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A COMPARISON OF IN VITRO DNA SYNTHESIZING SYSTEMS 

FROM REOVIRUS INFECTED AND UNINFECTED CELLS

CHAPTER I 

INTRODUCTION

The study o f  DNA synthes is  in euka ryo t i c  organisms is usua l ly  

accompl ished by measuring a phys io log ica l  f u n c t io n  s ince methods based 

on genet ic  s tud ies ,  such as those dea l ing  w i th  mutants o f  bac te r ia  or  

v i ruses ,  are genera l ly  not a v a i l a b le .  In many instances in the study 

o f  the mechanisms o f  DNA synthes is  (4 ,8 ,9 ,18 )  the u t i l i z a t i o n  o f  sub- 

c e l l u l a r  systems or i so la ted  enzymes has proved b e n e f i c ia l  to  the 

e lu c id a t i o n  o f  mechanisms involved in the DNA s y n th e t i c  process (8 ,18,28

41 ,49 ,53 ) .

Along w i th  the use o f  iso la ted  DNA s y n th e t i c  systems, i t  was 

o f te n  b e n e f i c i a l  to employ v i r a l  agents capable o f  s e l e c t i v e l y  a l t e r i n g  

var ious c e l l u l a r  ph y s io lo g ic a l  processes in order  to  use t h i s  a l t e r a t i o n  

to  e lu c id a te  normal c e l l u l a r  con t ro l  mechanisms (2 ,2 9 ) .

Many problems may a r i s e  in the study o f  v i ruses  as agents 

capable o f  s e le c t i n g  mod ify ing  host macromolecular syn thes is .  In many 

cases the a l t e r a t i o n  may not be s p e c i f i c  f o r  a p a r t i c u l a r  macromolecular 

fu n c t io n  ( i . e . ,  DNA synthes is )  but may be secondary ( l 6 ) .  The v i r a l  

r e p l i c a t i v e  cyc le  may be such tha t  c e l l  degenerat ion c lo s e ly  fo l low s  the



desired e f f e c t  (4$) .  The des ired agent should be one which, wh i le  

being s p e c i f i c  f o r  a p a r t i c u l a r  f u n c t io n ,  a lso  has a r e p l i c a t i v e  cyc le  

which al lows one to  observe the e f f e c t  and i f  needed manipulate the 

c e l l s  as des i red .  An example o f  t h i s  would be the use o f  s u b - c e l l u l a r  

systems from the in fec ted  c e l l s  (1 ,53 ,56 ) .

Reovirus,  a double stranded RNA v i r u s ,  appears to  be an agent 

which has the des i red  s p e c i f i c i t y  f o r  a p a r t i c u l a r  c e l l u l a r  f u n c t io n ,  

the i n h i b i t i o n  o f  DNA synthes is  (12,14) and a growth cyc le  which enables 

one to  study t h i s  process (19) .  As one o f  the f i r s t  de tec tab le  events,  

reov irus  in fec ted  c e l l s  e x h i b i t  the s p e c i f i c  i n h i b i t i o n  o f  c e l l u l a r  DNA 

synthesis  (11 ,12 ,19 ) .  Gross c e l l u l a r  p ro te in  and RNA synthes is  do not 

seem to  be a f fe c te d  u n t i l  l a t e r  in the i n f e c t i v e  process (14 ,19 ,46) .

Th is  i n h i b i t i o n  occurs e ig h t  (8) hours post i n f e c t i o n  w i th  low m u l t i 

p l i c i t i e s  o f  i n f e c t i o n  (19) a l lo w in g  t ime to  study the i n h i b i t o r y  process 

before the onset o f  v i r a l  induced c e l l  c y topa tho logy .

Previous work had shown tha t  i n h i b i t i o n  o f  DNA synthes is  by 

reov i rus  was dose dependent (11 ,46) ,  w i th  higher  m u l t i p l i c i t i e s  o f  i n 

f e c t i o n  shor ten ing  the t ime between i n fe c t i o n  and the onset o f  the 

i n h i b i t i o n  o f  DNA syn thes is .  This dose dependent e f f e c t  was unaffected 

when u l t r a v i o l e t  l i g h t  was used to  reduce i n f e c t i v i t y  (11 ,46) .  The 

i n h i b i t i o n  could a lso  be mediated by c e r ta in  "A-R ich"  components o f  the 

v i r i o n  (22).  Recent work w i th  reov i rus  s u b -v i r a l  p a r t i c l e s  ind ica tes  

tha t  a s p e c i f i c  v i r a l  r e p l i c a t i o n  event may be needed to  mediate t h i s  

i n h i b i t i o n  (13) .

Data from our la bo ra to ry  (12),  as we l l  as o thers  (23) ,  pointed 

to  the s p e c i f i c i t y  o f  i n h i b i t i o n  f o r  the i n i t i a t i o n  step o f  DNA synthes is .



The use o f  var ious  s u b - c e l l u l a r  DNA s y n th e t i c  systems from in fec ted  

c e l l s ,  t h e re fo re ,  may f u r t h e r  cha rac te r ize  the i n h i b i t o r y  process and 

poss ib ly  de f in e  the step in r e p l i c a t i o n  where the i n h i b i t i o n  occurred.

The systems u t i l i z e d  in these experiments included the assay o f  DNA 

polymerase a c t i v i t y .  The r a t i o n a l  in employing an in v i t r o  DNA syn

th e s iz in g  system, u t i l i z i n g  iso la ted  DNA polymerase, was based on the 

f a c t  mentioned above th a t  i n h i b i t i o n  s tud ies  ind ica ted  i n h i b i t i o n  o f  DNA 

synthes is  by reov i rus  seemed to  be s p e c i f i c  f o r  the i n i t i a t i o n  step 

(12,23) .  We considered t h a t  a poss ib le  mechanism f o r  t h i s  i n h i b i t o r y  

process could be mediated through a decrease in the a c t i v i t y  o f  c e l l u l a r  

DNA polymerases. Many workers re c e n t ly  have shown the presence o f  two 

(2) general c lasses o f  polymerase, cy top lasmic  and nuc lear  (4 ,8 ,20 ,54)  

and tha t  there seems to  be a poss ib le  r e la t i o n s h ip  between them 

( 6 , 24, 47) .  The polymerases a lso  appear to  show some v a r i a b i l i t y  w i th  

the c e l l  cyc le  (7 ,8 ,5 1 ) .

Several o the r  systems a lso  have been s tud ied .  These systems 

o f fe re d  a more complete v iew o f  the poss ib le  i n h i b i t o r y  process and a lso 

o f fe re d  a b e t t e r  o p p o r tu n i t y  to  d u p l i c a te  the i n h i b i t o r y  process in v i t r o . 

The systems included i s o la ted  n u c le i ,  chromat in ,  and h y p o to n ic a l l y  

swel led c e l l s .  A l l  o f  these systems have been shown to  be able to  

s imulate DNA syn thes is  in v i v o . Along w i th  DNA s y n th e t i c  systems, a 

second system c lo s e ly  assoc ia ted w i t h  the c e l l s  a b i l i t y  to  ca r ry  out  DNA 

synthes is  has been s tud ied  (10 ,49) .  The system measures the a b i l i t y  o f  

i so la ted  nuc le i  to  ca r ry  ou t  the adenosine d iphosp ho r ibo sy la t ion  o f  

nuclear  p ro te in s  through the t r a n s fe r  o f  the adenosine diphosphor ibose 

moeity o f  NAD to  the nuc lear  p ro te in s .  Th is  process has been shown



p os s ib ly  to  be re la te d  to  the a b i l i t y  or  la ck  o f  a b i l i t y  o f  the c e l l  to  

c a r ry  out DNA s yn thes is .  To our knowledge t h i s  was the f i r s t  c o r r e l a t i o n  

o f  v i r a l  i n f e c t i o n  and Poly (ADR) polymerase a c t i v i t y .

The exper iments descr ibed in t h i s  work d e t a i l  the r e s u l t s  

observed concern ing the i n h i b i t o r y  process o f  reov i rus  u t i l i z i n g  these 

systems. They a lso  descr ibe our r e s u l t s  concern ing the f u n c t io n in g  o f  

these c e l l u l a r  components in un in fec ted  c e l l s .



CHAPTER I I 

METHODS AND MATERIALS

Cel ls

Mouse f i b r o b l a s t s ,  s t r a i n  L929 (42) (Flow L a b o ra to r ie s ) ,  

adapted f o r  growth in spinner c u l t u r e ,  were used in a l l  exper iments.  

L - c e l l s  (L929) were cu l tu red  in Minimal Essent ia l  Medium (MEM, Grand 

Is land B io lo g ic a l  Company) supplemented w i th  5-10% (v /v )  heat in a c t i v a te d  

f e t a l  c a l f  serum (PCS, Grand Is land B io lo g ic a l  Company). L - c e l l s  were 

mainta ined in lo g a r i th m ic  growth by d i l u t i o n  w i th  f resh  prewarmed 

growth medium every 48 hours to  a c e l l  concen t ra t ion  0.5 to  I X 10^ 

cel I s / m l .

V i rus

Reovirus type 3, k in d ly  provided by Dr. P. J.  Gomatos, was used 

in the s tudy.  P la q u e -p u r i f i e d  v i r u s  was prepared by removing a la rge ,  

we l l  i s o la te d  plaque w i th  a p i p e t t e .  The agar plug con ta in in g  the v i r u s  

was e lu ted  f o r  24 hours a t  4C in 0.15 M sodium c h lo r id e ,  0.015 M sodium 

c i t r a t e ,  pH 7.5  (SSC). The e lu ted  v i r u s  was placed on one c on f luen t  

L - c e l l  monolayer c u l t u r e  (25 sq. cm sur face area) and incubated a t  37C 

fo r  36 hours.  The in fec ted  c e l l s  were removed by s on ic a t ion .  This was 

considered one passage and was repeated by i n fe c t in g  10 c on f luen t  L - c e l l  

monolayer c u l t u r e s  w i th  the ly sa te  from passage one.



Virus  stocks f o r  p u r i f i c a t i o n  (passage 3-5) were prepared by 

concen t ra t ing  c e l l s  to  10^ c e l l s /m l  in MEM w i th ou t  serum. The inoculum, 

10-20 plaque forming u n i t s  p f u / c e l l ,  was added to  the concentrated c e l l s  

and al lowed to  adsorb f o r  1 hour a t  34C. The c e l l s  were then d i l u t e d  to 

10^ c e l l s /m l  w i th  MEM supplemented w i th  5% (v /v )  PCS, A f t e r  2k hours 

a t  34c the c u l tu re s  were c h i l l e d ,  and the c e l l s  and v i r u s  harvested by 

c e n t r i f u g a t i o n  a t  5000 x g f o r  15 minutes.  The p e l l e t s  were resuspended 

f o r  p u r i f i c a t i o n .

V i rus  p u r i f i c a t i o n

Reovirus was p u r i f i e d  according to  a modif ied procedure o f  

Smith e t  aj,. (48) .  When the f i n a l  aqueous phase was separated, i t  was 

layered over a 10 ml CsCl den s i t y  g rad ien t  (1.2 g /m l -1 .4  g/ml)  in a 38 ml 

c e n t r i f u g e  tube. C e n t r i f u g a t i o n  was fo r  1 hour and 76,600 x g in the SW 

27 r o to r  using a Beckman L2-50. The v i r u s  band at  a d e n s i t y  o f  1.37 g/ml 

was c o l l e c te d .  The CsCl was removed by exhaust ive d i a l y s i s  aga ins t  cold 

SSC or  p e l l e t i n g  the v i r u s  f o r  1 hour at  82,500 x g in the SW 27 r o t o r .

The v i r u s  was layered on a 20-40% (w/w) l i n e a r  sucrose g rad ien t  and 

c en t r i fuged  f o r  1 hour a t  82,500 x g in the SW 27 r o t o r .  The v i r u s  band 

was c o l le c te d  and d ia lysed  exhaus t ive ly  aga ins t  cold SSC. Th is  was a 

p u r i f i e d  v i r u s  s tock suspension which was stored a t  4C u n t i l  used.

V i rus  assay

Reovirus was t i t e r e d  on con f luen t  L - c e l l  monolayers as p rev io us ly  

descr ibed (46) .  Spinner c e l l s  were added to  small p e t r i  p la tes  (60 x 15 mm. 

Falcon P la s t i c s )  a t  a concen t ra t ion  o f  3.2 x 10^ c e l l s / p l a t e .  A f t e r  1 

to  4 hours a t  39C the c e l l s  had at tached, the medium was removed, and



0.1 ml o f  each v i r u s  d i l u t i o n  was p ip e t te d  in to  the center  o f  each c e l l  

sheet.  The c u l tu re s  were incubated f o r  1 hour a t  39C in an atmosphere 

o f  5% (v /v )  CO2 in a i r .  Five ml o f  au toc lavab le  MEM (Auto Row, Flow 

Labora to r ies)  c o n ta in in g  3% (v /v )  FCS and 1% (w/v) agar (CoLab) was 

added and al lowed to  s o l i d i f y .  The p la tes  were incubated a t  39C in an 

atmosphere o f  5% (v /v )  COg in a i r  f o r  72 hours.  At  t h i s  t ime a second 

ove r lay  con ta in in g  0.005% (w/v) neutra l  red was added. An a d d i t io n a l  

24 hours incubat ion  was requ i red  before the plaques were v i s i b l e .

Asynchronous cel 1 growth

To ma in ta in  asynchronous c e l l  growth and achieve h igher  c e l l  

d en s i t y  than s tock c u l t u r e s ,  the c e l l s  were c en t r i f uged  a t  200 x g f o r  

5 minutes and resuspended in f resh  prewarmed MEM supplemented w i th  5% 

(v /v )  FCS every 48 hours.

Synchronous cel 1 growth

Ce l ls  were synchronized by serum s t a r v a t i o n  using a m o d i f i c a t i o n

o f  the procedure o f  L i t t l e f i e l d  (35).  Ce l ls  were c e n t r i f u g e d  and r e 

suspended in f resh  prewarmed MEM supplemented w i th  10% FCS a t  a den s i ty  

o f  5 X 10^ c e l l s /m l  and recycled every 50 hours.  To compensate fo r  pH 

changes caused by the high  c e l l  den s i ty  the f l a s k  was not sealed and the 

sodium bicarbonate concen t ra t ion  was reduced to  1.6 g / l i t e r .

I s o la t i o n  o f  DNA polymerase

For a n a lys is  o f  enzyme content  the procedure u t i l i z e d  was
Q

e s s e n t i a l l y  th a t  o f  Chang e_t ( 8 ) .  Samples con ta in in g  2-5 x 10 c e l l s

were washed w i th  0.25 M sucrose, 25 mM KCl, 5 mM MgClg and 50 mM



T r i s  • HCl (pH 7.5)  (B u f fe r  A ) .  The c e l l s  were then homogenized in 

b u f fe r  w i th  a glass homogenizer f i t t e d  w i th  a t e f l o n  p e s t le .  As an 

a l t e r n a t i v e  procedure c e l l s  were swel led in iow io n ic  s t ren g th  b u f f e r ,

1 mM T r i s  • HCi (pH 8 . 0 ) ,  1 mM EDTA, f o r  15 minutes and lysed in a 

Bounce homogenizer by 25 s t rokes  from a t i g h t  f i t t i n g  p e s t le  and brought 

to  0.25 M w i th  respect to  sucrose. Cel i  breakage, checked m ic ro s c o p ic a l l y  

was g rea te r  than 95%. The homogenate was c e n t r i f uged  in a Sorva l l  

RCB-2, a t  2,000 RPM f o r  i 0 minutes and the supernatant f r a c t i o n  ( c y to -  

piasmic f r a c t i o n )  was saved. The nuc iear  f r a c t i o n  was resuspended in 

b u f f e r  A c on ta in in g  0.5% T r i t o n  XlOO ( v / v ) .  The suspension was al iowed 

to stand f o r  i 5 minutes a t  4C, and the nuc ie i  were c o i l e c te d  by c e n t r i 

fu g a t io n .  The nuc le i  were washed 3 t imes by c e n t r i f u g a t i o n  and resuspended 

in b u f fe r  A w i th o u t  T r i t o n  XlOO. The f i n a l  nuc lear  p e l l e t  was resuspended 

in b u f fe r  A, brought to  0.2 M in potassium phosphate (pH 7.5)  and al lowed 

to  e x t r a c t  f o r  30 minutes a t  4C. The nuclear  e x t r a c t  and cytop lasmic  

f r a c t i o n  were c l a r i f i e d  a t  40,000 RPM in the SW 50.1 r o to r  f o r  90 minutes 

in the Beckman L2-50. The cy top iasmic  f r a c t i o n  and nuc lear  e x t ra c ts  

were then d ia lyzed  aga ins t  0.1 M potassium phosphate (pH 7.5)  f o r  2 to  3 

hours. The cy top lasmic  f r a c t i o n s  and nuc lear e x t r a c t  were then ready f o r  

sucrose g rad ien t  a n a ly s i s .

DNA poiymerase assay

DNA polymerase assays were c a r r ie d  out w i th  a c t i v a te d  Saimon 

Sperm DNA ( i4 )  as a templa te .  A 20 ul p o r t io n  from each g rad ien t  f r a c t i o n  

was mixed w i th  iOO ul o f  a m ix tu re  c on ta in in g  50 ug o f  a c t i v a te d  DNA.

8 mM MgCi2 » 1 mM 2-mercap toethano l , 50 mM T r i s  • HCi (pH 7.4)  ( f o r



cytop lasmic  polymerase) and (pH 8.8) ( f o r  nuclear  polymerase),  ) .1  mM 

each o f  dATP, dCTP, and dGTP, and 2 uCi/ml ^H-dTTP s p e c i f i c  a c t i v i t y  

(50.4 Ci/mM). A f t e r  15 minutes incubat ion  a t  370, 50 ul o f  the reac t ion  

m ix ture  was t ra n s fe r re d  to  a Whatman #3 f i l t e r  d i s c .  The d iscs  were 

then processed according  to  the procedure o f  Bollum (3 ) .

I s o la t i o n  and assay o f  nuc le i

C e l l s  were p e l l e te d ,  swol len in a hypo ton ic  b u f f e r ,  1 mM 

T r i s  • HCI (pH 8 . 0 ) ,  1 mM EDTA and lysed w i th  25 s t rokes  in a Bounce 

homogenizer u t i l i z i n g  a t i g h t  f i t t i n g  p e s t le .  The breakage was checked 

m ic ro s c o p ic a l l y  and was g rea te r  than 95%. The nuc le i  were p e l le te d  from 

the homogenate. The so lub le  p ro te in  f r a c t i o n  (CF) was prepared from the 

supernate by u l t r a c e n t r i f u g a t i o n  (100,000 x g f o r  1 hour a t  OC). CF 

was stored a t  -70C u n t i l  used in nuc lear assays. The nuc le i  were resus

pended in a nuc le i  wash b u f f e r ,  60 mM T r i s  • HCI (pH 8 . 0 ) ,  con ta in ing  

5 mM potassium phosphate, 2 mM MgCl2 , 2 mM 2-mercaptoethanol ,  1 mM EDTA,

I I  mM glucose and 60 mM NaCl.

The nuc le i  suspended in the wash b u f f e r  were d i s t r i b u t e d  to 

assay tubes. The tubes were cen t r i f uged  a t  800 x g to  p e l l e t  the nuc le i  

and the supernate wash s o lu t i o n  was decanted.

In a t y p i c a l  assay o f  DNA rep l lease  a c t i v i t y  0 .4  ml o f  e i t h e r  

cytop lasmic  f r a c t i o n  or  reac t ion  b u f f e r  as ind ica ted  was added to each 

tube fo l lowed by 0.2 ml o f  the standard assay m ix tu re .  The f i n a l  con

c e n t ra t i o n s  o f  the components in the bas ic  assay system were 9 mM MgCl2,

1 mM EDTA, 2 mM 2-mercaptoethanol ,  70 mM glucose,  5 mM potassium phosphate, 

70 mM NaCl, 70 mM T r i s  • HCI (pH 7 .9 ) ,  5 mM ATP, and 0.5 mM each dATP, 

dCTP, dGTP, and ^H-TTP s p e c i f i c  a c t i v i t y  (50.4 Ci/mM). The nuc le i  were



resuspended w i t h  a p a s te u r -p ip e t  and incubated a t  37C f o r  the ind ica ted  

t imes.

To measure the amount o f  r a d i o a c t i v i t y  incorporated in to  DNA, 

the reac t ion  was stopped by the a d d i t io n  o f  an equal amount o f  0.8 M 

p e r c h lo r i c  ac id  and 0.01 M sodium pyrophosphate.  The samples were 

al lowed to  p r e c i p i t a t e  ove rn igh t  and the p r e c i p i t a t e  c o l le c te d  by 

c e n t r i f u g a t i o n .  The p e l l e t  was washed 3-4 t imes by suspension and 

c e n t r i f u g a t i o n  in 0 .4  M p e r c h lo r i c  acid and 0.005 M sodium pyrophosphate 

in a GLC-1 c e n t r i f u g e  a t  1000 x g.

The p r e c i p i t a t e  was suspended in 0.5 ml o f  10% TCA (w/v) and 

hydrolyzed in a water bath a t  lOOC fo r  1 hour.  The contents o f  the tube 

and a 0.5 ml water r in s e  were t ran s fe r red  to  s c i n t i l l a t i o n  v i a l s  con

t a in i n g  10 ml o f  Beckman Cock ta i l  0. The r a d i o a c t i v i t y  was measured in 

a Beckman DPM-100 l i q u i d  s c i n t i l l a t i o n  counter .

1 s o la t i o n  and assay o f  chromât in

For the i s o l a t i o n  o f  chromat in the c e l l s  were processed and 

nuc le i  iso la ted  as descr ibed above. The nuc le i  were washed once w i th  a

m ix tu re  o f  0.25 M sucrose, 5 mM T r i s  • HCI (pH 8 . 0 ) ,  3 mM CaCl2> and

1 mM EDTA. Chromat in was prepared by washing the nuc le i  w i th  the media 

in the f o l l o w in g  o rde r ;  1.)  0.075 M NaCl, 25 mM EDTA (pH 8 . 0 ) ;  2 . )  50 mM 

T r i s  • HCI (pH 8 .0 )  1 mM EDTA; 3 . )  10 mM T r i s  • HCI (pH 8 .0 ) ,  1 mM 

EDTA tw ice ;  4 . )  1 mM T r i s  • HCI (pH 8 .0 ) ,  1 mM EDTA.

The crude chromat in f r a c t i o n  obtained by washing was resuspended

in medium (4) and sheared by passing twice through a 21 g hypodermic

needle.  The suspension was placed on top o f  a medium con ta in ing  1.7 M



sucrose, 10 mM T r i s  • HCI (pH 8 . 0 ) ,  and 1 mM EDTA and c en t r i fuged  a t

27,000 RPM in a SW 27 r o to r  in a Beckman L2-50 c e n t r i f u g e  fo r  1 hour.

The c le a r  ge la t inous  p e l l e t  was suspended in the standard 

reac t ion  m ix tu re  f o r  the assay o f  DNA polymerase a c t i v i t y .  The standard 

reac t ion  m ix tu re  contained 30 mM T r i s  • HCI (pH 8 . 0 ) ,  10 mM MgCl2>

25 mM KCl, 2 mM 2-mercaptoethanol ,  1 mM EDTA, 1 mM ATP and 20 uM each 

dATP, dGTP, dCTP and ^H-TTP s p e c i f i c  a c t i v i t y  (50 .4  Ci/mM).

The m ix tu re  was incubated a t  37C f o r  the app ropr ia te  t ime and 

processed as descr ibed above f o r  n u c le i .

I s o la t i o n  o f  nuc le i  and assay f o r  Polv (ADP) polymerase a c t i v i t y

The nuc le i  f o r  the assay o f  Poly (ADP) polymerase a c t i v i t y  were 

iso la ted  and washed as descr ibed above f o r  p repa ra t ion  o f  nuc lei  f o r  DNA 

synthes i s .

The nuc le i  were resuspended in a standard reac t ion  mix ture 

composed o f  40 mM T r i s  * HCI (pH 7 .4 ) ,  5 mM MgCl2 , 1.0 mM 2-mercapto

ethanol  con ta in in g  ^H-NAD s p e c i f i c  a c t i v i t y  (3.46 Ci/mM) to  which non

r a d io a c t i v e  NAD was added to  give a s p e c i f i c  a c t i v i t y  o f  2.0 u C i /u  mole. 

The m ix tu re  was incubated a t  25C fo r  15 minutes and processed as descr ibed 

above f o r  nuc le i  and chromat in.

Cel 1u la r  DNA synthes is  assay

Asynchronous or  synchronous c e l l s  were cen t r i f uged  a t  250 x g f o r  

5 minutes and resuspended in f resh  prewarmed MEM supplemented w i th  5% FCS 

and 100 ug/ml kanamycin. A f t e r  resuspension to  a f i n a l  concen t ra t ion  o f  

5 X l o 5  c e l l s /m l  the c u l tu re s  were incubated 4-10 hours before the 

c u l t u r e  was s p l i t  and the experiment begun. In each experiment an

11



unin fected con t ro l  c u l t u r e  and a v i ru s  in fec ted  c u l t u r e  were sampled 

i d e n t i c a l l y .  Dup l ica te  samples (approximate ly  10^ c e l l s )  were pulse 

labeled w i th  ^H- thymidine s p e c i f i c  a c t i v i t y  (19.9 Ci/mM) a t  0.5 uCl/ml 

f o r  30 minutes a t  37C. Label ing was stopped w i th  the a d d i t i o n  o f  an 

equal volume o f  co ld  10% (w/v) t r i c h l o r o a c e t i c  ac id  (TCA). At  le as t  1 

hour was al lowed f o r  p r e c i p i t a t i o n  a t  4C and then each sample was washed 

w i th  5 ml cold (w/v) TCA by c e n t r i f u g a t i n g  a t  1000 x g f o r  10 minutes.

A f t e r  3 washings w i th  5% TCA and 1 washing w i th  95% e thano l ,  the samples 

were al lowed to  d ry .  Each sample was resuspended in 1 ml 10% TCA and 

hydrolysed fo r  1 hour in a 95C water bath.  An a l i q u o t  o f  each sample 

was counted in a Beckman DPM-100 l i q u i d  s c i n t i l l a t i o n  spectrophotometer 

using Beckman Cockta i l  D (5g PRO, 100 g naphthalene, 10 ml water ,  made to 

1 l i t e r  w i th  1-4 dioxane) as the f l u o r .

Cel 1u la r  p ro te in  syn thes is  assay

Asynchronous o r  synchronous c e l l s  were processed as descr ibed 

above fo r  q u a n t i t a t i o n  DNA syn thes is .  To measure p r o t e in  syn thes is  c e l l s  

were pulsed w i th  ^H-amino acids s p e c i f i c  a c t i v i t y  (32 Ci/mM) a t  0.5 

uCi/ml f o r  30 minutes a t  37C. Label ing was stopped by the a d d i t i o n  of  

ice cold  MEM w i th ou t  serum. The c e l l s  were c o l l e c te d  by c e n t r i f u g a t io n .a n d  

p r e c ip i t a t e d  w i th  5% TCA (w /v ) .  The p r e c i p i t a t e  was c o l le c te d  on m i l l i -  

pore f i l t e r s  and r a d i o a c t i v i t y  was determined by p la c in g  the f i l t e r  d isc  

in 10 ml f l u o r  and counted in a Beckman DPM-100 s c i n t i l l a t i o n  spec t ro 

photometer.

Sucrose dens i tv  g rad ien t  c e n t r i f u g a t i o n

For den s i ty  g rad ien t  ana lys is  o f  DNA polymerase a c t i v i t y ,

12



cytop lasmic  f r a c t i o n  and nuc lear  e x t ra c ts  were layered on a 5-20% (w/v) 

sucrose g rad ien t  c o n ta in in g  0.1 M potassium phosphate (pH 7.5) and 1 mM 

2-mercaptoethanol  and c e n t r i f u g e d  f o r  16 hours a t  40,000 RPM in a SW

50.1 r o to r  in a Beckman L2-50 u l t r a c e n t r i f u g e .  The g rad ien ts  were 

f r a c t io n a te d  on an Isco den s i t y  g rad ien t  f r a c t i o n  c o l l e c t o r  and the 

f r a c t i o n s  assayed f o r  a c t i v i t y  as descr ibed above.

Macromolecular q u a n t i t a t i o n

DNA was determined by the method o f  Burton (5) using salmon sperm 

DNA as a s tandard.

RNA was determined by a method o f  Mejbaum (37) using yeast 

RNA as a standard.

P ro te in  was determined by the method o f  Lowry, e_t (36) or 

Schacte r le  and P o l la c k  (36,43) using bovine serum albumin as a standard.

Absorbance was measured using a Beckman DB-G dual beam g ra t in g  

spect rophotometer .

M a te r ia ls

3H-thymidine (19.9 Ci/mM), 3H-TTP (50.4  Ci/mM), 3h -NA0 (3 .46 C i /  

mM) and ^H-amino ac ids  ^2  Ci/mM) were purchased from New England Nuclear.  

A l l  non- labeled t r iphospha tes  and kanamycin were purchased from Sigma 

Chemical Company.

13



CHAPTER I

RESULTS

DNA polymerase act  i v i t y  i n reov î rus i n fec ted  asynchronous cel 1s

To examine poss ib le  v a r i a t i o n s  in the le ve ls  o f  c e l l u l a r  

cytop lasmic  and nuc lear  DNA polymerases, the a c t i v i t i e s  o f  these enzymes 

were assayed u t i l i z i n g  asynchronous c e l l s .  The c e l l s  were harvested and 

the enzymes i s o la ted  12 hours a f t e r  v i r a l  i n f e c t i o n  w i th  10-20 p f u / c e l l .  

At  tha t  t ime DNA synthes is  in the in fec ted  c u l t u r e  was less than ten 

per cent o f  the non - in fec ted  c u l t u r e ,  Figure 1.

Th is  i s o l a t i o n  procedure mon ito rs  two classes o f  DNA polymerase 

(8) based upon t h e i r  c e l l u l a r  l o c a t i o n ,  cy top lasmic  or  nuc lea r .  The 

nuc lear polymerase, the smal le r  molecu lar weight spec ies,  has been 

repor ted to  be the on ly  polymerase found in the nucleus ( 4 ,8 ,2 0 ,5 4 ) .  The 

cytop lasmic  polymerase was the predominant form in the cytoplasm and was 

a lso  found assoc ia ted w i th  small amounts o f  nuclear  polymerase (4 ,8 ,20 ,  

25 ,54) .  The re s u l t s  obtained in t h i s  study are in agreement w i th  o ther  

workers using the L929 (8) and o ther  c e l l  l i n e s  (24) .  We f i n d  on ly  one 

species o f  polymerase in the nucleus. A c t i v i t y  was found in the c y to 

plasm in d ic a t i n g  the presence o f  both nuc lear  and cy top lasmic  polymerase. 

The re s u l t s  o f  these f in d in g s  are shown in Figures 2 and 3. i t  must be 

made c lea r  t h a t  w h i le  nuc lear polymerase was found in the cy top lasmic

14



F igu re  1. DNA syn thes is  o f  asynchronous c e l l s  in fe c te d  w i th  10-20 p f u / c e l l  o f
_  r e o v i r u s .  C o n t ro l© ----------- o ,  in fec ted©------------ ©. At the t imes

in d ic a ted  c e l l s  f rom each c u l t u r e  were pulsed w i t h  ^H- thym id lne .  
Counts per minute in the TCA- inso lub le  m a te r ia l  are presen ted.
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Figure 2. Levels o f  nuc lear  DNA polymerase a c t i v i t y  in in fe c te d  and un in fec ted  
L - c e l l s .  Nuclear e x t r a c t s  were layered on to  l i n e a r  5-20% sucrose 
g ra d ie n ts ,  c e n t r i f u g e d  f o r  16 hours a t  4C a t  40,000 rpm in  the SW 50.1 
r o to r  o f  a Beckman L2-50 u l t r a c e n t r i f u g e .  Grad ien ts  were f r a c t i o n a t e d  
and assayed as descr ibed in methods and m a te r i a l s .  Sedimenta t ion is 
f rom l e f t  to  r i g h t ,  c o n t r o l # -----------# , i n fe c te d  o—— o .

For comparison the arrows represent  the p o s i t i o n  o f  bovine serum 
albumin and a ldo lase  r e s p e c t i v e l y  when c e n t r i f u g e d  under the id e n t i c a l  
c o n d i t i o n s .
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Figure 3.  Levels o f  cy top lasm ic  DNA polymerase a c t i v i t y  in in fe c te d  and un- 
_  in fe c te d  L - c e l l s .  Cytoplasmic e x t r a c t s  were layered on to  l i n e a r  5-20%

sucrose g ra d ie n ts ,  c e n t r i f u g e d  f o r  l 6  hours a t  4C a t  40,000 rpm in the 
SW 50.1 r o to r  o f  a Beckman L2-50 u l t r a c e n t r i f u g e .  Grad ien ts  were 
f r a c t i o n a t e d  and assayed as descr ibed in methods and m a te r i a l s .  Sedi
menta t ion  is  from l e f t  t o  r i g h t ,  c o n t r o l #  --#, in fe c te d  o------------ o.

For comparison the arrows represent  the p o s i t i o n  o f  bovine serum 
albumin and a ldo lase  re s p e c t i v e l y  when c e n t r i f u g e d  under the i d e n t i c a l  
c o n d i t i o n s .
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f r a c t i o n ,  we cannot exclude the p o s s i b i l i t y  th a t  i t s  presence may be due 

to  leakage from the nucleus dur ing  i s o l a t i o n .  The p o s i t i o n s  o f  the 

enzymes in the g rad ien ts  y i e ld  sed imentat ion values in agreement w i th  

publ ished data (8 ) .  Figures 2 and 3 i l l u s t r a t e  the leve ls  o f  a c t i v i t y  

o f  these enzymes in c e l l s  in fec ted  w i t h  r e o v i r u s .  As was shown by the 

c e n t r i f u g a t i o n  pa t te rns  and leve ls  o f  a c t i v i t y  there appears to  be no 

a l t e r a t i o n  in the polymerase a c t i v i t i e s  or  phys ica l  c h a r a c t e r i s t i c s  due 

to reov i rus  i n f e c t i o n .  As repor ted by Chang, £ t  £]_. (8) and o thers  (57) 

the sed imentat ion p a t te rn  o f  the cy top lasmic  polymerase ind ica tes  the 

presence o f  m u l t i p l e  species or  m u l t i p l e  forms o f  the same species o f  

polymerase. I t  is poss ib le  th a t  as many as three polymerases are in t h i s  

peak (57) .

DNA polymerase a c t i v i t y  in synchronous c e l l s  f o l l o w in g  reov i rus  i n f e c t i o n  

As shown in the prev ious sec t ion  we could d iscern  no d i f f e r e n c e  

in cy top lasmic  or nuc lear  polymerase a c t i v i t i e s  f o l l o w in g  reov i rus  i n 

f e c t i o n  o f  asynchronous c e l l s .  I t  was considered th a t  another poss ib le  

mechanism f o r  v i r a l  i n h i b i t i o n  o f  DNA synthes is  could have been by 

preven t ion  o f  the maintenance o f  le ve ls  o f  nuc lear  polymerase, i f  indeed 

the cy top lasmic  polymerase complex served as a nuclear  polymerase 

precursor  (8 ,2 4 ,2 5 ,4 7 ) .  Synchronous c e l l s  were u t i l i z e d  in these e x p e r i 

ments, s ince t h i s  system seemed b e t t e r  su i ted  to  de tec t  changes in leve ls  

o f  polymerase a c t i v i t i e s  (8 ,9 ,51)  as the c e l l  proceeded from a non-syn

t h e t i c  to  an a c t i v e  s y n th e t ic  s t a te .  Ce l ls  were synchronized as descr ibed 

p re v io u s ly  and in fec ted  a t  the t ime o f  re lease from synchrony. Fo l low ing 

i n f e c t i o n  samples were taken and assayed f o r  polymerase a c t i v i t y .  The
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Figure 4 .  Levels o f  nuc lear  and cy top lasm ic  DNA polymerase a c t i v i t y  in reov i rus  
NI in fe c te d  synchronous L - c e l l s .  Un in fec ted c e l l  nuc lear  polymerase

o_______ o.  i n fe c te d  c e l l  nuc lear  polymerase 6 ----------- A , un in fec te d  c e l l
cy top lasm ic  polymerase o------------o ,  i n fe c te d  c e l l  cy top lasm ic  polymerase
A un in fec ted  c e l l  DNA syn thes is  4---------------4, i n fe c te d  c e l l  DNA
s y n th e s is ©  o .  C e l l s  were in fe c te d  a t  t ime 0 w i t h  10-20 p f u /
c e l l .  Polymerase and DNA s y n t h e t i c  a c t i v i t i e s  were measured as 
descr ibed in methods and m a te r i a l s .
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r e s u l t s  are shown in Figure 4.  The data in d ica te  th a t  a t  a t ime when 

c e l l s  are t o t a l l y  prevented from e n te r in g  DNA synthes is  by reov i rus  

in f e c t i o n ,  the le v e ls  o f  a c t i v i t y  o f  both nuc lear and cy top lasmic  DNA 

polymerase remain r e l a t i v e l y  unchanged. Whi le the o v e r a l l  leve l  o f  

a c t i v i t y  o f  the in fec ted  c e l l  cy top lasmic  polymerase is lower than in 

con t ro l  c e l l s ,  t h i s  s l i g h t  decrease appears i n s u f f i c i e n t  to  e x p la in  the 

noted decrease in DNA s y n th e t i c  a c t i v i t y .  The data in the graph a lso  

show th a t  a t  a t ime when DNA s y n th e t i c  a c t i v i t y ,  in con t ro l  c e l l s ,  was 

a t  a maximum we f a i l  to  de tec t  any change in nuc lear  polymerase a c t i v i t y .  

The in fec ted  c e l l s  show a t o t a l  lack o f  s y n th e t i c  c a p a b i l i t y  but show 

s im i l a r  le v e ls  o f  nuc lear  a c t i v i t y  i n d i c a t i n g  tha t  a constant  leve l  o f  

a c t i v i t y  may be presen t in the nucleus a t  a l l  t imes regard less o f  the 

per iod  in the c e l l  cyc le  (8 ,5 1 ) .  The data f a i l  t o  show any s i g n i f i c a n t  

change in the le ve ls  o f  cy toplasmic  polymerase as c e l l s  proceed from an 

in a c t i v e  to  a c t i v e  per iod  o f  DNA synthes is  as has been demonstrated in 

o the r  systems (8 ,5 1 ) .  The l a t t e r  observa t ion  could be exp la ined by the 

method o f  synchron iza t ion  and w i l l  be discussed l a t e r .

Induc t ion  o f  DNA polymerase

I t  was shown in the previous sec t ion  th a t  the le ve ls  o f  c y to 

plasmic and nuclear  polymerase remained r e l a t i v e l y  constant  regard less 

o f  the stage o f  the c e l l  c yc le .  These re s u l t s  were in o pp os i t io n  to  

pub l ished re s u l t s  (8,51) which ind ica ted  v a r i a b i l i t y  in the polymerases, 

and we were in te res ted  in whether polymerase a c t i v i t i e s  in our c e l l s  could 

show t h i s  same v a r i a b i l i t y  i f  we manipulated them p r o p e r l y .  To achieve 

t h i s ,  synchronized c e l l s  were maintained In c u l t u r e  f o r  100 hours ra th e r
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than the 50 hours descr ibed in methods and m a te r i a l s .  At the end o f  t h i s  

per iod c e l l s  were harvested at  selec ted in t e r v a l s  and DNA polymerase,

DNA s y n th e t i c ,  and p r o te in  synthes is  le v e ls  were monitored f o r  24 hours 

f o l l o w in g  the release o f  the c e l l s  from the s ta t i o n a r y  phase induced by 

the c u l t u r e  c o n d i t i o n s .  The re s u l t s  are shown in Figure 5.

The r e s u l t s  i l l u s t r a t e  th a t  under these cond i t ions  there was a 

decrease in le v e ls  o f  cytoplasmic polymerase a c t i v i t y ,  and tha t  the c y to 

plasmic polymerase a c t i v i t y  appears to  respond to  a growth st imulus  as 

ind ica ted  by o the rs  (8 ,5 1 ) .  Th is  response to  growth appears in our system 

to  be t o t a l l y  d is s o c ia te d  from DNA s y n th e t i c  a c t i v i t y ,  and could ra the r  

be re la ted  to  the end o f  a c e l l  c y c le .  The data show tha t  the time 

corresponding to  the increase in cy top lasmic  polymerase was associa ted 

w i th  the t ime and when these c e l l s  would be expected to  begin d i v i s i o n .

The r e s u l t s  are in agreement w i th  those o f  Chang, e_t a l -  (8) but  our 

conc lus ions d i f f e r .  Chang, ejt aj_. (8) in te rp re te d  the increase in c y t o 

plasmic polymerase a c t i v i t y  to  be in response to  c e l l  p r o l i f e r a t i o n  and 

DNA syn thes is .  They assayed polymerase a c t i v i t y  48 hours a f t e r  re lease 

from the s t a t i o n a r y  phase and demonstrated an increase in a c t i v i t y  which 

was in te rp re te d  as a response to  growth.  In these experiments we fo l lowed  

polymerase a c t i v i t y  in the 24 hour per iod  immediately f o l l o w in g  release 

and the re s u l t s  seem to  in d ica te  t h a t  the le v e ls  o f  cy toplasmic  polymerase 

a c t i v i t y  in the c e l l  under our cond i t ion s  do not c o r re la te  to  the DNA 

s y n th e t i c  a c t i v i t y  a t  tha t  t ime, but p o s s ib l y  to  the end o f  the c e l l  

cyc le .  This  work a lso  demonstrates the constant  leve l  o f  a c t i v i t y  o f  the 

nuc lear  polymerase throughout the cyc le ,  a r e s u l t  which is c ons is ten t  w i th  

pub l ished data ( 8 ,5 1 ) .  The data in the graph a lso  ind ica te  th a t  there was
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Figure  5. ‘ in duc t ion  o f  nuc lear  and cy top lasm ic  polymerase in mouse L - c e l l s .
Nuclear polymerase A A ,  cy top lasm ic  polymerase o------------o,

O' DNA s y n t h e s i s * --------- *  , p r o t e in  s y n th e s is #  # . C e l l s  were
released from the s t a t i o n a r y  phase a t  t ime 0 and a c t i v i t i e s  
were assayed a t  the in d ica ted  t imes .  DNA polymerase, DNA syn
t h e t i c  and p r o t e in  s y n th e t i c  a c t i v i t i e s  were measured as descr ibed 
in methods and m a te r i a l s .
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no r e la t i o n s h ip  between induc t ion  o f  the cy top lasmic  polymerase a c t i v i t y  

and c e l l u l a r  p ro te in  syn thes is ,  as no increase in p ro te in  s y n th e t i c  

a c t i v i t y  corresponded to  any increase in polymerase a c t i v i t y .

The e f f e c t  o f  i n h i b i t i o n  o f  p ro te in  synthes is  on DNA polymerase a c t i v i t y  

Dur ing the course o f  these s tud ies  on DNA polymerase a c t i v i t y  

we were in doubt as to  the s t a b i l i t y  o f  the DNA polymerases since we 

were unaware o f  any s tud ies  examining t h i s  p rope r ty  o f  the enzymes. To 

e lu c id a te  the s t a b i l i t y  o f  the polymerases, c e l l s  maintained as descr ibed 

in the prev ious  sec t ion  were blocked fo r  5 hours p r i o r  to the i s o l a t i o n  

o f  the polymerase (see Figure 5) w i th  cyc lohex im ide.  The re s u l t s  are 

shown in Table I .

The data in the ta b le  show a d i f f e r e n t i a l  s t a b i l i t y  o f  the p o l y 

merase depending on the per iod  o f  the c e l l  c y c le .  The cytop lasmic  and 

the nuc lear  polymerases show a tu rnover  dur ing  per iods o f  rap id  DNA 

syn thes is ,  and were r e l a t i v e l y  s tab le  du r ing  per iods  o f  low DNA s y n th e t i c  

a c t i v i t y .  These re s u l t s  were in c on t ras t  to  changes seen in normal c e l l s  

in which p r o te in  syn thes is  is not blocked.  The re s u l t s  could in d ic a te  a 

p ro te in  s y n th e t i c  step needed to  regenerate both nuc lear  and cy top lasmic  

polymerase and the concomitant decrease in both polymerases may in d ic a te  

a r e la t i o n s h ip  between cy top lasmic  and nuc lear  polymerases.

The e f f e c t  o f  reov i  rus on the DNA synthet  ic  capaci t v  o f  i so la ted  nuc le i

Fur ther  a t tempts to  cha rac te r ize  a poss ib le  mechanism o f  reov i rus  

mediated i n h i b i t i o n  o f  c e l l u l a r  DNA syn thes is ,  u t i l i z e d  a system o f  

is o la ted  n u c le i ,  shown by o thers  to  be capable o f  c a r r y in g  on DNA synthes is  

i n i t i a t e d  in v iv o  (18 ,27 ,28 ,31 ) .  The requirements f o r  DNA synthes is  in 

is o la ted  nuc le i  are shown in Table 11.
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Table I ,  The e f f e c t  o f  cyc lohex imide on c e l l u l a r  DNA polymerases. C e l ls  were 
N) t re a te d  w i t h  20 ug/ml cyc lohex imide 5 hours be fore  the samples were

taken and DNA, p r o t e in  and polymerase a c t i v i t i e s  were assayed as 
descr ibed in methods and m a te r i a l s .  The t ime column in d ic a te s  the 
t ime a f t e r  0 hour in  F igure 5.  A l l  values l i s t e d  are given as per 
cent  o f  c o n t ro l  va lues  in Figure 5.



EFFECT OF CYCLOHEXIMIDE ON 
CELLULAR POLYMERASES

Time DNA Protein
Cytoplasmic
Polymerase

Nuclear
Polymerase

6 < 5 < 5 86 100

10 < 5 < 5 68 8 7

15 < 5 < 5 23 58

20 < 5 < 5 81 72
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Table I I .  Requirements f o r  DNA synthes is  in i so la ted  nuc le i

SYSTEM ACTIVITY (%)

Complete^ 100

-ATP 20

-dATP 42

-dGTP 39

-dCTP 64

-dATP,dGTP,dCTP 30

-Cytoplasmic  f r a c t i o n 29

1. Nuclei  were assayed as descr ibed in methods and m a te r i a l s .
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As the data in Table I I  in d ic a te ,  the nuc le i  requ i re  the fou r  

t r iphosphates  and ATP f o r  maximum a c t i v i t y  s im i l a r  to  the requirements 

demonstrated by o thers  (17 ,32 ,39) .  The data a lso  show a need f o r  a 

so lub le  cy top lasmic  f r a c t i o n  (CF) (27 ,31 ,32 ) .  When nuc le i  were i s o la ted  

from synchronized c e l l s  a t  var ious t imes a f t e r  i n f e c t i o n ,  we found tha t  

the nuc le i  from in fec ted  c e l l s  d id  not r e f l e c t  the i n h i b i t i o n  o f  DNA 

synthes is  shown in v iv o  (F igure 6) .  In f a c t ,  the nuc le i  showed a 

p a t te rn  o f  syn thes is  nea r ly  equ iva len t  to  un in fec ted  c e l l s .  Whatever 

the mechanism o f  i n h i b i t i o n ,  i t  appeared tha t  i t  can be overcome by 

i s o l a t i n g  the nuc le i  and supp ly ing them w i th  the precursors f o r  DNA 

syn thes is .  The cytop lasmic  f r a c t i o n  (CF) from e i t h e r  in fec ted  or  un in fec ted 

c e l l s  worked equ a l l y  we l l  in the nuc le i  system (data not shown).

Dur ing the work w i th  the iso la ted  nuc le i  we became aware th a t  

h y p o to n ic a l l y  t rea ted  c e l l s  become permeable to  t r i sphosphates (27).  I t  

was hoped th a t  perhaps the h y p o to n ic a l l y  t rea ted  r e o v i r u s - in fe c te d  c e l l s  

would show some degree o f  i n h i b i t i o n  when placed in a nuc le i  reac t ion  

m ix tu re  and processed as were the n u c le i .  The re s u l t s  were s im i l a r  to  

those ob ta ined w i t h  n u c l e i ;  the i n h i b i t o r y  process was not  de tec tab le .

The a b i l i t y  o f  i so la ted  chromat in to  support  DNA r e p l i c a t i o n  

was a lso  tes ted .  The chromat in iso la ted  and assayed as descr ibed in 

methods and m a te r ia ls  y ie lded  re s u l t s  compatable w i th  previous work w i th  

n u c le i .  In fec ted  c e l l  chromat in was as competent as un in fec ted chromatin 

to  synthes ize DNA. These data seemed to  i n d ic a te  the presence o f  a bound 

polymerase (58) and no gross damage to  the DNA template (15).
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F igure  6. DNA syn thes is  in i s o la te d  L - c e l l  nuc le i  f rom synchronous c e l l s .
Nuclei  f rom un in fec ted  c e l l s  o---------- o ,  nuc le i  from in fe c te d  c e l l s
^  A ,  DNA syn thes is  in  un in fec ted  c e l l s  A A » DNA syn thes is
in in fe c te d  c e l l s * ----------# . C e l l s  were i s o la te d ,  assayed, and DNA
syn thes is  was measured as descr ibed in methods and m a te r i a l s .
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Poly (ADP-Rib) polymerase act  i v i t y  1n reovi rus In fec ted  c e l l s

Since no i n h i b i t i o n  o f  the DNA s y n th e t i c  systems could be 

detected in v i  t r o , we decided to  examine a system which has been im p l i 

cated to  be i n t im a t e l y  assoc ia ted w i th  le v e ls  o f  DNA syn thes is ,  depending 

on the c e l l  type (10 ,34,38,40,49,5%).  Th is  system examines the c a p a b i l i t y  

o f  iso la ted  nuc le i  t o  c a r r y  ou t  the adenosine d iphosp ho r ibo sy la t ion  o f  

nuclear  p ro te in s  in the presence o f  NAD, as descr ibed in methods and 

m a te r ia ls .  As in d ic a te d ,  the process was considered by many to  be 

i n t im a te l y  assoc ia ted w i t h  DNA synthes is  (10 ,34 ,38 ,40 ,49 ,52 ) .  I t  was o f  

i n t e r e s t  to  see i f  we could de tec t  any change in t h i s  a c t i v i t y  e i t h e r  

as a r e s u l t  o f  v i r a l  i n f e c t i o n  or  as a f u n c t io n  o f  the c e l l  c yc le .  With 

po ly  (ADP-Rib) syn thes is  repor ted to  be so c lo s e ly  r e la te d  to DNA synthes is  

i t  was hoped th a t  i n h i b i t i o n  o f  DNA synthes is  by reov i rus  would cause 

some f l u c t u a t i o n  in i t s  a c t i v i t y .  The r e s u l t s  are shown in Figure %.

The graph shows there  was on ly  a r e l a t i v e l y  minor change in the 

leve l  o f  po ly  (ADP-Rib) polymerase a c t i v i t y  w i th  the t r a n s i t i o n  o f  the 

c e l l  from non -ac t ive  to  a c t i v e  DNA synthes is  in un in fec ted  c e l l s .  Only 

a f t e r  the c e l l s  had proceeded several  hours i n to  S-phase do we see a r is e  

in a c t i v i t y .  This was in c o n t ra s t  somewhat to  pub l ished  re s u l t s  w i th  

L - c e l l s  (lO) using a d i f f e r e n t  technique f o r  measur ing po ly  (ADP-Rib) 

polymerase a c t i v i t y ,  and o the r  c e l l  l i n e s  us ing the same procedure 

(34 ,38 ,4c ) .  The same p a t te rn  was seen in in fec ted  c e l l s ,  however, a 

small but  rep roduc ib le  increase was seen 6-8 hours post i n f e c t i o n .

To examine the p o s s i b i l i t y  th a t  the increase in po ly  (ADP-Rib) 

polymerase a c t i v i t y  was s i g n i f i c a n t ,  the p a t te rn  o f  reov i rus  i n h i b i t i o n  

o f  DNA synthes is  in the presence o f  n ico t inam ide  (NAM), an i n h i b i t o r
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F igure  7.  Adenosine d iphosphor ibose polymerase a c t i v i t y  in synchronous L - c e l l s .
w  Poly (ADP-Rib) polymerase a c t i v i t y  in nuc le i  f rom u n i n f e c t e d *  *

in fe c te d  c e l l s *  *  . C e l l s  were in fe c te d  w i t h  10-20 p f u / c e l l  a t
t ime 0.  DNA syn thes is  in un in fec te d  c e l l s * -----------# , DNA synthes is
in in fe c te d  c e l l s © ---------- o . Poly (ADP-Rib) polymerase a c t i v i t y  in
i s o la te d  nuc le i  was assayed and DNA syn thes is  measured as descr ibed 
in methods and m a te r i a l s .
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o f  po ly  (ADP-Rib) polymerase (10,13) ,  was fo l lowed .  Nicot inamide (NAM) 

caused an o v e ra l l  depress ion o f  c e l l u l a r  DNA syn thes is ,  which was 

oppos i te  to  pub l ished data obtained w i th  HeLa c e l l s  (50) and had no e f f e c t  

on reov i rus  i n h i b i t i o n  o f  DNA syn thes is .  The re s u l t s  could be i n t e r 

preted to  mean th a t  adenosine d iphospho r ibosy la t ion  plays no ro le  in 

reov irus  i n h i b i t i o n  o f  DNA synthes is  or t h a t  p o s s ib l y  the e f f e c t  o f  

NAM and reov i rus  are complementary and any e f f e c t  was masked.

38



CHAPTER IV 

DISCUSSION

The i n h i b i t i o n  o f  DNA syn thes is  by reov i rus  has been shown by 

several  workers (12,15,23) to  be s p e c i f i c  f o r  the i n h i b i t i o n  o f  DNA 

syn thes is .  E f f o r t s  to  demonstrate p a r t i c u l a r  v i r a l  p ro te in s  as mediators 

o f  t h i s  i n h i b i t o r y  process have not been successfu l  (13).  To date the 

on ly  v i r u s  assoc ia ted product  capable o f  media t ing an i n h i b i t i o n  

s im i l a r  to t h a t  seen w i th  reov i rus  are the o l i g o  A ( "A d e n in e - r ic h " )  

o l ig o n u c le o t i d e s  assoc ia ted w i th  the v i r u s  (22) .

The purpose o f  t h i s  research was to  examine a t  the molecu lar  

leve l  reov i rus  i n h i b i t i o n  o f  c e l l u l a r  DNA synthes is  u t i l i z i n g  several 

d i f f e r e n t  s u b - c e l l u l a r  systems. The systems used included i s o la te d  DNA 

polymerases, nuc le i  and chromat in ,  a l l  shown to  be capable under the 

proper c o n d i t io n s ,  o f  syn thes iz ing  DNA (17 ,18 ,27 ,28 ,31 ,32 ) .  The a b i l i t y  

o f  i so la ted  nuc le i  to  c a r ry  out  the adenosine d ip h os p ho r ibo s y la t ion  o f  

nuclear  p ro te in s  was a lso  examined. Th is  process has been repor ted  to  be 

associated w i th  the c e l l s '  capac i ty  t o  synthes ize DNA (34 ,38 ,40 ,49 ) .

The a c t i v i t y  le ve ls  o f  two c lasses o f  c e l l u l a r  DNA polymerases, 

cy top lasmic  (6-8S) and nuc lear  (3.4S) (8) were shown to  be una f fec ted  

by reov i rus  i n f e c t i o n ,  a l though DNA syn thes is  was i n h ib i t e d  by grea te r  

than 90%. These r e s u l t s  were the same whether synchronous o r  asynchronous

39



c e l l s  were employed and were in agreement w i t h  e a r l i e r  workers con

c lus ions  from a study o f  cytoplasmic polymerase a c t i v i t y  (21) in reov i rus  

in fec ted  c e l l s .

Whi le examining the e f f e c t  o f  reov i rus  i n f e c t i o n  on c e l l u l a r  

DNA polymerases, the re g u la t io n  o f  the polymerases as a fu n c t io n  o f  the 

c e l l  cyc le  was a lso  examined. Of the polymerases s tud ied ,  on ly  the 

cy toplasmic  polymerase showed v a r i a b i l i t y .  The nuc lear  polymerase was 

s tab le ,  m a in ta in ing  un i fo rm  le ve ls  regard less o f  the stage o f  the c e l l  

c yc le .  The data in d ic a te  tha t  when c e l l s  are maintained in cond i t ions  

tha t  cause a decrease in cy toplasmic  polymerase a c t i v i t y ,  regenerat ion  

o f  t h i s  a c t i v i t y  was apparen t ly  assoc ia ted w i th  the onset o f  c e l l  d i v i 

s ion,  and not n e c e s s a r i l y  assoc ia ted w i th  DNA synthes is  as reported by 

o ther  workers (8 ,5 1 ) .  I t  appears tha t  the le v e ls  o f  cytop lasmic  p o l y 

merase a c t i v i t y  normal ly  maintained by the c e l l  was f a r  in excess o f  the 

le ve ls  needed f o r  the c e l l  to  progress through i t s  DNA s y n th e t i c  pe r iod .  

Th is  assumes, o f  course, th a t  the cy top lasmic  polymerase is needed or 

plays a ro le  in DNA syn thes is ,  a r e l a t i o n s h i p  not c o n c lu s iv e ly  demon

s t ra ted  (51) .

When the s t a b i l i t y  o f  the cy top lasmic  and nuclear  polymerases 

were fo l lowed a f t e r  i n h i b i t i o n  o f  p ro te in  syn thes is  w i th  cycloheximide,  

the polymerases were shown to  be r e l a t i v e l y  s t a b le .  Only when c y c lo 

heximide was present dur ing  per iods o f  a c t i v e  DNA synthes is  d id  the p o l y 

merases show any tendency to  decrease in a c t i v i t y  and t h i s  decrease in 

a c t i v i t y  showed a p a r t i a l  temporal r e l a t i o n s h i p  (see Table I ) .  Th is  was 

in c on t ras t  to  the polymerase a c t i v i t y  in synchronized, reov irus  in fec ted  

c e l l s ,  which d id  not change. The f a i l u r e  o f  reov i rus  to  cause a decrease
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in a c t i v i t y  o f  the polymerases may in d ic a te  th a t  the i n h i b i t i o n  o f  DNA 

synthes is  by reov i rus  was not due to  i n h i b i t i o n  o f  host c e l l  p ro te in  

synthes is  as some have suggested (30) .  Th is  observa t ion was supported 

by s im i l a r  work u t i l i z i n g  iso la ted  nuc le i  (26) .

I so la ted  nuc le i  from reov i rus  in fec ted  c e l l s  f a i l e d  to  show the 

i n h i b i t i o n  o f  DNA synthes is  e x h ib i te d  in v i v o . The nuc le i  from in fec ted  

c e l l s  were as capable as nuc le i  from un in fec ted  c e l l s  o f  c a r r y in g  on DNA 

synthesis i n i t i a t e d  in v i v o . I t  appeared t h a t  whatever the cause o f  the 

i n h i b i t o r y  process mediated by re o v i ru s ,  i t  can be overcome by i s o la t i n g  

the nuc le i  and p ro v id in g  them w i th  precursors  f o r  DNA syn thes is .  Such is 

not the case when an i n h i b i t o r  o f  p ro te in  synthes is  was used to  b lock  

DNA syn thes is .  The nuc le i  from these c e l l s  were not f u l l y  capable o f  

syn thes iz ing  DNA (26) .  These observa t ions  were in agreement w i t h  the data 

on the a c t i v i t y  o f  DNA polymerase descr ibed above and in d ica te  tha t  the 

i n h i b i t i o n  o f  host  c e l l  p ro te in  syn thes is  by reov i rus  is not respons ib le  

f o r  i n h i b i t i o n  o f  DNA syn thes is .  When h y p o to n ic a l l y  swelled c e l l s  or  

iso la ted  chromat in were assayed f o r  t h e i r  capac i ty  to  support DNA syn

thes is  no de tec tab le  d i f f e re n c e  was seen between components from in fec ted  

or  un in fec ted  c e l l s .

The adenosine d iphosp ho r ibo sy la t ion  o f  nuclear p ro te in  assayed 

in these exper iments showed a cons is te n t  increase a t  the onset o f  reov i rus  

i n h i b i t i o n  o f  host  c e l l  DNA syn thes is ,  i n d i c a t i n g  th a t  i t  may play  a 

r o le  in the i n h i b i t o r y  process. I t  cannot, however, be ru led out  t h a t  

t h i s  increase was unre la ted  to  the i n h i b i t i o n .  In f a c t  n ico t inamide,  

an i n h i b i t o r  o f  Poly (ADP-Rib) polymerase, f a i l s  to  cause any change in 

the p a t te rn  o f  i n h i b i t i o n  o f  DNA synthes is  by reov i rus .  However, as

41



mentioned p re v io u s ly ,  n ico t inamide was i n h i b i t o r y  and any e f f e c t  on DNA 

synthes is  i n h i b i t i o n  by reov i rus  may be masked.

The above data support the f o l l o w in g  conclusions concerning 

reov i rus  i n h i b i t i o n  o f  c e l l u l a r  DNA syn thes is .  F i r s t ,  the i n h i b i t o r y  

process causes no damage to  the c e l l u l a r  DNA sy n th e t ic  apparatus ( i . e . ,

DNA polymerases, n u c le i ,  chromat in ) ,  and appears not to be due to  c e l l  

cy topatho logy  r e s u l t i n g  from i n f e c t i o n .  Second, the i n h i b i t o r y  process, 

as measured u t i l i z i n g  s u b - c e l l u l a r  DNA syn thes iz ing  systems ( i . e . ,  DNA 

polymerases, n u c le i ,  e t c . ) ,  was un l ik e  th a t  detected when a s im i l a r  

i n h i b i t i o n  was caused by the i n h i b i t i o n  o f  p ro te in  synthes is  due to 

cyc loheximide (26) .  F i n a l l y ,  whatever the mechanism o f  i n h i b i t i o n  i t  

may be overcome by removing the nuc le i  and supp ly ing them w i th  p recursors .

Whi le the above data and conclusions do not po in t  to  the 

s p e c i f i c  mode o f  i n h i b i t i o n  o f  DNA synthes is  by reov i rus ,  they do ind ica te  

some c h a r a c t e r i s t i c s  o f  the i n h i b i t o r y  process and suggests f u r t h e r  

exper iments.  The i n h i b i t o r ,  i f  such a s p e c i f i c  product e x i s t s ,  was 

d i f f u s i b l e  and does not appear to  be t i g h t l y  bound to  any c e l l  component 

necessary f o r  DNA syn thes is .  The i n h i b i t i o n  process could r e s u l t  from 

f a i l u r e  o f  the DNA precursor  ( i . e . ,  t r iphosphates )  to  reach the proper 

enzymes. Th is  type o f  i n h i b i t i o n  could r e s u l t  from lack o f  t r a n s p o r t  to 

the nucleus, changes in p recursor  poo ls ,  or  f a i l u r e  o f  the enzymes 

m a in ta in in g  these poo ls . '  The data suppor t  any o f  the above p o s s i b i l i t i e s  

but does not a l low  us to d i s t i n g u i s h  between them. I t  w i l l  be o f  f u tu re  

i n t e r e s t  to  examine in d e t a i l  the syn thes is  o f  DNA by s u b - c e l l u l a r  systems 

from in fec ted  c e l l s .  Fur ther  exper iments are needed to compare the 

products  made in these DNA s yn thes iz ing  systems from in fec ted  and un infec ted
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c e l l s .  The enzymes requ i red  fo r  maintenance and p roduc t ion  o f  DNA 

precursors  must be examined, as we l l  as the a b i l i t y  o f  t h e i r  DNA p re 

cursors to  become a v a i la b le  f o r  DNA syn thes is .

The exper iments descr ibed in t h i s  paper do not po in t  to  the 

mode o f  i n h i b i t i o n  o f  DNA synthes is  by r e o v i ru s .  However, they do 

in d ica te  th a t  a s p e c i f i c  v i r a l  mediated event was necessary fo r  the 

i n h i b i t i o n  and th a t  i n h i b i t i o n  o f  DNA synthes is  was not due e n t i r e l y  

to  c e l l  cy topatho logy or  i n h i b i t i o n  o f  p ro te in  syn thes is  caused by the 

v i r a l  i n f e c t i o n .
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CHAPTER V

SUMMARY

These experiments exp lo red the capac i ty  o f  s u b - c e l l u l a r  DNA 

s y n th e s iz in g  systems (DNA polymerases, n u c le i ,  chromatin)  to  synthes ize 

DNA in v i t r o  f o l l o w in g  reov i rus  i n f e c t i o n .  The a c t i v i t y  o f  Poly 

(ADP-Rib) polymerase was a lso  assayed in in fec ted  c e l l s .

I s o l a t i o n  and assay o f  nuc lear  and cytop lasmic  polymerase 

f o l l o w in g  f r a c t i o n a t i o n  o f  the polymerases on sucrose g rad ien ts  in d ica ted  

no d i f f e r e n c e  between in fec ted  and c o n t ro l  c e l l s .  U t i l i z i n g  un in fec ted  

c e l l s ,  the in duc t ion  o f  cy top lasmic  polymerase f o l l o w in g  re lease o f  c e l l s  

f rom the s t a t i o n a r y  phase ind ica ted  t h a t  there  was no r e la t i o n s h ip  between 

the in duc t ion  o f  cytop lasmic  polymerase a c t i v i t y  and DNA syn thes is .  The 

nuc lear  polymerase maintained cons tan t  le ve ls  o f  a c t i v i t y  regard less o f  

the per iod  in the c e l l  c y c le .  Both the nuc lear  and cy top lasmic  p o l y 

merase were s tab le  in the presence o f  cyc lohex im ide,  except du r ing  per iods  

o f  h igh DNA s y n th e t i c  a c t i v i t y .

When n u c le i ,  chromat in o r  h y p o to n ic a l l y  t rea ted  c e l l s  were 

assayed f o r  DNA s y n th e t i c  c a p a c i t y ,  no d i f f e r e n c e  was seen between i n 

fec ted  and un in fec ted  c e l l s .

The a c t i v i t y  o f  Poly (ADP-Rib) polymerase was c o n s i s t e n t l y  

h igher  in reo v i ru s  in fec ted  c e l l s .  The increase in t h i s  a c t i v i t y ,  w h i le
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s l i g h t ,  corresponded to  the onset o f  reov i rus  i n h i b i t i o n  o f  c e l l u l a r  

DNA syn thes is .

These r e s u l t s  in d ica te  th a t  whatever the mechanism o f  i n h i b i t i o n  

i t  can be overcome by i s o l a t i n g  the nuc le i  and supp ly ing them w i th  

p recu rso rs .  The data a lso  suggest t h a t  the i n h i b i t i o n  o f  DNA synthes is  

is not a r e s u l t  o f  i n h i b i t i o n  o f  p r o te in  syn thes is  o r  a r e s u l t  o f  c e l l  

cy topatho logy f o l l o w in g  in f e c t i o n .
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