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SUMMARY.

1. S e v e ra l forms of DNA-dependent RNA polym erase have been p u r i f ie d  

from th e  u t e r i  o f immature r a b b i t s .  The i s o la t io n  procedure in vo lved  

th e  e x tra c t io n  o f t o t a l  u te r in e  p ro te in  from a whole t i s s u e  homogenate 

u s in g  h ig h  s a l t  c o n c e n tra tio n s . The RNA polym erases were p a r t i a l l y  

p u r i f ie d  by DEAE-cellulose chrom atography and re so lv ed  in to  th re e  sp ec ie s  

o f enzyme which have been d es ig n a ted  RNA polym erases A, B and C. These 

enzymes have been f u r th e r  p u r i f ie d  by chrom atography on ph o sp h o ce llu lo se  

and by g ly c e ro l d e n s ity  g ra d ie n t sed im en ta tio n .

2 . The two m ajor sp ec ie s  o f RNA polym erase, namely A and B, have been 

e x te n s iv e ly  c h a ra c te r is e d . Both enzymes sedim ent s l ig h t ly  f a s t e r  than  

E. c o l i  RNA polym erase in  g ly c e ro l g ra d ie n ts  su g g estin g  a m olecu lar 

w eight in  th e  range of 500,000 -  600,000. RNA polym erase A i s  more 

a c t iv e  in  low c o n c e n tra tio n s  of s a l t ,  a lth o u g h  i t  can u t i l i s e  bo th  Mg”*”*" 

and Mn^^ e f f i c i e n t ly .  RNA polym erase B i s  more a c t iv e  in  h igh  co n cen tra 

t io n s  of s a l t  with Mn^^ r a th e r  than  Mĝ "̂  p re s e n t as th e  d iv a le n t  c a tio n . 

RNA polym erase A i s  in s e n s i t iv e  to  th e  a c tio n  of th e  to x in  <R-amanitin 

which s p e c i f ic a l ly  i n h i b i t s  RNA polym erase B a t  s im ila r  c o n c e n tra t io n s . 

However, RNA polym erase A i s  more s u sc e p tib le  to  th erm al tre a tm e n t than  

i s  RNA polym erase B. The tem p la te  s p e c i f i c i t i e s  o f both  enzymes have 

a lso  been in v e s t ig a te d .

3. A th i r d  sp ec ie s  of enzyme, d esig n a ted  PNA polym erase C, has been 

p a r t i a l l y  p u r if ie d  and c h a ra c te r is e d . This enzyme may be cy top lasm ic in  

o r ig in  o r may be ' s o lu b le ' w ith  th e  r e s u l t  t h a t  i t  i s  leached  out r e a d ily  

from th e  n u c le i .  RNA polym erase C has some p ro p e r t ie s  s im ila r  to  th o se  

o f enzymes A and B and some which a re  in te rm e d ia te  between th e  two m ajor 

enzyme s p e c ie s .



4 . Two RNA polym erase a c t i v i t i e s  have been id e n t i f i e d  in  i s o la te d  

n u c le i ;  one has been equated  w ith  RNA polym erase A w hile th e  o th e r  has 

been equated w ith  RNA polym erase B.

5" In v i t r o  in c u b a tio n  o f o e s t r a d io l  w ith  u t e r i  has shown th a t  th e  

s t im u la tio n  of RNA polym erase a c t i v i t i e s  in  i s o la te d  n u c le i  i s  on ly  

s l i g h t  when compared w ith  th e  a c t i v i t i e s  measured in  n u c le i  o b ta in ed  from 

u t e r i  t r e a te d  w ith  o e s t r a d io l  in  v iv o .

60 Wlien m easuring th e  endogenous RNA polym erase a c t i v i t i e s  of i s o la te d  

n u c le i ,  p r io r  tre a tm e n t of th e  r a b b i t s  w ith  o e s t r a d io l  had a profound 

e f f e c t  on th e  t r a n s c r ip t io n a l  c a p a c ity . W ithin 30-45 min a f t e r  hormone 

tre a tm e n t, th e  a c t i v i t y  o f RNA polym erase B was c o n s id e ra b ly  in c re a s e d . 

T his a c t i v i t y  decreased  tow ards c o n tro l  le v e ls  a t  1- 2h b e fo re  e x h ib it in g  

a second, in c re a s e  of a c t i v i t y  a t  abou t 3h. From 1h a f t e r  o e s t r a d io l  

tre a tm e n t, RNA polym erase A a c t i v i t y  in  th e  i s o la te d  n u c le i  was a ls o  

in c re a se d  and reached a p la te a u  by abou t 4h. Both a c t i v i t i e s  have been 

shown to  be s e n s i t iv e  to  th e  a c t io n  of actinom ycin  D.

7o Treatm ent o f th e  an im als  w ith  (R-am anitin p r io r  to  o e s t r a d io l  

in h ib i te d  th e  horm one-induced s tim u la tio n  of RNA polym erase A a s  w e ll as 

t o t a l l y  in h ib i t in g  RNA polym erase B, However, when < -a m a n itin  was 

ad m in is te red  a f t e r  th e  e a r ly  enhancement of RNA polym erase B, th e  

o o s tra d io l- in d u c e d  s t im u la tio n  o f RNA polym erase A was re ta in e d .

8 . Treatm ent of th e  an im als  w ith  cyclohexim ide p r io r  to  o e s t r a d io l  d id  

n o t a f f e c t  the  s t im u la tio n  o f RNA polym erase B b u t p reven ted  th e  

oe s trad i. o l-in d u ced  eniiancement o f RNA polym erase A. However, when 

cyclohexirai.de tre a tm e n t was delayed  u n t i l  a f t e r  th e  e a r ly  s tim u la tio n  

o f RNA polym erase B, th e  a c t i v i t y  o f RNA polym erase A was s tim u la te d .



This suggested  th a t  s tim u la tio n  o f RNA polym erase A a c t i v i t y  was dependent 

on p ro te in  sy n th e s is  subsequent to  th e  horm one-induced s tim u la tio n  of 

RNA polym erase B,

9 . S ince  some in d ic a t io n s  were o b ta ined  of an e f f e c t  of cytoplasm  from 

o e s t r a d io l - t r e a te d  r a b b i t  u t e r i  on th e  RNA polym erase a c t i v i t y  in  n u c le i ,  

a tte m p ts  were made to  c o n ce n tra te  any such components. I t  was found 

th a t  a  f r a c t io n  of th e  cytoplasm  i s o la te d  from u t e r i  t r e a te d  w ith  

o e s t r a d io l  f o r  30 rain was capable  of s tim u la tin g  RNA polym erase A a c t i v i t y  

in  n u c le i  i s o la te d  from c o n tro l  anim al u t e r i .

10. The i s o la te d  RNA polym erases from immature r a b b i t  u t e r i  do n o t show 

any in c re a s e  in  a c t i v i t y  in  response to  o e s t r a d io l  i r r e s p e c t iv e  of th e  

tim e of tre a tm e n t w ith  hormone. No f r a c t io n s  from cytoplasm  t r e a te d  

w ith  hormone have been shown to  p o ssess  any s tim u la to ry  a c t i v i t y  f o r  

e i th e r  RNA polym erase A o r B. I t  i s  p o s s ib le  t h a t  th e  o b se rv a tio n s  of 

in c re a se d  RNA polym erase a c t i v i t i e s  in  i s o la te d  n u c le i  r e s u l t  from changes 

in  th e  t r a n s c r ip t io n a l  m achinery r a th e r  than  being  due to  a l t e r a t io n s  in  

th e  RNA polym erases p e r  s e .



INTRODUCTION



1 o C on tro l in  L iv ing  S ystem s.

One o f th e  most im p o rtan t problem s in  b io ch em istry  i s  th e  mechanism

by whicli a  c e l l  can respond to  changes in  i t s  e x te rn a l  environm ent by 

a l t e r in g  th e  s y n th e s is  o r a c t i v i t y  of c e r ta in  s p e c if ic  p r o te in s .  Even 

sm all b a c t e r i a l  v i ru s e s ,  co n ta in in g  as  few as th re e  genes, a re  a b le  to

c o n tro l  t h e i r  developm ent and fu n c tio n  (S ta v is  & August, 1970) and i t

i s  n o t  s u rp r is in g  th a t  th e  f i r s t  c o n tro l  system s to  be e lu c id a te d  were 

in  v iru s e s  and b a c te r ia .

One o f th e  e a r l i e s t  a tte m p ts  to  e x p la in  m etabo lic  c o n tro l  in  

b a c te r ia  was a  th e o ry  o f in d u c tio n  and re p re s s io n  of p ro te in  sy n th e s is  

(Jacob & Monod, 1961) , I t  was p o s tu la te d  t h a t  a  s p e c if ic  r e p re s s o r  

p ro te in  combined w ith  a p a r t i c u l a r  s i t e  on th e  DNA c a lle d  th e  o p e ra to r  

th u s  b lo ck in g  th e  t r a n s c r ip t io n  of th e  a d ja c e n t gene. C e rta in  

m olecu les call.ed  in d u c e rs  were a b le  to  cause th e  d is s o c ia t io n  o f t h i s  

o p e ra to r - re p re s s o r  complex, a llo w in g  th e  t r a n s c r ip t io n  o f p re v io u s ly  

re p re sse d  genes. The work o f G ilb e r t  & M d lle r-H ill  (1966; 196?) 

confirm ed th e se  concep ts and more re c e n t ly ,  jn. v i t r o  system s responding  

to  tlie  re g u la to ry  compounds have been developed (deCrombrugghe e t  a l , ,

1971).

A nother c o n tro l system  dem onstrated  in  b a c te r ia  was feed  back 

in h ib i t i o n  (Umbarger, 1969)0 In  many of th e  s y n th e t ic  pathways of 

b io lo g ic a l  compounds p ro d u c ts , formed l a t e  in  th e  r e a c t io n  sequence, 

c o n tro l  th e  a c t i v i t i e s ,  o f enzymes c a ta ly s in g  e a r l i e r  r e a c t io n s .  By 

t h i s  method, th e  c e l l  can p re v e n t f u r th e r  s y n th e s is  o f a]J. th e  i n t e r 

m ed ia tes  and th e  p ro d u c t of th e  syn’b lie tic  pathv^ay.

In  m u l t ic e l lu la r  organism s, th e  term  ’c o n t r o l ’ has much w ider 

im p lic a t io n s , embracing p ro c e sse s  such as  c e l l u l a r  d i f f e r e n t i a t i o n ,  

organ developm ent and m a tu ra tio n . Very l i . t t l e  i s  knovn about tlie  

in te r r e la t io n s h ip  of in d iv id u a l  celd.s w itliin  a p o p u la tio n  and th e  manner



i n  which th ey  in f lu e n c e  each o th e r .  In  a d d it io n , th e  o v e ra l l  

c o o rd in a tio n  of c o n tro l  mechanisms in  th e  whole organism  rem ains p o o rly  

u n d e rs to o d .

H igher anim als p o ssess  two m ajor system s by which one t i s s u e  can 

in f lu e n c e  th e  a c t i v i t y  o f a n o th e r; th e  nervous system  and th e  endocrine 

system . The nervous system  tra n s m its  in fo rm atio n  in  th e  form of 

e le c t id .c a l  im pulses from th e  b ra in  to  th e  t i s s u e s .  By c o n tr a s t ,  th e  

endocrine  system  e l i c i t s  responses by means o f th e  hormones which a re  

chem ical m ed ia to rs  o f communication between th e  d i f f e r e n t  c e l l  ty p es  o f 

an organism .

Each hormone produces s p e c i f ic  b iochem ical and p h y s io lo g ic a l 

changes in  i t s  t a r g e t  t i s s u e s .  There a re  s e v e ra l d i f f e r e n t  ty p es  of 

hormone and one of th e s e , th e  s te r o id  hormones, i s  b e lie v ed  to  e l i c i t  

th e  response  by a c t in g  in  p a r t  in  th e  c e l l  nucleus of t h e i r  ta r g e t ,  t i s s u e s . 

S te ro id  hormones c o n tro l  a wide v a r ie ty  o f s p e c i f ic  changes in  mammals 

and one of th e se , m a tu ra tio n , i s  c o n tro lle d  by androgens in  th e  male and 

o estro g en s  and p ro g e s tin s  in  th e  fem ale . The mode of a c t io n  of 

o estro g en s  a t  th e  m o lecu lar l e v e l  i s  th e  s u b je c t o f t h i s  th e s i s ,

2 , Biochemistry^ of tlie  T arge t T issue Response to  O estrogens .

E n try  of o e s t r a d io l  in to  th e  c e l l s  of i t s  t a r g e t  t i s s u e  s e ts  in  

motj.on a sequence o f b iochem ica l ev en ts  which e v e n tu a lly  le ad s  to  the  

p h y s io lo g ic a l changes such as p r o l i f e r a t i o n  of th e  ep ith e liu m  of th e  

v ag in a , c e rv ix , endometrium and Pal]„opian tu b e s . This s e c tio n  review s 

th e  b io ch em istry  of oestro g en  a c tio n  and, where r e le v a n t ,  compares and 

c o n tra s ts  i t s  response w ith  t h a t  of o th e r  hormones.

2 ,1 ,  T ran sp o rt to  and E ntry  in to  th e  T arget T issu es .

O estrogens a re  sy n th es ised  co n tin u o u sly  in  small, a.mounts by th e



o v a rie s  and in  la rg e  amounts by a m aturing  f o l l i c l e , They a re  t r a n s 

p o rte d  v ia  th e  blood stream  to  t h e i r  t a r g e t  organs, th e  u te r u s ,  th e  

v ag in a , th e  mammary g lands and th e  p i t u i t a r y ,  O estrogens spon taneously  

and r e v e r s ib ly  a s s o c ia te  w ith  serum p ro te in s  to  form com plexes. Serum 

album in i s  w e ll known f o r  i t s  a b i l i t y  to  form a s s o c ia t io n s  w ith  many 

compounds in c lu d in g  s te ro id  hormones (Bennhold, 1966), and a lth o u g h  th e  

b in d in g  i s  of low a f f i n i t y ,  i t  appears  to  be im p o rtan t f o r  t h e i r  

t r a n s p o r t ,  T a v e m e tti  e t  a l ,  (196?) dem onstrated th e  p resen ce  o f a 

p ro te in  in  th e  p -g lo b u l in  f r a c t io n  which bound oestro g en s w ith  h igh  

a f f i n i t y .  This o estro g en  b in d in g  p ro te in  has been re p o rte d  in  s e v e ra l  

an im al sp e c ie s  in c lu d in g  cows and man b u t n o t in  r a t s ,  r a b b i t s  o r dogs 

(Murphy, 1968), The horm one-p ro tein  complex prov ided  a conven ien t 

method f o r  th e  t r a n s p o r t  of th e  hormone to  th e  t a r g e t  t i s s u e  due to  

i t s  ra p id  d is s o c ia t io n .

L i t t l e  i s  known abou t th e  mechanism of e n try  of o e stro g en s  in to  

t h e i r  t a r g e t  t i s s u e  c e l l s ,  b u t th e  f a c t  t h a t  th e se  c e l l s  accum ulate th e  

hormone does n o t in  i t s e l f  im ply an a c t iv e  tra n .sp c r t mechanism,

Milgrom e t  a l ,  (1972) claim ed th a t  oestro g en  e n try  was m ediated  by a 

p ro te in  and th a t  th e  p ro cess  could be in h ib i te d  by tre a tm e n t w ith  

su lp h y d ry l b lock ing  ag en ts  such ass< -iodoacetam ide . A f te r  t h i s  tre a tm e n t, 

tile  amount of o e s t r a d io l  bound by th e  cy top lasm ic re c e p to r  decreased  

c o n s id e ra b ly , p robab ly  due to  damage to  th e  cy toplasm ic re c e p to r ,

2 ,2 ,  T arge t C e ll O estrogen R eceptor P ro te in s .

Numerous re c e n t s tu d ie s  have re v ea led  th e  p resence  of s p e c if ic  

re c e p to rs  in  oestro g en  s e n s i t iv e  and o th e r  hormonal t a r g e t  t i s s u e s .

Hiese re c e p to r  p ro te in s  appear to  be re sp o n s ib le  f o r  accum ulation  of th e  

hormone in  th e  cytoplasm  and i t s  t r a n s p o r t  to  th e  nu c leu s  (Jensen  &

DeSombre, 1972).



2 . 2 . 1 .  The Cytoplasmic Receptor P rote in .

The concept of s te r o id  re c e p to rs  i n i t i a l l y  a ro se  from s tu d ie s  

in v o lv in g  th e  a d m in is tra tio n  of i n i t i a t e d  o e s t r a d io l  to  immature r a t s  

(Jensen  & Jacobson, 1962) when i t  was shovm th a t  only  t a r g e t  t i s s u e s  

p o ssessed  th e  a b i l i t y  to  r e t a in  th e  hormone a g a in s t  a c o n c e n tra tio n  

g ra d ie n t  in  th e  b lood . These o b se rv a tio n s  were confirm ed by b iochem ical 

and a u to ra d io g ra p h ic  methods (Noteboora & Gorslci, 1965; Stumpf & Roth, 

1966) and i t  was dem onstrated  t h a t  a lthough  much of th e  accum ulated 

hormone was s i te d  in  th e  n u c leu s , about 20-30^ was p re s e n t in  th e  

cy top lasm . T o ft & G orski (1966) showed th a t  a so lu b le  cy top lasm ic 

p ro te in  capable  of b in d in g  t r i t i a t e d  o e s t r a d io l  occurred  in  r a t  u te r u s .  

This p ro te in  was considered  to  be a re c e p to r  because s ig n i f ic a n t  amounts 

were on ly  found in  o estro g en  t a r g e t  t i s s u e s  and because o f th e  

s p e c i f i c i t y  and h igh  b in d in g  a f f i n i t y  o f th e  p ro te in  f o r  b io lo g ic a l ly  

a c t iv e  oestro g en s such as  o e s t r a d io l  and th e  s y n th e tic  n o n -s te ro id a l  

o e s tro g en , d i e th y l s t i l b o e s t r o l  (DES), The cytop lasm ic horm one-pro tein  

complex sedim ented in  sucrose  g ra d ie n ts  w ith  a value of abou t 8S when 

compared w ith  y e a s t  a lc o h o l dehydrogenase (T o ft & G orsk i, 1966;

R ochefo rt & B au lieu , 1968),

In  sucrose  g ra d ie n ts  w ith  an io n ic  s tre n g th  g re a te r  th an  0,2M KGl, 

th e  cy top lasm ic 8S re c e p to r  was r e v e r s ib ly  transform ed to  a more slow ly 

sediraenting  4^ form (E rdos, I 968; Korenman & Rao, 1968; Jensen  e t  a l , ,  

1969 ) . An in te rm e d ia te  6S form has a ls o  been re p o rte d  under 

p h y s io lo g ic a l io n ic  c o n d itio n s  (B aulieu  e t  a l . , 1971). Thus, th e  

re p o rte d  sed im en ta tio n  c o e f f ic ie n ts  from v a rio u s  la b o r a to r ie s  v a ry  to  a 

co n sid e rab le  e x te n t (Chamness & McGuire, 1972), S ta n c e l e t  a l .  (l973a) 

showed th a t  m u ltip le  form s of oestro g en  re c e p to rs  could be produced by 

c o n c e n tra tio n  dependent ag g reg a tio n  and suggested  th a t  th e  cy toplasm ic 

re c e p to r  may e x is t  a s  th e  48 form r a th e r  than  th e  8S e n t i t y .  With



p â ïd ia l ly  p u r if ie d  C alf u te r in e  Cytoplasm ic complexes, e s tim a te s  of 

200,000 and 5«8 fo r  m o lecu lar w eight and i s o e l e c t r i c  p o in t  r e s p e c t iv e ly ,  

Were found fo r  th e  8S complex compared to  75>000 and 6 .4  f o r  th e  4-S u n i t  

(DeSombre e t  a l . > 1971). More re c e n t ly ,  c h a r a c te r is a t io n  of th e  

cytoplasnd-o re c e p to rs  which had been p u r i f ie d  by a f f i n i t y  chrom atography, 

showed th a t  th e  88 form has a  m olecu lar w eight o f app rox im ate ly  240,000 

w hile  th e  m olecu lar w eight of th e  4^ u n i t  i s  abou t 60,000 (Puca e t  a l , , 

1971> S ic a  e t  a l , ,  1973)* Once th e  re c e p to rs  have been p u r i f ie d  to  

hom ogeneity, i t  should be p o s s ib le  to  o b ta in  a cc u ra te  v a lu e s .

I t  appears  th a t  sed im en ta tio n  behav iour of re c e p to r  p ro te in s  can 

Vary in  r e la t io n  to  c o n c e n tra tio n  and io n ic  c o n d itio n s  b u t sed im en ta tion  

v a lu e s  a re  s t i l l  a  u s e f u l  metiiod fo r  th e  id e n t i f i c a t io n  o f s te r o id  

b in d in g  p ro te in s .  At p re s e n t ,  th e re  i s  no means of d e term in ing  th e  

ex ac t s iz e  o r c o n f ig u ra tio n  of a re c e p to r  as i t  e x is t s  iu  v iv o ,

2 ,2 ,2 ,  T ran sfe r of Hormone-Receptor Complex to  the  N ucleus.

The p io n eerin g  work o f G orski e t  a l ,  (1968) and Jensen e t  a l ,

( 1968) le d  to  th e  concept th a t  fo llo w in g  an o estrogen -induced  conform

a t io n a l  change in  th e  u te r in e  cy top lasm ic re c e p to r  p ro te in ,  t h i s  complex 

was t r a n s f e r r e d  to  th e  n u c le u s , Jensen e t  a l ,  (1968) dem onstrated  a 

tem pera tu re  dependent (37°^ i n t r a c e l l u l a r  t r a n s f e r  o f p ro te in -b o u n d  

o e s t r a d io l  from th e  cytoplasm  to  th e  n uc leus of th e  r a t  u te r u s .  About

50^ of th e  n u c le a r  form of th e  horm one-recep tor complex can be e x tra c te d

by Oo3M KGl and th i s  f r a c t io n  was found to  have a  sed im en ta tio n  

c o e f f ic ie n t  of 5S in  su crose  g ra d ie n ts .  This complex was only  d e te c te d

in  ic e lls  which had been exposed to  o e s t r a d io l .  Exposure of i s o la te d  

n u c le i  to  t r i t i a t e d  o e s t r a d io l  and cytop lasm ic re c e p to r  le d  to  an 

accum ulation  o f a  s a l t  e x tra c ta b le  58 complex in  the n u c le i ,  whereas no 

such complex was found, when n u c le i  were in cu b a ted  w ith  o e s t r a d io l  a lo n e .



These o b se rv a tio n s  le d  to  th e  ’ two s t e p ’ h y p o th es is  (Jensen  e t  a l , ,

1968) which suggested  th a t  th e  58 n u c le a r  complex re p re se n te d  an a l te r e d  

form o f th e  cytopls-sm ic re c e p to r .

This m o d if ic a tio n  p robab ly  occurs in  v ivo  b e fo re  e n try  o f th e  8S 

re c e p to r  in to  th e  n u c le u s , G orski e t  a l ,  (l973) su ggest th a t  th e  

cy top lasm ic  b ind ing  p ro te in  undergoes a con fo rm ationa l change in  th e  

cytoplasm  a f t e r  complexi.ng w ith  o estro g en , so p e rm ittin g  i t  to  r e lo c a te  

in  th e  n u c leu s . This view i s  supported  by th e  work of S ta n c e l e t  a l , 

( 1973b) who have shown th a t  under d en a tu rin g  c o n d itio n s , bo th  

cy top lasm ic and n u c le a r  form s of th e  oestro g en  re c e p to r  sedim ent a t  

3 , 6s  su g g estin g  th a t  bo th  forms co n ta in  a  common su b u n it which b inds 

o e s tro g en s .

I t  seems l i k e ly  th a t  th e  cy toplasm ic re c e p to r  fu n c tio n s  by d e l iv e r 

in g  th e  re g u la to ry  hormone to  th e  nuc leus a lthough  an a l t e r n a t iv e  

p o s s i b i l i t y ,  proposed by Jensen  e t  a i ,  (l9 7 l)>  i s  'bhat th e  hormone 

may fu n c tio n  in  th e  t r a n s p o r t  o f ‘the re c e p to r  p ro te in  to  th e  nuc leus 

where i t  may a c t  in  an analogous manner to  a b a c te r i a l  sigma f a c to r  as 

an in d u c e r of MA s y n th e s is ,

2 ,3  B inding of O e s tra d io l to  Chromatin

Teng & Ham ilton (1968) showed t h a t  w ith in  2 min of a d m in is tra tio n  

of t r i t i a t e d  o e s t r a d io l  to  ovariec tom ised  r a t s ,  th e  hoimone had e n te red  

th e  u te r in e  c e l l  nuc leus and was bouid to  th e  chrom atin . This b ind ing  

was measured by th e  r a d io a c t iv i ty  which was n o t removed by d ia ly s i s  a t  

0° and reached a  maximum 8h a f t e r  hormone tre a tm e n t.

The fu n c tio n  of re c e p to r  p ro te in s  i s  n o t r e s t r i c t e d  to  th e  t r a n s p o r t  

o f hormone to  th e  n u c leu s . Thus, S te g g le s  e t  a i ,  (l971a) have 

dem onstrated  th a t  re c e p to rs  a re  invo lved  in  th e  b in d in g  o f th e  hormone 

to  th e  t a r g e t  c e l l  chrom atin . When u te r in e  chrom atin i s  in cu b a ted



ifl v i t r o  w ith  t r i t i a t e d  o e s t r a d io l ,  very  l i t t l e  hormone b in d in g  i s  

observed b u t in  v i t r o  in c u b a tio n  of chrom atin w ith  t r i t i a t e d  hormone- 

re c e p to r  complex r e s u l te d  in  s ig n i f ic a n t  amounts o f complex being  

re ta in e d  on th e  chrom atin .

U te rin e  oestrogen  re c e p to rs  have a lso  been shown to  b ind  to  DNA

under Hi v i t r o  c o n d itio n s  (King & Gordon, 1972; T o ft, 1972), The

b in d in g  i s  s u f f i c i e n t ly  s tro n g  to  w ith s tan d  c e n tr ifu g a tio n  of th e  DNA

through  sucrose  g ra d ie n ts  under io n ic  c o n d itio n s  of up to  0,1M KOI.

Using DNA-cellulose chrom atography, T o ft (1973) h as shown th a t  bo th

cy top lasm ic and n u c le a r  re c e p to rs  can b ind  to  DNA, This b in d in g  i s

d is ru p te d  by 0,3M KGl and th e re  a re  p robab ly  a l im ite d  number o f h ig h

a f f i n i t y  b in d in g  s i t e s  o r ’a c c e p to r ’ s i t e s  on th e  DNA f o r  th e  re c e p to r .

King & Gordon (1972) e s tim ated  th a t  th e  number of o estro g en  b ind ing
ly

s i t e s  was 2 s i t e s  p e r 10 n u c le o tid e s  of DNA o r about 500 s i t e s  p e r  

n u c leu s , w hile  H iggins ^  a l ,  (l973 ) e stim ated  th a t  th e  number o f 

’a c c e p to r ’ s i t e s  was abou t 4D00 p e r genome in  bo th  r a t  u te ru s  and 

hepatoma c e l l .

I t  appears t l ia t  th e  b in d in g  s i t e  in v o lv es  o th e r components of 

chrom atin  to  modify re c e p to r  b ind ing  to  DNA, Chromatin from n o n - ta rg e t  

t i s s u e s  appear to  b ind  q u a n t i ta t iv e ly  le s s  re c e p to r  complex than  t a r g e t  

t i s s u e  chrom atin (King & Gordon, 1972), S im ila r  r e s u l t s  have been 

re p o rte d  fo r  androgen re c e p to r  in te r a c t io n s  w ith  p ro s ta te  chrom atin 

(Mainwaring & P e te rk en , 1971; L iao e t  a l , , 1973) and p ro g e s te ro n e -o v id u c t 

c y to so l complex w ith  o v id u c t chrom atin (S pelsberg  e t  a l , ,  1971a, b; 

S te g g le s  e t  a l , ,  1971b), By r e c o n s t i tu t io n  of chrom atins, S p e lsberg  

e t  a l ,  (1971 a ) showed th a t  th e  chrom atin l o s t  most o f i t s  ab ild .ty  to  b ind  

th e  p ro g e s te ro n e -re c e p to r  complex i f  th e  ov id u c t non-h1.stone chromosomal 

■proteins were removed. In s e r t io n  of o v id u c t n o n -h is to n e  chromosomal 

p ro te in s  in to  e ry th ro c y te  chrom atin endowed a b in d in g  c a p a c ity  to  t h i s  

h y b rid  chrom atin s im ila r  to  t h a t  observed in  n a tiv e  ov id u c t chrom atin



(S pelsberg  e t  a l . , 1972; O’M alley e t  a l . ,  1972), A d d itio n a l 

experim ents lo c a l is e d  t h i s  ’a c c e p to r  c a p a c ity ’ to  a c e r ta in  f r a c t io n  of 

th e  t o t a l  n o n -h is to n e  chromosomal p ro te in  o f t a r g e t  c e l l  chrom atin 

(sp e lsb e rg  e t  a l , , 1972), S ch rader e t  a l ,  (1972) dem onstrated  th a t  

only  th e  B su b u n it o f th e  p ro g es te ro n e  re c e p to r  had th e  a b i l i t y  to  

i n t e r a c t  v/ith ov id u c t n o n -h is to n e  chromosomal p ro te in s .

From th e se  v a rio u s  experim en ts, i t  seems th a t  bo th  DNA and a non

h is to n e  chromosomal p ro te in  f r a c t io n  p la y  an im p o rtan t ro le  in  th e  

fo rm atio n  of ’a ccep to r s i t e s ’ f o r  p ro g este ro n e  re c e p to r  in  ch ick  o v id u c t 

chrom atin  and d ih y d ro te s to s te ro n e  re c e p to r  in  p r o s ta t i c  chrom atin . 

A lthough l e s s  in fo rm a tio n  i s  a v a i la b le  on th e  b in d in g  of o e s t r a d io l  to  

u te r in e  chrom atin , King e t  a l ,  (1969) have re p o rte d  th e  p resence  o f an 

a c id ic  p ro te in  from r a t  l i v e r  which b in d s  t r i t i a t e d  o e s t r a d io l  in  v ivo  

and A lberga e t  ( l9 7 l )  have d e sc rib ed  a n o n -h is to n e  chromosomal 

p ro te in  from r a t  u te ru s  w ith  a  h ig h  b in d in g  a f f i n i t y  f o r  o e s t r a d io l .

T h e re fo re , i t  seems probab le  th a t  th e  b ind ing  o f th e  hormone- 

r e c e p to r  complex to  th e  genome may be o f m ajor im portance to  th e  under

s tan d in g  o f s te ro id  hormone a c t io n ,

2,4» E f fe c t  o f O e s tra d io l on th e  Chemical Composition o f Chrom atin.

Teng & Hamilton (1968) sliowed th a t  in  r a t  u t e r i  th e  RNA to  DNA 

r a t i o  in c re a se d  by 17^ w ith in  15 min o f o e s t r a d io l  tre a tm e n t and th e  

p ro te in  to  DNA r a t io  in c re a se d  by 35^ 2-4b a f t e r  hormone a d m in is tra t io n . 

This s t im u la tio n  of p ro te in  sy n ih e s is  d id  n o t appear to  in v o lv e  th e  

h is to n e s  (B arker, 1971; G la sse r e t  a l ,,1 9 7 2 ) b u t a  ra p id  s tim u la tio n  

in  th e  sy n th e s is  of n o n -h is to n e  chromosomal p ro te in  has been observed by 

a number of w orkers in  th e  u te ru s  of bo th  r a t s  and mice (Teng &

H am ilton, 1969; Smith e t  1970; G la sse r e t  a l , , 1972), Some

evidence in d ic a te d  th a t  a s p e c i f ic  f r a c t io n  of tiiese  a c id ic  p ro te in s  was



sy n th es ised  in  response to  the  hormone (Teng & H am ilton, 1970) and 

B arker (1971) dem onstrated , a s s o c ia te d  w ith  u te r in e  h is to n e  th e

presen ce  o f an a c id ic  p ro te in  whose sy n th e s is  was s tim u la te d  w ith in  

45 min o f o estrogen  ad m in stra tio n o

Si5k. E f fe c t  o f O estrogen on Chromatin Template A c t iv i ty .

A d m in is tra tio n  o f o e s t r a d io l  to  ovariec to ra ised  r a t s  has been shown 

to  g ive  r i s e  to  an in c re a s e  in  chrom atin tem pla te  a c t i v i t y  (Ba.rker & 

W arren, 1966; Warren & B arker, 1967; Teng & H am ilton, 1968) when t h i s  

i s  measured u s in g  exogenous c o l i  RWA polym erase r a th e r  than  

endogenous enzyme, The l im i ta t io n s  o f such an approach were d iscu ssed  

by D ati & Maurer ( l9 7 l)  who recorded  an o estro g en -induced  in c re a s e  in  

chrom atin  tem pla te  a c t i v i t y  of r a t  u te ru s  b u t a d ecrease  in  mouse 

u te r in e  chrom atin tem p la te  a c t iv i ty *

In c re a se d  tem p la te  a c t i v i t y  in  chrom atin i s o la te d  from r a b b i t  

endometrium has been dem onstrated  by Church & McCarthy (1970) u s in g  th e  

endogenous enzyme, W ithin 2h of hormone tre a tm e n t, a c t i v i t y  ro se  by 

500% and th e  a d d itio n  o f ^  c o l i  RNA polym erase was found to  have no 

e f f e c t  on th e  amoun.t o f RHA sy n thesised*  The change in  tem p la te  

a c t i v i t y  le d  to  an in c re a s e  in  th e  r a te  of RHA sy n th e s is  in  v iv o .

C la sse r  e t  ad* (l9 7 2 ) a ls o  showed an in c re a se  in  r a t  u te r in e  

chrom atin  tem pla te  a c t i v i t y  u s in g  endogenous RWA polym erase which was 

dem onstrable by 30 min a f t e r  hormone tre a tm e n t, was maxi.mal a t  1h and 

remained c o n sta n t f o r  a f u r th e r  4h b e fo re  f a l l i n g  back to  c o n tro l  le v e ls  

by Bhc. This in c re a s e  in  tem p la te  a c t i v i t y  could be a t t r ib u te d  to  

e i th e r  an in c re a se d  a v a i l a b i l i t y  of t r a n s c r ib a b le  DWA o r an in c re a se  in  

th e  amount of RNA sy n th e s ise d  due to  a c t iv a t io n  o f th e  RNA polymerase*
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2o6o E f fe c t  o f O estrogen on RNA S y n th e s is .

One of th e  most c le a r ly  e s ta b lis h e d  b iochem ical responses to  

o e s t r a d io l  i s  th e  s tim u la tio n  of RNA sy n th e s is  in  t a r g e t  t is su e s *

Aizawa & M ueller ( 1961) showed an in c re a s e  in  th e  m easurable u te r in e  

RÎIA co n ten t 6h a f t e r  hormone tre a tm e n t and measurements of RNA sy n th e s is  

perform ed u s in g  tech n iq u es  o f iso to p e  in c o rp o ra tio n , in d ic a te d  a much 

e a r l i e r  o n se t (H am ilton, 1964)0 By f a r  th e  most e x ten s iv e  changes in  

RNA sy n th e s is  a r i s in g  from oestro g en  a d m in is tra tio n  was th e  in c re a se d  

sy n th e s is  o f rRNA which preceded th e  o v e ra l l  h y p ertrophy  and h y p e rp la s ia  

of th e  u te ru s*  This has  been observed bo th  a t  th e  l e v e l  o f th e  

sy n th e s is  of rRNA and i t s  p re c u rso rs  (B il l in g  e t  a l * , 1969a; Knowler 

& S m e llie , 1971) and in  th e  p ro d u c tio n  o f in c re a se d  numbers of ribosom es 

(Ham ilton e t  a l . , 1968a).

O estrogen a lso  s tim u la te d  th e  u te r in e  ribosom es to  ag g reg a te  in to  

polysomes (Teng & H am ilton, I 967) and th e se  polysomes showed an in c re a se d  

in c o rp o ra tio n  of amino a c id s  in to  p ro te in , t h i s  s t im u la tio n  being 

enhanced by 50% and 100% a t  2h and 8-12h re s p e c tiv e ly  a f t e r  o e s t r a d io l  

trea tm en t*  Continued p resen ce  of hormone was found to  be e s s e n t i a l  f o r  

th e  m aintenance of polysome le v e ls*

Evidence i s  accum ulating  th a t  t h i s  s tim u la tio n  o f sy n th e s is  of 

rRNA may be preceded by, and p o s s ib ly  dependent upon, mENA sy n th esis*  

I n i t i a l  s tu d ie s  on th e  base com position of r a p id ly  la b e l le d  n u c le a r  RNA 

suggested  th a t  i t  was r ib o so ra a l- lik e  (Hamilton e t  s i* ,  1968a) b u t 

evidence th a t  th e  e a r ly  o estro g en  s tim u la tio n  was of mRNA r a th e r  thaix 

rRNA came from in h ib i t io n  s tu d ies*  N otides & C orski ( 1966) dem onstrated 

th e  in d u c tio n  of a  s p e c i f ic  p ro te in  in  r a t  u te ru s  30 min a f t e r  o e s t r a d io l  

tre a tm e n t and showed th a t  p ro d u c tio n  of t h i s  p ro te in  was in h ib i te d  by 

actinom ycin  D (DeAngelo & G orsk i, 1970). More re c e n t ly , th e  p resence 

o f h ig h  m olecu lar w eight RNA has been observed 30-45 min a f t e r  o e s tr a d io l
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i n j e c t io n  to  immature r a t s  (itiow ler & S m e llie , 1971; Luck & H am ilton,

1972)0 This RNA was shown to  have a l l  th e  c h a r a c te r i s t i c s  of 

h e terogeneous n u c le a r  RWA (HnRMA) and o e s tro g e n -s tim u la te d  in c re a s e s  in  

in c o rp o ra tio n  o f la b e l le d  p re c u rso r  were found in  RNA sp e c ie s  w ith

a  wide range o f m o lecu lar w eights (Khowler & S m e llie , 1973). A mRWA 

p re c u rso r  fu n c tio n  h as been proposed f o r  HnRNA (D arn e ll e t  a l . ,  1971a;

1973),

When th e se  r e s u l t s  a re  an aly sed  to g e th e r  w ith  the  re c e n t dem onstra

t i o n  t h a t  oestro g en  s p e c i f i c a l ly  s tim u la te d  th e  s y n th e s is  o f mRNA 

coding f o r  ovalbuid.n in  th e  ch ick  o v id u c t (R osenfeld  e t  1972),

i t  seems h ig h ly  l i k e l y  t h a t  an e a r ly  s tim u la tio n  of u te r in e  RWA 

s y n th e s is  m ight a ls o  be n e ce ssa ry  in  th e  f i n a l  hormone a c t io n .  Knowler 

& S m ellie  (1973) have suggested  th a t  s tim u la te d  mRWA sy n th e s is  may be 

n e c e ssa ry  f o r  th e  sy n th e s is  o f a  sm all number o f u te r in e  p ro te in s  

which in  tu rn  i n i t i a t e  th e  in c re a se d  p ro d u c tio n  of ribosom es.

2 ,7 .  E f fe c t  of O estrogen on D'WA-Dependent RWA Polyraerase.

I t  i s  w e ll documented t h a t  RWA polym erase a c t i v i t y  i s  enhanced a f t e r  

o e s t r a d io l  tre a tm e n t. G orski ( 1964) f i r s t  c h a ra c te r is e d  RWA polym erase 

a c t i v i t y  in  n u c le i  i s o la te d  from immature r a t  u t e r i  and showed e le v a te d  

le v e l s  o f enzyme a c t i v i t y  in  r a t s  t r e a te d  w ith  o e s t r a d io l  f o r  I - 4L. 

H am ilton e t  a l .  (1965) d is t in g u is h e d  two d i s t i n c t  ty p es  of RNA 

polym erase in  n u c le i  from ovariec to ra ised  r a t  u t e r i .  One ty p e , which 

was s tim u la te d  by Mg , appeared  to  c a ta ly s e  th e  sy n th e s is  of rRNA in  

th e  n u c leo lu s  w hile  th e  o th e r  sy n th es ised  a more DWA-like RNA in  th e  

nucleoplasm  in  th e  p resence  o f Mn^^ and 0.41'^ ammonium su lp h a te . Tlie 

enzyme th a t  responded to  Mg io n s  showed in c re a se d  a c t i v i t y  1h a f t e r  

o e s t r a d io l  tre a tm e n t b u t no a l t e r a t i o n  in  th e  ammonium s u lp h a te -

stim u la ted  a c tiv j .ty  was observed in  th e  f i r s t  12h of hormone tre a tm e n t
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(Ham ilton e t  a l , , 1965; 1968a). H ic o le t te  e t  a l .  ( 1968) a ls o  found

e le v a te d  RNA polym erase a c t i v i t y  in  n u c le i  i s o la te d  from u t e r i  t r e a te d  

f o r  4h w ith  o e s t r a d io l  mi v iv o , G orski e t  a l .  ( 1965) observed th a t  

i n h ib i t i o n  o f p ro te in  sy n th e s is  in  vi_vo p rev en ted  th e  o estro g en -in d u ced  

s t im u la t io n  o f MA s y n th e s is .

B arry & G orski (1971) in v e s t ig a te d  th e  lo c a t io n  of newly in c o rp o r

a te d  n u c le o tid e s  in  r a t  u te r in e  RHA in  o rd e r to  determ ine w hether th e se  

were in c o rp o ra te d  in to  th e  3 ’ end o r i n t e r n a l  p o s i t io n s .  They found 

t h a t  o e s t r a d io l  s tim u la te d  in c o rp o ra tio n  on ly  in to  th e  i n t e r n a l  

p o s i t io n s  of th e  RHA and concluded th a t  th e  in c re a se d  RHA polym erase 

a c t i v i t y  observed, was a  consequence o f s tim u la tio n  in  th e  r a te  of 

RHA ch a in  e lo n g a tio n  w ith in  1h b u t d id  n o t a f f e c t  th e  number of growing 

c h a in s . T his was in te r p r e te d  as in d ic a t in g  th a t  o e s t r a d io l  d id  n o t 

s tim u la te  th e  i n i t i a t i o n  o f t r a n s c r ip t io n  o f a d d i t io n a l  te m p la te .

In  1969, Boeder & R u tte r  ( 1969) succeeded in  i s o l a t i n g  m u ltip le  

form s o f RHA polym erase from r a t  l i v e r .  The n u c le o la r  form , RWA 

polym erase I ,  was b e lie v e d  to  sy n th e s is e  rMA w hile  th e  nucleop lasm ic  

enzyme, RHA polym erase I I ,  c a ta ly s e d  th e  sy n th e s is  of h ig h  m o lecu lar 

w eight h e te ro d isp e rs e  RHA.

The nom enclature o f mammalian n u c le a r  RHA polym erases has  n o t been 

uniform  because d i f f e r e n t  in v e s t ig a to r s  have adopted v a rio u s  c r i t e r i a  

in  enzjmie c l a s s i f i c a t i o n .  The RHA polym erases I  and I I  (Boeder & 

R u tte r ,  1970) , which a re  th e  m ajor sp ec ie s  of n u c le a r  MA polym erases 

found in  most t i s s u e s  exa.raj,ned, have a ls o  been d e s ig n a te d  RNA p o ly 

m erases A and B r e s p e c t iv e ly  (Chainbon e t  a l . , 1970). The l a t t e r  

nom enclature w i l l  be used  th roughou t th e  rem ainder o f t h i s  t h e s i s .

Few s tu d ie s  have succeeded y ie ld in g  d a ta  3̂  v i.tro  which could  be 

r e la te d  to  th e  in  v ivo  o estro g en  s i tu a t io n .  The f i r s t  in  v i t r o  e f f e c t  

o f o e s t r a d io l  on u te r in e  RHA polym erase was dem onstrated  by Raynaud- 

Jammet & B aulieu  ( 1969)* O e s tra d io l was in cu b a ted  w ith  c a l f  u te r in e
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cytoplasm  to  form th e  re c e p to r  complex* This s te p  was e s s e n t i a l  in  

o rd e r  to  show in c re a se d  RNA polym erase a c t i v i t y  in  u te r in e  n u c le i  which 

were l a t e r  added to  th e  cytoplasm* S im ila r  o b se iv a tio n s  were made by 

Arnaud ^  ad* (l971a) who suggested  t h a t  only  th e  4S form (5S in  t h e i r  

d e te rm in a tio n s )  of th e  o e s t r a d io l - r e c e p to r  complex would s t im u la te  RNA 

s y n th e s is  in  v i t r o  by a c tin g  on RNA polym erase A* They l a t e r  proposed 

t h a t  p h o sp h o ry la tio n  o f th e  48 complex and th e  RNA polym erase g r e a t ly  

enhanced th e  a b i l i t y  o f th e  complex to  s tim u la te  RNA s y n th e s is  (Arnaud 

e t  a l* ,  1971b)*

Mohla e t  a l*  (l972 ) a ls o  re p o r te d  s tim u la tio n  of u te r in e  RNA p o ly 

m erase a c t i v i t y  in. v i t r o * This enhancement was e f fe c te d  only  by 

o e s t r a d io l - r e c e p to r  complex in  which th e  re c e p to r  b in d in g  u n i t  had been 

transfo rm ed  from th e  n a t iv e  4S form to  a  m odified  58 form* Jensen  

e t  a l * ( 1973) showed t h a t  th e  transfo rm ed  re c e p to r  p ro te in ,  which was 

n o t  complexe! w ith  th e  hormone, a ls o  s tim u la te d  RNA sy n th e s is  i n  u te r in e  

n u c le i*  These r e s u l t s  were used  to  su p p o rt t h e i r  h y p o th e s is  t h a t  

re c e p to r  tra n s fo rm a tio n  i s  an im p o rtan t s te p  in  o estro g en  ac tio n *  They 

suggested  th a t  one of th e  b iochem ica l fu n c tio n s  o f o e s t r a d io l  may be to  

induce  t h i s  tra n s fo rm a tio n  o f th e  re c e p to r  to  an a c t iv e  form th a t  can 

e n te r  th e  n u c leu s , b ind  to  a c c e p to r  m olecules and i n i t i a t e  RN'A sy n th e s is ,

2*8* E f fe c t  of O estrogen on P ro te in  Syn thesis*

Tlie p ro te in s  sy n th e s ise d  in  response  to  o e s t r a d io l  f a l l  in to  two 

groups (, f i r s t l y ,  th e re  appears to  be a few p a r t i a l l y  c h a ra c te r is e d  

sp e c ie s  produced e a r ly  in  th e  h o rm o n e -e lic ite d  sequence o f b iochem ica l 

e v en ts , which may be e s s e n t i a l  f o r  th e  observed changes in  ribosom al 

and t r a n s f e r  RNA sy n th es is*  Secondly, th e re  i s  a l a t e r  in c re a s e  in  

t o t a l  p ro te in  sy n th e s is  fo llo w in g  th e  s tim u la tio n  of RNA sy n th esis*

These p ro te in s  p la y  im p o rtan t s t r u c tu r a l  and fu n c tio n a l  ro le s  in  th e
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hormone d i f f e r e n t i a t e d  t a r g e t  tis su e *

2*8*1, E a rly  P ro te in s  *

E a rly  changes i n  th e  sy n th e s is  of u te r in e  p ro te in s  were d e te c te d  

by N o tides & G orski ( 1966) fo llo w in g  th e  in c o rp o ra tio n  of la b e l le d  am no 

a c id s  in to  p ro te in *  They found an o e s tro g e n -s tim u la te d  peak of 

p re c u rso r  in c o rp o ra tio n  w ith in  30 min o f hormone trea tm en t*  This 

f r a c t io n  was termed 'in d u ced  p r o te in ' and i t s  sy n th e s is  was shown to  be 

dependent on RNA sy n th e s is  (DeAngelo & G orsk i, 1970)* Barnea & G orski 

(1970) dem onstrated  t h a t  th e  p ro te in  was sy n th e s ised  ^  novo and Mayol 

& Thayer (1970) in d ic a te d  th a t  a  group o f a c id ic  p ro te in s ,  sy n th e s ise d  

e a r ly  in  the  o e s tro g en ic  re sp o n se , m ight c o n ta in  th e  same p ro te in .

This p ro te in  can a ls o  be induced  in  v i t r o  by exposure of immature u t e r i  

to  1nM o e s t r a d io l  f o r  60 min (Wira & B au lieu , 1971) and th e  ' induced 

p r o te in ' sy n th e s is  could  a ls o  be suppressed  by a d d it io n  o f actinom ycin  D 

to  th e  in c u b a tio n  medium* K atzenellenbogen & G orski (1972) compared 

'in d u ced  p r o te in s ' s y n th e s ise d  in  v ivo  and in  v i t r o  and found them to  be 

id e n t ic a l*

R ecen tly , l a c o b e l l i  e t  a l*  (1973) have begun a p re lim in a ry  

c h a r a c te r is a t io n  of ' induced  p r o te in ' from r a t  u te ru s  * SD S-polyacryl

amide g e l  e le c tro p h o re s is  re v ea led  a homogeneous p o ly p ep tid e  chain  w ith  

a m o lecu lar w^eight of 45 ,000 . The a c id ic  n a tu re  of th e  'in d u ced  

p r o te in ' was in d ic a te d  by an i s o e l e c t r i c  p o in t  of 4=7 and a r a t i o  o f 

a c id ic  to  b a s ic  amino a c id  re s id u e s  o f 1*66* At p re s e n t ,  no p h y sio 

lo g ic a l  ro le  has been a sc r ib e d  f o r  th e  'in d u ced  p ro te in '*  I t  has been 

suggested  th a t  i t  may fu n c tio n  in  gene ex p ress io n  le a d in g  to  in c re a se d  

RNA sj^mthesis* Thus, i t  would f u l f i l  tlie  ro le  o f a 'k ey  in te rm e d ia ry  

p r o te in ' (KIP) (B au lieu  e t  a l . , 1972). U n fo rtu n a te ly  f o r  t h i s  

h y p o th e s is  'induced  p r o te in ' has n o t y e t  been shoim to  be p re s e n t  in
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ih e  n u c le u s .

2 ,8 * 2 . l a t e r  P ro te in s .

2h a f t e r  o e s t r a d io l  a d m in is tra t io n , th e re  i s  an in c re a s e  in. th e  

s ^ i t h e s i s  o f t o t a l  u te r in e  p r o te in  which i s  m an ifested  by 12h in  

m easurable  in c re a s e s  i n  th e  t o t a l  p ro te in  co n ten t (Means & H am ilton, 

1966b), However, th e  u te r u s  h as  n o t proved to  be a s  amenable to  th e  

s tu d y  o f l a t e r  p ro te in  sy n th e s is  a s  o th e r  oestro g en  re sp o n siv e  tis su e s *  

A lthough th e  s t r u c tu r a l  p r o te in s  in v o lv ed  in  horm one-induced d i f f e r e n t i a 

t i o n  of th e  u te ru s  w i l l  o b v iously  be sy n th es ised , th e re  does n o t appear 

to  be a r e a d i ly  d e te c ta b le  s in g le  p ro te in  sp ec ie s  whose sy n th e s is  has  

been followed* O ther system s e x i s t  f o r  t h i s  study*

O estrogens and p ro g es te ro n e  a ls o  s tim u la te  th e  growth of ch ick  

o v id u c t and cause th e  fo rm atio n  of g lands f o r  th e  s e c re t io n  of egg w hite  

p ro te in s  (K ohler e t  a l* ,  1968)* O 'M alley e t  al*  (196?) showed th a t  

tre a tm e n t o f ch icks w ith  fmg o f HIS d a i ly  caused in c re a se d  sy n th e s is  of 

ovalbumin and lysozyme* I f ,  a f t e r  12-18 days of DES tre a tm e n t 

p ro g es te ro n e  was g iv en , th e  sy n th es is  o f a v id in  began w ith in  6h* Thus, 

i t  appears  t h a t  o estro g en  can induce th e  sy n th e s is  o f some o v id u c t 

p r o te in s  and prim e th e  t i s s u e  f o r  th e  s y n th e s is  o f o thers*

A nother r e a d i ly  d e te c te d  p ro d u c t o f oestro g en  a c t io n  i s  p h o s v itin , 

a  p ro te in  co n ta in in g  many phosphory la ted  s e r in e  residues*  This p ro te in  

i s  no rm ally  produced in  th e  l i v e r s  of la.ying fow l (Heald & McLachlan, 

1963) b u t i t s  s y n th e s is  was s tim u la te d  in  co ck e re l l i v e r  24h a f t e r  

o e stro g en  a d m in is tra tio n  (Greengard e t  a l* , I 965)» I t  must be 

em phasised th a t  th e se  p ro te in s  a re  m erely examples o f o estro g en  and 

p ro g es te ro n e-in d u ced  p ro te in s  whose sy n th e s is  -can be r e a d i ly  fo llo w ed , 

and t h a t  a t  t h i s  s tag e  i n  th e  hormone response th e  t i s s u e  i s  s y n th e s is 

in g  many p ro te in s  n e ce ssa ry  f o r  d i f f e r e n t ia t io n *



2 ,9 ,  E f fe c t  o f O estrogen on DNA S y n th e s is  and C e ll D iv is io n .

Kaye e t  s i .  (1972) dem onstrated  a  s tim u la tio n  o f DMA sy n th e s is  in  

immature r a t  u te ru s  24h a f t e r  a s in g le  in je c t io n  of o e s tra d io l*  This 

enhancement was a lso  age dependent* The e p i t h e l i a l ,  s tro m a l and 

u y o m e tria l c e l l s  a l l  d isp la y ed  a wave o f c e l l  d iv is io n  w ith  a  peak of 

m ito t ic  a c t i v i t y  between 24 and 28h a f t e r  hormone adm in stra tio n *  Lee 

(1972) a ls o  showed s t im u la tio n  o f DMA sy n th e s is  in  mouse u te ru s  respond

in g  to  con tinuous o e stro g en  tre a tm e n t a f t e r  2-3 days* This a c t i v i t y  

f e l l  to  c o n tro l l e v e l s  on day 4  and 5 and was fo llow ed by a second wave 

of a c t i v i t y  about a  week la te r *  However, DNA s y n th e s is , m ito s is  and 

c e l l  d iv is io n  a re  l a t e  resp o n ses  to  o e s t r a d io l  compared w ith  th e  o th e r  

m etabo lic  param eters  covered in  t h i s  rev iew .

2*10* E f fe c t  of O estrogen on W ater Im bibition*.

In  th e  r a t  u te ru s  th e re  appears to  be a t  l e a s t  one horm one-induced 

response  which can be se p a ra te d  from th e  o th e rs  covered in  e a r l i e r  

s e c t io n s  o f t h i s  review ; t h i s  i s  th e  in c re a se d  uptalce o f water* 

O e s tra d io l causes an im b ib it io n  o f w ater and io n s  in  th e  r a t  u te ru s  

d e te c ta b le  as in c re a se d  t i s s u e  wet w eight 2h a f t e r  hormone tre a tm e n t 

(M ueller e t  a l . , 1958; B i l l in g  e t  a l . , 1969b). This in d u c tio n  of 

w a ter up take was in h ib i te d  by c o r t i s o l  which had no e f f e c t  on th e  

enhancement of RNA and p ro te in  sy n th e s is  (S p az ian i & Szego, 1958; 

N ic o le t te  & G orsk i, 1964) , A fte r  o e s t r a d io l  in je c t io n ,  u te r in e  

h is tam in e  le v e l s  decreased  (S p az ian i & Szego, 1958) and i t  was l a t e r  

shown th a t  h is tam in e  im ita te d  th e  o e s tro g en ic  u te r in e  response of w ater 

up take  and a n t i - h i stam inés in h ib i te d  i t  (S paz ian i & Szego, 1959), 

N e ith e r  h is tam in es  n o r a n t i - h i stam inés had any e f f e c t  on o e s t r a d io l -  

stimu]_ated RNA sy n th e s is  (Hamilton e t  a l . ,  1968a)* This c le a r ly
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d is tin g u is lie d  th e  im bib .ition  of w ater by th e  u te ru s  from th e  o th e r  

re sp o n se s ,

3 o DMA -  Dependent RNA P o lym erases,

The above review  has shown th a t  o e s t r a d io l  can s tim u la te  the  

c e l l u l a r  s y n th e t ic  p ro c e sse s  in  t a r g e t  t is su e s *  I t  i s  s t i l l  unknown 

how th e se  even ts  a re  co n tro lle d *  Most of th e  p re se n t th e o r ie s  env isage  

e i t h e r  a t r a n s c r ip t io n a l  o r a t r a n s la t io n a l  c o n tro l  of p ro te in  sy n th e s is , 

S ince  o e s t r a d io l  s t im u la te s  p ro d u c tio n  of bo th  rRNA and HnRNA, i t  i s  

p o s s ib le  t h a t  th e  hormone e l i c i t s  i t s  response by a l t e r in g  th e  chrom atin 

te m p la te , th e  RNA polym erases o r a com bination of b o th . Before 

d e sc r ib in g  th e  r e s u l t s  o b ta in ed  in  a ttem p tin g  to  determ ine which mechan

ism  occurs in  th e  immature r a b b i t  u te ru s ,  i t  i s  im p o rtan t to  review  th e  

p re s e n t  knowledge o f bo th  b a c t e r i a l  and mammalian RNA polym erases,

3 p1 o B a c te r ia l  RNA Polym erase,

Most o f th e  work on b a c t e r i a l  RNA polym erase has been w ith  th e  

Eo c o l i  enzyme. The s t r u c tu r e  and c o n tro l  o f t h i s  enzyme has been th e  

to p ic  of s e v e ra l review s (R ichardson, 1969; B urgess, 1971; T rav e rs ,

1971), and only  some of th e  d e t a i l s  a re  p re sen ted  h e re ,

3o1.1o S ubun it S tru c tu re  o f E^ c o l i  RNA Polym erase.

Eo c o l i  RNA polym erase i s  a  la rg e  complex enzyme composed of 

s e v e ra l  p o ly p ep tid e  s u b u n its . The su b u n its  have been d e s ig n a te d  p ' , 

and w in  o rd e r o f d e c rea s in g  m olecu lar w eigh t. The v a lu es  

ob ta in ed  f o r  th e  m o lecu lar w eights of th e  su b u n its  a re  shovm in  Table I .  

In  ’c o re ’ enzyme, th e  s to ic h io m e try  o f th e  su b u n its  was *=<2 p ’p
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(B urgess, 1969) w hile  in  th e  a c t iv e  enzyme complex (holoenzym e) , th e  

s to ic h io m e try  appeared  to  b e o i ^ B p ^ ^   ̂ 2 (T ravers & B urgess, 1969)

g iv in g  an o v e ra l l  m o lecu lar w eight o f 490 ,000,

No fu n c tio n  h as  been a t t r ib u te d  to  th e  «t and co su b u n its  b u t p ' 

h as  been shovjn to  be e s s e n t i a l  fo r  th e  b in d in g  of RMA polym erase to  th e  

DNA tem p la te  ( Z i l l i g  e t  a l , ,  1970), Rabussay & Z i l l i g  (1969) demon

s t r a t e d  t h a t  th e  p  su b u n it in te r a c te d  w ith  r ifa m p ic in , an i n h ib i to r  of 

b a c t e r i a l  RNA s y n th e s is ,

3 ,1 ,2 ,  Sigma F a c to r .

The holoenzyme can be sep a ra te d  in to  sigma f a c to r  and ' c o re ’ enzyme 

by p h o sp h o ce llu lo se  chrom atography (B urgess & T rav ers , 1970), The 

'co re*  enzyme co n ta in ed  th e  c a t a ly t i c  s i t e  f o r  RNA sy n th e s is  b u t i t s  

a b i l i t y  to  t r a n s c r ib e  n a t iv e  K  c o l i  DNA was g r e a t ly  reduced . Sigma 

f a c to r  po ssessed  no s y n th e t ic  a c t i v i t y  i t s e l f  b u t r e a d i ly  combined w ith 

’ core* enzyme to  s tim u la te  RNA s y n th e s is .  This s tim u la tio n  was due to  

an in c re a s e  in  th e  number of RifA ch a in s  i n i t i a t e d  r a th e r  th an  chain  

e lo n g a tio n  (T ravers & B urgess, I 969) ,  Sigma i s  b e lie v ed  to  s tim u la te  

i n i t i a t i o n  a t  c e r ta in  s p e c i f ic  s i t e s ,  c a l le d  prom oter re g io n s , on th e

DNA and to  be re le a s e d  from holoenzyme a f t e r  i n i t i a t i o n  (Berg e t  a l . ,

1969)0 The degree to  which i n i t i a t i o n  was s tim u la te d  depended on th e  

ty p e  and q u a l i ty  o f DNA used  as  a te m p la te . S tim u la tio n  was h ig h e r  

id .th  ]_ntact d o u b le -s tran d ed  DNA which was p o o rly  tr a n s c r ib e d  by ’core* 

enzyme. The in tro d u c t io n  of s in g le  o r d o u b le -s tran d ed  b reak s  in  th e  

tem p la te  in c re a se d  th e  a b i l i t y  o f ’c o re ’ enzyme to  beg in  t r a n s c r ip t io n  

(Vogt, 1969).

RNA sy n th e s is  i n i t i a t e d  on bacteriophage'D N A  in  th e  p resen ce  of 

. sigma f a c to r ,  was r e s t r i c t e d  to  th e  s i t e s  u t i l i s e d  oui v ivo  im m ediately  

a f t e r  in f e c t io n ,  w liile in  the  absence of sigma, i n i t i a t i o n  occu rred  on
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a l l  reg io n s  o f th e  genome. This o b se rv a tio n  was dem onstrated  by 

h y b r id is a t io n  o f th e  RNA p ro d u c t to  sep a ra te d  DNA s tra n d s  from b a c te r io 

phage T4 (Bautz e t  a i , ,  1969) and b ac te rio p h ag e  T7 (Summers & S ie g e l ,

1969)» S ug iu ra  e t  a i ,  (1970) showed th e  i n i t i a t i o n  of RNA s y n th e s is  

by sigma f a c to r  a t  s p e c i f ic  s i t e s  on M  r e p l ic a t iv e  form DNA,

Holoenzyme i n i t i a t e d  th re e  RNA ch a in s  of d i s c r e e t  s iz e  from one DNA 

s tra n d  w hile  ’c o re ’ enzyme tr a n s c r ib e d  bo th  DNA s tra n d s  to  produce a 

he terogeneous m ix ture  o f RÜ'TA m olecu les.

Thus, th e  sigma f a c to r  i s  o f prim e im portance in  th e  s e le c t io n  of 

i n i t i a t i o n  s i t e s ,

3 , 1 , 3 , P s i  F a c to r ,

Up to  40^ of th e  RNA sy n th e s ise d  in  r a p id ly  growing ^  c o l i  was 

shown to  be rRNA (Kennel, I 968) , However, when ^  c o l i  DNA was 

u t i l i s e d  as  a tem p la te  f o r  holoenzyme iai v i t r o , l e s s  th an  0,2% of th e  

t o t a l  RNA sy n th e s ise d  was rRNA (T ravers e t  a l . ,  1970a), This was i n t e r 

p re te d  as meaning th a t  an o th e r f a c to r  was re q u ire d  to  i n i t i a t e  rRNA 

s y n ih e s is ,  A low m o lecu lar w eight p ro te in  d e sig n a ted  p s i  was i s o la te d  

and shown to  s t im u la te  t r s in s c r ip t io n  of c o l i  DNA by holoenzyme b u t 

n o t by 'core*  enzyme (T ravers  e t  a l , , 1970a), The n u c le o tid e  guanosine 

te tra p h o sp h a te , ppGpp, p rev en ted  t h i s  s p e c if ic  s t im u la tio n  by p s i  f a c to r  

(T ravers  e t  a l , ,  1970b), The appearance o f t h i s  n u c le o tid e  in  v ivo  

h as been c o r re la te d  w ith  in h ib i t i o n  of RNA sy n th e s is  (C ashel & G a lla n t ,

1969)0 I t  has been proposed th a t  sy n th e s is  o f rRNA may be s u b je c t to  

p o s i t iv e  c o n tro l  w ith  p s i  f a c to r  as  th e  c o n tro l  elem ent p e rm itt in g  th e  

RNA polym erase to  i n i t i a t e  t r a n s c r ip t io n  s p e c i f ic a l ly  a t  o therw ise  

in a c c e s s ib le  prom oter s i t e s  o f rRNA genes.

In  com plete c o n t r a s t ,  H a se ltin e  (l972 ) re p o rte d  t h a t  th e  p s i  

s t im u la tio n  of t r a n s c r ip t io n  of ^  c o l i  DNA in  vi t r o  was e n t i r e ly  non-



s p e c i f ic  and even in  th e  absence of p s i  f a c to r  7-14% of th e  RNA 

sy n th e s ise d  ^  v i t r o  was rRNA. This co n tro v e rsy  has s t i l l  to  be 

reso lved*

T ravers (l973) proposed a h y p o th es is  f o r  th e  c o n tro l  o f rRNA 

s y n th e s is  in  E._ c o l i . He suggested  t h a t  th e  Rl̂ A polym erase could  e x i s t  

i n  twp i n i t i a t i o n  conform ations and which were in

e q u ilib r iu m . In  th e  absence o f p s i  f a c to r ,  was th e  pm dom inant

form which s p e c i f ic a l ly  i n i t i a t e d  RNA sy n th e s is  a t  th e  re la x ed  form of 

mRNA prom oters (T ravers e t  a d . ,  1973), Tlie ro le  o f p s i  was though t 

to  d is p la c e  th e  e q u ilib riu m  between th e  two conform ations in  fav o u r of 

(Eo)^  and to  s t a b i l i s e  t h i s  conform ation .

P s i  f a c to r  has been equated w ith  th e  p ro te in  s y n th e s is  e lo n g a tio n  

f a c to r s  TuTs (B lum enthal ^  a i . , 1972). T ravers & Buckland (l973 ) 

showed th a t  in  crude e x t r a c ts  o f E, c o l i  th e re  were th re e  peaks of RNA 

polym erase a c t i v i t y  a t  l6S , 21S and 27S in  sucrose  g ra d ie n ts .  Only tlie  

16S and 27s  forms sy n th e s ise d  rRNA e f f i c i e n t l y  and were in h ib i te d  by 

ppGpp and GDP. These w orkers concluded th a t .n o n - t r a n s c r ib in g  RNA 

polym erases in  v ivo  d id  n o t appear to  e x i s t  as  f r e e  holoenzyme b u t r a th e r  

i n  a complex a s s o c ia t io n  w ith  o th e r  re g u la to ry  p ro te in s .

3 . 1o4« Rho F a c to r .

In  a d d itio n  to  f a c to r s  which a re  s p e c if ic  f o r  i n i t i a t i o n  of t r a n s 

c r ip t io n ,  th e re  a ls o  ap p ear to  be s e v e ra l  ways in  which te rm in a tio n  o f 

ItNA sy n th e s is  can o ccu r. One mechanism i s  m ediated by a p ro te in  f a c to r  

c a l le d  rho  which has a  m olecu lar w eight o f 200,000 and which d ep re sses  

RJ'I'A sy n th e s is  v i th o u t  a f f e c t in g  chain  i n i t i a t i o n  (R oberts , 1969).

Thus, i t  i s  ap p a ren t t h a t  c o n tro l o f t r a n s c r ip t io n  in  b a c te r ia  

r e q u ire s  ’the p resence  o f s p e c if ic  p ro te in  f a c to r s .
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feimnalian IMA Polym erases,

DWA-dependent RNA polym erase was f i r s t  i d e n t i f i e d  i n  r a t  l i v e r  

n u o le i by Weiss (1960), The enzyme proved d i f f i c u l t  to  s o lu b i l i s e  and 

most e a r ly  s tu d ie s  were conducted u s in g  whole n u c le i  o r chrom atin .

W idnell & T ata (1964, 1966) showed t h a t  when n u c le i  were in cu b a ted  in  

a low io n ic  s tre n g th  medium a predom inan tly  GO r i c h ,  r ib o so m a l- lik e  RNA 

Was S y n th es ised , whereas i n  h ig h  io n ic  s tre n g th  medium th e  RNA produced 

was more DNA-like in  base  com position . In  low io n ic  s t r e n g th  c o n d itio n s  

RNA Was m ainly sy n th e s ise d  in  th e  n u c le o lu s , w hile  in  h ig h  io n ic  s tre n g th  

O X tranucleo lar sy n th e s is  o f RNA was predom inant (I4aul & H am ilton, 1967; 

Pogo ^  a l , , 1967)0 These s tu d ie s  suggested  t h a t  an im al c e l l  n u c le i  

co n ta in ed  a t  l e a s t  two form s o f RNA polym erase. A nother in d ic a t io n  of 

th e  p resence  o f m u ltip le  form s o f mammalian IMA polym erases came from 

th e  o b se rv a tio n s  of S t i r p e  & Flume (1967) who found th a t  o j-a raan itin , 

a to x in  from th e  to a d s to o l  Amanita p h a l lo id e s , s p e c i f i c a l ly  in h ib i te d  

RNA s y n th e s is  c a ta ly se d  under h ig h  io n ic  s tre n g th  c o n d itio n s  in  mouse 

-liv e r n u c le i ,

The f i r s t  i s o l a t i o n  o f m u ltip le  form s of n u c le a r  RNA polym erases 

was p re se n te d  by Roeder & R u tte r  (1969) working w ith  develop ing  sea  

u rc h in  embryos and r a t  l i v e r .  The i s o la t io n  p rocedure  in v o lv ed  th e  

s o n ic a tio n  of n u c le i  in  h ig h  s a l t  c o n d itio n s  and s t a b i l i s a t i o n  of th e  

i s o la te d  enzymes by h ig h  c o n c e n tra tio n s  (up to  30%) o f g ly c e r o l .  The 

same w orkers found th a t  one a c t i v i t y ,  RNA polym erase A, was lo c a te d  in  

tile  n u c leo lu s  and was r e s i s t a n t  to  the  a c t io n  of c t-a raan itin  in  vi t r o  

w hile  th e  c t-a m a n it in -s e n s i t iv e  a c t i v i t y ,  RNA polym erase B, was 

predom inan tly  s i t e d  in  th e  nucleoplasm  (Roeder & R u tte r , 1970b),

At p re s e n t, th e  e x is te n c e  of m u ltip le  forms of n u c le a r  RNA 

polym erases has been dem onstrated  in  a  vhLde v a r ie ty  of t i s s u e s  and 

c e l l  ty p e s  in c lu d in g  r a t  l i v e r  ( B la t t i  e t  a l , ,  1970; Jacob e t  a i , ,



1970a), c a l f  thymus (Chambon e t  a d , ,  1970; Ked. o r e t  a l . , 1972), 

bovine lymphoid t i s s u e  (P urtii & A u stin , 1970), : . v e n tr a l  p ro s ta te

(Mainwaring e t  a l , , 1971), Xenopus la e v is  embryos (Roeder, 1974),

HeLa c e l l s  (Sugden & Sambrook, 1970) and KB c e l l s  (K e lle r  & Goor, 19^/0), 

In  a d d it io n  to  n u c le a r  MA polym erases, RNA polym erase a c t i v i t i e s  have 

been d e te c te d  in  r a t  l i v e r  m itochondria  (Reid & P arso n s, 1971) and r a t  

l i v e r  cytoplasm  ( S e i f a r t  e t  1972), I 'd i l t ip l ic i ty  o f MA polym erases

has a ls o  been dem onstrated  in  low er eukaryo tes such as th e  a q u a tic  

fungus, B la s to c la d ie l la  em erson ii (liorgen & G r i f f in ,  1971) and y e a s t  

(Ponta e t  a i . , 1972) a s  w e ll as in  some h ig h e r  p la n ts  in c lu d in g  coconuts 

(Mondai e t  a l . ,  1972) and maize (S tra in  e t  a l , , 1971).

P a r t  of th e  work p re se n te d  in  t h i s  th e s i s  d e sc rib e s  th e  i s o la t io n  

and c h a r a c te r is a t io n  of m u ltip le  forms of MA polym erase from immature 

r a b b i t  u te ru s .

3 .2 ,1 .  N uclear L o c a lis a tio n  of RNA Polym erases.

Roeder & R u tte r  ( l 970) e s ta b lis h e d  th a t  MA polym erase A was o f 

n u c le o la r  o r ig in .  P u r if ie d  p re p a ra t io n s  of n u c le o l i  co n ta in ed  very  

l i t t l e  RNA polym erase B a c t i v i t y .  MA polym erase A from r a t  l i v e r  

n u c le i  could be sep a ra te d  in to  two sp ec ie s  c a l le d  Al and A ll (C h este rto n  

& B utterv7orth, 1971a) b u t only  RNA polym erase Al was o b ta in ed  from c a l f  

thymus (G iss in g er & Chambon, 1972).

RNA polym erase B i s  b e lie v e d  to  fu n c tio n  in  th e  nucleoplasm  and 

can be sep a ra te d  in to  two sp e c ie s  d esig n a ted  HI and BII from c a l f  thymus 

(Kedinger & Chambon, 1972) and r a t  l i v e r  (Weaver e t  a i . , 1971).
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3 .3 . P ro p e r t ie s  of N uclear RNA Polym erases.

3 . 3 . 1 . S ubunit S tru c tu re  and M olecular W eight.

S ed im en ta tion  r a t e s  in  g ly c e ro l g ra d ie n ts  of 14°5-15.5S have been 

o b ta in ed  f o r  c a l f  thymus and r a t  l i v e r  RNA polym erase B su g g estin g  a 

m o lecu lar w eight of 500,000-600,000 (Mandel & Chambon, 1971). I n i t i a l  

s tu d ie s  u s in g  SDS-acrylamide g e l e le c tro p h o re s is  suggested  th a t  RNA 

polym erase B con ta ined  th re e  m ajor su b u n its  w ith  m o lecu lar w eights of

215. 000, 185,000 and 150,000 from c a l f  thymus (Chambon e t  a i . , 1970) 

and 200,000, 180,000 and 160,000 from r a t  l i v e r  (C h este rto n  &

B utte rw o rth , 1971b). Weaver e t  a i .  (1971) analysed  th e  su b u n it 

s t r u c tu r e  of r a t  l i v e r  RNA polym erase B and found two forms of th e  

enzyme each having  th re e  su b u n its  of m olecu lar w eight 150,000, 35,000 

and 25,000 and a fo u r th  su b u n it which, in  one form had a m o lecu lar 

w eigh t o f 190,000, w hile  th e  o th e r  form was 170,000. They suggested  

•that one enzyme was th e  p r o te o ly t ic  p roduct o f th e  o th e r .  Using h ig h ly  

p u r i f ie d  p re p a ra tio n s  o f c a l f  ’thymus RWA polym erases BI and B II,

K edinger & Chambon (l9 7 2 ) e s ta b lis h e d  th e  su b u n it s t ru c tu re s  o f th e

enzymes as  shorn in  Table I .  No conversion  of one form to  tlie  o th e r

could be d e te c te d  by 'ageing* of enzyme a t  room tem p era tu re .

Thus, th e  m olecu lar w eight of c a l f  thymus RWA polym erase BI was 

c a lc u la te d  to  be approx im ate ly  510,000 and RNA polym erase B II was about

475. 000. These m olecu lar w eigh ts were s im ila r  to  th e  va lu e  of 495,000

e s tim a te d  as th e  m olecu lar w eight of c o l i  RNA polym erase

(B urgess, 1971),

S im ila r ly , G iss in g e r & Chambon (l972) dem onstrated t h a t  th e  

s t r u c tu r e  of c a l f  'thymus RNA polym erase Al was as sliov/n in  Table %.

This su b u n it p a t te rn  accounted f o r  a  m olecu lar weigh'b of 550,000 fo r  th e  

a c t iv e  enzjcne.
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3 . 3 *2 . E f fe c t  of M etal Ion C o n cen tra tion  and Io n ic  S tren g th ,

The i s o la te d  c a l f  thymus RNA polym erases e x h ib ite d  d i f f e r e n t  optima 

f o r  d iv a le n t  m eta l c a t io n s  and io n ic  s t r e n g th ,  MA polym erase A 

u t i l i s e d  and Mĝ "̂  e q u a lly  e f f i c i e n t l y  and th e re  was on ly  a s l i g h t

s t im u la tio n  of a c t i v i t y  ivith  in c re a s in g  io n ic  s tre n g th  (Chambon e t  a l , ,

1970)0 C onversely , RNA polym erase B was s tim u la te d  in  h ig h  io n ic  

s t r e n g th  c o n d itio n s , w hile  I4n^^ was shovnn to  be a  b e t t e r  a c t i v a to r  th an  

Mg 0 S im ila r  r e s u l t s  were o b ta ined  f o r  th e  r a t  l i v e r  RNA polym erases 

(Roeder & R u tte r ,  1970b).

3.3*3* E f fe c t  of < -A m an itin  In  V i t r o .

c<-A m anitin, a b ic y c l ic  o c tap e p tid e  i s o la te d  from th e  to a d s to o l  

Amanita p h a llo ïd e s  (W eiland, 1968) , was f i r s t  shown to  i n h i b i t  RNA 

s y n th e s is  by S t i rp e  & Piume (1 9 6 ? )» I t s  s e le c t iv e  e f f e c t  on RNA 

polym erase a c t i v i t y  a t  h ig h  io n ic  s tre n g th s  c o n tra s te d  w ith  actinom ycin  

D and s im ila r  in h ib i to r s  which b lock  RNA sy n th e s is  by b in d in g  to  th e  

DNA te m p la te , su g g es tin g  th a t  <^(~-amanitin m ight a c t  on th e  MA polym erase 

i t s e l f o  T his was shown to  be th e  case (K edinger e t  a l . , 1970;

L in d e ll  e t  a l . , 1970), The to x in  s e le c t iv e ly  in h ib i te d  RNA polym erase 

B a t  c o n c e n tra tio n s  as  low a s  BxlO^^M, whereas MA polym erase A was 

u n a ffe c te d  even a t  much h ig h e r  l e v e l s .  Chambon e t  a l .  (1970) showed 

th a t  one m olecule o f o (-am an itin  was bound p e r m olecule o f RNA 

polym erase B.

F u r th e r  s tu d ie s  on th e  a c t io n  of th e  to x in  rev ea led  th a t  i t  

in h ib i te d  RNA sy n th e s is  a f t e r  i n i t i a t i o n ,  presum ably a t  th e  le v e l  of 

chain  e lo n g a tio n  (K edinger e t  , 1970; Novello e t  a l . , 1970).
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3 .3 .4 *  E f fe c t  of o("Ajnanitin ^  V ivo.

Experim ents u sin g © (-am an itin  v i t r o  in d ic a te d  th a t  th e  to x in  

could  be used to  i n h i b i t  s p e c i f i c a l ly  RN'A polyraerase B a c t i v i t y  dn v iv o . 

S t i r p e  & Flume (196?) showed a d ecrease  in  p re c u rso r  in c o rp o ra tio n  in to  

mouse l i v e r  n u c le a r  RNA in  an im als  t r e a te d  ^  v ivo  w ith « ^ -am an itin . 

However, a d m in is tra tio n  of (4 -am an itin  to  r a t s  r e s u l te d  in  th e  d e p re ss io n  

o f rRNA s y n th e s is  a s  w e ll a s  non-rRNA sy n th e s is  w ith in  1h o f tre a tm e n t 

(Jacob e t  a l . ,  1970b; N iess in g  e t  a l . , 1970). S y n th e s is  o f a l l  sp ec ie s  

o f n u c le a r  RNA rem ained b locked  f o r  s e v e ra l  hours (T ata ^  a l . ,  1972).

3 . 3 . 5 . Thermal S e n s i t i v i t y  o f RNA Polym erases.

S h ie ld s  & Tata (l9 7 3 ) showed th a t  th e  i s o la te d  RÏIA polym erases from 

r a t  l i v e r  e x h ib ite d  d i f f e r e n t  th e rm al s e n s i t i v i t i e s ,  w ith  RNA polyraerase 

A be ing  more l a b i l e  to  th e rm al tre a tm e n t th an  RNA polym erase B. 

P re in c u b a tio n  o f e i th e r  whole n u c le i  o r i s o la te d  enzymes f o r  15 min a t  

45^ caused th e  lo s s  of up to  9O/0 of RNA polym erase A a c t i v i t y ,  w hile  

RNA polym erase B on l^  l o s t  abou t ^0% o f i t s  a c t i v i t y  in  c o n tro ls .

3 . 3 . 6 . Template S p e c i f ic i ty ,

The dem onstra tion  th a t  b a c t e r i a l  RNA polym erase b in d s  to  the  

tem p la te  and i n i t i a t e s  t r a n s c r ip t io n  a t  s p e c i f ic  i n i t i a t i o n  s i t e s  le d  

to  a  sea rch  fo r  s in d .la r s i t e s  in  h ig h e r  c e l l  ty p e s . T his has been made 

d i f f i c u l t  by th e  com plexity  of th e  e u k a ry o tic  genome and th e  d i f f i c u l t y  

in  i s o l a t i n g  th e  DNA w ith o u t la rg e  numbers o f a r t i f i c i a l  i n i t i a t i o n  

s i t e s  in  th e  form o f s in g le - s t r a n d  ’n i c k s ' .  Most w orkers have to  

choose between p o o rly  p re se rv ed  n a tu r a l  te m p la te s  or a r t i f i c i a l  ones 

such as  s y n th e tic  polym ers o r v i r a l  DMAs. R ecen tly , more su ccess  has
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been ach ieved  in  p re p a rin g  h ig h  m o lecu lar w eight DNA (G ro ss-B e lla rd  

e t  a l . ,  1973)0

In  experim ents where n a tu r a l  tem p la te s  have been used  in  v i t r o  

a s s a y s , most w orkers have employed c a l f  thymus DNA a lth o u g h  Jacob e t  a l ,

( 1970a) sliowed th a t  r a t  l i v e r  DNA was a b e t t e r  tem p la te  f o r  r a t  l i v e r  

n ü c le a r  RNA po lym erases. In  g e n e ra l, n a t iv e  DNA was a s u p e r io r  

tem p la te  f o r  RNA polym erase A from v a r io u s  sources dui vd.tro and d en atu red  

DNA was a more e f f i c i e n t  tem p la te  f o r  RNA polym erase B,

S tu d ie s  w ith  s y n th e t ic  p o ly n u c le o tid e s  have in d ic a te d  th a t  

te m p la te s  composed of p y rim id ine  n u c le o t id e s  were more r e a d i ly  t r a n s 

c r ib e d  by b o th  A and B enzymes th an  tem p la te s  composed o f p u rin e  

n u c le o tid e s  ( B la t t i  e t  a l , ,  1970). B acteriophage T4 DNA was shown to  

be a  poor tem p la te  f o r  mammalian RNA polym erases (Gniazdowski e t  a l , ,

1970) , even in  th e  p resen ce  o f ^  c o l i  sigma f a c to r  which s tim u la te d  

th e  a c t i v i t y  o f c o l i  RITA polym erase (Burgess e t  a l , , 1969), The 

la c k  o f t r a n s c r ip t io n  o f phage DNA by e i th e r  RNA polym erase Al o r B 

in d ic a te d  th a t  mammalian RNA polym erases could only  re co g n ise  s p e c if ic  

i n i t i a t i o n  s i t e s  p re s e n t  on th e  DNA.

M eilhac & Chambon (1973) in v e s t ig a te d  th e  p o s s ib ild .ty  t h a t  

d i f f e r e n t  RNA polym erases m ight i n i t i a t e  a t  s p e c if ic  s i t e s  on c a l f  

thymus DNA, They used  th e  r ifa m p ic in  d e r iv a t iv e  AF/013  which i i ih ib i t s  

i n i t i a t i o n  b u t n o t e lo n g a tio n  of RNA sy n th e s is  by mammalian RNA p o ly 

m erases (M eilhac e t  a l , , 1972), and found th a t  p re - in c u b a tio n  of 

enzyiae and tem p la te  b e fo re  th e  a d d it io n  of th e  in h ib i to r  co n fe rre d  

r e s is ta n c e  to  the  d e r iv a t iv e .  D if f e re n t  .AF/OI3 r e s i s t a n t  s i t e s  were 

found f o r  c a l f  thymus A l, c a l f  thymus B and Ih c o l i  holoenzyme RNA 

po lym erases, A s im ila r  r e s u l t  was o b ta in ed  by B u tte rw o rth  e t  a l ,  ( l9 7 l)  

who showed t h a t  r a t  l i v e r  RNA polym erase B tra n s c r ib e d  r a t  l i v e r  

chrom atin  more e f f i c i e n t l y  th an  M icrococcus ly s o d e ik tic u s  RNA p o ly 

m erase, They suggested  th a t  th e  two enzymes bound to  d i f f e r e n t  s i t e s



28

on th e  chrom atin  DNA making i t  v i r t u a l l y  im p o ssib le  to  o b ta in  a 

m eaningful t r a n s c r ip t io n  of mammalian DNA or chrom atin  w ith  a b a c t e r i a l  

RNA polym erase,

Mandel Sc Chambon (l9 7 /|a ) found th a t  t r a n s c r ip t io n  of SV40 forra I  

DNA was dependent on th e  p resen ce  of Itn'*'^, i r r e s p e c t iv e  o f th e  type  of 

RITA polym erase u sed . Both form I I  and form I I I  o f SV40 DNA were 

p o o rly  tra n s c r ib e d  by c a l f  thymus RNA polym erase Al and B su g g es tin g  

t h a t  bo th  enzymes could  n o t e a s i ly  i n i t i a t e  RNA sy n th e s is  on i n t a c t  

d o u b le -s tra n d ed  DNAs, Hossenlopp e t  a l„  (1974) suggested  th a t  th e  

s ta b le  complex between SV40 DNA form I  and mammalian RNA polym erases 

was due to  b in d in g  to  u n p a ired  reg io n s  p re s e n t  in  th e  s u p e r h e l ic a l  DNA.

3 . 3 .7 . S tim u la to ry  .Factor Requirem ents.

F a c to rs  in f lu e n c in g  th e  a c t i v i t y  of ^  c o l i  RNA polym erase and 

t h e i r  ro le  in  c o n tro l l in g  gene t r a n s c r ip t io n  have a lre a d y  been d e sc rib e d  

in  s e c tio n  3 ,1 . B a c te r ia l  sigma f a c to r  had no e f f e c t  in  v i t r o  on 

mammalian RNA polym erases (Chambon e t  a l . ,  1970) b u t s e v e ra l  w orkers 

have now shown th e  p resen ce  o f mammalian p ro te in  f a c to r s  which s tim u la te  

RNA s y n th e s is ,

A f a c to r  which s tim u la te d  RNA pol;ymerase a c t i v i t y  te n fo ld  in  v i t r o  

h a s  been i s o la te d  from c a l f  thymus (S te in  & Hausen, 1970a; 1970b).

F a c to r a c t i v i t y  was p re s e n t  in  a sm all group of p ro te in s  w ith  a 

m o lecu lar w eight range o.f 20 ,000-25 ,000  (H am eister e t  a l . ,  1973).

The f a c to r  s e n s i t iv e  s te p  was n o t th e  b in d in g  of th e  RNA polym erase to  

th e  DMA and i n i t i a t i o n  d id  n o t seem to  be p o s i t iv e ly  a f f e c te d .  This 

f a c to r  has been shown to  form a complex w ith  th e  RNA polym erase (S te in  

Sc Hausen, 1970) a lth o u g h  i t  may a ls o  form a complex \ù th  th e  DNA 

(H am eister e t  a d . , 1973)°

A p ro te in  f a c to r  from r a t  l i v e r  has a ls o  been d e sc rib e d  ( S e i f a r t ,
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1970; S e i f a r t  e t  a l , ,  1973)» The p ro te in  had a m olecu lar w eight of 

30,000 and enhanced th e  t r a n s c r ip t io n  o f n a tiv e  r a t  l i v e r  DMA by 

homologous RMA polym erase B, This f a c to r  had no e f f e c t  on i n i t i a t i o n  

b u t th e  average chain  le n g th  o f th e  RMA p roduct was in c re a se d  by i t s  

presence  ( S e i f a r t  e t  a d , ,  1973)« This suggested  th a t  th e  p ro te in  

op e ra ted  by a c t in g  in  some unknown manner on chain  e lo n g a tio n ,

3 . 3 . 8 . P roducts of RMA Polym erases,

The p ro d u c ts  of n u c le a r  RMA polym erases were examined in  i n t a c t  

Reha c e l l  n u c le i  by Z ylber & Penman (1971) who found t h a t  RNA polym erase 

A was capable of sy n th e s is in g  p a r t i a l l y  completed p re c u rso r  m olecules of 

rRNA, RNA polym erase B was shown to  sy n th e s ise  g ia n t  heterogeneous 

n u c le a r  RTA, However, i t  i s  d i f f i c u l t  to  o b ta in  chrom atin o r DNA 

tem p la tes  which a re  n o t a f fe c te d  by s in g le - s t r e n d  'n icks*  a t  wliich RTA 

s y n th e s is  could be n o n - s p e c if ic a l ly  i n i t i a t e d .  This makes i t  d i f f i c u l t  

to  c h a ra c te r is e  th e  p ro d u c ts  of th e  MA polym erases,

Maryanlca & Gould (1973) found th a t  r a t  l i v e r  RNA polym erase B 

sy n th es ised  h ig h  m olecu lar w eight RNA from a r a t  l i v e r  chrom atin 

te m p la te , U iis  RNA had sed im en ta tio n  c o e f f ic ie n t  v a lu e s  of between 

18s  and 45s  which was co n s id e ra b ly  le s s  than  th e  re p o rte d  v a lu es  f o r  

HnRNA (D arn e ll e t  a d , ,  1971a),

The p ro d u c ts  of r a t  l i v e r  MA polym erases A and B on a homologous 

DNA tem p la te  were examined by n e a re s t  neighbour frequency  a n a ly s is  

(Smuckler & T ata , 1972), The RNA p ro d u c t of RNA polym erase A had 

sequences r ic h e r  in  GO th an  th a t  formed by RNA polym erase B, su g g es tin g  

th a t  enzyme A p r e f e r e n t i a l ly  t r a n s c r ib e d  ribosom al c is t ro n s  w hile  

enzyme B formed an RNA w ith  a more DNA-like base com position . îTandel 

& Chambon (1974^) s tu d ie d  th e  RNA sy n th es ised  by c a l f  th^mius RNA 

polym erases A and B u s in g  SV40 form I  DNA as  te m p la te . They found .
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la b e l le d  ATP and G TP a t  th e  5 ’ te rm inus o f th e  MAs sy n th es ised  

in d ic a t in g  th a t  th e re  may be a t  l e a s t  two i n i t i a t i o n  s i t e s  f o r  each 

enzyme. The maxiraun s iz e  o f th e  p roduct sy n th es ised  by RNA polym erase 

A was la r g e r  than  th e  SV40 genome w hile th e  RNA polym erase B p ro d u c t 

had a maximum s iz e  (18-208), In  c o n tr a s t  to  K  c o l i  holoenzyme, which 

tr a n s c r ib e d  asy m m etrica lly  th e  SV40 genome, anim al RNA polym erases 

e x h ib ite d  symmetric t r a n s c r ip t io n ,

4 ® The S y n th e s is  o f Mammalian RNA.

In  conclusion  to  th e  above s e c tio n  on th e  p roducts  o f mammalian RITA 

polym erases, a  b r i e f  review  o f th e  c u rre n t knowledge o f mammalian RITA 

s y n th e s is  i s  p re sen te d .

4 . 1 . The S y n th es is  o f Ribosomal RNA,

In  th e  eu k a ry o tic  c e l l ,  ribosom al RNA i s  sy n th es ised  in  th e  form of 

a  g ia n t  p re c u rso r  m olecu le, c o n ta in in g  th e  sequences of bo th  288 and iSS 

RITA, to g e th e r  w ith  long  s t r e tc h e s  of non-ribosoraal RNA, S y n th e s is  of 

rRNA has  been shown to  occur in  th e  n u c leo lu s  (Penman e t  a l . ,  1966) and 

i s  p robab ly  c a ta ly se d  by RNA polym erase A which i s  a ls o  lo c a te d  in  th e  

n u c leo lu s  (Roeder & R u tte r , 1970), The g ia n t p re c u rso r  m olecu le, which 

appears  in  n u c le o la r  RNA a f t e r  a  sh o r t p u lse  of ra d io a c tiv e  p re c u rso rs , 

sedim ents a t  458 in  sucrose  g ra d ie n ts  and m atures to  g ive  r i s e  to  th e  

in d iv id u a l  288 and 188 ribosom al RNAs th rough the  fo llo w in g  i n t e r 

m ediates (I'iaden, 1971 ) :
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Ribosomal MA i s  m eth y la ted  w ith  th e  s u b s t i tu t io n  m ain ly  being  a t  

th e  2* p o s i t io n  of th e  r ib o se  molecu].e r a th e r  th an  on th e  b ases  

them selv es . M éthy la tion  ap p ears  to  occur d u rin g  th e  a c tu a l  s jm th e s is  

of 45s  RNA (G reenberg & Penman, 1966), w ith  th e  ex cep tio n  o f one 

s u b s t i tu t io n  which o ccu rs  a f t e r  t r a n s c r ip t io n  (Zimmerman, I 968) .

R e la t iv e ly  l i t t l e  i s  known of th e  non-ribosom al RNA sequences of 

45s  RMA excep t t h a t  com parison w ith  m ature rMA in d ic a te s  t h a t  th ey  have 

a h ig h  GG base c o n te n t and a re  um nethy lated  (Amaldi & A t ta r d i ,  1968; 

W illems e t  a d . ,  1968).

The ribosom al 288 and 188 MA sp e c ie s  occur in  th e  60S and 4G8 

ribosom al su b u n its  r e s p e c t iv e ly .  The ribosom al p re c u rso r  can be 

e x tra c te d  from the  n u c le o lu s  in  th e  form of r ib o n u c le o p ro te in  p a r t i c l e s  

sed im enting  a t  80S and 558 r e s p e c t iv e ly  (Warner & S o e iro , 196?). The 

558 p a r t i c l e  co n ta in s  328 MA, 58 MA and ribosom al p r o te in s ,  w hile  the  

80s  p a r t i c l e  c o n ta in s  b o th  458 RWA, 58 MA and ribosom al p ro te in s .

4 .2 . The S y n th es is  o f M essenger MA.

The manner in  which h ig h e r  an im als sy n th e s ise  mMA has been th e  

s u b je c t  of much in v e s t ig a t io n  and i t  now appears  th a t  mRWA i s  a ls o  

d e riv e d  from la r g e r  MA p re c u rso r  m olecules which a re  m odified  a f t e r  

t r a n s c r ip t io n .  These m olecu les have been d e s ig n a te d  HnRNA and a re  

p robab ly  sy n th e s ised  by MA polym erase B, The mRNA p re c u rso rs  form a 

f r a c t io n  o f th e se  HnRMA m olecules whose base com position i s  s im ila r  to  

th a t  o f DNA. Tie ev idence th a t  HnMA i s  a p re c u rso r  f o r  mMA h as come 

from re c e n t s tu d ie s  concern ing  sequence s i m i l a r i t i e s  between th e  two 

ty p es  o f m olecu le.

F i r s t l y ,  i t  wns found th a t  c e l l s  in fe c te d  irLth SV40 v iru s  were 

shovni to  have HnMA which co n ta in ed  reg io n s  complementary to  v i r a l  DMA 

b u t which were l a r g e r  th an  v i r u s - s p e c i f ic  polysom al mRITA (L indberg  &
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D a m e ll , 1970). HnRNA m olecu les co n ta in in g  v i r u s - s p e c i f ic  sequences 

were he terogeneous in  s iz e  and a ls o  co n ta in ed  h o s t  c e l l  sequences, 

whereas v i r u s - s p e c i f ic  mRNA had a d i s c r e e t  s iz e  and lack ed  h o s t  c e l l  

sequences.

F u r th e r  evidence t h a t  th e  he terogeneous n u c le a r  sp e c ie s  i s  a 

m essenger p re c u rso r  came w ith  th e  f in d in g  th a t  bo th  sp ec ie s  c o n ta in  a 

po ly  A sequence about 200 n u c le o tid e s  long  (D a rn e ll e t  a l , , 1971b) 

which i s  p a r t  of th e  p o ly n u c le o tid e  ch a in  and n o t d is s o c ia b le  by t r e a t 

ment w ith  dim ethylsulphoxd.de. D ig estio n  of HnRNA and mRNA w ith  an 

exonuclease re q u ir in g  a f r e e  3 'OH group removes th e  po ly  A from b o th  

ty p es  o f m olecule su g g es tin g  th a t  th e  p o ly  A i s  s i t e d  a t  the  3 ' te rm inus 

o f th e  p o ly n u c leo tid e  (M olloy e t  a l , , 1972). I t  ap p ears  t h a t  po ly  A 

i s  added in  th e  n u c leu s  by a p o s t - t r a n s c r ip t io n a l  mechanism as  tre a tm e n t 

w ith  actinom ycin  D does n o t i n h i b i t  i t s  s y n th e s is  (D a rn e ll e t  a l . ,

1973)0 I t  i s  p robab le  t h a t  p o ly  A i s  sy n th e s ised  by th e  stepw ise

a d d it io n  o f in d iv id u a l  a d en y la te  re s id u e s  to  p r e - e x is t in g  HnRITA m olecu les .
■3

A fte r  1-2 min tre a tm e n t w ith  H -adenosine, more th an  95% o f th e  

p o ly  A i s  found in  HeLa c e l l  n u c le i  as  p a r t  o f th e  HnRNA im plying  t h a t  

th e  n u c leus i s  th e  most im p o rtan t s i t e  f o r  th e  sy n th e s is  of po ly  A.

Most o f th e  po ly  A seems to  be t r a n s f e r r e d  to  th e  cytoplasm  a lthough  some 

tu rn o v e r may tak e  p lace  in  th e  n u c leu s .

Penman e t  a l ,  (1970) found th a t  cordycep in  in h ib i te d  th e  appearance 

o f la b e l le d  RNA in  polysome d e riv ed  mRNA b u t had l i t t l e  e f f e c t  on HnRNA 

s y n th e s is .  The cy top lasm ic  appearance o f newly sy n th es ised  RNA in  

polyribosom es was blocked by bo th  actinom ycin  D and cordycepin  (Adesnik 

e t  a l , , 1972) su g g es tin g  th a t  p o s t - t r a n s c r ip t io n a l  a d d it io n  o f po ly  A 

must proceed f o r  th e  conversion  o f HnRNA to  mRNA to  occur.

Thus, i t  seems l i k e l y  t h a t  HnRNA i s  th e  p re c u rso r  f o r  mRNA a lthough  

th e  e x ac t mechanism by which t h i s  ta k e s  p lace  has s t i l l  to  be e lu c id a te d .



32a

The aim of the project is to investigate the nature 
of the response of the immature uterus to oestradiol 
with particular reference to the RWA polymerases and 
the control of rRWA synthesis in an attempt to determine 
whether the enzymes themselves are altered by the action 
of the hormone in the tissue#



MTERIALS Aim METHODS.



1 0 M a te r ia ls .

1 .1 . Hormone, Enzyme and I n h ib i to r s .

0 e s tra d io l-1 7 p , p a n c re a tic  rib o n u c lease  (RNase), deoxyribonuclease  

( DNase l ) ,  cyclohexim ide and h e p a rin  were a l l  ob ta ined  from Sigma 

Chemical Co, (London) L td ., K ingston upon Thames, S u rrey , S o lu tio n s  

o f RNase were heated  a t  85^ f o r  20 mi.n b e fo re  use  to  in a c t iv a te  l a t e n t  

deoxyribonuclease  a c t i v i t y .

Actinomycin D and Pronase were th e  p ro d u c ts  o f Calbiochem, Los 

A ngeles, C a l ifo rn ia , Pronase so lu tio n  was a u to d ig e s te d  a t  37° f o r  

2h to  d e s tro y  l a t e n t  n u c lea se  a c t i v i t y ,

«C~Amanitin was o b ta in ed  from both  Calbiochem and 0 , H, B oehringer 

Sohn, 6507, Ingelheim  am R hein, West Germany, and r ifa m p ic in  from th e  

B oehringer C orpora tion  (London) L td .,  E a lin g , London,

E, c o l i  RNA polym erase holoenzyme was a  generous g i f t  of Mr, E, 

R obertson of t h i s  departm ent.

1 .2 . N ucleic  A cids,

H ighly polym erised  c a l f  thymus DNA was th e  p roduct of Sigma 

Chemical Go, L td .,  London and po ly  d(AT) was ob ta ined  from B oehringer 

C o rp o ra tio n , London.

T ritia .ted  SV4O fo m  I  DNA was th e  generous g i f t  of Dr. Ma.r t i n  VJhite 

of t h i s  departm ent. U n labelled  28S RNA and ^ ^ P -la b e lle d  288 RNA from 

HeLa c e l l s  were th e  generous g i f t  o f D r, B, E. H, Maden a ls o  o f t h i s  

departm en t.



1.3o R eagents f o r  Column Chromatography,

1 .3 .1 .  D ie th y lam inoethy l c e l lu lo s e  (D EAE-cellulose)

DE52 c e l lu lo s e ,  p re -sw o lle n , was o b ta ined  from Whatman B iochem icals 

L tdo , M aidstone, K ent, The s u b s t i tu te d  c e l lu lo s e  was s t i r r e d  in to  15 

volumes o f 0,5M HCl and l e f t  to  stand  f o r  1h, The su p e rn a ta n t l iq u id  

was removed and th e  c e l lu lo s e  was washed w ith  d i s t i l l e d  w ater u n t i l  th e  

pH o f th e  suspension  was 4» The io n  exchanger was then  s t i r r e d  in to  

15 volumes o f 0,5M WaOH and l e f t  to  s tand  fo r  an o th e r h o u r. The 

su p e rn a ta n t was decan ted  and th e  DEAE-cellulose washed w ith  d i s t i l l e d  

w a ter u n t i l  th e  pH was n e a r  n e u t r a l i t y .  The io n  exchanger was e q u i l i 

b ra te d  w ith  b u f f e r  by s t i r r i n g  one volume of DEAE-cellulose in to  20 

volumes of b u f f e r  o v e rn ig h t. The suspension  was degassed and s to re d  

a t  4 °  w ith  th e  a d d it io n  o f 0 ,02^  (v /v ) chloroform  to  p re v e n t b a c t e r i a l  

grow th,

1 . 3 .2 . Carboxymethyl c e l lu lo s e  (C M -cellu lose).

CM52 c e l lu lo s e  was o b ta in ed  from Whatman B iochem icals L td . ,  Kent. 

The p re tre a tm e n t fo r  C M -cellulose was i d e n t i c a l  to  t h a t  f o r  DEAE- 

c e l lu lo s e  excep t t h a t  th e  f i r s t  tre a tm e n t was wi.th 0.5M HaOH and a f t e r  

washing w ith  d i s t i l l e d  w ater to  pH 8, th e  second tre a tm e n t was w ith  

0,5M HCl. D egassing was n o t c a r r ie d  ou t on C M -cellulose and th e  io n  

exchanger was s to re d  a t  4 ° a ls o  w ith  th e  a d d itio n  of 0,02/© (v /v ) 

ch loroform ,

1 . 3 . 3 . Phosph o c e l l u lo s e ,

P I1 was th e  p ro d u c t o f Whatman B iochem icals and was washed w ith



Oo5M HGl and 0 ,5M NaOH a s  f o r  DEA.E-cellulose, A fte r  rem oval o f ’f i n e s ' ,  

th e  io n  exchanger was e q u i l ib r a te d  w ith  th e  a p p ro p r ia te  b u f f e r  and 

s to re d  a t  4° i a  th e  p resen ce  of 0 ,0 2 /  (v /v ) ch loroform ,

1 .4 . D ia ly s is  Tubing.

D ia ly s is  was c a r r ie d  o u t in  V isk ing  tu b in g  o b ta in ed  from th e  

S c i e n t i f i c  In s tru m en t C entre  L td , ,  1 Leeke S t . ,  London, W,C,1, The 

tu b in g  was b o ile d  f o r  30 min in  0,05M NaOH c o n ta in in g  0 ,2 5 /  (w/v) EDTA 

to  remove im p u r i t ie s .  The tu b in g  was th en  washed th o ro u g h ly  w ith  

d i s t i l l e d  w ater and s to re d  in  0 ,5 /  (w/v) EDTA, Before u se , th e  tu b in g  

was washed 5 tim es w ith  d i s t i l l e d  w a te r ,

1 . 5 . Reagents fo r  ^  V itro  In c u b a tio n s ,

E a g le 's  medium (Glasgow m o d if ic a tio n )  (Busby e t  a l , , I 964) 

c o n ta in in g  I00^g/m l o f s trep to m y c in , 100 u n i t s  of p e n i c i l l i n  and 0 ,0 0 2 / 

(w/v) phenol red  was th e  medium in  which ex c ised  u t e r i  were in cu b a ted  

in  v i t r o .

1 .6 . R ad io iso topes and R eagents f o r  S c i n t i l l a t i o n  Counting.

A ll  rad io ch em ica ls  were o b ta in ed  from th e  Radiochem ical C en tre ,

Amersham, Bucks, a t  th e  fo llo w in g  s p e c if ic  a c t i v i t i e s ;

[5 -^ h]  DTP, i c y  mmol; [4-'’^c ]U T P , 43mCymmol:

[S -^h]  GTP, 1 ,8Cymmol; [5-m ethyl-^H j dTTP, ^OCyramol;

[*5” "'Hj u r id in e ,  28C^/mmol; "j guano s in e , l6cym m ol;

[4?5"^hJ L - ly s in e , 5<.5Cymmol; [^4;5~^h J L - le u c in e , icyrnm ol;

[ 2 ,4 ,6 ,7 - ^ h]  o e s tr a d io l-1 7 p , 85Cymmol,



K iese lg u h r was o b ta in ed  from Koch-Light L a b o ra to r ie s , Colnbrook, Bucks, 

Toluene s c i n t i l l a t o r  was 0 ,5 /  (w/v) PPO (2 ,5  d ip h en y loxazo le , Koch- 

L ig h t) in  to lu en e  and in  some experim ents was mixed 3*2 (v /v ) w ith  

2-m ethoxyethanol. Dioxan s c i n t i l l a t o r  was 0 ,7 /  (w/v) PPO and 1 0 / (w/v) 

naph th alen e  in  s c i n t i l l a t i o n  grade dioxan (K och-L ight), 1M hyamine 

hydroxide in  m ethanol was o b ta in ed  from N uclear E n te rp r ise s  (G ,B .) L td .,  

S ig h t h i l l ,  Edinburgh,

1 .7 . B u ffe rs .

TGMED b u f fe r  was 0.05M tr is -H C l pH 7 .9 , 5ml4 MgCl^, O.ImM EDTA, 0,5mM 

DTT and 2 5 / (v /v ) g ly c e ro l ,

TGMED(l5) b u f fe r  was i d e n t i c a l  to  TGMED except 15 / (v /v )  g ly c e ro l was 

used  in s te a d  of 2 5 /.

TGED b u f f e r  was 0,05M tr is -H G l pH 7 .9 ,  Odrald EDTA, 0,5mM DTT and 

25/  (v /v )  g ly c e ro l.

TKM b u f f e r  was 50 raM tr is -H G l pH 7 .4 , 25mI4 KOI and 5mI4 I4gCl^,

TGED(50) b u f f e r  was id e n t i c a l  to  TGED excep t 5 0 / (v /v ) g ly c e ro l was 

p re s e n t  in s te a d  o f 25/ ,

PGED b u f f e r  was lOmM potassium  phosphate pH 7 .5 , 0 ,1 mM EDTA, 0.5mM DTT 

and 1 5 / (v /v ) g ly c e ro l .

1 .8 . M iscellaneous.

ATP, GTP, GTP, DTP, dATP, dCTP, dGTP. and dTTP were o b ta ined  from

Sigma Chem, Co, L td ,,  London.

Whatman No, 1 and 3MM f i l t e r  d is c s  were th e  p ro d u c t of VIhatman

B iochem icals L td .,  K ent,

Ammonium su lp h a te  used  was Enzyme g rade , s p e c ia l ly  low in  heavy

m e ta ls  from BDH Chem icals L td . ,  Poo le , D o rse t, A ll  o th e r  chem icals 

were A rialar grade where p o s s ib le  and were u s u a lly  ob ta ined  from BDH.
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26 B io lo g ie a l M ethods.

2*1. E xperim ental A nim als.

Female Dutch rab b i.ts  were o b ta in ed  from B y line  R abbit Farras, 

Northw ich, C heshire and were fe d  ad l ib itu m  on d i e t  SGI in  p e l l e t  form 

O btained from Oxoid L td .,  Southwark B ridge R d ,, London, S .E .1 . The 

an im als were used  when 7 -8  weeks o ld w ith in  a  w eight range of 1 .2 -1 .4  kg, 

In  some experim ents a d u l t  an im als (6 -8  months o ld ) were u sed .

The an im als Were k i l l e d  by c e r v ic a l  d is lo c a t io n  and th e  ex c ised  

u t e r i  were d is s e c te d  f r e e  o f f a t  and connec tive  t i s s u e  b e fo re  f u r th e r  

t r e a tm e n t.

2 .2 . A d m in is tra tio n  of Hormone, In l i ib i to r s  and R ad io iso topes to  
E xperim ental A nim als,

2 .2 .1 .  Hormoneo

0 e s tra d io l-1 7 p  was s o lu b i l i s e d  by th e  method of R oberts  & Szego 

(1947) u s in g  m ethyl red  as  in d ic a to r .  The hormone was in je c te d  i n t r a 

venously  through th e  l a t e r a l  e a r  v e in  in  0 ,9 /  s a l in e  c o n ta in in g  2 .5 /

(v /v ) e th a n o l. C on tro l an im als rece iv ed  s a l in e -e th a n o l  al-one.

2 .2 .2 .  I n h ib i to r s .

Actinomycin D, «K-amanitin and cyclohextr/drie were a l l  in je c te d  

in t r a p e r i to n e a l ly  in  s a l in e .  C o n tro l an im als rece iv ed  s a l in e  a lo n e .

2 .2 .3 .  R ad io iso to p es ,

T r i t in te d  o e s t r a d io l  was in je c te d  in trc ivenously  a s  in  s e c tio n  2 .2 .1 ,
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A ll  o th e r  ra d io is o to p e s  were in je c te d  in t r a p e r i to n e a l ly  and c o n tro l 

an im als  rece iv ed  th e  a p p ro p r ia te  c a r r i e r  a lo n e ,

2 . 3 . In  V itro  In c u b a tio n s .'

The u t e r i  o f th re e  immature an im als were in cu b ated  in  10 ml c o n ic a l 

f la s k s  under an atm osphere o f 9 5 / O ^ /d / 00^ a t  37° in  a shaking w ater 

batho The in c u b a tio n  was c a r r ie d  ou t in  5 ml o f E a g le 's  medium 

co n ta in in g  InM o e s t r a d io l .  A fte r  in c u b a tio n , th e  u t e r i  were washed 

tw ice  w ith  co ld  s a l in e  and b lo t te d  d ry  b e fo re  f u r th e r  tre a tm e n t.

2 .4 * P rep a ra tio n  o f A cid -S o lub le  and A c id -In so lu b le  F ra c tio n s  of 
Whole U te r i ,

This method was a m o d if ic a tio n  of t h a t  of B i l l in g  e t  a l . , ( 1969a). 

E xcised u t e r i  were washed w ith  co ld  s a l in e ,  f in e ly  minced and homo

gen ised  in  10 ml of ic e  co ld  d i s t i l l e d  w a ter u s in g  a T e flo n -g la s s  

hom ogeniser. An equal volume of 2 0 / (w/v) t r i c h lo r o a c e t ic  a c id  was 

added to  th e  homogenate and th e  m ix ture  was c e n tr ifu g e d  f o r  10 min a t  

800xg. The su p e rn a ta n t was re ta in e d  and th e  p e l l e t  washed w ith  5 ml 

o f 5 /  (w/v) t r i c h lo r o a c e t ic  a c id .  The washings were added to  th e

su p e rn a ta n t and t h i s  c o n s t i tu te d  th e  a c id - so lu b le  f r a c t io n ,
/

The p e l l e t  was suspended in  a sm all volume of 5 /  (w/v) t r i c h lo r o 

a c e t ic  a c id  and mixed w ith  2 ml of 2 /  (w/v) k ie se lg u lir  i n  5 /  (w/v) 

t r i c h lo r o a c e t ic  a c id . An a d d i t io n a l  2 ml of k ie se lg u h r  suspension  

was added to  a  M illip o re  f i l t r a t i o n  u n i t  and th e  k ie se lg u h r  c o lle c te d  

a s  a  pad on a 2 ,5  cm Vlhatman No, 1 f i l t e r  d is c .  The a c id - in s o lu b le  

p e l l e t  bound to  k ie se lg u h r  was c o lle c te d  as  a second la y e r  on t h i s  pad 

and washed 'Hiree tim es w ith  10 ml of 5 /  (w/v) t r i c h lo r o a c e t ic  a c id , 

once vd th  10 ml o f a b so lu te  a lc o h o l and tw ice  w ith  10 ml of d ie th y l
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e th e r .  The pad v/as e x tra c te d  w ith  0 ,5  ml of 1M hyamine hydroxj.de fo r  

20 min a t  60° and th e  rad io a c ti '^ r ity  measured by s c i n t i l l a t i o n  counting  

in  to lu e n e  s c i n t i l l a t o r  v/ith  t r i t iu m  coun ting  e f f ic ie n c y  o f 1 6 -1 8 /,

The r a d io a c t iv i ty  of 0 ,5  ml a l iq u o ts  of th e  a c id - so lu b le  f r a c t io n  was 

counted in  10 ml of d ioxan  s c i n t i l l a t o r  wd.th t r i t iu m  coun ting  e f f ic ie n c y  

o f 1 8 -2 1 /.

P ro te in  and DNA d e te rm in a tio n  were c a r r ie d  ou t on th e  a c id - in s o lu b le  

m a te r ia l  a f t e r  re su sp en sio n  of th e  p e l l e t  in  5 /  (w/v) t r i c h lo r o a c e t ic  

a c id ,

3 “ P re p a ra tio n  o f S u b c e llu la r  F ra c tio ns .

3 .1 . I s o la t io n  of N u c le i,

This method i s  a m o d if ic a tio n  of th a t  o f B lobel & P o t te r  ( 1966).

Excised u t e r i  were f in e ly  chopped and homogenised in  5-10 volumes 

o f 0,25M sucrose  in  TKM b u f f e r .  Hom ogenisation was c a r r ie d  ou t in  an 

U ltra -T u rra x  hom ogeniser run a t  6OV f o r  4 0 s . Tlie homogenate was

f i l t e r e d  through fo u r  la y e r s  o f musld.n c lo th  and th e  f i l t r a t e  was mixed 

w ith  two volumes of 2,3M su crose  in  TKM b u f fe r  to  b r in g  th e  f i n a l  sucrose  

c o n c e n tra tio n  to  1 ,6M, This s o lu tio n  was u n d e rla id  w ith  10 ml o f 2,4f'i 

sucrose  in  TKM b u f fe r  in  a  c e n tr ifu g e  tu b e . C e n tr ifu g a tio n  was c a r r ie d  

ou t in  a  Spinco SVJ27 r o to r  run a t  27,000 rpm f o r  90 min. The p e l l e t ,  

which con tained  p u r i f ie d  n u c le i ,  was resuspended in  a sm all volume 

(l-2 m l) of TGED b u f f e r .

3 . 1 . 1 . Prepcxration o f A c id -in so lu b le  F ra c tio n s  from N u c le i,

One volume of ic e  co ld  2 0 / (w/v) t r i c h lo r o a c e t ic  a c id  was added to  

an eq u a l volume o f resuspended n u c le i  in  TGED b u f f e r .  The m ix tu re  was
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c e n tr ifu g e d  fo r  15 min a t  800xg and th e  su p e rn a ta n t d isc a rd e d . The 

p e l l e t  wa.s re  suspended in  5 ml o f 1 0 / (w/v) t r i c h lo r o a c e t ic  a c id  and 

re c e n tr ifu g e d  fo r  15 min a t  SOOxg, This washing was rep ea ted  once 

more and th e  f i n a l  p e l l e t  resuspended in  d i s t i l l e d  w ater and th e  pH 

a d ju s te d  to  7 w ith  1M HaOH. A liq u o ts  were used to  e s tim a te  DHA, MA 

and p ro te in  c o n c e n tra t io n s ,

3 .2 . P re p a ra tio n  of U te rin e  Cytoplasm,

U te ri were homogenised as  f o r  th e  p re p a ra t io n  of n u c le i  in  s e c tio n  

3.1c Trie f i l t e r e d  homogenate was c e n tr ifu g e d  a t  800xg fo r  15 min and 

th e  su p e rn a ta n t was then  re c e n tr ifu g e d  in  a Spinco SW40 r o to r  a t  

105,000xg f o r  60 m in. The p e l l e t  was d isca rd ed  and th e  su p e rn a ta n t 

used  a s  a so lu b le  cy top lasm ic p re p a ra t io n ,

3 . 3 . E lec tro n  M icroscopy.

Exam ination o f n u c le i  was c a r r ie d  ou t by th e  p e rso n n e l, under the  

d i r e c t io n  o f Dr, H, E ld e r, o f th e  E lec tro n  M icroscopy U nit of th e  

iiiy s io lo g y  Department of t h i s  U n iv e rs ity , Samples su p p lied  a s  p e l l e t s  

were f ix e d  in  g luteraldehyde-osm ium  te t r o x id e ,  embedded in  p l a s t i c  and 

c u t s e c tio n s  were s ta in e d  w ith lead  and uranium  fo r  v i s u a l i s a t io n  in  

th e  e le c tro n  beam o f an A .E .I , EM6B e le c tro n  m icroscope.

4• Enzyme A ssays ,

4 . 1 . MA Polym erase,

4 . 1 . 1 . Assay fo r  MA polym erase a c t i v i t y  in  n u c le i .

MA polym erase a c t i v i t y  was assayed  in  n u c le i  in  e i th e r  h ig h  s a l t
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to  measure RM polym erase B a c t i v i t y  o r in  low s a l t  fo ( -a m a n itin  to  

measure RNA polym erase A a c t i v i t y .

Ttie re a c tio n  m ix ture  co n ta in ed  in  a volume of 0 .05  ml, 0.075 yamol 

each o f ATP, GTP and GTP, 0 .005 jm o l &-UTP (0 .5  pC ^), 1.25 ^ o l  

tr is -H G l pH 7 .9 ,  0 . 5 jumol 2 -rae rcap toe thano l and 5 /  (v /v ) g ly c e ro l .

Under low s a l t  c o n d itio n s , th e  same volume of re a c t io n  m ix ture  

a ls o  co n ta in ed  0 .2  ^m ol MgCl^ and 1 jW g(K-amanitin. Assays c a r r ie d  ou t 

in  h ig h  s a l t  c o n d itio n s  co n ta in ed  0 .2  |smol MGl^ and 20 yrmol ammonium 

su lp h a te  in  th e  same volume o f r e a c t io n  m ix tu re .

0 .05  ml o f a suspension  of n u c le i  in  TGED b u f fe r  co n ta in in g  abou t 

25 yigDNA were added to  th e  re a c tio n  m ix ture  a t  0 ° , and t h i s  m ix ture  was 

in cu b a ted  a t  37° f o r  30 min. Hie r e a c t io n  was stopped by co o lin g  the  

in cu b a ted  samples to  0 ° .  0 .05  ml o f th e  in c u b a tio n  m ix ture  was sp o tte d

on a 2 .5  cm Whatman No. 1 f i l t e r  d is c  and washed fo r  30 min w ith  

o c c a s io n a l s t i r r i n g  in  10/  (w/v) t r i c h lo r o a c e t ic  a c id  c o n ta in in g  1/

(w/v) te tra so d iu m  pyrophosphate. The f i l t e r s  were washed tw ice more 

w ith  5/  (w/v) t r i c h lo r o a c e t ic  a c id  c o n ta in in g  (w/v) te tra so d iu m  

pyrophosphate, tw ice w ith  a b so lu te  a lc o h o l, once w ith  a lc o h o l :e th e r  

( l : l )  and once w ith  e th e r .  They were then  d r ie d  in  a stream  of a i r  

and th e  r a d io a c t iv i ty  s o lu b i l i s e d  by the  a d d itio n  of 0 .5  ml o f 1M 

hyamine hydroxide and in c u b a tio n  a t  60° fo r  20 m in. The r a d io a c t iv i ty  

was measured by s c i n t i l l a t i o n  coun ting  in  to lu en e  s c i n t i l l a t o r  w ith  

t r i t iu m  coun ting  e f f ic ie n c y  of 20- 24/0

4 . 1 .2 . Assay f o r  s o lu b i l is e d  RNA polym erase a c t i v i t y .

The re a c tio n  m ix ture  co n ta in ed  in  a volume of 0 .025 ml, 0 .0 7 5 j^mol

each of ATP, GTP and GTP, 0 .005 jimol ^H-HTP (0 .5 jq G ^), 1 .25 jim ol tr is -H C l

pH 7 . 9 , 0 .5  jJ-mol 2 ,-m ercap toethano l, 5 /  (v /v ) g ly c e ro l, 0 .2  jtinol MnGl^

3and 10 jxg  DNA te m p la te . In  some experim en ts, H«UTP was rep laced  by
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0 .5  o f '''^C-UTP, and in  o th e r  experim ents by 0 .5  yJiĈ  of ^H-GTP.

0 ,05  ml o f th e  polym erase p re p a ra t io n  was added to  th e  r e a c tio n  

m ix tu re  a t  0° and in c u b a ted  a t  37° f o r  30 min. A f te r  in c u b a tio n , th e  

r a d io a c t iv i ty  in  each sample was determ ined  a s  d e sc rib e d  in  s e c tio n

4 . 1 . 1 .

4 .2 . DNA Polym erase.

T his a ssay  was based on th e  method o f Shepherd & K eir (1966) . 

Samples (0,1 ml) were in cu b a ted  a t  37° f o r  60 min in  a t o t a l  volume o f 

0 .2 5  ml c o n ta in in g  4jiAmol tr is -H G l pH 7 .5 , 1 .5  jm o l %G1^, 15 jomol KGl, 

0 ,1  ^ o l  EDTA, 3 ^ o l  2 -m ercap to e th an o l, 100 jxg c a l f  thymus DNA and 

0 .0 5  jUimol each of dATP, dCTP and dGTP and (^H-m ethyl) dTTP (0 .5  |iC ^ ).

The re a c t io n  was te rm in a te d  by th e  a d d it io n  o f 0 .05  imL of 2M NaOH 

and th e  samp3.es were re in c u b a te d  a t  37° fo r  a n o th e r 60 m in. P o r tio n s  

(O0I ml) were sp o tte d  onto  Whatman 3MÎ4 f i l t e r  d is c s  (2 .5  cm d iam ete r) 

which were then  washed s ix  tim es in  5 /  (w/v) t r i c h lo r o a c e t ic  a c id  

c o n ta in in g  1 /  (w/v) te tra so d iu m  pyrophosphate. A f te r  washing w ith  

a b so lu te  a lc o h o l and e th e r ,  th e  f i l t e r s  were d r ie d  in  a i r .  The DNA 

was d is so lv e d  by h e a tin g  fo r  20 rain a t  60° a f t e r  th e  a d d it io n  of 0 .5  ml 

o f 1M hyamine h y d ro x id e . R a d io a c tiv ity  was determ ined a f t e r  th e  

a d d it io n  of to lu e n e  s c i n t i l l a t o r .

4 . 3 . R ibonuclease A ssay.

3 X 10^ cpra o f ^ ^ P - la b e lle d  28S rRNA from HoLa c e l l s  ( 5 ^ g )  was 

in cu b a ted  in  the  s tan d a rd  RNA polym erase a ssay  m ixture f o r  30 min a t  

37°. A fte r  in c u b a tio n , th e  m ixture was h ea ted  to  70° f o r  30s, q u ic k ly  

cooled  and la y e red  on a 10 -3 0 / (w/v) sucrose  g ra d ie n t in  LETS b u f f e r  

(O0OIM tr is -H G l pH 7 ,4 , 0.1M L iC l, 0 .1 /  (w/v) SDS and 1mM EDTA). A f te r
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c e n tr i fu g a t io n  in  a Spinco SW56 r o to r  run a t  49,000 rpm f o r  2.51i a t  18°, 

f r a c t io n s  were c o lle c te d  on Whatman Mo. 1 f i l t e r  d is c s  and a i r  d r ie d .

The r a d io a c t iv i ty  was measured in  to lu en e  s c i n t i l l a t o r .  The p resence  

o f MA sedim enting more slow ly  than  a m arker of u n tre a te d  MA in d ic a te d  

th e  p resence  o f M ase  a c t i v i t y  in  th e  MA polym erase p re p a ra t io n .

4 .4" D eoxyribonuclease A ssay.

The sample was in cu b a ted  f o r  30 min a t  37° in  the  s tan d a rd  MA 

polym erase assay  m ix ture  w ith  u n la b e lle d  UTP and 5 x 10 cpm of SV40
o
H-DNA (5 ^ g )o ' A f te r  in c u b a tio n , th e  re a c t io n  was te rm in a ted  by 

h e a tin g  to  70° fo r  30s, fo llow ed  by ra p id  coo ling  to  0 ° .  0.1 ml was

la y e re d  on a 4 rnl g ra d ie n t o f GsGl co n ta in in g  0.1 mg/ml e th id iura  bromide 

^ = 1 .4 2 ) . A fte r  c e n tr i fu g a t io n  fo r  6h a t  35,000 rpm a t  20° in  a Spinco 

SW50 .I r o to r  f r a c t io n s  w e re -c o lle c te d  and sp o tted  on VJha.tman No. 1 

f i l t e r  d is c s .  The f i l t e r s  were washed in  1 0 / (w/v) t r i c h lo r o a c e t ic  

a c id , a b so lu te  a lc o h o l and e th e r ,  a i r  d r ie d  and th e  r a d io a c t iv i ty  

determ ined  by coun ting  in  to lu e n e  s c i n t i l l a t o r .  The p resence  of DNA 

sedim enting  more slow ly th an  a marker of u n tre a te d  DNA in d ic a te d  th e  

p resence  of DNase a c t i v i t y  in  th e  p re p a ra t io n .

5. Ghemical M easurem ents.

5 . 1 . P ro te in  D e term in atio n .

P ro te in  c o n c e n tra tio n s  were determ ined by th e  method of B ram hall 

e t  a l . (1969)0 O0O5 ml of sample was sp o tte d  on a Whatman No. 1 f i l t e r  

d is c  and th e  f i l t e r s  p laced  in  7 .5 /  (w/v) t r i c h lo r o a c e t ic  a c id  and 

h ea ted  a t  80° fo r  30 min. A fte r  washing th re e  tim es w ith  7 .5 /  (w/v) 

t r i c h lo r o a c e t ic  a c id  a t  room tem p era tu re , th e  f i l t e r s  were washed w ith



a lc o h o l :e th e r  e th e r  and f i n a l l y  d r ie d  in  a stream  of a i r .

The dry  f i l t e r s  were s ta in e d  w ith  Xylene B r i l l i a n t  Cyanin G 

(Eo G urr L td .,  London, S.W .I4 ) a t  a  c o n c e n tra tio n  o f 10 mg/ral in  7 /

(v /v ) a c e t ic  a c id  f o r  15 min a t  50°. A fte r  rem oval o f th e  s t a in ,  th e  

f i l t e r s  were washed w ith  7 /  (v /v ) a c e t ic  a c id  u n t i l  th e  b lank  was 

c o lo u r le s s .  The f i l t e r s  were d r ie d  in  a i r .

The b lu e  co lo u r was d isp la c e d  from th e  f i l t e r s  by th e  a d d it io n  o f 

5 ml of m e th a n o l :d is t i l le d  w ater:0o88  ammonia (66:34*1) to  each f i l t e r  

in  a t e s t  tu b e . A f te r  m ixing, th e  o p t ic a l  d e n s i ty  o f th e  sam ples was 

read  a t  6IO nm. A s tan d a rd  curve was co n s tru c te d  u s in g  bovine serum 

album in as s tan d a rd  over a  c o n c e n tra tio n  range of 0-1 mg/ml.

5 .2 , DNA D eterm ination .

DNA was m easured by th e  method o f Burton (1956). Samples were 

mixed w ith  an equal volume of 0.5M p e rc h lo r ic  a c id  and h ea ted  f o r  

15 min a t  70°.

Ttie Burton re a g en t was p rep ared  f r e s h ly  b e fo re  u se  by m ixing 0.1 ml 

o f ace ta ld eh y d e  s o lu tio n  ( l 6 mg/ml) w ith  20 ml o f diphenylam ine s o lu tio n  

( 1 .5  mg in  100 ml o f g l a c i a l  a c e t ic  a c id  and 1 .5  ml, o f co n ce n tra te d  

su lp h u ric  a c id ) ,  1 ml o f sample was mixed w ith  2 ml o f Burton re a g e n t 

and l e f t  to  s tan d  o v e rn ig h t a t  room tem p eratu re  in  th e  d a rk . The 

absorbance was read  to  600 nm and a c a l ib r a t io n  cu rve , u s in g  c a l f  

thymus DNA as  s tan d a rd , was c o n s tru c te d  over a  c o n c e n tra tio n  range of 

0-200 ^ g /m l.

5 . 3 . MA D e te rm in a tio n .

MA was measured by th e  method o f K err & S e ra id a r ia n  (1945). Tie 

o rc in o l  reag en t was 60 mg o rc in o l  in  10 ml of 0 .0 2 /  (w/v) FeOl^ in  .
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c o n ce n tra te d  HCl.

3 ml o f o rc in o l  re a g en t was mixed vd th  an eq u al volume o f RNA 

sample and h ea ted  f o r  30 min a t  95° <> The m ix ture  was cooled to  room 

tem p era tu re  and th e  absorbance read  a t  665 nm.

6 . P re p a ra tio n  of DMA from R abb it L iv e r .

T his method was based  on th a t  o f Kay e t  ad , (1952). A ll  s te p s  

were c a r r ie d  ou t a t  0*'4°o

20g of r a b b i t  l i v e r  were f in e ly  minced and homogenised in  ic e  co ld  

0 ,9 /  (w/v) NaCl in  0.01M tr iso d iu m  c i t r a t e  (20 ml p e r  5g t i s s u e ) .  The 

homogenate was f i l t e r e d  th rough  fo u r  th ic k n e sse s  of m uslin  and 

c e n tr ifu g e d  f o r  30 min a t  800xg. The su p e rn a ta n t was d isca rd e d  and 

tlie  p e l l e t  rehom ogenised and re c e n tr ifu g e d .

Hie p e l l e t  was th en  homogeidsed f o r  3 min in  0 .9 /  (w/v) NaCl in  

OoOlM t r i 8odium c i t r a t e  (100 m3, p e r  5g t i s s u e ) ,  p laced  in  a b eak er and 

s t i r r e d  m ech an ica lly . 5 /  (w/v) SDS in  4 5 / (v /v ) aqueous e th a n o l v/as

added (9 ml p e r 100 ml o f su spension ) w ith  thorough s t i r r i n g  which was 

con tinued  f o r  2h. So3Lid NaCl was added to  a f i n a l  c o n c e n tra tio n  of 

1M (5«5g p e r  109 ml o f su sp en sio n ). The suspension  was c e n tr ifu g e d  

f o r  30 min a t  10,000 rpm in  an M.S.E, 8 x 50 ml r o to r .  Hie su p e rn a ta n t

was c a r e fu l ly  removed and an equal volume of 9 5 / (v /v ) aqueous e th an o l 

was added wL'th con tinuous s t i r r i n g .  A g e la t in o u s  p r e c ip i t a t e  formed 

wliich slow ly  dehydrs.ted in to  a  w hite  f ib ro u s  mass which was spooled 

from th e  suspension  on a g la s s  ro d . A second a lc o h o l p r e c ip i ta t io n  

was perform ed on th e  spooled  m a te r ia l  and th e  DNA v/as th en  d is so lv e d  

in  0.01M tr is -H C l pH 7 .5 .



6 .1 . D eterm ination  o f th e  M olecular W eight o f DNA,

M olecular w eight d e te rm in a tio n s  of th e  r a b b i t  l i v e r  DNA p rep ared  

by th e  above method were k in d ly  perform ed by D r. R. Eason o f t h i s  

departm ent u s in g  th e  meitiod o f S tu d ie r  (1965). Samples were c e n t r i 

fuged  in  a Spinco Model E u l t r a c e n t r i f u g e  a t  n eu tra l. pH to  determ ine 

th e  average m olecu lar w eight o f d o u b le -s tran d ed  DNA and a t  a lk a l in e  pH 

to  determ ine  th e  m o lecu lar w eight of s in g le -s tra n d e d  DNA.

7 . E x tra c tio n  o f M u ltip le  Forms of RNA Polym erases.

A ll  p rocedures were c a r r ie d  o u t a t  0 -4°  u n le s s  o therw ise  s p e c i f ie d .  

The method was based on t h a t  of Sugden & K e lle r  (1973)»

Immature r a b b i t  u t e r i  were homogenised in  5-10 volumes o f lOmM 

tr is -H C l pH 7o9, ImM EDTA and 5inM DTT, Homogenisation was c a r r ie d  ou t 

i n  an U ltra -T u rra x  hom ogeniser run  a t  60V f o r  45s and fo llow ed  by a 

second homo gen i  sa ti. on o f 5-10 s tro k e s  in  a T e flo n -g la s s  hom ogeniser run 

a t  half-maximum speed . The homogenate was f i l t e r e d  th rough fo u r  la y e r s  

o f m uslin  c lo th  and th e  f i l t r a t e  a d ju s te d  to  f i n a l  c o n c e n tra tio n s  o f 

25raM tr is -H C l pH 7 .9 , 0,5mM EDTA, 3.5mM DTT, 5mI4 10 / (w/v)

su c ro se , 2 0 / (v /v ) g ly c e ro l  and ammonium s u lp h a te . The ammonium

s u lp h a te , which was added l a s t ,  caused l y s i s  of any i n t a c t  n u c le i .

The v isco u s ly s a te  was h ea ted  a t  35° f o r  1h and then  cooled a t  0° f o r  

8h, A f te r  t h i s  s a l t  e x tra c t io n ,  th e  suspension  was cen tr ifu g e d  in  a 

Spinco 50Ti ro to r  f o r  lOh a t  49,000 rpm to  remove c e l l u l a r  d e b r is .

7 .2 .  Ammonium S u lpha te  F ra c t io n a tio n ,

The c o n ce n tra tio n  o f ammonium su lp h a te  in  th e  su p e rn a ta n t o f th e  

h ig h  speed c e n tr i fu g a t io n  was a d ju s te d  to  100/ s a tu r a t io n  by th e  slow
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a d d it io n  of 0 ,38g o f s o l id  ammonium su lp h a te  p e r ml of su p e rn a ta n t,

0 ,1  ml o f 1M NaOH p e r lOg o f ammonium su lp h a te  added and 0,1 ml o f 0,1M 

DTT p e r  100 ml volume o f s o lu t io n .  The m ix ture  was s t i r r e d  m echan ica lly  

f o r  6h a t  0° and th e  p r e c ip i t a t e  c o lle c te d  by c e n tr i fu g a t io n  in  a  Spinco 

SV/27 r o to r  f o r  1h a t  27,000 rpm. The p e l l e t  was resuspended in  a 

sm all volume o f TGMED b u f f e r  and d ia ly se d  o v e rn ig h t a g a in s t  100 volumes 

o f  TGMED b u f fe r  c o n ta in in g  0,08M ammonium su lp h a te ,

7 .3 -  DEAE-C e l lu lo s  e Chromatography.

A f te r  d ia ly s i s  o v e rn ig h t, th e  so lu tio n  was c l a r i f i e d  by c e n t r i 

fu g a tio n  in  a Spinco 50Ti r o to r  f o r  1h a t  45,000 rpm. The su p e rn a ta n t 

was passed  on to  a  12 x 0 ,9  cm column of DEAE-cellulose which had 

p re v io u s ly  been e q u i l ib ra te d  w ith  TGMED b u f fe r  co n ta in in g  0 ,0 8M ammonium 

su lp h a te . A fte r  sample a p p l ic a t io n ,  th e  column was washed ivith 5 

column volumes of 0 ,0 8M ammonium su lp h a te , 5 column volu n es  of 0,14^'^ 

ammonium su lp h a te  and f i n a l l y  a l in e a r  g ra d ie n t of 10 column volumes of 

0,1411-0,4M ammonium su lp h a te  a l l  in  TGMED b u f f e r .  F ra c tio n s  (2 ml) 

were c o lle c te d  and assayed  f o r  RNA polym erase a c t i v i t y  and p ro te in  

c o n te n t,

7 .4 ' P hosphocellu lose  Chromatography.

Ttie f r a c t io n s  c o n ta in in g  RNA polym erase a c t i v i t y  a f t e r  DEAE- 

c e l lu lo s e  chromatography were pooled  and d ia ly se d  a g a in s t  0 ,0 8M ammonium 

su lp h a te  in  TGED b u f fe r  f o r  6h a t  4°» A fte r  d i a ly s i s ,  th e  so lu tio n  

was passed  on to  a  10 x 0,9 cm column of p h o sp h o ce llu lo se  which had been 

e q u i l ib ra te d  w ith  0,08M ammonium su lp h a te  in  TGED b u f f e r .  The column 

was washed w ith  3 column vo luaes each o f 0 ,08M, 0 ,1 5M, 0,2M, 0,3M and 

0,4M aramoni.um su lp h a te  a l l  in  TGED b u f fe r .  F rac tio n s  (2 ml) were



c o l le c te d  and assayed  f o r  RNA polym erase a c t i v i t y ,

7 . 5 . G ly cero l D en sity  G rad ien t S ed im en ta tion .

The f r a c t io n s  c o n ta in in g  RNA polym erase a c t i v i t y  were pooled a f t e r  

p h o sp h o ce llu lo se  chrom atography and d ia ly se d  a g a in s t  TGMED(15) b u f f e r  

o v e rn ig h t. G ly cero l g ra d ie n t  c e n tr i fu g a t io n  was c a r r ie d  ou t by la y e r in g  

0 ,5  nil o f sample on 4 ®5 ml o f a 1 5 -3 0 / (v /v ) g ly c e ro l g ra d ie n t c o n ta in in g  

50mI4 tr is -H G l pH 7 .9 , 0,1mI4 EDTA, ImM DTT, 50mM ammonium su lp h a te  and 

0 ,5  mg/ml lysozym e. C e n tr ifu g a tio n  was c a r r ie d  ou t in  a Spinco SVÎ65 

r o to r  run  a t  65,000 rpm f o r  4®5h a t  0 ° , 0 ,2  ml f r a c t io n s  were

c o l le c te d  by p ie rc in g  th e  bottom  of th e  c e n tr ifu g e  tu b e ,

7 . 6 . CM -Cellulose Chromatography,

The p ro te in ,  which d id  n o t b ind  to  th e  DEAE-cellulose d u rin g  th e  

p u r i f i c a t io n  of th e  RîjA po lym erases, was d ia ly se d  o v e rn ig h t a g a in s t  

PGED b u f f e r  a t  4° and th en  passed  on to  a 10 x 0 ,9  cm column of 

C M -cellulose which was e q u i l ib r a te d  w ith  PGED b u f f e r .  The column was 

washed w ith  5 column volumes o f PGED b u f fe r  fo llow ed  by a l i n e a r  

g ra d ie n t  o f 10 column volumes o f PGED c o n ta in in g  0 to  0,41'^ KCl,

F ra c tio n s  (l ml) were c o l le c te d  and assayed  fo r  s t im u la to ry  a c t i v i t y  

i n  th e  p resence  of b o th  RNA polym erase A and B,

S im ila r ly , cytoplasm s from o e s t r a d io l - t r e a te d  and c o n tro l  r a b b i t  

u t e r i  p rep ared  as d e sc r ib e d  in  s e c tio n  3 .2 . were d ia ly se d  o v e rn ig h t 

a g a in s t  PGED b u f fe r  and passed  on to  a C M -cellulose column which was 

washed w ith  b u f f e r  as  d e sc rib e d  above.
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RESULTS.

1. 1.  P u r ifica tio n  o f IL iltip le  Forms o f DMA-Dependent
RNA Polymerase from Rabbit Uterus.

In  th e  i n i t i a l  s tu d ie s  on th e  p u r i f i c a t io n  o f u te r in e  RNA polym erases 

a d u l t  an im als were used so a s  to  p rov ide  a l a r g e r  wet w eight o f s t a r t in g  

m a te r ia l  from which th e  RNA polym erases could be e x tra c te d . Once th e se  

methods had been developed u s in g  a d u l t  u t e r i ,  th ey  were a p p lie d  to  

e x t r a c t  th e  m u ltip le  forms of RNA polym erase from immature r a b b i t  u t e r i  

S ta r t in g  w ith a wet w eight of 2-3g* The r e s u l t s  p re sen ted  in  the  

S ec tio n s  on p u r i f i c a t io n  and c h a r a c te r is a t io n  o f th e  enzymes a re  

a p p lic a b le  f o r  both  a d u l t  and immature an im als.

1 .2 , E x tra c tio n  of U te rin e  RNA Polym erases.

Most o f th e  e s ta b l is h e d  methods fo r  th e  i s o la t io n  of mammalian 

n u c le a r  RNA polym erases inv o lv e  th e  so n ic a tio n  of a n u c le a r  p re p a ra t io n  

in  media w ith  an io n ic  s tre n g th  g re a te r  than  0«3M ammonium su lp h a te  

(Roeder & R u tte r , 1969; Charabon ^  a l . , 1970). E arly  a tte m p ts  to  

i s o l a t e  the  u te r in e  RNA polym erases by th e se  standaord methods f a i l e d  

m ainly  because o f th e  sh o rtag e  o f m a te r ia l  in  p re p a ra t io n s  of u te r in e  

n u c le i . However, Sugden & K e lle r  (1973) developed a method fo r  the  

e x tr a c t io n  of m u ltip le  forms o f RNA polym erases from whole homogenates 

Of KB c e l l s  which avoided  the  p re p a ra t io n  of e i th e r  crude o r p u r i f ie d  

n u c le a r  f r a c t io n s  b e fo re  th e  e x tra c t io n  o f th e  enzymes. The method 

d e sc rib e d  in  t h i s  s e c t io n  was based on t h i s  p rocedure and was employed 

to  i s o l a t e  th e  RNA polym erases from a whole t i s s u e  homogenate of u t e r i .

lOg of u t e r i  in  th e  case o f a d u l t  an im als o r 2-3g of u t e r i  in  the 

case of immature an im als were homogenised in  10 volumes of lOmM tr is -H C l 

pH 7 ,9 , ImM EDTA and 5mM DTT a s  d e sc rib ed  in  th e  Metliods s e c t io n . Tlie
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homogenate v/as a d ju s te d  to  f i n a l  c o n c e n tra tio n s  of 2$mM tr is -H C l pH 7o9, 

Oo5nl4 EDTA, 3o5mM DTT, 5mM MgCl , 1 0 / (w/v) su cro se , 2 0 / (v /v ) g ly c e ro l 

and Oo/J-l ammonium su lp h a te . G lycero l was e s s e n t ia l  in  c o n c e n tra tio n s  

of 2 0 /  (v /v ) upwards in  o rd e r to  s t a b i l i s e  th e  RNA polym erases a f t e r  

th ey  had been s o lu b i l i s e d .  The ammonium su lp h a te  was added l a s t  and 

caused l y s i s  o f any i n t a c t  n u c le i  p re s e n t in  th e  homogenate. As a 

r e s u l t  o f t h i s  a d d it io n , th e  homogenate became v e ry  v isco u s .

The suspension  was allow ed to  stand  f o r  8h a t  0° in  th e  p resence  of 

h ig h  s a l t  so as  to  f a c i l i t a t e  th e  d is s o c ia t io n  of p ro te in  and n u c le ic  

a c id  in  th e  chrom atin . A f te r  t h i s  p e rio d  i t  v/as c e n tr ifu g e d  a t  105,000xg 

fo r  lOh to  remove any in s o lu b le  m a te r ia l  such as  c e l l u l a r  d e b r is ,  and th e  

r e s u l t in g  su p e rn a tan t c o n ta in in g  bo th  p ro te in  and n u c le ic  a c id s  was 

f r a c t io n a te d  w ith  ammonium su lp h a te  as  d e sc rib e d  in  th e  Methods s e c t io n .

As a r e s u l t  o f t h i s  p rocedure a l l  th e  RNA polym erase a c t i v i t y  was 

recovered  in  th e  p r e c ip i ta te d  p ro te in  w hile  over 8 5 / of th e  m easurable 

DNA co n ten t rem ained in  th e  superna'bant f r a c t io n  which was d isc a rd e d .

The p e l l e t  was resuspended in  a  sm all volume of TGMED and d ia ly se d  

a g a in s t  100 volumes o f TGMED co n ta in in g  0,08M ammonium su lp h a te  to  reduce 

th e  s a l t  c o n c e n tra tio n . A fte r  d i a ly s i s ,  the  so lu tio n  appeared v ery  

cloudy because th e  con tam inating  DNA became in so lu b le  and t h i s  p r e c ip i t a t e  

was removed by c e n tr i fu g a t io n .  The su p e rn a ta n t f r a c t io n  which co n ta in ed  

between 10 and 15mg o f p ro te in  p e r  gram of i n i t i a l  t i s s u e  was then  

f r a c t io n a te d  f u r th e r  by chrom atography on columns of D EA E-cellulose,

1 .3 ' DEAE--Cellulose Chromatography.

Hie c l a r i f i e d  su p e rn a ta n t f r a c t io n  d e riv ed  from th e  h ig h  s a l t  

e x t r a c t  was passed on to  a DEAE-cellulose column e q u i l ib ra te d  w ith  TGMED 

b u f f e r  co n ta in in g  0 ,0 8M ammonium su lp h a te , and chrom atography was 

c a r r ie d  ou t as d e sc rib e d  in  th e  Metliods s e c t io n . F ra c tio n s  (2 ml) were
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c o lle c te d  and assayed  fo r  RNA polym erase a c t i v i t y  and p ro te in  c o n te n t.

A re p re s e n ta t iv e  e lu t io n  p r o f i l e  i s  shown in  P ig . 1. The bulk o f the  

c e l l u l a r  p ro te in  e lu te d  in  th e  column wash and th re e  d i s t i n c t  peaks of 

RNA polym erase a c t i v i t y  were o b ta in ed . The f i r s t  peak o f a c t i v i t y  was 

e lu te d  w ith  th e  bu lk  o f th e  c e l l u l a r  p ro te in  in  th e  column wash and was 

d e s ig n a te d  RNA polym erase C. The second peak, e lu te d  from th e  column 

by O0I414 ammonium s u lp h a te , was in s e n s i t iv e  to  th e  a c t io n  of e(-am anitin  

added to  th e  RNA polym erase a ssa y , and was d esig n a ted  RNA polym erase A, • 

w h ile  th e  t h i r d  peak of RNA polym erase a c t i v i t y ,  which was e lu te d  by 

0 ,22  -  Ü.25M ammonium su lp h a te , was s e n s i t iv e  to  th e  a c t io n  of ot-am a.nitin 

in  th e  a ssa y  and was d es ig n a ted  RNA polym erase B (P ig . 1 ) .

In  some experim ents th e  o rig in a l'h o m o g en ate  was c e n tr ifu g e d  f o r  

15 min a t  SOOxg im m ediately  a f t e r  f i l t r a t i o n  and a crude n u c le a r  

p re p a ra t io n  was o b ta in ed . This n u c le a r  p e l l e t  was t r e a te d  in  a s im ila r  

manner to  th e  homogenate by e x tra c t io n  in  h ig h  s a l t  c o n c e n tra tio n s  

fo llow ed  by DEAE-cellulose chrom atography. The r e s u l t s  o f t h i s  

p rocedure  a re  shown in  PLg, 2 , which dem onstra tes  th e  p resence  of th e  

two p r in c ip a l  peaks o f RNA polym erase A and B a lone  su g g es tin g  th a t  the  

peak o f RNA polym erase C a c t i v i t y  ob ta ined  in  experim ents w ith  whole 

homogenate8 was e i th e r  ’ s o lu b le ’ o r o f cy toplasm ic o r ig in .

The p u r i f i c a t io n  and c h a r a c te r is a t io n  of th e  RNA polym erases A and 

B a re  con tained  in  th e  fo llo w in g  s e c tio n s  and th e  p ro p e r t ie s  of RNA 

polym erase C a re  p re sen te d  a t  a  l a t e r  s tag e  in  t h i s  th e s i s ,

1 .4 . P h o sphocellu lo se  Chromatography.

1 .4.1 . RNA Polymerase A.

The f r a c t io n s  co n ta in in g  RNA polym erase A a c t i v i t y  a f t e r  DME- 

c e l lu lo s e  chrom atography were pooled and d ia ly se d  a g a in s t  TGED b u f f e r



PIG* 1 t Fîu lt ip le ..forms ,of ■DNA-dependent MA polymerases from Rabbit

U terus sep a ra ted  on D EA E-cellulose.

Immature u t e r i  were homgenised and th e  t o t a l  p ro te in  

e x tra c te d  by s a l t  a s  d e sc rib ed  in  th e  Methods s e c t io n ,

80-100mg of u te r in e  p ro te in  was passed on to  a DEAE-cellulose 

column which was developed w ith  an aramoniiom su lp h a te  g ra d ie n t as 

d e sc rib e d  in  th e  Methods s e c t io n . Each f r a c t io n  was assayed  

fo r  RNA polym erase a c t i v i t y  and p ro te in  co n ten t in  th e  column 

b u f f e r .

RNA polym erase a c t i v i t y  

RNA polym erase a c t i v i t y  in  p resence  

of 1 jiAg ®%-amanitin 

0— 0 Absorbance a t  6lOnm

S a l t  c o n c e n tra tio n .
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FIG, 2: î'iu ltip le  forms o f DNA-dependent RNA polymerases from

u te r in e  n u c le i  sep a ra te d  on D EA E-cellulose.

' U te rin e  n u c le i  were p rep ared  and th e  t o t a l  n u c le a r  p ro te in  

e x tra c te d  a s  d e sc rib e d  in  th e  Methods s e c t io n , 

lOmg of p ro te in  was passed  on to  a DEAE-cellulose column and 

chrom atography e f fe c te d  a s  d e sc rib e d  in  th e  Methods s e c tio n . 

Each f r a c t io n  was assayed  in  column b u f f e r  in  d u p lic a te  fo r  

UNA polym erase a c t i v i t y  and p ro te in  c o n te n t.

RNA polym erase a c t i v i t y  

^  Absorbance a t  6lOnra 

S a l t  c o n c e n tra tio n .
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c o n ta in in g  0,08M ammonium su lp h a te  f o r  6h a t  4°<> A fte r  d i a l y s i s ,  

chrom atography on phosphoceli.u3.ose was e f fe c te d  a s  d e sc rib e d  in  the  

Methods s e c t io n .  F ra c tio n s  (2 ml) were c o lle c te d  and assayed  f o r  RNA 

polym erase ac tiv a .ty  and p ro te in  c o n ten t (F ig . 3a) « BlfA polym erase A 

was e lu te d  by Oo3M ammonium su lphate*

1 .4*2 . RJTA Polym erase B*

The f r a c t io n s  c o n ta in in g  RTJA polym erase B a c t i v i t y  a f t e r  DEAE- 

c e l lu lo s e  were pooled and d ia ly s e d  a g a in s t  0*0SM ammonium su lp h a te  in  

TGED b u f f e r  f o r  6h a t  4°» A f te r  d i a l y s i s ,  p h o sp h o ce llu lo se  chrom ato

graphy was c a r r ie d  ou t a s  above* F ra c tio n s  (2 ml) were c o lle c te d  and 

assayed  f o r  RJ'JA polym erase a c t i v i t y  and p ro te in  c o n ten t (Fig* 3b ).

RWA polym erase B a c t i v i t y  was e lu te d  by 0*3M amrdonium s u lp h a te .

A fte r  p h o sp h o ce llu lo se  chrom atography, th e  c o n c e n tra tio n  o f p ro te in  

in  th e  f r a c t io n s  c o n ta in in g  each RMA polym erase a c t iv i . ty  was v e ry  low.

In  o rd e r to  p rev en t lo s s  of enzyme ac tiv d .ty  a t  low p ro te in  c o n c e n tra tio n s  

lysozyme was added to  th e  pooled f r a c t io n s  a t  a f i n a l  c o n c e n tra tio n  of 

0*5 mg/ml. Lysozyme was used as  a s t a b i l i s i n g  p ro te in  f o r  th e  RNA 

polym erases in  p re fe re n c e  to  bovine serum album in because i t  was f r e e  

from M ase  a c t i v i t y  u n lik e  com m ercial p re p a ra t io n s  of serum album in.

1 .5 . G lycero l D ensity  G rad ien t S ed im en ta tion .

1 .5 .1 .  RNA Polym erase A*

The pooled f r a c t io n s  c o n ta in in g  RNA polym erase A a c t i v i t y  a f t e r  

phosphocel3.ulose chrom atography and a d d it io n  o f lysozyme were d ia ly se d  

o v e rn ig h t a g a in s t  TGMED(l5) b u f f e r  and c e n tr ifu g e d  in  g ly c e ro l  g ra d ie n ts  

as  d e sc rib e d  in  th e  Methods s e c t io n . F ra c tio n s  (0*2 ml) were c o l le c te d



FIG b 3 : P u r i f ic a t io n  of U te rin e  RNA Polym erases A and B

on P h o sp h o ce llu lo se .

a )  The pooled f r a c t io n s  c o n ta in in g  RNA polym erase A a f t e r  

DEAE-cellulose chrom atography were passed  on to  a phospho

c e l lu lo s e  column which was developed w ith  an ammonium su lp h a te  

g ra d ie n t a s  d e sc rib e d  in  th e  Methods sec tion*

Each f r a c t io n  was assayed  in  column b u f f e r  in  d u p lic a te  fo r  

RNA polym erase a c t i v i t y .

®...........® RNA polym erase a c t i v i t y

O———O Absorbance a t  6lOnm

—“A S a l t  c o n c e n tra tio n .

b) The pooled f r a c t io n s  co n ta in in g  RNA polym erase B a f t e r  

DEAE-cellulose chrom atography were passed  on to  a  .phospho

c e l lu lo s e  column which was developed w ith  an ammonium su lp h a te  

g ra d ie n t as d e sc rib e d  in  th e  Methods s e c t io n .

Each f r a c t io n  was assayed  in  column b u f fe r  in  d u p lic a te  f o r  

RNA polym erase a c t iv i ty *

O RNA polym erase a c t i v i t y

O—----- O Absorbance a t  6l0nm

A"  -A S a l t  c o n c e n tra tio n .
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by p ie rc in g  tlie  bottom  of each tube  and th e  RhA polym erase a c t i v i t y  and 

p ro te in  c o n ten t (F ig . 4^) were m easured. RNA polym erase A was

o b ta in ed  as  a  w e ll d e fin e d  peel, o f a c t i v i t y  from th e  g ra d ie n t .

1 .5 .2 .  RI'IA Polym erase B,

The pooled f r a c t io n s  c o n ta in in g  RNA polym erase B a c t i v i t y  a f t e r  

tre a tm e n t on ph o sp h o ce llu lo se  were a ls o  d ia ly se d  o v e rn ig h t a g a in s t  

TGMED(15) b u f fe r  and g ly c e ro l g ra d ie n t sed im en ta tion  c a r r ie d  ou t as  

above. Hie r e s u l t s  of t h i s  p rocedure a re  shown in  F ig . 4t> and ag a in  

g ive  r i s e  to  a  c le a r  c u t peak of a c t i v i t y .

1 .6 . S to rag e  of Enzymes,

A f te r  d e n s ity  g ra d ie n t  c e n tr i fu g a t io n ,  th e  f r a c t io n s  c o n ta in in g  

enzyme A and B a c t i v i t y  were made up to  50% (v /v ) g ly c e ro l ,  d ia ly se d  

a g a in s t  TGED(50) o v e rn ig h t and s to re d  in  TGED(50) b u f fe r  co n ta in in g  

Oo5 rag/ml lysozym e. S to rag e  o f p a r t i a l l y  p u r i f ie d  RNA polym erase 

f r a c t io n s  a t  -20° in  TGED b u f f e r  caused t o t a l  lo s s  of a c t i v i t y  o f botFi 

enzymes w ith in  1-2 d ay s . However, enzyme sam ples s to re d  a t  -20° in  

50^ (v /v ) g ly c e ro l and a t  a  p ro te in  c o n ce n tra tio n  of 0 .5  rag/ml remained 

a c t iv e  f o r  s e v e ra l weeks.

1 .7 . Enzyme A c tiv i ty  U n its .

A u n i t  o f RNA polym erase a c t i v i t y  i s  d e fin ed  a s  th e  amount of enzyme 

which c a ta ly s e s  th e  in c o rp o ra tio n  of 1 pmol of Ul'̂ IP in to  a c id - in s o lu b le  

m a te r ia l  p e r  mg p ro te in  in  30 min. I t  i s  d i f f i c u l t  to  o b ta in  a c c u ra te  

v a lu e s  f o r  th e  s p e c i f ic  a c t i v i t i e s  a t  d i f f e r e n t  s tag e s  of th e  p u r i f i c a 

t io n  because of th e  ve ry  sm all amount o f p ro te in  p re se n t in  th e  f r a c t io n s ,



FIG. 4* P u r if ic a tio n  of U terine RNA Polymerases A and B by

G lycerol D ensity Gradient Sedim entation.

a ) The pooled and d ia ly se d  f r a c t io n s  c o n ta in in g  RI'IA 

polym erase A a f t e r  p h o sp h o ce llu lo se  chrom atography were la y e re d  

on a 15-30/» g ly c e ro l g ra d ie n t c o n ta in in g  0 . 5mg/ml lysozyme a s  

d e sc rib ed  in  th e  Methods s e c t io n .

Each f r a c t io n  was assayed  in  d u p lic a te  f o r  RNA polym erase 

a c t i v i t y  and p ro te in  c o n te n t.

<̂ — —0  RNA polym erase a c t i v i t y  

Q— -Q Absorbance a t  6lOnm.

b) The pooled and d ia ly se d  f r a c t io n s  c o n ta in in g  RNA 

polym erase B a f t e r  p h o sp h o ce llu lo se  chrom atography were la y e re d  

on a 15-30/O g ly c e ro l g ra d ie n t c o n ta in in g  0 . 5mg/ml lysozyme a s  

d e sc rib e d  in  th e  Methods s e c t io n .

Each f r a c t io n  was assayed  in  d u p lic a te  f o r  RNA polym erase 

a c t i v i t y  and p ro te in  c o n te n t.

“€> RNA polym erase a c t i v i t y  

-Q Absorbance a t  6lOnm.
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and th e  degree of p u r i f i c a t io n  ach ieved  a t  each s tep  i s  th e re fo re  

ap p rox im ate .

2 . C h a ra c te r is a tio n  o f U te rin e  RNAPolymerases A and B.

In  a l l  th e  experim ents in  t h i s  s e c tio n , th e  enzyme sam ples used 

were p a r t i a l l y  p u r i f ie d  p re p a ra t io n s  o f u te r in e  RNA polym erases A and 

B in  TGED( 50) b u f fe r  c o n ta in in g  Oo5 mg/ml lysozym e.

2 .1 .  C ation  Requirem ents,

The m eta l io n  req u irem en ts  of th e  two u te r in e  RNA polym erases a re

shoim in  P ig . 5. I t  i s  e v id e n t t h a t  RI'IA polym erase A can u t i l i s e

e f f i c i e n t l y  bo'bh Mg"̂ "* and Mn̂ "*" b u t t h a t  th e  c o n ce n tra tio n  of l'4n"*”' io n s  

was q u ite  c r i t i c a l  (P ig , 5 a ) , The op tim al c o n c e n tra tio n s  were SmM fo r  

Mg"̂  ̂ and 3mli fo r  On th e  o th e r  hand, ibi i s  seen to  be a b e t t e r

a c t iv a to r  fo r  RNA polym erase B than  Mg^^ w ith  an op tim al c o n c e n tra tio n  

o f 3mM (Pigo 5b) o Again th e  c o n c e n tra tio n  of io n s  was more

c r i t i c a l ,

2 .2 .  S a l t  R equirem ents.

The e f f e c t  of th e  a d d it io n  of s a l t  to  the  RNA polym erase a ssay s  i s

shorn  in  P ig , 6 , In c re a s in g  s a l t  c o n c e n tra tio n s , i r r e s p e c t iv e  of

w hether ammonium su lp h a te  o r KGl was u s e d , d id  n o t a f f e c t  th e  a c t i v i t y  

of RNA polym erase A u n t i l  above c o n c e n tra tio n s  of 20mM w ith  Mg^^ and 60mîl 

w ith  Mn^^ when a marked in h ib i t io n  talc es p la c e . Hie o p tim al ammonium 

su lp h a te  c o n ce n tra tio n  was 10mM in  th e  p resence  o f Bmll Mg' ' and /pOmM in  

th e  p resence  of 3niM Mn'̂ ’̂ (P ig , 6a ) .

I t  i s  ev id en t from P ig , 6b , however, t h a t  an in c re a se  in  th e  io n ic



PIG o 5 : The Io n ic  Requirem ents fo r  U te r ine RNA polym erases

A and B.

a ) 30 u n i t s  of RNA polym erase A in  TGED b u f f e r  was assayed  

f o r  RNA polym erase a c t i v i t y  i n  in c re a s in g  c o n c e n tra tio n s  o f 

Mg**"*" io n s  and Mn^^ io n s .

4» A c tiv i ty  in  p resen ce  o f Mn

 ® A c tiv i ty  i n  p resence  of

b ) 30 u n i t s  of RNA polym erase B in  TGED b u f f e r  was assayed  

f o r  RNA polym erase a c t i v i t y  in  in c re a s in g  c o n c e n tra tio n s  o f 

io n s  and Mn^^ io n s .

A c t iv i ty  in  p resence  of Mn^^

o * - - A c t i v i t y  in  p resence  of Mg^^
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FIG. 6 : The S a l t  Requirem ents fo r  U te rin e  RM polym erases

A and B.

a )  u n i t s  of RîIA polym erase A in  TGED b u f f e r  was assayed

f o r  RNA polym erase a c t i v i t y  in  d u p lic a te  in  th e  p resence  of 

8niM and 3mî4 Mn^^ in  in c re a s in g  c o n c e n tra tio n s  of

ammonium su lp h ate ,

G- Q A c tiv i ty  in  p resence  of 3mM Mn

^  - — 9  A c tiv i ty  in  p resence  of 8mM Mg

b) 4G w i i t s  o f RNA polym erase B in  TGED b u f fe r  was assayed  

f o r  RNA polym erase a c t i v i t y  in  d u p lic a te  in  th e  p resence  o f 

3mM Mn^^ in  in c re a s in g  c o n c e n tra tio n s  of ammonium su lp h a te  

and KOI.

G— © A c tiv i ty  in  p resen ce  o f ( ^ ^ ) 2

-0 A c tiv i ty  in  p resence  of KGl.
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s tr e n g th  o f th e  in c u b a tio n  medium g re a t ly  enhances RTfA polym erase B 

a c t i v i t y .  Ammonium su lp h a te  was more e f f e c t iv e  th an  KOI in  s t im u la tin g  

RNA s y n th e s is  and th e  o p tim al c o n c e n tra tio n  was found to  be lOOraM.

In  subsequent experim ents on i s o la te d  u te r in e  RNA polym erases, th e  

enzymes were assayed  under t h e i r  re s p e c tiv e  op tim al s a l t  and io n ic  

c o n d itio n s  u n le s s  s ta te d  o th e rw ise ,

2 ,3 .  S e n s i t iv i ty  to  o(-A m anitin .

The e f f e c t  o f adding  th e  to x in , ® (-am anitin , to  RNA polym erase a ssay s  

u s in g  th e  s o lu b i l i s e d  RNA polym erase p re p a ra t io n s  i s  shorn  in  Fig„ 7 .

RNA polym erase B was s p e c i f i c a l ly  in h ib i te d  a t  v e ry  low le v e l s  of th e  

to x in , a c o n c e n tra tio n  o f 0*01 yjg p e r a ssa y  (O.Oi ml) be in g  s u f f i c i e n t  

to  i n h i b i t  enzyme B a c t i v i t y  by up to  80^,, w hile  c o n c e n tra tio n s  of 

g r e a te r  th an  1 p e r  a ssa y  com pletely  in h ib i te d  enzyme B a c t i v i t y .

RNA polym erase A was e n t i r e ly  u n a ffe c te d  by the  to x in  even a t  c o n cen tra 

t io n s  o f 10 jig  p e r  a ssa y ,

2,4-* Thermal S e n s i t iv i ty .

Figo 8 shows th e  e f f e c t  o f in c u b a tin g  th e  s o lu b i l is e d  RNA 

polym erases a t  v a r io u s  tem p era tu res  f o r  15 min p r io r  to  m easuring t h e i r  

a c t i v i t i e s ,  RNA polym erase A i s  very  h e a t  l a b i l e  and more than  75% of 

i t s  a c t i v i t y  i s  l o s t  by p re - tre a tm e n t a t  45° f o r  15 rain. By c o n tr a s t ,  

Rl'JA polym erase B i s  much l e s s  s e n s i t iv e  to  th erm al in a c t iv a t io n ,  only  

20^ of i t s  a c t i v i t y  b e in g  l o s t  a f t e r  in c u b a tio n  a t  45° f o r  15 min.

2,5o S u b s tra te  R equirem ents.

T ie n u c le o tid e  req u irem en ts  f o r  RNA sy n tlie s is  c a ta ly se d  by botli ■



FIGo 7 : The E f fe c t  o f^ - A n ian itin  In  V itro  on Ute r in e  HMA

polym erases A and B.

20 u n i t s  o f MA polym erase A o r B in  TGED b u f f e r  were 

in cu b a ted  under s tan d a rd  a ssa y  c o n d itio n s  a s  d e sc rib e d  in  th e  

Methods s e c tio n  in  th e  p resen ce  of in c re a s in g  c o n c e n tra tio n s  o f 

o (-a m a n itin . R esu lts  a re  expressed  as  a p e rcen tag e  of th e  

a c t i v i t y  measured in  th e  absence of o^-am anitin .

RNA polym erase A in  th e  absence o f -a m a n itin  

in c o rp o ra te d  18*6 p mol UMP in to  RNA in  30 min.

RNA polym erase B in  th e  absence o f ® (-am anitin 

in c o rp o ra te d  23=0 p mol UMP in to  RNA in  30 min.

RÎ A polym erase A a c t i v i t y  

Ô— — © RNA polym erase B a c t i v i t y .
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FIG. 8: The E f fe c t o f H eat on U te rin e  RliA poly inerases A and B.

20 u n i t s  o f bo th  RNA polym erase A and B in  TGED b u f f e r  

were in cu b a ted  f o r  15 min a t  v a r io u s  tem p era tu res  and then  

assayed under s tan d a rd  a ssay  c o n d itio n s  a s  d e sc rib e d  in  th e  

Methods s e c t io n . R esu lts  a re  expressed  a s  a  p e rcen tage  of 

th e  a c t i v i t y  measured a f t e r  p re - in c u b a tio n  f o r  15 min a t  37^.

RNA polym erase A c o n tro l  in c o rp o ra te d  19,2 p mol UMP 

in to  RNA in  30 rain.

RNA polym erase B c o n tro l  in c o rp o ra te d  2 2 .4  P mol UT4P 

in to  RNA in  30 min,

G----—@ RNA polym erase A a c t i v i t y

6  RNA polym erase B a c t i v i t y .
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RM polym erases a re  shown in  Table 1. Both enzymes a re  dependent on 

th e  p resence  of a l l  fo u r  tr ip h o s p h a te s . I f  one tr ip h o sp h a te  was om itted  

from th e  a ssay  m ix tu re , a c t i v i t y  in  both  enzymes was decreased  by abou t 

30-35/^ w hile  removal of two tr ip h o sp h a te s  from th e  a ssa y  m ix tu re  

dep ressed  enzymic a c t i v i t y  to  only  5-10^ of c o n tro l l e v e l s .  V ir tu a l ly  

no a c t i v i t y  was measured f o r  bo th  enzymes when th re e  tr ip h o sp h a te s  were 

a b se n t from th e  system ,

A nother e s s e n t ia l  requ irem en t f o r  RhA s y n th e s is  i s  th e  p resence  

o f a  reducing  ag en t w ith  f r e e  t h i o l  groups such as 2 -m ercap to e th an o l o r 

DTTo 2 -M ercap toethanol was used  in  a l l  experim ents and had an op tim al 

c o n c e n tra tio n  f o r  bo th  RI'IA polym erases o f ZOmhl. VJhen 2-me reap  to  e th a n o l 

was om itted  from th e  a ssa y  m ix tu re  on ly  10-15?^ o f c o n tro l  a c t i v i t i e s  

were reco rd ed ,

2 .6 .  Template Requi rem ent s ,

There i s  an a b so lu te  dependence f o r  DM f o r  b o th  s o lu b i l i s e d  forms 

o f u te r in e  RNA polym erase as  shown in  Table 2 , The ro le  of DNA in  th e  

r e a c tio n  was confirm ed by th e  a c t io n  o f actinom ycin  D which com pletely  

d ep ressed  RNA s y n th e s is ,

RNA polym erase A i s  more a c t iv e  on d o u b le -s tran d ed  DNA tem p la tes  

such a s  r a b b i t  l i v e r  DNA and c a l f  thymus DNA th an  on t h e i r  h e a t-d e n a tu re d  

c o u n te rp a r ts .  On th e  o th e r  hand, RNA polym erase B c a ta ly s e s  RNA 

sy n th e s is  more e f f i c i e n t l y  on h e a t-d e n a tu re d  tem p la te s  under th e  c o n d itio n s  

employed. Both enzymes a re  capab le  o f c a ta ly s in g  RNA s y n th e s is  on th e  

s y n th e t ic  p o ly d eo x y rib o n u e leo tid e  po ly  d(AT) which i s  a  much more e f f i c i e n t  

tem p la te  fo r  bo th  RNA polym erase A and B th an  'n a tiv e*  te m p la te . R abbit 

u te r in e  DM was n o t used a s  a tem p la te  because th e  sm all amount which 

could  be e x tra c te d  from u t e r i  would n e c e s s i ta te  u s in g  a la rg o  number of 

an im als to  o b ta in  a s u f f i c i e n t  amount of DNA, In  th e  absence o f DNA



TABLE 1 : S u b s tra te  Requirem ents f o r  U te rin e  MA P o ly n e ra se s

A and B.

. 10 u n i t s  o f e i th e r  RNA polym erase A o r B were in cu b a ted  

in  the  s tan d a rd  RNA polym erase a ssay  m ix tu re  as  d e sc rib e d  in  the  

Methods s e c t io n , u s in g  e i th e r  ^H-UTP o r  ^H~GTP a s  tiie la b e l le d  

s u b s t r a te .  The e f f e c t  of rem oval o f each o f th e  s u b s tr a te s  i s  

exp ressed  as a p e rcen tag e  of th e  a c t i v i t y  ^sdth th e  com plete 

system . The re  s u i t s  a re  th e  average o f a t  l e a s t  th re e  

d e te rm in a tio n s .



Table 1 .

Substrate Requirements fo r  U terine RNA Polymerases A and B,

6 5

RNA P ohm erases
A B

Using &-UTP pmol UMP ^ of pmol CMP % of
in co rpd c o n tro l inco rpd c o n tro l

Complete system : 9.70 100 10.60 100

-GTP 6067 6 8 .8 6.91 65.2

-ATP 6 0 A4- 6 6 ,4 7.01 66,1

-OTP 6,31 65.0 7 .12 67.2

-GTP -ATP 0.&3 8 .6 0.71 6 ,7

-GTP -OTP 0 .5 8 6 .0 0 .78 7 ,4

-GTP -ATP 0.51 5.3 0.93 8 .8

-GTP -GTP -ATP 0.11 1 .2 0 .09 0 .9

-me re a p to  e th a n o l 1 ,02 10.5 1 .30 12.3

Using ^H-GTP

Complete system : 9 .85 100 10.40 100

-UTP 6.58 6 6 .8 7 .00 67.3

-ATP 6.91 70.2 6.75 64.9

-GTP 6 ,74 6 8 .4 6.82 6 5 .6

-UTP -ATP 0.93 9 .4 0.92 8 .9

-UTP -GTP 0 .75 7 .6 0.83 8,0

-GTP -ATP 0 ,81 8.2 0 .6 8 6 .5

-ATP -GTP -UTP 0 .1 8 1 .8 0.11 1.1

-m ercap to etb an o l 1.31 • 13.3 1 .34 12.9



TABLE 2 : Template Requirements fo r  U terine RNA Polymerases A and B

10 u n i t s  of e i t h e r  RNA polyrierase  A o r B were in cu b a ted  in  th e  

s tan d a rd  RNA polym erase a ssa y  m ixture a s  d e sc rib e d  in  th e  

MeÜiods s e c tio n  u s in g  10 jUg of n a t iv e  and h e a t-d e n a tu re d  DNA a s  

a tem p la te  o r 10 jig  p o ly  d(AT), In  some experim ents 1 jig  of 

actinom ycin  D was p re s e n t  and when DNA was n o t in c lu d e d ,

28s rRNA ( l0  j ig)  o r po ly  A {^0 j ig)  was used  a s  a te m p la te .

The r e s u l t s  a re  th e  average of a t  l e a s t  th re e  d e te rm in a tio n s  and 

a re  expressed  as  a p e rcen tag e  o f th e  a c t i v i t y  u s in g  

d o u b le -s tran d ed  r a b b i t  l i v e r  DNA as tem p la te .



Table 2

Template Requi.rements fo r  U terine RNA Polymerases A and B,

6 6

RNA Polym erases

A B

Template pmol UI'IP 

inco rpd
% o f

c o n tro l

pmol UI'-IP 

in co rpd
% of 

c o n tro l

N ative  r a b b i t  l i v e r  DMA 10.30 100 11.20 100

D enatured r a b b i t  l i v e r  DNA 7,03 68.3 23.80 212.5

N ative  c a l f  thjonus DNA 9 .7 4 9 4 '6 12.20 108.9

D enatured c a l f  thymus DNA 6 .57 63 .8 32 .08 286 .4

+actinom ycin D 0.62  . 6 .2 0 .8 9 8 .0

P o ly  d(AT) 22.97 223.0 20.13 179.7

-DNA 0 0 0 0

-DNA +rRNA 0.01 0.1 0 0

-DNA +poly A 

__________ . ,

0 0 0 0



by

n e i th e r  RNA polym erase c a ta ly s e s  RNA sy n th e s is  on a tem p la te  o f 

e i t h e r  28S rRNA o r th e  s y n th e t ic  p o ly n u c le o tid e  p o ly  A,

2 .7 .  A ction  o f Pronase and N ucleases on Enzyme A c tiv i ty .

The e f f e c t  o f p re - in c u b a tio n  of bo th  RNA polym erases w ith  P ronase, 

RNase and DNase a re  shown in  Table 3. In cu b a tio n  o f e i t h e r  enzyme 

w ith  Pronase f o r  60 min p r io r  to  a ssay  v i r t u a l l y  a b o lis h e s  enzyme 

a c t i v i t y .  This i s  presum ably due to  th e  a c t io n  of th e  p r o te o ly t ic  

enzyme on th e  in d iv id u a l  RNA polym erases showing th a t  th e y  a re  indeed  

p r o te in s .  S im ila r ly  no a c t i v i t y  i s  observed when e i th e r  o f th e  enzymes 

a re  assayed  in  th e  p resen ce  o f p a n c re a tic  RNase. This i s  a lm ost 

c e r t a in ly  a r e s u l t  o f th e  a c t io n  o f th e  n u c lea se  on th e  p ro d u c t o f the  

r e a c t io n ,  and in  th e  case o f b o th  RNA polym erases abou t 90^ of the  

a c t i v i t y  i s  re s to re d  when h e p a r in  i s  added to  th e  a ssay  m ix ture  to  

i n h i b i t  RNase.

When low c o n c e n tra tio n s  o f  DNase a re  added to  th e  RNA polym erase 

a ssay  th en  an in c re a s e  in  RNA s y n th e s is  c a ta ly se d  by b o th  enzymes i s  

observed and i s  due presum ably to  th e  DNase in tro d u c in g  s in g le - s t r a n d  

'n ic k s ' in to  th e  DNA te m p la te . VAien h ig h e r  c o n c e n tra tio n s  o f DNase 

a re  employed very  l i t t l e  RNA polym erase a c t i v i t y  i s  found and t h i s  i s  

p ro b ab ly  a consequence o f th e  n u c lea se  b reak in g  th e  tem p la te  in to  sm all 

frag m en ts .

2 .8 .  Contam inating Enz;^ane A c t iv i t i e s .

2 .8 .1 .  DNase.

The r e s u l t s  o f DNase a ssay s  on enz^nne f r a c t io n s  a t  v a r io u s  s tag e s  

d u rin g  th e  p u r i f ic a t io n  p rocedure  a re  shown in  F ig , 9 . DNase assays.



TABLE 3 : The A ction  of Pronase and N ucleases w ith  U te rin e

RNA Polym erases A and B.

10 u n i t s  of e i th e r  RNA polym erase A o r B were in cu b a ted  in  

th e  s tan d a rd  RNA polym erase a ssa y  m ix ture  a s  d e sc rib e d  in  the  

Methods s e c tio n .

The enzymes were p re - in c u b a te d  w ith  Pronase (50 jJIg) f o r  15 min 

a t  37^ b e fo re  a ssa y in g .

In  th e  experim ents w ith  n u c le a se s , 10 u n i t s  of e i t h e r  RNA 

polym erase A o r B were in cu b a ted  in  th e  s tan d a rd  RNA 

polym erase a ssay  mi.xture in  th e  p resence  o f e i t h e r  p a n c re a tic  

RNase (50 JAg) m th  and w ith o u t h e p a rin  (50 j ig )  o r DNase a t  

c o n c e n tra tio n s  o f e i th e r  1 rag o r 10 ng p e r  a ssay .

Tlie r e s u l t s  which re p re s e n t  th e  average of a t  l e a s t  th re e  

d e te rm in a tio n s  a re  expressed  as  a p e rcen tag e  of th e  a c t i v i t y  

i n  u n tre a te d  sam ples.
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Table 3.

A ction  o f Pronase and N ucleases ivitb U terine RNA Polymerases A and B,

RNA Polym erase

A B

P re in c u b a tio n  w ith pmol UMP 
in co rpd

^ o f
c o n tro l

pmol UMP 
incorpd

% of 
c o n tro l

-  • 12,60 100 14.00 100

Pronase 0 0 0 0

P a n c re a tic  RNase 1,46 11 06 1 .43 10.2

RNase + h e p a rin 10.94 86 .8 12.88 92.0

DNase (lmg) 0 0 ' 0 0

DNase (lOng) 16.13 128.0 15.26 109.0



FIG, 9: DNase Assays on F ra c tio n s  c o n ta in in g  RNA polym erases

A and B du rin g  th e  p u r i f i c a t io n  p ro c e d u re .

TO u n i t s  o f RNA polym erases A and B from v a rio u s  s te p s  

du rin g  th e  p u r i f i c a t io n  of th e  enzymes were assayed  in  th e  

s tan d a rd  RNA polym erase a ssa y  m ix ture  f o r  DNase a c t i v i t y  a s  

d e sc rib e d  in  th e  Methods s e c t io n .

  RNA polym erase A

RNA polym erase B

a ) C on tro l

b ) A f te r  DEAE-cellulose chrom atography

c) A f te r  p h o sp h o ce llu lo se  chrom atography

d ) A f te r  g ly c e ro l  g ra d ie n t sed im en ta tio n ,
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were c a r r ie d  ou t a s  d e sc rib e d  in  th e  Methods s e c tio n . Very l i t t l e  

DNase a c t i v i t y  can be d e te c te d  even in  th e  f i r s t  s tep  of th e  p u r i f i c a 

t io n ,  DI5AE-cellulose chrom atography. The f i n a l  p u r i f ie d  enzyme f r a c t io n  

does n o t co n ta in  any d e te c ta b le  DNase a c t i v i t y  under th e  c o n d itio n s  

employed.

2 .8 .2 .  M a s e .

The r e s u l t s  of BNase a ssay s  on enzyme f r a c t io n s  a t  v a r io u s  s ta g e s  

d u rin g  th e  p u r i f ic a t io n  procedure  a re  shown in  P ig . 10, S l ig h t  

con tam ination  by DNase can be d e te c te d  a f t e r  DEAE-cellulose chrom atography 

b u t t h i s  i s  removed by p h o sp h o ce llu lo se  chrom atography. The f i n a l  

p u r i f ie d  enzyme f r a c t io n s  do n o t co n ta in  any d e te c ta b le  RNase a c t i v i t y  

under th e  c o n d itio n s  u sed .

2 .8 .3 .  DHA Polym erase.

No DNA polym erase a c t i v i t y  could be d e te c te d  in  any of th e  enzyme 

f r a c t io n s  du rin g  th e  p u r i f i c a t io n  of e i th e r  o f th e  u te r in e  RNA 

polym erases,

2 .9 . S t r u c tu r a l  S tu d ie s  on RNA Polym erases A and B.

RNA polym erases A and. B and ^  c o l i  RNA polym erase were run in  

p a r a l l e l  on 15-30% g ly c e ro l g ra d ie n ts  in  th e  p resence  of lOOmî-l ammonium 

su lp h a te  (P lg . 11 ). D e ta i ls  of th e  p rocedure  a re  given in  th e  leg en d . 

The f r a c t io n s  from th e  g ra d ie n t were assayed  f o r  RNA polym erase a c t i v i t y  

a f t e r  th re e  d i f f e r e n t  t re a tm e n ts , F i r s t l y ,  RNA polym erase a c t i v i t y  was 

measured in  th e  p resence  o fe{ -am an itin  (l ^ g )  and r ifa m p ic in  (l j&g) to  

i n h i b i t  RNA polym erase B and c o l i  RNA polym erase r e s p e c t iv e ly .



FIG0 10 : RNase Assays on F ractions contain ing RNA polymerases

A and B durins: th e  p u r i f i c a t io n  p ro c e d u re .

TO u n i t s  of RTTA polym erases A and B from v a rio u s  s te p s  

du rin g  th e  p u r i f i c a t io n  of th e  enzymes were assayed  f o r  

RNase a c t i v i t y  a s  d e sc rib e d  in  th e  Methods s e c tio n .

RNA polym erase A 

RNA polym erase B

a ) C on tro l

b) A f te r  D EA E-cellulose chrom atography

c) A f te r  p h o sp h o ce llu lo se  chrom atography

d) A f te r  g ly c e ro l g ra d ie n t sed im en ta tio n .
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FIG, 11 : Cosediïïientation o f U terine RNA polymorases A and B

and Eo c o l i  IlNA polym erase in  g ly c e ro l g r a d ie n t .

40 u n i t s  o f RNA polym erases A and B and 2 j ig  E. c o l i  

RNA polym erases were cosedim ented in  a  15-30^ g ly c e ro l  g ra d ie n t  

and f r a c t io n s  assayed  f o r  RNA polym erase a c t i v i t y  under th e  

c o n d itio n s  d e sc rib ed  in  th e  Methods s e c tio n .

O ' 0  A c t iv i ty  due to  RNA polym erase A

A c t iv i ty  due to  RNA polym erase B

A -—-— A A c tiv i ty  due to  Eo c o l i  RNA polym erase
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Secondly , RNA polym erase a c t i v i t y  was measured \T±th r ifa m p ic in  a f t e r  15 

min p re - in c u b a tio n  a t  45*̂  to  i r d i ib i t  c o l i  RNA polym erase and RNA 

polym erase A re s p e c t iv e ly  and f i n a l l y  measured in  th e  p resence  o f 

© (-am anitin a f t e r  15 min p re - in c u b a tio n  a t  45° in  o rd e r to  i n h i b i t  RNA 

polym erase A and B r e s p e c t iv e ly .  Thus, th e  th re e  enzyme a c t i v i t i e s  

recorded  re p re se n t th e  a c t i v i t y  due to  Rt-îA polyraerase A, RI'JA polym erase 

B and c o l i  RNA polym erase re s p e c t iv e ly .

Under th e  c o n d itio n s  employed th e  b a c te r i a l  enzyme i s  in  i t s  

monomeric form sug g estin g  th a t  th e  mammalian enzymes which sedim ented 

f u r th e r  in  th e  g ly c e ro l g ra d ie n t bo th  have m olecu lar w eights in  excess 

o f 500,000.

3. RNA Polymerase C.

RNA polym erase C was i s o la te d  from r a b b i t  u te ru s  by a m o d if ica tio n  

o f th e  method o u tl in e d  in  s e c t io n  1 .2 . of R e s u lts . The ex c ised  u t e r i  

were homogenised a s  d e sc rib e d  in  the  Methods s e c tio n . The f i l t e r e d  

homogenate was c e n tr ifu g e d  a t  SOOxg f o r  15 min and th e  su p e rn a tan t 

f r a c t io n  was decanted  and c e n tr ifu g e d  f o r  1h a t  105,000xg in  a Spinco SW40 

r o to r  so as to  g ive a p re p a ra t io n  o f so lu b le  u te r in e  p r o te in s .  The 

com position of t h i s  f r a c t io n  was a d ju s te d  to  f i n a l  c o n c e n tra tio n s  of 

25raM tr is -H G l pH 7 .9 , 0.5mM EDTA, 3.5mM DTT, 5mI4 MgCl^ and 20^ (v /v ) 

g ly c e ro l and so lid  ammonium su lp h a te  was added to  give 100^ s a tu ra t io n  

a s  d e sc rib e d  in  th e  Methods s e c tio n . The p e l l e t  ob ta ined  a f t e r  c e n t r i 

fu g a tio n  was suspended in  a  sm all volume o f TGMED b u f fe r  and d ia ly se d  

o v e rn ig h t a g a in s t  TGMED co n ta in in g  0 .0 8M ammonium su lp h a te  to  remove 

excess s a l t .  DEAE-cellulose chrom atography was c a r r ie d  ou t a s  a lre a d y  

described, in  s e c tio n  1 .3 . o f R e su lts . Rl'JA polym erase C a c t i v i t y  was 

e lu te d  from th e  column in  th e  column wash (F ig . 1) and th e  f r a c t io n s  

co n ta in in g  enzyme a c t i v i t y  were pooled and d ia ly se d  a g a in s t  TGED b u f fe r
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c o n ta in in g  O.OSM ammonium su lp h a te  fo r  6h a t  4° b e fo re  be ing  a p p lie d  to  

a  p h o sp h o ce llu lo se  column. The enzyme was e lu te d  by 0.2M ammonium 

su lp h a te  (Fi_g. 12 ). No f u r th e r  p u r i f i c a t io n  o f t h i s  s p e c ie s  o f RNA 

polym erase was a ttem p ted  because o f th e  v e ry  low le v e l s  o f a c t i v i t y  

p re s e n t  a f t e r  p h o sp h o ce llu lo se  chrom atography. A ll  th e  s tu d ie s  on the  

c h a r a c t e r i s t i c s  o f RNA polym erase C were c a r r ie d  ou t u s in g  p re p a ra t io n s  

o f th e  enzyme wliich had been p a r t i a l l y  p u r i f ie d  by DEAE- and phospho

c e l lu lo s e  chrom atography a s  d e sc rib e d  above.

The tem p la te  and s u b s tr a te  requ irem en ts  f o r  RNA polym erase G a re  

shown in  Table 4« I t  can be seen th a t  th e  enzyme i s  com plete ly  dependent 

on th e  p resence  o f a l l  fo u r  t r ip h o sp h a te s  as  w e ll a s  a  DNA te m p la te .

A comparison of some of th e  p ro p e r t ie s  of RNA polym erase G w ith  

th o se  of RNA polym erases A and B i s  shown in  Table 5» RNA polym erase C 

e x h ib i ts  some o f the  p ro p e r t ie s  o f both  A and B enzymes. Thus, i t s  

io n ic  requ irem en ts  a re  in te rm e d ia te  between th o se  o f RNA polym erases A 

and B, i t  i s  p a r t i a l l y  in h ib i te d  bycK,-amanitin w hereas enzyme A i s  

u n a ffe c te d  and enzyme B i s  com plete ly  in h ib i te d .  I t  i s  l e s s  s e n s i t iv e  

to  h e a t  tre a tm e n t th an  RNA polym erase A and more s e n s i t iv e  th an  RNA 

polym erase B. I t  resem bles bo th  th e  A and B enzymes in  i t s  s u s c e p t ib i l i ty  

to  actinom ycin  D, r ifa m p ic in  and cyclohexim ide and th e  r e s is ta n c e  of 

enzyme C to  r ifa m p ic in  su g g ests  t h a t  i t  i s  n o t m ito ch o n d ria l in  o r ig in  

s in c e  th e  m ito ch o n d ria l RI'IA polym erase has. been shown to  be s e n s i t iv e  

to  t h i s  compound (Reid & P arso n s, 1971). I t  i s  p o s s ib le  t h a t  t h i s  enzyme 

may be of cy top lasm ic o r ig in  o r i t  may appear in  th e  so lu b le  f r a c t io n  o f 

tlie  homogenate because of le a c h in g  ou t from th e  n u c le i  d u rin g  the  

i s o l a t i o n  p rocedure .

4 . I s o la t io n  of U te rin e  N u c le i .

G reat d i f f i c u l t y  was experienced  in  o b ta in in g  a s a t i s f a c to r y



FIG. 1 2 : P u r ifica tio n  of MA polymerase G by phosphocellu lose

chrom atography.

The pooled  f r a c t io n s  which co n ta in ed  RM polym erase G 

a f t e r  DEAE-cellulose chrom atography were passed  on to  a 

p h o sp hoce llu lo se  column which was developed v l th  an ammonium 

su lp h a te  g ra d ie n t a s  d e sc rib e d  in  th e  Methods s e c tio n . Each 

f r a c t io n  was assayed  in  column b u f f e r  in  d u p lic a te  f o r  RNA 

polym erase a c t i v i t y  and p ro te in  c o n te n t.

0  Cl RNA polym erase a c t i v i t y  

O—— —O Absorbance a t  6lOnra

^  S a l t  c o n c e n tra tio n .
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TABLE L\. : Substrate and Template Requirements fo r  RNA Polymerase G,

a )  5 u n i t s  of RNA polym erase C were in cu b a ted  in  th e  s tan d a rd  

RNA polym erase a ssay  m ix tu re  a s  d e sc rib e d  in  th e  Methods s e c t io n . 

The e f f e c t  o f rem oval o f ea.ch of th e  s u b s tr a te  i s  expressed  as

a  percen tag e  o f th e  a c t i v i t y  w ith  th e  com plete system . The 

r e s u l t s  a re  th e  average of a t  l e a s t  th re e  d e te rm in a tio n s .

b) 5 u n i t s  of RNA polym erase C were in cu b a ted  in  th e  s tan d a rd  

RNA polym erase a ssay  m ix tu re  a s  d e sc rib e d  in  th e  Methods s e c tio n  

in  th e  p resence  of e i th e r  ^0 jàg o f DNA or p o ly  d(AT).

The r e s u l t s  a re  th e  average  o f a t  l e a s t  th re e  d e te rm in a tio n s  

and a re  exp ressed  as a p e rcen tag e  of th e  a c t i v i t y  u s in g  

d o u b le -s tran d ed  r a b b i t  l i v e r  DNA as  th e  te m p la te .
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S u b s tra te  and Template Requirem ents f o r  RNA Polyraerase C 

a )  S u b s tra te  Requi.rements

S u b s tra te pmol UîfP 
inco rpd

^ o f
c o n tro l

Complete system : 4.62 100

-ATP 2,83 61.2

-GTP 2 ,75 59.5

-OTP 2 .9 9 64.7

-ATP -GTP 0.24 5 .3

-OTP -GTP 0.35 7 .5

-GTP -ATP ■ 0.32 6 .9

-ATP -GTP -GTP 0 0O4 0 .8

b ) Template Requirem ents

Template pmol UÎ4P 
inco rpd

$ o f 
c o n tro l

N ative r a b b i t  l i v e r  DNA 4.60 100

D enatured r a b b i t  l i v e r  DNA 5.45 118.5

N ative c a l f  thyrdus DNA 4.31 93 .8

D enatured c a l f  thymus DNA 5.85 127.2

+actinom ycin D 0 .3 4 7 .5

Poly  d(AT) 6.35 138.0

-DNA 0 0



TABLE 5 : C h a ra cter istics  o f U terine RNA Polymerases A, B and C.

a )  10 u n i t s  o f RNA polym erase A and B and 5 u n i t s  of

RNA polym erase C were assayed  in  v a r io u s  io n ic  and s a l t  c o n d itio n s  

The r e s u l t s  show th e  c o n c e n tra tio n s  which gave maximal enzymic 

a c t i v i t y .  RNA polym erase A i s  most a c t iv e  in  20 mM ammonium 

sa lp h a te  in  th e  p resen ce  of Mg^^ and 60 mî4 ammonium su lp h a te  

in  th e  p resence  o f m

The e f f e c t  of h e a t  on th e  enzymes i s  expressed  a s  a p e rcen tag e  

o f th e  a c t i v i t y  in  sam ples in cu b a ted  f o r  15 inin a t  37°,

b) 10 u n i t s  o f RNA polym erase A and B and 5 u n i t s  of 

RNA polym erase C were assayed  in  th e  s tan d a rd  RNA polym erase 

a ssay  m ix ture  a s  d e sc rib e d  in  th e  Metliods s e c t io n  in  th e  

p resence  of e ith e r^ ^ -a m a n itin  (l jAg), actinom ycin  D (l ^ g ) ,  

r ifa m p ic in  (1 jAg) o r cyclohexim ide (1 j ig ) .

The r e s u l t s  a rc  exp ressed  as  a  pe rcen tag e  of th e  a c t i v i t y  in  

sam ples which d id  n o t c o n ta in  any i n h ib i to r .



Table 5.

C h a ra cter istics  o f U terine RNA Polymerases Â  D and C,

77

-

S a l t  and io n ic  req u irem en ts A B C

Optim al %  concno 

O ptim al Mn*̂  * concn.

O ptim al ammonium su lp h a te  concn.

BmM

2-3mM
20mM 
60 mM

6mM

3mM

IIOraM

5mM

3mM

80mM

Thermal tre a tm e n t : 45° f o r  15 min

Loss o f a c t i v i t y 90 20 30

b) A ction  o f in h ib i to r s % age o f c o n tro l  a c t i v i t y

o(-am anitin 100 0 80

Actinom ycin D 6 ■ 6 5

R ifam picin 100 100 100

Cycloheximide 100 100 100
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method f o r  th e  i s o la t io n  o f enzyraically  a c t iv e  u te r in e  n u c le i  in  a 

s u f f i c i e n t ly  h ig h  y ie ld  w ith o u t to o  much cy toplasm ic con tam ination .

The most s u c c e ss fu l method o f i s o la t io n  gauged in  term s of recovery  of 

n u c le i  based on r a t i o  o f th e  amount of DNA in  th e  n u c le a r  and homogenate 

f r a c t io n s  was a  m o d if ic a tio n  of th e  method of B lobel & P o t te r  (1966) as  

d e sc rib e d  in  the  Methods s e c tio n  in  which th e  t i s s u e  homogenate was 

sedim ented through co n cen tra ted  su cro se  s o lu tio n s . The i s o la te d  n u c le i  

had a  RNA/DNA r a t i o  of 0 .2 3 -0 .2 7  and a protein/DNA r a t i o  o f 2 .6 -2 o 7 .

The average reco v ery  of n u c le i  was between 35-A^% u s in g  th e  hom ogenisation 

c o n d itio n s  d e sc rib e d  in  th e  Methods s e c t io n . This was th e  b e s t  average 

reco v ery  o b ta ined  due to  th e  m uscular n a tu re  of th e  u te ru s  and th e  

d i f f i c u l t y  encountered  in  hom ogenisation . P ig . 13 i s  an e lec tro n ra ic ro - 

graph o f a  p re p a ra t io n  o f u te r in e  n u c le i  m agnified  12,500 tim e s .

A lthough many n u c le i  have d is ru p te d  membranes, very  l i t t l e  cy toplasm ic 

con tam ination  can be d e te c te d .

5 9 RNA Polym erase A c t iv i t i e s  in  I n t a c t  N u c le i.

The measurement o f endogenous MA polym erase a c t i v i t i e s  in  i s o la te d

i n t a c t  n u c le i  depends on th e  p resence  o f s e v e ra l f a c to r s  in  th e  a ssay

m ix tu re . I t  i s  w e ll known th a t  n u c le i  a re  capable o f sy n th e s is in g  RNA

in  th e  p resence  of e i th e r  Mg***̂  io n s  o r Mn^^ io n s  and ammonium su lp h a te .

S y n th e s is  o f RNA under co n d itio n s  o f low io n ic  s tre n g th  and in  th e  
++p resence  of Mg has been equated w ith  RNA. polym erase A a c t i v i t y ,  w hile 

RNA sy n th e s is  o ccu rrin g  in  h ig h  s a l t  c o n d itio n s  has been a t t r ib u te d  

m ainly  to  Rt̂ A polym erase B.

In  th e  experim ents w ith  i s o la te d  n u c le i  re p o rte d  h e re  i t  was 

observed th a t  a d d itio n  o f ® \-am anitin to  th.e in cu b a tio n  m ix ture  caused a 

lo s s  o f 80^ o f th e  a c t i v i t y  measured under h ig h  s a l t  c o n d itio n s  and only 

abou t 20% o f th e  a c t i v i t y  measured under low s a l t  c o n d itio n s  (Pj,g. 14).



FIG. 13: N uclei from th e  U te r i  o f Immature R a b b its .

N uclei were p rep ared  from th e  u t e r i  of immature r a b b i ts  

by metJiod d e sc rib e d  in  th e  Methods s e c tio n  and p rep ared  f o r  

exam ination in  th e  e le c tro n  m icroscope a ls o  a s  d e sc rib e d  in  

th e  Methods s e c tio n . The e le c tro n  m icrograph i s  a  

12500 X m a g n ific a tio n .
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FIGo 14: The E f fe c t of o (-araan itin  ip. v i t r o  on MA sy n th e s is  in

U te rin e  N u c le i.

U te rin e  n u c le i ,  p rep ared  a s  d e sc rib e d  in  th e  Methods s e c tio n , 

c o n ta in in g  between 25-30 DNA were assayed  in  e i th e r  low s a l t  

o r  h ig h  s a l t  c o n d itio n s  in  th e  p resence  o f in c re a s in g  amounts 

o f o t-am an itin . R esu lts  a re  exp ressed  a s  a p e rcen tag e  of th e  

a c t i v i t y  in  c o n tro ls  which d id  n o t co n ta in  any o (-am an itin ,

Low s a l t  RNA polym erase a c t i v i t y  

#  ' O High s a l t  RNA polym erase a c t i v i t y .
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I t  has a lre a d y  been dem onstrated  th a t< ^ -am an itin  s p e c i f ic a l ly  i n h ib i t s  

MA polym erase B ^  v i t r o  and th e  above r e s u l t  i s  in te r p r e te d  as 

in d ic a t in g  th a t  th e  r e s id u a l  a c t i v i t y  in  each case i s  due to  RNA polym erase 

A which i s  in s e n s i t iv e  to  th e  a c t io n  of th e  to x in . In  subsequent 

experim ents on th e  RNA polym erases in  i s o la te d  n u c le i ,  i t  i s  assumed th a t  

th e  a c t i v i t y  recorded  when th e  n u c le i  a re  incu b ated  in  low s a l t  in  th e  

p resen ce  o f 1 o f <^-am anitin  corresponds to  RNA polym erase A whi]_e th e  

a c t i v i t y  measured under h ig h  s a l t  c o n d itio n s  l e s s  th e  a c t i v i t y  measured 

under h ig h  s a l t  c o n d itio n s  in  th e  p resence o f 1 jXg o f c t-am an itin  i s  taken  

to  r e p re s e n t  RNA polym erase B„

5. The E f fe c t  of O e s tra d io l on RNA Synthe s is .

5 .1 . E f fe c t  o f Hormone C o n cen tra tio n ,

The e f f e c t  on RNA sy n th e s is  o f 2h tre a tm e n t o f in c re a s in g  amounts 

o f o e s tra d io l-1 7 p  to  immature r a b b i t s  i s  shovmi in  F ig . 15. The anim als 

were in je c te d  w ith  a m ix tu re  of [ -guanosine an d [ -u r id in e  30 min 

p r io r  to  s a c r i f i c e .  The r e s u l t s  a re  expressed  as a  p e rcen tag e  of c o n tro l 

v a lu e s . I t  can be seen  t h a t  10 jig  o e s t r a d io l  p e r kg body w eight caused 

a  co n s id e ra b le  in c re a se  in  th e  in c o rp o ra tio n  of p re c u rso r  in to  a c id -  

in s o lu b le  m a te r ia l  w hile th e  in c re a se  in  la b e l l in g  of th e  a c id - so lu b le  

f r a c t io n  was q u ite  sm all. L arger doses of o e s t r a d io l  d id  n o t in c re a se  

s ig n i f i c a n t ly  th e  in c o rp o ra tio n  of la b e l le d  p re c u rso rs  in to  e i th e r  th e  

a c id -so lu b le  o r a c id - in s o lu b le  m a te r ia l .

5 . 2 .  E f fe c t  o f O e s tra d io l A dm inistered In  V itro  on MA S y n th e s is  
in  I s o la te d  N u c le i.

U te r i  from immature an im als which had n o t been t r e a te d  w ith  

o e s t r a d io l  were in cu b a ted  fo r  va ry in g  p e rio d s  of tim e in  E a g le 's  medium



FIG, 15: The e f f e c t  of the l e v e l  o f o e s tr a d io l-178 on the

s tim u la tio n  o f RNA sy n th e s is  in  immature u t e r i ,

Hormone was given  in tra v e n o u s ly  2h b e fo re  d eath  and 

50^iCi each of |5 -^ H ju rid in e  and guano s in e  were ad m in is te red

in t r a p e r i to n e a l ly  30 min b e fo re  d e a th . A c id -so lu b le  and a c id -  

in s o lu b le  f r a c t io n s  were p rep ared  from th e  ex c ised  u te p i  

as  d e sc rib e d  in  th e  Methods s e c t io n . R esu lts  were c a lc u la te d  

as  dpra/^g DNA and exp ressed  a s  a pe rcen tag e  o f c o n tro l 

in c o rp o ra tio n . Each p o in t  re p re se n ts  a mean of a t  l e a s t  

th re e  an im als.

A c id -in so lu b le  f r a c t io n

Q.   Q A c id -so lu b le  f r a c t io n
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co n ta in in g  InM o e s t r a d io l  a s  d e sc rib ed  in  th e  Methods s e c tio n . N uclei 

were p rep ared  a f t e r  t h i s  in c u b a tio n  and th e  r e s u l t s  o f th e  a ssay s  f o r  

RNA polyraerase a c t i v i t y  in  th e  n u c le i  from u t e r i  t r e a te d  v i t r o  w ith  

o e s t r a d io l  a re  shown in  P ig . 16.

These r e s u l t s  show t h a t  in c u b a tio n  of th e  excised  t i s s u e  w ith  

o e s t r a d io l  ^  v i t r o  does n o t cause a  s ig n i f ic a n t  s tim u la tio n  of e i th e r  

RNA polym erase A o r B. The RNA polym erase A and B a c t i v i t i e s  show 

h a rd ly  any s tim u la tio n  and both  show a d e f in i t e  decrease  in  a c t i v i t y  

when in cu b a ted  ^  v i t r o  f o r  more than  4h.

In  subsequent experim ents on th e  a c t io n  of o e s t r a d io l  on RtJA 

s y n th e s is  in  n u c le i ,  th e  an im als were t r e a te d  w ith  o e s t r a d io l  in  v iv o .

6 , E ffe c t  of O e s tra d io l A dm inistered In  Viyo on RNA S y n th e s is  in  
I s o la te d  N uclei.

6 ,1 ,  The E f fe c t of Time of O e s tra d io l Treatm ent.

O e s tra d io l was ad m in is te red  to  anim als fo r  v a r io u s  p e rio d s  o f tim e 

in c lu d in g  in te r v a l s  of l e s s  than  1h b e fo re  d ea th  which have n o t u s u a l ly  

been in c lu d ed  in  p rev io u s  in v e s t ig a t io n s  o f th e  RNA polym erase a c t i v i t y  

in  n u c le i  from responding  u te r in e  t i s s u e  (Hamilton p t  a d . ,  1965).

The MA polym erase a c t i v i t i e s  were measured in  low s a l t  and h ig h  s a l t  

c o n d itio n s  u s in g  n u c le i  i s o la te d  from th e  u t e r i  of an im als t r e a te d  w ith  

o e s t r a d io l  over p e rio d s  o f up to  3h b e fo re  d ea th , and th e  r e s u l t s  o f 

th e se  experim ents a re  shown in  P ig . 17.

I t  can be seen th a t  th e  RNA polym erase A a c t i v i t y  rem ains a t  c o n tro l  

l e v e l s  f o r  th e  f i r s t  hour th en  in c re a s e s  to  reach  a maximum a t  2h and 

rem ains c o n s ta n t up to  3h. On th e  o th e r  hand, RNA polym erase B a c t i v i t y  

in c re a s e s  ra p id ly  to  a peak of about 6 tim es th e  c o n tro l v a lu es  a f t e r  

30-45 min of hormone tre a tm e n t. T h e re a fte r  t h i s  a c t i v i t y  d e c lin e s  

re a c h in g  c o n tro l  le v e l s  by 2h b e fo re  beg inn ing  to  r i s e  a g a in .



PIG0 16 : The E ffe c t o f Treatment of Excised U teri

O e strad io l-1 7 p  in  v i t r o  on RNA polym erase a c t i v i t i e s  

in  N u c le i.

Excised u t e r i  from immature r a b b i ts  were in cu b a ted  f o r  

up to  4 .̂ in  Eagles medium co n ta in in g  1nM o e s t r a d io l  a s  d e sc rib e d  

in  th e  Methods s e c t io n . A f te r  t h i s  in c u b a tio n , n u c le i  were 

p repared  and assayed  f o r  RNA polym erase a c t i v i t i e s  a ls o  as 

d e sc rib e d  in  th e  Methods s e c tio n .

 Ê3 Rl'JA polym erase B a c t i v i t y

à " —— A RNA polym erase A a c t i v i t y .
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PIG* 17: E f fe c t  of Time o f Treatm ent w ith  O e s tra d io l-1 7 p  on

th e  RNA polym erase a c t i v i t i e s  in  U te rin e  N u c le i.

K abbits were t r e a te d  w ith  hormone f o r  p e r io d s  up to  3h and 

th e  n u c le i  p rep ared  from u t e r i  and assayed  f o r  RNA polym erase 

a c t i v i t y  a s  d e sc rib e d  in  th e  Methods s e c t io n .  R esu lts  a re  

expressed  in  cpm/lOO^g DNA and each p o in t  shows th e  range 

o f v a lu e s  o b ta in ed  from a t  l e a s t  th re e  d e te rm in a tio n s .

a )  RNA polym erase A a c t i v i t y  in  o e s tro g e n -  

t r e a te d  (® and c o n tro l  u t e r i  (o----®)

b ) RNA polym erase B a c t i v i t y  in  o e s tro g e n -  

t r e a te d  (©■■——q ) and c o n tro l  u t e r i
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Figo 18 shows th e  r e s u l t s  of experim ents c a r r ie d  o u t over a p e rio d  

o f tre a tm e n t w ith  o e s t r a d io l  up to  12h, A fte r  i t s  i n i t i a l  in c re a se  a t  

1-2h , MA polym erase A rem ains on a p la te a u  a t  about 5 tim es th e  c o n tro l  

l e v e l  fo r  up to  12ho On th e  o th e r  hand, RNA polym erase B shows a 

b ip h a s ic  response to  th e  hormone, w ith  th e  p re v io u s ly  observed peak a t  

abou t 30-45 min fo llow ed  by a second r i s e  over the  p e rio d  2-5h  to  a 

maximum and rem ains f a i r l y  c o n s ta n t up to  12h.

In  o rd e r to  determ ine w hether th e  s tim u la tio n  o f th e  RNA polym erase 

A a c t i v i t y  was dependent on th e  sy n th e s is  of some p ro d u c t from th e  e a r ly  

h ig h  s a l t  a c t i v i t y  s t im u la tio n , an im als were t r e a te d  in  v ivo  w ith  v a rio u s  

in h ib i to r s  of RNA and p ro te in  s^^nthesiso

6o2o The E f fe c t  o f In h ib i to r s  on U te rin e  RNA and P ro te in  S y n th e s is .

Figo 19 shows th e  e f f e c t  of tre a tm e n t of anim als in  v ivo  w ith  

actinom ycin  D, <^-am anitin  and cyclohexim ide on.RNA and p ro te in  sy n th es is  

i n  th e  immature r a b b i t  u t e r u s <> The anim als were in je c te d  i n t r a p e r i -  

to n e a l ly  w ith  th e  in h ib i to r  2h b e fo re  d ea th  o In  th e  case o f actinom ycin  

D and c(-arnan itin  th e  an im als rece iv ed  a m ixture  of [ ^h]-guano s in e  and 

-u r id in e  30 min b e fo re  s a c r i f i c e ,  w hile  th e  anim als t r e a te d  w ith  

cyclohexim ide re ce iv ed  a  m ix ture  o f - le u c in e  and p H ] - ly s in e , A cid- 

in s o lu b le  f r a c t io n s  were p repared  a s  d e sc rib e d  in  th e  Methods s e c tio n  and 

th e  r e s u l t s  a re  exp ressed  a s  p e rcen tag e  in h ib i t io n  of an u n tre a te d  c o n tro l .  

I t  can be seen th a t  th e  in h ib i to r s  g r e a t ly  a f f e c t  RI'JA and p ro te in  sy n th e s is  

i n  tile  r a b b i t  u te ru so  The le v e l s  a t  which th e  in h ib i to r s  a re  used in  

subsequent experim ents a re  shown by th e  arrow s. These c o n c e n tra tio n s  

a re  0 ,5  mg/kg body w eight f o r  actinom ycin  D, 0 ,05  mg/kg body w eight 

fo rc4 -a m a n itin  and 0 ,4  ^ng/kg body w eigh t f o r  cyclohexim ide and a re  

s u f f i c i e n t  to  i n h i b i t  RNA syn'bhesis by 98^ in  th e  case o f actinom ycin  D 

and <K-amanitin and p ro te in  s y n th e s is  by 98/̂  in  th e  case o f cyclohexim j.de,



FIGc 18 : E f fe c t  of Extended Time o f Treatm ent w ith  O e s tra d io l-17

on th e  RNA polym erase a c t i v i t i e s  in  U te rin e  N u c le i.

R abb its  were t r e a te d  with, hormone f o r  p e rio d s  up to  I2h and 

th e  u te r in e  n u c le i  p rep ared  and assayed  f o r  RljA polym erase 

a c t iv i .ty  as  d e sc rib e d  in  th e  Methods s e c t io n .  R esu lts  a re  

expressed  as  cpm/lOO^g DNA and each p o in t  shows th e  range 

o f v a lu es  ob ta ined  from a t  l e a s t  th re e  d e te rm in a tio n s .

a )  RNA polym erase A a c t i v i t y  in  o e stro g en - 

t r e a te d  (©— —©) and c o n tro l  u t e r i  (o---© )

b) RNA polym erase B a c t i v i t y  in  o e stro g en - 

t r e a te d  (gs— ©) and c o n tro l u t e r i
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FIG o 19: E ffe c t of In h ib ito rs  on Uterine RNA and Protein  S yn th esis

Immature r a b b i ts  w eighing 1 .2  -  1 .4  kg re c e iv e d  ^0 jig  of 

o e s tr a d io l /k g  body wt 4h b e fo re  d e a th .

a )  Animals t r e a te d  w ith  cyclohexim ide 1h b e fo re  death

and 50jxC\ each o f ly s in e  and

le u c in e  30 min b e fo re  d e a th . In c o rp o ra tio n  of 

r a d io a c t iv i ty  was c a lc u la te d  a s  a c id - in s o lu b le  

dpiVjJig DMA and exp ressed  a s  a  p e rcen tag e  o f u n in h ib ite d  

c o n tro ls .  Each p o in t  re p re se n ts  a mean of two 

d e te rm in a tio n s .

b ) Animals t r e a te d  w ith  actinom ycin  D 1h b e fo re  d ea th

and 50 jiC i  each o f a  m ix tu re  o f ^5 -^ h j u r id in e  and

guanosine 30 min b e fo re  d e a th . R esu lts  

expressed  a s  above,

c ) Animals t r e a te d  w ith  c^-am anitin  1h b e fo re  d ea th  and 

50 jiC i  each o f a  m ix tu re  o f u r id in e  and

guanosine 30 min befo re  d .eath , R esu lts  

expressed  as above,

tJ—d 0—0 OftimcJis
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6 o 2 ,K  E f fe c t  of Time o f Treatm ent v/ith I n h ib i to r s .

F ig . 20 shons th e  e f f e c t  o f th e  tim e of a d m in is tra tio n  o f th e  

i n h ib i to r s  on th e  sy n th e s is  of MA and p r o te in .  The amount of in h ib i to r  

used  was s u f f i c i e n t  to  in l i i b i t  th e  r e a c tio n  by 98^ a f t e r  2h . I t  can be 

seen  from th e  r e s u l t s  t h a t  tre a tm e n t w ith  actinom ycin  D and ^ -a m a n itin  

f o r  30 min causes more th an  955̂  in h ib i t i o n  of MA sy n th e s is  and th a t  

a d m in is tra tio n  o f cycloheximi.de 30 min b e fo re  death  i n h i b i t s  p ro te in  

s y n th e s is  by more th an  90%.

6 ,3 o The E f fe c t  o f th e  A d m in is tra tio n  of Actinomycin D In  Vivo on 
RNA Polym erase A c t iv i t i e s  in  I s o la te d  N uclei,

Actinomycin D, 0 ,5  mg p e r  kg body w eigh t, was ad m in is te red  to  

exp erim en ta l an im als 30 min b e fo re  th e  in je c t io n  of o e s t r a d io l .  The 

an im als were k i l l e d  a t  v a r io u s  tim es th e r e a f t e r  and u te r in e  n u c le i  were 

p rep a red  as  b e fo re . The RNA polym erase a c t i v i t i e s  in  th e se  n u c le i  a re  

shown in  F ig , 21 , Actinom ycin D com pletely  a b o lis lie s  th e  o e s t r a d io l -  

induced  s tim u la tio n  of bo th  RNA polym erases A and B under th e  c o n d itio n s  

employed. The endogenous MA polym erase a c t i v i t i e s  in  n u c le i  e x tra c te d  

from c o n tro l  an im als a re  a ls o  in h ib i te d .  This i s  com patib le w ith  th e  

mechanism of a c t io n  o f actinom ycin  D which b inds to  th e  DNA tem p la te  

p re v e n tin g  f u r th e r  t r a n s c r ip t io n .

6,4*. The E f fe c t  of th e  A d m in is tra tio n  of of-Am anitin In  Vivo on 
RNA P o lynerase  A c t iv i t i e s  in  I s o la te d  N ucle i,

©(-Amanitin, 0 ,05  mg p e r  kg body w eight, was ad m in is te red  to  anim als 

30 min p r io r  to  th e  a d m in is tra tio n  of o e s t r a d io l .  U te rin e  n u c le i  were 

p rep a red  and assayed  f o r  RNA polym erase a c t i v i t i e s  a s  b e fo re , and th e  

r e s u l t s  o f th e se  experim ents a re  shorn in  F ig , 22, Treatm ent w ith



FIG, 20  : E ffe c t  of Time o f Treatment with In h ib ito rs  on Uterine

RNA and P ro te in  S y n th e s is .

immature r a b b i ts  re ce iv ed  10 jig  o e s t r a d io l  o r s a l in e  w ith  

th e  a p p ro p ria te  c o n c e n tra tio n  of in h ib i to r  as in d ic a te d  by th e  

arrow s in  F ig . 19.

a) 4^0 Jjlg cyclohexim ide in je c te d  w ith  o e s t r a d io l .

Animals re ce iv ed  50 jaCi each of j^4j5-^H] ly s in e  and 

[4 ;5 “^hJ le u c in e  30 min b efo re  d e a th . In c o rp o ra tio n  

o f  r a d io a c t iv i ty  was c a lc u la te d  a s  a c id - in s o lu b le  

dpin/ jxg DNA and expressed  as a p e rcen tag e  of 

u n in h ib ite d  c o n tro ls .  Each p o in t  re p re se n ts  th e  

mean o f two d e te rm in a tio n s .

b ) Animals t r e a te d  w ith  500 jxg actinom ycin  D vdth  

o e s t r a d io l  and 50 uC| each o f j5-^H j u r id in e  and

r  3 118- H guanosine 30 min b efo re  d e a th . R esu lts  

expressed  a s  above, 

c ) Animals t r e a te d  w ith  50 jJig <J(-amanitin w ith  

o e s t r a d io l / s a l in e  and 50^C*^ each of ^5 -^# ] 

u r id in e  and ^ 8 -^ u j guanosine 30 min b e fo re  d e a th . 

R esu lts  exp ressed  as  above, 

àr-A,
t3—n  o -c  A—A CoKtrol a<v'M̂ûls
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FIG. 21 : The E f fe c t  o f Treatm ent w ith  Actinom ycin D ^  v ivo  on

th e  RNA polym erase a c t i v i t i e s  of I s o la te d  U te rin e  N u c le i,

Animals were t r e a te d  w ith  500 jjig actinom ycin  D/kg body wt 

30 min b e fo re  th e  a d m in is tra tio n  of 10 jAg o e s t r a d io l  o r s a l in e .  

N uclei were i s o la te d  and assayed  f o r  RNA polym erase a c t i v i t i e s  

a s  d e sc rib e d  in  th e  Methods s e c t io n . Each p o in t re p re se n ts  

th e  range of a t  l e a s t  two d e te rm in a tio n s .

a ) RNA polym erase A a c t i v i t y  in  O E ^-treated  an im als ©)

RNA polym erase A a c t i v i t y  in  c o n tro l  anim als

RT4A polym erase A a c t i v i t y  in  OEp + actinom ycin  D anim als
(f̂ â— îi)

RNA polym erase A a c t i v i t y  in  c o n tro l  + actinom ycin  D
anim als (0=— 43)

'die curves f o r  bo th  o e s tro g e n - tre a te d  and c o n tro l  anim als 

t r e a te d  v/ith actinom ycin  D a re  v i r t u a l l y  id e n t i c a l  and 

have been s l i g h t ly  d isp la c e d  in  th e  f ig u re  f o r  th e  sake o f 

c l a r i t y ,

b ) 1ÎNA polym erase B a c t i v i t y  in  O E ^-treated  c^ im als  (©“— ©)

RNA polym erase B a c t i v i t y  in  c o n tro l  anim als

RNA polym erase B a c t i v i t y  in  OÊ  + actinom ycin  D anim als

RNA po ly n erase  B a c t i v i t y  in  c o n tro l  + actinom ycin  D
anim als (^——43)

The curves f o r  bo th  o e s tro g e n - tre a te d  and c o n tro l  anim als, 

t r e a te d  w ith  actinom ycin  D a re  v i r t u a l l y  i d e n t i c a l  and 

have been s l ig h t ly  d isp la c e d  in  th e  f ig u r e  f o r  th e  sake of 

c la n i ty .
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FÏGo 22: The E ffe c t  o f Q^-amanitin on the RWA polymerase a c t iv i t i e s

in  I s o la te d  U te rin e  N uclei from C on tro l Animals and 

O e s tr a d io l- t r e a te d  A nim als.

Animals were t r e a te d  w ith  50 jig  <X«amanitin/kg body wt 

30 rain b e fo re  tre a tm e n t v /ith  10 jhg o e s t r a d io l  o r s a l in e .

N uclei v/ere i s o la te d  and assayed  f o r  RNA polym erase a c t i v i t i e s  

as  d e sc rib e d  in  th e  Methods s e c tio n . Each p o in t  re p re s e n ts  

th e  range of a t  l e a s t  th re e  d e te rm in a tio n s .

a )  RNA polym erase A a c t i v i t y  in  O E ^-treated  an im als

RNA polym erase A a c t i v i t y  in  c o n tro l  sn im als

RNA polym erase A a c t i v i t y  in  0E„ + o (-a raan itin  t r e a te d
an im als (ci”—

RNA polym erase A a c t i v i t y  in  c o n tro l  + o (-am an itin  t r e a te d
anim al s (cj- « —>13)

The cu rves f o r  b o th  o e s tro g e n - tre a te d  and c o n tro l  an im als t r e a te d  

ihLth o{-am anitin have been s l i g h t ly  d isp la c e d  f o r  th e  sake of 

c l a r i t y .

b ) RNA polym erase B a c t i v i t y  i n  O E ^-treated  an im als (o——

RNA polyraerase B a c t i v i t y  in  c o n tro l  an im als

RNA polym erase B a c t i v i t y  in  OEp + o t-am an itin  t r e a te d
an im als (0—

RNA polym erase B a c t i v i t y  in  c o n tro l  -i- o[-amemitin t r e a te d
an im als (G- -  - «Cl)

The cu rves f o r  bo th  o e s tro g e n - tre a te d  and c o n tro l  an im als t r e a te d  

v/ith c(~amani t i n  have been s l i g h t ly  d isp la c e d  f o r  th e  sake o f '

‘ c 3 n .r ity .
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<K.-araanitin causes th e  t o t a l  i n h ib i t io n  o f RMA polym erase B in  n u c le i  from 

bo th  c o n tro l  and hormone t r e a te d  an im als. This r e s u l t  i s  a s  expected  

s in c e ^ - a m a n it in  has  a lre a d y  been showi to  be a p o te n t in h ib i to r  o f RNA 

polym erase B in  v i t r o  .

However, RNA polym erase A a c t i v i t y  i s  a lso  a f fe c te d  by p r io r  

a d m in is tra tio n  o f th e  to x in  to  th e  r a b b i ts  (B ig. 2 2 ). In  th e se  

experim ents only  th e  in c re a s e  in  RNA polym erase A a c t i v i t y  caused by 

tre a tm e n t of th e  an im als w ith  o e s t r a d io l  i s  p reven ted  b y - a m a n i t i n .

These r e s u l t s  su g g est t h a t  some p ro d u c t formed d u rin g  th e  e a r ly  

phase of in c re a se d  RNA polym erase B a c t i v i t y  may be re q u ire d  in  o rd e r to  

produce th e  subsequent observed in c re a se  in  RNA polym erase A a c t i v i t y .

In  an a ttem p t to  confirm  t h i s  co n c lu s io n , animeils were t r e a te d  

w ith  o e s t r a d io l  a s  b e fo re  fo llow ed  b y o (-am an itin  30 min l a t e r .  The 

o b je c t  of t h i s  experim ent was to  d e lay  th e  a d m in is tra tio n  of o (-am an itin  

u n t i l  a f t e r  th e  in c re a s e  in  RNA polym erase B a c t i v i t y  had occurred  so as  

to  determ ine w hether in  th e se  c ircum stances the  in c re a se  in  RNA polym erase 

A a c t i v i t y  could s t i l l  be in h ib i te d  by o (-am an itin . F ig , 23 shows th e  

r e s u l t s  ob ta ined  from such an experim ent. The i n i t i a l  enhancement of 

RNA polym erase B a c t i v i t y  i s  s t i l l  observed a lthough  fo llo w in g  the  

a d m in is tra tio n  o f ‘̂ -a m a n itin  a t  30 min t h i s  a c t i v i t y  i s  a lm ost t o t a l l y  

in h ib i te d .  However, th e  in c re a s e  in  RNA polym erase A a c t i v i t y  i s  

u n a ffe c te d  by th e  a d m in is tra t io n  o fc (-a m a n itin  m  vivo 30 min a f t e r  th e  

hormone, th e  v a lu e s  o b ta in ed  be ing  id e n t i c a l  to  those  observed in  n u c le i  

from anim als t r e a te d  w ith  o e s t r a d io l  a lo n e .

Thus, w hile  a d m in is tra t io n  of ® (-am anitin b e fo re  o e s t r a d io l  t o t a l l y  

i n h ib i t s  RNA polym erase B a c t i v i t y  and p rev en ts  th e  l a t e r  o e s tra d io l- in d u c e d  

.r is e  . in  RNA polym erase A a c t i v i t y ,  a d m in is tra tio n  of th e  to x in  a f t e r  

th e  o e s tra d io l- in d u c e d  in c re a s e  in  52)A polym erase B a c t i v i t y  has occurred  

p e rm its  th e  o e s tra d io l- in d u c e d  r i s e  in  RNA polym erase A a c t i v i t y .  I t  

seems probable  t h a t  th e  p ro d u c t o f th e  e lev a te d  RNA polym erase B i s



FIG. 23: The E f fe c t  o fc^ -am an itin  adm inist ered  30 min  a f t e r

O e s tra d io l on th e  RNA polym erase a c t i v i t i e s  in  I s o la te d  

U terine  N u c le i.

Animals were t r e a te d  w ith  50 jxg  c(™amanitin/kg body wt 30 min 

a f t e r  10 jig  o e s tr a d io l /k g  body w t. N uclei were i s o la te d  and 

assayed  f o r  RNA polym erase a c t i v i t i e s  as  d e sc rib e d  in  th e  Methods 

s e c t io n . Each p o in t shows th e  range of a t  l e a s t  th re e  d e term ina

t io n s

a) MA polym erase A a c t i v i t y  in  O B ^-treated an im als o)

MA polym erase A a c t i v i t y  in  s a l in e  « tre a te d  an im als (A——

RNA polym erase A a c t i v i t y  in  OEp h- o^-am anitin t r e a te d

anim als (êTH—ü)

MA polym erase A a c t i v i t y  in  s a l in e  + ^ -a m a n itir i  t r e a te d

anim als (O' - ■ -a)

b) RNA polymez’ase  B a c t i v i t y  in  OÊ** t r e a te d  an im als (o-™--o)

MA polym erase B a c t iv i ty  in  s a l in e  " t r e a te d  an im als

MA polym erase B a c t i v i t y  in  OÊ  + < -a m a n itin  t r e a te d

anim als

MA polym erase B a c t i v i t y  in  s a l in e  + ©(-am anitin t r e a te d

animal.s (ü"-—-Qj).
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required for the stim u lation  o f MA polymerase A,

This p roduct could  be e i th e r  MIA o r p ro te in  and a tte m p ts  were made 

to  d is t in g u is h  between th e se  p o s s i b i l i t i e s  in  experim ents in  which anim als 

were t r e a te d  w ith  an i n h ib i to r  of p ro te in  sy n th e s is  in  o rd e r to  determ ine 

th e  e f f e c t  of t h i s  compound on th e  l e v e l s  o f RNA polym erase A and B 

a c t i v i t y  in  i s o la te d  n u c le i  *

6 .5 . The E f fe c t of th e  Admd.ni s t r a t i  on of Cycloheximide ^  Vivo on 
th e  RNA Polymerase A c t iv i t i e s  in  I s o la te d  N ucle i.

The e f f e c t  of cyclohexim ide ad m in is te red  30 min p r io r  to  o e s t r a d io l  

on th e  RNA polym erase a c t i v i t i e s  i s  shown in  F ig . 24» Under th e  

c o n d itio n s  employed, 98/^ of th e  t o t a l  m easurable p ro te in  sy n th e s is  was 

in h ib i te d .  However, in  v ivo  tre a tm e n t w ith  cyclohexim ide does n o t 

i n h i b i t  th e  e a r ly  s t im u la tio n  o f RNA polym erase B a c t i v i t y  and th e re  i s  

even a s l i g h t  in c re a se  in  a c t i v i t y  in  an im als t r e a te d  w ith  cyclohexim ide 

and o e s t r a d io l  compared w ith  anim als t r e a te d  vd th  o e s t r a d io l  a lo n e .

The in c re a se  in  RNA polym erase A a c t i v i t y  u s u a lly  produced by o e s t r a d io l  

i s  p rev en ted  by tre a tm e n t of th e  r a b b i ts  w ith  cyclohexim ide 30 min b e fo re  

o e s t r a d io l ,

VIhen cyclohexim ide was ad m in is te red  to  r a b b i ts  30 rain a f t e r  tre a tm e n t 

w ith  o e s t r a d io l ,  th e  e a r ly  s tim u la tio n  of RNA polym erase B a c t i v i t y  i s  

observed as b e fo re  (F ig . 2 3 ), However, the  enhancement o f th e  RNA 

polym erase A a c t i v i t y  i s  no lo n g e r p rev en ted . I t  seems probab le  from 

th e se  o b se rv a tio n s  th a t  tre a tm e n t m th  cyclohexim ide p r io r  to  hormone 

a d m in is tra tio n  causes th e  in h ib i t io n  of th e  sy n th es is  of a p ro te in  o r 

p ro te in s  which a re  n e ce ssa ry  in  o rd e r t h a t  th e  RNA polym erase A a c t i v i t y  

can in c re a se  in  response to  o e s t r a d io l  tre a tm e n t. Such a p ro te in  o r 

p ro te in s  must be sy n th es ised  d u rin g  th e  f i r s t  30 min a f t e r  oestro g en  

tre a tm e n t,



FIG. 24 : The E f fe c t  o f Cycloheximide adm inis tered, p r io r  to

O e s tra d io l on the  RNA polym erase a c t i v i t i e s  in  I s o la te d  

U te rin e  N u c le i.

Animals were t r e a te d  w ith  4OO jJg cyclohexim ide/kg  body wt 

30 min b e fo re  o e s t r a d io l  a d m in is tra tio n . N uclei were i s o la te d  

and assayed  f o r  RNA polym erase a c t i v i t i e s  a s  d e sc rib ed  in  th e  

Methods s e c t io n . Each p o in t shows th e  range o f a t  l e a s t  

th re e  d e te rm in a tio n s .

a )  RNA polym erase A a c t i v i t y  in  OE../”t r e a te d  u t e r i  (©——o)

RNA polyraerase A a c t i v i t y  in  s a l in e - t r e a te d  u t e r i  (ih=— —

RNA polym erase A a c t i v i t y  in  OÊ  +- CH (B—

RNA polym erase A a c t i v i t y  in  s a lin e  + CH , (D’“ -'"ëi)

b) RNA polyraerase B a c t i v i t y  in  O E ^ tre a te d  u t e r i  (0—

RNA polyraerase B a c t i v i t y  in  s a l in e - t r e a te d  u t e r i  (&——A)

RNA polym erase B a c t i v i t y  in  OE  ̂ f  CH (l^——@)

RNA polym erase B a c t i v i t y  in  s a l in e  + CH
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FIGo 25 î llie  E ffect, o f Treatm ent \-7ith Cycloheximide 30 min a f t e r

O e s tra d io l a d m in is tra tio n  on th e  RNA polym erase a c t i v i t i e s  

in  I s o la te d  U te rin e  N u c le i.

Animals were t r e a te d  w ith  4£)0 jUg cycloheximj.de p e r  kg 

body wt 30 min a f t e r  o e s t r a d io l  a d m in is tra t io n . N uclei were 

i s o la te d  and assayed  f o r  MA polym erase a c t i v i t i e s  as d e sc rib e d  

in  th e  Methods sec tio n *  Each p o in t shows th e  range o f a t  

l e a s t  th re e  d e te rm in a tio n s .

a ) MA polym erase A a c t i v i t y  in  O E ^"treated  u t e r i  (@ ■■"©)

MA polym erase A a c t i v i t y  in  s a l in e - t r e a te d  u t e r i

MA polyraerase A a c t i v i t y  in  OE  ̂ + CH (M— #)

MA polym erase A a c t i v i t y  in  s a l in e  + CH

b) MA polym erase B a c t i v i t y  in  O E ^-treated  u t e r i

MA polym erase B a c t i v i t y  in  s a l i n e - t r e a te d  u t e r i

RNA polym erase B a c t i v i t y  in  OE  ̂ H- CH (B—-Hi)

MA polym erase B a c t i v i t y  in  s a l in e  + CH (S-—--Q)
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6 .6 .  The E f fe c t of Cytoplasm from th e  U te r i of O e s tro g e n -tre a te d  
Animals on th e  KNA Polym erase A c t iv i t i e s  in  I s o la te d  N u c le i.

The experim ents re p o rte d  above suggested  th a t  a s p e c i f ic  p ro te in  

o r p ro te in s  may be re q u ire d  f o r  th e  a c t iv a t io n  of RNA polym erase A,

This p ro te in  would ob v io u sly  need to  be sy n th es ised  a f t e r  o e s t r a d io l  

tre a tm e n t b u t in  advance of th e  observed in c re a se  in  RNA polym erase A 

a c t i v i t y  which occurs from 1-2h a f t e r  hormone a d m in is tra t io n . In  an 

a tte m p t to  dem onstrate  th e  e x is te n c e  o f such a p ro te in  o r p ro te in s ,  

n u c le i  p rep ared  from th e  u t e r i  of r a b b i t s  which had n o t been exposed to  

o e s t r a d io l  wore in cu b a ted  w ith  cytoplasm  from th e  u t e r i  o f r a b b i t s  which 

had been t r e a te d  w ith  th e  hormone fo r  up to  2h (F ig . 2 6 ), Treatm ent o f 

th e se  n u c le i  w ith  cytoplasm  from o e s t r a d io l - t r e a te d  r a b b i t  u t e r i  gave 

r i s e  to  an in c re a s e  in  RNA polym erase A a c t i v i t y .  In  th e se  experim ents 

th e  n u c le i  were in cu b a ted  f o r  15 min a t  37° to  ensure  d is ru p t io n  o f th e  

n u c le a r  membranes and so p e rm it a ccess  o f any p ro te in  f a c to r s  to  th e  

n u c le a r  c o n te n ts . However, th e  s t im u la tio n  of RNA polym erase A a c t i v i t y  

i s  a ls o  observed when u n tre a te d  u te r in e  n u c le i  a re  in cu b a ted  w ith  

cytoplasm  p rep ared  from an im als which had n o t been exposed to  o e s t r a d io l .  

I t  i s  p robab le  t h a t  t h i s  enhancement o f RNA polym erase a c t i v i t y  i s  due to  

th e  a c t io n  o f n u c lea ses  in  th e  c y to so ls  p a r t i c u l a r ly  DNase which i s  

in tro d u c in g  s in g le - s t r a n d  b reak s  in to  th e  DNA of th e  chrom atin  tem p la te  

where n o n -s p e c if ic  i n i t i a t i o n  of RNA s y n th e s is  can p roceed .

The con tam ination  of t r e a te d  and u n tre a te d  cytoplasm  w ith  RNase 

(F ig . 27) and DNase (F ig . 28) a re  shown. I t  can be seen th a t  th e re  i s  

co n s id e ra b le  con tam ination  w ith  bo th  RNase and DNase in  a l l  c y to so l 

p re p a ra t io n s .

In  an a ttem p t to  i n h i b i t  th e  RNase a c t i v i t y ,  c o n tro l  n u c le i  were 

in c u b a ted  w ith  a  m ix tu re  of cytoplasm  and th e  RNase in h ib i to r  h e p a rin  

(Rhoads e t  a l , , 1973). The e f f e c t  of h e p a r in  a lone  on th e  MA polym erase 

a c t i v i t i e s  in  i n t a c t  i s o la t e d  n u c le i  i s  shown in  F ig . 29. I t  i s  e v id en t



FIG 0 26 : Hie E ffec t o f the ad d ition  o f Cytoplasm from O estrad io l-

t r e a te d  U te r i on th e  RNA polym erase a c t i v i t i e s  in  I s o la te d  

U te rin e  N u c le i.

Cytoplasm was p repared  from r a b b i t  u t e r i  which had been 

t r e a te d  w ith  o e s t r a d io l  a s  d e sc rib e d  in  th e  Methods s e c tio n  

and added to  n u c le i  i s o la te d  from u n tre a te d  u t e r i .  RNA 

polym erase a c t i v i t i e s  were assayed  as d e sc rib e d  in  th e  Methods 

s e c t io n . Each p o in t re p re s e n ts  th e  range o f th re e  

d e te rm in a tio n s .

a )  RNA polym erase A a c t i v i t y  w ith  cytoplasm  from

OEp“" t r e a te d  u t e r i  and c o n tro l  u t e r i  (e—

b ) RNA polym erase B a c t i v i t y  w ith  cytoplasm  from

tr e a te d  u t e r i  (0 - - - 0 ) and c o n tro l u t e r i  (o——©)
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FIG o 27 : RNase a c t i v i t y  in  Cytoplasm from O e s tro g e n - tre a ted

and C on tro l R abbit U te r i . ■

U te rin e  cytoplasm  was p repared  from o e s tro g e n - tre a te d

and c o n tro l  an im als and a ssa y e d -fo r  RUase a c t i v i t y  as

d esc rib ed  in  th e  Methods s e c tio n  by fo llo w in g  the  d e g rad a tio n  

3?o f P ribosom al RWA on sucrose  g ra d ie n ts .
• a )  C on tro l

b ) Cytoplasm from c o n tro l  u t e r i

c )  Cytoplasm from u t e r i  t r e a te d  fo r  30 min w ith  o e s t r a d io l

d) Cytoplasm from u t e r i  t r e a te d  f o r  60 rain w ith  o e s tr a d io l

S im ila r  p r o f i le s  were ob ta ined  w ith  cytoplasm  t r e a te d

f o r  2 , 3 and 4h w ith  o e s t r a d io l .
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FIQo 28: DNase a c t iv i t y  in  Cytoplasm'from O estrogen-treated

and C on tro l R abbit U te r i .

U te rin e  cytoplasm  was p repared  from o e s tro g e n - tre a te d  

and c o n tro l  an im als and assayed  f o r  DNase a c t i v i t y  a s  d e sc rib e d
3

in  th e  Methods s e c tio n  by fo llo w in g  th e  d eg rad a tio n  of H la b e l le d  

SV40 DNA on CsCl g ra d ie n ts .

a )  (6^—#) C on tro l

(8——-#) C on tro l cytoplasm

b) (©“ ““ O)) C on tro l

il) Cytoplasm from 30 min O E ^-treated  u t e r i  

c ) (©*•—-©) C on tro l

( # —^Wt) Cytoplasm from 1h OÊ ” t r e a te d  u t e r i

d ) (0——#) C on tro l

(8 d) Cytoplasm from 2h O E ^-treated  u t e r i .
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FIG o 2 9  : .Hie E ffe c t o f Heparin on the MA polyraerase a c t iv i t i e s

in  I s o la te d  N u c le i.

U te rin e  n u c le i  i s o la te d  from u n tre a te d  an im als were assayed  

f o r  RUA polym erase a c t i v i t i e s  in  th e  p resence  o f in c re a s in g  

amounts o f h e p a r in  a s  d e sc rib e d  in  th e  Methods s e c tio n .

A lso shoim i s  th e  e f f e c t  o f h e p a r in  on exogenous E, c o l i  

RNA polym erase (l ^ g ) .  Each p o in t  shows th e  range o f two 

d e te rm in a tio n s .

RMA polym erase A

CM RNA polym erase B

Eo c o l i  RNA polym erase
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t h a t  h e p a r in  has very  l i t t l e  e f f e c t  on RNA sy n th e s is  c a ta ly s e d  by th e  

endogenous enzymes w hile  exogenous E. c o l i  RNA polym erase i s  com pletely  

in h ib i t e d «

When n u c le i  i s o la te d  from an im als t r e a te d  vd th  s a l in e  a lone  a re  

in c u b a ted  fo r  15 min w ith  o e s t r a d io l - t r e a te d  cytoplasm  and h e p a r in , very  

l i t t l e  s ig n i f ic a n t  v a r ia t io n  i s  observed in  th e  RNA polym erase a c t i v i t y  

(F ig , 30)0 I t  i s  p robab le  t h a t  th e  s l i g h t  in c re a se  i s  due to  th e  a c t io n  

o f DNase on th e  te m p la te .

S ince  some in d ic a t io n s  were o b ta in ed  o f an e f f e c t  of cytoplasm  

from o e s t r a d io l - t r e a te d  r a b b i t  u t e r i  on th e  RNA polym erase a c t i v i t y  in  

n u c le i ,  a ttem p ts  were made to  c o n c e n tra te  any such components. The 

cytoplasm  from u t e r i  o f o e s t r a d io l - t r e a te d  anim als was f r a c t io n a te d  on a 

C M -cellulose column and f r a c t io n s  were assayed  w ith  n u c le i  e x tra c te d  from 

s a l in e - t r e a te d  an im als in  o rd e r to  de term ine  th e  RNA polym erase 

a c t i v i t i e s  (F ig , 31 ) ,  There ap p ea rs  to  be a  f r a c t io n  p re s e n t  in  th e  

cytoplasm  of u t e r i  t r e a te d  f o r  30 min w ith  o e s t r a d io l  which w i l l  s tim u la te  

RNA polym erase A a c t i v i t y  w ith o u t enhancing RNA polym erase B a c t i v i t y

Thus, th e re  i s  ev idence f o r  th e  p resence  in  cytoplasm  o f u t e r i  from 

r a b b i t s  responding  to  o e s t r a d io l  o f a p ro te in  component which can enhance 

th e  RNA polym erase A a c t i v i t y  in  i s o la te d  u te r in e  n u c le i .  Such a f r a c t io n ,  

which appears  to  be t r a n s i e n t ,  cou ld  le a d  to  m o d if ic a tio n  and a c t iv a t io n  

of RNA polym erase A o r could be in v o lv ed  in  m odifying th e  tem p la te  

fu n c tio n  of the  n u c le a r  chrom atin . In  an a ttem p t to  d is t in g u is h  between 

th e se  p o s s i b i l i t i e s ,  experim ents w i l l  now be d e sc rib ed  on th e  a c tio n  of 

o e s t r a d io l  on th e  s o lu b i l i s e d  RNA polym erases from immature r a b b i t  u t e r u s ,



FIG o 30 ; The E f fe c t  of th e  p resence  of H eparin  oh th e  a d d it io n  

o f Cytoplasm from O e s tr a d io l- t r e a te d  U te r i  on th e  RNA 

polym erase a c t i v i t i e s  in  I s o l a te d  U te rin e  N u c le i.

Cytoplasm was p rep ared  from r a b b i t  u t e r i  which had been 

t r e a te d  w ith  o e s t r a d io l  a s  d e sc rib e d  in  the  Methods s e c tio n  

and added to  n u c le i  i s o la te d  from u n tre a te d  u t e r i  i n  the  

p resen ce  o f 50 jÀg h e p a rin  which was added a f t e r  th e  cytoplasm . 

RNA polym erase a c t i v i t i e s  were assayed  as  d e sc rib ed  in  th e  

Methods s e c tio n . Each p o in t re p re se n ts  th e  range of th re e  

d e te rm in a tio n s .

a )  RNA polym erase A a c t i v i t y  w ith  cytoplasm  from

O E p-treated  u t e r i  (©-— and c o n tro l  u t e r i  (©-----©)

b) RI-ÎA polym erase B a c t i v i t y  .w ith cytoplasm  from

OEp—tr e a te d  u t e r i  (i®----©) and c o n tro l  u t e r i  (© -—©)



I
g
oo

ü

A
A
EH

Ê
A
gO
AM

I

2000 104
A.

w* w  V  }

1000

0
1 2  3 

TIME OE TREATMENT OE CYTOPLASM ( h )

I
o0î
ü

g
EH1
gO

ë

K\ '

4000 B,
-0

_____ 4

ù '

2000
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FIGa 31 : Fr a c t io n a t io n  o f Cytoplasm from th e  U te r i  of R abbits
?• ■

t r e a te d  w ith  O estr a d i o l . '

Cytopla.sm prepared, from immature r a b b i t  u t e r i  a t  v a rio u s  

tim es a f t e r  tre a tm e n t w ith  o e s t r a d io l  a s  d e sc rib e d  in  th e  

Me'fchods s e c tio n  was f r a c t io n a te d  on columns of C M -cellu lose. 

N uclei p repared  from u t e r i  o f u n tre a te d  an im als were assayed  

f o r  RNA polym erase a c t i v i t i e s  in  a  t o t a l  volume of 0,1 ml 

i n  th e  p resence  o f samples of each f r a c t io n  o b ta in ed  by 

C M -cellulose chrom atography o f th e  cy toplasm s,

a ) RNA polym erase A a c t i v i t y  i n  n u c le i  assayed  w ith

cytoplasm  from u t e r i  t r e a te d  im th o e s t r a d io l  f o r

30 min (o— and 60 min ({S-—

b) RNA polym erase B a c t i v i t y  in  n u c le i  assayed  wdth

cytoplasm  from u t e r i  t r e a te d  w ith  o e s t r a d io l  f o r

30 min and 60 min (o——O)
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8 , The E f fe c t  o f O e s tra d io l A dm in istered  to  R abb its  ^  Vivo on 

th e  S o lu b i l is e d  U te rin e  RNA P olym erases,

S e v e ra l  forms o f DNA-dependent RNA polym erases were d e te c te d  in  

p re p a ra t io n s  from th e  u t e r i  o f immature r a b b i ts  which had p r e v i o u s l y  

been t r e a te d  w ith  o e s t r a d io l  in  v ivo  f o r  v a ry in g  perd.ods of tim e . A 

s e r ie s  o f DEAE-cellulose columns o f i d e n t i c a l  s iz e  were p repared  and 

id e n t i c a l  amounts o f p ro te in  f r a c t io n s  p repared  as d e sc rib e d  in  th e  

Methods s e c tio n  from u t e r i  a t  v a ry in g  tim es a f t e r  o e s t r a d io l  tre a tm e n t 

were a p p lie d  to  th e  colum ns. A f te r  e lu t io n  of th e  columns, the  

f r a c t io n s  were assayed  f o r  RNA polym erase a c t i v i t i e s  u s in g  double

s tran d ed  r a b b i t  l i v e r  DNA a s  th e  te m p la te , F ig . 32 shows th e  e f f e c t  

o f t r e a t in g  th e  an im als f o r  15 min, 30 min and 45 min w ith  o e s t r a d io l  

in  v iv o . I t  i s  ap p a ren t t h a t  under th e  c o n d itio n s  employed f o r  th e  

a ssa y  of RNA polym erase a c t i v i t y  dn v i t r o  th e re  i s  no d e te c ta b le  

change in  th e  a c t i v i t y  of th e  s o lu b i l i s e d  enzymes. S im ila r ly , when 

th e  tim e of tre a tm e n t w ith  o e s t r a d io l  m  vivo  i s  in c re a se d  up to  4h 

(F ig . 33) no d e te c ta b le  change in  th e  a c t i v i t i e s  of th e  s o lu b i l is e d  

enzymes i s  observed .

Experim ents were a ls o  perform ed to  determ ine w hether o e s t r a d io l  

i t s e l f  was a s s o c ia te d  w ith  e i t h e r  of th e  u te r in e  RNA polym erases.

T r i t i a te d  o e s t r a d io l  was ad m in is te red  to  r a b b i t s ,  th e  enzymes i s o la te d  

a s  b e fo re  and measurements o f th e  r a d io a c t iv i ty  in  each f r a c t io n  

perform ed (F ig . 34)* W ithin  th e  l im i t s  o f d e te c tio n  f o r  o e s t r a d io l ,  

i t  seems th a t  o e s t r a d io l  i s  n o t a s s o c ia te d  in  any way w ith  e i th e r  of 

th e  RNA polym erases. Over 70% o f th e  r a d io a c t iv i ty  which was o r ig in a l ly  

ad m in is te red  to  th e  an im als i s  recovered  as a d is c r e e t  peak in  th e  

m a te r ia l  which flow s th rough  th e  DEAE-cellulose column.

I t  i s  p o s s ib le  t h a t  some f a c to r ,  which i s  re q u ire d  f o r  th e  

a c t iv a t io n  of th e  Ri'i'A pol^mierases in  v ivo  in  response to  the  hormone, 

i s  l o s t  du ring  th e  i s o la t io n  p rocedu re . In  an a ttem p t to  dem onstrate



FICi0 3 2  : I so la t io n  o f M ultiple Forms of RNA polymerase in

U te ri from Animals t r e a te d  w ith  O e s tr a d io l .

IMA polym erases were s o lu b i l i s e d  from immature r a b b i t  

u t e r i  as  d e sc rib e d  in  th e  Metliods s e c t io n . 40 mg sam ples o f 

u te r in e  p ro te in  p rep ared  a t  each tim e in t e r v a l  a f t e r  o e s t r a d io l  

tre a tm e n t were a p p lie d  to  i d e n t i c a l  10 x 0 ,9  cm columns of 

DE/ÜÎ1-c e l lu lo s e  and column chrom atography c a r r ie d  ou t a s  

d e sc rib e d  in  th e  Methods s e c t io n .

a )  RtJA polym erases from u t e r i  t r e a te d  f o r  15 min w ith  OÊ

and c o n tro l  u t e r i  (------- “)

b) MA polym erases from u t e r i  t r e a te d  f o r  30 nn.n v a th  OE  ̂

(*— and c o n tro l  u t e r i  (*•“— ')

c) RNA polym erases from u t e r i  t r e a te d  f o r  45 min w ith  OÊ

and c o n tro l  u t e r i
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FIG o 33 : I so la t io n  o f M ultiple Forms of MA polymerase in

U te r i from Animals t r e a te d  w ith  O e s tr a d io l .

RNA polym erases were s o lu b i l is e d  from immature r a b b i t  

u t e r i  as  d e sc rib e d  in  th e  Methods s e c t io n .  40 mg sam ples of 

u te r in e  p ro te in  p rep a red  a t  each tim e in t e r v a l  a f t e r  o e s t r a d io l  

tre a tm e n t were a p p lie d  to  id e n t i c a l  10 x  0o9 cm columns o f 

DEAE-cellulose and column chrom atography c a r r ie d  ou t a s  d e sc rib e d  

in  th e  Methods s e c t io n .

a ) RNA polym erases from u t e r i  t r e a te d  f o r  1h w ith  OÊ

and c o n tro l  u t e r i

b ) RNA polym erases from u t e r i  t r e a te d  f o r  2h w ith  OEp

) and c o n tro l  u t e r i

c ) RNA polym erases from u t e r i  t r e a te d  f o r  /{h w ith  OÊ

and c o n tro l  u t e r i
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FIG o 34 • The A ssocia tion  of O estradiol vdtli Uterine RNA polym erases,

Animals were t r e a te d  f o r  1h w ith  200 of t r i t i a t e d  

o e s t r a d io l  i i i  v iv o o T o ta l u te r in e  p ro te in  was p rep ared  and 

th e  RNA polym erases sep a ra te d  on DEAE-cellulose columns as  

d e sc rib ed  in  the  Methods s e c tio n . Each f r a c t io n  was assayed  

f o r  RNA polym erase a c t i v i t y  u s in g  ^‘̂ C-UTP as  th e  la b e l le d  

s u b s t r a te .  0o2 ml sam ples were counted in  to lu e n e -  

m etho)yethanol s c i n t i l l a t o r  to  determ ine th e  o e s t r a d io l  

c o n te n t .

RNA polym erase a c t i v i t y  

I#—— 0  O e s tra d io l.
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*bhe e x is te n c e  of such a s tim u la to ry  f a c to r  o r f a c to r s ,  th e  p ro te in  

which was n o t bound to  th e  DEAE-cellulose and appeared in  th e  column 

wash was f r a c t io n a te d  on a C M -cellulose column as d e sc rib e d  in  th e  

Methods s e c t io n . Elach f r a c t io n  was t r e a te d  w ith  re s p e c t to  i t s  e f f e c t  

on th e  a c t i v i t y  of bo th  RNA polym erase A and B u s in g  d o u b le -s tran d ed  

r a b b i t  l i v e r  DNA as  th e  tem p la te  (F ig , 3 5 ). None of th e  f r a c t io n s  

o b ta in ed  e x e rted  any s tim u la to ry  e f f e c t  on e i t h e r  RNA polym erase A o r B.

B aulieu  e t  (1972) proposed t h a t  a ’key in te rm e d ia ry  p r o te in ’

.may a c t  to  modify gene ex p re ss io n  fo llo w in g  th e  a d m in is tra tio n  of 

o e s t r a d io l  to  immature u t e r i ,  H iis  p ro te in  would have to  be sy n th es ised  

e a r ly  in  th e  o e s tro g en ic  response p robab ly  a f t e r  th e  e a r ly  observed 

s y n th e s is  of HnRNA (Khowler & S rn e llie , 1973). In  o rd e r  to  show 

w hether o r n o t th e re  i s  such a p ro te in  f r a c t io n  p re se n t in  th e  r a b b i t  

u te ru s  a f t e r  tre a tm e n t w ith  o e s t r a d io l ,  so lu b le  cy top lasm ic p re p a ra tio n s  

from u t e r i  t r e a te d  w ith  o e s t r a d io l  f o r  va ry in g  p e rio d s  o f tim e up to  

90 min were assayed  w ith  r e s p e c t  to  t h e i r  e f f e c t s  on th e  a c t i v i t y  o f 

bo th  RNA polym erase A and B (F ig , 3 6 ). There i s  g re a t  v a r ia t io n  in  

th e  r e s u l t s  from one experim ent to  a n o th e r a lthough  th e re  i s  no 

s ig n i f ic a n t  in c re a se  in  th e  a c t i v i t y  of e i th e r  RNA polym erase A o r B,

I t  has a lre a d y  been dem onstrated  t h a t  cy top lasm ic p re p a ra t io n s  from 

r a b b i t  u t e r i  a re  contam inated uLth bo th  RNase and DNase (F ig s , 27 &

2 8 ), and i t  seems p robab le  t h a t  any in c re a s e s  in  RNA polym erase 

a c t i v i t y  a re  th e  consequence of th e  a c t io n  of DNase in tro d u c in g  ’n ic k s ’ 

in to  th e  tem pla te  where t r a n s c r ip t io n  can be n o n - s p e c if ic a l ly  i n i t i a t e d .  

This e f f e c t  may be balanced  by th e  a c t io n  of RNase on th e  p roduct of 

th e  RNA polym erases. H eparin i s  known to  i n h i b i t  RNase a c t i v i t y  

(Rhoads e t  a l . , 1973) a lthough  i t  does n o t a f f e c t  th e  endogenous RNA 

polym erase a c t i v i t i e s  in  i s o la te d  n u c le i  (F ig , 2 9 ). When h e p a rin  i s  

added to  th e  in c u b a tio n  m ix ture  a f t e r  th e  a d d it io n  of cytoplasm  to  

i n h i b i t  RNase, then  t h i s  tre a tm e n t has l i t t l e  e f f e c t  on th e  RNA polym erase 

a c t i v i t i e s  ( f ig ,  3 7 ).



FIGo 35 î F ra c tio n a tio n  o f U te rin e  P ro te in  on Columns of 

C M -cellu lose .

The p ro te in  which was e lu te d  from th e  DEAE-cellulose 

column by 0«08M ammonium su lp h a te  in  th e  column wash 

was f r a c t io n a te d  on a  CM -cellulose column. Each 

f r a c t io n  was assayed  w ith  so lu b le  forms of RM polym erase 

A o r B in  a t o t a l  volume of 0o1 ml a s  d e sc rib e d  in  th e  

Methods s e c tio n .

©———=© Rî\[A polym erase A 

RNA polym erase B 

s a l t  c o n c e n tra tio n .
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PICio 36 : E f fe c t  of Cytoplasms from O e s tro g e n -tre a te d  U te r i on

S o lu b le  U te rin e  RNA po lym erases.

Cytoplasms were p rep ared  from r a b b i t  u t e r i  a f t e r  v a r io u s  

tim es o f tre a tm e n t v/ith o e s t r a d io l  a s  d e sc rib e d  in  th e  Methods 

s e c t io n . 0 .05  ml samples were in cu b a ted  w ith  RMA polym erase A o r 

B in  a t o t a l  volume o f 0,1 ml f o r  30 min a t  37°.

O  -O RNA polym erase B

0.— —̂  RNA polym erase A
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ï'IG, 37 : E ffe c t  o f Cytoplasm from O estrogen-treated Uterd- on

S o lu b le  U te rin e  RNA polym erases in  th e  p resence  o f H ep arin .

Cytoplasm was p rep ared  from r a b b i t  u t e r i  a f t e r  v a rio u s  

tim es o f tre a tm e n t \d .th  o e s t r a d io l  a s  d e sc rib e d  in  th e  Methods 

s e c t io n , and 0*05 ml assayed  w ith  e i th e r  RNA polym erase A o r 

B in  a  t o t a l  volume o f 0*1 ml in  th e  p resence  o f 50 h ep a rin ,
3

R esu lts  a re  expressed  a s  p mol H~UMP in c o rp o ra te d  p e r 30 min 

and show th e  range of v a lu e s  o b ta in ed  in  a t  l e a s t  th re e  

d e te rm in a tio n s .

O———O RNA polym erase B

# ———® RNA polym erase A
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I f  some p ro te in  sy n th es ised  e a r ly  in  response to  th e  hormone i s  

re q u ire d  f o r  th e  i n i t i a t i o n  of t r a n s c r ip t io n ,  then  i t  may be p o s s ib le  

to  dem onstrate  i t s  e x is te n c e  in  th e  cytoplasm  of o e s tro g e n - tre a te d  u t e r i .  

C onsequently , cytoplasm s from r a b b i t  u t e r i  which had p re v io u s ly  been 

exposed to  o e s t r a d io l  were f r a c t io n a te d  on CM -cellulose and assayed  

f o r  t h e i r  c a p a c ity  to  s tim u la te  IIÎTA polym erase a c t i v i t y  ( f ig .  3 8 ). None 

of th e  f r a c t io n s  examined produced any s ig n i f ic a n t  s tim u la tio n  of e i th e r  

RNA polym erase A o r B. However, i t  i s  p o ss ib le  th a t  th e  f r a c t io n s  may 

have been too  d i lu te  o r in a c t iv a te d  because experim ents conducted w ith  

f r a c t io n s  which had been co n cen tra ted  by d ia ly s i s  a g a in s t  30^ (v /v ) 

p o ly e th y len e  g ly c o l produced a s im ila r  r e s u l t .  Thus, i t  appears th a t  

o th e r  components of th e  chrom atin  a re  re q u ire d  f o r  an a u th e n t ic  t r a n s 

c r ip t io n  by th e  RNA polym erases.

One of th e  most s e r io u s  problem s encountered  in  th e  experim ents

w ith  p u r i f ie d  RNA polym erase p re p a ra tio n s  i s  th e  cho ice  o f te m p la te ,

th e  most commonly used  being  s y n th e t ic  tem p la tes  such as  po ly  d(AT),

v i r a l  DNAs of known s t r u c tu r e  and p o o rly  p reserv ed  n a tu r a l  te m p la te s .

In  most of th e  experim ents a lre a d y  d e sc r ib e d , d o u b le -s tran d ed  r a b b i t

l i v e r  DNA has been used as th e  tem pla te  f o r  th e  RNA polym erases. S tu d ies

on th e  m olecu lar w eight of th e  DNA prepared  by th e  method d esc rib ed  in

th e  Methods s e c tio n  were c a r r ie d  ou t fo llo w in g  th e  method, of S tu d ie r  (l9é>5).

Samples were la y e re d  on e i th e r  1M NaGl f o r  a n a ly s is  of d o u b le -s tran d ed

DNA o r 0.9M NaGl c o n ta in in g  O.IM NaOH f o r  a n a ly s is  of den atu red  DNA. The
n

m olecu lar w eight f o r  d o u b le -s tran d ed  r a b b i t  l i v e r  DNA was 1 ,8  x 10 whil.e 

s in g le -s tra n d e d  DNA had a m olecu lar w eight of 0 ,6  x 10^. Tlius, i t  i s  

obvious th a t  th e re  a re  s e v e ra l  ’n ic k s ' in  t h i s  DNA p re p a ra t io n  where 

RNA sy n th e s is  could be n o n - s p e c if ic a l ly  i n i t i a t e d .  Most commercial 

p re p a ra tio n s  of e u k a ry o tic  DNA have sim il.a r or s l i g h t ly  low er m olecu lar 

w eigh ts and i t  i s  on ly  r e c e n t ly  t h a t  more success has been ach ieved  in  

th e  i s o la t io n  o f h ig h -m o lecu la r w eight DNA (O ro ss-B ella rd  e t  a l . ,  1973),



FIG0 3 8 : Chromatography o f U terine Cytoplasm on C M -cellu lose.

U te rin e  cytoplasm  was p repared  from r a b b i t s  a f t e r  

v a rio u s  tim es of tre a tm e n t w ith  o e s t r a d io l  and CM-ceU-ulose 

chrom atography c a r r ie d  ou t a s  d e sc rib e d  in  th e  Methods 

s e c t io n , 0 .05  ml o f each f r a c t io n  was assayed  w ith  

r e s p e c t  to  i t s  e f f e c t  on e i t h e r  RNA polym erase A o r B 

in  a  t o t a l  volume o f O d m l. Only th e  r e s u l t s  f o r  

cytoplasm  from u t e r i  t r e a te d  f o r  30 min and 60 min a re  

shown, C on tro l v a lu es  were id e n t i c a l  to  th e s e .

a ) RNA polym erase A

30 nd.n o e s t r a d io l  

(&—= a )  60 min o e s t r a d io l

b ) RNA polym erase B

(o——o )  30 min o e s t r a d io l

(o -a) 60 min o e s t r a d io l
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Host t i s s u e s  in  h ig h e r  an im als a re  i n  some way dependent on 

hormones f o r  t h e i r  growth and developm ent. I t  i s  w e ll known t h a t  a 

wide spectrrm  o f s te r o id  and p o ly p ep tid e  hormones s tim u la te  p ro te in  

sy n th e s is  in  t h e i r  r e s p e c tiv e  t a r g e t  t i s s u e s  (K orner, 1965; M anchester, 

1968; T a ta , 1970) , C o r t ic o s te r o id s ,  which norm ally  i n h i b i t  p ro te in  

s y n th e s is ,  s tim u la te  th e  p ro d u c tio n  o f c e r ta in  key enzymes of g luco- 

neo g en esis  and amino a c id  m etabolism  w hile  hormones such as  in s u l in  

and ACÏH a lso  s t im u la te  p ro te in  sy n th e s is  (M anchester, I 968), In  

v i r t u a l l y  every  c a se , th e  s tim u la tio n  o f p ro te in  sy n th e s is  i s  dependent 

upon and preceded by RMA sy n th e s is  (T a ta , 1966),

The p re c is e  ro le  o f RNA sy n th e s is  in  th e  hormone-induced response 

has been th e  s u b je c t o f much in te n s iv e  re se a rc h  and many th e o r ie s  have 

been proposed to  accommodate t h i s  o b se rv a tio n . The m a jo r ity  of th e se  

th e o r ie s  envisage e i t h e r  a t r a n s c r ip t io n a l  o r a t r a n s la t io n  c o n tro l  

mechanism. T ra n s c r ip t io n a l  c o n tro l could  in v o lv e  e i t h e r  the  unmasking 

o f genes by rem oval o f p ro te in s  from th e  chrom atin o r could  in v o lv e  th e  

a c t iv a t io n  of key p ro te in s  such as DNA-dependent RNA polym erase. As th e  

ho rm one-stim ula ted  p ro d u c tio n  o f RNA in v o lv e s  a l l  sp e c ie s  of RNA, c o n tro l  

could be e f fe c te d  a t  th e  l e v e l  of rRNA, mRNA o r tRNA,

The most obvious change in  th e  e a r ly  s tag e s  o f response o f t a r g e t  

c e l l s  to  many grovrbh and developm ental hormones i s  a s t im u la tio n  in  

th e  r a te  of rRNA s y n th e s is .  This e f f e c t  has been dem onstrated  in  u t e r i  

responding  to  o e s t r a d io l  (H am ilton, I 968), i n  r a t  p ro s ta te  responding  

to  te s  Los be rone (^Liao e_L a l . ,  I 960) and r a t  l i v e r  in  x-espoase to t r i 

io d o th y ro n in e  (T a ta , 1966) , Tie l a r g e r  in c re a s e s  in  rRNA s y n th e s is  

a f t e r  th e  a d m in is tra tio n  of o e s t r a d io l  to  ovariec tom ised  ra .ts  le d  

H am ilton e t  aJU ( 1968a ) to  conclude th a t  th e  r e g u la t io n  of rRNA sy n th e s is  

was a m ajor and p o s s ib ly  r a te  l im i t in g  s te p  in  th e  growth response  of 

th e  u te ru s  to  o e s t r a d io l .
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The concept t h a t  in  h ig h e r  an im als hormones coul.d c o n tro l th e  

s y n th e s is  of ne\i sp e c ie s  of mRNA was a lo g ic a l  e x ten s io n  o f th e  f in d in g s  

t h a t  c e r ta in  small, m olecules were re sp o n s ib le  f o r  th e  c o n tro l  of 

t r a n s c r ip t io n  in  b a c te r ia  (Jacob & Monod, I 961) . T his concept was 

ex p ressed  f i r s t  by K arlson  ( 1963) a f t e r  f in d in g  th a t  th e  in s e c t  hormone 

ecdysone induced th e  u n fo ld in g  and prim ing o f s p e c i f ic  reg io n s  of th e  

i n s e c t  chromosomes fo llow ed  by th e  appearance o f enzymes a s s o c ia te d  

vd th  in s e c t  m ou lting . I t  has been suggested  th a t  th e  s t im u la tio n  of 

chrom atin  tem pla te  a c t i v i t y  in  h o rm o n e-trea ted  an im als could, r e f l e c t  

th e  c o n tro l  o f mRNA p ro d u c tio n  by th e  hormone, Dahraus & Bonner ( 1965) 

re p o r te d  t h a t  th e  tem p la te  a c t i v i t y  o f l i v e r  chrom atin  was enhanced 

when h y d ro co rtiso n e  was in je c te d  in to  ad renalec tom isod  r a t s  and th a t  

t h i s  in c re a s e  was a s s o c ia te d  w ith  th e  p ro te in s  complexe! to  th e  DNA 

s in ce  removal of th e se  p ro te in s  y ie ld e d  only  DNA whose tem p la te  a c t i v i t y  

was n o t a f fe c te d  by hormone tre a tm e n t.

F u r th e r support f o r  t h i s  id e a  came from th e  f in d in g  th a t  th e  

s t im u la tio n  of n u c le a r  RNA sy n th e s is  occurred  in  th e  n u c le i  of u te r in e  

and l i v e r  c e l l s  as an e a r ly  response  to  th e  a d m in is tra tio n  of oestro g en  

and tr i io d o th y ro n in e  r e s p e c t iv e ly  (T ata  & W idnell, I 966 ; Ham ilton 

e t  a l , ;  1968a ) ,  H y b rid isa tio n  s tu d ie s  rev ea led  new n u c le a r  RNA sp ec ie s  

in  th e  r a b b i t  u te ru s  s h o r t ly  a f t e r  o e s t r a d io l  tre a tm e n t (Church & 

McCarthy, 1970), in  ch ick  o v id u c t in  response to  DE3 and p ro g es te ro n e  

(O’M alley e t  a l . , 1968) and in  r a t  l i v e r  responding  to  c o r t i s o l  (Yu 

& F e ig e lso n , 1969) ^

'The mechanism by which o e s t r a d io l  e f f e c t s  an in c re a se  in  th e  r a t e  

o f RNA sy n th e s is  in  th e  u te r in e  nu c leu s  has been th e  s u b je c t  of 

e x te n s iv e  i n t e r e s t  and in v e s t ig a t io n .  This s t im u la tio n  could be 

b rough t about by one o f s e v e ra l  means: th e  hormone may a f f e c t  d i r e c t l y  

th e  chrom atin  tem p la te  a c t i v i t y ,  a c t iv a te  th e  RNA polym erases, in f lu e n c e
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th e  t r a n s p o r t  o f RM from th e  n u c leu s  to  th e  cy toplasm ; o r th e  response  

may be a consequence o f a com bination of th e se  e f f e c t s .  Some evidence 

e x is t s  in  su p p o rt of each o f th e se  p o s s i b i l i t i e s .  In c re a se d  chrom atin  

tem p la te  a c t i v i t y  in  r a t  u t e r i  t r e a te d  w ith  o estro g en  was observed 

when assayed  u s in g  exogenous E .c o l i  RNA polym erase (B arker & W arren,

1966) w hile  s im ila r  f in d in g s  were re p o r te d  when r a b b i t  en d o m etria l 

chrom atin  was assayed  u s in g  endogenous RNA polym erase (Church & McCarthy, 

1970)0 I t  was suggested  by Teng & H am ilton (l9&9) t h a t  a c t iv a t io n  of 

chrom atin  may invoH.ve th e  sy n th e s is  o f new a c id ic  p ro te in s  which 

overcome th e  in h ib i to r y  e f f e c t  of u te r in e  h is to n e s  on RNA s y n th e s is .

I t  i s  w e ll documented th a t  DNA-dependent RNA sy n th e s is  i s  in h ib i te d  by 

th e  a d d it io n  o f h is to n e  to  c e l l - f r e e  system s c o n ta in in g  RNA polym erase 

and e i t h e r  DNA o r chrom atin  (H n ilic a , 19&7),

Barry & G orski (1971) found t h a t  th e  in c re a se d  in c o rp o ra tio n  of 

p re c u rso r  in to  RNA d id  n o t in v o lv e  th e  s^^mthesis of more RNA ch ains 

as  would be expected  i f  new tem p la te  s i t e s  were made a v a i la b le .  These 

w orkers found th a t  o e s t r a d io l  s tim u la te d  th e  p ro d u c tio n  of lo n g e r  RNA 

ch a in s  su g g es tin g  an e f f e c t  on th e  RNA polym erase i t s e l f .

Very l i t t l e  i s  known abou t th e  e f f e c t s  of hormones on th e  s e le c t iv e  

t r a n s f e r  o f RNA from th e  nu c leu s  to  th e  cy toplasm . I t  i s  p o s s ib le  t h a t  

th e  hormone i n i t i a t e s  a change in  th e  s y n th e s is  of RNA b u t does n o t 

c o n tro l  th e  e v en tu a l s e le c t io n  and t r a n s f e r  of the  v a r io u s  ty p es  of RNA 

sy n th e s is e d . Growth hormone and c o r t i s o l  have been shown to  in c re a se  

th e  r a te  o f appearance of 40-598 p a r t i c l e s  in  r a t  l iv e r ,  ( f irk e l. e t  a ] , ,  

1966 ; S e l l s  & T akahashi, 1967), These p a r t i c l e s  a re  b e lie v e d  to  be 

p re c u rso rs  to  polysomes and c o n ta in  mRNA a tta c h e d  to  th e  sm all ribosom al 

su b u n it. I t  i s  a ls o  p o s s ib le  t h a t  th e y  co n ta in  ' inform osom es' o r 

m essenger r ib o n u c le o p ro te in  p a r t i c l e s  (Liao e t  a l . ,  1973).
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In  an a tte m p t to  d i f f e r e n t i a t e  between th e se  v a r io u s  p o s s ib le  

mechanisms f o r  th e  a c t io n  of o e s t r a d io l  in  th e  u te ru s  th e  p re s e n t 

s tu d y  has in v o lv ed  th e  i s o l a t i o n  and c h a r a c te r is a t io n  of m u ltip le  

form s of DNA-dependent RNA polym erase from immature r a b b i t  u te ru s  

and 'the e f f e c t s  o f o e s t r a d io l  on th e se  enzymes bo th  in  i s o la te d  

n u c le i  and in  p u r i f ie d  p re p a ra t io n s .

DNA-dependent RNA polym eras e s .

In  re c e n t y e a rs  m u ltip le  form s of RNA polym erases have been 

e x tra c te d  from a wide v a r ie ty  of an im al t i s s u e s .  Most o f th e  methods 

employed f o r  th e  i s o l a t i o n  o f th e  enzymes in v o lv e  th e  s o n ic a tio n  of 

n u c le i  from th e  t i s s u e  in  h ig h  io n ic  s tre n g th  c o n d itio n s  (g re a te r  than  

0 . 3M ammonium su lp h a te )  in  o rd e r to  remove th e  enzymes which a re  t i g h t l y  

bound to  th e  ch rom atin . In  th e  p re s e n t  s tu d ie s ,  i t  d id  n o t prove 

f e a s ib le  to  p re p a re  la rg e  amounts o f u te r in e  n u c le i  and^as a consequence 

o f t h i s ,  u te r in e  RNA polym erases were s o lu b i l is e d  by th e  method of 

Sugden & K e lle r  ( l 973) which c o n s is te d  of s t a r t i n g  w ith  a whole t i s s u e  

homogenate th u s  e lim in a tin g  the  n e c e s s i ty  to  p rep a re  n u c le i  a s  a f i r s t  

s te p .

This procedure enab led  th e  i s o l a t i o n  o f th re e  d i f f e r e n t  RNA 

polyraerases from r a b b i t  u te ru s  ( l^ g , 1 ) . The two p r in c ip a l  sp e c ie s  a re  

d e s ig n a te d  A and B and bo th  of th e se  enzymes can be f u r th e r  p u r i f ie d  by 

pho8p h o c e llu lose chrom atography and g ly c e ro l d e n s i ty  g ra d ie n t sedim ent

a t io n  (F ig s , 3 & 4 ) ,  These p rocedures have made i t  p o s s ib le  to  ach ieve  

a p u r i f i c a t io n  of ap p rox im ate ly  300 fo ld ^ a lth o u g h  i t  i s  n o t p o s s ib le  

to  o b ta in  a p re c is e  v a lu e  because th e  a c tu a l  amount of each enzyme 

p ro te in  p re se n t a f t e r  th e  l a s t  s te p  of th e  p u r i f i c a t io n  scheme i s  v e ry  

low and consequen tly  d i f f i c u l t  to  determ ine a c c u ra te ly . One consequence 

o f th e  low p ro te in  c o n c e n tra tio n  h as been th e  n e c e s s i ty  to  add ■ 

s t a b i l i s i n g  p ro te in  to  th e  RNA polym erases i f  th e y  were to  be s to re d
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f o r  any tim e . At low p ro te in  c o n c e n tra tio n s  th e  a c t i v i t y  of both  

u te r in e  RNA polym erases was l o s t  in  a  few d a y s .

In  a d d itio n  to  th e  RNA polym erases A and B which can be e x tra c te d  

from r a b b i t  u te ru s ,  th e re  i s  a th i r d  peak o f RNA polym erase a c t i v i t y  

which i s  e lu te d  w ith  th e  bulk  o f th e  c e l l u l a r  p ro te in  from DEAE-cellulose 

This enzyme can be f u r th e r  p u r i f ie d  by ph o sp h o ce llu lo se  chrom atography 

(lig o  12) a lthough  t h i s  p re p a ra t io n  s t i l l  c o n ta in s  a c o n sid e rab le  

amount of p ro te in  co n tam in a tio n . I t  has been shown to  re p re s e n t  a 

sp e c ie s  of R])JA polym erase as i t  i s  com pletely  dependent on th e  p resence 

o f DNA tem pla te  and a l l  fo u r n u c leo s id e  tr ip h o sp h a te s  and i s  suppressed  

by th e  in c lu s io n  of actinom ycin  D in  th e  in c u b a tio n  m ix tu re . When 

th e  u te r in e  RNA polym erases were e x tra c te d  from p re p a ra t io n s  of n u c le i  

low amounts of enzymes A and B could be s o lu b i l i s e d ,  b u t RNA polym erase 

C d id  n o t appear to  be p re s e n t ( P i g . '2 ) .  Thus, i t  i s  p o s s ib le  t h a t  

t h i s  sp ec ie s  does n o t o r ig in a te  from th e  nuc leus and may be lo c a te d  in  

some o th e r  c e l l u l a r  f r a c t io n .  S e i f a r t  e t  a l .  (1973) have d e sc rib e d  

th e  p resence o f a p o s s ib le  cy top lasm ic  RNA polym erase in  r a t  l i v e r .  

A lte rn a t iv e ly ,  RNA polym erase C may w e ll be n u c le a r  in  o r ig in  b u t i s  

e x tra c te d  from th e  n u c leus d u rin g  th e  p ro cess  o f n u c le a r  i s o l a t i o n .  

C onsequently t h i s  sp ec ie s  h as been d e s ig n a ted  ' s o lu b le ' RNA polym erase.

I t  i s  u n lik e ly  t h a t  t h i s  enzyme i s  from th e  m itochondria  s in ce  i t  has 

been found to  be r e s i s t a n t  to  in h ib i t io n  by r ifa m p ic in , w hile the  

m ito ch o n d ria l RNA polym erase o f r a t  l i v e r  has been shovm to  be s e n s i t iv e  

to  t h i s  a n t ib io t i c  (Reid & P arsons, 1971 ) . As y e t  i t  h as  n o t been 

p o s s ib le  to  determ ine th e  o r ig in  o r fu n c tio n  o f t h i s  sp ec ie s  of RNA 

poljanerase in  u t e r i .

P ro p e r tie s  of RNA Polym erases.

Using b u f f e r  c o n d itio n s  in  which E. c o l i  RNA p0l 3rmera.se sedim ents
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a s  a  monomer (Berg & Cham berlin, 1970) w ith  a sed im en ta tio n  c o e f f ic ie n t  

o f abou t 15s ,  th e  mammalian RNA polym erases sedim ented s l i g h t ly  on the  

h e a v ie r  s id e  in  th e  g ly c e ro l g ra d ie n t (F ig , 11 ) , su g g es tin g  th a t  th e  

m o lecu lar v/eight of th e se  enzymes was s l i g h t l y  g re a te r  th an  t h a t  of 

E. c o l i  RNA polym erase . W ithout a more d e ta i le d  study of th e  su b u n it 

s t r a c tu r e  of th e  u te r in e  RNA polym erases, which was n o t p o s s ib le  due to  

th e  v e ry  sm all amounts of p u r i f ie d  enzymes s o lu b i l i s e d ,  th e  m o lecu lar 

w eigh t can only  be e s tim a te d  to  be in  th e  range of 500,000 -  600,000.

This v a lu e  i s  s im ila r  to  th o se  o b ta in ed  f o r  h ig h ly  p u r i f ie d  p re p a ra t io n s  

of c a l f  thymus RNA polym erases A I‘ (G iss in g e r & Chambon, 1972),

B (K edinger & Chambon, 1972) and r a t  l i v e r  RNA polym erase B (Weaver 

a t  a l . ,  1971) .

The io n ic  and s a l t  req u irem en ts  o f RNA polym erases A and B have 

a lre a d y  been d e sc rib e d  f o r  th e  r a t  l i v e r  enzymes (Boeder & R u tte r ,  1970b) 

and th o se  from c a l f  thymus (Chambon e t  a l . , 1970). From th e  r e s u l t s  

p re se n te d  h ere  (F ig s . 5 & 6) i t  i s  ap p a ren t t h a t  th e  o p tim al io n ic  

c o n c e n tra tio n s  f o r  ENA. polym erase A a re  BraM Mg^^ and 3mM Mn^  ̂ w hile  th e  

e q u iv a le n t Î4n"*”  ̂ c o n c e n tra tio n  f o r  RNA polym erase B was 2-3mM. The 

o p tim a l io n ic  s tre n g th s  were 60mM and lOOraM ammonium su lp h a te  f o r  

enzymes A and B r e s p e c t iv e ly .  These v a lu es  a re  s im ila r  to  th o se
+ +o b ta in ed  from c a l f  thym us. RNA polym erase C shows optim a of lOrnli Mg , 

3mM Mh^  ̂ and 70mI4 ammonium su lp h a te  which a re  in te rm e d ia te  between 

enzymes A and B. iiie p u r i f ie d  enzymes re q u ire  co n sid e ra b ly  low er s a l t  

c o n c e n tra tio n s  th an  th e  ammonium su lp h ate  u s u a lly  used fo r  th e

a n a ly s is  of enz^nme a c t i v i t i e s  in  n u c le i .  M aitra  & Barash ( l 969) have 

shown th a t  s a l t  w i l l  d e tach  newly formed RNA from E. c o l i  RNA polym erase 

and consequen tly  a llow  th e  r e i n i t i a t i o n  of RNA c h a in s .

The a c tio n  o fo i~ am an itin  on th e  u te r in e  RNA polym erases (F ig . 7) 

shows th a t  enz^piie A i s  com plete]3̂ u n a ffe c te d  by th e  a c t io n  o f th e  to x in  

w hile  RNA polym erase B i s  com pletely  in h ib i te d  a t  s im ila r  c o n c e n tra tio n s .
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This i s  com patib le  w ith  th e  f in d in g  of Chambon e t  aJ-, (1970) v/ho showed 

t h a t  % l-am anitin was bound to  one su b u n it of th e  B enzyme u n lik e  o th e r  

in h ib i to r s  of MA s y n th e s is  which b ind  to  th e  te m p la te . I t  i s  

in t e r e s t in g  to  no te  t h a t  RNA polym erase C i s  in liib ited . by about 2.0% 

a t  s im ila r  c o n c e n tra tio n s . This v a lu e  i s  comparable to  t h a t  ob ta ined  

by S e i f a r t  e t  a l .  ( l 973) f o r  t h e i r  ' c y to p la sm ic ’ RiiA polym erase.

The therm al s e n s i t i v i t i e s  of th e  enzymes a re  s im ila r  (ïi-g , 8 ) 

to  th e  re p o rte d  v a lu e s  o b ta in ed  fo r  th e  r a t  l i v e r  RNA poljm ierases 

(S h ie ld s  & T ata , 1973), T h is  d i f f e r e n t i a l  s e n s i t i v i t y  ap pears  to  

r e f l e c t  th e  su b u n it s t ru c tu re  o f th e  enzymes. From th e  p u b lish ed  

s t r u c tu r e s  of RNA polym erases A and B (Table 1 ) i t  i s  c le a r  th a t  th e se  

a re  d i f f e r e n t ,  and i t  seems l ik e ly  t h a t  one o f the  su b u n its  of enzyne 

A i s  ve ry  h e a t l a b i l e  and tre a tm e n t a t  45° causes a ra p id  lo s s  of 

enzymic a c t i v i t y .

Throughout th e  course  o f th e  p u r i f i c a t io n  RNA polym erase B 

u t i l i s e s  h e a t-d e n a tu re d  DNA more e f f i c i e n t l y  th an  ’n a t iv e ’ double-  

s tran d ed  DNA as a tem p la te  w hile  RNA polym erase A u t i l i s e s  double-  

s tra n d ed  DNA p r e f e r e n t i a l ly .  I t  i s  p o s s ib le  t h a t  t h i s  o b se rv a tio n  

on th e  s o lu b i l is e d  RNA polym erases i s  an a r t e f a c t  due to  a m o d if ic a tio n  

of th e  enzymes d u ring  th e  p u r i f i c a t io n  procedure r a th e r  than  an i n t r i n s i c  

p ro p e r ty  o f th e  enzymes. O ther im p o rtan t p o in ts  to  be remembered when 

d e a lin g  w ith  RI'JA polym erases in. v i t r o  a re  t h a t  f r e e  DNA does n o t 

ad eq u a te ly  r e f l e c t  p h y s io lo g ic a l  c o n d itio n s  a.nd th a t  o th e r  p ro te in s  

p re s e n t  in  th e  chrom atin  a re  p robab ly  re q u ire d  fo r  a m eaningful t r a n s 

c r ip t io n  to  tak e  p la c e . E qually  im p o rtan t i s  th e  f a c t  th a t  most 

p re p a ra t io n s  of DNA co n ta in  a s ig n i f ic a n t  amount of s in g le -s tra n d e d  

'n i c k s ’ where RNA sy n th e s is  can be n o n - s p e c if ic a l ly  i n i t i a t e d ,
n

Using r a b b i t  l i v e r  DNA w ith  a m o lecu lar w eight of abou t 2 x 10 , the  

enzymes can be shown to  be com pletely  dependent on DNA and a l l  fo u r 

t r ip h o sp h a te s  as  w e ll a s  be ing  supp ressed  by actinom ycin  D (T able 2 ) .
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Treatm ent of th e  RNA polym erases w ith  p ro te a se s  and n u c le a se s  

r e s u l t s  in  a  t o t a l  lo s s  of a c t i v i t y  from each type  of tre a tm e n t 

(T able 3 ) ,  However, th e se  e f f e c t s  a r i s e  in  d i f f e r e n t  ways, Pronase 

tre a tm e n t r e s u l t s  in  a com plete lo s s  o f a c t i v i t y  a s  expected  due to  th e  

p ro te in  n a tu re  of th e  enzymes. In c u b a tio n  w ith  RNase cau ses  an ap p a ren t 

lo s s  o f a c t i v i t y  b u t ta s  t h i s  can be re s to re d  by in c lu d in g  an RNase 

i n h ib i to r  such as h e p a r in  in  th e  in c u b a tio n  m ix tu re , i t  i s  ap p a ren t 

t h a t  th e  RNase i s  a c t in g  on th e  p ro d u c t o f th e  r e a c t io n  and n o t on 

th e  enzymes th em selv es . S im ila r ly , DNase tre a tm e n t r e s u l t s  in  an 

a p p a ren t lo s s  of RNA polym erase a c t i v i t y  b u t t h i s  can be tu rn e d  in to  

an a p p a ren t s tim u la tio n  o f RNA sy n th e s is  by u s in g  sm a lle r c o n c e n tra tio n s  

o f DNase. O bviously th e  h ig h e r  c o n c e n tra tio n s  of DNase i s  b reak in g  

th e  DNA tem pla te  in to  fragm ents so sm all t h a t  RNA sy n th e s is  cannot 

talce p la c e , F l i n t  e t  a l ,  (1974) have re c entier shoym t h a t  th e re  may 

be a  c e r ta in  m inim al s iz e  o f tem p la te  t h a t  can su pport RNA s y n th e s is .

When low er c o n c e n tra tio n s  of DNase a re  employed, th i s  in tro d u c e s  ’n ic k s ' 

in to  th e  tem p la te  where RNA sy n th e s is  can be i n i t i a t e d  n o n - s p e c i f ic a l ly .

Measurement o f RNA S y n th e s is  in  N u c le i .

W idnell & T ata  (1966) f i r s t  dem onstrated  th e  e x is te n c e  of two 

d i f f e r e n t  RNA polym erases in  r a t  l i v e r  n u c le i ,  one of which was a c t iv e
4--}-

i n  th e  p resence  o f Mg and low s a l t  w hile  th e  o th e r  was more a c t iv e  

i n  th e  p resence  of Mn''  ̂ and h ig h  s a l t  c o n d itio n s . The measurement of 

RNA sy n th e s is  in  i n t a c t  n u c le i  o r i s o la te d  chrom atin in  v i t r o  in  th e  

p resence  of h ig h  s a l t  i s  a compromise between two opposing e f f e c t s  

(Yu & F e ig e lso n , 1972a), The h ig h  io n ic  s tre n g th  o f 0,4M ammonium 

su lp h a te  causes d is s o c ia t io n  of th e  n u c le o p ro te in  complex en ab lin g  

t r a n s c r ip t io n  of p re v io u s ly  re p re sse d  s t r e tc h e s  of th e  tem p la te  to  

p ro ceed . This e f f e c t  i s  co u n te r-b a lan ced  by th e  s a l t  m ediated 

d is s o c ia t io n  of th e  tem p la te  and th e  RNA pol^m ierase.
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In, Hie experim ents p re se n te d  in  t h i s  th e s i s  on th e  measurements 

o f RNA synH iesis  i n  i s o la te d  u te r in e  n u c le i ,  two d i f f e r e n t  in c u b a tio n  

c o n d itio n s  were employed Hi v i t r o . The f i r s t  type  in v o lv ed  a ssay in g  

fo r  RbîA sy n th e s is  under c o n d itio n s  of low s a l t  and in  th e  p resence  of 

o(~-amanitin which has a lre a d y  been shown to  be a s p e c i f ic  in h ib i to r  of 

RNA polym erase B, These c o n d itio n s  a re  op tim al f o r  RNA polym erase A 

and th e  a c t i v i t y  in  low s a l t  h as been equa.ted vrlth t h i s  enzjnnic a c t i v i t y .  

Tlic second type  of c o n d itio n  used  was to  a ssay  f o r  RNA sy n th e s is  in  

h ig h  s a l t  b u f f e r  in  th e  p resence  o f th e se  c o n d itio n s  a re  o p tim al

f o r  RNA polym erase B a c t i v i t y .  The c o n tr ib u tio n  of RNA polym erase A 

to  th e  t o t a l  h ig h  s a l t  a c t i v i t y  was determ ined  by e s tim a tin g  th e  amount 

■ o f r e s id u a l  a c t i v i t y  when © (-am anitin was in cu b a ted  w ith  th e  h igh  s a l t  

b u f f e r .  Tills v a lu e  could  be su b tra c te d  from the  t o t a l  h ig h  s a l t  

a c t i v i t y  to  g ive  a v a lu e  fo r  th e  a c t i v i t y  due to  RNA polym erase B.

A nother im p o rtan t p o in t  to  n o te  i s  th a t  h igh  s a l t  causes l y s i s  of 

th e  n u c le i  immediately^ on a d d it io n  w hile  t h i s  e f f e c t  does n o t talce p lace  

when low s a l t  i s  added to  n u c le i .  In  a d d it io n , ammonium su lp h a te

has  a  c o n sid e ra b ly  h ig h e r  io n ic  s tr e n g th  them p h y s io lo g ic a l  c o n d itio n s .

The E f fe c t o f O e s tra d io l on RNA S y n ttie s is  in  N u c le i.

G orski (1964) f i r s t  dem onstrated  th e  o e s tr a d io l - s t im u la te d  in c re a s e  

in  DNA-dependent RNA polym erase a c t i v i t y  in  u te r in e  n u c le i .  This 

o estro g en -in d u ced  in c re a s e  in  enzyme a c t i v i t y  was in h ib i te d  by tre a tm e n t 

w ith  puromycin and cycloheximi_de. G orski e t  a l .  ( 1965) showed th a t  

delayed  tre a tm e n t w ith  puromycin admin:i_stored a f t e r  o e s t r a d io l  caused 

th e  ra p id  lo s s  of th e  o estro g en -in d u ced  RNA polym erase a c t i v i t y .

N ic o le t te  & M ueller (1966) a ls o  dem onstrated  a s im ila r  d ec rea se  in  RNA 

polym erase a c t i v i t y  phi v i t r o when in h ib i to r s  of p ro te in  sy n th e s is  were 

in c lu d ed  in  th e  in c u b a tio n  medium. The s im p le s t co n clu sio n  to  th e se  

f in d in g s  i s  t h a t  th e  o estro g en -in d u ced  in c re a s e  in  RNA polynrterase a c t i v i t y



i s  dependent on th e  a v a i l a b i l i t y  o f some p ro te in  o r p ro te in s  which can 

be made l im i t in g  byr b lo ck in g  new p ro te in  s y n th e s is . Perhaps t h i s  

p ro te in  could be a s p e c if ic  f a c to r  f o r  th e  RNA polym erase a c t in g  in  a 

s im ila r  manner to  a b a c t e r i a l  sigma f a c to r  by causing  i n i t i a t i o n  of 

t r a n s c r ip t io n  a t  c e r ta in  s p e c if ic  s i t e s  on th e  chrom atin te m p la te . 

A lte rn a t iv e ly ,  th e  p ro te in  m ight a s s i s t  in  th e  p ro cess in g  o r th e  

t r a n s p o r t  of newly sy n th e s ised  RNA from th e  RNA polym erase s i t e  to  

th e  cyT-oplasm,

An e a r ly  s tim u la tio n  o f RNA polym erase B a c t i v i t y  has been shovn 

in  n u c le i  i s o la te d  from immature r a b b i t  u t e r i  responding  to  o e s t r a d io l .  

The i n i t i a l  s t im u la tio n  o f RNA polym erase B occurred  30-45 m.n a f t e r  

hormone a d m in is tra tio n  (P ig , 1?)o This r e s u l t  c o r r e la te s  e x a c tly  

wi'fch th e  p rev io u s  o b se rv a tio n s  o f th e  s tim u la tio n  o f u te r in e  HnRNA 

sy n th e s is  in  response  to  o e s t r a d io l  (Khowler & S m e llie , 1973)° The 

lev e l, o f RNA polym erase B a c t i v i t y  th en  f a l l s  back to  n e a r c o n tro l 

le v e ls  a t  about 2h b e fo re  r i s in g  ag a in  to  a maximum by /|h and rem aining 

c o n s ta n t to  I2h (T ig , 1 8 ), From 1h a f t e r  o e s t r a d io l  tre a tm e n t, RNA 

polym erase A a c t i v i t y  in  th e  n u c le i  a ls o  in c re a s e s  and reach es  p la te a u  

l e v e l s  by 4b* Both o f th e se  peahs o f a c t i v i t y  can be suppressed  by 

actinom ycin  D, in je c te d  30 min p r io r  to  o e s t r a d io l  (F ig . 2 1 ). S im ila r  

o b so lv a tio n s  have been re p o rte d  f o r  RNA polym erase B a c t i v i t y  in  r a t  

u te r in e  n u c le i  i s o la te d  15-30 min a f t e r  o e s t r a d io l  tre a tm e n t in  v ivo  

(G lasse r e t  a l , , 1972). This in c re a se d  a c t i v i t y  occurred  b e fo re  any 

d e te c ta b le  change in  tem p la te  a c t i v i t y  o r RNA polym erase A a c t iv i . ty  

n e i th e r  of which was s tim u la te d  u n t i l  about 1h a f t e r  o e s t r a d io l  

a d m in is tra tio n . Tiiis would appear to  confirm  th e  e a r l i e r  f in d in g s  

w ith  in h ib i to r s  t h a t  an e a r ly  in c re a s e  in  RNA polym erase B a c t i v i t y  i s  

e s s e n t ia l  f o r  tiie  subsequent b iochem ical even ts in  th e  a c t io n  of 

o e s t r a d io l  in  the  u te ru s .
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In  vivo a d m in is tra tio n  o f n ~ am an itin  to  immature r a t s  i n h i b i t s  th e  

o e s tra d io l- in d u c e d  in c re a s e  in  RNA polym erase A a c t i v i t y .  S ince t h i s  

enzyme i s  in s e n s i t iv e  to  th e  a c t io n  o f th e  to x in  (Raynaud-Jammet e t  a l . , 

1972) , t h i s  r e s u l t  su g g es ts  t h a t  th e  o e s t r a d io l  enhancement of RNA 

polym erase A i s  dependent on tlie  e a r l i e r  sy n th es is  of an RNA which i s  

produced by th e  a c t io n  of MA polym erase B which i s  s e n s i t iv e  to  b ^ -am an itin ,

VJhen o(-am anitin  was ad m in is te red  to  immature r a b b i t s  t n  v ivo  a t  

c o n c e n tra tio n s  which caused more th an  95/^ in h ib i t io n  of RNA s y n th e s is ,  

th en  th e  e a r ly  o e s tra d io l- in d u c e d  in c re a s e  in  RNA polym erase B was 

com pletely  ab old shed. IM s  r e s u l t  i s  v e r y  much as  expected  due to  th e

known mechanism of a c t io n  o f cC-am anitin in  b in d in g  to  one su b u n it o f the  

RNA polym erase B m olecule (Chambon e t  a l . , 1970). However, th e  o e s t r a d io l -  

induced  s tim u la tio n  of RNA polym erase A i s  a ls o  ab o lish ed  by tre a tm e n t 

m th  th e  i r d i ib i to r  (F ig , 2 2 ), In  t h i s  case  the  l e v e l s  o f enzyme 

a c t i v i t y  f a l l  to  c o n tro l  v a lu e s  in  an im als which have n o t been exposed 

to  o e s t r a d io l .  Ttiis f in d in g  i s  com patib le  wi.th th e  o b se rv a tio n s  o f 

T ata  e t  a l ,  (l972) who obseiare<i t h a t  a l l  sy n th e s is  o f n u c le a r  RNA was 

in h ib i te d  in  r a t  livei*  foLlovdng t e  vi.vo tre a tm e n t w ith  o^-am anitin .

I f  o(~am anitin i s  ad m in is te red  t e  v ivo  a f t e r  30 m n  of o e s t r a d io l  

tre a tm e n t, o r a f t e r  th e  e a r ly  o estro g en -in d u ced  s t im u la tio n  of RNA 

polym erase B h as  taicen p la c e , th en  th e  enliancement of RNA po ly n erase  A 

a c tiv i/b y  i s  id e n t i c a l  to  t h a t  in  u n in h ib ite d  h o im o n e-trea ted  anim als 

(F ig , 23 ) . Tills p ro v id es  f u r th e r  ev idence th a t  a p ro d u c t o f the  e a r ly  

RNA polym erase B re a c tio n  could  be c o n tro l l in g  th e  a c t i v i t y  of RNA 

polym erase A arid hence rRNA sy n b h es is . Tliis p ro d u c t could  be e i t i ie r  

an RNA sp ec ie s  o r a p ro te in  t r a n s la t e d  from t h i s  RNA. I f  i t  i s  th e  

l a t t e r  p o s s ib i l i t y ,  th en  th e  in c re a s e  in  MA polym erase A a c t i v i t y  in  

response  to  o e s t r a d io l  should  be ab o lish ed  by tre a tm e n t w ith  an i n h ib i to r  

o f p ro te in  sy n th e s is  such as cyclohexim idc.
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VJhen cyclohexD.miade was a d m in is te red  t e  v ivo  30 min b e fo re  o e s t r a d io l ,  

th e  s t im te a t io n  o f RM polym erase B a c t i v i t y  was u n a ffe c te d  b u t t h a t  o f 

RI’JA polym erase A was a lm ost com ple tely  e lim in a ted  (K-g, 2 4 ). However, 

a d m in is tra tio n  o f cyclohexim ide to  r a b b i t s  30 min a f t e r  o e s t r a d io l  gave 

l i s e  to  a s t im u la tio n  of RNA polym erase A whi.ch. could  n o t be d is t in g u is h e d  

from  th a t  in  horm one-stim u].ated an im als which had n o t been t r e a te d  w ith  

c y c lo h e x in id e . This suggested  th a t  du rin g  th e  f i r s t  30 min a f t e r  

o e s t r a d io l  tre a tm e n t th e  u te ru s  was sy n th e s is in g  some p ro te in  o r p ro te in s  

which c o n tro l  th e  a c t i v i t y  o f RNA polym erase A and th rough  t h i s  th e  

sy n th e s is  o f rM A. Schmid & S e k e r is  (1973) have suggested  th a t  

cyclohexim ide in h ib i te d  rRNA s y n th e s is  in  r a t  l i v e r  by a f f e c t in g  th e  

fo rm atio n  of ra p id ly  tu rn in g  over p ro te in s  which a re  in v o lv ed  in  th e  

t r a n s c r ip t io n  of rDNA genes. I t  i s  im p o rtan t to  n o te  t h a t  t e  v ivo  

a d iï i in is tra tio n  of in h ib i to r s  may a f f e c t  o th e r  c e l l u l a r  fu n c tio n s  such 

a s p e rm eab ili t y .

In  o rd e r to  t e s t  th e  p o s s ib i l i t y  t h a t  an oestrogen-induced . p ro te in  

o r p ro te in s  may a c t  to  s t im u la te  rRNA s y n th e s is ,  n u c le i  e x tra c te d  from 

th e  u t e r i  o f r a b b i t s  n o t exposed to  o e s t r a d io l  were t r e a te d  w ith  

cytoplasm  from o e s tro g e n - tre a te d  a n im a ls . I f  such a p ro te in  f r a c t io n  

i s  sy n th es ised  i t  sliould appear in  th e  so lu b le  f r a c t io n  o f th e  cy toplasm . 

U n fo rtu n a te ly , u te r in e  cytoptesm  i s  h e a v ily  contam inated w ith  bo th  

RNase and DNase. These enzymes w i l l  have, op p o site  e f f e c t s  on RNA 

s y n th e s is ;  RNase w i l l  degrade newly sy n tlie s ised  MA w hile  DNase 

in tro d u c e s  ’nicks* in to  the  DNA teraplai:,o al.lowing n o n -sp o c if j.c i n i t i a t i o n  

o f MA s y n th e s is .  The r e s u l t s  show a s l i g h t  s t im u la tio n  b u t t h i s  i s  

m an ife sted  even when n u c le i  a re  t r e a te d  w ith  cytoplasm  from u t e r i  n o t 

exposed to  hormone even in  th e  p resen ce  of h e p a r in  which i s  known to  

i n h i b i t  RNase a c t io n  (Rhoads e t  a l , , 1973). In  an a tte m p t to  overcome 

t h i s  d i f f i c u l t y ,  u te r in e  cytoplasm  was f r a c t io n a te d  on CM -cellulose
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coluinhs and each f r a c t io n  in cu b a ted  w ith  n u c le i  from u t e r i  n o t t r e a te d  

w ith  o e s t r a d io l .  Each cy to p la sm 'c o n ta in s  a f r a c t io n  capab le  of 

s t im u la tin g  RMA polym erase A b u t th e se  f r a c t io n s  have been shov/n to  

c o n ta in  DNase which would account f o r  th e  observed s t im u la t io n .

However, on ly  cytoplasm  i s o la te d  from u t e r i  t r e a te d  f o r  30-45 min 

w ith  o e s t r a d io l  in  v iv o possessed  a n o th e r f r a c t io n ,  e lu te d  by about 

O0I 5M KCl, which s tim u la te d  RNA polym erase A a c t i v i t y  in  n u c le i .

None o f th e  f r a c t io n s  from any cy top lasm ic  p re p a ra t io n s  have any 

stim u la  to  r^r e f f e c t  on RNA p o ly n erase  B in  n u c le i .

M ueller (1970) h as  a ls o  shov.n t h a t  a f r a c t io n  o f th e  so lu b le  

u te r in e  cy top lasm ic p ro te in s  was capab le  of enhancing RNA polym erase 

a c t i v i t y  in  n u c le i  i s o la te d  from u îitre a te d  u t e r i .  I t  i s  p o s s ib le  

t h a t  t h i s  f r a c t io n  c o n ta in s  th e  same p ro te in  as d e sc rib e d  in  th e  

experim ents p re sen te d  h e re .

.T ie  A ction  of Hormones on S o lu b i l is e d  RNA Polym erases.

There have been s e v e ra l  dem o n stra tio n s  th a t  a d m in is tra tio n  of

hormones, in  v ivo  to  exp erim en ta l an im als causes a  change in  th e

a c t i v i t y  o f tlie  RNA polym erases s o lu b i l is e d  from the  t i s s u e  which i s

responding  to  one p a r t i c u l a r  hormone. S a jd e l & Jacob (1971) showed

t h a t  a s in g le  in je c t io n  of h y d ro c o rtiso n e  caused an in c re a s e  in  the

a c t i v i t i e s  of bo th  n u c le o la r  and nucleop lasra ic  RNA polym erases. They

concluded th a t  rRNA s y n th e s is  was s tim u la te d  in  r a t  l i v e r  by re g u la tin g

th e  l e v e l  o r th e  a c t i v i t y  o f th e  n u c le o la r  RNA polym erase r a th e r  than

by in c re a s in g  th e  a v a i l a b i l i t y  o f te m p la te . In  p a r t i c u l a r ,  they

proposed th a t  h y d ro c o rtiso n e  may induce an a l l o s t e r i c  change in  th e

n u c le o la r  RNA polym erase r e s u l t in g  in  in c re a se d  a c t i v i ty  of th e  enzyne

and an enhancement of rRNA s y n th e s is .  Rat l i v e r  RNA polym erase A

a o tiv j . ty  measured te  vi t r o  has a ls o  been shov/n to  be s tim u la te d  a f t e r

in  v ivo  tre a tm e n t w ith  humain growth hormone and tr i io d o th y ro n in e  

(Smuckler & T a ta , 1971)°
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N u c leo li i s o la te d  from r a t  l i v e r  allowed an enhanced a b i l i t y  to  

in c o rp o ra te  la b e l le d  p re c u rso rs  in to  RNA t e  v i t r o  t e  a f t e r  a d m in is tra 

t io n  o f c o r tiso n e  (Yu & F e ig e lso n , 1971)° By b lo ck in g  th e  n a tu r a l  

tem p la te  w ith  actinom ycin  D in  th e  p resence  of exogenous po ly  d ,0  

a s  a te m p la te , i t  was found th a t  th e  in c re a se d  RNA sy n th e s is  was a 

consequence o f e le v a te d  le v e l s  o f RNA polym erase, The same w orkers 

th en  dem onstrated  t h a t  t e  v ivo  tre a tm e n t w ith  cyclohexim ide and 

actinom ycin  D caused a  ra p id  lo s s  of n u c le o la r  RNA polym erase a c t i v i t y  

(Yu & F e ig e lso n , 1972b). T liis was ex p la in ed  on th e  grounds t h a t  th e  

s y n th e s is  of some sp ec ie s  of mRNA was in h ib i te d ,  and th e  p ro te in  

p ro d u c t o f t h i s  mRNA m ight be a  c a t a l y t i c a l l y  e s s e n t ia l  p o ly p ep tid e  

component of th e  RNA po lym erase , They f u r th e r  claim ed th a t  RNA 

polym erase A h as a ra p id  tu rn o v e r  tim e so t h a t  c o n tro l  o f rRNA sy n th e s is  

could  be ach ieved  by a v a r ia t io n  in  th e  amount of enzyme sy n th e s ise d . 

Benecke e t  a l ,  (1973) found th e  com plete rev e rse  of t h i s  s i tu a t io n .

In  t h e i r  experim ents on r a t  l i v e r ,  th e  RNA polym erases were e n t i r e ly  

u n a ffe c te d  by tre a tm e n t w ith  cyclohexim ide ad m in is te red  t e  v ivo  a t  

c o n c e n tra tio n s  which s e v e re ly  c u r ta i le d  p ro te in  s y n th e s is .  These 

w orkers claim ed th a t  th e  RNA polym erase m olecules have extended h a l f  

l i f e  p e rio d s  and re p re s e n t  a f a i r l y  s ta b le  p o p u la tio n  o f enzymes, In  

a d d it io n , they  found th a t  tre a tm e n t w ith  c o r t i s o l  t e  v ivo  f o r  3h d id  

n o t a f f e c t  th e  amount o r th e  a c t i v i t y  of th e  RMA polym erases which 

could  be s o lu b i l is e d  from th e  t i s s u e .

S im ila r  o b se rv a tio n s  to  t h i s  have been shovm in  t h i s  thp^sis 

(figSo 32 & 33 ) w ith  th e  e f f e c t  o f o e s t r a d io l  on th e  s o lu b i l i s e d  RNA 

polym erases from immature r a b b i t  u te r u s .  I t  i s  e v id en t th a t  tre a tm e n t 

of th e  t i s s u e  w ith  th e  hormone fo r  in c re a s in g  p e rio d s  up to  t e  has v e ry  

l i t t l e  e f f e c t  on th e  a c t i v i t y  of th e  s o lu b i l i s e d  enzymes. I t  i s  n o t 

p o s s ib le  to  determ ine w hether th e  a b so lu te  amount o f enzyme p re s e n t in  

th e  t i s s u e  i s  in c re a se d  a f t e r  o e s t r a d io l  tre a tm e n t because of th e  low
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le v e l s  p re s e n t .  That f a c t  t h a t  no v a r ia t io n  was found in  th e  t o t a l  

a c t i v i t i e s  of any of th e  u te r in e  RNA polym erases a f t e r  hormone tre a tm e n t 

in  com plete c o n tr a s t  to  th e  s t im u la tio n  of bo th  RMA polym erase A and B 

in  n u c le i  (F ig , 1?) could  be due to  th e  f a c t  t h a t  th e  enzymes a re  n o t 

a l l é red  them selves p e r  se in  any manner by th e  hormone o r a l t e r n a t iv e ly  

t h a t  some s p e c if ic  f a c to r  wa.s l o s t  from th e  RMA polym erases d u rin g  th e  

i s o l a t i o n  p ro ced u re .

When th e  r a b b i t s  were in je c ted , w ith  t r i t i a t e d  o e s t r a d io l  and the  

RMA poljmaei’a se s  s o lu b i l i s e d  a s  b e fo re  (F ig , 34) th.e hormone was n o t 

found to  be a s s o c ia te d  w ith  any o f th e  RNA polym erases. This f in d in g  

i s  s im ila r  to  th a t  of Arnaud e t  a l ,  ( l9 7 l )  in  t h a t  th e  hormone i s  e lu te d  

in  th e  column, wash, A d d itio n  of hormone to  an in c u b a tio n  m ix tu re  of 

e i th e r  RNA polym erase A o r B d id  n o t enhance the  r a te  o f RNA s y n th e s is .  

Thus, i t  seems im probable t h a t  th e  hormone i t s e l f  has any d i r e c t  e f f e c t  

on th e  RNA polym erases.

I f  a f a c to r  which i s  re q u ire d  fo r  a c c u ra te  t r a n s c r ip t io n  to  tak e  

p la ce  was l o s t  d u rin g  th e  i s o l a t i o n  p rocedu re , then  i t  should be p re s e n t 

in  th e  m a te r ia l  which washed s t r a ig h t  through th e  DEA E-cellulose column. 

C onsequently , t h i s  m a te r ia l  was re-chrom atogiaphed on a CM -cellulose 

column and assayed  f o r  s t im u la to ry  a c t i v i t y .  Again no f r a c t io n  was 

found which w i l l  s t im u la te  th e  a c t i v i t y  of e i t h e r  RNA polym erase A o r 

B t e  v i t r o  u s in g  d o u b le -s tran d ed  r a b b i t  l i v e r  DMA as a  tem pla te

( l l g .  3 5 ).

In  th e  e a .r l ie r  experim ents w ith  n u c le i  i t  was observed th a t  

u te r in e  cytoplasm  from an im als re c e iv in g  oestro g en  3C min b e fo re  d eath  

could  be f r a c t io n a te d  on columns o f CM -cellulose to  produce a f r a c t io n  

capab le  o f s tim u la tin g  RNA polym erase A a c t i v i t y  (F ig , 3 1 ). Wlien 

t h i s  experim ent i s  re p e a te d  u s in g  so lu b le  u te r in e  RNA polym erases 

and d o u b le -s tran d ed  DNA in  th e  a ssay  m ix tu re , no comparable e f f e c t  

could  be d e te c te d  f o r  e i t h e r  RNA polym erase. There a re  some re p o r ts
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o f  s p e c if ic  mammalian p ro te in  f a c to r s  which a re  a b le  to  enhance RMA 

polym erase B a c t i v i t y  in  v i t r o  ( S e i f a r t  e t  a l , ,  1973) b u t so f a r  th e re  

have been no r e p o r ts  o f any f a c to r s  which a re  s p e c if ic  f o r  RMA 

polym erase A, Thus, i t  seems p ro b ab le  t h a t  some o f th e  o th e r  

components of th e  chrom atin  a re  in vo lved  in  th e  s tim u la tio n  of rRNA 

sy n th e s is  in  response  to  o e s t r a d io l  in  th e  u te r u s .  These a d d i t io n a l  

components could be e i th e r  p ro te in s  or n u c le ic  a c id s  and presum ably 

a re  p re s e n t  in  th e  i s o la te d  n u c le i  b u t ab se n t from th e  in  v i t r o  system .

An a l te r n a t iv e  p o s s i b i l i t y  i s  t h a t  th e  tem p la te  employed in  a l l  

th e  s tu d ie s  on s o lu b i l i s e d  RNA polym erases, namely 'n a tiv e*  double- 

s tran d ed  r a b b i t  l i v e r  DNA, b ea rs  l i t t l e  r e la t io n  to  th e  s tru .c tu re  of 

DNA as i t  e x is t s  in  u te r in e  chrom atin in  v iv o . There i s  some evidence 

th a t  mammalian RNA polym erases e x h ib i t  tem p la te  s p e c i f ic i ty ,  M eiteac 

& Chambon (1973) have dem onstrated  th e  p resence  of d i f f e r e n t  s i t e s  on 

c a l f  thymus DNA where RNA polym erases A, B and E, c o l i  RNA polym erases 

w i l l  b in d . S im ila r ly , B u tte rw orth  e t  a l ,  (1971) suggested  th a t  r a t  

l i v e r  RNA polym erase B b in d s  to  d i f f e r e n t  s i t e s  on r a t  l i v e r  chrom atin  th an  

does M icrococcus ly s odeik t i c u s  RNA polym erase.

Most o f th e  s tu d ie s  perform ed on s o lu b i l is e d  RNA polym erases have

u t i l i s e d  e i th e r  s y n th e t ic  te m p la te s , v i r a l  DMAs of known s t ru c tu re  or

p o o rly  p reserv ed  'n a tu ra l*  te m p la te s . Owing to  th e  com plexity  of th e

e u k a ry o tic  genome, i t  i s  v e ry  d i f f i c u l t  to  i s o la te  p re p a ra t io n s  of DNA
7v/ith  a m olecu lar w eight o f g re a te r  tlian  2 x 10 on accoun t of th e  

sh ea rin g  of th e se  la rg e  m o lecu les . In  a d d it io n , most i s o la t io n  

p rocedures a lso  in tro d u ce  s in g le - s t r a n d  breads o r 'n ic k s ' in to  the 

tem p la te  where RNA sy n th e s is  can be i n i t i a t e d  n o n - s p e c if ic a l ly  

(Dausse cb a l , , 1972).

More re c e n tly , F l i n t  e t  a l ,  (1974) have s tu d ied  th e  e f f e c t  o f 

DNA s t ru c tu re  and tem p la te  i n t e g r i t y  on th e  s p e c i f i c i ty  of RNA 

po lym erases. T reatm ent of th e  DNA w ith  p a n c re a tic  DNase g iv e s  r i s e
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to  s in g le -s tra n d e d  'n ick s*  where RNA s y n th e s is  can be i n i t i a t e d  by bo th  

AI and B forms of r a t  l i v e r  RNA po lym erases. However, t h i s  e f f e c t  i s  

ba lanced  by an in h ib i t i o n  of RNA sy n th e s is  because o f th e  p ro d u c tio n  

o f low m olecu lar w eight DNA by d o u b le -s tra n d  s c is s io n s  which may be 

c o r r e la te d  w ith  th e  fo rm ation  of no n -p ro d u ctiv e  complexes between th e  

RNA polym erases and th e  ends of DNA m olecu les, DNA v/ith a m o lecu lar 

w eigh t o f l e s s  th an  5 x  10 may be in h ib i to r y  a s  a  tem p la te .

From th e  r e s u l t s  p re sen te d  h e re , o e s t r a d io l  has been shown to  be 

capab le  of s tim u la tin g  b o th  RNA polym erase A and B in  n u c le i  i s o la te d  

from immature r a b b i t  u t e r i  b u t has no s tim u la tin g  e f f e c t  on th e  enzymes 

once th ey  have been s o lu b i l i s e d  from th e  t i s s u e .  Thus, i t  appears  

th a t  o e s t r a d io l  does n o t e x e r t  any e f f e c t  on th e  u te r in e  RNA 

polym erases p e r  s e . This p o s s i b i l i t y  cannot be e n t i r e ly  e lim in a te d  

u n t i l  ex ten s iv e  work has been c a r r ie d  ou t on th e  su b u n it s t r u c tu r e  of 

th e  enzymes as w e ll as en su rin g  th a t  th e  tem p la te  employed ip  v i t r o  

vn .ll a llow  a m eaningful t r a n s c r ip t io n  by p e rm ittin g  each enzyme to  

i n i t i a t e  RNA sy n th e s is  on ly  a t  th e  s i t e s  s p e c if ic  f o r  each . However, 

i t  seems more probable  H ia t the  observed changes in  RNA sy n th e s is  in  

th e  u te ru s  responding  to  o e s t r a d io l  r e f l e c t s  s u b tle  changes in  th e  

s t r u c tu r e  and com position o f th e  chrom atin i t s e l f .
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