e c t s ,  th e D rosop h ilia  HhRNA has modal sedim entation  

c o e f f ic ie n t  o f 268 w ith  sm all amounts o f  RNA sp e c ie s  sedim enting at 

60s and Aedes HhRNA shows a d is tr ib u tio n  o f sp e c ie s  sedim enting a t 328 

to  608 w ith  a modal S value o f  about 35Ŝ  (Lengyel & Penman, 1975)» The 

average sed im entation  ra te  o f r a t  l i v e r  nuclear RNA was 33-348 w ith  

m olecules as la rg e  as 40" 45s(sip p el ^  ^  f 1977a)* The nuclear RNA 

o f  mouse brain contain  m olecu les th at sediment at between 168-608 

(B antle & Hahn, 197&)» In the immature rat u teru s , HhRNA sedim enting  

at values g rea ter  than 458 has been id e n t if ie d  (Khowler & S m e llie , 1973) 

The high m olecular weight HhRNA has o ften  been view ed as n o n -sp e c if ic  

aggregates r e s u lt in g  from phenol ex tra ctio n  o f  RNA (Hagenbuohle e t  a l - * 

19755 Kohne ^  ^  , 1977)» or th e annealing o f  complementary 

s tru c tu res  in  the HhRNA population* I t  has been noted th a t exposure 

o f  HnRNA to  denaturing con d ition s e f f e c t s  a moderate to extreme 

reduction  in  s i z e ,  as judged by sedim entation ra te  or m ob ility  on 

polyacrylam ide g e ls  contain ing formamide or dim ethylsulphoxide  

(deK loet _et a l , 1970; Mayo & deK loet, 1971; Imaizumi ^  a l . ,  1973» 

Morrison & Busch, 19735 Mcî'Taughton £ t  19745 B im ie  ^  ^  , 19745 

McKhight & Schimke, 19745 Herman & H a m ell, 1974; Spohr _et jj l , 1976;
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L evis & Penman I 1977)* However, even under th ese  co n d it io n s , HnRNA 

s t i l l  ex h ib its  a heterogenous s iz e  d is tr ib u tio n  and include m olecules 

o f  greater  than 453 in  sed im entation values© In some ca ses , i t  has 

been observed th a t when HnRNA recovered from denaturing sucrose grad ien ts  

was reanalysed  on non—denaturing sucrose grad ien ts some o f  i t  again  

sedim ented w ith  in creased  sed im entation c o e f f ic ie n ts *  This fin d in g  i s  

thought to  be due to  regions o f  th e HnENA capable o f bage p a ir in g  in  

the form of in term olecu lar p a r t ia l  duplexes (McNaughton ^  a l , 1974; 

Ryskov e t a l  , 1975» Pedoroff & W all, 1976; P edoroff _et ^  , 1977) • 

E lectron  m icroscope s tu d ie s  su b sta n tia te  th is  fin d in g  showing the  

presence o f in tr a  and in term olecu lar duplexes in  HhRNA (P ed oroff e t  a l #

1977)*  Whether th ese  m olecu les in te r a c t  in  th is  manner in  v iv o  i s  

not loiown* P u lse  la b e l l in g  experim ents and the use o f  various in h ib ito r s  

to  study HhRNA sy n th es is  (Herman ^  a l , 1976; Egyhazi, 1975»

Sehghal ^  ^  , 1976a, 1976b) revea led  large  i n i t i a l  transcrip ts©

Thus l ik e  the precursors to  rRNA, HhRNA i s  considerab ly  la rg er  than 

the average s iz e  o f mRNA molecules©

2©1©2 The k i n e t i c s  o f  l a b e l l i n g  o f  HhRNA

One o f the fundamental c h a r a c te r is t ic s  o f HhRNA i s  i t s  rap id

sy n th es is  and breakdown in  the nucleus© Experiments u t i l i s i n g  drugs

such as actinom ycin D to suppress rRNA sy n th e s is , gave va lu es fo r  the  
Of

h a lf  life/HnRNA o f approxim ately 3 minutes ( Soeiro _et ^  , 1968)0 

S in ce the time fo r  tra n scr ip tio n  o f an average HhRNA m olecule approaches 

3 minutes and no sim ultaneous tr a n sc r ip tio n -tr a n s la tio n  complexes 

(su ch  as are found in  prokaryotes) have been d etec ted  in  eukaryotic
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chromatin (M iller  & Baken, 1972), th is  would in d ic a te  th at most o f  

the HhRNA i s  degraded as i t  i s  made and i s  never transported  to  th e  

cytoplasm (H arris, 1962)0 However, Brahdhorst & McKonkey (1974) 

without usin g  any in h ib ito r s  estim ated  a much longer f ir s t -o r d e r  

decay rate  fo r  L c e l l  HhRNA o f  23 minutes# S im ilar  estim ates o f HnRNA 

h a l f - l i f e  have been made in  HeLa c e l l s  (Penman _et , I 968) and in  

duck r e t ic u lo c y te s  (A ttard i ^  ^  , I 966)# These va lu es would allow  

p rocessin g  o f  a portion  o f the HhRNA to the cytoplasm© Brahdhorst & 

McKonkey (l9 7 4 ) estim ate th at about 25$ o f la b e lle d  HnRNA may e x it  to  

th e  cytoplasm during longer chase p er io d s. Recent s tu d ie s  on p u lse -  

chase experiments in  cu ltu red  D rosoph ilia  c e l l s  (L evis & Penman, 1977) 

revea led  the presence o f severa l d if fe r e n t populations o f  HnRNA each  

w ith  d if fe r e n t h a lf - liv e s©  The nonpolyadeny 1 a ted  HnRNA, which 

c o n stitu te d  80^ o f  the pu lse—la b e l le d  m a ter ia l, decays w ith a h a l f - l i f e  

o f 10—15 minutes© The polyadenylated  HhRNA behaved as two k in e t ic  

components, w ith  h a l f - l iv e s  o f  20 and 80 m inutes. Most o f  the cytoplasm ic  

mRNA la b e lle d  during 30 minutes o f  chase was la r g e ly  derived from the  

p u lse - la b e lle d  nu clear transcript©  Berger & Cooper (1978), working 

w ith  human lymphocytes provided s im ila r  fin d in gs in  th at two typ es  

o f  fu n c tio n a lly  d if fe r e n t  polyadenylated  HhRNA were la b e l le d . One was 

la b e l le d  predominantly w ith exogenous ra d io a ctiv e  precursors during  

th e p u lse  and most cytoplasm ic mRNA was derived from th ese  molecules©

The other was la b e lle d  almost e x c lu s iv e ly  w ith r e u t i l i s e d  precursors  

made a v a ila b le  during chase incubations which did not con trib u te any 

cytoplasm ic mRNA. These fin d in g s  would appear to confirm previous
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p o stu la te s  ( J e lin e k  ^  ^  , 1973; Perry e t  a l . ,  1974) that not a l l  

polyadenylated  HnRNA could be precursors to  mRNA and th at th ere ought 

to  e x is t  two or more c la s s e s  o f  precursors each w ith  d if fe r in g  h a l f -  

l i v e s  to  exp la in  th e  k in e t ic  r e la t io n sh ip  between HnRNA and mRNA©

2*2 Evidence fo r  a precursor—product r e la t io n sh ip
between HnRNA and mRNA

Apart from th e k in e t ic  a n a ly s is  im p lica tin g  HnRNA as 

precursor to mRNA, th ere are a number o f  d irec t and in d ir ec t fin d in g s  

which f o r t i f y  the hypothesis©

2 .2 .1  In d irec t evidence

C ertain s tr u c tu r a l fe a tu re s  common to  both HnRNA and mRNA 

provide p ersu a siv e  evidence in  support o f  the b io g en es is  o f mRNA 

from la rg e  HnRNA precursors© These common s tr u c tu r a l fea tu res  inclu de  

m ethylated n u c le o tid e  sequences, ad en y lic  a c id  polymers at th e 3 * ends 

and various in ter n a l sequence hom ologies.

2 .2.1© !. P olyadenylation  o f  HnRNA and mRNA

The e x is ten ce  o f  p o ly a d en y lic  a c id  (polyA) in  eukaryotic  

RNA was f i r s t  demonstrated by H ad jiv a silo v  & Brawerman ( I 966)© I t  

i s  now known th at the polyiA)is a sso c ia te d  w ith mRNA (Lim & C a n e lla k is , 

I 97O; D arnell ^  j l . , 1971; Lee ^  , 1971; Adesnik ^  ^  , 1972;

Sheldon e t a l , 1972; Mendecki ^  j l  , 1972) and HnRNA (Edmonds e t  a l . 

1971 ; Adesnik jet _gl , 1972; Greenberg & P erry , 1972; Stevenson ,

1973» Nakazoto ^  ^  , 1973; S h ein ess & D a rn e ll, 1973)* Experim ental 

evidence in d ic a te  th at th e  p o ly  (A) e x is t s  on 3*0H ends o f  both RNA sp e c ie s
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(Nakazoto ^  ^  , 1973» M olloy ^  a l  , 1972; Togo & Wiinraer, 1972) 

and th at i t  a r ise s  by a p o s t-tr a n sc r ip tio n a l ad d ition  to  e x is t in g  

HhRNA (perry e t  a l , 1974» Brawerman, 1974)0 In h ib ito rs  such as 

oordycepin, which do not a lt e r  the sy n th es is  o f HnRNA, block polyadeny

la t io n  o f HnRNA and subsequently prevent th e appearance o f  mRNA in  the  

cytoplasm (Adesnik & D arn ell, 1972; D am ell ^  ^  , 1971» Penman, 1970)( 

These observations suggest th a t polyadenylation  may represent an 

in t r in s ic  part o f nuclear RNA m od ifica tion s and p rocessin g  although  

nuclear polyad en ylation  may not rep resen t an ab so lu te  p r e re q u is ite  

fo r  mRNA transport to  th e cytoplasm  (Herman ^  , 1976; Brawerman,

1976)0 P olyadenylation  i s  however not e x c lu s iv e ly  a n u clear event as 

Poly(A)has been observed to  be added onto p r e e x is t in g  cytoplasm ic mRNA 

m olecules (D iez & Brawerman, 1974» Brawerman & D iez , 1975» S la ter  & 

S la te r , 1974)© Poly(A) sequences can a lso  become shorter by removal 

o f adenylate res id u es  from the 3* terminus through ageing o f the mRNA 

(Brawerman, 1976), thus r e s u lt in g  in  a heterogenous population o f  

poly(A)sequences in  the cytoplasm  (J e ffr e y  & Brawerman, 1974» Brawerman 

& D iez, 1975)* H eterogeneity  o f  polytA)sequences have a lso  been 

observed in  HnRNA prep aration s, w ith  large  HnRNA m olecules con ta in in g  

sh ort s tr e tc h e s  o f  poly(A)and sm aller  HhRNA m olecules conta in ing  longer  

s tr e tc h e s  o f  polyA (B antle  & Hahn, I976) , a lso  p olyad en ylation  occurs 

not only on the primary tr a n sc r ip t but a lso  on o ld er  m olecules r e s u lt in g  

from a cleavage o f  higher m olecular weight precursors (Derman &

D a m e ll, 1974)#

The m ajority  o f  mRNA is o la te d  in  eukaryotic  c e l l s  contains  

s tr e tc h e s  o f polytA)about 200 n u c le o tid e s  long (Greenberg, 1975)© The



on ly  id e n t if ie d  s p e c i f ic  mRNA la ck in g  poly(A)is h is to n e  mRNA (Adesnik  

& D a m e ll, 1972; Greenberg & P erry , 1972). However, some polysomal 

mRNA lack s poly(A )stretches, fo r  example 30$$ o f  mRNA in  HeLa c e l l s  

and mouse L c e l l s  lack s polyA (M ilcarek j t  , 1974; Greenberg, 1976)* 

S im ila r ly  some mRNA o f  developing sea-urch in  embryos, excluding h iston e  

mRNA lack s polytA) (Nemer ^  ^  , 1974» Fromson & D uchastel, 1975) 

and th ese  in c lu d e  the mRNA o f non—h isto n e  chromosomal p rote in s (Nemer 

^  ^  , 1974» 1975» Nemer, 1975)* I t  was suggested  th a t th ere were 

d if fe r e n t  s e t s  o f  genes namely, th e  r e p e t it iv e  h is to n e  genes which 

y ie ld  nonpo ly  adeny 1 at ed h isto n e  mRNA, the unique non—h iston e  genes  

which y ie ld  polyadenylated  n on -h iston e  mRNA and the unique non—h iston e  

genes which y ie ld  non polyadenylated  mRNA (Nemer, 1975)# I t  was 

fu rth er  su ggested  that each gene s e t  performed d if fe r e n t  fu n ction s  

and was su sc e p tib le  to  d if fe r e n t  mechanisms o f con tro l during embryonic 

development (Nemer, 1975î Nemer _et a l , 1974» 1975» MoGoll &

Aronson, 1974)0

While th e evidence a v a ila b le  at present does not support a 

s p e c i f ic  ro le  fo r  p o ly (A ), experim ents have in d ica ted  that deadenylated  

polyA mRNA i s  in e f f ic i e n t  in  p ro te in  sy n th es is  (W illiam son e t a l »

1974» S ip p e l, ^  a l, , 1974» Huez ^  , 1974» Doel & Carey, 1976;

Marbaix e t , 1975) e ith e r  in  c e l l  free  system s or in  frog o o c y te s , 

thus im plying g rea ter  s t a b i l i t y  fo r  poly(A) conta in ing  mENA3#

However, not a l l  experim ental evidence supports a r o le  fo r  poly(A ) in  

mRNA s t a b i l i t y .  The nonpo ly  adeny 1 at ed h iston e mRNA i s  very s ta b le  in  

th e cytoplasm (Perry & K e lly , 1973) and b e s id e s , a s h o r t- l iv e d  c la s s  

o f polyadenylated mRNA has been d etec ted  in  HeLa c e l l s  (Pucket ^  ^  , 

1975; D am ell e t  , 1976). Thus i t  seems th a t the poly(A) s tr e tc h e s
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in  mRNA, l ik e  many other accessory  p o ly n u c leo tid es  in  precursor  

m olecules and genes may play some as y e t  undefined fu n o tio n (s) in  

th e regu la tion  o f  gene expression  in  the eukaryotic systems#

2#2ol*2o M é th y la tio n  o f  HnRNA and  mRNA

M éthylation o f r ib o n u cleo tid es  was known only in  rRNA, 

tRNA and th e ir  precursors (Maden & Salim , 1974? Surdon, 1975?

Perry , 1976) u n t i l  Perry & K elly  (1974) demonstrated m ethylated  

mRNAs in  mouse L c e l l s  and D esrosiers _et , (1974) reported  

s im ila r  fin d in gs in  N ovikoff hepatoma c e lls#  S in ce th en , m ethylated  

co n stitu en ts  have been id e n t if ie d  in  mRNA and HhRNA o f v ir a l  and 

mammalian o r ig in  (P uru ich i o t a l , 1975a? 1975b? Puruichi & Miura, 

1975» Wei & Moss, 1975? Abrahams ^  ^  , 1975? Ur i s  h i bar a ^  a l . , 

1975? Perry ^  a l . ,  1975? Perry & K elly , 1976; S a ld it t -G e o r g ie ff  

e t  a l . , 1976) .  There are two general kinds o f  m ethylated n u c le o tid e s  

in  mRNA, namely th ose th at occur a t the 5’ ends in  th e foim o f 7— 

methylguanosine in  a 5^-5'' pyrophosphate lin k age to  a 2^-CWnethyl 

n u cleo tid e  (cap l )  and an in te r n a l N  ̂ methyl adenine m oiety (D a m ell  

e t a l '. , 1976) .  A more h ig h ly  m odified  5’ term inus, designated  cap I I ,  

conta in s an a d d itio n a l 2*'—0-m ethyl at ed n u cleo tid e  and has been found 

in  many cu ltu red  mammalian c e l l s  as w ell as t i s s u e  mRNA of known 

coding functionso The s i l k  f ib r o in  mRNA contain  e x c lu s iv e ly  the cap 

I I  type stru ctu re  (Yang e t  al ' ,  1976 ), g lob in  mRNA has in  ad d ition  to  

cap II  stru ctu re  at i t s  5’ end (Perry & Scherrer, 1975) a 7—m ethylated  

guanosine group at i t s  5’ terminus (Muthutkrisbnan e t  a l , 1975) © 

Removal o f  th is  group i s  s u f f i c ie n t  to prevent th e tr a n s la tio n  o f
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the mRNA (Muthutkrishnan _et ^  , 1975)© Ovalhumin mRNA s im ila r ly  

has Cap II  type stru ctu re  at i t s  5’ end. Cap II  i s  not found in  

HnRNA (Adams & Cory, 1975? Perry & K elly , 1976) and is  added to mRNA 

in  the cytoplasm . S in ce cap I and the in tern a l Ap m ethylated  

n u c leo tid es  occur in  HhRNA, th ese  may represent cleavage s i t e s  and 

conserved regions o f p u ta tiv e  precursors during th e  p rocessing  

r e a c t io n s . S ch ib ier  & P eriy  (1976) showed th at i n i t i a l  tr a n sc r ip ts  

had the stru ctu re  pppKp (*X* i s  any n u c leo tid e ) a t th e 5’ terminus 

and th at other s tru c tu res  fo r  example m'̂ GpppX̂ p and cap I  stru ctu re  

represented  p rocessin g  d e r iv a t iv e s . From th is  data , th e  authors 

proposed a model in  which some mRNA sequences were lo ca ted  at trans

c r ip t io n a lly  in i t ia t e d  p ortion s and others in  in ter n a l regions o f  the  

HnRNA p recu rsors.

2 .2 .1 .3  Transcribed homologous o lig o n u c leo t id e s  in  HnRNA
and mRNA

B esid es the polyA) sequences in  HhRNA and mRNA, a d d itio n a l 

sequence hom ologies were rev ea led  when two sh o rter  in te r n a lly  lo c a te d  

sequences were found w ith in  the RNA o f a number o f cu ltu red  c e l l s .

One i s  a short s tr e tc h  o f  o lig o  ad en y lic  a c id  o f about 25 AMPs 

(Edmonds ^  , 1976) which in  co n tra st to  the poly(A) i s  tran scrib ed

(Nakazoto ^  ^  , 1974? Jacobson ^  aJL.-, 1974) and the o th er , a 

s tr e tc h  o f  about 30 u r id y la te  n u c le o tid e s  (Burdon & Shm kin , 1 9 7 2 ), 

was tran scrib ed  from r e p e t it iv e  INA sequences (M olloy _et ^  , 1972 ). 

O ligo(A ) sequences were p o stu la ted  to serve as primers in  poly(A) 

sy n th es is  (S ch errer , 1973? Jacobson ^  , 1974? Edmonds ^  ^  ,  1976).
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Oligo(U) sequences occur as 2—3 u n its  o f 30—40 n u c leo tid es  

in  la rg e  polyaden ylated  HnRNA (M olloy ^  ^  , 1974)» Oligo (U) sequences 

in  mRNA are found in  both th e  polyadenylated  and nonpoly adenyl at ed 

sp ec ie s  (Korwek _et ^  , 1976) and the nonpolyadenylated o lig o  U r ic h  

mRNA rep resen ts a sep arate  c la s s  o f  fu n c tio n a lly  a c t iv e  mRNA (Korwek 

e t a lo t 1976; Edmonds e t  , 1 9 7 6 ). The fu n ction  o f  o lig o  U in  HnRNA 

i s  not c lea r  but th ey  may serve as cleavage s i t e s  fo r  the production  

o f  mRNA sp e c ie s  (M olloy _et ^  , 1974)» Some sequences derived from 

r e p e t it iv e  UTA occur in  HnRNA m olecules (Kronenberg & Humphreys, 1972? 

J e lin e k  e t a l , 1974) take th e  form o f double stranded sequences 

(Ryskov ^  , 1973; J e lin e k  & D a m e ll, 1972; J e lin e k  ^  , I974)

o f  about 500 n u c le o tid e s  in  length© The bases th at are contained in  

the in tram olecular loops are la r g e ly  o f  two gen era l k in d s, the longer  

A+U r ic h  and sh o rter  G+G r ic h , n e ith e r  types were d etec ta b le  in  ribosom al 

rRNA precursors ( Ryskov e t a l , 1973)* Such h ig h ly  ordered sequences 

of secondary str u c tu r es  in  HhRNA may serve as s ig n a ls  fo r  the p o s t -  

tr a n sc r ip tio n a l m od ifica tion  o f  th ese  m olecules (M olloy ^  a l , 1974).

2*2,2  D irect evidence fo r  a precursor—product r e la t io n sh ip
between HnRNA and mRNA

D irect evidence fo r  the b io g en esis  o f mRNA from p u ta tiv e  

HnRNA precursors should be ab le to  demonstrate th e  presence o f  mRNA 

sequences in  HnRNA or the a b i l i t y  o f  HnRNA to code fo r  s p e c if ic  p r o te in s .

r.o2«2ol T ran sla tion a l approach
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2*2 .2*1  T r a n s la t io n a l  ap p ro ac h

This req u ires th at HnRNA conta in ing  mRNA sequences should  

be ab le to be tr a n s la te d  in to  p ro te in s  in  c e l l  fr e e  system s, thus a 

tr a n s la t io n a l approach has been fo llow ed  by sev era l workers*

W illiamson ^  a l , (1973) m icro in jec ted  HnRNA from mouse fo e ta l  l iv e r  

c e l l s  in to  o o cy tes  and showed g lo b in  synthesis©  The RNA used sedim ented  

fa s te r  than 353© Stevens & W illiam son, (1973) used HhRNA from mouse 

myeloma c e l l  l in e s  which d ir e c ted  th e sy n th es is  o f  antibody heavy chain  

p ro te in s  when in je c te d  in to  oocytes* Pulse—chase experiments showed 

th a t th is  HhRNA precursor i s  polyad en ylated  and i s  f in a l ly  p rocessed  

in to  mRNA which i s  la t e r  tran sp orted  to  the cytoplasm© R iua-G arrilo  

e t  ^  . ,  ( 1973) demonstrated the sy n th es is  o f  duck g lo b in  in  Krebs I I

a s c i t e s  ly s a te s  by f u l ly  denatured nu clear RNA sedim enting at g rea ter  

than 45s  RNA* ■ The evidence dem onstrating messenger coding sequences 

in  HhRNA has to  be in terp re ted  w ith  some caution* For example, the  

high m olecular weight nature o f  the mouse fo e ta l  l iv e r  c e l l  HnRNA 

used by W illiamson _et s i  , (1973) may be a consequence o f aggregation*  

T ran slation  in  fro g  oocytes may be com plicated by contam ination o f the 

n u clear  RNA w ith mRNA, e s p e c ia l ly  as the oocyte system  i s  extrem ely  

s e n s i t iv e  to nanogram q u a n tit ie s  o f  mRNA (Lane ^  ^  , 1973)©

2o2*2o2 mRNA se q u e n c e s  in  HhRNA d e m o n s tra te d  by m o le c u la r

h y b r id i z a t io n  e x p e rim e n ts

A more s e n s it iv e  technique employed to demonstrate the  

precursor-produot r e la t io n sh ip  between HnRNA and mRNA i s  by m olecular  

h yb rid iza tion  experiments© In most experim ents, th is  in v o lv es  the  

sy n th e s is  o f  s in g le  stranded, complementary IN A ( cINA) u sing  mRNA as
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a tem plate and avian m y elo b la sto sis  v ir a l  RNA-dependent INA polymerase 

(rev erse  tr a n sc r ip ta se ) as a c a ta ly s t  (Kacian ^ , 1972; Ross e t  al * 

1972; Varma ^  a l 1 1977)# The ex is ten ce  o f g lo b in  mRNA sequences 

in  HhRNA was f i r s t  demonstrated by M elli & Pemberton (1972) using  the  

m olecular h yb rid iza tion  technique and in  fu rth er  s tu d ie s  Imaizumi 

e t a l , I ( 1973) made cDNA from duck g lob in  mRNA and showed th at i t  

hybrid ized  w ith  HhRNA m olecules sedim enting at la rg er  than 28S© In a 

s im ila r  fash ion  McNaughton e t ^  , (1974) in d ica ted  the presence o f  

g lo b in  mRNA in  n u clear RNA o f  a d is c r e te  size#  Ross (1976) d etec ted  

a 15s  nuclear precursor to  g lob in  mRNA o f mouse fo e ta l  l iv e r  c e l l s  and 

in  Friend erythro1eukaemio c e l l s  induced dim ethylsulphoxide, g lo b in  

mRNA Was d e tec ta b le  in  HhRNA sedim enting at 15S (C u rtiss  & Weisraann,

1976) and 27s  (B astes & A viv, 1977)# Sim ilar s iz e  c la s s e s  o f  HhRNA 

contained g lob in  mRTTA in  c e l l s  o f  anaemic mice and sp leen  (Kwan ^  a l ,

1977)# P u lse—chase experim ents have provided d irec t evidence th a t  

g lob in  mRNA i s  derived  from a la rg e  precursor m olecule (S tr a ir  e t ^  , 

1977? Crawford & W ells, 1978) and subsequently processed  to  the cyto

plasm ic 10s  g lo b in  mRNA# cMA, copied  from whole populations o f  p o ly 

adenylated mRNA, has been used to probe fo r  complimentary sequences

in  HnRNA# Herman ^  a l , (1976) found sequence homology between 

HhRNA and mRNA o f HeLa c e l l s  and in d ica ted  the presence o f  mRNA 

sequences in  la rg e  polyadenylated  HnRNA# Perry e t  , (1976) 

prepared INA probes complimentary to  poly(A)+mENA and used th ese  unique 

*mINA* to probe for  mRNA sequences in  HhRNA fr a c tio n s  o f mouse L c e l ls #  

They found mRNA sequences in  sev era l s iz e  c la s s e s  o f polyadenylated  as 

w e ll as non polyadenylated  HnRNA# H ybridization o f oINA, prepared



2 0

a g a in st rat l iv e r  oytoplasm io poly(A)RMA to t o t a l  rat l iv e r  nuclear  

RNA, showed the presence o f  the cytoplasm ic RNA sequences in la rg e  

nu clear precursor m olecules sedim enting between 37S — 44S ( S ip p el 

^  a l  » 1977a, 1977b) ©

I n fe c tio n  o f  c e l l s  o f RNA v iru s  r e s u lt s  in  the in teg r a tio n  

o f the v ir a l  genome in to  the host c e l l  INA the tr a n sc r ip tio n  o f  which 

produces la rg e  HhRNA m olecules con ta in in g  v ir a l  s p e c i f ic  sequences 

(Craig jet a l , 19745 Sharp _et ^  , 1974; Craig & Raskas, 1976)# 

H ybrid ization  o f endonuclease ( E coR I )  r e s tr ic t io n  fragments o f v ir a l  

genome to  newly sy n th es ised  HhRNA revealed  v ir a l  s p e c i f ic  mRNA 

sequences© The s iz e  o f the HnRNA contain ing v ir a l  sequences decreased  

w ith s i z e ,  in d ic a tin g  a ctu a l p rocessin g  o f  the HnRNA in to  cytoplasm ic  

v ir u s - s p e c if ic  mRNA (Bachenheimer & D a m e ll, 1975» Craig & Raskas, 1976),

2.2©2o3 G ene'inserts* and the R ela tion sh ip  between 

HnRNA and mRNA

I t  appears that a much grea ter  understanding o f the  

r e la t io n sh ip  between HnRNA and mRNA may come from th e d iscovery  o f  

gene in ser ts#

S tu d ies  i n i t i a l l y  w ith  the g lob in  gene, le d  to  the d iscovery  

th a t the coding sequence o f genes may be in terru p ted  by in tra g en ic

INA sequences g en era lly  termed in se r ts  (J e ffr e y  & P la v e l, 1977» 

Tilghman e t a l , 1978» Kinniburgh e t  a l , 1978)© In ser ts  have 

subsequently been observed in  a number o f  other g en es, inclu d ing  a 

1250 base in s e r t  sep arating  th e  v a r ia b le  and constant part o f the  

gene for  the immunoglobulin l ig h t  chain o f a mouse myeloma c e l l  l in e
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(Brack & Tbnegawa, 1977) and a t o t a l  o f  seven d if fe r e n t  in terven in g  

sequences w ith in  the ovalbumin gene (Dugaiozyk jet a l. , 1978),

In terru pted  MA sequences were a lso  found in  rRNA and tRNA genes 

(G lover & Hogness, 1977; W ellauer ^  , 1977» Goodman ^  ^  , 1977)©

R ecently  i t  has been shown th a t th e  15S nu clear precursor o f  

g lo b in  mRNA con ta in s a tr a n sc r ip t o f  the g lob in  in s e r t  which must be 

l ig a t e d  during i t s  m aturation to  the lOS g lob in  mRNA (Kinniburgh e t  a l ,

1978)# T ranscripts o f  the in s e r t s  w ith in  tRNA.j.y  ̂ are a lso  found in  p re-  

tRNA^y^ (o 'P a rre l ^  al. , 1978) and evidence a lso  e x is t s  fo r  ovalbumin 

mRNA precursors con ta in in g  tr a n sc r ip ts  o f  the in s e r t s  (Dugaiczyk  

e t a l , 1978)0

2o3 D iv e r s i t y  and  C om plex ity  o f  mRDTA and HnRNA

Britten & Kohn ( I 968) and B ritten  - Davidson ( 1969, 1 9 7 l)  

observed that the MA o f the eukaryotic  genome c o n s is te d  o f 10-205$ 

r e p e t it iv e  sequences and 80- 9Ĉ  in term ediate r e p e t i t iv e  and unique 

sequences© The unique sequences contain  most o f  the stru c tu ra l genes 

which g iv e  r i s e  to  sequences represented  in  HnRNA and mRNA. At any 

one tim e during c e l lu la r  d if f e r e n t ia t io n ,  development or c e l l  

p r o lif e r a t io n , a sm all fr a c tio n  o f the genomic unique sequence i s  

tra n scrib ed  as mRNA (Davidson & B r it te n , 1973» Lewin, 1975o)# Thus 

th e polysomes or g e n e ra lly  the cytoplasm  w il l  contain  tr a n sc r ip ts  o f  

d iverse  genes in  the fo m  o f  variou s mRNA species© Hence sequence 

com plexity can be d efin ed  as the m olecular weight o f  unique MA 

tran scrib ed  to g iv e  r is e  to  the RNA population©

A number o f  experim ental approaches have been devised  to  

measure the number o f  d if fe r e n t  mRNA sequences and to t a l  co m p lex ities
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T able 1: — Secmence Com plexity and D iv e rs i ty  o f mRHA and H uoleaJ EÎJA p o p u la tio n  

E uk ary o tic  o e l l  ty p es  and t i s s u e s  T o ta l sequence com plexity  T o ta l n o s . o f  iriRNJl/HnRÎJA sp e c ie s

C e ll /T is s u e Source o f  mRHA/HnRKA mENA-oETA
re a c t io n

mRNA-unique IK A 
re a c tio n

mRNA—oIKA 
re a c tio n

mRNA-unique 
DîA r e a c tio n

R eferences

S. o e rev isae t o t a l  polyA RKA 1.8x10^ 3000 4000 Hereford & 
Rosbash 1977

t o t a l  n u c le a r  EMA
3. 6x 10^ 
d a lto n s

1.6x10^ 4000

Rainbow t r o u t  t e s t i s cy top lasm io  polyA RMA 6000 Levy & Dixon
1977

Sea u rc h in  embryos polysom al polyA RNA
n u c le o tid e s

14,000 14,000 Galau e t  a l
1974

n t o t a l  HhRNA

2.2x10 ''°
d a lto n s

1. 7x 10^
n u c le o tid e s

K lein  .e± .al
1975

HeLa o e l l s oj-toplasm io polyA RNA 35,000 35,000-36,000 Bishop e t  a l
1974

Mouse F r ie n d  c e l l s N u c lea r  polyA ENA 6x10^
d a lto n s

8000 B im ie  e t  a l
1974

Mouse l i v e r cy top lasm ic  polyA RNA 13,000 H as tie  & Bishop
1976

Mouse b ra in N uo lear polyA RNA 5x10^ k ilo b a se s B a n tle  & Hahn
1976

polysom al polyA R̂ ïA 1•4x10^kilobas es 12,000

Rat l i v e r 23,000 31,000 Savage s l_ a l  1978
Tobacco le a v e s t o t a l  n u o le a r  ENA 1.2x10®

n u c le o tid e s
12,000 24,000 Goldberg e t a l

1 9 7 8 ----------

Embryonal Carcinoma 
o e l l  l in e

polysom al polyA RNA 1 .5 k10^
k ilo b a se s

7000-8000 Ja cq u e t e t  a l
1978

n u o le a r  polyA RNA iQxIO'^

Rat k idney  

Rat b ra in

polysom al polyA RNA 

T o ta l n u o le a r  RNA 5. 9x 10®
n u o le o tid a s

11,500

130,000

H a s tie  & 
Bishop 1976
C h ik a ra ish i 
e t  a l  1978

Hat l i v e r ’ 4 . 1x 10®
n u c le o tid e s 91,000

Rat k idney 2.0x10®
n u c le o tid e s 44,000

R at sp leen 1*8x10®
n u c le o tid e 39,000

Rat thymus 1. 7x 10®
n u c le o tid e 39,000

Rat p r o s ta te

C a s tra te d  
Rat p ro s ta te

T o ta l polyA RNA 8,200

7853

P ark e r & 
Mainwaring

1977

Efeg-1 eying 
hen o v iduct

Hormone-
withdrawn
ov id u c t

polysom al polyA RliA 9®5x10^
d a lto n s

9 . 4x 10^
d a lto n s

13,000

13,000

Hynes s t  a l
1977

E gg-lay ing  
hen l i v e r

Mouse embrj^o 7x 10^
d a lto n s

1A,000 15,000 Axel e t  
1976 

Young e t  e l
1976
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in  an EWA population# The percentage rendered double stranded in  

unique MA-raENA sa tu ra tio n  h y b rid iza tio n  experim ents, a fte r  app rop riately  

co rrectin g  fo r  average s iz e  o f  mRNA and genome s iz e  o f the organism under 

study, can be r e la te d  to  the t o t a l  number o f  mMA sp e c ie s  and th e ir  

com p lex ities (Galau ^  ^  , 1974)© The number and d is tr ib u tio n  o f  

mRNA sequences has a lso  been determined from the k in e t ic s  o f  h y b rid iza tion  

o f  cMA to polyA+mRNA (Bishop e t  ^  , 1974)# In p r in c ip le  the ra d io a c tiv e  

cMA i s  complimentetry to the d if fe r e n t  mRNA sequences and thus form 

hybrids w ith i t s  complement# A n a ly sis  o f  the k in e t ic s  o f  the hybridr- 

iz a t io n  rea ction  perm its a determ ination o f  the number o f d if fe r e n t  

sequences present as mRNA and the r e la t iv e  abundance o f th ese  sequences 

w ith in  the messenger population  (Bishop ^  a l , , 1974? B im ie  ^  ,

1974)# A number o f  experim ents o f th is  nature have been ca rr ied  out 

on a v a r ie ty  o f  c e l l  ty p es , animal and p lant t i s s u e s  rev ea lin g  th e  

q u an tity  and d iv e r s ity  o f unique DNA tran scrip ts#  Table 1 summarizes 

data o f mRNA and HnRNA com plexity and d iv e r s ity  estim ated  by both o f  

the above methods©

I t  i s  notew orthy, however, that th ese  measurements represent 

the com plexity and d iv e r s ity  o f  polyadenylated mRNA sp e c ie s  and hence 

do not r e f le c t  th e true com plexity o f to ta l  c e l lu la r  mRNA# In a 

recen t in v e s t ig a t io n  the com plexity o f  nonpolyadenylated mRNA has been 

reported  (Grady e t a l  , 1978)© These in v e s tig a to r s  showed the presence  

o f  about 8000 d if fe r e n t  nonpolyadenylated mRNA sp e c ie s  in  mouse l iv e r  

and 12,000 d if fe r e n t  polyadenylated  mRNA sequences, thus g iv in g  a to t a l  

o f  over 2 0 ,000  d iv erse  mRNAs© Close examination o f the com plexity o f  

nu clear RNA and mRNA (Table l )  shows that the nu clear RNA o f a l l  c e l l
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types and t is s u e s  stu d ied  were a t le a s t  4—10 fo ld  more complex than 

the cytoplasm io RNA, and complimentary to about 1—4^ o f  unique MA 

(Getz e t  ^  , 1975? Hough ^  ^  , 1975? Liarakos ^  ^ 1973?

R y ffe l ^  a l , 1976; Bantle & Hahn, 1976; Levy ^  a l - i  1976;

Kleiman ad . ,  1977? C hikaraishi e t  a l . , 197#)# The le s s  complex 

eukaryotes however, fo r  example the p r o t is ta  and fu n g i, do not have 

a separate c la s s  o f HnRNA m olecules (P ir t e l  & L odish, 1973? Hereford  

& Rosbash, 1977? Timberlake e t  a l , ,  1977? Rokek et a l , 1978)»

This i s  demonstrated the s im i la r i t ie s  in  the sequence com p lex ities  

o f th e ir  polysom al, nuclear and t o t a l  c e l lu la r  RNA (Hereford & Rosbash, 

1977? Rosek e t , 1978; Timberlake et a l , 1977) and th is  im p lies  

th a t th e  probable fu nction  o f HnRNA in  the b io g en esis  o f mRNA i s  

unique to higher eukaryoteso Hence, from th is  review , the data  

presented  i s  in  accordance w ith  th e  hypothesis that only a sm all 

fr a c tio n  of HnRNA m olecules tran scrib ed  from str u c tu r a l genes are 

conserved and processed  to the cytoplasm where th ey  function  as mRNA#

3o Oestrogens

A study o f  the changes in  HhRNA sy n th es is  and m aturation and 

o f mRNA com plexity and tr a n s la tio n  i s  obviously  an important approach 

to  the study o f d if fe r e n t ia t io n  and development© One system which lends 

i t s e l f  to  such a study and which i s  the subject o f  the work in  th is  

th e s is  i s  the growth o f the uterus in  response to  oestrogens©

3*1 P h y s io lo g ic a l  C h a r a c t e r i s t i c s  o f  O es tro g en s
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3*1 P h y s io lo g ic a l  C h a r a c t e r i s t i c s  o f  O e s tro g e n s

The major oestrogens produced by women are o e s tr a d io l,

oestrone and o e s t r io l ,  o e s tr a d io l being the major secreto ry  product 

o f the ovary#

Oestrogens are produced in  the th e o a -c e lls  o f  the Graafian  

f o l l i c l e  during th e e a r ly  s ta g es  o f menstrual c y c le  and a f te r  ovu la tion  

th e  oestrogens are produced by the granulosa c e l l s  o f  the corpus luteum* 

The oestrogens stim u la te  th e growth and development o f  female reproductive  

organs and secondary sex  c h a r a c te r is t ic s  ch a ra cter ised  by p r o life r a t io n  

o f  the epithelium  o f  the fa llo p ia n  tu b es, endometrium, cerv ix  and 

vagina* During p re-ovu latory  phase, oestrogen induces changes in  the  

tubular mucosa and m o b ility  o f the fa llo p ia n  tubes and, as a consequence 

o f  stim u lated  c o n tra c tio n s , promotes the transport o f  the ovum© In  

r a b b its , ra ts  and guinea p ig s , water content o f the uterus and i t s  

weight in crea se s  through water inh ib ition©  Oestrogen togeth er  w ith  

p itu ita r y  fa c to r s  and progesterone a lso  stim u la tes  mammary growth*

3o2 B lood  o e s tro g e n  l e v e l s

O estrogens are ca rr ied  in  the bloodstream from th e ir  s i t e s  

o f sy n th es is  to  the target organs. Plasma p rote in s carry about 60^ o f  

the cestrogen  in  blood (Szego ^  ^  , 1953) and weak binding occurs 

to  every plasma fr a c tio n  (Sandberg ^  a l , 1957)* At normal blood  

oestrogen l e v e l s ,  most o f the s te r o id  i s  attached  to  th e s te r o id  

binding 6*globulin (SBG) fr a c t io n  w hile binding to  albumin and 

g lo b u lin  predominates a t h igher concentrations such as during pregnancy 

and during p roesteru s: in  ra ts  (Rosenbaum ^  ^  , I 966; DeMoor e t  a l ,
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1969)» SBG i s  presen t in  plasma from a number o f sp e c ie s  (Murphy 

^  1968) but ra t plasma appears to  contain  a p ro te in  w ith  a

somewhat d if fe r e n t  lig a n d  s p e c i f i c i t y  as i t  w i l l  bind o e str a d io l and 

oestron e but not o e str a d io l—17c< or te s to ster o n e  (S o lo f f  _et , 1971? 

B aulieu  ^  a l , 19 7 l)o  The sex  s te r o id  binding p ro te in  o f  human 

pregnancy serum has. been p u r if ie d  to homogeneity and th e  amino a c id  

com position presented  (M ickelson _et , 1978)© S tero id  hormones can 

p a ss iv e ly  pass the c e l l  membrane but only ta rg e t t i s s u e s  are able to  

accumulate and respond to the hormone because on ly  they contain  s p e c i f ic  

cytoplasm io receptor p ro te in s (C lark & Peck, 1977)#

3*3 The mode o f  action  o f  oestrogens

Subsequent to  e n tiy  in to  ta rget c e l l s ,  s te r o id  hoimones bind  

to  cytoplasm ic recep tor  m olecules and undergo tr a n s lo ca tio n  to n u clear  

sites©  The nuclear binding o f  th ese  s tero id -recep to r  complexes i s  

considered to  be an important s tep  in  the stim u lation  o f nuclearHmediated 

events th a t r e s u lt  in  the b io lo g ic  response© These in ter a c tio n s  have 

been stu d ied  e x te n s iv e ly  in  the ra t u teru s, and a general p ic tu re  o f the  

mode o f a ction  o f  oestrogen has emerged:—

3#3#1 Oestrogen Receptors

S u b sta n tia l evidence has in d ica ted  that o e stra d io l in i t i a t e s  

i t s  b io lo g ic a l a c tio n  by forming a complex w ith an oestrogen—binding  

p ro te in  referred  to  as an oestrogen  receptor (Jensen & BeSorabre, 1973; 

Jensen _et 1974; Gorski & Gannon, 1976; N o tid es , 1978)#

In the ra t u teru s , the cytoplasm ic oestrogen—receptor  

sedim ents as an 88 oestrogen—binding p rote in  in  sucrose grad ien ts
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w ithout KGl, w hile  in  the presence o f  0©3M — 0©6M KOI, the recep tor  

d is s o c ia te s  in to  a 4S oestrogen—binding p rote in  (Korenman & Rao I 968;

Jensen e t  1969)0

As the oestrogen  complexes w ith  the cytoplasm ic receptor there  

appears to be a tem perature-dependent transform ational change in  the  

p rote in  w ith a concomitant tr a n s lo c a tio n  o f th e  complex in to  the nucleus  

(G orski e t  a l , 1973) © T ranslocation  i s  a dose-dependent phenomenon 

(C lark e t ^  , 1972? 1973)# C oincident w ith  transform ation and nuclear

uptake o f th e oestrogen  recep tor  complex, the sedim entation c o e f f ic ie n t

o f  the receptor in crea ses  from 4S to 5S in  s a l t  conta in ing  grad ien ts  

( Jensen ^  , I 969; Shymala & G orski, I969; Giannopoulos & G orski, 196I)

The 58, but not th e  43 oestrogen—binding p rote in  shows a high a f f in i t y  

for  u ter in e  n u c le i (DeSombre e t  a l . , 1972) and has been shown capable  

o f  in crea sin g  nu clear RNA polym erase a c t iv i ty  (Raynaud-Jammet & B au lieu ,

1969 ; Mohla ^  ^  I 1972) .  The 53 a c tiv a ted  or transformed recep tor i s

formed by the a s so c ia tio n  o f  the 43 p rote in  w ith  another macromolecule,

independently o f th e action  o f an enzyme (N otides & N ie lse n , 1974, 1975» 

N otid es ^  , 1975» N o tid es , 1978)0

3#3#2 O estro g en —r e c e p to r  b in d in g  to  'A c c e p to r  S i t e s '  in  th e

N ucleus

The a c tiv a te d  recep tor in te r a c ts  w ith 'accep tor  ' components 

o f  the c e l l ' s  n u clear  s tru ctu re  (S pelsberg  e t a l .% 1972? D uller  & 

O 'M alley, 1976)o I n i t i a l  s tu d ie s  have examined the r o le  o f MA in  

binding ho rmon e -re  cep tor  complex# Treatment o f ta rg e t t is su e  MA, 

p rev io u sly  exposed to  o e s tr a d io l ,  w ith MAse re lea sed  bound ra d io -  

la b e lle d  o e str a d io l (H arris _et ^  , 1971» King & Gordon, 1972?



28

T o ft , 1972) thus im p lica tin g  MA as an acceptor site©

C hrom atin  re g io n s  to  w hich o e s tro g e n  b in d s  a r e  h ig h ly  

s u s c e p t ib le  to  M A se d ig e s t io n  (Cham ness ^  a l  , 19745 Yamamoto &

A lb e r t s ,  1974) s u g g e s t in g  t h a t  hormone—re o e p to r  com plex i s  b in d in g  

d i r e c t l y  to  ex p o sed  re g io n s  o f  th e  MA© T his i n t e r a c t i o n  p ro c e e d e d  

r a p id l y  a t  h ig h  te m p e ra tu re s  (Yamamoto, 19745 Yamamoto & A lb e r t s ,

19745 1975) and  th e  h o rm o n e -re c e p to r  com plex i n t e r a c t e d  n o n - s p e c i f i c a l l y  

t o  a  V a r ie ty  o f  homologous and h e te ro lo g o u s  MA (Yamamoto & A lb e r t s ,

1975; Yamamoto, 1976)0

Other in v e s t ig a to r s  have shown that the oestrogen—recep tor  

complex binds to euchromatin (Heminki, 19775 DeBoer ^  , I 978)

and heterochrom atin (Salar-Trepat e t  a l" . 19775 DeBoer e t  a l# . 1978) 

o f  nu clear fr a c tio n s  and have su ggested  that chromatin p ro te in s might 

p a r tic ip a te  in  a cooperative fash ion  w ith  MA in  d e fin in g  nuolear  

acceptor s ites©  Sp elsberg  e t  a l # (1971 , 1972) showed th a t h is to n es  

are not acceptor m olecules and subsequently  Puca c t  ^  , ( 1974) bave 

shown more d e f in i t iv e ly  the non h is to n e  p ro te in s are prime components 

o f  n uclear acceptor s ites©

The a c c e p to r  r o l e  o f  n o n h is to n e  p r o t e i n s  i s  b e s t  i l l u s t r a t e d  

i n  th e  s t u d i e s  in v o lv in g  p ro g e s te ro n e  r e c e p to r s  o f  c h ic k  o v id u c t  chrom atin©  

The p ro g e s te ro n e  r e c e p to r  i s  a  d im er composed o f  'A* and *B* s u b u n i ts  

t h a t  have d i f f e r e n t  and  u n iq u e  p r o p e r t i e s  (S c h ra d e r  ^  a l  , 19755 1977)©

The B s u b u n it  b in d s  to  t h e  o v id u c t  n o n h is to n e  p r o te in —MA com plex b u t 

p o o r ly  to  p u re  M A ,w hereas th e  A s u b u n it  b in d s  non—s p e c i f i c a l l y  to  MA
t

but poorly  to  chromatin (O'M alley ^  a l , 1976; Schrader ^  , 1977)#

I t  i s  suggested  th a t the B subunit a cts  as a binding s i t e  s p e c i f ie r  to
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l o c a l i s e  the dimer in  cer ta in  reg ion s o f chrom atin, and the A subunit 

may d e s ta b il is e  a p ortion  o f the chromatin UTA so th a t new s i t e s  are 

a v a ila b le  to  RNA polymerase fo r  th e  in i t ia t io n  o f RNA sy n th es is  (O’M alley  

^  a l , 1976).

The genera l scheme o f  even ts as reviewed in  th is  s e c t io n  holds 

good fo r  a v a r ie ty  o f  s te r o id  hormones in clu d in g  progesterone ( Schwartz 

^  a l , 1976; B u lle r  e t a l , 1 9 7 6 ), a ldosterone (Edelman e t  al , I968;

1975)1 g lu c o c o r t ico id s  (Baxter e t  a lo . 1972; H iggins ^  a l , 1973»

Beato ^  1973) and androgens (B ullock  & Bardin, 1974» King &.

Mainwaring, 1974)*

3o4 Biochem ical E ffe c ts  o f  Oestrogen

Target t i s s u e s  respond to  s te r o id  hormones in  many d if fe r e n t  

ways and changes in  ta rg e t c e l l s  have in d ica ted  th a t s te ro id s  may exert  

th e ir  reg u la to iy  r o le  at the tr a n sc r ip tio n a l l e v e l .  This conclusion  

Was derived from r e s u lt s  i l lu s t r a t e d  by the a ction  o f  oestrogens on 

tr a n sc r ip tio n a l enzymes, chromatin p ro te in s and i t s  a c t iv a tio n  o f s p e c i f ic  

genes (Gannon & G orski, 1976; O’M alley 1977)©

3o4*l E ffe c ts  o f oestrogen on Chromatin tem plate Capacity

Over a decade ago i t  was demonstrated th a t is o la te d  chromatin 

could serve as tem plate fo r  MA sy n th e s is  (Huang & Bonner, 1962; Baker 

& Warren, I966; Sonnenberg & Subay, I 965» Marushige & Bonner, I 966) 

in  the presence o f exogenously added MA polymerase and r ib o n u cleo tid e  

triph osp hates*  The le v e l  of RNA sy n th es ised  by a g iven  amount o f  

chromatin i s  g e n e ra lly  r e ferred  to  as i t s  tem plate capacity©
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A dm inistration o f  o e str a d io l to  ovoriectom ised  rats r e su lte d  

in  an in crease  in  the chromatin tem plate cap acity  (Barker & Warren, I 966; 

Warren & Baker, I 967; Teng & Hamilton, I968) when th is  was measured 

u sin g  b a c te r ia l RHA polymeraseo Church & McCarthy ( I 970) showed that 

w ith in  2h o f  hoimone treatm ent the chromatin tem plate a c t iv i t y  o f  

rabbit endometrium rose  dy 500^ u sin g  the endogenous RNA polymerase* 

G lasser ^  ^  , (1972) a lso  showed an in crease  in  the tem plate cap acity  

o f  ra t u ter in e  chromatin which was demonstrable by 30min a fte r  hormone . 

treatm ent, was maximal at 1 hour and remained constant for a fu rth er  4h 

before d ec lin in g  to  contro l l e v e l s  by 8h#

The s y n th e s is  o f  RNA on ch ro m a tin  l a r g e l y  depends on th e  b in d in g  

o f  th e  RNA p o ly m erase  to  th e  te m p la te ,  i n i t i a t i o n  o f  RNA s y n th e s i s ,  

e lo n g a t io n  o f  th e  n a s c e n t MA c h a in ,  te rm in a t io n  and  r e le a s e  o f  th e  

com p le ted  chain© O es tro g en  may s t im u la te  th e  t r a n s c r i p t i o n a l  p ro c e s s  

by a l t e r i n g  any o f  th e s e  param eters©  I t s  e f f e c t  on RNA i n i t i a t i o n  s i t e s  

has been d e m o n s tra te d  w ith  o v id u c t  chrom atin©  The r i f a m p io in - n u c le o t id e  

c h a l le n g e  a s s a y  (S ch w artz  _et , 1975» T sa i ^  , 1976c) showed an

in c r e a s e  by s e v e r a l  f o l d  in  th e  l e v e l  o f  ch ro m a tin  i n i t i a t i o n  s i t e s  as 

e a r l y  as 30min ( T s a i  ^  , 1975) a f t e r  r e  s t im u lâ t  io n  o f  p r e v io u s ly

o e s tro g e n  t r e a t e d  c h ic k  oviduct©  The l e v e l  o f  in c r e a s e  c o r r e l a t e s  w e ll 

w ith  e s t im a te s  o f  th e  t o t a l  polyA  c o n ta in in g  ENA sequence  c o m p lex ity  o f  

s t im u la te d  c h ic k  o v id u c t RNA (Monahan _et a l  , 1976)* The k i n e t i c s  o f  

o e s t r o g e n ic  s t im u la t io n  o f  i n i t i a t i o n  s i t e s  f o r  RNA s y n th e s is  in  c h ic k  

o v id u c t  c h ro m a tin  was a ls o  shown to  c o r r e l a t e  w ith  th e  changes in  th e  

endogenous l e v e l s  o f  n u c le a r  o e s tro g e n  r e c e p to r  (K e lim i e t  a l . «  1976)© 

I n c r e a s e d  te m p la te  c a p a c i ty  as a  consequence o f  o e s tro g e n  

t r e a tm e n t  may r e f l e c t  an a l t e r a t i o n  o f  th e  co m p o sitio n  o f  non—h is to n e
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chromatin proteins*  This was f i r s t  suggested  by Taig & Hamilton ( 1968) 

and a number o f workers have demonstrated the rapid  stim u la tion  in  the

sy n th es is  o f nonhistone chromosomal p rote in s in  the uterus o f ra ts  and

mice (Teng & Hamilton, 1969? 1970? Smith e t ^  , 1970; Cohen &

Hamilton, 1975a, 1975%0o In the ch ick  ov id u ct, th e  r e c o n s titu tio n  o f

nonhistone p ro te in s  from the chromatin o f  oestrogen—stim u lated  ch icks  

w ith  other chromatin components from withdrawn ch icks r e su lted  in  a 

chromatin able to  sy n th es ize  su b s ta n tia l amounts o f ovalbumin mHNA 

(T sa i e t _gl. ,  1976a, 1976b)* Thus the NHCP were im p lica ted  as s p e c i f ic  

regu la tors o f  oestrogen—induced changes in  chromatin tem plate ac tiv ity ©  

However, the care necessary  in  in terp re tin g  r e c o n s titu tio n  experim ents 

has been mentioned in  Section  l o i * 2©

3o4o2 E ffe c ts  o f  oestrogen on INA—dependent RNA polym erases

An important asp ect o f  gene tra n scr ip tio n  i s  the modulation o f  

RNA sy n th es is  by RNA polymerases* Thus the reg u la tio n  of gene expression  

by oestrogen may occur by a lte r in g  the c a ta ly t ic  p ro p erties  or the le v e ls  

o f the tr a n sc r ip tio n a l enzymes© E arly  reports on the e f fe c t s  o f  oestrogen  

on RNA polym erases in  ta rg e t t i s s u e s  (G orski, I 964; Hamilton ^  ^  ,

1965; Maul & Hamilton, 1967; Barry & Gorski, 1971) suggested  th at  

oestrogen evokes an in crea se  in  the rate  o f chain e lo n g a tio n , thus 

im plying th a t oestrogen  s tim u la te s  the a c t iv i t y  but not the number o f  

a c tiv e  enzyme molecules© A ll the three major enzyme a c t iv i t i e s  are 

a ffe c te d  T:y oestrogen treatment* RNA polymeraoe I  a c t iv i t y  in  u t e r i  i s  

in creased  during th e  f i r s t  6h fo llo w in g  o e stra d io l treatm ent (G lasser  

e t a l , 1972; Borthwick & S m e ll ie , 1975i Hardin e t  a l , 1976;

Webster & Hamilton, 1976; Weil ad , 1977)© As far as the a ction
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o f oestrogen on polymerase II  i s  concerned, th ere are c o n f lic t in g  

reports* G lasser ^  ^  » (1972) and Hardin ^  ^  » (1976) observed an 

in crease  in  the enzyme a c t iv i t y  as ea r ly  as l$min a f te r  o e stra d io l  

treatm ent and d e c lin in g  to  con tro l l e v e l s  at 60min before a second  

in crease  3- 6h a f t e r  o e str a d io l treatm ent* S im ilar r i s e s  in  ENA polymerase 

II  a c t iv i ty  have been reported in  n u c le i is o la te d  from 30min—4h 

o e s tr a d io l tr ea ted  rab b it u terus (Borthwick & S m ellie , 1975)* These 

r e s u lt s  are in  agreement w ith  fin d in g s on the oestrogen—stim u lated  

sy n th es is  o f HnENA (Khowler & S m e llie , 19735 Knowler, 1976)* RNA 

polymerase I I I  a c t iv i t y  was shown to  in crease  by sev era l fo ld  w ith in  6h 

o f o e s tr a d io l treatm ent (W eil , 1977) and the in crease  p e r s is te d

a f te r  24h o f hormone treatm ent (Webster & Hamilton, 1976)* The in crease  

in  polymerase I I  a c t iv i t y  was a f fe c te d  by actinom ycin D and adm in istration  

o f th is  in h ib ito r  30min before o e s tr a d io l ab o lish ed  the b ip h asic  in crease  

in  i t s  a c t iv i t y  (G lasser ^ , 1972)* Adm inistration o f cyolohexim ide 

did not a f f e c t  th e  primary in crea se  in  a c t iv i ty  but com pletely ab o lish ed  

the secondary in crease  in  a c t iv ity *  This r e s u lt ,  taken togeth er  w ith  

the fin d in g s o f N ic o le t te  & Babler (1974) and L in d e ll ^  > (1978) 

demonstrated th at the f u l l  e f f e c t  o f  oestrogen on RNA sy n th es is  depended 

on p ro te in  sy n th esis*

I t  i s  noteworthy th at a l l  o f the above enzyme a c t iv i t i e s  were 

measured in  is o la te d  n u c le i and may th erefore  r e f le c t  in creased  tem plate  

a v a i la b i l i t y  rather than in creased  enzyme a c t iv i t i e s *  Indeed when 

Borthwick & S m ellie  (1975) ex tra cted  and fra c tio n a ted  u ter in e  RNA 

polymerase I and I I ,  no oestrogen  induced e f f e c t s  were observed*
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3*4*3 T ran scr ip tion a l and tr a n s la t io n a l responses to  oestrogen  

The oestrogen-induced  stim u la tio n  o f chromatin tem plate 

cap acity  and RNA polymerase a c t iv i t y  m anifests i t s e l f  in  tr a n sc r ip tio n a l  

and tr a n s la tio n a l events which vary in  the d if fe r e n t  ta rg et t is s u e s *

I t  i s  proposed to  compare and contrast- these responses in  the three  

ta r g e t t is s u e s  which have been the su b ject o f  most stu d y , namely the  

avian o v id u ct, the avian and amphibian l iv e r  and the mammalian uterus*

3*4o3ol T ran scrip tion a l and tr a n s la tio n a l responses in  the oviduct 

The magnum region o f  the oviduct i s  resp o n sib le  fo r  the 

se c r e tio n  o f  the egg w hite p ro te in s  which i t  does under the in flu en ce  

o f oestrogen and progesterone*

When immature chicks are given  d a ily  in je c t io n s  o f  o e str a d io l  

or d ie t h y ls t i lb e s t e r o l ,  the oviduct begins to  grow and d if f e r e n t ia te  in to  

sev era l new c e l l  typ es (Oka & Schimke, 19^9» Kohler _et , 1969? 

O’M alley, ^  # 1969) w ith  a preponderance o f  the tubular gland c e l l s

which a c t iv e ly  produce ovalbumin (Kohler _et , 1969; R osenfeld  e t  al , * 

1972; Means ^  â i - f  1972; P alm iter & Smith, 1973)* Harris e t  a l* .

( 1975) f u sin g  cUTA h y b rid isa tio n  techniques showed th at the d a ily  

oestrogen  treatm ent r e su lte d  in  an in crease  in  the ovalbumin mENA from 

e s s e n t ia l ly  zero to  4^,000 m o le c u le s /c e ll  and upon withdrawal o f  oestrogen  

treatm ent fo r  12 days caused a decrease o f mENA to about 0-10 m o lecu le^  

c e l l  (H arris e t  a l-*  1975* 1976; Monahan et a l . ,  1976)# The number o f  

str u c tu r a l genes expressed  in  the hen oviduct has been determined* There 

are I 3OOO—I 5OOO (A xel et , 1976; Hynes ^  , 1977) d iverse  mENA

sp e c ie s  in  the eg g -la y in g  hen oviduct in c lu d in g , b es id es  ovalbumin mENA,
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ovomucoid mENA and lysozyme mENA (Shutz ^  , 1977? Groner ^  a ^ .,

1977) and oestrogen  a f fe c ts  an in crea se  in abundance o f  th ese  mENAs 

by 3000 fo ld  (Hynes £ t  » 1977)#

A number o f  fin d in g s  in  the oviduct rev ea l that oestrogen  

ex h ib its  su b tle  d if fe re n c e s  in  the way i t  e f f e c t s  the d iffe re n t genes  

which i t  influences©  The egg w hite protein  oonalbumin i s  syn th esized  

w ith a much sh orter  la g  than ovalbumin and Palm iter ^  , (1976) have 

shown that th ese  d iffe re n c e s  r e f le c t  s im ila r  la g s  in  the tra n scr ip tio n  

o f the mENAso A th ird  egg w hite p ro te in , avid in  i s  only made a f te r  

oestrogen has brought about the i n i t i a l  t is s u e  growth and development 

and progesterone has a c tiv a ted  mENA sy n th es is  (O’M alley ^  , 1967;

Chan ^  a l , 1973)© With a l l  o f the egg white p r o te in s , sy n th es is  i s  

d ir e c t ly  r e la ted  to  th e accumulation o f  th e ir  mENAs (Palm iter _et a l . , 

1976; Harris e t a l , .  1976; Lee £ t  a i  , 1978; McKnight, 1978)# 

Evidence has already been presented  which suggests th a t egg w hite  

p ro te in  mENA i s  represented  in  the ta rget c e l l  n u c le i as large  HhENA 

which may contain tra n scr ip ts  o f gene in s e r t s .

3#4#3*2 T ran scrip tion a l and tr a n s la tio n a l responses in  l iv e r

The l iv e r  o f birds and amphibians sy n th es iz es  v ite l lo g e n in  

which i s  transported  in  the blood to th e ov a r ies  where i t  i s  c leaved  

in to  egg yo lk  p ro te in s  p h o sv itin  and l ip o v i t e l l in  (T ata, 1976; J o st & 

P eh lin g , 1976)0 The sy n th es is  o f  v i t e l lo g e n ^  in  response to  a s in g le  

in je c t io n  o f o e str a d io l to  th ese  animals occurs w ith a la g  phase which 

depends on whether v i t e l lo g e n e s is  i s  induced in v ivo  or in  t is s u e  

cu ltu re  (Dolphin e t  a] , 1971; Clemens e t ^  , 1975; Green & T ata, 

1976; Waugh & Knowland, 1975)# In v iv o , the peak o f stim u la tion
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occurred a fte r  10 days o f  o e str a d io l treatm ent (T ata , 1976) and the  

continuous presence o f  o e str a d io l i s  required  for  the maintenance o f  

v ite l lo g e n in  sy n th es is  (Green & T ata, 1976)o O estrad io l induction  o f  

v ite l lo g e n in  in  l i v e r  expiants i s  a dose-dependent phenomenon which 

su ggests  th e  presence in  Xenopus l iv e r  o f an o e s tr a d io l receptor ( Waugh 

& Knowland, 1975, Green & T ata, 1976) s im ila r  in  p ro p erties  to  th a t  

found in  ovidu ct and other mammalian target t i s s u e s .  The appearance 

and exten t o f v i t e l lo g e n e s is  i s  co in c id en ta l to  th e  accumulation and 

abundance o f  v ite l lo g e n in  mRNA (R y ffe l ^  ^  , 1977)# In chicken l i v e r ,  

b esid es  v i t e l lo g e n in ,  oestrogen stim u la tes  the sy n th es is  o f  tr a n sfe rr in  

(bee e t  ad . ,  1 9 7 8 ), th e major serum iron—binding p ro te in  and i t s  sy n th es is  

i s  a lso  dependent on the appearance and accumulation o f  tr a n sfe rr in  mENA# 

The in d u ction  o f v ite l lo g e n in  sy n th es is  in  the l iv e r  i s  

a sso c ia te d  w ith  other growth responses* Oestrogen has been shown to  

enhance the sy n th es is  in  l iv e r  o f high-mo 1 ecu lar-w eigh t poly(A) contain ing  

HhENA (25"60S) though i t  has n ot y e t  been shown th at th ese  are precursors 

o f  v ite l lo g e n in  mENA* V ite llo g e n in  mENA i s  a la rg e  messenger sp e c ie s  

and i t s  appearance in  the l iv e r  cytoplasm i s  a sso c ia te d  w ith very  large  

polysomes (S errid ge ^  ^  , 1976).

3*4*3*3 T r a n s c r ip t io n a l  and  t r a n s l a t i o n a l  re s p o n s e s  in  u te r u s  

The o e s tro g e n  in d u c e d  t r a n s c r i p t i o n  and t r a n s l a t i o n a l  

re s p o n s e s  in  th e  u te r u s  a re  n o t  c h a r a c te r i z e d  by th e  ap p ea ran ce  o f  

m a jo r new p ro te in s©  R a th e r  th e  hormone i n i t i a t e s  a  c y c le  o f  g row th  

and  developm ent w h ich  p r e p a re s  th e  t i s s u e  f o r  im p la n ta t io n  and p o s s ib le  

p re g n a n c y . T h is  m a n ife s ts  i t s e l f  a t  th e  b io c h e m ic a l l e v e l  by a  m ob il

i z a t i o n  o f  th e  p r o t e i n  s y n th e s iz in g  m ach inery  o f  th e  c e l l  and  by
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subsequent hypertrophy and hyperplasia©

The f i r s t  tr a n sc r ip tio n a l response observed i s  a stim u la tio n  

in  the sy n th esis  o f HnRNA which i s  d etectab le  by 30min a fte r  the  

adm inistration  o f o e stra d io l—17(3 to  immature ra ts  (Khowler & S m ellie , 

1971» 1973) and which mirrors the stim u la tion  o f nucleoplasm ic RNA 

polymerase recorded at th is  time (G lasser  ^  ^  1 1973î Borthwick &

S m ellie , 1975)# The stim u lation  o f  HnRNA s y n th e s is , and i t s  p o s s ib le

m aturation in to  RNA, can be fo llow ed  by the appearance o f ex tra ct able  

HnRNP p a r t ic le s  (Knowler, 1976) and the aggregation o f p r e -e x is t in g  

ribosomes in to  polysomes con ta in in g  newly made mENA (Teng & Hamilton, 

1967; Merryweather & Khowler, 1978; Merryweather & Knowler, in  

preparation) #

By 1 hour a fter  the adm in istration  o f  o e stra d io l to  immature 

r a t s ,  the sy n th es is  o f  rRNA i s  stim u lated  and peaks at 10—12 tim es

unstim ulated le v e ls  ly  2-4h a f t e r  hoitnone treatm ent (Knowler & S m e llie ,

1973)0 In h ib ito r  s tu d ie s  s tr o n g ly  suggest that th is  stim u lation  o f  rMA 

sy n th es is  i s  dependent on the p r io r  stim u lation  o f  HhENA sy n th es is  and on 

p rote in  synthesis©  Thus, if(XL —am anitin, a s p e c if ic  in h ib ito r  o f  

nucleoplasm ic RNA polymerase i s  adm inistered to  rab b its 30min before  

0e str a d io l-1 7  (3 , the stim u lated  sy n th es is  o f rRNA w ell as HhENA i s  

inhibited© C onversely, i f  the in h ib ito r  i s  given 30min a fte r  oestrogen , 

ioe© a fte r  the s tim u la tio n  o f  HhENA sy n th e s is , then rRNA sy n th es is  i s  

u n a ffec ted  (Borthwick & S m ellie , 1975)© S im ilar time dependent e f f e c t s  

on the stim u lated  sy n th es is  o f rRNA have been observed w ith p rote in  

sy n th es is  in h ib ito r s  (Khowler & S m ellie , 1971; Borthwick & S m ellie , 

1 9 7 5 ).
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The above fin d in gs have g iven  r is e  to  th e  suggestion  th a t  

oestrogen  i n i t i a t e s  in  the uterus a sequence o f interdependent events 

as fo llow s

oestrogen  binding s tim u la tio n  o f   m aturation o f  sy n th es is  o f
in  u ter in e  nucleus ^ HhENA sy n th e s is  some HnRNA to  ^ sm all number

mENA o f p ro te in s

/
stim u la tion  o f  rRNA sy n th es is

The nature o f  the sm all number o f p ro te in s  i s  com pletely  

unknown. They cou ld  be n on -h iston e p r o te in s , hormone s p e c if ic  fa c to rs  

fo r  RNA polym erase, ribosom al p r o te in s , pre-ribosom al p a r t ic le  p r o te in s , 

etco  New sp e c ie s  o f  non—h isto n e  p ro te in  have been d etected  in  the 

oestrogen  stim u la ted  uterus ( Cohen & Hamilton, 1975al 1975b)o The 

b est known p ro te in  which i s  sy n th es ized  in  stim u la ted  le v e ls  at th is  

time i s  the oestrogen-induced  p r o te in , IP (leA ngelo & G orski, 1971; 

K atzenellenbogen & G orski, 1972; H aulieu e t  ^  , 1972)* The fu n ction  

o f th is  pro te in  i s  p resen tly  unknown, though in  a recen t rev iew ,

Garland ^  ^  , (1978) su ggested  th at i t  may p lay  a ro le  in  the rep len ish 

ment o f  receptor#

At th e same tim e or perhaps s l ig h t ly  e a r lie r  than the stim u lated  

sy n th es is  o f  rRNA, th e  sy n th es is  o f tRNA and 5S RNA i s  a lso  stim u lated  

(Knowler & S m e llie , 1971) and th is  i s  fo llow ed by th e accumulation o f  

new ribosom es, the m ob iliza tio n  o f  the p rote in  sy n th es iz in g  machinery, 

and a stim u la tio n  o f  to t a l  p ro te in  sy n th es is  lead in g  to  c e l lu la r  

hypertrophy. At la te r  tim es s t i l l  INA sy n th e s is , m ito sis  and hyp erp lasia  

occur (Stormshak , 1978)0 I t  i s  s ig n if ic a n t ,  th at th ese  la t e r

events require the continued presence o f  oestrogen and short l iv e d
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oestrogens such as o e s t r io l  to  show s l ig h t  stim u la tio n  of rRNA 

sy n th es is  (Knowler, 1978) and do not produce hyp erp lasia  (Clark  

^  s i t 1978).

Aim o f  t h is  P ro ject

As o u tlin ed  above, a p r e re q u is ite  fo r  the oestrogen—stim u la ted  

production o f  new ribosomes appears to be the p r io r  sy n th es is  o f  EnMA, 

the maturation o f  the HnRNA to  mENA and the expression  o f the mENA as a 

sm all number o f  i l l  defin ed  p r o te in s . As part o f a continuing study o f  

th ese  p r o c esses , th e  work describ ed  in  th is  t h e s is  aims to fu rther  

e lu c id a te  some o f th ese  p r o c esse s , namely the stim u lated  sy n th e s is  o f  

HnRNA, the a sso c ia te d  changes in  the mENA population  and the r e la t io n sh ip  

o f  the HnRNA to th e  raRNAo
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materials AND METHODS

1* M ateria ls

1.1 Iso to p es  and M ateria ls fo r  l iq u id  s c in t i l l a t io n  counting

U ridine (5  Gi/nunol); [ 8—̂H] Guanoside (lO  Gi/mmol —

25 Gi/mmol) [2 -^ H]]-Adenosine (30 Gi/mmol),  Ĉ lQ-"dGTP 4*85 Gi/mmol -  

25 Gi/mmol) C^H[]-rpoly(u) (35 O i/ mol P i)  were purchased from the  

Radiochemical C entre, Amersham, Bucks, England© Toluene/PPO s c in t i l l a t o r  

was prepared by d is so lv in g  PPG a t 0*55  ̂ (w /v) in  AnalaR Toluene. T r ito n / 

Toluene s c in t i l l a t o r  was prepared by d is so lv in g  PPG at O.g^ (w /v) and 

Bis-MSB or PGPOP a t G.5^ and 0*3^ (w /v) r e s p e c t iv e ly  in  a so lu tio n  

con ta in in g  35^ (v /v )  Triton X-100 and 6^  (v /v )  AnalaR to lu en e . . PPG 

( 2 , 5diphenyloxazole) ( s c i n t i l l a t i o n  grade) was purchased from In tern a tio n a l  

Enzymes, Windsor, or from Koch L ight L ab oratories, Golnbrook, Bucks,

England© Bis-MSB( p -b is (G -m eth ylstyry l) benzene) was su p p lied  by 

Eastman Kodak, K irby, Lancs*, England© PGPGP ( s c in t i l la t io n  grade)

( l ,  4 b is  2 -(5 “PL enyloxazolyl) benzene) was su p p lied  by Nuclear  

E n terp r ise s , Edinburgh, S co tla n d . G la ssfib re  f i l t e r s  (G p/G ) were 

su p p lied  by Whatman, Kent, England© K ieselguhr (H ydro-Supercell) was 

purchased from Koch—Light L td ., Golnbrook, Bucks©, England.

lo 2  Column Chromatography

a) Sephadex G50 or G25 Column Chromatography

Sephadex was obtained from Pharmacia (G .B .) L td ., London,,

England. When u sed , they were s t ir r e d  in to  15 — 20 volumes o f water

conta in in g  O.GSjS (v /v )  d ie th y l pyrocarbonate ( s t e r i l e  w ater), and
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allow ed to sw e ll at room tem perature, overn ight# The sw ollen g e ls  

were autoclaved a t 5p si for  2 hours# Columns were 25ml packed volume 

over a pad o f  Dow ex—ch ela tin g  resin© The columns were eq u ilib ra ted  

w ith  the appropriate bu ffers or s t e r i l e  water#

b) Dowex>-ohelatinff: r e s in

Dowex>-ohelating r e s in  was obtained from Sigma Chem icals, 

London, England# When used , the r e s in  waS suspended in  5 volumes of 

s t e r i l e  water and allow ed to  sw e ll at room tem perature, overnight©

The suspension was s t ir r e d  w ith gradual add ition  o f IN HCl u n t i l  pH 7#0*

c) E v d ro x v a P a tite

Bio—Rad, B iogel HTP (iMA grade) was su p p lied  by Bio Rad 

L aboratories Ltd©, Watford, England© Preparation and ch a ra cter iza tio n  

fo r  chromatography are d escribed  in  sec tio n  9 ©5#lo o f  th e  Methods 

section©

d) F o ly (u ) Sepharose and T hiol—Sepharose a f f in i t y  
Chromatography

P oly(u ) Sepharose was su p p lied  by Pharmacia (C .B .) Ltd©, 

London, England# O .lg  Poly(U) Sepharose was sw e lled  in  15ml IM NaCl 

pH 7o5i conta in ing  0.02$G (v /v )  d ie th y l pyrocarbonate a t room temperature 

for  30-45 m ins. T̂ ĝ g e l  was layered  in to  Pasteur p ip e t te s  plugged w ith  

g la s s  f ib r e  f i l t e r s  and the 3 - 4cm columns washed e x te n s iv e ly  w ith  O.IM 

NETS (o.lM NaCl, OoOOlIi EDTA 0©01M T r is , 0©025$ (w /v) sodium dodecyl 

su lph ate) pH 7*4© These columns were eq u ilib ra ted  w ith Oo/jl-I NETS pH 7<>4 

(as above but NaCl at 0#4M) and used to fr a c tio n a te  HnRNA© For the
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fr a c tio n a tio n  o f polysomal MA, 0#3g g e l was sw e lled  in  l^ml IM NaCl as 

above and layered  in  s t e r i l e  d isp osab le  syrin ges up to  2ml packed g e l 

volume* The column was washed e x te n s iv e ly  w ith  0 .# I  NETS and e q u il ib 

ra ted  with a concentrated  s a l t  b u ffer  prepared in  2^  (v /v )  formamide in  

OoTM NaCl, 50mM Tris-HCl pH To5# lOmM EDTAo T hiol-Sepharose, conta in ing  

3 ju mole Sl^ml r e s in  was prepared as described by Dale & Ward (1975) 

and Was the generous g i f t  o f  Dr© Alan Balmain o f  the Beatson I n s t i t u t e  

fo r  Cancer R esearch, Glasgow© B efore u se , i t  was a c tiv a ted  by treatm ent 

w ith  50mM d ith io th r e ito l  in  0©5M T ris—HCl pH 8©0 fo r  30 min , a t room 

temperature and washed e x te n s iv e ly  w ith  0©1M NETS b u ffer  (OolM NaCl,

OoOlM tris-H C l pH 7o4i ImM EDTA and 0*9^ w/v sodium dodecyl su lp h a te )©

1©3 B uffers

Trizraa—HCl and Trizma b ase , HEPES (N—̂ h y d ro x y eth y l-  

piperazine-N —2 ethanesulphonio ac id ) were obtained from Sigma Chemical 

Go©, London, England#

1©4 N u cle ic  Acids

Eo c o l i  INA, C alf thymus INA and y ea st tRNA were obtained

from Sigma Chemical Co©, London, England© P o ly (u ) , Poly(A) and o lig o  A^g 

were obtained from M iles L a b orator ies , Stoke Pooges, England. dATP, 

dGTP, dTTF and o lig o  dT ( l 2—18) were supp lied  by P—L Biochem icals Inc©, 

W isconsin, U*S#A©* Generous g i f t s  o f  other n a tu r a lly  occurring n u c le ic  

acids are g r a te fu lly  acknowledged as fo llo w s;—

Rat l iv e r  unique INA and (^H)—la b e lle d  nick—tr a n s la te d  unique DNA from 

Dr# Alan Balmain, Beatson I n s t i t u t e  fo r  Cancer R esearch, Glasgow©
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E iythrocyte  g lob in  mHNA from Dr. George B im ie , Beatson I n s t i tu te  for  

Cancer Research, Glasgow* —la b e lle d  5o8s, 285, 328 and 458' HeLa

c e l l  n u cleo lar  RNA from Dr© K eith  Vass o f th is  department©

1*5 Enzymes. Hormones and M etabolic In h ib ito rs

a) Enzymes

N uclease was purchased from Sigma Chemical Co©, London, 

England or from Boehringer C orporation, London, England© ribonuolease  

and p an creatic  r ibonu clease A were obtained from Sigma Chemical C o., 

London, England© AMV reverse tra n scr ip ta se  was su p p lied  by Dr. J©W* 

Beard o f  L ife  S c ie n c es , Inc©, F lo r id a , U.8©A© through th e V ira l Cancer 

Program, N ation al Cancer I n s t i t u t e ,  Bethesda, U©S.A«* P rote in ase  K was 

purchased from Boehringer Corporation, London, England©

b) Hormones

O estrad io l—ITp was obtained from Sigma Chemical Go©, London,

England©

o) M etabolic In h ib ito r s

Cyclohexiraide was obtained  from Sigma Chemical C o., London, 

England. Actinomycin—D and heparin were purchased from Galbiochera L td ., 

London, England©

1©6 Reagents fo r  the P u r if ic a t io n  o f  RNA*

B en to n ite , phenol and sodium dodecyl su lphate ( s p e c ia l ly  pure) 

were purchased from B r it is h  Drug House Chemicals L td ., D orset, England 

and b enton ite was p u r if ie d  e s s e n t ia l ly  by the method o f  Fraenkel—Conrat 

e t a l . ,  ( 1961) .  20g b en ton ite  was suspended in  400ml o f  d i s t i l l e d  water
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and mixed thoroughly by hom ogenization w ith an U ltra—Turrax© The p aste  

Was cen tr ifu ged  at 800g fo r  15 minso The supernatant fr a c tio n  was 

recen tr ifu g ed  at 800g fo r  20 min and the r e su lt in g  sediment was re

suspended in  O.IM disodium EDTA (pH 7©0) fo r  48 hours a t room tem perature. 

The suspension in  EDTA was recen tr ifu g ed  d i f f e r e n t ia l ly  and the 8000g sediment 

suspended in  s t e r i l e  d i s t i l l e d  water was autoclaved at 15 p s i  fo r  30 min#

When required , an a liq u o t was removed, dried down, and suspended in  the  

appropriate b u ffer  a t 20mg/ml# Phenol was r e d i s t i l l e d  before use*

loT Reagents fo r  E lec tro p h o res is

E le o tro p h o r e tica lly  pure aorylamide and NNN'N* tetrar- 

met hyl ethylene diamine were purchased from Koch-Light L aboratories Ltd#, 

Golnbrook, Buokso, England© NN’—methylene b is  aorylamide was su p p lied  

by the B r it is h  Drug House Chemical Ltd©, D orset, England. Ethylene  

d ia cry la te  was purchased from Kodak Ltd#, Kirby, Lancs#, England©

Formamide p u r is s , purchased from Fluka, Busch, Sw itzerland was d e io n ised  

fo r  3 hours w ith  AG—5OI—x8 (d) mixed bed r e s in  at 3 — 4g/lOUml purchased  

from Bio—Rad L ab oratories, W atford, England© The d e ion ised  formamide 

Was recovered by f i l t r a t io n  through g la ss  f ib r e  f i l t e r s .  The formamide 

Was a lso  used in  h yb rid iza tion  b u ffers and eluent b u ffers in  poly(U ) 

Sepharose a f f in i t y  chromatography©

1 .8  Reagents fo r  In V itro  incubations

E ag le’ s medium (Glasgow U n iv ersity  M odification) o f  Busby 

^  ^  , ( 1964) con ta in in g  100 pg/m l o f  streptom ycin , 100 u n its /m l o f  

p e n ic i l l in  and 0©02$̂  (w /v) phenol red was the usual medium in  which
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ex c ise d  u te r i were incubated in  v i t r o ©

1 .9  Glassware

Glassware used to  c o l le c t  fra c tio n s  o f  h igh ly  ra d io a c tiv e  

m aterial was coated  w ith ’ R epeloote’ supp lied  by Hopkins and

"Williams L td ., England, b o iled  in  d ie th y l pyrocarbonate trea ted  w ater, 

and baked at 200° overnight© G or ex tubes for use in  RNA preparations  

were baked as above or autoclaved at 15 p s i for  30 mins© C a p illa r ie s  

fo r  hyb rid iza tion  experiments were supp lied  by the Aberdeen G lass 

Company, Aberdeen, Scotlan d . The c a p il la r ie s  were rep eloo ted , washed 

w ith s t e r i l i z e d  w ater.

1 .10  M iscellaneous

C e llu lo se  n itr a te  and pdlyallom er cen tr ifu g e  tubes were a 

product o f Beolcnan Spinco Ltd©, Palo A lto , C a lifo rn ia , U.S.A**

Z ip tro l d ispenser used in  d ispensin g  l e s s  than Ip l samples was purchased 

from the Aberdeen G lass Company, Aberdeen, Scotland© A ll other chem icals 

were, wherever p o s s ib le  AnalaR grade and were u su a lly  obtained from the 

B r it is h  Drug House Chemicals Ltd©, P o o le , D orset, England.

2o B io lo g ic a l Methods

2 .1  Experimental Animals

The r a t s ,  which were derived from W istar S tra in  and bred at 

Glasgow U n iv e r s ity , were fed  lib itu m  on d ie t  4IS (Bruce & Parkes 1956). 

Immature fem ales were 18 — 21 days o ld  and in  a l l  experiments were 

lim ite d  to a weight o f  25 -  35go Adult females were I 7O — 200g
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and were used at p ro esteru s.o  P ro esteru s was confirm ed by m icroscopic  

examination o f v a g in a l smear© The ra ts  were an a esth etized  w ith  ether  

and k i l l e d  by c e r v ic a l d islocation ©  The ex c ised  u te r i  were c a r e fu lly  

d is se c te d  fr e e  o f  connective t i s s u e s  and rap id ly  frozen  in  ’ d r ik o ld ’/  

methanol bath before fu rth er  treatm ent* In in  v itr o  experim ents, 

fr e ez in g  was avoided. U ter i •vTere c o lle c te d  in to  E agle’ s medium (Busby 

^  a l , 1964) at 37° under an atmosphere o f 9 ^

2 .2  A dm inistration o f Hormone, In h ib ito rs  and R adioactive
precu rsors.

a) Hormone

O estrad io l-17  jl Was s o lu b i l iz e d  at lOrg/ml in  0.3M NaCl/O.9^ 

(v /v )  ethanol by the method o f Roberts & Szego (1 9 4 7 )o A ll immature 

ra ts  rece iv ed  iMg o e str a d io l by in tra p er ito n ea l in je c t io n  in  0.1m l o f  

Carrier© Control animals rece iv ed  ca rr ie r  only©

b) In h ib ito r s

Actinomycin D were in je c te d  in tr a p e r ito n e a lly  in  0*5 ml o f

0 . 95̂  NaCl.

c) R adioactive precursors

R ad ioactive precursors were adm inistered in traven ou sly  v ia  

the la te r a l  t a i l  v e in  in  0 .1  or 0©2ml o f s a l in e .  To f a c i l i t a t e  e a s ie r  

handling, animals were kept under l ig h t  ether a n a esth esia  during th e  

in je c t io n  and th e ir  t a i l s  were pre—warmed in  water at 40°C fo r  1 - 2  mins, 

T r it ia te d  r ib o n u cleo s id es  were adm inistered e ith e r  as an equal mixture 

o f  u rid in e and [8 —̂ H] guanosine or [5-^H]] u r id in e  alone© When

u t e r i  were used  fo r  the preparation  o f  to t a l  u ter in e  Acid—Solu b le  and 

Acid In so lu b le  f r a c t io n s , th e  r a ts  r ece iv ed  20pCi o f  the H] uridine©
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When they were to be used  fo r  the p u r if ic a tio n  o f u ter in e  RNA or the  

preparation o f su b -c e llu la r  components, they rece iv ed  lOQjjCi o f  

uridine© However, p r e c ise  co n d itio n s are described  in  the legends to  

each f ig u r e .

2 .3  In v itr o  incubations

Groups o f u te r i  from 8 animals which had rece iv ed  o e s tr a d io l  

treatm ent or otherw ise were incubated  in  3^  co n ica l f la sk s  under an

atmosphere o f 935̂  0^%00^ at 37° in  a shaking water bath© Incubations  

were u su a lly  in  4rol E agle’ s medium contain ing 10 — 20pCi/ml o f  

uridine© Incubations were fo r  30 min a fte r  which the u te r i  were washed 

tw ice  in  co ld  s a l in e ,  b lo tte d  dry and frozen in  s o l id  CO ̂ m ethanol 

b ath . RNA e x tr a c t io n s , a c id -so lu b le  and aoidr-insoluble fr a c tio n s  were 

then prepared© In one experim ent, when n u c lea S e -re s is ta n t polyad en ylate  

core o f u ter in e  HnRNA was in v e s t ig a te d , 6 — 8 u te r i  from oestrogen trea ted  

ra ts  were removed, d is se c te d  free  o f  adipose and connective t is s u e s  and 

incubated in  E ag le’ s medium con ta in in g  125fj0i o f  [2 —̂ H] adenosine/m l fo r  

1 hour© When n u c le i were to  be prepared, u te r i  from 12 ra ts  were 

incubated fo r  30 rain in  4 ^  E ag le’ s medium which contained lOfjCi/ml 

uridine©

3 . P reparations o f A cid-Soluble and Acid In so lu b le  M ateria ls

3 .1  A cid -S olub le  and Acid—In so lu b le  M ateria ls o f  whole u t e r i©

A cid-S olub le and Acid—In so lu b le  m ateria ls were prepared by a 

m od ifica tion  o f  the method o f B i l l in g  et a i  (1969a) and as d escrib ed
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by Knowler & S m ellie  ( l9 7 l ) o  U te r i , removed from hormone tr e a ted  

animals which had rece iv ed  ra d io a c tiv e  precursors 30 min before death  

were p laced  in d iv id u a lly  in  u n iv ersa l containers and rap id ly  frozen  in  

a s o l id  COg/methanol bath© They were then e ith e r  sto red  fo r  up to  3 

days at -6 0 °  or used  immediately© The u te r i were thawed, chopped w ith  

s c is s o r s  and homogenised in  2©5ml ic e - c o ld  d i s t i l l e d  s t e r i l e  water 

usin g  a g la s s  homogenizer w ith  a motor driven te f lo n  pestle©  A ll  

subsequent step s were performed a t 0 — 4° « The homogen ate  p lus a 

fu rth er  2ml o f w ater, used to  r in se  the homogenizer, were added to  

0©5ml o f 505̂  (w /v) t r ic h lo r o a c e t ic  a c id  and mixed© A fter stand ing  

fo r  15 min in  an io e -b a th , l©25ml was removed and both th e remainder 

and the a liq u o t were sedim ented at 800g for 5 mins. The supernatant 

from th e sm aller p ortion  was d iscarded  and the p e l le t  reta in ed  fo r  IKA 

assay© The supernatant from the la r g er  fra c tio n  was reta in ed  and the  

p e l l e t  washed w ith  a fu rth er  2ml o f  3^ (w /v) t r ic h lo r o a c e t ic  acid©

The washings were combined w ith  the supernatant and th is  c o n s titu te d  

the a c id -so lu b le  fraction©  An 0©4ml a liq u o t o f  th e  acid—so lu b le  fr a c tio n  

Was counted in  10ml o f  tr ito n /to lu e n e  s c in t i l la t o r #  The p e l le t  from the  

la r g er  fr a c t io n , a f t e r  washing, was suspended in  a sm all volume o f  3^ 

(w /v) tr ic h lo r o a c e t ic  ac id  and mixed w ith 2ml o f 2gS (w /v) k ie se lg u h r  

suspension in  5^ (w /v) tr ic h lo r o a c e t ic  ac id  and mixed© An a d d itio n a l  

2ml o f k iese lg u h r  was c o l le c te d  as a pad on a 2© 5cm Whatman No© 1 f i l t e r  

paper disc© The acid—in so lu b le  p e l l e t  bound to  k iese lg u h r  was c o lle c te d  

as a second la y er  on th is  pad and washed w ith  3 x  15ml p ortion s o f  55̂  

(w /v) t r ic h lo r o a c e t ic  a c id , 1 x  15ml portion  o f  ab so lu te  a lcoh o l and 

2 X 5ml portion s o f  d ie th y l ether© The pad was ex tra cted  w ith  0©5ml IM 

hyamine hydroxide fo r  10 min a t 60° and the r a d io a c t iv ity  measured by
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s c in t i l l a t io n  counting in  10ml to lu en e  based s c i n t i l l a t o r .

3 .2  Preparation o f  Acid—In so lu b le  F ractions from l e s s  than
lOOiüg o f  m ateria l

Small amounts o f m a ter ia l, such as the RNA in  fr a c tio n  from 

sucrose d en sity  grad ien ts were mixed w ith an equal volume o f ic e  co ld  

10^ (w/v) tr ic h lo r o a c e t ic  a c id  and a further 5ml o f  9^ (w/v) tr io h lo ro a o -  

e t io  acid© One drop of 25̂  (w /v) bovine serum albumin or 40jug yeaSt RNA 

Was added as carrier© A fter  m ixing and standing at 0 - 4 °  fo r  at le a s t  

15 min ,  the p r e c ip ita te s  were c o l le c te d  on 2 .5cm diameter Whatman GFC 

g la s s  f ib re  f i l t e r s  s e t  up in  th e ra illip ore  f i l t r a t io n  u n it .  The 

f i l t e r s  were washed w ith a fu rth er  5ml o f ^  (w /v) tr ic h lo r o a c e t ic  a c id ,  

d ried  in  s c in t i l l a t io n  v ia ls  a t 50° fo r  1 hour and the r a d io a c t iv ity  

measured by s c in t i l l a t io n  counting in  10ml to lu en e based s c in t il la to r ©

4# Chemical Measurements

4*1 DNA determ ination

DNA Was assayed as describ ed  by Burton (1956)© Samples were 

mixed with an equal volume o f 0.5N p erch lo r ic  a c id  and heated for  15 min 

at 70° '0 The Burton reagent was prepared fre sh  b efore use by m ixing  

0,1ml o f acetaldehyde so lu tio n  (l6m g/m l) w ith 20ml o f  diphenylamine 

so lu tio n  (1©5 g  in  100ml o f  g la c ia l  a c e t ic  ac id  and l©5ml o f concentrated  

su lp h uric  acid)© 1ml o f sample was mixed w ith 2ml o f  Burton reagent and 

l e f t  to  stand overnight at room temperature in  the dark© The absorbance 

was read at 600nm and a c a lib r a tio n  curve, u sin g  c a l f  thymus DNA as
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standard was con stru cted  over a concentration  range o f  10 — 200pg/ml,

4 .2  RNA determination

ENA Was measured as describ ed  by Kerr & Seraidarian  (1945)*  

The o rc in o l reagent was 60rag o r c in o l in  10ml o f  0,02^ (w /v) FeCl^ in  

concentrated HGl* 3ml o f  o r c in o l reagent was mixed w ith an equal 

volume o f  ENA sample and heated  fo r  30 min at 95° ■* The m ixture was 

cooled  to  room temperature and the absorbance read at 665nm©

5o Preparation o f  S u b cellu la r  Components

5 .1  u ter in e  N u cle i Preparation (Method a )

The method has been describ ed  ty  Khowler (1 9 7 6 ). 12 u te r i

from v itr o  incubations were rap id ly  frozen in  s o l id  — GO ̂ m ethanol 

bath and broken up w ith  a footed —g la s s  rod© These were suspended in  

2ml RSB (OoOlM t r i s —HGl pH 7*4; OoOlM NaCl, O0OOI5M MgGl^) contain ing  

1^ (w /v) tr ito n  X-100 and homogenized in  an U ltra  Turrax s e t  at 6OV for  

30 -  50 seoo This and a l l  subsequent step s were ca rr ied  out at 0 — 4° * 

The homogenate was f i l t e r e d  through two th ick n esses  o f  m uslin and 

Washed w ith  a fu rth er  2ml o f  the homogenization medium© The f i l t r a t e  

was sedimented at 300g for  15 min and a t 4° to  obtain  th e crude nuclear  

p ellet©  This was suspended in  2ml o f  the homogenization bu ffer  and a 

fu rth er  2ml o f homogenization b u ffe r , contain ing O.5M sucrose was mixed 

w ith the susp en sion . The p u r if ie d  n u c le i was sedimented at 800g fo r  

15 min and at 4° through a 2ml cushion o f 0.3214 sucrose in  homogenization  

buffer©
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5 .2  N u c le i Preparation (Method B)

The method was e s s e n t ia l ly  th at described  by Khowler ^

( 1973) and Khowler & S m ellie  (1973)* 12 u te r i  from in  v itr o

incubations were frozen and broken up as in  method A, were homogenised 

in  2ml o f  ImM MgCl^ in  an U ltr a  Turrax homogenizer s e t  at 6OV fo r  20 — 

30 sec * T h is, and a l l  subsequent s tep s  were ca rr ied  out at 0 — 4  ̂ • 

The homogenate was f i l t e r e d  through two th ick n esses  o f  m uslin . The 

f i l t r a t e  was mixed w ith 2ml o f co ld  OolM c i t r i c  a c id  in  ImM MgCl^, 

t h is  having f i r s t  been used to  wash the homogenizer and m uslin . The 

n u c le i were c o l le c te d  by sed im entation  a t 300g fo r  15 mins and the  

p e l l e t  resuspended in  ImM MgCl^ contain ing O.O5M c i t r i c  ac id  and 1^ 

(w /v) Triton X-100 © The m ixture was made Oo25M w ith  resp ect to  sucrose  

as in  method (a ) and underlaid  w ith  2ml o f ImM MgCl^i contain ing  

0©32M su cro se , O.O5M c i t r i c  a c id  and 1^ (w/v) T riton  X—100© The n u c le i  

were c o lle c te d  by sedim entation at 800g fo r  5 mins©

5©3 HeLa c e l l  su b frao tion ation

5©3*1 Preparation o f  HeLa c e l l  n u c le i (Penman e t  ^ , I968) .

la b e l le d  HeLa c e l l  p e l l e t s ,  the generous g i f t s  o f  Dr. K©

Vass were washed once w ith 5ml o f  RSB buffer (R e ticu lo cy te  Standard 

B uffer contain ing O.OIM NaCl, O0OOI5M MgClg and 0©01M tris-H C l pH 7©4) 

p e lle t in g  the c e l l s  at 450g fo r  5 m in .. and at 4° # The c e l l s  were then  

resuspended in  4ml o f RSB and l e f t  to  swell© A fter  5 min . the c e l l s  

were broken at 4° by 15 — 20 stro k es  in  a s t a in le s s  s t e e l  b a ll  homogeniser 

w ith  a clearance o f  O0OO3 ” diam eter. The homogenate was cen tr ifu g ed  a t  

80Og fo r  2 min. The supernatant was kept a sid e  a t -6 0 °  fo r  the
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subsequent preparation o f  HeLa c e l l  rRNA for use as markers© The 

p e l le t  was suspended in  4ml o f  RSB and 0.6ml o f  ’Magik’ detergent 

mixture ( l  part 10^ sodium deoxyoholate and 2 parts 10^ Tween 80)*

T his procedure removed the outer n u clear membrane. When the n u c le i  

was examined under the phase co n tra st m icroscope, there were in s ig n if ic a n t  

amounts o f cytoplasm ic debris and the n u c le i appeared clumped. The 

m ixture was vortexed  fo r  10 sec  and cen tr ifu ged  a t 2000 rpm for  10 min© 

a t 4° in  the HB 4 rotor o f  the S o rv a ll c e n tr ifu g e . The supernatant 

was discarded and the p u r if ie d  n u c le i were washed w ith another 4ml o f  

RSB and cen tr ifu g ed  as before©

5o3©2 Preparation o f HeLa n u c le o l i  (Penman e t  ^  , 1968)

HeLa c e l l  n u c le o li  was prepared from la b e lle d  n u c le i  

which were g i f t s  from Dr© K eith Vass or from the n u c le i as prepared  

above. P u r if ie d  n u c le i  were suspended in  2ml o f HSB (0.514 NaCl,

O0O5M MgClg and 0o0.1MTris-HCl pH 7©4) contain ing 100pg DNase and 

rep eated ly  forced  through a p asteu r p ip e t te  u n t i l  v is c o s i t y  and 

v i s ib l e  p a r t ic le s  had disappeared© The whole preparation was la y ered  

onto a 15 -  305S (w /v) sucrose g rad ien t in  HSB and cen tr ifu ged  at

22,000 rpm fo r  15 min. in  a SW27 rotor  for the Beckman L2- 65B ultrar- 

centrifuge©  The supernatant nucleoplasm  was kept a sid e  for  the ex tra ctio n  

and p u r if ic a t io n  HeLa HnRNA© The p e l le t  c o n s is te d  o f  p u r if ie d  nu cleo li©  

A ll step s were ca rr ied  out a t 0 — 4° ©



52

5 .4  Preparation o f u ter in e  pol.vsomes

U terine polysomes were prepared by a procedure developed in  

t h is  laboratory by my co lleagu e Mr© M.J. Merryweather and i t  i s  described  

here w ith h is  permission© The procedure was developed from the  

published  method o f  Berridge ^  ^  (1976)©

24—72 o e s tr a d io l- tr e a te d  immature rat u t e r i  or 6—8 adu lt 

u te r i  were f in a ly  chopped w ith s c is s o r s  and homogenized in  5^1 o f  

200mM Tris—HCl, 50niM KGl, 15mM MgCl^ pH 8 .5  conta in ing  5pg/®L cyclo— 

hexim ide, 7mM 2-m ercaptoethanol and 0.02^ (v /v )  d ie th y l pyro carbonate 

w ith a motor driven lo o s e - f i t t in g  te f lo n —g la ss  homogenizer© The 

homogenate, ad justed  to  2jS w ith  T riton X—100 was cen tr ifu ged  at

10,000 rpm fo r  10 min in  the SS—34 rotor o f  the S o rv a ll centrifuge©

The post-m itochond ria l supernatant was layered  over a 1ml cushion o f  

so lu tio n  conta in in g  50mM Tris-H Cl, 50niM KCl, 15mM MgCl  ̂ pH 8 .5  in  IM 

sucrose con ta in in g  5pg/nil oyclohexim ide, 7mM 2-m ercaptoethanol and 0.02yC 

d ie th y l pyro carbonate which was spun at 47 #000 rpm in  c e l lu lo s e  n it r a te  

tubes o f  the SW 50©1 rotor in  the L2-65B Beckman u ltracentrifu ge©  The 

supernatant was discarded and the polysomal p e l le t  washed once w ith  50mM 

Tris-HCl pH 7©6 , 250mM KCl, 5niM MgCl^ contain ing 50M^ml heparin and 

^ g/ra l oycloheximide© To analyse the polysome p r o f i l e ,  the p e l le t  was 

suspended in  the wash bu ffer as above and 0©2ml a liq u o ts  were cen tr ifu ged  

in  a 15- 495̂  (w/v) sucrose g r a d ie n t, made in  the wash bu ffer at 50#000 rpm, 

fo r  35 min- . in  the SW 50©1 rotor o f the L2-65B Beckman u ltra —centrifuge©  

Gradients were scanned w ith a G ilfo rd  gradient scanner attached to the  

G ilfo rd  spectrophotometer© A ll s tep s  were carr ied  out a t 0 — 4° o
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6o Preparation o f RfA

6 .1  Preparation o f HeLa c e l l  heterogenous nuclear MA

During the preparation o f the n u c le o li  ( s e c t io n  5*3 .2) the  

nucleoplasm io fr a c tio n  was kept aside* The volume was noted and then 

p r e c ip ita te d  w ith 2 volumes o f  ethanol in  the presence o f 100pg y ea st  

RMAt overnight a t -2 0 °  • The p e l le t  was d isso lv ed  in  1,5ml LETS 

(O.OIM Tris-HGl pH 7 ,4 ,  0 ,B I L iC l, ImM EDTA 0.02^ (w /v) SDS) bu ffer  and 

an equal volume o f phenol was added. The HnRNA was ex tracted  at 60° with  

vortex in g  every 2-3 min ., The m ixture was cen tr ifu g ed  at 20,000g for  

6 m ins, at 4° to separate the phases* The aqueous phase was removed 

and the phenol phase r e -ex tr a c te d  w ith  fre sh  LETS buffer at 60° ,* The 

phases were again separated as before and the aqueous phase combined 

w ith the previous one* The volume o f  the combined aqueous phases were 

noted  and p r e c ip ita te d  w ith  2 volumes o f ethanol in  the presence o f  

60pg y ea st RNA and 0*15M NaCl* The RHA was p e l le t e d , washed once w ith  

ethanol and d is so lv ed  in  1ml s t e r i l e  water and re—p r e c ip ita te d  w ith  2 

volumes o f  e th a n o l.

32,6 .2  Preparation o f HeLa P —la b e lle d  n u cleo la r  RNA

n u cleo la r  HNA (458 and 328) were generou sly  provided by 

Dr. K eith Vass or ex tracted  from n u cleo lar  p e l le t  as described by 

Fraser (1574)* The n u c le o li  was d is so lv ed  in  2ml LETS buffer pH 7*4 

and vortexed u n t i l  properly d isp ersed . 2ml o f LETS buffer sa tu rated  

phenol was added and the n u c leo la r  RNA extracted  at room temperature 

( 22° ) by o cca sion a l vortex ing  fo r  2-3 min . The aqueous phase was
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obtained by cen tr ifu g a tio n  at 20,000gat 4° fo r  10min • The phenol 

in terp h ases were re—ex tracted  w ith  fr e sh  LETS b u ffer  and the aqueous 

phases from each ex tra ctio n  step  were p r e c ip ita te d  w ith  2 volumes o f  

ethanol at —20° overnight in  the presence o f 0.15M NaGl and 20pg 

y ea st RÎ Ao

6 .3  Preparation o f u ter in e  high m olecular weight RNA

6.3*1 Preparation o f u ter in e  RNA by phenol ex tra ctio n  at various
temperatures under d if fe r in g  pH con d ition s

S ets  o f 8—12 u t e r i ,  removed from tr e a ted  animals or from in  

v itr o  in cu b ation s, were rap id ly  frozen  in  a s o l id  C O m ethanol bath .

These were broken up w ith a fo o ted  g la s s  rod and tra n sferred  in to  a 

'Kontes* a l l - g la s s  homogenizer conta in in g  10ml o f a mixture o f O.Q̂ M 

sodium a ceta te  b u ffer  pH 5*2, Img bentonite/m l and 1^ (w/v) sodium dodecyl

su lp h ate . The t is s u e  was homogenised at 0 —4° and the homogenate

tra n sferred  in to  a 50ml corex tube contain ing  10ml 8 ^  phenol in  a ceta te  

b u ffer  pH 5*2# The mixture was then blended for 1 min, in  an U ltra  

Turrax homogenizer s e t  at 60V at room temperature (22° ) .

Phenol ex tra ctio n  was c a rr ied  out by rapid  s t ir r in g  o f  the 

homogenate at 55^ for  3 min and, a fte r  coo lin g  in  ic e  for 2 m in s ., 

was cen tr ifu ged  at 20,000g fo r  6 min at 4° to  separate the ph ases.

The phenol la y er  was d iscarded and the aqueous la y er  and in te r fa c e  were 

made Im^ml w ith resp ect to  b en ton ite  and re—ex tracted  w ith a fu rth er  

5ml (v /v )  phenol in  the r e s p e c t iv e  b u ffers. A fter r e -c e n tr ifu g a tio n ,  

the aqueous phase o f th is  second ex traction  was removed and s e t  a sid e  at
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0—4° in  the presence o f  4mg b e n to n ite . The phenol layer  and in te r fa c e  

were re -ex tra c ted  fo r  a th ird  time w ith  a fu rther 2ml o f  bu ffer  contain ing  

2mg ben ton ite  0*5^ (w /v) sodium dodecyl su lp h ate . The aqueous la y er  from 

th is  e x tr a c tio n , combined w ith  th a t from the second e x tr a c tio n , was 

cen tr ifu g ed  at 20,000g for  15 min to remove most o f the b enton ite»

RNA and INA was then p r e c ip ita te d  from the r e s u lt in g  supernatant in  the  

presence o f  0.15M NaCl and 2 volumes o f ethanol at -2 0 °  overnight»

The p r e c ip ita te d  n u c le ic  a c id  was c o lle c te d  by c en tr ifu g a tio n , 

washed tw ice w ith  955̂  (v /v )  ethanol and dried in  a g e n tle  stream o f  

n itro g en . The p e l le t  was d ig e s te d  w ith 0.3mg ribonu clease—free  deoxy

ribonu clease d is so lv ed  in  1.0ml o f O.OIM T ris—HO1 (pH 7 .5 )  contain ing  

ImM MgClg. D igestion  was e f fe c te d  by incubations at 10° for 5 min .. 

and at 25° for 10 min .  A fter  co o lin g  in  i c e ,  th e -d ig e s t  was made 

Img/ml w ith resp ect to  b en ton ite  and to 1^ w ith sodium dodecyl su lp h a te . 

0 .5  volumes o f  88^ (v /v )  phenol in  Tris-HGl b u ffer  pH 7*5 was added and 

the mixture ex tra cted  a t 4° on a mechanical shaker. The phases were 

separated as before and Img b en ton ite  was added to th e aqueous phase 

which Was reta in ed  at 0 — 4° o The phenol and in terphase were r e -  

ex tracted  w ith 0.5ml o f  O.OIM Tris-HGl (pH 7*5) contain ing ImM MgCl  ̂

and the combined aqueous phases cen tr ifu ged  as before to remove b en to n ite . 

RI'TA was p r e c ip ita te d  from the supernatant at —20° fo r  2 hr in  the  

presence o f  O.IM NaCl and 2 volumes o f ethan ol. The RNA p e l le t  was 

recovered by cen tr ifu g a tio n  and INA o lig o n u c leo tid e s  were removed by 

r e p r e c ip ita t io n  in  ImM MgCl^, 2M potassium  a ceta te  and 2% ethanol at 

—20° « The r e p r e c ip ita t io n  was performed tw ice and the f in a l  p r e c ip ita te  

Washed once w ith  co ld  93^ (v /v )  e th a n o l.
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The above method was a m od ification  o f the method o f J o e l & 

Haggerman ( 1969) and r e su lte d  in  the is o la t io n  of good q u a lity  high  

m olecular weight RNA sp ec ie s  from which the HnRNA could subsequently  

be is o la te d . In some ea r ly  experim ents, the method was m odified in  an 

attempt to  employ ex tra ctio n  at varying pH or at varying temperatures 

as described by G eorgiev ( I 967) and Brawerman (1 9 7 6 ). In one s e t  o f  

experim ents, the i n i t i a l  phenol ex tra ctio n  was ca rr ied  out su c c e ss iv e ly  

at 1 0 ° , ,  40° and 55° and a fu rth er  s e t  employed seq u en tia l extractions' 

in  OolM T ris—HGl b u ffer  conta in ing  2mg ben ton ite/m l and 1^ (w /v) sodium 

dodecyl su lphate at pH 7»6 and pH 8*30

The crude RÎ TA, MA p e l l e t  obtained from the ex traction s in  

T ris—HGl bu ffer  pH 8 .3  and pH 7 ,6  at 55° were rep u r ifie d  by repeating  

the ex traction  w ith  5nil o f  0,05M a ceta te  bu ffer  pH 5*0 contain ing  

O.OOIM EDTA, 2mg benton ite/m l and 1^ (w/v) sodium dodecyl su lph ate and 

an equal volume o f  85^ (w /v) phenol. E xtraction  was carried  out at 55° 

w ith in term itten t v o r tex in g . This procedure was repeated tw ice more and 

th e aqueous phases from the th ree ex tra ctio n s were p r e c ip ita te d  as 

d escribed  e a r l ie r .

6 ,4  Preparation o f u ter in e  RNA from su b o e llu la r  components

604 ,1  Preparation o f u ter in e  nuclear RNA

N uclear RNA was prepared as described fo r  t o t a l  RNA in

S ectio n  6.3 except th at phenol was not added u n t i l  a fte r  the i n i t i a l  

homogenization in  0,1M T ris—HGl pH 8 ,3  contain ing Img/ml benton ite  

and 1^ (w /v) sodium dodecyl su lp h a te . This was necessary  as phenol 

can p ro tect n u c le i from l y s i s .  I t  was only n ecessary  to perform one
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potassium  a c e ta te /e th a n o l p r e c ip ita t io n  in  order to  remove the MA 

o lig o n u c leo tid e s  remaining a f te r  the deoxyribonuclease d igestion #  In 

ex tra ctin g  th ese  sm all amounts o f  RNA, reagent volumes were reduced by- 

h a lf  and i t  was n ecessary  to add u n la b e lled  cytoplasm ic u ter in e  RNA to  

e f f e c t  p r e c ip ita t io n .

6*4*2 Preparation  o f polysomal RNA

Polysom al p e l le t s  were suspended in  2ml 0#1M NETS b u ffer  

(0#1M NaCl, O.OOIM EDTA, O.OIM Tris-HGl pH 7*5 0 . ^  sodium dodecyl 

su lp h ate) con ta in in g  200pg p ro te in a se  K and incubated a t 37° fo r  30 min..., 

2ml o f phenols chloroform: isoam ylalcohol ( l :  1 :0 :1 )  was then added,

vortexed  b r ie f ly  and RÎ IA was ex tra c ted  on a m echanical shaker fo r  10 min. 

at room temperature# The phases were separated by cen tr ifu g a tio n  at 

20,000g for  6 min. a t 4° « The phenol and interphase were su b jected  

to  2 fu rther ex tra ctio n s  w ith  O.IM Tris—HGl b u ffer  pH 9*0 conta in ing  

Img b enton ite/m l and 1% SDS (w /v ) . The combined aqueous phases were 

cen tr ifu ged  at 20,000g fo r  15 min to  remove b en ton ite  and subsequently  

p r e c ip ita te d  w ith 2 volumes ethanol at -2 0 ° overnight# The polysom al RNA 

was washed tw ice w ith  e th a n o l, dried  in  a g e n tle  stream o f N  ̂ and 

d isso lv ed  in  s t e r i l e  w ater. The v ir tu a l  absence o f  INA in  th ese  

preparations precluded th e ,n eed  fo r  a INAse d ig e stio n  s te p .

In th e ea r ly  development o f  th is  method, comparative experim ents 

were conducted in  which p rotein ase K d ig estio n  was not employed w h ile  

others were performed on p ost—m itochondrial supernatants rather than 

polysomal p e l l e t s .  In th ese  l a t t e r  experiments th e i n i t i a l  ex tra ctio n  

fo llow ed  the ad d ition  o f  an equal volume of phenol: chloroform;

iso a n y la lco h o l ( l : 1 :0 :1 ) to  the supernatant but subsequent ex tra ctio n
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step s  were as above.

6*5 Preparation  o f  pol.vadenylated RNA sp e c ie s

Poly(A )* RNA sp ec ie s  from u ter in e  h igh-m olecular-w eight HnRNA 

and polysomal RNA populations- were p u r if ie d  by poly(U) Sepharose 

a f f in i t y  chromatography*

6 . 5 .1  P oly(u )-Sepharose chromatography o f u ter in e  high
m olecular weight HnRNA

RNA samples d is so lv ed  in  1ml o f 0*4M NETS NaCl, O.OIM

KDTA, O.OIM T ris—HGl, 0 .2^  (w /v) b u ffer  pH 7*4 were app lied  to columns 

o f poly(U ) Sepharose packed in  P asteur p ip e t te s .  To ensure complete 

binding the i n i t i a l  e lu a te  was recy c led  through th e  column once.

Poly(A )—free  HnRNA was e lu te d  w ith  th e same b u ffe r , whereas poly(A ) 

r ic h  HnRNA was e lu te d  in  a step w ise  fash ion  w ith  I 5 x  Irai o f in crea sin g  

concen trations o f  formaraide in  ETS bu ffer  pH 7 «4 (0*01M EDTA, O.OIM 

Tris-H G l, 0.2$^ (w /v) sodium dodecyl su lp h a te ). Samples were removed 

from each fr a c tio n  and the r a d io a c t iv ity  was measured in  the acid—

in so lu b le  m ateria l as described  in  se c t io n  3*2. R esu lts  show th at

(s e e  Figure 9 and Table 4 in  the R esu lts s e c t io n )  the amounts o f  bound 

HnRNA re lea sed  from poly(U) Sepharose are e lu ted  in to  two peaks at  

1 ^  (v /v )  and (v /v )  formaraide/ETS buffer* In subsequent experim ents 

th ese  two con cen trations o f  formaraide were used so th at two bound 

fr a c tio n s  o f  HnRNA were c o l le c te d  togeth er  w ith  an unbound fr a c t io n .

The HnRNA fr a c tio n s  were p r e c ip ita te d  w ith 2 volumes o f ethanol in  the  

presence o f  0.15M NaCl and 40pg u n la b e lled  u ter in e  cytoplasm ic RNA, 

overnight at -2 0 °  .  The p r e c ip ita te s  were recovered by centrifugation^
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washed tw ice w ith  e th an o l, d is so lv e d  in  s t e r i l e  water and re—p r e c ip ita te d  

w ith ethanol#

6*5 .2  ■ F oly(u ) Sepharose ohromatograPhv o f  polysomal RNA

O08—Img polysomal RNA was suspended in  a high s a l t  b u ffer  

(0*7M NaCl, 50mM T ris—HGl, lOmM KDTA pH 7*5) con ta in in g  255̂  (v /v )  

formamide and denatured by incubation  for  5 mins in  a 55° waterbath#

The RNA was then c a r e fu lly  la y ered  on a 2ml column o f  poly(U) Sepharose 

and allow ed to  drain through under gravity*  The i n i t i a l  e lu a te  was 

recy c led  through th e column to  ensure complete binding o f the poly(A)*RNA 

sp e c ie s  to  th e p o ly (u ) homopolymers im m obilised on the Sepharose m atrix . 

The unbound RNA was r ig o ro u sly  removed by washing w ith  the high s a l t  

bu ffer contain ing 2 ^  (v /v )  formamide* The bound poly(A) contain ing  

RNA sp e c ie s  was e lu te d  d i f f e r e n t ia l ly  w ith 2 x  1ml fo llow ed  by 2 x  2ml 

and 3 x  1ml pH 7@5 e lu tio n  b u ffer  c o n s is t in g  o f  90?̂  formamide (v /v )  

contain ing lOmM KH^PO ,̂ lOmM EDTA, and 0.02^ (w /v) sodium dodecyl 

sulphate* The poly(A)"^RNA was fu rth er  p u r if ie d  by two passages through 

a fresh  2ml column o f  poly(U ) Sepharose, p r e c ip ita te d  w ith ethanol 

overnight at -20°G in  the presence o f  0*15M NaGl* The poly(A)**"RNA 

was r ed isso lv e d  in  s t e r i l e  water and d esa lted  by g e l f i l t r a t io n  

through Sephadex G25 or G50 u n d erla id  with Dowex ch e la tin g  r e s in  and 

eq u ilib ra ted  w ith  water* The s a l t - f r e e  poly(A)+RNA was freeze  d r ied , 

d isso lv ed  in  a minimum volume o f  water and kept at —70° * P u rity  and 

in te g r ity  o f  polysom al RNA and poly(A)+RNA was checked by e lectrop h oresis, 

on 3*55̂  polyacrylam ide g e ls  con ta in in g  9^  formamide.



60

6*5#3 Preparation o f  pol.v(a )‘*'RNA from d is so c ia te d  polysomal
ribon u cleop rotein  p a r t ic le s *

17-20 ODĝ Q u n its  o f polysome p e l le t  was suspended in  0*5ml 

o f d is so c ia t in g  so lu t io n  made up on 1^ (w/v) N -la u ry l—Saorosiae and 

0*03M EDTA (Lindberg & Persson 1972)* The suspension was mixed and 

d ilu te d  5 tim es w ith  high s a l t  b u ffer  contain ing 2 ^  (v /v )  formamide 

and the d ilu te d  sample was incubated  for 30 mins at 37° and imm ediately  

layered  over a 2ml packed volume poly(U) Sepharose. The sample was 

allow ed to drain through under g r a v ity  and the i n i t i a l  e lu a te  recy c led  

once through the a f f in i t y  column* The unbound îïï̂ TA was r ig o ro u sly  removed 

by Washing w ith the concentrated  s a l t  buffer contain ing 2 ^  (v /v )  

formamide and the bound polyadenylated  RNA sp e c ie s  were e lu ted  w ith  

2 X 1ml fo llow ed  by 2 x  2ml e lu tio n  buffer contain ing lOmM KH^PO ,̂ 

pH 7o5t 0*2^ (w /v) N -lau roy l sa rco sin e  and 90jS (v /v )  formamide. RNA 

in  each chromatographic fr a c tio n  was p r e c ip ita te d  w ith 2 volumes o f  

ethanol at -2 0 °  overnight in  the presence o f O.l^M NaCl and 30pg 

u n la b e lled  u ter in e  RNA* The RNA p e l l e t  was recovered by c en tr ifu g a tio n , 

washed tw ice w ith  eth an ol, d is so lv e d  in  s t e r i l e  water and r e p re c ip ita ted  

w ith eth an o l.

7 . F raction ation  o f RNA

7#1 F raction ation  o f  RNA on aqueous polyacrylam ide g e ls

Gels were prepared as described  hy Knowler & Sm ellie  (1971)o 

2*7% g e ls ,  which were used for  th e fra c tio n a tio n  o f  high m olecular weight 

RNA or when RNA was to be recovered from g e l s l i c e s ,  contained 2.7% (w/v) 

acrylam ide, 0 * 2 ^  (v /v )  ethy lene d ia cry la te  and 1% (v /v )  N1NN*N’
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t e tram ethylethylenediam ine. They were prepared in  the e lec tro p h o res is  

b u ffer  ( 36mM T r is , 30mM NaH^FO  ̂ and ImM EDTA adjusted  to pH 7#7-7  

w ith  phosphoric a c id ) as th at d escribed  by Loening ( I 969) and poly

m erization  was C atalyzed by the ad d ition  o f ammonium persulphate to  

0*1% (w /v )# 10% g e ls  were prepared in  the same manner but the acrylam ide

concentrations were 10% (w /v) and they contained b is  acrylam ide at 0, 26% 

(w /v) in stea d  o f  eth y len e diaorylate©

The prepared so lu tio n s  were c a re fu lly  mixed and 3ml a liq u o ts  

were rap id ly  p ip e tte d  in to  v e r t ic a l  I/ 4  x  5’* p le x ig la s s  tubes* Water 

was c a r e fu lly  la y ered  over the so lu tio n  using a Hamilton sy r in g e . The 

g e ls  were allow ed to  s e t  fo r  30 min at room tem perature. The water 

la y er  was removed and rep laced by the e lec tro p h o res is  b u ffer . A ll g e ls  

were p re-e leo trop h oresed  at 2 . 5mA/gel fo r  15 — 30 min, before RNA 

samples ( 80—lOO^g), d isso lv ed  in  40"50pl e lec tro p h o res is  buffer contain ing  

20% (w/v) sucrose and 0,2% (w /v) sodium dodecyl su lp h a te . E lectrop h oresis  

was 2—5hrs at 5mA/gel. A fter sep a ra tio n , the g e ls  were c a r e fu lly  

e je c te d  from the tubes using water pressure g e n tly  app lied  from a 

10ml sy r in g e . For 10% g e l s ,  a 10% (w /v) sodium dodecyl su lph ate so lu tio n  

was used in  p lace o f w ater. The g e ls  were soaked in  water for 15 min 

before they were scanned at 260nm in  the lin e a r  transport attachment 

for the G ilfo rd  24O recording spectrophotom eter. G els con ta in in g  

ra d io a c tiv e  roTA were frozen  in  powdered s o l id  00^ and s l ic e d  in  1mm 

or 2mm se c tio n s  u sin g  a M ickle g e l  s l i o e r .  S l ic e s  o f acrylam ide/ 

ethylene d ia cry la te  g e ls  conta in ing  ^  or la b e lle d  RNA were d ig ested  

in d iv id u a lly  in  v ia l s  w ith 0.5m l o f  aqueous 2M NĤ OH at 60°,* A fter  

evaporation to dryness, the g e l  resid u es were taken up in  0,3ml water
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and l e f t  for  60 m ins. R a d io a c tiv ity  was counted by s c in t i l la t io n  

counting in  10ml o f  Triton—tolu en e base s c in t i l la t io n  flu id *  Where 

acrylam ide/b isacrylam ide g e ls  were used , the in d iv id u a l s l i c e s  were 

d ried  in  s c in t i l l a t io n  v ia ls  by incubation at 60°. for 2 hr fo llow ed  

d ig estio n  ly  a fu rth er  incubation  at 60° . overnight in  the presence  

o f  0.5m l 30% (v /v )  hydrogen p erox id e . R a d io a c tiv ity  was assayed as 

above.

7*2 F raction ation  o f RNA on denaturing polyacrylam ide g e ls

The in t e g r ity  and p u rity  o f  polysomal and polyadenylated  

polysomal RNA was analysed by fr a c tio n a tio n  on 3- 5%po lyacry  1 ami de g e l s  

contain ing 98% formamide. The g e ls  were prepared using a m odified  

version  o f  the procedure o f  Staynov at , (1 9 7 2 ), as described  by 

M aniatis ^  ^  (1975)° 3*5% (w /v) acrylamide and 0*42% (w /v) b is -

acrylamide was prepared in  d e io n ised  formamide. 74ml o f th is  so lu t io n  

was mixed w ith  1ml o f a so lu tio n  contain ing lOOrag o f ammonium p ersu lp h ate, 

170mg o f d ib asio  sodium phosphate and 40mg o f monobasic sodium phosphate* 

A fter  m ixing, the so lu tio n  was polym erized by the add ition  o f 150|j1 

NNN’N* tetram eth yle t hylenediam ine. 3ml a liq u o ts  were rap id ly  p ip e tte d  

in to  p le x ig la s s  tube* Water was c a r e fu lly  layered  over the so lu tio n  as 

described before and the g e ls  allow ed to  polym erize fo r  20-30 min at 

room tem perature. The water la y er  was rep laced w ith  98% formamide and 

the g e ls  are l e f t  as such for  24 hr .  P rior to e le c tr o p h o r e s is , the  

formamide was rep laced  w ith e lec tro p h o res is  b u ffer  (0.02M sodium 

phosphate pH 7*5)» The g e ls  were p re-eleotrop h oresed  for  1 hr a t  

5mA/gel. Ethanol p r e c ip ita te d  RNA sam ples, ( 20-4Qhg) suspended in  50pl 

98% formamide were p laced  in  a b o ilin g  water bath for  3—4 min, ,
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q u ick ly  cooled  in  ic e  and ap p lied  to  g e l s .  The g e ls  were run a t room 

temperature at a constant current o f 5mA/gel fo r  3 hr o A fter  

e le c tr o p h o r e s is , th e g e ls  were c a r e fu lly  extruded in to  t e s t  tubes 

contain ing warm water ( 4 0 -50° , )  and a fte r  2 changes o f w ater, over  

15-30 min , ,  they were scanned at 260nm as described  b e fo re . The 

treatm ent w ith warm water considerab ly  reduced background absorption  

due to formamide.

7 .3  F ra ction ation  o f RNA on Sucrose D ensity Gradients

7*3*1 The fra c tio n a tio n  o f high m olecular weight HnRNA

The method used was a m od ification  o f the method o f  Girard 

e t a l ( 1965) and as described by Knowler & S m ellie  (1973)» 80—160pg

o f ethanol p r e c ip ita te d  RNA in  Ool-O*5ml o f LETS b u ffer  ( O.OIM Tris-HGl 

pH 7*4* O.IM L iC l, O.OOIM EDTA and 0.2% sodium dodecyl su lphate (w /v) 

was layered  on a l in e a r  15-30% (w /v) sucrose d en sity  gradient in  LETS 

b u ffer  in  c e l lu lo s e  n itr a te  tubes fo r  the SW4O r o to r . C entrifu gation  

was fo r  l6hr a t 31*800g and at 20° in  the Beckman model L2—65B 

u ltisp en tr ifu g e . G radients were fra c tio n a ted  by the use o f a p e r i s t a l t i c  

pump, through the flow  c e l l  o f a G ilfo rd  24O spectrophotom eter and the  

ex tin c tio n  at 260nm was con tin u ou sly  m onitored. Approximately 0.4ml 

fr a c tio n s  were c o l le c te d  and a liq u o ts  were p r e c ip ita te d  w ith an equal 

volume o f 1C% (w /v) tr ic h lo r o a c e t ic  ac id  and the a c id  in so lu b le  m ateria l 

c o lle c te d  on g la s s  f ib r e  f i l t e r s  as described in  sec tio n  3#2.
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7 .3 ,2  F raction ation  of high m olecular weight HnRNA on denaturing
sucrose grad ients (R o ss ,1976)

High m olecular weight HnRNA was prepared as described in  

sec tio n  6*3*lo RNA, p e lle te d  out o f ethanol and dried  in  a g e n tle  

stream o f n itro g en , was suspended in  0,08ml 0.002M EDTA, OoOlM T ris—HCl 

pH 7*5 and then 0,12m l o f  9 ^  (v /v )  formamide in  0.002^ EDTA, O.OIM 

T ris—EC 1 pH 7*5 was added. The d isso lv ed  ENA was heated for 1 min in  

a 90° water hath and im m ediately coo led  in  i c e .  Pour sucrose so lu tio n s  

were prepared by d is so lv in g  8 , 12 , 16 or 20g sucrose in  a f in a l  volume 

o f 100ml w ith 98% formamide, 0,0021^ EDTA and O.OIM Tris—HCl pH 7*5®

The sucrose so lu tio n s  were c a r e fu lly  layered  in  polyallom er tubes fo r  

the SW56 rotor as fo llo w s; 0.7m l 20% sucrose in  the bottom then 1ml 16% 

fo llow ed  by 1ml 1 ^  and f in a l ly  0,75m l 8% su crose . The tubes were then 

t ig h t ly  sea led  w ith  parafilm  and s e t  aside at room temperature for  3 hr 

before u se .

C entrifugation  was fo r  21 hr - at 30° ■ in  the 8W56 rotor  at 

32,000rpm in  the Beckman L2-65B model u ltr a c e n tr ifu g e . Approximately 

0.2m l fra c tio n s  were c o lle c te d  by puncturing the tubes from the bottom. 

Acid—in so lu b le  m ateria l from each fra c tio n  was prepared and c o lle c te d  

on g la s s  f ib r e  f i l t e r s  by M illip o re  f i l t r a t io n  as described e a r l ie r .  

R a d io a c tiv ity  was assayed in  10ml Toluene based s c in t i l l a t io n  f lu id .

For preparative purposes, a la rger  gradient system was 

employed as described  by McN aught on e t  ^  , (l9 7 4 )o  RD-TA was denatured 

in  90% formamide in  a b o ilin g  water bath and sedim ented in  a 13ml

5-20% (w/v) sucrose gradient con ta in in g  85% formamide, 0.Q02M EDTA,

O.OIM Tris-HGl pH 7*5* C en trifu gation  was at 28,000 rpm for  20 hr
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and at 30° in  the SW4O rotor o f a Beokraan model L2-65B u ltra cen tr ifu g e*  

Fractions were c o lle c te d  using  a p e r i s t a l t i c  pump and a liq u o ts  were 

p r e c ip ita te d  w ith an equal volume o f 10% tr ic h lo r o a c e t ic  ac id  and a c id -  

in so lu b le  m ateria l c o lle c te d  on g la s s  fib re  f i l t e r s  as described in  

sec tio n  3*2* R a d io a c tiv ity  was assayed by s c in t i l la t io n  counting in  

10ml Toluene base s c in t i l l a t io n  f lu id .

8* Preparation o f  N u c le a se -r e s is ta n t R̂TA n u cleo tid es

8 .1  Preparation df polvadenylate cores o f poly(U) Sepharose

fr a c tio n a ted  HnRNA

6-8 u te r i  from o estro g en -trea ted  ra ts  were removed, d is s e c te d  

fr e e  o f adipose and connective t is s u e s  and incubated in  v itr o  as 

described in  se c t io n  2.3* in  E ag le’ s medium conta in in g  125|cCi [2 — 

adenosine/m l for  1 hr© High m olecular weight HnRNA was prepared as 

described  e a r lie r  (S ec tio n  6 o 3 o l.)  and fra c tio n a ted  on poly(u ) Sepharose 

in to  th ree fr a c tio n s  as described  in  Section  6 .5 .1 .  The fra c tio n a ted  

RNA from two separate experiments were pooled and p r e c ip ita te d  in  99% 

ethanol overnight at —20° in  the presence o f O .I5M sodium ch lo r id e .

The RNA from each fr a c tio n  was p e l le te d , d isso lv ed  in  1ml s t e r i l e  

d i s t i l l e d  water and r ep re c ip ita ted  in  eth an ol. The RNA was subsequently  

p e lle te d , freeze—dried  and d is so lv e d  in  d ig estio n  buffer (0*3M NaOl, 

0.005M MgClg and O.OIM Tris-H Cl, pH 7*4) contain ing 100 u n its /m l T̂

RNAse and 50pg/ml p an creatic  RNAse A (Dubroff & Nemer, 1975)* D ig estio n  

was at 37° fo r  90 min and term inated by the ad d ition  o f an equal 

volume o f d ig e stio n  buffer—sa tu ra ted  phenol and 0 . ^  (w /v) sodium
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dodecyl su lp h ate . The adenylate core was ex tracted  tw ice at room 

temperature and p r e c ip ita te d  w ith  2 volumes o f  95% eth an ol. 0 . 15M 

NaCl in  the presence o f 40^  y ea st 4S tRNA*

8 .2  Determ ination o f the poly(A) s iz e  and content o f
u ter in e  polyadenylated polysomal RNA

P u r if ie d  Poly(A) segments obtained as described  above were 

reso lv ed  on 2.7% polyacrylam ide g e ls  for  3 hours at 5mA/gel and 

s l ic e d  in to  2mm s l i c e s .  Each s l i c e  was d isso lv ed  in  water and incubated  

fo r  24 hr at room temperature to  extract, adenylated n u c le o tid e s . The 

ex tra ct was cen tr ifu g ed  at 2 ,500 rpm for 5 min and the supernatant 

adjusted  to 2 x  SSG,

The p o s it io n  o f poly(A ) in  the g e l was determined by hybrid

iz a t io n  to  an excess o f p o ly (u ) (> 50, 000opm), fo llow ed  by a n a ly s is  

o f  RNAse r e s is ta n c e  as described  below. S ize  o f  the poly(A) so lo c a te d  

Was estim ated  by referen ce  to 5®8S rRNA, poly(A) (90 n u c leo tid es) and 

o lig o  A (28 n u c le o tid e s)  homopolymers.  Prom the p o s it io n  o f  th ese  

markers, a le a s t  squares a n a ly s is  was used to c a lc u la te  a l in e  o f  best  

f i t  for  the lo g  m olecular weight versus e lec tro p h o re tic  m o b ility . Prom 

th is  p lo t  the number average n u c leo tid e  len g th  was c a lcu la ted  using th e  

re la t io n sh ip ;

where Ni i s  the number and Li th e len g th  o f  in d iv id u a l  

m olecules o f a g iven  s iz e  c la s s .  The poly(A) content o f  polysomal 

polyadenylated RNA was estim ated  by determ ination o f  the amount o f  

pan creatic  R N A se-resistant -p o ly (u ) r a d io a c t iv ity  hybrid ized to  

4—lOug o f u n la b e lled  RNA compared to  known amounts o f  sy n th etic  p o ly (A ).
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Each standard 100pi assay mixture contained 20pl 10 x SSC (1*5^  ̂ NaCl, 

O .I5M Sodium c itr a te  pH 7 * 2 ), ^H poly(U) at 20pg/ml and varying amounts 

o f  poly(A) in  w ater. M ixtures were incubated at 37° for  30 rain, .. , 

cooled  to 4 °y . 1ml p an creatic  RNAse at 20pg/ml in  2 x SSC added and 

then l e f t  in  a 37° water bath fo r  a further 30 rain . A c id -in so lu b le  

m ateria l was prepared as described  in  Section  3*2* P r e c ip ita te s  were 

c o lle c te d  onto G P/C f i l t e r s ,  dried  at 60° overnight and r a d io a c t iv ity  

assayed by s c in t i l l a t io n  counting in  10ml toluene based s c in t i l la t io n  

flu id *

9* oDNA-mRNA h y b rid iza tio n s

The e f f e c t  o f  o estra d io l-1 7 p  on the q u a n tita tiv e  and q u a lita t iv e  

regu la tion  o f  u ter in e  mRNA at d if fe r in g  hormonal s ta tu s  was in v e s t ig a te d  

by n u c le ic  ac id  h yb rid iza tion  tech iq u e . The experim ental procedures 

c o n s is t  e s s e n t ia l ly  o f ( l )  is o la t io n  o f RNA ( 2) the sy n th es is  o f  

complementary IMA (cIMa) probes and ( 3 ) an assay procedure to measure 

the k in e t ic s  o f  h yb rid iza tion  o f  the RNA w ith cDNA probe* cINA used  

in  th is  in v e s t ig a t io n  i s  sy n th es ized  j n  v itr o  using  RNA—d irected  

IMA polymerase (rev erse  tr a n sc r ip ta se ) p u r if ie d  from RNA tumour v iru s  

p a r t ic le s  and u ter in e  polysomal poly(A)"^RNA as tem p late . The cIMA 

product th erefore  can h yb rid ize w ith  complementary bases o f raRITA by 

the Watson-Grick base p a ir in g . By using ra d io la b e lle d  precu rsors, the  

cBNA can be la b e lle d  to  a high s p e c i f ic  a c t iv i t y  so th at the hybrid

iz a t io n  rea ction  can be m onitored (Bishop _et , 1974» B im ie  e t a l .

1974)0 Thus the e f f e c t  o f s te r o id  hormones on mRNA concentration  and 

determ ination o f common sequences can be determined by measuring th e  

ra te  o f  h y b rid iza tion  o f  the cIMA probe with RNA samples is o la te d  from



68

t i s s u e s  o f d if fe r in g  hormonal sta tu s#  The procedure for  the is o la t io n  

o f u ter in e  polysomes and o f polysom al polyadenylated RNA has been 

described  (s e c t io n  5*4 and 6 . 5*2 r e s p e c t iv e ly ) .

9 .1  S yn th esis o f INA complementary to u ter in e  polysomal

ooly(A)"*"RNA

S yn th esis o f oIXiA was e s s e n t ia l ly  the method o f B im ie  ^  a l , 

( 1974)» 8- 10/>g o f tem plate poly(a)**’RNA was incubated at 37° for 2 hr 

in  0 . 5ml mixture conta in in g  15|Jg o lig o  d.T^2-l8’ 0»2pmole each o f dATP, 

dGTP, d'Pi'P, 20nmole o f  —dOTP ( 4*85 Ci/mM), 50^g actinom ycin—B,

lOO^g BSA| 58mM T ris—HGl pH 8 .2 ,  50mM KOI, lOmM d it h io th r e it o l ,

5mM Mg^ a ceta te  and 250 u n its /m l o f reverse tra n scrip tase#  A fter  

incub ation , the mixture was adjusted  to O.IM EDTA and c h i l le d  in  ice#

The e n tir e  m ixture was chromatographed on Sephadex G50 columns un derla id  

w ith  Dowex—ch e la tin g  r e s in . The excluded fr a c tio n  was adjusted  to  

contain  lOOpg/ml E. c o l i  INA, freeze—dried and d isso lv ed  in  a minimal 

volume o f water# cINA complementary to  g lob in  mîïï̂ A was prepared in  a 

s im ila r  manner. Globin mRNA was the generous g i f t  o f Dr. George B im ie#

9*2 C haracterization  o f  complementary INA

oDNA prepared and is o la t e d  as described  above was freeze—d ried , 

then d isso lv ed  in  1ml o f  O.9M N a d , O.IM NaOH and fra c tio n a ted  a lin e a r  

25ml 5-11% (w/w) a lk a lin e  sucrose grad ien ts in  O.9M NaCl, O.OIM NaOH. 

C entrifu gation  was fo r  24 hr in  the 3 x  25ml MSE swing-out ro tor  at

29,000 rpm and 20° # 1ml fr a c tio n s  were c o lle c te d  and r a d io a c t iv ity  

in  5/^ o f each fr a c tio n  were counted in  5ml T riton—Toluene base 

s c in t i l la t io n  f lu id .  Sedim entation c o e f f ic ie n ts  and m olecular w eights
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were determined by computer programme as described  by Steensgaard  

e t aJ ( 1978) .  cMA o f  d esired  m olecular weight was recovered by 

n e u tr a liz a tio n  and p r e c ip ita t io n  w ith  eth an ol. I t  was then d esa lted  

by passage through Sephadex G50 columns underlaid  w ith  Dowex—ch e la tin g  

r e s in . The excluded fr a c tio n  was adjusted  to  100|ug E. c o l i  HT A and 

fr e e z e -d r ie d . The cDNA was subsequently d isso lv ed  in  a minimal volume 

o f  water and kept at - 70° •

9 .3  RNA-cDTA h y b rid iza tio n

The technique has been described  in  d e ta i l  by B irn ie  _et ^

( 1974)0 Appropriate volumes of RNA at various concen trations and oINA 

so lu t io n s  in  s t e r i l e ,  d i s t i l l e d  water were mixed, ly o p h iliz e d  and r e -  

d isso lv ed  in  h y b rid iza tio n  b u ffer  ( 0 *5M NaCl, 25mM HEPES, 0.$mM EDTA, 

pH 6 0 8 , 50% (v /v )  formamide). The s a l t  s o lu t io n s , before ad d ition  o f  

formamide were passed  through Chelex—100 r e s in , tr e a ted  w ith d ie th y l— 

pyrocarbonate and au toclaved . P ortio n s o f the so lu tio n s  (0*4*"lpl) were 

dispensed  w ith  a Z ip tro l d isp en ser  and sea le d  in  g la s s  c a p i l la r ie s .

The C a p illa r ie s  were, heated at 90° for 3 min then incubated at 43° 

fo r  Various len gth s o f tim e. The Rot (m oles s e c .  l i t r e  ^) va lu e o f each 

h yb rid iza tion  time poin t was c a lc u la te d . A Rot o f 1 mole s e c .  l itr e " ^  

i s  a tta in ed  when RNA i s  incubated a t 83|Jg/ml fo r  1 hr (B r itte n  and 

Kohne 1975)# Thus Rot «

9#4 Assay o f  RNA-oINA h y b rid iza tion  rea ction
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9*4 Assay o f  RNA-cIMA h y b rid iza tion  rea ctio n

9 . 4*1 Assay o f  N uclease a c t iv i t y

I t  was found n ecessary  to  check the a c t iv i t y  o f commercial 

N uclease* A liquots o f g lo b in  mRNA-cINA h yb rid s, p u r if ie d  by 

hydroxyapatite chromatography, or s in g le  stranded g lob in  ^H-oINA were 

incubated a t 37° in  the presence o f  14p^m l denatured c a lf—thymus JNA 

w ith  from 8-20  u n its  o f n u clease  in  nuclease assay  b u ffer  (70mM 

sodium a ceta te  pH 4. 5 , 2o8mM ZnSO^, O .I4M NaCl)* At various tim es o f  

in cu b ation , a p ortion  o f the incub ation  mixture was taken to determine 

th e to t a l  r a d io a c t iv ity  and a fu rth er  portion  was a c id  p r e c ip ita te d  

as described  in  th e fo llo w in g  s e c t io n . N uclease a c t iv i t y  i s  

expressed  as percentage d igestion *

9*4*2 Assay o f HNA-cINA h y b rid iza tio n  by N uclease

The h y b rid iza tio n  m ixture in  each c a p illa r y  was flu sh ed  out 

w ith 0 . 25ml o f b u ffer  comprised o f  0.07M sodium a ce ta te  pH 4*5» 2o8mM 

ZnSO^, 0*14M NaCl and 14Ms/ml o f  heat—denatured c a l f  thymus MA. The 

percentage o f cMA which formed hybrids was determined by d ig e s t in g  the  

non—hybrid ized probe* 0 . 1ml o f  nu clease ( 8-20  u n its )  in  n u clease  

assay b u ffer  was added to each c a p illa r y  flu sh in g  and incubated at 37° 

fo r  1-J- — 2 hours. The incubations were c h il le d  and 0,01ml removed and 

r a d io a c t iv ity  determined by s c in t i l l a t io n  counting w ith 10ml o f T riton -  

Toluene based s c in t i l l a t i o n  f lu id  to  determine t o t a l  r a d io a c t iv ity  

present in  cM A(T), A fu rth er  0,2m l was removed and p r e c ip ita te d  by 

ad d ition  o f 0 . 05ml o f  a so lu t io n  contain ing Img/ml BSA and 150pg/ml 

c a l f  thymus MA as ca rr ier  and 0.05m l ic e  co ld  3̂T p erch lo r ic  a c id .

A fter stand ing in  ic e  for  15 min , the p r e c ip ita te  contain ing u n digested
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cMA-RNA hybrids was removed by oentrifrigation  at 4° and 2,500 rpm 

fo r  15 min # An 0.2ml sample o f  the c lea r  supernatant was removed and 

r a d io a c t iv ity  counted as described above to determined a c id -so lu b le  

r a d io a c t iv ity  (a S ) . The amount o f nu clease added was s u f f ic ie n t  to  

ensure complete degradation of unhybridized cMA w ith in  1 hr. The 

percentage o f  cMA in  hybrid was ca lcu la ted  as:

f  hybrid = 1 -  - - -U  ^ ^  x 100T cpm

9*5 F raction ation  o f abundance c la sse s  of oMA

9o5*l Preparation and C haracterization  o f Hydroxy a p a tite  (HaP )

Bio-Rad B iogel MA grade HTP was used and the c a p a c it ie s  vary 

from batch to  batch from 4-lm g MA/gm dry w eight. HAP was prepared fo r  

use as fo llo w s . 20-40gm HAP was suspended in  4 volumes o f IM sodium

phosphate bu ffer  pH 6 .8  and l e f t  for  1 hr at room temperature. The HAP

was recovered by cen tr ifu g a tio n  and washed severa l tim es w ith excess o f  

0.16M sodium phosphate bu ffer pH 6 .8 . A fter the f in a l  wash HAP was

suspended in  the wash buffer and p laced  in  a b o ilin g  water bath fo r

10—15 min . I to  s o lu b i l iz e  the HAP. The buffer was discarded by 

cen tr ifu g a tio n  and the HAP washed again in  two changes o f  O0O3M sodium 

phosphate bu ffer pH 6 .8  and sto red  in  th is  bu ffer  at 4° • Befûre use  

the suspension was again p laced in  a b o ilin g  water—bath fo r  15—30 min .

HAP columns were prepared by layerin g  about 2ml packed 

volume in  6” x  0.5" d ia . pyrex tubes f i t t e d  w ith  pyrex m ic r o f i lte r s .

The tubes were f ix e d  w ith  rubber gromraets in to  a perspex barrel o f  

in tern a l diameter 7om and len g th  21cm. Water at 60° was c ir c u la te d
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through the b a r r e l. The HAP column was washed e x te n s iv e ly  w ith  

s t e r i l e  water and fo llow ed  by O.O3M sodium phosphate b u ffer  pH 6 . 8 0

E ff ic ie n t  sep aration  o f  s in g le  stranded and double stranded  

n u c le ic  a c id  by HAP chromatography depended on th e concentration  o f  

sodium phosphate b u ffer  pH 6 .8  used and th is  v a r ied  for  each batch o f

HAP. To determine the e f f e c t iv e  concentration  o f the e lu tio n  b u ffe r ,
3 . . 3H —cINA—glo b in  mRNA hybrids and s in g le  stranded g lo b in  H —oMA were

mixed in  O0I 5M NaCl contain ing O.O3M sodium phosphate bu ffer  pH 6 .8

and app lied  to  a 2—3ml packed volume HAP column m aintained at 60° .  The

column was washed e x te n s iv e ly  w ith O.O3M sodium phosphate b u ffer  pH 6 .8

fo llow ed  by a step w ise  e lu tio n  w ith  in crea sin g  concen trations o f  sodium

phosphate b u ffe r , pH 6 .8  in  the range o f 0 .1 4 -0 .4I/I and in  step s  o f

O0I 2 , 0 . 14 , 0 .2 ,  0 . 4 , 0.6m . 6 X 1ml fra c tio n s  were c o lle c te d  at

each s te p , a liq u o ts  removed and r a d io a c t iv ity  counted in  10ml Triton—

tolu en e s c in t i l l a t io n  f lu id .  The e f f e c t iv e  concen trations o f phosphate

b u ffer  that e lu ted  s in g le —stranded and double—stranded n u c le ic  acids

were n o ted . These two phosphate b u ffer  concentrations were re—te s te d

and r e su lts  (se e  r e s u lt s  s e c t io n  fo r  d e ta ils )  showed that 90—95% of

r a d io a c t iv ity  o f  s ta r t in g  m ateria l was recovered as s in g le -s tr a n d e d  and

double—stranded m ateria l when th ey  were e lu ted  w ith  the chosen

concentration  o f O0I4M and O.4M sodium phosphate b u ffer  pH 6 .8  r e s p e c t iv e ly .

9 . 5*2 I s o la t io n  o f abundant and rare sequence cMA

T otal cMA was prepared from polysomal poly(A)"*'RNA is o la t e d  

from o e str a d io l tr e a ted  immature animals and the abundant and rare cMA 

sequences were fra c tio n a ted  by hydroxyapatite chromatography. The 

predominantly abundant sequences were is o la te d  from a la rg e  batch o f
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the to t a l  oMA a f te r  h y b rid iza tio n  in  excess to  i t s  own tem plate to  

a Rot o f  1 (m oles sec* l i t r e  ^)# To fr a c tio n a te  th e  rare sequences, 

h y b rid iza tion  was extended to  Rot 12 and the s in g le —stranded cDMA 

remaining c o n s titu te d  the predom inantly rare oMA sequences. The- 

hybrids were e x p e lled  from h y b rid iza tion  c a p i l la r ie s  w ith  O .I5M NaGl 

in  O.O3M sodium phosphate b u ffer  pH 6*8 and the m ixture loaded in to  a 

2—3ml packed volume HAP column m aintained at 60° in  the d ilu en t b u ffe r . 

The column was washed e x te n s iv e ly  w ith  0.03M sodium phosphate bu ffer  

pH 6*8 fo llow ed  by a step w ise  e lu tio n  w ith 6 x 2ml 0*14M sodium phosphate 

b u ffer  pH 6 .8  which e f f e c t iv e ly  e lu te d  the s in g le -s tra n d ed  cMIA* The 

double—stranded cMA—ENA hybrids were e f f e c t iv e ly  e lu te d  w ith  2 x  2ml 

0.4M sodium phosphate b u ffer  pH 6 .8 .  The abundant and rare sequence 

oMAs were p u r if ie d  by b o il in g  fo r  5 min.. . in  O.5N NaOH, n e u tr a lise d  

u sin g  equimolar HCl and passed  over a Sephadex G50 column un derla id  w ith  

Dowex ch e la tin g  r e s in .  The cMAs were recovered in  the excluded volume, 

fr e ez e -d r ie d  in  the presence o f  40pg E* c o l i  MA, then d isso lv ed  in  a 

minimal volume o f water and kept at -2 0°-*

10 . Unique DNA—mRNA sa tu ra tio n  hyb rid ization

10 .1  Preparation  o f h ig h ly  la b e lle d  rat l iv e r  unique MA
sequences

The ^ H -lab elled  n ic k -tr a n s la te d  unique MA sequences were 

the generous g i f t  o f Dr. Alan Balmain o f  the Beatson I n s t i t u t e ,

Glasgow, and prepared as fo llo w s: Unique MA was obtained from t o t a l

rat l iv e r  MA by the method o f  H ell ^  a l (1972) and p u r if ie d  by two 

c y c le s  on hydroxyapatite columns. In preparation fo r  n ick  tr a n s la t io n  

i t  was d isso lv ed  at lOrag/ml in  O.5M NaCl, 25mM HSPES, O.̂ ml'I EDTA and
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50% (v /v )  formamide, allow ed to  anneal to  a high Cot (g rea ter  than

20,000 moles sec* l i t r e  ^) and the double—stranded MA sto red  in  0 #151̂  

NaCl at -2 0 °  « 1—2pg o f  double-stranded unique MA were incubated in  a

f in a l  volume o f lOOpl conta in in g  5CmM Tris-HCl pH 7*9, lOralÆ MgClg, lOmM 

DTT 50pg/ml BSA, 35mM -dCTP (25 Ci/m mole) and SOmMdATP, dGTP and 

dTTP. MA polym erase I was added at 5 u n its /p g  MA and the mixture 

incubated a t 12° fo r  20 hr. o The n ick  tr a n s la te d  product*, was deproetin- 

is e d  Ty ex tra ctio n  w ith phenol/chloroform  ( l : l )  and excess ra d io a c tiv e  

tr ip h o sp h a te , to g eth er  w ith  any ’ hairpins* or rap id ly  reannealing DNA 

presen t in  the probe, were removed by hydroxypaptite chromatography.

The s p e c i f ic  a c t iv i t y  o f the unique MA prepared in  t h is  way 

was about 7 % 10^ CPM/pg MA. I t s  s i z e ,  as determined by ra te  zonal 

cen tr ifu g a tio n  through ^ 11% (w/w) a lk a lin e  sucrose grad ien ts was 4S 

and i t s  h y b r id is a b il ity  w ith  an excess o f  u n la b e lled  to t a l  rat l iv e r

MA Was at le a s t  7C%o Further ch a ra cter iza tio n  o f the MA probe i s

described  in  d e ta i l  by Balmain & B im ie  (1979)o

1 0 .2  Preparation o f  mHNA fo r  unique MA*miRNA sa tu ration
h y b rid iza tio n

Polysom al poly(A)**”RNA from the u te r i o f  immature ra ts

stim u la ted  w ith  oestrogen  fo r  4 hours or from the u te r i  o f  adult

p r o e s te r •' ■ animals was ex tra cted  and p u r if ie d  as described  in  

s e c t io n s  6.4©2 and 6.5*2» The RNA was mercurated, as described by 

Ward & Dale (1 9 7 5 ), by d is so lv in g  at a f in a l  concentration  o f  lOOpg/ml 

in  0»1M sodium a c e ta te  bu ffer pH 6*0 contain ing m ercuric a ce ta te  at 

Img/ml » The m ixture was incubated  fo r  90 min. at 50° a f te r  which 

one ten th  the volume o f  0»1M EDTA pH 7 .0  was added and the e n t ir e
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m ixture passed over a Sephadex G50 column. The excluded volume was 

reta in ed , fr e ez e -d r ie d  and d isso lv ed  in  a minimal volume o f s t e r i l e  

w ater. A liquots were removed and the in ta o tn ess o f the mercurated—RlTA 

was checked by determ ining i t s  absorption maximum on a Unicam SP-2000 

spectrophotom eter.

10.3 Preparation and assay o f  unique H MA-mercurated
mRNA h yb rid iza tion

Appropriate amounts o f  mercurated-raHNA and unique (^H) MA 

(7 .0  X 10^ opn/pg MA) mixed in  s t e r i l e  d i s t i l l e d  water were fr e e z e -  

d ried  and taken up in  h yb rid ization  buffer (0 * 2 #  sodium phosphate 

b u ffer  pH 6 .8  contain ing  5^^ EDTA, ImM meroaptoethanol and 0.1% (w /v) SDS). 

S u ita b le  volumes w'ere sea led  in  g la s s  c a p i l la r ie s ,  denatured at 100°, for  

5 rain. and incubated a t 60° for  various time p er io d s . Each sample was 

then flu sh ed  from the c a p il la r ie s  w ith 0.5ml o f NITPS b u ffer  and app lied  

to  a 200jul packed volume o f  a c t iv a te d , washed th io l-sep h a ro se  in an 

Eppendorf tu be. The tubes were vortexed , incubated at 60° for  10 min 

and cen trifu ged  at 800 gav . on the M istral MSE cen tr ifu g e  for  2 min. . at 

30° o The supernatants were tra n sferred  to  s c in t i l la t io n  counting v i a l s .

The above washing procedure was repeated with fu rth er 1ml. q u a n tit ie s
. o cpm

o f NETS b u ffer  at 60 u n t i l  background va lu es of 20—30/were obtained .

The bound m a ter ia l, c o n s ist in g  o f mercurated mRNA-unique ^H-MA hybrids

was then e lu te d  by sev era l washes w ith 1ml q u a n tit ie s  o f NETS b u ffer

contain ing O.IM meroapto ethanol a t 20° .  The percentage hybrid i s

c a lcu la ted  as:

2  (Bound cpm)
(Bound cpm) + ^(unbound cpm) X 100
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The percentage hybrid at zero time was sub tracted  from each p o in t .  

Appropriate co n tro ls  were ca rr ied  out w ith mercurated E. c o l i  ribosom al 

ENA to  show th at n o n -sp e c if ic  h yb rid iza tion  did not in crease  a f te r  

h yb rid iza tion  fo r  d if fe r e n t  tim es .

11 . Computer A nalysis  o f  Experimental Data

11 .1  H ybrid ization  data

The data obtained in  h yb rid ization  experim ents between cMA 

and polysomal poly(A)*^RNA was analysed  using a computer programme 

d ev ised  by Monahan e t  ^  (1977) and designed to  f i t  the data to  a 

s e t  o f  curves n , where n « 1 ,2 ,3  or 4® The f i t t i n g  was defin ed  Tqy the  

equation;

I  = B +  5  p. ^ l - e x p (0 .6 9 3  R o -t /E o t ii) ./
■“o  i= 1  »

where ^  i s  the fr a c tio n  o f hybrid  formed. For each component curve, 
o

P i denotes the proportion o f  hyb rid !zab le  oDNA w ith in  each component.

Rot i s  the number o f moles second l i t r e   ̂ o f n u c le o tid e s  o f RNA; Rot^,

the number o f  moles second l i t r e   ̂ o f  RNA at 5G% h yb rid ization  fo r  th at

component and B i s  the zero tim e h yb rid iza tion  value# The theory fo r  t h is

equation has been described  in  d e ta i l  by Bishop (1 9 7 2 ). The programme

e s t im a te s  th e  R o t^  V alues f o r  h y b r id iz a t io n  r e a c t io n s  c o n ta in in g  one o r  
2

a number of d if fe r e n t  h yb rid iz in g  components. I t  provides an estim ate  

o f  the percentage o f  th e t o t a l  h yb rid iz in g  m ateria l th at each component 

rep resen ts and i t  a lso  estim ates background h y b rid iza tio n  v a lu e .
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The method o f  le a s t  squares based on a non—lin e a r  reg ression

equation was ap p lied  to obtain the best f i t  to  the data on the hybrid

iz a t io n  between mercurated—poly(A)**'RNA and la b e lle d  unique MA.

•11.2 Sedim entation c o e f f ic ie n t s

The c a lcu la tio n s  o f sedim entation c o e f f ic ie n ts  of complementary

MA in  a lk a lin e  sucrose grad ien ts was based on a Fortran programme of

Steensgaard e t ^  (1 9 7 8 ). The d e ta i ls  o f the programme are described  

in  "C entrifugal Separations in  M olecular and C ell Biology" (1978)

B im ie ,  G.Do & Rickwood, edso , p p . 115-167, Butterworth & C o., London,. 

England»
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RESULTS

C haracterization  o f  u ter in e  HnRMA and th e e f f e c t s  o f  
o e s tr a d io l—17 B on i t s  sy n th es is

l* lo  F raction ation  ayid ch a ra cter iza tio n  o f  u ter in e  RUA

In v estig a tio n s , o f  RETA metabolism in  a d if fe r e n t ia t in g  t i s s u e ,  

such as the immature u te r i responding to  o e stra d io l treatm ent, req u ires  

r e lia b le  and adequate is o la t io n  and p u r if ic a tio n  procedure, e f f e c t iv e  

in  the ex tra c tio n  o f a l l  sp e c ie s  o f  RNA and avoid ing concom ittant 

degradation© To th is  end, a number o f  is o la t io n  procedures were 

tested©

The p r in c ip le  o f the fr a c tio n a tio n  procedure described  Tqy 

Georgiev (1 9 6 ? ), which employs various temperatures to  s e q u e n tia lly  

ex tra ct d if fe r e n t  RNA s p e c ie s , was adapted for  the is o la t io n  o f  high  

m olecular weight u ter in e  RNA©' The pH o f  the e x tra c tio n  media was kept 

at pH 5o2 in  a c e ta te  bu ffer  (J o e l & Haggerman, 1969)0

Figures 2a, b, and c show the e lec tro p h o re tic  r e so lu tio n  o f  

immature rat u ter in e  RNA ex tra cted  at 10°, 40^ and 35̂  respectively©

Each rat had rece iv ed  lOOpCi o f  ra d io a c tiv e  precursors as described  

in  the methods section©  E x traction  a t 10° is o la te d  mainly 28S and 

18S ribosomal sp e c ie s  ( f ig u r e  2a)# I t  was seen that th ese  RNA sp e c ie s  

carr ied  the bulk o f the r a d io a c t iv ity  w hile there was v e iy  l i t t l e  

r a d io a c t iv ity  in  th e  high m olecular weight sp e c ie s , which are re fra c to ry  

to  ex tra ctio n  at 10°© R a d io a c tiv ity  due to pre—rRNA precursors was 

barely  d iscernib le©  E xtraction  a t 40° removed a su b sta n tia l proportion  

o f  high m olecular weight RNA sp e c ie s  and showed some reduction in  the  

y ie ld  o f  rRNA sp e c ie s  compared to  ex tra ctio n  at 10°© At 55°, more o f



FIGURE 2

E lectrop h oretic  R esolu tion  o f  P u r ified  RNA 
from th e  U terus o f  the Immature Rat

18-21 day o ld  r a t s ,  weighing 25-30g, rece iv ed  10O.,pCi o f  

each o f  ( $ - ^ )  u r id in e  and ( 8 - ^ )  guanosine in traven ou sly  30 min 

before death . U terine RNA was ex tracted  and p u r if ie d  by th e  method 

o f  J o e l & Haggerman (1969) (se e  M aterial & Methods) at various  

tem peratures. The p u r if ie d  u ter in e  RNA was separated fo r  $h in  

2 .7^  polyacrylam ide g e ls  a t 5mA/gel in  th e  presence o f  u n la b e lled  

u ter in e  RNA.

(A) =a 10̂

(B) = 40'

(c) = 55'

E x tin ction  at 260nm 

R a d io a c tiv ity  per s l i c e  in  cpm
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the high m olecular weight BNA wa  ̂ is o la te d . However, the fr a c tio n  

is o la te d  at 55° s t i l l  contained 2ÔS and l8S s p e c ie s , the la t t e r  

p rev a ilin g  over the fonner* E xtracts at th is  temperature were enriched  

in  HnENA which were d isp ersed  across the g e l and p a r tic u la r ly  

n o tice a b le  as ra d io a c tiv e  sp e c ie s  o f very high m olecular weight©

These have been p rev io u sly  ch a ra cter ized  (Knowler & S m ellie , 1973)o 

The data thus in d ica ted  th a t heavy and heterogenous MA from immature 

ra t u te r i appeared in  the aqueous phase o f a phenol ex tra ctio n  on ly  at 

e lev a ted  temperatures (5 5°)*  Higher temperatures were not considered  

as th is  can lea d  to  aggregation o f  RNA m olecules ( Wagner _et a l . , 1967)* 

These r e s u lt s  are c o n s is te n t  w ith  previous fin d in g s (Brawerman ^  a l* .  

1965; Georgiev 19^7, J o e l & Haggerman 19^9î Olzanska e t a l* $ 1974)* 

However, i t  was not considered th a t the temperature dependent e f f e c t s  

were complete enough to  form the b a s is  o f a fr a c tio n a t io n  o f  u ter in e  

RNA.

The hot phenol-8 odium dodecyl su lphate (SBS) ex tra ctio n  

procedure appeared w ell su ite d  fo r  the ex tra ctio n  o f u ter in e  heterogenous 

n u clear MA. However, i t  was shown by Brawerman ( I 976) th at the hot 

phenol-8B6 i s  most e f f e c t iv e  at a lk a lin e  pH and had a p r e fe r e n tia l  

e f f e c t  on the recovery o f poly(A) contain ing n u clear RNAo Hence, RNA 

from o estra d io l-s tira u la ted  and nonstim ulated immature rat u t e r i ,  in to  

which ra d io a c tiv e  precursors were incorporated m  v i t r o , were ex tracted  

at 55° w ith b u ffers at pH 5*2, 7*6 and 8o3* Table 2 shows the recovery  

o f u ter in e  RDI A and the UNA content a t each p u r if ic a t io n  step© I t  i s  

seen that INA contam ination o f the i n i t i a l  MA p e l le t  was con sid erab le  

at pH 803 and le a s t  in  "he RNA ex tra cted  at a c id ic  pH* However, in  a l l  

c a se s , a con sid erab le  proportion o f  the contam inating INA could be
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TABLE 2

The MA content in  the aqueous phase at each. 
ex tra ctio n  step  (ug BMA) .

Aqueous phase pH 8*3 pH 7 .6 pH 5 .2

1o A fter f i r s t  N a d /  
EtoH p r e c ip ita t io n

2o A fter reex tra ctio n

at pH 5*0

3o A fter INAse treatm ent

4o A fter f in a l  EtoH/
potassium a ceta te  ”

5o Recovery o f RNA
(as ^ of t o t a l /u t e r i )

540

235

5

not d etec ta b le

55- 605̂

400 180

120 —

1 not d etec ta b le

not d e tec ta b le

50- 53  ̂ 50-5555

The u ter in e  RNA o f e ig h t 18—21 day o ld  r a t s ,  weighing 

25-30g was p u r if ie d  by the Method o f Joel & Haggerman ( I 969) (see  

M ateria ls & Methods) and a lso  using  a lk a lin e  and n eu tra l ex tra ctio n  

bu ffers (se e  M ateria ls & M ethods). At each p r e c ip ita t io n  step  an 

a liq u ot was removed, p r e c ip ita te d  and washed w ith  ^  (w/v) 

t r ic h lo r o a c e t ic  a c id  at 0—4°C, d ig ested  in  Oo5î*1 p erch lo r ic  ac id  

at 70°C for 1 hr and used to  assay RNA and MA as described in  the  

M ateria ls & Methods s e c t io n . RNA content i s  expressed as a percentage  

o f  t o t a l  u ter in e  content ( l 05(ug/uteri)©



MGURE 3

The Nature o f  p u r if ie d  MA extracted  at 
a lk a lin e  pH from the uterus o f  Immature Rats

18-21 day o ld  r a t s ,  weighing 25-30g, rece ived  Ipg 

o e stra d io l by in tra p er ito n ea l in je c t io n  4h before death , lOOpGi 

each o f (5—̂ H) u rid in e  and (8-^H) guanoside by intravenous 

in je c t io n . U terine RNA was ex tracted  at pH 8 .3  and p u r if ie d  

by the method o f J o e l & Haggerman ( I 969) (s e e  M aterials and 

M ethods), P u r if ie d  u ter in e  R]Na was separated  fo r  5h in  2.7^  

polyacrylam ide g e ls  at 5mA/gel©

(a ) = R adioactive Precursor adm inistered I 5 min

before death

(b) = R adioactive Precursor adm inistered 30 min

before death

—  = E x tin ction  at 260nm 

•  0 0 0  *= R a d io a c tiv ity  per s l i c e  in  cpm
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removed from the i n i t i a l  ex tra ct hy a second ex tra ctio n  at pH 3oO 

and any res id u a l HNA vjas then e lim in ated  by 1ST As e treatm ent and 

s e le c t iv e  p r e c ip ita t io n  as described  by Joel & Haggerman ( 1969)0

Performing th e i n i t i a l  ex tra ctio n  at a lk a lin e  pH r e su lte d  

in  a sm all improvement in  the o v e r a ll y ie ld  of BHA# However, there  

was a marked improvement in  the recovery o f high m olecular weight 

HhRNA# Table 3 shows that MA derived  from 4 hr o e stra d io l-s tim u la te d  

immature rat u t e r i ,  ex tracted  a t pH 8*3 and at 55° contained 47^ o f  i t s  

incorporated r a d io a c t iv ity  in  high m olecular weight RMAo

TThen the HNA was fr a c tio n a ted  by aqueous 2o7'5̂  polyacrylam ide 

g e l  e lec tro p h o res is  ( f ig u r e  3)1 a number o f d is t in c t  r a d io a c t iv ity  

peaks m igrating at grea ter  than 453 were evident* In fig u re  3 i the  

MA Was derived from the u te r i  o f  ra ts  which had been trea ted  for  4 hr 

w ith  o e stra d io l and had rece iv ed  ra d io a c tiv e  precursors in traven ou sly  

15 min or 3O min before death* A fter  30 min in corp oration , r a d io a c t iv ity  

i s  c le a r ly  d isc e r n ib le  in  the 453 and 32S precursor sp ec ie s  and 

incorporation  i s  a lso  apparent in  the MA o f  the ribosomal sp ecies*

A fter  15 min in co rp ora tion , a high proportion of the r a d io a c t iv ity  i s  

incorporated in to  very high m olecular -weight sp e c ie s  m igrating at 

g rea ter  than 453 and the number o f r a d io a c t iv ity  peaks o f  MA sp e c ie s  

are not as c lea r  cut as when r a ts  rece iv ed  a 30 rain incorporation  o f  

ra d io a c tiv e  precursors* Although la b e lle d  r a d io a c t iv ity  peaks were 

u su a lly  observed m igrating at the 453 and 323 pre-MA marker p o s it io n s ,  

th ese two peaks were not always c le a r ly  separated  from the r a d io a c t iv ity  

corresponding to higher m olecular weight sp ecies*  The amounts o f radio

a c t iv i t y  incorporated  in  the higher m olecular weight MA sp e c ie s  were 

rather low compared to  th at observed a fte r  30 min incorporation* The
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p o s it io n s  o f th e u ter in e  453 and 323 precursors in  the g e l  system were 

id e n t i f ie d  from la b e lle d  n u c leo la r  MA prepared from HeLa c e l l  

n u c le o li  and fr a c tio n a ted  in  p a r a lle l  g e ls  under id e n t ic a l conditions*

The u ter in e  MA sp e c ie s  m igrating at g rea ter  than 453 have 

been id e n t if ie d  as HnMA on the b a s is  o f base com position ( f ig u r e  l ) ,  

i t s  nuclear o r ig in , i t s  la ck  o f  m éthylation and by i t s  ra te  o f  sy n th es is  

and decay (Knowler & S m ellie  1973)#

I t  should be s tr e s se d  here th at for the purpose o f preparing 

d efin ed  MA s p e c ie s , as opposed to  to t a l  c e l lu la r  MA, i t  i s  u su a lly  

n ecessary  to  i s o la t e  th e  appropriate su b ce llu la r  stru ctu res*  However, 

in  the uterus the problem o f  degradation by r ib on u cleases i s  p a r t ic u la r ly  

ser io u s and i t  has not proved p o s s ib le , for  in s ta n c e , to  adequately  

p ro tec t n uclear MA from th e e f f e c t s  o f  in tran u clear  M Ases during th e  

preparation o f u ter in e  n u cle i*  The c i t r i c  ac id  method (Knowler &

S m ellie , 19733 Knowler, 1976) i s  only  p a r t ia l ly  su c ce ssfu l in  th is  

respect*  Figure 4a shows th at when n u c le i are prepared in  the presence  

o f c i t r i c  a c id , h igh  m olecular MA i s  preserved but the p r o f i le s  s t i l l  

rev ea l some degradation* In  th e  absence o f  c i t r i c  ac id  ( f ig u r e  4̂ )̂ 

degradation i s  much more complete*

One other p o ss ib le  method o f preparing MA in  which HnMA 

could  be s e le c t iv e ly  stu d ied  was to in h ib it  the sy n th e s is  o f  rMA p r io r  

to  incorporation  o f ra d io a c tiv e  precursors and MA iso la t io n *  Figure 5 

shows the r e s u lt s  o f such an attempt where actinom ycin D was used to  

s e le c t iv e ly  in h ib it  rMA sy n th es is*  I t  i s  seen th at th e in ih ib to r  d id  

e f f e c t  rMA sy n th e s is  more s tro n g ly  than HnMA sy n th esis*  However, the  

e f f e c t  was in s u f f ic ie n t ly  pronounced to  form the b a s is  o f  subsequent 

in v e s t ig a tio n s  *



FIGURE 4-

The nature o f RMA sy n th esized  in  
the n u c le i o f immature ra t u te r i

a ) The u te r i o f  12 , 18-21 day o ld  r a t s ,  weighing 25-30g were

incubated in  4ml o f Eagle* s medium which contained 10|jCi/ml 

uridine* The n u c le i were then prepared by Method B 

in  the M aterials & Methods section *  HNA was ex tra cted  at 

pH 8*3 and at 55° from the p e l l e t ,  p u r if ie d  and separated  

on 2*7^ polyaciylam ide g e ls  for  5 h*

B) The experim ental d e ta i ls  were as above and the n u c le i were

prepared by Method A in  the M ateria ls & Methods section *

= E x tin ctio n  at 260nm

oeo = R a d io a ctiv ity  per s l i c e  in  cpm
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FIGUHS 5

E ffe c t  o f Aotinomyoin' D on oesi:radiol"17B  
stim ulated. IfciRMA s:/tlt h e s is

18-21 dâ r o ld  r a t s ,  weighing 25-3% , rece ived  l|ug o f  

o estra d io l-1 7 8  and aotinomyoin D sim u.ltaneoiisly 4h before death© 

lOOjuGi [5-^ hJ  was adm inistered in traven ou sly  30 min before death© 

P u r ifie d  RNA was separated  on 2©?5̂  polyaorylam ide g e ls  fo r  5 hr at 

5mj\/gelo la b e lle d  HeLa c e l l  n u cleo la r  RNA wa@ separated  in

a p a r a lle l  g e l to  provide th e 453 and 325 markers©

( a ) = no actinom ycin D

( b ) = I5iug/Rat o f  Actinomycin D

(C) K 30|LJg/Rat‘o f Actinomycin D

= E x tin ction  a t 260nm

• • • o  = R a d io a c tiv ity  per s l i c e  in  dpm
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lo2o I s o la t io n  and ch a ra cter iza tio n  o f u ter in e  h igh -m olecu lar-
weight HnRNA

lo 2 * lo  I s o la t io n  from sucrose grad ien ts

An ea r ly  response to  oestrogen stim u la tio n  i s  the in creased  

sy n th e s is  o f h igh  m olecular w eight KTA (Knowler, 1972; Knowler &

S m ellie , 1971# 1973Î Teng & Ham ilton, 1972) and id e n t i f ie d  by Knowler 

& S m ellie  (1973) as HnENA# To fu rth er  understand the r o le  o f  HnENA in  

oestrogen  a c t io n , i t  was d es ira b le  to  p u rify  i t  from the t o t a l  ENA 

preparations and th is  was ach ieved  by sucrose d en sity  gradient sep aration  

based on the method o f Girard e t a lo  ( I 965) and as m odified  by Knowler 

& Sm ellie  (1973)* T otal u ter in e  RNA was reso lv ed  on a 15“30^ (w /v) 

sucrose grad ien ts in  LETS bu ffer  (OoOlM tr is -H C l, pH 7*4; O.OIM LiC l;

ImM EDTA and 0#2^ (w /v) SDS) under con d ition s such that rRtTA sp e c ie s  

underwent l i t t l e  m igration and the heavier HnENA sp e c ie s  occupied most 

o f  th e  g ra d ien t. Figure 6 i l lu s t r a t e s  the r a d io a c t iv ity  p r o f i l e  o f  such  

a sucrose d e n s ity  grad ien t a n a ly s is  o f  to ta l  ^ H -lab elled  u ter in e  RNA and 

a p a r a lle l  grad ien t o f HeLa n u c leo la r  RNA which provided the 45S and 

328 markers. I t  i s  seen th a t th e  gradient system  sep arates the high  

m olecular weight HnRNA from the pre-ribosom al and ribosomal species©

The p r o f i le  o f  ^ H -ra d io a ctiv ity  revea led  that most o f  the la b e l le d  RNA 

was lo ca ted  at th e  top o f  the gradient.O nly m ateria l sedim enting a t  

grea ter  than 45S entered  the lower two th ird s o f the gradient ( fr a c t io n s  

1—24)* A fter 4 br o f  o e str a d io l treatm ent, and 30 min incorporation  o f  

ra d io a c tiv e  p recu rsors, about 475  ̂ ( ta b le  3 ) o f th e to ta l  r a d io a c t iv ity  

incorporated  wan contained in  RNA sp e c ie s  sedim enting between fr a c t io n s  

1-24  ( f ig u r e  6 ) 0  In the rou tin e  preparation o f  u ter in e  HnRNA, fr a c tio n s



FIGURE 6
V ‘

Separation o f high molecuilar weight 
u ter in e  RMA on sucrose d en sity  grad ien ts

18-21 day o ld  ra ts  r ece iv ed  . SOpCi o f  each o f  

u rid in e  and guanosine by intravenous in je c t io n  30 min

before deathJ"^ S i . f i ed RNA was fra c tio n a ted  on 15— (w/v)  

sucrose d en sity  grad ien ts as described  in  the M aterials &. 

Methods s e c t io n . The g rad ien ts were pumped through the flow  

c e l l  o f a G ilford  24O recording spectrophotom eter and the  

ex tin c tio n  at>260nm was continuously  m onitored. Approx* 0.4m l 

fraction's were c o lle c te d  and assayed fo r  a c id -in so lu b le  radio

a c t iv i t y .  la b e lle d  HeLa c e l l  n u c leo la r  RNA was cen tr ifu ged

in a p a r a lle l  grad ient to  provide the 45  ̂ and 323 markers.

□—o  = la b e lle d  HeLa c e l l  n u c leo la r  RNA

« Ĥ—la b e lle d  u ter in e  RNA 

— — = ex tin c tio n  at 260nm
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con ta in in g  RMA o f a s iz e  grea ter  than 453 were pooled  from 2—4 

id e n t io a l grad ien ts  and p r e c ip ita te d  overnight at —20° , in  the  

presence o f  40fjg u n la b e lled  u ter in e  rRJMA as carrier©

l#2o2o C h aracterization  of high m olecular weight RNA sp e c ie s  in

V a rio u s  co m p o site  f r a c t i o n s  o f  th e  s u c ro s e  g r a d ie n t

Part o f the same RMA preparation  used to derive the r e s u lt  

o f fig u re  6 was la y ered  onto a s im ila r  grad ient and sedim ented in  the  

same way as d escrib ed  in  fig u re  6o The whole grad ien t was then d iv id ed  

in to  3 composite fr a c tio n s  as in d ic a te d  in  f ig u r e  7a» Fraction  1 

c o n s is ted  o f grad ien t fr a c tio n s  from 1—12, fr a c tio n  2 was pooled from 

grad ien t fr a c tio n s  13-24 and fr a c t io n  3 contained grad ien t fr a c tio n s  

25—360 C onstituent RMA o f each fr a c tio n  was p r e c ip ita te d  by 2 volumes 

o f ethanol in  th e  presence o f  40pg u n la b e lled  u ter in e  RNA and O0I 5M MaCl* 

Recovered RNA was separated  on g e ls  fo r  5 hours» Figure 7b shows

th e d is tr ib u tio n  o f  la b e lle d  RNA from the com posite fra c tio n  1» There 

were two d is t in c t  peaks at th e  g e l  o r ig in  which were la rg er  than th e  453 

RNA and i t  i s  obvious from t h is  r e s u lt  th at RNA sp e c ie s  contained  in  the  

lower th ir d  o f th e  gradient r e ta in ed  th e ir  s i z e  c h a r a c te r is t ic s#  The 

m iddle 12 fr a c tio n s  ( f ig u r e  7c) a lso  contained heavy R̂ IA sp e c ie s  showing 

a s in g le  peak o f  r a d io a c t iv ity  la rg er  than 45S pre-rRNA marker© The top  

fr a c t io n s  ( f ig u r e  7d) contained  th e  ribosomal sp e c ie s  as w ell as most o f  

the 453 and 323 RNA species©  The RNA sp ec ie s  sedim enting in  the lower 

2/3  se c t io n  o f  the whole grad ien t was p rev io u sly  id e n t if ie d  as u ter in e  

high m olecular weight HnENA (Knowler & S m e llie , 1973)* I t  appeared 

th erefo re  the grad ient system  provided a su ita b le  way o f recoverin g the  

heavy HnRNA sp ec ie s#  A disadvantage o f  th is  method i s  that low m olecular



FIGURE 7

The d is tr ib u tio n  o f  u ter in e  H?TA on 
sucrose d en sity  grad ients

The RNA, which formed part o f  the preparation used in  

Figure 6 , was layered  onto a 15-305^ sucrose d ensity  grad ien t in  

LETS bu ffer  and sedim ented fo r  l6hr at 31,000g and at 20°» The 

gradient fr a c tio n s  1—12 ( l )  13-24 ( l l )  and 25-36 ( i l l )  were 

pooled, and the co n stitu en t RNA p r e c ip ita te d  by two volumes o f  

ethanol in  the presence o f 40pg o f u n la b e lled  u ter in e  RNA# 

Recovered RNA was separated  on 2o7^ polyacrylam ide g e ls  fo r  5^ 

at 5mA/gel#

(a ) « the sucrose d en sity  gradient in d ic a tin g  the p o s it io n s

o f  the three com posite fr a c tio n s

(B) « Polyacrylam ide g e l reso lu tio n  o f  the RtTA in  the grad ien t

fr a c tio n s  1-12

(C) s= Polyacrylam ide g e l r eso lu tio n  o f  the RNA in  the gradient

fr a c tio n s  13-24

( d) =* Polyaoiylam ide g e l  r e so lu tio n  o f the RbîA in  the gradient

fr a c tio n s  25-36©

  = Fbctinction at 26Qnm

««0 0 = R a d io a c tiv ity  per s l i c e  in  dpm
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weight HhR̂ lA sp e c ie s  are not recoveredo

1.2#3o Sedim entation o f u ter in e  high m oleonlar weight RnRMA
in  denaturing sucrose d en sity  gradients

N o n -sp e c if ic  aggregation o f  RNA m olecules which occurs during 

phenol ex tra ctio n  ( Hagenbuchle _et 1975» McNaughton ^  aj;# 1974»

Kohne ^  1977) or the s e l f —annealing o f complementary stru c tu res  o f

HnRNA (F edoroff a l* 1977) may con trib u te to th e high m olecular weight 

c h a r a c te r is t ic s  o f  th e u ter in e  HnRNA as observed in  figu re  7o A number 

o f  in v e s t ig a t io n s  have in d ica ted  th at exposure o f  HnRNA m olecules to  

denaturing co n d itio n s e ith e r  in  sucrose grad ien ts or polyacrylam ide g e ls  

contain ing form ami de or dimethyl sulphoxi da (deK loet ^  1970;

McKnight & Schimke, 1974» Spohr ^  aA* 1976; Levis & Penman, 1977) 

r e s u lt s  in  a reduction  o f  HnRNA s ize so

To t e s t  whether the high m olecular weight nature o f the u ter in e  

HnENA (f ig u r e s  3 and 7) was genuine, the RNA was denatured in  formami de 

at $0° and sedim ented in  a. 8—2C  ̂ (w /v) sucrose grad ient con ta in in g  

9% d e ion ised  formamide at 30° * Figure 8 i l lu s t r a t e s  the r e s u lt  o f  

such a fra c tio n a tio n  o f u ter in e  HnRNA and HeLa c e l l  n u cleo lar  RNA* When 

the p r o f i le  o f ^ H -lab elled  u ter in e  HnRNA was compared w ith th at o f  

p u r if ie d  HeLa c e l l  453 and 328 pre—rRNAs i t  was seen that the g r e a te s t  

part s t i l l  sedim ented more ra p id ly  than 453 RNA, but a proportion appeared 

in  the 45-353 region* Only a sm all part sedimented more slow ly  than 353 

RNA* The apparent decrease in  sedim entation ra te  o f  th is  otherw ise very  

la rg e  HnRNA could be a ttr ib u ted  to  the dénaturation o f  duplex reg ion s o f  

HnRNA m olecu les, as observed by Fedoroff (1977) in  th e ir

in v e s t ig a t io n  o f th e  p h ysica l b a s is  o f  HnRNA complex-formation©



FIGURE 8

Sedim entation o f  u ter in e  high m oleculai weight 
HnRNA under denaturing conditions

U terine RNA was p u r if ie d  from 18—21 day o ld  immature 

ra ts  th at had rece iv ed  ra d io a c tiv e  RNA precursors as described  

in  the legend  to Figure 6* The high m olecular w eight HnRNA was 

then is o la te d , denatured at 90°C in  9 ^  formamide, coo led  rap id ly  

and fr a c tio n a ted  on a 8-2C^ (w/v) sucrose gradient contain ing  

985  ̂ d eion ized  formamide, 0«002Î'Î"EDTA, 0*01M t r i s —EOl pH 7*5»

The g r a d ie n ts  w ere run  in  p o ly a llo m e r  tu b e s  f o r  th e  SW56 r o t o r  

and  c e n t r i f u g e d  in  th e  Beckman Model L2 65B u l t r a c e n t r i f u g e  f o r  

21h a t  30° and 32 ,000  rpm* F r a c t io n s  (approx*  0*2ml) o f  th e  

g r a d ie n ts  were c o l l e c t e d  d ro p w ise , and  a c id - in s o lu b le  m a te r i a l  

was p re p a re d  from each  f r a c t io n *  l a b e l l e d  HeLa c e l l  n u c le o la r

RNA was c e n t r i f u g e d  in  a  p a r a l l e l  g r a d ie n t  to  p ro v id e  453 and 

328 m arkers*  F r a c t io n s  a r e  num bered from th e  bottom  o f  th e  

g r a d i e n t .

- D -  = ^ H -lab elled  u ter in e  high m olecular weight HnRNA

- , = 22p. •la b e lled  HeLa c e l l  n u cleo la r  R2TA
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This grad ien t system i s ,  however, not s u ita b le  to  serve as a 

standard procedure for the preparation  o f denatured HnENA m olecules as 

i t  was sm all# A method described  by McNaughton e t al# (1974) was 

adopted for p rep arative  purposes# In  th ese experim ents, high m olecular

W(

sedim ented in  a 13ml 5- 2CÇS (w /v) sucrose grad ient contain ing 85^ (v /v )  

formamide in  the Beckman SW 40 ro to r  as described  in  the Methods sec tio n #  

The r e su lts  are described  in  a la t e r  section #

I e ig h t HnRNA was denatured in  90^ (v /v )  formamide a t 90^ for 5 min and

l#3o F ra ctio n a tio n  o f  u te r in e  high m olecular weight HnRNA

lo 3 o lo  Polv(u)Sepharose chromatography

HnRNA i s  the most abundantly sy n th esized  RNA in  eukaryotes 

and on the b a s is  o f  the evidence as described  in  the In tro d u ctio n , i s  

presumed to  serve as a precursor to  mRiîAo One o f the chemical 

c h a r a c te r is t ic s  o f th ese  la rg e  RNA m olecules i s  the c o v a len tly  lin k ed  

p olyr ib oad en y lic  a c id  (p oly{A )) sequences at the 3* end (s e e  In trod u ction  

fo r  review )* The polytA)segments on some HnRNA m olecu les has perm itted  

th ese  m olecules to  be separated  from those lack in g  polyA (M olloy e t a l o 

1974» Nakazato & Edmonds, 1974) by e x p lo it in g  th e  property th a t poly(A) 

h y b rid izes  w ith  complementary hom opolynucleotides im m obilized upon a 

s u ita b le  m atrix such as poly(u)Sepharoseo

In the present study poly(u)Sepharose a f f in i t y  chromatography 

was used to demonstrate three d is t in c t  fr a c tio n s  o f u ter in e  HnRNA which 

d if fe r e d  in  the ex ten t to  which they bound to poly(U)Sepharose# When 

u ter in e  high m olecular w eight HnRNA (15 ,000 -20 ,000  dpm) was ap p lied  to  

poly(u)Sepharose columns, a high percentage o f  the la b e lle d  RNA did not



FIGUHS 9

P oly (u )—Sephaxose ohromatogcraphy o f u ter in e  
high m olecular weight Î HÎ rA

High 'molecular 'Weight HaHTTA was p u r if ie d  from groups o f  

eig h t 18-21 day o ld  r a ts ,  each having rece iv ed  100|jCi (5-^H) 

u rid in e  and ( 5-^H) guanosine in traven ou sly  30 min "before deatho 

A to t a l  of 15f500 dpm ^ H -lab elled  HnRHA was app lied  to  p o ly (u )-  

Sepharose columns# Unbound RMA was washed w ith  Oo4I'I NETS b u ffer , 

and the bound HhRMA was e lu te d  in  step w ise  fash ion  w ith  in creasin g  

concentrations o f  formami de in  EIS buffer# 1ml fr a c tio n s  were 

c o lle c te d , a liq u o ts  removed and r a d io a c t iv ity  was measured in  the  

a c id -in  so lu b le  m aterial o la b e lle d  HeLa c e l l  HnENA was

fra c tio n a ted  in  a s im ila r  fash ion  on a p a r a lle l  column#

^H -lab elled  u ter in e  HnRMA

0 -0-0  *= la b e lle d  HeLa c e l l  HhRNA
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t a b l e  4-

V ariable a f f in i t y  o f u te r in e  hi^h m olecular weight 
HhRNA 1:0" p q I .v ( U )  Sepharose colmnn ohromato^rapEy

Concentration o f  Formamide 
(5̂ , v /v )

HNA e lu ted  from 
column (a c id -  
in so lo  dpm)

Percentage of 
to ta l  HhRNA 
input e lu ted  
from column

0 8850 58

5 165 1

15 3940 25 .4

35 96 0.63

90 2050 13

Experimental d e ta i ls  are as desorihed in  the legend  to  

fig u re  9o Acid—in so lu b le  m ateria l o f HhMA in  each chromatographic 

fra c tio n  was prepared and r a d io a c t iv ity  assayed as described  in  the 

M aterials & Methods section #
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bind and was e lu te d  w ith  the wash b u ffer  ( ta b le  4)0 The remaining 

15- 255  ̂ was bound to  poly(u)Sepharose and was e lu te d  only  by th e  

ad d ition  of in crea s in g  con cen tration s o f  form amide to  the e lu tin g  

buffer# Figure 9 shows the p r o f i le  o f e lu tio n  o f bound HhHNA e lu te d  

by 5f 15» 35 and 9 3̂  ̂ ( v /v )  formamide# Some ENA was e lu ted  a t each 

concentration  o f  formamide but th e  bulk was e lu ted  by 1 ^  and 905  ̂

formamide# C onversely , HeLa c e l l  HnENA prepared and fra c tio n a ted  in  

the same way was la r g e ly  e lu te d  by 33^ and 903  ̂ formamideo

I t  seemed l ik e ly  th at the HhRNA e lu ted  by low concen trations  

o f  formamide contain ed  only  short o ligoA  s tr e tc h e s  as reported  by 

M olloy e t (1974) and Dubroff & Nemer (1975) » The other HhRNA 

fr a c tio n  presumably bound to  th e  poly(U)Sepharose through duplexes 

con ta in in g  long s tr e tc h e s  of poly(A ) and th erefo re  required  e lu t io n  

w ith  bu ffer  co n ta in in g  high formamide con ca itra tion #  I t  was th erefo re  

decided that fu rth er  fr a c tio n a tio n  would employ a two stage  e lu tio n  o f  

bound HhRNA, one e lu te d  by b u ffered  formamide and the second by 

90^ buffered  formamide# Table 4 shows th a t such an e lu tio n  regime would 

be expected to  y ie ld  5% o f  th e  HnRNA unbound, approxim ately 26# ^  

bq,und but e lu te d  w ith  13^ formamide and approxim ately l3o55^ bound but 

e lu te d  w ith formamideo The bound fr a c tio n s  were com pletely reta in ed  

by a second passage through fr e sh  poly(u)Sepharose columns and cou ld  be 

re—e lu ted  w ith  th e same concen tration s o f  formamideo

l#3#2o The s i z e  d is tr ib u tio n  and in te g r ity  o f  poly(u)Sepharose
fr a c tio n a te d  u ter in e  HhRNA

As seen in  f ig u re  9 and ta b le  4 i u ter in e  HnENA could be 

fra c tio n a ted  in to  th ree components each w ith v a r ia b le  a f f i n i t i e s  for



FIGURE 10

Separation o f  poly(u)-Sepharose fra o tio n a ted  
u ter in e  high moleoular- weight HhRNA on 

pol.vaor.vlamide g e ls

HhRNA was p u r if ie d  from 8 , 18—21 day o ld  ra ts  weighing  

20-25g each having rece iv ed  ra d io a c tiv e  r ih on u cleosid e  precursors 

as described  in  the legen d  to  Figure 9o The p u r if ie d  HhRNA was 

fra c tio n a ted  on p o ly (u)—Sepharose in to  th e  components which were 

unbound, bound but e lu te d  w ith  13^ formamide and bound but 

e lu ted  w ith  formamide. The co n stitu en t RNA was p r e c ip ita te d  

by 2 volumes o f ethanol in  the presence o f  40|Jg o f u n la b e lled  

u ter in e  RNA. Recovered ENA was d isso lv ed  in  e lec tro p h o res is  buffer  

contain ing formamide and denatured a t 90°  for  5 m in ., rap id ly  

cooled  and separated  on 2o7^ polyacrylam ide g e ls  fo r  5b. at 

5raA/gel.

(a) = Unbound HhRNA fr a c tio n

(b ) = Bound HnRNA but e lu te d  w ith 153̂  formamide

(c) = Bound HhRNA but e lu te d  w ith 9̂ % formamide

  « E x tin ctio n  at 260 nm

•ooo = R a d io a ctiv ity  per s l i c e  in  cpm
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poly(u)Sepharoseo However, i t  had to  he demonstrated th at each fr a c tio n  

represented  sep arate and d is t in c t  RMA components as opposed to a r t i f i c i a l  

d e r iv a tiv e s  as a consequence o f aggregation or degradation o f  complex 

high m olecular weight m oleculeso To evaluate th e range o f  m olecular  

w eights o f each o f  the HnRMA fr a c t io n s , the p u r if ie d  components were 

denatured and fr a c tio n a ted  on both polyacrylam ide g e ls  and denaturing  

sucrose gradients»

Figure 10 demonstrates th a t the Various KaRMA sp e c ie s  from 

unstim ulated  animals when reso lv ed  on aqueous g e l s ,  a fte r  a p r io r  

dénaturation s te p , p ossessed  both a d is t in c t iv e  average m igration s iz e  

and m igration range. The unbound fr a c tio n  ( f ig u r e  10a) p ossessed  the  

broadest r a d io a c t iv ity  p r o f i l e  in  a s iz e  ranging from la rg er  than 458 

to  about 208 w ith  a d is t in c t  pealc a t about 508» The presence o f  low 

m olecular weight sp e c ie s  in  RMA th at was p rev io u sly  a l l  greater  than 4 ^  

could , in  p a r t, be exp la ined  by the formamide dénaturation as in  

f ig u re  8o However, the p o s s ib i l i t y  o f  some degradation during th e  

a f f in i t y  chromatography could not be excluded#

The HnRMA sp ec ie s  e lu ted  by 15^ bu ffered  formamide ( f ig u r e  10b) 

occupied the narrowest range o f m olecular s iz e s  w ith  a high proportion  

o f i t s  HnRMA m igrating at the 45S p o sitio n »  This fin d in g  in d ica ted  

th a t th is  fr a c tio n  o f the HnRMA was composed o f  a d if fe r e n t s e t  o f  

m olecules to  th e  unbound fr a c tio n  on the b a sis  o f  s iz e  and m igration  

c h a r a c te r is t ic s#  The HnRMA sp e c ie s  e lu ted  by buffered  formamide 

was as heterogenous in  s iz e  as the unbound fr a c t io n . Most o f  t h is  

fr a c tio n  m igrated around the 328 marker a fte r  dénaturation and sp e c ie s  

at around the 453 RMA marker were barely  d iscern ib le#  Figure 11



FIGURE 11

Sedim entation o f p o ly (u )—Sepharose fra c tio n a ted  
u ter in e  HnRMA in  sucrose—formamide grad ien ts

BhRNA was is o la te d  and p u r if ie d  from immature r a ts  which

were tr e a ted  w ith Ipg o e str a d io l in tr a p e r ito n e a lly  2 hr before

death and ra d io a c tiv e  r ib o n u cleo sid es  as described  in  the legend  

to  Figure 9* The p u r if ie d  HnRNA was fr a c tio n a ted  on columns o f  

poly(u)-Sepharose in to  the unbound, bound but e lu ted  w ith  1 ^  

formamide and bound but e lu te d  w ith  9(^ formamide# The co n stitu en t  

RNA was p r e c ip ita te d  by 2 volumes o f ethanol in  the presence o f  

40fJg u n la b e lled  uterinejRNA* Recovered RNA was d isso lv ed  in  8 ^  

formamide, denatured at 9^° fo r  2-4^in and coo led  im m ediately  

at 0-4°Co The RNA was sedimented in  a 13m l, 5“20^ (w /v) 

sucrose grad ient co n ta in in g  8 ^  formamide in  the Beclcnan SW40 

rotor as described  in  the Methods section #  R a d io a c tiv ity  was 

measured in  the a c id -in so lu b le  m aterial# ^ ^ - la b e l le d  HeLa c e l l  

n u cleo lar  and 28S RNA was sediment ed in  a p a r a lle l  grad ient to  

provide th e 453, 328 and 288 markers »

(a ) = Unbound HhRNA fr a c tio n

(B) = Bound HnRNA but e lu te d  w ith 15^ formamide

(C) s= Bound HiRNA but e lu ted  w ith  9 ^  formamide
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i l lu s t r a t e s  the sed im entation o f the three HnEMA fr a c t io n s , in  denaturing  

sucrose g r a d ie n ts . I t  was seen th a t the r e s u lt s  mirrored th ose obtained  

on g e ls  and showed th at the poly(u)Sepharose fr a c tio n a ted  HnENA sp ec ie s  

had d if fe r e n t  m olecular weight p r o f ile s#  The three fr a c tio n s  a lso  

corresponded c lo s e ly  to  th e  components seen in  a fr a c tio n a tio n  o f to t a l  

high m olecular weight HhRNA on denaturing sucrose grad ients ( f ig u r e  8 ) .

The preparation used  in  f ig u re  11 was derived from o e stra d io l tr ea ted  

r a ts  w hile  th a t used in  fig u re  10 was from un treated  animals# This 

shows that the poly(u)Sepharose chromatography produces broadly s im ila r  

fra c tio n a tio n  p attern s from hormone trea ted  and un treated  animalso

lo3*3 C haracterization  o f n u clease—r e s is ta n t  adenylate core
from HhRNA fr a c tio n s

The binding o f the u ter in e  HnRMA to poly(u)Sepharose depends 

on duplex form ation between the immobile homopolymers and the poly(A) 

segments o f the bound RMAso Because the bound u ter in e  HnRNA was e lu ted  

by bu ffers con ta in in g  two d if fe r e n t  formamide co n cen tra tio n s, i t  seemed 

probable that d if fe r e n c e s  in  s iz e  o f  adenylate segments in  the HhRNA 

fr a c t io n s  were resp o n sib le  fo r  the fra ction ation #  However, M olloy ^  a l # 

( 1974) showed th a t not a l l  poly(A)+RI'lA binds to  poly(u)Sepharose; 

th erefo re  the presence o f poly(A) contain ing HnRMA in  the unbound 

fr a c tio n  could not be ru led  ou t.

In order to  d etec t poly(A) segm ents, HnRMA la b e lle d  w ith  Ĥ— 

adenosine was d ig ested  w ith n u c lea ses  under con d ition s which have been 

shown to spare adenylate segments (Dubroff & Nemer, 1975)» A n alysis  o f  

the adenylate cores from to t a l  u n fraction ated  HnRNA and in  chromatographic 

fr a c tio n s  was ca rr ied  out by recoverin g tr ic h lo a c e t ic  acid—p r e c ip ita b le



TABL2 5

Measurements o f N uclease—r e s is ta n t  adenylate cores 
of 2h o e stra d io l-s t im u la te d  adenosine la b e lle d  

HnENA fra ctio n s*

6-8 u te r i o f 18-21 day o ld  r a t s ,  weighing 25-30gm each 

having been trea ted  in tr a p e r ito n e a lly  w ith  Ijjg o e s tr a d io l-1 7(3 

2hr before death were incubated in  E ag le’ s medium conta in in g  

125pGi o f  adenosine/m l for  1 hr* High m olecular weight

HhRNA was prepared and fr a c tio n a ted  on Poly(u)Sepharose as 

described  in  the Methods section *  The fra c tio n a ted  RNA from 

two separate experiments was pooled and p r e c ip ita te d  w ith  2 

volumes o f ethanol* Each chromatographic fr a c tio n  was d ig ested  

w ith a mixture o f T̂  and pan creatic  r ib on u clease as described  in  

the M ateria ls and Methods section *  The amount o f r a d io a c t iv ity  

incorporated and o f n u clease—r e s is ta n t  adenylate core was 

determined in  the acid—in so lu b le  m aterial*
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m aterial* The con tr ib u tion  o f sm all n u c leo tid es  was thereby minimized

because they are in e f f i c i e n t ly  p r e c ip ita te d  in  acid#

Table 5» shows the percentage incorporation  o f  la b e l precursors

in to  the various fra c tio n s*  B efore nu clease d ig e s tio n  the bulk o f the

r a d io a c t iv ity  (59^) occurs in  th e unbound fr a c t io n , fo llow ed  by th e

HhRNA fr a c tio n  e lu te d  by 9CÇS formamide which contained 12̂ 2 w hile  the

fr a c tio n  e lu ted  by 1 ^  formamide contained 85$ o f  the lab el*  These
3

r e s u lt s  e f f e c t iv e ly  confirm th ose o f  tab le  4 in  which H—u rid in e  was 

th e precursor. However, there i s  a su b sta n tia l d iffe re n c e  in  the  

percentage o f  the precursor found in  the fr a c tio n  e lu ted  by 155» formamide* 

I t  i s  not known whether th is  d if fe re n c e  r e f le c t s  a h igh  u r id in e /ad en in e  

r a t io  in  th is  fra ctio n #

Acid—p r e c ip ita b le  n u clease  r e s is ta n t  adenylate cores o f  Ĥ— 

a d en o s in e -la b e lled  HnRNA rep resen ted  about 1^ o f the to t a l  high m olecular  

weight and u n fraction ated  HhRî-TA, a va lu e which i s  co n s isten t w ith  most 

HhRNA o f Various animal t i s s u e s ,  cu ltu red  c e l l s  and v ir a l  nuclear RLTA 

(Lewin 1975*^» 1975c)* A fter 1 hr o f id  v itr o  la b e l l in g  w ith adenosine, 

nu clease  r e s is ta n t  m ater ia l in  o e stra d io l-s tim u la te d  HnRNA o f  a l l  three  

chromatographic fr a c tio n s  d if fe r e d  g r ea t ly  in  accordance w ith th e  

concen trations o f formamide p resen t in  the e lu t in g  b u ffer s . That i s ,  

th e  homopolymeric adenylic  a c id  content was le a s t  (0*1^) in  the unbound 

fr a c tio n ; in  the HhRNA fr a c tio n  e lu ted  by l ç̂S formamide, i t  was 0*3^ 

and in  the fr a c tio n  e lu ted  by formamide i t  was 7/o* These r e s u lt s  

are summarised in  ta b le  5 and c o n s is te n t  w ith the observed p oly  (A) 

content of HhRNA fr a c tio n s  from HeLa c e l l s  (Edmonds _et ^ *  1971»

J e lin ek  e t 1973) and sea-urch in  embryos (Dubroff & Nemer, 1975)*
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1«3*4 S iz e  d is tr ib u tio n  o f polyadenylate cores o f u ter in e
HhRNA fr a c tio n s

One o f the most p ersu asive  in d ica tio n s  o f  a precursor—product 

r e la t io n sh ip  between HnRNA and mRITA i s  the evidence showing the presence  

o f  p olyad en ylic  a c id  in  both types o f  RMA (Edmonds _et a l . 1971 î 

Lee _et 1971? Adesnik ^  1972; J e lin ek  _et a l .  1973) # There

are a lso  in te r n a lly  lo ca ted  o lig o  adenylic a c id  resid u es o f about 25 3Ts 

(Edmonds at 1976) in  HhRNA and th ese  would c o n s t itu te  nu clease  

r e s is ta n t  m aterial* As shovjn in  ta b le  5 a l l  HhRI'TA fra c tio n s  is o la te d  by 

poly(u)Sepharose contained ad en y lic  acid  polymers as evidenced by the  

recoverab le a c id -p r e c ip ita b le  n u clease  r e s is ta n t  * m a ter ia l. A n alysis o f  

p u r if ie d  ad eny lic  a c id  polymers o f  chromatographic fr a c tio n s  o f HhRNA from 

HeLa c e l l s  and u te r i  are shown in  fig u re  12 as a r a d io a c t iv ity  p r o f i le  

on ICffg aqueous gels© Figure 12a shows the e lec tro p h o re tic  p r o f i l e  o f  

la b e lle d  poly(A ) sequences o f  polyadenylated HhRNA derived from 

HeLa cells©  The poly(A) sequences m igrated f a ir ly  heterogenously and 

conformed to  previous fin d in g s th a t poly(A) from c e l l s  la b e l le d  fo r  a 

very long tim e i s  heterogenous, w ith  a su b sta n tia l proportion o f r e la t iv e ly  

la rg e  segments m igrating more s lo w ly  than tRl̂ lA (Sheiness & D arnell 1973)# 

The method employed thus preserved  th is  segment© Figure 12b i l lu s t r a t e s  

th e e lec tr o p h o re tic  p r o f i le  o f the r ibonu clease—r e s is ta n t  ad en y lic  a c id  

polymers o f the u ter in e  HnRNA e lu te d  by Ôfo formamide. The r a d io a c t iv ity  

p r o f i le  was h etero d isp erse  and in d ica ted  the presence o f poly(A) 

sequences w ith  a s i z e  range o f 80—1^0 n u c leo tid es  r e la t iv e  t  a 4^ marker. 

S ig n if ic a n t  peaks due to  poly(A) sequences in e ith e r  the unbound fra c tio n  

or in  the HhRNA e lu ted  w ith 1 ^  formamide could not be d etected



FIGURE 12

Separation o f  N u o lea se -re s is ta n t pol.vaden.vlate 
core o f  u ter in e  HnRMA on Polyacrylam ide g e l s o

6-8 u te r i o f 18-21 day o ld  r a t s ,  weighing 25-30gm each 

having been trea ted  in tr a p e r ito n e a lly  w ith  Ipg o e str a d io l 2h 

before death, were incubated  in  E agle’ s medium conta in ing  125pGi 

o f adenosine/m l fo r  Ihr© High m olecular weight HnRNA was

prepared and fr a c tio n a ted  on poly(u)-Sepharose as d escrib ed  in  

the Methods section© The fr a c tio n a ted  RMA from two sep arate  

experiments was pooled and p r e c ip ita te d  w ith  2 volumes o f ethanol© 

The recovered RÎTA was d ig ested  w ith  a m ixture o f T̂  and 

p an creatic  rib on u clease as described in  the Methods sec tio n *  The 

n u c le a se -r e s is ta n t  m ater ia l was phenol ex tracted  and p r e c ip ita te d  

in  the presence o f 40mS 43 tRNA and separated  on IC^ polyacrylar* 

mide g e ls  fo r  3hr at 5mA/gel w ith  th e c a rr ie r  43 RNA as marker* 

The fig u re  i l lu s t r a t e s  the r ib o n u c lea se -re s is ta n t core from:—

( a) = ^%’- la b e l le d  HeLa c e l l  HnRMA

(b ) = ̂ H -lab elled  u ter in e  HnRTA e lu te d  w ith  90^ formamide

(C) = ̂ H—la b e lle d  u ter in e  HnH'TA in  the unbound fr a c tio n

( b ) a ^H -labelled  u ter in e  HnRNA e lu ted  w ith  formamide©

 ......= e x tin c tio n  at 260nm

©•oo s= R a d io a c tiv ity  per s l i c e  in  cpm
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( f ig u r e s  12o & 12d)o However, sh orter  n u c leo tid es  o f l e s s  than 15 

bases which might have been expected in  the la t t e r  fr a c tio n  (Dubroff 

& Nemer, 1975) would not have been d etected  in  the g e ls  u sedo

Previous reports (M olloy _et al# 1974* J e lin ek  ^  ado 1974) 

have shown th a t n ot a l l  HnRNA m olecu les that bind to poly(u)Sepharose  

contain  long s tr e tc h e s  o f  poly(A )o However, i f  the columns were e lu ted  

w ith  an in crea sin g  concentration  o f  formamide, as has been done in  th ese  

s tu d ie s , the long poly(A) sequences can be separated from other AÎÎP— 

r ic h  sequences th a t bind to  the column with lower a f f in ity o  The bound 

HnRÎ'TA fr a c tio n  e lu te d  ty  15^ formamide may be ju s t  such HnRNA m olecules*  

Furthermore, in te r n a lly  lo ca ted  o lig o (A ) sequences o f 15"25 bases 

(Edmonds _et a l* 1976) and double stranded RNA segments contain ing AMP- 

r ich  n u c leo tid e  segments ( J e lin e k  & D arnell, 1972; Ryskov e t  a l* 1973) 

th a t are r e s is ta n t  to  the a c tio n  o f r ibon u cleases may have con trib u ted  

to  the percentage o f n u c le a s e -r e s is ta n t  a c id -p r e c ip ita b le  m ateria l 

observed fo r  the HnRNA fr a c tio n  e lu ted  by 15^ formamide (Table 5)*

Thus, th e fra c tio n a tio n  "by poly(U)Sepharose chromatography o f  

u ter in e  HnRNA in to  th ree  main fr a c tio n s  each w ith th e ir  own s iz e  

d is tr ib u tio n  and d if fe r in g  poly(A ) content suggest separate c la s s e s  o f  

HhRNA in the u ter in e  nucleus* This a lso  r a is e s  the p o s s ib i l i t y  o f  

d is tin g u ish a b le  fu n ction s fo r  each c la ss*

I t  i s  a lso  worthy o f n ote  th a t Edmonds _et s l̂# ( l9 7 l )  and 

D arnell ^  (197%) observed an in verse  r e la t io n sh ip  between th e

proportion o f  poly(A) and the s iz e  o f  the nuclear RNA# Thus, fo r  the  

t o t a l  h igh m olecular weight HhRNA se  dimen tin g  at between g rea ter  than 

45S to  32S (f ig u r e  8) w ith an estim ated  m olecular weight o f 2—4 z  10^ 

(Spohr ^  1976) ,  a poly(A) sequence o f 8O-I5O n u c leo tid es  ( f ig u r e  12b)
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would lead  to a poly(A ) content o f  O*^2*5^o This p red ic tio n  i s  in  

agreement w ith  th e experim en tally  estim ated  poly  (A) content o f 1^ for  

HnRMA s iz e  d is tr ib u tio n  as seen in  f ig u re  8* However, a s im ila r  

c a lc u la tio n  made fo r  the poly(A) contain ing HnRMA fr a c tio n  g iv e s  a 

p red ic ted  poly(A) content o f 1 .2 —2.3^ which i s  considerab ly  lower 

than the estim ated  fig u re  o f Tf ( ta b le  5)o This im p lies  th at th e  

polyadenylated  HnRNA probably contain  in te r n a lly  lo c a te d  o lig o (a )  

sequences and other AMP—rich  region s in  the form o f  secondary stru ctu res  

( J e lin ek  e t 1973$ Ryskov ^  a l* 1973* 1975) to  account fo r  the high

poly(A ) content* Based on a s im ila r  assessm ent, the HhRNA fr a c tio n  

e lu te d  by 1 ^  formamide would con ta in  adenylated sequences but considerab ly  

sm aller  than 80 n u c le o t id e s . That t h i s  i s  the case w ith  th is  HhRNA 

fr a c tio n  i s  in d ic a te d  in  f ig u re  I2d©

1*4 The e f f e c t s  o f o e s tr a d io l—176 on u ter in e  RNA sy n th es is

1 .4*1 Time course fo r  the e f f e c t  o f o e s tra d io l—178 on precursor
incorporation  in to  acid—in so lu b le  and acid—so lu b le  m ateria l

The in creased  incorporation  o f ra d io a c tiv e  precursors in to  RNA 

has u su a lly  been in terp re ted  to mean an in crease  in  the ra te  o f ENA 

sy n th e s is , but i t  could be accounted for  by other fa c to rs  such as changes 

in  the s iz e s  of precursor p ools or changes in  the transport o f radio

a c t iv e  precursors in to  the o e stra d io l-s tim u la te d  uterus (B i l l in g  ^  a l * 

1969a, b)o Before in i t ia t in g  a study o f  the e f f e c t s  o f o e s tra d io l on 

u ter in e  HnENA sy n th e s is  i t  was considered  d es ira b le  to  exclude the  

p o s s ib i l i t y  th at th e  e f f e c t  o f oestrogen on tra n scr ip tio n  could  be
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FIGURE 1-̂

Time c o u rse  f o r  th e  e f f e c t  o f  o e s t r a d io l- lT B  ( lu g /R a t)  on th e  
in c o rp o r a t io n  o f  R^A p r e c u r s o r  in to  18—21 day o ld  r a t  u t e r i #

Hormone was a d m in is te re d  in t r a p e r i t o r s a l l y  f o r  v a r io u s  tim e  

p e r io d  and 20|jCi u r id i n e  g iv e n  in t r a v e n o u s ly  30 min b e fo re  death©

R e s u l t s  were e x p re s s e d  as  dpn/|Lig DMA and  e x p re s s e d  as  a  p e rc e n ta g e  o f  

th e  u p ta k e  in  non—hormone t r e a t e d  c o n t r o l  animais© Each p o in t  r e p r e s e n t s  

a  mean o f  fo u r  animals© B ars  i n d i c a t e  th e  maximum and minimum v a lu e  

a t  each  tim e p o i n t .

0—0—0 -  A cid—I n s o lu b le  f r a c t i o n s

S3 A c id -S o lu b le  f ra c t io n s ©
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Caused by stim u la ted  precursor uptake o f the ra d io a c tiv e  r ib o n u c leo s ide 

precursors©

In th is  stud y, a standard system was used in  which 18—21 day 

o ld  ra ts  weighing 25—35g were tr e a te d  w ith 1 jug o f o e stra d io l admin

is t e r e d  in tr a p e r ito n e a lly  and each immature ra t r ece iv ed  20 pCi 

u rid in e  30 min before death© Figure 13 i l lu s t r a t e s  th e r e s u lt s  o f th is  

experim ent, O estrad io l treatm ent r e su lte d  in  a s l ig h t  in crease  in  

uptake o f precursors in to  the ac id —so lu b le  m ateria l 1 hour a fte r  

hormone treatm ent and reached a maximum of 20CÇS o f  the control value  

at 4 h r . C onversely, uptake o f  ra d io a ctiv e  precursor in to  the a c id -  

in so lu b le  m ateria l had reached i t s  peak o f 730^ o f the control value  

at th e same tim e. By 6 hr o f hormone treatm ent, r a d io a c t iv ity  in  the 

acid—in so lu b le  fr a c t io n  f e l l  to  n ear ly  30CÇ$ and th er e a fte r  d ec lin es  

s low ly  reaching a value o f 22CÇ̂  a f t e r  24 hr o f hormone treatment© These 

f in d in g s , which are c o n s is te n t  w ith  the observations made by Khowler & 

S m ell!e  ( l 9 7 l ) i  in d ic a te  th at th e  stim u lation  by oestrogen o f u ter in e  

RITA sy n th es is  cannot be accounted fo r  by in creased  precursor uptalce©

1 04* 2 The e f f e c t s  o f o e s tr a d io l—17B on the sy n th es is  o f high
m olecu lar w eight u ter in e  Mk  sp e c ie s

The e f f e c t s  o f o e s tr a d io l upon u ter in e  RNA sy n th es is  was 

determined by fo llo w in g  the incorporation  o f ra d io a c tiv e  r ih on u cleosid e  

precursors which was adm inistered 30 min before death . P u r if ie d  RNA 

was analysed on 2,7^  aqueous g e l s .

F igure 14 shows the e f f e c t  o f o e s tra d io l—17(3 on the 

incorporation  o f t r i t i a t e d  r ib o n u cleo sid es  in to  th e RNA species.



FIGURE 14

E ffec t o f  o e s tra d io l—17(3 on the sy n th es is  o f
u ter in e  RNA

18—21 day o ld  r a t s ,  weighing 2^ 30g , rece ived  Ipg o f  

o e stra d io l or v e h ic le  by in tra p er ito n ea l in je c t io n  and lOOpCi each 

o f u r id in e  and guanosine by intravenous in je c t io n  30

min before death. P u r if ie d  u ter in e  RNA was separated fo r  $h in  

2,79  ̂ polyacrylam ide g e ls  a t 5inA/gelo ^ % -la b e lled  HeLa n u cleo la r  

RNA was separated in  a p a r a lle l  g e l to  provide the 453 and 323 

markers,

( a) « con tro l

(B) = 30 min a fte r  oestradiol-17(3 adm inistration

(c )  = Ih  a fte r  o e s tr a d io l—17B adm in istration

(d) = 2h a fte r  o e str a d io l—17B adm inistration

-  Ezctinction a t 260nm

• o o ,  = R a d io a ctiv ity  per s l i c e  in  dpm
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a t various tim es a f te r  o e str a d io l treatmento A fter  30 min (F igure 14b) 

of o e stra d io l treatm ent th ere  was a marked in crea se  in  the incorporation  

in to  RNA sp e c ie s  confined  to th e  f i r s t  few s l i c e s  o f the gelo  At la te r  

tim es the sy n th es is  o f ribosoraal precursor RNA sp e c ie s  and the ribosomal 

sp e c ie s  became obvious but always th e ir  peaks were superimposed on a 

heterogenous p r o f i le  o f  ra d io a c tiv e  precursor incorporation  in to  sp e c ie s  

o f a wide range o f  m olecular weights© These r e s u lt s  repeat th ose  o f  

Knowler & S m ellie  (1971 | 1973) who demonstrated th a t the sy n th es is  o f the 

very high m olecular weight ENA was the f i r s t  observable tr a n sc r ip tio n a l  

response a fte r  the adm inistration  o f  o e stra d io l to  r a t s .  They went on 

to  show, by base com position , la ck  of m éth ylation , nuclear lo c a tio n  and 

k in e t ic s  o f sy n th e s is  and decay, th at th e high m olecular weight HNA was 

HnMA. The continued in v e s t ig a t io n  o f u ter in e  HnRNA forms the b a s is  o f  

th e f i r s t  part o f th is  r e s u lt  section©

1.4*3 The e f f e c t s  o f  o e s tr a d io l-1 7 (3 on the sy n th es is  o f u ter in e
HhRNA

High m olecular weight fr a c tio n s  o f the HhRNA were p u r if ie d  

and is o la te d  as described  in  the Methods sec tio n  and su b fraction ated  

on poly(U)Sepharose in to  fr a c tio n s  th at d if fe r e d  in  th e ir  poly(A) 

content ( ta b le  5) .  These HhRNA fr a c tio n s  have been shown to d if fe r  in  

th e ir  s iz e  p r o f i le  on polyacrylam ide g e ls  (F igure 10) and on denaturing  

sucrose grad ient ( f ig u r e s  11a, b , 0 ) 0  The k in e t ic  o f s y n th e s is , degree 

o f stim u la tion  and s iz e  d is tr ib u tio n  o f the newly syn th esized  RNA in  

each fra c tio n  were in v e s t ig a te d  a f te r  o e stra d io l treatment©

Figure 13 shows the e f f e c t s  o f  o e s tr a d io l—173 on the  

sy n th e s is  o f th e various fr a c tio n s  o f high m olecular weight HhRNAo



FIGUR3' 15

E ffe c t o f  oestrad io l-17B  on the sy n th es is  o f to t a l  
u ter in e  hif?h molecular"^might ^RI'TA and pol.y(U) 

Sepharose—fr a c tio n a ted  HhHÎ TA#

High''molecular"Weight HnRNA was prepared from groups o f  

immature ra ts  ( 18-21 days o ld ) th at had rece iv ed  lOOpCi o f  

u rid in e  in traven ou sly  30 min before death and Ipg o e s tr a d io l—173 

or v e h ic le  at various tim es before death© In some experim ents 

the RNA was fu rther fr a c tio n a te d  by p o ly (u ) Sepharose chromatography 

as described  in  the M ateria ls & Methods section *  T otal h igh -  

m olecular weight HhRETA or chromatographic fr a c tio n s  were a c id -  

p r e c ip ita te d  and prepared fo r  determ ination o f a c id -in so lu b le  

r a d io a c t iv ity  as described  in  the M ateria ls & Methods section©

Each poin t rep resen ts the mean va lu es o f two separate experiments 

and e igh t animals©

O = T otal high m olecular weight HnRMA

A = High m olecular"weight HnRNA not bound by poly(U) Sepharose

□ *= High m oleculai weight HnHÎIA e lu ted  from poly(U) Sepharose

with buffered  13^ formamide'

#  = High m olecular weight HnRNA e lu ted  from poly(u ) Sepharose

w ith  buffered  9 ^  formamide*
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I t  -was observed th at the incorporation  o f ra d io a c tiv e  precursors 

in to  to t a l  h igh m olecular w eight HnRMA was stim u lated  by n ea r ly  3 - fo ld  

as ea r ly  as 30 min p ost—o e str a d io l treatm ent; thus confirm ing previous  

observations ( f ig u r e  I 4 ) ahd c o n s is te n t  with the fin d in gs o f Knowler & 

Sraellie (1973) and Knowler, (19T6)o By 2 hr a f te r  hormone treatm ent, 

the stim u lated  sy n th es is  o f to t a l  HnRMA had in creased  to 10 fo ld  

unstim ulated  l e v e l s .  On fr a c tio n a t in g  the HnRMA on poly(u)Sepharose, 

i t  Was observed th a t the in crease  in  HnRMA sy n th es is  at 30 min a fte r  

oestrogen  adm in istration  was r e f le c te d  in  an in crease  in  the precursor  

incorporation  o f  poly(A ) con ta in in g  HnRMA whereas the other e lu ted  

fr a c tio n s  showed m arginal in creases*  At 2 hr post—o e str a d io l treatm ent, 

however, the sy n th e s is  o f poly(A) contain ing HnRMA was le a s t  stim u la ted  

w hile there was a 10 fo ld  in crea se  in  the ra te  o f  sy n th es is  o f the  

unbound HnRMA fr a c t io n . I t  i s  p o s s ib le  th at the poly(A) contain ing  

HnRMA was being turned over more rap id ly  or th at th ere had been a rapid  

p rocessin g  o f the HnRMA in to  p o s s ib le  p u ta tive  m essengers. At a l l  time 

in te r v a ls  the HnRMA fr a c tio n s  e lu te d  w ith \̂ o formamide showed responses  

to  o e stra d io l—I 7 G which were roughly interm ediate between th e other two 

HnRMA fractions©

l*4o4  E lectro p h o retic  a n a ly s is  o f  the o e stra d io l-s tim u la te d

HnRMA sp e c ie s

Figure 16 dem onstrates 2*7^ polyacrylam ide g e l r a d io a c t iv ity  

p r o f i le s  o f the th ree HnRMA fr a c t io n s  prepared from untreated  and 

oestrogen tr e a ted  immature ra ts  and run in the presence o f  u n la b e lled  

u ter in e  ribosomal RMA as carrier©  P a r a lle l  g e ls  contained ^ ^ - la b e l le d  

HeLa n u cleo lar  RMA© Each fr a c tio n  ex h ib ited  a p r o f i l e  contain ing a



FIGURE 16

Oestrogen e f f e c t  on the e lec tr o p h o re tic  p r o f i le  
o f u ter in e  high m olecular 'weight HnRMA fr a c tio n s

High-m olecular w eight HnRITA was prepared from groups o f  

immature ra ts  (18—21 days o ld ) that had rece iv ed  lOOpCi o f  

urid ine in traven ou sly  30 min before death and Ifjg o e s tr a d io l-1 7(3 , 

or v e h ic le  on ly , in tr a p e r ito n e a lly  2h before death© The HnRMA 

was prepared and fr a c tio n a ted  on poly(U) Sepharose as described  in  

the M ateria ls & Methods s e c t io n , RMA in  th e various chromatographic 

fra c tio n s  was ethanol p r e c ip ita te d  in  th e presence o f  u n la b e lled  

u ter in e  rRMA as ca rr ie r  and subsequently reso lv ed  on 2.7'?% 

polyacrylam ide g e ls  fo r  5^ a t 5mA/gel© The p o s it io n s  o f the 453 

and 323 RMA were id e n t i f ie d  by reso lv in g  ^% ^-labelled HeLa c e l l  

n u cleo la r  RDTA on a p a r a l le l  g e l ,  and the ca rr ie r  RMA provided  

28s and l8s markers©

A: Unbound fr a c tio n  — co n tro l

B: F raction  e lu ted  w ith 15^ buffered  formamide -  con tro l _

C: F raction  e lu ted  w ith  Ôfo buffered  formamide — con tro l

B: Unbound fr a c tio n  — 2h o e stra d io l—173 treatm ent

E: Fraction  e lu ted  w ith  15^ buffered  formamide — 2h

o estra d io l-1 7 3  treatm ent 

F: F raction  e lu ted  w ith  bu ffered  formamide — 2h

o e str a d io l—173 treatm ent

  = E x tin ctio n  at 260nra

••00 « R a d io a ctiv ity  per s l i c e  in  dpm
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number o f peaks o f  ra d io a c tiv e  precursor incorporation  a»d, as has been 

observed e a r l ie r ,  the p r o f i le s  d if fe r e d  between fr a c tio n s  ( f ig u r e s  10 & 11)* 

They a lso  d if fe r e d  between preparations derived from untreated  and 

oestrogen—trea ted  anim als. The fr a c tio n  not reta in ed  ty  poly(U)Sepharose 

shows the g r e a te s t  in crease  in  incorporation  o f  r a d io a c t iv ity  in  response  

to  2 hours o f o e s tr a d io l treatm ent* C onversely, th e polyadenylated  

HnHNA was the l e a s t  stim u lated  as evidenced by the com paratively low 

r a d io a c t iv ity  incorporation* This observation  confirm ed the k in e t ic  

experiment ( f ig u r e  1 5 )o The nonpolyadenylated HhRNA fr a c tio n  a lso  

contained  the g r e a te s t  concen tration  o f RNA in  h igh  m olecular weight 

sp ecies*  However, a l l  th ree fr a c tio n s  o f HnRHA showed su b sta n tia l  

r a d io a c t iv ity  in  sp e c ie s  o f lower m olecular w eight than o r ig in a lly  

iso la te d *  In the poly(u)Sepharose bound fr a c t io n s , th is  change in  

m olecular weight oould be a ttr ib u te d  to  the denaturing e f fe c t s  o f  

formamide and p a r a lle le d  the ob servation  in  f ig u r e s  10 and 11* The 

fa c t  th at lower m olecular weight sp e c ie s  were a lso  d etected  in  the  

unbound fr a c tio n  im p lies  th at some degradation during the column 

chromatography could  not be ru led  out*

Work w ith ribosomes has shown that w ith in  30 to 60 min o f  

o e stra d io l adm in istration  to immature r a ts ,  ribosomes are aggregating  

in to  polysomes (Merryweather & Knowler, 1977) and i t  i s  tempting to  

sp ecu la te  th at they are doing so because o f the a v a i la b i l i ty  o f mHCTA 

derived from th e poly(A)+HhHHA fra c tio n *  I t  was hoped th at th ese  

concepts could be te s te d  by h y b rid isa tio n  experiments (s e e  r e s u lt s  

sec tio n  3)o
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2* G haxacterization  o f  u ter in e  pol.ysomal PolyCA)+mRN'A
and the e f f e c t s  o f  o e s tr a d io l—17(3 on i t s  s.vnthesis

2*1 I s o la t io n  and ch a ra cter iza tio n  o f u ter in e  polysomes

C h aracterization  s tu d ie s  o f polysomes were ca rr ied  out on 

unstim ulated  immature r a t ,  immature ra ts  stim u lated  w ith  oestrogen  fo r  

4 hr, and adu lt ra ts*  The adu lt animals were at proesterous when 

c ir c u la t in g  oestrogen s are maximal, and were taken to  represent the  

f u l ly  developed tis su e *  The polysome p r o f i le  o f preparations at th e  

various hormonal s t a t e s  are shown in  fig u re  17© The preparation from 

unstim ulated  immature ra ts  con ta in ed  few polysomes and only showed 

peaks o f  monomers and dimers* 4 hr a f te r  the adm in istration  o f  o e s tr a d io l  

to  immature r a t s ,  the u ter in e  ribosom es had aggregated in to  polysomes 

thus im plying th e  a v a i la b i l i t y  o f newly sy n th esized  mENA and confirm ing  

previous fin d in g s (Merryweather & Knowler, 1977)<> In the adult r a t ,  

the polysome p r o f i le  revea led  a wide range o f polysome s iz e s  in c lu d in g  

sev era l peaks sedim enting at g rea ter  than lOOS©

2 .2  I s o la t io n  o f u ter in e  pol.ysomal RMA

The occurrence o f  M Ases presents a ser io u s problem fo r  the  

is o la t io n  o f in ta c t  mRMA, th ere fo re  a number o f  i s o la t io n  procedures

wn̂ ; te s te d  so th a t a method cou ld  be found for rou tin e  preparation o f

in ta c t  polysomal RNA and for  the subsequent p u r if ic a t io n  of the poly(A) 

con ta in in g  species©

Some o f the methods t e s t e d  included the ex tra ctio n  o f  

cytoplasm ic RMA from the post-m itoch on d ria l supernatant, from mRMP 

p a r t ic le s  and from polysomal p e l l e t s  w ith  or w ithout p r io r  P rote in ase  K
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D irection  of M igration >-

FIGURS 17

Polysome p r o f i le s  o f  ra t u te r i  at various hormonal s t a t e s  

4—10 u n its  o f u ter in e  polysomes were sedimented

through 15-435^ (w /v) sucrose grad ien ts  in  $mM Tris-HCl pH 7*6,

250mM ICCl, $mM MgCl^f 50pg/ml heparin and $ju^ml o f oyolohexim ide 

at 234*000 % g fo r  35 "lin at 4°0* Gradients were scanned at 260nm 

w ith  a grad ient scanning attachment to the G ilfo rd  240 spectrophoto

meter* (a) unstim ulated  immature ra t u te r i (b) 4 hour o e str a d io l  

stim u lated  immature rat u te r i  (o ) adult rat u te r i  at proesterus o



table 6

The p u r if ic a t io n  o f  u ter in e  RHA from polysomes 
o f the immature r a t .

S ets o f 24f 18-21 day o ld  r a t s ,  weighing 25-30g rece ived  

Ijug o e stra d io l in tr a p e r ito n e a lly  4 hr before death and lOO^Gi

u r id in e  in traven ou sly  ij- hr before death, Polysomal RNA, 

or ribosom al subunits as mMP p a r t ic le s ,  were prepared from the  

ex c ised  u te r i as described  in  the M ateria ls & Methods sec tio n ,. 

Poly(A)+RNA was p u r if ie d  by poly(u)Sepharose a f f in i t y  chromato

graphy, R a d io a ctiv ity  was assayed as a c id -in so lu b le  m ateria l 

in each RÎIA p rep aration , pg MA was assayed by the method o f . 

Kerr & Seraidarian (1945) (se e  M aterials & Methods) and jjg RMA 

in  mRÎTP was assayed by measuring absorbance a t 260nra and talcing 

1 0,D . u n it rep resen tin g  40 fJg RNAo
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d ig e stio n  o f the polysomal p e l l e t .

Table 6 shows an a n a ly s is  o f methods employed and ta b u la tes  

the y ie ld  o f  polysom al ENA and o f  polyadenylated s p e c ie s . With the  

procedures in v o lv in g  d if f e r e n t ia l  ex traction  w ith phenol; chloroform: 

isoam ylalcohol at n eu tra l and a lk a lin e  pH, a la rg e  proportion o f  RMA 

from the p ost—m itochondrial supernatant was obtainedo One o b jec tio n  to  

u sin g  phenol alone in  the ex tra ctio n  o f  polysomal MA is  th a t , b esid es  

Causing aggregation , phenol p r e fe r e n t ia l ly  removes poly(A)+RMA sequences 

from the RMA population  in to  the proteinaoeous in terph ase (Perry _et a l # 

1972)0 For th is  reason , the p ro te in  content o f polysomal p e l le t  was 

reduced by incorporatin g  a d ig e s tio n  step  u sin g  p ro te in a se  K in  the  

presence o f SDS and a d if f e r e n t ia l  ex tra ctio n  procedure at pH 7*4 and 

pH 9*0 (Brawerman, 197&) w ith  phenol; chloroform; isoam ylalcohol 

( l : 1 : 0 , l )  was ca rr ied  o u t.

The le a s t  e f f i c i e n t  o f  the methods te s te d  fo r  recovery o f  

polyadenylated  RMA was that which involved  the is o la t io n  o f poly(A) 

r ic h  mRMP p a r t ic le s .  Although r a d io a c t iv ity  incorporation  was 

s u b s ta n tia l , the d is so c ia t io n  procedure using  EBTA and la u ro y l— 

sa rco sin e  which had been used s u c c e s s fu lly  in  is o la t in g  polyadenylated  

RMA sp e c ie s  in  a number o f cu ltu red  c e l l  (Pederson & Lindberg, 1972; 

Adesnifc _et a l ,  1972) proved l e s s  e f f ic ie n t  in  d is s o c ia t in g  u ter in e  

polysom es. This r e su lte d  in  low recovery of polyadenylated  mRMA#

2o3 E lectro p h o retic  a n a ly s is  o f  u ter in e  pol.ysomal RMA

Based on the r e s u lt s  tab u la ted  in  ta b le  6 , the method of 

choice for  the ex tra ctio n  o f u ter in e  polysomal RMA was that employing
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FIGURE 18

S ig e  d i s t r i b u t i o n  o f  u t e r i n e  po lysom al and po lysom al 
poly(! A)+HNA o f  Po lysom es t r e a t e d  wit^h P r o te in a s e  Ko

Polysomal BNA was prepared from u te r i o f 24» 18-21 day 
o ld  r a ts , w eighing 25-30g th^tt rece iv ed  Ipg o e str a d io l in tra p er ito n 
e a l ly  4hr before death or from 6-8 adult u ter i*  Polyadenylated  ENA 
was p u r if ie d  by p oly(u ) Sepharose chromatography and fu rth er  p u r if ie d  
by a second passage through fr e sh  po ly(u ) Sepharose columnso

Approximately 20-25mS o f RMA was e lectrop h oresed , through 
3*5^ polyacrylam ide g e ls  con ta in in g  formamide, for  3h at 5mA 
per gel*  Gels were washed w ith two changes o f water before scanning  
at 260nm w ith  a G ilford  240 spectrophotom eter g e l  scanning attachment*
(a ) to ta l  polysomal RNA derived  from 4 hr o e str a d io l stim u lated  u te r i;
(b ) polysomal poly(A)+RNA from 4h oestrogen stim u lated  u te r i;  (c )  
polysomal poly(A)+RMA from ad u lt u te r i  at p roesteru s * Arrows mark 
the p o s it io n s  o f  u ter in e  rRMA markers e lectroph oresed  on p a r a lle l  
g e ls*



FIGURE 19

Separation o f  4h o e str a d io l-s t im u la te d  u ter in e  
polysomal RNA on polyacrylam ide g e ls

Experimental d e ta i l s  were as described  in  the legend  to  

Figure l8« Each ra t rece iv ed  lOOpCi o f  u r id in e  ij-hr before  

death . Approximately 60pg o f  to ta l  polysom al RNA» or SOjug poly(A )+  

RNA| was separated  on 2oT^ polyacrylam ide g e ls  fo r  3hr at 5mA/gel. 

U nlab elled  u ter in e  RMA was separated on a p a r a lle l  g e l to  provide  

the 28s and 18S rRMA markers#

( a) = T otal polysomal Rt̂ A

(b ) -  Polyadenylated  RMA a fte r  a s in g le  passage through

poly(u ) Sepharose column 

(C) -  Polyadenylated  RNA a fte r  a second passage through

poly(u ) Sepharose column

  -  ex tin c tio n  a t 260nm

•• •o  -  R a d io a c tiv ity  per s l i c e  opm
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p rote in ase  K d ig e s tio n  o f the polysom al p e l le t  fo llo w ed  by phenol 

ex tra ctio n  (th e  method i s  d escrib ed  in  f n l l  in  the methods section)©

The in te g r ity  o f to t a l  polysomal RNA prepared by th is  method was 

v e r i f ie d  by polyaorylam ide-form  amide g e l  e lec tro p h o res is  ( f ig u r e  18&) 

which sho;vs th at a l l  the major polysom al MA sp e c ie s  were in ta ct#

Figure l8b and l8  o i l lu s t r a t e s  the polyadenylated  RDTA o f  both immature 

and adult ra t u t e r i ,  p u r if ie d  from the polysomal MA by two passages  

through poly(u)Sepharose© The product contained no v i s ib le  contamin

a tio n  w ith  ribosom al RNA* That t h is  degree o f  p u r if ic a t io n  d id  req u ire  

two passages through two columns o f  poly(U)Sepharose (se e  methods s e c t io n )  

i s  i l lu s t r a t e d  in  f ig u re  19 which i l lu s t r a t e s  the polyadenylated  RNA 

recovered a f te r  one and two passages# I t  i s  seen th a t a fte r  one 

passage through th e a f f in i t y  column th e polyadenylated  product s t i l l  

contained  contam inating ribosom al RNA but th at th is  was not n o t ice a b le  

a f te r  a second passage through a fr e sh  column©

2*4 FoI.v( a ) s iz e  and content o f  u ter in e  pol.vaden.vlated
polysom al MA

For the estim ation  o f  poly(A ) s iz e  and con ten t, u ter in e  

polysom al poly(A)+RNA(mRI'TA) d erived  from 4 hr o e str a d io l-s t im u la te d  

immature ra ts  and from adult ra t u te r i  at proesterus- , was d ig ested  

w ith p lus p an crea tic  MAseA under con d ition s th a t prevent over

s p l i t t in g  o f adenylate res id u es  in  poly(A) (D ubroff & Nemer, 1975)#

The products were p u r if ie d  by phenol ex tra ctio n  and reso lv ed  on 2.7^  

aqueous g e ls  fo r  3 hourso F igure 20 shows the p r o f i le  of RÎ'IA 

e x tra ct able from th e g e ls  and able to  form hybrids w ith  p oly(u )*
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FiauRa 20

S iz e  d is tr ib u tio n  o f  poI.v ( a ) from u ter in e  
polysomal Po1.v(A}+^TA

Poly(A) tr a c ts  were prepared from zpi o e str a d io l-s t im u la te d  
and adult p roesteru s . u ter in e  polysom al by d ig e s tin g  poly(A)+R&TA 
w ith  R ibonucleases as describ ed  in  th e-M ateria ls & Methods section #  
The n u clease—r e s is ta n t  adenylate core was electrop h oresed  on 2*7^ 
polyacrylam ide g e l s  fo r  3hr a t 3mA/gel@ A fter e le c tr o p h o r e s is , g e ls  
were s l ic e d  and fr a c tio n s  were e lu ted  and hyb rid ized  to H—p o ly (u ) to  
q u a n tita te  th e poly(A )* Formamide—denatured la b e lle d  5*8S rMA 
Was e lectrop h oresed  in  a p a r a l le l  g e l  to  provide the 5#8s marker#

( a) »  Poly(A ) from 4b. o e str a d io l-s t im u la te d  polysomal
poly(A)+EMA.

( b ) ca Poly(A) from adult phoesterus u ter in e  polysomal
poly(A)+RMA*

= H r a d io a c t iv ity  per s l i c e  

-  —  = r a d io a c t iv ity  per s l i c e



FIGUES 21

E lectrop h oretic  m o b ilit ie s  o f n u cleo tid e  markers 
and 5ooS rETA on polyacryïamide g e ls #

The figu re  i l lu s t r a t e s  the r e la t io n sh ip  between logarithm  

o f average m olecular weight o f homopolymeric n u c leo tid es  and 

la b e lle d  5#8S rRMA and e lec tro p h o re tic  m o b ility  on 2o7^ p o lyacry l

amide gelo Each homopolymerio n u cleo tid e  a id  formamide-denatured 

5*8s rRÎÎA was reso lved  on separate g e ls  at 5mA/gel fo r  3 hr# The 

m ob ility  o f the peak o f homopolymeric n u c le o tid e s  was lo c a te d  by 

measuring e x tin c tio n  a t 260nm and i s  in d ica ted  by arrows# The 

m ob ility  o f the peak o f 5*88 rRNA i s  in d ic a te d  by the arrow and 

was lo ca ted  by measuring r a d io a c t iv ity  in  each s l ic e #
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The a h a ly sis  demons 1;rated  th a t the poly(A) derived  from adult u ter in e  

mRMA m igrated heterogenously  and ex h ib ited  a wide range o f s iz e  c la s s e s  

( f ig u r e  20h) o The polyadenylated  sequences o f the mRMA from th e u te r i  

o f  4 hr o e str a d io l-s t im u la te d  immature rats was somewhat l e s s  h eter

ogenous and confin ed  to a narrower s iz e  d is tr ib u tio n  (f ig u r e  20a)*

The peak o f r a d io a c t iv ity  in  both preparations was around the 5*88 

rRMA marker o f  150—160 n u cleo tid es*  Due to the h etero g en eity , th e  

number average poly(A ) len g th  wa  ̂ determined* To do t h is ,  the p o s it io n s  

o f homopolymerio markers and th e  5*88 rRMA on p a r a lle l  and id e n t ic a l  g e ls  

were jo in ed  by a l in e  o f  b est f i t  by the method o f  le a s t  squares and a 

standard c a lib r a tio n  curve o f  the lo g  m olecular weight versus d istan ce  

o f  e lec tr o p h o re tic  m o b ility  drawn (f ig u r e  2 l)o  From th is  p lo t  i t  could  

be estim ated  th at the number average poly(A) len g th  fo r  the adu lt 

u ter in e  mRMA and the 4 hr o e stra d io l-s t im u la te d  immature u ter in e  mRMA 

was 150 and I 60 n u c le o tid e s  respectively©  This estim ate was confirmed  

by employing sucrose d en sity  grad ien t sedim entation o f the poly(A) 

homopolymers in  15—SOÇC (w /v) sucrose grad ients in  0©lî<î MKIS b u ffer  

(O.IM M ad, ImM KDTA, O.OIM tris-H G l pH 7*4, 0 .2^  (w /v) SIS) in  a 

Beckman SW 40 rotor* C en trifu gation  was a t 20,000 rpm fo r  6 hours 

at 4^0# Fractions contain ing poly(A ) n u c leo tid es  were lo ca ted  by

poly(u ) hybridization©  The d is tr ib u tio n  of hybrid !zable ^H-poly(u) 

across the grad ien t gave the m olecular weight d is tr ib u tio n  o f the  

poly(A) and i t  was th ere fo re  p o s s ib le  to  c a lc u la te  th e number average 

m olecular weight from a cummulative p lo t  o f the fr a c tio n  o f poly(A) 

m olecules a g a in st th e ir  len g th  (S p ir in , 1963)0



TABLE 7

S ize  and Poly(A) content o f polysomal 
poly(A)^RMA from rat u teru so

a: RbTA was q u a n tif ied  by absorbance a t 260nra assuming th a t 1 O.D.

u n it i s  40pg RĴTA* Polysomal RMA was h ea t-trea ted  p r ior  to  

chromatography and the percentage o f polysomal RMA as poly(A)+  

RMA W£ts determined at 260nm from the fr a c tio n  which bound a 

second time to  poly(u)Sepharose©

b: Number average s i z e s  were determined by h yb rid ization  o f

^H-poly(u) to  ex tra ct o f  g e l s l i c e s  contain ing adenylated  

n u cleo tid es  (see  M aterials & Methods section *  The s iz e  was 

referred  to  a 5 .8 s  ( l6 0  n u c le o tid e s)  slim e mold rRMA,synthetic 

poly(A) (90 n u c le o tid e s)  and o lig o (A ) (28 n u c le o t id e s ) .  The 

la b e lle d  marker was analysed  on a p a r a lle l  2*7̂  

polyacrylam ide as in  Knowler and S m ellie  (1973)*

0: The poly(A) content was determined by hyb rid iza tion  o f

4-1 Op g poly(A)+Ht'TA to  excess ^H-poly(u) as in  B a n tle , ^  a l# , 

( 1976)0
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The p o ly  (A) content o f  in ta c t  mRMA was q u an tita ted  by 

h yb rid ization  o f  u ter in e  mRMA to  excess poly(u)* Comparison w ith

^H-poly(U) h y b rid iza tion  to a u th en tic  poly(A) homopolymers gave a 

poly(A ) content fo r  4 separate preparations o f th ese  RMAs o f about 

8*4^ and 7*6^ fo r  the ad u lt u ter in e  mRMA and the 4 hr o e s tr a d io l-  

stim u lated  immature ra t u ter in e  mRMA respectively©  These r e s u l t s ,  

togeth er  w ith  the estim ated  average s iz e  o f  the poly(A) sequences 

are summarised in  ta b le  7o The average m olecular weight o f both  

u ter in e  raRNAs i s  estim ated  at 6 x  10 © Both u ter in e  mRMA preparations  

is o la te d  and assayed by ^H-poly(U) l^ b r id iza tio n  were 90^ 5^  pure©

2©5 C onditions for  h y b rid iza tion  s tu d ies  between u ter in e
Poly(A)+mRMA and complementary IMA

The r o le  o f o e s t  radio 1-17 8 in  reg u la tin g  u ter in e  polysomal 

poly(A)+RMA(mHMA) abundance and i t s  in flu en ce  on the number o f  average 

s i z e  genes tra n scrib ed  were in v e s t ig a te d  by RMA—cINA hybridization©  

This technique was a lso  used to  in v e s t ig a te  sequence homology o f  raRTTA 

at d if fe r in g  hormonal s t a te s  and the concentration  o f  c la s s e s  o f  

sequences in  a population  o f RMA during d if fe re n t s ta g e s  of u ter in e  

development©

2 ,5 .1  Preparation  o f complementary MA ( cDMA)

For the preparation o f oIMA, p u r if ie d  and s a l t  fr e e  u ter in e

poly(A)+mRMA was incubated w ith  p u r if ie d  reverse tra n scr ip ta se  in  a 

medium contain ing b u ffer , KCI , Mg**̂ , d i t h io th r e it o l ,  the deoxy— 

n u cleo tid e  tr ip h o sp h a tes , dCTP and o lig o  dT primer 12—18 resid u es



FIGURE 22 

A lk alin e  sucrose grad ien ts o f ÜITA

cUTA derived from poly(A)+HMA o f  4 hours o e str a d io l  

stim u lated  u ter i ; adult u te r i  (o-O-O) and g lo b in  mRMA

( 0 - 0 —0  ) were sedim ented through 5-11^  ̂ (w/v) sucrose grad ien ts

in  0.9M NaCl, OolM NaOH at 95,000 x  g ^  fo r  24h at 20°. 1 ml

^ fractions were c o lle c te d  and r a d io a c t iv ity  counted as described  

in  the M ateria ls and Methods section© Sedim entation C o e ff ic ie n ts  

were determined by the method o f  Steensgard e t  al# (1978)#
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long# Acfcinomycin D was a lso  in clu ded  to ensure th at the product 

was s in g le -s tr a n d e d  togeth er w ith  MAse in h ib ito r  (Roth, 195^) which 

was found to improve the y ie ld  and q u a lity  of the product# The y ie ld  

o f cIITA prepared by th is  method was c o n s is te n t ly  8-10^ by weight o f  

the tem plate poly(A)+mEMA* The concentrations o f  deoxynucleotide
3

triph osp hate and H-dGTP u sed , r e su lte d  in  the incorporation  o f 5~7 % 

lO^cpm/pg cIÎMA at 3Ĉ  counting e f f ic ie n c y  fo r  ^Ho

I'lhen the products were ch aracterized  on a lk a lin e  sucrose  

grad ien ts ( f ig u r e  2 2 ), th e mean s iz e  o f  the cMA tran scrib ed  from 

poly(A)+mEtTA o f adu lt u te r i and o e str a d io l-s t im u la te d  u te r i was 

approxim ately 5<>5S which corresponds to  n early  120,000 daltons or 

n ea r ly  450 n u cleo tid es*  However, g M A  sedim enting between 5S and lOS 

was recovered and used in  h y b rid iza tio n  s tu d ies  o f sequence com p lex ities  

and diversity©  Although the number average m olecular weight o f u ter in e  

mMA Was, at le a s t  on average, th ree  tim es the len g th  o f g lob in  mEtTA, 

the cMA tr a n sc r ip ts  were s im ila r  in  len g th  to g lo b in  cINA*

2©5*2 Reverse tra n scr ip tio n  o f u ter in e  pol.y(A)+mRNA

U terine poly(A)+mRN'A preparations were tran scrib ed  in  the 

same way as g lob in  raENA (Harrison e t  al© 1974) o The observation  th a t  

the y ie ld  o f cjDMA Was at le a s t  10% by weight o f  tem plate and th a t the  

mean len g th  o f oMA was 2C  ̂ the s iz e  o f  the u ter in e  poly(A)+mRÎTA 

suggested  th a t the bulk o f the mRHA sp ec ie s  were represented  in  the  

population o f oIWA m olecules synthesized© T h is, thus s a t i s f ie d  the  

con d ition  th a t for  h yb rid ization  experim ents, i t  i s  e s s e n t ia l  th a t a l l  

mRHA rep resen ta tiv e  o f  each o f th e frequency c la s s e s  i s  tran scrib ed  in to
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c]2TA# Moreover, evidence has shown that reverse tra n scr ip ta se  i s  

capable o f copying most i f  not a l l  poly(A)+RNA (H arrison jet alo 1974» 

Bishop ejt ad© 1974)#

2#5o3 Assay o f  h yb rid iza tion  rea ctio n s

The proportion o f oMA which hyb rid izes can be estim ated  

in  a V ariety  o f ways in clu d in g  d ig e stio n  w ith  a s in g le -s tr a n d  s p e c i f ic  ■ 

n u clease  (B im ie  ^  1974» Young ^  a lo 1974» H ell ^  a l# 1972),

In a l l  o f th ese  experiments h yb rid iza tion  was assayed by n u clease  

d ig e s tio n  and s in c e  enzymes were obtained from commercial so u rces , i t  

was f e l t  n ecessary  to ch a ra cter ize  the enzyme w ith  resp ect to  optimum 

concentrations and d ig e stio n  tim e such that double-stranded RHA-oBNA 

hybrids were spared©

Figure 23 shows th e e f f e c t  of nu clease  obtained from the  

two commercial sources d esign ated  ’ A’ and ’B’ on the d ig e stio n  o f  

s in g le -s tra n d ed  ^H -lab elled  g lo b in  oINA and g lo b in  mRMA—cB̂ IA hybrids©

I t  was seen th at by 2 hours o f incubation  w ith  20 u n its  o f  enzyme 

a c t iv i t y  from both *A* and *B’ su p p lie r s , n ear ly  a l l  the s in g le —stranded  

cMA had been d igested# At e a r l ie r  tim es , however, M uclease *A* 

appeared s l ig h t ly  more e ffec tiv e©  When pure mRMA—cINA hybrids, the  

f i d e l i t y  o f which had been te s te d  by determ ination o f  T^, were exposed  

to  n u c lea se , M uclease *B* showed a sm all amount o f d ig e s tio n  of 

hybrids w hile  under s im ila r  cond itions*  M uclease *A’ d id  not©

From th ese o b serv a tio n s , 3^ M uclease *A* at 20 u n its  o f  enzyme a c t iv i t y  

and an incubation period  o f  ij- hours was chosen fo r  the routin e assay  

o f  hyb rid ization#  I f ,  however, Muclease *B* was used 8 u n its  o f



FIGURE 23 

Assay o f N uclease a c t iv i ty

N uclease was obtained from commercial sources designated  

*A* ( Sigma) and *3* (Boehringer) o Hybrids o f g lob in  mRMA—̂ H-cU l̂A, 

prepared as described in  th e  M ateria ls & Methods se c t io n  was 

p u r if ie d  by hydroxyapatite chromâtograpliy# The hybrid or s in g le  

stranded g lob in  Ĥ—cMA was incubated w ith  20 u n its  N uclease *A’ 

and ’B’ in  lOOpl d ig e stio n  bu ffer con ta in in g  70mM sodium a ce ta te  pH 

4*5, 2o8mI4 ZnSO ,̂ O .I4M NaOl and 14MS denatured c a lf  thymus IN A a t  

37° o At various tim es o f  in cu b ation , an a liq u o t o f  incubation  

mixture was removed to  determine to t a l  r a d io a c t iv ity  and a fu rth er  

portion  to  determine acid—so lu b le  r a d io a c t iv ity  as described  in  the  

M aterials à Methods section©. N uclease a c t iv i t y  i s  expressed as 

percentage d ig e s t io n .

e * A* N uclease d ig estio n  o f  double—stranded

n u c le ic  ac id  

= *B* N u clease , d ig e stio n  o f  double—stranded

• n u c le ic  a c id

a »A’ N uclease d ig e stio n  o f s in g le -s tra n d ed

n u c le ic  a c id  

= ’B’ N uclease d ig e stio n  of s in g le -s tra n d ed

n u c le ic  a c id
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enzyme a c t iv i ty  and an incubation  p eriod  o f 2 hours was employed*

2*6 E ffe c ts  o f o e s tr a d io l—lTB and u ter in e  development on
u ter in e  pol.vsomal Poly(A)+mR|\TA com plexity

2 .6 o l  K in etics  o f  h yb rid iza tion  o f  oMA w ith homologous RNA 

The cINAs derived from adult and o e str a d io l—stim u lated  

immature rat u ter in e  poly(A)+mRN'As as w ell as th at derived from g lc b in  

mRMA were h yb rid ized  to th e ir  own tem plate and the k in e t ic s  o f  hybrid

iz a t io n  assayed by r e s is ta n c e  to n u clease  d ig estion *  The r e s u lt s  

are shown in  f ig u re  24 as computer f i t  to  th e  h yb rid ization  data* I t  

was observed th at frbm 7 5 - 8 ^  o f  each cINA could form n u clease r e s is ta n t  

hybrids w ith i t s  tem plate* Under the h yb rid ization  con d ition s u sed , 

Harrison ^  (1974) and B irn ie  at ^ *  (1974) showed that th e  RNA-cINA

hybrids were o f h igh q u a lity  and th a t each cWA rep resen ted  reasonably

f a it h fu l  cop ies o f i t s  own tem plate*

I t  i s  notew orthy, however, th at under th ese  con d ition s a

v a r ia b le  proportion of cIUA com prising 15-2CÇS o f the to t a l  oHIA was 

nonhybridizable* This did not a f f e c t  com plexity determ inations s in c e  

Rot^ (where Ro = i n i t i a l  RNA concentration  in  moles o f  n u c leo tid es

per l i t r e  and ti^ « time for h a lf  rea ctio n  in  seconds) va lu es  were 
2

C alculated on the b a s is  of h y b rid isa b le  proportions*

Under co n d ition s o f la r g e  ENA e x c e ss , such a rea c tio n  has 

pseudo—f i r s t  order k in e t ic s  and the rate  o f h yb rid ization  when measured 

in  terms o f Rot, has been shown to  be proportional to  the base sequence 

com plexity o f the RHA population  ( B im s t e i l  ^  al* 1972* Young & Paul 

1973; Young et al* 1974)» The base sequence com plexity o f an unknov/n



FIGURE 24

K in e t ic s  o f  h y b r id iz a t io n  o f  cIUA w ith  
hom ologous poly(A)+mRUA

Homologous h y b r id iz a t io n  o f th e  c3XlA to  i t s  te m p la te  mMA 

was a s  d e s c r ib e d  in  th e  e x p e r im e n ta l s e c t io n *  ( 7 ) h y b r id iz a t io n  

o f  g lo b in  cMA w ith  e x c e ss  o f  te m p la te ;  (a O d )  h y b r id iz a t io n  o f  

u t e r i n e  m essage oINA o f  4 ^  o e s t r a d i o l - s t im u la t e d  r a t  to  an e x c e ss  

o f  te m p la te ;  (4 ,#■) h y b r id iz a t io n  o f  u t e r i n e  m essage a d u l t

r a t  to  an ex ce ss  o f  te m p la te *  The RÎTA c o n c e n tr a t io n s  u se d  w ere 

( V A A )  ljug /m l; ( • )  5 p ^ m l;  ( o )  Im g/m l; ( o  m)5mg/ml* E ach p o in t  

c o n ta in e d  2000 cpm o f  (^H) cIKA re c o v e re d  from  g r a d ie n t  f r a c t i o n s  

5S-IO 5 ( P ig .  22)*.
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ÏÏMA population  maj" be determined by comparison o f R oti fo r  the rea ctio n
2

between the HNA and i t s  cINA w ith  the Roi^ obtained w ith  a k in e t ic
2

standard of known base sequence com plexity ( B im s t e i l  ^  a l # 1972;

Bishop e t alp 1974» B im ie  e t  1974» Getg e t a lo  1975)°  The

standard used in  t h is  in v e s t ig a t io n  was mouse g lo b in  c o n s is t in g  o f  oc
5and 13 g lob in  sequences w ith  a combined sequence com plexity o f 4 % 10

daltons (W illiam son _et a l o 1 9 7 1 )o The g lob in  mRMA hybrid ized  to  i t s

cIMA (f ig u r e  24) w ith in  lo5“ 2 lo g  u n it s ,  a value ty p ic a l o f a s in g le

abundance c la sso  Computer a n a ly s is  o f  the data gave a Rotj^ va lu e o f
2

4 X lO"^ which was c o n s is ten t w ith  th e  fin d in gs o f B irn ie  e t a lo  (1974); 

Young e t a lo  (1974) and Getz, (1975)°

The computer f i t t e d  curves for  the h y b rid isa tio n  o f the two 

u ter in e  cHIAs to  th e ir  own tem plate poly(A)+mRMAs each covered a range 

o f at le a s t  6 lo g  u n it s ,  thus im plying th a t the heterogenous population  

o f  u ter in e  mRMA sequences were presen t in  varying concentrations* Under 

th ese  co n d itio n s . Bishop e t a l . (1974) and H astie  & Bishop (197^) showed 

th a t the polyadenylated  polysomal RM A could be reso lv ed  in to  at l e a s t  

three abundance c la sse s*  In  a s im ila r  manner, computer a n a ly s is  o f  the 

data in  fig u re  24 revea led  th a t a good f i t  to  the experim ental data  

p o in ts  was obtained by a th ree component curve* (See Methods se c tio n )  

The two u ter in e  mRtIA preparations hyb rid izing  to  th e ir  

r esp e c tiv e  oIS'TAs, d if fe r e d  in  the Icinetios o f th e ir  a s so c ia t io n . Thus, 

at a Rot o f  0*T (m oles sec* l i t r e  ^) about ZOfo o f the RMA from oestrogen  

stim u lated  immature rat uterus had saturated  i t s  oBMA. At th e same Rot 

V alue, on ly  95̂  o f  the adult u ter in e  RMA had hybridized* This su ggested  

th a t at an ea r ly  sta g e  in  the oestrogen—induced d if fe r e n t ia t io n  th ere
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was a grea ter  concen tration  o f h ig h ly  abundant HMA sp e c ie s  than was 

found in  the f u l ly  mature animal* C onversely, the slow o v e r a ll ra te  

o f h y b rid iza tion  o f  the adu lt preparation  su ggested  a grea ter  sequence  

com plexity in  the mature animal*

2*6*2 Sequence com plexity and d iv e r s ity  o f ra t u ter in e

Polv(A)+mRMA

Numerical eva lu ation  o f the h yb rid iza tion  k in e t ic s  o f  

f ig u re  24 are summarised in  ta b le  8* The proportion o f HÎTA in  each 

abundance c la s s  was c a lcu la te d  as a proportion o f  hybrid !zable cUTA, 

t h is  being 78^ and 71>̂ o f the adu lt and immature preparations resp ec tiv e ly e  

Observed Rotj^ for  each abundance c la s s  was corrected  to the value which 

would have been obtained  i f  h y b rid iza tion  had been to  a pure component 

and com p lex ities  were derived by comparison w ith the g lob in  standard*

The C alculated  v a lu es  for  the com plexity and fo r  the average m olecular  

weight o f u ter in e  poly(A)+mH^TA were then used to  estim ate th e number 

average s iz e  genes tran scrib ed  in  each c la ss  ( ta b le  8)*

I t  i s  seen  that u ter in e  poly(A)+mRÎTA from 4 hr o e s tr a d io l-  

stim u la ted  animals contains about 9 sequences in  very high abundance, 

approxim ately I 50 sequences o f moderate abundance and about 7^00 scarce  

sequences* The RNA from adult u t e r i  a t p r o e s te r u s ’ e x h ib its  a g rea ter  

com plexity o f expressed  genes* Thus i t  conta in s approxim ately 18 

abundant seq u en ces, 2100 sequences o f in term ediate abundance and 34,000  

scarce  sequences* I t  should be emphasized that th ese  c a lc u la tio n s  can 

on ly  be regarded as estim ates*  They w il l  be su b ject to  a number o f  

l im ita t io n s ,  the main one o f  which i s  the estim ate  o f the s iz e s  o f  the 

RNA sequences* N e v er th e le ss , i t  i s  c lea r  th at the adu lt and immature



TABLE 8

Sequence com plexity o f polysomal poly(A )+#A  
from rat uterus*

The data above rep resen ts computer an a ly sis  o f the  

h yb rid ization  k in e t ic s  in  Figure 24©

a: denotes the value o f Rotj  ̂ corrected  fo r  i f  the components
z

were analysed as a s in g le  c la s s  and lOC  ̂ pure*

b: Taking the m olecular weight o f the mouse g lob in  as

4 X 10^ M.W. (W illiam son et 1971)#

CÎ Taking average m olecular weight o f  both u te r i to  be

6 X 10^*
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animal show a consid erab le  d if fe re n c e  in  the com plexity o f  th e ir  

poly(A)+mENA population*

I t  i s  o f  in te r e s t  to  note  th a t , although th e adult animal 

expresses a grea ter  d iv e r s ity  o f abundant mRNA s p e c ie s ,  those sp ec ie s  

expressed by the o e stra d io l-s t im u la te d  immature animal represent a 

considerab ly  la rg er  percentage o f the poly(A)+mRMA population*

2*6*3 H ybrid ization  of unique la b e lle d  MA to  u ter in e

Poly(A)+mRtTA

One of the lim ita t io n s  on the determ ination o f mRMA co m p lex ities  

ly  cDMA h yb rid iza tion  technique i s  th at the f in a l  frequency c la s s  

rep resen tin g  the unique, sequences i s  d i f f i c u l t  to  measure and fo r  th is  

reason , the to t a l  base sequence com plexity o f the RMAs could have been 

underestim ated* The technique o f measuring th e proportion o f la b e l le d  

unique INA sequences which h yb rid ize  at sa tu ra tion  in  the presence o f  

a la rg e  excess of RMA (Gelderman ^  a l o 1971, Gal au ^  a l o 1974; 1976) 

rep resen ts an a lte r n a tiv e  approach and i s  a much more s e n s it iv e  method 

fo r  measuring the com plexity o f  those mRMA sequences o f  le a s t  abundance*

In view  o f t h i s ,  i t  was f e l t  e s s e n t ia l  to  complement the cIMA r e s u lt s  by 

eva lu atin g  th e  extent to  which unique rat l iv e r  INA sequences hybrid ized  

w ith  poly(A)+mRMA from adult and o e stra d io l-s t im u la te d  uteri©

The RM As used were merourated and h yb rid ization  was ca rr ied  out 

in  phosphate b u ffers at 70°* The extent o f  h yb rid ization  was assayed  

by th io l-S ep h arose  chromatography*. The e f fe c t  o f mercuration o f u ter in e  

poly(A)+mRMA i s  shown in  the absorbance scan o f  fig u re  25* The 

absorption maxima remained at 260nm, thus in d ic a tin g  th e  in ta c tn e ss  o f



FIGURE 25

U ltr a v io le t  absorption sp ectra  o f Hg*-pol.y(A) ■f mRMA

An a liq u o t o f  s a l t - f r e e ,  mercurated-polyCA) + mRMA WaS 

d isso lv ed  in  water and U7 sp ectra  was recorded using a Unicam-SP 

2000 spectrophotometer*
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FIGURE 26

Saturation  h yb rid !za tion  o f unique la b e lle d  
' Î TA to "Poly(A)+RNA

la b e lle d  unique RNA was hybrid ized  to  sa tu ra tio n  w ith  

merourated poly(A)+ENA ahd analyzed by th io l-sep h a ro se  chromatography 

as described  in  the Methods section *  Each p o in t con ta in s $0,000cpm 

o f la b e lle d  INA and e ith e r  ( • )  l# 7 ^ g /m l o f H^poly(A)+RN'A from 

u te r i  o f ra ts  stim u lated  w ith  oestrogen for  4 h r , (? ) 4*5ing/ml 

of Hg-poly(A)+ISNA from adult ra t u te r i  or (□) 2#5mg/ml o f  

E# c o l i  Hg-rRÎJA»
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table 9

Sequence complexity of polysomal poly(A)+RNA of rat uterus determined 
by hybridization to unique DNA

Tissue
Observed % 

saturation of 
^H-unique DNA

Corrected
saturation

value

b
Complexity

Adult
proester us 
uteri

2 2 .8 3.52 X 10^°

4 hrs 
oestradiol 
treated uteri

0.45 0.6 7.56 X 10®

The above data rep resen t th e n m e r ic a l eva luations o f  the  

k in e t ic s  of sa tu ra tion  h yb rid iza tion  o f  A w ith  poly(A)+RtTA from

fig u re  26.

a , b:— Talcing th e  m olecular weight o f the h ap lo id  rat genome 

to be 1 .8  % 10 and assuming of the DNA c o n s is ts

o f unique sequenceso C orrection was a lso  made for the 

h y b r id !z a b ility  o f the ^H-unique RIA probe.
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absorbing bases o f  the merourated poly(A)+mMA« The k in e t ic s  o f the 

h yb rid iza tion  rea c tio n s  are shown in  fig u re  26 as computer generated  

le a s t —square f i t  o f the datao S aturation  h yb rid ization  o f the u ter in e  

poly(A)+raRMA from ad u lts and o e str a d io l-s t im u la te d  immature ra ts  

occurred w ith  2^ and 0 * 4 ^  o f  the unique MA resp ec tiv e ly *  Since the  

^ H -lab elled  probe was 10  ̂ h yb rid izab le  (Dr* Ao Balmain, personal 

communications) when rea sso c ia ted  w ith t o t a l  rat l iv e r  INA, th ese  

sa tu ra tio n  va lu es  were corrected  to  2 * ^  and 0*6^ r e sp e c tiv e ly *

The m olecular weight o f th e rat hap loid  genome i s  approxim ately  

1*8 X 10^^ (Sober, 1^68), 7C^ or 1*26 x  o f  which i s  unique 

sequences© Thus, the m olecular weight o f unique MA expressed in  the

uterus o f immature ra t responding to  4 hr o f  oestrogen  treatm ent,
12 9is; 0©006 X 1.26 X 10 which equals a m olecular w eight o f 7©56 x  10

o r  th e  e q u iv a le n t  7-56x10^ 6 x  10^ -  12 ,000  d iv e r s e  sequences©  In  th e

ad u lt u te r i  at proesterm s th e to t a l  com plexity o f tran scrib ed  genes

i s  0*028 X 1©26 X 10^^ which equals a m olecular weight o f  3o53 x  10^^

or the equivalent o f 3*53 % 10^^/ 6 x  10^ = $3,000 d iverse  sequences

( ta b le  9)0

These r e s u lt s  in d ica ted  that the base—sequence com p lex ities  

o f  the u ter in e  poly(A)+mRNA determ ined by oMA—mHNA h yb rid ization  were 

indeed underestimates© However, the data did confirm the fin d in g  th a t  

the poly(A)+mHNA from the u te r i  o f ra ts  at proesterous was sev e r a l fo ld  

more complex than th at from the o e stra d io l-s tim u la te d  immature rats©

2© 6© 4

/
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2 .6*4  PolyCA)+mHMA sequences common to the u t e r i  o f  both adu lt
and oestrogen—stim u la ted  immature ra ts

The ex ten t o f  sequence homology between the u ter in e  

poly(A)+mRNA pop ulations o f adu lt and oestrogen tr e a ted  immature ra ts  

was in v e s t ig a te d  by heterologous h ybrid ization* A v a st excess  o f mRNA 

from the u t e r i  o f  4 br o e s tr a d io l tr e a ted  immature ra ts  was hyb rid ized  

to  oMA prepared from the adu lt u te r in e  poly(A)+mRNA« The r e s u lt  o f  

th is  experiment i s  shown in  f ig u r e  27 as a computer generated  curve*

I t  was found th at th ere  was con sid erab le  homology between the ENA 

populations* More than 6 ^  o f  the adu lt u ter in e  message oMA could  

be hybrid ized  by the heterologous RNA at Rot 9000 (moles sec* l itr e " ^ )*  

I t  was a lso  c lea r  from the data in  fig u re  27 th a t not only was the  

o v e r a ll rea c tio n  much slow er than the homologous rea c tio n  but th ere  was 

a la ck  o f the fa s t  h yb rid iz in g  component* This im plied  th at the RNA 

sequences d r iv in g  th e  rea ctio n  were present in  lower abundance than the  

same sequences in  the homologous RNA population* C onsidering on ly  th at 

cRNA which was r e a c ta b le , th at i s  79^ fo r  the homologous rea c tio n  and 

57/  ̂ fo r  the heterologous rea c tio n  ( fig u re  2 7 ), th ere  was a d if fe re n c e  o f  

21^ o f the adult message cMA th a t was not complementary to the poly(A)+  

mRNA from the u te r ^  o f  o e str a d io l-s t im u la te d  immature rats*  At f i r s t  

s ig h t  the d iffe re n c e  was inadequate to  account fo r  the sev era l f o ld  

com plexity d if fe r e n c e s  observed between th ese  two poly(A)+mRNA 

population  when estim ated  by the two techniques o f  cRNA—mRNA hybrid

iz a t io n  and unique MA-mRNA h yb rid ization* For in s ta n c e , cMA-mR3̂ TA 

h y b rid iza tion  revea led  28,000 sequences present in  adult rat u terus  

and not in  the o e str a d io l-s t im u la te d  immature anim als. Even i f  a l l  o f



FIGURE 27

K in etics  o f  h yb rid iza tion  o f oMA derived from 
adi^t proesteru s - u ter in e  polysomal 

Qoly( Â +RNA aga in st the ooly(Aj+RNA o f 4b. 
o e str a d io l-s t im u la te d  uterus*

Experimental d e ta i ls  are as describ ed  in  the legen d  to  

Figure 24 except that to t a l  cMA at 2000cpm per poin t was used and 

each p o in t contained Img/ml Ê TA# ^ h yb rid ization  was assayed by 

r e s is ta n c e  to  N uclease d ig estio n  (se e  M ateria ls & Methods)*

0—0—0— S3 k in e t ic s  o f  th e  reaction  driven by the poly(A)+HtTA 

from 4b o e str a d io l-s tim u la te d  uterus  

  =» homologous r e a c t io n , reproduced from Figure 24o-
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th e 21^ d ifferen ce  observed in  f ig u r e  27 corresponded to  th e  rare  

sequences i t  could only account fo r  26,000 sequences*

However, a 78/57 or 73^ homology between th ese  two poly(A)+  

mRNA populations does not mean th at 73^ o f th e ir  poly(A)+mRNA sequences 

are common because a given sp e c ie s  may exh ib it d if fe r e n t  abundances in  

d if fe r e n t populations* This i s  b est i l lu s t r a t e d  by a h y p o th etica l 

example* Consider a message which formed part o f the abundant c la s s  o f  , 

th e adult poly(A)+mRHA population  and formed 5^ o f  the oMA copied  from 

th a t population* That sp e c ie s  might be part o f the interm ediate abundant 

fr a c tio n  in  th e  4 hr o e stra d io l-s tim u la te d  immature u ter in e  poly(A)+mRNA 

and represent 0*01^ of the population* N ev er th e le ss , because the  

h yb rid iza tion  was conducted w ith  a Vast excess o f mRNA, the poly(A)+mRNA 

rep resen tin g  0*01^ o f  the population  might s t i l l  be able to sa tu ra te  % 

o f the cttTA*

This so r t o f argument lead s one to the conclusion  th a t  

heterologous experiments o f  the so r t i l lu s t r a t e d  in  fig u re  27 can say  

very l i t t l e  about the comparative co m p lex ities  o f  the two poly(A)+mRNA 

population  involved* N e v er th e le ss , such experiments can g iv e  q u a lita t iv e  

in d ic a tio n s  o f  changes in  mRMA populations and proved p a r t ic u la r ly  

valu ab le  in  th is  resp ect in  fo llo w in g ’hormone-induced population changes 

in  the immature ra t ( s e e  fo llo w in g  sec tio n )*

2*6*5 Oestrogen—induced changes in  the immature uterus o f
pol.v(A)+mRMA at d if fe r in g  hormonal s ta g es

Complementary INa( c]1Ta ) was prepared a g a in st poly(A) contain ing  

mRNA from the u t e r i  o f immature ra ts  which had been trea ted  w ith  oestrogen
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mUBB 28
K in e t ic s  o f  E y b r id iz a t io n  o f  o^TA w ith  Homologous 

and H e te ro lo g e a s  pol.vCAy-nnHNA

H y b r id iz a t io n  o f  u t e r i n e  m essage oINA from  im m ature r a t s  

r e c e iv in g  4 b r  o e s tro g e n  t r e a tm e n t  t o : — mïïHA from  u n t r e a te d

im m ature r a t s  » à r k r k  mBHA from  im m ature r a t s  r e c e iv in g  2 h r

o e s tro g e n  t r e a tm e n t ,  — — — mRNA from im m ature r a t s  r e c e iv in g

4 h r  o e s tro g e n  t r e a tm e n t  ( -homologous)®  Each p o in t  c o n ta in e d  

2000 cpm ^H-oHIA and 0®l-l.|ug/m l RNA®
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fo r  4 hro The dashed curve in  f ig u r e  28 rep resen ts the h y b rid iza tion  

o f th is  cMA to  i t s  tem plate and has a lready been described  (s e c t io n  

2*6*1, f ig u re  24)* The rem aining curves in  fig u re  28 represent 

heterologous h y b rid iza tion  in  which th e oENA from r a ts  r ec e iv in g  4 hours 

oestrogen treatm ent was hyb rid ized  to  poly(A)+mRNA from un treated  ra ts  

and from r a ts  r ec e iv in g  2 hr hormone treatm ent*

I t  i s  seen th a t th e  k in e t ic s  o f h yb rid iza tion  o f  the  

heterologous rea ctio n  were s h if t e d  to  higher Rot va lu es im plying th a t  

common sequences present in  the heterologous RNA populations were 

present in  much lower concentrations* With reserv a tio n  expressed  in  

s e c t io n  2*6*4 the p la teau  le v e l  a tta in e d  in  such heterologous rea c tio n s  

r e f le c t s  th e ex ten t o f common sequences between the d if fe r e n t  mHTTA 

populations* In  th e homologous r e a c tio n , the mRNA was able to  hyb rid ize  

w ith  i t s  cINA to  maximum va lu e  o f  80^* Polysomal poly(A)+mRNA from 

unstim ulated  anim als was ab le to  form hybrids w ith  th e cINA to  about 

11^0 In th is  c a se , however, the d if fe r e n c e  in  the f in a l  percentage  

h y b rid iza tio n  could  not be a scer ta in ed  as i t  was d i f f i c u l t  to  prepare 

s u f f i c ie n t  q u a n t it ie s  o f mRNA from the unstim ulated  immature animals for  

high Rot Value determ inations* The unstim ulated immature rat u terus  

had very low l e v e l s  o f mRNA and th e ribosomes were mainly p resen t as 

monomers (f ig u r e  17)o N e v er th e le ss , i t  i s  c lea r  th a t th e mRNA sequences 

p resent in  the o estro g en -stim u la ted  animal made up a low percentage o f  

the mRNA pop ulation  o f  unstim ulated  immature rat uterus*

Animals r ec e iv in g  o e s tr a d io l 2 hours before death contain ed  

u ter in e  mRNA sequences th at were ab le  to  sa tu ra te  5̂ /̂  o f the cIlNA# This 

im p lied  that a h igh  proportion o f  th e 4 hr and 2 hr mRNA population  were
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common but the slow er ra te  o f  h y b rid iza tio n , r e la t iv e  to th e homologous 

r e a c tio n , showed th a t the common sequences were present in  lower 

abundance in  the animals r ec e iv in g  2 hours oestrogen  treatment*

2*6*6 Preparation o f abundant and rare c la s s e s  o f u ter in e
messenger cMA

The le v e l  o f h y b rid iza tion  o f mRNA to  th e oINA probe in  

f ig u re  28 revea led  a 2/R̂  d ifferen ce  depending on whether the mRNA was 

prepared from the u t e r i  o f  ra ts  a f te r  4 hr or on ly  2 hr oestrogen  

treatment* I t  was reasonable to  assume that th is  d ifferen ce  rep resen ted  

mRl̂ TA sp e c ie s  which were sy n th es ized  during the second two hours o f  the 

hormonal response and as such th ey  were l ik e ly  to  be o f con siderab le  

importance in  ihe in creased  production o f  new ribosomes in i t ia t e d  a t th is  

time*

To in v e s t ig a te  t h is  mRNA population fu rth er  the cINA derived  

from u ter in e  polysom al poly(A)+RNA o f  rats trea ted  fo r  4 hr w ith  

oestrogen was used to prepare fr a c tio n s  enriched in  abundant and rare  

sequences r e sp e c tiv e ly *  These fr a c t io n s  were then used in  fu rth er  

heterologous hyb rid ization* The oINA rep resen ting  abundant and rare  

sequences o f the 4 hours o e stra d io l-s tim u la te d  u ter in e  mRNA population  

were is o la te d  and p u r if ie d  by hydroxyapatite chromatography* The HAP 

Was i n i t i a l l y  ch aracter ized  w ith  resp ect to  i t s  binding cap acity  and 

the phosphate b u ffer  concen tration  e f fe c t iv e  in  e lu t in g  s in g le —stranded  

and double-stranded n u c le ic  acids*  Figure 29 shows th at n early  a l l  

s in g le -s tra n d ed  m ateria l was e lu ted  w ith 0*l/pî sodium phosphate bu ffer  

pH 6*8 and the double-stranded m ateria l was e f f e c t iv e ly  e lu ted  w ith



FIGURE 29

C haracterization, o f HydroxyaPatite Chromatography (HAF)

Hap chromatography columns were s e t  up as described  in  the  

M aterials and Methods s e c t io n . P u r if ie d , double-stranded and s in g le 

stranded ^H -lab elled  n u c le ic  acids (s e e  M ateria ls and Methods) 

mixture were chromatographed on HAP columns at 60° * The n u c le ic  

acids were e lu ted  in  a step w ise  fash ion  w ith  in creasin g  concentrations  

o f sodium phosphate b u ffer  as ind icated* 1 ml fr a c tio n s  were c o lle c te d ,  

a liq u o ts  removed and r a d io a c t iv ity  in each fr a c tio n  assayed as described  

in  the M ateria ls and Methods s e c t io n .

A = Chromatographic fr a c t io n s  o f G.l^M sodium 

phosphate bu ffer  

B = Chromatographic fr a c t io n s  o f O.4M sodium

phosphate bu ffer  con ta in ing  double-stranded  

n u c le ic  acid©
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O./pl soditun phosphate bu ffer  pH 6©8o The recovered r a d io a c t iv ity  

in  each fr a c tio n  was in  excess o f 30foo The fa c t  that very low 

r a d io a c t iv ity  was recovered in  th e  wash fr a c tio n  in d ic a te s  th a t  

degradation during th e  chromatography could be ru led  out#

2#6#7 O estrogen-induced changes in  u terine abundant mHMA.

sequences

The cINA rep resen tin g  th e predominantly abundant sequences 

o f  the 4 hours o e s tr a d io l-s t im u la te d  mRHA pop ulations were recovered  

by p r io r  h y b rid iza tio n  w ith an ex cess  o f i t s  tem plate to  a Rot o f  

1*0 (m oles seco l i t r e  The double-stranded m ater ia l was is o la t e d

by HAP chromatography and fu rth er  p u r if ie d  as describ ed  in  the.M ethods 

sec tio n #  o f the cDHA was recovered as hybrid , a fig u re  co in c id in g

w e ll w ith  385S hybrid form ation a t Rot 1*0 in  f ig u r e  24# The r e s u lt s  

p lo t te d  in  f ig u r e  30 show the h yb rid iza tion  o f t h is  abundant oINA to  

u ter in e  poly(A)+mRNA derived  from adult ra ts  and from immature ra ts  

r ec e iv in g  o e s tr a d io l- l?  B 2 hours or 4 tir before death©

The homologous r e a c t io n , employing polysom al poly(A)+RNA

from  4  h r  t r e a t e d  r a t s ,  was a lm o s t com plete  by a  Rot o f  0#1 (m o les  sec#

l i t r e  ^ ) and  a c h ie v e d  a  maximum o f  'JO fo h y b r id iz a t io n #  The c o r r e c t e d

R oti for  th is  rea ctio n  was 0#05l (Table lO) a fig u re  which agreed w e ll

w ith  the corrected  Roti for the most abundant c la s s  in  the homologous
2

rea ctio n  o f  the t o t a l  cMA w ith  i t s  own tem plate ( ta b le  8 )© This 

suggested  th a t th ere  was l i t t l e  h etero g en eity  o f poly(A)+mRMA concent]>- 

a tio n s  in  the h igh ly  abundant c la s s .  The k in e t ic s  o f th is  h y b rid iza tion  

covered a range 2#5 lo g  Rot u n it s ,  which wan broader than the I .5  u n its  

expected  fo r  a pseudo—f i r s t  order reaction© This wan probably due to



FIGURE! 30

K in etics  o f  h yb rid ization  o f  abundant cINA sequences 
w ith homologous and heterologous polv( A)*nnRMA

Abundant u t e r i n e  m essage 0IÎTA seq u en ces  t r a n s c r i b e d  from  

im m ature r a t s  r e c e iv in g  4 ^  o e s tro g e n  t r e a tm e n t  was i s o l a t e d  and 

p u r i f i e d  by HAP C hrom atography as d e s c r ib e d  in  th e  M ethods sec tio n *  

The abundant cITTA se q u en ce s  was h y b r id iz e d  in  ex cess  o f  u t e r i n e  

poly(A)+mRUA from # # # a d u l t  r a t s ,  A A.A: .im m ature r a t s

r e c e iv in g  2 h r o e s tro g e n  t r e a tm e n t ,  O O o im m ature r a t s  r e c e iv in g

r  o e s tro g e n  

10fig/ml RÎIA<

4 hr o e s tro g e n  trea tm en t©  E ach p o in t  c o n ta in e d  2000 cpm ^H—cMA and
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TABLUJ 10

Characterization of the abundant cDNA sequences

Kinetic
param eters

Abundant cDNA-mRNA 
hybridization

Total cDNA-mRNA 
hybridization 

(abundant component)

% Hybridization 70 28

Observed Rot i 0.07 0.17

Corrected Rot i 0.051 0.048

The gUTA used was complementary to polysom al poly(A)+raRMA 

from immature ra ts  which had rece iv ed  o estra d io l-1 7 3  4 hr before death* 

I t  was hyb rid ized  to  i t s  own template© The abundant fr a c tio n  was 

i s o la te d  as described  in  the experim ental s ec tio n  and the data i s  

derived  by a computer a n a ly s is  o f  th e k in e t ic s  o f P ig . 3O. The data  

on the abundant component o f the to t a l  cIÎTA i s  reproduced from ta b le  8©
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some v a r ia tio n  in  th e  s iz e s  o f the reaotab le  oEMA» Previous work has 

in d ica ted  th a t la rg er  cMA tr a n sc r ip ts  hybrid ize fa s te r  than sm all 

tra n scr ip ts  and hence the rea ctio n  may cover a broader range than the  

1*5 lo g  u n its  observed under id e a l conditions (Young ^  al© 1974»

Getz ^  1975)#

There was considerab le  sequence homology between the most 

abundant MA sequences o f th e  tem plate from 4 hr oestrogen—tr e a te d  rat 

u te r i  and poly(A)-fraHMA from 2 hr stim u lated  animals (f ig u r e  30)*

However, the 2 hr poly(A)+mRHA cou ld  not fu l ly  sa tu ra te  the 4 hr 

abundant cHMA im plying th a t the abundant sequences d id  have s l ig h t ly  

d if fe r e n t  abundances in  the two EHA populations© For much o f the curve, 

the 2 hr poly(A)+mHMA hybrid ized  fa s te r  than the 4 hr preparation  

in d ic a tin g  th a t some sequences were more abundant at the e a r l ie r  time*

Also i l lu s t r a t e d  in  f ig u r e  30 i s  a heterologous h y b rid isa tio n  

between adult poly(A)+mEMA and the abundant oHJAo The slow ra te  o f  

h yb rid iza tion  observed in d ica ted  that the adult mMA had a low concen

tr a tio n  o f sequences common to  the abundant mMA o f u te r i at the e a r l ie r  

sta g e  in  oestrogen—induced d if fe r e n t ia t io n *  This was in  agreement w ith  

previous fin d in gs ( f ig u r e  27) in d ic a tin g  th at adu lt uterus had a more 

r e s tr ic te d  population  o f  abundant sequences©

I t  has been suggested  by many workers that the abundant mMA 

s p e c ie s , being those which code fo r  the most predominant p ro te in s are 

resp o n sib le  fo r  the phenotype o f th e cell©  I t  i s  th erefore  not 

su rp r isin g  th a t progression  from th e r e la t iv e ly  u n d iffer e n tia ted  s ta te  

to  the adult sta g e  involved  changes in  the common abundant mEHA sequences©

2o6*8 Oestrogen—induced changes in  u ter in e  rare mHMA sequences

/
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2 .6 o8 O estrogen-induced changes in  u ter in e  rare mHITA sequences

oltTA derived  from 4 hours o e stra d io l-s tim u la te d  u ter in e  

poly(A)+ïïiRî'ÎA and predominantly complementary to  th e rare sequences

was fra c tio n a ted  by prelim inary h yb rid iza tion  w ith a vast excess o f
/ —1 ) i t s  own tem plate to  a Hot o f 12 (m oles sec© l i t r e   ̂ fo llow ed  by

sep aration  o f the hybrid ized  and unhybridized fr a c tio n s  by HAP chroma—

tography© The un hybrid! zed s in g le -s tr a n d e d  cHMA e lu te d  by OelA!»! sodium

phosphate b u ffer  c o n s titu te d  the rare cMA sequences© Figure 31 shows

the h yb rid iza tion  o f the rare cIHA sequences to  i t s  tem plate and to  th e

2 hours o e s tr a d io l-s t im u la te d  immature u ter in e  poly(A)+mRNA© o f the

H—cH'TA h ybrid ized  to  homologous RMA© The k in e t ic s  o f  th is  h y b rid iza tio n

rea ctio n  extend over 3 lo g  u n its  in d ic a tin g  th at th e fra c tio n a ted  cHHA

comprised more than one k in e t ic  component© This was l ik e ly  to  be caused

by some contam ination by the in term ediate  abundant cIMA and th is

con clu sion  was supported by the curve i t s e l f  which showed a s l ig h t

tr a n s it io n  at low Rot va lu es and a considerab le  percentage h y b rid iza tio n

at Rot Values below Rot 12© The heterologous h y b r id iza tio n , in  which

2 hr oestro g en -stim u la ted  u ter in e  mRNA was employed, showed no such

in f le c t io n  a t low Rot values# There were th ere fo re  few sequences in

th e  2 hr mRNA preparation  which were complementary to  th ese  oINA

components o f  in term ediate abundance# The ra rest sequences showed

considerab ly  more homology between the two mRÎ ÎA pop ulations though the

heterologous rea c tio n  was much slow er in d ica tin g  th a t sequences common

to both were in  much lower abundance in  the animals stim u lated  for  the

sh o rter  time©

This data  and the r e s u lt s  for  the h yb rid iza tion  o f the
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FIGURS 31

K in e t ic s  o f  h^ybridization o f  rare c HT A 
w ith  homologuons and h etero lo g o iis  pol.y( A)-miRIIA

Preparation and p u r if ic a t io n  o f  the rare oMA sequences 

are described in  the Methods s e c t io n . The rare u ter in e  message 

qMA from immature r a ts  r ec e iv in g  4 hr oestrogen treatm ent wan 

hybrid ized  to  excess  u ter in e  poly(A)+mRt'IA from »—■ ■» 

immature ra ts  r ec e iv in g  2 hr oestrogen treatm ent, ■■ o  o  

immature ra ts  r ec e iv in g  4 hr oestrogen treatm ent. Each poin t 

contained 2000 cpm and 1 mg/ml WAo
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abundan t c l a s s  cMA ( f ig u r e  3 0 ) i n d i c a t e d  th a t  th e  o r i g i n a l  d i f f e r e n c e s  

o b se rv e d  in  th e  l e v e l  o f  h y b r i d i s a b i l i t y  betw een th e  homologous 4 h r  

mRNA—oMA h y b r id i z a t io n  and th e  h e te ro lo g o u s  2 h r  mRNA—4 h r oUlA r e a c t io n  

( f i g u r e  28 ) w ere l i k e l y  to  r e s id e  p r im a r i ly  in  th e  in te r m e d ia te  abundan t 

c lass©

2o 6©9 mRNA se q u e n c e s  s y n th e s iz e d  betw een 2 h ou rs and 4 hours

a f t e r  o e s t r a d i o l  a d m in is t r a t io n

In  an a t te m p t to  co n firm  t h a t  th e  m ost p ro fo u n d  d i f f e r e n c e s  

in  th e  mRNA p o p u la t io n  i s o l a t e d  from  im m ature r a t s  2 h r  and 4 h r  a f t e r  

o e s t r a d i o l—1713 a d m in is t r a t io n  w ere in  th e  seq u en ce s  o f  in te r m e d ia te  

abundance th e  fo llo w in g  ex p e rim e n t was performed© The cINA to  4 h r  

o e s t r a d i o l - s t im u la t e d  r a t  u t e r i n e  mRNA was h y b r id iz e d  to  a  Rot o f  

2000 (M oles sec© l i t r e  ^ ) a g a in s t  poly(A)+mRMA from  2 h r  o e s t r a d i o l -  

s t im u la te d  an im als*  The cINA w hich  d id  n o t  form  h y b r id s  u n d e r th e s e  

c o n d i t io n s ,  w hich sh o u ld  r e p r e s e n t  th e  mRNA s p e c ie s  p r e s e n t  a t  4 h r  

b u t n o t  a t  2 h r  a f t e r  hormone t r e a tm e n t  were i s o l a t e d  by HAP chromar- 

to g ra p h y  and p u r i f i e d  as d e s c r ib e d  in  th e  M ethods section©  They w ere 

th e n  back—h y b r id iz e d  to  t h e i r  own te m p la te ;  nam ely  u t e r i n e  mRNA from  

4 h r  o e s tro g e n —s t im u la te d  anim als©

F ig u re  32 shows a  com puter g e n e ra te d  cu rv e  o f  t h i s  h y b r id iz a t io n  

and com pares i t  w ith  a  hom ologous h y b r id iz a t io n  u s in g  t o t a l  mBTA (h a tc h e d  

l i n e )  © I t  i s  seen  t h a t  th e  un h y b r id iz e d  cINA c o n ta in e d  seq u en ces  

com plem entary to  a b u n d a n t, in te r m e d ia te  abundan t and  r a r e  mRNA species©  

T ab le  11 sum m arizes th e  com puter—f i t t e d  n u m e ric a l i n t e r p r e t a t i o n  o f  th e  

h y b r id iz a t io n  cu rv e  and e x p re s s e s  th e  d a ta  as a b u n d a n t, in te rm e d ia te
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FiaURB 32

EyTjridiaable u ter in e  pol.vCA)4-111121A present 4- hr 
but not 2 hr a f te r  o e str a d io l stim u lation  o f immature r a ts .

U te r in e  mEUA from r a t e  a f t e r  4 h r  o e s t r a d i o l  tr e a tm e n t

Trtas h y b r id iz e d  to  - - - - -  — homologous cINA o r  

homologous oUTA from w hich  th e  seq u en ce s  com plem entary  to  u t e r i n e  

mRMA from 2 h r  o e s t r a d i o l  s t im u la te d  r a t s  had  been removed as 

d e s c r ib e d  in  th e  M ethods s e c tio n #  Bach p o in t  c o n ta in e d  2000 cpm 

^H-oINA and  1 mg/ml RMA»



TABLE 11

COMFLBXITY OF mRNA CALCULATED FROM HYBRIDISATION DATA OF FIGURE 32,

The data above rep resen ts computer a n a ly s is  o f  th e h yb rid ization  

k in e t ic s  in  fig u re  32.

The cDNA used represented  th e  unhybridiaed fr a c tio n  o f  th e  

heterologous h yb rid iza tion  between th e  4 h o e s tr a d io l stim u lated  

u ter in e  message cDUA w ith th e 2 h o e s tr a d io l stim u lated  mRNA 

(f ig u r e  2 8 ) . The unhybrized cDNA was is o la te d  and subsequently  

used to  reh yb rid ize  i t s  own tem plate under con d ition s as described  

in  the legend to  fig u re  24#

a: denotes the value o f  Rotj^ corrected  as though th e  components
2

were analysed as pure.

b: tak in g  th e  com plexity o f  the mouse g lo b in  (h y b r id iza tio n

standard) as 4  x  10^ d a lton s and a Rotj^ o f  4 x  10 ^
2

moles s e c . l i t e r   ̂ (W illiam son e t a l . , 1971 and B irn ie  

e^ , 1974)" The number average m olecular weight o f  

th e  u ter in e  polysom al poly(A ) "*RNAi i s  6 x  10^ (ta b le  7)#
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abundant, and rare sequences© The mMA present at 4 hr but not a t  

2 hr a fte r  hormone adm in istration  contained rep resen ta tiv es  o f a l l  

abundance c la s s e s  but was con sid erab ly  enriched in  sequences o f  

interm ediate abundance* In f a c t ,  the number o f  sequences in  the c la s s  

was I5t and the corrected  Rota  ̂ fo r  t h is  k in e t ic  component was in  very  

c lo se  agreement to  th at estim ated  in  the homologous h yb rid ization  w ith  

the t o t a l  mRNA-oIÏTA populations ( ta b le  8)© C onversely, o f the 9 or so 

abundant sequences and 78OO rare sequences found in  the t o t a l  poly(A )+  

mRNA population o f  the 4 hour o estrogen -stim u la ted  uterus ( ta b le  8 ) ,  

th ere  were only 1—2 and 2500 sequences r e sp e c t iv e ly  which were not 

present 2 hr a fte r  o e s tr a d io l-17B adm inistration©

I t  should be noted th a t approxim ately 2CÇ? o f the 4 hr 

message cIKA never forms hybrids* The cMA fr a c tio n  is o la te d  above 

would be enriched in  th is  elem ent thus exp la in ing  why the h yb rid iza tion  

on ly  went to  5%o

In te r r e la t io n sh ip  between u ter in e  HhHNA and polysomal 
poly(A)-t-mRMA

3©1 H ybrid ization  o f abundant cIŜ TA sequences towards

poly(A)+HnRNA

R esu lts thus fa r  obtained have revea led  th at the e a r l ie s t  

response, d etected  w ith in  30 rain o f o e stra d io l treatm ent to  immature 

r a t s ,  was a s tim u la tio n  in  the ra te  o f sy n th es is  o f u ter in e  HnRNA 

( fig u re  15)* This ea r ly  response was r e f le c te d  most n o ticea b ly  in  

the poly(A)-M'kiRtTA (f ig u r e  15) • Tt was a lso  noted that the sy n th es is
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o f th e  ahimdant mRMA sp e c ie s  r e f le c te d  an ea r ly  response to  o e s tr a d io l— 

17(3 treatm ent ( f ig u r e  30)* Some o f the abundant mRMA sequences o f the  

4 hr o e str a d io l-s t im u la te d  u te r in e  poly(A)+mEITA population  were 'also  

shown to be complementary to  mRNA sequences sy n th esised  a fte r  2 hr o f  

hormone treatm ent and appeared to  be in  greater  abundance at e a r l ie r  

tim es o f hormone treatm ent. Thus, by in feren ce , i t  was expected th at  

the abundant sequence fr a c tio n  was a lso  abundant in  the o e s tr a d io l-  

stim u la ted  poly(A)+HhRNA p op u la tion .

To in v e s t ig a te  th is  p o s s ib le  r e la t io n sh ip , the abundant cI2IA 

sequences, derived  from the 4 hr o e str a d io l-s t im u la te d  poly(A)+mMA 

p op u lation , was is o la te d  and p u r if ie d  as d escribed  in  the methods 

section©  I t  was then used to  probe for  complementary sequences in  

poly(A)*tHhRNA sy n th es ised  a t 30 min and 2 hr a f te r  o e str a d io l treatm en t. 

Figure 33 shows the k in e t ic s  o f h yb rid iza tion  o f the abundant cDTA 

driven by u ter in e  poly(A)+BaRNA p u r if ie d  from high m olecular weight 

HhRMA o f 30 min o e str a d io l-s t im u la te d  immature rat u ter u s . I n i t i a l l y ,  

th e  MA was p u r if ie d  from high m olecular weight HhMA recovered from 

aqueous grad ien ts ( f ig u r e  6 ) and only  denatured in  $0^ formamide a t 90^0 

for  5 Diin im m ediately p r io r  to  h y b r id iza tio n . However, in  a repeat 

experiment the poly(A)+HhRMA was p u r if ie d  from HhMA which had been 

sedim ented through denaturing sucrose grad ien ts con ta in in g  8^  formamide< 

The k in e t ic s  o f h y b rid iza tio n  i s  a lso  shown in  f ig u re  33o

The f ig u r e  c le a r ly  shows th at the poly(A)+HhRNA sy n th es ized  

a fte r  30 min o f o e s tr a d io l treatm ent did indeed contain  mRMA sequences 

homologous to  the abundant mRMA sp e c ie s  syn th esized  a fte r  4 hr o f  

o e str a d io l treatm ent. By comparison to the homologous r ea c tio n , the  

h y b rid iza tio n  w ith  poly(A)+HnRMA occurred to the same exten t but was



FIGURE.33

E v b r i^ za tio n  o f  oUTA complementary to abundant 
Poly(Aj-nnEt'TA o f the 4-h o e stra d io l-s tim u la te d  rat 
u te r i  aga in st h igh-m oleoular-w eight Poly(A)+HhRMA 

o f  u te r i  from ra ts  stim u la ted  w ith o e str a d io l  
30 min before death*

Abundant cIMA, is o la te d  and p u r if ie d  as described  in  the 

M aterials and Methods se c t io n  was h yb rid ized  w ith poly(A)+HnRMA o f  

uterus from ra ts  tr e a ted  w ith o e stra d io l—17B 30 min before death* 

H ybrid ization was assayed by r e s is ta n c e  to  N uclease d igestion *  

Each p o in t contained 2000 cpm ^H-cIMA and 1 mg/ml RNA*

- —  » h yb rid ization  o f the abundant cINA to  i t s  own 

tem plate (4h o e str a d io l-s t im u la te d  poly(A)+RNA) 

and reproduced from fig u re  30*

- -  _ -  E5 heterologous h yb rid iza tion  to  formamide—denatured

poly(A)+HnENA p u r if ie d  from HhRNA sedim ented through 

non—denaturing grad ien ts (se e  fig u re  6 )*

AAA -  p o in ts  con ta in in g  poly(A)+HhHNA recovered from HhRNA 

sedim ented through denaturing grad ien ts as described  

by McNaughton _alo (1974) (s e e  M aterials and Methods 

sec tio n )*
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FIGUH3 34

H ybrid ization o f  cUTA complémentary to  alJundazit 
Poliy(A)+mRMA o f the 4b. oe3tradiol~£3tim ulated u te r i  

a g ^ n s t  highr-moleoular-Meight Doly( A)+HhRHA o f  
u te r i  from ra ts  stim u lated  w ith  o e stra d io l—173 2 hr

before death*

Experimental d e ta i ls  are as describ ed  in  the legends to

fig u re  360

= homologous rea c tio n  o f  the abundant oUTA to  i t s  o-wn

tem plate ( 4h po13t(a)+RHa) and reproduced from fig u re  3O0

« form amide-denatured poly(A)+HhRNA p u r if ie d  from HnRHA

sedimented through non—denaturing grad ients ( s e e  f ig u r e 6; )$

« p o in ts con ta in in g  p o ly ( A)+HnEDTA recovered from HnRHA 

sedim ented through denaturing grad ien ts as described  

by Mdî aught on ^  a l o (1974) (s e e  M aterials and Methods 

s e c t io n )»
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s h if t e d  to higher Hot va lu es aud the reaction  produced a s teep er

h yb rid iza tion  curve than the curve seen w ith  t o t a l  poly(A)+niRMA*

T his in d ica ted  th a t the abundant mHMA sequences in  poly(A)+HnRMA

had a narrower frequency range than those present in  polysomes©

F ig u re  34 i l l u s t r a t e s  an id e n t ic a l  experim ent to  t h a t  in

f ig u r e  33 excep t t h a t  th e  poly(A)+HhENA was d e riv e d  from r a t s  which

rece ived  o e s tr a d io l 2 hr before death© There was a s tr ik in g  d iffe re n c e

in  the Hotj  ̂ va lu es derived from the cHIA—HnRNA curves which were

dependent on whether the HhRNA came from ra ts  stim u la ted  w ith  oestrogen

fo r  30 min or 2 hr# I'he former has a Hot_i value o f 1©5 moles sec© litre"**^
“•1w h ile  the la t t e r  was 60 moles sec© l i t r e  © This c le a r ly  in d ica ted  th a t

th e  4 hr o e str a d io l-s t im u la te d  abundant mHMA sequence content was

sev era l fo ld  g rea ter  in  the poly(A)+HnRMA population sy n th esized  at 2 hr

a f t e r  o e stra d io l treatment© The messenger sequence content in  the

poly(A)+HnHITA at the two hormonal s ta te s  could be ca lcu la ted  from the

s h i f t  o f the Hoti va lu es  obtained as compared to  the corrected  R oti 
2  2

value (0#051 moles sec© l i t r e  ^) obtained w ith the homologous mRMA— 

abundant cINA h yb rid iza tion  k in e t ic s#  Thus, the abundant mHMA sequence 

content in  poly(A)+HhRMA derived  from 30 min and 2 hr o e s tr a d io l-  

stim u lated  u te r i  was 0©08gg$ and 3o4^ respectively©  These va lu es are 

in  agreement w ith  th e  concept th a t  on ly  a sm all fr a c tio n  o f the IhiHNA 

i s  d estin ed  to  serve as mRMA precursor m olecules#
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DISCUSSION

S tero id  hormones en ter th e ir  target c e l l s ,  bind to  s p e c if ic  

cytoplasm ic recep tor  p ro te in s and the hormone—recep tor complex then  

moves in to  the nucleus where i t  s tim u la tes  tra n scr ip tio n  ( fo r  review  

see Gorski & Gannon, 1976; Yamamoto & A lb erts , 1976)» Oestrogens 

exert th e ir  e f f e c t s  in  th is  way on a number of ta rg e t t i s s u e s .  In  

some avian and amphibian t i s s u e s ,  tr a n sc r ip tio n a l responses le a d  to  

the production o f s p e c if ic  egg p ro te in  mRNAso Thus, as a r e s u lt  o f  

oestrogen s tim u la tio n , the hen oviduct sy n th es izes  th e mMAs coding  

fo r  the e g ^ w h ite  p ro te in s w h ile  the l iv e r s  o f  both amphibians and 

birds respond to the hormone by inducing production o f the mRLlAs for  

y o lk  p rote in  precursors (O'M alley e t  alo 1975» Tata, 1976)©

In th e mammalian u ter u s , oestrogens serve  a somewhat d if fe r e n t  

function© Here, they i n i t i a t e  a chain o f events which leads to  o v e r a ll  

growth o f the t i s s u e  and i t s  preparation  for the im plantation  o f a 

f e r t i l i s e d  egg© Evidence c o lle c te d  in  th is  and other la b o ra to r ie s  

shows th a t , ea r ly  on in  th is  p rocess oestrogen e l i c i t s  a dramatic 

stim u la tio n  o f the sy n th es is  o f  heterogenous n u clear HNA (HnRMA)» 

Subsequently, mRNA, which i s  presumably derived from th e HhRNA, 

accumulates in  the cytoplasm and brings about the aggregation o f  

p r e -e x is t in g  ribosomes in to  polysomes (Figure 1 7 ) , (Teng & Hamilton,, 

1967; Merryweather & Khowler, 1977)o This ea r ly  response and the  

tr a n s la tio n  o f the mRNA in to  a sm all number o f i l l - c h a r a c te r iz e d  

p ro te in s  (Garland, e t  a l© 1978) appears to  be a p r e re q u is ite  fo r  the  

subsequent s tr ik in g  stim u la tion  in  rRNA sy n th e s is , the accumulation o f  

new ribosomes and the subsequent u ter in e  hypertrophy and h yp erp lasia  

(Knowler & S rae llie , 1971» Borthwick & S m ellie , 1975)*
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The work described  in  th is  th e s is  was designed to  fu rth er  

e lu c id a te  th e  r o le  in  oestrogen—induced growth o f  th e uterus o f

a) E arly  HnHMA sy n th e s is

b) Changes in  mRMA p o p u la tio n s, and

o) The r e la t io n sh ip  o f th e HhRNA sy n th es is  to  mRNA 

accumulât ion©

Ao E arly HhRNA sy n th e s is  in  oestrogen—stim u lated  u te r i

The e a r l ie s t  response to  o e stra d io l treatm ent, d etected  in  

immature u teru s , in  the present work was the incorporation  o f precursor  

in to  ah RNA o f  very  high m olecu lar weight ( f ig u r e  14)1 which p a r a lle ls  

the observation  made by Knowler & S m e llie , ( l9 7 l)©  Previous s tu d ie s  on 

the behaviour o f  t h is  RNA sp e c ie s  showed th at i t  was rap id ly  sy n th es ized , 

had a short h a l f - l i f e ,  lacked  m ethylated bases and had a base com position  

low in  G+C and high A+U (Khowler & S m e llie , 1973)© These fin d in g s  

supported the conclusion  th a t th e m ateria l was heterogenous n u clear  RÎ IA 

and fu rther s tu d ie s  were undertaken to  in v e s t ig a te  i t s  chemical 

p ro p ertie s  and whether the in crea sed  sy n th es is  in vo lved  d is c r e te  sp e c ie s  

o f th is  RNA type# S im ultaneously w ith  th ese s tu d ie s , evidence has been 

accumulating th a t HnRNA i s  a precursor to  mRNA sp e c ie s  (se e  In trod u ction )  

and th at the polyad en ylated  HhRNA con ta in s su b s ta n tia l complementary 

mRNA sequences (Lewin, 1975b, c ) © The study o f HhRDTA sy n th e s is , in  a 

system  in  which i t  can be separated  from Rt-TA sp e c ie s  o f lower m olecular  

w eight may provide a way in  which the sy n th es is  of HhRNA and i t s  

subsequent m aturation in to  mRNA can be studied© In the immature u teru s, 

the process can a lso  be stu d ied  in  r e la t io n  to  hormone-induced 

d ifferen tia tio n ©
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The p u r if ic a t io n  of u ter in e  HnRNA was d if f ic u lt *  I t  was 

d esira b le  when preparing a nuclear RNA sp ec ie s  to s ta r t  w ith p u r if ie d  

n u c le i but the smooth muscle o f  the uterus i s  re fra c to ry  to  the 

preparation o f  good n u c le i and even the c i t r i c  ac id  method (Knowler 

& S m ellie , 1973) did  not com pletely protect the nuclear RNA sp e c ie s  

from endogenous ribonucleases*  Furthermore, the nuclear RNA was 

always contaminated w ith cytoplasm ic species*  The use o f m etabolic  

in h ib ito r s  provided an a lte r n a tiv e  and i t  was observed that the 

o e str a d io l-s t im u la te d  sy n th es is  o f  rRNA was more su sc e p tib le  to  actinom ycin  

D in h ib it io n  than the sy n th es is  o f HhRNA* However, a t a h igher dose o f  

the in h ib ito r , although th e sy n th e s is  o f rRNA was almost t o t a l ly  

elim in ated , the sy n th e s is  o f  HhRÎIA was in variab ly  a ffe c te d  by the  

in h ib ito r  (f ig u r e  5)© D if fe r e n t ia l  ex traction  methods such as those  

o f G eorgiev, ( I 967) d id  not produce good r e s u lt s  w ith  the uterus*

Because o f  th e above d i f f i c u l t i e s ,  HhRNA was p u r if ie d  by 

v ir tu e  o f the la rg e  s iz e  o f a proportion of the m olecules* Only HnRNA 

sedim enting at g rea ter  than 45S on aqueous sucrose d en sity  grad ien ts  

was iso la ted *  Under denaturing co n d itio n s , some o f th is  m ateria l 

e x h ib ited  lower m olecular w eights but most s t i l l  sedimented at g rea ter  

than 353' (f ig u r e s  8 & 11 )*

I t  would be o f immense va lu e were i t  to  prove p o ss ib le  to  

i s o la t e  the lower m olecular weight sp ec ie s  of u ter in e  HhMA# Experiments 

which measured both the u lt r a v io le t  in a c tiv a tio n  o f HnRNA tra n scr ip tio n  

(Derman _et 1976) and the e f f e c t  o f DRB(5 ,6—dich loro—1—B—D- 

rib ofu ran osy lb en zim id azo le), a drug which apparently b locks chain  

in i t ia t io n  on HnRNA sy n th es is  (Seghal e t  al* 1976a) in d ica ted  that 

r e la t iv e ly  short HnRNA chains were probably not degradation products o f
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la rg er  chains# The r e su lts  su ggested  that many HnMA m olecules  

con ta in in g  mRNA sequences may be d ir e c t ly  tra n scr ib ed  as m olecu les  

about 5000 bases in  length© This conclusion  was supported by 

experim ents, which demonstrated th a t the m ajority o f  the poly(A)+RhR3MA 

m olecules in  E h lich  a s c i t e s  c e l l s  were approxim ately 283 and were 

considered  primary tr a n sc r ip ts  because they contain ed  a tetraphosphate  

(3 chimineke ^  a l * 1976)© The p o s s ib i l i t y  e x i s t s ,  th e r e fo r e , th at th e  

HhRNA is o la te d  in  the present work had l i t t l e  r e la t io n sh ip  to  the sp ec ies  

o f lower m olecular weight RNA#

The high  m olecular -weight HhRNA was fr a c tio n a ted  on p o ly (u )— 

Sepharose columns in to  fr a c t io n s  which d if f e r  in  th e ir  poly(A) content 

and th e ir  s iz e  p r o f i le  on polyacrylam ide g e ls  ( f ig u r e s  9 , lO)©

Oestrogen treatm ent o f the r a ts  stim u la te s  the sy n th es is  o f a l l  three  

fr a c tio n s  o f HnRÎ'TA but th e k in e t ic s  o f  s y n th e s is , degree of s tim u la tio n  

and s iz e  d is tr ib u tio n  o f the newly sy n th esized  RNA d if fe r s  in  each  

fra ctio n #  An in te r e s t in g  ob servation  i s  the stim u lated  sy n th es is  o f  

polyadenylated  HnRNA ( fig u re  15)© This fr a c tio n  responds most rap id ly  

to  o e str a d io l treatm ent o f immature r a t s ,  i t s  sy n th e s is  being stim u la ted  

almost 3 fo ld  w ith in  30 min o f hormone adm inistration© This fin d in g  

in d ic a te d  the p o s s ib le  sim ultaneous sy n th es is  o f  mRNA, the tr a n s la t io n  

o f  which r e s u lt s  in  p ro te in s  th a t reg u la te  the tr a n sc r ip tio n  o f  rlNA* 

T herefore, i t  became im perative to  in v e s t ig a te  the r e la t io n sh ip  o f  

HhRNA to  mRNA in  th e ra t u terus during o e stra d io l s tim u la tio n  and the  

e f f e c t  o f the hormone on the sy n th es is  of u ter in e  mRNA©

B# Changes in  mRNA population  in  oestrogen -stim u la ted  u te r i

/
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Bo Changes in  mHMA pop ulation  in  oestrogen—stim u lated  u t e r i

RNA—UTA h yb rid iza tion  has become a u se fu l a n a ly t ic a l technique  

fo r  eva lu atin g  th e  ex ten t o f  g e n e tic  inform ation expressed in  d if fe r e n t  

eulcaryotio c e l l  types and t i s s u e s  ( ta b le  l)#  By the a p p lica tio n  o f  

e ith e r  sa tu ra tio n  h yb rid iza tion  o f s in g le -c o p y  MA (Brown & Church, 1 9 7 1  î 

G e l  derm an e t  al# 1971, Hahn & L aird , 1971| Grouse ^  a l o  1972;

G alau _et a l . 1 9 7 4 ; 1976) o r  th e  a n a ly s is  o f h y b r id iz a t io n  k in e t ic s  

between cMA and i t s  tem p la te  poly(A)+mRMA (B im ie  ^  a l # 1974;

B ishop ^  a lo  1974); th e  r e s u l t i n g  base sequence com plex ity  and abundance 

c la s s e s  o f  th e  mRNA p o p u la tio n  can be estim ated© Such d e te rm in a tio n s  

have begun to  f u r n is h  in fo rm a tio n  on th e  e x te n t o f genomic MA 

e x p re ssed  in  eu lcaryo tic  cells©

The e f f e c t  o f oestrogen  on mRNA com plexity was f i r s t  

in v e s t ig a te d  by Monahan e l  ^ ©  (1976)© Their r e s u lt s  in d ica ted  th a t  

poly(A)+RNA from ov id u cts o f eg g -la y in g  hens and d ie t h y ls t i lb e s t e r o l -  

stim u la ted  ch icks contained 20,000—25,000 d if fe r e n t  RNA sequences present 

in  three c la s s e s  o f  d if fe r e n t  abundance ranging from fewer than 3 to  

many thousand co p ie s  o f each sequence per cell©  In co n tr a s t, th ere  

were only 10,000 d if fe r e n t  sequences in  the ov id u cts withdrawn from 

oestrogen treatm ent# In a s im ila r  study, I have in i t ia t e d  an in v e s t

ig a tio n  o f  the ex ten t o f  gene tr a n sc r ip tio n  in  the rat uterus© Polysomal 

lo c a t io n  has been taken as a c r ite r io n  for  a c tiv e  mRNA# S in ce th e non- 

polyadenylated  mRNA i s  a sm all proportion Iqy mass o f th e  polysomal RNA, 

th e  poly(A)+raRMA can be considered  as rep resen ta tiv e  of the mRNA 

population© Two tim e p o in ts  in  the growth and development o f  the  

uterus have been studied© Adult rat u teru s, taken from ra ts  at 

p roesterü s when c ir c u la t in g  oestrogens are maximal, was taken to
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rep resen t th e f u l ly  developed t is su e #  U teri from immature ra ts  

responding to  4 hr oestrogen treatm ent were taken as t is s u e  a t an 

ea r ly  stage  in  oestrogen-induced  development when the hormone has 

stim u lated  an aggregation  o f ribosom es in to  polysomes (F igure 17 ; 

Merryweather & Knowler, 1977) and the e a r ly  oestrogen—induced p ro te in s  

are accumulating (GaSland ^  1978).

The preparation  o f  u ter in e  polysomes inclu ded  treatm ent w ith  

tr iton X —100 to  r e le a se  any membrane-bound polysom es, which are thought 

to  have a d if fe r e n t  fu n ction  from fr e e  polysomes (T ata, 1972)# The 

preparation a lso  included  cyclohexim ide which prevents ex ten siv e  run

o f f  o f ribosomes from mRNA. In the presence o f RNAse in h ib ito r s  

(heparin  and d ie th y l pyrocarbonate), the polysome p r o f i le s  (F igure 17) 

ex h ib ited  a number o f '^260 peaks w ith  s i z e s  exceeding 1003,

thus i t  i s  assumed th at the preparation  c o n stitu te d  un degraded polysome 

p op u lation . I t  must be emphasized th at th is  study concerns only  the  

com plexity of polyad enylated  RNA#

Complementary MA was prepared by the method o f  B im ie  _et a l .  

( 1974)# This method had the advantage o f being w e ll ch aracter ized  w ith  

th e  chosen standard, g lob in  mRNA (Young e t al© 1974)* However, i t  

does not make cDNA as long as some o f  the more r e c e n tly  published  

methods© The sy n th es ized  cMA were on average 450 bases long  

(F igure 22) whether the tem plate was g lob in  or the u ter in e  poly(A)+mENA 

which were, on average three tim es longer than g lo b in  mRNA (F igure 18)* 

The oDNAs prepared were, however, o f s u f f ic ie n t  len g th  fo r  th e  h;j'-brid— 

iz a t io n  s tu d ie s  described  and were o f high s p e c if ic  a c t iv ity #  The more 

rec e n tly  p u b lish ed  methods producing long cMAs su ita b le  fo r  c lon in g  

req u ire le v e l s  of tem plate mRNA which were not p r a c t ic a l when working
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w ith th e immature rat uterus and producing long  oMAs tend to  have 

lower s p e c if ic  a c t iv it ie s©

EÎÎA-CÏÏTA h yb rid iza tion  was e f fe c te d  at 43° in  s a l t  b u ffer  

contain ing formamide* This low temperature was chosen because MTA i s  

much more s ta b le  at 43° (Young e t  al© 1974) than a t the higher 

tem peratures (u su a lly  about 70° ) ,  more commonly used fo r  th is  type o f  

reaction© This r e s u lt s  in  lower rea ctio n  ra tes (Young e t  al* 1974)» 

but can be compensated for by longer incubation tim es (up to  18 days)©

A n alysis  o f  cMA h yb rid iza tion  to  homologous poly(A)+RNA 

from ra t uterus su ggest th at th ere  are 36,000 sequences o f 600,000  

average m olecular s iz e  mRNA expressed  in  the adu lt uterus at p roester  us 

(Table 8)© This va lu e  was unexpectedly high , f a l l in g  w ith in  the range 

o f the most a c tiv e  o f the mammalian t is s u e s  and c e l l s  in  cu ltu re  

(Bishop ^  a l ,  1974» Savage ^  1978» Kleiman ^  1977 »

C hikaraishi ^  1978) © However, estim ation s o f d iv e r s ity  and

com plexity by th is  method are known to  su ffe r  from the drawback th at  

the unique sequences are most re fra c to ry  to  a n a ly s is  by cMA hybridi

za tion  assay and th e ir  com plexity i s  l ik e ly  to be under-estim ated  

(Campo & Bishop 1974? Weiss ^  a l * 1976; R y ffe l & McCarthy, 1976;

Young e t  a l .  1976; R y ffe l, 1976)# I t  was th erefo re  considered  

im perative th at th e  above fin d in g s  were re-eva lu a ted  by a lte r n a tiv e  

methodology©

The method o f Gal au ^  a l © (1974; 1976) which measures the  

t o t a l  sequence com plexity by sa tu ra tio n  hyb rid ization  between ^H- 

la b e lle d  unique MA sequences and p u r if ie d  mRMA, g iv e s  a more p r e c ise  

measurement o f the com plexity o f  the le a s t  abundant mR!TA species©

Table 9 shows th at when u ter in e  mRNA from ra ts  at p roesteru a  i s  assayed
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by th is  method, 53,000 average s iz e  sequences are expressed in d ic a t in g  

th a t the a n a ly s is  o f cMA h yb rid iza tio n  wan indeed an underestim ate.

These r e s u lt s  are in  agreement w ith  the fin d in g s in  other t is su e s*

Thus com plexity determ inations in  mouse brain (H a stie  & B ishop, 1976; 

R y ffe l & McCarthy, 1975; Young e t a l .  1976), in  Friend erythroleukem io  

c e l l s  (Kleiman _et 1977) and in  ra t l iv e r  (S ip p e l ^  s i .  1977a) have 

in v a r ia b ly  r e su lte d  in  lower v a lu es  when measured by oMA h y b rid iza tio n  

r e la t iv e  to determ inations w ith  unique MA#

In unique MA h yb rid iza tio n  w ith excess u n la b e lled  RNA, s e l f  

annealing o f sequences present in  the probe can le a d  to  an overestim ation  

o f the percentage hyb rid ized  at saturation©  Previous workers have 

circum vented th is  d i f f i c u l t y  by carrying out a low s a l t  RNAse treatm ent 

o f the mixture o f RNA—MA and MA—MA hybrids fo llow ed  by hydroxyapatite  

chromatography to  obtain  an estim ate  o f  the amount o f  RNA—MA hybrids 

(Kleiman e t a l o 1977? Galau ^  1974, 1976)© By the technique used

in  th ese  s tu d ie s  t h is  step  was not n ecessary  s in c e  only mercurated 

mRNA—MA hybrids are re ta in ed  on the th io l-se p h a r o se . Furthermore, the 

percentage o f  hybrids a t very low Rot Values (<  lO) i s  le s s  than 0.08$^ 

( f ig u r e  26 ) su g g estin g  th a t contam ination w ith r e p e t it iv e  sequences i s  

minimal© The s p e c i f i c i t y  o f  th e rea ctio n  was confirm ed when unique 

la b e lle d  MA was hybrid ized  w ith  mercurated E© c o l i  rRDTA and no 

s ig n if ic a n t  liy b rid iza tio n  above background le v e l s  was observed ( f ig u r e  26), 

One source o f  error in  mRNA com plexity determ inations i s  

contam ination o f mRMA preparations w ith  nuclear RIÎA© Contamination 

o f mRMA from u ter in e  t i s s u e s  in  t h is  manner i s  ru led  out by the fin d in g  

th a t nu clear RNA la b e lle d  by sh ort p u lse s  o f  t r i t i a t e d  precursors does 

not appear in  the p u r if ie d  product ( s e e  a lso  fig u re  3)* Furthermore,
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s a t u r a t i o n  h y b r id i z a t io n  ta k e n  'o v er Rot V alu es  h ig h e r  th a n  10 ,000
_ " T

m oles seo# l i t r e  did not shorn a tr a n s it io n  for  nu clear ENA#

I t  i s  c le a r  that the adu lt uterus tra n scr ib es  sev era l fo ld  

more mRNA sequences than immature animals responding to  a short p u lse  

o f o e s tr a d io l. In  the l ig h t  o f th ese  r e s u lt s ,  i t  would be d es ira b le  

to  a lso  in v e s t ig a te  th e unstim ulated  immature ra t uterus# However the  

fa c t  th a t ,  in  th ese  anim als, u ter in e  ribosomes are v ir t u a l ly  a l l  

monosoraes ( f ig u r e  17) and mRNA le v e l s  are very low , make such a study  

te c h n ic a lly  extrem ely d i f f ic u l t *  S im ilar d i f f i c u l t i e s  accompany mENA 

preparations from u te r i  o f overiectom iaed  adult ra ts  where polysomes 

ra p id ly  d is in te g r a te  and mRNA le v e l s  f a l l*  However, I have succeeded  

in  preparing s u f f i c ie n t  un stim ulated  immature ra t u ter in e  mRNA to  

conduct heterologous h y b rid iza tio n  aga in st cINA from stim u lated  animals# 

Such heterologous h y b rid iza tio n s were conducted between cINA 

and mRMA preparations rep resen ta tiv e  o f the u ter in e  poly(A)+mEîIA 

population  a t variou s s ta g e s  in  hormone-induced development# They 

revea l th a t , in  the uterus responding to  stim u la tio n  by oestrogen , 

changes are observed in  th e  concen tration  o f e x is t in g  mRMA sp e c ie s  and 

in  the com plexity o f the population# Changes in  th e concentration  of 

u ter in e  raRNAs are apparent during e a r ly  tim es o f oestrogen stim u la tio n  

and in  f u l ly  developed tis su e *  F igure 28 rev ea ls  th a t , in  g en era l, 

sequences common to  ra ts  r e c e iv in g  2 or 4 br hormone stim u la tion  are  

l e s s  abundant in  the animals r e c e iv in g  the sh o rter  treatm ent* C onversely, 

fig u re  30 shows th a t some o f th e  abundant sequences may be more abundant 

at the e a r lie r  time* These f in d in g s  mirror the observations on 

d iffe re n c e s  between th e  u ter in e  mRNA population o f adu lt ra ts  and th at 

o f immature ra ts  tr e a te d  w ith  oestrogen  for  4 hr ( f ig u r e  2 4 )o Here
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a g a in  th e  mENA p o p u la t io n  o f  th e  more d i f f e r e n t i a t e d  u t e r i  was 

m ost com plex b u t th e  u t e r i  a t  an e a r l i e r  s ta g e  o f  hormone—in d u c e d  

developm ent had  r e l a t i v e l y  l a r g e r  am ounts o f  abundan t sequ en ces*

Changes in  co m p le x ity  o f  u t e r i n e  raRNAs a r e  profound*

Poly(A)+RN'A from  th e  u t e r i  o f  u n s t im u la te d  im m ature r a t s  has so  

l i t t l e  in  common w ith  t h a t  4 h r  a f t e r  o e s tro g e n  t r e a tm e n t  to  th e  

r a t s ,  t h a t  t h e r e  i s  v e ry  l i t t l e  co m p le m e n ta rity  betw een  th e  two*

I t  m ust be c o n c lu d e d  t h a t  o f  th e  8000—12,000 se q u e n c e s  e x p re s s e d  

in  th e  4 h r  o e s tro g e n  s t im u la te d  r a t  u te ru s  (T a b le  8) v e ry  few a re  

e x p re s s e d  to  th e  same e x te n t  in  th e  u n s t im u la te d  an im al*  S in c e  th e s e  

p ro fo u n d  ch an g es  a r e  known to  be a s s o c ia te d  w ith  a  s t r i k i n g  s t im u la t io n  

in  th e  s y n th e s i s  o f  HhRNA ( f i g u r e s  1 4 , 15 & 16) and  th e  ap p e a ra n c e  in  

th e  cy to p lasm  o f  new ly  made mRîlA, i t  w ould ap p ea r t h a t  a  l a r g e  num ber 

o f  u t e r i n e  g enes  a r e  sw itc h e d  on by o e s tro g e n  o r  a c t i v a t e d  to  a llo w  a  

much f a s t e r  r a t e  o f  t r a n s c r i p t i o n *  F o r many y e a r s ,  w orkers s tu d y in g  

o e s t r a d i o l  b in d in g  in  t h e  u t e r i n e  n u c le u s  have been  p u z z le d  by th e  

l a r g e  number o f  a p p a re n t  n u c le a r  r e c e p to r  b in d in g  s i t e s *  I t  w ould now 

seem p o s s ib le  t h a t  th e  l a r g e  num ber o f  s i t e s  c o u ld  be a s s o c ia te d  w ith  

th e  hormone e f f e c t  on a  l a r g e  number o f  gene lo c i*

A r e c e n t  i n v e s t i g a t i o n  by M ark av erich  a l#  (1 9 ?8 ) d e m o n s tra te d  

t h a t  o e s t r a d i o l  m ore th a n  d o u b le d  th e  number o f  i n i t i a t i o n  s i t e s  f o r  

Eo c o l i  RNA p o ly m erase  i n  im m ature r a t  u t e r i n e  c h ro m a tin  o v e r a  12 h r  

p e r io d *  Such s tu d ie s  te n d  to  s u p p o r t  th e  co n cep t o f  a  l a r g e  in c r e a s e  

in  th e  number o f  g en es  t r a n s c r i b e d  th o u g h  th e y  m ust b e . s u b je c t  to  

r e s e r v a t io n  o v e r  th e  v a l i d i t y  o f  u s in g  a  b a c t e r i a l  enzyme to  t r a n s c r i b e  

a  mammalian genome*
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I t  i s  a lso  worthy o f n ote  th a t the changes in  the mRTTA 

population  occur over a prolonged p eriod  of time* Thus, only  some 

o f th e  com plexity changes seen by 4 hr o f oestrogen  stim u la tio n  have 

occurred by 2 hr ( f ig u r e  28)* Furthermore, the changes are far  from 

complete at 4 hr, indeed the pop ulation  o f the u ter in e  mRNA o f adult 

u terus i s  sev era l tim es as complex* While some o f  the mRNA population  

o f the mature u terus may be induced by other fa c to r s ,  such as 

progesterone, i t  seems l ik e ly  th a t oestrogen w i l l  be resp on sib le  fo r  

some o f th ese  la t e r  developments*

I t  i s  o f in te r e s t  to  sp ecu la te  what changes in  u ter in e  p ro te in  

sy n th es is  are brought by the observed changes in mRMA syn th esis*

The induction  of s p e c i f ic  p r o te in s , for example ovalbumin, 

oonalbumin in  ov idu ct and v it e l lo g e n in  and tr a n sfe r r in  sy n th es is  in  

avian and amphibian l i v e r ,  i s  c o in c id e n ta l w ith the stim u lated  sy n th es is  

and accumulation o f th e ir  r e sp e c tiv e  mEMAs (Green & Tata, 1976; Wahli 

e t a l o 1976; R y ffe l e t a l * 1977î Hynes at ^ *  1977î P alm iter _et a l > 

1976; Lee e t al# 1978; McKhight, 1978)0 This in d ic a te s  c le a r ly  th at 

oestrogen  a ction  on p ro te in  sy n th es is  i s  based on th e ir  d i f f e r e n t ia l  

e f f e c t  on gene tr a n sc r ip tio n  and i s  mediated at the le v e l  o f mRMA 

production* Other mRMAs in  the ch ick  ov id u ct, p resen t only in  very  

low number o f c o p ie s , are a lso  stim u la ted  to sev era l thousand fo ld  over 

con tro l va lu es (A xel _et _^* 1976)# These sp e c ie s  may include lysozyme 

and ovumucoid raRî̂ lAs (Hynes e t  al* 1977)#

I t  seems l ik e ly  th a t most o f  the changes in  u ter in e  mRNA 

populations observed in  the r e s u lt s  sec tio n  concern p ro te in s of low 

abundance, the stim u lated  sy n th e s is  o f which would be d i f f i c u l t  to
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detect#  N e v er th e le ss , i t  i s  l i k e l y  that many o f them are o f considerab le  

importance in  the hormone-induced growth o f the t is su e*

Prom the p o in t o f view o f  studying th ese  oestrogen—induced  

changes in  p ro te in  s y n th e s is , perhaps the most in te r e s t in g  fin d in g  in  

the above r e s u lt s  concerned the d if fe r e n c e s  in  th e u ter in e  mRNA 

pop u lation s between r a ts  r e c e iv in g  o e str a d io l—173 2 hr before death  

and those w ith  4 hr treatment* Such comparison revea led  d if fe r e n c e s  

in  com plexity across the range o f a Rot a n a ly s is  and a general fin d in g  

th a t th e sequences common to  both population were most abundant a f te r  

the longer hormone treatm ent. The most s tr ik in g  d iffe re n c e s  in  th e  two 

mRNA p o p u la tion s, however, was found in  the sequences o f in term ediate  

abundance. This fin d in g  does not so fa r  have a p a r a lle l  in  any other  

hormonal system  where the most profound changes h ith erto  observed have 

been in  the most abundant sequences (Hynes at 1977î Parker & 

Mainwaring, 1977* Parker & S crace , 1978)* However, the uterus i s  

not known to sy n th es ize  major new p rote in s in  response to oestrogen*  

In stea d  one se e s  an o v e ra ll growth process which may require moderate 

q u a n tit ie s  o f a group o f p ro te in s  and n e c e s s ita te  th e appearance o f  

th e ir  mRNAs in the immediate abundance c la s s .  Ribosoraal p ro te in s  may 

w e ll f a l l  in to  t h is  category and indeed i t  i s  between 2 and 4 hr a f te r  

o e stra d io l ad m in istration  to  immature ra ts  th at th e sy n th es is  o f u ter in e  

ribosom al p ro te in s  begins to in crea se  (Merryweather & Khowler, unpublished  

observation s; Means & Hamilton 1966a , b; Moore & Hamilton, I 9644 

Greenman & Kenny, I 964 ; Teng & Hamilton 1967a, b)* At th is  time a lso  

the sy n th es is  o f u ter in e  HnRl̂ TA i s  peaking at ten  tim es co n tro l le v e ls  

(Knowler & S m ellie , 1973j see  a lso  f ig u re s  16 & 17) and can be
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ex tra cted  as HnRÎ P p a r t ic le s  (Knowler, 1976)# C le a r ly , the need for  

p ro te in s  a s so c ia te d  w ith  th ese  p a r t ic le s  may a lso  require a r e la t iv e  

abundance o f th e  mRMAs coding fo r  them#

Evidence has accumulated over the la s t  decade fo r  an in v o lv e

ment o f non -h iston e p ro te in s  in  a number o f d if fe r e n t ia t in g  system s 

in c lu d in g  th ose  responding to  hormone stim u la tion  (O’M alley ^  1977)#

I t  may w ell be th at th e  stim u la tio n  o f u ter in e  rRNA sy n th es is  by oestrogen  

i s  dependent on p ro te in  sy n th es is  because s p e c if ic  non h isto n e  p ro te in s  

req u ire to be sy n th esized  and to  a s so c ia te  w ith  rINA# Such p ro te in s  or 

a p ro te in  would be l ik e ly  can d id ates for  the sp e c ie s  o f in term ediate  

abundance* F in a lly , i t  i s  known th at in  the f i r s t  hours o f oestrogen  

a ctio n  in  the u te r u s , the recep tor  p ro te in  has to be rep len ish ed  

(C lark et a l # 1978)# This may a lso  n e c e s s ita te  f a i r ly  la rg e  q u a n tit ie s  

o f mRMA#

The eva lu ation  o f  the nature and fu n ctio n  o f the p ro te in s  

sy n th es ized  in  th e  immature ra t u terus during the f i r s t  4 hours o f  

oestrogen actio n  are the su b ject o f continuing in v e s t ig a t io n  in  th is  

laboratory*

Co The r e la t io n sh ip  o f  HnHMA sy n th es is  to  mRMA accumulation in
the oestrogen—stim u la ted  u te r i

The lon g  term aim o f the study in i t ia t e d  in  th is  th e s is  was a 

study o f the r e la t io n sh ip  between th e e f f e c t s  o f oestrogen on the th ree  

HhRMA fr a c tio n s  ch a ra cter ized  in  se c t io n  A and the oestrogen—induced  

changes in  the u ter in e  mRMA pop ulation  described in  sec tio n  B# In th is  

study i t  was planned to h yb rid ize the three fr a c tio n s  o f  HnRMA aga in st
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oMA t r a n s c r i b e d  from  t o t a l  mRNA#

Such a  s tu d y  ha^ been i n i t i a t e d  b u t has p ro v ed  d i f f i c u l t .

G re a t c a re  has been  ta k e n  to  a v o id  c o n ta m in a tio n  o f  th e  HnMA* T his 

has in v o lv e d  i s o l a t i n g  o n ly  v e ry -h ig h -m o le c u la r—w eig h t s p e c ie s  o f  

HnRNA and th e n  r e t a i n i n g  o n ly  th o s e  p o r t io n s  w hich r e t a i n  t h e i r  h ig b -  

m o le c u la r-w e ig h t c h a r a c t e r i s t i c s  on d e n a tu r in g  s u c ro s e  g r a d i e n t s .  These 

p r e c a u t io n s  have r e s u l t e d  in  low y i e ld s  o f th e  th r e e  HnRMA f r a c t io n s  

w hich have been in a d e q u a te  to  c o m p le te ly  s a t u r a t e  th e  cINA f o r  th e  

co m p le tio n  o f  Rot cu rv es  a g a in s t  th e  e n t i r e  mRMA p o p u la tio n *  However, 

y ie ld s  have been a d eq u a te  f o r  an a n a ly s i s  o f th e  h y b r id iz a t io n  o f 

HnRMA to  abundan t mRMA seq u en ces  and  su ch  s tu d y  was i n i t i a t e d  w ith  th e  

m ost i n t e r e s t i n g  HnRMA f r a c t i o n  nam ely th a t  c o n ta in in g  po ly(A )*  I t  was 

fo u n d  th a t  f o r  a l l  s p e c ie s  o f  ab undan t mRMA se q u e n c e s , th e r e  e x i s t  

l a r g e  poly(A)+HnRMA t r a n s c r i p t s  w hich c o n ta in  t h e i r  sequences*  S in ce  

th e  group  o f  abundan t mRMAs i s  o n ly  a  l im i te d  f r a c t i o n  o f  th e  

ap p ro x im a te ly  8 0 0 0 -1 2 ,0 0 0  d i f f e r e n t  o e s t r a d i o l - s t im u la t e d  im m ature 

r a t  u te r i n e  po ly som al poly(A)+mRTJA and th e  unknown number o f  non 

po ly (A ) c o n ta in in g  mRMA, t h i s  f in d in g  canno t be g e n e r a l i s e d  fo r  a l l  

mRMA seq u en ce s  in  th e  c e l l .

The f in d in g  t h a t  more poly(A)+HnHMA was needed  to  s a t u r a t e  

th e  cIMA to  th e  same e x te n t  a s  i t s  homologous mRMA, e x p re s s e s  th e  

d eg ree  o f  d i l u t i o n  o f  n u c le a r  m essenger sequences by o th e r  non—m essage 

poly(A)+HhRMA. T his f in d in g  i s  in  agreem ent w ith  th e  co n cep t t h a t  n o t 

a l l  poly(A)+HnHMA Oan s e rv e  a s  p r e c u r s o r s  to  mRMA. However, s in c e  th e  

p la te a u  o f  h y b r id iz a t io n  w ith  th e  poly(A)'f*HnRMA was s im i la r  to  t h a t  

o f  th e  homologous r e a c t io n ,  i t  i s  r e a s o n a b le  to  assume t h a t  a l l  o f  th e
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mEMA sp ec ie s  in  the abundant mRMA component were rep resen ted  in  th e  

poly(A)+HhHMA* T his was the case whether the HhRMA was derived  from 

ra ts  trea ted  w ith o e stra d io l fo r  30 min or 2 hr* In add ition  to th is  

q u a lita t iv e  d e tec tio n  of messenger sequences in  the nu clear RM A, i t  was 

p o ss ib le  to  determine th e ir  q u a n tita t iv e  d is tr ib u tio n  from the d iffe re n c e  

in  h yb rid iza tion  r a te s  r e la t iv e  to  the homologous rea c tio n . Thus, the  

30 min o e str a d io l-s tim u la te d  u ter in e  poly(A)+HhRMA contain s 0 .0 8 ^  and 

the 2 hr o e s tr a d io l-s t im u la te d  u te r in e  p o ly ( A)+HhRMA 3*4/  ̂ messenger 

sequence m aterial*  This f in d in g , in d ic a te s  that th e r e la t iv e  messenger 

sequence content in crea ses  s t e a d ily  as tim e o f hormonal stim u la tio n  i s  

increased* I t  i s  notew orthy, however, that the p resen t study i s  l im ite d  

only  to poly(A)+HhRtTA o f  a s iz e  ranging between 40S-30S in  denaturing  

sucrose grad ien ts  (f ig u r e  l l ) o  I t  i s  p o s s ib le  th at sm aller poly(A)+HhRMA 

may contain  a s u b s ta n t ia lly  h igher messenger sequence content as has 

been found in  th e  rat l iv e r  n u clear RMA (S ip p el ^  _^* 1977b)* 

N e v er th e le ss , at le a n t ^  o f  the mass o f the examined nuclear m essenger 

sequences o f  ra t l iv e r  poly(A)*MnRITA i s  in  RMA m olecules o f a s iz e  

between 373 and 44^ ( S ip p el o t a l* 1977b)* Furthermore, recent fin d in g s  

have in d ica ted  th a t the ovalbumin mRMA nuclear precursors are on the  

average 403 in s iz e  (Roop _et _^* 1978)# In ad d ition  to  the above 

f in d in g s , e le c tr o n  micrographs o f tr a n sc r ip t io n a lly  a c t iv e  non-ribosom al 

chromatin from amphibian lamp brush chromosomes, (Hamkalo & M ille r , 1973) 

and from the embryo o f  the m ilk-weed bug, (Foe at a l * 1976) show 

s p e c i f ic  s i t e s  for  in i t ia t io n  and term ination o f tra n scr ip tio n  and 

suggest rather long primary RMA tr a n sc r ip t fo r  at le a s t  some s tr u c tu r a l  

genes*
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The non—polyadenylated HhRMA sp ec ie s  may a lso  contain  a high  

messenger sequence content# That th is  i s  indeed the case has been 

demonstrated for rat l iv e r  poly(A)+mRMA (S ip p e l a l .  1977b) ; g lob in  

mRMA (R oss, 1976; C urtis & Weissman, 1976; Kinniburgh & M artin, 1976) 

and mRMA o f  the mouse L c e l l s  (Hames & P erry , 1977)*

Based on the fin d in gs reported  in  th is  t h e s is ,  fu rther s tu d ie s  

would conduct a s im ila r  a n a ly s is  w ith  the other HnRMA fr a c tio n s  and 

examine the p o s s ib i l i t y  th at a l l  the three HhRMA fr a c tio n s  contain  

s im ila r  sequences by in v e s t ig a t in g  whether they would compete w ith  each 

other during h yb rid ization  to  clITA*
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