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CHARACTERIZATION OF THE INHIBITION OF DNA SYNTHESIS 

IN REOVIRUS-INFECTED L CELLS

CHAPTER I  

INTRODUCTION

A v a r i e t y  o f  ex p e rim e n ta l approaches have been  employed by c e l l  

and m o lecu la r  b i o l o g i s t s  i n  exam ining th e  r e g u la t io n  o f  t r a n s c r i p t i v e  

and r e p l i c a t i v e  fu n c tio n s  o f  c e l l u l a r  g e n e t ic  m a te r ia l .  Many o f  th e se  

approaches r e q u i r e  m a n ip u la tio n  w ith  su b s tan ces  such  a s  a  p r o te in  syn

th e s i s  i n h i b i t o r ,  and th e n  th e  e f f e c t s  o f  t h i s  t r e a tm e n t  on d eo x y rib o 

n u c le ic  a c id  (DNA) fu n c tio n s  a re  exam ined. R eg a rd le ss  o f  how complex 

o r  i n d i r e c t  th e  modes o f  a c t io n  may b e , any tre a tm e n t o f  a  e u k a r io t ic  

c e l l  w hich r e s u l t s  in  a  m easu rab le  d e v ia t io n  from  norm al c e l l u l a r  

m etabo lism  must have an a b s o lu te  m o lecu la r  b a s is .  However, th e  s p e c i f i 

c i t i e s  o f  a c t io n  o f  i n h i b i to r s  o f  c e l l u l a r  RNA and DNA s y n th e s is  a re  

n o t r e s t r i c t e d  to  th e se  fu n c tio n s  (19) and, though each  may have a  s in g le  

predom inant e f f e c t ,  o th e r  in f lu e n c e s  on th e  c e l l  make i t  d i f f i c u l t  to  

e s t a b l i s h  c l e a r  cau se  and e f f e c t  r e la t io n s h ip s .  Such problem s a re  

in d ic a t io n s  o f  th e  extrem e com plex ity  o f  c e l l u l a r  s t r u c t u r e  and fu n c tio n . 

Mechanisms r e g u la t in g  c e l l u l a r  t r a n s c r i p t io n  and DNA r e p l i c a t i o n ,  w hich 

appear to  be s t r i c t l y  c o n t ro l le d ,  a re  p o o rly  u n d e rs to o d .

May viruses are known to cause alterations of normal biosynthetic

1



2
a c t i v i t y  in  in f e c te d  c e l l s  (2 , 7 1 ). These a l t e r a t i o n s  o c c a s io n a lly  

r e s u l t  in  perm anent c e l l  a l t e r a t i o n  and tr a n s fo rm a tio n  (39, 7 3 ) , b u t 

more o f te n  r e s u l t  in  v i r u s  p ro d u c tio n  and c e l l  d e g e n e ra tio n  and d ea th . 

E lu c id a t io n  o f  th e  s p e c i f i c  v i r u s - d i r e c te d  changes w hich a llo w  b o th  th e  

m ain tenance o f  f u n c t io n a l  i n t e g r i t y  o f  th e  c e l l  and th e  s y n th e s is  o f 

v i r a l  components co u ld  le a d  to  a  b e t t e r  u n d e rs ta n d in g  o f  th e  p a r t i c u l a r  

v i r u s  r e p l i c a t i v e  c y c le  and o f norm al c e l l u l a r  r e g u la to r y  p ro c e s s e s .

R eo v iru s  i s  an  RNA v iru s  w hich a f f e c t s  c e l l u l a r  n u c le ic  a c id  

s y n th e s is .  The f i r s t  m easurab le  e f f e c t  o f  r e o v iru s  in f e c t io n  on g ro ss  

c e l l u l a r  b io s y n th e s is  i s  th e  i n h i b i t i o n  o f  c e l l u l a r  DNA s y n th e s is  

(17, 18, 41, 122). T h is  i s  no t a  common e f f e c t  among th o se  RNA v iru s e s  

w hich have been in te n s iv e ly  s tu d ie d . Most o th e r  RNA v i r u s e s  w hich i n 

h i b i t  c e l l u l a r  DNA s y n th e s is  p ro b ab ly  do so a s  a  seco n d ary  e f f e c t  s in c e  

in h ib i t i o n  o c c u rs  e i t h e r  co n co m itan tly  w ith  o r  a f t e r  such  o th e r  a l t e r 

a t io n s  as r e d u c t io n  o f  p r o te in  and RNA s y n th e s is .  B lue tongue v i r u s  (BTV), 

an an im al v i r u s  w hich i s  s t r u c t u r a l l y  very  s im i la r  to  r e o v iru s  (54, 136), 

i n h i b i t s  t r a n s l a t i o n  o f  c e l l u l a r  m essenger RNA (mRNA) and c a u se s  d is a g 

g re g a tio n  o f polysom es (57, 84) in  in fe c te d  c e l l s .  T h is  e f f e c t  i s  

d e t e c t ib le  s l i g h t l y  b e fo re  in h ib i t i o n  o f c e l l u l a r  DNA s y n th e s is  i s  seen  

(5 6 ), Evidence in d i c a te s  th e se  e f f e c t s  may be  due to  c y to to x ic i ty  o f th e  

double s tra n d e d  RNA (dsRNA) genome o f  BTV (8 4 ). I n h ib i t io n  o f  DNA 

s y n th e s is  i s  seen  in  c e l l s  in f e c te d  w ith  N e w c a s tle 's  D isease  V iru s (NDV), 

a param yxovirus, b u t n o t b e fo re  in h ib i t i o n  o f  c e l l u l a r  p r o te in  s y n th e s is  

(20, 30, 47, 4 8 ). M engovirus, one o f  the p ic o rn a v ir u s e s ,  r a p id ly  

i n h i b i t s  r ib o so m a l RNA (rRNA) and m essenger RNA (mRNA) s y n th e s is  in  

in f e c te d  L - c e l l s  (2 , 24, 8 5 ). C e l lu la r  DNA and p r o te in  sy n th e se s  a re



in h ib i te d  and a  p ro g re s s iv e  d is a g g re g a tio n  o f  polysom es i s  seen  (79, 94, 

134). The in h ib i t i o n  o f  DNA s y n th e s is  p ro b ab ly  i s  secondary  to  th e  

many o th e r  e f f e c t s  o f p ic o rn a v iru s  in f e c t io n  (29 , 47, 4 8 ). V e sc ic u la r  

s to m a t i t i s  v i r u s  (VSV), a  rh a b d o v iru s , i n h i b i t s  RNA and p r o te in  s y n th e s is  

in  two s ta g e s  in  s e v e ra l  in f e c te d  c e l l  l i n e s  (12 , 5 5 ) . The f i r s t  s ta g e  

co rresp o n d s  to  th e  o n se t o f  o b se rv a b le  c y to p la th ic  changes i n  th e  c e l l s  

(8 3 ); th e  second o c c u rs  l a t e r  in  th e  in f e c t io n  c y c le  (141).

Since the replication of most RNA animal viruses is believed 

to occur entirely in the cytoplasm (2 , 14, 2 0 ) , it is not surprising 

that they do not inhibit the synthesis of cellular DNA in the initial 

stages of their replicative cycles. However, data from nuclear trans

plantation (26, 44 , 46) and cell fusion experiments (25, 50, 51) in 

many different cell lines indicate that events in the cytoplasm do play 

important roles in nuclear regulation (101).

S t r u c t u r a l ly ,  th e  r e o v ir io n  i s  bounded by two c a p s id  s h e l l s ,  

b o th  o f  which d is p la y  an ic o s a h e d ra l symmetry and a r e  composed e n t i r e ly  

o f  v i r a l  p r o te in  capsom ers from w hich o n ly  seven  s t r u c t u r a l  p o ly p e p tid e s  

can be i d e n t i f i e d  (43, 62, 113, 114, 143, 144). The o u te r  and in n e r  

ca p s id  d ia m e te rs  a re  ap p ro x im ate ly  75 nm and 52 nm, r e s p e c t iv e ly  (8 2 ).

The in n e r  c a p s id  bounds th e  v i r a l  co re  s t r u c t u r e  w hich c o n ta in s  th e  10 

unique dsRNA genome segm ents (42, 135), h av in g  a  t o t a l  m o lecu la r w eigh t 

o f  ap p ro x im ate ly  1 .5  x  10^ d a l to n s .  The genome segm ents, w hich can be 

se p a ra te d  on su c ro se  g r a d ie n ts ,  f a l l  in to  th r e e  s iz e  c l a s s e s ,  L, M, and 

S, w ith  se d im en ta tio n  c o e f f i c ie n t s  o f  ap p ro x im ate ly  14, 12, and 1 0 .5S, 

r e s p e c t iv e ly  (8 , 111, 140). R eo v irio n s  a ls o  c o n ta in  an a sso rtm en t o f  

sm all s in g le - s t r a n d e d  RNA (ssRNA) m olecu les (5 , 72, 118) w hich a re
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en c lo se d  in  th e  v i r a l  c o re  s t r u c tu r e  (63 ). About 50% o f  th e se  ssRNA 

m olecu les  a re  composed p r im a r i ly  o f  a d e n y lic  a c id  (9 0 ) . I t  i s  n o t known 

w hat, i f  any fu n c tio n  th e s e  o l ig o n u c le o t id e s  (A -ric h  RNA) p la y  in  v i r a l  

r e p l i c a t io n .  I t  h as  been proposed th a t  th e y  a re  p ro d u c ts  o f  a b o r t iv e  

t r a n s c r i p t io n  w ith in  progeny v i r io n s  in  in f e c te d  c e l l s  (7, 90). T re a t

m ent o f  L - c e l l s  w ith  p u r i f i e d  A -r ic h  RNA h a s , how ever, r e s u l t e d  in  

t r a n s i e n t  in h ib i t i o n  o f  DNA s y n th e s is  (49, 8 8 ).

The i n t r a c e l l u l a r  r e p l i c a t io n  o f  r e o v iru s  b e g in s  when th e  v i r i o n  

i s  adso rbed  to  th e  c e l l  su rfa c e  and i s  e n g u lfe d  and c o n ta in e d  in  a 

p h ag o cy tic  v acu o le  w hich m ig ra te s  to  th e  i n t e r i o r  o f  th e  c e l l  and fu se s  

w ith  lysosom es (23, 124). A f te r  abou t 50% o f  th e  o u te r  ca p s id  p ro te in  

i s  d ig e s te d  away by lysosom al d ig e s t io n ,  (13, 126) th e  r e s u l t a n t  sub 

v i r u s  p a r t i c l e  (SVP) i s  a p p a re n tly  tr a n s p o r te d  to  th e  p e r in u c le a r  re g io n s  

o f  th e  c e l l ,  where accu m u la tio n  o f  v i r a l  p ro d u c ts , b eg in n in g  abou t 

8 h  p o s t - in f e c t io n  a t  37 C, has been fo llow ed  by a  v a r i e ty  o f  te c h n iq u e s  

(23, 35, 43, 126, 132). These v i r a l  in c lu s io n s  a re  o f te n  seen  in  

a s s o c ia t io n  w ith  s p in d le  f i b e r s  o f  th e  m i to t i c  a p p a ra tu s  o f  in f e c te d  

c e l l s  (22, 124, 131). However, r e o v iru s  r e p l i c a t i o n  i s  n o t dependent 

on th e se  tu b u le s ,  and v i r u s  p ro d u c tio n  i s  n o t a r r e s te d  by c o lc h ic in e  

tre a tm e n t (22 , 130, 132). P a re n ta l  re o v ir io n s  do n o t r e le a s e  f r e e  

genome dsRNA in to  th e  cy top lasm  (13, 124) a t  any tim e in  th e  r e p l i c a t i v e  

c y c le . The dsRNA is  conserved  w ith in  th e  SVP.

S h o r tly  a f t e r  p a r t i a l  u n co a tin g  o f th e  p a r e n t a l  r e o v ir io n ,

(41, 74), e a r ly  v i r a l  mRNA is  t r a n s c r ib e d  by th e  v i r io n - a s s o c ia te d  RNA

dependent RNA polym erase ( t r a n s c r ip ta s e  o r  DS SS RNA polym erase)

(6 , 10, 119). T his e a r l y  mRNA s y n th e s is  co n tin u es  f o r  a t  l e a s t  4 h  a t



37 C and 10 h a t  31 C (1 0 ). At t h i s  time, th e  fo rm a tio n  o f  progeny 

dsRNA i s  d e te c ta b le  (74, 116), and l i k e  p a r e n ta l  dsRNA, o ccu rs  o n ly  in  

a s s o c ia t io n  w ith  immature v i r i o n  p re c u rs o rs  (4 0 ) . These dsRNA -contain

in g  p a r t i c l e s  undergo a  s e r i e s  o f  u n c h a ra c te r iz e d  s e q u e n t ia l  a d d i t io n s  

o f  p o ly p e p tid e  su b u n its  r e s u l t in g  in  SVP's which resem ble  co re  p a r t i c l e s  

(1 , 89, 104, 142).

Schonberg, e t  a l .  (108), have shown th a t  th e  re o v iru s  " p lu s "  

s tr a n d  o r  v i r a l  mRNA a ls o  se rv e s  as  th e  te m p la te  f o r  th e  s y n th e s is  o f  

th e  com plem entary "m inus" s tra n d  RNA. The enzyme re s p o n s ib le  i s  now

r e f e r r e d  to  a s  th e  SS DS RNA polym erase (142) and i s  re s p o n s ib le  f o r

th e  g e n e ra tio n  o f new genome dsRNA in  immature p a r t i c l e s .  Evidence 

g a th e re d  by Zw eerink, e t  a l .  (142), in d ic a te s  th a t  " p lu s "  s tra n d s  a r e  

t r a n s c r ib e d  in to  "m inus" s tra n d s  o n ly  once and t h a t  t h i s  newly form ed 

dsRNA rem ains as such and i s  conserved  in th e  progeny p a r t i c l e .  T h is

would acc o u n t f o r  th e  f a c t  th a t  n e i th e r  t h e  "m inus" s t r a n d  no r th e

progeny dsRNA i s  ev e r found f r e e  in  th e  cy top lasm .

The immature progeny p a r t i c l e s  c o n ta in in g  dsRNA genomes p o sse ss

t r a n s c r i p ta s e  (DS SSRNA polym erase) (103, 142) a c t i v i t y  and a re

a c t iv e  in  th e  p ro d u c tio n  o f  v i r a l  mRNA. D uring  t h i s  second s ta g e  o f  th e  

v i r u s  r e p l i c a t i v e  c y c le , th e se  progeny s t r u c tu r e s  a re  r e s p o n s ib le  f o r  

th e  p ro d u c tio n  o f th e  b u lk  o f v i r a l  mRNA i n  r e o v i r u s - in f e c te d  c e l l s .

The r a t e s  o f  s y n th e s is  o f  bo th  ds and ssRNA peak  and b eg in  to  d e c l in e  

from abou t 8 h p o s t - in f e c t io n  a t  37 C and a t  about 20 h p o s t - in f e c t io n  

a t  31 C (64). M ature progeny v iru s  can be i s o la te d  from in fe c te d  c e l l s  

from ab o u t 2 h  a f t e r  th e  o n se t o f  dsRNA s y n th e s is  (6 4 ).

I t  has been dem onstra ted  by Gomatos and Tamm (42) th a t  th e  

f i r s t  d e t e c t ib l e  change in  t o t a l  m acrom olecular s y n th e s is  in  re o v iru s



in f e c te d  c e l l s  i s  th e  i n h i b i t i o n  o f  DNA s y n th e s is .  Shaw and Cox (18,

122) have a ls o  found th a t  th e  DNA in h ib i to r y  p ro c e ss  i s  somewhat dose- 

dependen t w ith  r e s p e c t  to  th e  in p u t  m u l t i p l i c i t y  o f  r e o v i r u s  and i s  

d e te c ta b le  as  e a r ly  as 3 h  p o s t - in f e c t io n  a t  250 p f u / c e l l .  T h is  i n d i 

c a te s  t h a t  a  component o f  th e  r e o v ir io n  cou ld  a t  l e a s t  i n i t i a t e  th e  

in h ib i to r y  p ro c e s s . I t  h a s  been  found th a t  synchronous c e l l s ,  i f  

in f e c te d  p r io r  to  th e  o n s e t  o f  DNA s y n th e s is ,  do n o t e n t e r  th e  DNA 

s y n th e t ic  phase o f  th e  c e l l  c y c le  (18 , 30 ). T h is  im p lie s  t h a t  th e  

obseirved in h ib i t i o n  o f  DNA s y n th e s is  i s  n o t sim ply  due to  a  d e c re a se  

in  th e  r a t e  o f  s y n th e s is ,  b u t  r a th e r  an in h i b i t i o n  o f  i n i t i a t i o n .

DNA ch a in  e lo n g a tio n  p ro c e e d s  a t  th e  same r a t e  in  b o th  c o n t ro l  and 

re o v iru s  in fe c te d  c e l l s ,  b u t  few er p o in ts  o f  i n i t i a t i o n  o f  DNA s y n th e s is  

a r e  seen by a u to ra d io g ra p h y  o f DNA from  r e o v i r u s - in f e c te d  c e l l s  (27, 4 7 ).

The in h i b i t i o n  o f  DNA s y n th e s is  i s  n o t a  r e s u l t  o f  g e n e ra l  

c y to to x ic i ty  o f  th e  in p u t v i r u s  (17, 4 9 ). G hosted r e o v ir io n s  (" to p  

component" o r  com plete v i r i o n s  minus th e  dsRNA genome) do n o t a l t e r  

m acrom olecular s y n th e s is  i n  t r e a t e d  c e l l s ,  even  a t  e x tre m e ly  h ig h  p a r t i 

c l e / c e l l  r a t i o s  (49 , 7 5 ). Thus, c y to to x ic i ty  canno t b e  a s c r ib e d  to  

th e  in p u t v i r a l  p r o te in ,  even  though i t  does indeed  show k in e t i c s  o f  

c e l l  a s s o c ia t io n  (15) s im i la r  to  th o s e  o f  w hole r e o v i r io n s .

U l t r a v i o le t  l i g h t - i r r a d i a t e d  re o v ir io n s  w hich have  no i n f e c t i -  

v i t y  b u t r e ta in  l im i te d  t r a n s c r i p t i v e  a b i l i t y  i n h i b i t  c e l l u l a r  DNA 

s y n th e s is  in  L - c e l l s  a s  e f f e c t i v e l y  a s  an e q u iv a le n t  number o f  in f e c t io u s  

v i r io n s  (49, 122). These r e s u l t s  and th e  d a ta  from  top-com ponent- 

t r e a te d  c e l l s  in d ic a te  t h a t  some e v e n t in  th e  re o v iru s  r e p l i c a t i v e  cy c le  

i s  re sp o n s ib le  f o r  th e  i n h i b i t i o n  o f  DNA s y n th e s is .



R eov irus co re  p a r t i c l e s ,  th e  l i m i t - d ig e s t i o n  p ro d u c ts  by 

-chy m o try p sin  (6 3 ), p o s se ss  low i n f e c t i v i t y  (17) and become c e l l  

a s s o c ia te d  w ith  a  low er e f f ic ie n c y  th a n  w hole v i r io n s  (1 5 ). C orss  do 

n o t a f f e c t  m acrom olecular s y n th e s is  in  t r e a te d  c e l l s  (17 , 4 9 ). However, 

th e s e  p a r t i c l e s  may have a  d i f f e r e n t  i n t r a c e l l u l a r  f a t e  th a n  r e o v ir io n s  

w hich a re  p a r t i a l l y  uncoated  a f t e r  a d s o rp t io n .

J o k l ik  (63) and o th e rs  (3 , 119, 127) have r e p o r te d  t h a t  re o 

v i r i o n s  whose o u te r  c a p s id  h as  been  p a r t i a l l y  degraded  by chym otrypsin  

d ig e s t io n  produce re o v iru s  mRNA (" p lu s "  s t r a n d s )  in  v i t r o  in  m o la r 

r a t i o s  in v e rs e ly  p ro p o r t io n a l  to  t h e i r  m o le c u la r  w e ig h ts  (127 ). T h is  

s i t u a t i o n  would be expected  i f  each  o f  th e  dsRNA genome segm ents were 

in d e p e n d e n tly  t r a n s c r ib e d  a t  th e  same r a t e  o f  p o ly n u c le o tid e  c h a in
t 2

e lo n g a tio n .  I f ,  however, th e  Mg o r  any o f  th e  r ib o n u c le o s id e  t r i 

p h o sp h a te  c o n c e n tra tio n s  a r e  s u b -o p tim a l f o r  t r a n s c r ip t io n s ,  th e  o v e r a l l  

r a t e s  o f  s y n th e s is  o f  newly t r a n s c r ib e d  mRNA d e c l in e s ,  and th e  r e l a t i v e  

r a t e s  a t  w hich each  segment i s  t r a n s c r ib e d  a r e  d r a s t i c a l l y  a l t e r e d  (127). 

The a l t e r e d  p a t t e r n  o f  in  v i t r o  mRNA s y n th e s is  approaches more c lo s e ly  

th e  a c tu a l  p a t te r n  o f re o v iru s  mRNA s y n th e s is  in  in f e c te d  c e l l s  (6 4 ).

The m o lar r a t i o s  o f  re o v iru s  mRNA s p e c ie s  sy n th e s iz e d  in  v iv o  co u ld  be 

an in d ic a t io n  o f  subop tim al c o n c e n tra t io n s  o f  r ib o n u c le o s id e  t r i p h o s 

p h a te s  (NTP's) a v a i la b le  f o r  n u c le a r  fu n c t io n s .  I t  i s  p o s s ib le  t h a t  

th e  p e r in u c le a r  lo c a l i z a t i o n  o f  r e o v iru s  r e p l i c a t i o n  and p ro d u c t accumu

l a t i o n  a f f e c t  th e  c o n c e n tra t io n  o f  NTP’s a v a i la b le  to  th e  n u c le u s . 

Ensm inger and Tamm (27) have p ro p o sed  t h a t  a  n u c le a r  membrane a l t e r a t i o n  

co u ld  m ed iate  th e  in h ib i t i o n  o f  DNA s y n th e s is .

S ince  B a rtk o sk i found (4) t h a t  n e i th e r  th e  c o n c e n tra t io n s  nor
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a c t i v i t i e s  o f  n u c le a r  and cy to p lasm ic  DNA p o lym erases a r e  a l te r e d  

s i g n i f i c a n t l y  a t  tim es a f t e r  in h ib i t i o n  o f  DNA s y n th e s is  in  re o v iru s  

in f e c te d  c e l l s ,  i t  i s  p o s s ib le  t h a t  th e  l e v e l  o f  NTP's cou ld  l im i t  

n u c le a r  fu n c tio n . I t  was a ls o  found th a t  in f e c te d  and u n in fe c te d  

h y p o to n ic a lly  sw o llen  c e l l s ,  when s u b s t i tu t e d  f o r  n u c le i  in  th e  in  v i t r o  

DNA s y n th e s is  r e a c t io n  m ix tu re , d id  n o t d i f f e r  in  t h e i r  a b i l i t i e s  to  

in c o rp o ra te  la b e le d  d eo x y rib o n u c leo s id e  t r ip h o s p h a te s  in to  n u c le a r  DNA 

(4 ) .  The in h i b i t i o n  o f  DNA s y n th e s is  i s  n o t th e  r e s u l t  o f  d e g ra d a tio n  

o f  h o s t  DNA (122) and h o s t  DNA does n o t lo s e  i t s  a b i l i t y  to  a c t  as 

te m p la te  f o r  iu  v i t r o  DNA s y n th e s is  (4 ) .

S in ce  th e  im mediate pu rpose  o f  t h i s  w ork was to  expand our 

knowledge o f  r e o v i r a l  i n h ib i t i o n  o f  c e l l u l a r  DNA s y n th e s is ,  ev idence 

w hich fa v o rs  a  l e s s  d i r e c t  e f f e c t  by r e o v iru s  upon DNA s y n th e s is  should  

be exam ined. Much o f th e  d a ta  a lre a d y  p re s e n te d  cou ld  su p p o rt in d i r e c t  

i n h i b i t i o n  o f  DNA s y n th e s is  th ro u g h  co n co m itan t o r  p r i o r  in h i b i t i o n  o f  

c e l l u l a r  p r o te in  and RNA s y n th e s is .  When s y n th e s is  o f  RNA, DNA and 

p r o te in  i s  fo llo w ed  in  in f e c te d  c e l l s  by r a d io i s o to p e - la b e le d  p re c u rso r  

in c o rp o ra t io n ,  th e  r a t e  o f  DNA s y n th e s is  i s  th e  f i r s t  fu n c tio n  to  be 

a f f e c te d  by  8 h p o s t  in f e c t io n .  I t  i s  obv ious th a t  v i r a l  mRNA i s  

t r a n s c r ib e d  as e a r ly  a s  2 h p o s t  in f e c t io n ,  and by 8 h  p o s t in f e c t io n ,  

progeny  SVP's a re  b eg in n in g  to  t r a n s c r ib e  mRNA. T o ta l  RNA and p ro te in  

s y n th e s is  a r e  c o n s ta n t  in  in f e c te d  c e l l s  u n t i l  a t  l e a s t  14 h p o s t

in f e c t io n .  V ir a l  RNA and p r o te in  a re  s y n th e s iz e d  in  in f e c te d  c e l l s ,  b u t 

th e  r a te s  o f  t o t a l  RNA and p r o te in  la b e l in g  a r e  c o n s ta n t  u n t i l  a f t e r  

th e  in h i b i t i o n  o f  DNA sy n th e s is  i s  obv ious. Thus, c e l l u l a r  RNA and 

p r o te in  s y n th e s is  a re  a p p a re n tly  d ep ressed  to  th e  e x te n t  t h a t  v i r a l  RNA



and protein are synthesized in infected cells. The question to be 

answered, then, is whether the inhibition of cellular ENA. and protein 

synthesis seen in infected cells is responsible for the inhibition of 

DNA synthesis.
By immune p r e c i p i t a t i o n  o f  v i r a l  p ro te in  from  in f e c te d  c e l l  

cy to p lasm , Zw eerink and J o k l ik  (143) found t h a t  in h i b i t i o n  o f  c e l l u l a r  

p r o te in  may b eg in  a s  e a r ly  a s  5 h  p o s t in f e c t io n  and i s  c o r r e l a te d  w ith  

th e  tim e  th a t  th e  r a p id  second s ta g e  o f  v i r a l  inRNA s y n th e s is  b e g in s .

T h is  su g g e s ts  t h a t  c e l l u l a r  p r o te in  s y n th e s is  i s  in h ib i te d  by com peti

t io n  o f  v i r a l  mRNA w ith  c e l l u l a r  mSNA f o r  some component o f  th e  p ro te in  

s y n th e s iz in g  sy stem  o f  in f e c te d  c e l l s  (6 4 ), which u l t im a te ly  r e s u l t s  in  

th e  in h ib i t i o n  o f  DNA s y n th e s is .  I n h ib i t io n  o f DNA s y n th e s is  by re o 

v i r u s  i s  c h a r a c t e r i s t i c  o f  t h a t  ob serv ed  in  c e l l s  t r e a te d  w ith  a  p ro te in  

s y n th e s is  i n h i b i t o r  such as cyc lohex im ide  and puromycin (2 9 ). However, 

n u c le i  from  c y c lo h e x im id e - tre a te d  c e l l s  a re  no t com petent to  sy n th e s iz e  

DNA in  v i t r o  (53) w h ile  n u c le i  from  r e o v ir u s - in f e c te d  c e l l s ,  s y n th e s iz e  

DNA a t  th e  c o n t ro l  le v e ls  f o r  n u c le i  from  u n in fe c te d  c e l l s  (4 ) .

We have examined in h i b i t i o n  o f  DNA sy n th e s is  in  r e o v i r u s -  

in f e c te d  c e l l s  u s in g  s e v e ra l  d i f f e r e n t  approaches, s in c e  th e r e  a re  many 

d i f f e r e n t  p o s s ib le  causes which cou ld  be s in g ly  o r m u l t ip ly  r e s p o n s ib le  

f o r  t h i s  e f f e c t .  R eso lv ing  th e  many q u e s tio n s  su rro u n d in g  an in h ib i to r y  

o r  r e g u la to ry  phenomenon in  a  system  as  complex as a  v i r u s - in f e c te d  c e l l  

may r e q u ir e  much in d i r e c t  ev id en ce  to  e s ta b l i s h  th e  cause  and e f f e c t  

r e la t io n s h ip s  in v o lv ed . We s e t  o u t f i r s t ,  in  resp o n se  to  c r i t i c i s m  

co n ce rn in g  th e  DNA la b e l in g  methods employed, to  e s t a b l i s h  th e  v a l i d i t y  

o f  p u ls in g  c e l l s  w ith  la b e le d  thym id ine  to  measure th e  r a t e  o f  DNA 

s y n th e s is  in  th e  1 - c e l l  system .
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The f i r s t  f a c e t  o f  th e  in v e s t ig a t io n  in v o lv ed  th e  s tu d y  o f  

a l t e r a t i o n  o f  m acrom olecular s y n th e s is  in  L c e l l s  in f e c te d  w ith  d i f f e r e n t  

te m p e ra tu re - s e n s i t iv e ,  c o n d i t io n a l - l e th a l  m u tan ts  o f  r e o v iru s .  M u tan t- 

in f e c te d  c e l l s  w ere in v e s t ig a te d  p r im a r i ly  u n d er c o n d itio n s  in  w hich 

th e  m u tan ts  d id  n o t c o n ç le te  th e  norm al v i r u s  r e p l i c a t i v e  c y c le .

A nother approach employed in  th i s  in v e s t ig a t io n  was b ased  on 

th e  o b s e rv a tio n  th a t  th e  s i t e  o f  v i r u s  r e p l i c a t io n  and accu m u la tio n  i s  

th e  p e r in u c le a r  re g io n  o f  th e  in f e c te d  c e l l s .  S ince  re o v iru s  in f e c t io n  

r e s u l t s  in  th e  in h ib i t i o n  o f  DNA s y n th e s is ,  th e  i n t r a c e l l u l a r  l o c a l i 

z a t io n  o f  re o v iru s  r e p l i c a t io n  was su g g e s tiv e  o f a  req u irem en t f o r  nu

c l e a r  DNA s y n th e s is  in  th e  com ple tion  o f  i n i t i a l  s ta g e s  o f  v i r a l  r e p l i 

c a t io n .  To in v e s t ig a te  t h i s  p o s s i b i l i t y ,  c e l l s  w hich had been t r e a t e d  

w ith  a  DNA s y n th e s i s - in h ib i to r  p r i o r  to  re o v iru s  in f e c t io n  w ere exam ined 

a f t e r  in f e c t io n  to  a s c e r t a in  th e  e f f e c t  o f th e  tre a tm e n t on th e  v i r a l  

r e p l i c a t i v e  c y c le .

A number o f p o s s ib le  c a u se s  f o r  th e  in h i b i t i o n  o f  DNA s y n th e s is  

(such  a s  p re c u rs o r  poo l d e p le t io n  o r  r e o v i r a l  in te r f e r e n c e  in  th e  t r a n s 

l a t i o n  o f  c e l l u l a r  p ro te in )  cou ld  b e  s tu d ie d  by exam ining th e  e f f e c t s  

o f  r e o v iru s  in f e c t io n  on th e  r e p l i c a t i o n  o f  v i r a l  DNA in  d u a l ly - in f e c te d  

c e l l s .  S p e c i f ic a l ly ,  th e  a b i l i t y  o f  v a c c in ia  and h e rp e s v iru s  w hich 

r e p l i c a t e  in  th e  cy top lasm  and n u c le u s , r e s p e c t iv e ly ,  to  s y n th e s iz e  

v i r a l  DNA was examined. In  a d d i t io n ,  n u c le a r  SNA and DNA s y n th e s is  and 

c e r t a in  c h a r a c t e r i s t i c s  o f polysome p o p u la tio n s  in  r e o v i r u s - in f e c te d  

c e l l s  w ere examined a t  in t e r v a ls  a f t e r  in f e c t io n .



CHAPTER II

MATERIALS AND METHODS

C e l ls . Mouse f i b r o b l a s t s ,  s t r a i n  L-929 (106) (Flox^ L a b o ra to r ie s ) ,  

ad ap ted  f o r  grow th in  s p in n e r  c u l tu r e ,  w ere u sed  in  a l l  ex p erim en ts .

S to ck  c u l tu r e s  o f  L c e l l s  were m a in ta in ed  in  m inim al e s s e n t i a l  medium 

m o d ified  f o r  s p in n e r  c u l tu r e  (MEM) (Grand I s la n d  B io lo g ic a l  Supply 

Conçany) supplem ented w ith  6% (v /v ) h e a t  in a c t iv a te d  f e t a l  c a l f  seirum 

(PCS, Grand I s la n d  B io lo g ic a l  Company). C e l ls  were m a in ta in e d  in  

lo g a r i th m ic  growth a t  c e l l  d e n s i t i e s  from 5 .0  x  10^ c e l l s /m l  to  2. 0 x  10^ 

c e l l s /m l  by d i l u t io n  ev e ry  48 h w ith  f r e s h ,  prewarmed grow th medium.

HeLa c e l l s  (Flow L a b o ra to r ie s ) , ad ap ted  f o r  grow th in  s p in n e r  

c u l tu r e ,  were u sed  f o r  th e  p ro p ag a tio n  o f  v a c c in ia  and h e rp e s v iru s  ty p e  

1. HeLa c e l l s  w ere m a in ta in e d  in  th e  same grow th medium and a t  th e  

same c e l l  d e n s i t i e s  as  w ere L c e l l s .

Asynchronous grow th c o n d it io n s . C e l ls  t o  be used  in  ex p erim en ts  

a t  h ig h e r  c e l l  d e n s i t i e s  th an  th e  s to c k  c u l tu r e  were m a in ta in e d  as 

asynchronous c u l tu r e s  by c e n t r i f u g in g  th e  c e l l s  from  grow th medium a t  

250 X g f o r  5 roin, and re su sp en d in g  them in  f r e s h ,  pre-w arm ed grow th 

medium a t  48 h  i n t e r v a l s .  C e lls  u sed  a t  31 C f o r  experim en ts  w ith  

re o v iru s  te m p e ra tu r e - s e n s i t iv e  m utan ts were c o n t in u a l ly  c u l tu re d  a t  

t h a t  te m p era tu re .
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Synchronous grow th c o n d i t io n s . Synchronous g row th  o f  L c e l l s  

was a c h ie v e d  by a  m o d if ic a t io n  o f  th e  p ro c e d u re  o f  L i t t l e f i e l d  (8 0 ) . 

C e lls  w ere c e n tr i fu g e d  a t  50 h  i n t e r v a l s  and re su sp en d ed  in  f r e s h ,  

prewarmed MEM supplem ented w ith  10% (v /v )  PCS. These c u l tu r e s  w ere 

seeded  a t  an i n i t i a l  c e l l  d e n s i ty  o f  5 x 10^ c e l l s /m l .  Wide v a r i a t io n  

in  pH o f  th e  grow th medium was p re v e n te d  by keep in g  th e s e  c u l tu r e s  

u n se a le d  and red u c in g  th e  sodium b ic a rb o n a te  c o n c e n tr a t io n  to  1 .6  g /1 .

V iab le  c e l l  a s s a y . The p e rc e n ta g e  o f  t o t a l  c e l l s  rem ain in g  

v ia b le  a t  tim es  a f t e r  in f e c t io n  was d e te rm in ed  by t ry p a n  b lu e  e x c lu s io n  

(93, 98, 100). A t in t e r v a l s  p o s t - in f e c t io n  0 .5  m l a l iq u o t s  w ere removed 

from s p in n e r  c u l tu r e s  and th e  c e l l s  p e l l e t e d  a t  100 x  g f o r  5 m in. The 

c e l l  p e l l e t  was resusp en d ed  in  MEM c o n ta in in g  no serum , and 0 .05  ml 

9.4% (w /v) try p a n  b lu e  was added to  th e  tu b e . The su sp e n s io n  was 

in c u b a te d  a t  37 C f o r  5 min and th e  c e l l  su sp e n sio n  was th en  examined 

in  a Newbauer hem acytom eter. C e lls  w hich had exc luded  try p a n  b lu e  and 

th u s  w ere u n s ta in e d  were co n s id e re d  v ia b le .

V iru s . W ild ty p e  (WT) re o v iru s  t y p e '3 u sed  i n  t h i s  s tu d y  was

k in d ly  p ro v id ed  by Dr. P. J .  Gomatos. P la q u e -p u r i f ie d  v i r u s  was

p rep a red  by ta k in g  a  w e l l - i s o la t e d  p la q u e  from  an in f e c te d  L c e l l

m onolayer. The ag a r  p lu g , p ick ed  w ith  a sm all p ip e t t e ,  was t r a n s f e r r e d

to  1 ml o f  s t e r i l e  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) and m a in ta in ed  a t  4 C f o r  24 h . V irus e lu a n t  in  SSC was
2

then  p ip e t te d  on to  one c o n f lu e n t L c e l l  m onolayer (25 cm s u r fa c e )  from 

which th e  medium had been removed. One ho u r was a llo w ed  f o r  v i r u s  

a d s o rp tio n  and th e  SSC was re p la c e d  w ith  f r e s h ,  prewarmed grow th medium.
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A f te r  in c u b a tio n  a t  37 C f o r  36 h , th e  in f e c te d  c e l l s  w ere s o n ic a te d  

and th e  r e s u l t in g  f i r s t - p a s s a g e  ly s a t e  was used  to  i n f e c t  10 la rg e  

m onolayers (75 cm^ s u r f a c e ) .  A f te r  a  24 h  in c u b a tio n  th e s e  m onolayers 

w ere s o n ic a te d , p o o le d , t i t e r e d ,  and f ro z e n  a t  -20C.

P la q u e -p u r i f ie d  s to c k s  o f  te m p e ra tu r e - s e n s i t iv e  ( t s )  r e o v iru s  

m u tan ts  were p re p a re d  by a  m o d if ic a t io n  o f  th e  p ro ced u re  o f  F ie ld s  and 

J o k l ik  (3 3 ). P u r i f i c a t i o n  from p la q u es  was as d e s c r ib e d  f o r  WT re o v iru s .  

The e lu a n t  t s  m u tan t r e o v iru s  in  SSC was in o c u la te d  o n to  m onolayers which 

w ere 48 h from  co n flu en cy  a t  31 C. The m ono layers , a f t e r  2 h  a d so rp tio n  

a t  room te m p e ra tu re , w ere fe d  w ith  MEM supplem ented w ith  77. (v /v )  PCS, 

se a le d  in  la r g e  p l a s t i c  b o t t l e s  and k e p t immersed in  a  cons t a n t -tem pera

tu r e  31 C w a te r  b a th  f o r  7 days. The m onolayers w ere th e n  s o n ic a te d ,  

and seco n d -p assag e  t s  m utan t s to ck s  were p rep a red  in  m onolayer c u l tu r e s  

a s  d e s c r ib e d  f o r  WT r e o v ir u s .  The f l a s k s  c o n ta in in g  m onolayers w ere put 

i n  p l a s t i c  bags and k e p t immersed in  th e  31 0 w a te r  b a th  f o r  4 days.

F rozen , t i t e r e d  second -passage  ly s a te s  o f  b o th  WT and ts -m u ta n t 

r e o v iru s  were u sed  a s  in o c u la  to  p re p a re  h i g h - t i t e r  v i r u s  s to c k s  f o r  

p u r i f i c a t i o n .  L c e l l s  i n  sp in n e r  c u l tu r e  were p e l l e t e d  a t  250 x  g 

fo r  5 min and resu sp en d ed  to  a  c o n c e n tr a t io n  o f  1 .0  x  10^ c e l l s /m l  i n  

f r e s h  prewarmed MEM w ith o u t serum p r io r  to  v iru s  a d s o rp tio n . C e l ls  were 

in f e c te d  w ith  10-20 p laq u e-fo rm in g  u n i t s  ( p f u ) / c e l l  and 1 h was allow ed 

fo r  v i r u s  a d s o rp t io n .  D uring  th e  a d s o rp tio n  p e r io d , WT r e o v ir u s - in f e c te d  

c u l tu r e s  were in c u b a te d  a t  34 C and ts -m u ta n t- in fe c te d  c u l tu r e s  w ere 

in c u b a te d  a t  room te m p e ra tu re  o r  a t  31 C. A fte r  a d s o rp tio n  th e  c e l l s  

w ere d i l u te d  1 0 - fo ld  w ith  f r e s h  grow th medium a t  th e  a p p ro p r ia te  te n ç e ra -  

tu r e ;  WT r e o v i r u s - in f e c te d  c u l tu r e s  w ere incu b a ted  a t  34 C f o r  22 h . 

M u ta n t- in fe c te d  c u l tu r e s  w ere in c u b a ted  a t  31 C f o r  36 h . C u ltu re s
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w ere th e n  c h i l l e d  by s w ir l in g  in  ic e  w a te r , c e n tr i fu g e d  a t  3000 x g fo r  

15 m in a t  4 C, and th e  p e l l e t s  f ro z e n  a t  -20  C.

H igh -passage  re o v iru s  s to c k s  w ere p re p a re d  by re p e a te d  passage 

o f  r e o v iru s  a t  in p u t  m u l t i p l i c i t i e s  betw een 20 and 50 p f u / c e l l .  The 

c y c le  from  in o c u la t io n  to  ly s a te  p r e p a ra t io n  was re p e a te d  a  minimum o f 

5 tim es b e fo re  iso p y c n ic  CsCl g r a d ie n t  p r o f i l e s  were examined to  

e s t a b l i s h  d e f e c t iv e  v i r u s  c o n te n t. Q u a n ti t ie s  o f  h ig h -p a ssa g e  re o v iru s  

w ere p re p a re d  as d e s c r ib e d  f o r  p la q u e - p u r i f ie d  s to c k s , ex ce p t th a t  th e  

in p u t m u l t i p l i c i t y  was 50 p f u / c e l l  and th e  in f e c te d  c u l tu r e s  were 

h a rv e s te d  a t  20 h .

H e rp e sv iru s  ty p e  1 and v a c c in ia  w ere r o u t in e ly  p ro p ag a ted  in  

HeLa c e l l  m onolayers a t  in p u t m u l t i p l i c i t i e s  l e s s  th an  1 p f u / c e l l .  

M onolayers were s o n ic a te d  b r i e f l y  when c y to p a th ic  e f f e c t s  (CPE) were 

obv io u s  in  50% o f  th e  c e l l s .  T h is  v i r u s  l y s a t e  was u se d  a s  inoculum  f o r  

p ro p a g a tio n  o f  th e  v i r u s e s  in  HeLa c e l l s .

HeLa c e l l  ly s a t e s  c o n ta in in g  h e rp e sv iru s  o r  v a c c in ia  w ere 

in o c u la te d  in to  h a l f - c o n f lu e n t  L - c e l l  m ono layers. A f te r  in c u b a tio n  

a t  37 C f o r  a  2 h a d s o rp tio n  p e r io d , th e  inoculum  f l u i d  was re p la c e d  

w ith  MEM supplem ented w ith  4% (v /v ) PCS. M onolayers w ere observed  d a i ly  

f o r  CPE. When 50% o f th e  c e l l s  showed obvious CPE, th e  m onolayers were 

b r i e f l y  so n ic a te d  and u sed  im m ediately  as inoculum  f o r  o th e r  L - c e l l  

m ono layers, o r  w ere u sed  in  an experim en t. V acc in ia  and h e rp e sv iru s  

w ere alw ays p assaged  a  minimum o f th r e e  tim es  in  L c e l l s  p r io r  to  an 

ex p erim en t.

V irus p u r i f i c a t i o n . R eovirus was p u r i f i e d  as  d e sc r ib e d  by 

Sm ith , e t  a l . (128) w ith  m o d if ic a t io n . The f i n a l  f r e o n -e x t r a c te d  aqueous
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p hase  was la y e re d  over a  25 ml 20%-40% (w/w) g ly c e ro l  g r a d ie n t  in  0 ,01  

M p hosphate  b u f f e r ,  pH 8 .0 , in  a  38 m l c e n t r i f u g e  tu b e . C e n tr i fu g a t io n  

was perform ed a t  4  C f o r  45 min a t  82,500 x  g i n  th e  SW 27 r o t o r  in  a 

Beckman 12-50 u l t r a c e n t r i f u g e .  The o p a le sc e n t v iru s  band was c o l le c te d  

from  th e  c e n te r  o f  th e  tu b e . V iru s in  ap p ro x im ate ly  30% (w/w) g ly c e ro l  

was th e n  la y e re d  over a  10 ml CsCl d e n s i ty  g ra d ie n t  (1 .3  g /m l-1 .4  g/m l) 

in  a  17 .5  ml tu b e  and c e n tr i fu g e d  a t  4 C f o r  2 h  a t  80 ,000  x g in  th e  

SW 2 7 .1  ro to r .  The v iru s  band was c o l le c te d  c le a n ly  w ith  a  s y r in g e  and 

was e x h a u s tiv e ly  d ia ly s e d  a g a in s t  SSC a t  4 C. T h is p u r i f i e d  v i r u s  s to c k  

su sp en sio n  was assayed  and s to re d  a t  4 C.

V irus a s s a y . The a s sa y  o f  WT re o v iru s  was perform ed  u s in g  th e  

p ro ced u re  o f Shaw and Cox (122 ). C e l ls  from  s p in n e r  c u l tu r e  w ere  ad 

ju s te d  to  a d e n s i ty  o f 4 x  10^ c e l l s /m l  and p ip e t te d  in to  sm a ll p l a s t i c  

p e t r i p l a t e s  (60 x  15 mm, F alco n  P l a s t i c s )  a t  2 .0  x 10^ -  2 .4  x  10^ c e l l s  

p e r  p l a t e .  The c e l l s  w ere allow ed to  grow to  n e a r-c o n f lu e n c y .

D ilu t io n s  o f p u r i f i e d  re o v iru s  o r  ly s a t e  w ere th en  p re p a re d  

in  MEM. Growth medium was removed from  th e  p la te s  and 0 .1  ml o f  each 

v i r u s  d i l u t io n  was p ip e t te d  on to  th e  c e n te r  o f  a  m onolayer. Each 

d i l u t i o n  was norm ally  assay ed  in  t r i p l i c a t e .  The m onolayers were then  

in c u b a te d  1 h  in  a  humid atm osphere o f  5% (v /v )  CO2  i n  a i r  f o r  v i r u s  

a d s o rp tio n . F iv e  ml o f  a u to c la v a b le  MEM (Auto POW, Flow L a b o ra to r ie s )  

c o n ta in in g  1% (w/v) ag a r  (D ifco L a b o ra to r ie s ) ,  3% (v /v )  FCS and  100 iig/m l 

kan an y c in  was th e n  added to  th e  p la te s .  A f te r  th e  a g a r  had s o l i d i f i e d ,  

th e  p la te s  were in c u b a ted  a t  39 C i n  an atm osphere o f  5% (v /v )  CO2  in  

a i r  f o r  72 h . A second o v e rla y  supplem ented w ith  0.005% (w /v) n e u t r a l  

red  was then  added. P laq u es  were coun ted  w ith in  24 h .
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The a ssay  o f  r e o v iru s  t s  m u tan ts  was s im i la r  t o  t h a t  d e sc r ib e d  

f o r  WT re o v iru s ,  and was a m o d if ic a t io n  o f  th e  p ro c e d u re  u sed  by 

F ie ld s  and J o k l ik  (3 3 ). A ll  m utan t a ssay s  from  a d s o rp tio n  to  q u a n t i t a 

t i o n  w ere perfo rm ed  a t  31 C. The second o v e rla y  was a p p l ie d  a t  72 h 

and c o n ta in e d  18% (v /v )  PCS. A t h i r d  o v e rla y  c o n ta in in g  3% (v /v )  PCS 

and 0.01% n e u t r a l  re d  was a p p lie d  on day 10 and t i t e r s  w ere re a d  on day 

12 and  reco u n ted  on day 14.

When new p la q u e - p u r i f ie d  s to c k s  o f  th e  m utan t v i r u s e s  w ere 

o b ta in e d , d u a l a s s a y s ,  one a s  j u s t  d e sc r ib e d  and a n o th e r  a s  d e s c r ib e d  

f o r  WT re o v iru s  w ere perfo rm ed . The l a t t e r  was in c u b a te d  a t  39° C from  

a d s o rp tio n  to  q u a n t i t a t io n .  T h is  a s s a y  was to  d e te c t  r e v e r s io n  o r  

m u ta tio n  to  w ild - ty p e  phenotype and to  e s tim a te  th e  p la t i n g  e f f ic ie n c y  

o f  t h a t  p a r t i c u l a r  m u tan t s t r a i n  a t  th e  two te m p e ra tu re s .

V acc in ia  and h e rp e s v iru s  w ere t i t e r e d  by in o c u la t in g  a  h a l f -
2

c o n f lu e n t la rg e  m onolayer f l a s k  (75 cm s u r fa c e )  o f  L c e l l s  w ith  0 .5  ml 

o f  a  1 :10  d i l u t i o n  o f  f r e s h ly  p re p a re d  ly s a te .  The d i l u a t e  MEM c o n ta in e d  

no serum . A f te r  2 h th e  inoculum  was shaken o u t and re p la c e d  w ith  f r e s h  

MEM c o n ta in in g  4% (v /v )  PCS. P laq u es cou ld  be coun ted  in  72 to  96 h .

Assay f o r  c e l l u l a r  DMA s y n th e s is . An asynchronous s p in n e r  

c u l tu r e  o f  L c e l l s  was h a rv e s te d  by c e n t r i f u g a t io n  a t  250 x  g f o r  5 min 

and resuspended  a t  a  c o n c e n tra t io n  o f  3 .0  x  10^ c e l l s /m l  i n  f r e s h ,  p re 

warmed MEM c o n ta in in g  6% (v /v ) PCS and 100-150 u g /m l kanam ycin. The 

c e l l s  were in c u b a te d  f o r  6-10 h  p r io r  to  s p l i t t i n g  th e  c u l tu r e  in to  sm all 

60 m l c u l tu r e s  in  125 ml t i s s u e  c u l tu r e s  f la s k s  a t  tim e 0 f o r  each  

experim en t. A l l  c u l tu r e s  w ere sam pled id e n t i c a l ly  a f t e r  i n i t i a l  t r e a t 

m ent and in f e c t io n .  Samples w ere w ithdraw n from  each  c u l tu r e .
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p ip e t te d  in to  a i r - t i g h t  screw -capped tu b e s ,  and p u ls e - l a b e le d  w ith  0 .5  

liC i/m l % -th y m id in e . D uring th e  p u ls e  p e r io d  c e l l s  w ere m a in ta in e d  a t  

th e  o r ig i n a l  te m p e ra tu re  and were k e p t in  su sp en sio n  by o c c a s io n a l  

s w ir l in g .  The p u ls e  was a r r e s te d  by th e  a d d i t io n  o f  1 volume 10% (w/v) 

TCA. At l e a s t  2 h  a t  4  C was a llow ed  f o r  p r e c i p i t a t i o n  o f  T C A -inso lub le  

m a te r ia l .

The p r e c i p i t a t e  was then  c o l le c te d  on a  1 .2  |a,m m i l l ip o r e  f i l t e r  

o r  Whatman GF-C g la s s  f i b e r  f i l t e r  (Reeve-A ngel) and was washed 5 tim es 

w ith  1 volume 5% (w /v) TCA and p u l le d  to  d ry n e ss . Each f i l t e r  was 

p la c e d  in  a  s c i n t i l l a t i o n  v i a l  w ith  10 ml Beckman c o c k t a i l  D (5 g PPG,

100 g n a p h th a le n e , 10 ml w a te r  and b ro u g h t to  1 1 w ith  1, 4 -d io x a n e ) .

A l te r n a t iv e ly ,  th e  p r e c i p i t a t e  was c o l le c te d  by c e n t r i f u g a t io n  

f o r  15 min a t  1000 x  g , washed th r e e  tim es w ith  4 ml 5% (w/v) TCA, washed 

tw ic e  w ith  e th a n o l- e th e r  ( 3 :1 ) ,  washed once w ith  d i e th y l  e th e r ,  and a i r  

d r ie d  (112). The p r e c i p i t a t e  was th e n  resuspended  in  2 ml 5% (w/v) TCA 

o r  0 .5  N HCIO^ and h y d ro ly se d  f o r  1 h  a t  95 C o r  15 m in a t  70 C 

r e s p e c t iv e ly .  R a d io a c t iv i ty  o f  an  a l iq u o t  o f  th e  h y d ro ly se d  sam ple 

(u s u a lly  0 .5  m l) was de term ined  by l i q u id  s c i n t i l l a t i o n  c o u n tin g  in  a  

Beckman LS-100.

C e ll  f r a c t io n a t io n .  C e lls  in  grow th medium w ere d i lu te d  5 - fo ld  

in to  c o ld  E a r l e 's  b a lan ced  s a l t s  s o lu t io n  (BBSS) and c e n t r i f u g e d  a t  

1000 X  g f o r  5 min a t  4 C. C e l l  l y s i s  was ach ieved  by a  m o d if ic a t io n  

o f  th e  te c h n iq u e s  o f G ie lk e n s , e t  a l .  (38) and P e rry  and K e lly  (95, 97). 

A l l  g la ssw are  had been a c id  w ashed, a u to c la v e d  and d r ie d .  A l l  s o lu tio n s  

had been a u to c la v e d  and t r e a te d  w ith  50 p i  d ie th y lo x y d ifo rm a te  p e r  100 

ml as d e sc r ib e d  by P a lm ite r  (92) u n le s s  o th e rw ise  n o te d . A l l  m an ipu la

t io n s  w ere c a r r i e d  o u t in  ic e  w a te r  o r  a t  4 C.
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C e l ls  w ere resusp en d ed  a t  d e n s i t ie s  g r e a t e r  th a n  108 c e l l s /m l  

in  h ig h  s a l t  b u f f e r  (HSB, 0 . 05M tr is -H C l,  pH 9 .0 ,  0 .3  M KCl, 0 .01  M 

MgCl2 , 0 .001  M d i t h i o t h r e i t o l  and 1% (v /v )  d ie th y lo x y d ifo rm a te ) .  T h is 

su sp en sio n  was d i l u t e d  w ith  1 volume o f  1% (v /v )  NP-40 (S h e l l  P e tro le u m ), 

mixed b r i e f l y  on a  v o r te x  m ixer and a llow ed  to  s ta n d  in  th e  co ld  f o r  

5 min.

The su sp e n s io n  was then  homogenized w ith  a  P o t t e r  a p p a ra tu s  w ith  

a  t i g h t - f i t t i n g  T e flo n  p e s t l e .  P o s t-m ito c h o n d r ia l  s u p e rn a ta n t was 

p rep a red  by c e n t r i f u g a t io n  o f  the  homogenate a t  10,000 x  g f o r  10 min.

The p e l l e t  p roduced in  t h i s  c e n t r i f u g a t io n  was u se d  in  th e  p r e p a ra t io n  

o f  n u c le i .  A polysom al p e l l e t  was o b ta in ed  by la y e r in g  3 ml o f  th e  

p o s t-m ito c h o n d r ia l  s u p e rn a ta n t over a  d is c o n tin u o u s  g ra d ie n t  o f  1. 2 ml 

1 .35 M su c ro se  and  1 .2  m l 2 .0  M su c ro se  in  0 .0 5  M t r i s - H C l ,  pH 7 .5 ,

0 .025M KCl, 0 .0 0 5  M MgCl^ (TKM b u f f e r ) .  The g r a d ie n t  was c e n tr ifu g e d  

a t  114,000 X g f o r  24 h  a t  4 C in  th e  SW 5 0 .1  r o t o r .  The su p e rn a ta n t 

was th e n  removed by a s p i r a t io n  and th e  p o ly som al p e l l e t  was r in s e d  3 

tim es w ith  1 ml o f  s t e r i l e  w ate r a t  4  C, d ra in e d  and f ro z e n  a t  -20 C 

fo r  l a t e r  u se . The p e l l e t  was thawed and resu sp en d ed  in  0 .1  ml s t e r i l e  

w a te r by g e n tle  s t ro k in g  w ith  a sm a ll g la s s  ro d . The polysome p r o f i l e  

was examined by la y e r in g  an a l iq u o t  o f  th e  su sp e n s io n  on to  a  16 .2  ml 

15%-30% (w/w) g ly c e ro l  g ra d ie n t  in  TKM b u f f e r  o v e r  a 1 .0  ml pad o f  30% 

(w/w) g ly c e ro l  i n  TKM b u f f e r .  The g ra d ie n t was th en  c e n tr ifu g e d  in  th e  

SW 27 .1  r o to r  a t  81,000 x g a t  4 C f o r  120 m in. F r a c t io n a t io n  o f  th e  

g ra d ie n t  was perform ed w ith  an Isc o  d e n s ity  g r a d ie n t  f r a c t i o n a t o r  and 

abso rbance was m o n ito red  a t  260 nm w ith  an I s c o  u l t r a v i o l e t  ab so rbance  

m o n ito r.
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M a te r ia l  in  th e  10,000 x  g p e l l e t s  was resuspended  by g e n t le  

p ip e t t i n g  in  SSC w ith  0.5% NP-40. N u c le i w ere p e l le te d  by c e n t r i f u g a t io n  

f o r  5 min a t  1000 x  g. N u c lea r p e l l e t s  w ere t r e a te d  w ith  5 m l o f  5%

(w/v) t r i c h lo r o a c e t i c  a c id  (TCA) and w ere allow ed to  s ta n d  a t  4  C f o r  

24 h . The p e l l e t s  w ere th e n  washed tw ic e  in  5% TCA and th e  T C A -inso lub le  

m a te r ia l  was p e l l e t e d ,  t r e a t e d  tw ic e  w ith  e th a n o l- e th e r  ( 3 :1 ) ,  e th e r  

e x t r a c te d  once and d r ie d  (112 ). The rem ain ing  re s id u e  was t r e a t e d  w ith  

0 .5  ml 0 .3  N NaOH f o r  24 h  a t  37°C to  h y d ro ly se  th e  n u c le a r  ENA to  

r ib o n u c le o t id e s  (107, 112). The s o lu t io n  was then  t r e a te d  w ith  3 ml 

0 .5  N p e r c h lo r ic  a c id  (PCA) and u n h ydro lysed  m a te r ia l  was a llo w ed  to  

p r e c i p i t a t e  f o r  2 h . A f te r  c e n t r i f u g a t io n  a t  5000 x  g f o r  15 m in, th e  

s u p e rn a ta n t was d ecan ted  and saved. The in s o lu b le  m a te r ia l  was washed 

3 tim es in  0 .5  M PCA a t  4 C, and th e  washes were d isc a rd e d . The p e l l e t  

was th e n  t r e a te d  w ith  4 .5  m l 0 .5  N PCA and DNA was h y d ro ly sed  by  in c u 

b a t io n  f o r  15 min a t  70 C.

D e te c tio n  o f  r e o v i r u s - s p e c i f i c  mBNA. C u ltu re s  a t  d e n s i t i e s  o f  

6 X 10^ c e l l s /m l  w ere in f e c te d  w ith  20 p f u / c e l l  o f  re o v iru s  and p u ls e -  

la b e le d  from  8-12 h w ith  - u r id in e  a t  2 pC i/m l. C u ltu re s  w ere t r e a te d  

w ith  0 .5  (ig/ml actinom ycin-D  ( g i f t  from  Merck, Sharp and Dohme) and 

100 jig /m l kanam ycin s u l f a t e  a t  th e  tim e o f  in f e c t io n .  R eov irus mRNA 

was e x t ra c te d  from th e s e  in f e c te d  c e l l s  u s in g  a  m o d if ic a t io n  o f  th e  

p ro ced u re  o f  Hay and J o k l ik  (5 2 ). At 12 h p o s t - in f e c t io n  th e  c u l tu r e s  

w ere c h i l l e d  and c e l l s  w ere p e l l e t e d  by c e n t r i f u g a t io n  a t  2000 x  g f o r  

5 min. The p e l l e t s  w ere washed in  BBSS and resuspended  in  0 .0 1  M sodium 

a c e ta te ,  pH 5 .1 , a t  a  d e n s i ty  o f 10^ c e l ls /m l .  The su sp e n sio n  was 

a d ju s te d  to  0.5% (w/v) sodium  dodecy l s u l f a t e  (SDS) and shaken f o r  10
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m in w ith  2 volum es o f  w a te r - s a tu ra te d ,  r e d i s t i l l e d  p h e n o l. O rgan ic  and 

aqueous phases were s e p a ra te d  by c e n t r i f u g a t io n  a t  500 x  g f o r  5 min a t  

4 C. The aqueous p hase  was r e - e x t r a c te d  tw ice  w ith  w a te r - s a tu r a te d  

p h en o l and was th en  a d ju s te d  to  0. 2 M NaCl by a d d i t io n  o f  5 .0  M NaCl.

Two volumes o f  co ld  95% e th a n o l w ere added and p r e c i p i t a t i o n  was a llow ed  

t o  proceed  a t  -20  C o v e rn ig h t. The RNA was removed by c e n t r i f u g a t io n  a t  

8000 X g f o r  20 min and th e  p e l l e t s  w ere washed tw ice  w i th  e th a n o l  a t  

-20  C. The RNA was d is s o lv e d  in  SSC and th e  s o lu t io n  w as made 2 M L iC l 

by  th e  a d d i t io n  o f  8 M L iC l. The s o lu t io n  was k e p t o v e rn ig h t a t  4  C 

and s in g le  s tra n d e d  RNA (ssKNA) was removed by c e n t r i f u g a t io n  as  d e s

c r ib e d ,  washed w ith  70% (v /v )  e th a n o l, and d is s o lv e d  in  0 .0 1  M tr i s -H C l,  

pH 7 .5 , 0 .05  M NaCl ( t r i s - s a l i n e ) .

The s o lu t io n  o f  ssENA was la y e re d  in  0 .2  ml a l iq u o t s  o n to  17.25 

m l 15%-30% (w/w) g ly c e r o l  g ra d ie n ts  in  t r i s - s a l i n e  and 0 .0 0 1  M 

e t h y l e n e d i n i t r i l o t e t r a c e t i c  a c id  (EDTA). The g ra d ie n ts  w ere c e n tr ifu g e d  

in  th e  SW 2 7 .1  r o to r  a t  82,500 x  g a t  4 C fo r  16 h . The g r a d ie n ts  w ere 

th e n  f r a c t io n a te d  and th e  absorbance m on ito red  a t  260 nm w ith  an  I s c o  

d e n s i ty  g r a d ie n t  f r a c t i o n a t o r  and m o n ito r. F ra c tio n s  w ere  c o l le c te d  

in to  tu b es  c o n ta in in g  100 p,g bovine serum album in and w ere  p r e c i p i t a t e d  

w ith  0 .5  ml 10% (w/v) TCA and k e p t a t  4 C. P r e c ip i t a t e s  w ere c o l le c te d  

12 h l a t e r  on 1. 2 p,m M il l ip o re  f i l t e r s  and w ere washed 5 tim es w ith  4  ml 

5% (w/v) TCA. R a d io a c t iv i ty  c o l le c te d  on th e  f i l t e r  was de te rm in ed  b y  

l i q u id  s c i n t i l l a t i o n  co u n tin g .

I n f e c t io u s  c e n te r  a s sa y . At 3 h  p o s t - in f e c t io n ,  a  1 .0  m l 

a l iq u o t  o f  c e l l s  in  grow th medium was removed and d i lu te d  in to  3 0 .0  m l 

f r e s h  growth medium a t  4 C. A f te r  p e l l e t i n g  th e  c e l l s  b y  c e n t r i f u g a t io n
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a t  250 X g f o r  10 m in, th e  c e l l s  were washed tw ice  in  30 m l f r e s h ,  co ld  

medium as  d e s c r ib e d . The l a s t  wash was a ssa y e d  f o r  r e o v iru s  as  d e s c r ib e d . 

The c e l l s  were th en  g e n tly  resuspended  in  10 .0  ml f r e s h  MEM supplem ented 

w ith  2% (v /v )  PCS, and a  1 :1 0  d i lu t io n  o f t h i s  c e l l  su sp e n s io n  was 

p re p a re d . A liq u o ts  o f  th e s e  c e l l  su sp en sio n s  w ere p ip e t te d  in to  th e  

c e n te r s  o f  p e t r i  p l a t e s  (60 x  15 mm). S ix  ml o f  a  f r e s h ly  resuspended  

c e l l  c u l tu r e  a t  2 .4  x 10^ c e l l s /m l  w ere th e n  p ip e t te d  in to  each p la te .

Four h l a t e r ,  when a l l  c e l l s  had a t ta c h e d , th e  medium was removed and 

MEM supplem ented w ith  3% (v /v )  PCS and 1% (w /v) a g a r  was la y e re d  onto  

each  p l a t e  a s  d e sc r ib e d  in  th e  v iru s  a ssa y  p ro ced u re . One day a f t e r  

th e  second o v e r la y , p laq u es  were counted .

I d e n t i f i c a t i o n  o f i n t r a c e l l u l a r  p a r e n ta l  v i r u s  p a r t i c l e s . C e l l  

c u l tu r e s  o f 100 ml a t  a  d e n s i ty  of 1. 6 x 10^ c e l l s /m l  w ere in fe c te d  a t  

a  m u l t i p l i c i t y  o f  50 p f u / c e l l .  At tim es a f t e r  i n f e c t io n ,  th e  c u l tu re s  

were' c h i l l e d  and th e  c e l l s  w ere p e l le te d  and f r e o n - e x t r a c te d  once, as  

d e s c r ib e d  in  th e  v i r u s  p u r i f i c a t i o n  p ro c e d u re . The aqueous homogenate 

was th en  a p p lie d  to  2 .0  ml o f  20% (w/w) g ly c e ro l  i n  SSC w hich had been 

la y e re d  on to p  o f  a  6 .0  ml l i n e a r  CsCl g r a d ie n t  ( 1 .3  g /m l-1 .5 g /m l).

The g ra d ie n t  was c e n tr ifu g e d  a t  82,500 x g f o r  1 h in  th e  SW 27.1  r o to r ,  

and was c o l le c te d  and m on ito red  a t  260 nm as  d e s c r ib e d .

R a d io iso to p e s . The r a d io is o to p e - la b e le d  compounds u sed  in  t h i s  

s tu d y  a re  as in d ic a te d .  The s u p p lie r s  and th e  s p e c i f i c  a c t i v i t y  o f each  

la b e le d  compound a re  g iven  as  fo llo w s:

New England N u clea r

u r id in e  (5-^H) 26 .4  Ci/m mole
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thym id ine  (m e th y l-% ) 1 9 .9  C i/m  mole 

L-am ino a c id  m ix tu re  (% - g e n e r a l  la b e l)  

monosodium p hosphate  (NaH^ 1 .0  C i/m  mole

A m ersham -Searle

u r id in e  (2-^^C) 58 mCi/m mole

A ssay o f  s o lu b le  and in c o rp o ra te d  i n t r a c e l l u l a r  % -thym id ine .

A m o d if ic a t io n  o f  th e  p ro ced u re  d e s c r ib e d  by Shaw (121) was u sed  to  

d e te rm in e  w heth er L c e l l s  rem ained perm eab le  to  thym id ine  a t  tim es a f t e r  

in f e c t io n  w ith  r e o v ir u s .  In fe c te d  and c o n t ro l  c u l tu r e s  w ere p rep a red  

as  d e s c r ib e d  in  th e  a s s a y  f o r  c e l l u l a r  DNA s y n th e s is .  The c u l tu r e s  

were sang)led i d e n t i c a l l y  a t  i n t e r v a l s  a f t e r  i n f e c t io n  and p u ls e - la b e le d  

as  d e s c r ib e d . A t th e  end o f  th e  30 m in p u ls e  p e r io d , th e  sam ples w ere 

c h i l l e d  i n  an  ic e b a th  f o r  5 m in, c e n t r i f u g e d  a t  250 x  g f o r  2 min, and 

th e  grow th  m edia d is c a rd e d . The c e l l s  w ere resu sp en d ed  g e n t ly  and 

washed tw ic e  a t  4  C in  MEM supplem ented w ith  80 [j.g/1 u n la b e l le d  thym id ine . 

The w ashes w ere d is c a rd e d ,  th e  c e l l s  w ere re su sp en d ed  in  2 .0  ml 5%

(w/v) TCA, and s to r e d  a t  4°C. Twelve h  l a t e r ,  th e  p r e c i p i t a t e d  c e l l u l a r  

m a te r ia l  was p e l l e t e d  a t  2000 x g and th e  s u p e rn a ta n t  saved . A 0 .5  ml 

a l iq u o t  o f  th e  s u p e rn a ta n t  was assay ed  f o r  r a d i o a c t i v i t y  by l iq u id  

s c i n t i l l a t i o n  c o u n tin g  as d e sc r ib e d . T h is  r a d i o a c t i v i t y  was a t t r i b u t e d  

to  s o lu b le  i n t r a c e l l u l a r  thym id ine . The p r e c i p i t a t e  was washed once in  

6 .0  m l o f  5% (w /v) TCA and th e  wash d is c a rd e d . DNA in  th e  p r e c i p i t a t e  

was h y d ro ly sed  in  2 .0  m l 5% (w/v) TCA a s  d e s c r ib e d  and 0 .5  ml a l iq u o ts  

were assay ed  by l i q u id  s c i n t i l l a t i o n  c o u n tin g . T h is  r a d io a c t i v i t y  was 

from thym id ine  w hich had been in c o rp o ra te d  in to  c e l l u l a r  DNA.
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Thymidine in c o rp o ra t io n  in to  DNA o f  h y p o to n ic a l ly  sw o llen  c e l l s .  

In fe c te d  and c o n t ro l  c u l tu r e s  w ere p rep a red  a s  d e s c r ib e d . A t in t e r v a l s  

a f t e r  in f e c t io n ,  2 .0  ml a l iq u o ts  were w ithdraw n from eac h  c u l tu r e  and 

c e n tr ifu g e d  a t  200 x  g f o r  2 min. The grow th medium was d eca n ted  in to  

a n o th e r  screw -capped  tu b e , p re v io u s ly  e q u i l ib r a te d  in  an  atm osphere o f 

5% (v /v ) CO2  in  a i r ,  and s to re d  a t  37 C. R e s id u a l medium was shaken 

o f f  th e  c e l l  p e l l e t ,  and th e  c e l l s  w ere resuspended  i n  0 .1  ml s t e r i l e  

d i s t i l l e d  w ate r c o n ta in in g  2 jiC i/m l % -th y m id in e  and in c u b a te d  5 min 

a t  37 C. The grow th medium was then  poured back  in to  th e  c e l l  suspension  

and in c u b a tio n  c o n tin u e d  f o r  30 min. The a l iq u o ts  w ere  t r e a t e d  as  

d e s c r ib e d  in  th e  a s s a y  f o r  c e l l u l a r  DM s y n th e s is .  T h is  p ro ced u re  fo r  

h y p o to n ic a lly  sw o llen  c e l l s  was employed in  tandem  w ith  th e  com plete 

p ro ced u re  d e s c r ib e d  in  th e  a s s a y  f o r  c e l l u l a r  DM s y n th e s is  so t h a t  th e  

k in e t i c s  o f DNA s y n th e s is  and in h ib i t i o n  in  norm al c e l l s  and sw o llen  

c e l l s  could  be m e a n in g fu lly  compared.

I n d i r e c t  DNA in h i b i t i o n  a ssa y . A synchronous c u l tu r e  o f  L c e l ls  

was p rep a red  and m a in ta in e d  as  d e sc r ib e d . F o u rteen  h a f t e r  re su sp en d - 

in g  th e  c e l l s  in  f r e s h  grow th medium, th e  c u l tu r e  was p u ls e - la b e le d  

f o r  2 h w ith  0 .1  jj,Ci/ml thym id ine . At th e  end o f  th e  p u ls e  p e r io d , 

c e l l s  were p e l le te d  by c e n t r i f u g a t io n  a t  250 x g f o r  5 min and w ere 

m a in ta in ed  a t  37 C d u r in g  c e n t r i f u g a t io n .  The c e l l s  w ere washed once 

and were resuspended  in  grow th medium a t  37 C w hich had  been ta k e n  a t  

th e  same tim e from  an i d e n t i c a l ,  b u t u n la b e le d  c u l tu r e .  The c u l tu r e  

was allow ed to  f i n i s h  th e  rem ain ing  36 h o f  th e  50 h  synch rony -m ain ten - 

ance c y c le . At t h a t  tim e , th e  c e l l  c u l tu r e  was c e n tr ifu g e d  a s  b e fo re , 

and resuspended in  f r e s h  growth medium. E ig h t h  a f t e r  re su sp e n s io n .
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th e  c u l tu r e  v a s  s p l i t  in to  2 i d e n t i c a l  c u l tu r e s  in  f l a s k s  v i t h  h a l f  th e  

volum e o f  th e  o r ig i n a l  f l a s k .  One o f  th e  c u l tu r e s  was in o c u la te d  w ith  

r e o v iru s  a t  a  m u l t i p l i c i t y  o f  20 p f u / c e l l .  A liq u o ts  o f  5 .0  ml each  were 

ta k e n  from  e ac h  o f  th e  c u l tu r e s  a t  2 h  i n t e r v a l s  a f t e r  re su sp e n s io n  and 

in f e c t io n .  The a l iq u o ts  were c h i l l e d  in  ic e  and b rou g h t to  5% TCA by 

th e  a d d i t io n  o f  5 ml 10% (w/v) TCA, and w ere a llow ed  to  s tan d  o v e rn ig h t 

a t  4 C. The p r e c i p i t a t e  washed w ith  TCA, e th a n o l - e th e r  (3 :1 ) and e th e r  

and d r ie d  as d e s c r ib e d . A f te r  h y d ro ly s is  o f  RNA to  r ib o n u c le o t id e s ,  

r e - p r e c i p i t a t i o n  w ith  PCA and f u r th e r  w ash ing , th e  rem ain ing  p r e c i p i t a t e  

was h y d ro ly se d  in  2 .0  ml PCA a s  d e s c r ib e d . A liq u o ts  o f  t h i s  h y d ro ly s a te  

w ere u sed  in  th e  d e te rm in a tio n  o f  d eo x y rib o se  by th e  method o f  B urton 

(11) and in  r a d io a c t i v i t y  d e te rm in a tio n  by l i q u id  s c i n t i l l a t i o n  co u n tin g . 

S p e c i f ic  a c t i v i t i e s  o f  th e  c e l l u l a r  DNA w ere c a lc u la te d  f o r  b o th  in f e c te d  

and c o n t ro l  c u l tu r e s  a t  th e  tim e o f  each  sam pling.

3 2 p - la b e lin g  o f  n u c le ic  a c id s .  RNA and DNA in  in f e c te d  and 

c o n t r o l  c e l l s  w ere la b e le d  w ith  ^^P by p u ls in g  a l iq u o ts  o f  c e l l s  w ith  

100 iiC i/m l NaHg ^^PO^ co n ta in ed  in  p h o s p h a te - f re e  grow th medium su p p le 

m ented w ith  7% (v /v )  p h o s p h a te - f re e  PCS. A liq u o ts  o f  c e l l s  to  be p u lsed  

w ith  ^^P were p e l l e t e d  by c e n t r i f u g a t io n  a t  250 x  g f o r  5 min, and washed 

once a t  37 C in  MEM to  d e c re a se  th e  s u r fa c e  c o n c e n tra t io n  o f e a s i l y  

re le a s e d  p h o sp h a tes . The c e l l s  w ere th en  p e l le te d  a s  b e fo re  and r e s u s 

pended to  k  o r ig in a l  volume in  ^ ^ P -c o n ta in in g  medium in  sp in n e r  f la s k s .  

A f te r  th e  1 h p u ls e ,  th e  c u l tu r e  was c h i l l e d  on ic e  and c e l l s  w ere ag a in  

p e l l e t e d .  The ^ ^ P -c o n ta in in g  medium was d ecan ted  in to  an o th e r  f l a s k  

w hich had been  e q u i l ib r a t e d  w ith  5% (v /v )  CO2  in  a i r ,  and was r e - u t i l i z e d  

in  4 more p u ls in g  p e r io d s  f o r  a  t o t a l  5 h o f  u s e .  P e l l e te d  c e l l s  were
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d is ru p te d  and polysom e p e l l e t s  p re p a re d  as  d e sc r ib e d  in  th e  c e l l  f r a c t i o n 

a t io n  p ro ced u re . N u c lea r  p e l l e t s  w ere f ro z e n  and saved  f o r  l a t e r  u se .

P u ls e - la b e l in g  o f  p r o te in . C e ll  c u l tu r e s  w ere in o c u la te d  w ith  

r e o v iru s  a s  d e s c r ib e d  in  th e  DNA assay  p ro ced u re . A liq u o ts  o f  2 .0  ml 

w ere p la c e d  i n  screw -capped  tu b e s  c o n ta in in g  an amount o f  3s-am ino 

a c id  m ix tu re  fo r  a  f i n a l  a c t i v i t y  o f  0 .5  |iC i/m l and w ere  in c u b a te d  30 

min a t  e i t h e r  31 C o r  39 C. The tu b e s  w ere c h i l l e d  and 2 .0  ml o f  10%

(w/v) TCA was added. P r e c ip i t a t i o n  was a llow ed  to  ta k e  p la c e  o v e rn ig h t 

a t  4°C. P r e c ip i t a t e s  w ere c o l le c te d  and washed on 1 .2  p,m m i l l ip o r e  

f i l t e r s  and r a d i o a c t i v i t y  d e term ined  by l i q u id  s c i n t i l l a t i o n  co u n tin g .

P u ls e - la b e l in g  o f  RNA. The p ro ced u re  f o r  p u ls e - l a b e l in g  RNA 

in  in fe c te d  c e l l s  was th e  same as  t h a t  employed f o r  p u ls e - l a b e l in g  

p r o te in ,  e x c e p t t h a t  a l iq u o ts  w ere p u lsed  w ith  1 .0  |j,C i/m l ^ H -u rid in e . 

P r e c ip i t a t e s  w ere p e l l e t e d  a t  1000 x g f o r  15 min and w ashed th r e e  

tim es in  c o ld  TCA. RNA was th e n  h y d ro ly sed  by 0 .3  N NaOH a t  37 C f o r  

20 h , d i l u te d  w ith  2 v o l  10% (w/v) TCA and k e p t a t  4  C f o r  4 h o r  more. 

P r e c ip i ta t e d  m a te r ia l  was p e l l e t e d ,  and 0. 5 ml o f  th e  s u p e rn a ta n t  

assay ed  by l i q u id  s c i n t i l l a t i o n  coun ting .



CHAPTER III

RESULTS

Comparison o f  % [-th y ia id in e -u p tak e  of c o n t r o l  and r e o v iru s

in f e c te d  L c e l l s .  The v a l i d i t y  o f ^ - th y m id in e - l a b e l in g  o f  c e l l u l a r

3DNA in  r e o v i r u s - in f e c te d  c e l l s  was in v e s t ig a te d .  T h a t H -thym id ine 

becomes c e l l - a s s o c i a t e d  a f t e r  r e o v iru s  in f e c t io n  h as  been  r e p o r te d  

p re v io u s ly  (121), b u t  th e  p o s s i b i l i t y  t h a t  th e  a s s o c ia t io n  d id  n o t 

im ply a c tu a l  e n tra n c e  i n t o  i n t r a c e l l u l a r  th y m id in e  p o o ls  was q u e s tio n e d  

h e re .  A d e c re a se d  e f f i c i e n c y  o f  thym id ine t r a n s p o r t  in to  r e o v i r u s -  

in f e c te d  c e l l s  cou ld  r e s u l t  in  le s s  % -th y m id in e  b e in g  in c o rp o ra te d  

in to  c e l l u l a r  DNA. To in s u r e  th a t  c e l l - a s s o c i a t e d  s o lu b le  ^H -thym idine 

was a c tu a l ly  i n t r a c e l l u l a r ,  p u ls e - la b e le d  c e l l s  w ere washed a s  d e sc r ib e d  

w ith  an ex ce ss  o f  u n la b e le d  thym id ine. T C A -inso lub le  c o u n ts  from  c o n t ro l  

and r e o v i r u s - in f e c te d  c e l l s  w ere a lso  compared. The r e s u l t s ,  p re s e n te d  

i n  F ig u re  1, in d i c a te  t h a t  r e o v i r u s - in f e c te d  c e l l s  a r e  a b le  to  t r a n s p o r t  

thym id ine as e f f i c i e n t l y  a s  c o n tro l  c e l l s  f o r  s e v e r a l  h o u rs  a f t e r  th e  

in h i b i t i o n  o f DNA s y n th e s is  i s  seen .

The e f f e c t s  o f  r e o v iru s  in f e c t io n  on H - la b e le d  c e l l u l a r  DNA.

Our exam ination  o f  thym id in e  t r a n s p o r t  in  in f e c te d  c e l l s  was s u f f i c i e n t  

to  d e term ine  th a t  c e l l s  remove exogenously  su p p lie d  th y m id in e  from  th e  

medium, b u t  n o t w h eth er n u c le o tid e s  a r e  tr a n s p o r te d  to  th e  n u c leu s

26
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F ig u re  1. A com parison  o f  r a d i o a c t i v i t y  in  T C A -soluble and 
in s o lu b le  m a te r ia l  from  c o n t r o l  and in f e c te d  L c e l l  c u l tu r e s .  A t tim es 
in d ic a te d ,  ap p ro x im ate ly  5 .0  x  10^ c e l l s  from each  s p in n e r  c u l tu r e  w ere 
p u ls e - la b e le d  f o r  30 min w ith  ^H -thym idine and th e n  washed as d e s c r ib e d . 
Counts p e r  m inute o f  TCA s o lu b le  (P a n e l A) and TCA in s o lu b le  (P a n e l B) 
co u n ts  p e r  ml o f  c u l tu r e  a r e  shown.
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a f t e r  p h o sp h o ry la tio n . A more d i r e c t  approach was used  by exam ining 

th e  s p e c i f i c  a c t i v i t y  o f  p re v io u s ly - la b e le d  c e l l u l a r  DNA in  c o n t ro l  and 

in f e c te d  c e l l s  a t  i n t e r v a l s  p o s t - in f e c t io n .  Synchronous c e l l s  w ere u sed  

so th a t  changes in  s p e c i f i c  a c t i v i t y  cou ld  be focused  in to  a  span  o f  

s e v e ra l  h o u rs , s in c e  th e  t h e o r e t i c a l  maximum change in  s p e c i f i c  a c t i v i t y  

o f  a c t iv e ly  grow ing c e l l s  th ro u g h  one com plete c e l l  c y c le  would be  a  50% 

d e c re a se . T h is  d e c re a se  i n  s p e c i f i c  a c t i v i t y  cou ld  be seen  o n ly  in  th e  

absence o f  e f f e c t s  such  a s  c e l l  damage and le s s  e f f i c i e n t  DNA s y n th e s is  

due to  heavy % - la b e l in g ,  and  d e g ra d a tio n  o f  ^H -thym idine w ith  r e s u l t a n t  

in c o rp o ra tio n  o f  la b e le d  p ro d u c ts  in to  a c id - p r e c ip i ta b le  m o lecu le s  o th e r  

th an  DNA. The c e l l s  were in f e c te d  a t  a  tim e  w hich was shown p re v io u s ly  

(15) to  i n h i b i t  th e  e n t ry  o f  synchronous c u l tu r e s  in to  th e  DNA s y n th e t ic  

phase , w hich peaks a t  15 h  a f t e r  re su sp e n s io n . R e s u lts ,  shown i n  F ig u re  

2 , in d ic a te  t h a t  % I-thym id ine in c o rp o ra tio n  a c c u ra te ly  r e f l e c t s  DNA 

s y n th e s is  a f t e r  r e o v iru s  in f e c t io n .

E f f e c ts  o f  ts -m u ta n ts  on c e l l u l a r  m acrom olecular s y n th e s is .  I f  

th e  i n h i b i t i o n  o f  DNA s y n th e s is  w ere a  d i r e c t  r e s u l t  o f  an ev en t o r  

sequence o f  ev e n ts  in  th e  v i r a l  r e p l i c a t i v e  c y c le , i t  sh o u ld  t h e o r e t i 

c a l ly  be p o s s ib le  to  i d e n t i f y  th e  e v e n t(s )  re sp o n s ib le  by s tu d y in g  c e l l s  

in f e c te d  w ith  c o n d i t i o n a l - l e t h a l  m utants o f  r e o v iru s .  To id e n t i f y  such  

e v e n ts , m u tan ts  w ould be u sed  w hich show a l t e r e d  k in e t ic s  o f th e  i n h i 

b i t i o n  o f  c e l l u l a r  DNA s y n th e s is  u n d er c o n d itio n s  where th e  norm al 

r e o v iru s  r e p l i c a t i v e  c y c le  i s  n o t com pleted. I d e a l ly  a  range o f  m u ta n ts , 

some o f  w hich cause  no in h i b i t i o n  and o th e rs  which produce th e  same 

d egree  o f  i n h i b i t i o n  a s  WT re o v iru s ,  would s im p lify  t h i s  k in d  o f  i n v e s t i 

g a t io n  c o n s id e ra b ly . A d e f i n i t i v e  c h a r a c te r iz a t io n  o f  th e  m utant



F ig u re  2. E f f e c t  o f  r e o v i r u s  i n f e c t i o n  on DNA s y n th e s is  m easured  by 
a l t e r a t i o n s  in  s p e c i f i c  a c t i v i t y  o f  ^ H -la b e le d  c e l l u l a r  DNA in  sy n c h ro n iz e d  y
in f e c te d  and c o n t r o l  c e l l  c u l tu r e s .  A t i n t e r v a l s  in d ic a te d ,  an a l i q u o t  from  
each  c u l tu r e  was rem oved, and DNA c o n te n t  and T C A -in so lu b le  r a d i o a c t i v i t y  
w ere d e te rm in e d . R e s u l t s  a r e  shown a s  s p e c i f i c  a c t i v i t y  o f  c e l l u l a r  DNA a t  
tim es  a f t e r  in f e c t io n .
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re o v iru s  r e p l i c a t i v e  c y c le s  ( in c lu d in g  c h a r a c t e r i s t i c s  o f  i n t r a c e l l u l a r  

un co a ted  p a r e n ta l  p a r t i c l e s ,  o f  progeny p a r t i c l e s ,  c a p s id  p r o te in s ,  

c h a r a c te r i z a t io n  o f  mRNA and dsRNA s y n th e t ic  r a t e s ,  A -r ic h  RNA c o n te n t)  

would b e  o b ta in e d  w ith  r e s p e c t  to  one s p e c i f i c  c h a r a c t e r i s t i c  o f  WT 

re o v iru s  — th e  a b i l i t y  to  i n h i b i t  s y n th e s is  o f  c e l l u l a r  DNA. A more 

complex b u t s t i l l  v a lu a b le  approach  would be th e  s tu d y  o f  a  s e r i e s  o f  

m u tan ts , a l l  o f  w hich show some d eg ree  o f  W T -reovirus m ed ia ted  in h ib i t i o n .

The ts -m u ta n ts  o f  F ie ld s  and J o k l ik  (33) u sed  in  t h i s  s tu d y  

c o n s is te d  o f  r e p r e s e n ta t iv e s  from  f iv e  o f  t h e i r  rec o m b in a tio n  g roups.

These m u tan ts  w ere grouped on th e  b a s is  o f  t h e i r  a b i l i t y ,  on c o - in f e c t io n  

w ith  o th e r  m u ta n ts , to  produce a  p ro p o r tio n  o f  progeny p a r t i c l e s  hav ing  

W T -reovirus c h a r a c t e r i s t i c s  o f  i n f e c t i v i t y  and a b i l i t y  to  p roduce 

in f e c t io u s  progeny a t  bo th  th e  p e rm iss iv e  te m p e ra tu re  o f  31 C and th e  

n o n p erm issiv e  te m p e ra tu re  o f  39 C. M utants o f  a  g iven  reco m b in a tio n  

group p o sse ss  th e  t s - l e s i o n ( s )  on th e  same genome segm ent (3 2 ). 

S u b seq u en tly , th e  reco m b in a tio n  groups w ere found to  be  c o in c id e n t  

co n p lem en ta tio n  g roups w ith  r e s p e c t  to  th e  a b i l i t y  o f  a  m u tan t, on 

c o in fe c t io n  w ith  m u tan ts  o f  o th e r  g roups, to  p rod u ce  e le v a te d  le v e ls  o f 

ssRNA a t  th e  n o n p erm issiv e  te m p era tu re  (5 8 ). S e v e ra l o f  th e  m u tan ts  have 

been found to  be a t  l e a s t  double m utants (5 9 ), b u t on ly  one s p e c i f i c  

g e n e t ic  le s io n  need be te m p e ra tu re - s e n s i t iv e  to  a llo w  th e  m utan t to  

behave as a s t r i c t  ts -m u ta n t.  Some o f  th e  known c h a r a c t e r i s t i c s  o f  th e se  

ts -m u ta n ts  g roups a re  l i s t e d  in  T ab le  1 w ith  th e  p la t i n g  e f f i c i e n c i e s  o f  

th e  s to c k  su sp e n sio n s  o f  m utan ts used  in  t h i s  in v e s t ig a t io n .

A ll  o f  th e  ts -m u ta n ts  t r a n s c r ib e  a l l  10 s p e c ie s  o f  mRNA a t  

both- p e rm iss iv e  and nonperm issive  te m p era tu res  (2 1 ). A ll  v i r a l  p ro te in s



Table 1,—  Characteristics of reovirus ts-mutant groups used in
t h i s  i n v e s t ig a t io n ,  w
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1

ssRNA sy n 
t h e s i s  a t  
39° C (7oWT) 
(R ef. 21.64;

dsRNA sy n 
t h e s i s  a t  
3 9 °  C (7oW T ) 
R ef. 2 1 ,64 )

A ppearance o f  
v i r a l  in c lu s io n s  
in  in f e c te d  c e l l s  
a t  39°C (R ef. 35)

P a r t i c l e s  acc u m u la tin g  
a t  3 9°C in  cy to p la sm  

(R ef. 35)

P la t in g
E f f ic ie n c y
39°C/31°C

A 2Ô1

234

100 100

in d i s t in g u i s h a b le  
from  WT r e o v i r u s -  
in f e c te d  c e l l s .  
L arge c o a le sc e d  
a re a s  o f  c y to p la s 
mic f lu o re s c e n c e

P a r t i c l e s  ap p ea r 
to  have norm al 
r e o v i r io n  m orphology

8 .0  X 10-3

5 .0  X 10"^

B 352
25-50 25-50

S m all, round d i s 
c r e t e  a re a s  o f  
f lu o re s c e n c e  o f  
u n ifo rm  s iz e  w hich 
dev e lo p  more s lo w lj 
th a n  th o se  o f  group 
A and WT r e o v i r u s

P a r t i c l e s  s im i la r  
in  ap p ea ran ce  to  
v i r a l  c o re s

5 .6  X 10-G

C 447

5 0

Im m unofluorescence 
s im i la r  to  group B 
E le c tro n  m ic ro sc o 
p ic  ex am in a tio n  r e 
v e a le d  m a te r ia l  
le s s  dense  and more 
h e te ro g en eo u s  than  
seen  w ith  group B

P a r t i c l e s  s im i la r  
in  ap p ea ran ce  to  
empty o u te r  v i r a l  
c a p s id s

1 .1  X 10-4

D 357

5

F a c to r ie s  l a r g e r  
th a n  w ith  g roups 
B and C and were 
lo c a te d  w ith in  
a f i b r i l l a r  m a tr ix

P a r t i c l e s  o f  two ty p e s  
p ro b a b ly  empty c a p s id s  
h av in g  e i t h e r  one o r  
two v i r a l  p r o te in  
c o a ts

2 .0  X 10-3

i

w
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d e te c ta b le  in  W T -re o v iru s -in fe c te d  c e l l s  a re  known to  be t r a n s l a te d  from  

ts -m u ta n t mRNA i n  in f e c te d  c e l l s  (34 ). In  a d d i t io n ,  each  o f  th e  m u tan t 

groups produces i t s  own c h a r a c t e r i s t i c  ty p e  o f  a b e r r a n t ,  n o n - in f e c t io u s  

p a r t i c l e  a t  th e  n o n -p e rm iss iv e  tem p era tu re  (35, 8 6 ) ,  and im m unofluores

cence m icroscopy has shown t h a t  each group o f  ts -m u ta n ts  p roduces i t s  

own type  o f  lo c a l iz e d  v i r a l  in c lu s io n s ,  d i f f e r i n g  i n  appearance  from  

th e  in c lu s io n s  seen  in  W T -re o v iru s -in fe c te d  c e l l s  (35 ).

Our in v e s t ig a t io n s  o f  t o t a l  p r o te in ,  RNA and DNA s y n th e s is  a t  

tim es a f t e r  in f e c t io n  in  ts -m u ta n t- in fe c te d  c e l l s  have shown t h a t ,  a t  

b o th  p e rm iss iv e  and n o n p erm issiv e  te m p e ra tu re s , none o f  th e  m u tan ts  

t e s t e d  caused a l t e r e d  t o t a l  RNA o r  p r o te in  s y n th e s is  p r io r  to  th e  o n s e t  

o f  th e  i n h ib i t i o n  o f  DNA s y n th e s is .  R e p re s e n ta tiv e  graphs showing 

e f f e c t s  on RNA and p r o te in  s y n th e s is  in  WT and ts -m u ta n t- in fe c te d  c e l l s  

i s  p re se n te d  in  F ig u re  3,

P re lim in a ry  in v e s t ig a t io n s  w ith  m u ta n t- in fe c te d  c e l l s  in d ic a te d  

th a t  DNA s y n th e s is  was in h ib i te d  e a r l i e r  and more d ra m a tic a l ly  by g roup 

A and B m utants a t  th e  nonperm issive  te m p era tu re  th a n  by W T -reov irus. 

Subsequen tly  i t  was found t h a t  p laque  fo rm a tio n  in  th e  m utant v i r u s  

a ssay s  was n o t com plete in  te n  days. P laque  p ro d u c tio n  w ith  th e  m u tan ts  

can be ex trem ely  slow , and even a f t e r  la rg e  p la q u es  were e v id e n t,  

ex trem ely  sm all, w e ll  i s o l a t e d  p laq u es  s t i l l  appeared  f o r  days on th e  

a ssa y  m onolayers. T h e re fo re  a ssay  m onolayers were examined a  second 

tim e one to  two days a f t e r  th e  i n i t i a l  p la q u e -c o u n tin g .

The e f f e c t s  o f  th e  ts -m u ta n ts  on DNA s y n th e s is  a t  bo th  p e r 

m iss iv e  and nonperm issive  tem p era tu re s  was exam ined in  asynchronous L 

c e l l  c u l tu r e s .  The r e s u l t s  o f  th e se  ex p erim en ts , p re se n te d  in  F ig u re s



F ig u re  3. E f f e c t s  o f  WT r e o v ir u s  and group  C m u tan t 447 on t o t a l  RNA and 
p r o te in  s y n th e s is .  S e p a ra te  L - c e l l  s p in n e r  c u l tu r e s  w ere in o c u la te d  w ith  10 p f u /  
c e l l  o f  group C m u tan t 447 and WT re o v iru s  a t  b o th  31 C and 39 C as  d e s c r ib e d .
A liq u o ts  w ere p u ls e  la b e le d  w ith  ^H-amino a c id s  o r  ^ H -u r id in e . R e s u l ts  a re  
p re s e n te d  a s  c o u n ts  p e r  min in  TCA in s o lu b le  m a te r ia l  p e r  ml c u l tu r e .  R ad io 
a c t i v i t y  in  RNA a t  31 C i s  shown in  p a n e l A; a t  39 C, p a n e l B. R a d io a c t iv i ty  in  
p r o te in  a t  31 C i s  shown in  p a n e l C; a t  39 C, p a n e l D. ^
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F ig u re  4. The e f f e c t s  o f  ts -m u ta n ts  on c e l l u l a r  DNA s y n th e s is  
a t  th e  p e rm is s iv e  te m p e ra tu re  o f  31 C. C u ltu re s  w ere in o c u la te d  w ith  
v i r u s  a t  10 p f u / c e l l  and a l iq u o ts  o f  2 .0  ml from  a l l  c u l tu r e s  were 
p u ls e - la b e le d  w ith  ^R -thym id ine a t  in t e r v a l s  in d ic a te d .  R e su lts  a r e  
p re se n te d  a s  coun ts  p e r  m inu te  TCA in s o lu b le  r a d io a c t i v i t y  p e r  ml c u l tu r e .
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F ig u re  5. The e f f e c t s  o f  ts -m u ta n ts  on c e l l u l a r  DNA s y n th e s is  
a t  th e  n o n -p e rm iss iv e  te m p era tu re  o f  39 C. C u ltu re s  were in o c u la te d  
w ith  v i r u s  a t  10 p fu /m l, and a l iq u o ts  o f  2 .0  ml from a l l  c e l l  c u l tu r e s  
w ere p u ls e - la b e le d  w ith  ^H -thym idine a t  i n t e r v a l s  in d ic a te d . R e s u lts  
a re  p re s e n te d  a s  coun ts  p e r  m inute per ml c u l tu r e .
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4  and 5,  show k in e t i c s  o f  th e  i n h i b i t i o n  o f  DNA s y n th e s is  resem b lin g  

th o s e  in  W T-reovirus in f e c te d  c e l l s .  The e x c e p tio n s  w ere m utan t 447 

(g roup  C )-and  m utan t 357 (group D ) - in fe c te d  c e l l s  a t  th e  n o n -p erm iss iv e  

ten ç> era tu re  w here b o th  e x h ib i te d  th e  i n h i b i t i o n ,  a lth o u g h  l e s s  pronounced 

th a n  W T -re o v iru s -in fe c te d  c e l l s .  I t  was n e c e s s a ry  to  a s c e r t a in  w hether 

o r  n o t th e  c e l l s  w ere a l l  b e in g  in f e c te d  by th e  g roup  C and D m utan ts  

a t  th e  low m u l t i p l i c i t y  o f  10 p f u / c e l l  when in c u b a te d  a t  39 C. The 

ex p erim en t was re p e a te d , and , a f t e r  a llo w in g  f o r  v i r u s  a d s o rp tio n , 

a l iq u o t s  w ere removed and c e l l s  were a ssa y e d  f o r  in f e c t io u s  c e n te r s .

I t  was found  th a t  o n ly  10% o f  th e  m u tan t D - t r e a te d  c e l l s  w ere a c tu a l ly  

in f e c te d ,  b u t  t h a t  100% o f  th e  c e l l s  t r e a t e d  w ith  m u tan t C w ere in f e c te d .  

The r e s u l t s  o f  th e se  in f e c t io u s - c e n te r  a s sa y s  w ere su p p o rted  by immuno

f lu o re s c e n c e  m ic ro sco p ic  exam inations o f  c e l l s  from  th e  same c u l tu r e s .  

T hese c e l l s  w ere washed f r e e  o f  u nadso rbed  v i r u s ,  a llow ed  to  m onolayer 

i n  L e ig h to n  tu b es  on s l i d e s ,  and in c u b a te d  f o r  36 h a t  31 C p r io r  to  

ex am in a tio n  by im m unofluorescence m icroscopy .

E f f e c t s  o f  h ig h  m u l t i p l i c i t i e s  o f  group C and D m u tan ts  on DNA 

s y n th e s i s . In  m utant D -in fe c te d  c e l l s  a t  31 C, DNA s y n th e s is  was 

e f f e c t i v e l y  in h ib i te d .  These r e s u l t s  a r e  p re s e n te d  in  F ig u re  6. The 

g roup  C m utan t d id  n o t show W T -reovirus i n h i b i t i o n  k in e t i c s  even a t  

10 tim es th e  norm al in p u t m u l t i p l i c i t y  (100 p f u / c e l l ) .  R e su lts  a re  showi 

i n  F ig u re  7 . I n  o rd e r  to  f in d  w hether th e  group C m utan t was un co a ted  

i n  th e  c e l l s  a f t e r  a d s o rp tio n  as i s  W T -reov irus (13 , 123, 125), p a r e n ta l  

v i r u s  was e x t r a c te d  from  in f e c te d  c e l l  c u l tu r e s  a t  5 h p o s t - in f e c t io n  

and  c e n t r i f u g e d .  R e s u lts  o f  th e  e x t r a c t io n  a re  shown on F ig u re  8. Both 

ad so rb ed  W T-virus and group C m utant w ere  c o n v e rte d  to  SVP's as ev id en ced  

by  change i n  d e n s i ty  o f  th e  in p u t v i r i o n s .



F ig u re  6, E f f e c ts  o f  th e  Group D m u tan t 357 a t  d i f f e r e n t  m u l t i p l i c i t i e s  
o f  i n f e c t io n  on c e l l u l a r  DNA s y n th e s is  a t  th e  n o n -p e rm iss iv e  te m p e ra tu re  o f  i5
39 C. A t i n t e r v a l s  in d ic a te d ,  2 .0  ml a l iq u o t s  o f  each  c e l l  c u l tu r e  w ere 
p u ls e d  w ith  H -thym id ine  f o r  30 mln. R e s u l ts  a r e  p re s e n te d  as  c o u n ts  p e r  min 
in  TCA in s o lu b le  m a te r i a l  p e r  ml o f  c u l tu r e .
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F ig u re  7. E f f e c ts  o f  in c re a s e d  m u l t i p l i c i t i e s  o f  in f e c t io n  
w ith  group C m utant 447 on c e l l u l a r  DNA s y n th e s is .  A t i n t e r v a l s  in d ic a te d ,
2 .0  m l a l iq u o ts  o f  each  c e l l  c u l tu r e  w ere p u lse d  w ith  % - thym id ine  f o r  
30 m in. R e s u lts  a r e  p re s e n te d  as coun ts  p e r  min in  T C A -inso lub le  m a te r ia l  
p e r  m l o f c u l tu r e .  R e s u lts  in  p a n e l A w ere c o l le c te d  a t  th e  p e rm iss iv e  
te m p era tu re  o f  31 C; and p a n e l B a t  th e  n o n -p e rm iss iv e  te m p e ra tu re  o f  
39 C.
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Comparison o f  in h ib i t i o n  k i n e t i c s  o f  p la q u e - p u r i f ie d  v i r u s  and 

h ig h  p a ssa g e  v i r u s . I t  was n o t p o s s ib le  to  o b ta in  r e o v i r io n - f r e e  

d e f e c t iv e  s to c k s  by m u tan t com plem entation  o f  d e f e c t iv e  c o re s  on co - 

in f e c t io n  a s  o th e rs  h ave  re p o r te d  (129) ; t h i s  may have b een  due to  

d i f f e r e n c e s  in  v i ru s  s t r a i n s  o r  c e l l  l i n e s .  T h e re fo re , th e  approach  

employed f o r  in v e s t ig a t in g  th e  in h ib i to r y  c h a r a c t e r i s t i c s  o f  d e f e c t iv e  

r e o v ir io n s  was th e  com parison o f  c e l l s  in f e c te d  w ith  th e  same p f u / c e l l  

r a t i o  o f  p la q u e - p u r i f ie d  r e o v iru s  (PPV) and h ig h -p a s s a g e  re o v iru s  (HPV). 

HPV was p u r i f i e d  on CsCl g ra d ie n ts  as d e s c r ib e d , c o l le c te d  and m on ito red

a t  260 nm f o r  th e  c h a r a c t e r i s t i c  sh o u ld e re d -p e a k  in d i c a t iv e  o f  s to c k

v i r u s  c o n ta in in g  d e f e c t iv e  p a r t i c l e s .  T y p ic a l g r a d ie n t  p r o f i l e s  f o r  

HPV and PPV a re  shown in  F ig u re  8.

On th e  b a s i s  o f  CsCl g ra d ie n t  p r o f i l e s ,  a l l  HPV u sed  in  DNA

s y n th e s i s - in h ib i t io n  ex perim en ts  had d e f e c t iv e  p a r t i c l e  to  norm al v i r i o n  

r a t i o s  o f  a t  l e a s t  4 :1 ,  and sometimes a s  h ig h  a s  1 0 :1 . Thus, a t  eq u a l 

p f u / c e l l  r a t i o s ,  c e l l s  in f e c te d  w ith  HPV had a d so rb e d  t y p i c a l l y  f iv e  

tim es more p a r t i c ie s  adso rbed  by c e l l s  in f e c te d  w ith  PPV. Any c o n t r ib u 

t io n  o f  d e fe c t iv e  v i r i o n s  to  th e  i n h i b i t i o n  o f  DNA s y n th e s is  shou ld  be 

s im i la r  to  th e  d o se -re sp o n se  seen  w ith  in c r e a s in g  m u l t i p l i c i t i e s  o f 

in f e c t io n .  The r e s u l t s ,  p re s e n te d  in  F ig u re  9, show th a t  t h i s  was n o t 

th e  c a s e ; d e f e c t iv e  v i r i o n s  do no t s i g n i f i c a n t l y  c o n t r ib u te  to  th e  

i n h i b i t i o n  o f  DNA s y n th e s is  in  c e l l s  in f e c te d  w ith  HPV.

E f f e c ts  o f m itom ycin-C -m ediated  in h i b i t i o n  o f  DNA s y n th e s is  on 

v i r u s  r e p l i c a t i o n . The q u e s tio n  o f  w h eth er r e o v ir u s  co u ld  r e p l i c a t e  in  

c e l l s  which were no t cap a b le  o f  DNA s y n th e s is  was fo llo w ed  by s tu d y in g  

r e o v iru s  mKNA from c e l l s  t r e a te d  w ith  m itom ycin-C  (Sigma Chem ical Company)
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F ig u re  8. Comparison o f  g r a d ie n t  p r o f i l e s  o f  p la q u e  p u r i f i e d  
v i r u s ,  h ig h -p a ssa g e  v i r u s ,  group C m utan t 447 and s e le c te d  SVP's d e riv e d  
from  each . A liq u o ts  o f  h ig h  p a ssa g e  v i r u s  and p la q u e  p u r i f i e d  v i r u s  i n  
SSC were t r e a te d  w ith  -ch y m o try p sin , c h i l l e d  to  4°C and mixed w ith  
a  5-10  f o ld  ex cess  o f  u n d ig e s te d  v i r u s  o f  th e  same ty p e  and c e n tr i fu g e d  
on CsCl g ra d ie n ts  as d e s c r ib e d . R e s u l ts  shown in  p a n e ls  A (p la q u e -  
p u r i f i e d  v i ru s )  and B (h ig h  p assag e  v i r u s )  a re  p re s e n te d  a s  ab so rbance  
a t  260 nm g ra d ie n t  p r o f i l e s  showing v i r u s  and co re  p eak s . I t  can  be 
seen  t h a t  norm al r e o v ir io n s  and c o re s  band a t  d e n s i t i e s  o f  ap p ro x im ate ly  
1 .37  and 1 .44 , r e s p e c t iv e ly .  D e fe c t iv e  co re s  band a t  a  d e n s i ty  o f  
ap p ro x im ate ly  1 .414 , w h ile  d e f e c t iv e  v i r i o n s  band a t  a  s l i g h t l y  g r e a te r  
d e n s i ty  th a n  norm al v i r i o n s .  C u ltu re s  in fe c te d  w ith  m u tan t 447 and WT 
re o v iru s  were t r e a te d  a s  d e sc r ib e d  in  th e  p ro ced u re  f o r  i d e n t i f i c a t i o n  
of i n t r a c e l l u l a r  p a r e n ta l  SV P's. R e s u lts  a re  p re s e n te d  a s  dashed  
l in e s  in  p an e l C (WT re o v iru s )  and D (m utant 447). The s o l id  l i n e s  
in  p a n e ls  C and D a re  OD2 6 O p r o f i l e s  from  id e n t i c a l  g r a d ie n ts  on w hich 
amounts o f  each  v i ru s  e q u a l to  th e  o r i g i n a l  in o c u la  w ere c e n tr ifu g e d .
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Figure 9 . A comparison of inhibition of DNA synthesis in L-cells 
Infected with high passage reovirus and plaque-purified reovirus. Cul- g
Cures in f e c te d  w ith  10 p f u / c e l l  o f  e i t h e r  h ig h  p a ssa g e  v i r u s  o r  p la q u e  
purified virus were prepared and sampled as described in the assay of 
DNA synthesis. Results are presented as counts per minute in TCA insol
uble material per ml culture.
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F ig u re  10. A com parison o f  re o v iru s  mRNA produced in  c o n t r o l  
and m ito m y c in -C -trea ted  c e l l s .  A 400 ml sp in n e r  c u l tu r e  was d iv id e d  in to  
two i d e n t i c a l  c u l tu r e s ,  one o f  w hich was t r e a te d  w ith  6  y,g/ml m itom ycin- 
C f o r  30 min. The c e l l s  from  b o th  c u l tu r e s  were washed once i n  MEM and 
r e  suspended in  f r e s h  medium and in o c u la te d  w ith  25 p f u / c e l l  o f  r e o v ir u s .  
The c u l tu r e s  were p u lse d  from 8  h  to  12 h w ith  2 .0  p.Ci/ml ^ H -u r id in e . 
S in g le -s tra n d e d  RNA was i s o l a t e d  a t  12 h. The OD2 6 O p r o f i l e s  and TCA 
p r e c ip i t a b le  r a d io a c t i v i t y  in  f r a c t io n s  from  15-30% g ly c e ro l  g r a d ie n ts  
a re  p re s e n te d  in  p a n e l A ( c o n tro l )  and p a n e l B (m itom ycin-C t r e a t e d ) .  
D ire c tio n  o f  sed im e n ta tio n  i s  from  r i g h t  to  l e f t .
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t o  a r r e s t  c e l l u l a r  DNA s y n th e s is  p r io r  to  in f e c t io n .  The g r a d ie n t  p r o f i l e  

o f  ssENA e x t r a c te d  from  v i r u s - in f e c t e d  c e l l s  was compared w ith  th a t  o f  

ssRNA from  in f e c te d  c e l l s  w hich had  been  t r e a te d  w ith  m ito n y c in -C . Both 

p r o f i l e s  show th e  th r e e  s i z e - c l a s s e s  o f  v i r a l  mRNA, b u t t h e r e  a re  s l i g h t  

a l t e r a t i o n s  o f  p ro p o r t io n s  and s i z e  d i s t r i b u t io n  o f  th e  v i r a l  RNA from 

c e l l s  t r e a t e d  w ith  m itom ycin-C . I t  w ould be d i f f i c u l t  to  a s c e r t a in  

w hether t h i s  a l t e r e d  ssRNA was due to  an e f f e c t  o f  r e s id u a l  m itonycin -C  

o r  to  c e l l-m e d ia te d  e f f e c t s  r e s u l t i n g  from th e  in h ib i t i o n  o f  DNA syn

t h e s i s .  I t  i s  s p e c u la te d  t h a t  th e  e f f e c t  was p r im a r ily  due to  m ito n y c in - 

C because o f  o th e r  n o t i c e a b le  a l t e r a t i o n s  in  th e  v i r u s  r e p l i c a t i v e  c y c le . 

The progeny v i r u s  band , p u r i f i e d  as  d e sc r ib e d  on a  CsCl g r a d ie n t ,  was 

v e ry  f lo c c u le n t ,  w ide and d i f f u s e .  When assayed , th e  p rogeny  had 

i n f e c t i v i t y ,  b u t th e  t i t e r  was l e s s  th an  o n e - te n th  th a t  n o rm a lly  seen  

from  in f e c te d  c u l tu r e s  n o t t r e a t e d  w ith  m itonycin-C .

E le c tro n  m ic ro sc o p ic  ex am in a tio n  o f  m a te r ia l  from  th e  progeny 

v i r u s  band re v e a le d  w hat ap p ea red  to  b e  la rg e  a g g re g a te s  o f  v i ru s  

p a r t i c l e s  and d e b r is  (n o t shown). A lso , -ch y m o try p tic  d ig e s t s  o f t h i s  

m a te r ia l  d id  n o t p roduce  norm al c o re s ,  b u t formed a  f lo c c u le n t  band 

hav in g  a  low er d e n s i ty  th a n  norm al co re s  on a  CsCl g r a d ie n t .  Progeny 

produced in  m itom ycin-C  t r e a te d  c e l l s  w ere n o t c h a ra c te r iz e d  f u r th e r .

Much mRNA t r a n s c r i p t i o n  d id  o ccu r, however, and some in f e c t io u s  

progeny was produced in  m ito m y c in -C -tre a te d  c e l l s .  I t  i s  p ro b a b le , th en , 

t h a t  v iru s  r e p l i c a t i o n  can c o n tin u e  in  c e l l s  which cannot s y n th e s iz e  DNA.

E f f e c ts  o f  r e o v iru s  r e p l i c a t io n  on v i r a l  DNA s y n th e s i s . The 

e f f e c t s  o f  r e o v iru s  on H -thym id ine in c o rp o ra tio n  in to  t o t a l  c e l l u l a r  

and v i r a l  DNA was examined in  v a c c in ia  and h e rp e sv iru s  in f e c te d  c e l l s .
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The e x p e rim en ta l approach  vas th r e e - fo ld  in  th a t  s e p a ra te  ex p erim en ts  

w ere perform ed on c e l l s  in fe c te d  w ith  re o v iru s  b e fo re ,  w ith , and a f t e r  

in f e c t io n  by th e  DNA v ir u s e s .  R e su lts  a r e  p re s e n te d  in  F ig u re  11.

There i s  obv ious in t e r f e r e n c e  from r e o v iru s  on th e  DNA v iru s -m e d ia te d  

p a t te r n s  o f DNA s y n th e s is  seen in  c e l l s  in f e c te d  w ith  e i t h e r  v a c c in ia  

o r  h e rp e s v iru s  a lo n e .

R e su lts  o f  exam ination  o f polysom es and n u c le a r  RNA and DNA 

from c o n t ro l  and r e o v ir u s - in f e c te d  c e l l s . A c e l l  c u l tu r e  was la b e le d
3

over a  24 h p e r io d  w ith  2 .0  |j,Ci/ml H -u rid in e  and was app roach ing

c o n s ta n t la b e l  in  th e  polysome f r a c t io n .  The c u l tu r e  was d iv id e d

in to  two id e n t i c a l  c u l tu r e s .  One was in o c u la te d  w ith  r e o v iru s  and th e

o th e r  u sed  as  a  c o n t ro l .  At in t e r v a ls  p o s t - in f e c t io n ,  200 ml sam ples

w ere in c u b a te d  f o r  30 min w ith  0.05 pg /m l actinom ycin-D  to  i n h i b i t

ribosom al RNA s y n th e s is  (96 ). C e lls  w ere then  c o n c e n tra te d , w ashed,

32p u ls e - la b e le d  w ith  P in  th e  p resence o f  0 .05 u g /m l actinom ycin-D  f o r  

1 h , and th e  c e l l s  w ere f r a c t io n a te d  as d e s c r ib e d . N uclear p e l l e t s  w ere 

de terg en t-w ash ed  a  second tim e, and t r e a t e d  as d e sc r ib e d  in  th e  c e l l  

f r a c t io n a t io n  p ro c e d u re . RNA d e te rm in a tio n s  w ere made by o r c in o l  q u a n t i 

t a t i o n  o f  p e n to se s  (8 7 ). D eterm inations o f  DNA w ere ach iev ed  by th e  

method o f  B urton  (1 1 ). D ata on the d i s t r i b u t io n  o f  r a d io a c t i v i ty  i s  

p re se n te d  in  T able 2. N o ticeab le  i n h i b i t i o n  o f  b o th  n u c le a r  RNA and 

DNA s y n th e s is  i s  seen  in  in fe c te d  c e l l s  betw een 9 and 13 h  p o s t - in f e c t io n .  

I t  i s  p o s s ib le  t h a t  d e te rg e n t trea tm e n t d id  no t f r e e  th e  n u c le a r  p r e p a r 

a t io n  o f ad h e rin g  r e o v iru s  and th u s , some re o v iru s  RNA may have c o n t r i 

bu ted  to  r a d i o a c t i v i t y  d e te rm in a tio n s  o f  n u c le a r  RNA. I t s  p re se n c e  in  

th e  n u c le a r  f r a c t i o n  would p a r t i a l l y  mask an a l re a d y  obvious i n h i b i t i o n
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F ig u re  11. E f f e c ts  o f  r e o v iru s  in f e c t io n  on DNA s y n th e s is  in  
c e l l s  in f e c te d  w ith  h e rp e s  o r  v a c c in ia  v i r u s .  C u ltu re s  w ere in o c u la te d  
a t  0 h w ith  20 p f u / c e l l  r e o v iru s .  The arrow s in  each  p an e l in d i c a te  
tim e o f in o c u la t io n  w ith  h e rp e s  and v a c c in ia .  A t th e  tim es in d ic a te d ,
2 .0  ml a l iq u o ts  o f  each  c u l tu r e  w ere p u lsed  w ith  ^H -thym idine f o r  30 min. 
R e su lts  a r e  p re se n te d  a s  co u n ts  p e r  min in  TCA in s o lu b le  m a te r ia l  p e r  
ml o f  c u l tu r e .

A. C e lls  in o c u la te d  w ith  h e rp e s v iru s  o r  v a c c in ia  4  h  a f t e r  
in o c u la t io n  w ith  2 0  p f u / c e l l  r e o v iru s .

B. C e lls  in o c u la te d  w ith  h e rp e s v iru s  o r  v a c c in ia  c o n c u r re n t ly  
w ith  2 0  p f u / c e l l  r e o v iru s .

C. C e lls  in o c u la te d  w ith  h e rp e s  and v a c c in ia  2 h p r i o r  to  
in o c u la t io n  w ith  2 0  p f u / c e l l  r e o v iru s .

Symbols a re  V -v a c c in ia ; H -h e rp e s v iru s ; R -re o v iru s ;  and C -c o n tro l .
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T ab le  2 . - - D i s t r i b u t i o n  o f  r a d i o a c t i v i t y  in  RNA and DNA in  c e l l u l a r  
f r a c t i o n s  from  c o n t r o l  and in f e c te d  c e l l s .  I n f e c te d  and
c o n t r o l  c e l l s  w ere p r e - la b e le d  w ith  ^ H -u r id in e  and p u ls e  oo
labeled with NaH2^^P04 as described, and the cells were 
f r a c t io n a t e d .  R a d io a c t iv i ty  i s  shown a s  s p e c i f i c  a c t i v i t y  
o f  a p p r o p r ia te  f r a c t i o n s  from  2 0 0  ml o f  c e l l  c u l tu r e
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o f n u c le a r  BNA s y n th e s is .  Thus, i f  r e o v iru s  ENA d id  c o n t r ib u te  to  th e  

ENA c o n te n t o f  th e  n u c le a r  p re p a ra t io n s ,  th e  a c tu a l  i n h i b i t i o n  o f  n u c le a r  

ENA s y n th e s is  would be even more dram atic  th a n  r e p o r te d  h e re .

Polysom es w ere p e l l e t e d  by c e n t r i f u g a t io n  from  th e  p o s t -  

m ito c h o n d r ia l s u p e rn a ta n t ,  w ashed, and s to re d  a t  -2 0  C. The polysome 

i s o la t io n  p ro ced u re  d e sc r ib e d  was chosen because  o f  maximum polysome 

y ie ld  and m inim al n u c le a r  con tam ina tion . N u c lea r  co n ta m in a tio n  was 

m easured u s in g  c e l l s  w hich had been pu lsed  w ith  ^H -thym idine f o r  1 h . 

C ougarison o f  t o t a l  T C A -p rec ip itab le  r a d io a c t i v i ty  in  th e  n u c le a r  

p e l l e t  to  t h a t  in  th e  p o s t-m ito c h o n d r ia l s u p e rn a ta n t ,  showed n u c le a r  

leak ag e  in  th e  f r a c t i o n a t io n  procedure u sed  to  be l e s s  th an  1%. No 

d if f e r e n c e s  in  d i s t r i b u t i o n  and q u a n tity  o f  polysom es were d e te c ta b le  

a t  5 -6  h  p o s t - in f e c t io n ,  E e p re se n ta tiv e  p r o f i l e s  a r e  shown i n  F igu re  12. 

D ata showing r a d io a c t i v i t y  and d if fe re n c e s  in  % /^ ^ P  r a t i o s  from  po ly 

some p re p a ra t io n s  a t  tim es a f t e r  in fe c tio n  i s  p re s e n te d  in  T ab le  2.

E f f e c t  o f  h y p o to n ic  sw e llin g  on DNA s y n th e s is  in  c o n t ro l  and 

re o v iru s  in f e c te d  L - c e l l s . DNA sy n th e s is  was m o n ito red  in  b o th  normal 

and h y p o to n ic a lly  sw o llen  c o n t ro l  and r e o v i r u s - in f e c te d  c e l l s  as des

c r ib e d . As shown in  F ig u re  13, th e  in h ib i t i o n  o f  DNA s y n th e s is  i s  

o b se rv ab le  d u rin g  th e  same in t e r v a l  p o s t - in f e c t io n  in  b o th  norm al and 

h y p o to n ic a lly  sw o llen  c e l l s .
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F ig u re  12. A com parison  o f  absorbance p r o f i l e s  o f  polysom es 
from  c o n tro l  (A) and in f e c te d  c e l l s  (B) 5 h p o s t - in f e c t io n .  D ire c t io n  
o f  se d im en ta tio n  i s  from r ig h t  to  l e f t .
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F ig u re  13. A c o n ç a riso n  o f  re o v iru s -m e d ia te d  in h i b i t i o n  o f  
DNA s y n th e s is  in  h y p o to n ic a lly  sw o llen  and norm al L - c e l l s .  Two sp in n e r  
c u l tu r e s  o f  L - c e l l s  w ere p re p a re d  and t r e a te d  a s  d e s c r ib e d  in  m a te r ia ls  
and m ethods. R e su lts  a r e  p re se n te d  a s  co u n ts  p e r  min in  T C A -inso lub le  
m a te r ia l  p e r  ml c u l tu r e  from  h y p o to n ic a lly  sw ollen  c e l l s  (P a n e l A) and 
from  norm al c e l l s  (P a n e l B).
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CHAPTER IV

DISCUSSION

The r e s u l t s  o f  t h i s  in v e s t ig a t io n  have shown th a t  ^H -thym idine 

in c o rp o ra t io n  i s  a  v a l id  m easure o f  DNA s y n th e s is  i n  norm al and re o v iru s -  

in f e c te d  L c e l l s .  Thymidine was found to  be  absorbed  by in f e c te d  c e l l s  

a t  ap p ro x im ate ly  th e  same r a t e  as by c o n tro l  c e l l s  f o r  s e v e r a l  h o u rs  

a f t e r  i n h i b i t i o n  o f  DNA s y n th e s is  i s  no ted  in  in f e c te d  c e l l s .  The 

s p e c i f i c  a c t i v i t y  o f  p re la b e le d  c e l l u l a r  DNA in  synchronous c e l l s  

s t a b i l i z e s  a f t e r  re o v iru s  in f e c t io n ,  in d ic a t in g  th a t  c e l l u l a r  KîA 

s y n th e s is  i s  a c tu a l ly  a r r e s te d .  T hus, th e  la c k  of H -thym idine in c o r 

p o ra t io n  in to  th e  DNA o f  p u ls e - la b e le d ,  in f e c te d  c e l l s  i s  n o t s im p ly  an 

a r t i f a c t u a l  r e s u l t  o f r e s t r i c t e d  n u c le a r  membrane t r a n s p o r t  o f  thym id in e  

t r ip h o s p h a te  (TTP). The p o s s i b i l i t y  o f a l t e r e d  t r a n s p o r t  o f  n u c le o t id e s  

in to  th e  n u c leu s  as a  c o n t r ib u t in g  f a c to r  to  in h ib i t io n  o f  c e l l u l a r  DNA 

s y n th e s is  can n o t, however be excluded  on th e  b a s is  o f  th e  r e s u l t s  o f  

any o f  th e se  experim en ts.

P rev io u s  in v e s t ig a t io n s  have  shown th a t  th e  top  com ponent, 

w hich c o n ta in s  th e  f u l l  complement o f  v i r a l  p r o te in ,  does n o t a f f e c t  

c e l l u l a r  RNA, DNA o r p ro te in  s y n th e s is  (49, 7 5 ). S im ila r  r e s u l t s  w ere 

r e p o r te d  in  re o v iru s  c o r e - t r e a te d  c e l l s .  On th e  o th e r  hand, in f e c t io u s  

SVP's (15) and U V -in ac tiv a ted  (n o n in fe c tio u s )  r e o v ir io n s  (49, 122)

65
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i n h i b i t  c e l l u l a r  DNA s y n th e s is  as e f f e c t i v e l y  a s  norm al r e o v i r lo n s .  

T hese f in d in g s  in d ic a te  t h a t  a t  l e a s t  l im i te d  t r a n s c r i p t i o n  and t r a n s l a 

t i o n  o f  v i r a l  s p e c i f i c  RNA a r e  n e c e ssa ry  f o r  i n h i b i t i o n  to  o c c u r.

E xam ination o f  c e l l s  in f e c te d  w ith  ts -m u ta n ts  su p p o rted  th e  

p o s s i b i l i t y  t h a t  th e  l e v e l s  o f  r e o v iru s  ssKNA a n d /o r  p r o te in  produced 

i n  in f e c te d  c e l l s  in f lu e n c e  th e  d eg ree  o f  i n h i b i t i o n  o f  DNA s y n th e s is  

o c c u r r in g  in  th o se  c e l l s .  A l l  v i r a l  mRNA segm ents a r e  produced in  t s  

m u ta n t- in fe c te d  c e l l s  a t  th e  n o n -p e rm iss iv e  te m p e ra tu re  and a re  t r a n s 

l a t e d  in to  i d e n t i f i c a b l e  v i r a l  p e p tid e s  (3 4 ). But, because  th e  m u tan ts  

accum ula te  a b e r ra n t  n o n - in f e c t io u s  progeny p a r t i c l e s ,  th e  s p e c i f i c  t s  

l e s io n  o f  each m utant m ust r e s u l t  in  p e p tid e s  a l t e r e d  s u f f i c i e n t l y  to  

r e s u l t  in  f a u l ty  v i r a l  assem bly  (21 , 34, 35 , 60) a t  some s ta g e  o f  th e  

i n f e c t io n  c y c le .

Group C m utan t 447 i s  th e  on ly  m utan t exam ined in  t h i s  i n v e s t i 

g a t io n  w hich shows a  m arked ly  low er p o t e n t i a l  th a n  W T-reovirus f o r  

in h ib i t i o n  o f  c e l l u l a r  DNA s y n th e s is .  C ro ss , e t  a l . (21) have shown 

th a t  t h i s  m utan t assem bles no minus s t r a n d - s y n th e s iz in g  p a r t i c l e s  (d s- 

RNA c o n ta in in g  progeny SVP's) and th u s  th e  second s ta g e  o f  v i r a l  mENA 

s y n th e s is  o c c u rr in g  i n  W T -re o v iru s -in fe c te d  c e l l s  does n o t o ccu r in  

c e l l s  in f e c te d  w ith  m u tan t 447. F ie ld s ,  e t  a l .  (33) re p o r te d , a t  th e  

p e rm iss iv e  te m p e ra tu re , m u tan t 447 i s  l e s s  e f f i c i e n t  th an  W T-reovirus 

w ith  r e s p e c t  t o  th e  p ro d u c tio n  o f  bo th  RNA and in f e c t io u s  p rogeny .

T h is  work su p p o rts  th e s e  f in d in g s .  We have found t h a t  m utan t 447 has 

an in f e c t io u s  c y c le  5 -1 0  h  lo n g e r  than  th e  group A and  B m u tan ts  a t  th e  

p e rm iss iv e  te m p e ra tu re . T h is  f in d in g  co u ld  accoun t f o r  the  le s s  marked 

in h ib i t i o n  o f  DNA s y n th e s is  t h a t  group C mut a n t - in f e c te d  c e l l s  e x h ib i t
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a t  both  p e rm iss iv e  and n o n -p e rm iss iv e  te m p era tu re s  and s u p p o rt th e  

h y p o th e s is  th a t  v i r a l  mRNA and p r o te in  s y n th e s is  a f f e c t  th e  d e g re e  o f 

in h ib i t i o n  o f  DNA s y n th e s is  in  in f e c te d  c e l l s .  The f a c t  t h a t  th e  group 

C m utant i n h i b i t s  DNA s y n th e s is  a t  th e  n o n -p e rm iss iv e  te m p e ra tu re  i n d i 

c a te d ,  however, t h a t  n e i th e r  p ro d u c tio n  o f ds-RNA n o r th e  p re se n c e  in  

th e  c e l l  o f  a  la rg e  number o f  ds-RNA c o n ta in in g  progeny  SVP's was th e  

p rim ary  cause  o f  th e  in h i b i t i o n .  Indeed , th e  f a c t  t h a t  a l l  o f  th e  

m u tan ts  i n h i b i t  DNA s y n th e s is  a t  39 'C  shows th a t  co m p le tio n  o f  th e  v i r a l  

r e p l i c a t i v e  c y c le , te rm in a t in g  in  progeny p ro d u c tio n  and c e l l  l y s i s ,  i s  

n o t n e c e ssa ry  f o r  th e  in h i b i t i o n .  T h is c o n c lu s io n  was in d ic a te d  p r e 

v io u s ly  in  work w ith  U V -in a c tiv a te d  v iru s  p a r t i c l e s ,  b u t th e  p o s s i b i l i t y  

t h a t  to x ic  p ro d u c ts  were p roduced d u rin g  i r r a d i a t i o n  cou ld  n o t be ig n o re d . 

A l l  o th e r  p r e v io u s ly - t e s te d  in h ib i to r y  p a r t i c l e s  n o t o n ly  t r a n s c r ib e d  

ssRNA b u t produced in f e c t io u s  progeny.

I t  was found th a t  th e  c o n t r ib u t io n  o f  d e f e c t iv e  r e o v i r io n s  to  

th e  i n h ib i t i o n  o f  c e l l u l a r  DNA sy n th e s is  was le s s  s i g n i f i c a n t  th a n  th e  

c o n t r ib u t io n  o f  an e q u a l number o f  normal v i r i o n s .  On th e  b a s i s  o f 

d i f f e r e n c e s  in  p h y s ic a l  c h a r a c t e r i s t i c s  i t  was p la u s ib le ,  how ever, t h a t  

d e fe c t iv e  and norm al v i r i o n s  cou ld  have d i s s im i la r  t r a n s c r i p t i v e  p o te n 

t i a l s ,  and th a t  d e f e c t iv e  p a r t i c l e s  sy n th e s iz e d  RNA a t  a  red u ced  r a t e .

A t l e a s t  th e  d a ta  o b ta in e d  from  in f e c t io n  o f  c e l l s  w ith  p r e p a ra t io n s  

c o n ta in in g  d e fe c t iv e  v i r u s  cou ld  be re so lv e d  by th e  in d ic a te d  r e l a t i o n 

sh ip  between th e  s y n th e s is  o f  v i r a l  p ro te in  and RNA and c e l l u l a r  DNA 

s y n th e s is .  The p o s s i b i l i t y  th a t  a  s p e c i f i c  v i r i o n  p r o te in  c o u ld  be th e  

m ed ia to r o f  DNA in h i b i t i o n  in  in f e c te d  c e l l s  was p la c e d  in  doubt by th e  

d a ta  o b ta in ed  from top  component a d s o rp tio n , though th e  f a t e  o f  th e
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p a r e n ta l  v i r a l  o r  to p  component p r o te in  may be e n t i r e l y  d i f f e r e n t  in  

c e l l s  th a n  th a t  o f  newly sy n th e s iz e d  ( and perhaps ex ce ss ) v i r a l  p ro te in .  

Most o f th e  p a r e n t a l  v i r i o n  and presum ably  to p  component i s  conserv ed  

and re c o a te d  upon r e le a s e  o f  progeny from  p ro d u c tiv e ly  in f e c te d  c e l l s .

Top component co n c e iv a b ly  co u ld  be degraded a f t e r  a  tim e  in  th e  c e l l ,  

s in c e  th e s e  p a r t i c l e s  can n o t e n te r  in to  v i r a l  miRNA s y n th e s is .

DNA s y n th e s is  in  c e l l s  in fe c te d  w ith  v a c c in ia  o r  h e rp e s v iru s  was 

examined because c o n tin u e d  v i r a l  DNA sy n th e s is  in  c e l l s  in f e c te d  w ith  

r e o v iru s  would have p ro v id ed  su p p o rtiv e  ev idence  f o r  r e o v i r u s - s p e c i f i c  

i n h ib i t i o n  o f  c e l l u l a r  DNA s y n th e s is .  V acc in ia  r e p l i c a t e s  e n t i r e l y  in  

th e  cy top lasm  o f  in f e c te d  c e l l s  (102 ), w h ile  h e rp e s v iru s  DNA i s  r e p l i c a t 

ed in  th e  n u c leu s  o f  in f e c te d  c e l l s  (3 1 ). C e lls  w hich w ere in f e c te d  

w ith  re o v iru s  bo th  p r i o r  to  and s im u ltan e o u sly  w ith  e i t h e r  v a c c in ia  o r  

herpes showed no ev id en ce  o f  v i r a l  DNA s y n th e s is .  T o ta l  DNA s y n th e s is  

in  th e s e  c e l l s  was in h ib i te d  w ith  th e  same k in e t i c s  o bserved  i n  c e l l s  

in fe c te d  w ith  re o v iru s  a lo n e . DNA sy n th e s is  in  c e l l s  in f e c te d  w ith  

re o v iru s  2 h a f t e r  in f e c t io n  w ith  e i t h e r  o f th e  DNA v iru s e s  was no t 

c le a n ly  in h ib i te d ,  b u t was in h ib i te d  more than  in  c e l l s  in f e c te d  w ith  

e i th e r  DNA v ir u s  a lo n e . V acc in ia  DNA i s  r e p l ic a te d  from  1 .5  to  2 .5  h 

a f t e r  in f e c t io n  and peaks a t  abou t 3 h (6 5 ). H erpes DNA r e p l i c a t i o n  

beg ins ap p ro x im ate ly  4  h a f t e r  in f e c t io n  and a lm ost co m p le te ly  re p la c e s  

h o s t DNA s y n th e s is  by 7 h p o s t - in f e c t io n  (66, 91). However, i n i t i a t i o n  

o f  h e rp e s v iru s  DNA s y n th e s is  in  some c e l l  types  may be dependen t on th e  

c e l l  c y c le  (77, 78 ). Thus, th e re  i s  a  p o s s i b i l i t y  t h a t  in  L c e l l s ,  

h e rp e s v iru s  DNA s y n th e s is  may n o t beg in  synchronously  a f t e r  in f e c t io n  

o f  asynchronous c e l l  c u l tu r e s .  I t  i s  a l s o  known, t h a t  the  r e p l i c a t i o n



69

o f  b o th  h e rp e s v iru s  (67 , 99) and v a c c in ia  (70) i s  dependen t on p r io r  

RNA and p r o te in  s y n th e s is .  Thus th e  cause o f  re o v iru s  in h i b i t i o n  o f 

h e rp es  and v a c c in ia  DNA r e p l i c a t i o n  i s  d i f f i c u l t  t o  d e te rm in e . A re a so n 

a b le  h y p o th e s is  i s  t h a t  re o v iru s -m e d ia te d  ev en ts  w hich p re v e n t r e p l i c a 

t i o n  o f  o th e r  v iru s e s  c o u ld  a l s o  be re s p o n s ib le  f o r  in h i b i t i o n  o f  c e l lu 

l a r  DNA s y n th e s is .  I n te r f e r e n c e  w ith  bo th  v i r a l  and c e l l u l a r  DNA 

s y n th e s is  would l ik e ly  in v o lv e  e i t h e r  d i r e c t  p h y s ic a l a l t e r a t i o n  o f  DNA 

or a  much more d i s t a l  e v e n t a f f e c t i n g  th e  a l t e r a t i o n  o f  r e p l i c a t i o n  o f  

a l l  th re e  k in d s  o f  DNA. D ata  r e p o r te d  by B a rtk o sk i and Cox (4 ) ,  Shaw 

and Cox (17) and o th e rs  (27 , 28) in d ic a te d  th a t  re o v iru s -m e d ia te d  

p h y s ic a l  a l t e r a t i o n s  o f  DNA a re  ex trem ely  u n l ik e ly .  R eo v iru s-m ed ia ted  

a l t e r a t i o n  o f c e l l u l a r  p r o te in  and RNA sy n th e s is  cou ld  co n c e iv a b ly  

r e s u l t  in  in h ib i t i o n  o f  b o th  v i r a l  and c e l l u l a r  DNA s y n th e s is .  I t  i s  

p ro b ab le  th a t  a t  th e  b eg in n in g  o f th e  second s ta g e  o f  re o v iru s  mRNA 

s y n th e s is  from progeny SV P 's, an in c re a s in g  p o r t io n  o f  th e  t o t a l  RNA and 

p r o te in  la b e le d  by r a d io a c t iv e  p re c u r s o r  in c o rp o ra tio n  i s  v i r a l .  Thus, 

c e l l u l a r  RNA and p r o te in  s y n th e s is  m ust be in h ib i te d  to  some e x te n t  in  

re o v iru s  in f e c te d  c e l l s ,  and may be th e  cause o f in h i b i t i o n  o f  DNA 

s y n th e s is .  S e v e ra l f in d in g s  a re  in te r p r e te d  as  in d ic a t in g  t h a t  th e  

in h ib i t i o n  o f  p ro te in  s y n th e s is  i s  n o t th e  cause o f  i n h i b i t i o n  o f  

c e l l u l a r  DNA s y n th e s is .  ^  v i t r o  DNA sy n th e s iz in g  system s p re p a re d  w ith  

n u c le i  and cy to p lasm ic  f r a c t io n s  from  re o v iru s  in f e c te d  c e l l s ,  and 

n u c le a r  and cy to p lasm ic  po lym erases and chrom atin  d e riv e d  from  re o v iru s  

in fe c te d  c e l l s  e x h ib i t in g  d ep re ssed  DNA s y n th e s is ,  show la b e le d  deoxy- 

n u c le o tid e  in c o rp o ra tio n  a t  c o n t ro l  le v e ls .  Sm all amounts o f re o v iru s  

ts -m u ta n t 447 p e p tid e s  co u ld  be im m unoprecip ita ted  from in f e c te d  c e l l
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cy top lasm  (3 4 ) , b u t t h i s  m utant in h ib i te d  DNA s y n th e s is  to  a l e s s e r  

e x te n t  than  d id  WT re o v iru s .

On th e  o th e r  hand, s e v e ra l  o th e r  f a c t s  in d ic a te  th a t  in h ib i t i o n  

o f  c e l l u l a r  DNA s y n th e s is  i s  m ediated  by r e o v iru s - in d u c e d  in h ib i t io n  

o f  p r o te in  s y n th e s is .  The in h ib i t io n  o f  DNA s y n th e s is  fo llo w in g  

r e o v iru s  in f e c t io n  has  been re p o rte d  to  o ccu r a t  th e  le v e l  o f  i n i t i a t i o n  

o f  DNA s y n th e s is  (18, 28, 47 ). S im ila r ly ,  th e  te rm in a t io n  o f DNA 

s y n th e s is  fo llo w in g  purom ycin o r cyclohexim ide tre a tm e n t o f c e l l s  (28,

47) i s  th o u g h t to  occur a t  th e  s ta g e  o f  i n i t i a t i o n .  An i n t e r e s t i n g  

c o u n te rp o in t,  how ever, i s  th a t  u n lik e  n u c le i  from  r e o v iru s  in f e c te d  

c e l l s ,  n u c le i  from  e y e lo h e x im id e -tre a te d  c e l l s  w ere re p o r te d  u n a b le  to  

s y n th e s iz e  DNA in  v i t r o  (5 3 ). The le v e ls  and a c t i v i t i e s  o f  s e v e ra l  

enzymes in v o lv ed  in  DNA sy n th e s is  a re  known to  be u n a l te r e d  a f t e r  DNA 

s y n th e s is  i s  d ep re ssed  in  c e l l s  in fe c te d  w ith  r e o v iru s  (4 , 28, 121).

Thus, i f  r e o v i r a l  in h ib i t i o n  o f c e l l u l a r  p r o te in  s y n th e s is  w ere th e  cause  

o f th e  in h i b i t i o n  o f  DNA s y n th e s is ,  the  s p e c i f i c  m iss in g  p r o te in ( s )  

r e q u ire d  f o r  DNA sy n th e s is  in  r e o v ir u s - in f e c te d  c e l l s  m ust have ex trem e

ly  c o n c e n tra tio n -d e p e n d e n t a c t i v i t i e s .  Such p r o p e r t i e s  m ight be expec ted  

o f an i n i t i a t o r  p ro te in  invo lved  in  DNA s y n th e s is .

I n h ib i t io n  o f  c e l l u l a r  p ro te in  s y n th e s is  h as  been examined in  

o th e r  v i r u s - h o s t  c e l l  system s. Lawrence and Thach (76) have su g g es ted  

t h a t  p ic o r n a v i r a l  mRNA s u c c e s s fu lly  competes w ith  c e l l u l a r  mRNA fo r  

i n i t i a t i o n  f a c t o r s ,  and th u s  i s  p r e f e r e n t i a l l y  bound by ribosom es. 

R eovirus ssRNA has  s e v e ra l  in te r e s t in g  p h y s ic a l  p r o p e r t i e s  which could  

p ro v id e  a b a s is  fo r  a l t e r e d  e f f ic ie n c y  as m essenger w ith  re s p e c t  to  

c e l l u l a r  mRNA. S tu d ie s  (59, 64, 68, 110, 139) have in d ic a te d  th a t
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r e o v iru s  mRNA has  a  s i g n i f i c a n t  d eg ree  o f secondary  s t r u c t u r e .  Ward 

and S h a tk in  (138) and W ard, e t  a l .  (137) have shown th a t  a l l  r e o v iru s  

mRNAs, th e  l a r g e s t  o f  w hich  sed im ents a t  25S, a re  d i s t r i b u t e d  th ro u g h o u t 

even th e  l a r g e s t  polysom es from  in f e c te d  c e l l s ,  and a r e  l in k e d  to g e th e r  

th ro u g h  p r o te in  s u b u n its .  E i th e r  o f th e se  p r o p e r t i e s  cou ld  perhaps 

r e s u l t  in  a l t e r e d  e f f ic ie n c y  in  c o m p e titio n  w ith  c e l l u l a r  mRNA f o r  some 

p a r t  o f  th e  p r o te in - s y n th e s iz in g  system  w ith in  in f e c te d  c e l l s .  T hat 

r e o v iru s  mRNA i s  p h y s ic a l ly  d is t in g u is h a b le  from c e l l u l a r  mRNA h as  been 

d em onstra ted  i n  in t e r f e r o n  t r e a te d ,  r e o v i r u s - in f e c te d  c e l l s  (37 , 45) 

and in  iu  v i t r o  p r o te in  s y n th e s iz in g  system s em ploying com ponents p roduced  

in  i n t e r f e r o n - t r e a te d  c e l l s  (105 ). S h a tk in  (115) h a s  r e c e n t ly  r e p o r te d  

th a t  re o v iru s  mRNA i s  s p e c i f i c a l l y  m e th y la ted  a t  th e  5 ' te rm in u s , and 

i t  has been known f o r  some tim e th a t  th e  3 ' te rm inus o f  r e o v iru s  mRNA 

i s  n o t p o ly a d en y la ted  a s  i s  m ost c e l l u l a r  mRNA (1 3 3 ).

The p o s s i b i l i t y  t h a t  re o v iru s  mRNA cou ld  com pete fa v o ra b ly  w ith  

c e l l u l a r  mRNA in  polysom e fo rm a tio n  was to  be  exam ined by po lydeoxy- 

th y m id y la te  (p o ly  d T ) - c e l lu lo s e  s e p a ra t io n  o f  p u ro n y c in  d is s o c ia te d  

polysom e-bound v i r a l  and c e l l u l a r  mRNA. A lthough s u f f i c i e n t l y  h ig h ly  

la b e le d  mRNA in  la rg e  enough q u a n t i t i e s  was n o t o b ta in e d ,  d a ta  g a th e re d  

from  th e  f r a c t io n a t io n  o f  c e l l s  and subsequen t q u a n t i t a t io n  o f  r a d io 

a c t i v i t y  in  n u c le a r  RNA and DNA, and in  polysom al RNA, in d ic a te d  th a t  

sy n th e se s  o f  n u c le a r  RNA and DNA were in h ib i te d  a t  ap p ro x im a te ly  th e  

same tim e. Almost com plete  su p re s s io n  of b o th  32S and 45S rib o so m a l 

p re c u rs o r  RNA o ccu rs by 10 h a f t e r  r e o v iru s  i n f e c t io n  (1 6 ). I t  now

ap p ea rs  th a t  t o t a l  n u c le a r  RNA sy n th e s is  i s  abo u t 50% in h ib i t e d  a t  13 h 

3 32p o s t - in f e c t io n .  H/ P r a t i o s  o f  polysom al p e l l e t s  in  b o th  r e o v iru s -
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in f e c te d  and c o n t ro l  c e l l s  w ere v e ry  n e a r ly  th e  same a t  tim es  a f t e r  

in f e c t io n .  S ince  th e  c e l l s  w ere t r e a te d  w ith  low d oses o f  ac tin o m y c in  

D to  su p p ress  c e l l u l a r  ribo so m al RNA s y n th e s is ,  ^ ^ P - la b e l  in c o rp o ra te d  

d u rin g  th e  p u ls e  p e r io d  sh o u ld  be  c o n ta in e d  p r im a r i ly  in  v i r a l  and 

c e l l u l a r  mRNA and tRNA, n e i th e r  o f  w hich w ould sed im en t w ith  polysom es
3

u n le s s  th ey  w ere ribosom e-bound. R a d io a c t iv i ty  due to  H -u r id in e -  

in c o rp o ra tio n , on th e  o th e r  hand, would be c o n ta in e d  in  p r e - e x i s t e n t  

mRNA and p r im a r i ly  in  r ib o so m a l RNA. I t  m igjit th e r e f o r e  be p o s s ib le  to  

comment on th e  s t a t e  o f  ribosom e lo a d in g  o f  mRNA on th e  b a s is  o f  

r a t i o s  o f RNA found in  polysome p e l l e t s .  These r a t i o s  a re  s u p p o r tiv e  

ev idence  t h a t  t o t a l  polysom e-bound mRNA in  in f e c te d  c e l l s  i s  no le s s  

e f f i c i e n t l y  loaded  w ith  ribosom es th an  in  u n in fe c te d  c e l l s .  The t o t a l
o  39

and P r a d io a c t i v i t y  in  polysom es in d ic a te s  t h a t  polysom e le v e ls  

b eg in  to  d e c re a se  e a r l i e r  in  in f e c te d  c e l l s  th a n  in  c o n t ro l  c e l l s ,  b u t 

t h a t  th e  r a t e s  o f d e c re a se  in  in f e c te d  and u n in fe c te d  c e l l s  a r e  a p p ro x i

m a te ly  th e  same. The a p p a re n tly  g rad u a l t r a n s i t i o n  from  c e l l u l a r  to  

v i r a l  p r o te in  s y n th e s is  r e f l e c t e d  by t o t a l  p r o te in  cu rves would su p p o rt 

th e  p o s s i b i l i t y  t h a t  d e p re sse d  mRNA s y n th e s is  in  th e  n u c leu s  o f  in f e c te d  

c e l l s ,  r a th e r  th an  v i r a l  in t e r f e r e n c e  w ith  polysome fo rm a tio n , i s  

r e s p o n s ib le  fo r  th e  e a r ly  d e c re a se  in  polysome l e v e l s  in  in f e c te d  c e l l s .

W hile th e  r a t e  o f  n u c le a r  RNA s y n th e s is  was d e c re a s in g  in  

in f e c te d  c e l l s  a f t e r  9 h p o s t - in f e c t io n ,  th e  lo s s  o r  t r a n s p o r t  o f  % -  

la b e le d  RNA from th e  n u c leu s  was slowed compared to  c o n t ro l  d u r in g  th e  

same p e r io d .

I t  appeared  th a t  th e  g ro ss  e f f e c t s  o f  r e o v iru s  on n u c le i  o f  

in f e c te d  c e l l s  in c lu d ed  in h i b i t i o n  o f  DNA s y n th e s is ,  i n h i b i t i o n  o f  RNA
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s y n th e s is  and p o s s ib ly  th e  a l t e r e d  t r a n s p o r t  o f  RNA in to  th e  cy top lasm .

I t  appeared  t h a t ,  p o s s ib ly  due to  th e  p e r in u c le a r  l o c a l i z a t i o n  o f  r e o 

v ir u s  r e p l i c a t io n ,  such e f f e c t s  on th e  nucleus cou ld  be cau sed  d i r e c t l y  

by ev en ts  in  th e  re o v iru s  r e p l i c a t i v e  c y c le . The p o s s i b i l i t y  t h a t  th e  

r e la t io n s h ip  between re o v iru s  r e p l i c a t io n  and th e  n u c leu s  m igh t be 

more in t im a te  th a n  p re v io u s ly  th o u g h t prom pted th e  ex am in a tio n  o f  

re o v iru s  r e p l i c a t io n  in  c e l l s  w ith  im paired  DNA fu n c t io n .  R e s u lts  

in d ic a te d  t h a t  re o v iru s  was r e p l i c a te d  in  m ito m y c in -C -tre a te d  c e l l s .

Thus re o v iru s  r e p l i c a t i o n  a p p a re n tly  i s  n o t dependent on r e p l i c a t i v e  o r  

t r a n s c r i p t i v e  fu n c tio n s  o f  n u c le a r  DNA.

The in h ib i t i o n  o f  n u c le ic  a c id  s y n th e s is  in  th e  n u c le u s  cou ld  

be th e  r e s u l t  o f  subop tim al n u c le o s id e  t r ip h o s p h a te  (NTP) and deoxy- 

n u c le o s id e  tr ip h o s p h a te  (dNTP) c o n c e n tra t io n s ,  how ever. Lowered 

c o n c e n tra tio n s  o f  th e se  t r ip h o s p h a te s  could  a ls o  r e s u l t  d e c re a se d  

e f f ic ie n c y  o f  e n e rg y - re q u ir in g  t r a n s p o r t  m echanisms, in c lu d in g  n u c le ic  

a c id  t r a n s p o r t  from th e  n u c le u s . Evidence o b ta in e d  from  h y p o to n ic a l ly  

sw o llen  r e o v i r u s - in f e c te d  c e l l s  in d ic a te d  t h a t  when dNTP's w ere s u p p lie d , 

DNA s y n th e s is  was resumed (4 ) . To in v e s t ig a te  th e  p o s s i b i l i t y  t h a t  t h i s  

resum ption  was an a r t i f a c t u a l  r e s u l t  o f  th e  tre a tm e n t and h y p o to n ic  

s w e llin g , DNA sy n th e s is  and thym id ine p e rm e a b il i ty  w ere m easured  in  

h y p o to n ic a lly  sw ollen  c e l l s  by ^H -thym idine u p ta k e  and in c o rp o ra t io n .  

R e su lts  in d ic a te d  th a t  i n h i b i t i o n  o f  DNA s y n th e s is  in  in f e c te d  c e l l s  was 

n o t re v e rs e d  by h y p o to n ic  sw e llin g . The p resen ce  o f a c t iv e l y  s y n th e s iz in g  

v i r a l  " f a c to r i e s "  in  th e  p e r in u c le a r  re g io n  o f  th e  c e l l  a t  ap p ro x im ate ly  

th e  tim e of in h ib i t i o n  o f  s y n th e s is  o f n u c le a r  n u c le ic  a c id  

in d ic a te s  t h a t  a  mechanism o f  in h ib i t io n  in v o lv in g  NTP d e p le t io n  i s
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indeed  p la u s ib le .  S im ila r  e f f e c t s  o f  su b o p tim al i n t r a c e l l u l a r  p re c u rs o r  

c o n c e n tra tio n s  have been  n o te d  in  o th e r  v i r u s - c e l l  system s. S h a tk in  and 

Salzman (117) r e p o r te d  t h a t  le v e ls  o f  thym id ine  w hich  were su b -o p tim a l 

f o r  c e l l u l a r  DNA s y n th e s is  co u ld  su p p o rt sy n th e se s  o f  c e r t a in  v i r a l  DNA. 

The o b s e rv a tio n  th a t  th e  p a t te r n  o f  re o v iru s  gene e x p re s s io n  v iv o  

i s  s im i la r  to  th e  p a t t e r n  e x h ib i te d  v i t r o  a t  su b op tim al NTP concen

t r a t i o n s  cou ld  in d ic a te  t h a t  a  s im i la r  s i t u a t i o n  e x i s t s  in  th e  c e l l .  

V ira l  RNA s y n th e s is  in  th e  p e r in u c le a r  re g io n  cou ld  co n ce iv ab ly  p la ce  

too g r e a t  a  d r a in  on th e  NTP and dNTP p o o ls  to  su p p o rt norm al b io sy n th e 

t i c  a c t i v i t y  i n  th e  n u c le u s . P roof would depend on d e te rm in a tio n  no t 

on ly  o f  a c tu a l  NTP and dNTP c o n c e n tra tio n s  in  th e  n u c leu s  and p e r i 

n u c le a r  r e g io n , b u t o f  m inim al c o n c e n tra tio n s  o f  th e  tr ip h o s p h a te s  

re q u ire d  fo r  i n i t i a t i o n  and m ain tenance o f  n u c le a r  RNA and DNA s y n th e s is .

A no ther f a c t  su p p o rtin g  th e  h y p o th e s is  o f  l im i t in g  n u c le a r  

fu n c tio n  v ia  NTP d e p le t io n  i s  th a t  r e o v iru s  c o re s  a l s o  p o sse ss  a  n u c leo 

s id e  tr ip h o s p h a te  phosphohydro lase  (9, 69) th a t  can h y d ro ly se  a l l  NTP's 

and dNTP's. The fu n c tio n  o f  t h i s  enzyme i s  unknown, bu t i t  may be 

r e s p o n s ib le  f o r  c o n v e r t in g  th e  te rm in a l 5 ' - t r ip h o s p h a te  groups o f  re o 

v ir u s  RNA s p e c ie s  to  d ip h o sp h a te s .

F ie ld s  e t  a l .  (34) have shown t h a t  a lth o u g h  a l l  th e  t s  m utants 

t e s t e d  in  t h i s  in v e s t ig a t io n  induce norm al amounts o f  v i r a l  p r o te in  a t 

31 C (e s tim a te d  a t  10-307, o f th e  t o t a l  cy to p la sm ic  p ro te in s  la b e le d  

betw een 4 and 15 h  p o s t - in f e c t io n ) ,  the  group A m u tan t induces on ly  

10% v i r a l  s p e c i f i c  p r o te in  and groups B, C, and D induce 3% o r  l e s s  a t  

th e  n o n p erm issiv e  te m p e ra tu re . Because o f  th e  s im i la r  c h a r a c te r i s t i c s  

o f th e  i n h i b i t i o n  o f DNA s y n th e s is  no ted  in  c e l l s  in f e c te d  w ith  m utants
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A and B and W T-reovirus a t  39 C, th e  degree  o f  in h ib i t i o n  does n o t seem 

to  be r e l a t e d  to  v i r a l  p r o te in  s y n th e s is .

The group C m utan t i s  th e  only  m u tan t w hich p roduces no 

d e t e c t i b l e  dsRNA o r dsR N A -containing progeny p a r t i c l e s  in  in f e c te d  

c e l l s .  The slow er and le s s  marked in h ib i t i o n  o f  DNA s y n th e s is  in  group 

C m u ta n t- in fe c te d  c e l l s  cou ld  be  r e la te d  to  th e  f a c t s  th a t  viral-mRNA 

p ro d u c tio n  i s  much d e p re sse d  and th a t  no t r a n s c r ib in g  progeny SVP's 

w ith  a s s o c ia te d  phosphohydro lase a c t i v i t i e s  a re  p roduced . T h is  su p p o rts  

th e  p o s s i b i l i t y  t h a t  p a r e n ta l  and progeny SVP's cou ld  c o n t r ib u te  to  th e  

in h i b i t i o n  o f  n u c le a r  RNA and DNA sy n th e s is  by d e c re a s in g  th e  c o n c e n tra 

t io n s  o f  NTP's below some th re s h o ld  le v e l  re q u ire d  f o r  normal n u c le a r  

fu n c tio n .

Due to  th e  sm a ll q u a n t i t i e s  o f  v i r a l  p r o te in  produced in  m u tan t-  

in f e c te d  c e l l s  a t  39‘' and th e  s u s ta in e d  le v e l s  o f  t o t a l  p ro te in  s y n th e s is  

in  th e se  c e l l s ,  th e  p o s s i b i l i t y  t h a t  in h ib i t i o n  o f  c e l l u l a r  p r o te in  

s y n th e s is  as th e  p rim ary  cause  o f  th e  in h ib i t i o n  o f  DNA s y n th e s is  seems 

rem ote. The p o s s i b i l i t y  th a t  a l t e r e d  p r o te in  s y n th e s is  does a f f e c t  

n u c le a r  fu n c tio n  in  in f e c te d  c e l l s  cannot be  ig n o re d , however. A p o r

t io n  o f  th e  r a d io a c t i v i ty  from s o lu b i l iz e d  ^^P l ib e r a te d  from TCA- 

t r e a te d  n u c le i  on NaOH h y d ro ly s is  could be r e le a s e d  from  n u c le a r  phos- 

phoprote in s ,  b u t under th e  c o n d itio n s  o f th e  ex perim en ts  d e sc r ib e d , i t  

i s  p ro b ab le  th a t  m ost o f  th e  ^^P la b e l  s o lu b i l i z e d  had been in c o rp o ra te d  

in to  RNA.

The re o v iru s  A -r ic h  RNA sp e c ie s  h as  been shown to  m ed ia te  

t r a n s i e n t  in h ib i t i o n  o f  DNA s y n th e s is  in  t r e a te d  L c e l l s .  S p e c u la tio n  

b ased  on th e  s im i la r i ty  o f  th e  te rm in i o f  a l l  r e o v iru s  ENA s p e c ie s ,
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has been  t h a t  A -r ic h  RNA i s  a p ro d u c t o f  a b o r t iv e  t r a n s c r i p t i o n  w ith in  

th e  progeny SVP. T hat th e  group C m utant p roduces no progeny SVP's 

capab le  o f  t r a n s c r i p t i o n  su p p o rts  th e  p o s s i b i l i t y  t h a t  th e  i n h i b i t i o n  o f 

DNA s y n th e s is  in  r e o v i r u s - in f e c te d  c e l l s  i s  caused  by NTP d e p le t io n  o f  

re o v iru s  SVP's a n d /o r  by e f f e c t s  o f  A -r ic h  RNA tr a n s c r ib e d  by SV P's.



CHAPTER V 

SUMMARY

I n v e s t ig a t io n s  on th e  k in e t i c s  o f  th e  i n h i b i t i o n  o f  DNA 

s y n th e s is  in  c e l l s  in f e c te d  w ith  r e o v iru s  ts -m u ta n ts  has shown t h a t  th e  

com plete r e o v iru s  r e p l i c a t i v e  c y c le ,  end in g  in  progeny p ro d u c tio n  and 

c e l l  l y s i s ,  i s  n o t n e c e s s a ry  f o r  th e  in h i b i t i o n  phenomenon. F u r th e r ,  

th e  o n ly  t s  m utan t i n h i b i t i n g  c e l l u l a r  DNA s y n th e s is  l e s s  e f f i c i e n t l y  

th a n  wr v i r u s  was th e  m u tan t w hich produces no dsR N A -containing progeny 

SV P's. R eov irus SVP's a r e  known to  p o sse ss  s e v e ra l  enzyme a c t i v i t i e s ,  

one o f  which i s  a  n u c le o s id e  t r ip h o s p h a te  p h o sp h o ly d ro la se . T here  i s  

ev idence  a ls o  t h a t  SVP's p roduce A - r ic h  o lig o n u c le o t id e s  as p ro d u c ts  o f  

a b o r t iv e  t r a n s c r i p t io n .  These A -r ic h  RNA's have been  shown p re v io u s ly  to  

t r a n s i e n t ly  i n h i b i t  c e l l u l a r  DNA s y n th e s is .  Both th e  phosph o h y d ro lase  

a c t i v i t y  and A -r ic h  RNA p ro d u c tio n  by SVP's in  in f e c te d  c e l l s  co u ld  

c o n t r ib u te  to  th e  i n h i b i t i o n  o f  DNA s y n th e s is .  S in ce  n e i th e r  o f  th e s e  

fu n c tio n s  cou ld  be f u l f i l l e d  by th e  group C m u tan t, th e  l e s s  s e v e re  

in h i b i t i o n  o f  DNA s y n th e s is  in  th e s e  m u ta n t- in fe c te d  c e l l s  co u ld  be 

m ediated  by th e  few p a r e n ta l  SVP's p roduced  from in p u t v i r i o n s .

C e lls  in f e c te d  w ith  WT r e o v iru s  w ere found to  e x h ib i t  d e c re a se d  

n u c le a r  DNA and RNA s y n th e s is  a f t e r  9 h  p o s t  in f e c t io n ,  a  tim e  a t  w hich 

progeny SVP's a r e  r a p id ly  b e in g  assem bled  in  th e  p e r in u c le a r  r e g io n .

The in h i b i t i o n  o f  n u c le a r  RNA s y n th e s is  i n  in f e c te d  c e l l s  was n o t  seen
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