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THE EFFECT OP SELECTED REOVIRUS SUBVIRAL PARTICLES ON 

DNA FUNCTIONS IN L CELLS

CHAPTER I  

INTRODUCTION

The s p e c i f i c  mechanisms fo r  r e g u la t io n  o f  c e l l u l a r  deoxyribo

n u c le ic  a c id  (DNA) fu n c tio n s  a re  no t c l e a r .  Both th e  t r a n s c r ip t iv e  and 

th e  r e p l i c a t i v e  fu n c tio n s  appear to  be s t r i c t l y  r e g u la te d .  A freq u en t 

r e s u l t  o f  in f e c t io n  o f  c e l l s  w ith  many v i r u s e s  i s  th e  a l t e r a t i o n  o f 

th e se  r e g u la to ry  p ro c e sse s  ( 1, 2,6).  Study o f  v i r u s - s p e c i f i c  a l t e r a t io n  

o f  c e l l u l a r  DNA t r a n s c r ip t iv e  a n d /o r  r e p l i c a t i v e  fu n c tio n s  could  pro

v id e  a  model f o r  c h a r a c te r iz a t io n  o f  th e se  r e g u la to r y  phenomena. 

A nalysis  o f  a  model c y to c id a l ■'d.rus system  i s  co m plica ted  by th e  r e p l i 

c a t io n  c y c le  (55) and r e s u l t in g  d e g e n e ra tio n  and d e a th  o f  th e  c e l l  ( 1) .  

The oncogenic v i r u s - c e l l  in t e r a c t io n  i s  e q u a l ly  com plex. Thus, demon

s t r a t i o n  o f  v i r a l - s p e c i f i c  mechanisms fo r  th e  a l t e r a t i o n  o f  c e l lu la r  

DNA fu n c tio n s  has been  d i f f i c u l t .

The re o v iru s  in fe c te d  c e l l  e x h ib i t s  c e r t a in  c h a r a c te r i s t i c s  

su g g e s tin g  a  s ig n i f i c a n t  p o te n t ia l  f o r  in v e s t ig a t io n  o f  th e se  

mechanisms (3 2 , 57» 58 ) .  F i r s t ,  v i r a l  s p e c i f i c  i n h i b i t i o n  o f  c e l lu la r  

DNA r e p l i c a t i v e  fu n c tio n  i s  th e  f i r s t  d e te c ta b le  m acrom olecular a l t e r 

a t io n  ob serv ed  in  in f e c te d  L - c e lI s  ( 13 , 24, 6 2 ) . Second, c e l lu la r



p r o te in  and r ib o n u c le ic  a c id  (RNA) s y n th e s is  seem n o t to  be a f f e c te d  

u n t i l  l a t e  i n  re o v iru s  r e p l i c a t i o n  ( I 9 , 24, 3 8 ). These f a c t s  in d ic a te  

t h a t  v i r a l  m o d if ic a t io n  o f  c e l l u l a r  DNA fu n c tio n  i s  a  s p e c i f i c  s e le c t iv e  

e v e n t and n o t a  d i s t a l  r e s u l t  o f  g en e ra l c y to p a th o lo g ic  changes r e s u l t 

in g  from v iru s  r e p l i c a t i o n .

T h ird , r e o v iru s  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  o ccu rs  

app ro x im ate ly  8 hours a f t e r  in f e c t io n  w ith  low m u l t i p l i c i t i e s  ( 24 , 38). 

T h is  allow s s u f f i c i e n t  tim e  to  s tu d y  th e  mechanisms in v o lv ed  in  th e  v i

r a l - s p e c i f i c  i n h i b i t i o n  o f  c e l l u l a r  DNA. fu n c tio n . F o u r th , th e  tim e 

re q u ire d  to  show th e  in h i b i t i o n  can be reduced  i f  h ig h  m u l t i p l i c i t i e s  

o f  re o v iru s  a re  u sed  to  i n f e c t  L—c e l l s  (1 3 , 6 2 ). When u l t r a - v i o l e t  (UV) 

l i g h t  i s  u sed  to  red u ce  th e  i n f e c t i v i t y  o f  h igh  m u l t i p l i c i t i e s  o f  reo

v i r u s ,  th e  in h ib i to r y  e f f e c t  i s  unchanged (13 , 62) .  These d a ta  suggest 

t h a t  th e  in p u t v i r u s  p a r t i c l e s  may c o n ta in  a q u a n t i ty  o f  in h ib i to r y  

su b s tan ce  a n d /o r  a  more r a p id  s y n th e s is  o f  such a  su b s ta n c e  a f t e r  in fe c 

t i o n  w ith  h i ^  m u l t i p l i c i t i e s  o f  r e o v ir u s .

F i f t h ,  r e o v iru s  r e p l i c a t e s  in  th e  cytoplasm  o f  th e  h o s t c e l l  

and p e r i-n u c le a r  in c lu s io n  b o d ie s  a re  v i s i b l e  d u rin g  r e p l i c a t i o n  (12 ,

2 3 , 53, 65 , 6 6 ) . S tu d ie s  w ith  f e r r i t i n —an tib o d y  c o n ju g a tio n  tech n iq u es  

and au to ra d io g rap h y  ( I 6 ) have n o t d e te c te d  re o v iru s  p r o te in s  o r  n u c le ic  

a c id  in  th e  h o s t c e l l  n u c leu s  ( I 5 ) .  These r e s u l t s  in d ic a te  a  separa

t i o n  o f th e  s i t e  o f  v i r u s  r e p l i c a t i o n  and th e  s i t e  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  which su g g e s ts  p ro d u c tio n  o r  r e le a s e  o f  th e  in 

h ib i to r y  f a c to r  a t  cy to p lasm ic  v i r u s  r e p l i c a t io n  s i t e s  and a  subsequent 

m o d if ic a t io n  o f  INA fu n c tio n  in  th e  h o s t c e l l  n u c le u s .  Ensminger and 

Tamm have su g g es ted  th a t  an a l t e r a t i o n  o f  th e  n u c le a r  membrane by the 

p e r in u c le a r  v i r u s  r e p l i c a t i o n  may a l t e r  c e l l u l a r  DNA fu n c tio n s  (2 0 ) .



S ix th ,  th e  re o v iru s  genome i s  composed o f  d o u b le -s tra n d ed  (d s) 

RNA ( 2 5 , 2 6 , 4 0 , 4 1 , 4 8 , 6 4 , 73) w hich i s  segm ented and c o n s is ts  o f 10 

fragm ents which s e p a ra te  in to  3 d i s t i n c t  s iz e  c la s s e s  (2 , 22 , 3 1 , 37 , 

49 , 6 1 , 69 , 70 , 7 1 , 76) .  This c h a r a c t e r i s t i c  p ro v id es  a mechanism fo r  

g e n e tic  a n a ly s is  o f  th e  r e la t io n s h ip  betw een s p e c i f i c  genome segments 

and th e  p ro d u c tio n  o f  fu n c tio n a l v i r u s  p o ly p e p tid e s ,  one o r  more o f  

which may p o sse ss  th e  a b i l i t y  to  m odify DNA fu n c tio n .  In  a d d itio n  to  

th e  ds ENA, th e re  a re  a d e n in e -r ic h  (A -ric h )  o l ig o n u c le o t id e s  o f  s in g le 

s tra n d e d  ( s s )  ENA c o n ta in e d  in  th e  m ature v i r io n s  (3 , 4 , 6 , 50 , 59, 60, 

67) .  T h is A -rich  RNA has been shown in  o u r  la b o ra to ry  (49) to  be in 

h ib i to r y  f o r  c e l l u l a r  INA s y n th e s is .  Complete v i r io n s  a lso  co n ta in  7 

s t r u c t u r a l  c a p s id  p o ly p e p tid e s  which compose two d i s t i n c t  p ro te in  c o a ts  

each h av in g  ic o sa h e d ra l geom etry (2 3 , 32 , 5 6 , 5 7 , 7 4 , 75)» Any one o r  

a  com bination o f  th e  n u c le ic  ac id  and p r o te in  components o f  th e  re o -  

v i r io n  cou ld  m ed ia te  th e  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 .  The 

in h ib i t i o n  o f  DNA s y n th e s is  could be m a in ta in e d  by th e  s y n th e s is  o f  th e  

com ponent(s) d u r in g  th e  v i r u s  r e p l i c a t io n  c y c le .

S even th , s e v e ra l  s tu d ie s  have d em o n stra ted  th e  p resence  o f  

fu n c tio n a l  enzymes in  m ature re o v iru s  p a r t i c l e s .  One enzyme tra n s 

c r ib e s  v i r a l  ENA ( 9 ) and an o th er c o n v e rts  n u c le o s id e  tr ip h o sp h a te s  to  

n u c le o s id e  d ip h o sp h a te s  (1 0 , 3 4 ). T h is ev id en ce  s tre n g th e n s  th e  id e a  

th a t  m ature r e o v iru s  p a r t i c l e s  c o n ta in  n o t o n ly  s t r u c t u r a l  p ro te in s  

b u t a lso  b io lo g ic a l  and m e ta b o lic a lly  a c t iv e  m o lecu les.

The o b je c t iv e  o f  th e  s tu d ie s  d e s c r ib e d  in  t h i s  d i s s e r ta t io n  

was to  u t i l i z e  s p e c i f i c  s u b v lra l p a r t i c l e s  to  s tudy  v ir u s - d ir e c te d  

in h ib i t i o n  o f  c e l l u l a r  INA s y n th e s is .  U sing  th e se  s p e c i f i c  su b v ira l



p a r t i c l e s  w hich la c k  v a r io u s  components one cou ld  e s ta b l i s h  th e  

m o lecu la r com position  r e q u ir e d  fo r  v i r a l  m ediated  in h ib i t io n  o f  c e l l 

u l a r  INA r e p l i c a t i o n  (2 8 ) .  Double s tra n d e d  ENA has been shown to  i n 

h i b i t  p r o te in  s y n th e s is  by r e t i c u lo c y te  ly s a te s  ( l8 ) .  A su b v ira l  

p a r t i c l e  devo id  o f  ENA (Top component) b u t c o n ta in in g  a l l  th e  s t r u c t u r 

a l  p ro te in s  was u se d  to  t e s t  th e  req u irem en t o f  ds RNA in  th e  in h i b i 

t i o n  p ro c e s s . E q u iv a le n t p a r t i c l e s ,  term ed G hosts, from th e  T-even 

s e r i e s  o f  b a c te r io p h a g e  have been shown to  i n h i b i t  host m acrom olecular 

s y n th e s is  (1?)*  These g h o st p a r t i c l e s  (Top component) would a lso  a llow  

u s  to  in v e s t ig a te  th e  s t r u c t u r a l  c ap s id  p r o te in ’ s p a r t i c ip a t io n ,  i f  any, 

i n  m e d ia tin g  th e  i n h i b i t i o n  p ro cess .

The f i b e r  a n t ig e n ,  an e x te rn a l cap s id  component o f  adenov irus 

ty p e  5» has been  shown to  in h ib i t  h o s t c e l l  m acrom olecular sy n th e s is  

( 7 ,  42) .  A r e o v iru s  s u b v ir a l  p a r t i c l e  w hich la c k s  th e  o u te r  c a p s id  

p ro te in s  (c o re )  was u sed  f o r  t r e a t in g  c e l l s  and in v e s t ig a t in g  c e l lu l a r  

DNA s y n th e s is  a f t e r  t h i s  exposure . S ince to p  component (TC) and co res  

do no t c o n ta in  s ig n i f i c a n t  i n f e c t i v i t y ,  i t  was d e s ira b le  to  o b ta in  a 

s u b v ir a l  p a r t i c l e  in  w hich s p e c i f i c  v i r a l  components were absen t b u t  

w hich s t i l l  r e ta in e d  i n f e c t i v i t y .  To d a te  one s u b v ira l p a r t i c l e  (SVP^) 

p roduced by l im i te d  chym otrypsin d ig e s t io n  i s  a v a i la b le .  This d i

g e s t io n  p ro ced u re  removes c e r ta in  o u te r  ca p s id  p ro te in s  (33) and 

app rox im ate ly  h a l f  o f  th e  A -rich  ENA (6 2 ) .  SVP^ i s  a p e r f e c t  to o l  to  

s tu d y  v i r u s - d i r e c te d  in h ib i t i o n  o f  c e l lu l a r  DNA r e p l i c a t iv e  fu n c tio n . 

E ecen t s tu d ie s  (2 0 , 63) in d ic a te  th e  in h ib i t i o n  o f  c e l l u l a r  DNA sy n th e 

s i s  was no t a  r e s u l t  o f  r e o v iru s -d ir e c te d  in h ib i t io n  o f  th e  fu n c tio n  

o r  s y n th e s is  o f  c e r t a in  enzymes in v o lv ed  in  th e  sy n th e s is  o r  polym er

i z a t i o n  o f  DNA p re c u rs o rs  (2 0 , 63) .  D egradation  o f  the c e l l u l a r  DNA



genome i s  n o t d e te c te d  a f t e r  in f e c t io n  (63) and thym idine p o o ls  rem ain 

unchanged ( 63) .  I t  has been shown th a t  th e  in h ib i t io n  i s  r e l a t e d  to  

a  reduced  number o f  i n i t i a t i o n  s i t e s  f o r  MA s y n th e s is  ( 27) and th a t  

i n i t i a t i o n  o f  MA s y n th e s is  d u rin g  th e  c e l l  cy c le  i s  p re v e n te d  a f t e r  

r e o v iru s  in f e c t io n  ( I 4 , 2 1 ).

The complex sequence o f  e v e n ts  re q u ire d  fo r  i n i t i a t i o n  o f  

c e l l u l a r  MA s y n th e s is  may have been b locked  a t  some p o in t by r e o v iru s .  

A s u b v ira l  p a r t i c l e  shou ld  o f f e r  a  un ique ex p erim en ta l approach  to  

a l t e r i n g  th e  re o v iru s -ra e d ia te d  in h ib i t i o n  o f  h o s t c e l l  MA sy n th e s is  

and in d ic a te  th e  s p e c i f ic  components o f  r e o v iru s  re q u ire d  to  in h ib i t  

h o s t  c e l l  MA s y n th e s is .



CHAPTER I I  

MATERIALS AND METHODS

C e lls

Mouse f i b r o b l a s t s , s t r a i n  L929 (54) (Flow L a b o ra to r ie s ) ,  

adap ted  fo r  grow th in  s p in n e r  c u l tu r e ,  were u sed  in  a l l  experim en ts . 

L - c e l l s  were c u l t iv a te d  i n  Minimal E s s e n t ia l  Medium (MEM, Grand I s la n d  

B io lo g ic a l Company) supplem ented w ith  (v /v )  h e a t in a c t iv a te d

f e t a l  c a l f  serum (PCS, Grand I s la n d  B io lo g ic a l Company). L - c e l ls  were 

m a in ta in ed  in  lo g a ri th m ic  grow th by d i l u t io n  w ith  f r e s h  prewarmed 

grow th medium every  48 hou rs  to  a  c e l l  c o n c e n tra tio n  O.5  to  1 x  10^ 

c e l l s /m l .

V irus

R eovirus ty p e  3 , k in d ly  p ro v id ed  by Dr. P. J .  Gomatos, was 

used  in  th e  s tu d y . P la q u e -p u r i f ie d  v i ru s  was p rep a red  by p ic k in g  a 

l a r g e ,  w ell i s o la t e d  p laque  w ith  a  p ip e t t e .  The ag a r p lu g  c o n ta in in g  

th e  v i r u s  was e lu te d  fo r  24 hours a t  4C in  O .I5 M sodium c h lo r id e ,  

0 .015  M sodium c i t r a t e ,  pH 7 .5  (SSC). The v iru s  e lu te d  was p la c e d  on 

one c o n flu e n t L—c e l l  m onolayer c u l tu r e  (25 sg . cm s u r fa c e  a rea ) and 

in c u b a te d  a t  370 fo r  36 h o u rs . The in f e c te d  c e l l s  were removed by 

s o n ic a t io n .  T h is  was co n s id e re d  one passage and was re p e a te d  by in 

f e c t in g  10 c o n flu e n t L -c e l l  m onolayer c u l tu r e s  w ith  th e  ly s a te  from 

passage  one.
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V irus s to c k s  fo r  p u r i f i c a t i o n  (p assag e  3 -5) were p repared  by
*7

c o n c e n tra tin g  c e l l s  to  10 c e l ls /m l in  MEM w ith o u t serum . The inoculum , 

10-20 p laque form ing u n i t s  ( p f u ) / c e l l ,  was added to  th e  c o n ce n tra te d  

c e l l s  and allow ed to  adsorb  fo r  1 hour a t  34C. The c e l l s  were then  

d i lu te d  to  10^ c e l ls /m l w ith  MEM supplem ented w ith  (v /v )  PCS. A fte r 

24 hours a t  34C th e  c u l tu r e s  were c h i l l e d ,  and th e  c e l l s  and v iru s  

h a rv e s te d  by c e n t r i f u g a t io n  a t  $000 x g f o r  15 m in u te s . The p e l l e t s  

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

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

R eovirus was p u r i f i e d  acc o rd in g  to  a  m o d ified  p rocedu re  o f 

Sm ith e t  a l .  ( 64) .  When th e  f i n a l  aqueous phase was s e p a ra te d ,  i t  was 

la y e re d  o v er a  10 ml CsCl d e n s i ty  g ra d ie n t  ( 1 .2  g /m l-1 .4  g/m l) in  a 

38 ml c e n tr ifu g e  tu b e . C e n tr ifu g a tio n  was f o r  1 hou r and 76,600 x g 

i n  th e  SW 27 r o to r  u s in g  a  Beckman L 2-50. The v i r u s  band a t  a  d e n s ity  

o f  1 .3 7  g/m l was c o l le c te d  c le a n ly . The CsCl was removed by e x h au s tiv e  

d ia ly s i s  a g a in s t co ld  SSC o r  p e l l e t i n g  th e  v i r u s  f o r  i  hour a t  82,500 x  

g  in  th e  SW 27 r o to r .  The v i ru s  was la y e re d  on a  20~4Ofo (w/w) l i n e a r  

su c ro se  g ra d ie n t and c e n tr ifu g e d  fo r  1 hour a t  82,500 x g in  SW 27.1 

r o t o r .  The v iru s  band was c o l le c te d  and d ia ly s e d  e x h a u s tiv e ly  a g a in s t 

co ld  SSC. T his was a  p u r i f i e d  v iru s  s to c k  su sp e n s io n  w hich was s to re d  

a t  4C u n t i l  u sed .

V irus assay

R eovirus was t i t e r e d  on c o n f lu e n t L—c e l l  m onolayers by a 

procedure  o f  Dr. J ,  W. Shaw (p e rso n a l com m unication). S p inner c e l l s  

were added to  sm all p e t r i  p l a t e s  (60 x  I 5 mm. F alcon  P la s t i c s )  a t  a



c o n c e n tra t io n  o f  3 .2  x 10^ c e l l s / p l a t e .  A fte r  1 to  4 hours a t  39C 

th e  c e l l s  had a t ta c h e d , th e  m edia was removed, and 0 . 1ml o f  each v iru s  

d i l u t i o n  was p ip e t te d  in to  th e  c e n te r  o f  each c e l l  s h e e t .  The c u l tu re s  

w ere in c u b a ted  f o r  1 hour a t  39C in  an atm osphere o f  5^  (v /v ) CO2 in  

a i r .  F ive ml o f  a u to c la v a b le  MEM (Auto Pow, Plow L a b o ra to r ie s )  con

t a i n i n g  3^ (v /v )  PCS and 1^ (w /v) agar (CoLab) was added and allow ed 

to  s o l i d i f y .  The p la te s  were in c u b a ted  a t  39C in  an atm osphere o f  59̂  

(v /v )  COg in  a i r  fo r  72 h o u rs . At t h i s  tim e a second o v e rla y  co n ta in 

in g  0,00^fo  (w/v) n e u tra l  red  was added. An a d d i t io n a l  24 hours in cu 

b a t io n  was re q u ire d  b e fo re  th e  p laques were v i s i b l e .

A synchronous c e l l  growth

To m a in ta in  asynchronous c e l l  growth and ach iev e  h ig h e r  c e l l  

d e n s i ty  th an  s to c k  c u l tu r e s ,  th e  c e l l s  were c e n tr ifu g e d  a t  200 x g 

f o r  5 m inutes and resuspended  in  f re s h  prewarmed MEM supplem ented w ith  

07° ( v /v )  PCS every  4° h o u rs .

Synchronous c e l l  growth

C e lls  were syn ch ro n ized  by serum s ta r v a t io n  u s in g  a m o d ifica 

t i o n  o f  th e  procedure o f  L i t t l e f i e l d  (4 3 ) . C e lls  were c e n tr ifu g e d  and 

re su sp en d ed  in  f r e s h  prewarmed MEM supplem ented w ith  10^ PCS a t  a 

d e n s i ty  o f 9 x 10^ c e l ls /m l  and re c y c le d  every  50 h o u rs . In  o r d e r , to  

com pensate fo r  pH changes caused  by th e  h igh  c e l l  d e n s i ty  th e  f la s k  

was n o t s e a le d  and th e  sodium b ic a rb o n a te  c o n c e n tra tio n  was reduced  to  

1 .6  g / l i t e r .

P re p a ra t io n  o f re o v iru s  to p  component

A fte r  th e  f i r s t  CsCl d e n s ity  g ra d ie n t d u rin g  th e  p u r i f i c a t i o n



p ro c e d u re , a  to p  component (T .C .) band was c o l le c te d  s e p a ra te  from th e  

v i r u s  band . The to p  component was f u r th e r  p u r i f i e d  by a d d it io n a l  

su c ro se  and CsCl d e n s ity  g ra d ie n t as d e s c r ib e d  p re v io u s ly  and c e n t r i 

fuged  in  th e  SW 50.1  r o to r  fo r  2 hours a t  4C a t  189,000 x g . The f in a l  

to p  component p a r t i c l e s  were c o l le c te d  as a  homogeneous band w ith  a  

d e n s i ty  o f  1 .30 g /m l, d ia ly se d  e x h a u s tiv e ly  a g a in s t co ld  SSC and s to re d  

a t  40 u n t i l  u sed .

Preparation of reovirus cores

P u r if ie d  re o v iru s  s to c k  was la y e re d  on a  f in a l  CsCl ( l .2 g /m l-  

1 .4  g/m l) d e n s ity  g ra d ie n t and c e n tr ifu g e d  as d e sc rib e d  f o r  to p  com

p o n en t. The homogeneous, o p a le sc e n t v iru s  band w ith  a  d e n s ity  o f  1 .37  

g/m l was c o l le c te d  and d ia ly s e d  e x h a u s tiv e ly  a g a in s t  co ld  SSC. The 

v i r u s  was in c u b a ted  f o r  1 hour a t  370 in  th e  p resen ce  o f  100 pg/ml 

chym otrypsin  (Sigma Chemical Company). The p a r t i c l e s  produced were 

s to r e d  in  ic e  b a th  f o r  a n a ly s is  o r  e x p e rim e n ta tio n .

P re p a ra t io n  o f  re o v iru s  in f e c t io u s  s u b v ira l  p a r t i c l e s  (SVPi)

The v ir u s  was i s o la te d  and c o l le c te d  as d e sc r ib e d  fo r  c o re s , 

and th e n  d ia ly s e d  e x h a u s tiv e ly  a g a in s t  c o ld  0 .01  M t r i s ,  pH 8 .0 , and 

0 .1 5  M sodium c h lo r id e  ( t r i s - s a l i n e )  ( 6 l ) .  The v iru s  was d i lu te d  u n t i l  

th e  v i r a l  p ro te in  c o n c e n tra tio n  was 200 ng/m l and th e n  100 pg/ml 

chym otrypsin  was added. A fte r  in c u b a tio n  f o r  1 hour a t  37C th e  d ig e s 

t i o n  was s topped  in  an ic e  b a th .  The p a r t i c l e s  were s to re d  in  ic e  

u n t i l  an a ly sed  o r  u sed  f o r  an exp erim en t.

C e l lu la r  HHA s y n th e s is  assay

Asynchronous c e l l s  w ere c e n tr ifu g e d  a t  25O x  g f o r  5 m inutes



and resuspended in  f r e s h  prewarmed M@î supplem ented w ith  5/o PCS and 

100 pg/ml kanam ycin. A f te r  re su sp en s io n  to  a  f in a l  c o n o e n tra tio n  o f  

5 X 10^ c e l ls /m l th e  c u l tu r e s  were in cu b a ted  4—10 hou rs  b e fo re  th e  

c u l tu re  was s p l i t  and th e  experim ent begun. In  each experim ent an un

in fe c te d  c o n tro l c u l tu re  and a  v i r u s  in f e c te d  c u l tu r e  were sampled 

id e n t i c a l ly  to  th e  c u l tu r e  t r e a te d  w ith  th e  s p e c i f i c  p a r t i c l e  b e in g  

t e s t e d .  D u p lica te  sam ples (app rox im ate ly  10^ c e l l s )  were p u lse  la b e le d  

w ith  "H -thym idine (19*9 Ci/mM, New England N uclear) a t  0 .5  pC i/m l fo r  

30 m inutes a t 370. L ab e lin g  was stopped  w ith  th e  a d d i t io n  o f an equal 

volume o f  co ld  lOjS (w/v) t r i c h lo r o a c e t i c  a c id ,  (TCA). At l e a s t  1 hour 

was allow ed fo r  p r e c i p i t a t io n  a t  40 and th e n  each sample was washed 

w ith  5 ml co ld  59̂  (w /v) TCA by c e n tr i fu g in g  a t  1000 x  g f o r  10 m inu tes. 

A fte r  3 w ashings w ith  5/  ̂ TCA and 1 w ashing w ith  95^ e th a n o l,  th e  sam

p le s  were allow ed to  d ry . Each sample was resuspended  in  1 ml 10^

TCA and hyd ro lysed  fo r  1 hour in  a  950 w a te r  b a th . An a l iq u o t o f  each

sample was counted in  a  Beckman DPM-100 l i q u id  s c i n t i l l a t i o n  s p e c tro 

m eter u s in g  Beckman c o c k ta i l  D (5  g  PPO, 100 g  n a p h th a le n e , 10 ml

w a te r , to  1 l i t e r  w ith  1-4  d ioxane) as th e  f lu o r .

Macromol e cu l a r  q u a n t i ta t io n

Æ k  was de term ined  by th e  method o f  B urton  ( l l )  u s in g  salmon 

sperm DNA as a  s ta n d a rd .

RNA was determ ined  by th e  method o f  Mejbaum (47) u s in g  y e a s t 

RNA as  a  s ta n d a rd .

P ro te in  was de term ined  by th e  method o f  Lowry, e t  ( 46) 

u s in g  bovine serum album in as a  s ta n d a rd .

Absorbance was m easured u s in g  a  Beckman HB-G dual beam 

g r a t in g  sp ec tro p h o to m e te r .
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L a b e lin g  o f  v i r a l  components

C e lls  were p rep a red  and in f e c te d  as  d e sc r ib e d  p re v io u s ly .

At 5 hours p o s t in f e c t io n  th e  a p p ro p r ia te  is o to p e  was added. In  o rd e r  

to  la b e l  th e  ENA, ^ H -u rid ine  (2 6 .4  Ci/mM, New England N uclear) 1 M-Ci/ 

ml o f  m edia was u se d . V ira l p ro te in  was la b e l l e d  w ith  ^E-amino a c id s  

(New England N uclear) 1 pC i/m l o f  m edia. At 18 hours p o s t in f e c t io n  

c e l l s  were h a rv e s te d  by c e n t r i f u g a t io n  and th e  v iru s  p u r i f i e d .

A d so rb tio n  s tu d ie s

The c e l l s  were exposed to  each o f  th e  r a d io a c t iv e ly  la b e le d  

p a r t i c l e s  to  be s tu d ie d .  At v a rio u s  tim e s  a f t e r  tre a tm e n t an a l iq u o t 

o f  c e l l s  was removed and washed tw ice w ith  MEM. The c e l l - a s s o c ia t e d  

a c id - p r e c ip i ta b le  r a d io a c t iv i ty  was d e te rm in ed .

G rad ien t a n a ly s is  o f  v a rio u s  s u b v ira l  p a r t i c l e s

The p a r t i c l e s  (T .C ., c o re s , SVP^) to  be an a ly sed  were la y e re d  

on a  CsCl d e n s ity  g ra d ie n t (1 .3  g/ml to  1 .5  g/m l) and c e n tr ifu g e d  in  

th e  SW 50.1  r o to r  a t  109,000 x g  fo r  24 h o u rs . At t h i s  tim e th e  

p a r t i c l e s  reach ed  e q u ilib r iu m  d e n s ity  and th e  g ra d ie n ts  were f r a c t io n 

a te d  on an Isc o  d e n s ity  g ra d ie n t f r a c t io n  c o l l e c to r .  Random f r a c t io n s  

w ere re a d  on a  Bausch and Lomb re f r a c to m e te r  and th e  d e n s i ty  c a lc u la te d .

V ir a l  grow th curve

C e lls  were c h i l le d  in  ic e  and th e  v i r u s  o r s u b v ira l  p a r t i c l e s  

w ere added. F o llow ing  an a d so rb tio n  p e r io d  o f  two hours th e  c e l l s  

w ere removed by c e n tr i fu g a t io n  a t  4C a t  250 x g fo r  5 m in u tes , washed 

one tim e w ith  co ld  MEM and re  suspended to  5 % 10^ c e l ls /m l in  370 MEM 

supplem ented w ith  5^ (v /v ) PCS. At v a r io u s  tim es  sam ples were r e 

moved, s o n ic a te d , and assayed  fo r  i n f e c t i v i t y .
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P re p a x a tio n  and p u r i f i c a t i o n  o f  re o v iru s  
s in g le  s tra n d e d  RNA

The method o f  Hay and J o k l ik  (29) was m o d ifie d . A f te r  in f e c 

t i o n  o f  th e  c e l l s  w ith  10-20 p f u / c e l l  and th e  a d d i t io n  o f  A ctinom ycin D

( g i f t  o f M erck, S harp , and Dohme) to  a f i n a l  c o n c e n tra t io n  o f  0 .5  p g /

ml to  i n h i b i t  c e l l u l a r  RNA s y n th e s is  (35)> th e  c e l l s  were in c u b a te d  a t

37C and a t  s e le c te d  tim e s  p o s t in f e c t io n  th e  c e l l s  were p u lsed  fo r  2 

h o u rs  w ith  e i t h e r  u r id in e  o r  ^H -adenine (6 .1  Ci/mM, New England 

N uclear) a t  a  c o n c e n tra tio n  o f  2 |iC i/m l.

At th e  end o f  th e  p u lse  p e r io d  th e  c e l l s  were c h i l l e d  and 

c e n tr ifu g e d  a t  2000 x  g fo r  5 m in u tes . They were washed w ith  co ld  MEM 

and c e n tr ifu g e d  a g a in . The c e l l s  were resuspended  in  0 .0 1  M sodium 

a c e ta te ,  pH 5 .1  (10^ c e l l s /m l ) ,  and made 0 .5 ^  (w /v) w ith  re s p e c t  to  

sodium dodecyl s u l f a t e  (SDS). T h is m ix tu re  was e x t ra c te d  w ith  two 

volumes o f  w a te r - s a tu ra te d  phenol by sh ak in g  10 m inu tes and s e p a ra t in g  

th e  phases by  c e n t r i f u g a t io n  a t  1000 x  g f o r  10 m in u te s . The aqueous 

la y e r  and th e  in te rp h a s e  were r e - e x t r a c te d  w ith  phenol 2 t im e s .

F in a l ly  th e  aqueous phase was c a r e fu l ly  removed and made 0 .2  M w ith  

re s p e c t  to  NaCl and 2 volumes o f  co ld  959  ̂ (v /v )  e th a n o l were added. 

A f te r  s to ra g e  o v e rn ig h t a t -20C , th e  p r e c i p i t a t e d  ENA was removed by 

c e n t r i f u g a t io n  a t  8000 x  g f o r  15 m in u tes . The ENA was washed 2 tim es 

w ith  co ld  7095 (v /v ) e th a n o l and d is s o lv e d  in  SSC. The s o lu t io n  was 

made 2 M w ith  re s p e c t  to  L iC l and s to re d  o v e rn ig h t a t  4C. The p r e c i

p i t a t e d  RNA was c o l le c te d  by c e n t r i f u g a t io n  as above, washed w ith  70^ 

(v /v )  e th a n o l and d r ie d  under a  s tream  o f  a i r .  The d r ie d  RNA was 

d is s o lv e d  i n  0.01 M t r i s ,  pH 7 .5 ,  in  O.O5 M NaCl and fro z e n  a t  - 6OC.
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A n aly s is  o f  re o v iru s  ssHNA

P u r i f ie d  RNA sam ples were la y e re d  on a 15-30^ (w/w) su c ro se  

g ra d ie n t c o n ta in in g  0 .0 1  M t r i s ,  pH 7 .5 i 0 .0 5  H NaCl, 0.001 M ENTA. 

C e n tr ifu g a tio n  was c a r r ie d  out a t  54,000 x  g in  th e  SW 27.1 ro to r  a t  

4C f o r  18 h o u rs . The g ra d ie n ts  were f r a c t io n a te d  on an Isco  d e n s ity  

g ra d ie n t  f r a c t i o n  c o l le c to r  and th e  abso rbance a t  260 run was m on ito red . 

F or a ssay  o f  r a d io a c t i v i t y ,  the f r a c t io n s  were p r e c ip i ta te d  w ith  1 ml 

o f  10^ (w/v) TCA a f t e r  a d d itio n  o f  100 ^ g  o f  bovine serum albumin as 

a  c a r r i e r .  The p r e c i p i t a t e s  were c o l le c te d  on 1.21 p.m m illip o re  f i l 

t e r s  and washed w ith  59̂  (w/v) TCA. The f i l t e r s  were p laced  in  v ia l s  

w ith  f lu o r  and th e  r a d io a c c iv i ty  was m easured by l i q u id  s c i n t i l l a t i o n  

co u n tin g .

SDS-Polyacrylamide gel electrophoresis

The p r o te in  sam ples were d is s o c ia te d  and reduced  by th e  method 

o f  Weber and Osborn (7 2 ) .  The methods o f  Zw eerink, e^  a l . were 

e s s e n t i a l l y  fo llo w ed . Ten per c e n t p o ly acry lam ide  g e ls  (0 .5  cm x 11 

cm) were made w ith  10^ (w/v) ae ry  1 am ide, 0 .1  M phosphate b u f f e r ,  pH 

7 .2 ,  0.26755 (w /v) b i s  ae ry  1 ami d e , 6 M u r e a ,  0 .0 2  M EDTA, O.lfo (w/v)

SDS, 0 .1 ^  (w /v) TEMED and 0.08$5 (w/v) ammonium p e r s u lf a te  ( 64 , 74»

75) .  The ru n n in g  b u f f e r  was 0 .1  M Na p h o sp h a te , pH 7 .2 ,  0 .1 ^  (w/v)

SDS, and c u r re n t  was 5 m a /gel. A fte r  22 h ou rs th e  g e ls  were removed 

from th e  tu b e s  and f ix e d  w ith  10)5 TCA f o r  5 hours to  remove th e  u r e a .  

S ta in in g  was w ith  0.025/5 (w/v) Coomassie B lue (Sigma Chemical Company) 

i n  10^ TCA f o r  18 h ou rs ( 6I ) .  The g e ls  were d e s ta in e d  in  755 (v /v ) 

a c e t i c  a c id  u n t i l  background was removed.
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CHAPTER I I I

RESULTS

E ffe c t  o f  R eovirus Top Component

In  an e f f o r t  to  in v e s t ig a te  th e  r o l e ,  i f  any , o f  r e o v iru s  coat 

p o ly p e p tid e s  in  m ed ia tin g  th e  in h i b i t i o n  o f  c e l lu l a r  ENA r e p l i c a t io n ,  

to p  component (T .C .) was u sed  to  t r e a t  asynchronous c e l l  c u l tu r e s .

S ince T.C . contaiins a l l  7 s t r u c t u r a l  p o ly p e p tid e s  p re s e n t in  complete 

r e o v i r io n s ,  b u t la c k s  RNA, t h i s  s u b v ir a l  p a r t i c l e  cou ld  d e f in e  th e  

r o le  o f  s t r u c t u r a l  p o ly p e p tid e s  i n  th e  in h ib i t i o n  o f  ENA s y n th e s is .

The T .C . was i s o la te d  by cesium c h lo r id e  d e n s ity  g ra d ie n t c e n t r i f u g a l  

t i o n  and id e n t i f i e d  a c c o rd in g  to  i t s  sed im en ta tio n  c h a r a c t e r i s t i c s .

The r e s u l t s  o f  T .C . c e n t r i f u g a t io n  to  e q u ilib r iu m  a re  re p re s e n te d  in  

F ig u re  5» panel A. The d e n s ity  a t  w hich T .C . banded was 1 .30  gm/ml.

Our r e s u l t s  on th e  ph y sico -ch em ica l c h a r a c te r i s t i c s  and e le c t r o n  mi

croscope o b se rv a tio n s  o f  T .C . were c o n s is te n t  w ith  p u b lish e d  l i t e r a 

tu r e  v a lu e s  ( 64) .

The c u l tu r e  was d iv id e d  in t o  two eq u a l p a r t s .  B u ffe r  was add

ed to  one, and to p  component added to  th e  o th e r .  C e l lu la r  INA synthe

s i s  i n  each s u b -c u l tu re  was m on ito red  a t  s e le c te d  tim es a f t e r  t r e a t 

m ent. Each p o in t r e p re s e n ts  th e  average  o f  d u p lic a te  sam ples. The 

r e s u l t s  from a  ty p ic a l  experim ent a re  shown in  F ig u re  1 . There was no 

d e te c ta b le  d if fe re n c e  in  ENA s y n th e s is  shown between T .C .- t r e a te d  and

14
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F ig u re  1 , DNA s y n th e s is  o f  s p in n e r  L c e l l s  t r e a t e d  w ith  200 u g  o f  to p  component p e r
c u l tu r e .  At th e  tim e s  in d i c a te d  ap p ro x im a te ly  10° c e l l s  from each  c u l tu r e  
w ere p u ls e - l a h e le d  w ith  ^ H -th y m id in e . C ounts p e r  m inu te  p e r  ml o f  c u l tu r e  
i n  th e  TCA—in s o lu b le  m a te r ia l  a re  p re s e n te d  as an av e rag e  o f  d u p l i c a te  
sam p les .
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u n tr e a te d  c u l tu r e s  (39)• In  each ex p erim en t, th e  p ro te in  co n cen tra^  

t i e n  o f  th e  T .C . added to  th e  t e s t  c u l tu r e  was s im i la r  to  th e  q u a n t i ty  

o f  v i r a l  p r o te in  p re se n t in  p re p a ra tio n s  o f  m ature r e o v iru s  p a r t i c l e s  

a t  a  m u l t i p l i c i t y  o f  10 P B ü /c e ll,  a l th o u g h , th e  T.C. p re p a ra t io n  con

ta in e d  o n ly  0 ,0 0 1  P P ü /c e l l .

E f fe c t  o f  R eo v iru s  Core P a r t i c l e s

S in ce  th e  7 s t r u c t u r a l  p o ly p e p tid e s  a lo n e  seemed n o t to  medi

a te  th e  i n h i b i t i o n  p ro c e s s , core p a r t i c l e s  m iss in g  th e  o u te r  co a t poly

p e p t id e s  and o lig o a d e n y lic  a c id  m olecu les were t e s t e d .  The co re  p a r t i 

c le s  were composed o f  3 in n e r  cap s id  p o ly p e p tid e s  and th e  ds RNA gen

ome. A f te r  th e  o u te r  c a p s id  p o ly p e p tid e s  were removed by chym otrypsin , 

i n f e c t i v i t y  was reduced  10,000 fo ld .  A n a ly sis  o f  core p a r t i c l e  po ly 

p e p t id e s  by  e le c t ro p h o re s is  i n  10^ acry lam ide  g e ls  confirm ed polypep

t i d e  c o n te n t o f  th e se  p a r t i c l e s  re p o r te d  e a r l i e r  ( 64) .  The co re  p a r t i 

c le s  were more dense th a n  m ature r e o v ir io n s  and handed a f t e r  d e n s ity  

g ra d ie n t  c e n t r i f u g a t io n  a t  1 .43  gm/ml.

These p a r t i c l e s  w ere used  to  t r e a t  sp in n e r  c e l l s  and UNA 

s y n th e s is  was m o n ito red . The r e s u l t s  a re  shown in  F ig u re  2 . The 

s l i g h t  d e lay  i n  UNA s y n th e s is  in  th e  c o r e - t r e a te d  c u l tu r e  was n o t seen 

c o n s is ta n t ly  i n  re p e a te d  ex p erim en ts . Core tre a tm e n t d id  n o t cause a  

p ro g re s s iv e  d ec re a se  i n  MA s y n th e s is  s im i la r  to  t h a t  observed  in  re o -  

v i r u s - in f e c te d  c u l tu r e s .

E f fe c t  o f  R eov irus SVP^

S ince  T .C . and co res  were m iss in g  s p e c i f i c  v i r a l  com ponents, 

th e s e  s u b v ir a l  p a r t i c l e s  were u s e fu l in  th e s e  s tu d ie s ,  a lth o u g h  T.C. 

and co re s  w ere no t s ig n i f i c a n t l y  in f e c t iv e .  In  a d d i t io n ,  th e  p h y s ic a l

17
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F ig u re  2 , INA s y n th e s is  o f  s p in n e r  c e l l s  t r e a t e d  w ith  I 50 |ag o f  p r o te in  from co re  
p a r t i c l e s  p e r  c u l tu r e .  At th e  tim e s  in d i c a te d  ap p ro x im a te ly  10° c e l l s  
from  each  c u l tu r e  w ere p u ls e - l a b e le d  w ith  3H—th y m id in e . Counts p e r  
m in u te  p e r  ml o f  c u l tu r e  i n  th e  TCA—in s o lu b le  m a te r ia l  a re  p re s e n te d  as 
an av e ra g e  o f  d u p l i c a te  sam p les .
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s t a t e ( s )  o f  th e s e  su b v ira l  p a r t i c l e s  a f t e r  c e l l  a s s o c ia t io n  were not 

known. Because o f  th e  in h ib i t io n  o f  DNA s y n th e s is  by ITV in a c t iv a te d  

re o v iru s  and th e  dose response  o f  th a t  in h ib i t i o n ,  th e  p h y s ic a l p a r t i 

c le s  were im p lic a te d . In  c o n t r a s t ,  i f  i n f e c t i v i t y  was ab se n t in  a 

s u b v ira l  p a r t i c l e  so was th e  in h ib i t io n .  T h e re fo re , an in f e c t io u s  sub

v i r a l  p a r t i c l e  such  as SVP^ was d e s i r a b le .

The SVP^ was produced by l im ite d  d ig e s t io n  o f  r e o v iru s  w ith  

chym otrypsin and i s o la te d  by d e n s ity  g ra d ie n t c e n t r i f u g a t io n  a t  1 .39  ê®/ 

m l. as shown i n  F ig u re  5» panel B. The p o ly p e p tid e s  p re s e n t  in  SVP  ̂

were th e  3 in n e r  cap s id  p o ly p e p tid e s  and an o u te r  cap s id  p o ly p e p tid e  

which appeared  to  be degraded to  i t s  o r ig in a l  s i z e .  A pproxim ately  

40^ o f  th e  o lig o  A (A i-rich) HNA rem ained w ith  th e  SVP^, no more th an  

o n e -h a lf  o f  th e  i n f e c t i v i t y  was l o s t  d u ring  th e  d ig e s t io n .  In  a d d i t io n ,  

th e  e n t i r e  genome was p re s e n t in  th e  in f e c t io u s  SVP^.

I t  was o f  i n t e r e s t  to  s tudy  th e  c h a r a c te r i s t i c s  o f  any in h ib i 

t i o n  o f  DNA s y n th e s is  a f t e r  exposure o f  sp in n e r  c e l l s  to  SVP^. T re a t

ment o f  s p in n e r  c e l l s  w ith  SVP  ̂ r e s u l t e d  in  a  p ro g re s s iv e  d e c re a se  in  

c e l lu la r  INA s y n th e s is  w ith  tim e . At 12 hours p o s t - in f e c t io n  DNA syn

th e s i s  in  th e  S V P ^-trea ted  c u ltu re  was approx im ate ly  o f  t h a t  in  

u n in fe c te d  c o n tro l  c e l l s ,  w hile r e o v iru s - in f e c te d  c e l l s  were s y n th e s iz 

in g  DNA a t  lOjS th e  r a t e  shown by c o n tro l c e l l s .  These r e s u l t s  a re  

p re se n te d  in  F ig u re  3 .

I t  ap peared  d u rin g  th e  cou rse  o f  th e se  experim ents t h a t  more 

c e l l s  were i n t a c t  a t  12 hours p o s t - in f e c t io n  in  th e  S V P ^ -trea ted  c u l

tu r e s  th a n  in  th e  r e o v ir u s - t r e a te d  c u l tu re s  even when th e  m u l t i p l i c i 

t i e s  o f  in f e c t io n  were s im i la r .  T h is  o b se rv a tio n  was t e s t e d  by

20
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F ig u re  3 . A com parison  o f  IWA s y n th e s is  o f  s p in n e r  L c e l l s  t r e a t e d  w ith  SVPj  ̂ o r

in f e c te d  w ith  r e o v i r u s  a t  10 P ïU /c e l l .  At th e  tim e s  i n d i c a te d  a p p ro x i
m a te ly  10° c e l l s  from each  c u l tu r e  w ere p u ls e - l a h e le d  w ith  ^H -thym id ine . 
Counts p e r  m inu te  p e r  ml o f  c u l tu r e  i n  th e  T C A -inso luh le  m a te r ia l  a re  
p re s e n te d  eis an av e ra g e  o f  d u p l i c a te  sam p les .
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F ig u re  4« A com parison  o f  DNA s y n th e s is  o f  s p in n e r  L c e l l s  t r e a t e d  w ith  SVP^ 
to o r  in f e c te d  w ith  r e o v i r u s  a t  50 P P U /c e ll . At th e  tim e s  in d ic a te d

ap p ro x im a te ly  10^ c e l l s  from each  c u l tu r e  w ere p u ls e —la b e le d  w ith  
th y m id in e . C ounts p e r  m inu te  p e r  10^ v ia b le  c e l l s  in  th e  TCA- 

in s o lu h le  m a te r ia l  a re  p re s e n te d  as  an av e rag e  o f  d u p l i c a te  sam p les .
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F ig u re  5 , A com parison  o f  th e  e q u i l ib r iu m  b u o y an t d e n s i ty  o f  r e o v i r u s  and s e le c te d  
^  s u b v i r a l  p a r t i c l e s .  A bsorbance p e r  g r a d ie n t  f r a c t i o n  i s  p re s e n te d  (A,

Top com ponent; B, C o res; C, r e o v i r u s ;  D, SVP^^).
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r e p e a t in g  th e  experim ent d e sc r ib e d  above , b u t a t  th e  tim e of each p u lse - 

la b e l in g  an .a liq u o t o f c e l l s  was removed and s ta in e d  w ith  a v i t a l  s t a in  

(0 , 059s w/v n e u t r a l  red) to  compare th e  v i a b i l i t y  o f  c e l l s  in  c o n t ro l ,  

v i r u s - in f e c te d ,  and S V P ^-trea ted  c u l tu r e s  a t  each t e s t  p e r io d . These 

r e s u l t s  a re  p lo t te d  in  F ig u re  4 .

There appeared to  be  no d i f f e r e n c e  in  th e  tim e course o f  th e  

in h i b i t i o n  p ro c e ss  in  r e o v iru s  and SVP^—tr e a te d  c u l tu r e s  when r e l a t i v e  

c e l l  v i a b i l i t y  was ta k en  in to  c o n s id e ra t io n .  At 12 hours p o st in f e c 

t i o n ,  b o th  r e o v i r u s - in f e c te d  and S V P ^ -trea ted  c u l tu re s  showed ap p ro x i

m ate ly  I 09S o f  th e  DNA s y n th e s is  o f  c o n t ro l  c u l tu r e s .

A sso c ia tio n  o f  S ubv ira l P a r t i c l e s  w ith  C e lls

I t  was p o ss ib le  th a t  th e  d i f f e r e n c e  in  th e  in h ib i t io n  o f  DNA 

s y n th e s is  fo llo w in g  tre a tm e n t w ith  com plete re o v iru s  o r  s u h v ira l p a r t i 

c le s  was due to  d is s im i la r  u p ta k e  o f  d i f f e r e n t  p a r t i c l e s  by c e l l s .

To examine th e  p o s s i b i l i t y  o f  a  fu n c t io n a l  r a th e r  th an  s t r u c 

t u r a l  d if f e r e n c e  between each  o f  th e s e  s u b v ir a l  p a r t i c l e s ,  r a d io a c t iv e 

l y  la b e le d  s u b v ira l  p a r t i c l e s  were p re p a re d  and i s o la te d  as d e sc r ib e d  

p re v io u s ly . The p ercen tage  o f  c e l l  a s s o c ia te d  r a d io a c t iv i ty  was d e te r 

mined over a  p e r io d  o f 3 h o u rs .

As shown in  F igure  6 ,  panel A, app ro x im ate ly  80^ o f th e  top  

component r a d io a c t iv i ty  became c e l l - a s s o c ia t e d  in  3 hours w h ile  on ly  

4095 o f  th e  co re  p a r t i c l e  r a d i o a c t i v i t y  was a s s o c ia te d  w ith  c e l l s  a f t e r  

th e  same tim e (panel B ) .

P an e ls  C and D show e s s e n t i a l l y  id e n t i c a l  r e s u l t s ,  ap p ro x i

m ate ly  85^  o f  p a r t i c l e  r a d io a c t i v i t y  was c e l l - a s s o c ia te d  in  3 h o u rs . 

P anel C re p re s e n ts  r a d io a c t iv e  r e o v iru s  w h ile  pan e l D re p re s e n ts  ra d io 

a c t iv e  SVP^. T his d a ta  d id  n o t in d i c a te  th e  p h y s ic a l s t a t e  o f  th e se
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F ig u re  6 . A com parison  o f  th e  c e l l  a s s o c ia t io n  o f  v a r io u s  r a d io a c t iv e  s u b v ir a l  
p a r t i c l e s .  At th e  in d ic a te d  tim e s  5 X 10° c e l l s  w ere rem oved, washed 
th r e e  tim e s  w ith  c o ld  MEM, and p r e c i p i t a t e d  w ith  TCA. P e rc e n ta g e  o f  
th e  t o t a l  T C A -in so lu b le  r a d i o a c t i v i t y  w ith  tim e  a re  p r e s e n te d .  (A,
Top com ponent; B, C o res; C, R e o v iru s ; D, SVP^^).
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p a r t i c l e s  a f t e r  c e l l  a s s o c ia t io n ,  bu t i t  i s  p o ss ib le  th e  la c k  o f in h i 

b i t i o n  o f  DNA s y n th e s is ,  a t  l e a s t  fo llo w in g  core tr e a tm e n t ,  may have 

been due to  i n e f f i c i e n t  p a r t i c l e  u p ta k e .

SVP, Growth Curve

S ince  re o v iru s  and SVP̂  ̂ e x h ib ite d  s im ila r  k in e t i c s  o f  in h ib i 

t i o n  o f  DNA sy n th e s is  a t  low m u l t i p l i c i t i e s  o f in f e c t io n ,  b u t d i f f e r e d  

in  q r to p a th ic  e f f e c t s ,  i t  was o f  i n t e r e s t  to  compare t h e i r  r e l a t iv e  

r a t e s  o f  v i r u s  r e p l i c a t io n .  C e lls  were in fe c te d  w ith  com plete re o v iru s  

and SVP^ and assayed every  3 h ou rs f o r  th e  presence o f  i n t r a c e l l u l a r  

i n f e c t iv e  v i r u s .  The r e s u l t s  o f  th e se  experim ents a re  shown in  

F ig u re  7» Only v ery  m inim al d if f e r e n c e s  in  th e i r  r e p l i c a t io n  cy c les  

were o b se rv ed . While re o v iru s  and SVP^ produce in f e c t iv e  p a r t i c l e s  a t 

ap p ro x im ate ly  th e  same tim e th e  f i n a l  t i t e r s  o b ta in ed  in  S V P ^-treated  

c u l tu r e s  were h ig h e r.

s s  RNA S y n th es is  f o r  SV P^-Treated C e lls

A s im i la r i ty  in  r e o v iru s  and SVP^ r e p l i c a t io n  was observed .

I n  a d d i t io n ,  re o v iru s  and SVP^ showed alm ost id e n t ic a l  k in e t i c s  o f  in 

h i b i t i o n  o f  DNA s y n th e s is .  In  c o n t r a s t ,  th e  cy to p a th ic  e f f e c t  o f  SVP^ 

on s p in n e r  c e l l s  was c o n s id e ra b ly  red u ced , th e r e f o r e ,  i t  was o f  i n t e r 

e s t  to  in v e s t ig a te  s p e c i f i c  ev en ts  d u r in g  th e  r e p l i c a t io n  cyc le  o f  r e 

o v iru s  and SVP^. P rev io u s  r e p o r t s  (5>29) have su g g es ted  th a t  v i r a l -  

d i r e c te d  s in g le  s tran d ed  RNA se rv e s  as messenger-RNA which d i r e c ts  v i r a l  

p r o te in  s y n th e s is .  T h ere fo re  t h i s  c la s s  o f  v iru s - in d u c e d  ss  RNA could  

be  p u ls e - la b e le d  w ith  ^ H -u rid in e  and ana ly sed  u s in g  su c ro se  g ra d ie n ts .  

The r e l a t i v e  tim es o f  appearance and th e  r a te s  o f  s y n th e s is  were in 

v e s t ig a te d  in  sp in n er c e l l s  in f e c te d  w ith  re o v iru s  and SVP^. The
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F ig u re  7 . A com parison  o f  th e  i n f e c t i v i t y  y i e ld s  o f  s p in n e r  c e l l s  i n  c u l tu r e s  
oj t r e a t e d  w ith  SVPj  ̂ and in f e c te d  w ith  r e o v i r u s  a t  50 P F U /c e ll .  A f te r

a d s o rh t io n  th e  c e l l s  w ere w ashed tw ic e  w ith  m edia to  remove unad— 
s o r te d  p a r t i c l e s .  T i t e r s  a re  e x p re s se d  a s  PFU/ml o f  c u l tu r e  a t  
s e l e c te d  t im e s .
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r e s u l t s  o f  th e s e  experim en ts  a re  shown in  F igure 8 .

In  th e  i n t e r e s t  o f  c l a r i t y  th e  SV P^-directed  s in g le  s tra n d e d  

ENA s y n th e s is  was graphed  w ith  u n tre a te d  c o n tro l c e l l  s s  RNA s y n th e s is .  

The v i r u s - d i r e c te d  s s  ENA s y n th e s is  was e s s e n t i a l ly  id e n t i c a l  and th e  

p e r io d  o f  tim e d u rin g  which peak s s  ENA s y n th e s is  o ccu rred  was 8-10 

h ou rs p o s t in f e c t io n  w ith  b o th  SVP^ and r e o v iru s - in f e c te d  c e l l s .  The 

tim e course o f  s y n th e s is  o f  s s  ENA in  SVP  ̂ and re o v iru s  in f e c te d  c e l l s  

was com parable q u a l i t a t i v e l y  and q u a n t i ta t iv e ly  w ith  t h i s  assay  system .

E f fe c t  o f  SVP^ on Synchronous ENA S y n th e s is

SV?2 was m iss in g  s p e c i f i c  v i r a l  s t r u c tu r a l  p ro te in s  and o n ly

40jS o f  th e  o lig o  A co n ten t rem ained . SVP  ̂ e x h ib ite d  fu n c tio n a l  ch arac

t e r i s t i c s  s im i la r  to  com plete r e o v iru s  such as 1) c e l l  a s s o c ia t io n ,

2) r a t e s  o f  p ro d u c tio n  o f  in f e c t iv e  p a r t i c l e s ,  3) th e  tim e  cou rse  o f  

i n t r a c e l l u l a r  s s  ENA s y n th e s is ,  and 4) th e  k in e t ic s  o f  in h i b i t i o n  o f  

M A  s y n th e s is .  In  c o n t ra s t  th e  c e l l  d ea th  r a t e  was s ig n i f i c a n t l y  r e 

duced in  c u l tu r e s  t r e a t e d  w ith  SVP^.

I t  has been  su g g es ted  th a t  re o v iru s  p re v e n ts  s p in n e r  c e l l s  

from i n i t i a t i n g  th e  MA s y n th e t ic  phase ( I 4) .  T h e re fo re , i t  was im

p o r ta n t  to  in v e s t ig a te  w hether SVP^ cou ld  a lso  p rev en t e n t ry  in to  S 

phase o f  th e  c e l l  c y c le .

SVP^ and re o v iru s  w ere added to  a l iq u o ts  o f  synchronous c u l

tu r e s  8 h o u rs  b e fo re  th e  o n s e t o f  c e l l u l a r  ENA s y n th e s is .  Both SVP^

and r e o v iru s  p rev en ted  i n i t i a t i o n  o f  S phase as shown in  F ig u re  9*

The n ex t q u e s tio n  was how much tim e was re q u ire d  to  p re v e n t 

i n i t i a t i o n  o f  th e  S p h ase . T h is  was p r e l im in a r i ly  in v e s t ig a te d  by mak

in g  assum ptions w hich were c o n s is ta n t  w ith  p rev io u s  d a ta . F i r s t ,  th e

33



V > J
4^

F ig u re  8 . The tim e  c o a rse  o f  s y n th e s is  o f  s in g le  s t r a n d e d  RNA o f  s p in n e r  o e l l s  
treated with SVP, at $0 PFU/oell. ( SVP^; '"'"Control;). The cells 
w ere t r e a t e d  w ith  SVP̂  ̂ and a t  s e l e c te d  tim e s  p u l s e - l a h e le d  w ith  
u r id i n e  (A, 4 -6  h o u rs ; B, 6 -8  h o u rs ; C, 8 -10  h o u rs ; D, 10-12  h o u r s ) .  
Each sample was chilled, extracted, p u r i f i e d ,  and  centrifuged in a 
su c ro s e  g r a d ie n t .  C ounts p e r  m in u te  o f  T C A -inso luh le  m a te r ia l  in  
each  f r a c t i o n  a re  p r e s e n te d .
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F ig u re  9 . UNA s y n th e s is  o f  sy n c h ro n iz e d  s p in n e r  c e l l s  t r e a t e d  w ith  SVP^ o r  in —
u, f e c te d  w ith  r e o v i r u s  a t  10 P F U /c e ll .  C e l ls  w ere p u ls e - l a h e le d  w ith
^  ^H -thym id ine  a t  th e  t im e s  s e l e c t e d .  C ounts p e r  m inu te  p e r  ml o f  c u l

t u r e  i n  th e  T C A -inso luh le  m a te r ia l  a re  p r e s e n te d  as  an av e ra g e  o f  
d u p l i c a te  sam p les .
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peak s y n th e s is  o f  BNA i n  synchronous c e l l s  o c c u rre d  12-14 hours a f t e r  

re s u s p e n s io n  in  f r e s h  m edia and t h i s  would be an adequa te  index  o f  

w heth er i n i t i a t i o n  o f  S phase had ta k e n  p la c e .  Second, i f  DNA syn the

s i s  was n o t observed  a t  12 hours a f t e r  re su sp e n s io n  some a l t e r a t i o n  

would have o c c u rre d .

Synchronous s p in n e r  c e l l s  were resusp en d ed  and a t  s e le c te d  

tim es  r e o v iru s  o r  SVP^ were added and INA s y n th e s is  was m onito red  a t  

12 h o u rs  a f t e r  re su sp e n s io n  which was th e  norm al peak o f  th e  DNA syn

t h e t i c  p h a se . The r e s u l t s  a re  p re se n te d  in  F ig u re  10.

C on tro l c u l tu r e s  always showed lOOjS DNA s y n th e s is  because th e se  

c e l l s  had  e n te re d  S phase and a t  12 hours were s y n th e s iz in g  DNA a t  

maximal r a t e .  As shown i n  T able 1 ,  r e o v i r u s - in f e c te d  c e l l s  a re  80^ in 

h ib i t e d  when in f e c te d  8 hours a f t e r  re su sp e n s io n  and on ly  9^ in h ib i te d  

i f  in f e c te d  10 h o u rs  a f t e r  re s u sp e n s io n . Any tim e  o f  in f e c t io n  w ith  

r e o v iru s  up to  8 h o u rs  a f t e r  re su sp e n s io n  p re v e n ts  s ig n i f i c a n t  DNA 

s y n th e s is  w h ile  a f t e r  9 hou rs  INA s y n th e s is  a lm ost re a c h e s  c o n tro l 

l e v e l s .

C on tro l c u l tu r e s  were re p re s e n te d  by 0^  in h i b i t i o n  o f  DNA 

s y n th e s is  because  th e s e  c e l l s  had e n te re d  S phase and a t  12 hours were 

s y n th e s iz in g  INA m axim ally . As shown in  F ig u re  10 , th e  DNA sy n th e s is  

d e te c te d  i n  r e o v ir u s - in f e c te d  c e l l s  was a t  l e a s t  80^ in h ib i te d  when in 

f e c t io n  o ccu rred  any tim e  p r io r  to  th e  normal o n se t o f  S phase . In  

a d d i t io n ,  in f e c t io n  w ith  re o v iru s  a f t e r  t h i s  hour r e s u l t e d  i n  l e s s  

th a n  8^ in h i b i t i o n  when m onito red  d u rin g  th e  tim e o f  peak MA s y n th e s is .  

A tim e  o f  in f e c t io n  w ith  re o v iru s  up to  8 h ou rs a f t e r  re su sp en s io n  

p re v e n te d  s ig n i f i c a n t  MA s y n th e s i s , w h ile  a f t e r  10 hours MA sy n th e s is
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F ig u re  1 0 . A com parison  o f  th e  p e r  o en t i n h i b i t i o n  o f  sy n c h ro n iz e d  s p in n e r  L c e l l s
t r e a t e d  w ith  SVPj  ̂ o r  r e o v i r u s .  At v a r io u s  tim e s  a f t e r  r e s u s p e n s io n  

VO a l iq u o t s  o f  c e l l s  w ere t r e a t e d  w ith  SVP, o r  r e o v i r u s  and th e  g rap h  p re 
s e n ts  th e  p e r  c e n t i n h i b i t i o n  com pared to  c o n t ro l  l e v e l s .  12 h o u rs  
a f t e r  re s u s p e n s io n  a p p ro x im a te ly  lO ^ c e l l s  from  each  c u l tu r e  w ere p u l s e -  
la b e le d  w ith  ^ H -th y m id in e .
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alm o st reac h es  c o n tro l  l e v e l s .

The in h ib i t i o n  o f  c e l l u l a r  MA s y n th e s is  i n  S V P ^-trea ted  c e l l s  

showed, a  p ro g re s s iv e  d ec re ase  th e  l a t e r  SVP^ was added to  th e  c e l l s .  

There was n o t a sh a rp  d ecrease  in  th e  in h ib i t i o n  as  shown a f t e r  re o 

v i r u s  in f e c t io n .  I t  appeared  com plete re o v iru s  i n h i b i t s  th e  i n i t i a t i o n  

o f  th e  c e l lu la r  MA s y n th e t ic  phase to  a  g r e a te r  d eg ree  and re q u ire d  

le s s  tim e  to  accom plish  th e  in h ib i t i o n  th a n  SVP^.
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CHAPTER IV 

DISCUSSION

A lte r a t io n  o f  h o s t c e l l  m acrom olecular fu n c tio n  by s t r u c t u r a l  

com ponent(s) o f  anim al v i r u s e s  and b ac te rio p h ag e  have been  r e p o r te d .

The most d e f in i t i v e  s tu d y  o f  t h i s  ty p e  has been  perform ed u s in g  adeno

v i r u s .  B oth  th e  ad en o v iru s  f i b e r  and penton components were found to  

d is ru p t  c e l l u l a r  m acrom olecular s y n th e s is  (7 , 42) .

R eov irus h as  been  shown t o  s p e c i f i c a l l y  a l t e r  c e l l u l a r  UNA 

r e p l i c a t i v e  fu n c t io n .  A f te r  i n f e c t io n  w ith  r e o v i r u s ,  c e l l u l a r  DNA 

s y n th e s is  p ro g re s s iv e ly  d e c re a se s  u n t i l  i t  reac h es  a  minimum 12 hours 

p o s t in f e c t io n .  H e re a f te r  t h i s  p ro g re s s iv e  d e c re a se  i n  c e l lu l a r  DNA 

s y n th e s is  w i l l  be r e f e r r e d  to  as * the  in h ib i t io n * .

The tim e o f  th e  b e g in n in g  o f  *the in h ib i t io n *  a f t e r  r e o v im s  

in f e c t io n  appears to  be d o se-dependen t and r e l a t e d  to  th e  number o f  

p h y s ic a l p a r t i c l e s  a s s o c ia te d  w ith  in f e c te d  c e l l s  (1 3 , 6 2 ). The r e s u l t s  

p re se n te d  h ere  seemed to  in d io a te  a  requ irem en t f o r  i n f e o t i v i t y  o f  v i r a l  

p a r t i c l e s  to  m ed ia te  *the in h ib i t io n *  p ro c e s s . T h is  was su p p o rted  by 

s e v e ra l  ex p e rim en ta l o b s e rv a t io n s ,  l )  th e  p o ly p e p tid e s  composing to p  

component were n o t capab le o f  m e d ia tin g  ’th e  in h i b i t i o n * , 2) co re  p a r

t i c l e s  c o n ta in in g  th e  in n e r  c a p s id  p o ly p e p tid e s  and th e  com plete ds HNA 

genome w ere s im i la r ly  u n ab le  to  m ed ia te  ’th e  i n h i b i t i o n * , 3) in  every  

p re lim in a ry  experim ent w ith  SVP^, when i n f e o t i v i t y  was l o s t  co n co m ittan t
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lo s s  o f  in h ib i to r y  c a p a c ity  was observed., and 4 ) in f e c t io n s  SVP^ 

m ediated  a  p ro g re s s iv e  d ec re ase  in  c e l l u l a r  INA s y n th e s is  and t h i s  SVP^- 

d i r e c te d  in h i b i t i o n  appears to  be  i d e n t i c a l  w ith  com plete r e o v i r io n -  

d i r e c te d  i n h i b i t i o n .  T h e re fo re , th e  components o f  th e  SVP^ (T ab le  l )  

seemed to  be r e q u ire d  fo r  e f f i c i e n t  in f e c t io n  and m e d ia tio n  o f  ’ th e  

in h ib i t i o n * .  SVP^ c o n ta in s  th e  com plete ds ENA genome and approxim ate

l y  409S o f  th e  (A—r ic h )  o lig o  A com po sitio n  found in  r e o v ir io n s  and 5 

s p e c i f i c  p o ly p e p tid e s  (6 1 ) . I t  i s  o f  i n t e r e s t  to  n o te  t h a t  th e  one 

s u b v ir a l  p a r t i c l e  (SVP^) w hich e x h ib i t s  *the in h ib i t io n *  i s  th e  only  

s u b v ir a l  p a r t i c l e  w hich r e t a i n s  a  p o r t io n  o f  th e  o lig o  A c o n te n t .

T h is  and o th e r  work i n  our la b o ra to ry  c o n tin u e s  to  in d ic a te  a  r o le  o f 

r e o v iru s  A -ric h  ENA i n  in h ib i t i o n  o f  c e l l u l a r  MA s y n th e s is .  I n  addi

t i o n ,  a  p o ly p e p tid e  may be r e ta in e d  i n  SVP^, bu t b ecau se  o f  ih e  

sm a ll q u a n t i ty  i t  i s  d i f f i c u l t  to  d e t e c t ,  p,g p o ly p e p tid e  i s  c leaved  

w ith  chym otrypsin  to  a  p o ly p e p tid e  (G) w hich i s  80^ i t s  o r ig i n a l  mole

c u la r  w eigh t ( 61) and seems e s s e n t i a l  f o r  in f e o t iv i t y .

E lu c id a t io n  o f  th e  b io ch em ica l mechanisms th ro u g h  w hich re c 

u i r io n s  m ediate  *the in h ib i t io n *  o f  c e l l u l a r  MA r e p l i c a t i v e  fu n c tio n  

becomes in c re a s in g ly  com plex. These r e s u l t s  in d ic a te  a  req u irem en t fo r  

th e  p a r t i c l e s  to  be i n f e c t io u s ,  and th e r e f o r e  p o s s ib le  e x p la n a tio n s  

f o r  th e  in h ib i t i o n  by U V -iri‘a d ia te d  r e o v iru s  could be l )  th e  l im ite d  

fu n c tio n  o f  v i r i o n  components a f t e r  U V -ir ra d ia t io n  w ith o u t p ro d u c tio n  

o f  m ature v i r io n s  o r  2) th e  i n h i b i i i o n  o f  MA sy n th e s is  due to  a  gen

e r a l  c y to to x ic  e f f e c t  and n o t th e  v i r a l - r a e d ia te d  s p e c i f i c  in h ib i t i o n  o r 

3 ) a  com bination  o f  b o th  o f  th e s e .

The p o s s i b i l i t y  o f  c y to to x ic  e f f e c t s  was su p p o rte d  by work 

w ith  o th e r  v i r u s - c e l l  system s (8 ,  $1 , $2 , 73) and w ith  r e o v ir u s  type
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T able  1 .  A Comparison o f  th e  S t r u c tu r a l  Components o f  S p e c if ic  
S u b v ira l P a r t i c l e s

Components R eo v irio n s  ( 64) Top Component ( 64) Cores ( 64) SV?^ ( 6I )

I .  N u c le ic  A cid
1 . da ENA

2, o lig o  A

1 .0 0

1 .00

------- 1 .00 1.00

0.40

I I ,  P o ly p e p tid e s

u 1 .0 0 1 .0 0 1.00 1.00

2» ^ 2 1.00 1 .00 1 .00 1.00

3 . li 1 .00 1 .0 0 1 .00 1.00

4» i  2 1 .0 0 1 .0 0 — ' ■ c l

5* dTi 1 .0 0 1 .00 ------

6 . d*2 1 .00 1 .00 1.00 1.00

7 . <r^ 1.00 1 .0 0 — ' —

1 . R eduction  i n  th e  s iz e  o f  to  ap p ro x im ate ly  80^ o f  o r ig in a l  ra d io 
a c t i v i t y  ( 61) .

2 .  Appears to  be r e t a in e d ,  b u t q u a n t i t a t io n  i s  d i f f i c u l t  ( 6l ) .
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2 (4 4 , 45)» In  m ost ca se s  a  la rg e  v i r a s  inoculiun was re q u ire d  to  p ro

duce t h i s  e f f e c t  (30) and o n ly  a  la rg e  dose o f  re o v iru s  was u sed  ( 1 3 ,

62) .  In  c o n t r a s t  to  t h i s  e x p la n a tio n , i t  was r e c e n t ly  re p o r te d  th a t  

a f t e r  60 m inu tes o f  U V -ir ra d ia t io n  th e  c y to to x ic  e f f e c t  o f  r e o v iru s  

ty p e  2 was l o s t  ( 6 8 ) ,  However, re o v iru s  i r r a d i a te d  f o r  60 m inutes d id  

no t lo se  i t s  c a p a c ity  to  i n h i b i t  INA s y n th e s is .  Thus i t  seemed th a t  

r e o v iru s  o r  any a l t e r e d  p a r t i c l e s  o f  re o v iru s  must have s p e c i f i c  com

ponents w ith  a t  l e a s t  l im i te d  fu n c t io n a l i ty  in  o rd e r  to  modify h o s t 

MA fu n c tio n s .

I t  was o b se rv ed  e a r ly  in  th e  experim ents w ith  SVP  ̂ t h a t  th e  

d ea th  r a t e  o f  c e l l s  t r e a t e d  w ith  SVP^ was n o t as r a p id  as th e  d e a th  

r a t e  o f  c e l l s  in f e c te d  w ith  com plete r e o v ir io n s .  I t  was o f  i n t e r e s t  to  

compæ-e v a r io u s  c h a r a c t e r i s t i c s  o f  th e  SVP  ̂ and r e o v iru s  r e p l i c a t io n  

c y c le s . The c h a r a c t e r i s t i c s  s tu d ie d  to  d a te  a re  l )  th e  tim e -c o u rse  

o f  p ro d u c tio n  o f  in f e c t io u s  p a r t i c l e s ,  2) th e  tim e-co u rse  o f  s y n th e s is  

o f  s s  ENA i s o l a t e d  from actinom ycin  D t r e a t e d ,  SVP^ t r e a t e d  o r  re o v iru s  

in f e c te d  c e l l s ,  and 3 ) th e  a b i l i t y  o f  SVP  ̂ to  p rev en t i n i t i a t i o n  o f  

c e l lu la r  MA s y n th e s is  in  sy n th ro n iz ed  c e l l s  t r e a te d  8 hours b e fo re  

i n i t i a t i o n  o f  S p h a se . In  a l l  c a se s , th e se  c h a r a c te r i s t i c s  were v e ry  

s im i la r  f o r  SVP^ and r e o v iru s .

A s ig n i f i c a n t  d if f e re n c e  was no ted  in  th e  tim e re q u ire d  f o r  th e  

SVP^ to  p rev en t i n i t i a t i o n  o f  MA s y n th e s is  in  sy nch ron ized  c e l l s .  I t  

appeared  th a t  r e o v i r u s  cou ld  p re v e n t i n i t i a t i o n  o f  HNA sy n th e s is  when 

added 2 h ou rs p r i o r  to  th e  o n se t o f  MA s y n th e s is .  I n  c o n t r a s t ,  SVP  ̂

showed s ig n i f i c a n t l y  l e s s  e f f i c i e n t  in h ib i t io n  when added 2 hours 

p r io r  to  th e  o n s e t o f  MA s y n th e s is .  In  c o n t r a s t ,  SVP^ showed s i g n i f i 

c a n t ly  l e s s  e f f i c i e n t  in h i b i t i o n  when added 2 hours p r io r  to  S phase .
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P re v io u s  r e p o r ts  had su g g es ted  th a t no new i n i t i a t i o n  p o in ts  

o f  MA s y n th e s is  were observed  a f t e r  in fe c tio n  a lth o u g h  prev iously - 

i n i t i a t e d  s i t e s  o f  s y n th e s is  co n tin u ed  (27). This was c o n s is ta n t  w ith  

th e  d a ta  p re s e n te d  h ere  and seemed to  in d ic a te  a  m u lt ip h a s ic  n a tu re  o f  

' t h e  in h ib i t io n *  p ro c e s s . I t  was p o s s ib le  t h a t  th e  in p u t p a r t i c l e s  

b eg in  * the  in h ib i t io n *  by th e  s o lu b i l iz a t io n  o r r e le a s e  o f  v i r a l  com- 

p o n en t(s ) in to  th e  cytoplasm  o f  th e  h o s t c e l l s .

T h e re fo re , th e  dose resp o n se  can he e x p la in ed  by  assum ing an 

in c re a se  i n  th e  q u a n t i ty  o f  -v ira l components re le a s e d  w ith  in c re a s e  

in  number o f p a r t i c l e s  e n te r in g  th e  c e l l .  N ex t, *the in h ib i t io n *  p ro 

c ess  co u ld  be m a in ta in ed  by th e  s y n th e s is  i n  th e  cy top lasm  o f  new -v ira l 

components w hich m ediate  th e  in h i b i t i o n .  At low m u l t i p l i c i t i e s  o f  re o 

v iru s  o r  SYP^, i n h i b i t i o n  was d e te c te d  a t  6—8 hours p o s t - in f e c t io n  w hich 

p recedes maximum -v ira l component sy n th e s is  b u t n e v e r th e le s s ,  s y n th e s is  

was d e te c ta b le .  C o nverse ly , a t  h ig h  m u l t ip l i c i t i e s  o f  re o v iru s  o r 

SVP^, th e  r e le a s e  o f  -v ira l components ( i . e .  o lig o  A a n d /o r  o u te r  c a p s id  

p o ly p e p tid e s )  was in c re a s e d  and th e n  *the in h ib i t io n *  p ro c e ss  was o b serv 

ed e a r l i e r .  I t  th e n  would be  p o s s ib le  t h a t , i n  l a t e r  s ta g e s  o f  th e  r e 

p l i c a t i o n  c y c le ,  th e  newly s y n th e s iz e d  -v iral p ro d u c ts  were in v o lv ed  in  

* the in h ib i t io n *  p ro c e s s .  As was shown in F ig u re  10 , i n i t i a t i o n  and con

t i n u a t io n  o f  S phase was p re v e n te d  more e f f e c t iv e ly  by com plete r e o v i r 

u s  th a n  in co m p le te  STP^. B ecause o f  th e  absence o f  a  p o r t io n  o f  th e  

o lig o  A (A -r ic h )  SNA from th e  SVP^, and the p resence  o f  a  m od ified  o u t

e r  c a p s id  p o ly p e p tid e  (O ), th e  s p e c i f i c  m olecu le(s) w hich m ed iated  th e  

in h i b i t i o n  p ro c e s s  cannot a s  y e t  be d e fin e d . I t  cou ld  be e i t h e r  one 

o r  a  com bination  o f  o lig o  A ENA o r  th e  m odified  c a p s id  p o ly p e p tid e  ( g ) .
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In  c o n c lu s io n , i t  was no t c le a r  which s p e c i f i c  m o lecu le (s)  

p re s e n t  in  com plete r e o v ir io n s  and SVP^ were re s p o n s ib le  f o r  'th e  

in h ib i t io n *  a lth o u g h  th e re  was ev idence w hich su g g e s ts  th e  o lig o  A RNA 

components p la y ed  a  r o le  i n  t h i s  a l t e r a t i o n  o f  c e l l u l a r  r e p l i c a t i v e  

f u n c t io n .  F i r s t ,  o l ig o  A component was p re s e n t in  com plete re o v ir io n s  

and app rox im ate ly  o f  t h i s  o lig o  A RNA rem ains SVP^ a s s o c ia te d .  

Second, o l ig o  A component sh o u ld  be p re s e n t in  u l t r a v i o l e t  i r r a d i a te d  

r e o v iru s  and s in c e  HNA o f  p o ly a d e n y lic  a c id  com position  sh o u ld  be r e s i s 

t a n t  to  damage from U V -ir ra d ia t io n . T h ird , L c e l l s  in  m onolayers have 

b een  shown to  e x h ib i t  an i n h i b i t i o n  o f  INA s y n th e s is  when exogenous 

p u r i f i e d  o lig o  A was added to  th e  c u l tu r e s  (4 9 ) .  F o u r th , synchronous 

c u l tu r e s  o f  L c e l l s  a re  p rev en ted  from i n i t i a t i n g  S phase a f t e r  in 

f e c t io n  w ith  com plete r e o v iru s  as l a t e  a s  2 hou rs  b e fo re  th e  onse t o f  

BNA s y n th e s is ,  w h ile  th e  SVP^ c o n ta in in g  reduced  amounts o f  o lig o  A RNA 

canno t p re v e n t s ig n i f i c a n t  INA s y n th e s is  when added 2 o r  4 hours p r io r  

t o  i n i t i a t i o n  o f  th e  S phase .

These d a ta  d id  n o t e x p la in  th e  d e t a i l s  o f  th e  mechanism fo r  

th e  i n h i b i t i o n  o f  c e l l u l a r  M A  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 ,  bu t 

su p p o rte d  th e  r o le  o f  th e  o lig o  A component in  th e  d i r e c t  o r  in d i r e c t  

in h i b i t i o n  o f  c e l l u l a r  INA s y n th e s is .
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CHAPTER V 

SUMMARY

T his s tu d y  dem onstrated  th e  e f f e c t  o f  r e o v iru s  s u b v ir a l  p a r t i 

c le s  on c e l l u l a r  INA s y n th e s is .  R eov iru s ghost p a r t i c l e s  o r  to p  compo

n en t dev o id  o f  n u c le ic  a c id  d id  n o t a f f e c t  DNA s y n th e s is .  S im i la r ly ,  

re o v iru s  co re  p a r t i c l e s  w ith  th e  o u te r  c a p s id  p o ly p e p tid e s  d ig e s te d  

d id  n o t a l t e r  c e l l u l a r  DNA r e p l i c a t i v e  fu n c t io n .  I n  a d d i t io n ,  th e s e  

s u b v ira l  p a r t i c l e s  were no t in f e c t iv e .

A pproxim ately  85^  o f  th e  r a d io a c t i v i ty  o f  to p  component was 

c e l l  a s s o c ia te d  and 38^ o f  r a d io a c t iv e  co re  p re p a ra t io n s  were c e l l  

a s s o c ia te d  i n  3 h o u rs . T h e re fo re , t h i s  cou ld  no t e x p la in  th e  la c k  o f  

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 .

T reatm ent o f  p u r i f i e d  re o v iru s  w ith  chym otrypsin in  th e  p re 

sence o f  s p e c i f i c  c a t io n  req u irem en ts  r e s u l t s  in  an in f e c t io u s  s u b v ir a l  

p a r t i c l e  (SVP^). The SVP^ was m iss in g  s p e c i f i c  o u te r  c a p s id  p o ly 

p e p tid e s  and 60^  o f  th e  v i r io n  a s s o c ia te d  A -r ic h  RNA c o n te n t.  The SVP  ̂

d id  i n h i b i t  DNA s y n th e s is  as e f f i c i e n t l y  as  th e  i n t a c t  r e o v i r io n s .  A 

com parison o f  th e  i n t a c t  r e o v ir io n s  and SVP^ showed s im i la r  grow th 

p a t te r n s  and th e  tim e -c o u rse  o f  s in g le - s t r a n d e d  RNA s y n th e s is  was th e  

same.

When L - c e l ls  were synch ron ized  and in f e c te d  w ith  e i t h e r  SVP^ 

o r  com plete r e o v ir io n s  8 hours b e fo re  S phase o f  th e  c e l l  c y c le ,  th e
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t r e a t e d  c e l l s  f a i l e d  to  e n te r  th e  BNA s y n th e t ic  p h ase . A s ig n i f ic a n t  

r e d u c t io n  was observed  in  th e  c y to c id a l p r o p e r t i e s  o f  th e  SVP  ̂ when 

compared to  i n t a c t  r e o v iru s .

The changes ob serv ed  in  th e  c y to c id a l  p r o p e r t i e s  o f  SVP  ̂

su g g es ted  th e  in h ib i t io n  o f  DNA s y n th e s is  was independen t o f  th e  c y to -  

p a th o lo g y . S p e c if ic  c a p s id  p o ly p e p tid e s  were n o t e s s e n t i a l  f o r  a  pro

d u c tiv e  i n f e c t io n  o r  i n h i b i t i o n .  These r e s u l t s  su g g e s te d , a t  l e a s t ,  

l im ite d  t r a n s c r i p t io n  a n d /o r  t r a n s l a t i o n  a re  re q u ire d  fo r  in h ib i t io n  o f  

c e l l u l a r  MA s y n th e s is  to  o ccu r in  mouse L—c e l l s .
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