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S U M M A R Y  

DNA p o l y m e r a s e  a c t i v i t y  was s tud ied duping the matur 'at ton of  Xenopus taev is  
oocy tes .  DNA p o l y m e r a s e  a c t i v i t y  is a l r e a d y  p resent  in ex t rac ts  o f  oocytes at 
stages 5 and 6 o f  oogenes is .  The DNA p o l y m e r a s e  present  in Xenopus laev ts  o o c y -  
tes ts not l o c a l i z e d  in the g e r m i n a l  v e s i c l e .  Two d is t i nc t  DNA p o l y m e r a s e  a c t i v i -  
t ies  can be detected in homogenates o f  u n f e r t i l i z e d  eggs. These a c t i v i t i e s  d i f f e r  
f r o m  each other" tn the i soe tec t r ' i e  po int  and op t ima l  pH. 

I N T R O  D U C T I O  N 

The wor'k o f  Gur`don (1) and GuPdon et at .  (2) has shown that  the i n jec t i on  o f  

adu l t  fr`og br'atn nuc le i  oP pur ' i f ied DNA pr'epar'attons into u n f e r t i l i z e d  eggs o f  

Xenopus taevts  s t imu la tes  the incorpor 'a t ion  o f  [3H]  dTR into DNA. The aver'age 

base compos i t i on  o f  the newly  syn thes ized  DNA r 'esembles that  o f  the in jec ted DNA. 

On the other" hand, the in jec t ion  o f  br'atn nuc le i  or, pur`tf ied DNA into the cy top lasm 

o f  Xenopus taev is  oocytes fa i l s  to induce a de novo synthes is  o f  DNA (3). I t  has 

been pr'oposed that  DNA po lymer 'ase and/or" f unc t i ona l l y  r e l a ted  enzymes,  such as 

l i g a s e  or" DNase,  ape not p resen t ,  or` a re  i nac t i ve ,  in Xenopus l aev i s  oocytes;  they 

would  appear`, or` be ac t i va ted ,  on ly  after` ger 'mina l  ves i c l e  br 'eakdown (3). 

In the p resent  paper', exper ' tments ape repor ' ted which demonstr 'a te that  DNA 

p o l y m e r a s e  is ,  tn fac t ,  pr'esent both tn oocytes and tn u n f e r t i l i z e d  eggs; but under ' -  

goes a s e v e r a l  fo ld  inor 'ease in the cour'se o f  matur 'a t ion.  Th i s ,  howeve r ,  is not 

due to an ac t i va t i on  o f  the oocy te  po lymer 'ase but r 'a ther to the appearance o f  a new 

DNA po lymer 'ase a c t i v i t y .  In add i t i on ,  ev idence is pr`esented which ind ica tes  that  

the a c t i v i t y  found in the oocytes is not l o c a l i z e d  in the ger 'mina l  ves i c l e .  

E X P E R I M E N T A L  PROCEDURES 

O v a r i e s  we re  r e m o v e d  f r o m  Xenopus taevts  f ema les  anes the t ized  w i th  222 
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Sandoz,  S i ng l e  oocy tes  w e r e  i s o l a t e d  w i t h  w a t c h m a k e r  f o r c e p s  and f o l l i c l e  ce l t s  

w e r e  s e p a r a t e d  a c c o r d i n g  to H a n o c q - Q u e r t i e r  et a t ,  (4), Stages o f  oogenests  w e r e  

c t a s s t f t e d  a c c o r d i n g  to Dav idson  (5), Ovu la t i on  in Xenopus taev ts  f e m a l e s  was i n d u -  

ced as d e s c r i b e d  by Gurdon  (6). The r e m o v a l  o f  the j e l l y  wh ich  s u r r o u n d s  the 

ovu la ted  eggs was p e r f o r m e d  as d e s c r i b e d  by Dawid  (7). 

DNA p o l y m e r a s e  a c t i v i t y  was assayed  as p r e v i o u s l y  d e s c r i b e d  (8). One untt  

o f  enzyme  a c t i v i t y  is de f ined as the amoun t  c a t a l y z i n g  in 30 ra in.  the i n c o r p o r a t i o n  

of 10 nmo es of ph i  dTTP  ( . e w  England .uc ear)or  32p 0 T T P  (Internatio a  

C h e m i c a l  and N u c l e a r  Co rpo ra t i on~  I r v i n e ,  C a l i f o r n i a )  in to  an a c i d - i n s o l u b l e  p r o -  

duc t .  The r a d i o a c t i v i t y  wh ich  became a c i d - i n s o l u b l e  was p r o p o r t i o n a l  to the 

amoun t  o f  enzyme  added between 0 .05  and 0 .5  un i t  o f  the enzyme .  Con t ro l  assays  

f o r  t e r m i n a l  deoxynuc teo t t dy l  t r ans fePase  w e r e  made by o m i t t i n g  d A T P ,  d C T P ,  and 

dGTP f r o m  the r e a c t i o n  m i x t u r e .  

R E S U L T S  

DNA p o l y m e r a s e  a c t i v i t y  is de tec tab le  in e x t r a c t s  o f  both oocy tes  and u n f i e r t t l t -  

zed eggs o f  Xenopus  t a e v i s .  Tab le  I shows the leve l  o f  DNA p o l y m e r a s e  s p e c i f i c  

a c t i v i t y  in oocy tes  at  two d i f f e r e n t  s tages o f  oogenes is  and tn homogena tes  o f  u n f e r -  

t i l i z e d  eggs.  In e x p e r i m e n t  a,  oocy tes  and eggs w e r e  ob ta ined  From two d i f f e -  

r e n t  a n i m a l s ;  in e x p e r i m e n t s  b and c,  oocy tes  and eggs w e r e  ob ta ined  f r o m  the s a m e  

a n i m a l .  DNA p o l y m e r a s e  s p e c i f i c  a c t i v i t y  m a r k e d l y  i n c r e a s e s  f o l l o w i n g  b reakdown  

o f  the g e r m i n a l  v e s i c l e .  The p r e s e n c e  o f  DNA p o l y m e r a s e  t n h i b t t o r s  tn the oocy tes ,  

o r  o f  a c t i v a t o r s  in the egg,  is d i scoun ted  by e x p e r i m e n t s  showing  tha t  the a c t i v i t y  

o f  the m i x e d  e x t r a c t s  is  the sum o f  the a c t i v i t i e s  o f  the i nd i v i dua l  homogena tes .  

T a b l e  [[ shows tha t  no DNA p o l y m e r a s e  a c t i v i t y  is  p r e s e n t  in the g e r m i n a l  v e s i -  

c le  and tha t  e s s e n t i a l l y  a l l  the enzyme  a c t i v i t y  is  r e c o v e r e d  in the oocy te  c y t o p l a s m .  

The  ques t i on  now a r i s e s  as to w h e t h e r  the m a t u r a t i o n - d e p e n d e n t  i n c r e a s e  o f  D N A -  

p o l y m e r a s e  a c t i v i t y  is  due to an i n c r e a s e d  a c t i v i t y  o f  the enzyme  a l r e a d y  p r e s e n t  in 

the oocy te  o r  to the appea rance  o f  a new e n z y m e .  In o r d e r  to a n s w e r  th i s  ques t i on  

a t t e m p t s  have been made  to p u r i f y  and c h a r a c t e r i z e  the c rude  enzymes  p r e s e n t  tn 

oocy tes  and u n f e r t i l i z e d  eggs.  

F ig .  I shows the i s o e l e c t r i c  f r a c t t o n a t t o n  o f  an oocy te  homogena te  in a pH g r a -  

d i en t ,  i n d i c a t i n g  the p r e s e n c e  o f  a s i ng l e  D N A - p o l y m e r a s e  a c t i v i t y  peak w i t h  an 

i s o e l e c t r i c  po in t  a t  pH 6 . 2 .  On the o t h e r  hand, when the s a m e  f r a c t t o n a t t o n  p r o c e -  
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Tabl  e I 
DNA po t ymerase  spec i f i c  a c t i v i t y  dur ing  oogenes is  tn Xenopus taev ts .  Isotated 
oocytes o r  un fe r t t t t zed  eggs (see Methods)  were  ground in a loose  Te f l on  homoge-  
n i ze r  tn two vo lumes  of  0 .2  M po tass ium phosphate buf fe r  (pH 7 .4)  conta in ing 
2 x 1 0 -3  M 2 -mercap toe thano t .  The homogenate was f i l t e r e d  th rough severa t  
t aye rs  o f  cheesectoth  and then c e n t r i f u g e d  f o r  20 min .  at 1 5 ,000  rpm in the SS 
34 r o t o r  o f  a Se rva [ l  RC 2 B cen t r i f uge  at 4°C.  The superna tan t  was corrected 
and DNA p o l y m e r a s e  a c t i v i t y  assayed in the s tandard incubat ion  m i x t u r e  (see 
Methods) .  P ro te tn  concen t ra t ion  was de te rm ined  by the method o f  L o w r y  (9). 
In e x p e r i m e n t  a, oocytes and ma tu re  eggs we re  obta ined f r o m  two d i f f e r e n t  f rogs .  
In e x p e r i m e n t  b and c, the o v a r i e s  we re  removed  From a n i m a l s  anesthet ized wi th  
222 Sandoz and the oocytes we re  iso ta ted a f t e r  ovu ta t ion .  

TABLE I 

DNA P o t y m e r a s e  Spec i f i c  A c t i v i t y  Dur ing  Oogenests in Xenopus taevts  

E x p e r i m e n t  oocy tes  stage 5 oocytes stage 6 un fe r t t t t zed  eggs 

Un t t s /mg  P r o t e i n  

a 0.01 4 0. 025 0.1 5 

b 0 .020 0 .03 0 .10  

c 0 .018 0 .02 0.11 

T A B L E  II 

L o c a l i z a t i o n  o f  DNA P o l y m e r a s e  A c t i v i t y  in Oocytes o f  Xenopus taev is  

E x t r a c t  Reta t tve A c t i v i t y  

Whot e Oocyte 1 00% 

Germina t  Vestc te  < 5% 

Cytopt as m 60% 
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F i g u r e  1 
I s o e t e c t P i c  f o c u s i n g  o f  e x t r a c t s  f r o m  o o c y t e s .  
O o c y t e s  w e r e  h o m o g e n i z e d  as d e s c r i b e d  in  T a b l e  I .  T h e  h o m o g e n a t e  w a s  d i a l y z e d  
a g a i n s t  0 . 0 2  M p o t a s s i u m  p h o s p h a t e  b u f f e r  (pH 7 . 4 )  c o n t a i n i n g  2 x 1 0 - 3  M 2 - m e r c a -  
p t o e t h a n o l  and 25% g l y c e r o l .  A f t e r  d i a l y s i s ,  t he  e x t r a c t  w a s  d i l u t e d  w i t h  the  s a m e  
b u f f e r  a t  a p r o t e i n  c o n c e n t r a t i o n  o f  1 0 r n g / m l .  A s a m p l e  o f  5 nat w a s  used  f o r  t he  
i s o e l e c t P i c  s e p a r a t i o n .  E t e c t P o f o c u s i n g  w a s  p e r f o r m e d  w i t h  t he  L K B  81 01 e l e c t r o -  
f o c u s i n g  e q u i p m e n t ,  a c c o r d i n g  to V e s t e P b e r g e r  and  S v e n s s o n  (1 0). T h e  c o l u m n  
(11 0 ro t )  w a s  f i l l e d  w i t h  a s u c r o s e  l i n e a r  d e n s i t y  g r a d i e n t ,  0 - 47% ( w / v ) ,  c o n t a i n i n g  
1% A m p h o l t n e s  ( L K B - P r o d u k t e P  A B  S w e d e n )  fop  the  pH r a n g e  5 - 8. A v o l t a g e  o f  
400 v o l t  w a s  a p p l i e d  fop  35  h r .  A t  t he  end o f  t he  run ,  one rnl f r a c t i o n s  w e r e  c o l l e c t e d  
and  pH and D N A  p o l y m e P a s e  a c t i v i t y  w e r e  m e a s u r e d .  H u m a n  h e m o g l o b i n  w a s  used  
as  a m a r k e r .  A l l  p r o c e d u r e s  w e r e  ca r 'P ied  o u t  a t  0 - 50.  

dupe  i s  a p p l i e d  to  h o m o g e n a t e s  o f  u n f e r t i l i z e d  eggs ( F i g .  2) ,  t w o  d i s t i n c t  a c t i v i t y  

p e a k s  a r e  d e t e c t e d :  one  a t  pH 6 . 4  - 6 . 2  and the  o t h e r  w i t h  i s o e l e c t r i c  p o i n t  a t  pH 

7 . 0 .  F i g . 3  s h o w s  the  pH a c t i v i t y  c u r v e  o f  t h e s e  t w o  e n z y m e s .  T h e  pH c u r v e  o f  

t he  c r u d e  e x t r a c t  o f  o o c y t e s  (not  s h o w n  in  f i g u r e )  c o i n c i d e s  w i t h  t he  c u r v e  o f  t he  

e n z y m e  w i t h  i s o e t e c t r i c  p o i n t  a t  pH 6 . 4  - 6 . 2 .  

T a b t  e I I  

L o c a l i z a t i o n  o f  D N A  p o t y m e r a s e  a c t i v i t y  i n  o o c y t e s  o f  X e n o p u s  t a e v i s .  OocyLes  
w e r e  i s o l a t e d  as  p r e v i o u s l y  d e s c r i b e d .  G e r m i n a l  v e s i c l e s  w e r e  r e m o v e d  by 
m e a n s  o f  t w o  w a t c h m a k e r  f o r c e p s  and t h e  e x t r a c t s  w e r e  p r e p a r e d  as d e s c r i b e d  
in  T a b l e  I .  D N A  p o t y m e P a s e  a c t i v i t y  w a s  a s s a y e d  as d e s c r i b e d  in  t h e  M e t h o d s .  

2 8 3  
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F i g u r e  2 
I s o e l e c t r i c  focus ing  o f  e x t r a c t s  f r o m  u n f e r t i l i z e d  eggs.  
The eggs w e r e  h o m o g e n i z e d  and the e x t r a c t  d i a l y z e d  as d e s c r i b e d  in  T a b l e  I and in  
F ig .  1. E l e c t r o f o c u s i n g  was p e r f o r m e d  on a s a m p l e  ol = 5 m l  in  the s a m e  cond i t i on  as 
f o r  F ig .  1, excep t  tha t  a vo l t age  o f  400 v o l t  was app l i ed  f o r  48 h r .  
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F i g u r e  3 
pH a c t i v i t y  c u r v e  o f  DNA p o l y m e r a s e s .  
The  enzymes  used in the assays  w e r e  the f r a c t i o n s  sepa ra ted  at the i s o e l e c t r i c  
po in ts  o f  pH 7 (o o) and pH 6 . 2 ( o - - - - o )  r e s p e c t i v e l y  (see F ig .  2). The i ncuba t i on  
m i x t u r e  was the same  as d e s c r i b e d  in the Me thods ,  excep t  tha t  the p o t a s s i u m  pho -  
sphate  bu f f e r  pH 7 . 4  was subs t i t u ted  w i t h  T r t s - H C l  bu f fe rs  at  the i n d i c a t e d  pH. 

2 8 4  
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DISCUSSION 

The r e l e v a n t  po in t  wh ich emerges  f r o m  these e x p e r i m e n t s  is that ,  in the X e n o -  

pus egg tn p r e p a r a t i o n  For the onset  o f  DNA r e p l i c a t i o n ,  a dtf f ierent DNA p o t y m e r a -  

se a c t i v i t y  appears  From that  p resen t  in the oocy te .  Bes ide the p rec i se  c h a r a c t e r i -  

za t ion  o f  the two enzyme a c t i v i t i e s ,  the most  u rgent  quest ion to be answered is 

whe the r  the new a c t i v i t y  in  the egg is due to de novo synthes is  o r  to ac t i va t i on  o f  a 

p re -ex i s t t ng~  i nac t i ve  p ro te in .  Two po in ts ,  however ,  a re  a l r e a d y  es tab l i shed by 

the p resen t  expe r imen ts :  a, the egg enzyme is  not c o m p a r t i m e n t a t i z e d  tn an ac t i ve  

f o r m  in the g e r m i n a l  ves i c le ;  b, i ts  appearance is not due to the r e m o v a l  o f  an i n h i -  

b i t o r  in  the cy top lasm o f  the oocy te  o r  to an a c t i v a t o r  tn the cy top lasm o f  the u n f e r -  

t i t  tzed egg. 

The au thors  a r e  indebted to P r o f e s s o r  A.  M o n r o y  f o r  gu id ing counsel and to 
P r o f e s s o r  J. B rache t  For comments  on th is  manusc r i p t .  They  a re  g ra te fu l  to 
M r s .  M. Estenoz and to M r .  G. Loco ro tondo  For sk i t fu l  techn ica l  ass is tance .  
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