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2.1.

ABBREVIATIONS

These a re  a s  l a i d  dovm i n  th e  B iochem ical Jo u rm il  I n s t r u c t i o n s  

to  A u tho rs  ( r e v i s e d ,  1972),  w i th  th e  f o l lo w in g  a d d i t i o n s : -

araOTP -  l - B - B - a r a h in o f u r a n c s y lc y to s id e  5* t r i p h o s p h a te

BHK -  baby harapste r  k id n ey

bisMSB -  p-»Bis (o -  m ethyl s t y r y l )  benzene

BSA ' -  bov ine  serum album in

BSS -  b a s i c  s a l t  s o l u t i o n

DAB -  N, I 'h-diraethyl-p- ( m - t o s y l a z o ) - a n i l i n e

DNase -  d e o x y r ib o n u c le a s e

DOC -  sodium 7 -d e o x y c h o la te

BOTA -  e th y le n e  g ly c o l - b i s - ( 2 - a in i n o e th y l  e t h e r )

“N,N’- t e t r a c e t a t e

Fdll -  5“ f ln o ro d e o x y u r id in e

lo g r  -  l o g a r i t h m i c a l l y  grow ing.

ItDPK -  n u c le o s id e  d ip iiosphok inase

FSM -  N -ethyl.m aleim ide

PAo -  P - a m in o s a l i c y l a te

PGA -  p e r c h l o r i c  ac id

PHA . -  p l iy to h a c n a g g lu t in in



I l l

PPi pyro  ph o spha t e

PPLO p le u ro -p n e u iD o n ia - l ik e  o rgan ism s

PPO 2 j U diph.eny 1 oxazo le

RNase r ib o n u G le a se

SDS sodium dodecy l s u lp h a te

SV 40 Sim ian  V iru s  40

TCA t r i c h l o r o a c e t i c  a c id

F o o tn o te s?

U nless  o th e rw is e  s t a t e d ,  a l l  p o in t s  on f i g u r e s  a r e  an  av e rag e  

o f  d u p l i c a t e  v a lu e s .

H a lf  shaded sjcnbols r e p r e s e n t  c o in c id e n c e  of p o in t s  e . g .

0  -  c o in c id e n c e  o f  Q  and #  ,
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I  INTRODUCTION



1 .  DNA REPLICATION 

l o i  G enera l

DNA i s  th e  g e n e t i c  m a t e r i a l  o f  a l l  known c e l l u l a r  

o rg an ism s .  Some v i r u s e s  c o n ta in  o n ly  RNA, a s  w e l l  a s  p r o t e i n ,  

h u t  i t  has  come to  l i g h t  r e c e n t l y  t h a t  they may go th roug li a  DNA 

in t e r m e d i a te  i n  o r d e r  to  r e p l i c a t e  th e m se lv es  (B a l t im o re ,  1970;

Temin & M iz u ta n i ,  1 9 7 0 ) ,  In  g e n e r a l ,  f o r  s p e c ie s  i n t e g r i t y ,  

d a u g h te r  c e l l s  have been  shown to  c o n ta in  a f u l l  complement o f  

th e  p a r e n t  DNA; w h e th e r  o r  n o t  i t  i s  n e c e s s a r y  f o r  th e  c e l l s  

f u t u r e  phenotype i s  a s  y e t  unknown. T h e re fo re  p r i o r  to  d i v i s i o n  

th e  p a r e n t  c e l l  must have d u p l i c a t e d  i t s  DNA, one copy of  which 

i s  d e s t i n e d  f o r  each  d a u g h te r  c e l l ,

1 ,2  Gross S t r u c t u r e  o f  R e p l i c a t in g  DNA 

M eselson & S t a h l  ( l9 5 8 )  were f i r s t  to  p r e s e n t  ev id en ce  

f o r  s e m i - c o n s e rv a t iv e  and s e q u e n t i a l  r e p l i c a t i o n  o f  DNA i n  

E s c h e r i c h i a  c o l i .  T h is  s e m i - c o n s e r v a t iv e  mechanism was l a t e r  shown 

f o r  p l a n t ,  (T a y lo r  e t  a l , ,  1957) and an im al c e l l s  (D jo rd je v ic  & 

Szyba.lskip 1950; Simon, 1951; P r e s c o t t  & Bender, 1 963 ) .  Lark  e t  a l . ,  

( 1963) d em o n s tra ted  t h a t  a p ie c e  o f  DNA i s  r e p l i c a t e d  a t  th e  same 

tim e d u r in g  s u b se q u e n t  DNA s y n t h e t i c  phases  c o n f irm in g  th e  s e q u e n t i a l  

n a t u r e .

From a u t o r a d io g r a p h i c  e x p e r im e n ts ,  C a irn s  (1963 a , b )  r e v e a le d  

th e  s t r u c t u r e  o f  r e p l i c a t i n g  E. c o l i  DNA, P u ls e s  o f  l e s s  th an  one 

g e n e r a t i o n  gave r i s e  to  Y-shaped co n fo rm a tio n s  w i th  two le g s  o f  

e q u a l  l e n g th  g e n e r a l l y  s î i o r t e r  o r  lo n g e r  th a n  th e  t h i r d  l e g .  Longer 

p u l s e s  p e rm i t t e d  v i s u a l i s a t i o n  o f  the. e n t i r e  chromosoiae, which proved  

to  be a c lo s e d  c i r c l e  1100 yam, i n  l e n g t h .  The d i s t r i b u t i o n  o f  l a b e l  

around the  Y -co n fo rm a t io n  confi.rred s e m i -c o n s e rv a t iv e  r e p l i c a t i o n  

and 'suggested  t h a t  i t  o c c u r re d  u n i - d i r e c t i o n a l l y .  E a r ly  m odels o f
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chromosomal grow th  d i f f e r e d  c o n c e rn in g  the  symmetry o f  th e  p ro c e s s  

( G i l b e r t  & D r e s s i e r ,  1968; Sueoka & Quinn, 1 968 ) ,  Both a s s y ia e t r i c

i . e .  th e  two s t r a n d s  behave d i f f e r e n t l y  d u r in g  p a r t i t i o n  to  th e  

d a u g h te r  m o le c u le s ,  and sym m etric  r e p l i c a t i o n  a r e  found a t  d i f f e r e n t  

d ev e lo p m en ta l  s t a g e s  o f  th e  same b a c t e r io p h a g e ,  o r  und er  d i f f e r e n t  

c o n d i t i o n s  i n  th e  same b a c te r iu m ,  (K le in  & 'B o n h o e f fe r , 1972) ,

In  a l l  c a s e s  i n v e s t i g a t e d  t h e r e  seems to  be one d e f in e d  o r i g i n  o f  

r e p l i c a t i o n  f o r  each  r e p l i c o n  (R ep l ico n  H ypo thes is?  J aco b ,  B renner 

& C uzin , 1963; Dove, ln o k u u c h i.&  S te v e n s ,  1971; Caro & Berg, 1968,

1969; M as te rs  & Broda, 1971)o The d i r e c t i o n  of r e p l i c a t i o n  from 

th e  o r i g i n  h as  p roved d i f f i c u l t  to  c l a r i f y .  C airns*  ( l9 6 3 a )  

o r i g i n a l  Y -shaped a u to r a d io g r a p h s  im m ed ia te ly  su g g e s te d  a u n i 

d i r e c t i o n a l  mechanism, b u t  more r e c e n t  g e n e t i c a l ’s t u d i e s  i n  E , c o l i , 

u s in g  d e n s i t y  l a b e l s ,  (Oaro & Berg, 1968), and t r a n s d u c in g  phage, 

(M a s te rs  & Broda, 1 9 7 l)  to  c a l c u l a t e  g e n e t i c  m arker f r e q u e n c i e s ,  

have p ro v id ed  s t r o n g e r  ev id en ce  i n  f a v o u r  o f  g e n e r a l  b i - d i r e c t i o n a l  

r e p l i c a t i o n .  C airns*  a u to r a d io g r a p h i c  r e s u l t s  can be r e c o n c i l e d ,  i f  

an  a s s y m e t r i c  ( i . e .  th e  te rm in u s  n o t  d i a m e t r i c a l l y  opposed to  the  

o r i g i n  i n  th e  chromosome) model i s  assumed which may be th e  c a s e .  

S im i l a r  a u t o r a d io g r a p h i c  e x p e r im e n ts  have shown t h a t  th e  DNA of 

mammalian chromosomes i s  a r r a n g e d  i n  th e  form o f lo n g  f i b r e s  (C a i rn s ,  

1966; Hubcrraan & R ig g s ,  1 968 ) ,  P u lse  l a b e l l i n g  s t u d i e s  r e v e a le d  t h a t  

th e  newly r e p l i c a t e d  r e g io n s  a r e  p r e s e n t  a s  tandem ly  jo in e d  s e c t i o n s ,  

which r e p l i c a t e  s e p a r a t e l y  (each  r e g io n  b e in g  s i m i l a r  to  th e  i n d i v i d u a l  

r e p l i c o n s  o f  b a c t e r i a  and phage) (C a i rn s ,  1966).  B i - d i r e c t i o n a l  

s y n t h e s i s  has  a l s o  been shown f o r  e u k a r y o t i c  c e l l s  (Huberman & R ig g s ,  

1968 ;. V iein traub , 1 972 ) ,  F u r th e rm o re ,  i t  was shown t h a t  most 

r e p l i c o n s  a r e  l e s s  th a n  30ji lo:ag ( c . f ,  llOOp f o r  B. col i ) , t h a t
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n e ig h b o u r in g  r e p l i c o n s  can b e g in  r e p l i c a t i o n  a t  d i f f e r e n t  t im es

and t h a t  t h e r e  a r e  2 -  10 x 10^ r e p l i c o n s  p e r  c e l l .

1 .3  F in e  S t r u c tu r e  o f  DNA a t  th e  Rep l i c a t i n g P o in t

The enigma o f  how DNA a p p e a rs  to  s y n th e s i s e  b o th  new

s t r a n d s  s im u l ta n e o u s ly  i n  th e  same d i r e c t i o n ,  and th e  e x i s t e n c e

o f  DNA p o ly m e r is in g  a c t i v i t i e s  from a v a r i e t y  o f  so u rc e s  which

can p o ly m erise  n u c l e o t i d e s  i n  one d i r e c t i o n  on ly  (5**^ 3 ' ) ,  h a s

g iv e n  r i s e  to  in g ah o u s  models a s  to  how DNA i s  a c t u a l l y  made a t

th e  r e p l i c a t i n g  p o i n t ,

Okazaki and h i s  co -w o rk ers  (Sakabe & O kazak i, 1966;

O kazaki e t  a l , ,  1967; Okazaki e t  a l . ,  1968a) have p ro v id e d  ev id en ce

f o r  a  model o f  d i s c o n t in u o u s  DNA r e p l i c a t i o n  t h a t  a l lo w s  f o r

s y n t h e s i s  o f  b o th  s t r a n d s  i n  a 5 ' “4» 3 ’ d i r e c t i o n .  T h is  i s

acco m p lish ed  i f  one, o r  b o th ,  new s t r a n d s  a r e  s y n th e s i s e d  i n  s h o r t

segm ents  which a r e  s u b s e q u e n t ly  jo in e d  to  form b u lk  DNA. Evidence

f o r  t h i s  d e r iv e s  from th e  i d e n t i f i c a t i o n  o f  segm ents  10s) o f

s i n g l e - s t r a n d e d  DNA i n  grow ing E . c o l i  c e l l s  g iv e n  v e ry  s h o r t  
■3

p u ls e  l a b e l s  o f  H -th y m id in e .  F u r t h e r  ex p e r im e n ts  u s in g  v a r i a b l e  

p u ls e  t im es  and s e l e c t i v e  n u c le a s e  d e g r a d a t io n ,  have r e v e a le d  t h a t  

th e  segm ents a r e  s y n th e s i s e d  i n  a 5 '  d i r e c t i o n  (Sugino &

O kazaki, 1972).  Such s h o r t  f ra g m e n ts -h a v e  been found i n  s e v e r a l  

system s (Sadowski e t  a l , ,  1963g Okazaki e t  a l . ,  196 8 a ,b )  f o r  

E, c o l i  and T4 phage; (Ginsburg...& H u rw itz ,  1970; Tomizawa & Ogawa,

1968) f o r  r e p l i c a t i n g  phage; (Schandl d, T a y lo r ,  1969) f o r  Chinese 

h a m ste r  c e l l s ;  (S a to ,  e t  a l , ,  1970) i n  E h r l i c h  a s c i t e s  tumeur c e l l s ;  

( p a i n t e r  & S c h a e f e r ,  1969 a , b )  i n  ïïeLa c e l l s  i n  c u l t u r e .  S t ro n g e r  

ev id en ce  f o r  t h e i r  i n t e r m e d i a t e  r o l e  i n  r e p l i c a t i o n  i s  t h e i r  

a b i l i t y  to  be chased  i n t o  b u lk  DNA. Werner ( l 9 7 l )  w orking  w ith
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%
Ea c o l i  and H-thymine i n s t e a d  o f  thym id ine  a s  p r e c u r s o r  has

produced d a t a  to  s u g g e s t  t h a t  th e  s h o r t  segments o n ly  ap p e a r

3a f t e r  lo n g  p u l s e s  o f  H -th y m in e , and t h a t  th e y  a r e  n o t  d i r e c t  

r e p l i c a t i n g  i n t e r m e d i a t e s  b u t  a r i s e  l a t e r  a s  a r e s u l t  o f  endo

n u c le a s e  a c t i o n  a s  p a r t  o f  th e  unvmiding re q u ire m e n ts  f o r  

r e p l i c a t i o n .

Evidence f o r  a  'k n i f e  and f o r k '  model (R ic h a rd so n ,  1969)

i . e .  co n t in u o u s  5 * - ^ '3 '  s y n t h e s i s  on one s t r a n d  accompanied 

by p e r i o d i c  s t r a n d  s w i tc h in g  and s p e c i f i c  e n d o n u c le o ly t i c  c u t s ,  

a r i s e s  from th e  f i n d i n g  t h a t  v e ry  s h o r t  l a b e l l e d  p u l s e s  produce 

l a b e l l e d  f ra g m e n ts  c a p a b le  o f  r a p i d  r e - a n n e a lm e n t , s u g g e s t in g  

i n t r a - m o l e c u l a r  sequence  c o m p lem e n ta r i ty  (P a u l in g  & Hamm, 1969),

. Most o f  th e  ev id en ce  s u p p o r t s  the  assu m p tio n  t h a t  DHA 

c h a in s  a r e  growing d i s c o n t l n u o u s l y .  T h is  appeals  to  be th e  case  

f o r  b o th  o r  on ly  one o f  th e  sL rands  depending  on the  organism*

I f  d i s c o n t in u o u s  g row th  i s  a c c e p te d ,  th e  problem s t i l l  rem ains  

a s  to  how th e  s h o r t  segm ents  a r e  i n i t i a t e d .  The 'k n i f e  and f o r k '  

model, which r e q u i r e s  no s e p a r a t e  i n i t i a t i o n  s t e p  i s  r a p i d l y  

l o s i n g  s u p p o r t  because  k i n e t i c  s t u d i e s  o f  th e  ap p ea ran ce  o f  s e l f -  

a n n e a l in g  s t r u c t u r e s  a r e  n o t  confirm ed  by e x p e r im e n ta l  r e s u l t s  

(K le in  & B o n h o e ffe r ,  1972)* Nicked p a r e n t a l  DNA a s  a p r im e r  a s  

p o s t u l a t e d  by th e  model o f  H a s k e l l  & Davern (1969) a l s o  has  weak 

ev id en ce  in  i t s  f a v o u r  (G cido r  & H o ffm an -B erl in g ,  1 9 7 l ) ,  The 

w eakening  o f  the- p re v io u s  two h y p o th e s i s  le a v e s  o n ly  de novo 

i n i t i a t i o n  ( a s  y e t  u n a b le  to  be ach ieved  in  v i t r o  by any i s o l a t e d  

DNA polym erase)  o r  th e  use  o f  s h o r t  o l i g o n u c l e o t id e  p r im e r s .  The 

l a t t e r  were o r i g i n a l l y  e x p e c te d  to  be DNA p r im e rs  (U chandl, 1972) 

b u t  more r e c e n t l y  model system s have r e v e a le d  kha.t RNA may



be a b le  to  prime i n v i t r o  DNA s y n t h e s i s  ( K e l l e r ,  1972 ) .  This  

h a s  g a in ed  overwhelm ing s u p p o r t  by th e  d i s c o v e ry  t h a t  O k azak i- ty p e  

f r a g m e n ts ,  i f  a n a ly se d  on fo rm a m id e -d e n a tu r in g  e q u i l i b r i u m  d e n s i t y  

g r a d i e n t s ,  have anomalous bouyan t d e n s i t y  v a lu e s  s u g g e s t iv e  

o f  an  RNA-linloed DNA m o le c u le .  Indeed  a l k a l i  o r  r ib o n u c le a s e  

re d u c e s  th e  d e n s i t y  to  t h a t  ex p e c te d  o f  DNA (Sugino & O kazak i,  1973 Î 

Sugino  Bt , a l .  ̂ 1 9 7 ? ) ,

These f ra g m e n ts  have a l s o  been i s o l a t e d  from e u k a r y o t i c  

systenB, S a to  e t  a l . . ( l9 7 2 )  from E h r l i c h  a s c i t e s  tumour c e l l s ;

Waqar & Huberman ( l9 7 3 )  from th e  s l im e  mould Physarum po lyceuha lum ; 

Pox e t  a l , ,  ( 1973) from c u l t u r e d  human lym phocytes; Hagnusson, e t  

a l ,  (1973) from polyoma i n f e c t e d  c e l l s .  F u r th e r  e v id en ce  comes 

from th e  f i n d i n g  t h a t  RNA polym erase  i n h i b i t o r s  such  a s  r i f a m p ic i n  

i n h i b i t  double  s t r a n d e d  M 13 phage DNA s y n t h e s i s .  T h is  e f f e c t  i s  

n o t  observed  i n  c e l l s  c o n t a in in g  r i f a m p i c i n - r e s i s t a n t  RNA 

polym erase  ( B r u t l a g  e t  a l . . , I 9 7 i ) e  Lark  ( l9 7 ? )  d e m o n s tra te d  an 

RNA r e q u i r i n g  s t e p  f o r  i n i t i a t i o n  o f  DNA s y n th e s i s  i n  E. c o l i .

T h is  RNA was n o t  u sed  f o r  s y n t h e s i s  o f  p r o t e i n ,  a s  th e  r e q u ire m e n t  

f o r  p r o t e i n  s y n t h e s i s  p rece d ed  the RNA r e q u i r i n g  s t e p .  The r e c e n t  

d i s c o v e r y  o f  an  a c t i v i t y ,  RNase H, which s p e c i f i c a l l y  d eg rad e s  RNA 

from an  RNA/dNA h y b r id  ( K e l l e r  & Crouch, 1972) adds a d d i t i o n a l  

s u p p o r t  f o r  a  mechanism o f  rem oval o f  RNA p r im in g  r e g i o n s .

The f i n d i n g  t h a t  i t  i s  t o p o l o g ic a l ly  im p o s s ib le  to  

s e p a r a t e  the  two s t r a n d s  o f  a c lo s e d  c i r c l e  w i th o u t  a t  l e a s t  one 

n ic k  b r in g s  i n t o  l i g h t  th e  need f o r  a n u c le a s e  a c t i v i t y  (w hether  

s p e c i f i c  o r  n o t  i s  unknown). However, good i n d i c a t i o n s  t h a t  

i n i t i a t i o n  o f  r e p l i c a t i o n  can o ccu r  w i th o u t  an i n i t i a l  

e n d o n u c le o ly t i c  c u t  have r e c e n t l y  emerged. J a e n i s c h  e t  a l .
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( 1971) f o r  SV40 v i r a l  DM and K asam atsu e t  a l*  ( l 9 7 l )  f o r  

m i to c h o n d r i a l  DNA have i s o l a t e d  i n t e r m e d i a t e s  w i th  s h o r t  

newly s y n th e s is e d  p ie c e s  a t t a c h e d  to  s t i l l  c o v a l e n t l y  c lo se d  

c i r c l e s .  These s h o r t  p ie c e s  a r e  shown to  be a t t a c h e d  to  one 

s t r a n d  o n ly ,  th e  o th e r  b e in g  d i s p l a c e d  a s  a loop  ( D l o o p ) .

T h is  type  o f  in t e r m e d i a t e  appears  to  b u i l d  up u n t i l  some e v e n t ,  

p o s s i b l y  a  s p e c i f i c  n i c k ,  e n a b le s  i t  to  c o n t in u e ,  w i th  su b se q u en t 

s y n t h e s i s  o f  th e  o th e r  strand  and co m p le tio n  o f  th e  m olecu le  

(Kasamatsu e t  a l , ,  1 9 7 l ) .  These ex p e r im e n ts  f u r t h e r  weaken th e  

invo lvem en t o f  p a r e n t a l  n ic k s  a s  p r im in g  s i t e s .

The work o f  K ornberg on DM r e p a i r  and r e p l i c a t i o n

im p l ic a te d  th e  d e o z y n u c le o t id e  5 ’ t r i p h o s p h a t e s  a s  th e  d i r e c t

p r e c u r s o r s  f o r  DM s y n t h e s i s ,  (k o rn b e rg ,  1969; Lehman e t  a l , ,

1 958 ) .  T h is  has  been  s t r e n g th e n e d  by th e  f a c t  t h a t  a l l  DM

polym erases  i s o l a t e d  to  d a te  use  th e  5 '  dl'TPs a s  by f a r  t h e i r

b e s t  s u b s t r a t e s .  However, Werner ( l 9 7 l )  p u t  i n t o  doubt t h i s  b a s i c
3

assu m p tio n  by showing t h a t  i n  E, c o l i ,  u s in g  H -thymine a s  

p r e c u r s o r ,  i n c o r p o r a t i o n  o f  l a b e l  i n t o  DM had re a c h e d  a s te a d y  

s t a t e  b e fo re  th e  l e v e l s  o f  thym id ine  mono-, d i - ,  o r  t r i p h o s p h a te  

had re a c h e d  s te a d y  s t a t e ,  Rubinow & Yen ( l9 7 2 )  have f u r t h e r  

s u b s ta n t ia te d  W erne r’ s c o n c lu s io n s  by r e - i n t e r p r e t i n g  h i s  d a ta  

q u a n t i t a t i v e l y .  No f u r t h e r  e v id en ce  has been fo r th c o m in g  and 

k i n e t i c  ev id en ce  d e r iv e d  from r e c e n t  in  v i t r o  system s nave 

r e - e s t a b l i s h e d  th e  5 ’ dNTPs a s  im m ediate  p r e c u r s o r s  f o r  DNA 

r e p l i c a t i o n  ( d e f t e r  e t  a l , ,  1971; F riedm an, 1974).

1 , 4  C e l l u l a r  O rg a n is a t io n  of  DNA R e 'o l ic a t io n  
3

A s h o r t  p u ls e  o f  H -thym id ine  added to  an e x p o n e n t i a l l y
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grow ing c u l t u r e  o f  B a c i l l u s  s u b t i l i s a p p e a r s I ' i r B t  i n  th e  DNA 

i n  a  membrane f r a c t i o n  and can s u b s e q u e n t ly  be chased  i n t o  b u lk  

DNA (danesan  & L e d e rb e rg ,  1965; d an esan ,  1968),  T h is  s u p p o r t s  th e  

th e o ry  (Jacob  e t  a l » ,  1963) t h a t  newly s y n th e s i s e d  DNA a t  the  

r e p l i c a t i o n  p o in t  i s  s p e c i f i c a l l y  membrane bound. P r o te a s e s  and 

i o n i c  d e t e r g e n t s  can r e l e a s e  th e  DNA from t h i s  b in d in g  g iv in g  a 

c lu e  to  th e  n a tu r e  o f  th e  b in d in g .  S im i l a r  o b s e r v a t io n s  have been 

shown f o r  E, c o l i , (Sm ith  & H anaw alt ,  1965, 1967) and b a c te r io p h a g e s  

(S in sh e im e r ,  1 9 5 9 a ,b ;  K n ip p ers  & S in s h e im e r ,  1968; K n ippers  e t  a l , ,

1969) .  Membrane a s s o c i a t i o n  i n  b a c t e r i a  i s  l i k e l y  because  th e  

membrane p la y s  an im p o r ta n t  r o l e  i n  d a u g h te r  chromosome s e g r e g a t io n .  

T h is  h a s  n e v e r  been shown i n  e u k a r y o t i c  system s where a complex 

s e g r e g a t i o n a l  apparatus h as  e v o lv e d .  However, many i n v e s t i g a t o r s  

have produced  a u t o r a d io g r a p h i c  ev id en ce  t h a t  DNA i s  r e p l i c a t e d  a t  

th e  n u c l e a r  membrane i n  e u k a ry o te s  (Comings & K akefuda, 1968; O’B r ie n  

e t  a l , ,  1972) .  O ther  s u p p o r t in g  e v id en ce  i s  t h a t  newly s y n th e s i s e d  

DNA, on i s o l a t i o n ,  behaves  a s  i f  i t  a t t a c h e d  to  membranous m a t e r i a l  

(B e n -P o r ta t  e t  a l , ,  1962; D evis  e t  a l „ ,  1967: Friedm an & M u e lle r ,

1969; P a i n t e r  & S c h a e f e r ,  1969a; Mizuno e t  a l , ,  1971; H a t f i e l d ,

1972) .  More r e c e n t  w o rk ,b o th  a u t o ra d io g r a p h ic  and on i s o l a t e d  

p u l s e - l a b e l l e d  DNA have d i s p u te d  th e  e a r l i e r  work (H abener e t  a l , ,  

1969 ; W illiam s  & Ockey, 1970; Ockey, 1972; Comings & Okada, 1973;

Fakan e t  a l , ,  1972).  The problem  of w h e th e r  newly s y n th e sk e d  DNA 

i s  s i n g l e  or double  s t r a n d e d  was c l e a r e d  up by H abener e t  a l , ,  ( 1969) 

who s u g g e s te d  t h a t  d i f f e r e n c e s  observed  were p ro b a b ly  due to  the  

method o f  i s o l a t i o n  u s e d ,  and t h a t  th e  i n  v iv o  s t a t e  was p ro b a b ly  

n e i t h e r  b u t  a d e s t a b i l i s e d  s t r u c t u r e ,  Fakan e t  a l , ,  ( l9 7 2 )  r e p o r te d  

t h a t  th e  a s s o c i a t i o n  o f  newly syntliesJ.sed  DNA w ith  membranous m a te r i a l
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may a l s o  be an  a r t e f a c t  o f  i s o l a t i o n .  They showed t h a t  exogenous ly  

added l a b e l l e d  s in g le . - s t r a n d e d  DNA was re c o v e re d  i n  th e  i n t e r p h a s e  

o f  a phenol e x t r a c t i o n  b eh av in g  a s  i f  i t  was membrane a t t a c h e d .

They a rg u e  t h a t  newly s y n th e s i s e d  DNA i s  o b se rved  i n  th e  i n t e r p h a s e  

because  o f  some s i n g l e - s t r a n d e d n e s s .  In  summary, t h e r e  i s  no 

u n d i s p u ta b le  ev id en ce  f o r  th e  a s s o c i a t i o n  o f  DNA r e p l i c a t i o n  and 

th e  n u c l e a r  membrane,

2 .  ENZYMATIC SYNTHESIS OF DNA

2 .1  G enera l

In  o rd e r  to  i n v e s t i g a t e  th e  enzyme a c t i v i t i e s  in v o lv e d  

i n  any p r o c e s s ,  th e  i n t e g r i t y  o f  th e  c e l l  has  to  'be b ro k en .  Two 

methods can be employed to  t h i s  end .

i  An a l y t i c a l , Mild t r e a tm e n ts  can be u sed ,  d o in g  a s  

l i t t l e  damage a s  p o s s i b l e  so a s  to  p r e s e rv e  th e  i n  v iv o  s i t u a t i o n ,  

y e t  s u f f i c i e n t  to  make th e  system  a c c e s s i b l e  to  b io c h e m ic a l  a n a l y s i s ,

i i  S y n t h e t i c . P a r t i c u l a r  enzyme a c t i v i t é s  can be 

p u r i f i e d  and t h e i r  r o l e  i n  th e  p r c e s s  und er  s tu d y  can be c h a r a c t e r i s e d  

by t r y i n g  to  r e c o n s t i t u t e  th e  i n  v iv o  s i t u a t io n , ,

The two a p p ro ac h es  have t h e i r  draw backs, no more so th a n  i n  

th e  f i e l d  o f  DNA r e p l i c a t i o n ,  where th e  d i s c o v e ry  and p u r i f i c a t i o n  

o f  a  DNA polym erase  from E. c o l i  h e ld  back p ro g re s s  a s  i t  was 

assumed to  be th e  enzyme o f  DNA r e p l i c a t i o n ,

2 .2  S i m i l a r i t i e s  betw een i n  v i t r o  system s and th e  i n  v iv o  

s i t u a t i o n  in  p r o k a ry o te s

For the s tu d y  o f  a  l i m i t e d  number o f  p rob lem s, th e  developm ent 

o f  system s w ith  perm eable  c e l l s  h a s  proven  f r u i t f u l  (Vosberg & Hoffman- 

B e r l in g ,  1971; Moses & R ic h a rd so n ,  1970),  By u s in g  d e n s i t y  s h i f t  

e x p e r im e n ts  (G e ide r  & H o ffm an -B er l in g ,  1971; B u rge r ,  1 9 7 l)  o r
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o r  t r a n s f o r m a t io n  a s s a y s  w i th  newly made DNA (M a ts u s h i ta  e t  a l , ,  1971)» 

i t  h a s  been d em o n s tra te d  t h a t ,  i n  c e l l s  made perm eable to  n u c l e o t i d e s  

by e i t h e r  to lu e n e  o r  e t h e r  t r e a tm e n t ,  DNA s y n th e s i s  c o n t in u e s  a t  the  

i n  v iv o  r e p l i c a t i o n  p o i n t .  The main drawback to  th e se  system s i s  t h a t  

th e y  a r e  n o t  amenable to  m acrom olecu la r  exchange, which i s  n e c e s s a r y  

i n  th e  a n a l y s i s  of th e  r e p l i c a t i o n  problem . They a l s o  e x h i b i t  Okazaki 

f ragm en t fo rm a t io n  w ith  c o n v e rs io n  o f  th e  f rag m e n ts  to  bu lk  DNA 

(G e ide r  & H o ffm an -B er l in g ,  1 9 7 l ) .  The f rag m e n ts  have a l s o  been shown 

to  be RNA-linked i n  perm eable  c e l l s  (Sugino & O kazaki, 1973).

E vidence t h a t  a  s p e c i f i c  enzyme a c t i v i t y  i s  needed f o r  

r e p l i c a t i o n  can b e s t  be o b ta in e d  by f i n d i n g  a m u ta t io n  t h a t  c au ses  

t e m p e r a t u r e - s e n s i ' t i v i t y  i n  r e p l i c a t i o n  owing to  a l t e r a t i o n  i n  t h i s  

enzyme. U sing an i n  v i t r o  system  i n  which DNA i s  r e p l i c a t e d  p r o p e r ly  

such  m u tan ts  can h e lp  to  d e t e c t  a c t i v i t i e s  in v o lv e d .  Such a system  

h a s  been  developed  by S c h a l l e r  e t  a l , ,  ( l972  ) :  i t  i s  a c rude system

and c o n ta in s  p r a c t i c a l l y  a l l  th e  p r o t e i n s  of th e  c e l l  a t  v e ry  h ig h  

c o n c e n t r a t i o n .  I t  i s  amenable to  m acrom olecu lar  exchange . DNA 

s y n t h e s i s  i n  t h i s  system  has  many c h a r a c t e r i s t i c s  t y p i c a l  o f  DNA 

r e p l i c a t i o n .  I t  r e f l e c t s  th e  t e m p e r a t u r e - s e n s i t i v i t y  o f  many therm o

s e n s i t i v e  D N A - r e p l i c a t io n - d e f e c t iv e  m u ta n ts .  DNA s y n t h e s i s  a t  r e s t r i c t i v e  

te m p e ra tu re s  i n  the  system s p re p a re d  from such m u tan ts  can be r e s t o r e d  

by ad d in g  w3 I d - ty p e  e x t r a c t s  (K le in  e t  a l . ,  1973).  T h is  com plem en ta tion  

o f  system s allowing im p a ired  s y n t h e s i s  can be used  a s  an a s s a y  f o r  

p r o t e i n s  which a r e  r e q u i r e d  f o r  DNA r e p l i c a t i o n .  Com plem entation a s s a y s  

o f  t h i s  type  have been used  r e c e n t l y  to  p u r i fy  s e v e r a l  gene p ro d u c ts  

needed f o r  DNA r e p l i c a t i o n  i n  B. c o l i  (N u ss le in  e t  a l . , 1971; K le in  

e t  a l . ,  1972; V/ickner e t  a l . ,  1973 a , b ) .
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2 ,3  DNA po lym erases  i n  p r o k a r y o tes

E v er  s in c e  th e  d i s c o v e ry  by K ornberg and h i s  co -w o rk ers  i n  

th e  l a t e  1950s o f  an a c t i v i t y  i n  c rude  e x t r a c t s  o f  E. c o l i  c ap a b le  o f  

s y n t h e s i s i n g  DNA i n  v i t r o , t h e r e  h a s  been a trem endous e f f o r t  to  

e l u c i d a t e  th e  p r o p e r t i e s  and r o l e s  o f  s i m i l a r  a c t i v i t i e s  from a 

v a r i e t y  o f  s o u r c e s ,  E. c o l i  DNA polym erase  was d u ly  p u r i f i e d  and 

i t s  a b i l i t y  to  s y n th e s i s e  i n f e c t i v e  174 v i r a l  DNA i n  v i t r o  was 

overwhelm ing ev id en ce  o f  i t s  r o l e  a s  r e p l i c a s e ,  d e s p i t e  i t s  i n a b i l i t y  

to  r e p l i c a t e  n a t iv e  DNA i n  v i t r o . (G ou lian  e t  a l . ,  1 9 6 7 ) .  I t  was 

n o t  u n t i l  1969 when de L uc ia  & C a i rn s  produced a m utan t w i th  v e ry  much 

red u ced  l e v e l s  o f  DNA polym erase  a c t i v i t y ,  y e t  a b le  to  r e p l i c a t e  i t s  

DNA e s s e n t i a l l y  n o rm a l ly ,  t h a t  a  s e a r c h  f o r  o th e r  a c t i v i t i e s  began ,

A second u n r e l a t e d  c a n d id a te  was found and named DNA polym erase  I I  . 

(K ornberg  & G e f t e r ,  1 9 7 l ) .  I t s  p re s e n c e  i n  membrane f r a c t i o n s  was 

good ev id en ce  i n  f a v o u r  o f  i t s  r o l e  a s  r e p l i c a s e  b u t  no f u r t h e r  

ev id en ce  h as  a p p e a re d ,  and r e c e n t l y  a  m utan t l a c k in g  th e  enzyme has  

been  i s o l a t e d  (Campbell e t  a l . ,  1 972 ) .  I t  too  r e p l i c a t e s  i t s  DNA 

n o rm a l ly .  A t h i r d  enzyme, a g a in  u n r e l a t e d ,  term ed DNA polym erase  I I I  

h as  proved  th e  most s u c c e s s f u l  c a n d id a te  p r i m a r i l y  because  o f  i t s  

t e m p e r a t u r e - s e n s i t i v i t y  i n  th e rm o s e n s i t i v e  m u tan ts  o f  th e  dna E type  

( G e f te r  e t  a l . ,  197l)=  In  f a c t  p u r i f i c a t i o n  o f  th e  dna E gene p ro d u c t  

by th e  com plem en ta tion  -  a s s a y  has  shown i t  to  be i d e n t i c a l  w i th  

p u r i f i e d  DNA polym erase  I I I  (N u ss le in  e t  a l . ,  1971) .

DNA polym erase  I p la y s  a m a jo r  r o l e  i n  e x c i s i o n  r e p a i r  of 

damaged DNA (G ross ,  1 9 7 2 ) ,  I t  a l s o  may have a seco n d a ry  r o l e  i n  

r e p l i c a t i o n  w i th  th e  f i n d i n g  t h a t  i n  m u tan ts  w i th  low l e v e l s  o f  th e  

enzyme, newly s y n th e s i s e d  s h o r t  p ie c e s  a r e  much s lo w er  i n  j o i n i n g  to  

l a r g e r  DNA, s u g g e s t in g  a r o l e  i n  g a p - f i l l i n g  p e rh ap s  a f t e r  RNA
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p r im e r  rem oval (Kuempel & V oem ett, 1970; Okazaki e t  a l . ,  1971)® The 

f u n c t i o n  o f  DNA polym erase  I I  i s  a t  p r e s e n t  unknown.

DNA polym erase  I I I  d i f f e r s  from the  o th e r  two p o lym erases  

i n  i t s  low pH. optimum, s im u l a t i o n  by e th a n o l  and s e n s i t i v i t y  to  s a l t  

(K ornberg & G e f te r ,  1972; O tto  e t  a l . ,  1973 ) ,  None o f  th e  enzymes can 

a c h ie v e  th e  r e p l i c a t i o n  o f  n a t i v e  double  s t r a n d e d  DNA, n o r  can any o f  

them i n i t i a t e  c h a in s  de novo on s i n g l e  s t r a n d e d ,  c i r c u l a r  o r  l i n e a r ,

DNA (K ornberg , 1969; G e f te r  e t  a l . ,  1972; Kornberg & G e f t e r ,  1972;

O tto  e t  a l , ,  1973) .  DNA polym erase  I  i s  th e  o n ly  one a b le  to  use 

d o u b le - s t r a n d e d  DNA w i th  s i n g l e - s t r a n d  s c i s s i o n s  by d is p la c e m e n t  of 

th e  o th e r  s t r a n d .  DNA po ly m erases  I I  and I I I  r e q u i r e  a gapped te m p la te  

i . e .  B. c o l i  e x o n u c lea se  I I I  t r e a t e d  n ic k ed  n a t iv e  DNA. Some o f  the  

p r o p e r t i e s  o f  th e  t h r e e  B. c o l i  DNA p o lym erases  a r e  snmmerised i n  Table 

1.

A m o d if ied  v e r s i o n  o f  DNA polym erase  I I I  has  r e c e n t l y  been 

i s o l a t e d  from E. c o l i  (Wickner e t  a l . ,  1973^). T h is  s p e c i e s , d e s i g n a t e d  

DNA polym erase  I I I  s t a r ,  i s  s i m i l a r  i n  p r o p e r t i e s  to  DNA polym erase  I I I  

even i n  b e in g  t e m p e r a t u r e - s e n s i t i v e  i n  dna E m u ta n ts ,  b u t  i t  d i f f e r s  

i n  b e in g  a b le  to  use  long  s i n g l e - s t r a n d e d  DNA te m p la te s  w i th  the  

a i d  o f  a c o f a c t o r ,  copo lym erase  I I I  s t a r .  Copol. I l l  s t a r  i s  u n ab le  

to  a i d  any o f  th e  o th e r  th r e e  p o ly m e ra se s .  DNA polym erase  I I I  s t a r  

behaves  s i m i l a r l y  to  DNA polym erase  I I I . .o n  g ly c e r o l  g r a d i e n t s ,  b u t  

e l u t e s  i n  f r o n t  o f  i t  on a g a ro s e  g e l s  s u g g e s t in g  assym m otry. F u r th e r  

s t u d i e s  have shown t h a t  ATP and copolym erase I I I  s t a r  a r e  o n ly  r e q u i r e d  

f o r  i n i t i a t i o n  on th e  s i n g l e - s t r a n d e d  teiiplateG. Once i n i t i a t e d  th e  

r e a c t i o n  i s  r e s i s t a n t  to  a n t ib o d y  to  c o p o l .  I l l  s t a r  (Wickner & 

K ornberg , 1973).
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TABLE le  PROPERTIED OP DM POLXkERADES OP E. COLI

I H I I I

Gene Pol A Pol B dna E

M o lecu la r  Weight 109,000 90,000-120,000 140,000

M o le c u le s /c e l l 4-00 20 10

Rate o f  DNA s y n t h e s i s  
( clNTPs/min/mole cu le  )

LOGO 500 15,000

D i r e c t io n  of 
s y n th e s i s

5*^ :4' 5 * ^ 5 '

A s s o c ia te d
n u c le a s e 3 ' ^  5 '

5 * ^ 5 ' 5 '-^  5 '

R efe ren ce Ivornberg (1969) Wickner e t  
a l .  ( 1972b)

K ornberg & 
G e f te r  ( l9 7 2 )

O tto  e t  a l ,  
(1973)
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2 ,4  O ther f a c t o r s  in v o lv e d  in  n r o k a r y o t i c  r e p l i c a t i o n  

G e n e t ic  s t u d i e s  have r e v e a le d  many m u ta t io n s  known to  a f f e c t  

DM r e p l i c a t i o n .  I n  b a c te r io p h a g e  Ï 4 ,  th e  p ro d u c ts  o f  th r e e  genes 

n e c e s s a r y  f o r  r e p l i c a t i o n  have been i d e n t i f i e d .  Gene 45 h as  been 

shown to  be DM polym erase  (Speyer  e t  a l . ,  1966; S peyer & R osenberg ,

1968) ,  Gene 30 i s  a T4”’induced  l i g a s e  (P areed  & R ic h a rd so n ,  1 9 6 ? ) ,  

and gene 32 i s  a  p r o t e i n  which p r e f e r e n t i a l l y  b in d s  to  s in g le ^ -s t ra n d e d  

DNA and may be in v o lv e d  i n  s t r a n d  s e p a r a t i o n  a t  th e  growdhg p o in t  

(A lb e r t s  & P re y ,  19 7 0 ) ,  A complex o f  th e  p ro d u c ts  o f  genes  44 and 62 

from 14 has been p u r i f i e d  b u t  t h e i r  f u n c t i o n  i s  unknown (B arry  &

A l b e r t s ,  1972).  In  B. c o l i  s e v e r a l  m u tan ts  o f  DNA r e p l i c a t i o n  have 

been  d e s c r ib e d .  So f a r  o n ly  DNA polym erase  I I I  and a  r i b o n u c l e o t i d e  

r e d u c t a s e  have been c h a r a c t e r i s e d  (N u ss le in  e t  a l , ,  1971; Puchs e t  a l , ,

1972) .  O ther p r o t e i n s  have been p u r i f i e d  by complement a s s a y ,  b u t  

f u n c t i o n s  f o r  them a r e  s t i l l  b e in g  sough t (V/ickner e t  a l , ,  1975& ,h). 

U sing  a s y n t h e t i c  ap p ro ac h ,  s e v e r a l  g roups  have i s o l a t e d  and d e s c r ib e d  

p r o t e i n  f a c t o r s  cap a b le  o f  s t i m u l a t i n g  n u c l e o t id e  i n c o r p o r a t i o n  in  a system  

ccntain ii-gactiv it ies  p u r i f i e d  from crude  e x t r a c t s  o f  E. c o l i  shown to  be 

r e q u i r e d  f o r  dup lex  fo rm a t io n  of s in g le - -s  Iranded  fd  DNA. The system  

c o n ta in e d  DNA polym erase  I I I ,  RNA p o lym erase ,  DNA unw inding  p r o t e i n ,  

f d  DNA, rNTPs and dNTPs (Wickner e t  a l . ,  197S;; H urw its  e t  a l . ,  1973; 

H urw itz  & W ickner, 1974) .  An a c t i v i t y  s i m i l a r  to  14 gene 32 p r o t e i n  

h a s  been  i s o l a t e d  from E,._c.ol_i b u t  i t  s u r p r i s i n g l y  s t i m u l a t e s  only  

n u c l e o t id e  i n c o r p o r a t i o n  w i th  DNA polym erase  I I  and n o t  I I I  (S ig a l  

e t  a l . ,  1972)0 The r o l e  o f  E. c o l i  l i g a s e  i n  r e p l i c a t i o n  i s  s t i l l  

u n c l e a r ,  Wang ( l 9 7 l )  has  i s o l a t e d  a p r o t e i n  from E^ c o l i , th e  W 

p r o t e i n ,  cap a b le  o f  r e l a x i n g  s u p e r c o i l e d  DNA, an e v e n tu a l  p r e r e q u i s i t e
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f o r  s t r a n d  s e p a ra t io n *  .No r o l e  fo r  any known B. c o l i  n u c l e a s e s  i n  

th e  p ro c e s s  o f  c h a in  e l o n g a t io n  h as  been  e s t a b l i s h e d  so f a r .  Newly 

i s o l a t e d  m u tan ts  d e f i c i e n t  i n  ex o n u c le a se  I  (Kushner e t  a l » ,  197 l)  

o r  ex o n u c le a se  I I I  (M ilc a re k  & W eiss ,  197 l)  do n o t  a p p e a r  to  be 

a f f e c t e d  i n  t h e i r  v i a b i l i t y .  I n  b a c te r io p h a g e  A ,  two g e n e t i c  f u n c t i o n s  

0 and P a r e  b e l i e v e d  to  be in v o lv e d  i n  i n i t i a t i o n  o f  DNA r e p l i c a t i o n  

(Dove e t  a l . ,  1 9 7 l ) .  E a r l i e r  i n d i c a t i o n s  t h a t  th e s e  two f u n c t i o n s  

c o n t r o l  an en d o n u c lea se  have been confirm ed  (S h u s te r  & W eissbach ,

1969; P r e u f e l d e r  & K ir s c h n e r ,  1 9 7 l ) .

2 .5  S tu d ie s  on n u c l e i  i s o l a t e d  from e u k a ry o te s

I n c o r p o r a t io n  o f  n u c le o t i fe s  i n t o  endogenous DNA by i s o l a t e d

n u c l e i  has  been r e p o r t e d  from many e u k a r y o t i c  s o u rc e s  i n c lu d in g  c u l tu r e d  

HeLa c e l l s  (Priedm an & M u e l le r ,  1968; K idw ell & M u e lle r ,  1969; K ershey  

e t  a i d ,  1973 a , b . ;  B ernard  & B re n t ,  1973); c u l tu r e d  mouse f i b r o b l a s t s  

(Kemper e t  a l . ,  1969; K id w e ll ,  1972); i s o l a t e d  ro d e n t  t i s s u e s  (Thomson 

& McCarthy, 1968, 1973; ly n c h  e t  a l . ,  1970, 1972; Ove e t  a l . ,  1971;

Waq-ar e t  a l . ,  1971; Kaufman e t  a l . ,  1972; P ro b s t  e t  a l . ,  1972;

Shimada & Terayama, 1972; ïïyodo & Ono, 1970 a , b ) ;  E h r l i c h  a s c i t e s  tumor 

c e l l s  (Teng e t  a l . ,  1970) ; c u l t u r e d  baby h am ste r  k id n e y  c e l l s  (L azarus,  

1973) ;  and i n  p o ly o m a - in fe c te d  f i b r o b l a s t s  (Winnaker e t  a l . ,  1972).

2 .6  E f f e c t  o f  i s o l a t i o n  p ro c e d u re s  on c o r r e l a t i o n  between

i n  v iv o  and i n  v i t r o  system s i n  e u k a ry o te s

hyodo & Ono ( l9 7 0  a )  and Kaufman e t  a l . , (1972) s t r e s s e d  

th e  danger  o f  i n t r o d u c in g  a r t e f a c t u a l  o r  unsohedue led  DNA s y n t h e s i s  

i n t o  n u c l e i  a s  a r e s u l t  o f  m a l t r e a tm e n t  d u r in g  i s o l a t i o n .  Hyodo &

Ono ( 1970a) showed t h a t  p r e p a r a t i o n  o f  n u c l e i  u s in g  h y p e r to n ic  su c ro s :  

s o l u t i o n s (2®2-2«4M) r e s u l t e d  i n  n u c l e a r  DNA s y n th e s i s  which d id  n o t



r e f l e c t  th e  i n  v i v o s t a t e  o f  th e  c e l l s  from which th e y  were i s o l a t e d ,

w hereas  th e  use  o f  i s o t o n i c  s u c ro s e  (0,25M) dido A lso th e  in c r e a s e d

r a t e  o f  i n c o r p o r a t i o n  was more e v id e n t  after 20 mih in c u b a t io n  when.' the

in c o r p o r a t i o n  by i s o t o n i c a l l y - p r e p a r e d  n u c l e i  from r e g e n e r a t i n g  l i v e r

had l e v e l l e d  o ff»  Kaufman e t  a l o ( l9 7 2 )  r e p o r te d  a u to r a d io g r a p h ic

e v id en ce  f o r  i n c o r p o r a t i o n  o f  l a b e l l e d  t r i p h o s p h a t e s  by 8 5 /  of

norm al and r e g e n e r a t i n g  n u c le i  i s o l a t e d  by a  h y p e r to n ic  s u c ro se

p r e p a r a t i o n .  In  c o n t r a s t ,  ,Lynch e t  a l .  ( l9 7 0 )  showed o n ly  1 5 /  o f

r e g e n e ra t in g  l i v e r  n u c l e i  i n c o r p o r a t e d  i n  v i t r o  which was s i m i l a r  to

th e  number in c o rp o ra tin g  ini v iv o  b e fo re  i s o l a t i o n ,  A c o n t r o l

ex p e r im en t  r e v e a le d  t h a t  th e  same 1 ^  of n u c l e i  were i n c o r p o r a t i n g

i n  v iv o  and i n  v i t r o . These w orkers  use a h y p e r to n ic  su c ro se

i s o l a t i o n  te c h n iq u e  b u t  un d er  m i ld e r  c o n d i t i o n s .  S e v e ra l  g roups

showed t h a t  n u c l e a r  DM s y n t h e s i s  d id  c o r r e l a t e  with ' th e  DM

s y n t h e t i c  c a p a c i ty  of th e  c e l l  o f  o r i g i n ;  Lynch e t  a l ,  ( l9 7 0 ) ,  i n

reg en e ra tin g  l i v e r ;  P riedm an & M u e lle r  (196b ) ,  i n  am ethopterin*-

r e v e r s e d  HeLa c e l l s ;  B ernard  & B ren t  ( l9 7 3 ) ,  i n  m i t o t i c  s e l e c t i o n -

sy n c h ro n is e d  HeLa c e l l s ;  L aza rus  e t  a l ,  ( l9 7 3 ) ,  in  BHK c e l l s  e n t e r i n g

s t a t i o n a r y  phase  o f  g row th ; Shi^nada & Terayama ( l9 7 2 ) ,  i n  d e v e lo p in g

r a t  b r a i n .  Many w orkers  (Lynch e t  a l , ,  1970, 1972; H ershey  e t  a l , ,

1973a; K idw ell  & M u e l le r ,  1969) p r e s e n t  f u r t h e r  ev id en ce  t h a t  i s o l a t e d

n u c l e i  c o n t in u e  in  v iv o  r e p l i c a t i o n  by th e  f in d i n g  t h a t  th e  b u lk  o f  

3H-TTP in c o rp o r a te d  i n  ;v;itro i s  a s s o c i a t e d  w ith  a brom odeoxyurid ine  

(BrdUrd) p r e l a b e l  p r i o r  to  i s o l a t i o n ,  on CsCl d e n s i t y  g r a d i e n t s ,

Kaufman e t  a l ,  ( l9 7 2 )  show th a t  on ly  ab o u t h a l f  o f  th e  l a b e l  i s  

a s s o c i a t e d  w ith  the  dense  peak c o n f irm in g  t h e i r  system  i s  not; on ly  

a c o n t in u a t i o n  o f  i n  v i v o DNA s y n t h e s i s .  In  g e n e r a l  p ro lo n g ed  s u b j e c t i o n  

to  h y p e r to n ic  su c ro se  s o l u t i o n s  d u r in g  n u c l e a r  i s o l a t i o n  tends to
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i n d u c e ■u n sch ed u led  DNA s y n t h e s i s  which i s  n o t  a  r e f l e c t i o n  o f  th e  DNA

r e p l i c a t i v e  a b i l i t y  o f  th e  c e l l  o f  o r i g i n ,  K idw ell  ( l9 7 2 )  h as  shown

t h a t  n u c l e i  i s o l a t e d  d u r in g  t h a t  p a r t  of th e  S phase when mouse

f i b r o b l a s t  c e l l s  a r e  making s a t e l l i t e  DNA p r e f e r e n t i a l l y  i n c o r p o r a t e  
?

H-TTP i n t o  s a t e l l i t e  DNA i n  v i t r o . S i m i l a r l y  th o se  n o t  engaged in  

s a t e l l i t e  s y n t h e s i s  do n o t .  I s o l a t e d  n u c l e i  in c o r p o r a t e  added
3

H-TTP p r e f e r e n t i a l l y  i n t o  s h o r t  segm ents s i m i l a r  to  th o se  found 

i n  v iv o  (Friedm an, 1973; Lynch e t  a l . ,  1972; K idw ell  & M u e l le r ,  1969) .

2 .7  P r o p e r t i e s  o f  n u c l e a r  system s

Most w orkers  have shown an a b s o lu t e  re q u ire m e n t  f o r  th e  4

2+d e o x y n u c leo s id e  t r i p h o s p h a t e s  and Mg . The r o l e  o f  ATP seems to  be 

v a r i a b l e ,  th e  s t i m u l a t i o n  v a r y in g  betw een ze ro  (Kaufman e t  a l , ,  1972) 

and an a b s o lu t e  re q u i re m e n t  ( P r o b s t  e t. a l . ,  1972; B ernard  and B re n t ,

1973) b u t  i n  g e n e r a l  a 2 -  5 f o l d  s t i m u l a t i o n  i s  fo u n d . Friedm an

(1973) f i n d s  an  i n i t i a l  ATP in d e p e n d e n t  s t e p ;  a l l  l a b e l  a f t e r  an

i n  v iv o  BrdUrd p r e l a b e l  b e in g  d e n se .  W ith ATP p r e s e n t  30 -  5 0 /  a p p e a rs

a s  l i g h t  m a t e r i a l .  He i n t e r p r e t s  t h i s  a s  ATP b e in g  n e c e s s a r y  fo i ’ new

s t r a n d  i n i t i a t i o n  w hereas  i n c o r p o r a t i o n  i n  th e  absence  o f  ATP i s  a

c o n t in u a t i o n  o f  c h a in s  a l r e a d y  grow ing i n  v i v o . S u lp h y d ry l  r e a g e n t s

g e n e r a l l y  s t im u la t e  i n c o r p o r a t i o n  a s  does EDTA, The pH optinrom i s

to  th e  a l k a l i n e  s id e  o f  n e u t r a l i t y  a s  i n  most DNA p o ly m erases  c h a r a c t e r i s e d ,

S a l t  e f f e c t s  a r e  v a r i a b l e ,  th e  m a jo r i t y  o f  w orkers  r e p o r t i n g  100 mfl

NaCl a s  optimum. Lynch e t  a l , ,  (1972) im proved t h e i r  a s s a y

c o n d i t i o n s  by showing t h a t  EGTA, a  ca lc ium  io n  b in d e r ,  n o t  on ly

s t i m u l a t e s  th e  i n i t i a l  r a t e  b u t  p r e v e n t s  DNA breakdown d u r in g  in c u b a t io n

(Hyodo and Ono, 1970b)yby p resum ably  i n h i b i t i n g  C a ^ a c t i v a t e d

n u c l e a s e s .  AIÈ0 h ig h  m o le c u la r  w e ig h t  d e x t r a n s  had a  s t i m u l a t o r y  e f f e c t

by p r e v e n t in g  n u c l e a r  s w e l l i n g .  Ove e t  a l .  ( l 9 7 l )  showed t h a t  su c ro s e
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a t  a c o n c e n t r a t i o n  o f  0.811 a l s o  p re v e n te d  n u c l e a r  s w e l l i n g  bu t i n  

do in g  BO in c r e a s e d  i n  v i t r o  i n c o r p o r a t i o n  of norm al l i v e r  n u c l e i  to  

th e  l e v e l  o f  r e g e n e r a t i n g  n u c l e i ,w h i c h  does n o t  r e f l e c t  t h e i r  

i n  v iv o  s t a t e  b e fo re  i s o l a t i o n .  C adaverine  a l s o  i n c r e a s e d  i n  v i t r o  

i n c o r p o r a t i o n  (Lynch e t  a l . ,  1972) i t s  a c t i o n  b e in g  to  p r e s e rv e  th e  

n u c l e a r  morphology (McGregor and M ahler, 1967).

The amount and e x t e n t  o f  i n c o r p o r a t i o n  v a r i e s  from group to  

g ro u p .  Most w orkers  a c h ie v e  r e a s o n a b le  r a t e s  o f  i n c o r p o r a t i o n  w ith  

i n i t i a l  r a t e s  a p p ro a c h in g  10 - , 50/o o f  i n  v iv o  r a t e s  u n d e r  o p tim a l 

c o n d i t i o n s  (H ershey e t  a l . ,  1973a; Lynch e t  a l , ,  1 972 ) .  A f a l l i n g -  

o f f  i n  r a t e  a f t e r  5 -  30 mln . i s  a l s o  observed  by th e  m a jo r i t y  o f  

w orkers  a l th o u g h  one group  ( P ro b s t  e t  a l , ,  1972) r e p o r t  a  l i n e a r  r a t e  

f o r  2 h o u r s .  T h is  l e v e l l i n g  c an n o t be a t t r i b u t e d  to  e x h a u s t io n  o f  • 

some added a s s a y  re q u ire m e n t  a s  f r e s h  n u c l e i  can use  s p e n t  a s s a y  

m ix tu re  a s  e f f i c i e n t l y  a s  f r e s h  m ix tu re  (Lynch e t  a l . ,  1972; H ershey  

e t  a l , ,  1975a; Bernard  and B re n t ,  1 9 7 3 )« I t  i s  a l s o  n o t  due to  co m p le tio n  

o f  DNA s i t e s  a v a i l a b l e  a s  th e  r a t e  change i s  n o t  d e lay ed  when 

d i f f e r i n g  i n i t i a l  r a t e s  a r e  induced  by a l t e r i n g  th e  in c u b a t io n  

te m p e ra tu re  ( ly n c h  e t  a l , ,  1972 ) .  R e s u l t s  o f  L azarus  ( l9 7 3 ) ,  s u g g e s t  

t h a t  a v a i l a b l e  DNA s i t e s  a r e  e x h a u s te d  i n  h i s  n u c l e i ,  because  

i n c l u s i o n  o f  a l l  f o u r  r i b o n u c l e o t i d e  t r i p h o s p h a te s  a l lo w s  a l i n e a r  

r a t e  up to  two h o u rs  s u g g e s t in g  c o n t in u e d  p r im in g  o f  new s i t e s  by 

RNA (see  page 6 ) .  F re s h  a s s a y  m ix tu re  o r  cy top lasm  d id  no L p ro lo n g  

i n i t i a l  r a t e s  a f t e r  l e v e l l i n g  o f f  (B ernard  and B re n t ,  1973),  t h e r e f o r e  

p ro b a b ly  due to  some l i m i t i n g  n u c l e a r  f a c t o r .

2 ,8  E f f e c t  o f  c y t o n la srn on i n c o r p o r a t i o n by i s o l a te d  n u c l e i

The use  o f  c e l l  l y s a t e s  o r  th e  m ix ing  of cy top lasm  w ith  

n u c l e i  have shown t h a t  cy top lasm  c o n ta in s  f a c t o r s  ca p a b le  o f
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s t i m u l a t i n g  i n c o r p o r a t i o n  by i s o l a t e d  n u c l e i  (F riedm an and M u e l le r ,

1968; M u e l le r ,  1969; K idw ell  and M u e l le r ,  1969; B ernard  and B re n t ,

1973) .  Friedm an and M u e lle r  ( 1968) showed t h a t  th e  c y to p la sm ic  

f a c t o r  i s  s e n s i t i v e  to  s u lp h y d ry l  i n h i b i t o r s  b u t  i t  does n o t  have a 

c o n t r o l l i n g  e f f e c t  a s  i t  f a i l e d  to  s t im u la t e  i n c o r p o r a t i o n  i n  n u c l e i  

n o t  s y n t h e s i s i n g  MA i n  v i v o . l a . t e r  work by th e  same group (H ershey 

e t  a l . ,  1973a) r e v e a le d  th e  f a c t o r  to  be m acrom olecu la r  ( 5  100 ,000) 

b u t  s e p a r a b le  from c y to p la s m ic  DMA polym erase  on g e l  f i l t r a t i o n .  I t  

i s  h e a t  l a b i l e  and s u s c e p t i b l e  to  ex tre m es  o f  pH, a l l  p o in t in g  to  a 

p r o t e i n  n a t u r e .  P u r i f i e d  f r a c t i o n s  o f  MA polym erase  a c t i v i t y  f a i l e d  

to  s t i m u l a t e  i n c o r p o r a t io n  i n  t h e i r  i s o l a t e d  n u c l e a r  sy s tem . The 

f a c t o r  b in d s  s t r o n g l y  to  MA c e l l u l o s e  columns n o t  b e in g  e l u t e d  

u n t i l  2M s a l t .  B ernard  and B ren t  ( l9 7 3 )  found t h e i r  c y to p la s m ic  

f a c t o r  to  be h e a t  l a b i l e  and p r o n a s e - s e n s i t i v e  b u t  t h a t  i t  co u ld  be 

r e p la c e d  by p u r i f i e d  c a l f  thymus BHA polym erase  i n  c o n t r a s t  to  the  

f i n d i n g s  o f  H ershey  e t  a l .  ( l 9 7 3 a ) .  By p r e l a b e l i n g  th e  DNA w i th  

BrdUrd a t  c e r t a i n  s e l e c t e d  t im e s  d u r in g  8 -p h a s e ,  H ershey  e t  a l .  ( l9 7 3 a )  

showed t h a t  th e  c y to p la s m ic  f a c t o r  was n o t  i n i t i a t i n g  new s i t e s  t h a t  

were n o t  a c t i v e  i n  v iv o  p r i o r  to  n u c l e a r  i s o l a t i o n .  K idw ell  ( l9 7 2 )  

a l s o  showed t h i s  w i th  L c e l l  s a t e l l i t e  UNA, These ex p e r im e n ts  

s u g g e s t  an o rd e re d  r e p l i c a t i o n  o f  UNA i n  v i t r o  a s  i n  v iv o  (Barlow ,

1972) .  O ther w orkers  have found a low h e a t  s t a b l e  m olecu le  cap a b le

o f  s t i m u l a t i n g  in  v i t r o  i n c o r p o r a t i o n :  Thomson & McCarthy ( 1968; 1973)

i n  t a p e r  mouse tumour cy to p lasm ; Shimada Terayama ( l9 ? 2 )  i n  i n f a n t  

r a t  b r a i n  cy top lasm ; Erhau e t  a l .  ( l9 7 0 )  i n  HeLa c e l l s ,

2.9 C o n t r o l l i n g  e f f e c t  o f  cy ton lasm

Rao & Johnson  ( l9 7 0 )  showed t h a t  DNA s y n t h e s i s  and m i t o s i s  

a r e  induced  i n  m u l t i n u c l e a t e  HeLa c e l l s  formed bv f u s io n  between
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c e l l s  a t  d i f f e r e n t  phases  o f  th e  c e l l  c y c l e .  C e l l s  i n  th e  Cl phase 

o f  grow th  i n i t i a t e  ])NA s y n t h e s i s  e a r l i e r  when fu se d  to  a c e l l  i n  th e  

DNA s y n t h e t i c  o r  S -p h a s e ,  T h is  d i s p l a y s  a dosage e f f e c t  i . e .  th e  Cl 

n u c le u s  o f  a t r i - n u c l e a t e  c e l l  w i th  two 8 -p h ase  n u c l e i  i n i t i a t e s  even 

e a r l i e r .  T h is  f i n d i n g  prompted w orkers  to look  f o r  c y to p la s m ic  

c o n t r o l s  o ver  i n i t i a t i o n  and c o n t in u a t i o n  of DNA r e p l i c a t i o n .

Thomson & McCarthy ( l9 6 8 ,  1973) c la im  to  have found a  f a c t o r  i n  tumour 

cy top lasm  cap a b le  o f  i n i t i a t i n g  DNA s y n t h e s i s  i n  p r e v io u s l y  dormant 

n u c l e i .  However most o th e r  c y to p la s m ic  f a c t o r s  on ly  s t im u la t e  

i n c o r p o r a t i o n  a t  s i t e s  i n  n u c l e i  a l r e a d y  i n c o r p o r a t i n g  i n  v i v o . Kumar 

& Friedm an ( l9 7 2 )  p ro v id e d  a u t o r a d io g r a p h i c  ev id en ce  to  s u g g e s t  t h a t  

cy top lasm  from l a t e  Cl o r  e a r l y  8 i s  c ap a b le  o f  in d u c in g  l a t e  Cl 

n u c l e i  to  e n t e r  8 i n  an i n  v i t r o  sy s tem . The a c t i v i t y  i s  h e a t  l a b i l e  

and p a r t i a l l y  l o s t  on d i a l y s i s ,  i n  c o n t r a s t  to  t h a t  o f  Thomson & 

McCarthy ( l9 7 3 ) .

2 .1 0  DNA P o lym erases  from e u k a ry o te s

2 .1 0  i  Background

Two k in d s  of d e o z y n u c le o t id e  p o ly m e r is in g  a c t i v i t i e s  have 

been i s o l a t e d  from e u k a r y o t i c  sy s tem s ; t e rm in a l  d e o z y n u o le o t id y l  t r a n s 

f e r a s e  and r e p l i c a t i v e  d e o x y n u c le o t id y l  t r a n s f e r a s e  (DNA p o ly m e ra se ) .  

The te rm in a l  t r a n s f e r a s e  from c a l f  thymus g la n d s  was c h a r a c t e r i s e d  

by Kato e t  a l .  (1967) and p u r i f i e d  to  hom ogeneity  (Chang & Bollum, 

1 9 7 1 a) ,  The te rm in a l  t r a n s f e r a s e  i s  a low M.¥. enzyme (3 2 ,4 6 0 ) ,  i s  

found on ly  i n  th e  thymus g la n d ,  and h as  a d ev e lo p m en ta l  c y c le  i n  

th e  thymus d u r in g  em bryonic g row th  (Chang, 1 9 7 l ) .  The r e p l i c a t i v e  

DNA polym erase  was f i r s t  o b se rv ed  i n  1957 (Bollum & H o t te r ,  195?) and 

shown to  be p r e s e n t  i n  th e  c y to p la s m ic - s o lu b le  f r a c t i o n  o f  r e g e n e r a t i n g  

r a t  l i v e r  (Bollum & P o t t e r ,  1 958 ) ,  A s e a r c h  f o r  a s i m i l a r  a c t i v i t y  

f ro m -o th e r  so u rc e s  r e v e a le d  a s u r p r i s i n g  enigma. In  most c a s e s
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s tu d ie d ^  8 0 /  o f  th e  t o t a l  c e l l u l a r  DMA polym erase was found i n  th e  

cy to p lasm ic  f r a c t i o n ,  w hereas  th e  DNA, th e  enzyme’s te m p la te  and 

p ro d u c t)  was known to  l i e  a lm o s t  w h o lly  i n  th e  n u c l e u s .  This  

f i n d i n g  prompted s u g g e s t io n s  o f  n u c l e a r  damage ; l e a d in g  to  le ak ag e  

and a l th o u g h  a l t e r n a t i v e  p r e p a r a t i v e  te c h n iq u e s  i n c lu d in g  i n c l u s i o n  

o f  ca lc ium  io n s  (Main & C o le ,  I 964) known to  s t a b i l i s e  n u c l e a r  

membrane, and use  o f  non-aqueous  i s o l a t i o n  te c h n iq u e s  ( h e i r  e t  a l .  

1962) improved th e  n u c l e a r  a c t i v i t y  y i e l d ,  the  b u lk  o f  th e  a c t i v i t y  

was s t i l l  found i n  th e  s o lu b le  f r a c t i o n  o f  th e  c e l l ,  (Por rev iew  

o f p r e -  1965 f i n d i n g s ,  see  K e i r ,  1 9 6 5 ) .  A no ther g e n e r a l  f i n d i n g ,  

which was i n  fa v o u r  o f  th e  l a c k  o f  invo lvem en t o f  t h i s  a c t i v i t y ,  o r  

a t  l e a s t  t h i s  form o f  th e  enzyme, was i t s  p r e f e r e n c e  f o r  d e n a tu re d  

DNA over  n a t i v e  DNA a s  a t e m p la t e .  Thus began th e  s e a r c h  f o r  an 

a c t i v i t y  w i th  a  more f a v o u ra b le  i n t r a c e l l u l a r  l o c a t i o n  and te m p la te  

p r e f e r e n c e .  Such an a c t i v i t y  was found by s e v e r a l  i n v e s t i g a t o r s ;  

M antsav inos ( 1964) f o r  r e g e n e r a t i n g  r a t  l i v e r ;  Mazia & H in eg a rd n e r  

( 1963) f o r  sea  u r c h in  em bryos. The o b s e s s io n  w ith  p u r i f i c a t i o n  o f  

an enzyme w ith  such c h a r a c t e r i s t i c s  hampered f o r  some tim e a t r u e  

a p p r a i s a l  o f  th e  s i t u a t i o n  r e l a t i n g  DNA polym erase a c t i v i t y  to  th e  

DNA r e p l i c a t i v e  s t a t e  o f  th e  so u rce  under  s tu d y ,

2 .1 0  i i  M u l t ip le  form s o f  DNA no lym erases  i n  e u k a ry o te s  

and the  e f f e c t  o f  i s o l a t i o n  c o n d i t io n s  on t h e i r  

subce 1 ]. u 1 a r  lo c a t i o n -  

In  g e n e r a l ,  th e  m ajo r DNA p o ly m e r is in g  a c t i v i t i e s  found i n  

most e u k a r y o t i c  s o u rc e s  s tu d ie d  i s  a l a rg e  (>  100,000 d a l to n s )  

d e n a tu re d  D N A ~preferring  s p e c i e s  found p re d o m in a n tly  in  the  

c y to p la s m ic - s o lu b le  f r a c t i o n  and f i r s t  c h a r a c t e r i s e d  a s  a  d i s t i n c t  

s p e c ie s  by Yoneda & Bollum ( 1965)5 and a sm a l l  (< (100 ,000  d a l to n s )
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n a t i v e  DNA-prefe r r i n g  s p e c ie s  found, p re d o m in a n tly  in  n u c l e a r  f r a c t i o n s .  

A su rv ey  o f  e u k a r y o t i c  DNA po lym erases  c h a r a c t e r i s e d  to  d a te  i s  shown 

i n  Table 2 . Most o f  th e  g ro u p s  quo ted  i n  Table  2 have a t te m p te d  to  

c h a r a c t e r i s e  a l l  o f  th e  a c t i v i t i e s  p r e s e n t  i n  th e  c e l l*  The app ea ran ce  

o f  b o th  s p e c i e s  i n  e i t h e r  th e  s o lu b le  o r  n u c l e a r  f r a c t i o n s  h as  been 

r e p o r t e d  by s e v e r a l  g roups  (see  Tab le  2 ) ,  The s m a l le r  s p e c i e s  i s  

found i n  s o lu b le  p r e p a r a t i o n s  a lw ays a s  th e  minor a c t i v i t y  and cou ld  

be due to  n u c l e a r  l e a k a g e ,  o r  to  a r e a l  p h y s io lo g i c a l  e f f e c t *  B a r i l  

e t  a l .  ( 1971) f i n d  i t  a t t a c h e d  to  a  r ib o so m a l f r a c t i o n  i n  r a t  l i v e r .

Brun e t  a l .  ( l9 7 4 )  f i n d  a  d im e r ic  form (50 ,000  daltons) o f  a

c y to p la sm ic  monomer (2 5 ,0 0 0 )  i n  t h e i r  n u c l e i .  Chiu & Sung ( l9 7 2 a )  

show t h a t  i t s  l e v e l  i n  th e  s o lu b le  f r a c t i o n  o f  r a t  b r a i n  c e r e b r a l  

c o r t e x  d e c r e a s e s  a f t e r  b i r t h  p a r a l l e l i n g  th e  f a l l  i n  DNA s y n t h e t i c  

c a p a c i t y  o f  t h a t  t i s s u e .  F u r t h e r  s t u d i e s  have shown t h a t  i t  becomes

p a r t i c u l a t e  (Chiu & Sung, 1972b),  th e  s i g n i f i c a n c e  o f  which ;is

unknown. The r e v e r s e  s i t u a t i o n ,  t h a t  o f  f i n d i n g  th e  l a r g e  s p e c ie s  

i n  th e  n u c le u s  may have d e e p e r  i m p l i c a t i o n s .  The obv ious  e x p la n a t io n  

i s  t h a t  i t  i s  a  r e s u l t  o f  c y to p la s m ic  c o n ta m in a t io n ,  which i s  th e  

b e l i e f  o f  Chang & Bollum ( l9 7 2 a )  who go to  g r e a t  l e n g th s  to  p u r i f y  

t h e i r  n u c l e i  f r e e  o f  i t .  O th e r  g ro u p s ,  (VJeissbach e t  a l . ,  1971 ;

Ove e t  a l . ;  1973; Sedwick e t  a l . ,  1972; W allace e t  a l , ,  1971) f i n d  

s i g n i f i c a n t  l e v e l s  o f  i t  i n  n u c l e a r  f r a c t i o n s ,  i n  f a c t  Sedwick e t  a l .  

(1972) s u g g e s t  t h a t  th e  l a r g e  n u c l e a r  s p e c ie s  may be d i f f e r e n t  from 

th e  c y to p la s m ic  one i n  i t s  a b i l i t y  to  use a n a t iv e  DNA te m p la te  

w i th  l a r g e  gaps i n  i t *  I t  i s  i n t e r e s t i n g  to  n o te  th e  c o r r e l a t i o n  o f  

th e  s i m i l a r i t y  o f  te c h n iq u e s  u sed  to  'p u r i f y *  n u c l e i  to  lo o k  a t  t h e i r  

endogenous DNA s y n t h e t i c  c a p a c i t y  and th e  DNA p o lym erases  th e y  c o n ta in .  

Use o f  h y p e r to n ic  s u c ro s e  i s o l a t i o n  media re d u c e s  th e  c o r r e l a t i o n  o f
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TABLE 2 . LARGE AND EILII.L DNA PCLYlA]RAoEE IN ENNARYCTIC CELLS

NUCLEAR (m) or 

CYTOPLASMIC (c)

LARGE LARGE

Rat l i v e r 2x10

6x10Rat l i v e r  & 
hepatom as

2x10

Rat b r a i n 2x10 mo'
Rat l i v e r  & 
hepatom as

R a b b i t  t i s s u e s 1x10

S e v e ra l  t i s s u e s 1x10

HeLa c e l l s 1 .5x10 5x10

R at l i v e r N&C

R a t ' t i s s u e s 1x10

PILV s t im u la t e d  
lym phocytes

1.5x10

IvB c e l l s 1 .2x10 4x10

Chick embryo 2x10

C a l f  thymus 2x10

Rat l i v e r  & 
heuatom as

CcbN N&C

Human bone 
marrow

1.5x10

1 .5x10 5x10'
2 .7x10

N&C

KEY; a 

c

c y to p la sm ic  t r a c e s  

ribosom e bound

n u c le a r  s p e c ie s  i s  a 
d im er of cv to  r,'I e srn i n

il l  r e g e n e r a t in g  l i v e r

n u c le a r  s p e c ie s  p r e f e r s  
E. c o l i  eX onuclease  I I I  
t r e a t e d  a c t i v a t e d  DNA
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DNA TEMPLATB PRlHEKlRNCE

LARGE

D enatu red

D enatu red

D enatu red

D enatu red

A c t iv a te d

'A c t iv a te d

A c t iv a te d

A c t iv a te d

■Denatured

A c t iv a te d

A c t iv a te d ^

•Denatured

D enatu red

D enatu red  C 
N a tiv e  N

REFE: :BNCE

SiiALI

D ena tu red

N ative

N a tiv e

N ative

N a tiv e

A c t iv a te d

A c t iv a te d

A c t iv a te d

A c t iv a te d

N ativ e

A c t iv a te d

A c t iv a te d

N a tiv e

D enatu red

N a tiv e

N ativ e

B e l l a i r  (196Q)

Iwamura e t  a l ,  (1968)

Chiu & Sung ( l9 7 1 ,  1972a ,b )  

B a r i l  e t  a l .  ( l9 7 0 ,  1971, 1975)

Chang & Bollum ( l971b )

Chang- & Bollum (1972a) 

W eissbach e t  a l*  ( l 9 7 l )

H aines  e t  a l ,  ( l 9 7 l )

W allace  e t  a l .  ( l 9 7 l )

Sm ith  & G allo  (1972)

Sedwick e t  a l ,  ( l9 7 2 )

Wicha & S to c k d a le  (1972) 

ïîoraparler e t  a l ,  ( l9 7 5 )

Ove e t  a l ,  ( l975 )

Coleman & H utton  ( l9 7 3 )

Brun e t  a l .  ( l9 7 4 )
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i n  v i t r o  to  i n  v iv o  s y n t h e s i s  o f  th e  n u c l e i  (see  page 14) and a l s o  

d e p l e t e s  them o f  t h e i r  l a r g e  DNA polym erase  s p e c i e s .

The l a r g e  and sm a l l  s p e c i e s  a r e  s i m i l a r  i n  some r e s p e c t s .

They a r e  b o th  r e p l i c a t i v e  i . e .  th e y  r e q u i r e  a l l  f o u r  dNTPs and DNA 

f o r  maximum a c t i v i t y .  S e v e r a l  g ro u p s  r e p o r t  t h a t  th e  sm a l l  s p e c ie s  

i s  c a p a b le  o f  s i g n i f i c a n t  i n c o r p o r a t i o n  (40 -  60;^)■w i th  l e s s  th a n  

f o u r  t r i p h o s p h a t e s .  Sedwick e t  a l .  ( l 972) examined t h i s  phenomenon 

and r e v e a l e d  t h a t  i t  i s  p ro b a b ly  due to  th e  i n c o r p o r a t i o n  o f  o n ly  a 

few n u c l e o t i d e s  a t  each  p o i n t  o f  i n c o r p o r a t i o n .  The r e a s o n  f o r  t h i s  

l i m i t a t i o n  i s  n o t  c l e a r .  I t  cou ld  be due to  the  i n a b i l i t y  to  d i s p la c e  

th e  o th e r  DNA s t r a n d  a t  a  n ic k  o r  i n a b i l i t y  to  r e p l i c a t e  lo n g  s i n g l e 

s t r a n d e d  r e g io n s ,  a g e n e r a l  f i n d i n g  f o r  th e  sm all  enzyme. The 

magnesium and pH optim a o f  th e  two . .sp ec ie s  v a ry  b u t  t h i s  may be due 

to  th e  te m p la te  used  i n  th e  a s s a y  r a t h e r  th a n  a d i f f e r e n c e  o f  

p h y s i o l o g i c a l  s i g n i f i c a n c e  (Chang & Bollum, 1973b)* T h e i r  r e sp o n se  

to  s a l t  a l s o  v a r i e s  from so u rce  to  s o u rc e ,  th e  l a r g e  s p e c i e s  b e in g  

g e n e r a l l y  more s e n s i t i v e  to  h ig h  l e v e l s  of s a l t  i n  the  a s s a y .  The 

p o ly n u c le o t id e  b e s t  u sed  a s  te m p la te  may g iv e  an i n s i g h t  i n t o  th e  

DNA s t r u c t u r e  u sed  by th e  enzymes i n  v i v o . The a b i l i t y  o f  th e  sm all  

enz^nae to  copy RNA tempjabss h as  been r e p o r t e d  by s e v e r a l  g roups  

(S ta v r ia n o p o lo u s  e t  a l ,  1 9 7 2 a ,b ; Chang & Bollum, 1972a; H aines  e t  a l , ,  

1972 and Brun e t  a l . ,  1 9 7 4 ) .  T h is  e f f e c t  may be due to  a l e s s  

s t r i n g e n t  demand on te m p la te  s u g a r  r e c o g n i t i o n  by t h i s  enzyme compared 

t o  th e  l a r g e r  s p e c i e s .  The s i g n i f i c a n c e  o f  t h i s  ’r e v e r s e  t r a n s c r i p t a s e ’ 

type  a c t i v i t y  may n o t  be v a l i d ,  e s p e c i a l l y  a s  d i s t i n c t  RNA d e p e n d e n t-  

DNA polym erases  have been  i s o l a t e d  from norm al,  u n in f e c t e d  c e l l s .  

F u r th e rm o re  th e  enzymes do n o t  have any DNA te m p la te  dependence (Ward 

e t  a l , ,  1972; Bobrow e t  a l , ,  1972; F r id le r id e r  e t  a l , ,  1972) .  Chang &
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BoHim ( l9 7 2 b )  have shown i n  model s t u d i e s  t h a t  th e  l a r g e  enzyme i s  

c a p a b le  o f  u s in g  o l i g o r i b o n u c l e o t i d e  a s  w e l l  a s  o l ig o d e o x y r ib o n u c le o t id e  

a s  p r im e rs  f o r  i n c o r p o r a t i o n  w hereas  th e  s m a l le r  enzyme i s  more 

s e l e c t i v e p  u s in g  o n ly  d eo x y -p r im e rs .  T h is  p o i n t s  to  a r e p l i c a t i v e  

r o l e  f o r  th e  l a r g e  s p e c i e s ,  b e in g  a b le  to  e lo n g a te  RNA prim ed Okazaki 

p ie c e s  (see  page 5)» '

A p ar t  from s i z e  th e  two s p e c ie s  have o th e r  d i f f e r e n c e s .  The 

l a r g e r  s p e c i e s  i s  i n h i b i t e d  more s t r o n g l y  by s u lp h y d ry l  i n h i b i t o r s  

th a n  i s  th e  sm a l l  s p e c i e s  ( B a r i l  e t  a l , , 1971, 1975; H aines  e t  a l , ,

1971 ; W eissbach e t  a l , ,  1971; Sm ith & G a l lo ,  1972) ,  T h e i r  

c h ro m a to g ra p h ic a l  b e h a v io u r  s u g g e s t s  t h a t  a t  p h y s i o l o g i c a l  pH, the  

s m a l l e r  s p e c ie s  i s  more n e g a t i v e l y  charged  th a n  th e  l a r g e r  one, and 

i n  f a c t  s e v e r a l  g roups  have found th e  l a r g e r  enzyme to  have a low 

a f f i n i t y  f o r  DNA e i t h e r  i n  DNA c e l l u l o s e  columns, (H aines  e t  a l , ,

1971) o r  i n  s u c ro se  g r a d i e n t s  (Yoneda & Bollum, 1965) under  a  v a r i e t y  

o f  s a l t  c o n d i t io n s ,w h ic h  may e x p l a in  the  e a se  w i th  whicli i t  may be 

washed o u t o f  n u c l e i  d u r in g  more s t r i n g e n t  n u c l e a r  p u r i f i c a t i o n  

te c h n iq u e s  (DNA polym erase  I I I  from E. c o l i  has  been shown to  have a 

low b in d in g  a f f i n i t y  f o r  DNA) .

2 ,1 0  i i i  A s s o c i a t i o n  o f  DNA polym erase  a c t i v i t y  w i th  

membranous m a t e r i a l  

E v idence  s u p p o r t in g  a s s o c i a t i o n  o f  DNA po lym erase  w i th  th e  

n u c l e a r  membrane i s  c i r c u m s t a n t i a l  i n  n a t u r e ,  Y oshida e t  a l ,  ( l 9 7 l )  

i s o l a t e d  a n u c l e a r  membrane f r a c t i o n  from c a l f  thymus c o n t a in in g  DNA 

polym erase  a c t i v i t y  b u t  on w ash ing  to  remove r e s i d u a l  DNA v i r t u a l l y  

a l l  o f  th e  a c t i v i t y  was l o s t ,  A s i m i l a r  p repare .k ion  was i s o l a t e d  by 

Yoshikawa-Fukada & E b e r t  ( l 9 7 l )  who showed t h a t  when th e  membrane- 

ch ro m a tin  complex was a l lo w ed  to  c a r r y  o u t  th e  p o ly m ers in g  r e a c t i o n
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w iti l  added p r e c u r s o r s  the  po lym erase  was r e l e a s e d  from the  complex* 

lYhen a c a l c u l a t i o n  i s  made o f  th e  p e rc e n ta g e  a c t i v i t y  a s s o c ia t e d  w i th  

th e  membrane (Kay e t  a l * ,  1972) i t  seems to  c o r r e l a t e  w i th  th e  

p e rc e n ta g e  DNA i s o l a t e d  w i th  th e  membrane.

B a r i l  e t  a l ,  ( l9 7 0 ,  1971) u s in g  norm al and reg en e ra tin g  r a t  

l i v e r  showed t h a t  v i r t u a l l y  a l l  o f  t h e i r  s o lu b le  DNA polym erase  

a c t i v i t y  ( a f t e r  rem oval o f  n u c l e i ,  m i to c h o n d r ia  and m iorcsom es) was 

a s s o c i a t e d  w i th  smooth membrane, a s  s u g g e s te d  by i t s  a b i l i t y  to  be 

sed im en ted  by p ro lo n g ed  c e n t r i f u g a t i o n  and to  band i n  a  d i s c o n t in u o u s  

s u c ro s e  g r a d i e n t  a t  th e  d e n s i t y  o f  smooth membranes. In  c o n t r a s t ,  

Pou lson  e t  a l ,  ( l9 7 5 )  u s in g  s i m i l a r  f r a c t i o n a t i o n  te c h n iq u e s  w i th  r a t  

i n t e s t i n a l  mucosa, showed t h a t  most o f  the  s o lu b le  a c t i v i t y  was n o t  

membrane a s s o c i a t e d  and th e  l i t t l e  t h a t  was, was shown to  be of 

m i to c h o n d r i a l  o r i g i n ,  B u r r i s s - G a r r e t t  & Bollum ( l9 7 3 )  show t h a t  u n d e r  

t h e i r  c o n d i t io n s  th e  s o lu b le  a c t i v i t y  from r a t  l i v e r  was n o t  a s s o c i a t e d  

w i th  p a r t i c l e s  w i th  M.W. g r e a t e r  th a n  500,000 d a l t o n s ,  and t h a t  a b i l i t y  

t o  f i n d  i t  a s s o c i a t e d  w i th  such  l a r g e  p a r t i c l e s  may be an a r t e f a c t  o f  

a  c o n c e n t r a t i v e  method of  p r e p a r a t i o n .  F u r th e r i n g  B a r i l ’ s work, Novak 

and E l f o r d  ( l9 7 5 )  have shown t h a t  a  s i m i l a r  smooth membrane f r a c t i o n  .■ 

from  r a t  t i s s u e s  and hepatom as c o n ta in s  a sm a ll  amount o f  DNA which 

i s  cap a b le  o f  s t i m u l a t i n g  th e  endogenous s y n t h e t i c  a b i l i t y  o f  th e  smooth 

membrane p r e p a r a t i o n  b u t  such  DNA can o n ly  be i s o l a t e d  from s o u rc e s  

a c t i v e  i n  DNA. s y n t h e s i s .  More r e c e n t l y  Nestergaard & Johnson ( l9 7 3 )  

have i s o l a t e d  what th e y  te rm  a  r e p l i c a t i o n  complex from e th id iu m  

bromide t r e a t e d  Tetrahym ena uyriT dfr .iis* I t  c o n t a in s  a DNA p o ly m erase ,

a  RNA p o ly m erase ,  a d e o x y r ib o n u c le a se  and a  RNA-linked DNA. f rag m en t 

s i m i l a r  i n  s i z e  to  th e  RNA-primed Okazaki p ie c e s  i n  E, c o l i . (see  

page 5),
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2 = 10 iv

DNA •polymera.ses 

The f i r s t  s u g g e s t io n  o f  an i n t e r - r e l a t i o n s h i p  between 

th e  two po lym erases  was p u t  fo rw ard  b e fo re  th ey  had been  p r o p e r ly  

c h a r a c t e r i s e d  a s  b e in g  d i s t i n c t *  K e ir  (1965/ p roposed  a th e o ry  

based  .on th e  ev id en ce  a t  th e  tim e t h a t  th e  d e n a tu re d  D N A -prefe rr ing  

a c t i v i t y  found i n  cy to p lasm  was an ' a l t e r e d *  form o f th e  n a t i v e -  

p r e f e r r i n g  ' i n t a c t *  form found i n c r e a s i n g l y  i n  r a p i d l y  p r o l i f e r a t i n g  

t i s s u e s .  W ith th e  d i s c o v e r y  o f  t h e i r  d i f f e r e n c e  a t t e m p t  were

made to  red u ce  th e  l a r g e  s p e c i e s  to  an  a c t i v i t y  r e s e m b l in g  the  s m a l l e r  

s p e c i e s ,  B e l l a i r  (1968) d e m o n s t ra te d  th e  p re sen ce  o f  two DNA polym erase  

a c t i v i t i e s  when he chrom atographed  a r a t  l i v e r  s o lu b le  p r e p a r a t i o n  

on Sephadex G-200 ru n  i n  IM NaCl. The m ajor a c t i v i t y  e l u t e d  in  th e  

v o id  volume (200 ,000  d a l to n s )  and p r e f e r r e d  d e n a tu re d  DNA a s  te m p la te ;  

th e  m inor a c t i v i t y  e l u t i n g  l a t e r  (100 ,000  d a l to n s )  and p r e f e r r i n g  

n a t i v e  DNA. In  p r e p a r a t io n s  ru n  w i th o u t  s a l t  a l l  o f  the a c t i v i t y  

e l u t e d  i n  th e  v o id  volum e. In  c o n t r a s t ,  l a t e r  s t u d i e s  by Fw /long & 

Gresham ( l 9 7 l ) ,  u s in g  W alker 286 r a t  hepatom a, showed t h a t  th e  MfW, 

o f  th e  c y to p la sm ic  enzyme co u ld  n o t  be red u ced  by IM NaCl, n o r  DNase 

n o r  .RNase s u g g e s t in g  t h a t  i t  i s  n o t  a s s o c i a t i o n  w i th  a  s m a l l  o l i g o 

n u c l e o t id e  p r im e r  which g iv e s  i t  i t s  p r e f e r e n c e  f o r  d e n a tu re d  DNA, 

F u r t h e r i n g  t h i s  work Holmes & Jo h n s to n  (1975)? u s in g  a p a r t i a l l y  

p u r i f i e d  s o lu b le  enzjnne from  r a t  l i v e r ,  a l s o  showed t h a t  i t s  s i z e  

was n o t  red u ced  by s a l t  c o n c e n t r a t i o n s  up to  IM NaCl. They a l s o  

showed no r e d u c t io n  by B r i j  58, a n o n - io n i c  d e t e r g e n t  c ap a b le  o f  

d i s p e r s i n g  l i p i d ,  r u l i n g  o u t  r e s i d u a l  membrane a t ta c h m e n t .  G ly c e ro l  

g r a d i e n t s  r e v e a le d  a s m a l l e r  M.W. th a n  a g a ro se  g e l  chrom atography  

s u g g e s t iv e  o f  a s  symmetry., ( c . f .  E. c o l i  po lym erase  I I I  s t a r ,  page 11 ),
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Holmes e t  . a l , ,  ( l9 7 5 )  im proved t h e i r  p u r i f i c a t i o n  and shewed t h a t  

a  band o f  M.VJ". 54 ,000  was p r e v a l e n t  on sodium dodecy l s u lp h a te  (SDS) 

g e l s  o f  t h e i r  p u r e s t  f r a c t i o n s *  The enzyme would n o t  e n t e r  t h e i r  

g e l s  un d er  n o n - d e n a tu r in g  c o n d i t i o n s .

R e c e n t ly  H echt ( l9 7 5 a ,b )  u s in g  mouse t e s t e s ,  and L aza ru s  &

K i t r o n  ( l9 7 5 )  u s in g  baby h a m ste r  k id n e y  c e l l s ,  have managed to  

a c h ie v e  p ro d u c t io n  o f  a  sm a l l  a c t i v e  s p e c ie s  com parable to  the  

n u c l e a r  one from s e v e r a l  s o u r c e s ,  by t r e a t i n g  a  l a r g e  s o lu b le  s p e c ie s  

w i th  s a l t  ( O .I25M NH^Cl by H ech t,  0*5M NaCl by L aza rus  à  K i t r o n ) ,

F u r t h e r ,  H echt ( l9 7 5 b )  h a s  p e rh ap s  r e v e a le d  the  i n  v iv o  c o n v e rs io n  

p o i n t  by showing t h a t  n u c l e a r  membranes f r a c t i o n s  c o n ta in  b o th  

a c t i v i t i e s  a s  w e l l  a s  an  i n t e r m e d i a t e - s i z e d  a c t i v i t y .  Chang & Bollum 

(1972c) have shown t h a t  th e  l a r g e  and s m a l l  polym erase  s p e c i e s  from 

a  v a r i e t y  o f  mammalian s o u rc e s  a r e  s u s c e p t i b l e  to  a n t ib o d y  c r e a te d  

a g a i n s t  th e  l a r g e  s p e c i e s  p u r i f i e d  from c a l f  thymus g la n d ,  E„ c o l i  

DNA po lym erases  I  and I I  and c a l f  thymus te rm in a l  t r a n s f e r a s e  a re  

n o t  a f f e c t e d .  T h is  s u g g e s t  a  r e l a t i o n s h i p  n o t  o n ly  betw een th e  l a r g e  and 

sm a l l  s p e c ie s  b u t  a l s o  i n t e r s p e c i e s  s i m i l a r i t i e s .  The c r o s s - r e a c t i o n  

cou ld  be due to  common s i t e s  which a r e  im p o r ta n t  f o r  enzyme a c t i v i t y  

i n  a l l  th e  s p e c ie s  r a t h e r  th a n  an e x t e n s iv e  s t r u c t u r a l  r e l a t i o n s h i p ,

2 ,1 0  V V a r ia t i o n  i n DNA polym erase a c t i v i t y  w i th  d i f f e r e n c e s  i n  

i n  v iv o  DNA s y n t h e t i c  r a t e s .

B efore  t h i s  s e c t i o n  i s  emborVed upon d i s t i n c t i o n  must be 

drawn betw een th e  v a r i a t i o n  i n  DNA s y n t h e s i s  due to  th e  e x i s t e n c e  of 

DNA s y n t h e t i c  and n o n - s y n t h e t i c  p h ases  w i th in  th e  g row th  c y c le  o f  an  

av e ra g e  d i v i d i n g  c e l l ,  and th e  v a r i a t i o n  due to  le a v in g  o r  e n t e r i n g  

t h i s  c y c l e ,  which m a n i f e s t s  i t s e l f  i n  many ways i n c lu d in g  c e l l  

d i f f e r e n t i a t i o n  (d e v e lo p in g  t i s s u e s )  and th e  in d u c t io n  to  grow th
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o f  q u ie s c e n t  system s by chem ica l  o r  p h y s ic a l  means. I n to  th e  l a t t e r  

c a te g o ry  comes r e g e n e r a t i n g  l i v e r ,  s t i m u l a t i o n  o f  lym phocytes  by 

p h y to h a e m a g g lu t in in  (Pli/i) and d i l u t i o n  of c o n t a c t - i n h i b i t e d  c e l l s  

i n  c u l t u r e .  A lso  i n  t h i s  c a te g o ry  comes th e  phenomenon of tumour 

fo rm a t io n ,  which can be e i t h e r  n a t u r a l  o r  a r t i f i c i a l l y  in d u c e d .  

I n v e s t i g a t i o n s  i n t o  th e  s y n t h e s i s  o f  DNA and i t s  c o n t r o l  i n  such 

t i s s u e s  can be u s e f u l  i n  d e te rm in in g  what has  gone wrong i n  a c an c e ro u s  

c o n d i t i o n .

(a)  V a r i a t i o n  i n  DNA polym erase  w ith  c e l l  d i f f e r e n t i a t i o n

As c e l l s  d i f f e r e n t i a t e  th e y  n o rm a l ly  red u ce  t h e i r  p r o l i f e r a t i v e  

a b i l i t y  and th e r e f o r e  DNA s y n t h e s i s  and c e l l  d i v i s i o n  d e c l in e  i n  

im p o r tan ce  a s  th e  c e l l s  c o n c e n t r a t e  on t h e i r  d i f f e r e n t i a t e d  f u n c t i o n ,  

O’N e i l l  & Strohman ( l9 6 9 ,  1970) have shown t h a t  when c h ic k  embryo 

muscle c e l l s  f u s e  to  become m ature m u l t i - n u c l e a t e  c e l l s ,  t h e i r  DNA 

s y n t h e t i c  c a p a c i t y  i s  r e d u c e d .  They a l s o  showed t h a t  th e y  lo s e  90*;̂  

o f  t h e i r  s o lu b le  DNA polym erase  a c t i v i t y *  Wicha & S to c k d a le  (1972) 

have d e m o n s tra ted  t h a t  90/b o f  t h a t  a c t i v i t y  i s  th e  l a r g e  d e n a tu re d  

D N A -prefe rr ing  s p e c i e s ,  Ove e t  a l ,  ( l9 7 0 ) ,  s tu d y in g  th e  developm ent 

o f  r a t  l i v e r  from 6 days b e fo re  to  10 days a f t e r  b i r t h  r e v e a l  a 

c o r r e l a t i o n  betw een f a l l  i n  DNA s y n t h e t i c  a b i l i t y  and th e  l a rg e  

s o lu b le  s p e c i e s ,  Chiu & Sung (l972apb )  used two d i f f e r e n t  a r e a s  of 

r a t  b r a in  which d ev e lo p  a t  d i f f e r e n t  t im es  r e l a t i v e  to  b i r t h .  C e re b ra l  

c o r t e x  i s  a lm o s t  c o m p le te ly  deve loped  a t  b i r t h  w hereas  th e  c e re b e l lu m  

grows r a p i d l y  u n t i l  th e  6 th  day a f t e r  b i r t h  and then  d e c l i n e s .  In  

th e  c e r e b r a l  c o r t e x  th e  l a r g e  s o lu b le  s p e c ie s  which i s  h ig h  i n  th e  

f o e t u s  f a l l s  to  a low l e v e l  a f t e r  b i r t h  b u t  i n  th e  ce re b e l lu m  i t  peaks  

a t  6 days th e n  d e c re a s e s  to  an a lm o s t  u n d e te c ta b le  l e v e l  i n  th e  

a d u l t .  D uring  th e s e  changes  the- sm all  s p e c ie s  v a r i e s  on ly  s l i g h t l y
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i n  b o th  t i s s u e s  and i n  f a c t  i s  shown to  become p a r t i c u l a t e  a s  th e  

r a t  d ev e lo p s  tow ards  a d u l th o o d ,  th e  t o t a l  c e l l u l a r  amount re m a in in g  

c o n s t a n t  (Chiu and Sung, 1972b),

(b ) DNA -polymerase changes i n induced  system s and tumours 

compared w i th  th e  q u ie s c e n t  s t a t e  

There a r e  p ro b a b ly  many seco n d a ry  c o n t r o l  d i f f e r e n c e s  between 

in d u ced  system s such  a s  r e g e n e r a t i n g  l i v e r  and tumour c e l l s  b u t  f o r  

th e  purpose  o f  t h i s  s tu d y  th e y  w i l l  be grouped under  th e  same c a te g o ry  

a s  h a v in g  been s t im u la t e d  i n t o  a p r o l i f e r a t i v e  s t a t e  from a p r e v io u s ly  

q u ie s c e n t  one* Many i n v e s t i g a t o r s  have e s t a b l i s h e d  t h a t  when l i v e r  i s  

made to  r e g e n e r a te  by p a r t i a l  hepa tec to m y , i t s  s o lu b le  DNA polym erase  

i s  h ig h e r  (Bollum & P o t t e r ,  1958 ) ,  Many groups  have s in c e  shown t h i s  

i n c r e a s e  to  be due to  th e  l a r g e  s p e c ie s  ( Iwamura e t  a l , ,  1968; Ove 

e t  a l e ,  1969; B a r i l  e t  a l , ,  1971, 1975; Chang & Bollum, 1972d; Novak 

& E l f o r d ,  1975) .  Workers lo o k in g  a t  n u c l e a r  a c t i v i t i e s  i n  r e g e n e r a t i n g  

l . iv e r  r e p o r t  c o n t r a s t i n g  r e s u l t s ,  lYhere on ly  one a c t i v i t y ,  th e  sm a l l  

s p e c i e s ,  h as  been found i n  n u c l e i  no grow th re sp o n s e  i s  d e t e c t e d  (Chang 

& Bollum, 1972d),  However Chiu e t  a l ,  ( l9 7 5 )  have shown a g ro w th -  

r e s p o n s iv e  i n c r e a s e  i n  a sm a l l  t i g h t l y  bound s p e c i e s .  A s s o c i a t i o n  of  

th e  l a r g e  s p e c ie s  w i th  th e  n u c le u s  d u r in g  r e g e n e r a t i o n  has  been r e p o r te d  

(W allace e t  a l ,  1971; B a r i l  e t  a l , ,  1975),  a l th o u g h  W allace  e t  a l*  

were a b le  to  wash t h e i r  n u c l e i  f r e e  o f  i t  a g r e e in g  w i th  Chang & Bollum 

( l9 7 2 a )  t h a t  i t  may be in c r e a s e d  c y to p la sm ic  c o n ta m in a t io n .  Lynch & 

Lieberm an (1975) do n o t  s i z e  t h e i r  a c t i v i t i e s  b u t  s u g g e s t  t h a t  an 

a c t i v i t y  which rem ains  beh ind  a f t e r  e x t r a c t i o n  o f  n u c l e i  by th e  non

i o n i c  d e t e r g e n t  B r i j  58 i n c r e a s e s  d u r in g  r rg n ie r a t io n ,  and in  f a c t  

a f t e r  s o l u b i l i s a t i o n  t h i s  r e s i d u a l  a c t i v i t y  i s  s u b j e c t  to  s i m i l a r  

i n h i b i t i o n  by araCTP a s  i s  th e  endogenous DNA s y n t h e s i s i n g  a c t i v i t y
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of i s o l a t e d  r e g e n e r a t i n g  n u c l e ic  In  c o n t r a s t  th e  B r i j - e x t r a c t a b l e  

a c t i v i t y  i s  n o t ,  Chang e t  a l .  ( l9 7 3 )  w orking w ith  c u l tu r e d  mouse L 

c e l l s  show t h a t  a s , th e  c e l l s  e n t e r  and le a v e  th e  s t a t i o n a r y  phase o f  

g row th , i t  i s  th e  l a r g e  s o lu b le  s p e c ie s  and n o t  th e  s m a l l  n u c l e a r  

one w hich f l u c t u a t e s  w i th  DBA s y n t h e t i c  d i f f e r e n c e s .  S im i l a r  

c o r r e l a t i o n s  o f  l a r g e  po lym erase  enzyme w ith  grow th d i f f e r e n c e s  a r e  

s een  i n  tum ours (iwamura e t  a l , ,  1968; B a r i l  e t  a l , ,  1971, Ove e t  a l , ,  

1969, 1973s Novak and E l f o r d ,  1973); however Ove e t  a l . ,  ( l9 7 3 )  i n  

hepatom as and Chiu e t  a l , ,  ( l9 7 3 )  i n  BAB induced  tum ours a l s o  f i n d  

a sm a l l  t i g h t l y  bound s p e c i e s  w hich i s  h ig h e r  i n  tum ours .  Chiu e t  

a l .  ( 1973) a l s o  f i n d  a  l a r g e  s p e c ie s  a p p e a r in g  i n  th e  n u c l e i  o f  t h e i r  

BAB induced  tum ours.  T h is  enzyme appears  to  p r e f e r  a  p o ly r i b o n u c le o t id e  

t e m p la t e .  An i n t e r e s t i n g  f i n d i n g  by S p r in g g a te  and Loeb ( l9 7 3 )  i s  

t h a t  o f  a  BNA polym erase  from leukem ic  c e l l s  which makes more m is ta k e s  

d u r in g  in c o r p o r a t i o n  u s in g  a homopolymer te m p la te  th an  t h a t  from 

norm al l e u c o c y te s .  The im p l i c a t i o n s  o f  t h i s  i n  tumour p r o g r e s s io n  

a r e  profoundo

( c ) C e l l  c y c le  v a r i a t i o n s  o f  BNA polym erase  a c t i v i t y  and

i n t r a c e l l u l a r  l o c a t io n

In  o rd e r  to  s tu d y  th e  v a r i a t i o n  i n  any p a ra m e te r  th ro u g h o u t  

th e  c e l l  c y c le  th e  p o p u la t io n  o f  c e l l s  under  s tu d y  must be 

s y n c h ro n is e d  so t h a t  th e y  a r e  a l l  a t  the  same s t a g e  a t  the  same 

t im e .  C e l l  synchrony  i s  o n ly  p o s s i b l e  where most u n c o n t r o l l a b l e  

e x t e r n a l  in f l u e n c e s  have been removed so t h a t  once th e y  have been 

a l ig n e d  they  w i l l  n o t  become to o  asynchronous  b e fo re  th e y  can be 

s t u d i e d .  Hence th e  in v a lu a b le  c o n t r i b u t i o n  of c e l l  c u l t u r e  t e c h n iq u e s  

t o  t h i s  s o r t  o f  s tu d y .  C e l l  c u l t u r e  e n a b le s  a  un ifo rm  p o p u la t io n  o f  

c e l l s  to  be m a n ip u la ted  u nder  th e  c o n t r o l  o f  th e  i n v e s t i g a t o r .
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D isa d v a n ta g e s  a r e  th e  unknown e f f e c t  o f  p ro longed  s u b - c u l t u r i n g  

on th e  s t a b i l i t y  o f  th e  c u l t u r e  and th e  degree  o f  c o r r e l a t i o n  

which can be made w i th  th e  t i s s u e  o f  o r i g i n .  Methods o f  in d u c in g  

synchrony  employed a r e  based  on u s in g  d rugs  to  i n h i b i t  a  p a r t i c u l a r  

s t e p  i . e .  DMA s y n t h e s i s  o r  c e l l  d i v i s i o n , t o  e n ab le  a l l  th e  c e l l s  to  

accum ula te  a t  th e  i n h i b i t i o n  p o i n t .  V ary ing  d e g re e s  o f  synchrony  

can  be o b ta in e d  w i th  th e s e  te c h n iq u e s  b u t  the  danger  i s  t h a t  th e  

c e l l s  d ev e lo p  u n b a lan ced  grow th  and th e  r e s u l t s  g a in ed  from such 

ex p e r im e n ts  must be i n t e r p r e t e d  w i th  c a u t io n .  A c e r t a i n  deg ree  o f  

synchrony  can be o b ta in e d  by r e l e a s i n g  c e l l s  from a q u i e s c e n t  s t a t e  

b u t  a  s tu d y  o f  the  f i r s t  c e l l  c y c le  i s  co m p lica ted  by o v e r a l l  g row th  

i n c r e a s e s .  P r e f e r r e d  a r e  th o s e  te c h n iq u e s  which m in im a lly  d i s t u r b  

th e  system  such  a s  s e l e c t i o n ,  by p h y s ic a l  means, o f  c e l l s  a t  a 

p a r t i c u l a r  s ta g e  such  a s  m i t o s i s  ( e a s i l y  removed by s h a k in g  from a 

m onolayer) o r  e a r l y  i n t e r p h a s e  ( s e p a r a t i o n  on s u c ro se  g r a d i e n t ) .

The f i r s t  c e l l  c y c le  s t u d i e s  on DMA polym erase  were done 

u s in g  th e  DMA s y n t h e s i s  i n h i b i t o r  f lu o ro d e o x y u r id in e  (PdU). L i t t l e 

f i e l d  & McGovern ( l9 6 3 )  and Gold & I l e l l e i n e r  ( l9 6 4 ) ,  u s in g  thym id ine  

r e v e r s e d  PdU i n h i b i t e d  mouse L c e l l s ,  b o th  showed t h a t ,  a s  DMA 

s y n t h e s i s  was a l lo w ed  to  c o n t in u e ,  s o lu b le  DMA polym erase  a c t i v i t y  

f e l l  and p a r t i c u l a t e  ( n u c le a r )  a c t i v i t y  r o s e .  L indsay  e t  a l ,  ( l9 7 0 )  

confirm ed  t h i s  u s in g  a m in o p te r in  i n h i b i t e d  mouse L929 c e l l s ,  and 

a l s o  showed t h a t  th e  i n c r e a s i n g  p a r t i c u l a t e  a c t i v i t y  T̂ ad a te m p la te  

p r e f e r e n c e  s i m i l a r  to  th e  s o lu b le  enzyme. They a l s o  showed t h a t  th e  

n u c l e a r  a c t i v i t y  d e c l in e d  a f t e r  S -p h a s e .  A more r e c e n t  s tu d y  by 

F u r lo n g  e t  a l .  ( l9 7 3 )  has  s u p p o r te d  th e s e  f i n d i n g s .  They u sed  hamstc: 

f i b r o b l a s t  c e l l s  i n  c u l t u r e ,  which had been s e l e c t i v e l y  removed a t  

m etaphase fo l lo w in g  a b r i e f  ex p o su re  to  th e  m i t o t i c  i n h i b i t o r ,
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colceiTiidc A r e p r o d u c ib le  f r a c t i o n  (5 -10 /0 -  o f  th e  DMA polym erase  a c t i v i t y  

was found to  r e n e in  f i r m ly  bound to  th e  n u c l e a r  p e l l e t  a f t e r  r e p e a te d  

c y c l e s  o f  f r e e z i n g  and thaw ing ,  w hich were shown to  remove con tam ina thy; 

c y to p la sm ic  m arker enzymes. The s p e c i f i c  a c t i v i t y  o f  t h i s  f i r m ly  bound 

n u c l e a r  DMA polym erase  was found to  i n c r e a s e  d u r in g  8 -p h ase  i n  p r o p o r t i o n  

to  D.UA s y n th e s is *  On s o l u b i l i s a t i o n  i t  was found to  be l a r g e  and to  

p r e f e r  a d e n a tu re d  DMA te m p la t e .  The i n i t i a l  s o lu b le  a c t i v i t y  and t h a t  

s o l u b i l i s e d  by f r e e z e - th a w in g  d id  n o t  i n c r e a s e  d u r in g  8 - p h a s e . M a d re i te r  

e t  a l .  ( 1971) sy n c h ro n is e d  L c e l l s  u s in g  th e  m i t o t i c  s e l e c t i o n  method and 

a l s o  found an  i n c r e a s e  i n  p a r t i c u l a t e - a s s o c i a t e d  a c t i v i t y  d u r in g  8 -p h a s e .  

T h e i r  s o lu b le  a c t i v i t y  r e s u l t s  were l e s s  c o n c lu s iv e .  S c h in d l e r  e t  a l . ,

( 1972) showed l i t t l e  d i f f e r e n c e  in  t o t a l  c e l l  homogenate a c t i v i t y  a s  th e  

c e l l  c y c le  p ro g re s s e d  i n  m i t o t i c a l l y  s e l e c t e d  muuine mastocytoma c u l t u r e s .  

On s t u d i e s  u s in g  n u c l e i  c ap a b le  o f  i n  v i t r o  DMA s y n t h e s i s  (Friedman and 

M u e l le r ,  1968), F riedm an ( l5 7 0 )  r e p o r t e d  t h a t  th e s e  n u c l e i  i s o l a t e d  from 

a m e t h o p t e r i n - i n h i b i t e d  th y m id in c - re le % se d  ReLa c e l l s  c o n ta in  a d c n a tu rc d -  

p r e f e r r i n g  Dbii po lym erase  a c t i v i t y  which rem ained h ig h  in  8 -p h a s e .  The 

s o lu b le  a c t i v i t y  rem ained  c o n s ta n t  u n t i l  a f t e r  8 -p h ase  when i t  r o s e .  L a te r  

k i n e t i c  s t u d i e s  on th e  s o l u b i l i s e d  a c t i v i t y  were c o n s i s t e n t  w i th  t h e r e  

b e in g  two polym erase  s p e c ie s  (Friedm an, I 969) .

The fo r e g o in g  r e p o r t s  have su g g e s te d  t h a t  a  d e n a tu re d  DNA- 

p r e f e r r i n g  s o l u b l e - l i k e  ( p o s s i b ly  l a r g e )  s p e c ie s  i s  a s s o c i a t e d  w i th  n u c l e i  

d u r in g  8 -p h a s e ,  ho ev id en ce  i s  p r e s e n te d  to  s u g g e s t  w hether  i t  s 

p r e f e r e n t i a l  s y n t h e s i s  o f  n u c l e a r - a s s o c i a t e d  enzyme or t r a n s l o c ^ t i o n  o f  

p r e - e x i s t i n g  c y to p la s m ic  enzyme. Using the  n a t u r a l l y  synchronous 

d i v i s i o n s  o f  e a r l y  d e v e lo p in g  sea  u r c h in  embryos, Loeb and h i s  co -w orkers  

have r e s o lv e d  t i l l s  p o i n t ,  a t  l e a s t  f o r  t h e i r  system . D uring
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e a r l y  developm ent,  when r a p id  DMA s y n t h e s i s  i s  g o in g  on, sea  u r c h in  

embryos ap p e a r  to  r e d i s t r i b u t e  t h e i r  DMA polym erase  a c t i v i t y  from 

cy top lasm  to  n u c le u s  ( P a n s i e r  & Loeb, 1969 ) .  L a t e r ,  Loeb and P a n s i e r  

( 1970) d em o n s tra ted  t h a t  t h e r e  i s  no p r e f e r e n t i a l  s y n t h e s i s  o f  DMA 

polym erase  compared w i th  t o t a l  c e l l u l a r  p r o t e i n  o f  which th e r e  i s  

v e ry  l i t t l e  tu rn o v e r  (P ry  & G ro ss ,  19 7 0 ) .  As t h e r e  i s  a l s o  no in c r e a s e  

i n  t o t a l  DMA polym erase  o ver  th e  p e r io d ,  i t  must r e p r e s e n t  a t r u e  

t r a n s l o c a t i o n  from cy to p lasm  to  n u c le u s .  In  a  l a t e r  r e p o r t  P a n s ie r  

& Loeb (1972) show a r e v e r s i b l e  a s s o c i a t i o n  o f  DMA polym erase  w i th  

th e  n u c le u s  d u r in g  th e  c e l l  c y c l e ,  th e  enzyme a s s o c i a t i n g  w ith  

chromosomes a s  th e y  u n fo ld  from m i t o s i s ,  and rem ain  bound u n t i l  

a f t e r  S -phase  when i t  d i s s o c i a t e s .

2 ,1 1  O ther  a c t i v i t i e s  im p l ic a te d  i n  e u k a r v o t i c  DMA r e p l i c a t i o n

The absence  o f  a p r o p e r ly  deve loped  system  of g e n e t i c s  f o r  

e u k a ry o te s  h a s  r u l e d  o u t  an  a n a l y s i s  s i m i l a r  to  t h a t  i n  p r o k a ry o te s  

where p a r t i c u l a r  f a c t o r s  a r e  known to  be in v o lv e d  i n  r e p l i c a t i o n .

R e c e n t ly  Jeggo e t  a l ,  ( l9 7 3 )  i s o l a t e d  a  t e m p e r a t u r e - s e n s i t i v e  m utan t 

o f  th e  smut fungus U s t i l a g o  maydis which c o n ta in e d  a h e a t  l a b i l e  DMA 

p o ly m erase .  However most o th e r  enzymes d e s c r ib e d  w i th  a c t i v i t i e s  

s i m i l a r  to  th o se  known to  be in v o lv e d  i n  p ro k a ry o te  r e p l i c a t i o n  can 

o n ly  be im p l ie d  to  have a r o l e  i n  e u k a r y o te s .  H e r r ic k  &, A lb e r t s

(1973) have i s o l a t e d  a n u c l e i c  a c id  h e l ix -u n w in d in g  p r o t e i n  from c a l f  

thymus which can s t i m u l a t e  th e  l a r g e  c a l f  thymus DMA polym erase  a l th o u g h  

n o t  s p e c i f i c a l l y .  C u l tu re d  mammalian f i b r o b l a s t s  c o n ta in  a p r o t e i n  

which i s  p r e s e n t  i n  g r e a t e r  amounts i n  growing compared w i th  r e s t i n g  

c e l l s  and has  an a f f i n i t y  f o r  s i n g l e - s t r a n d e d  DMA (T sa i  & G reen, 1973)» 

( c r f .  Gene 32 p r o t e i n  o f  T4 phage, see  page 1 3 )» The ev id en ce  f o r  a  

mechanism o f d i s c o n t in u o u s  c h a in  grow th  f o r  e u k a ry o te s  i s  n o t  so c l e a r l y
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d e f in e d  a s  i n  p ro k a ry o te s  and th e  r o l e  of RNA p r im e rs  and g a p - f i l l i n g  

i s  s t i l l  s p e c u l a t i v e ,  RNase H and DMA l i g a s e  a c t i v i t i e s  have been 

d e m o n s tra ted  lut e l u c i d a t i o n  o f  t h e i r  in  v iv o  r o l e  w i l l  have to  a w a i t  

f u r t h e r  b io c h e m ic a l  a n a l y s i s  and a b e t t e r  c h a r a c t e r i s e d  e u la i ry o t i c  

g e n e t i c s  -  as. w i l l ,  o f  co u rse  u n e q u iv o c a l  p ro o f  o f  which DMA polym erase  

s p e c i e s  i s  th e  DMA r e p l i c a a e .

5 .  AIMS OF THE PRESENT WORK

The i n i t i a l  aim was to  d e te rm in e  i f  t h e r e  was a, r e l a t i o n s h i p  

between th e  two ty p e s  o f  DMA p o ly m e r is in g  a c t i v i t i e s  shown to  be p r e s e n t  

i n  n u c l e a r  and s u p e r n a ta n t  f r a c t i o n s  p re p a re d  from c u l t u r e d  mouse'L929 

c e l l s  (.Lindsay and Adams, 1968; Adams & L in d sa y ,  1969; L indsay  e t  a l . ,  

1970)•  As th e  s u p e r n a ta n t  a c t i v i t y  p r e f e r r e d  d e n a tu re d  DMA a s  p r im e r  

w hereas  th e  n u c l e a r  one p r e f e r r e d  n a t i v e ,  a com parison  was drawn w i th  

th e  h y p o th e s i s  p o s t u l a t e d  by ICeir (19 6 5 ) ,  t h a t  the  s u p e r n a ta n t  a c t i v i t y  

was an ' a l t e r e d '  form o f  th e  n u c l e a r  one r e n d e re d  i n a c t i v e  on a n a t iv e  

DMA te m p la te  i n  n o n - p r o l i f e r a t i v e  s t a t e s .  An a c t i v i t y  c a p a b le  of 

c o n v e r t in g  the  s o lu b le  to  th e  n u c l e a r  one was sough t i n  c rude  c e l l  

f r a c t i o n s .  S p e c i f i c  enzymic and p h y s ic a l  te c h n iq u e s  were employed 

to  i n v e s t i g a t e  th e  b io c h e m ic a l  n a tu r e  o f  th e  s u p e r n a t a n t  a c t i v i t y  

p a r t i c u l a r l y  because  o f  i t s  u n u s u a l ly  h ig h  and th e  s u g g e s t io n  by

con tem porary  r e p o r t s  t h a t  i t  may be a t t a c h e d  to  membrane ( B a r i l  e t  

a l , ,  1970, 1971) .

Anoifner approac.Vi was bo s tu d y  how the  two a c t i v i t i e s  chc.nged 

t h e i r  l e v e l s  and i n t r a c e l l u l a r  l o c a t i o n  i n  re sp o n se  to  DMA s y n t h e t i c  

changes ,  w i th  a view to  g a in in g  a b e t t e r  u n d e r s ta n d in g  o f  t h e i r  r o l e  

i n  DMA r e p l i c a t i o n .  To t h i s  end , an  i s o l a t e d  n u c l e a r  system  was 

dev e lo p ed  which i n c o r p o r a t e d  5 ’ dNTPs i n t o  DMA i n  a manner which 

c o r r e l a t e d  w i th  th e  DMA r e p l i c a t i v e  a b i l i t y  o f  th e  c e l l s  o f  o r i g i n .
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The p r o p e r t i e s  o f  t h i s  n u c l e a r  s y n t h e s i s  and o f  th e  DMA p o lym erases  

e x t r a c t a b l e  from th e s e  n u c l e i  were compared. To d e m o n s tra te  which 

DMA polym erase  s p e c ie s  was in v o lv e d ,  th e  e f f e c t  o f  s p e c i f i c a l l y  

e x t r a c t i n g  a p a r t i c u l a r  enzyme on th e  endogenous s y n t h e t i c  a b i l i t y  

o f  th e  n u c l e i  was i n v e s t i g a t e d .  Vhen e x t r a c t i o n  was com plete  i . e .  

a l l  a s s a y a b le  n u c l e a r  DMA. po lym erase  a c t i v i t y  had been removed, 

a t t e m p t s  were made to  r e a c t i v a t e  th e  n u c l e i  by ad d in g  back e x t r a c t s  

c o n t a in in g  d i f f e r e n t  DMA polym erase  s p e c i e s .  The v a l i d i t y  o f  th e  

r e a c t i v a t e d  endogenous s y n t h e s i s  was checked by com parison  o f  su c ro se  

g r a d i e n t  p r o f i l e s  o f  th e  p ro d u c ts  i n  each  c a s e .
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1 ,  CHEMICALS

M -e th y lm a le im id e , sodium p - a m i n o s a l i c y la t e  and ammonium 

s u lp h a t e  ( s p e c i a l l y  low i n  heavy m e ta ls  f o r  enzyme work) were p ro d u c ts  

o f  B r i t i s h  Drug Houses L t d . ,  P o o le ,  D o rs e t ,  E ng land . Most o f  the  

o th e r  in o r g a n ic  c h em ica ls  u sed  i n  th e  p r e s e n t  work were a l s o  o b ta in e d  

from t h i s  so u rce  and- were AnalaH g rade  w herever p o s s i b l e .

A m in o p te r in ,  sodium 7 -d e o x y c h o la te  (DOC), B r i j  58 (P o lyozy -  

e t h y le n e  20 c e t y l  e t h e r )  and T r i s  (hydroxym ethyl)  arainomethane 

(Trizma b ase )  were o b ta in e d  from th e  Sigma Chemical C o .,  S t .  L o u is ,  

M is s o u r i ,  U .S.A.

Hyamine h y d ro x id e  (iM i n  m e thano l)  and 2, 5 d ip h e n y lo x a z o le  

(PPO) were p u rch ased  from K och-L igh t L abora to r ies ,  Colnbrook, B u ck s . ,  

E ng land ,

T r i t o n  X-100 (p o ly o x y e th y le n e  o c t y l  pheno l)  was a p ro d u c t  of 

Rolim & Haas (U.K.) L t d . ,  Croydon, E ng land ,

p -B is  ( o - m e t h y l s ty r y l )  benzene , ( b i s  MSB) was o b ta in e d  from 

Eastman-Kodak Company, K irk b y ,  L a n c s . ,  England ,

20 HUCLEIC ACID PRECURSORS

2 .1  U n la b e l le d

The d e o x y r ib o n u c le o s id e  5 ' - t r i p h o s p h a t e s  (dATP, dGTP, dCTP 

and dTTP) and th e  d e o x y r ib o n u c le o s id e  5 ' - d ip h o s p h a te s  (dJiDP, dGDP, 

dODP and dTDP) a 1] a s  sodium s a l t s  were pu rchased  from ?-L  B iochem ica ls  

I n c o r p o r a t e d ,  M ilw aukee, W isconsin  53205, U .S.A.

The r ib o n u c l e o s id e  5 ’- t r i p h o s p h a t e s  (rATP, rGTP, rCTP, and 

rUTP) a l l  a s  sodium s a l t s  were o b ta in e d  from the  same so u rce  a s  above,

1 - -D -a r a b in o f u r n n o s y lc y to s in e  5 ' - t r i p h o s p h a t e  (araCTP) 

was a - p r o d u c t  o f  th e  Sigma Chem ical C o . S t ,  L o u is ,  M is s o u r i ,  U .S.A.
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2 ,2  R a d io a c t iv e

[M e-&  i dTTP, dTDP and [2-^ '^cJ thym id ine  were a l l

p u rch ased  from th e  R ad iochem ica l C e n t re ,  Amersham, England ,

3 . BIOLOGICAL MATERIALS

3 .1  M ucleic  A cids

Salmon t e s t i s  DMA was o b ta in e d  from W orth ing ton  Bio-chemicaT 

C o rp o ra t io n ,  F re e h o ld ,  New J e r s e y ,  U .S .A .

Y eas t  whole c e l l  RMA was o b ta in e d  from B r i t i s h  Drug Houses 

L t d . ,  P o o le ,  D o r s e t ,  E ng land .

3 .2  P r o t e i n s  and Enzymes

Bovine serum a lbum in  (BSA) and haem oglobin  (Horse h e a r t )  

were o b ta in e d  from th e  Sigma Chemical C o., S t .  L o u is ,  M is s o u r i ,  U .S .A . ,  

a s  were th e  enzjnnes E. c o l i  a l k a l i n e  p h o s p h a ta se ,  bovine p a n c r e a t i c  

r ib o n u c le a s e -A  and bee venom p h o sp h o lip a se -A .

E. c q ] i  DMA polym erase  was p u rchased  from the  Boehxinger 

C o rp o ra t io n  (London) L t d . ,  E ng land ,

U rease  from J a c k  Beans was o b ta in e d  from th e  W orth ing ton  

B iochem ica l C o rp o ra t io n ,  F re e h o ld ,  Mew J e r s e y ,  U.S.A.

3 .3  C e l l  c u l t u r e

L929 mouse f i b r o b l a s t  c e l l s  (Sanford  e t  a l , ,  1948) were o b ta in e d  

from th e  American Type C u l tu re  C o l l e c t io n  (A .T .C .C .) ,  They wore 

m a in ta in e d  in  m inim al e s s e n t i a l  E a g l e ' s  medium (w ith  double  th e  o r i g i n a l  

v i t a m in  c o n te n t  -  see  P a u l ,  1970) supplem ented  w ith  100 (v /v )  c a l f  

serum ( i . e .  EClO médium) i n  th e  p re s e n c e  of s t r e p to m y c in  and p e n i c i l l i n  

(lOO u n i t s  of each  p e r  ml o f  medium). M a te r i a l s  f o r  c e l l  c u l t u r e  were 

s u p p l ie d  by Flow L a b o r a to r i e s  L t d , ,  I r v i n e ,  S c o t la n d  and B io -C u l t  

L a b o r a to r i e s  L t d . , P a i s l e y ,  S c o t l a n d .  C u l tu r e s  were r o u t i n e l y  checked 

f o r  c o n ta m in a t io n  by b a c t e r i a  and p le u ro p n e u m o n ia - l ik e  o rgan ism s (PPLO).
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4 .  CI-JROMTOGilAPHIC  lU lTBRlAL

Whatman CP2 C e l lu lo s e  powder, Whatman Mo,l chrom atography  

p a p e r ,  N o ll  and 3i’ki f i l t e r  c i r c l e s  (2 .5  cm i n  d ia m e te r )  were p u rch ased  

from Ho Reeve Angel and Co. L t d . ,  London, E ng land .

Sephadex G-200 and S epharose  4B were p ro d u c ts  o f  Pharm acia 

P ine  C hem ica ls ,  U p p sa la ,  Sweden a s  was Blue B e x tra n  2000, a h ig h  

m o le c u la r  w e ig h t  dye f o r  column c a l i b r a t i o n ,

5 .  MISCELLANEOUS

H i f lo  S uper Gel ( C e l i t e )  was o b ta in e d  from K och-L igh t 

L a b o r a to r i e s  L t d , ,  C olnbrook , Bucks, E ng land ,

C e l lu lo s e  n i t r a t e  u l t r a c e n t r i f u g e  tu b e s  were p u rch ased  from 

Beckman L t d . ,  P a lo  A l to ,  C a l i f o r n i a ,  U .S.A.

Minicon B-15 c o n c e n t r a to r s  ( l5 ,0 0 0  M.W. c u t - o f f ,  maximum 

volume, 5 ml) were s u p p l ie d  by Amicon, High Wycombe, B u ck s . ,  E ng land .
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1 . SOLUTIONS

1 .1  B u f fe r s

U n less  o th e rw is e  s t a t e d  T r i s - h u f f e r  was used  th ro u g h o u t  the  

p r e s e n t  work. S o lu t i o n s  were b u f f e r e d  by a d d in g  th e  a p p r o p r i a t e  volume 

o f a s to c k  s o l u t i o n  o f  IM Trizma base  i n  w a te r  which had been p r e v io u s l y  

a d j u s t e d  to  pH 7 .5  u s in g  HCl (ll-I T r i s  HCl, pH 7 . 5 ) .  A f t e r  d i l u t i o n  the  

pH was checked and r e - a d j u s t e d  to  7*5 i f  n e c e s s a r y .

B u f fe r  A c o n s i s t e d  o f  20mM T r i s  HCl, pH 7 .5  c o n ta in in g  5mid

2-rnercaptoe t b a n o l ,

Buffeced-suerose used  f o r  p r e p a r a t i o n  o f  c e l l  f r a c t i o n s  c o n s i s t e d  

o f  B u f fe r  A c o n ta in in g  0.25M su c ro s e  ( i s o t o n i c  b u f f e r ) .

S ta n d a rd  column b u f f e r ,  u sed  f o r  g e l  f i l t r a t i o n  s t u d i e s  was 

com prised  of  B u f fe r  A w ith  KCl a t  a  c o n c e n t r a t i o n  of  0.15M,

1•2 Sc i n t i l l a t i o n  F lu id

Toluene/pPO s c i n t i l l a t o r  was p re p a re d  by d i s s o l v i n g  PPO a t  

0 .5 0  (w/v) i n  AnalaH to lu e n e ,

T r i to n /T o lu e n e  s c i n t i l l a t o r  was p re p a re d  by d i s s o l v i n g  PPO 

a t  0 .5 0  (w/v) and b i s  MSB a t  0.050 (w/v) in  a s o l u t i o n  c o n ta in in g  550 

(v /v )  T r i t o n  X-lOO and 650 (v /v )  AnalaH to lu e n e ,

2 ,  ESTIMATION OF PROTEIN, DMA AND RNA

P r o t e i n  was d e te rm in e d  by th e  method of Lowry e t  a l .  ( l 9 5 l )  

u s in g  bovine serum a lbum in  a s  s t a n d a r d .

BNA was e s t im a te d  by th e  method of  Burton (1956) u s in g  salmon 

t e s t i s  BNA as  s t a n d a r d ,

RNA was m easured by th e  method o f  S chneider-  ( l9 5 7 )  u s in g  

y e a s t  whole c e l l  RNA a s  s t a n d a r d .

5 .  PREPARATION OF BIOLOGICAL MATERIAL

3•1  L o g a r i th m ic a l ly  grow ing L929 c e l l s
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L929 c e l l s  in  th e  l o g a r i t h m ic  s ta g e  o f  grow th  were o b ta in e d  by

6s e t t i n g  up W in ch es te r  b a t t l e s ,  each  c o n ta in in g  20-40x10 c e l l S ;  and 

grow ing th e  c e l l s  a s  m onolayer c u l t u r e s  w ith  c o n s ta n t  r o t a t i o n ,  f o r

3 -4  days a t  37° 0 , w ith  one change o f  medium.

3*2 S t a t i o n a r y  L929 c e l l s

S t a t i o n a r y  L929 c e l l s  were o b ta in e d  by s e t t i n g  up W in ch es te r  

b o t t l e s ,  a s  above , and a l lo w in g  th e  c e l l s  to  re a c h  c o n f lu e n c e .

G e n e ra l ly  c e l l s  grown f o r  7-10  days w i th  two o r  th r e e  changes o f  

medium were u sed  f o r  th e  p r e s e n t  work,

3 .3  1929 c e l l s  i n  th e  DM A-synthetic o r  S -phase

S -phase  1929 c e l l s  were o b ta in e d  by one' o f  th e  two fo l lo w in g

m e th o d s :-

( i )  W in ch es te r  b o t t l e s ,  each  c o n ta in in g  80-100x10^ c e l l s ,  were s e t

up u s in g  s t a t i o n a r y  1929 c e l l s .  A f t e r  8 h o f  g row th , a m in o p te r in ,

-7a d en o s in e  and g ly c in e  were added to  f i n a l  c o n c e n t r a t i o n s  of 2x10 K, 

2x10 and 10 r e s p e c t i v e l y .  A f t e r  a f u r t h e r  16 h g row th , thym id ine  

was added a t  a f i n a l  c o n c e n t r a t i o n  o f  5x10 2 h l a t e r  th e  c e l l s

were h a r v e s te d  when i t  was shown, i n  a s e p a r a t e  e x p e r im en t ,  a u t o r a d i o -  

g r a p h i c a l l y ,  t h a t  900 o f  th e  c e l l s  were i n c o r p o r a t i n g  exogenous ly  added 

^H -thym idine i n t o  t h e i r  DMA (L indsay  e t  a l , ,  1970) .

( j . i )  C e l l s  were s e t  up i n i t i a l l y  a s  i n  ( i )  and h a r v e s te d  17-19 h l a t e r  

when i t  was shown by th e  c r i t e r i o n  i n  ( i )  t h a t  8O/0 o f  th e  c e l l s  were 

making DMA (L indsay  e t  a l . ,  1 9 7 0 ) .

3 .4  P r e p a r a t io n  o f  n u c l e a r  and s o lu b le  f r a c t i o n s  from L929 

ce l l s

C e l l s ,  a t  the  r e q u i r e d  grow th s t a g e ,  were r in s e d  w ith  i c e -  

co ld  b a lan ced  s a l t  s o l u t i o n  (BSS -  see P au l ,  1970),  s c ra p e d  o f f  i n
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BSS and c e n t r i f u g e d  a t  600g f o r  5 min a t  4^C, A l l  su b se q u en t 

o p e r a t io n s  were c a r r i e d  ou t a t  0 - 4 The c e l l s  were washed tw ice  

by r e s u s p e n s io n  i n  10-20 volumes o f  B u f f e r e d - s u c ro s e  (see  Methods, 

s e c t i o n  l . l )  fo l lo w e d  by c e n t r i f u g a t i o n  a s  b e f o r e .  The c e l l s  were 

th e n  re su sp en d ed  in  5 volumes o f  B u f fe re d - s u c ro s e  and d i s r u p te d  by 

h o m o g e n isa t io n ,  u s in g  a  P o t te r -E lv e h je m  hom ogeniser w i th  a c l o s e - f i t t i n g  

T e f lo n  p e s t l e  and g l a s s  tube  (Made by S i r e i c a ,  Jam aica ,  New York,

U .S .A .) ,  A f t e r  e v e ry  3 s t r o k e s ,  th e  c e l l s  were checked f o r  b reakage  

by p h a s e - c o n t r a s t  m icroscopy  and re-hom ogen ised  i f  n e c e s s a r y .  The 

homogenate was th e n  c e n t r i f u g e d  a t  800g f o r  10 min. For p r e p a r a t i o n  

o f  h ig h - s p e e d  s u p e r n a ta n t  (S2) th e  low -speed  s u p e r n a ta n t  (S l)  from 

th e  p re v io u s  s t e p  was c e n t r i f u g e d  a t  103,000g f o r  1 h i n  a S p inco  40 

r o t o r .  The n u c l e a r  p e l l e t  (N1), o b ta in e d  by c e n t r i f u g i n g  th e  homogenate, 

was washed a f u r t h e r  tw ic e ,  by r e s u s p e n s io n  in  10-20 vo lirnes  of 

B u f f e r e d - s u c ro s e  and c e n t r i f u g a t i o n  a t  BOOg f o r  10 min, g iv in g  r i s e  

to  N2 and N3 n u c l e a r  p r e p a r a t i o n s .  F i g . 1 o u t l i n e s  th e  p ro ced u re  from 

th e  homogenate s ta g e

3 .3  A l t e r n a t i v e  method o f  n u c l e a r  i s o l a t i o n  from L929 c e l l s  

The s t e p s  f o r  th e  p r e p a r a t i o n  o f  N2 f r a c t i o n  i n  th e  p re v io u s  

s e c t i o n  were fo l lo w ed  w i th  th e  d i f f e r e n c e  t h a t  B u f f e r e d - s u c ro s e  was 

r e p la c e d  w ith  a s o l u t i o n  c o n t a in in g  lOmH T r i s  HCl pH 7 .8 ,  ImM EDTA,

4mM MgOlg and 6mM 2 -m e rc a p to e th a n o l  (H ershey e t  a l , ,  1973&).

L929 c e l l s  proved  d i f f i c u l t  to  b reak  by h o m o g e n isa tio n  i n  

th e  above s o l u t i o n  and th e  r e s u l t a n t  n u c l e i  were con tam ina ted  w ith  

cybplasra ic  g r a n u la r  m a t e r i a l  on ex am in a t io n  by p h a s e - c o n t r a s t  m ic ro sco p y .

3 .6  C o n c e n t ra t io n  o f  c e l l  f r a c t i o n s

C o n c e n t ra t io n  o f  sam ples f o r  column chrom atography  e t c .  was
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F ig .  1

P r e p a r a t io n  o f  n u c l e a r  and s u n e r n a ta n t  f r a c t i o n s  o f  L929 c e l l s

C e l l s  homogenised 

i n  B u f f e r e d - s u c ro s e

C e n t r i f u g a t i o n  
(800g X 10 rain)

S I
C e n t r i f u g a t i o n  
(105 ,000 g X 60 min)

P e l l e t
(D isc a rd )

N1
Resuspend i n  B u f fe re d - s u c ro s e  
C e n t r i f u g a t i o n  os above

82 S u p e rn a ta n t  
(D isca rd ) Re sus  pe n s i  on a nd 

c e n t  r  i f u g a  t  io n  
a s  above

S u p e rn a ta n t  N3 
(D isca rd )

Nl, N2 and N3 a r e  s u c c e s s iv e l y  washed n u c l e a r  f r a c t i o n s .

81 and 82 a r e  low and h ig h  speed  s u p e r n a ta n t  f r a c t i o n s  r e s p e c t i v e l y .
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a c h ie v e d  by one o f  th e  fo l lo w in g  two m e th o d s :-

( i )  AirnnoniLLTi s u lp h a te  (5 .3  B p e r  10 ml) was added g e n t l y ,  w ith  

s t i r r i n g  to  th e  sample to  be c o n c e n tra te d *  A f t e r  l e a v in g  f o r  15 

min a f t e r  a d d i t i o n  o f  a l l  th e  (Nli^)^SO^, th e  sample was c e n t r i f u g e d  

a t  17 ,000  g f o r  20 min. The r e s u l t a n t  p r e c i p i t a t e  was d i s s o lv e d  in  

s ta n d a rd  column b u f f e r  to  a p p ro x im a te ly  1 /5  o f  th e  o r i g i n a l  volume, 

d i a ly s e d  f o r  two p e r io d s  o f  1 h a g a i n s t  100 volumes o f  s ta n d a rd  column 

b u f f e r  and c e n t r i f u g e d  a t  17 ,000  g f o r  20 min.

( i i )  The sample was d i a ly s e d  a g a i n s t  s ta n d a rd  column b u f f e r  a s  i n  ( i )  

and added to  a  compartment of a M inicon B-15 c o n c e n t r a to r  (volume 5 ml) 

I t  was l e f t  i n  th e  r e f r i g e r a t o r  a t  4*̂ 0 u n t i l  th e  volume was reduced

to  a p p ro x im a te ly  1 /5  o f  th e  o r i g i n a l  sam ple,

3 .7  Methods o f  n u c l e a r  e x t r a c t i o n

S e v e ra l  methods were used  to  e x t r a c t  n u c l e i  depend ing  on 

w h e th e r  th e  e x t r a c t ,  th e  e x t r a c t e d  n u c l e i , o r  bo th  were r e q u i r e d  f o r  

f u r t h e r  s t u d i e s .  A l l  o f  th e  f o l lo w in g  p ro c e d u re s  were c a r r i e d  o u t  a t

0-4°C,

,.i  E x t r a c t i o n  Method I

To th e  n u c l e a r  p e l l e t  was added , dropw ise w i th  c o n s ta n t  

s t i r r i n g ,  an e q u a l  volume of a s o l u t i o n  c o n ta in in g  th e  e x t r a c t i n g  a g e n t  

a t  tw ice  th e  e x t r a c t i o n  c o n c e n t r a t i o n .  The r e s u l t i n g  su sp e n s io n  was 

a l lo w ed  to  e x t r a c t  f o r  10 min, th e n  c e n t r i f u g e d  e i t h e r  a t  11 ,500  g f o r  

20 min, when th e  maximum volume o f  e x t r a c t  was r e q u i r e d ,  o r  a t  800 g 

f o r  10 min. To o b t a in  e x t r a c t e d  n u c l e i  f r e e  of e x t r a c t a b l e  m a t e r i a l ,  

th e y  were washed by r e s u s p e n s io n  i n  10 volumes of B u f f e r  A c o n ta in in g  

th e  e x t r a c t i n g  a g e n t  and c e n t r i f u g e d  a t  800 g f o r  10 min* To remove 

e x t r a c t i n g  a g e n t  th e  w ashing  was r e p e a te d  w ith  B u f fe r  A. The r e s u l t a n t
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e x t r a c t e d  n u c l e a r  p e l l e t  was th e n  suspended i n  B u f fe r  A a s  re q u ire d *

i i  E x t r a c t i o n  Method I I

E x t r a c t i o n  Method I I  was d e v ise d  a s  a m i ld e r  a l t e r n a t i v e  to  I ,

I t  invo lves  d i a l y s i s  o f  a s u sp e n s io n  o f  n u c l e i ,  f o r  two p e r io d s  o f  1 h 

a g a i n s t  100 volumes o f  B u f fe r  A c o n ta in in g  e x t r a c t i n g  a g e n t .  The 

method i s  ad van tageous  a s  i t  a l lo w s  e x t r a c t i o n  to  ta k e  p la c e  g r a d u a l ly  

and w ith  minimal m ech an ica l  damage to  n u c l e i .  I t  was used  p r i n c i p a l l y  

to  s tu d y  the  f e a s i b i l i t y  o f  n u c l e a r  r e c o n s t i t u t i o n  a f t e r  e x t r a c t i o n .

A f t e r  th e  e x t r a c t i o n - d i a l y s i s ,  c o n t in u e d  d i a l y s i s  a g a i n s t  B u f fe r  A would 

a l lo w  r e c o n s t i t u t i o n  w i th o u t  th e  h a rm fu l e f f e c t s  o f  m ech an ica l  s e p a r a t i o n  

and r e s u s p e n s io n .

The e x t r a c t  and e x h a u s t i v e ly  e x t r a c t e d  n u c l e i  can  be o b ta in e d  

a f t e r  th e  e x t r a c t i o n - d i a l y s i s  by r e m o v a l•from th e  d i a l y s i s  bag , and 

t r e a tm e n t  a s  d e s c r ib e d  u nder  E x t r a c t i o n  Method I*

i i i  E x t r a c t i o n  Method I I I

This  p ro ced u re  was d e v ise d  f o r  r a p id  and e f f i c i e n t  p ro d u c t io n  

o f  e x h a u s t i v e ly  e x t r a c t e d  n u c l e i  f r e e  o f  e x t r a c t i n g  a g e n t .  N u c le i  i n  

a  su sp e n s io n  . o f  e x t r a c t i n g  a g e n t ,  o b ta in e d  by e i t h e r  o f  th e  two p re v io u s  

m ethods, were la y e re d  on to p  o f  a d is c o n t in u o u s  su c ro se  g r a d i e n t  c o n ta in in g  

10 volumes of B u f fe r  A p lu s  e x t r a c t i n g  a g e n t  and 100 s u c ro s e ,  and 2 

volumes o f  B u f fe r  A p lu s  150 s u c r o s e .  The n u c l e i  were th en  c e n t r i f u g e d  

a t  800 g f o r  10 min. The e x t r a c t ,  which rem ained on to p ,  was c a r e f u l l y  

removed w ith  a P a s te u r  p i p e t t e .  The re m a in in g  l i q u i d  was removed by 

a s p i r a t i o n  b e in g  c a r e f u l  n o t  to  co n tam in a te  the  e x t r a c t e d  n u c l e a r  p e l l e t  

w ith  s o l u t i o n  c o n ta in in g  e x t r a c t i n g  a g e n t .  The e x h a u s t i v e ly  e x t r a c t e d  

n u c l e i  were th e n  re su sp en d ed  in  B u f fe r  A as  r e q u i r e d .

3 .8  p r e - l a be l l i n g  o f  S -nhase  L929 c e l l  BNA
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C e l l s  were s e t  up a s  d e s c r ib e d  i n  Methods, s e c t i o n  3®3 ( i i ) .  

A f t e r  1 6  h of  g row th , l»5}ACi o f  J th y m id in e ,  o f  s p e c i f i c  a c t i v i t y

62mCi/mmole, was added to  th e  medium (lOO m l) .  A f t e r  1 h ,  th e  r a d i o 

a c t i v e  medium was r e p la c e d  w ith  pre-warmed n o n - r a d io a c t i v e  medium, and 

th e  c e l l s  h a r v e s te d  1 h l a t e r ,

3 .9  P r e p a r a t i o n  o f  n a t i v e  and d e n a tu re d  BNA s o l u t i o n s  

Most sam ples t e s t e d  f o r  BNA polym erase  a c t i v i t y  were a s sa y e d  

w i th  b o th  n a t iv e  and d e n a tu re d  BNA, BNA (salmon t e s t i s )  was d i s s o lv e d  

a t  1 -2  mg p e r  ml i n  Qo05M KCl by g e n t l y  s t i r r i n g  a t  0 -4°C , D é n a tu r a t io n  

was a c h iev ed  by h e a t i n g  a t  lOO^G f o r  10 min, fo l lo w ed  by r a p id  c o o l in g  

i n  an  i c e - w a te r  m ix tu r e ,

4 .  ENZYME ASSAYS

4 o1 Assay f o r  BNA polym erase  a c t i v i t y ,  u s in g  

d e o x y r ib o n u c le o s id e  t r i p h o s p h a te s  

The b a s i c  a s s a y  system  was t h a t  o f  Shepherd & K e ir  ( l 9 6 6 ) .

The sample was in c u b a te d  f o r  1 h a t  37^C in  a t o t a l  volume o f  0 .25  ml

c o n ta in in g  20mM T r i s  HCl pH 7.5» 6mM Mg 01^, 60mM KCl, 0,4mK EBTA,

12ml'I 2 -m e rc a p to e th a n o l ,  400jig/ml salmon t e s t i s  BNA ( e i t h e r  n a t iv e  o r  

d e n a tu re d )  and 0.2mH dATP, dCTP, dCTP and [Me-^Tl] dTTP a t  a s p e c i f i c  

a c t i v i t y  of 20y.0i/pmole,

The r e a c t i o n  was te rm in a te d  by the  a d d i t i o n  o f  0 .05  ml o f

2M NaOH and r e in c u b a te d  f o r  a t  l e a s t  1 h  a t  37°C. 0.1 ml p o r t i o n s

were s p o t t e d  onto Nhatman 3HM f i l t e r  c i r c l e s  (2 .5  cm d ia m e te r )  and 

washed s ix  t im es  i n  50 (w/v) t r i c h l o r o a c e t i c  a c id  c o n ta in in g  50mM 

Na^PgO^ (lO ml p e r  f i l t e r )  and th e n  d r i e d  w ith  e th a n o l  and e t h e r .  The 

BNA was. th e n  d i s s o lv e d  by h e a t in g  w ith  0 .5  ml o f  111 Hyamine h yd rox ide  

f o r  20 min a t  60^C i n  a c o u n t in g  v i a l .  5 ml of to lu en e /P P O  s c i n t i l l a t o r  

was added to  th e  v i a l  and th e  r a d i o a c t i v i t y  in c o rp o r a te d  e s t im a te d  by
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c o u n t in g  the  v i a l  i n  a P h i l l i p s  l i q u i d  s c i n t i l l a t i o n  c o u n te r ,  p r e - ■
3

programmed f o r  e s t i m a t i n g  H i n  homogeneous s o l u t i o n .  DMA polym erase 

a c t i v i t y  i s  e x p re s se d  a s  d .p .m , ] dTMP in c o r p o r a te d  p e r  h o u r .

4»2 A ssay f o r  DMA polym erase  a c t i v i t y  u s in g  d e o x v r ib o n u c le o s id e  

d ip h o s p h a te s

The a s s a y s  were conducted  i n  e x a c t ly  th e  same way a s  w i th  

d e o x y r ib o n u c le o s id e  t r i p h o s p h a t e s ,  e x c e p t  t h a t  d ip h o s p h a te s  were 

s u b s t i t u t e d  f o r  th e  c o r re s p o n d in g  t r i p h o s p h a t e s  and [Ke-0H] dTDP r e p la c e d  

[î'ie'-^ïî] dTTP, 1 . 3mM ATP was a l s o  p r e s e n t .

4 .3  Assay f o r  n u c le o s id e  d ip h o sp h o k in ase  a c t i v i t y  

To a s s a y  th e  c o n v e rs io n  o f  dTDP i n t o  dTTP d u r in g  DMA polym erase  

a s s a y s  w ith  d e o x y r ib o n u c le o s id e  d ip h o s p h a te s  a s  p r e c u r s o r s  in  th e  

p re se n c e  o f  ATP, lOOpl p o r t i o n s  o f  th e  polym erase in c u b a t io n  m ix tu re s  

were p ip e t t e d  i n t o  0 .4  ml o f  i c e - c o l d  50 t r i c h l o r o a c e t i c  a c i d .  The 

sam ples were c e n t r i f u g e d  a t  800g f o r  10 min and 30j.il sam ples o f  the  

s u p e r n a ta n t  ( c o n ta in in g  a c i d - s o l u b l e  m a t e r i a l )  were s p o t t e d  onto  s h e e t s  

o f  Whatman No 1 pap er  (46x57 cms), 10 cm from th e  to p .  The chromatogram 

was developed  f o r  20 h by d e sc e n d in g  chrom atography w ith  i s o b u t y r i c  

a c i d ,  ammonia ( sp ,  g r .  0 ,8 8 )  O.IK EDTA and w a te r  ( lO O ;4 ,2 ;1 , 6 : 5 5 .8  by 

volume) a s  s o lv e n t  (Krebs & Hemms, 1953).

A f te r  ch rom atog raphy , th e  p ap e r  was d r i e d  and examined under 

u l t r a - v i o l e t  l i g h t .  S p o ts  c o r re s p o n d in g  to  dTTP and dTDP, a s  judged by 

s im u l ta n e o u s ly  chrom atcgranhcd  m a rk e rs ,  were c u t  ou t and counted  i n  

Toluene/pPO s c i n t i l l a t o r ,  a s  d e s c r ib e d  in  Methods, s e c t i o n  4 .1 .  The 

p e rc e n ta g e  c o n v e rs io n  o f  dTDP to  dTTP was d e te rm in e d ,

■ 4 .4  Assay  f o r  DMA s y n t h e s i s  by i s o l a t e d  n u c l e i  

A ssay system A
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N u c le i  were a s sa y e d  a t  37^0 f o r  v a ry in g  t im es  by su sp e n s io n  

i n  a f i n a l  volume of 0 ,2  ml c o n ta in in g  20raM T r i s  IICl pH 7 .3 ,  lOmli KgCl^, 

lOmM KCl, 0,4mM EDTA, lOmi-i 2 -m e rc a p to e th a n o l ,  2,mH ATP, 0.2mH dATP, dGTP 

and dCTP and 0,05iAI [H e-^H ] dTTP a t  a s p e c i f i c  a c t i v i t y  of 200 p C i/p m o le .  

The r e a c t i o n  was te rm in a te d  by a d d i t i o n  of 0*05 ml o f  5E NaOH and a f t e r  

in c u b a t io n  f o r  1 h  a t  37^0, 0 ,25  ml o f  20 SDS s o l u t i o n  c o n t a in in g  4ml-i 

EDTA and 60 p - a m i n o s a l i c y l a t e  was added* The m ix tu re  was h e a te d  a t  

70^0 f o r  30 min to  d i s a g g r e g a te  th e  n u c l e i .  2 ml o f  i c e - c o l d  5> 

t r i c h l o r o a c e t i c  a c id  c o n ta in in g  H i f lo  Super Gel ( a t  20g p e r  l i t r e )  was 

added fo l lo w ed  by 3 ml o f  50 TGA c o n ta in in g  50mM Na^P^O^ (TCA/PPI). The 

sam ples were k e p t  i n  an i c e - w a t e r  m ix tu re  f o r  10 min and th en  c e n t r i f u g e d  

a t  800 g f o r  10 min. The p e l l e t  was washed once more w i th  5'0 TCh/PPi and 

t r a n s f e r r e d  w i th  th o ro u g h  w ashing  to  a  Whatman No 1 f i l t e r  c i r c l e  

(2 ,5  cm in  d ia m e te r )  i n  a  M i l l ip o r e  m ic ro a n a ly s i s  f i l t e r  h o ld e r  (No„

XXIO 025 03) .  The f i l t e r  bad been p r e l i n e d  by a d d i t i o n  o f  2 ml of 50 

TGA c o n ta in in g  H i f lo  Super Cel (2 0 g / l ) .  The pad of  H i f lo  Super C e l ,  

c o n t a in in g  th e  p r e c i p i t a t e d  sample was th en  washed t h r e e  t im es  w ith  15 ml 

o f  50 TGA/pPi, once w ith  15 ml o f  a b s o lu t e  a lc o h o l  and tw ice  w i th  3 ml 

c f  e t h e r .  The pad was th e n  s c ra p e d  from th e  f i l t e r  i n t o  a c o u n t in g  v i a l  

and th e  r a d i o a c t i v i t y  in c o r p o r a te d  e s t im a te d  a s  i n  M ethods, s e c t i o n  4 . I 0

Assay system  B

The a s s a y  i s  b a s i c a l l y  tm t  d e s c r ib e d  by H ershey  e t  a l ,  ( l9 7 3 a ) .  

N u c le i  were a s sa y e d  a t  37^0 f o r  v a ry in g  t im es  by s u sp e n s io n  i n  a f i n a l  

volume o f 0 ,2  ml c o n t a in in g  40raH T r i s  IICl pH 7 ,5 ,  lOOmM NaGl, lOmhi 

MgCHg; 0.67mM EDTA, 4raM 2 -m e rc a p to e th a n o l ,  5mil ATP, O.lmR dATP, dGTP, 

dGTP and [ Me-^H J dTTP a t  a s p e c i f i c  a c t i v i t y  o f  50}iCi/pmole, The r e a c t i o î  

was te rm in a te d  by a d d i t i o n  of 1 ml of 50raM Na^P^O^ fo l lo w ed  by 5 ml of
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i c e - c o l d  0.5M p e r c h l o r i c  a c id  c o n t a in in g  O.OOpM Na^P^O,^. I f  th e  amount 

o f  n u c l e i  used  was low, lOOyg of salmon t e d i s  DMA was added a s  c a r r i e r .  

A f t e r  be ing  l e f t  f o r  10 min i n  i c e ,  th e  samples were c e n t r i f u g e d  a t  800 g 

f o r  10 min. The r e s u l t a n t  p e l l e t  was d i s s o lv e d  i n  0 ,5  ml o f  IM NaOH 

( h e a t in g  a t  37^0 i f  n e c e s s a r y )  and th e  a c i d - n r e c i p i t a t i o n  s t e p  r e p e a t e d .  

T h is  p ro ced u re  was r e p e a te d  th r e e  more t im e s .  The f i n a l  p e l l e t  was 

suspended i n  1 ml o f  0.5M PGA, h e a te d  a t  70°C f o r  30 min, a l low ed  to  

c o o l  and c e n t r i f u g e d  f o r  10 min a t  800 g .  The s u p e r n a ta n t  was 

t r a n s f e r r e d  to  a c o u n t in g  v i a l  c o n t a in in g  10 ml o f  T r i to n /T o lu e n e  

S c i n t i l l a t o r  and coun ted  i n  a P h i l l i p s  l i q u i d  S c i n t i l l a t i o n  c o u n te r  

p r e - c a l i b r a t e d  f o r  m easu ring  1̂1 i n  T r i to n /T o lu en e /A q u eo u s  e m u ls io n s .

Por b o th  sy s tem s , th e  DNA c o n te n t  of the  n u c l e i  was measured 

and th e  a c t i v i t y  e x p re s s e d  a s  pmoles TMP in c o rp o ra te d / ra g  DNA.

4 .5  Assay f o r  cytochrome o x id a se  a c t i v i t y

Cytochrome o x id a se  a c t i v i t y  was measured e x a c t l y  a s  d e s c r ib e d  

by C o o p e r s te in  & Lazarow ( l 9 5 l ) .  The a c t i v i t y  was e x p re s se d  as 

p e r  ho u r  a t  37°Co

4 .6  Assay f o r  E . c o l i  DNA polym erase

E. c o l i  DNA p o ly m erase ,  used  a s  a g e l  f i l t r a t i o n  column m arker ,  

was a s sa y e d  e x a c t l y  a s  f o r  L9?9 DNA polym erase a c t i v i t y  d e s c r ib e d  i n  

M ethods, s e c t i o n  4 .1  w i th  d e n a tu re d  DNA as  p r im er ,

4 ,7  A ssay f o r  E* c o l i  a l k a l i n e  phospha tase

A lk a l in e  phosp lia tase  from E. c o l i  vras a s sa y e d  b a s i c a l l y  a s  

d e s c r ib e d  by Garen & L e v in th a l  ( i9 6 0 ) .

5. FRIGTIGNATICIT PROCEDURES

5 .1  Gel f:i .1 t r a t i c r .  on Sernndex G-200

Sephadcx G-200 was p r c - s w o l le n  and e q u i l i b r a t e d  a c c o rd in g  to
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th e  s u p p l i e r ’ s i n s t r u c t i o n s .  The g e l  was th e n  packed, i n t o  columns 

( f i n a l  d im ensions  i n  th e  ran g e  o f  50-57 cm X 0 .9  cm). A f t e r  each  

column p r e p a r a t i o n ,  th e  v o id  volume and the  e l u t i o n  volumes o f  s e v e r a l  

m arke rs  were d e te rm in e d  u s in g  Blue D ex tran  (BD), E. c o l i  DNA polym erase  

(EDP), E. c o l i  a l k a l i n e  p h o sp h a ta se  (AP) and haem oglobin  (Hb), EDP and 

AP were a s sa y e d  a s  d e s c r ib e d  i n  M ethods, s e c t i o n s  Ac6 and 4 ,7  r e s p e c t i v e l y .  

BD and Hb were d e te rm in e d  by m e asu r in g  th e  e x t i n c t i o n  a t  600 nm and 

440 nm r e s p e c t i v e l y .  The flow  r a t e  was 6 ,0  -  6 ,2  ml p e r  hour and 0 ,9  -

1 ,1  ml f r a c t i o n s  were c o l l e c t e d .  A l l  p ro c e d u re s  were c a r r i e d  o u t  a t  

0 -  4°C.

5 .2  Gel f i l t r a t i o n  on S epharose  4B

The s w e l l i n g  and e q u i l i b r a t i o n  were c a r r i e d  ou t a c c o rd in g  to  

th e  s u p p l i e r s  i n s t r u c t i o n s  and columns packed as  d e s c r ib e d  f o r  Sephadex 

G-200 (Methods, s e c t i o n  5 « l ) -  U rease  was used  a s  a m arker and was 

measured by e x t i n c t i o n  a t  280nm, Plow r a t e s  and f r a c t i o n  c o l l e c t i o n  

were a s  d e s c r ib e d  f o r  Sephadex G-200.

5 .3  DN A -c e l lu lo se  chrom atogranhy

N ativ e  D N A -cellu lose  was p re p a re d  u s in g  salmon t e s t i s  DNA by
L

th e  method o f  Al -b ( l 968) .  The f i n a l  p ro d u c t  was shown to  

have 6*43]ig DNA bound p e r  mg o f c e l l u l o s e .  Samples i n  B u f fe r  A were 

a p p l ie d  to  a packed column o f  D N A -cellu lose  (5x1 ,5  cm) a t  4°C and a l low ed  

to  s ta n d  f o r  10 min to  p e rm i t  b in d in g .  The unbound e l u a t e  was then  

c o l l e c t e d  and th e  column washed w i th  10 volumes o f  B u f fe r  A. C ontinuous 

g r a d i e n t  e l u t i o n  w ith  i n c r e a s i n g  KC.l c o n c e n t r a t i o n  was th e n  perform ed 

and 2 ml f r a c t i o n s  c o l l e c t e d .  The f low  r a t e  was 6 .0  6 ,2  ml p e r  h o u r ,

5 .4  A lk a l in e  s u c ro s e  g r a d i e n t  c e n t r i f u g e t . io n

Samples were la y e r e d  on to  l i n e a r  5-2O'0 s u c ro se  g r a d ie n t s  c o n ta in in g

O.IM NaOH and l.OM KCl and c e n t r i f u g e d  a t  63 ,500 g f o r  16 h a t  4^0 in
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a SU25 r o t o r .  G ra d ie n ts  were h a r v e s te d  by p u t t i n g  a tube  th ro u g h  

th e  s u c ro se  to  th e  bottom  of th e  tube  and w ithd raw ing  m a t e r i a l  a t  

a r a t e  o f  2*5 m l/m in i n t o  1 ,0  -  1 .2  ml f r a c t i o n s .

To d e te rm in e  th e  t o t a l  r a d i o a c t i v i t y ,  sam ples were d r i e d  

down, s o l u b i l i s e d  i n  hyamine and coun ted  i n  Toluene/pPO s c i n t i l l a t i o n  

■ flu id  a s  d e s c r ib e d  i n  Methods, s e c t i o n  4.1*

Acid i n s o lu b l e  r a d i o a c t i v i t y  was m easured by p r e c i p i t a t i o n  

and w ashing  w ith  50 t r i c h l o r o a c e t i c  a c i d  u s in g  H i f lo  Ouper Cel a s  

d e s c r ib e d  i n  Methods, s e c t i o n  4 .4 ,
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1 .  MA POLYMERASE ACTIVITY OF L929 CELLS

The p re se n c e  o f  DNA polym erase  a c t i v i t y  i n  c u l t u r e d  mouse 

f i b r o b l a s t  L c e l l s  has  been r e p o r t e d  p r e v io u s ly  by s e v e r a l  

i n v e s t i g a t o r s  ( L i t t l e f i e l d  e t  a l , ,  1963; Gold & H e l l e i n e r ,  1964;

L indsay  & Adams, 1 968 ) ,  U sing  s i m i l a r  c e l l  f r a c t i o n a t i o n  p ro c e d u re s  

a s  employed i n  th e  p r e s e n t  work, L indsay  & Adams (1968) showed t h a t  

n u c l e i  i s o l a t e d  from l o g a r i t h m i c a l l y  growing L929 c e l l s  e x h i b i t e d  

a  2-5  f o l d  p r e f e r e n c e  f o r  n a t i v e  DNA a s  te m p la t e ,  w hereas  a s o lu b le  

f r a c t i o n  was 3 -4  t im es  more a c t i v e  i n  the  p re se n c e  o f  h e a t - d e n a tu r e d  

DNA. A com parison  o f  some o f  th e  p r o p e r t i e s  of the  two a c t i v i t i e s  

h a s  been documented (L in d say ,  J .G , ,  Ph.D. T h e s i s ,  U n iv e r s i ty  o f  

Glasgow, 1969) .  The a c t i v i t i e s  have s i m i l a r  pH optim a and respond  

i n  th e  same way to  changes i n  magnesium and p o tass ium  io n  c o n c e n t r a t i o n  

in  th e  a s s a y .  A p a r t  from DNA te m p la te  p r e f e r e n c e  and c e l l u l a r  

d i s t r i b u t i o n ,  th e  two a c t i v i t i e s  d i f f e r  i n  t h e i r  re sp o n s e  to  om iss ion  

o f  one o r  more of th e  f o u r  d e o x y r ib o n u c lc c s id e  5 ’ t r i p h o s p h a t e s  i n  

th e  a s s a y .  N u c le a r  DNA polym erase  i s  a b le  to  i n c o r p o r a t e  a t  800 

of th e  c o n t r o l  r a t e  w ith  om iss ion  of  one t r i p h o s p h a te  and a t  400 

i n  the  p re sen ce  o f  o n ly  dTTP. S o lu b le  a c t i v i t y ,  however, behaves i n  

a more r e p l i c a t i v e  manner b e in g  reduced  to  l e s s  th a n  150 of  c o n t ro l  

r a t e s  i n  the  p re se n c e  o f  o n ly  dTTP,

2e DNA POLYMERASE SPECIES PRESENT IN SOLUBLE AND NUCLEAR FRACTIONS 

FROM LO29 CELLS

P r e l im in a ry  p u r i f i c a t i o n  s t u d i e s  in  t h i s  and o th e r  l a b o r a t o r i e s  

su g g e s te d  t h a t  t h e r e  may be more th a n  one DNA polym erase  s p e c ie s  p r e s e n t  

i n  e u k a r y o t i c  c e l l s .  The i n t e r - r e l a t i o n s h i p  and i n t r a c e l l u l a r  

d i s t r i b u t i o n  o f  th e s e  s p e c ie s  h a s  been the  s u b j e c t  of much c o n t ro v e r s y  

i n  r e c e n t  y e a r s  (See Table 2 o f  . I n t r o d u c t i o n ) ,
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2 .1  S o lu b le  DNA polym erase  a c t i v i t y

-•A h ig h - s p e e d  s u p e r n a ta n t  f r a c t i o n  from l o g a r i t h m i c a l l y  grow ing 

c e l l s  p r e f e r s  h e a t - d e n a tu r e d  DNA c o n f irm in g  p re v io u s  f i n d i n g s .  When 

a p p l i e d  to  a column o f  Sephadex G—200, and e l u t e d  w i th  s ta n d a rd  

column b u f f e r  (0.,15M KCl, 20mll T r i s  HCl, pH 7®5y 5mM r a e r c a p to e th a n o l ) , 

th e  b u lk  o f  th e  a c t i v i t y  e l u t e s  i n  th e  v o id  volume, s u g g e s t in g  t h a t  

i t s  m o le c u la r  w e ig h t  i s  i n  e x c e ss  o f  200,000 d a l t o n s ( p i g , 2 ) .  Very 

l i t t l e ,  i f  any , low er M.W, a c t i v i t y  i s  found . The a c t i v i t y  s t i l l  

r e t a i n s  i t s  p r e f e r e n c e  f o r  d e n a tu re d  DNA a l th o u g h  t h i s  i s  r e d u c e d .

This  p r e f e r e n t i a l  l o s s  o f  a c t i v i t y  w i th  d e n a tu re d  DNA i s  p r o b a b l y ' 

due to  d i l u t i o n  on th e  column, a s  v e r i f i e d  by .the r e s u l t s  shox-m i n  

P ig .3 s  where th e  a c t i v i t y  o f  a  s o lu b le  p r e p a r a t io n  i s  measured a s  a 

f u n c t i o n  of p r o t e i n  c o n c e n t r a t i o n  i n  the  a s s a y .  I t  i s  seen  t h a t  a s  

th e  p r o t e i n  c o n c e n t r a t i o n  d e c r e a s e s ,  so too  does  th e  r a t i o  o f  th e  

a b i l i t y  to  use d e n a tu re d  DNA compared w ith  n a t i v e .  The r e a s o n  f o r  

t h i s  i s  unknown b u t  i t  a p p e a r s  to  be r e v e r s i b l e  i . e .  c o n c e n t r a t i o n  

o f  s u p e r n a ta n t  sam ples f o r  column a p p l i c a t i o n  r e s u l t s  i n  DNA 

polym erase  a c t i v i t y  w i th  an  in c r e a s e d  d e n a tu re d  to  n a t i v e  r a t i o .

I t  may r e p r e s e n t  a  c o n c e n t r a t i o n  dependen t c o - o p e r a t iv e  b in d in g  e f f e c t  

o f  e i t h e r  th e  DNA polym erase  enzyme i t s e l f  o r  o f  an  unknown f a c t o r  

r e s p o n s ib l e  f o r  i t s  a b i l i t y  to  use a d e n a tu re d  DNA te m p la te ,

2 .2  N u c lea r  PITA polym erase  a c t i v i t y

A n u c l e a r  p r e p a r a t i o n  from l o g a r i t h m i c a l l y  growing L929 

c e l l s  e x h i b i t s  DNA polym erase  a c t i v i t y  w i th  a s l i g h t  n a t iv e  DNA 

te m p la te  p r e f e r e n c e .  The a s s a y a b le  DNA polym erase a c t i v i t y  o f  such 

n u c l e i  i s  shown to  be c o m p le te ly  e x t r a c t a b l e  by t r e a tm e n t  w ith  0 .4 k  

KCl (Table  5 ) .  This  t r e a tm e n t  was shown by m ic ro s c o p ic  e x a m in a t io n  

to  le a v e  the  n u c l e i  s t i l l  w h o le , though somewhat damaged, w i th  some 

o f  t h e i r  co n ten ts  e x t ru d in g .  The DNA polym erase a c t i v i t y  i s  shown to
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 2.

F r a c t i o n a t i o n  o f  DHA polym erase  a c t i v i t y  -present i n  a  s o lu b le  

f r a c t i o n  o f  L029 c e l l s  by g e l  f i l t r a t i o n  on Sephadex G-2Q0

A h ig h  speed s u p e r n a ta n t  f r a c t i o n  (S2) p re p a re d  a s  d e s c r ib e d  i n  

Methods, s e c t i o n  3*4 from l o g a r i t h m i c a l l y  grow ing c e l l s  i s  

c o n c e n t r a te d  ap p ro x .  5- f o l d  by ammonium s u lp h a te  p r e c i p i t a t i o n  

(Methods, s e c t i o n  3 * b ) .  A 1 ml sam ple, c o n t a in in g  8 .3  mg of

p r o t e i n  i s  th e n  a p p l i e d  to  a Sephadex G-20Ü column and e l u t e d  w i th

s ta n d a rd  column b u f f e r  (Methods, s e c t i o n  l . l ) ,  a s  d e s c r ib e d  in  

Methods, s e c t i o n  5.1* The f r a c t i o n s  o b ta in e d  a r e  th e n  a s say ed  

f o r  DNA polym erase  a c t i v i t y  a s  i n  M ethods, s e c t i o n  4.1*

 ©- DNA polym erase  a c t i v i t y  w i th  n a t iv e  DNA

 O   a c t i v i t y  w i th  d e n a tu re d  DNA

 0 ----- d e n o te s  c o i n c id e n t  p o in t s

 <0----- c o n c e n t r a t i o n  o f  p r o t e i n

The f r a c t i o n  i n  which th e  fo l lo w in g  m arkers  peak i s  marked th u s

BD Blue D ex tran 200 ,000

EDP - Ej^^col„i DNA polym erase 109 ,000

AP E. c o l i  a l k a l i n e  p h o sp h a ta se 80 ,000

Kb Haemoglobin 65 ,000
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F ig .  3

E f f e c t  of p r o t e i n  c o n c e n t r a t i o n  on tho  MA polym erase a c t i v i t y  

p r e s e n t  i n  s o lu b le  f r a c t i o n s  o f  L929 c e l l s

I'be s ta n d a rd  DNA polym erase  a s s a y  i s  employed and v a r io u s  amounts 

o f  a c o n c e n t r a te d  S2 f r a c t i o n  (7 .5  mg p r o t e i n / m l ) ,  p re p a re d  a s  

p re v io u s ly :  d e s c r ib e d ,  a r e  added as  i n d i c a t e d  o p p o s i t e .

  a c t i v i t y  w i th  n a t i v e  DNA

.Q  a c t i v i t y  w i th  d e n a tu re d  DNA
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E x t r a c t i o n  o f  DM 'Dolyinorase a c t i v i t y  from n u c l e i  n re n a re d  from 

lo ,c a r i th m ic a ]  l y  fcrowinp; c e l l s

Equal a l i q u o t s  o f  n u c l e i  p re p a re d  from l o g a r i t h m i c a l l y  grow ing 

c e l l s  (N3 “ p re p a re d  a s  d e s c r ib e  i n  Methods, s e c t i o n  3«4j a re  

’e x t r a c t e d  w ith  0 « 4M KCl, salmon testj-S DM (400p.g/ml) and w a te r  

( E x t r a c t i o n  Method I ,  M ethods, s e c t i o n  5 * 7 ) .  The to ta l .  DhVi 

po lym erase  a c t i v i t y  o f  th e  r e s u l t a n t  e x t r a c t s  and e x h a u s t i v e ly  

e x t r a c t e d  n u c l e a r  p e l l e t s  i s  th e n  de te rm in ed  a f t e r  a p p r o p r i a t e  

a d d i t i o n s  to  n o rm a l is e  th e  KCl and DM c o n c e n t r a t i o n  i n  th e  

e x t r a c t s  0

E x t r a c t i n g

iw I r

T o ta l  DM polyinerose a c t i v i t y  

10 ^ d .p .m . ["'H j dTMP in c o rp o r a te d

......— ..... .................... .
M ucloar n e l l e t E x t r a c t

n a t i v e
DNA

d en a tu red
DNA

n a t iv e
DM

d e n a tu re d
DMA

W ater 77 ,5 7 7 .0 ze ro ze ro

0.4M KCl zero zero 208 .0 192*4

DMA (400}ig/ml) 72 .6 75*2 95.5 66 .5
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be a c t i v a t e d  2-5  f o l d  on e x t r a c t i o n .  T h is  e f f e c t  may be 

a tb ribu ted  to  th e  i n a b i l i t y  o f  e x o g en o u s ly 'a d d ed  DNA to  s u c c e s s f u l l y  

a c t  a s  te m p la te  f o r  a l l  th e  a v a i l a b l e  a c t i v i t y  w i th i n  th e  n u c le i*

The a b i l i t y  o f  n a t i v e  DNA ( a t  th e  c o n c e n t r a t i o n  p r e s e n t  i n  DNA 

polym erase  a s s a y s )  to  e x t r a c t  n u c l e a r  DNA polym erase  i s  a l s o  shovm 

i n  Table- 5* As s u sp e c te d  th e  DNA on ly  removes ab o u t  h a l f  o f  th e  

a c t i v i t y  e x t r a c t a b l e  by 0.4M ICCl b u t  th e  r e s i d u a l  a c t i v i t y  i s  o n ly  

s l i g h t l y  re d u c e d ,

A 0.4M KCl e x t r a c t  o f  n u c l e i  from l o g a r i t h m i c a l l y  grow ing 

c e l l s ,  i s  shown on Sephadex G-200, to  e x h i b i t  m u l t ip l e  DNA polym erase  

peaks  (P ig ,4 )«  By com parison  w i th  m a rk e rs ,  th e  app rox im ate  m o le c u la r  

w e ig h ts  i n  daltcns a r e  a s  f o l lo w s :  peak I  ( >  2 0 0 ,0 0 0 ) ;  peak I I  

(1 1 0 -2 0 0 ,0 0 0 ) ;  peak I I I  ( 6 5 ,0 0 0 -8 0 ,0 0 0 ) ;  and a  s h o u ld e r  ( iv )  ( < 6 5 ,0 0 0 )  

Peak I  has  a p r e f e r e n c e  f o r  d e n a tu re d  DNA and i s  s i m i l a r  i n  t h i s  

r e s p e c t  and i n  m o le c u la r  s i z e  to  th e  s o lu b le  s p e c i e s .  There i s  some 

ev id en ce  (See D is c u s s io n ,  S e c t io n  3) t h a t  peak I  from n u c l e i  and the  

s o lu b le  s p e c ie s  a r e  th e  same enzyme b u t  u n e q u iv o c a l  p ro o f  w i l l  have 

to  a w a i t  p u r i f i c a t i o n  which has  proved  d i f f i c u l t  because  of th e  

enzym e 's  i n s t a b i l i t y  and th e  sm a l l  amounts o f  m a t e r i a l  a v a i l a b l e .

Peaks I I ,  I I I  and IV a l l  show a marked p re f e r e n c e  f o r  n a t iv e  DNA and 

v a r i e d  in  amount i n  d i f f e r e n t  p r e p a r a t i o n s .  Peak I I I  was a lw ays th e  

m a jo r  peak , th e  o th e r  two o f t e n  a p p e a r in g  a s  s h o u ld e r s .  D i s t r i b u t i o n  

and s i z e  c o n s i d e r a t i o n s  p o i n t  to  a monomer, d im er ,  t e t r a m e r  r e l a t i o n 

s h ip  b u t  t in  s b'-'is ye b I n be f i r m l y  f ^ s ta b l i s h e d .

5 .  ABILITY OP TNE NUCLEAR DNA PGLYNERddES TO TIoB DEOXYNUCLEOCIDB 5 ' 

DlPNQNPMThE Ao PRPCITPoORC FOR DM SYNTnEBIS '

The b a s i c  assu m p tio n  t h a t  5 ' driTPs, i n  th e  f r e e l y  s o lu b le  

form , a s  used i n  i n  v i t r o  DNA polym erase  a s s a y s ,  a r e  th e  im mediate 

in  v iv o  a c t i v a t e d  form of th e  5 ’ 'clNMP m o ie t i e s  in c o rp o r a te d  d u r in g
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F r a c t i o n a t i o n  o f  DMA n o ly merase a c t i v i t y  p r e s e n t  i n  a 0,4M KCl 

e x t r a c t  o f  n u c l e i  from L929 c e l l s  by g e l  f i l t r a t i o n  on 

Seuhadex C-200

A 0»4M KCl e x t r a c t  o f  n u c l e i  (H3) from l o g a r i t h m i c a l l y  grow ing c e l l s  

i s  p re p a re d  a s  d e s c r ib e d  i n  Table 3 ,  e x c e p t  t h a t  th e  maximu]n amount 

of  e x t r a c t  i s  o b ta in e d  by c e n t r i f u g a t i o n  a t  11 ,500  g f o r  20 min.

The e x t r a c t  i s  th e n  c o n c e n t r a te d  ap p ro x .  5 - f o l d  a s  p r e v io u s l y  

d e s c r ib e d ,  and a 1 ml sam ple, c o n ta in in g  9 .1  mg o f p r o t e i n ,  i s  

f r a c t i o n a t e d  on a Sephadex C-200 column a s  d e s c r ib e d  f o r  F ig ,  2 . .

- 0 ------- DNA polym erase  a c t i v i t y  w i th  n a t i v e  DNA

-O   a c t i v i t y  w i th  d e n a tu re d  DNA

- 0 ------- d e n o te s  c o i n c id e n t  p o in t s

-<3>------- c o n c e n t r a t i o n  o f  p r o t e i n

Markers a r e  as  d e s c r ib e d  i n  th e  leg en d  to  F ig ,  2

I ,  I I ,  I I I  and IV r e f e r  to  peaks o f  DNA polym erase  a c t i v i t y

a s  d i s c u s s e d  i n  th e  t e x t .
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DNA r e p l i c a t i o n ,  has  been q u e s t io n e d  by Werner ( l 9 7 l )  f o r  B, c o l i  

(t>ee I n t r o d u c t i o n ,  S e c t io n  1 .3 )  « Work w i th  a  p a r t i a l l y  pure  DNA 

polymero.se f r a c t i o n  from th e  n u c l e i  o f  L929 c e l l s  a l s o  q u e s t io n e d  

t h i s  b a s ic  a ssu m p tio n  (H enderson , NuA.L., Ph.D. T h e s i s ,  U n iv e r s i t y  

o f  Glasgow, 1972) ,  Those s t u d i e s  showed t h a t  dNDPs, i n  the  

p re s e n c e  of a phospha te  d ono r ,  ATP o r  dNTPs, were in c o rp o r a te d  i n  

a manner i n c o n s i s t e n t  w i th  them p a s s in g  th ro u g h  the  f r e e  

d e o x y t r ip h o s p h a te  p o o l .  However, no c o n c lu s io n  a s  to  th e  a c t u a l  

p r e c u r s o r  in v o lv e d  cou ld  be made because  o f  the  p re sen ce  o f  

n u c le o s id e  d ip h o sp h o k in a se  (WPPIt) a c t i v i t y  i n  the  p r e p a r a t i o n s .  

dNDPs i n  th e  absence  o f  a  p hospha te  donor were poor p r e c u r s o r s .

The a b i l i t y  o f  th e  m u l t i p l e  n u c l e a r  DNA polym erase  s p e c i e s ,  

s e p a r a b le  by g e l  f i l t r a t i o n ,  to  in c o r p o r a te  dNDPs in  th e  p re se n c e  

o f  ATP i s  shown i n  P i g . 5. Comparison w i th  the  s ta n d a rd  t r i p h o s p h a te  

i n c o r p o r a t i o n  shows t h a t  use  o f  dllDPs p lu s  ATP i s  r e s t r i c t e d  to  

th e  l a t e r  f r a c t i o n s  o f  th e  column p eak ing  a t  ■-'70,000 based  on 

i n t e r n a l  m a rk e rs .  I n c o r p o r a t i o n  i s  on ly  abou t a t h i r d  of the  

s ta n d a rd  dNTP a s s a y ,  \flien NDPK a c t i v i t y  i s  a s sa y e d  a c r o s s  th e  

column i t  i s  seen  to  c o - e l u t e  w i th  th e  a b i l i t y  o f  DNA polym erase  

to  use  dNDPs ( P ig .6 ) ,w h e r e a s  i n  th e  f i r s t  few f r a c t i o n s  which la c k  

NDPK, b u t  which e x h i b i t  e x t e n s iv e  peak I  DNA polym erase  a c t i v i t y ,  

t h e r e  i s  n e g l i g i b l e  i n c o r p o r a t i o n  w ith  dNDPs. I t  i s  p o s s i b l e  t h a t  

th e  s m a l le r  n u c l e a r  n a t i v e  D N A -prefe rr ing  DNA polym erase s p e c ie s  

have an a s s o c i a t e d  NDPK a c t i v i t y  (hee Phller & N e l l s  ( l 9 7 l )  for 

p r o k a r y o t i c  N D PK -associated  DNA po ly m erases )  o r  t h a t  th e  îIDPK 

a c t i v i t y  f o r t u i t o u s l y  c o - e l u t e s  w i th  i t ,  im p a r t in g  an a r t e f a c t u a l  

a c t i v i t y .  I t  i s  e v i d e n t ,  however, t h a t  th e r e  i s  no NDPK a c t i v i t y  

a s s o c i a t e d  w ith  peak I  n u c l e a r  DNA polym erase  and t h a t  dNDPs canno t 

a c t  a s  p r e c u r s o r s  fo r .  i n c o r p o r a t i o n  by t h i s  enzyme.



63.

A b i l i t y  o f  th e  DHA polym erase  s o e c i e s  -present i n  a 0.4M KCl 

n u c l e a r  e x t r a c t  to  use d eo x y n n c leo s id e  5 ' d in h o s n h a te s  a s  

p r e c u r s o r s  in  the  p re sen ce  o f  ATP

A 0.4M n u c l e a r  e x t r a c t  i s  f r a c t i o n a t e d  on Sephadex G-200 as  

d e s c r ib e d  i n  F ig .  4 .  The r e s u l t i n g  f r a c t i o n s  a r e  a s sa y e d  by 

th e  s ta n d a rd  method and w i th  th e  3 ' dNTPs b e in g  r e p la c e d  by 

3 ' dNDPs and l*3mH ATP. (Methods, s e c t i o n  4 , 2 ) .

(a )  DNA polym erase  a c t i v i t y  w i th  n a t i v e  DNA

 0 ------- 5 ’dNTPs a s  p r e c u r s o r s

 A   3 ’dNDPs a s  p r e c u r s o r s

(b) DNA polym erase  a c t i v i t y  w i th  d e n a tu re d  DNA

■---O  3 ’dNTPs a s  p r e c u r s o r s

 -------  5 'dNDPs a s  p r e c u r s o r s

M arkers a r e  a s  d e s c r ib e d  i n  th e  leg en d  to  P ig .  2 ,
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F r a c t i o n a t i o n  o f  n u c le o s id e  diphos-ohokinase a c t i v i t y  p r e s e n t  i n  a 

0 . 4 H KGl nu c l e a r  e x t r a c t  by g e l  f i l t r a t i o n  on Sephadex G-200

A 0.4N KOI n u c l e a r  e x t r a c t  i s  f r a c t i o n a t e d  on Sephadex G-200 a s  

p r e v io u s ly  d e s c r ib e d  and th e  f r a c t i o n s  a s sa y e d  f o r  n u c le o s id e  

d ip h o sp h o k in a se  a c t i v i t y  ( O )  a s  d e s c r ib e d  i n  Methods, s e c t i o n  

4 .3 .

M arkers a r e  a s  d e s c r ib e d  in  th e  leg en d  to  F ig .  2 ,
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To r u l e  o u t  the  p o s s i b i l i t y  of a l l  f o u r  dNTPs ( to t in g  i n  a 

manner more s p e c i f i c  th a n  m ere ly  a s  p hospha te  d o n o rs ,  th e  e f f e c t  

o f  th e  f o u r  dNTPs r e p l a c i n g  ATP on dNDP i n c o r p o r a t i o n  f o r  the 

f i r s t  p a r t  o f  th e  Sephadex G-200 column ( th e  r e g io n  c o n ta in in g  peak I  

DNA polym erase  a c t i v i t y  b u t  no NDPK a c t i v i t y )  i s  shown i n  P i g , 7 .

Lack o f  s t i m u l a t i o n  v e r i f i e s  t h a t  dNDP i n c o r p o r a t i o n  i s  n o t  

d em o n strab le  i n  DNA polym erase  f r a c t i o n s  la c k in g  NDPK a c t i v i t y ,

4 .  EPPiilCT OP RIEONPCLNOSIDE 5 '  TIIIFHOSPIIATNS 0?: THE m h  POLYIEBASN 

ACTIVITY OP SGLUhLE AND NUCLEAR FRACTIONS

One o f  th e  p r i n c i p a l  enigmas o f  i n v i t r o  DNA polym erase  

r e a c t io n s  i s  th e  i n a b i l i t y  o f  a l l  DNA p o ly m erases ,  so f a r  i s o l a t e d ,  

to  i n c o r p o r a t e  dNTPs in  th e  absence  of  p r e - e x i s t i n g  A’ QH prim ed 

en d s .  The m y s te ry  o f  how th e s e  5*011 ends a r i s e  in  v iv o  has  r e s u l t e d  

i n  many h y p o th e se s  b e in g  p u t  fo rw ard  (See I n t r o d u c t i o n ,  S e c t io n  1 , 5 ) .  

The most f a v o u ra b le  e x p l a n a t i o n  seems to  be t h a t  DNA polym erase  i s  

prim ed in  v iv o  by s h o r t  p i e c e s  of RNA. N he the r  th e s e  a r e  s y n th e s i s e d  

by a l r e a d y  c h a r a c t e r i s e d  RNA po lym erases  (o r  DNA p o lym erases  un d er  

d i f f e r e n t  c o n d i t io n s ) ,  o r  by an  a s  y e t  unknown a c t i v i t y  i s  n o t  known. 

The e f f e c t  o f  ad d in g  rNTPs to  th e  s ta n d a rd  a s s a y s  c a r r i e d  o u t  by 

crude  s o lu b le  and n u c l e a r  f r a c t i o n s  from L929 c e l l s  i s  shown i n  

Table  4 .  As can be se e n ,  no s t i m u l a t i o n  i s  d em o n s tra ted  w i th  n a t i v e  

DNA a s  te m p la te  which can n o t be accoun ted  f o r  by in c r e a s e d  dNTPs*

N i th  d e n a tu re d  DNA, a s  te m p la te ,  a 25>̂ s t i m u l a t i o n  i s  seen  which 

i s  p e c u l i a r  to  rNTPs, As t h r e e  o f  th e  f o u r  rNTPs a r e  e f f e c t i v e  a lo n e  

t h i s  does n o t  s u p p o r t  a r o l e  f o r  them a s  RNA p r e c u r s o r s ,  b u t  r a t h e r  

a s  e f f e c t i v e  phosihate d o n o rs ,  th e  d i f f e r i n g  a b i l i t i e s  be ing  due to  

d i f f e r i n g  n u c le o s id e  d iphospholc inase  s p e c i f i c i t i e s .  T h e re fo re  i t  

a p p e a rs  t h a t  no RNA s y n t h e s i s i n g  a c t i v i t y  cap a b le  o f  s t i m u l a t i n g  DNA 

polym erase  by p r o v id in g  5 'OH prim ed ends i s  d e t e c t a b l e  i n  th e s e





6 8 .

I l K t J l

E f f e c t  o f  r e p l a c i n g  ATP by a l l  f o u r  d eoxyn iic leos ide  6* t r i -  

p h o s p la t e s  on th e  i n c o r p o r a t i o n  o f  d iu h o s p h a te s  by th e  h ig h  

m o le c u la r  w e ig h t  DNA oolym eraoe s u e d e s  p r e s e n t  i n  a Q,4M 

KCl n u c l e a r  e x t r a c t

The p ro ced u re  i s  i d e n t i c a l  to  t h a t  f o r  F ig .  f w i th  th e  e x c e p t io n  

t h a t  f r a c t i o n s  a r c  a l s o  a s say ed  w ith  a l l  f  our ' . im la b e l le d  5 'dNTPs 

(0,2ifiM each)  r e p l a c i n g  ATP.

(a )  DM polym erase a c t i v i t y  w i th  n a t iv e  DNA

 m   5 'dNTPs

 A   5 'dNDPs + ATP

 Ü   5 'dNDPs H- u n l a b e l l e d  5 'dNTPs

(b) DNA polym erase a c t i v i t y  w i th  d e n a tu re d  DNA

 O  5 ' dNTPs

 A  5 'd M P s  4- ATP

 □ ------  5 'dNDPs 4- u n l a b e l l e d  5 'dNTPs
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Ta b le  4

E f f e c t  of r ib o n u c le o e id o  5 ' tr i 'o h o sr) l ia te s  on th e  DNA p o ly n e ra s ;  

a c t i v i t y  of s o lu b le  and r a ic le a r  f r a c t i o n s

A h ig h -sp e e d  s u p e r n a ta n t  f r a c t i o n  (o2) and a 0.4K ECl n u c l e a r  

e x t r a c t ,  o b ta in e d  a s  p r e v io u s l y  d e s c r ib e d ,  a r e  a s sa y e d  f o r  

DhA polym erase  by the  s t a n d a r d  method w ith  the  a p p r o p r i a t e  

a d d i t i o n s  a s  sho>m below.

hWA polym erase a c t i v i t y  

10 d .p .m . dTKP i n c o r p o r a t e d / h / o .  1 ml sample

High speed
s u p e r n a ta n t
f r a c t i o n

0.4M ECl
n u c l e a r
e x t r a c t

n a t i v e d e n a tu re d n a t iv e den
DM DÎÎA DNA

C o n tro l 7 .5 15 .5 4 .8 6 .5

+ dîTTPs (0 . 21ml) 9 .4 2 5 .5 5 .5 7 .5

H- rNTPs (O .fr l l ) 9 .5 5 0 . G 5 .1 10.

-f rGTP (0.2mh) 9 .5 2 1 .0 4 .5 7 .9

+ rATF (0.2mh) 1 0 ,0 2 8 .8 4 .8 9 .6

-h rCTP (0c2mH) 1 1 .8 5 2 .8 4 .4 6 .9

4 rUTP (0.2mlO 9 .9 2 7 .7 4 .7 6 .6
t

DNA
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f r a c t i o n s  under  th e  c o n d i t io n s  u se d .

5 . RELATIOilOHIP BETVSII TEE MRGE AND S1A.LL DMA PQLYMRASE 

SPECIEO OF L929 CELLS

When a n u c l e a r - l o c a t e d ,  n a t i v e  DÎTA.-p r e f e r r i n g ,  DNA polymera.se 

a c t i v i t y  was d is c o v e re d  th e  s o lu b l e ,  o r  c y to p la s m ic ,  d e n a tu re d  DNA- 

p r e f e r r i n g  s p e c ie s  was c o n s id e re d  to  be an ' a l t e r e d '  form o f  the  

' i n t a c t '  r e p l i c a t i n g  co n fo rm a tio n  ( h e i r ,  1965).  T h is  l e d  to  

s u g g e s t io n s  o f  a s t r u c t u r a l  r e l a t i o n s h i p  between tlie two ty p e s  o f  

a c t i v i t y .  On f i n d i n g  t h a t  th e  s o lu b le  enzyme was v e ry  much l a r g e r  

th an  the  n u c l e a r  n a t iv e  D W A -preferring  enzym e^it was c o n s id e re d  

p o s s i b l e  t h a t  th e  s m a l l e r  s p e c i e s  may be bound up w i th in  th e  

l a r g e r  one and i n  some way re n d e re d  l e s s  a b le  to  use  n a t i v e  DNA 

a s  t e m p la te .  T h is  l e d  to  v a r io u s  s p e c u la t i o n s  a s  to  what was 

r e s p o n s ib l e  f o r  th e  s i z e  o f  th e  l a r g e r  s p e c ie s  and f o r  i t s  l o s s  of 

a b i l i t y  to  use  n a t i v e  DNA. As th e  number o f  a c t u a l  enzyme m o lecu le s  

p r e s e n t  a s  each  s p e c ie s  i s  n o t  known,; i t  i s  r e a l i s e d  t h a t  i t  i s  

on ly  s p e c u la t i o n  t h a t  th e  enzyme lo s e s  th e  a b i l i t y  to  use  n a t i v e  

DNA and n o t  t h a t  i t  g a in s  th e  a b i l i t y  to  use d e n a tu re d  DNA. However, 

th e  a b i l i t y  to  p roduce  s m a l le r  a c t i v e  f ra g m e n ts ,  s i m i l a r  i n  s i z e  to  

th e  s m a l le r  n u c l e a r  s p e c i e s ,  by t r e a tm e n t  o f  th e  s o lu b le  enzjnne would 

be good ev id en ce  i n  f a v o u r  o f  a s t r u c tu ra l  r e l a t i o n s h i p  betw een th e  

two ty p e s  o f  a c t i v i t y .

Two ap p ro ac h es  were ad o p ted  to  t h i s  end . E i r c t l y ,  assum ing  

t h a t  the  s o lu b le  s p e c ie s  r e p r e s e n t e d  a p r e c u r s o r  o f  tn e  n u c l e a r  one, 

an  a c t i v i t y  c ap a b le  o f  f a c i l i t a t i n g  an i n  v iv o  c o n v e rs io n  was sough t 

i n  c e l l  f r a c t i o n s .  S eco n d ly ,  o th e r  more i n d i r e c t  p h y s i c a l ,  chem ica l 

and enzymic methods were employed to  probe the  b io c h e m ic a l  n a tu r e  

o f  th e  s o lu b le  s p e c i e s .  The c r i t e r i o n  f o r  c o n v e rs io n  was the e l u t i o n  

o f  DNA polym erase  a c t i v i t y ,  on Sephadex G-200, i n  th e  r e g io n  o f  th e
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s m a l l e r  n u c l e a r  s p e c i e s  i . e .  - -7 0 ,000 ,  a f t e r  s u b j e c t i o n  o f  a  h ig h 

speed  s u p e r n a ta n t  p r e p a r a t i o n  to  v a r io u s  t r e a tm e n t s ,  Befo‘r e  a p p l i c a t i o n  

to  th e  column, . t r e a t e d  sam ples were checked f o r  r e c o v e ry  o f  a c t i v i t y  

and a change o f  te m p la te  p r e f e r e n c e .  I f  th e  column p r o f i l e  o f  th e  

t r e a t e d  sample showed o th e r  th a n  ex p e c te d  r e c o v e r i e s  o r  ap p ea ran ce  o f  

s m a l le r  a c t i v e  f r a g m e n ts ,  th e  u n t r e a t e d  c o n t r o l  sample was t e s t e d  on 

th e  column,

5 .1  C onvers ion  a c t i v i t y  i n  c e l l  f r a c t i o n s

F ig ,  8a shows th e  Sephadex G-200 p r o f i l e  of a h ig h -s p e e d

s u p e r n a ta n t  f r a c t i o n  which h as  been s e l f - i n c u b a t e d  f o r  1 h a t  57°C.

There i s  no s i g n i f i c a n t  ap p ea ran ce  o f  DHA polym erase  a c t i v i t y  i n  

th e  f r a c t i o n s  e l u t i n g  a f t e r  th e  v o id  volume peak o f  a c t i v i t y  s u g g e s t in g  

t h a t  t h e r e  i s  no a c t i v i t y  cap a b le  o f  c o n v e r t in g  th e  s o lu b le  enzymie 

i n t o  s m a l le r  f ra g m e n ts  i n  th e  s o lu b le  f r a c t i o n  i t s e l f .  P r e f e r e n t i a l  

l o s s  o f  d e n a tu re d  DHA-primed a c t i v i t y  i s  found . T h is  co n f irm s  p re v io u s

f i n d i n g s  (H enderson, Ï-UA.L,, Fh.D, T h e s i s ,  U n iv e r s i t y  o f  Glasgow, 1972),

t h a t  th e  DNA polym erase  a c t i v i t y  from n u c l e i  o f  L929 c e l l s  i s  more 

th e rm o la b i le  when a s sa y e d  w ith  d e n a tu re d  DNA th a n  w i th  n a t i v e  DNA.

The Sephadex G-200 p r o f i l e  o f  a h ig h -s p e e d  s u p e r n a ta n t  

p r e p a r a t io n  which has  been in c u b a te d  f o r  1 h a t  37^C i n  the  

p re sen ce  o f  a n u c l e a r  f r a c t i o n  from l o g a r i t h m i c a l l y  growing c e l l s  

i s  shown i n  Fig. 8b , The n u c l e i  were p r e - e x t r a c t e d  w i th  0.4H KCl 

to  remove a l l  n u c l e a r  DNA polym erase  s p e c ie s  which mi.ght g iv e  r i s e  

to  a r t e f a c t u a l  c o n v e rs io n  a c t i v i t y .  As F ig  8b shows, no c o n v e rs io n  

was d e t e c t a b l e  r u l i n g  ou t th e  p re se n c e  o f  such an a c t i v i t y  i n  n u c l e a r  

p r e p a r a t i o n s  t r e a t e d  t h i s  way. I t  i s  r e a l i s e d  t h a t  th e  a c t i v i t y  

sou g h t may have been e x t r a c t e d  from n u c l e i  by 0,4m K C l,bu t d i f f i c u l t y  

in  re p ro d u c in g  the  p a t t e r n  and amou:it o f  th e  s m a l le r  n u c l e a r  DNA 

po lym erases  on Sephadex G-200 would d e t e c t  on ly  a l a r g e  i n c r e a s e  in
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Sephadex G-200 p r o f i l e s  o f  DNA nolyraerase a c t i v i t y  o r e s e n t  i n  

s o lu b l e  f r a c t i o n s  a f t e r  in c u b a t io n  w ith  c e r t a i n  c e l l  f r a c t i o n s

C o n c e n t ra te d  h ig h  speed  s u p e r n a ta n t  f r a c t i o n s  (S2) from 

l o g a r i t h m i c a l l y  grow ing c e l l s ,  p re p a re d  a s  p r e v io u s l y  d e s c r ib e d ,  

a r e  t r e a t e d  a s  shown below and a 1 ml sample f r a c t i o n a t e d  on

Sephadex G-200 a s  f o r  F ig .  2, The r e s u l t a n t  f r a c t i o n s  a re

a s sa y e d  f o r  DM polym erase  a c t i v i t y .

(a )  S e l f - i n c u b a te d  f o r  1 h  a t  37^0.

(b) In cu b a ted  f o r  1 h a t  37°C w i th  n u c l e i ,  o b ta in e d  from th e  

same c e l l s  a s  th e  s u p e r n a ta n t  f r a c t i o n ,  which have been 

e x h a u s t i v e ly  e x t r a c t e d  w i th  0.4M KCl u s in g  E x t r a c t i o n  

Method I ,  Methods, s e c t i o n  3 .7 .  A f t e r  in c u b a t io n  th e  

n u c l e i  were removed by c e n t r i f u g a t i o n  a t  800 g f o r  10 min.

 ^ - DM polym erase  a c t i v i t y  w i th  n a t i v e  DM

 ^ - a c t i v i t y  w ith  d e n a tu re d  DM

Note : (a )  and (b) a re  d i f f e r e n t  h ig h  speed s u p e r n a ta n t  p r e p a r a t i o n s

M arkers a s  i n  F ig .  2 .
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such  s p e c i e s .  The s i t u a t i o n  i s  more d e s i r a b l e  where no sm all  

s p e c ie s  a r c  d e t e c t a b l e  i n i t i a l l y  a s  w i th  a h ig h -sp e e d  s u p e r n a ta n t  

f r a c t i o n .

The app ro ach  does n o t  r u l e  ou t b in d in g  o f  th e  new ly- 

g e n e ra te d  sm all  s p e c ie s  w i th in  th e  n u c l e i  which a r e  sed im en ted  from 

th e  sample p r i o r  to  column a p p l i c a t i o n .  A c t i v i t y  r e c o v e r i e s  however 

s u g g e s t  t h a t  no g r e a t  l o s s  i n  s o lu b le  a c t i v i t y  i s  o c c u r r in g ,

5•2 B iochem ica l n a tu r e  of th e  s o lu b le  s p e c ie s  and c o n v e rs io n  

by i n d i r e c t  means 

U l t r a c e n t r i f u g a t i o n  and a g a ro se  g e l  chrom atography s t u d i e s  

i n  t h i s  and o th e r  l a b o r a t o r i e s  have su g g es ted  t h a t  th e  s o lu b le  

s p e c ie s  i n  e u k a r y o t i c  c e l l s  i s  v e ry  l a r g e  and may in  f a c t  be 

a s s o c i a t e d  w ith  c e l l u l a r  m a t e r i a l  such  as  membrane ( l la in es  e t  a l . ,

1971; Holmes d: J o h n s to n ,  1973; B a r i l  e t  a l . ,  1970, 1 9 7 l)°  B u r r i s s -  

G-arret & Bolluin ( l9 7 3 )  d i s a g r e e  w i th  t h i s  and c la im  t h a t  th e  f i n d i n g  

o f  th e  s o lu b le  DBA polym erase  a c t i v i t y  a s s o c i a t e d  w i th  l a r g e  

p a r t i c l e s  i s  c r e a t e d  by th e  c o n c e n t r a t i v e  method o f  i s o l a t i o n  used 

by  th e  o th e r  w o rk e rs .  The a p p a re n t  a s s o c i a t i o n  g iv e s  the  a c t i v i t y  a 

h ig h  M.¥c w hich may be in  th e  range  o f  0 .5  ™ 1,0x10^  o r  even h ig h e r .

Fig. 9 shows a Sephadex G—200 p r o f i l e  o f  th e  DNA polym erase  

a c t i v i t y  i n  a h ig h - s p e e d  s u p e r n a ta n t  . f r a c t i o n  from L929 c e l l s  which 

h a s  been p r e - t r e a t e d  w i th  0 ,5 k  KCl and e l u t e d  from th e  column u s in g  

s ta n d a rd  column b u f f e r  c o n ta in in g  0.5H KCl, As d em o n s tra ted  i n  F ig .  9, 

when f r a c t i o n a t e d  by g e l  f i l t r a t i o n  i n  th e  prceoncc o f  0 .5 h  KCl, 

s o lu b le  a c t i v i t y  l o s e s  i t s  a c t i v i t y  co m p le te ly  b u t  no s m a l le r  s p e c ie s  

a r e  g e n e ra te d .  However, i f  th e  s a l t ,  c o n c e n t r a t i o n  i s  reduced  w ith o u t  

s e p a r a t i o n ,  th en  more th a n  70/j o f  the  a c t i v i t y  i s  r e c o v e ra b le  ( i n s o t .  

P ig ,  9 ) ,  T h e re fo re  0,5N KCl a p p e a rs  to  d i s s o c i a t e  soiae n e c e s s a ry  

f a c t o r  from th e  s o lu b le  a c t i v i t y .  These r e s u l t s  a g re e  w i th  th e  

f i n d i n g s  o f  H aines  e t  a l . ,  ( l 9 7 l )  who show t h a t  th e  s o lu b le  a c t i v i t y



7 6 .

F ro .c t lo n a t io n  o f  s o lu b le  DHA polym erase  a c t i v i t y  on Sephadex G—200 

in  th e  p re sen ce  o f  Q.5n KOI

A 1 ml a l i q u o t  o f  a h ig h  speed  s u p e r n a ta n t  f r a c t i o n  (8 2 ) ,  p rep a red  

a s  b e f o r e ,  i s  d i a ly s e d  a g a i n s t  100 v o l s  o f  s ta n d a rd  column b u f f e r  

w i th  KCl a t  a c o n c e n t r a t i o n  o f  0.5M, and th e n  f r a c t i o n a t e d  on 

Sephadex G-200 a s  b e f o r e ,  i n  th e  presence o f  Oo5M KGl,

As c o n t r o l ,  a 1 ml sample o f  the  same 82 f r a c t i o n  i s  t r e a t e d  e x a c t l y  

a s  d e s c r ib e d  i n  F ig ,  2 ,

The r e s u l t i n g  f r a c t i o n s  from .both columns a r e  th e n  a s sa y e d  f o r  DhA 

polym erase  a c t i v i t y  (w ith  th e  a p p r o p r i a t e  a d d i t i o n s  to  e n su re  t h a t  

th e  f i n a l  c o n c e n t r a t i o n  o f  KGl i n  a l l  a s s a y s  i s  th e  sam e).

“A  a c t i v i t y  w i th  n a t i v e  DKA

-A   a c t i v i t y  w i th  d e n a tu re d  DNA

of f r a c t i o n s  from column ru n  i n

OoM KGl,

The c o n t r o l  p r o f i l e  i s  s i m i l a r  to  t h a t  i n  F ig ,  2 and so o n ly  the  

MA polym erase a c t i v i t y  o f  th e  peak tube  w ith  n a t i v e  ( # )  and 

d e n a tu re d  •( O  ) MA i s  shown.

The i n s e t  o p p o s i te  shows th e  y. r e c o v e ry  o f  DNA polym erase  a c t i v i t y  

a f t e r  t r e a tm e n t  w i th  0.5M KOI .but w i th o u t  f r a c t i o n a t i o n ,

M-irkers a r e  a s  i n  F ig ,  2 =
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from r a t  l i v e r  i s  s e v e r e l y  i n h i b i t e d  by f r a c t i o n a t i o n  on ag a ro se  

g e l s  in  2H I'laCl. However s e v e r a l  i n v e s t i g a t o r s  u s in g  the  p ro ced u re ,  

o f  B e l l a i r  ( 1968) f in d  s u b s t a n t i a l ' a m o u n t s  of a c t i v i t y  a f t e r  g e l  

f i l t r a t i o n  i n  th e  p re s e n c e  of 1h NaCl (F u rlo n g  & Gresham, 1971; Ove 

e t  a l .  5, 1969) .

P ig s  10a and 10b show t h a t  t r e a tm e n t  w i th  p a n c r e a t i c  RHase 

o r  p h o sp h o l ip a se  f o r  1 h a t  37^0 i s  unab le  to  r e l e a s e  sm a l l  a c t i v e  

f rag m e n ts  from the  s o lu b le  enzyme,.

Sodium d e o x y c h o la te  (DOC), a d e t e r g e n t  known to  d i s p e r s e  

l i p o p r o t e i n  com plexes, h a s  an i n h i b i t o r y  e f f e c t  on th e  s o lu b le  enzyme, 

more so w ith  a d e n a tu re d  DHÀ te m p la te  (p ig ,  l l ) .  I n c lu s io n  o f  DOC, 

a t  s l i g h t l y  i n h i b i t o r y  c o n c e n t r a t i o n  (0 .0 3 /0  i n  the  column b u f f e r  

does n o t  r e s u l t  i n  p ro d u c t io n  of n u c l e a r - l i k e  s p e c ie s  ( p i g . 1 2 ) ,  RNase 

and DOC b o th  g iv e  r i s e  to  a s h o u ld e r  e l u t i n g  1 o r  2 f r a c t i o n s  a f t e r  

th e  v o id  volume peak  of s o lu b le  a c t i v i t y .  A lthough th e  s i g n i f i c a n c e  

o f  t h i s  m inor a c t i v i t y  rem a in s  to  be a s s e s s e d ,  i t s  e x i s t e n c e  does 

n o t  a f f e c t  th e  c o n c lu s io n  t h a t  no n u c l e a r - l i k e  a c t i v i t y  i s  g e n e r a te d .  

A ttem p ts  a t  b e t t e r  s e p a r a t i o n  of the  n u c l e a r  s p e c ie s  by 

Sephadex 4B g e l  f i l t r a t i o n  i n  o rd e r  to  i n v e s t i g a t e  t h i s  i n t e r m e d i a te  

r e g io n  proved u n s u c c e s s f u l .  However by r e f e r e n c e  to  a u r e a s e  m arker 

(480 ,000  d a l to n s )  i t  was shown t h a t  peak I  n u c l e a r  DHA polym erase 

h a s  a t  l e a s t  a M.W, of  500,000 d a l to n s  ( p i g , 1 3 ) .

To demonsti*a'be w hether  th e  s o lu b le  a c t i v i t y  was a s s o c i a t e d  

w ith  low d e n s i t y  l i p o p r o t e i n  ( r é s i s t a n t  to  p i io sp h o l ip ase )  uuch as  

membraneous m a t e r i a l ,  su c ro se  g r a d i e n t  d e n s i t y  f l o t a t i o n  s t u d i e s  

were done. As i s  shown i n  Table 5, no DNA polym erase  i s  a s s o c i a t e d  

w i th 'm a te r i a ] ,  of th e  d e n s i t y  of m ito ch o n d r ia  o r  l e s s  ( e . g .  smooth 

membrane) ,

The fo r e g o in g  r e s u l t s  s u g g e s t  t h a t  the  s o lu b le  s p e c ie s  p ro b a b ly
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Sephadex G-2Q0 p r o f i l e s  o f  s o lu b le  DNA polym erase  a c t i v i t y  a f t e r  

e n zy/ni c t r e a  tm ent

A l iq u o t s  o f  a  c o n c e n t r a te d  32 f r a c t i o n ,  p re p a re d  a s  b e f o r e , a r e  in c u b a te d  

f o r  1 h a t  37°G w i th

(a) 50 )ig/ral p a n c r e a t i c  r ib o n u c le a s e

(b) 50 ]ig/ml p h o sp h o lip a se

1 ml sam ples a r e  th en  f r a c t i o n a t e d  on Sephadex G-200 as  d e s c r ib e d  f o r  

Pig* 2, and th e  f r a c t i o n s  a s sa y e d  f o r  DNA ‘polym erase  a c t i v i t y

 A  w i th  n a t i v e  DNA

-A  w i th  d e n a tu re d  DNA

and ( □ )  show th e  RNA c o n c e n t r a t i o n  i n  th e  v o id  volume f r a c t i o n ,  

b e fo re  and a f t e r  r ib o n u c le a s e  t r e a tm e n t  r e s p e c t i v e l y .

M arkers a r e  a s  i n  P ig .  2 .
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Ef f e c t  o f  sodinip. d e o x y ch o la te  on th e  s o lu b le  DNA polym erase  a c t i v i t y

The DNA polym erase  a c t i v i t y  o f  an  82 f r a c t i o n ,  p re p a re d  a s  b e f o r e ,  

i s  a s sa y e d  w ith  sodinm d eo x y c h o la te  (DOC) p r e s e n t  a t  th e  c o n c e n t r a t i o n s  

shown o p p o s i te .

DM polym erase  a c t i v i t y  w i th  n a t i v e  DNA 

a c t i v i t y  w i th  d e n a tu re d  DNA
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Fi^e 12

Fr a c t i o n a t i o n  o f  s o lu b le  DNA polym erase  a c t i v i t y  on Sephadex G-200 

i n t]^e p re s e n c e  of sodium deoxycholate

A c o n c e n t r a te d  S2 f r a c t i o n ,  p re p a re d  a s  b e f o r e ,  i s  made 0 ,0 3 ^  (w/v) 

w i th  r e s p e c t  to  sodium d eo x y ch o la te  (DOG) by th e  a d d i t i o n  o f  an 

a p p r o p r i a t e  amonnt o f  lO^o (w/v) DOG s o l u t i o n ,  A I  ml sample i s  th e n  

f r a c t i o n a t e d  on Sephadex G-200 a s  b e fô re  w i th  0.03/^ (w/y) DOC p r e s e n t  

i n  th e  s ta n d a rd  column b u f f e r .  The r e s u l t i n g  f r a c t i o n s  a r e  a s sa y e d  

f o r  DFA polym erase a c t i v i t y .

  A  w i th  n a t i v e  DNA

-A  v /ith  d e n a tu re d  DNA

-A   d e n o te s  c o i n c id e n t  p o in t s

Markers a r e  a s  b e f o r e .
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F r a c t i o n a t i o n  o f  DMA polym erase  a c t i v i t y  p r e s e n t  i n  a 0,4M KGl e x t r a c t  of 

n u c l e i  by >o:el f i l t r a t i o n  on Seoha,rose 4B

A 0,4H KCl n u c l e a r  e x t r a c t  i s  o b ta in e d  a s  p r e v io u s l y  d e s c r ib e d  and 

f r a c t i o n a t e d  on S epharose  4B a s  d e s c r ib e d  i n  Methods, s e c t i o n  5 .2 ,

The f r a c t i o n s  o b ta in e d  a r e  a s sa y e d  f o r  DNA polym erase  a c t i v i t y .

■ 0 ------ - w i th  n a t i v e  DNA

.Q   w i th  d e n a tu re d  DNA

- 0 ------ - d e n o te s  c o in c id e n t  p o in t s

   c o n c e n t r a t i o n  o f  p r o t e i n

The f r a c t i o n  i n  which a u r e a s e  m arker (K.N. 4:80,000 d a l to n s )  

e l u t e s  i s  marked th u s
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Table 5

F r a c t i o n a t i o n  o f  I)îiA po lym erase  a c t i v i t y  n r e s e n t  i n  a s o lu b le  

f r a c t i o n  by d i s c o n t in u o u s  s u c ro s e  g r a d i e n t  d e n s i t y  f l o t a t i o n

A sample o f  c o n c e n t r a te d  S2, o b ta in e d  a s  b e f o r e ,  i s  made 60^  ̂ (w/v) 

w i th  r e s p e c t  to  s u c ro s e  and o v e r l a i d  c a r e f u l l y  and c o n s e c u t iv e ly  w i th  

45, 55, 25 and 1 0 /  (w/v) s u c r o s e .  The t o t a l  sample i s  th e n  c e n t r i f u g e d  

f o r  1 h a t  100 ,000 g u s in g  a  Beckman SW 40 r o t o r .  A 1 ml sample i s  

c a r e f u l l y  removed, u s in g  a p a s t e u r  p i p e t t e ,  from each  su c ro se  

i n t e r f a c e  and a s sa y e d  f o r  DBA polym erase  a c t i v i t y .

b u c ro se

i n t e r f a c e

D e n s i ty T o ta l  DMA polym erase  a c t i v i t y  

(10~^ d .p .m .  [^Ej.dTMP 

i n c o r p o r a te d  p e r  h ou r)

n a t iv e

DNA

d e n a tu re d

DNA

‘ 1 0 -2 5 /  

25-55/; 

55-45/)

> l o 0 4 5 <  1 .106 

> 1 . 1 0 6 <  1 .145 

> 1 .1 4 5  < 1 .2 1 8  

> 1 .2 1 8

%ero

%ero

zero

68

ze ro

ze ro

zero

297

O r ig in a l
sample 111 767

A p a r a l l e . l  sample was ru n  u s in g  a low*-speed s u p e r n a ta n t  f r a c t i o n  

(S l )  o b ta in e d  a s  d e s c r ib e d  i n  F ig .  1 , By a s s a y in g  th e  c o r re s p o n d in g  

su c ro se  i n t e r f a c e  f r a c t i o n s  f o r  cytochrome o x id a se  a c t i v i t y  (î-Iethods, 

s e c t i o n  4 .5 )  m i to c h o n d r ia  were shown to  band a t  th e  5 5 - 4 5 /  ( w /v ) ' 

su c ro s e  i n t e r f a c e  ( i . e .  a d e n s i t y / l . 1 4 5 ' x l . 218)
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r e p r e s e n t s  a p r o t e i n  a g g re g a te  ( s a l t - d i s s o c i a b l e )  w ith  p erhaps  

t r a c e s  o f  l i p i d  (bOC r e s u l t s ) ,  a l th o u g h  DOC could  a l s o  d i s s o c i a t e  

hyd rophob ic  p r o t e i n  i n t e r a c t i o n s .  The r e s u l t s  d im in is h  th e  

p o s s i b i l i t y  o f  low M.U. n u c l e a r  DNA polym erase e x i s t i n g  a s  a sub

u n i t  o f  th e  s o lu b le  s p e c ie s  u n l e s s  any co n v e rs io n  o c c u r r i n g ,  due 

to  l o s s  i n  s o lu b le  a c t i v i t y ,  r e s u l t s  i n  a low H.vJ. s p e c ie s  of 

d r a m a t i c a l l y  reduced  a c t i v i t y  ( i ' . e .  w ith  0.5H KCl).

6• EFFECT OF DNA SYNTHETIC CIIANGNS ON TIffi DNA PGLYrlCRAbE bEilCIES

L in d say  e t  a l .  ( l9 7 0 )  have r e p o r te d  changes in  th e  DNA 

polym erase  a c t i v i t y  e x h i b i t e d  by s o lu b le  and n u c l e a r  p r e p a r a t io n s  

of L929 c e l l s ,  a s  the  c e l l s  e n t e r e d  th e  DNA s y n t h e t i c  ( s )  phase 

from a p r e v io u s ly  q u ie s c e n t  phase  where v e ry  l i t t l e  DNA s y n th e s i s  

was o c c u r r in g .  T h e i r  r e s u l t s  showed t h a t  th e  DNA polym erase  

a c t i v i t y  i n  the  s o lu b le  f r a c t i o n  f e l l  d u r in g  o -p h ase  w hereas th e  

n u c l e i  ga in ed  a c t i v i t y  d u r in g  8 -p h a s e ,  more so v/ith  a  d e n a tu re d  

DNA te m p la te ,  c o n f irm in g  p re v io u s  f i n d i n g s  ( L i t t l e f i e l d  e t  a l . ,

1963; Cold & H e l l e i n e r ,  1964) .

Gel f i l t r a t i o n  showed t h a t  o n ly  the  l a r g e  d e n a tu re d  DNA- 

p r e f e r r i n g  s p e c ie s  was p r e s e n t  in  th e  s o lu b le  f r a c t i o n  th ro u g h o u t  

th e  grow th changes d e s c r ib e d  above.

Comparison o f  th e  Sephadex G-200 p r o f i l e s  o f  0.4H KCl 

e x t r a c t s  o f  n u c l e i  from s t a t i o n a r y  and S -phase  c e l l s  d e m o n s t ra te s  

t h a t  tb a  in c re a s e d  DNA polym erase  a c t i v i t y  o f  n u c l e i  from S -nhase  

c e l l s ,  i n  th e  p resen ce  of  d e n a tu re d  DNA, i s  due to  in c re a s e d  

peak I  a c t i v i t y  (F ig s .  1 4 a ,b ) .  In  c o n t r a s t  th e  l e v e l s  of the  s m a l le r  

n a t i v e  D N A -nrefe rr ing  peaks  rem ain  r e l a t i v e l y  u n a f f e c t e d  by th e  change 

i n  DNA s y n t h e t i c  a b i l i t y  o f  the  c e l l .  These r e s u l t s ,  t o g e th e r  w ith  

the  p re v io u s  f i n d i n g s ,  s u g g e s t  t h a t  s o lu b le  DNA polym erase  becomes 

a s s o c i a t e d  w ith  th e  n u c le u s  when c e l l s  a r e  s y n t h e s i s i n g  DNA.
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Fig. 14

F r a c t i o n a t i o n  on Sephadex G-200 of DNA 'oolymerase a c t i v i t y  p r e s e n t  

i n  0 .4M KCl n u c l e a r  e x t r a c t s  o f  s t a t i o n a ry  and S -phase  c e l l s

N u c le i  (N3) were p re p a re d  a s  b e fo re  from e q u a l  numbers o f  s t a t i o n a r y  

and S -phase  c e l l s ,  grown a s  d e s c r ib e d  i n  M ethods, s e c t i o n  3 .2  and 

3*5 r e s p e c t i v e l y ,  and th e  0.4M KCl e x t r a c t s  o b ta in e d  th e re f ro m  

( E x t r a c t i o n  Method I ,  M ethods, s e c t i o n  3 .7 )  f r a c t i o n a t e d  on Sephadex 

G-200 a s  p r e v io u s l y  d e s c r ib e d .  The r e s u l t i n g  f r a c t i o n s  a re  a s sa y e d  

f o r  DM polym erase  a c t i v i t y ,

(a) S -phase  c e l l s

(b) S t a t i o n a r y  c e l l s

—©-----  DIM polym erase  a c t i v i t y  w i t h  n a t i v e  DNA

—O ----- ' w i th  d en a tu red  DIM

—0 -----  d e n o te s  c o in c id e n t  p o in t s

M arkers a r e  a s  b e f o r e .
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As a check to  e n su re  t h a t  th e  in c re a se d  amount o f  peak I  

a c t i v i t y  i n  nucle i from 8 -p h a se  c e l l s  was n o t  s im p ly  due to  

c o n ta m in a t io n  from th e  h ig h e r  l e v e l  o f  s o lu b le  DNA polym erase  

a c t i v i t y  p r e s e n t  i n  cy top lasm  from S-phase  c e l l s ,  compared to  t h a t  

i n  s t a t i o n a r y  phase c e l l s  (h in d sa y  e t  a l . ,  1970),  a c o n t r o l  c r o s s -  

m ix ing  ex p e r im en t was c a r r i e d  o u t .  Table 6 shows th e  e f f e c t  on 

e v e n tu a l  n u c l e a r  DNA polym erase  a c t i v i t y  of exchang ing  th e  low -speed  

s u p e r n a ta n t  f r a c t i o n s ,  a f t e r  th e  f i r s t  n u c l e a r  s e d im e n ta t io n ,  d u r in g  

a  p a r a l l e l  p r e p a r a t i o n  o f  n u c l e i  from s t a t i o n a r y  and l o g a r i t h m i c a l l y  

grow ing c e l l s .  As can be se e n ,  n u c l e i  from s t a t i o n a r y  c e l l s  do n o t  

e x h i b i t  s i g n i f i c a n t l y  i n c r e a s e d  DNA polym erase a c t i v i t y  when t h e i r  

i s o l a t i o n  in v o lv e d  m ixing  w i th  a low -speed  s u p e r n a ta n t  from 

l o g a r i t h m i c a l l y  grow ing c e l l s  c o n t a in in g  s u b s t a n t i a l  DNA polym erase  

a c t i v i t y .  S i m i l a r l y  n u c l e i  from l o g a r i t h m i c a l l y  growing c e l l s  do 

n o t  lo s e  a c t i v i t y  when mixed w i th  s u p e r n a ta n t  from s t a t i o n a r y  c e l l s  

d u r in g  i s o l a t i o n .  T h e re fo re  th e  increased, peak I  a c t i v i t y  t y p i c a l  

o f  n u c l e i  from S -phase  c e l l s  does n o t  seem to  be f r e e l y  d i f f u s i b l e  

from cytoplasm  to  n u c le u s  o r  v ic e  v e r s a  un d er  th e  c o n d i t io n s  u se d .

I t  i s  r e a l i s e d  t h a t  c o n ta m in a t io n  could occur b e fo re  c e l l  b reakage ,  

b u t  th e  r e s u l t s  o f  L indsay  e t  a l ,  ( l9 7 0 )  would d i s a g r e e  w i th  t h i s .  

They show t h a t  24 h a f t e r  r e l e a s e  from s t a t i o n a r y  phase when the  

a b i l i t y  of n u c l e i  to  use  d e n a tu re d  DNA has  d e c l in e d ,  th e  s o lu b le  

DNA polym erase  a c t i v i t y  i s  even h ig h e r  than  d u r in g  8 -p h a s e .

I * j u j x - j j i l i  Or oOnunijjij imjOLOi'i Ac'rxVl'ri I'w TO p'ilA

The p o s s i b le  a s s o c i a t i o n  o f  s o lu b le  DNA polym erase  w ith  

th e  n u c le u s  h as  prompted e x p e r im e n ts  to  d i s c o v e r  th e  n a tu r e  o f  the  

b in d in g  and why 5 t  i n c r e a s e s  d u r in g  th e  p e r io d  o f  DNA s y n t h e s i s .

One p o s s i b i l i t y  i s  t h a t  th e  DNA, n o rm a l ly  u n a v a i l a b l e  because  o f  

masking by h i s t o n e s  and o th e r  n u c l e a r  p r o t e i n s ,  beoomos uni.icsked a t
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Table 6

B ind ing  o f  s o lu b le  DNA polym erase  a c t i v i t y  to  n u c l e i  d u r in v  p r e p a r a t i o n

C e l l  s u sp e n s io n s  from b o th  l o g a r i t h m ic a l ly - g r o w i n g  and s t a t i o n a r y  

c u l t u r e s ,  grovra a s  b e fo re ,  a r e  homogenised a s  u s u a l  (Methods, s e c t i o n  

3 « 4 ) .  ‘D u p l ic a te  a l i q u o t s  a r e  c e n t r i f u g e d  a s  i n  F ig .  1, and th e  SI 

f r a c t i o n s  of one o f  th e  d u p l i c a t e s  o f  th e  d i f f e r i n g  homogenates 

in t e r c h a n g e d .  A f t e r  r e s u s p e n s io n  and 10 min é q u i l i b r a t i o n ,  the  

n u c l e i  a r e  p re p a re d  a s  b e f o r e .  The r e s u l t i n g  N5 and S2 f r a c t i o n s  a r e  

a s say ed  f o r  DM polym erase  a c t i v i t y .

F r a c t i o n DM polym erase  a c t i v i t y  

(10“ ^ d .p .m .  [^fi] dTMP 

i n c o r p o r a t e d / h / o . l  ml sample)

, n a t iv e d e n a tu re d

DM DNA

S t a t i o n a r y  82 C 20 < 20

Log, 82 580 1520

S t a t i o n a r y  N3 640 < 20

S t a t i o n a r y  p re p a re d  
v i a  lo g .  81 680 120

Log. N3 1070 730 I

Log. Np p re p a re d  
v i a  s t n t i o n ' i r y  81 1220 930 1

. . . . . . . . . . . . . . . . . .  J
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s p e c i f i c  r e g io n s  e n a b l in g  DNA polym erase  to  b in d  and to  c a r r y  

ou t i t s  . r e p l i c a t i v e  f u n c t i o n .  T h is  would p r e d i c t  a  s t r o n g  

b in d in g  betw een 'n a k e d '  DNA and th e  enzyme.

Table  7 shows t h a t  s o lu b le  DNA polym erase  a c t i v i t y  i s  

u n ab le  to  b ind  to  n a t i v e  s a l m o n - t e s t i s  DNA bound to  a c e l l u l o s e  

m a tr ix  even a t  v e ry  low i o n i c  s t r e n g t h .

The r e s u l t s  o f  f u r t h e r  e x p e r im e n ts ,  on th e  a b i l i t y  to  

sed im en t th e  s o lu b le  DNA polym erase  a s  a DNA-enzyme complex, by 

c e n t r i f u g a t i o n  i n  low s a l t ,  a r e  shown in  Table 8 ,  There i s  no 

i n c r e a s e  i n  th e  p e rc e n ta g e  of s o lu b le  DNA polym erase  a c t i v i t y  

sed im en ted  i n  th e  p re se n c e  o f  n a t i v e  o r  d e n a tu re d  DNA compared w i th  

a c o n t r o l  c o n t a in in g  no DNA, The c o n t r o l  sam ples ,  however, showed 

t h a t  60-70/t o f  th e  a c t i v i t y  was sed im ented  u n d e r  the  c o n d i t io n s  u sed ,  

s u g g e s t in g  t h a t  th e  s o lu b le  a c t i v i t y  i s  o f  c o n s id e r a b le  s i z e .

These r e s u l t s  a g re e  to  some e x t e n t  w i th  the  f i n d i n g s  of 

H a in e s - e t  a l , ,  ( l 9 7 l )  f o r  a p a r t i a l l y  pure r a t  l i v e r  s o lu b le  DNA 

polym erase  p r e p a r a t i o n .  They f i n d  a v a r i a b l e  a b i l i t y  of th e  enzyme 

to  b ind  to  D N A -cellu lose  columns, e i t h e r  ja iü ig  to  b ind  a t  a l l  o r  

e l u t i n g  a t  low i o n i c  s t r e n g t h .  Yoneda & Bollum (1965) a l s o  f a i l e d  

to  d e t e c t  b in d in g  o f  c a l f  thymus s o lu b le  enzyme to  n a t iv e  o r  d e n a tu re d  

DNA, i n  low s a l t ,  on su c ro s e  g r a d i e n t s ,

8 ,  EFFNCT OF VAhlQNb THNAT:fdNT8 Q]-: TNK SNDIiSNTATION OF oOLUBLN 

DNA fOLYMDR/bf ACTIVITY-

As shown i n  th e  p r e v io u s  s e c t i o n ,  60 -70^  o f  th e  DNA polym erase  

a c t i v i t y  i n  a h ig h -s p e e d  s u p e r n a ta n t  p r e p a r a t i o n  i s  sed im en ted  by 

c e n t r i f u g a t i o n  a t  105 ,000 g f o r  7 .5  h .

F ig ,  15 shows th e  e f f e c t  o f  NCI c o n c e n t r a t i o n  on the 

p e rc e n ta g e  DNA polym erase  a c t i v i t y  sed im en ted .  In  th e  absence  of 

KCl, 95b of th e  a c t i v i t y  i s  sed im en ted  w hereas a t  0.25N NCI, 7Op
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' S M e  7

B ind ing  of  s o lu b le  PITA polyrncraso to  DM c e l l u l o s e

DNA c e l l u l o s e  chrom atography  ( u s in g  n a t iv e  salmon t e s t i s  DNA) i s  

c a r r i e d  o u t  a s  d e s c r ib e d  i n  Methods, s e c t i o n  5 .3s  The sample i s  

a p p l i e d  a t  z e ro  KCl,

F r a c t i o n T o ta l  DNA polym erase a c t i v i t y  

(lO d .p .m ,  [*^H] dTMP in c o r p o r a te d  

p e r  hour)

n a t iv e

DNA

A pplied  sample (S2) 105 c 2

Pooled  unbound 
e l u a t e 506.3

F r a c t i o n s  e l u t e d  
w ith  g r a d i e n t  
from 0 - 0 . 7M KCl

zero ze ro
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Table 8

S e d im e n ta t io n  of s o lu b l e  DM  nolym erase  a c t i v i t y  a t t a c h e d  to  DÏÏÂ

N ativ e  and d e n a tu re d  salmon t e s t i s  DM a re  added to  e q u a l  a l i q u o t s  

o f  an  82 f r a c t i o n  (800 ug/m l f i n a l  c o n c e n t r a t i o n )  and th e  sample 

c e n t r i f u g e d  a t  105 ,000  g f o r  7 .5  h  to  p e l l e t  the  DNA, The p e rc e n ta g e  

DNA polym erase  a c t i v i t y  p e l l e t e d  i s  de term ined*

Sample fo DNA 

n e l i e t e d

/̂o DNA polym erase  a c t i v i t y  

p e l l e t e d

n a t iv e d e n a tu re d

DNA .DNA

C o n tro l  82 - 59 .6 70 .5

+ n a t i v e  DNA 100 60 .1 , 71 .5

I -f- d e n a tu re d 95 58.5 57 .0
DNA
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P ie .  15

Ef f e c t  of KCl c o n c e n t r a t i o n  on th e  s e d im e n ta t io n  o f  s o lu b le  DM 

p0lyrnerase a c t i v i t y

D u p l ic a te  a l i q u o t s  o f  an 32 f r a c t i o n  a r e  a d j u s t e d  to  th e  ÏCC1 

c o n c e n t r a t i o n s  &ho\m o p p o s i te .  Ond o f  th e  d u p l i c a t e s  i s  c e n t r i f u g e d  

a t  105,000 g f o r  12 h and th e  DNA polym erase  a c t i v i t i e s  o f  th e  

r e s u l t i n g  s u p e r n a ta n t  f r a c t i o n s  to g e th e r  w i th  t h a t  o f  th e  un

c e n t r i f u g e d  c o n t r o l  d e te rm in e d .  The p e rc e n ta g e  DNA polym erase  

a c t i v i t y  sed im ented  a t  each KCl c o n c e n t r a t i o n  i s  c a l c u l a t e d  .

 @------  w i th  n a t iv e  DNA

 Q    vfith d e n a tu re d  DNA
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o f  th e  a c t i v i t y  re iaa inc  i n  th e  o u i jo rn a tan t  a f t e r  c e n t r i f u g a t i o n s  

s u g g e s t in g  t h a t  i t  iriay form p a r t  of a  s a l t - d i s s o c i a b l e  a g g r e g a t io n .

T h is  app roach  to  th e  e f f e c t  o f  s a l t  on the  s i z e  o f  th e  s o lu b le  

enzyme d i f f e r s  from t h a t  i n  R e s u l t s ^ s e c t i o n  5 .2  where t r e a tm e n t  

w i th  0,511 KCl caused  a lm o s t  com plete  l o s s  o f  enzyme a c t i v i t y .  The 

method used i n  t h i s  s e c t i o n  does n o t  in v o lv e  s e p a r a t i o n  of 

d i s s o c i a b l e  f a c t o r s .

B a r i l  e t  a l ,  ( l9 7 0 ,  1971) proposed  t h a t  the  s o lu b le  DNA 

polym erase  a c t i v i t y  from r e g e n e r a t i n g  r a t  l i v e r  i s  a s s o c i a t e d  w ith  

a smooth-menibrane f r a c t i o n  as  d em o n s tra ted  by i t s  a b i l i t y  to  be 

sed im en ted  by p ro longed  c e n t r i f u g a t i o n  (7 8 ,0 0 0 g fo r  15 h ) ,  and to  

band a t  th e  d e n s i t y  o f  smooth membranes on d i s c o n t in u o u s  su c ro se  

g r a d i e n t s .  In  a l a t e r  s tu d y  th e y  showed t lm t  i t  cou ld  be r e l e a s e d  

from t h i s  membrane a s s o c i a t i o n  by t r e a tm e n t  w i th  a s o l u t i o n  c o n ta in in g  

th e  d e t e r g e n t  T r i t o n  K-lOO, However i n  our hands ,  T r i to n  X-100 does 

n o t  a f f e c t  th e  p e rc e n ta g e  DNA polym erase  a c t i v i t y  sed im ented  i n  a 

h ig h -sp e e d  s u p e r n a ta n t  f r a c t i o n  from L929 c e l l s  (Table  9)* S u r p r i s i n g l y ,  

when the  e f f e d t  o f  T r i t o n  X-100 on th e  a c t i v i t y  o f  DNA polym erase 

in  h ig h -s p e e d  s u p e r n a ta n t  p r e p a r a t i o n s  i s  measured ( F i g , 1 6 ) ,  i t  was 

found t h a t  c o n c e n t r a t i o n s  up to  10/a ( v / v ) ,  i n  th e  a s s a y ,  i n h i b i t  

on ly  the  a c t i v i t y  w i th  d e n a tu re d  DNA, M oreover, th e  deg ree  of 

i n h i b i t i o n  i s  o n ly  to  *'-'50/0 w hich i s  reac h ed  a t  Vfo ( v / v ) .

A p o s s i b l e  e r p l a n a t i c n  o f  t h i s  e f f e c t  could  bo the  

forma Lion o f  m i c e l l e s  which a r e  no lo n g e r  i n h i b i t o r y  to  the  r e a c t i o n .

Thus the c o n c e n t r a t i o n  o f  f r e e  T r i t o n  X-100 m o lecu le s  may n e v e r  r i s e  

above 1/h ( v / v ) , The c r i t i c a l  m i c e l l e r  c o n c e n t r a t i o n  f o r  T r i t o n  X-100 

was r e p o r t e d  to  be i n  the  range  0 , 05- 0 , 1/  (v /v )  ( h e le n iu s  & Simons,

1972) .
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Tab le  9

E f f e c t  o f  T r i t o n  X-100 on the  sediment■4tion o f  s o lu b le  DNA polym erase  

a c t i v i t y

An a l i q u o t  o f  82 , p re p a re d  a s  b e f o r e ,  i s  made 0 .1 5 ^  (v /v )  w ith  

r e s p e c t  to  T r i t o n  X-100 and t o g e t h e r  w i th  an u n t r e a t e d  a l i q u o t  

a r e  c e n t r i f u g e d  f o r  4 h a t  105 ,000  g ,

/  DNA polyme r ase  a c t i v i t y  

sed im ented

n a t iv e

DNA

d e n a tu re d

DNA

U n tre a te d  82

82 4- 0 . 1 5 /  (v /v )  T r i t o n  X-100

46 ± 14 

65 Î  14

77 i  13 

90 i  6

( s ta n d a r d  d e v i a t i o n s  a r e  based  on th e  r e s u l t  o f  two s e p a r a t e  

ex p e r im e n ts  each  done i n  d u p l i c a t e )
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F ig ,  16

E f f e c t  o f  T r i to n  X-100 on th e  s o lu b le  DNA polym erase a c t i v i t y

I n c r e a s i n g  amounts of T r i t o n  X-100 a re  added to  a  s ta n d a rd  a s s a y  of 

DNA polym erase  a c t i v i t y  p r e s e n t  i n  a  S2 f r a c t i o n ,

   DHA polym erase  a c t i v i t y  w i th  n a t i v e  DM

 ^ -------  w i th  d e n a tu re d  DNA
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The p r e f e r e n t i a l  i n h i b i t i o n  by T r i to n  X-100 o f  DM 

polym erase  a c t i v i t y  w ith  d e n a tu re d  DM could  r e f l e c t  i n h i b i t i o n  o f  

a f a c t o r  n e c e s s a ry  f o r  s y n t h e s i s  on a s i n g l e - s t r a n d e d  DM te m p la te  

o r  i t  cou ld  be a f f e c t i n g  the  a s s a y  i n d i r e c t l y  m ere ly  by i n a c t i v a t i n g  

the  d e n a tu re d  DM te m p la te .  Holmes & Jo h n s to n  ( l9 7 3 )  found t h a t  

T r i t o n  X-100 r a p i d l y  i n a c t i v a t e d  a p a r t i a l l y  pure  DMA polym erase 

enzyme fbari a r a t  l i v e r  s u p e r n a ta n t  f r a c t i o n  u s in g  an a c t i v a t e d  DM 

te m p la te ,

9 . EFFECT OF KCl EXTRACTION Oh THE ABILITY OF IIUCLFI TO BIhD 

DNA POLYl-xEMSE ACTIVITY

The f a i l u r e  o f  DM polym erase  from a h ig h - s p e e d  s u p e r n a ta n t  

f r a c t i o n  to  b ind  to  DM may s u g g e s t  t h a t  a n o th e r  f a c t o r  i s  n e c e s s a r y  

f o r  th e  observed  a s s o c i a t i o n  w i th  n u c l e i  d u r in g  8 -p h a s e ,  The 

s y n t h e s i s  of t h i s  f a c t o r  may t r i g g e r  the  o n s e t  of DM s y n t h e s i s .

The fo l lo w in g  s e t  o f  e x p e r im e n ts  was d es ig n ed  to  t e s t  i f  n u c l e i ,  

a f t e r  e x t r a c t i o n  w ith  0 .4E  KCl (shown p r e v io u s ly  to  remove a l l  

a s s a y a b le  DN/i po lym erase  a c t i v i t y )  a r e  capab le  o f  r e b in d in g  th e  DM 

polym erase a c t i v i t y  and , i f  so ,  i f  th ey  a r e  a l s o  c ap a b le  o f  b in d in g  

s o lu b le  a c t i v i t y .  T h is  l a t t e r  c a p a c i t y  would r e v e a l  w hether  th e  

p r e d i c t e d  b in d in g  f a c t o r  rem a ins  i n  th e  n u c le u s  a f t e r  e x t r a c t i o n ,

9*1 A b i l i t y  o f  n u c l e i  from S-ph a se c e l l s  to  r e b in d  DNA.

po lym eras e a c t i v i t y  a f t e r  KCl e x t r a c t i o n  

F ig  17a shows th e  e f f e c t  o f  i n c r e a s in g  KCl c o n c e n t r a t i o n  

on thA nmAunt o f  DNA polym erase a c t i v i t y  e x t r a c t a b l e  from n u c l e i  of 

8 -p h ase  c e l l s .  E x t r a c t i o n  i s  a p p a r e n t ly  com plete  by 0 .4 8  KCl, a s  

f o r  n u c l e i  from lo g a r i th m ic a l ly - g r o w in g  c e l l s  (oee Table 9)*

On re d u c in g  th e  s a l t  c o n c e n t r a t i o n  to  ze ro  by d i a l y s i s ,  

th e  n u c l e i  a r e  cap a b le  o f  r e b in d i n g  40-60^  o f  th e  DNA polym erase 

a c t i v i t y  e x t r a c t a b l e  by KOI c o n c e n t r a t i o n s  i n  th e  range  of  0 ,1 -0 .4M
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Fig._A7.

E x t r a c t i o n  by KCl o f  PDA p o ly m e r a .s e  a c t i v i t y  from n u c l e i  o f  8 -p h ase  

c e l l s  and th e  a b i l i t y  of th e  nucl e i  t o r e b ind  th e  e x t r a c t e d  a c t i v i t y

D u p l ic a te  s u sp e n s io n s  of n u c l e i  (N3)v p re p a re d  from 8 -p h a se  c e l l s  a s  

b e f o r e , a r e  e x t r a c t e d  by d i a l y s i s  ( E x t r a c t i o n  Method I I ,  M ethods, s e c t i o n  

3 i7 )  w i th  th e  v a ry in g  c o n c e n t r a t i o n s  o f  KCl sho^m o p p o s i t e .  A f t e r  

d i a l y s i s ,  th e y  a r e  t r e a t e d  a s  fo l lo w s

(a) One of  th e  d u p l i c a t e s  i s  c e n t r i f u g e d  a t  800 g f o r  10 min and

th e  DNA polym erase  a c t i v i t y  i n  the  e x t r a c t  d e te rm in e d .

(b) The o th e r  d u p l i c a t e  i s  f u r t h e r  d i a ly s e d  a g a i n s t  100 volumes of

B u f fe r  A a lo n e  ( to  red u ce  th e  s a l t )  f o r  2 x lh ,  th e n  c e n t r i f u g e d

as  i n  (a )  and th e  s u p e r n a ta n t  f r a c t i o n  a s sa y e d  f o r  DNA polym erase  

a c t i v i t y .  The p e r c e n ta g e  DNA polym erase  a c t i v i t y  rebound by 

th e  n u c le i -  i s  th e n  c a l c u l a t e d .

-V  DNA polym erase  a c t i v i t y  w i th  n a t i v e  DNA

-V  w i th  d e n a tu re d  DNA
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(Figo 1 7 b ) .  Above 0.4M KCl th e  n u c le o h is to n e  complexes beg in  to  

d i s a g g r e g a te  and th e  expand ing  DITA f i b r e s  d e s t r o y  th e  n u c l e a r  

i n t e g r i t y ,  a s  i s  seen  by p h a s e - c o n t r a s t  m ic ro s c o p ic  e x a m in a t io n .

The a b i l i t y  o f  th e  n u c l e i  to  r e b in d  DNA polym erase  

a c t i v i t y  w i th  a  s i m i l a r  DKA te m p la te  p r e f e r e n c e  to  t h a t  e x t r a c t e d ,  

s u g g e s t s  t h a t  peak I  n u c l e a r  a c t i v i t y  i s  c ap a b le  o f  r e b in d i n g ,  a s  

w e l l  a s  the  s m a l le r  n u c l e a r  s p e c i e s ,  which a re  known to  have a 

g r e a t e r  b in d in g  a f f i n i t y  f o r  DNA p e r  se (H enderson, M .A .L ., Ph.D. 

T h e s i s ,  L n i v e r s i t y  o f  Glasgow, 1972; H aines  e t  a l . ,  1 9 7 l ) .

9*2 A b i l i t y  o f  0.4N KCl e x t r a c t e d  n u c l e i  from S-phase  

c e l l s  to  b ind  s o Ju b le  DNA nolym eraso a c t i v i t y  

F ig .  18 r e y e a l s  t h a t  n u c l e i  from o -p h ase  c e l l s  which 

have been e x t r a c t e d  w i th  0.4M KCl, f a i l  to  b ind  s i g n i f i c a n t  DNA 

polym erase a c t i v i t y  from a h ig h - s p e e d  s u p e r n a ta n t  f r a c t i o n .  This  

p in p o i n t s  a fundam en ta l  d i f f e r e n c e  between th e  ensyrae i n  n u c l e a r  

e x t r a c t  and s u p e r n a ta n t  p r e p a r a t i o n s .  I t  cou ld  s i g n i f y  the  

p re s e n c e  i n  e x t r a c t s  o f  a f a c t o r  which i s  in v o lv e d  in  th e  b in d in g  

o f  h ig h  M.N. DNA polym erase  to  DNA,

9 .2  The r e l a t i v e  a b i l i t y  o f  Q.hi-I KCl e x t r a c t e d n u c l e i  

from s t a t i o n a r y  and S -vhase  c e l l s  to  b ind  DNA 

polym erase  a c t i v i t y  from a 0.4M KCl n u c le a r  

e x t r a c t  o f  8 - p r a s e  c e l l s  

F ig .  19 shows t h a t  Ü.4M KCl e x t r a c t e d  n u c l e i  fro%: 

s t a t i o n a r y  and S -phase  c e l l s  a r e  e q u a l ly  cap a b le  o f  r e b in d in g  DNA 

polym erase  a c t i v i t y  from a n u c l e a r  e x t r a c t  o f  S -phase  c e l l s ,  

p r o v id in g  f u r t h e r  ev id en ce  t h a t  th e  b in d in g  r e q u ire m e n t  r e s i d e s  i n  

th e  n u c l e a r  e x t r a c t  from S -phase  c e l l s .  C o n tro l  ex p e r im en ts  w ith  

n u c l e i  from s t a t i o n a r y  c e l l s  which h^ve n o t  been e x t r a c t e d  show 

t h a t  u n le s s  such n u c l e i  have been p re v io u s ly  e x t r a c t e d  w ith  KCl



106.

Fig, 18

A b i l i t y  o f  0 .4M KCl e x t r a c t e d  n u c l e i  from S -phase  c e l l s  to  b ind  

s o l u b le  Dli'A polym erase  a c t i v i t y

N u c le i  (N2) from S -phase  c e l l s  a r e  e x h a u s t i v e ly  e x t r a c t e d  w i th  0.4M 

KCl ( E x t r a c t i o n  Method I I ,  Methods, s e c t i o n  2 . 7 ) .  E qual a l i q u o t s  o f  

an 82 f r a c t i o n ,  which has  been p r e v io u s ly  d i a ly s e d  f o r  2 x lh  a g a i n s t  

100 volumes o f  B u f fe r  A + 0.4M KCl, a r e  mixed w i th  i n c r e a s i n g  amounts 

o f  th e  above n u c l e i ,  th e  h i g h e s t  amount o f  n u c l e i  b e in g  d e r iv e d  from 

an e q u i v a l e n t  mmiber o f  c e l l s  a s  was th e  a l i q u o t  o f  82, A f t e r  10 min 

e q u i l i b r a t i o n ,  th e  su sp e n s io n s  a r e  d i a ly s e d  a g a i n s t  B u f fe r  A a lo n e  

a s  above ( to  reduce  th e  s a l t )  and c e n t r i f u g e d  a t  800g f o r  10 min. The 

supernatant f r a c t i o n s  a r e  th e n  a s sa y e d  f o r  DNA polym erase  a c t i v i t y  and 

the p e rc e n ta g e  bound i n  each  case  c a l c u l a t e d .

 V  w i th  n a t iv e  DNA

 ^   ’w ith  d e n a tu re d  DNA
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B in d in/? of DBA n o ly n e ra se  a c t i v i t y  p r e s e n t  i n Go4M KCl  n u c le a r  e x t r a c t s  

■from S -nhase  c e l l s  to  n u c l e i  from s t a t i o n a r y  ond S -phase  c e l l s  which 

hove Been n r e - e x t r a c t e d  w ith  0.4M KCl

A3.iq.uots o f  a 0.4M KCl e x t r a c t  o f  n u c l e i  d e r iv e d  from 20x10^ S -phase  

c e l l s  a r e  mixed w ith  i n c r e a s i n g  amounts o f  0.4M KCl e x h a u s t i v e ly  

e x t r a c t e d  n u c l e i  ( E x t r a c t i o n  Method I I ,  M ethods, s e c t i o n  3*7), 

o b ta in e d  from c e l l s  e i t h e r  i n  s t a t i o n a r y  o r  S -p h a s e .  The sam ples a r e  

th e n  d ia ly s e d  a g a i n s t  B u f fe r  A a s  b e fo re  ( to  reduce  th e  s a l t ) ,  c e n t r i 

fuged  a t  800 g f o r  10 min and th e  s u p e r n a ta n t  f r a c t i o n s  a s sa y e d  f o r  

DNA polym erase  a c t i v i t y .  The p e rc e n ta g e  bound i n  each  case  was 

c a l c u l a t e d .

DNA polym erase  a c t i v i t y  
bound by e x t r a c t e d  
S -phase  n u c l e i

w i th  n a t i v e  DNA 

w i th  d e n a tu re d  DNA

-m-

-a -

DNA polym erase  a c t i v i t y  
bound by e x t r a c t e d  
s t a t i  onary  n u d e  i

w ith  n a t i v e  DNA 

w i th  d e n a tu re d  DNA

-0-

DNA polym erase  a c t i v i t y  
bound by u n e x t r a c te d  
s t a t i o n a r y  n u c l e i

w i th  n a t i v e  DNA 

w ith  d e n a tu re d  DNA



109.

1
-P0 
< 1*

01 ro «3 U

Î0P4
1

100  -

80 ~

m

20

■<̂1----

0 10 20

No, o f  n u c l e i  xlO*-0



110,

th e y  w i l l  n o t  b ind  DNA polym erase  a c t i v i t y  p r e s e n t  i n  S -phase  

n u c l e a r  e x t r a c t  (F ig .  19)• The s i g n i f i c a n c e  o f  t h i s  f in d i n g  i s  

n o t  c l e a r .  Lack o f  b in d in g  to  u n e x t r a c te d  n u c l e i  from S -phase  

c e l l s  could  m ere ly  be a r e s u l t  o f  s a t u r a t i o n  o f  b in d in g  s i t e s ,  bu t 

n u c l e i  from s t a t i o n a r y  c e l l s  c o n t a in  v e ry  low l e v e l s  o f  peak I  

n u c l e a r  a c t i v i t y ,  s u g g e s t in g  tho.t some o th e r  f a c t o r  i s  b lo c k in g  

b in d in g .  Removal o f  t h i s  f a c t o r  (a s  ach iev ed  by 0 .4 k  KCl e x t r a c t i o n )  

cou ld  r e p r e s e n t  a n o th e r  p r e - r e q u i s i t e  b e fo re  S -phase  can be embarked 

upon.

10. DNA SYNTHHSXS BY ISOLATED L929 NUCLEI

N u c le i  i s o l a t e d  from S -phase  c e l l s  have been shown to  

c o n t in u e  DNA s y n t h e s i s  f o r  a s h o r t  tim e in  v i t r o  i n  th e  absence  of 

added DNA (Friedm an & M u e l le r ,  1968; H ershey e t  a l . ,  1973a).  

P r e l im in a ry  s t u d i e s  u s in g  n u c l e i  from S-phase L929 c e l l s  p rep a red  

by th e  s ta n d a rd  i s o l a t i o n  te c h n iq u e  r e v e a le d  t h a t  n u c l e a r  p r e p a r a t i o n s  

a r e  a b le  to  s y n th e s i s e  DNA i n  th e  absence  o f  added te m p la te  DNA.

The re q u ire m e n ts  f o r  s y n t h e s i s ,  (a s s a y  system  A, Methods, s e c t i o n  

4 .4 )  a re  s i m i l a r  to  th o se  f o r  DNa polym erase a s s a y s  e x c e p t  t h a t  ALP 

i s  p r e s e n t ,  which was shown f o r  o th e r  system s to  be n e c e s s a ry  f o r  

f u l l  e x p re s s io n  o f  n u c l e a r  DNA s y n t h e t i c  a b i l i t y .

Table  10 shows t h a t  homogenates e x h i b i t  2-3 f o ld  g r e a t e r  

i n c o r p o r a t i o n  th a n  once o r  tw ice  washed n u c l e a r  p e l l e t s .  The 

second wash docs n o t  a p p r e c i a b ly  reduce  the in c o rp o ra  Ling a b i l i t y  

o f  the  n u c l e i ,  a l th o u g h  th e  n u c l e i  ap p ea r  f r e e r  from cy to p lo sm ic  

co n ta m in a t io n  as  r e v e a le d  by p h a s e - c o n t r a s t  m ic ro s c o p ic  ex a m in a t io n .  

P o s s i b l e ' e x p l a n a t i o n s  f o r  th e  h ig h e r  i n c o r p o r a t io n  by the  homogenate 

could  be th e  p re sen ce  o f  s o lu b le  DNA polym erase a c t i v i t y  u t i l i s i n g  

th e  endogenous DNA te m p la te ,  o r  o th e r  s t im u la t o r y  f a c t o r s  r e p o r t e d  

to  be p r e s e n t  i n  th e  cy top lasm  (Friedm an & M u e l le r ,  1968; h id w e l l  &
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Table 10 •

DNA s y n th e s i s  i n  th e  absence  o f  exogenouslv  added DNA by n u c l e a r  

f r a c t i o n s  a t  v a r io u s  s t a g e s  o f  p r e p a r a t i o n

N u c lea r  f r a c t i o n s  from S -phase  c e l l s  a r e  p re p a re d  a s  d e s c r ib e d  

i n  F ig .  1 , and t h e i r  endogenous DNA s y n t h e t i c  a b i l i t y  i s  m easured 

u s in g  Assay System A (Methods, s e c t i o n  4 , 4 ) .

F r a c t i o n pmoles dTMP in c o rn o r a te d /3 0  min/mg DNA

Homogenate 69 .0± 20 .0

N1 re su sp en d ed  i n  
b u f f e r e d  su c ro s e . 2 4 . 4 i 5 .0

l'I2 re  suspended in  
b u f f e r e d  s u c ro se 25 .2+ 3 .5

E r r o r s  a r e  a r e s u l t  o f  d u n l i c a t e  v a r i a t i o n
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M u e lle r ,  1969? H ershey e t  a l , ,  1973^ ).  N u c le i  from G-phase c e l l s  

have a g r e a t e r  and more p ro lo n g ed  i n i t i a l  r a t e  o f  DHA s y n th e s i s  

th a n  do n u c l e i  from s t a t i o n a r y  c e l l s  (F ig .  2 0 ) . A f t e r  a s h o r t  

tim e  th e  r a t e  o f  i n c o r p o r a t i o n  i s  red u ce d  to  a second r a t e ,  which 

i s  v a r i a b l e  and does n o t  a p p e a r  to  be dependent on th e  DMA 

r e p l i c a t i v e  a b i l i t y  o f  th e  c e l l s  from which th e  n u c l e i  a r e  d e r iv e d .  

A f t e r  th e  i n i t i a l  growth dependen t r a t e ,  s y n t h e s i s  cou ld  be due to  

i n c o r p o r a t i o n  a t  n icies i n  th e  DMA in t ro d u c e d  d u r in g  i s o l a t i o n  and 

su b se q u en t i n c u b a t io n  (Kaufman e t  a l , ,  1972; Hyodo & Ono, 1 9 7 0 a ,b ) .  

E vidence f o r  t h i s  d e r iv e s  from the  f a c t  t h a t  n u c l e i  from s t a t i o n a r y  

L929 c e l l s  can be made to  i n c r e a s e  t h e i r  endogenous i n c o r p o r a t i n g  

c a p a c i ty  by t r e a tm e n t  w i th  p a n c r e a t i c  DNase (R .L .P .  Adams, p e r s o n a l  

com m unica tion ) .

10 .1  A l t e r n a t i v e  a s s a y  c o n d i t io n s

While t h i s  work was i n  p r o g r e s s ,  H ershey e t  a l ,  ( l973& ), 

u s in g  an i s o l a t e d  n u c l e a r  system  from HcLa c e l l s ,  c la im ed  to  have- 

a c h ie v e d  i n i t i a l  r a t e s  of endogenous in c o r p o r a t io n  a p p ro x im a tin g  

to  th e  same o rd e r  o f  m agnitude a s  th e  iri v iv o  r a t e  o f  DMA s y n th e s i s  

i n  th e se  c e l l s .  Such h ig h  l e v e l s  had n e v e r  been s e r i o u s l y  approached  

by p re v io u s  e u k a r y o t i c  i n v i t r o sy s tem s,

A com parison  o f  the  a s s a y  c o n d i t io n s  o f  H ershey  e t  a l .

(a s s a y  system  B) w i th  th o se  a l r e a d y  d e s c r ib e d  (a s s a y  system  A ) , i s  

shovrn i n  Pig* 21, I t  i s  seen  t h a t  n u c l e i  e x h i b i t  much g r e a t e r  

endogenous DMA s y n t h e s i s  u s in g  th e  c o n d i t io n s  o f  iiersiiey  e t  a l .

The main d i f f e r e n c e  between th e  two system s i s  the  h ig h e r  i o n i c  

s t r e n g t h  and ATP c o n c e n t r a t i o n  o f  a s s a y  system  3, bo th  shewn by 

H ershey  e t  a l ,  to  be e s s e n t i a l  f o r  the  h ig h  r a t e s  o f  i n  v i t r o  DMA 

s y n t l i e s i s .  F ig .  22 r e v e a l s  t h a t  th e  optimum s a l t  (MaCl o r  KCl)
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Comparison o f  the  endogenous DM s y n t h e t i c  a b i l i t i e s  o f  n u c l e i  from 

s t a t i o n a r y  and S -nbase  c e l l s

A s u sp e n s io n  i n  b u f f e r e d - s u c r o s e  o f  n u c l e i  (M3) i s o l a t e d ,  a s  p rev ious ly -  

d e s c r ib e d ,  from s t a t i o n a r y  and S -phase  c e l l s  i s  a s sa y e d  f o r  the a b i l i t y  

to  s y n th e s i s e  DMA i n  th e  absence  of exogenous ly  added DMA u s in g 'A s s a y  

System A,

-,0------  n u c l e i  from S -phase  c e l l s

-A  n u c l e i  from s t a t i o n a r y  c e l l s
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) a r i8 on o f  a s s a y  system s on th e  endogenous DNA s y n t h e s i s i n g  a b i l i t y  

o f  nucle^L̂ f rom S -phase  c e l l s  -

The endogenous DNA s y n t h e s i s i n g  c a p a c i t y  o f  n u c l e i  (N3) from 8 -p h ase  

c e l l s  i s  d e te rm in e d  u nder  the  f o l lo w in g  two d i f f e r i n g  c o n d i t i o n s  o f  

a s s a y : -

 (> Assay System A (Methods, s e c t i o n  4 .4 )

 0 ------  Assay System B (M ethods, s e c t i o n  4 .4 )
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■ ? i g j L _ 2 2

E f f e c t  o f  s a l t  conce n t r a t i o n on th e  endorrenous DNA s y n t h e t i c  a b i l i t y  of 

nucl e i  from S-ohase  c e l l s

N u c le i  (lO) from S -phase  c e l l s  a r e  a s sa y e d  f o r  endogenous DNA s y n t h e s i s i n g  

c a p a c i t y  u s in g  A ssay System B i n  which th e  s a l t  c o n c e n t r a t i o n  (NaCl o r  

KCl) i s  v a r i e d  a s  shotm o p p o s ite *

# ------  v a ry in g  KCl

“□ ------  v a ry in g  NaCl
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c o n c e n t r a t i o n  f o r  L929 n u c l e i  i s  around 100mî4 a s  used by H ershey 

e t  a l . I n c o r p o r a t i o n  by L929 n u c l e i  p re p a re d  by th e  method o f  

H ershey e t  a l .  ( l9 7 5 a )  showed l i t t l e  d i f f e r e n c e  compared to  

th e  s ta n d a rd  i s o l a t i o n  p ro ced u re  (.Figu 2 5 ) .  T h e re fo re  i t  was 

d ec id ed  to  adop t a s s a y  system  B, b u t  to  r e t a i n  th e  e x i s t i n g  

p ro ced u re  f o r  n u c l e a r  i s o l a t i o n ,  which gave c l e a n e r  n u c l e i  on 

m ic ro s c o p ic  e x a m in a t io n .  F u rthe rm ore  a d o p t io n  o f  a new n u c le a r  

p r e p a r a t io n  method would in v o lv e  c h a r a c t e r i s a t i o n  of th e  DBA 

polym erase a c t i v i t i e s  p r e s e n t .  F ig ,  24 con firm s  t h a t ,  u s in g  a s s a y  

system  B, th e  n u c l e i  s t i l l  r e f l e c t  t h e i r  i n v iv o  c a p a c i t y  f o r  

MA s y n t h e s i s  p r i o r  to  i s o l a t i o n .

10 .2  The p ro d u c t  o f  DNA s y n th e s i s  by i s o l a t e d  n u c l e i

C h a r a c t e r i s a t i o n  o f  th e  p ro d u c t  s y n th e s i s e d  d u r in g  th e  

endogenous n u c l e a r  i n c o r p o r a t i o n  may g iv e  a c lu e  to  th e  n a tu re  

o f  the  DM s y n t h e s i s  t a k in g  p la c e  w i th in  n u c l e i .  A lk a l in e  s u c ro se  

g r a d i e n t  c e n t r i f u g a t i o n  r e v e a l s  t h a t  th e  p ro d u c t  o f  n u c l e a r  

i n c o r p o r a t i o n ,  a f t e r  5 min in  v i t r o  in c u b a t io n ,  i s  in  sm a ll  p ie c e s  

sed im e n tin g  n e a r  th e  to p  o f  th e  g r a d i e n t ,  w hereas th e  b u lk  DNA 

i s  l a r g e r ,  sed im e n tin g  f u r t h e r  down (F ig .  2 5 a ) ,  F ig .  25b, which 

shows th e  p a t t e r n  o b ta in e d  from u n in c u b a te d  n u c l e i ,  r e v e a l s  t h a t  

th e  in c u b a t io n  c o n d i t io n s  do n o t  reduce  the  s i s e  o f  the  b u lk  DMA, 

a s  was th e  case  f o r  r a t  l i v e r  n u c l e i  a f t e r  i n  v i t r o  i n c u b a t io n  

(hyodo cl Ono, 1970b). F ig .  25b a l s o  shows t h a t  th e  a c i d - s o l u b l c  

m a t e r i a l  ( i . e .  ^K~TTP p r e s e n t  d u r in g  a s s a y )  peaks a t  th e  v e ry  to p  

of  the  g r a d i e n t ,  and i s  co m p le te ly  removed by the  a c id -w a sh in g  

p ro c e d u re .  The f i n d i n g  o f  th e  p ro d u c t  a s  sm a l l  p ie c e s  s u g g e s ts  

t h a t  the  n u c le a r  DMA s y n t t . e s i s  in v o lv e s  e x te n s io n  (o r  com ple tion )  

o f  O kazak i- type  f ra g m e n ts  b u t  not t h e i r  l i g a t i o n  to  b u lk  DNA.

The la c k  o f  t r i t i u m  l a b e l  i n  th e  b u lk  DMA r e g io n  o f  th e  g r a d i e n t
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E f f e c t  of an a l t e r n a t i v e  method o f  n u c l e a r  p r e p a r a t i o n  on th e  endogenous 

DNA s y n t h e t i c  a b i l i t y

N u c le i  p re p a re d  by the  e s t a b l i s h e d  p ro ced u re  (N3) (Methods, s e c t i o n  

3 , 4 ) and by th e  p rocedu re  o f  H ershey  e t  a l ,  ( l9 7 3 a )  a s  o u t l i n e d  i n  

M ethods, s e c t i o n  3«5 a r e  a s sa y e d  f o r  endogenous DNA s y n t h e t i c  a b i l i t y  

u s in g  A ssay System B,

  n u c l e i  p re p a re d  by e s t a b l i s h e d  method

 —0------ * n u c l e i  p re p a re d  by method o f  H ershey e t  a l .
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Endoeanous PITA s y n t h e t i c  a b i l i t y  o f  n u c l e i  i s o l a t e d  from c e l l s  a t  

v n r io n s  t im es  a f t e r  r o le n s e  from s t a t i o n a r y ,  •phase

N u c le i  (I13) a r e  p re p a re d  from c e l l o  h a r v e s te d  a t  th e  t im es  shovra a f t e r  

re le a se -  from th e  s t a t i o n a r y  phase o f  grow th (se e  Methods, s e c t i o n  3 .3  i i ) , 

and a s sa y e d  f o r  endogenous DNA s y n t h e s i s i n g  c a p a c i ty  a f t e r  5 and 30 min 

in c u b a t io n  u s in g  Assay System B.

—CD  a f t e r  5 min in c u b a t io n

—E3  a f t e r  30 min in c u b a t io n

"V   ^  c e l l s  s y n t h e s i s i n g  DNA i n  v ivo
( rep ro d u ced  from L indsay  e t  a l ,  
(1970) -  see  Methods, s e c t i o n  5o3)
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F ig .  24-
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C h a r a c t e r i s a t i o n  o f  th e  n ro d u c t  o f  endogenous DNA s y n t h e s i s  by n u c l e i  

from S-phase  c e l l s  on a l k a l i n e  su c ro se  g r a d i e n t s

N ucle i (N3) from S -phase  c e l l s ,  p r e - l a b e l l e d  w i th  a s  d e s c r ib e d  i n

Methods, s e c t i o n  5 .8 ,  a r e  in c u b a te d  f o r  5 min i n  a f i n a l  volume o f
%

0 .5  ml under  th e  c o n d i t io n s  o f  Assay System B, e x c e p t  t h a t  f H] dTTP 

i s  p r e s e n t  a t  f o u r  t im es  the  s p e c i f i c  a c t i v i t y .  The r e a c t i o n  i s  

te rm in a te d  by a d d i t i o n  o f  1 volume o f a s o l u t i o n  c o n ta in in g  2’yo sodium 

dodecy l s u lp h a te  (SDS), p-amino s a l i c y l a t e  (PAS), 4niM EBTA and 

10/i n - b u ta n o l  and h e a te d  a t  70°C u n t i l  th e  n u c l e i  d i s s o lv e  and th e  

sample a p p e a rs  homogenous. The sample i s  th e n  a n a ly se d  on an a l k a l i n e  

su c ro se  g r a d i e n t  a s  d e s c r ib e d  i n  Methods, s e c t i o n  5 .4 .

(a) Sample: N u c le i  in c u b a te d  f o r  5 min
?

 Ei  A c id - in s o lu b le  [ H ] - l a b e l l e d  m a t e r i a l

-D  A c id - in s o lu b le  - l a b e l l e d  m a t e r i a l

(b) Sample: U n incubated  n u c l e i

  T o ta l  [ " H ] - l a b e l l e d  m a t e r i a l

  A c id - in s o lu b le  [ H ] - l a b e l l e d  m a t e r i a l

- Q   A c id - in s o lu b le  f^ "^ C j- la b e l le d  m a t e r i a l
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( F ig .  25a) s u g g e s t s  t h a t  t h e r e  i s  u n d e te c ta b le  r e p a i r  s y n t h e s i s  

go ing  on and t h a t  c o n t r i b u t i o n  to  th e  p ro d u c t ,  i n  the  f i r s t  5 min . 

o f  i n c u b a t io n ,  by i n c o r p o r a t i o n  a t  n o n - s p e c i f i c  n ic k s  i s  n e g l i g i b l e .

1 0 .5  F a c to r s  l i m i t i n g  enkgenous n u c l e a r  i n c o r p o r a t io n  

One p o s s i b l e  e x p l a n a t i o n  Tor the  r a p i d  f a l l  i n  th e  r a t e  

o f  i n c o r p o r a t i o n  by i s o l a t e d  n u c l e i  (F ig .  20) i s  t h a t  Okazaki f ra g m e n ts ,  

begun in  v iv o  b e fo re  n u c l e a r  i s o l a t i o n ,  a r e  b e in g  f i n i s h e d  and 

i n i t i a t i o n  o f  new f rag m e n ts  i s  n o t  o c c u r r in g .  A no ther re a s o n  cou ld  

be the  n e c e s s a r y  p a r t i c i p a t i o n  o f  a f a c t o r  (n o rm a l ly  s y n th e s i s e d  

a f r e s h )  which i s  th e rm o la b i le  o r  th e r m o d i f f u s ib le  and i s  d e ca y in g  (o r  

d i f f u s i n g )  a s  th e  i n c u b a t io n  p r o g r e s s e s .

V ar io u s  a d d i t i o n s  were made to  the  a s s a y  in. an  a t t e m p t  to  

p re v e n t  th e  r a p id  f a l l  i n  r a t e  a f t e r  15 min o f  i n c u b a t io n  (T ab le  l l ) .  

F a i l u r e  to  p re v e n t  th e  f a l l  i n  r a t e  by a d d i t i o n  of f r e s h  a s s a y  m ix tu re  

r u l e s  ou t e x h a u s t io n  of an a s s a y  c o n s t i t u e n t .  The a d d i t i o n  o f  

r ib o n u c l e o s id e  t r i p h o s p h a t e s ,  im p l ic a te d  to  be in v o lv e d  in  th e  

i n i t i a t i o n  o f  Okazaki f ra g m e n ts  i n  p ro k a ry o te s  (Sugino e t  a l , ,  1972),  

does n o t  d e la y  the  change in  i n c o r p o r a t i o n  r a t e ,  s u g g e s t in g  t h a t  

rî'ITPs a re  n o t  s u f f i c i e n t  f o r  new fragm en t i n i t i a t i o n  to  occu r  in  y i t r o .

The a d d i t i o n  o f  n u c l e i  which had been in c u b a te d  s im u l ta n e o u s ly ,  

b u t  u n d e r  c o n d i t io n s  which p re c lu d e  any s y n t h e s i s ,  i . e .  absence  of 

added t r i p h o s p h a t e ,  p roduced no e f f e c t  d e s p i t e  t h e i r  a p p a re n t  te m p la te  

p o t e n t i a l  (Table  l l ) .  I t  i s  p o s s i b le  t h a t  s u f f i c i e n t  d e o x y r ib o n u c le o s id e  

t r i p h o s p h a t e s  were s t i l l  p r e s e n t  i n  th e se  n u c l e i  lo a l low  co;upleuion 

o f  t h e i r  Okazaki f ra g m e n ts ,  b u t  a more l i k e l y  e x p la n a t io n  i s  the  

p re sen ce  o f  a f a c t o r  e s s e n t i a l  f o r  co n t in u ed  n u c l e a r  i n c o r p o r a t i o n ,  

which i s  l o s t  d u r in g  in c u b a t io n  e i t h e r  by d e n a tu r .a t io n  or  d i f f u s io n *

A c o n t r o l  ex p e r im en t r e v e a le d  t h a t  th e  t h e r m o l a b i l i t y  was 

n o t  due to  l o s s  o f  DNA p o lym erase ,  a s  a c t i v i t y  w ith  a d e n a tu re d
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Table 11

E f f e c t  of v a r io u s  a d d i t i v e s  on th e  f a l l - o ^ f  i n  endogenous in c o r p o r a t i o n  

r a t e  e x h i b i t e d  by n u c l e i  from E -phase  c e l l s

N u c le i  (N5) from S -phase  c e l l s  a r e  in c u b a te d  un d er  s ta n d a rd  c o n d i t io n s  

(Assay System B ) , A f t e r  15 min in c u b a t io n ,  th e  fo l lo w in g  a d d i t i o n s  

a r e  made and th e  e v e n tu a l  i n c o r p o r a t i o n  a t  30 min m e a su re d ;-  

A -  w a te r  ( c o n t r o l )

rATP, rGTP, rCTP and rUTP ( f i n a l  a s s a y  c o n c e n t r a t i o n  O.iial-l)

n u c l e i  from S -phase  c e l l s  which have been p r e - in c u b a te d  a t  
37^0 f o r  15 min i n  th e  absence  o f  a s s a y  m ix tu re

f r e s h  a s s a y  m ix tu re

fo of c o n t r o l  i n c o r p o r a t i o n  l e v e l  

a t  30 min in c u b a t io n

N u c le i  in c u b a te d  f o r  15 min 81Î6

N u c le i  in c u b a te d  f o r  30 min
w i th  the  f o l lo w in g  a d d i t i o n s
a t  15 m in :-

*1- 50ul A 100+10

T 50ul B 85+10

+ 50ul C 115±20

+ 50ul D 120+10

S ta n d a rd  d e v i a t i o n s  a r e  d u p l i c a t e  v a r i a t i o n s *

F o o tn o te  ; E f f e c t  of in c u b e t i o n  on the  DNA polym erase  a c t i v i t y  of 
n u c l e i  (U above) w i th  d e n a tu re d  DNA

(d.p.m, r^Hl dTIIP in c o r p o r a t e d / ^ /  

0 ,1  ml sample)

Before  in c u b a t io n  

A f t e r  in c u b 'i t io n

3560
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DNA te m p la te  was s t i l l  p r e s e n t  a t  8 0 /  of i t s  p r e - in c u b a t i o n  

exogenous ly  a s s a y a b le  l e v e l  (F o o tn o te ,  Table l l ) .

11 . EFFECT OF V.,RIÜïïS INiilFITOlo 01 ITUCLFaR DNA SYi:THFSIS

AND ON THE DNA PODTFERnÜE SPECIES FNE8ENT WITHIN THE NTJCLFI

The e f f e c t  o f  c e r t a i n  i n h i b i t o r s  on th e  r a t e  o f  endogenous 

DNA s y n t h e s i s  by n u c l e i  from S -phase  c e l l s  and t h e i r  e f f e c t  on the  

s e p a r a b le  DNA polym erase  a c t i v i t i e s  e x t r a c t a b l e  from such n u c l e i ,  

may g iv e  some i n s i g h t  i n t o  w hich enzyme i s  r e s p o n s ib l e  f o r  n u c l e a r  

DNA s y n t h e s i s .

F ig .  26 d e m o n s t ra te s  t h a t  n -e th y lm a le im id e  (NEN) and a r a  

CTP a r e  i n h i b i t o r y  to  th e  endogenous r e a c t i o n  re d u c in g  i n c o r p o r a t i o n  

to  a t h i r d  o f  c o n t r o l  v a l u e s ,  T r i to n  X-100 i s  l e s s  i n h i b i t o r y  r e d u c in g  

i n c o r p o r a t i o n  to  a p p ro x im a te ly  5 0 / .

The e f f e c t  of th e s e  same i n h i b i t o r s  on th e  DNA p o lym erases  

s e p a r a b le  from a 0.4M KCl e x t r a c t  of '8 -phase  n u c l e i  i s  shown i n  Table

12, In  t h i s  c a s e ,  NEK c o m p le te ly  i n h i b i t s  peak I  a c t i v i t y  b u t  o n ly  

i n h i b i t s  peak I I I  by 2^/j. AraCTP a l s o  ap p e a rs  to  be more i n h i b i t o r y  

to  peak I  th a n  to  peak I I I ,  T r i t o n  X-100 has  l i t t l e  e f f e c t  on th e  

a c t i v i t y  o f  e i t h e r  o f  th e  a c t i v i t i e s  when a s sa y e d  w ith  a n a t iv e  DNA 

te m p la te  b u t  re d u c e s  peak I  a c t i v i t y  to  40y> when a ssay ed  w ith  

d e n a tu re d  DNA. The r e s u l t s  s u g g e s t  t h a t  peak I  enzyme o r  a r e a c t i o n  

s i m i l a r  to  t h a t  c a r r i e d  ou t by peak I  enzyme, i s  in v o lv e d  in  endogenous 

i n c o r p o r a t i o n  by i s o l a t e d  S -phase  n u c l e i .  T h is  i s  su p p o r te d  by

th e  p re v io u s  f i n d i n g  of a l a r g e  amount of peak 1 a c t i v i t y  a s s o c i a t e d  

w i th  n u c l e i  d u r in g  th e  DNA s y n t h e t i c  phase ( R e s u l t s ,  s e c t i o n  6 ) .

12 . EFFECT OF VARTOUd EXTRACTING AGENTS Qt fJCLEAR DNh SYNTNE2IS 

The a b i l i t y  to  remove a l l  o f  tlie DNA polym erase  a c t i v i t y  

from n u c l e i  and th e n  to  r e c o v e r  endogenous DNA s y n t h e s i s i n g  a b i l i t y  

by th e  a d d i t i o n  of a ^ p a r t i c u l a r  n u c l e a r  s p e c ie s  would be s t r o n g
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E f f e c t  o f  v a r io u s  i n h i b i t o r s  on th e  endogenous DNA s y n t h e t i c  a b i l i t y  

o f  n u c l e i  from S -nhase  c e l l s

N u c le i  (N3) from S-phase  c e l l s  a r e  a s sa y e d  a s  b e fo r e  (Assay System B) 

w i th  th e  fo l lo w in g  a d d i t i o n s : -

  none

"0  ' 0 .2 ^  ( v / v j  T r i t o n  X-100

'E3------  ImK

"□------- 200;n^ araCTP
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Table 12

E f f e c t  of v a r io u s  i n h i b i t o r s  on the  DhA nolym erase s o e c ie s  n r e s e n t

i n  a Qe4-M KCl e x t r a c t  of S -phase  c e l l s

A Oo4M KCl e x t r a c t  o f  n u c l e i  (N5) from S-phase  c e l l s  i s  f r a c t i o n a t e d  

by g e l  f i l t r a t i o n  on Sephadex G-200 a s  d e s c r ib e d  f o r  F ig .  4^ The 

f r a c t i o n s  r e p r e s e n t i n g  the  m ajor peaks of DM polym erase  a c t i v i t y  

(peaks  I  and I I I  -  see  R e s u l t s ,  s e c t i o n  2 .2 )  a r e  a s sa y e d  w i th  and 

w i th o u t  th e  i n h i b i t o r s  shown below .

I n h i b i t o r ' 

p r e s e n t

% i n h i b i t i o n  o f  DM polymeraE 

a c t i v i t y

• Peak I Peak I I I

n a t i v e denabured n a t iv e

DNA DNA DNA

None z e ro zero ze ro

lOiuK IŒH 95 100 25

0 . 2)0 (v /v )  T r i to n  
X-100

25 60 zero
1

200 jiM araCTP 65 85 zero
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ev id en ce  i n  f a v o u r  o f  a r o l e  f o r  t h a t  enzyme i n  n u c l e a r  i n c o r p o r a t io n  

and p o s s ib ly  DNA r e p l i c a t i o n .

A no ther  app ro ach  i s  to  use m i ld e r  e x t r a c t i o n  te c h n iq u e s ,  

to  s p e c i f i c a l l y  e x t r a c t  on ly  one o f  th e  s p e c ie s  p r e s e n t .  A 

r e d u c t io n  o f  endogenous in c o r p o r a t i o n  due to  l o s s  o f  one p a r t i c u l a r  

s p e c ie s  may im p l i c a te  t h a t  s p e c ie s  i n  th e  r e p l i c a t i o n  p ro c e s s .

1 2 .1  E f f e c t  o f  0.4m KOI e x t r a c t i o n  on n u c l e a r  Blhv s y n th e s i s  

As e x p e c te d ,  e x t r a c t i o n  o f  n u c l e i  by 0.4M KCl, which was 

shown p r e v io u s l y  to  remove a l l  DNA polym erase a c t i v i t y ,  r e s u l t s  

i n  com plete l o s s  o f  n u c l e a r  DNA s y n t h e s i s i n g  a b i l i t y  (F ig .  2 7 ) .

F ig .  28 shows t h a t  when n u c l e i  a r e  e x t r a c t e d  w ith  0.4K KCl, 

and th e  s a l t  removed w ith o u t  s e p a r a t i o n  o f  the  e x t r a c t  from th e  n u c l e i ,  

th e  r e s u l t i n g  n u c l e i  r e g a i n  50~60)o o f  t h e i r  o r i g i n a l  DNA s y n t h e s i s i n g  

a c t i v i t y .  A lk a l in e  s u c ro se  g r a d i e n t  a n a l y s i s  d e m o n s t ra te s  t h a t  th e  

p ro d u c t  of th e  n u c l e i ,  which have been r e c o n s t i t u t e d  a f t e r  s u b j e c t i o n  

to  0.4K KCl e x t r a c t i o n  i s  i n  sm a l l  p i e c e s ,  s u g g e s t in g  t h a t  th e  type  

o f  DNA s y n th e s i s  t a k in g  p la c e  i n  th e  r e c o n s t i t u t e d  n u c l e i  i s  s i m i l a r  

to  t h a t  b e in g  c a r r i e d  ou t by n u c l e i  p r i o r  to  e x t r a c t i o n  (F ig ,  2 9 ) .

A ttem p ts  to  r e c o v e r  endogenous DNA s y n t h e s i s ,  i n  n u c l e i  

which have been  e x h a u s t i v e ly  e x t r a c t e d  w ith  0.4M KCl, by m ixing 

w ith  v p r io u s  f r a c t i o n s  c o n ta in in g  DNA polym erase a c t i v i t y ,  proved 

d i s a p p o i n t in g .  The t r e a tm e n ts  to  which n u c l e i  a r e  s u b je c te d  to  

e x h a u s t i v e ly  e x t r a c t  them i . e .  c e n t r i f u g a t i o n  and r e s u s p e n s io n  in  

h ig h  s a l t ,  which i s  e s s e n t i a l  f o r  proposed  s p e c i f i c  r e a c t i v a t i o n  

s t u d i e s ,  r e s u l t s  i n  a lm o s t  com plete  l o s s  o f  r e c o v e r a b i l i t y  o f  

endogenous DNA s y n t h e s i s  (F ig .  3 0 ) .  A p o s s ib le  e x p la n a t io n  could  

be th e  d e s t r u c t i o n  o f  a f r a g i l e  DNA r e p l i c a t i o n  complex in v o lv in g  

th e  i n t e g r i t y  o f  th e  n u c l e a r  membrane.
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H i

Recovery o f  endogenous 'DNA s y n t h e t i c  a b i l i t y  by n u c l e i  f r o n  S -phase  

c e l l s  a f t e r  e x t r a c t i o n  by 0,4M KOI

Equal -ba tches  o f  n u c l e i  (N3) from S -phase  c e l l s  a r e  t r e a t e d  a s  fo l lo w s  

and the  endogenous DNA s y n t h e t i c  c a p a c i t i e s  a r e  measured a s  before*

 ------  d i a ly s e d  a g a i n s t  100 volumes o f  B u f fe r  A
f o r  4 x lh  -  c e n t r i f u g e d  a t  800g f o r  10 min 
washed w ith  10 volumes o f  B u f fe r  A -  
re su sp en d ed  i n  1 volume of B u f fe r  A,

 0 ------   d i a ly s e d  a g a i n s t  100 volumes o f  B u f fe r  A
4- 0,4M KCl f o r  2 x lh  -  c e n t r i f u g e d  a t  800g 
f o r  10 min -  washed w i th  10 volumes of 
B u ffe r  A + 0.4M KCl -  washed w i th  10 volume 
o f  B u f fe r  A -  re su sp en d ed  i n  1 volume of 
B u f fe r  A.

d ia ly s e d  a g a i n s t  100 volumes o f  B u f fe r  A ■
H- 0.4M KCl f o r  2xlli -  co n t in u ed  d i a l y s i s  
a g a i n s t  100 volumes o f  B u ffe r  A f o r  2x lh  
( to  a l lo w  r e b in d in g  o f  e x t r a c t e d  m a t e r i a l ) -  
c e n t r i f u g e d  a t  800 g f o r  10 min -  washed w i‘ 
10 volumes of B u ffe r  A -  re su sp en d ed  in  
1 volume of B u f fe r  A,

The v a r i a t i o n  i s  a r e s u l t  o f  3 s e p a r a t e  experim en ts ,
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Ghar a c t e r i s ^ i o n  on a l k a l i n e  su c ro s e  g r a d i e n t s  o f  th e  p ro d u c t  o f  endogenous 

DNA s y n t h e s i s  re c o v e re d  by n u c l e i  from S -phase  c e l l s  a f t e r  e x t r a c t i o n  ~by 

0 .4W KCl,

N uclei- (N3) from S -phase  c e l l s  a r e  t r e a t e d  i n  a s i m i l a r  manner to  t h a t  

d e s c r ib e d  i n  th e  le g en d  to  F ig .  28 and th e  p ro d u c ts  o f  endogenous DNA 

s y n th e s i s  a n a ly se d  on a l k a l i n e  s u c ro s e  g r a d i e n t s  a s  p r e v io u s l y  d e s c r ib e d  

(see  leg en d  to  F ig .  2 5 ) .

  a s  f o r  n u c l e a r  p r e p a r a t i o n s  t r e a t e d
as  d e s c r ib e d  in  th e  leg en d  to  F ig .  28,

-40------- b u t  r e p r e s e n t  ]- l a b e l l e d  a c i d -
in s o lu b l e  m a te r i a l  p r e s e n t  i n  g r a d i e n t  

'E3------ - f r a c t i o n s  i n  each  c a s e .
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E f f e c t  of  e x h a u s t i v e  0.4K KCl e x t r a c t i o n  on the  a b i l i t y  o f  n u c l e i  from 

8“ PhaGe c e l l s  to  r e c o v e r  endofi-enous DNA s y n t h e t i c  c a p a c i t y

The p rocedu re  d e s c r i b e d  i n  the  l e gend  t o  F i g .  28 i s  r e p e a t e d  w i th  th e  

a d d i t i o n a l  n u c l e a r  t r e a t m e n t  d e s c r i b e d  below. The endogenous DNA 

s y n t h e t i c  a b i l i t i e s  o re  measured a s  b e f o r e .

-<)------  a s  f o r  F i g ,  28

  d i a l y s e d  a g a i n s t  100 volumes o f  B u f f e r  A
+ 0.4M KCl f o r  2 x lh  -  c e n t r i f u g e d  a t  800 g 
f o r  10 rain -  washed w i th  10 volumes of  
B u f f e r  A -h 0 .4H KCl -  r e su sp en d ed  i n  the  
o r i g i n a l  0.4-M KCl e x t r a c t  -  d i a l y s e d  . 
a g a i n s t  100 volumes of  B u f fe r .A  f o r  2x lh  
-  c e n t r i f u g e d  a t  800 g f o r  10 rain -  washed 
w i th  10 volumes of  B u f f e r  A -  r e suspended  
i n  1 volume o f  B u f f e r  A

The v a r i a t i o n  i s  a r e s u l t  of  2 s e p a r a t e  expe r im en t s
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12*2 E f f e c t  of  o t h e r  e x t r / ictinp; ar-entn  on micle?~.r DNA 

s y n t h e c i s

I t  ha s  been  r e p o r t e d  by Ove e t  a l ,  ( l9 7 5 )  t h a t  e x t r a c t i o n  

o f  n u c l e i  from r e g e n e r a t i n g  r a t  l i v e r  u i t h  0.2E  po ta ss ium  phospha te  

‘does  n o t  reduce  t h e i r  endogenous DHA s y n t h e t i c  a b i l i t y ^ b u t  t h a t  i t  

does  r e s u l t  i n  e x t r a c t i o n  of  e x c e s s  n u c l e a r  DNA polymerase a c t i v i t y  

n o t  in v o lv e d  in  the  endogenous r e a c t i o n .  E x t r a c t i o n  of  n u c l e i  from 

S-phase  L929 c e l l s ,  w i th  0.2K p o ta ss ium  phos’fu ibe ,  however,  

a p p r e c i a b l y  r e d u c e s  t h e i r  DNA s y n t h e t i c  a c t i v i t y  measurab le  a f t e r  

5 min i n c u b a t i o n  (Table 15 ) .

A r e p o r t  by Lynch & Lièberman ( l973)  dem o n s t r a ted  th a t -  

B r i j  58, a n o n - i o n i c  d e t e r g e n t ,  a t  a c o n c e n t r a t i o n  of  5/h, i n  the  

p r e s e n c e  o f  0.05M magnesium a c e t a t e  b u f f e r  pH 7 .4  ( h e r e a f t e r  

r e f e r r e d  to  a s  B r i j / h g )  e x t r a c t s  DNA polymerase  a c t i v i t y  from 

n u c l e i  of  normal and r e g e n e ra t in g ;  r a t  l i v e r .  The DNA polymerase 

a c t i v i t y  e x t r a c t a b l e  by B r i j /X g  was c o n s id e re d  n o t  to  be in vo lved  

i n  the  endogenous DNA s y n t h e s i s i n g  r e a c t i o n  because  the  two r e a c t i o n s  

show d i f f e r i n g  i n h i b i t i o n  by a r a  CTP. The DNA polymerase a c t i v i t y  

e x t r a c t a b l e  by h ig h  s a l t  a f t e r  B r i j / h g  e x t r a c t i o n  showed s i m i l a r  

i n h i b i t i o n  by a r a  CTP a s  d id  the  endogenous r e a c t i o n .

E x t r a c t i o n  of  n u c l e i  from S-phase  L929 c e l l s  w i th  B r i j / h g  

r e s u l t s  i n  r e t e n t i o n  o f  70-90/^ o f  t h e i r  endogenous DNA s y n t h e t i c  

a b i l i t y  (Table 13)-

Tnble 13 a l s o  shows the  e f f e c t  on th e  endogenous r e a c t i o n  

o f  e x t r a c t i o n  by O.IM KCl. As can be seen ,  the  endogenous i n c o r p o r a t i o n  

i s  reduced  to  60-75/^' o f  c o n t r o l  l e v e l  by Q,1M KCl e x t r a c t i o n .

Continued e x t r a c t i o n  by 0.2K KCl does  n o t  r e s u l t  i n  any f u r t h e r  

r e d u c t i o n  i n  endogenous a c t i v i t y .
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Table 13

E f f e c t  of  e x t r -c t i o n  b~̂ v a r i o u s  nven t s  on the  endogenous DNA 

s y n t h e t i c  a b i l i t y  of  S -phase  c e l l s

N u c le i  (N3) from S-phase  c e l l s  a r e  e x t r a c t e d  ( E x t r a c t i o n  Method I I I ,  

Methods,  s e c t i o n  3 . 7 )  w i th  t h e  a g e n t s  shown below and the  p e r c e n ta g e  

r e t e n t i o n  of  endogenous DNA s y n t h e s i s i n g  a b i l i t y  de te rm ine d  a f t e r  

3 min i n c u b a t i o n  u s i n g  Assay System B*

Ex t r a c  tins'

a g e n t

Endogenous DNA s y n t h e t i c

a b i l i t y

fo o f  c o n t r o l

None

0,2W po ta ss ium  
phospha te

3^ B r i j  58/30mM 
magnesium a c e t a t e

O.IM KOI

0.2M KCl a f t e r  
O.IM KCl

100

9 -11  (2 ex p e r im e n t s )

70 -90  (3 e x p e r im e n t s )  

60 -75 (2 e x p e r im e n t s )  

60 -70  (2 ex p e r im e n t s )
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13.  DNA POLYLIERASE ACTIVITY EXTRACTED PROA NUCLEI BY VARIOUS 

EXTRACTING AGENTS

The f a c t  t h a t  DNA polymerase  i s  s t i m u l a t e d  on e x t r a c t i o n  

from n u c l e i  hy 0.4M KCl ( see  Table  3) makes i t  a lm o s t  irripossible 

t o  compare,  w i th  any a c c u r a c y ,  the  p r o p o r t i o n  o f  the  t o t a l  n u c l e a r  

DNA polymerase a c t i v i t y  e x t r a c t a b l e  by any o f  t h e  e x t r a c t i n g  a g e n t s  

used  i n  the  p r e v io u s  s e c t i o n .  However the DNA t e m p la t e  p r e f e r e n c e  

of  the  DNA po lymerase  a c t i v i t y  a s s a y a b l e  i n  the  e x t r a c t s  and the  

e x t r a c t e d  n u c l e a r  p e l l e t s  ( l a t e r  f u l l y  e x t r a c t e d  by 0,411 KCl) may 

g ive  a c lue  to  the  n a t u r e  of  the  DNa polymerase s p e c i e s  p r e s e n t  . 

w i t h i n  the  r e s p e c t i v e  e x t r a c t s .

Table 14 shows the  DNA polymerase a c t i v i t y ,  a s  a s sayed  

by n a t i v e  and d e n a t u r e d  DNA t e m p l a t e s ,  e x t r a c t e d  from n u c l e i  of  

E-phase c e l l s  u s i n g  the  v a r i o u s  e x t r a c t i n g  a g e n t s  employed i n  

the  p r e v io u s  s e c t i o n .  S e v e r a l  i n t e r e s t i n g  f a c t s  can be deduced 

from the  r e s u l t s  i n  Table  14. 0.2H po ta ss ium  phospha te  a p p e a r s

to  a c t  i n  a  s i m i l a r  way to  0.4H KCl i n  t h a t  i t s  i n h i b i t o r y  e f f e c t  

on endogenous n u c l e a r  DNA s y n t h e s i s  (see  Table 13) seems to  be 

a r e s u l t  o f  comple te e x t r a c t i o n  o f  DNA polymerase  a c t i v i t y  from 

th e  n u c l e i ,  (No r e s i d u a l  a c t i v i t y  was d e t e c t e d  when the  e x t r a c t e d  

n u c l e a r  p e l l e t  was assayed.)

From the  t e m p la t e  p r e f e r e n c e  ( i . e .  n a t i v e  ,DNA) of the  

DNA polymernsc a c t i v i t y  e x t r c c t e d  by B r i j / h g ,  i t  s u g g e s t s  removal  

of  low I’i. ;; .  n u c l e a r  enzyme. Th is  i s  conf irmed  by f r a c t i o n a t i o n  

of  the  Bri j / l ' Ig e x t r a c t  by g e l  f i l t r a t i o n  on Sephadex G-200 (F ig .  3 l )  

which shows the  p r e s e n c e  of  a major  DNA polymerase peak e l u t i n g  l a t e r  

than  the  haemoglobin  marker ( < 6 3 , 0 0 0 ) .

A nother  i n t e r e s t i n g  f i n d i n g  (Table 14) i s  t i n t  O.lII KCl 

removes s u b s t a n t i a l  DNa polymerase a c t i v i t y  wit l i a  p r e f e r e n c e  f o r



143.

Table, 14

DNA po lymerase  a c t i v i t v  e x t r a c t e d  from n u c l e i  from S-uhase  c e l l s  

by v a r i o u s  e x t r a c t i n g  - ' .rents

N uc le i  (N3) from S-phase  c e l l s  a r e  e x t r a c t e d  ( E x t r a c t i o n  Method I I I ,  

Methods,  s e c t i o n  3*7) w i t h  the  a g e n t s  shown below and the  r e s u l t i n g  

e x t r a c t s  a s s a y e d  f o r  DNA polymerase  a c t i v i t y  a f t e r  d i a l y s i s  a g a i n s t  

100 volumes of  B u f f e r  A f o r  2x lh  to  remove e x t r a c t i n g  a g e n t .

E x t r a c t i n g DNA nolymer-'sc a c t i v i t y  i n  the  

e x t r a c t

(lO ^ d .p .m ,  [^H] dTMP i n c o r p o r a t e d /  

h / O . l  ml sample)

A 0.4% KCl

B 0,2M p o ta ss ium  
phospha te

C B r i j  58/50rnM 
magnesium a c e t a t e

D O.IM ICCl

E 0.2M ICCl a f t e r  
O.IM ICCl

n a t i v e

DNA

d e n a t u re d

DNA

23 .7 33 .2

23 ,2 3 0 .1

10 .8 0 .3

3 . 4 7 .4

1 . 8 0 . 2

A, B and G were c a r r i e d  o u t  u s i n g  e q u a l  a l i q u o t s  o f  one b a t c h  of  

n u c l e i ;  D and E u s i n g  a second d i f f e r e n t  ba tch  of  n u c l e i .

E -  n u c l e i  o.re e x t r a c t e d  e x h a u s t i v e l y  wi th  O.IM ICCl and 

th e n  the  e x t r a c t i o n  r e p e a t e d  w i th  0.2M KCl.
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F r a c t i o n a t i o n  cn Senhadex G-200 of  the  DNA polymero.se a c t i v i t y - p r e s e n t  

i n  a 3r- B r i j  30/50nK magnesium a c e t a t e  e x t r a c t  of  n u c l e i  from S-phas© 

c e l l s

N ucle i  ( î o )  from S-phase  c e l l s  a r e  e x t r a c t e d  w i t h  B r i j  58/50mM 

magnesium a c e t a t e  ( E x t r a c t i o n  Method I ,  Methods,  s e c t i o n  3*7)* The 

r e s u l t i n g  e x t r a c t  i s  c o n c e n t r a t e d  (Methods,  s e c t i o n  3*6 i i )  and a 1 ml 

sample f r a c t i o n a t e d  on Sephadex G-200 a s  p r e v i o u s l y  d e s c r i b e d .  The 

f r a c t i o n s  o b t a in e d  a r e  a s s a y e d  f o r  DNA polymerase a c t i v i t y

-A  w i t h  n a t i v e  DNA

-A   w i th  d e n a t u r e d  DNA

-A  d e n o te s  c o i n c i d e n t  p o i n t s

Markers a r e  a s  f o r  F i g ,  2,
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denatured.  DNA, from n u c l e i  of  o -p h ase  c e l l o .  0.2M KCl e x t r a c t i o n  

of  the  same n u c l e i ,  which have heen e x h a u s t i v e l y  e x t r a c t e d  w i th  

O.IM KCl r e s u l t s  i n  removal  of  DNA polymerase a c t i v i t y  w i th  a 

n a t i v e  DNA p r e f e r e n c e .  This  s u rg e s to  t h a t  the  b u lk  of  peak I 

N uc lea r  a c t i v i t y  i s  be ing  e x t r a c t e d  by O.IM KCl, Sucrose  g r a d i e n t  

a n a l y s i s  has  shown tha. t  t h e  a c t i v i t y  exhncted from n u c l e i  w i th  O.IM 

KCl i s  p r e d o m in a n t ly  the  h ig h  m o l e c u la r  w e igh t  s p e c i e s  i . e .  peak I 

(T.Pi . B u t t ,  p e r s o n a l  communica tion).

14.  EXTRACTION OF D?hl POLYINfbvBN ACTIVITY FROM NÏÏCXDI OF

STATIOiDRY AND CELLS BY BRIj/lIg

Lynch & Lieberman ( l9 7 3 )  showed t h a t  the  p r o p o r t i o n  of

DNA polymerase a c t i v i t y  e x t r a c t e d  from n u c l e i  by B r i j / i i g  d i f f e r e d

depending  on the  source  of  th e  n u c l e i .  A g r e a t e r  p r o p o r t i o n  was 

e x t r a c t e d  from n u c l e i  o f  normal r a t - l i v e r  the n  from n u c l e i  

i s o l a t e d  from r e g e n e r a t i n g  t i s s u e .  This  s u g g e s t s  t h a t  the  DNA 

polymerase e x t r a c t a b l e  by B r i j / r i g  r e p r e s e n t s  a h i g h e r  p r o p o r t i o n  

of  the  t o t a l  DNA polymerase  a c t i v i t y  o f  n u c l e i  i s o l a t e d  from c e l l s  

n o t  a c t i v e  i n  DNA s y n t h e s i s .

Table 15 shows t h a t  70-85/^ of  the  t o t a l  0.4M KCl e x t r a c t a b l e  

DNA polymerase a c t i v i t y  p r e s e n t  i n  n u c l e i  from s t a t i o n a r y  L929 

c e l l s  i s  e x t r a c t a b l e  by B r i j / l i g  whereas  s i m i l a r  e x t r a c t i o n  o f  

n u c l e i  from c e l l s  i n  S-phase  r e s u l t s  i n  on ly  25-50p o f  tne  t o t a l  

DNA polymerase a c t i v i t y  b e in g  e x t r a c t e d .

These ol)serv:< nions sT,ew î.h'-1 Br i j /Mg i s  hav ing  a s i m i l a r  

e f f e c t  on L929 n u c l e i  i n  t h a t  a  g r e a t e r  p r o p o r t i o n  o f  the  t o t a l  

a c t i v i t y  i s  e x t r a c t a b l e  from n u c l e i  of  c e l l s  n o t  a c t i v e l y  r e p l i c a t i n g  

DNA. Taken t o g e t h e r  v/i th the  p r e v io u s  o b s e r v a t i o n s  t 'na t  Brij /i- ig 

s p e c i f i c a l l y  e x t r a c t s  low K.W. enzyme and t h a t  e x t r a c t i o n  w i th  B r i j /  

Mg does  n o t  a p p r e c i a b l y  reduce  the  endogenous n u c l e a r  DNA s y n t h e s i s ,
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Table 15

E x t r a c t i o n  of  n u c l e i  from s t a t i o n a r y  "nd S-phase  c e l l s  w i th  5';̂

B r i i  SS/sOrnil magnesium a c e t a t e

N u c le i  (N5) from s t a t i o n a r y  and S -phase  c e l l s  a r e  e x h a u s t i v e l y  

e x t r a c t e d  w i th  5/  ̂ B r i j  5S/50miI magnesium a c e t a t e  (5a B r i j / l % )  . 

u s i n g  E x t r a c t i o n  Method I I I ,  Methods, s e c t i o n  3,/7e The r e s u l t i n g  

n u c l e a r  p e l l e t s  a r e  f u r t h e r  e x t r a c t e d  w i th  0«4M KCl ( E x t r a c t i o n  

Method I ,  Methods, s e c t i o n  3 . 7 )  i n  the  same t o t a l  volume a s  the  

f i r s t  e x t r a c t i o n .  To the  r e s u l t i n g  e x t r a c t s  from b o th  e x t r a c t i o n s  

i s  added 1 volume o f  th e  c o r r e s p o n d in g  a g e n t  n o t  used  f o r  the  

e x t r a c t i o n  end the  samples a r e  d i a l y s e d  f o r  2x lh  a g a i n s t  100 

voluifies of  B u f f e r  A f  0 , 15M KCl (As B r i j  58 i s  n o t  r e a d i l y  d i a l y s a b l e ,  

i t  i s  addeu to  th e  0.4M KCl' e x t r a c t s  to  ensu re  an  e q u i v a l e n t  f i n a l  

a s s a y  c o n c e n t r a t i o n  i n  bo th  c a s e s ) . .  The samples a r e  a s s a y e d  f o r  

DNA polymerase a c t i v i t y  and the  t o t a l  a c t i v i t y  p r e s e n t  in  the  e x t r a c t s  

d e t e rm in e d .  The r e s u l t s  a r e  e x p r e s s e d  as  th e  p e r c e n ta g e  of  th e  t o t a l  

DNA polymerase a c t i v i t y  e x t r a c t a b l e  from the  n u c l e i  by 5/  ̂ B r i j /M g.

Source  of  

n u c l e i

‘fo of  t o t a l  n u c l e a r  DNA polvm erase  

a c t i v i t y  e x t r a c t o b l e  by 5h Br i j /M r

n a t i v e d e n a t u r e d

DNA DNA

S t a t i o n a r y
c e l l s 70 » 85 75 -  80

S-phase  c e l l s 45 -  50 27 -  30

The v a r i a t i o n  i s  a r e s u l t  o f  3 s e p a r a t e  e x p e r im en t s
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i t  a p p e a r s  a s  i f  t h i s  form o f  DNA polymerase ( i . e .  B r i j / l i g  e x t r a c t a b l e )  

i s  n o t  the  DNA p o ly m e r i s in g  a c t i v i t y  r e s p o n s i b l e  f o r  DNA s y n t h e s i s  

by i s o l a t e d  n u c l e i  from 3 -phase  c e l l s ,

1 5 . DNA POLYMER/iSE 3 PEC1E3 PREoERT IN NUCLEI NUICH ETILL RETAIN 

BNDGUENOUd DNA EYNTHEEIEING ABILITY AFTER EXTRACTION

E x t r a c t i o n  of  n u c l e i  from S-phase  c e l l s  by B r i j /m g  i s  

shown to  reduce  the endogenous DNA s y n t h e s i s i n g  a b i l i t y  o f  the  

n u c l e i  by only  10-307 (Table 1 3 ) .  F u r t h e r  e x t r a c t i o n  of  t h e s e  

n u c l e i  by 0.4E  KCl and f r a c t i o n a t i o n  of  the  r e s u l t i n g  e x t r a c t  on

Sephadex G-200 r e v e a l s  t h a t  some low m o le c u la r  w e igh t  DNA

polymerase i s  s t i l l  p r e s e n t  w i t h i n  the  n u c l e i  a l o n g  w i th  peak I 

a c t i v i t y  ( F ig .  3 2 a ) .  No c o n c l u s i o n s ,  t h e r e f o r e ,  can. be made a s  to  

which o f  the  DNA polymerase  s p e c i e s  s t i l l  p r e s e n t  i s  r e s p o n s i b l e  

f o r  endogenous n u c l e a r  DNA s y n t h e s i s  a l t h o u g h  i t  a p p e a r s  a s  i f

the  low 14.Vi', enzyme i s  p r e s e n t  i n  n u c l e i  from S-phase  c e l l s  i n  a t

l e a s t  two forms.  One o f  the  forms i s  e x t r a c t a b l e  by Br i j / i4g  and 

r e p r e s e n t s  n e a r l y  a l l  o f  the  DNA polymerase a c t i v i t y  p r e s e n t  i n  

n u c l e i  from s t a t i o n a r y  phase  c e l l s .  The o t h e r  form i s  e x t r a c t a b l e  

by 0.4N KCl and may r e p r e s e n t  a  more t i g h t l y  bound form of the  

low m o le c u la r  w e igh t  enzyme p e c u l i a r  to  n u c l e i  from DiA s y n t h e s i s i n g  

c e l l s .

F r a c t i o n a t i o n  on Sephadex G-200 of  the  DNA polymerase 

a c t i v i t y  p r e s e n t  i n  a 0.4N KCl e x t r a c t  of  n u c l e i  from S-phase  c e l l s  

p r e v i o u s l y  e x t r a c t e d  w i th  C = IE KCl, revruAs tlm li both  i'i.gh a 1 td 

1ow m o le c u la r  weight  enzymes a r e  s t i l l  p r e s e n t  (F ig .  32b) ,  Again 

no c o n c l u s i o n  could be drawn a b o u t  the  a c t i v i t y  in v o lv e d  i n  n u c l e a r  

DNn s y n t h e s i s .

However, when n u c l e i  from S-phase c e l l s  were e x t r a c t e d  w i th

0.211 KCl and the  su b se q u en t  0.4M KCl e x t r a c t  f r a c t i o n a t e d  on
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F ig . 32

F r a c t i o n a t i o n  on Senhadex G—200 of  th e  DNA polymerase a c t i v i t y  p r e s e n t  

i n  a 0.4K KCl e x t r a c t  of  n u c l e i  f r o n  S -nhase  c e l l s  which have p r e v i o u s l y  

heen extr - ' c ted .  w i t n v a r i o u s  ap'ents

Equal  b a t c h e s  o f  n u c l e i  (N3) from S-phase  c e l l s  a r e  e x h a u s t i v e l y  e x t r a c t e d  

w i t h  th e  a g e n t s  shown below ( E x t r a c t i o n  Method 111, Methods,  s e c t i o n  

3 . 7)0 The r e s u l t a n t  n u c l e a r  p e l l e t s  a r e  f u r t h e r  e x t r a c t e d  w i th  0.4M 

ICCl ( E x t r a c t i o n  Method 1, Methods,  s e c t i o n  3 . 7 )  and th e  e x t r a c t s  o b t a in e d  

c o n c e n t r a t e d  (Methods,  s e c t i o n  3 .6  i i )  and a 1 ml sample f r a c t i o n a t e d  on 

Sephadex G-200 as  b e f o r e .  The r e s u l t i n g  f r a c t i o n s  a r e  a s s a y e d  f o r  DMA 

polymerase a c t i v i t y .

(a)  5'A B r i j  58/50mM magnesium a c e t a t e

(b) O.IM KCl

(c)  0.2M KCl

- A   DNA polym erase a c t i v i t y  w i t h  n a t i v e  DNA

—A   w i th  d en a tu r e d  DNA

Markers a r e  as  f o r  F i g .  2,
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Sephadez G-200, on ly  low m o l e c u la r  w eigh t  enzyme was e v i d e n t  (F ig  32c) 

As 0*2Ii ICCl e x t r a c t e d  n u c l e i  s t i l l  r e t a i n  a p p r e c i a b l e  'DMA 

■synthetic  c a p a c i t y  (Table 1 3 ) , the  f i n d i n g  of  on ly  low m o le c u la r  

w e igh t  enzyme w i t h i n  t h e s e  n u c l e i  p o i n t s  to  a r o l e  i n  the  endogenous 

r e a c t i o n  f o r  t h i s  s p e c i e s .

These r e s u l t s ,  which c o n f l i c t  w i th  the  i n h i b i t o r  compar ison 

s t u d i e s  ( R e s u l t s ,  s e c t i o n  l l ) ,  which s u p p o r t  a r o l e  f o r  peak I  

a c t i v i t y  i n  the  endogenous r e a c t i o n ,  must be i n t e r p r e t e d  w i th  

c a u t i o n .  KCl, which i s  c a p a b le  o f  d i s s o c i a t i n g  p r o t e i n  from 

ch ro m a t in ,  can r e n d e r  t h e  DKA l i a b l e  to  damage ( e . g ,  s i n g l e - s t r a n d  

b r e a k s )  due t o  h a r s h  t r e a t m e n t ,  which can l e a d  to  a r t e f a c t u a l  

n u c l e a r  DNA s y n t h e s i s .  I t  has  been shown t h a t  0.3K RCl e x t r a c t e d  

n u c l e i  from s t a t i o n a r y  L929 c e l l s ,  a l th o u g h  l a c k i n g  most  of  t h e i r  

o r i g i n a l  DNA polymerase a c t i v i t y ,  a r e  capab le  of  s u b s t a n t i a l  

endogenous i n c o r p o r a t i o n  when t r e a t e d  w i th  p a n c r e a t i c  DNase d u r in g  

i n c u b a t i o n  (R.L.P.Adams,  p e r s o n a l  com munica t ion)* This  s u g g e s t s  

t h a t  any DM po lymerase  s p e c i e s  p r e s e n t  w i t h i n  n u c l e i  i s  capab le  

of  u s i n g  the  endogenous DNA te i . iplate when i t  i s  s u f f i c i e n t l y  primed by 

n a t u r a l  o r  a r t i f i c i a l  means.
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1.  INTRODUCTION

■ The purpose  of  t h i s  d i s c u s s i o n  i s  to  c o r r e l a t e  the  r e s u l t s  

o b ta in e d  i n  the  p r e v io u s  c h a p t e r  w i th  s i m i l a r  work i n  o t h e r  sy s tem s ,  

i n  an e f f o r t  to  e l u c i d a t e  w he the r  a p a r t i c u l a r  DNA polymerase  

s p e c i e s  i s  i m p l i c a t e d  i n  the  p r o c e s s  of  DNA r e p l i c a t i o n  i n  L329 

c e l l s .

I t  i s  obv ious  t h a t  t h e  p r o c e s s  of  DNA r e p l i c a t i o n  r e q u i r e s ,  

among many a c t i v i t i e s ,  an  enzyme capab le  of  p o ly m e r i s in g  d e o x y n u c l e o t i d y l  

r e s i d u e s  i n  a p a r t i c u l a r  o r d e r  d i c t a t e d  by a p r e - e x i s t i n g  DNA te m p la t e  

(DjJA polymerase a c t i v i t y )  .

Such enzymes a r e  w id es p read  i n  n a t u r e ,  b u t  on ly  one p u r i f i e d  

s p e c i e s ,  DNA.polymerase I I I  from E„ c o l i  has  been shown to  be 

in v o l v e d  d i r e c t l y  i n  th e  r e p l i c a t i o n  of DNA, The u n e q u iv o c a l  p ro o f  

o f , invo lvem ent  i s  d e r i v e d  from b io c h em ic a l  and g e n e t i c a l  a n a l y s i s  

o f  m u tan ts  d e f i c i e n t  i n  the  DNA r e p l i c a t i o n  p r o c e s s ,  an  approach  

which a t  p r e s e n t  i s  n o t  a p p l i c a b l e  to  mammalian sy s tem s .  Other  

more b io c h em ic a l  a p p ro ac h es  have t h e r e f o r e  to  be ad o p te d .

DNA p o l y m e r i s i n g  a c t i v i t y  i s  p r e s e n t  i n  L929 c e l l s  and 

c h a r a c t e r i s a t i o n  o f  th e  p ro d u c t  s y n t h e s i s e d  by crude  c e l l  f r a c t i o n s ,  

u s i n g  added DNA a s  t e m p l a t e ,  sugges is  t h a t  the  a c t i v i t y  p r e s e n t  i s  

c apa b le  of  polymeiising d e o x y n u c l e o t i d y l  r e s i d u e s  from t r i p h o s p h a t e  

p r e c u r s o r s  i n  a  manner c o n s i s t e n t  w i th  a r e p l i c a t i v e  f u n c t i o n  

(L indsay ,  J . G . ,  ?h ,D. T h e s i s ,  U n i v e r s i t y  of  Glasgow, 1969)'  However 

th e  l e s s o n  from E, c o l i , t h a t  an enzyme a c t i v i t y  dem ons t rab le  i n  

crude e x t r a c t s  may n o t  be th e  on ly  one of  i t s  k ind  i n  th e  c e l l ,  

prompted a s e a r c h  f o r  o t h e r  DNA polymensing  a c t i v i t i e s  p r e s e n t  in  

L929 c e l l s .

2 .  MULTIPLE PDA NOLINERAÀE hPEClED UE L929 CELLN

The f i r s t  s u g g e s t i o n  t h a t  t h e r e  may be more than  one type
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of  DNA po3-yïaerase i n  L929 c e l l s  r e s u l t e d  from the  f i n d i n g  t h a t  

a c t i v i t y  i n  s o l u b l e  and n u c l e a r  f r a c t i o n s  d i f f e r e d  i n  the  ty pe  o f  

DM b e s t  used  as  t e m p la t e  (L indsay  & Adams, 1968) ,  DNA po lymerase 

a c t i v i t y  from s u p e r n a t a n t  p r e p a r a t i o n s  p r e f e r r e d  DNA which hod 

been  h e a t - d e n a t u r e d  whereas  n u c l e a r  p r e p a r a t i o n s  e x h i b i t e d  a 

p r e f e r e n c e  f o r  n a t i v e  DNA.

I t  was f i r s t  th o u g h t  t h a t  d i f f e r e n t i a l  n u c l e a s e  c o n ta m in a t io n  

i n  the  crude c e l l  f r a c t i o n s  cou ld  be r e s p o n s i b l e  f o r  the  obse rved  

t e m p la t e  p r e f e r e n c e s  b u t  f u r t h e r  f r a c t i o n a t i o n  of  the  s u p e r n a t a n t  

preparation and e x t r a c t s  of  n u c l e i  r e v e a l e d  t h a t  th e  a b i l i t y  to  use 

d e n a t u r e d  DNA was a s s o c i a t e d  w i t h  a s p e c i e s  o f  h ig h  M.N. ( >  200,000 

d a l t o n s )  found i n  b o th  s u p e r n a t a n t  and n u c l e a r  f r a c t i o n s ,  whereas  

n a t i v e  DNA was the p r e f e r r e d  t e m p la t e  o f  a s m a l l e r  s p e c i e s  which 

e x h i b i t e d  peaks  o f  app rox im ate  M.N. 3 5 j 000; 70 ,000 ;

140,000 d a l t o n s  and were found on ly  i n  n u c l e a r  e x t r a c t s  ( R e s u l t s ,  

s e c t i o n  2 .1  and 2 . 2 ;  Adams e t  a l . ,  1973) ,

S e v e r a l  g roups  have shown the  e x i s t e n c e  of  a t  l e a s t  two 

s p e c i e s  of  DNA polymerase  a c t i v i t y ,  when a t t e m p t s  were made to  

i d e n t i f y  a l l  the  s p e c i e s  p r e s e n t  ( e x c lu d in g  the  m i t o c h o n d r i a l  

enzyme).  M o lecu la r  w e ig h t s  and DNA te m p la t e  p r e f e r e n c e ,  when 

looked  a t ,  a r e  s i m i l a r  to  th o s e  f o r  L929 c e l l s  ( see  Table 2, 

I n t r o d u c t i o n ) p .

r o s s i b l e  exM.Lai'aUions f o r  the  observed h e t e r o g e n e i t y  of  L929 c o l l  

DNA polymerase

At l e a s t  f o u r  e x p l a n a t i o n s  a r e  a v a i l a b l e  which would 

e x p l a i n  the  observed  f i n d i n g s .  They a r e : -

(a )  The sm al l  s p e c i e s  i s  the  i n  v i v o - enzyme and the  i s o l a t i o n  

p rocedure  l e a d s  to  a g g r e g a t i o n  or  a s s o c i a t i o n  w i th  o t h e r  c e l l u l a r
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m a t e r i a l  c r e a t i n g  an a r t e f a c t u a l  l a r g e  - spec ies  w i th  a l t e r e d  DNA 

•template r e q u i r e m e n t s ,

(b) The l a r g e  s p e c i e s  i s  the  i n  v iv o  enzyme and th e  n u c l e a r  e x t r a c t i o n  

p rocedu re  r e s u l t s  i n  r e l e a s e  o f  s m a l l e r  a c t i v e  f r a g m e n ts  n o t  n o rm a l ly  

e x i s t i n g  i n  v i v o .

(c)  The enzymes a r e  s t r u c t u r a l l y  r e l a t e d  and a r e  r e a d i l y  i n t e r 

co n v e r t e d  i n  v iv o  i n  r e s p o n s e  to  changes  i n  DNA metabo li sm e„g ,  

r e p l i c a t i o n ; r e p a i r  e t c .  The s p e c i e s  d i s t r i b u t i o n  t h a t  i s  found on 

i s o l a t i o n  w i l l  depend on th e  r e a c t i o n s  b e in g  c a r r i e d  ou t  by the  

c e l l  p r i o r  t o  i s o l a t i o n .

(d) The enzymes a r e  d i s t i n c t  and u n r e l a t e d  s p e c i e s  in v o lv e d  i n  

d i f f e r e n t  a s p e c t s  of  DNA metabo l i sm  a s  i n  ( c ) ,

, a  ) anc _

There i s  some ev idence  to  s u g g e s t  t h a t  the  low i o n i c  

s t r e n g t h  of  th e  i s o l a t i o n  b u f f e r  u sed  l e a d s  to  a g g r e g a t i o n  o f  the  

s m a l l e r  n u c l e a r  DNA polymerase  s p e c i e s .  Peaks of  DNA polymerase 

a c t i v i t y  e l u t e  from Sephadex G—200 a*t p o s i t i o n s  c o r r e s p o n d in g  t o  

a monom er-d i rae r - te t ram er  a s s o c i a t i o n  when e x t r a c t s  o f  n u c l e i  a r e  

f r a c t i o n a t e d  ( p i g .  4 ) c Th is  was a l s o  found by Nicha & S to c k d a le  

( 1972) f o r  th e  sm a l l  DNA polymerase s p e c i e s  of  c h i c k  embryo muscle 

under  low i o n i c  s t r e n g t h  c o n d i t i o n s .  F u r t h e r  ev idence  i n  L929 

cel ls  stems fran the f i n d i n g  t h a t  when a sample c o n t a i n i n g  a lower  

p r o t e i n  c o n c e n t r a t i o n  i s  a p p l i e d  to  Sephadex G-200, a d i f f e r e n t  

e l u t i o n  p a t t e r n  i s  obse rved ,  most of  tl'.e a c t i v i t y  e l u t i n g  a t  the  

r e g i o n  of  m o l e c u la r  w e igh t  55 ,000  (Adams e t  a l , ,  1973) .
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I f  the  h ig h  m o le c u la r  w e ig h t  s p e c i e s  i s  a r e s u l t  o f  

f u r t h e r  a g g r e g a t i o n ,  or  th e  low m o le c u la r  w e ig h t  s p e c i e s  a r e s u l t  

o f  a r t e f a c t u a l  d i s s o c i a t i o n  o f  the  l a r g e r  s p e c i e s  on s a l t  e x t r a c t i o n  

o f  n u c l e i ;  t h e n  i t  would be e x p e c te d  i n  b o th  c a s e s  t h a t  the  l a r g e  

s p e c i e s  shou ld  r e l e a s e  a c t i v e  low m o le c u la r  w e ig h t  enzyme on 

t r e a t m e n t  w i th  h ig h  s a l t  s o l u t i o n s ,  T-xis i s  n o t  found i n  L929 c e l l s ,  

where the  l a r g e  s p e c i e s  p r e s e n t  i n  s u p e r n a t a n t  f r a c t i o n s  d r a m a t i c 

a l l y  l o s e s  a c t i v i t y  w i t h o u t  p r o d u c t i o n  of  a c t i v e  sm a l l  enzyme, when 

f r a c t i o n a t e d  i n  the  p r e s e n c e  o f  0.5H KCl (F ig .  9 ) .  F r a c t i o n a t i o n  

i n  h i g h  s a l t  i s  e s s e n t i a l ,  a s  s imple t r e a t m e n t  of  the  enzyme w i th  

0.5M KCl fo l l o w ed  by removal  of  s a l t  by d i a l y s i s  does  n o t  cause  

l o s s  of  a c t i v i t y .  Th is  s u g g e s t s  d i s s o c i a t i o n  and s e p a r a t i o n  o f  a 

f a c t o r  n e c e s s a r y  f o r  a c t i v i t y ,  A s e a r c h  f o r  t h i s  p u t a t i v e  f a c t o r  

and e l u c i d a t i o n  o f  i t s  r o l e  i n  the  a c t i v i t y  of  h ig h  m o le c u la r  

w e ig h t  DilA polyüierase  i s  under  i n v e s t i g a t i o n .

H aines  e t  a l ,  ( l 9 7 l )  r e p o r t e d  t h a t  the  h ig h  m o le c u la r  

w e igh t  s o l u b l e  DKA po lymerase a c t i v i t y  i n  r a t  l i v e r  i s  s u s c e p t i b l e  

t o  f r a c t i o n a t i o n  i n  h ig h  s a l t  c o n c e n t r a t i o n s .  No c o n v e r s io n  to  

low m o le c u la r  w e igh t  enzyme, which they  f i n d  to  be u n a f f e c t e d  by- 

h ig h  s a l t  f r a c t i o n a t i o n ,  i s  d e t e c t a b l e .  Other w o rk e r s ,  a l t h o u g h  

n o t  r e p o r t i n g  o v e r a l l  r e c o v e r i e s ,  f i n d  s u b s t a n t i a l  h ig h  m o le c u la r  

w e igh t  enzyme a f t e r  h ig h  s a l t  f r a c t i o n a t i o n  ( E e l l a i r ,  I 968 ; F u r lo n g  

& Gresham, 1971) .  R e c e n t l y  Hecht ( l9 7 3 a , b )  i n  mouse t e s t i s  and 

Lazarus  & N i t r o n  ( l9 7 5 )  i n  baby hamste i  kidney c e l l s ,  succeeded i n  

r e l e a s i n g  DNA polymerase a c t i v i t y  s i m i l a r  i n  s i z e  to  the  low 

molecular ,  w e igh t  s p e c i e s ,  by f r a c t i o n a t i n g  s u p e r n a t a n t  p r e p a r a t i o n s  

on s uc rose  g r a d i e n t s  i n  the  p re s e n c e  of s a l t  ( l îecht  used 0.125N

Lnzerus  & K i t r o n  used  0.45H NaCl) .  Low s a l t  c o n t r o l  

g r a d i e n t s  r e v e a l e d  on ly  a c t i v i t y  of  h ig h  m o le c u la r  w e igh t  p r i o r  to
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s a l t  t r ea tm en t . .  T h e i r  r e s u l t s  cou ld  be e x p l a i n e d  by r e l e a s e  of  

n u c l e a r - t y p e  a c t i v i t y  from a s s o c i a t i o n  w i th  r ib o s o m a l  m a t e r i a l  

( B a r i l  e t  al.,  , 1971 ) o r  n u c l e a r  f r a g m e n ts .  In  n e i t h e r  case  was 

the  s o l u b l e  f r a c t i o n  c e n t r i f u g e d  s u f f i c i e n t l y  d u r i n g  p r e p a r a t i o n  

t o  remove such m a t e r i a l .  Th i s  may be the  e x p l a n a t i o n  f o r  the  

r e s u l t s  of  Laza rus  & ICi tron,  who s t i l l  r e t a i n  s u b s t a n t i a l  DNA 

polymerase a c t i v i t y  of  h i g h  m o le c u la r  w e igh t  a f t e r  h igh  s a l t  

t r e a t m e n t ,  K e c h t ’s r e s u F s ,  however,  a r e  h a r d e r  to  r e c o n c i l e  w i th  

t h i s  t h e o r y ,  as  comple te  c o n v e r s io n  to  s m a l l e r  enzyme i s  a c h ie v e d .

I t  i s  p o s s i b l e  t h a t  the  h ig h  m o le c u la r  w e igh t  enzyme i s  i n a c t i v a t e d  

due t o  the  h ig h  s a l t  f r a c t i o n a t i o n  as  i s  found f o r  the  L929 enzyme,

jLsJ»
The h ig h  m o l e c u la r  w e igh t  enzyme o f  L929 c e l l s  may s t i l l  

c o n t a i n  the  s m a l l e r  enzyme a s  a s u b - u n i t ,  bu t  f o r  some rea son  n o t  

d e t e c t a b l e  on d i s s o c i a t i o n  from i t  by s a l t .  An i n t e r a c t i o n  i n v o l v i n g  

l i p i d  however may be r e s i s t a n t  to  s a l t  d i s s o c i a t i o n .  Trea tm ent of  

t i e  h igh  m o l e c u la r  w e igh t  enzyme w i th  p h o s p h o l i p a s e , sodium deo x y ch o la te  

o r  T r i t o n  X-lOO does  n o t  r e s u l t  i n  low m o le c u la r  w eigh t  enzyme 

b e in g  produced  ( R e s u l t s ,  s e c t i o n  5 .2  and 8 ) .  RNase t r e a t m e n t  a l s o  

h as  no e f f e c t .  The f o r e g o i n g  r e s u l t s  weigh h e a v i l y  a g a i n s t  s p e c i f i c  

a s s o c i a t i o n  w i th  l i p i d  o r  RNA, Fu r th e rm o re ,  a s s o c i a t i o n  of  DNA 

polymerase  a c t i v i t y  from L929 n u c l e i  w i th  DNA i s  n o t  d e t e c t a b l e  a t  

the  s a l t  c o n c e n t r a t i o n  o f  t h e  f r a c t i o n a t i o n  b u f f e r  used  (Henderson,  

I-l.A.L., Ph.D. T h e s i s ,  U n i v e r s i t y  of  Glasgow, 1972) ,

No a c t i v i t y  c a p a b le  o f  f a c i l i t a t i n g  an  i n  v ivo  c o n v e r s io n  

o f  the  l a r g e  DNA po lymerase s p e c i e s  to  an enzyme o f  lower  m o l e c u la r  

w e igh t  i s  d e t e c t a b l e  in  c e r t a i n  c e l l  f r a c t i o n s  from r a p i d l y  growing

L929 c e l l s  ( R e s u l t s ,  ' s e c t i o n  5 . l ) .  Byrnes e t  a l , ,  ( l974a)  r e p o r t e d
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an ATP-dependent d i s s o c i a t i o n  of  a  l a r g e  s o l u b l e  s n e c i e s  of  DNA 

p o ly n e ra s e  from r a b b i t  e r y t h r o i d  h y p e r p l a s t i c  bone-morrow b u t  the  

d i s s o c i a t i o n  p r o d u c t  was s t i l l  o f  h ig h  m o le c u la r  w e ig h t ,

i l l

There i s  no p o s i t i v e  ev id en ce  t h a t  the two s p e c i e s  r e p r e s e n t  

d i s t i n c t  and u n r e l a t e d  enzymes and i n  f a c t  immunologica l  s t u d i e s  

su g g e s t '  t h a t  t h e y  may have a n t i g e n i c  s i t e s  i n  co :non  (Chang & Eolluin,  

1972c) .

C onc lu s ions

A l though  most of  th e  p ro c e e d in g  ev idence  shows no p o s i t i v e  

ev idence  f o r  tb.e low M.Vf. enzyme e x i s t i n g  as  a s u b - u n i t  o f  th e  h igh  

M.W, s p e c i e s ,  i t  canno t  be r u l e d  out  t h a t  the  l a r g e  s p e c i e s  c o n t a i n s  

a h i g h l y  a c t i v a t e d  form of th e  low K.'VA enzynie. On d i s s o c i a t i o n  by 

any of  the  a fo r e m e n t io n e d  t r e a t m e n t s ,  d e t e c t a b l e  low h . h ,  a c t i v i t y  

would n o t  be found.

5.  HIGH MOLECULAR MIIGHT NUCLEAR Drhv P0LY1IPRA8P PROP L92S CBLLS

N uc le i  from L929 c e l l s  c o n t a in  a DNA polymerase a c t i v i t y  

i n d i s t i n g u i s h a b l e  from the  s o l u b l e  enzyme i n  s i z e  and DNA te m p la t e  

p r e f e r e n c e  (F ig .  4 ) .  There i s  an i n c r e a s e d  amount of t h i s  a c t i v i t y  

a s s o c i a t e d  w i th  n u c l e i  from c e l l s  a c t i v e l y  s y n t h e s i s i n g  DNA (F ig .  I 4 ).

A h ig h  M.F. s p e c i e s  of  DNA polymcrnoe h a s  been d e s c r i b e d  

and i n  soine c a s e s  p a r t i a l l y  p u r i f i e d  from n u c l e i  from a v a r i e t y  of  

r a p i d l y  growing c e l l s  e . g .  HeLa c e l l s  (V/eissbach e t  a l . ,  1971);

KB c e l l s  (rJedwick e t  a l , ,  1972) ;  r e g e n e r a t i n g  r a t  l i v e r  (Wallace 

e t  a l , ,  1971; B a r i l  e t  a l . ,  1973)* I t  i s  s i m i l a r  i n  s i z e  and DNA 

t e m p la t e  p r e f e r e n c e  to  th e  enzyme found i n  s u p e r n a t a n t  f r a c t i o n s  

from the  same s o u r c e .  The two enzymes e l u t e  a t  th e  same s a l t
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c o n c e n t r a t i o n  from ion-oxc liange colunns and a r e  b o th  s u s c e p t i b l e  

to  i n h i b i t i o n  by s u l p h y d r y l  g roup  i n h i b i t o r s  (Adams e t  a l . ,  1973; . 

Weissbach e t  a l , ,  1971; Sedwick e t  a l , ,  1972).  I t  t h e r e f o r e  a p p e a r s  

t h a t  the  l a r g e  enzyme, on e x t r a c t i o n  from n u c l e i ,  i s  v e r y  s i m i l a r  

to  the  s o l u b l e  s p e c i e s  and may i n  f a c t  be i d e n t i c a l  to i t .  There 

i s  some ev idence  t h a t  i t  might  be s l i g h t l y  m o d i f i e d  w i th  r e s p e c t  to  

DM te m p la t e  u s ag e .  Sedwick e t  a l .  ( l972)  r e p o r t  t h a t  the  n u c l e a r  

s p e c i e s  i s  more e f f i c i e n t  w i th  a gapped DM te m p la t e  than the

c o r r e s p o n d in g  enzyme from s o l u b l e  f r a c t i o n s .  B e t t e r  use of  ^

homopolymer tonipteiBS ( i . e .  p o ly  dAsdT^^) was r e p o r t e d  f o r  a l a r g e ,

t i g h t l y  bound n u c l e a r  s p e c i e s  from c u l t u r e d  h am s te r  f i b r o b l a s t s  

(F u r long  e t  a l . ,  1973) .  A l a r g e  s p e c i e s  i s o l a t e d  from n u c l e i  of  

DAB induced  tumours i n  r a t  l i v e r  a p p e a r s  to  have r e v e r s e  t r a n s c r i p t a s e  

a c t i v i t y  (Chiu e t  a l , ,  1973)* however t h i s  may r e p r e s e n t  a s p e c i e s  

p e c u l i a r  to  t h i s  sys tem.

P o s s i b l e  e x u l a n a t i o n s  f o r  th e  observed  i n t r a c e l l u l a r  d i s t r i b u t i o n  

o f  h igh  H.V/. DhA nolyme r a s e  i n  L929 c e l l s^  ^  — ■ I I ■  I II  . . .  » ■ !  I I I .  , 1. . . . ,  .  i m i i n  . t j r i . m i .  ■  . i n «

Five  e x p l a n a t i o n s  which  cou ld  acc o u n t  f o r  the  observed  

f i n d i n g s  a r e  a s  f o l l o w s : -

(a)  S o lu b le  enzyme a r i s e s  by l e ak ag e  of  h ig h  M.V/. enzyme from n u c l e i ,

(b) High n u c l e a r  enzyme i s  a r e s u l t  o f  con tam ina t i o n  o f  n u c l e i

by s o l u b l e  cnz;^amo,

(c)  The s o l u b l e  enzyme i s  m o d i f ied  by a f a c t o r  s y n t h e s i s e d  i n  S-phase  

c e l l s  e n a b l i n g  b i n d i n g  to  n u c l e i ,

(d) Dh'ji o r  cliro.-.atin i s  m od i f ied  d u r in g  S-phase  e n a b l i n g  s o l u b l e
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enzyme (unmodif ied)  t o  b i n d .

(e )  The h ig h  il.W, n u c l e a r  s p e c i e s  r e p r e s e n t s  a d i s t i n c t  and u n r e l a t e d  

enzyme from the  s o l u b l e  enzyme and i s  s y n t h e s i s e d  s p e c i f i c a l l y  in  

r e s p o n s e  to  c e l l  p r o l i f e r a t i o n ,

h i

I t  i s  somewhat p a r a d o x i c a l  t h a t  the  h ig h  M.W, DhA polym erase ,  

which seems to  d e m o n s t r a te  the  c o r r e c t  b i o l o g i c a l  c o r r e l a t i o n  w i th  

n u c l e a r  DNA s y n t h e s i s  i n  v i v o , shou ld  be c o n s i s t e n t l y  r e c o v e re d  in  

c y to p la s m ic  f r a c t i o n s .  I t  l e a v e s  the  method of  c e l l  f r a c t i o n a t i o n  

open to  s u s p i c i o n .  The i n t r a c e l l u l a r  i n t e g r i t y  and i n  v iv o  

n u c l e o c y to p l a s m ic  i n t e r a c t i o n s  cou ld  be com p le te ly  d i s r u p t e d  on 

c e l l  b reakage  g i v i n g  r i s e  to  a r t e f a c t u a l  d i s t r i b u t i o n  of  c e l l u l a r  

m a t e r i a l .  I t  i s  p o s s i b l e  t h e r e f o i e  t h a t  the  p re s en ce  of  DNA polymerase 

a c t i v i t y  i n  s u p e r n a t a n t  f r a c t i o n s  o f  c e l l  homogeiiates nay r e p r e s e n t  

l e ak ag e  from the  n u c l e u s  e s p e c i a l l y  u s in g  aqueous i s o l a t i o n  

t e c h n i q u e s .  Th is  was o r i g i n a l l y  th o u g h t  to  be the  c a s e ,  and use of  

non-aqueous  s o l v e n t s  and i n c o r p o r a t i o n  o f  n u c l e a r  membrane s t a b i l i s e r s  

( e . g .  ) i n t o  aqueous i s o l a t i o n  media i n c r e a s e d  the  p r o p o r t i o n

o f  a c t i v i t y  r e t a i n e d  by n u c l e a r  p r e p a r a t i o n s  (K e i r ,  1965) ,  However 

h ig h  l o s s e s  of  a c t i v i t y  r e s u l t e d  and no d e f i n i t e  c o n c l u s i o n s  abou t  

i n t r a c e l l u l a r  d i s t r i b u t i o n  could be made.

Byrnes e t  a l ,  ( 1974b) c l a im  t h a t  tlic c y to p la s m ic  l o c a t i o n  

o f  DNA polymerase a c t i v i t y  i s  n o t  a r t e f a c t u a l  or  t r i v i a l  by r e v e a l i n g  

th e  p re s en ce  o f  the  enzyme i n  the  r a b b i t  r e t i c u l o c y t e ,  which i s  

an  a n u c l e a t e  c e l l .
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i l l

I t  has  been e v i d e n t  f o r  some years now t h a t  i n c r e a s e d  l e v e l s  

of  h igh  H.y ,  s o l u b l e  DNA po lymerase a c t i v i t y  a r e  a s s o c i a t e d  w i th  

c e l l  p r o l i f e r a t i o n  (iwamura e t  a l , ,  1.968; Ove e t  a l , ,  1969; Chang 

& Dollum, 1972d; Chang e t  a l , , 1973) .  I t  i s  p o s s i b l e  t h a t  the  

h ig h  M.V/* n u c l e a r  s p e c i e s  found by s e v e r a l  g roups ,  e s p e c i a l l y  i n  

r a p i d l y  growing sy s tem s ,  i s  a r e s u l t  of  cy to p la s m ic  c o n t a m in a t io n .

The r e s u l t s  i n  the  p r e s e n t  work w i th  L929 c e l l s  show t h a t  DNA 

polymerase a c t i v i t y  i s  n o t  exchangeab le  between c y to p la s m ic  and 

n u c l e a r  f r a c t i o n s  d u r in g  th e  i s o l a t i o n  p rocedu re  (Table 6 ) .

S e v e r a l  g roups  f i n d  no ev idence  f o r  a h ig h  M.N. n u c l e a r  

s p e c i e s .  N h e th e r  i t  i s  found seems to  depend on the  i o n i c  s t r e n g t h  

of  the  i s o l a t i o n  medium used  and the  t r e a t m e n t  employed f o r  f u r t h e r  

n u c l e a r  p u r i f i c a t i o n ,  Wallace e t  a l .  ( l 9 7 l )  showed t h a t  s l i g h t  

d i f f e r e n c e s  i n  tlie c o n t e n t s  o f  i s o l a t i o n  media,  n o t  a c c o u n ta b l e  by 

i o n i c  s t r e n g t h  a l o n e ,  had a d r a m a t i c  e f f e c t  on the  amount of  h ig h  

M.W. DhA po lymerase  r e c o v e re d  i n  n u c l e a r  p r e p a r a t i o n s  from 

r e g e n e r a t i n g  r a t  l i v e r .  The main d i f f e r e n c e  a p p e a r s  to  be a h i g h e r  

c o n c e n t r a t i o n  of  po lyamines  i n  th e  i s o l a t i o n  media r e s u l t i n g  i n  

l o s s  of  h ig h  I I .9. enzyme. Brewer & Rusch. ( l966)  r e p o r t e d  t h a t  an 

8-p h as e  s p e c i f i c  i n c r e a s e  i n  DNa po lymerase a c t i v i t y  a s s o c i a t e d  w i th  

the  n u c l e i  of  the  s l im e  'mould Rhys arum oolyceohalûm . was n o t  neflsurs-ble 

w i th  an addpd Pf.T;; temul a t e  u n l e s s  the  poly amine,  sue m i n e  was 

' p re s en t .  Therefoi-e i t  appea/.-s a s  i f  polyamines  may r e l e a s e  DBA 

polymerase from n u c l e a r  b i n d i n g .  Trea tment i n v o l v i n g  the  B lobe l  

& P o t t e r  ( i960)  method o f  n u c l e a r  p u r i f i c a t i o n ,  o r  a m o d i f i c a t i o n  

t h e r e o f  ( i . e .  i n v o l v i n g  h y p e r t o n i c  s u c r o s e ) ,  r e s u l t s  i n  n u c l e i  

l a c k i n g  h ig h  ihW. enzyme.
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C o i n c i d e n t a l l y ,  s i m i l a r  n u c l e a r  p u r i f i c a t i o n  p ro c e d u re s  

a l s o  l e a d  to  l o s s  of  c o r r e l a t i o n  between n u c l e a r  DNA s y n t h e s i s  

and the  D]1A s y n t h e t i c  c a p a c i t y  o f  the  c e l l s  o f  o r i g i n  (ïïyodo & One, 

1970a;  Kaufman e t  a l * ,  1972) ,  t h e r e b y  th row ing  s u s p i c i o n  on t h i s  

method o f  n u c l e a r  p r e p a r a t i o n  when s t u d y in g  the  i n t r a c e l l u l a r  

d i s t r i b u t i o n  o f  DNA po lym erase .

(c )  and (d)

There i s  ev id en ce  f o r  a  p o s i t i v e  c o n t r o l  on the  b in d i n g  of  

h ig h  M/7, enzyme t o  n u c l e i  o f  L929 c e l l s  d u r in g  8 -p h a s o .  The 

enzyme p re s e j i t  i n  a 0,4Ii  KCl e x t r a c t  of n u c l e i  from S-phase  c e l l s  

i s  a b l e  to  r e b i n d  to  the  e x t r a c t e d  n u c l e i ,  whereas  b in d in g  of  enzyme 

i n  the  s u p e r n a t a n t  f r a c t i o n  to  e x t r a c t e d  n u c l e i  under  the  sane  i o n i c  

s t r e n g t h  c o n d i t i o n s ,  i s  n o t  found ( R e s u l t s ,  s e c t i o n  9<.l and 9 . 2 ) ,

The enzyme i n  e x t r a c t s  of  S -phase  i s  ab le  to  b ind  e q u a l l y  w e l l  t o  

n u c l e i  froiii s t a t i o n a r y  c e l l s ,  b u t  on ly  a f t e r  0,411 KCl e x t r a c t i o n  

( .R esu l ts ,  s e c t i o n  9 . 3 ) .  U n e x t r a c t e d  n u c l e i  from s t a t i o n a r y  c e l l s ,  

which c o n t a i n  low l e v e l s  o f  the  h ig h  M/7o enzyme, a r e  u nab le  to  b ind 

enzyme from S-phase  nuclcs . r  e x t r a c t s  hU 'i 19)

The f o r e g o i n g  f i n d i n g s  s u g g e s t  t h a t  two s t e p s  a r e  n e c e s s a r y  

b e f o r e  h ig h  M/7, enzyme can b in d  to  n u c l e i .  F i r s t l y  a b lo c k  which 

p r e v e n t s  b in d i n g  o f  enzyme t o  n u c l e i  from s t a t i o n a r y  c e l l s  must be 

removed (ach iev ed  e x p e r i m e n t a l l y  by 0,4M KCl e x t r a c t i o n ) .  The 

i n a b i l i t y  of  n u c l e i  from s t a t i o n a r y  c e l l s  to  bind the  h ig h  M. W. 

enzyme may be a na logous  to  the  s i t u a t i o n  i n  sea  u r c h i n  embryos, 

F o n s l e r  & Loeb ( l9 7 2 )  showed t h a t  DNA polymerase  a c t i v i t y  i n  e a r l y  

embryos f l u c t u a t e s  betv/een n u c l e u s  and cyloplaCii), b e in g  found i n  

much lower  amounts i n  n u c l e i  i s o l a t e d - f r o m  m i t o t i c  or  G-2 embryos.  

(There i s  no G-1 pha^e i n  sea  u r c h i n  embryos.) They i n t e r p r e t  t h i s
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a s  b e in g  due to  th e  c o n d e n s a t io n  o f  chro-niosomai m a t e r i a l  f o r  

m i t o s i s .  , As the  chromosomes b e g in  to  unwind a f t e r  m i t o s i s ,  DNA 

polymerase a t t a c h m e n t  p o i n t s  on the  DNA or  ch rom a t in  become a v a i l a b l e .  

The DNA of s t a t i o n a r y  L929 c e l l s  may a l s o  be p r e s e n t  a s  a  compacted 

s t r u c t u r e  p r e v e n t i n g  enzyme a t t a c h m e n t .  The p o t e n t i a l  enzyme 

b i n d i n g  s i t e s  p o s s i b l y  become unmasked as  the  c h rom a t in  s low ly  

unwinds d u r i n g  G-1 phase .  Second ly ,  a f a c t o r  n e c e s s a r y  f o r  b in d i n g  

must be p r e s e n t ,  a s  i n  0,411 KCl e x t r a c t s  o f  S -phase  n u c l e i .  I t  i s  

n o t  known w he the r  t h i s  f a c t o r  rem ains  a s s o c i a t e d  w i th  the  l a r g e  

n u c l e a r  enzyme ( im p ly ing  a m o d i f i e d  form of the  s o l u b l e  s p e c i e s )  

o r  i s  mere ly  p r e s e n t  i n  n u c l e a r  e x t r a c t s  of  S -phase  c e l l s .

There i s  l i t t l e  p o s i t i v e  ev idence  to  s u g g e s t  k a a t  th e  h ig h  

M.Wo n u c l e a r  DNA po lymerase  s p e c i e s  i s  a d i s t i n c t  enzyme u n r e l a t e d  - 

to  the  s o l u b l e  s p e c i e s ,  A l a r g e  enzyme i s o l a t e d  fro::i n u c l e i  o f  DAB- 

induced  tumour c e l l s  i n  r a t s ,  i s  r e p o r t e d  to  e x h i b i t  s u b s t a n t i a l  

i n c o r p o r a t i o n  w i th  r ibchomopolymcr 'templates (Chiu e t  a l . ,  1973)* In  

c o n t r a s t ,  the  h igh  l i . \h  s o l u b l e  enzyme from c a l f  thymus has  n e g l i g i b l e  

r e v e r s e  t r a n s c r i p t a s e  a c t i v i t y  (Chang & Bollum, 1 9 7 2 a ) ,

Concl u s i o n s

From the  ev id en ce  a v a i l a b l e ,  i t  a p p e a r s  as  i f  the  h ig h  

i'i.VL Daa polymerase enzyme of L929 c e l l s  p a r t i  c ions  i t s e l f  be tween 

n u c l e u s  and cy top lasm  depending  on the  p re sence  of a b in d i n g  f a c t o r  

p ro b ab ly  ‘s y n t h e s i s e d  duuing  p e r i o d s  o f  DNA s y n t h e s i s ,

Evidence from, o t h e r  s o u r c e s  which s u p p o r t s  a p h y s i o l o g i c a l  

r o l e  f o r  h ig h  M.N, n u c l e a r  DNA polymerase a r c  the  r e p o r t s  which 

r e v e a l  d i f f e r e n c e s  between the  p r o p e r t i e s  of  the  n u c l e a r - l o c ' i t e d
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and cy to p la s m ic  enzyme (Uedwick e t  a l , ,  1972; F u r long  e t  a l , , 1973) .

4.  THE NATURE OF DNA 8YNTHE3I3 IN VITRO UUÏNG ISOLATED L929 NUCLEI

S e v e r a l  r e p o r t s  have dem o n s t r a ted  t h a t  i s o l a t e d  eukar/ofcic 

n u c l e i  may he u s e f u l  i n  s t u d y i n g  th e  mechanism o f  DNA r e p l i c a t i o n .  

R e s u l t s ,  s e c t i o n  10 shows t h a t  n u c l e i  from L929 c e l l s  a r e  

capab le  of  DNA s y n t h e s i s  i n  the  absence  of  added DMA as  t e m p l a t e .

The b a s i c  r e q u i r e m e n t s  a r e  s i m i l a r  to  t h o s e  f o r  DNA po lymerase  a s s a y s  

e x c e p t  t h a t  the  optimun s a l t  c o n c e n t r a t i o n  i s  h i g h e r  and th e  r e a c t i o n  

i s  s t i m u l a t e d  by ATP, A g r e a t e r  i n i t i a l  r a t e  of  s y n t h e s i s  i s  

e x h i b i t e d  by n u c l e i  i s o l a t e d  from c e l l s  i n  8 -phase  compared to  

n u c l e i  from s t a t i o n a r y  c e l l s  ( F ig .  24 ) .  The p ro d u c t  of  n u c l e a r  DNA 

s y n t h e s i s  i s  de m o n s t r a t e d  by a l k a l i n e  suc rose  g r a d i e n t  c e n t r i f u g a t i o n  

t o  be e x c l u s i v e l y  i n  sm a l l  p i e c e s  compared to  bu lk  n u c l e a r  DMA 

(F ig .  25 ) .  This  s u g g e s t s  s y n t h e s i s  of  f ragm e n ts  s i m i l a r  to  those  

found i n  v ivo  i n  p r o k a r y o t i c  sys tems i . e .  Okazaki f r a g m e n t s . However, 

no ev idence  f o r  i n  v i t r o  i n i t i a t i o n  of  such  f r a g m e n ts  i s  found ,  and 

l a c k  o f  r a d i o a c t i v e  l a b e l  a s s o c i a t e d  w i th  bullc DNA s u g g e s t s  t h a t  

l i g a t i o n  of  th e  sm a l l  f r a g m e n ts  t o  b u lk  DNA i s  n o t  o c c u r r i n g  ( F ig .  25) 

I t  t h e r e f o r e  a p p e a r s  a s  i f  the  L929 n u c l e a r  DNA s y n t h e s i s  i n v o l v e s  

e x t e n s i o n  and p o s s i b l e  co m p le t io n  of  O kazak i - type  f r agm e n ts  a l r e a d y  

i n i t i a t e d  i n  v i v o »

S i m i l a r  o b s e r v a t i o n s  have been r e p o r t e d  by o t h e r  workers  

u s i n g  i s o l a t e d  n u c l e a r  sys tems from v a r i o u s  s o u r c e s .

N uc lea r  DNA s y n t h e s i s  a p p e a r s  t c  be S-phase  s p e c i f i c  

(Fr iedman & M u e l l e r ,  1968; Lynch e t  a l , ,  1970) ,  e x c e p t  wlicn n u c l e i  

a r e  t r e a t e d  w i th  h y p e r t o n i c  s u c ro s e  s o l u t i o n s  (Kaufman e t  a l , , 1972; 

Hyodo & Ono, 1970a; Ove e t  a l . ,  1 9 7 l ) .  F u r t h e r  s t u d i e s  by the  same 

w orkers  s u p p o r t  the  r e s u l t s  w i th  L92y c e l l s ,  t h a t  the  p ro d u c t  of  

i n  v i t r o  DNA s y n t h e s i s  by n u c l e i  i s  a t  l e a s t  p a r t l y  i n  sm al l
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f r a g m e n ts  ( iCldvell & M u e l l e r ,  1969; Friedman,  1973; H e r s h e j  &

T a y lo r ,  1974) .  I n  a d d i t i o n ,  the  l a t t e r  two r e p o r t s  p ro v id e  ev idence  

which, s u g g e s t  t h a t  one of  th e  DHA s t r a n d s  i s  s y n t h e s i s e d  c o n t i n u o u s l y  

The absence  o f  i n  v i t r o  l i g a t i o n  found f o r  L929 n u c l e i  

may s u g g e s t  t h a t  mammalian l i g a s e  i s  n o t  r e t a i n e d  by n u c l e i  d u r in g  

th e  i s o l a t i o n  p ro c e d u re s  employed.  Evidence  f o r  l i g a t i o n  on 

a d d i t i o n  of  cy top lasm  t o  IleLa c e l l  n u c l e i  has  been r e p o r t e d  (Kidwel l  

8: M u e l l e r ,  1969) *

O ther  ev id en ce  to  s u g g e s t  t h a t  the  i n  v i t r o  r e a c t i o n  i s  

a c o n t i n u a t i o n  o f  th e  p r o c e s s  t a k i n g  p lace  i n  th e  n u c l e i  p r i o r  to  

i s o l a t i o n ,  has  been r e p o r t e d .  Uhen c e l l s  a r e  p r e - t r e a t e d  v/ ith 

bromodeoxyur id ine  im m ed ia te ly  p r i o r  to  n u c l e a r  i s o l a t i o n ,  t h e n  th e  

• i n  v i t r o p ro d u c t  of  n u c l e a r  DNA s y n t h e s i s  i s  o f  h y b r id  d e n s i t y  

(Lynch e t  a l . ,  1970;  h e r s  hey  e t  a l , ,  1973a) ,  Th is  s u g g e s t s  d i r e c t  

c o n t i n u a t i o n  by n u c l e i  i n  v i t r o , a t  the  i n v iv o  s i t e s .

Lynch e t  a l , ,  ( l9 7 0 )  a l s o  showed by a u t o r a d i o g r a p h y  t h a t  

th e  same p e r c e n ta g e  of  n u c l e i  from r e g e n e r a t i n g  r a t  l i v e r  a r e  

i n c o r p o r a t i n g  i n  v i t r o  a s  were a c t i v e l y  r e p l i c a t i n g  in  vivp,.

C o n t ro l  e x p e r i m e n t s ,  l a b e l l e d  i n  v ivo  and i n  v i t r o  conf irmed t h a t  

the  same n u d e  i  were in v o l v e d  i n  th e  two r e a c t i o n s .

I n c o r p o r a t i o n  by i s o l a t e d  n u c l e i  t h e r e f o r e  a p p e a r s  to  

r e p r e s e n t  a c o n t i n u a t i o n  of  i n  v iv o  r e p l i c a t i o n  and t h e r e f o r e  th e y  

p ro b ab ly  c o n t a i n  the  errzyaes,  i n c l u d i n g  the  DNA polym,e?is2a.g enzyme 

n e c e s s a r y  f o r  s y n t h e s i s  o f  Okazaki p i e c e s .

The i n a b i l i t y  t o  m a i n t a i n  the  i n i t i a l  r a t e  of  n u c l e a r  DNA 

s y n t h e s i s ,  a f i n d i n g  ccn f i rm ed  by most i n v e s t i g a t o r s ,  a p p e a r s  

i n  L929 c e l l s  to  be a r e s u l t  o f  l o s s  of  nn e s . . e n t i a l  f a c t o r  caused  

by i n c u b a t i o n  a t  37^C (Table  l l ) ,  Herfhey e t  a l ,  (1973a) came 

to  a s i m i l a r  c o n c l u s i o n  w i th  HeLa n u c l e i  based  on th e  f i t t i n g  of



165.

e x p e r i m e n t a l  t ime cou rse  p o i n t s  t o  a  the  ore t  i  dal e x p o n e n t i a l  aece.y 

c u rv e .  F u r t h e r  work hy th e  same group (he r sh ey  e t  a l . ,  1973h),  

i n v e s t i g a t i n g  the e f f e c t  o f  i n h i b i t i n g  c e l l u l a r  s y n t h e s i s  of  HliA, 

DMA and p r o t e i n  on the  DMA s y n t h e t i c  a c t i v i t y  o f  i s o l a t e d  8 -phase  

n u c l e i ,  su g g e s te d  a r e q u i r e m e n t  f o r  an u n s t a b l e  p r o t e i n  n e c e s s a r y  

f o r  the  ma in tenance  o f  DNA r e p l i c a s e  s i t e s  which a r e  e s t a b l i s h e d  

i n  S-phase  n u c l e i .

5 o ROLF OF DMA POLYellRASE SPECIES IM DM A SYMTMESIS BY ISOniTSD 

L929 imCLFI

The f o l l o w i n g  o b s e r v a t i o n s  imply  a r o l e  f o r  the  l i igh I-I.W, 

DMA polymerase enzyme i n  n u c l e a r  DMA s y n t h e s i s .

■(a) A s s o c i a t i o n  o f  h ig h  M/./. enzyme w i th  n u c l e i  shows S-phase  

s p e c i f i c i t y ,  as  does  DMA s y n t h e s i s  by i s o l a t e d  n u c l e i  <,

(b) H y p e r to n ic  s u c ro s e  t r e a t i . i e n t  o f  n u c l e i  which l e a d s  to  l o s s  of  

the  h igh  iicM. enzyme, a l s o  l e a d s  to  l o s s  of  the  S-phase  s p e c i f i c i t y  

of  n u c l e a r  DMA s y n t h e s i s ,

(c )  DMA s y n t h e s i s  by L929 n u c l e i  i s  i n h i b i t e d  by MEM, a s u l p h y d r y l  

group i n h i b i t o r ,  T r i t o n  X.-100 ar.d araCTP. The h ig h  tl.M, n u c l e a r  

enzjniie i s  s i m i l a r l y  i n h i b i t e d  by th e s e  s u b s t a n c e s  whereas  the  low 

M.M, enzyme i s  on ly  s l i g h t l y  i n h i b i t e d  by MEM and n o t  a  I a l l  by 

T r i t o n  A-100 or  a r a  DTP ( R e s u l t s ,  s e c t i o n  l l ) ,

A r o l e  f o r  low Il.V/. enzyme i r  n u c l e a r  DMA s y n t h e s i s  i s  

s u g g e s te d  by the  f o l l o w i n g  o b s c r v a t i o n s î -

(a.) Dr i j / lug  e x t r a c t s  v i r t u a l l y  a l l  of  the  DMA polymerase a c t i v i t y  

p r e s e n t  i n  n u c l e i  i s o l a t e d  from s t a t i o n a r y  L929 c e l l s
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(Table 1 5 ) .  H ow ever , , a f t e r  s i m i l a r  e x t r a c t i o n  of  S-phase  n u c l e i  % 

which  r e s u l t s  i n  r e t e n t i o n  of  n u c l e a r  I)NA s y n t h e s i s ,  a s u b s t a n t i a l  

amount of  low H.V/t enzjniie i s  r e t a i n e d  by the  n u c l e i ,  s u g g e s t i n g  

an  S -phase  s p e c i f i c  form of  low H ,¥ .  enzyme (F ig .  52a)

(b) 0^21-i KCl e x t r a c t e d  n u c l e i  a r e  s t i l l  c ap a b le  of  i n v i t r o  DZfA

s y n t h e s i s  (Table  1 5 ) .  F r a c t i o n a t i o n  of  the  DNA polymerase a c t i v i t y  

r e m a in in g  i n  such  n u c l e i  r e v e a l s  on ly  1ow M.VJ. enzyme (F ig ,  52c)

(c)  Chiu e t  alo  ( l975 )  f i n d  an S -phase  s p e c i f i c  i n c r e a s e  i n  a 

t i g h t l y - b o u n d  low M.¥. DNA po lymerase  s p e c i e s .

Th is  a p p a r e n t  d i s c r e p a n c y ,  i . e .  bo th  n u c l e a r  DNA polymerase-  

s p e c i e s  b e in g  i m p l i c a t e d  i n  n u c l e a r  DNA s y n t h e s i s ,  i s  p o s s i b l y  

e x p l a i n e d  by the  f o l l o w i n g  model which s p e c u l a t e s  on the  p o s s i b l e  

i n  v iv o  forms o f  DNA polym erase based  on ev idence  p r e s e n t e d  i n  the  

R e s u l t s  c h a p t e r .  The model i s  d e s c r i b e d  i n  s c h em a t ic  form i n  F i g .  55, 

I t  i s  proposed  t h a t  the  low H.¥,  enzyme i s  r e s p o n s i b l e  

f o r  the  c a t a l y t i c  a c t i v i t y  of  a l l  the  DNA polymerizing s p e c i e s  

i d e n t i f i e d .  I t  has  a h ig h  a f f i n i t y  f o r  DNA and i s  r a p i d l y  t r a n s p o r t e d  

to  the  n u c l e u s  ( a f t e r  s y n t h e s i s  i n  the  cy top lasm)  where i t  i s  

p o t e n t i a l l y  av a i l a b l e ,  f o r  g a p - f i l l i n g  f u n c t i o n s  r e q u i r i n g  DNA 

complementing a c t i v i t y *  e . g .  r e p a i r ,  r e c o m b in a t io n ,  nerbaps  even 

Okazaki f ragm en t  com ple t ion  d u r i n g  r e p l i c a t i o n  i n  a s i m i l a r  manner 

to  E. c o l i  DNj-u po lymerase X ( Okazaki e t  a l . ,  1971) .  however i t  i s  

n o t  i n v o lv e d  i n  th e  b u lk  o f  DNA r e p l i c a t i o n .  I t  i s  t h i s  form which 

i s  e x t r a c t a b l e  from n u c l e i  by B r i j / h g ,  hence i t s  a lm o s t  com rle te  

removal  from n u c l e i  o f  s t a t i o n a r y  1929 c e l l s  (Table  1 5 ) .
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Model d e s c r i b i n g  the  nronosed  i n t r a c e l l u l a r  f o rms of  1929 c e l l  DNA 

polymerase

Modify ing
f a c t o r

  -------------
High H.V/. DMA 
polymerase

cy top lasm

micleui

DMA or  
ch rom a t in

Binding
f a c t o r

ComplexOther
r e p l i c a t i o n
f a c t o r s

Complex I  -  complex o f  DNA or ch rom a t in  -zith low H.V/. DNA polymerase -  
in v o lv e d  i n  g a p - f i l l i n g  f u n c t i o n s  e . g .  r e p a i r  e t c ,  -  
d i s s o c i a b l e  by B r i j  58/[30mM magnesium a c e t a t e  ( see  t e x t ) .

Complex I I -  weak complex o f  DNA or  chromatin  w i th  h ig h  H.V/. DNA
polymerase -  p o s s i b l y  b in d i n g  of  enz;/j;ie Lo r e p l i  con or
Okazaki  f ragm en t  i n i t i a t i o n  s i t e s  when th e y  bee.me a v a i l a b l e  
a s  S -phase  p r o g r e s s e s  -  d i s s o c i a b l e  by s a l t  ( > 0 .1 M  KCl)
(see  t e x t ) .

Complex I I I -  t i g h t  complex of  DNA o r  ch rom at in  w i th  DNA polymerase
(h igh  o r  low?) i n v o lv e d  i n  Okazaki fr- 'gmerit e x t e n s i o n  a n d /
o r  co m p le t io n  -  d i s s o c i a b l e  by s a l t  ( '>0 ,2H  KCl) (see  t e x t ) .



168,

In  a c t i v e l y  d i v i d i n g  c e l l s ,  a i i iodifying f a c t o r  i s  p r e s e n t  

which h in d s  to  the  low H.W. enzyme r e s u l t i n g  i n  p r o d u c t i o n  o f  h ig h  

m o le c u la r  w e ig h t  enzyme which h a s  a p r e f e r e n c e  f o r  d e n a tu r e d  DNA 

a s  i n  v i t r o  t e m p la t e  <and a low a f f i n i t y  f o r  DNA, hence I t s  r e c o v e ry  

i n  cy to p la s m ic  f r a c t i o n s  on i s o l a t i o n  i n  aqueous media.  This  

p r e d i c t s  t h a t  low K.N. enzyme shou ld  ho d i s s o c i a b l e  from i t s  

a s s o c i a t i o n  w i th  m od i fy ing  f a c t o r ,  F r a . c t i o n a t i o n  i n  h ig h  s a l t  

(O.DM KCl) r e s u l t s  i n  l o s s  o f  h ig h  H.y .  a c t i v i t y  (F ig .  9) b u t  a s  

i n d i c a t e d  i n  the  i n s e t  t o  F i g .  9, u n l e s s  f r a c t i o n a t e d  under  the  h ig h  

s a l t  c o n d i t i o n s  r e a s s o c i a t i o n  o ccu r s  on r e d u c t i o n  of  i o n i c  S t r e n g t h ,  

Only a v e r y  sm a l l  p r o p o r t i o n  o f  the  t o t a l  low M.IJ. enzyme a p p e a r s  to  

be p r e s e n t  i n  t h i s  form hence the  i n a b i l i t y  to  d e t e c t  a c t i v e  enzyme 

a t  the  e x p ec ted  r e g i o n  on th e  column p r o f i l e  a f t e r  f r a c t i o n a t i o n  

of  the  h ig h  MAJ. enzyme i n  0 . 5ii KCl ( ? i g .  9 ) .  This  t h e r e f o r e  

s u g g e s t s  t h a t ,  on a s s o c i a t i o n  w i th  the  modify ing  f a c t o r ,  t h e r e  i s  an 

enhancement o f  the  c a t a l y t i c  a c t i v i t y  o f  the  low M.l/. enzyme as  

measured on i n  v i t r o  DNA tenriMes, p a r t i c u l a r l y  when denalured. I t  

i s  t h i s  enhanced DNA polymerase  a c t i v i t y  which i s  c o m p a ra t i v e ly  

u n s t a b l e  and s u s c e p t i b l e  to  the  i n h i b i t o r s  descr ibed ,  i n  R e s u l t s ,  

s e c t i o n  11. The mod i fy ing  f a c t o r  p ro b ab ly  c o n t a i n s  a s u lp h y d r y l  

g ro u p ( s )  n e c e s s a r y  f o r  i t s  f u n c t i o n ’, hence i t s  s e v e re  i n h i b i t i o n  by

AraCTP p r o b a b ly  a f f e c i s  the  enhanced DNA s y n t h e s i s  

r e a c t i o n  c a r r i e d  out  by the  h ig h  M.y, enzyme r a t h e r  th a n  d i r e c t l y  

i n h i b i t i n g  th e  m odi fy ing  f a c t o r .  Complementat ion of  long  s i n g l e 

s t r a n d e d  r e g i o n s ,  the  type  of  s y n t h e s i s  c h a r a c t e r i s t i c  of  h i g h  N.N. 

DNA polymerase and p ro b a b ly  of  the  in  v i t r o  n u c l e a r  DNA s y n t h e s i s ,  i s  

more l i k e l y  t o  be s u s c e p t i b l e  t o  araCTP than  the  s h o r t  g a p - f i l l i n g  

r e a c t i o n  c a r r i e d  ou t  i n  v i t r o by the  ] ow enzyme ( see  3edwick
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et a le , 1972/.

Evidence  to  s u p p o r t  j u s t  such  an i n h i b i t o r y  a c t i o n  f o r  

a r a  CTP has  been  r e p o r t e d  r e c e n t l y  by Masker & Hanawalt  ( l974)«

They showed t h a t  i n  t o l u e n i s e d - b a c t e r i a l  c e l l s ,  DNA r e p l i c a t i o n  was 

s t r o n g l y  i n h i b i t e d  by araCTP whereas  u~v s t i m u l a t e d  r e p a i r ,  which 

i n v o l v e s  s y n t h e s i s  o f  s h o r t  s t r e t c h e s  of  DM, was r e l a t i v e l y  un 

a f f e c t e d .

As the  m od i fy ing  f a c t o r  s t i m u l a t e s  DITa p o ly n e ra s e  a c t i v i t y  

w i th  a d e n a t u r e d  DNA t e m p l a t e ,  i t  cou ld  be s i m i l a r  i n  n a t u r e  to  

t h e  gene 32 p r o t e i n  o f  T4 phage which s t i m u l a t e s  the  a c t i v i t y  of  

T4 DNA polymerase 9-10 f o l d  w i t h  a s i n g l e - s t r a n d e d  DNA 

te m p la t e  (lluberman e t  a l . ,  1971)= This  s t i m u l a t i o n  i s  p ro b a b ly  a 

r e s u l t  o f  f a v o u r a b l e  t e m p la t e  a l ig n m e n t  by gene 32 p r o t e i n .

A nother  ana logous  s i t u a t i o n  i s  the  a p p a r e n t  m o d i f i c a t i o n  

of  DNA polymerase I I I  of  E. c o l i  t o  DNA polymerase I I I  s t a r  which 

i s  then  a b l e  to  use  long  s i n g l e - s t r a n d e d  templates ( iJ ickner  e t  a l . ,  

i y v 3 c ) .

R e tu rn in g  t o  e u k a r y o t i c  sys tem s ,  the  h igh  MiW, DNA 

polymerase enzyme, formed by b in d i n g  of  the  mod i fy ing  f a c t o r  to  

low M.W. enzyme, has  l i t t l e  a f f i n i t y  f o r  n u c l e i  and th u s  may 

r e p r e s e n t  a  p r e c u r s o r  form of th e  a c t u a l  r e p l i c a t i n g  enzyme c r e a t e d  

i n  r e a d i n e s s  f o r  DNA r e p l i c a t i o n .

B ind ing  o f  the  h ig h  MNhA enzyme to  tlie n u c l e u s  i s  8 -p h ase  

s p e c i f i c  and a p p e a r s  to  depend on two p r e - r e q u i s i t e s

(1) a v a i l a b i l i t y  o f  n u c l e a r  b i n d i n g  (o r  i n i t i a t i o n )  s i t e s  n o rm a l ly  

masked i n  s t a t i o n a r y  c e l l s .

( 2 ) p re sence  o f  a b in d i n g  f a c t o r  p robab ly  s y n t h e s i s e d  d u r i n g  8-phase
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C e r t a i n  r e s u l t s  from th e  p r e s e n t  work s u g g e s t  t h a t  

s a t i s f a c t i o n  of  one o f  the above r e q u i r e m e n t s  i s  n o t  s u f f i c i e n t  

f o r  b in d i n g  to  o c c u r .  S -phase  n u c l e i  c o n t a i n  bo th  b i n d i n g - s i t e s  

and b in d i n g  f a c t o r  and hence h ig h  H.V/. enzyme i s  found a t t a c h e d  to  

n u c l e i ,  V/hen e x t r a c t e d  w i th  0,4-H KCl, bo th  s t a t i o n a r y  and S -phase  

n u c l e i  a r e  e q u a l l y  capab le  of  b in d i n g  h.igh H.V/. enzyme from 0,4H 

KCl e x t r a c t s  of  S -phase  n u c l e i  (F ig ,  19) <> This  b i n d i n g  i s  n o t  found 

f o r  h ig h  H.V/, enzyme i n  a S -phase  s u p e r n a t a n t  f r a c t i o n  (F ig .  18 ) ,  

s u g g e s t i n g  t h a t  the  b i n d i n g  f a c t o r  i s  p r e s e n t  i n  the  0.4H KOI 

n u c l e a r  e x t r a c t s  o f  S-phase  c e l l s ,  however b i n d i n g  of  Dl/n po lymerase  

from such e x t r a c t s  to  u n e x t r a c t e d  n u c l e i  from s t a t i o n a r y  c e l l s  i s  

n o t  observed  ( F ig .  1 9 ) « This  s u g g e s t s  t h a t  such s i t e s  a r e  no rm al ly  

masked i n  s to /b ionary  c e l l s  p ro b a b ly  becoming a v a i l a b l e  when c e l l s  

a r e  induced  to  p r o l i f e r a t e ,

This  n u c l e a r  b in d i n g  f a c t o r  may s e rve  a s i m i l a r  r o l e  to  

copolymerase  I I I  s t a r ,  a p r o t e i n  f a c t o r  p u r i f i e d  from e x t r a c t s  of  

/X 174 i n f e c t e d  B. c o l i . This  f a c t o r  i s  in v o lv e d  i n  i n i t i a t i o n  of  

DhA s y n t h e s i s ,  on long  s in g le - s t i a i r i d e d  DhA tenp/ates by a m o d i f ied  

form of  DhA po lymerase  I I I  ( i . e .  DhA polymerase I I I  s t a r )  (v/ickner 

& Kornberg ,  1973) .  Copclyraerase I I I  s t a r  i s  n o t  r e q u i r e d  t o  s u s t a i n  

s y n t h e s i s  a,s on ly  i n i t i a t i o n ,  and n o t  e l o n g a t i o n  i s  s u s c e p t i b l e  to  

a n t i b o d y  r a i s e d  a g a i n s t  i t ,

Th.c bound form o f  h ig h  H.V/, DMA polymerase may remain  

a s s o c i a t e d  w i th  b i n d i n g  f a c t o r  on e x t r a c t i o n  a s  d i f f e r e n c e s  i n  

t e m p la t e  use  between the  s o l u b l e  and the  n u c l e a r  enz;.mie liave been 

r e p o r t e d  (Sedwick e t  a l , ,  1972; Furlon,=r e t  a l , ,  1973) ,

High H.V/. DhA po lymerase  i s  removed from n u c l e i  by, f o r  

example,  0 ,1 -0 ,2M  KCl i n  the  case  of  L929 c e l l s  (Table 14; F i g .  3 2 c ) ,  

and as  such  n u c l e i  a r e  s t i l l  c apab le  of  endogenous i n c o r p o r a t i o n
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(Table 13 ) ,  a f u r t h e r  more t i g h t l y - b o u n d  form of DhA polymerase 

must be in v o lv e d  i n  t h i s  r e a c t i o n .

Other  enzymes which r e a c t  w i th  n u c l e i c  a c i d s  have been shown 

t o  have weak and t i g h t  b i n d i n g  t r a n s i t i o n s  which a p p e a r  to be 

t e m p e r a t u r e - d e p e n d e n t  (may in v o l v e  h e l i x  o p e n i n g ) , QJj3. phage RITA 

polym erase has  been shown to  form a weak s a l t - d i s s o c i a b l e  complex 

w i t h  Q|3 RNA a t  Ô G and a t i g h t  n o n - d i s s o c i a b l e  complex a t  37^0 

(S i lv e rm an  & August ,  1970) .  E. c o l i  RNA polymerase  a l s o  forms a 

s t a b l e  holoenzyme-DIIA complex,  which r e q u i r e s  i n c u b a t i o n  to  a 

t e m p e ra tu re  above 1 7 .5 ^0 ,  to  be formed ( ï ï in læ l  & Chamber l in ,  1970; . 

E i l l i g  e t  a l , ,  1970) .  Ra t  l i v e r  DHA methy lase  e x h i b i t s  a s i m i l a r  

t e m p e r a t u r e - d e p e n d e n t  b in d i n g  t r a n s i t i o n  (Drahovsky & M orr i s ,  1 9 7 1 )«

I f  the  r e p l i c a t i n g  a c t i v i t y  r e p r e s e n t s  a t i g h t l y  bound 

form of  the  n u c l e a r  h ig h  M.W* enzyme, th e n  two d e d u c t io n s  can be made. 

F i r s t l y ,  th e  p r o p o r t i o n  of  the  t o t a l  low M.¥. enzyme bound up i n  

th e  t i g h t l y  boiind r e p l i c a t i n g  complex must be g r e a t e r  t h a n  t l i a t  i n  

th e  h ig h  H,]Jo s p e c i e s  of  s u p e r n a t a n t  f r a c t i o n  as  low M.VI, enzyme 

i s  d e t e c t a b l e  on s a l t  d i s s o c i a t i o n  ( F ig ,  32 a ) .  Second ly ,  the  mod i fy ing  

f a c t o r  a s  p r e s e n t  i n  the  t i g h t l y - b o u n d  complex must e i t h e r  be 

i n a c t i v a t e d  or  n o t  e x t r a c t a b l e  by 0,4M KCl o th e rw is e  i t  vrould g ive  

r i s e  to  h igh  M.'d. enzyme i n  0,411 KCl e x t r a c t s  of  0,2M KCl e x t r a c t e d  

n u c l e i ,  which i s  n o t  obse rved .

6 .  FÏÏRTKER HCRK

The model d e s c r i b e d  i n  F i g . 5 3 j p roposes  how c e r t a i n  f a c t o r s  

s y n t h e s i s e d  i n  r e sp o n se  to  c e l l  p r o l i f e r a t i o n  can a l t e r  the  s i z e ,  

c a t a l y t i c  a c t i v i t y  ind i n t r a c e l l u l a r  l o c a t i o n  of  DHA polja.ierrise a c t i v i t y ,  

A se a rc h  f o r  tliO m odi fy ing  f ' - .ctor which can presumably  be 

s e p a r a t e d  from th.c l a rg o  K.W, DlfA polymerase  euzy. .e by f r a u t i o n - t i e n  

i n  h igh  s a l t ,  i s  undeivrapu The a b i l i t y  to  g r e a t l y  enhance the
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a c t i v i t y  of  low K.V/. a c t i v i t y  p a r t i c u l a r l y  w i t h  a d e n a t u r e d  DNA 

te m p la t e  would p rov ide  an a s s a y  f o r  i t s  d e t e c t i o n *

The n u c l e a r  b in d i n g  f a c t o r ,  which a p p e a r s  to  be p r e s e n t  

i n  M-phase n u c l e a r  e x t r a c t s ,  cou ld  be a s sayed  by i t s  a b i l i t y  to  

induce  b in d i n g  of  h ig h  M.¥ .  s u p e r n a t a n t  enzyme to  e x t r a c t e d  n u c l e i  

(o r  perhaps  even DMA)*

P u r i f i c a t i o n  of  such f a c t o r s  and e l u c i d a t i o n  o f  t h e i r  

r e l a t i o n s h i p  to  Dlhv po lymerase  shou ld  provide a new approach  to  

th e  problem of DNA r e p l i c a t i o n  and i t s  c o n t r o l  i n  e u k a r y o t i c  sy s t e m s .
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SUiPIARY

L929 c u l t u r e d  mouse f i b r o b l a s t s  c o n t a i n  m u l t i p l e  s p e c i e s  

of  Dll A po lym erase .  H igh-speed  s u p e r n a t a n t  p r e p a r a t i o n s  c o n t a i n  

one s p e c i e s  a s  r e v e a l e d  by Hephadex G—200 g e l  f i l t r a t i o n .  I t  

has  a m o l e c u la r  w e igh t  i n  e x c e s s  of  200,000 d a l t o n s  and has  a 

p r e f e r e n c e  f o r  d e n a t u r e d  DÎTA a s  t e m p la t e .  An 0 , 4 A KOI e x t r a c t  

of  n u c l e i  e x h i b i t s  m u l t i p l e  peaks  of  DHA polymerase a c t i v i t y  on 

Sephadex 0-200 ,  One of  the  s p e c i e s  (peak l )  i s  s i m i l a r  i n  s i z e  

and DMA te m p la t e  p r e f e r e n c e  to  the  s o l u b l e  enzyme. Three o t h e r  

s p e c i e s  (peaks  I I ,  I I I  and I ? ) a r e  u s u a l l y  fouiK^, the  major  peak 

(peak I I I )  h av in g  a K,¥*. o f  a p p ro x im a te ly  70 ,000 w i th  the  o t h e r  

two s p e c i e s  o f t e n  e l u t i n g  a s  s h o u ld e r s  of  t h i s  c e n t r a l  peak.

S ize  c o n s i d e r a t i o n s  s u g g e s t  a  monomer -  d i m é r - t e t r a m e r  r e l a t i o n 

s h ip  b u t  t h i s  has  n o t  been f i r m l y  e s t a b l i s h e d .  The s m a l l e r  

n u c l e a r  s p e c i e s  have a p r e f e r e n c e  f o r  n a t i v e  DNA as  t e m p l a t e ,

P re v io u s  s t u d i e s  had sugges ted  t h a t  d e o x y r ib o n u c le o s i a e  

5 h - .d i p h o s p h a t e s  may be n e a r e r ,  t h a n  the  t r i p h o s p h a t e s ,  to  the  

immediate s u b s t r a t e  f o r  the  n u c l e a r  DNA po lym erase .  Any 

c o n c l u s i o n s  were always c o m p l ica ted  by the  p re s en ce  of  n u c l e o s i d e  

d iphosphok inase  a c t i v i t y .  F r a c t i o n a t i o n  of  n u c l e a r  e x t r a c t s  

shows t l i a t  f o r  n u c l e a r  peak I  a c t i v i t y ,  i n c o r o o r a t i o n  of 

d ip h o s p h a t e s ,  even i n  the  p re sence  of  a phospha te  donor ,  i s  n o t  

dem ons t rab le  due to  the  absence  of  n u c l e o s i d e  d iphosphok inase  

a c t i v i t y .

An a c t i v i t y  capab le  of  s t i m u l a t i n g  DNA polymerase by 

p r o v id i n g  RNA p r im e rs  with. 5 ’OH ends i s  no t  d e t e c t a b l e  i n
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s o l u b l e  or  n u c l e a r  f r a c t i o n s  of  1929 c e l l s *

4* An a c t i v i t y  capab le  of  c o n v e r t i n g  s o l u b l e  DNA polymerase

i n t o  s m a l l e r  a c t i v e  f r ag m e n ts  t y p i c a l  of  the  s m a l l e r  n u c l e a r  

s p e c i e s  i s  n o t  d e t e c t a b l e  i n  s u p e r n a t a n t  o r  e x t r a c t e d  n u c l e i .  

However n u c l e a r  e x t r a c t s  were n o t  t e s t e d  a s  th e y  a l r e a d y  c o n t a in e d  

s u b s t a n t i a l  n u c l e a r  s p e c i e s .

5.  C e n t r i f u g a t i o n  and a g a ro s e  g e l  f i l t r a t i o n  s t u d i e s  

s u g g es ted  t h a t  the  s o l u b l e  enzyme was v e r y  l a r g e  ( > 0 . 5  % 10^ 

d a l t o n s ) .  Using  chem ica l  and enzymic t r e a t m e n t  of  the  s o l u b l e  

h ig h  H.We a c t i v i t y ,  a t t e m p t s  were made to  r e l e a s e  s m a l l e r  DNA 

polymerase s p e c i e s  r e s e m b l in g  th e  low H.\l.  n u c l e a r  s p e c i e s .  The 

a t t e m p t s  were u n s u c c e s s f u l ,  b u t  do n o t  r u l e  out  p r o d u c t i o n  of

a low M.W. s p e c i e s  o f  d r a m a t i c a l l y  reduced  a c t i v i t y .  The 

s o l u b l e  enzyme i s  s e n s i t i v e  to  s a l t  d i s s o c i a t i o n  and to  the  i o n i c  

d e t e r g e n t ,  sodium deoxycholate s u g g e s t i n g  a l i p o p r o t e i n  complex.  

A s s o c i a t i o n  w i th  low d e n s i t y  l i p o p r o t e i n  such as  smooth membrane 

was n o t  d e m o n s t r a b le .

6.  Responses  o f  L929 c e l l  DNA polymerases to  growth changes,  

su g g e s t  t h a t  the  s o l u b l e  DNA polymerase a c t i v i t y  beco' ies  a s s o c i a t e d  

w i th  the  n u c l e u s  when c e l l s  a r e  s y n t h e s i s i n g  DNA (S~phase c o l l s ) .  

A t tem pts  to  e l u c i d a t e  the  n u c l e a r  b in d i n g  s i t e  r e v e a l e d  t h a t  the  

s o l u b l e  enzyme i s  unab le  to  b ind  to  n a t i v e  o r  d e n a t u r e d  DNA.

Peak I n u c l e a r  a c t i v i t y  p r e s e n t  i n  0.4M KCl e x t r a c t s  o f  n u c l e i  from 

S-rphase c e l l s  i s ,  however,  a b l e  to  r e b in d  to  the n u c l e i  a f t e r  

r e c o n s t i t u t i o n  i n  low s a l t .  S o lu b le  a c t i v i t y ,  i s  unab le  to  b ind  

under the  same c o n d i t i o n s  s u g g e s t i n g  t h a t  h-plr-ise n u c l e a r  e x t r a c t  

c o n t a i n s  a f a c t o r  e s s e n t i a l  f o r  b in d i n g .  Th is  was conf irmed  by 

showing t h a t  peak I  a c t i v i t y  i n  8 -phase  e x t r a c t s  was a b l e  to
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b ind  to  e x t r a c t e d  n u c l e i  r e g a r d l e s s  of  the  growth  s t a t e  of  the  

c e l l  o f  o r i g i n .

7o I s o l a t e d  n u c l e i  from LQ29 c e l l s  a r e  capabl.e o f  DNA

s y n t h e s i s  i n  the  absence  o f  added DNA. This  endogenous 

s y n t h e s i s  r e f l e c t s  th e  i n  v iv o  DNA s y n t h e t i c  c a p a c i t y  of  tlie 

c e l l s  o f  o r i g i n .  The endogenous r e a c t i o n  d i f f e r s  from the  DNA 

polymerase r e a c t i o n  i n  h av in g  a h i g h e r  optimum s a l t  c o n c e n t r a t i o n  

and by b e in g  s t i m u l a t e d  by ATI'. The DNA p r o d u c t ,  a s  opposed to  

the  t e m p la te  DNA, i s  i n  sm al l  p i e c e s  s i r a i l a r  t o  th o s e  fo nd 

i n  v i v o , i . e .  Okazaki  f r a g m e n t s .  This  con f i rm s  p r e v io u s  f i n d i n g s  

t h a t  n u c l e i  a r e  e x t e n d in g  Okazaki  p i e c e s  i n  v i t r o . In  v i t r o , 

8 -phase  n u c l e i  s t o p  DNA s y n t h e s i s  a f t e r  10-20 rain of  i n c u b a t i o n  

and a t t e m p t s  to  d i s c o v e r  the  cause of  t h i s  p rem atu re  c e s s a t i o n ,  

l e d  to  th e  i m p l i c a t i o n  o f  a t h e r m o l a b i l e  o r  t-iermod.’f f u s i b l e  

f a c t o r  r a t h e r  tha n  e x h a u s t i o n  o f  an added a s s a y  c o n s t i t u e n t  or  

com ple t ion  of  a v a i l a b l e  i n c o r p o r a t i o n  s i t e s .

8 .  Comparison of  the  e f f e c t s  of  v a r i o u s  i n h i b i t o r s  on 

n u c l e a r  DNA s y n t h e s i s  and on th e  a c t i v i t y  of  DNA polym erases  

vd t l i in  the  n u c l e i ,  i m p l i e s  t.l:.at a  r e a c t i o n  s i m i l a r  to  t h a t  

c a r r i e d  ou t  by peak  I  i s  t a k i n g  p la ce  i n  idie i s o l a t e d  n u c l e i .

9.  E x t r a c t i o n  of  a l l  DNA polymerase  a c t i v i t y  from n u c l e i  

causes  complete l o s s  o f  t h e i r  a b i l i t y  t o  make DNix„ A t tem pts  to  

r e a c t i v a t e  the  n u c l e i  were only p a r t i a l l y  s u c c e s s f u l ,  V/hen th e  

n u c l e i  a r e  c e n t r i f u g e d  and washed i n  h igh  s a l t  s o l u t i o n s ,  t h e i r  

c a p a c i t y  f o r  r e - ' c t i v a t i o n  i s  d r a m a t i c a l l y  red u ce d .

10.  Use of  a l t e r n a t i v e  e x t r a c t i n g  a g e n t s  l e a d s  to  removal  

of  s p e c i f i c  DNA polymerase s p e c i e s  from n u c l e i ,  9h’ B r i j  58 i n  

c o n j u n c t io n  w i th  50 mil magnesium a c e t a t e  removes on ly  low M.U.
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DNA polymerase from n u c l e i .  A p r o p o r t i o n a t e l y  h i g h e r  l e v e l  i s  

e x t r a c t a b l e  by B r i j /H g  from n u c l e i  of  s t a t i o n a r y  phase c e l l s  

compared to  n u c l e i  from 8 -phase  c e l l s ,  B r i j - e x t r a c t e d  8 -phase  

n u c l e i  s t i l l  r e t a i n  70-90?^ of  t h e i r  DNA s y n t h e t i c  c a p a c i t y  

s u g g e s t i n g  t h a t  th e  a c t i v i t y  removed w i th  B r i j  i s  n o t  in v o lv e d  

i n  n u c l e a r  DNA s y n t h e s i s .  E x t r a c t i o n  w i th  low c o n c e n t r a t i o n s  

of  KCl (0,1M and 0,2H) has  v e r y  l i t t l e  e f f e c t  on endogenous 

n u c l e a r  DNA s y n t h e s i s  and a p p e a r  s p e c i f i c a l l y  to  remove peak I 

a c t i v i t y  from t h e  n u c l e i .  I n v e s t i g a t i o n  of  th e  r e s i d u a l  DNA 

po lymerase s p e c i e s  w i t h i n  n u c l e i  a f t e r  the  a fo r e -m e n t io n e d  

e x t r a c t i o n s  r e v e a l s  t h a t  n u c l e i  c o n t a i n i n g  on ly  a s p e c i e s  

e l u t i n g  i n  the  r e g i o n  of  70 ,000 on Sephadex G-200,  a r e  s t i l l  

capab le  o f  DNA s y n t l i e s i s .  Th is  s u g g e s t s  a r o l e  f o r  t h i s  s p e c i e s  

i n  the  e x t e n s i o n  o f  Okazaki  f r a g m e n ts .
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