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Abstract:
The biological properties of the Bryan high titer strain of Rous sarcoma virus, RSV(B) , and the
Schmidt-Ruppin strain, RSV(SR) , were compared. RSV(B) was found to be more pathogenic, in vivo
and in-vitro than RSV(SR). RSV(B) carried neutralizable antigens not found on RSV(SR) and was 3
times more heat stable than RSV(SR). Defectiveness was found to be a property of RSV(B) but not of
RSV(SR). Both RSV(SR) and RSV(B) were produced at the same rate by infected cells; however, there
was always 10 to 100 times more RSV(B) produced than RSV(SR). Puromycin had identical effects on
24 hr. RSV(B) and RSV(SR) production; however, the effects of puromycin on 48 hr. RSV(SR)
production appeared to be different from its effects on 48 hr. RSV(B) production. Both viruses were
inhibited by the addition of actinomycin D to cells within the first 35 hrs. after infection. Possible
explanations of the differences between the 2 viruses were discussed.
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-ABSTRACT

The b i o l o g i c a l  p r o p e r t i e s  o f  the  Bryan high t i t e r  s t r a i n  o f  Rous 
sarcoma v i r u s ,  RSV(B) , and the  Schmidt-Rupp in  s t r a i n ,  RSV(SR) , were-com­
pared .  RSV(B) was found t o  be more p a th og e n ic ,  in v i v o  and i n- v i t r o  than 
RSV(SR). RSV(B) c a r r i e d  n e u t r a l i z a b i e  a n t ig e n s  not  found on RSV(SR) and 
was 3 t imes more heat, s t a b l e  than RSV(SR). D e fec t iveness  was found t o  be 
a p r o p e r t y  o f  RSV(B) bu t  no t  o f  RSV(SR) . Both RSV(SR) and RSV(B) were 
-produced a t  the  same - r a t e  by i n f e c te d  c e l l s ;  however, t h e r e  was always 
-10 to  lOOi' t imes more RSV(B) produced than.  RSV(SR) . Puromycin had i d e n t i ­
cal  e f f e c t s  on 24 h r .  RSV(B) and RSV(SR) p r o d u c t i o n ;  however, the  e f f e c t s  
o f  puromycin on 48 h r . . RSV(SR) p r o d u c t i o n  appeared t o  be d i f f e r e n t  f rom 
i t s  e f f e c t s  on 48 h r .  RSV(B) p r o d u c t i o n .  Both v i r u s e s  were i n h i b i t e d  by 
the  a d d i t i o n  o f  . le t  i nomyc i n,- D t o  c e l l s  w i t h i n  the f i r s t  35 h rs .  a f t e r  
i n f e c t i o n .  P o s s ib le  e x p la n a t i o n s  o f  the  d i f f e r e n c e s  between the  2 v i r u s e s  

were d i s c u s s ed . '



INTRODUCTION TO THE VIRUS

Rous and His V i r u s

The tumor wh ich  was to  even tua l  I y  g i v e  r i s e  to  v i r u s  was repor ted  by 

Rous in i g i 0.  He des igna ted  i t . C h i c k e n  Tumor I .  I t  a rose on t h e - b r e a s t  

o f  a 15 month o ld  Plymouth Rock hen and wps removed 2 months l a t e r .  B i t s  

o f  t h e - tu m o r  were i n o c u la te d  i n t o  the  o r i g i n a l  hen and i n t o  2 o th e r  hens 

o f  the  same s to c k .  - O r i g i n a l l y  the  tumor grew very  s lo w ly .a n d  o n ly  in 

■ Plymouth. Rock b i r d s .  In b i r d s  o th e r  thqn h i s  l a b o r a t o r y  stock,- ,Rous ob­

t a i n e d  t r a n s i e n t  g rowth  wh ich  even tua l  I y reg ressed .  Dur ing  the  f i r s t  few 

t r a n s f e r s  o f  the  tumor,  the  growths wh ich  r e s u l t e d  were encapsu la ted  and 

■only r a r e l y  gave - r i s e  -to metas tases .  No a t te m p ts  were made to  i s o l a t e  

v i r u s  f rom the  o r i g i n a l  tumor.  .A t tem p ts  t o  grow tumor t r a n s p l a n t  in 

pi.geons and gu inea p ig s  were unsuccess fu l  .

A year  l a t e r -2 re p o r t s  appeared : (Rous, 1911a; 1911b') in  which Rous 

had s u c c e s s f u l l y  induced sarcomas in ch ickens  using a f i l t e r a b l e  agent  

wh ich  was l a t e r  to  be r e f e r r e d  to  as Rous sarcoma v i r u s .  -The f i l t r a t e  

was prepared  '-(Rous, 191 la) by g r i n d i n g  15. gm o f  t r a n s p la n te d  Chicken 1Tumor 

I in a warm m o r ta r  w i t h  sand and add ing'  R in g e r ' s  s a l t  s o l u t i o n .  .The de­

b r i s  was removed by c e n t r i f u g a t i o n  and the  supernate  f i l t e r e d . t h r o u g h  a 

number '5 B e r k e fe ld  f i l t e r .  .The e n t i r e  o p e r a t i o n  was perfo rmed a t  3§<5 C5 

the  body tem pera tu re  -of a ch icken .

By t h i s  t im e ,  the  tumor had shown a d e f i n i t e  inc rease  in v i r u l e n c e  

-(Rous, 1911b). Tumors now appeared w i t h i n  7 days o f  i n o c u l a t i o n  ins tead 

o f  the  o r i g i n a l  30 t o  35 days.  The tumors a lways .gave  r i s e  t o  m e t a s t a t i c  

nodu les ,  whereas,  up t o  t h i s  t im e ,  metas tases were noted o n l y  once (Rous,
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1910). F i n a l l y ,  tumors .cou ld  be induced in ch ickens  o f  o t h e r  s t r a i n s  

(Rous, 1911b). However, a t te m p ts  to  induce tumors in r a t s ,  guinea p ig s ,  

r a b b i t s ,  ducks ,  and p igeons  s t i l l  f a i l e d  (Rous, 1911bj .

In 1913, Rous and Murphy d iscussed  some p a t h o l o g i c a l  changes t h a t  the  

■tumor had undergone.  . O r i g i n a l l y . ( R o u s ,  1910),  the  tumor was an encapsu­

la t e d  s p in d le  c e l l  sarcoma wh ich  grew r a t h e r  s lo w ly .  By '1913, the tumor, 

whe the r induced by c e l l s  o r  a cel I - f r e e  f i l t r a t e ,  was a s o f t ,  f r i a b l e ,

.non-encapsul  ated sarcoma wh ich  grew and m e tas tas ized  r a p i d l y .  The t y p i c a l  

c e l l s  v a r ie d  f rom s p in d le  c e l l s  to  s h o r t ,  b l u n t ,  o r  rounded c e l l s ,  w i t h  

, g ian t  c e l l s  f r e q u e n t l y  be ing  found.  .The tumor was hemor rhag ic and p ro ­

duced :1 a rge q u a n t i t i e s  o f  a mucinous m a t e r i a l .  ..This 1913 fo rm o f  the 

tumor resembled the  -tumors wh ich  were o b ta in ed  in t h i s  l a b o r a t o r y  when 

Rous sarcoma v i r u s  was i n j e c t e d  i n t o  the  wing web o f  ch ickens  ( M a t e r i a l s  

and M e thods ) .

Rous co n t in u ed  wo rk ing  w i t h  h i s  f i l t e r a b l e  agent  and c h a r a c te r i z e d  i t  

in  a.manner wh ich  was no t  c o n s id e ra b le  improved upon u n t i l  e x te n s iv e  in 

v i t r o  work w i th  the  v i r u s  was made p o s s i b l e  ( Temin and =Rubin, 1958).  The 

most e x te n s i v e  genera l  phys ico -chem ica l  c h a r a c t e r i z a t i o n  o f  the  v i r u s  was 

p u b l i s h e d  by Rous and Murphy in 1912. They found t h a t  the  v i r u s  could  be 

■stored in d r i e d  . t i s s u e  f o r  up to  7 months o r  in  50 per cen t  g l y c e r i n  f o r  I 

month.  ,The agen t ,  as a ground tumor suspens ion,  cou ld  s u r v i v e  rap id  f r e e z ­

ing and thawing  and a l s o  h ea t ing  t o  53 C f o r  15 min,  bu t  i t  c o u l d . n o t  s u r ­

v i v e  h e a t ing t o '55 C f o r  15 min.  These r e s u l t s  c o r r e l a t e  c l o s e l y  w i t h  

th o s e -o f "  Dougherty • ( I 961) . - Rous and Murphy (1912) a l s o  demonstra ted  the  

- s e n s i t i v i t y  o f  the  agent  t o  s u r face  a c t i v e  m a t e r i a l s  such as b i l e  and



3

Saponin as w e l I as c h lo r o fo r m ,  t o l u o l  and a l c o h o l ;  t he reby  i n d i c a t i n g ,  as 

F r iese n  a n d - R u b in - ( I g b l )  have, t h a t  l i p i d s  p ro b a b ly  p la y  an im por tan t  r o le  

in the  a c t i v i t y  o f  the  v i r u s .

In i g i I , ' R o u s  and Murphy repo r ted  t h a t  d i s c r e t e  tumors cou ld  be i n ­

duced .on the  membranes o f  d ev e lop ing  c h i c k  embryos w i t h  a f i l t r a t e  f rom 

C h ic k e n .Tumbr I .  I t  is  u n f o r t u n a t e  t h a t  they  d id  not  c o n t i n u e  t h i s  work 

pas t  the  p a t h o l o g i c a l  c h a r a c t e r i z a t i o n  o f  the  tumors as they  were wo rk ing ,  

e v i d e n t l y  unknowingly*  w i t h  the  f i r s t  good means o f  q u a n t i t a t i n g  t h i s  

v i r u s .  T h is  aspec t  o f  Rous sarcoma v i r u s  work had to  w a i t  27 years (Keogh, 

1:938) f o r  development .  Rous and -Murphy (1911) in s in ua te d  t h a t  they might  

be a b le  t o  induce tumors in u te r o  in mice and ra t s  w i t h  t h e i r  tumor ex­

t r a c t s .  No f u r t h e r  p o s i t i v e  re p o r t s  seem, t o  have been p u b l i s h e d  con­

c e rn in g  t h i s  work ,  bu t  i t  may w e l l  have been a p re lud e  t o  the  o r i g i n  o f  

s t r a i n s  o f  Rous sarcoma v i r u s  whose hos t  ranges extended beyond t h a t  o f  

the  -chicken . (Duran-Reyno lds,  19^7; Z i l b e r  and .Kryukovaj  1957; •Munroe and 

Windl  e, 1963; A h ls t rbm  ejt a_l_. , 1962) .

Rous (1913) was a b le  t o  show t h a t  b i r d s  responded s e p a r a te l y  t o  v i r a l  

and tumor a n t i g e n s .  He -found t h a t  b i r d s  wh ich  had managed to  r e j e c t  t h e i r  

tumors cou ld  not  be i n f e c t e d  w i t h  e i t h e r  tumor c e l l s  o r  f i l t r a t e s .  He

a ls o  was a b le  t o  o b t a i n  b i r d s  wh ich ,were  r e s i s t a n t  t o  f i l t r a t e  ch a l len g e ,
/

bu t  would deve lop tumors i f  whole c e l l s  were implanted in t h e i r  b re a s ts .

He, t h e r e f o r e ,  concluded t h a t  t h e  v i r u s  and c e l l s  were a b le  t o  a c t  e i t h e r  

s e p a r a te l y  o r  t o g e th e r  t o  induce tumors.  T h is  work was con f i rm ed  and ex­

tended n e a r l y  50 years  l a t e r  by Hanafusa e_t aj_. (1964a), .Qougherty and 

Morgan ( I 962) ,  and Temin ( I  962) .
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• Reu s Vet ,a I . (1919) a t tempted  t o  produce n e u t r a l i z i n g  a n t i b o d i e s  

a g a in s t  the  f i l t e r a b l e  agent  by i n j e c t i n g  ground tumor e x t r a c t s  as w e l l  as 

tumor c e l l s  i n t o  r a b b i t s .  They succeeded in o b t a i n i n g  o n l y  good a n t i ­

ch icke n  serum. .They f i n a l l y  ob ta in ed  n e u t r a l i z i n g  a n t i b o d i e s  by i n j e c t i n g  

geese i n t r a v e n o u s l y  w i t h  tumor suspensions and b lood .  The sera ob ta ined  

would stop tumor p r o d u c t i o n  by the  f i l t r a t e  i f  the  serum and f i l t r a t e  were  

mixed p r i o r  t o  c h a l l e n g in g  the  ch ic k e ns .  . A f t e r  a d s o rp t io n  w i t h  ch icken 

t i s s u e ,  the  g o o s e -a n t i - C h i c k e n  Tumor I serum would s t i l l  n e u t r a l i z e  the  

i n f e c t i n g  a g e n t . Rous and h i s  co l le ag u es  concluded t h a t  a n t i - c h i c k e n  sera 

would not  n e u t r a l i z e  t h e i r  i n f e c t i v e  a g e n t . I t  is  i n t e r e s t i n g  t h a t  Gye 

•and Puirdy ( 1933) re p o r te d  n e u t r a l i z a t i o n  o f  the  Rous agent  w i t h  a n t i ­

ch ic ken  serum. .T h is  r e p o r t  has been s u c c e s s f u l l y  repud ia ted  by Rubin 

(1956;  1961) and by F i n k . (1964 ) .  , T h e i r  ev idence  a g a in s t  Gye and Purdy 's  

da ta  ( 1933) was based upon the  f a c t  t h a t  a n t i - c h i c k e n  sera cou ld  p reven t  

tumor development by i n t e r a c t i n g  w i t h  the  i n f e c te d  t i s s u e  (Rub in ,  1956), 

and the  f a c t  t h a t  v i r u s  n e u t r a l i z i n g  a n t i b o d i e s  p e r s i s t e d  even a f t e r  ex­

t e n s i v e  a d s o r p t i o n  o f  r a b b i t  a n t i -RSV sera w i t h  ch icken  t i s s u e  ( F in k ,  1964).

Rous and h i s  f i l t e r a b l e  agent  helped la y  the  f o u n d a t io n  f o r  a c o n t r o ­

ve rsy  wh ich  c o n t in u e s  t o  p lague  av ia n  l e u k o s i s  research.  ,W h i le  work ing  

w i t h  ch icken  tumors,  , Rous i s o l a t e d  3 tj j.mors, Chicken Tumors I , . V I I , .and 

XVI I I ,  wh ich  we re, ■ t ransmissab Ie  by a f i l t e r a b l e  agent  (Rous and Murphy, 

1.913b) . The obv ious  q u e s t io n  a rose .  . Were- these .3 d i f f e r e n t  m a n i f e s t a t i o n s  

o f  the  same agent  o r  s i n g l e  m a n i f e s t a t i o n s  o f  3 re la t e d  agents? The 3 

agents  were a l i k e  in t h a t  a l l  cou ld  be s to red  w i t h i n  d e s i c c a te d  tumor t i s ­

sue, a l l  passed th rough  some B e rk e fe ld  f i l t e r s  but  were r e ta i n e d  by
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e x t re m e ly  f i n e  ones,  and a l l  produced m a l ig n an c ie s  in ch ickens  (Rous and 

■.Murphy, 1913b) . T h e r e fo re ,  . Rous and Murphy (1913b) suggested t h a t  they 

were a l l  3 o f  I c l a s s ,  "w h a te v e r  t h a t  c l a s s  may be " .  However, s ince  

Chicken Tumor I v i r u s  a lways gave r i s e  to  a s p i n d l e - c e l l e d  sarcoma (Rous, 

1911a). and .Ch icken  Tumor Vl I v i r u s ,  t o  an osteochondrosarcoma (Rous e t  a l . ,  

1.912) and- Chicken Tumor X V I I I  v i r u s ,  t o  a s p i n d l e - c e l l e d  sarcoma w i t h  a 

p e c u l i a r  i n t r a c o n a l i c 'u la r  p a t t e r n  (Rous and Lang, 1913),  I t  was concluded 

t h a t  these 3 agents  composed a new group o f  e n t i t i e s  capab le  o f  causing 

neoplasms o f  d i v e r s e  c h a r a c te r s  in ch ickens  (Rous and Murphy, 19 1 3 b ) .

' However, . Rous and Murphy p o in te d  out  the  u n c e r t a i n t i e s  o f  c l a s s i f y i n g  the  

agents  s t r i c t l y  on the  b as i s  o f  tumor p a th o lo g y  when they showed t h a t ,  

d u r in g  the  s e l e c t i o n  f o r  r a p i d l y  growing  Chicken Tumor XVI I I v i r u s ,  the 

h i s t o l o g y  o f  the  tumor came t o  resemble more c l o s e l y  t h a t  o f  Chicken Tumor

I .  In 1914, however, they  demonstra ted t h a t  ch ickens  wh ich  were r e s i s t a n t  

t o  Chicken Tumor Vl I were not  r e s i s t a n t  t o  Chicken Tumor I ( Rous and 

Murphy, 1914); t h e re b y ,  opening  new pa ths  f o r  tumor v i r u s  c l a s s i f i c a t i o n  

and i d e n t i f i c a t i o n  and s u p p o r t in g  t h e i r  c o n te n t i o n  t h a t  these  were 

separa te  v i r u s e s .

Rous was not  q u i c k  t o  conc lude  t h a t  he was d e a l in g  w i t h  a v i r u s .  In ­

deed, in d i s c u s s in g  the  f i l t e r a b l e  agent  (Rous,  1911b) , he s t a t e s  t h a t  the  

- f i r s t  tendency was to  regard i t  as a s e l f - p e r p e t u a t i n g  p a r a s i t i c  organism, 

bu t  he a l s o  f e l t  t h a t  i t  was p o s s i b l e  t h a t  tumor c e l l s  sec re ted  a chemical 

s t i m u l a n t  wh ich  r e s u l t e d  in  n e o p la s t i c  changes in a f f e c t e d  c e l l s  causing 

them., in t u r n ,  to  re le as e  the  chem ica l .  A f t e r  h i s  work on c h a r a c t e r i z a ­

t i o n  o f  the  agent  (Rous and Murphy, 1912) , he concluded t h a t  i t  was a
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l i v i n g  organ ism and in 1913 (Rous and Murphy, 1913a), r e f e r r e d  t o  the 

agent  as a " c a u s a t i v e  v i r u s " .  The f a c t  t h a t  Peyton Rous, le ss  than 15 

years  a f t e r  B e i j e r i n c k 1s i n t r o d u c t i o n  o f  the  concept  o f  f i l t e r a b l e  v i r u s e s  

( B e i j e r i nck, 1899), was a b le  t o  i s o l a t e  a v i r u s ,  recogn ize  i t  as such, 

c h a r a c t e r i z e  i t  p h y s i c a l l y ,  c h e m ic a l l y  and a n t i gen i cal I y ,  and suggest  t h a t  

i t  was o n l y  I o f  a group o f  av ia n  tumor v i r u s e s  which  m ight  se rve  as a 

model f o r  the  cause o f  cancer in man, was a t r i b u t e  to  h i s  s c i e n t i f i c  

a b i l i t i e s  and i n s i g h t .

Genealogy o f  Rous Sa rcoma V i ru s

The d i v e r s i t y  o f  c o n d i t i o n s  and the  s e l e c t i o n  f o r  v a r i o u s  charac­

t e r i s t i c s  in  the  many l a b o r a t o r i e s  over  the  pas t  50 years  have r e s u l t e d  in 

severa l  ' ! s t r a i n s "  o f  Rous sarcoma v i r u s  (RSV) w i t h  d i f f e r i n g  c h a r a c te r !  s- 

L i cs .  The f o l l o w i n g  genealogy o f  RSV is  a m o d i f i c a t i o n  o f  t h a t  pub l i shed  

by Simons and Dougherty (1963 ) :  P. Rous (1911)

^  ( b e fo r e  1924) "~-
A. C aude W. E. Gye

'Y.
(1941)

High t i t e r  and 
Standard RSV(B) 

W. R. Bryan

V
H. Rubin

I
Ch. Oberl ing

W. J .  P u r d y -  (1929 )RSV(29) (1954)?
Schmic t -R u p p inI

(1935)
C. R. Amies

I
J . G. C a r r— — —̂  Z i l b e r

R S V (C a r r -Z i lb e r )  Huebner RSV(SR)

NZ
(I960)?

C. G. A h l st rom

I
v

(1948)
R. J .  C. H a r r i s

P. J . Simons------ > RSV(H)
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The d o t t e d  'I ines re p re sen t  c o n j e c t u r e ;  the  dates in p a r e n th e s i s  rep resen t  

approx im a te  t imes o f  r e c e i p t  o f  the  v i r u s  s to c k s ;  the  known s t r a i n  d e s ig ­

n a t i o n s  a re  l i s t e d  whenever p o s s i b l e  f o l l o w i n g  the  name o f  the  i n d i v i d u a l  

us in g  the  d e s i g n a t i o n .

-These v a r i o u s  s t r a i n s  o f  RSV have t h e i r  own d i s t i n g u i s h i n g  charac­

t e r i s t i c s .  ,RSV(B) c a r r i e s  h ig h  c o n c e n t r a t i o n s  o f  Rous Assoc ia ted  V i ru s  

(RAV) (Rubin and Vog t ,  . 1962) and forms sharp,  d i s t i n c t i v e  f o c i  in t i s s u e  

■ c u l tu re  ( s e e .b e lo w ) .  R$V(SR) is  no t  d e f e c t i v e ,  produces f o c i  which are 

•qu i te  d i s t i n c t  f rom those  o f  RSV(B) and w i l l i not  reac t  w i t h  RSV(B) neu­

t r a l i z i n g  sera (see b e low ) .  RSV(H) is  an t  i g e n i cal I y  d i s t i n c t  f rom RSV(Zg), 

produces n o . f o c i  in t i s s u e  c u l t u r e s ,  and produces tumors on the  c h o r i o ­

a l l a n t o i c  membrane o f  c h i c k s  which a re  d i s t i n g u i s h a b l e  f rom those  o f  

RSV(ZSi) and RSV(B) (Dougherty  ^ t  _aj_., . 1963) . RSV ( C a r r - Z i l b e r )  w i l l  

i n f e c t  mammals,, i n c l u d i n g  p r im a te s  .(Mun roe and W ind le , -  1963) . - RSV(SR) 

w i l l  a l s o  i n f e c t  mammals and cause chromosonal breaks in human c e l l s  

(Ahl  s t  rom _et  ̂ a j_. , . 1962; :N icho l  s e_t aj_. , 1964) . ■ Recent l y ,  Rabot t  i _et a I . 

(1965) have succeeded in in duc ing  tumors in  the  b r a in s  o f  hamsters w i t h  

RSV(B).

- Rous Sa rcoma V i r u s  Cl ass i f  I c a t i on

RSV is  a. member o f  the  av ian  l e u k o s i s  group o f  v i r u s e s  ;( Jungher r  et_ 

a l . ,  1941).  -This group in c lu d e s  the  v i r u s e s  o f  av ian  lymphomatosis,  

e r y t h r o b l a s t o s i s ,  m y e l o b l a s t o s i s ,  and o s t e o p e t r o s i s , . a s  w e l l  as va r io us

)
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•sol id tumor v-i ruses-such  as the  Fu j inam i v i r u s  (Beard,  195 7) ^ A l l  the 

v i r u s e s  o f  t h i s  group so f a r  examined a re • he I i cal  : RNA v i  ruses. -(Howat son, 

1964) .w h ic h  ' m u l t i p l y  in  the  cy top lasm o f  i n f e c te d  c e l l s  and a re  re leased 

a t  the c e l l  membrane ( Haguenau and Beard,  1962’; Vogt and Rubin,  1961;

Beard, 1963 ) .  S t r u c t u r a l l y ,  they  resemble the  myxov iruses in t h a t  they  

have an o u t e r  enve lope e n c lo s in g  an i n n e r  membrane wh.ich enc loses  the 

n u c le o id  ( Howatson, 1964;  Beard,  1963; DourmasNon and Simons, 1961) .. T h is  

group o f  v i r u s e s  shares a common s o lu b le  a n t ig e n  which  i s  found in v i r u s  

p a r t i c l e s  and in n e o p l a s t i c  c e l l s  induced by the  v i r u s  (Huebner e t  a l . ,  

1964) . These v i r u s e s  a l s o  share a number o f  n e u t r a l i z i n g  a n t i g e n s ,  a l l  o f  

wh ich  a re  no t  rec ip roca l , !  y s u s c e p t i b l e  t o  the  same a n t i b o d i e s  (Beard,  1957; 

Simons and. Doughe r ty , 1963; F r iesen  and, Rubin,  I 96 I ) .

Assay o f  Rous. Sarcoma- V i r u s

Probab ly  the  most v a lu a b le  c o n t r i b u t i o n  to  the  study o f  RSV has been 

the  development o f  an in  v i t r o  assay system (Temin apd -Rubin ,  1958).  T h is  

system r e l i e s  on the  f o r m a t i o n  o f  f o c i  o f  t rans fo rmed  c e l l s  on a monolayer 

o f  c h i c k  f i b r o b l a s t s .  . The number o f  f o c i  on a p e t r i  d i s h  was shown to  be 

d i r e c t l y  p r o p o r t i o n a l  t o  the  amount o f  i n f e c t i n g  v i r u s .  u n t i l  I t o  10 per 

cen t  o f  the  c e l l s  were i n f e c te d : ( T e m in  and:Rub in ,  1958); t h e r e f o r e ,  i f  the  

■ number o f  f o c i  on a p l a t e  were kept  w i t h i n  the  l i m i t s  o f  s t a t i s t i c a l  

accuracy ,  the  t i t e r  o f  a v i r u s  s tock  cou ld  be expressed in focus  fo rm in g  

■ un i t s  (FFU) pe r  ml o f  v i r u s .

D i r e c t  m ic r o s c o p ic  compar ison o f  the  number o f  v i r u s e s  in  a c u l t u r e  

•and the  number o f . f o c i  ob ta in ed  by focus  assay showed t h a t  t h e r e  were about
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750 v i r u s  p a r t i c l e s  p re s e n t  f o r  each" focus p reduced -. (Crawford and Crawford,  

1961). However, they  c a l c u l a t e d  t h a t  t h e r e . m ig h t  a c t u a l l y  be 15 p a r t i c l e s  

per  FRU i f  one assumed t h a t  the  use o f ' n o n - c o n f Iue n t  monolayers lowered 

the  e f f i c i e n c y  o f  the  assay system and t h a t ' o h  Iy  10% o f  the  " c e l l s  were i n ­

f e c t e d .  Cons ide r ing  the  ra p id  loss  o f  v i a b i l i t y  o f  v i r u s e s  due t o , h e a t  

i n a c t i v a t i o n  (Rub in ,  1955) , the  system would seem to  be r a t h e r  e f f i c i e n t .

T h is  system has been plagued by many d i f f i c u l t i e s .  F i r s t ,  focus f o r ­

ma t ion  may be suppressed by having too.many c e l l s  on the  p l a t e  a t  the t ime 

o f  i n f e c t  ion ;(Rub i n, 1960b ) .  .. Second, the  use o f  f e t a l  c a l f  serum, Fe tu i  n, 

o r  ove r  10% c a l f  serum suppresses focus  f o r m a t i o n  (Rub in ,  1960c).  T h i r d ,

• P r ince  . (1962) found t h a t  the  omiss ion  o f  t r y p t o s e  phosphate b r o t h ; (D i f c o )  

r e s u l t e d  in the  suppress ion  o f  focus  f o r m a t i o n .

•Bes ides  the  i n f l u e n c e  o f  f a c t o r s  in the  medium,. Rubin ;(1960a) found 

t h a t  the  embryos f rom c e r t a i n  eggs c a r r i e d  a v i r u s , . R o u s  i n t e r f e r i n g  f a c ­

t o r  (R IF ) ,  wh ich  i n t e r f e r e d  w i t h ' RSV i n f e c t  ion ,and thus stopped focus f o r ­

m a t ion .  T h is  d i s c o v e r y  led t o  the  use o f  i n t e r f e r e n c e  assay f o r  av ian 

■ leukosis v i r u s e s  (Rub in ,  1960a ; ; Rubin and Vogt ,  1962),  wh ich  in  t u r n  led t o  

the  d i s c o v e r y  o f  the  i n t e r f e r i n g  v i r u s  c a r r i e d  in RSV s to c k s ,  Rous asso­

c i a t e d  v i r .uss(RAV).  . The - f a c t  t h a t  RAV was found to  .be p re s e n t  in  concen­

t r a t i o n s  up t o  10 t imes  t h a t  o f  RSV',(Hanafusa e_t 1963) exp la in e d  why

o n l y 'I t o  TO p e r  cen t  o f  the  c e l l s  in  a p l a t e  could be i n f e c t e d  w i t h  RSV. 

Besides o b t a i n i n g  a r e d u c t i o n  o f  f o c i  due t o  v i r a l  i n t e r f e r e n c e , R u b i n  

(1964) and C r i t t e n d e n  ejt aj_. (1963) have shown t h a t  c e r t a i n  s t r a i n s  o f  

ch ickens  g iv e  r i s e  t o  g e n e t i c a l l y  r e s i s t a n t  embryos wh ich  cannot  be

i n f e c t e d  w i th .  RSV.
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- D e fec t  I veness o f  Rous<Sarcema- V i rus

In 1 9 6 2 , Rublh and Vogt repo r ted  f i n d i n g "2 v i r u s e s  in ' t h e i r  s tocks  o f  

the  Bryan ihigh' t i t e r  s t r a i n  o f  RSV. One was RSV i t s e l f  and the  o th e r  they  

c a l l e d  R ous ,assoc ia ted  v i r u s  (RAV). -RAV was always p re sen t  in  much h ig he r  

c o n c e n t r a t i o n s  than RSV. S u b s e q u e n t l y , .Hanafusa e t  a I . (1963) repor ted  

t h a t  f o c i  o f  RSV t rans fo rm ed  c e l l s  w h ic h  were produced on p l a t e s  i n f e c te d  

w i t h  h igh  d i l u t i o n s  o f  RSV would not  produce v i r u s .  They a l s o  showed t h a t  

these  non -p roduc ing  (NP) c e l l s  would produce -RSV o n ly  i f  s u p e r ! n fec ted  w i t h  

RAV or /some o t h e r  av ian  l e u k o s i s  v i  rus . (Hanafusa e t  a j_. , 1963; 1964a) .

Thus , i t  was shown t h a t  RSV depended upon a h e l p e r  v i r u s  f o r  m a tu r a t i o n .  

.They concluded t h a t  the" 'RSV genome lacked t h e  i n f o r m a t i o n  necessary f o r  

m a tu r a t i o n  - w i th in  an i n f e c t e d  c e l l  and RSV must ,  t h e r e f o r e ,  ■be - d e fe c t i v e .

:A word o f  c a u t i o n  should i n j e c t e d  here.  -A l though lHanafusa e t  a l . . ( 1963; 

1964a) r e p o r t  t h a t  RAV was found in a l l  RSV c u l t u r e s  t e s te d ,  the re-was no 

da ta  t o  i n d i c a t e  t h a t  RSV(H),-RSV ( C a r r - Z i l b e r ) , o r  RSV(29) were tes ted . .

One should not  conc lude  t h a t  a l l  s t r a i n s  o f  RSV are  d e f e c t i v e  s ince  o n ly  

,RSV(B) has been e x t e n s i v e l y - s t u d  led ,  and, as w i l l  be..shown below, RSV(SR) 

has been found not  t o  b e - d e f e c t i v e .

P r o p e r t ies o f  RSV Confe rred  by Helper  Vi ruses

Hanafusa e t  a I . ( 1964a) were a b le  t o  show t h a t  the  RSV, produced by NP 

c e l l s  as a r e s u l t . o f  i n d u c t i o n ,  c a r r i e d  the  n e u t r a l i z i n g  a n t i g e n  o f  the

h e lp e r  v i r u s .  . That  i s ,  i f  the  'NP c e l l s  were, induced by an a v ia n  lymphoma-
\

t o s i s  v i r u s ,  the  r e s u l t i n g  RSV cou ld  be n e u t r a l i z e d . b y  s p e c i f i c  a n t i - a v i a n  

lymphomatosis se ra .  T h e r e fo re ,  upon i n f e c t i n g  a cel I , .  RSV was shown to



c a s t  o f f  I t r s  p r o t e i n  coa t  and exchange i t  ' f o r  t h a t  o f  any h e lp e r  v i r u s  

wh ich  m ig h t  b e " p r e s e n t .  ,The h e lp e r  t h a t  was most handy w a s , o f  course,

RAV, bu t  by p ro p e r  m a n i p u l a t i o n , . any a v ia n  le u k o s i s  v i r u s  cou ld  serve as 

the  ,he lper  and thus  c o n t r i b u t e  the  coa t  o f  the  r e s u l t i n g  RSV p a r t i c l e s .

- T h is  was ve ry  much'I i ke  p he n o typ ic  m ix ing  . (N ov ick  and Szi l o r d , .19511 

. S t r e i s i n g e r , .1956)■except  t h a t  o n l y  I o f  the  v i r u s e s ,  i . e . , ;RAV, c o n t r i b u t e d  

the  c o a t " p r o t e i n ,

. Hanafusa. e t  a l , (1964b) ■showed t h a t  induced NP cel I s produced both 

" RSV and RAV a t  the  same t im e ,  and t h a t  the  ra te  o f  v i r u s  re lease  was s i m i ­

l a r  t o  t h a t  o f  RAV a lo n e .  - L a t e r , , R u b i n  concluded (1964) t h a t  the ra te  

l i m i t i n g  step  i n , RSV p ro d u c t  ion.was the  c o a t in g  o f  the v i r u s .  Th is .meant  

t h a t  the  ra te  a t  wh ich v i r u s  was re leased  f rom the c e l l  was de te rm ined  by 

■ the  ,heI per  v-i rus .
I

■ A second p r o p e r t y  o f  RSV which, has been lShqwn to  ,be a f f e c t e d  by the 

h e lp e r  i n v o lv e s  v i r a l  i n t e r f e r e n c e .  . Rubin (1960a) found t h a t  i n f e c t i o n  o f  

c h i c k  f i b r o b l a s t s  w i t h  an av ian  le u k o s i s  v i r u s  p r i o r  t o  exposure o f  the 

same c e l l s  t o iRSV would p r e v e n t -RSV i n f e c t i o n .  . I n t e r f e r e n c e  was shown a l s o  

t o  be a p r o p e r t y  induced b y ^RAV (Rubin and V o g t , . I 962) .  . Hanafusa. ( 1965) 

and Vogt (1965) i s o l a t e d  2 s t r a i n s  o f  RAV. They were -designated RAV I and 

RAV 2,  , The 2 RAV1s :were- found t o  be a n t i g e n i c a l l y  d i s t i n c t  and d i f f e r e d  in 

t h e i r  a b i l i t y  t o  i n f e c t  c e r t a i n  s t r a i n s  o f  c h i c k  f i b r o b l a s t s .  . For conven­

ience,  the  RSV genome t h a t  was i n s id e  a RAV I coat  was des igna ted  RSV(RAV I ) ,  

. and t h a t  wh ich .was  in  a RAV 2 c o a t ,  RSV(RAV 2 ) .  I f  c h i c k - f i b r o b l a s t s  were 

i n f e c t e d  w i t h  RAV-I , and super i n f e c t e d . w i t h  RSV(RAV I) , no focus  fo r m a t i o n

11
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o c c u r re d .  I f ,  h ow ev e r , . the  RAV I i n f e c t e d  c e l l s  were c h a l len g ed  w i t h  RSV 

(RAV 2 ) , focus  f o r m a t i o n ,  and t h e r e f o r e  i n f e c t i o n ,  o c c u r re d .  Thus, sus­

c e p t i b i l i t y  t o  i n t e r f e r e n c e  was found t o  ,be a p r o p e r t y  o f  the  v i r u s  coats 

and hence -a •p ro p e r t y . g o v e rn e d  by the  h e l p e r  v i r u s .  I n t e r f e r e n c e  would 

seem t o , b e ,  t h e r e f o r e ,  a p r o p e r t y  i n v o l v i n g  v i r u s  a d s o r p t i o n  and p e n e t ra ­

t i o n  i n t o  a c e l l  r a t h e r  than a p h y s i o l o g i c a l  c o m p e t i t i o n  between 2 v i r u s e s .  

Indeed,  the . -RSV(B) p roduc ing  c e l l  suppo r ts  the  growth o f  2 v i r u s e s  which 

must be -phys.iolo,gi cal  I y  co m p a t ib le .

, RAV was a l s o  found t o  i n f l u e n c e  the  a b i l i t y  o f  RSV t o  i n f e c t  c e r t a i n  

, ch ick  f i b  rob I a s t s  . (Vogt ,  ,-1-965;> Hanafu s a , . J9 6 5 ) .  ■The - f i b f o b l a s t s  which were 

r e s i s t a n t  t o  RAV 2 were a l s o  . r e s i s t a n t  t o  RSV(RAV 2 ) ,  bu t  no t  t o  RSV(RAV I ) .

.Even though p r o p e r t i e s  i n v o l v i n g  f u n c t i o n s  o f  the v i r u s  coat  have been 

shown t o  be dete rm ined  by the  h e lp e r  v i r u s ,  the  o u ts ta n d in g  p r o p e r t y  o f  RSV, 

i t s  a b i l i t y  t o  t r a n s fo r m  norma] c e l l s  i n t o  tumor c e l l s ,  has been,shown to  

be e x c l u s i v e l y  a p r o p e r t y  o f  the  RSV genome (Hanafusa e t  a ] . , . 1 9 6 4 a ;  Rubin, 

1964; and Temin, . 1962) . Thus,  non -p roduce r  c e l l s  induced in v i t r o  could  

cause tumor f o r m a t i o n  i f  i n j e c t e d  i n t o  the  wing webs o f  ch ickens  .(Hanafuaa 

e t  a l . ,  1 9 6 4 a ) , a n d  these  tumors s t i l l  cou ld  not  produce v i r u s  un less  they 

were i n f e c t e d  w i t h 'RAV. T h is  m igh t  e x p l a i n  the  r a t h e r  common occur rence  o f  

n o n - v i r u s  y i e l d i n g  tumors (Sh im izu and R u b i n , .1964).  The i n f e c t i o n  o f  

b i r d s  w i t h ' l o w  doses o f  RSV o r  the  i n f e c t i o n  o f  b i r d s  hav ing  a n t i - l e u k o s i s  

a n t i b o d i e s  cou ld  r e s u l t  in  such non -p roduc ing  tumors by p re v e n t in g  RAV i n ­

f e c t i o n  o f  RSV c e l l s .  However, i t - shou ld  be kept  in mind t h a t  m a te r ia l  has 

been . found  in  tumor e x t r a c t s  wh ich  w i l l  n e u t r a l i z e  RSV (A n d r e w s , .1932;
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- Dougher ty  . e t  a I . ,  i 960) . ,Th is  cou ld  a-.l so e x p l a i n  why RSV m ig h t  no t  be 

o b ta in ed  i f  rom some tum ors .

-.The - E f f e c t s  - o f  I nhib-i t o r s  on Rous Sarcoma Vi rus Repl i c a t  i on

Since r i b o n u c l e i c  a c id  (RNA) was shown t o  c o n s t i t u t e  the  g e n e t i c  

■mater ia l  o f  RSV ( B a th e r ,  1 9 5 7 ; ;E ps te in  and H o l t ,  1 9 5 8 ; ;Crawford  and 

C r a w f o r d , . 1961), i t  was o n l y  l o g i c a l  t h a t  a t te m p ts  would be made to  i n h i ­

b i t  RSV r e p l i c a t i o n  us ing a n t i m e t a b o l i t e s  wh ic h  were known t o  a f f e c t  RNA 

' s y n t h e s i s .

-Golde and V i g i e r  p u b l i s h e d  work showing t h a t  RSV r e p l i c a t i o n  cou ld  be 

i n h i b i t e d  by 5 - f l u o r u r a c i I  (PU) (G o ld4-and V i g i e r , I 96 I and 1963). They 

found t h a t  the  a d d i t i o n  o f  20y^g /m l  o f  FU t o  v i r u s  i n f e c t e d  c e l l s  I t o  10 

h rs ,  . a f t e r  i n f e c t i o n  i n h i b i t e d  v i r u s  p r o d u c t i o n  a t  Zk h r s .  - They a ls o  found 

t h a t  the  a d d i t i o n  o f  the  same c o n c e n t r a t i o n s  o f  FU between I and 20 h rs .  

a f t e r  i n f e c t i o n  suppressed 48 h r .  v i r u s  p r o d u c t i o n .  ,They d i s c o v e r e d , h o w ­

e v e r ,  t h a t  c e l l s  i n f e c t e d  w i t h  RSV f 0 r 3 days became c o m p le te ly  r e f r a c t ! Ie  

t o  the  e f f e c t s  o f  FU. .The a c t i v i t y  o f  FU cou ld  be reversed by the  a d d i t i o n  

.of  u r a c i l  ( 2 0 0 / ^ g /m l )  t o  the  medium. ,Thymid ine would no t  reverse  these 

e f f e c t s .  On the  b a s i s  o f  these  expe r im en ts ,  they concluded t h a t  the re  was 

a t  l e a s t l , and p o s s i b l y ' 2 , . / F U  s e n s i t i v e  steps i n v o l v e d  in RSV i n f e c t i o n .

, The f i r s t  o ccu r red  between I and 10 h rs .  a f t e r  i n f e c t i o n  and was necessary 

' f o r  v i r u s  p r o d u c t i o n  a t  Zk h rs .  The second occur red  between 5 and 20 h rs .  

and was necessary f o r  v i r u s  p r o d u c t i o n  a t  48 h rs .  I t  i s  p o s s i b l e  t h a t  up 

t o  3 days were re q u i re d  : f o r  a l l  t h e i r  i n f e c t e d  c e l l s  t o  beg in  p roduc ing
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V/i!rus and t h a t ' l a t e r  a d d i t i o n s  o f  FU were mere ly  b lo c k in g  the  same ear Iiy 

s teps in the  c e l l s  wh ich  were j u s t  b eg in n ing  to  s y n th e s iz e  v i r u s .

-F o l lo w in g  t h i s ,  work was p u b l i s h e d  on the  use  o f  S c t i nomycin D (AD) ,

. a m e th o p te r ln  (AM), and m i tom yc in  C (MG) t o  s top v i r a l  r e p l i c a t i o n .  Temin 

.(1:963) showed t h a t  AD a t  . c o n c e n t ra t io n s  f rom 0.1 t o  10/cg/ml  would stop RSV 

m u l t i p l i c a t i o n .  .He -found t h a t  the  a d d i t i o n  o f  0.2y%.g/ml o f  AD t o  c e l l s  

f rom 8 h rs .  b e fo re  t o  2 4 - hrs.. a f t e r  i n f e c t i o n  i r r e v e r s i b l y  stopped RSV 

p r o d u c t i o n .  I f ,  however,  0 . j y ^ g / m l  o f  the  a n t i b i o t i c  was added to  c e l l s  

t h a t  had been c a r r y i n g  RSV f o r  severa l  g e n e ra t i o n s  - ( e s ta b l i s h e d  Rous cel I s ) , 

,and removed 8 . h r s . l a t e r ,  the  c e l l s  recovered t h e i r  a b i l i t y  to  produce v i r u s  

- w i t h i n  112 to  T6 h rs .  a f t e r  t r e a tm e n t .  , T h u s , ,AD would r e v e r s i b l y  i n h i b i t  

v i r u s  p r o d u c t i o n  in e s ta b l i s h e d  Rous c e l l s .  Temin con f i rm ed  and extended 

these  r e s u l t s  w i t h  expe r im en ts  us ing  AM - (Tern i n , .  1:964a) . He found t h a t  10"" 7 

M AM had no e f f e c t  on v i r u s  p r o d u c t i o n  by e s ta b l i s h e d  Rous c e l l s , . b u t  l i k e  

. -AD, i t  ,would i n h i b i t  v i r u s  p ro d u c t i o n  i f  i t  was added soon a f t e r  i n f e c t i o n ,

. i , -e, , I t o  4 h r s .  The e a r l y  i n h i b i t i o n  o f  v i r u s  p ro d u c t i o n  by AM was-, how­

e ve r ,  r e v e r s i b l e .  T h i s  was in  c o n t r a s t  t o  the  e a r l y  e f f e c t  o f  AD which  was 

i r r e v e r s i b l e .  .Since AD a c ts  .by b in d in g  t o  .de o x y r ib o n u c le ic  a c id  .(DMA)

. mol ecul es,  , thus  p re ven t  ing messenger RNA s y n th e s is  (Go ldberg  e t  aj_. , 1962) , 

Temin conc luded (1963;  1964a; 1964b) t h a t  RSV e x i s t e d  and f u n c t l o n e d - w i t h i n  

■ th e - c e l l s  in  a p r o v i r u s  -s ta te ,  and t h a t  the  p r o v i r u s  was composed o f  DMA. 

.A c c o r d in g l y ,  upon i n f e c t i o n ,  the  RSV genome which was. RNA, en te red  the  c e l l  

and ac ted  as a tem p la te  f o r  the  s y n th e s is  o f  i t s  DNA p r o v i r u s .  The p ro ­

v i r u s  then d i r e c t e d  v i r u s  p r o d u c t i o n  by t h e  c e l l .  Temin a dd e d -s t re n g th  to
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h i s  h y p o th e s is  by dem on s t ra t ing  t h a t  t h e r e  was a l a r g e r  amount o f  DNA,: in 

■virus i n f e c t e d  c e l l s  t h a t  would anneal w i t h  v i r a l  RNA than t h e r e  was in non- 

i n f e c t e d  c e l l s  (Temin,  1:964b). A l though  Temin showed a c o n s i s t e n t  d i f f e r ­

ence in the  amounts o f  v i r a l  RNA wh ich  would anneal w i t h  DNA from i n f e c te d  

: and non- i n f e c t e d  c e l l s ,  the  d i f f e r e n c e  was not  g r e a t .  Also., in v iew o f  the  

f a c t  t h a t  RSV(B), .w h ic h 'Temin used,  i s  d e f e c t i v e ,  the h y b r i d i z a t i o n  de­

monstra ted  must have been between RAV RNA and DNA, not  RSV RNA and DNA.

In v iew o f  these  f a c t s ,  the  work w i l l  need c o n f i r m a t i o n , p r e f e r a b l y  w i t h  a 

n o n - d e fe c t i v e  s t r a i n  o f  RSV, us ing  more s e n s i t i v e  tech n iq ue s .

V i g i e r  and Golde (1:964) ob ta in ed  the  same r e s u l t s  w i t h  AD as d id  Temin 

( 1963) .  They a l s o  used MC and found  t h a t ,  as w i t h  AD, the  a d d i t i o n  o f  MC 

w i t h i n  24 h rs .  a f t e r  i n f e c t i o n  r e s u l t e d  in  i r r e v e r s i b l e  suppress ion  o f  v i r u s  

p r o d u c t i o n . • H o w e v e r , , u n l i k e  AD, MC would no t  s i g n i f i c a n t l y  . i n h i b i t  v i r u s  

p r o d u c t i o n  i f  added t o  e s ta b l i s h e d  Rous c e l l s  a t  c o n c e n t r a t i o n s  t h a t  d id  

not  produce c e l l  dea th .

■ On the  b a s i s  o f  , t h e i r  da ta ,  V i g i e r  and Golde proposed f o u r  models to  

e x p l a i n  the  e a r l y  s e n s i t i v i t y  o f  the  v i r u s  t o  these a n t ! m e t a b o l i t e s .  F i r s t ,  

an e a r l y  enzyme coded by hos t  DNA cou ld  be re q u i red  t o  u n c o a t  the v i r a l  

RNA. T h is  model would f i n d  precedence in  the  d is c o v e ry  o f  such an enzyme 

f o r  unco a t ing  pox v i  ruses .(Abe-1 , .  1963) . Second, a s pec ia l  enzyme coded by 

hos t  DNA migh t  be re q u i r e d  t o  open a secondary s t r u c t u r e  o f  RSV RNA. .Th is  

mode,l was based upon the  i n h i b i t i o n  o f  r e p l i c a t i o n  o f  r e o v i r u s  3, wh ich i s  

a doub le  s t randed  RNA v i r u s  .(Gomatos and Tamm, 1963), by AD and MC (Gomatos 

^ t  aj_. , .1962) ; however,  .Temin ( 1964b) showed t h a t  RAV RNA and RSV RNA were
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s e n s i t i v e  t o  r i b o n u c le a s e  i n d i c a t i n g  t h a t  they  are -probably s i n g l e  s t randed 

RNA1s , ,T h i r d ,  . the  -RNA dependent  RNA polymerase necessary  f o r  v i r a l  RNA 

■syn thesis  m igh t  be coded by c e l l u l a r  DNA, o r  f o u r t h , T e m i n ' s  p r o v i r u s  model 

m ig h t  be used t o  e x p l a i n  the  r e s u l t s .

Of these 4 hypotheses,  the f i r s t  seems most l i k e l y  s in c e  such an un- 

c o a t i n g  enzyme has been i s o l a t e d .  .The p o s s i b i l i t y  e x i s t s  f o r  a double 

•s t randed -RNA t o  be- found w i t h i n  the  cel  I , bu t  t o  d a t e , -AD has not  been such 

c e s s fu l ' l y  combined .w i th  doub le  s t randed  RNA (Goldberg  and Reich ,  .1964). 

■ T he re fo re ,  . d i r e c t  i n t e r a c t i o n  o f  AD .w i th  such RNA would not  seem a l i k e l y  

e x p l a n a t i o n  f o r  v i r a l  i n h i b i t i o n .  There has been no ev idence  p resen ted 

t h a t  non i n f e c t e d  c e l l s  c o n ta in  a n . RNA dependent  RNA po lymerase.  I n - f a c t ,  

i t s  p resence has been shown t o  be c o m p le te ly  dependent upon the  i n f e c t i n g  

v i r u s  ( ( B a l t im o re  e t a ] _ . , 1963).  I t  i s , . t h e r e f o r e ,  d i f f i c u l t  t o  understand 

why t h e - c e l l  would c a r r y  the  in f o r m a t i o n  t o  code a mo lecu le  t h a t  i t  would 

never use as wou ld be re q u i r e d  by the  t h i r d  model.  .However, Weiss (1963) 

has re po r ted  t h a t  DNA dependent  RNA polymerase can t r a n s c r i b e  in fo r m a t i o n  

in the  form o f  p o l y r i b o n u c l e o t i d e s  d i r e c t l y  o f f  o f  RNA m o lecu les .  There­

f o r e ,  ' i t  i s  p o s s i b l e  t h a t  RSV RNA cou ld  compete w i t h  d e l l u l a r  DNA f o r  the  

use o f  RNA polymerase and the reby  r e q u i r e - a  c e l l u l a r  enzyme f o r  r e p l i c a t i o n  

Temin 's  h y po the s is  and exper im en ts  have -been based on the b e l i e f  t h a t  AD, 

,MG, and AM i n t e r f e r e n c e  w i t h " RSV r e p l i c a t i o n  i s  unique s ince  RSV is  an RNA 

v i r u s ,  .However, ..AD has been f o u n d . t o  i n t e r f e r e  w i t h  i n f l u e n z a  v i r u s  rep I i -
I

c a t i o n  e a r l y  in  the m u l t i p l i c a t i o n  c y c le  ( B a r r y ,  e t  aj_. , 1962; Whi t e  e t  a l .

. 1965) .  I n f l u e n z a  and RSV o b v io u s l y  do no t  behave t h e •same w i t h i n  the c e l l s
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• T h e r e f o r e , ,Temin1s p r o v i rus p o s t u l a t i o n  para!  I el ing Tysogeny is  j u s t i f i e d ,  

and i f  h i s  work can be con f i rm ed  in a n o the r  l a b o r a t o r y ,  t h e re  would be 

I i t t  Ie  doubt  t h a t  h is  DNA p cov-i rus s t a t e  ex i  s ted  .and' must exp I a in these 

d a ta .  B u t - u n t i l  t h a t  t i m e , , the  - f i rs.t ,  o r  f o r  t h a t  m a t te r  any o f  the o th e r  

models,  cannot  be c o m p le te l y  exc luded .

.Under any c i r c u m s t a n c e s , . t h e  i r r e v e r s i b i l i t y  o f  the  f i r s t  AD s e n s i t i v e  

step  is  d i f f i c u l t  t o  e x p l a i n .  I f  the  unco a t ing  enzyme model were adopted,  

one would have t o  assume t h a t  the  v i r u s ,  being r a th e r  u n s ta b le ,  loses i t s  

a c t i v i t y  w i t h i n  the  c e l l  due t o  i n a c t i v a t i o n  o f  v i r a l  n u c l e i c  a c id  a t  

tem pera tu res  between,37 and 4 5 ' C . (Dougher ty ,  . l . g b l ) .  I f : Temin1 s.DNA p ro ­

v i  rqs model were -accepted,  one must assume -e i t h e r  t h a t  the  nucleases of- the  

cel I b reak  down the  n o n - f u n c t i o n i n g  DNA, .which would be c o n t r a d i c t o r y  t o  

r e v e r s i b l e  i n h i b i t i o n  o c c u r r i n g  in -.e-stabI i shed'Rous c e l l s ,  o r  t h a t  a t  one 

t ime- 'AD-DNA b in d in g  i s  s t r o n g e r  than, a t  a n o th e r .  A lso ,  in  t h i s  case,  .one 

-must e x p l a i n  :why MC would a t t a c k  the  p r o v i r u s  DNA a t  o n e - t im e  and not  a t  

a n o th e r .  .The MC data  cou ld  be e x p la in e d  by the  invo lvement o f  d i f f e r e n t  

• s i t e s  on the  hos t  genome in e a r l y  and l a t e - v i r u s  s y n th e s is  i f  one fa v o rs  

a hy po the s is  i n v o l v i n g  the  hos t  genome.

T h e - l a t e r  AD r e v e r s i b l e  (M C , .AM ,and  PU i n s e n s i t i v e )  s tep is  even 

m o r e - d i f f i c u l t  t o  e x p l a i n ,  as t h e  so le  a d o p t io n  o f  Temin1S idea has the 

■ b u i l t  in  c o n t r a d i c t i o n  s t a te d  p r e v i o u s l y .  However, i f  o n e - in c lu d e s  in 

iTemin 's  hy po the s is  the  n e c e s s i t y  f o r  cel  Iu la r rDNA i n t e g r i t y  f o r  v i r u s  

re le a s e ,  .a f a i r l y  reasonable  e x p l a n a t i o n  o f  bo th  the e a r l y  and Iate-AD 

s e n s i t i v e  steps  i s  p o s s i b l e .
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■One -very im p o r ta n t  f a c t  has b e e n 'e m i t t e d  in most papers  a n d .d i s c u s ­

s ions  o f  the  e f f e c t  o f  i n h i b i t o r s  on RSV. -That  is  the  n e c e s s i t y  o f  the  

-he lpe r  v.i rus,  , RAV, . f o r  RSV m a t u r a t i o n .  Since a l l  o f  these s tu d ie s  have 

r e t i e d  upon the  focus  assay f o r  mature RSV p a r t i c l e s ,  they  have co m p le te ly  

■om it ted  any s tudy  o f  RAV i n f e c t i o n  o r  re le a s e .  , T h e o r e t i c a l l y ,  one might  

say t h a t  the  e f f e c t  o f  the  i n h i b i t o r s  on ,RAV is  .being dete rm ined  i f  one 

■measures t h e i r  e f f e c t  on RSV, .as RAV de te rm ines  whether o r  no t  RSV matures.  

H o w e v e r , RSV i n f e c t i o n , . u n c o a t i n g ,  genomic r e p l i c a t i o n  and c e l l u l a r  t r a n s -  

fo rm a t  ion a re  independent  o f  RAV ( Hanafusa o t  a]_., 1964a).  T h e r e f o r e , . the  

•or t ly, RAV.even t  which can be measured in these -exper iments is  the  f i n a l  

m a tu ra t ion -  o f  the  v i r u s .  Work w i l l  have t o  be done t o  de te rm ine  the  e f f e c t  

o f  i n h i b i t o r s  on each o f  these  v i r u s e s  s e p a r a te l y  b e fo re  v i r u s  r e p l i c a t i o n  

can be unde rs tood .  . In  do ing t h i s ,  one . is  faced w i t h  the  p roblem o f  ob­

t a i n i n g  v i r u s  s toc k s ,  as i t  is  easy t o  ob ta in . :RSV-f ree  c u l t u r e s  o f  RAV 

( Hanafusa ,e t  a I . , .  1963),  .but  t o  study.  RAV-free-RSV w o u ld r e q u l r e  a non­

d e f e c t i v e  s t r a i n  o f  RSV. Such s t r a i n s ,  however,  a re  a v a i l a b l e  . ( R e s u l t s ) .
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!There e x i s t s  among the  v a r io u s  s t r a i n s  o f  RSV d i f f e r e n c e s  i n c lu d in g  

hgs t  range,  s e r o l o g i c a l  r e l a t i o n s h i p s ,  and d e fe c t i v e n e s s . (G e n e a lo g y  o f  RSV) . 

In o rd e r  t o  o b t a i n  some idea o f  t h e - e x t e n t  o f  these d i f f e r e n c e s ,  2 s t r a i n s  

o f  "RSV, , r e p r e s e n t i n g ^  b i o l o g i c a l  ex tremes,  ,were chosen f o r  comparat ive  

s t u d i e s .  - The -2 s t r a i n s  s e le c te d  were the  Bryan h igh t i t e r ,  s t r a i n , .RSV(B), 

and the  Schmidt-Rupp in  !Stra  i n , . RSV(SR). The Bryan s t r a i n  has been the  most 

e x t e n s i v e l y  s tu d ie d  o f  a l l  the  s t r a i n s  o f  RSV and t h e r e f o r e  was used as a 

com para t ive  s tanda rd .  The^Schmidt -Ruppin s t r a i n  has ;been much less  e x te n ­

s i v e l y  s t u d ie d , . a n d  i t s  a b i l i t y  t o  i n f e c t  mammals and mammalian t i s s u e s ,  

i n c l u d i n g  h u m a n , f i b r o b l a s t s ^ B j o r n  and. ’Bonten,  1964) ,  sugges t  t h a t  i t  

possesses b i o l o g i c a l  p r o p e r t i e s  d i f f e r e n t  f rom those o f  RSV(B).

The-purpose -o,f t h e . f o i l  owing work was, t h e r e f o r e ,  t o  compare t h e  b i o ­

l o g i c a l  p r o p e r t i e s  o f  these  2 s t r a i n s  of,  RSV. P r o p e r t i e s  i n d i c a t i v e  o f  

s t r u c t u r a l  and co m p os i t i o n a l  d i f f e r e n c e s  In the  v i r a l  p a r t i c l e s . s u c h  as 

se ro lo g y  and s t a b i I i t y  under t i s s u e  c u l t u r e  c o n d i t Ions were s t u d ie d .  A ls o  

p r o p e r t i e s  wh ich would reveal  d i f f e r e n c e s  in the  f u n c t i o n i n g  o f  the v i r a l  

genome .wJthin the  c e l l  .such as p a t h o g e n i c i t y ,  d e fe c t i v e n e s s ,  s u s c e p t i b i l i t y  

t o  RAV i n t e r f e r e n c e ,  normal, v i r u s  growth and re lease  f rom c e l l s ,  and the  

- e f f e c t  o f  the  i n h i b i t o r s  puromycin d i h y d r o c h lo r i d e  and a c t  Inomycin. D on 

v i r a l  rep I i c a t i on ;were -examined. A l though  the re -w ere  d e f i n i t e  s i m i l a r i t i e s  

between the  2 v i r u s e s , s u f f i c i e n t  d i v e r s i t y  was found t o  w a r r a n t  o n ly  

c a u t i o u s  g e n e r a l i z a t i o n s  t o  o th e r  s t r a i n s  o f  RSV.
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Prepa r a t  I on 'o f  Water

A l l  w a te r  used in p re p a r in g  the  t i s s u e  c u l t u r e  medium e r  s o lu t i o n s  

wh ich  ‘were t o  come . i n -con tac t  w i th  t i s s u e - c e l  I s  was doub le  - d i s t i l l e d ; : t h a t  

i s , , w a t e r  o b ta in ed  f rom a Barns tead  s t i l l  was d i s t i l l e d  a second t ime in 

g l a s s .

• P repar a t i o n ’o f  Glassware

Immedia te ly  a f t e r  use, a l l  g lassware  was submerged in a w e a k 'Purex 

- s o l u t i o n  u n t i l  i t  was t o  -be -washed. ,For  c l e a n i n g , . a l l  g lassware  w a s :b o i l e d  

f o r  15 m inu tes  in a I per  cen t  s o l u t i o n  o f  7X ( L i n b r o - C h e m ic a l :C o v , ,New 

Haven, , Conn.) and a l lowed  t o  stand u n t i l  the  w a te r  was cool enough t h a t  

the  g lassware  cou ld  be handled w i t h  bare hands. The.g lassware '  was then 

brushed v i g o r o u s l y .  . Each-piece-was r in se d  10 t imes in runn in g , .w arm  ta p  

-wate r . -and '3 t imes in d i s t i l l e d  w a te r .

- A f t e r  i t  had d r i e d ,  a l l  g lassware was capped o r  covered w i t h  ‘aluminum 

" f o i l  and s t e r i l i z e d  in a . h o t  a i r  oven.. Sy r inges  and p i p e t t e s  w e r e - t r e a te d  

as o th e r  g la ssw a re -exce p t  t h a t  they  were c leaned by a u t o c la v i n g  f o r  30 to  

60 m i n . . w h i l e  submerged in a I per  cen t  s o l u t i o n  o f  7X. Syr inges  were the^  

- r in se d  by hand as. above.  -P ip e t t e s  were r in s e d  o v e r n ig h t  in  -a- p i p e t t e - r i n ­

ser  and then r in s e d  3 t i m e s . w i t h  d i s t i l l e d  w a te r  and a l lowed  t o  d ry .  A f t e r  

d r y i n g ,  p i p e t t e s  and s y r in g e s  were p laced  i n r - D is p o - w r a p - p ip e t te - o r  s y r in g e  

bags.and a u to c la v e d .  A f t e r  a u t o c la v i n g ,  . they  were d r i e d  a t  60 C for- a t  

l e a s t  6 h r s .
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P r e p a r a t i o n  o f  T issue  C u l tu r e - M e d i urn

Medium 199 w i t h o u t  p u r in e s  o r  p y r i m i d i n e s  was used e x c l u s i v e l y .  A 10 

t imes c o nc e n t ra te d  s o l u t i o n  o f  199A (1 9 9A ' lOX) was prepared  acco rd ing  t o  

the  p r o c e d u r e - o f  Vogt - (1963p) as g iven  in Tab le  I .  . The s o l u t i o n  was then 

f i l t e r e d  th rough  an 02 Selas f i l t e r  and s to red  a t  4 C. , P r i o r  t o  f i l t r a t i o n ,  

the  -199A I OX appeared s l i g h t l y  t u r b i d  due t o  the  low sol ub I H t y  o f  some o f  

the  c o n s t i t u e n t s .

A 10 p e r  cen t  s o l u t i o n  o f  sod i urn b i ca rbona te  -was prepared  by m ix ing  

10 gm o f  sodium b i c a rb o n a te  in  100 ml o f  w a te r  and a u to c la v i n g  the m ix tu re  

f o r  15-min.

. Sol u t  ion DG ,was p repared  .in J  s teps ( V o g t , , 1963p) :

I .  ,The f o l l o w i n g  were d is s o l v e d  in 700 ml o f  w a te r :

2.  100 mg o f  v i t a m in  A was added t o  10 ml o f  95 per  cen t  e th a n o l .

. A f t e r  the  v-i tami n A was d i  ssol ved, the  sol u t i o n  was mixed wi th

1.00 ml o f  a 5 p e r  cen t  s o l u t i o n  o f  Tween 80 in 95 pe r  cent  e t h a n o l .

3.  The s o l u t i o n s  prepared  in s teps  I and 2 were mixed and w a te r  was 

added t o  b r i n g  the  t o t a l  volume t o  T 000 ml .  The-DG s o l u t i o n  was 

then . f i l t e r e d  th rough  an 02 Selas f i l t e r  and s t o r e d . f r o z e n  in 10 

ml q u a n t i t i e s .

Medium 199A IX . (Vogt ,  . 1963a) was p repared  by m ix in g :

I - C y s t e ine HCl 
A s c o r b ic  Ac id  
G lu ta th  lone

100.0 mg 
50.0  mg 
50i0  mg

199A10X 
S o l u t i o n r DG
1.0% Sodium p !ca rbona te  
P e n i c i I l i n

I 0 0 , ml. 
I . ml 

- 7 ml
2 x ID'S u n i t s
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' T a b l e ' I . .P r e p a r a t i o n  o f  199A I OX

Disso l  ve . in 200 ml o f  b o i I i n g  w a te r :

I - T y r o s in e  0 .72  gm
1 -C y s t in e  0 . 3 6 'gm

Add 1.5 ml o f  IN HCl, 600 ml w a te r  and d i s s o l v e :

' NaCl 
-KCl  

G lucose 
.Phenol Red

144.0 gm 
: 7.2 gm 
18.0 gm 
0.316 gm

D is s o lv e  in 100 ml o f  w a te r  and add t o  the  above s o l u t i o n

KHjf-P04 I .08 -gm
NagHPG^ I .08 gm

D is s o lv e  in  50 ml o f  w a te r  and add t o  the  above s o l u t i o n :

'Mg564- 7H2O 3.60 gm

D i ssol ve in T'50 ml o f  w a te r  and add t o  the  above sol u t  ion

CaC 1.2 '2 .52  gm

Weigh i n t o  a small  beaker and add t o  the  above s o l u t i o n :

N ia c in  , ( N i c o t i n i c  Acid) 0.45 mg
Ni a c i namide - ( N i c o t i n a m ide) 0.45 mg
P y r i dox ine  HCl 0.45 mg
Pyr idoxa l  HCl 0.45 mg
Thiamine HCl 0.18 mg

• R ib o f I  a v in 0.18 mg
i -  I n o s i t o I 0.90  mg

■' p-Am i nobenzoJ c ac i  d . 0.90 mg
C ho l ine  'H1CI 0..90 mg
V i tam in  E (DL-o<-T a co ph e ro l ) 0.18 mg
V i tam in  K (M enad ione .Sodi urn 

B isu l  f a t e ) 0.18 mg
d - B i o t i n 0.18 mg
F o l i c  Ac id 0.18 mg
d-R ibose -9.00 mg
d -2 -d e o x y r ib o s e 9.00 mg
Fe(NO3) 3 -SH2O I .80 mg
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Table  I . Cent I ruled.

' .D i s s o l v e  in a s o l u t i o n  o f  0 .36  ml Tween 80 in 75 ml o f  w a te r  and add : to  
the  above s o l u t i o n :

. C a l c i f e r o l  I ,80 mg
C h o le s te ro l  3.60 mg

B r in g  the  above s o l u t i o n  t o  a t o t a l  volume o f  1800 ml by add ing 625•ml o f  
w a te r ;  t o  the  f i n a l  s o l u t i o n ,  add the  f o l l o w i n g  w i t h  c o n s ta n t  s t i r r i n g :

1 - A r g i n i n e .monohydrochlorTde T .26 :.gm
■ I - H i s t i d i n e  HCl 0.36 gm

I - L y s i ne HCl I . 26 -gm
d l - T ryptophane ■0.36 gm
d l -P h e n y la l a n in e 0,90 gm

:d l - M e t h io n ine 0 .54  gm
dl - S e r i  ne 0.90 gm
d l - T h r e o n ine - I .08 gm
d l - L e u c i ne 2 .16  gm
d l -  I s o l euc ine 0.72 gm
d'l -Val  i ne 0.90 gm
d l - G l u tamic  A c id 2.70 gm

■ d l - A s p a r t i c Ac id I .08 gm
■ dl -A l  an i ne 0.90  gm
■ I - P r o l ine 0.72 gm
I -  Hyd roxyp ro l  i ne 0.18 gm
G ly c in e ■ 0.90 gm

■ I - G l utamine 1.80 gm
Sodium A c e ta te 0.90  gm

■ S t rep tom yc in 0.10 gm
' Penic i1 1  in 2 X -IO^ un.i ts

::
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'VMyeostat in 5 x -IO^ u n i t s
HgO .900 ml

• ' 'M y c os ta t in  was ob ta in ed  f rom ’ E. R., Squibb and Sons, .New York.  

<The 1:99A 1TX was f  i I te re d  th rough  an 02 Sel as f i l t e r  and r e f r i g e r a t e d  u n t i l  

: used .

Complete Medium 199" f o r  growing  c e l l s  was composed o f  t h e - f o l l o w i n g  

i n g r e d ie n t s  in the  d e s i g n a t e d - p r o p o r t i o n s . ( R u b i n , . i 960) :  Medium 1 9 9 A ’ 1X -

■80:; t r y p t o s e  phosphate b r o th  " ( B i f c o )  -  -10; c a l f  serum -  5 ; 2.8  per  cen t  

NaHCOg - 2.  The c a l f  serum was ob ta in ed  f rom Hyland L a b o r a t o r i e s , -Los 

A n g e le s , - C a l i f o r m  a, and was shipped f rom l o t s  o f  serum te s te d  b y . D r . - Pv K.

. Vo,gt , U n iv e rs i  t y  o f  ’ Co lo rado  Medi cal ' School , .  D e n v e r , , f o r  maximum cel I 

g rowth  and l e a s t  i n t e r f e r e n c e  w i t h  focus  - , format ion.

.Medium '199A 2X was prepared  by do.ub'l ing the i n g r e d ie n t s  f o r  199A I X 

and add ing 800 ml o f  w a te r .

Agar o v e r l a y  medium was p repared by m ix ing  40 p a r t s  1 99 A 2X , .4d  p a r t s  

1.8 ^ e r  cen t  D i f c o  'Bacto aga r  in  w a te r ,  10 p a r t s  t r y p t o s e  phosphate b r o th ,

5 p a r t s  c a l f  serum, .and 2 p a r t s  2 ,8  pe r  c e n t  sodium b i c a r b o n a te .  .The -199A 

2 X , , c a l f  s e ru m , , t r y p t o s e  phosphate b r o t h  and sodium b ic a rb o n a te  were mixed 

and p laced  in a 45 C w a te r  bat-h w h i l e  the  me l ted  agar coo led  t o  45 C. .A t  

the  t im e  the  agar  and 199 were a t  45 C the  two were mixed.  -On lyyD i fco  

-Bacto agar can be used s u c c e s s f u l l y , . a s  o th e r  more ■ pure p r e p a r a t i o n s  o f  

agar suppress focus  f o r m a t i o n .

Preparation  'o f - T r i s  Buffered Sal ine

T r i s  s a l i n e  was prepared  by d i s s o l v i n g  the  f o l l o w i n g  i n g r e d ie n t s  in  3 

l i t e r s  o f  w a te r  a n d . a d ju s t i n g  the  s o l u t i o n  t o  a pH o f  7 .4  w i t h  concen t ra ted
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HCl ( V o g t , .1963#:

NaCl
Nâ HPQi1.

. 'KCl
'Glucose

*Sigma 7-9 o r  21 ' ( t  r  i s) 
PenI c i l  I in 

; S t rep to m y c in

24.0  gm 
0.3  gm 
6 .8  gm 
3.0  'gm 
9-0  gm
13 x IO^ - u n i t s  
0.166  gm

*S i gma Chemi cal C o . , , S t . . Lou i s ,  .Mi sst iur i 

T r i s  s a l i n e  was s t e r i l i z e d  by f i l t r a t i o n  un less  the  a n t i b i o t i c s  were 

■omit ted ,  i n 'w h i c h  case i t  was s t e r i l i z e d  by a u t o c la v i n g .

• Prepa r a t i on o f  T r y p s in

T r y p s i n >1;250 was o b ta in ed  f rom Di f c o  L a b o r a t o r i e s , . D e t r o i t , , M i c h i g a n .  

A s o l u t ion o f  0.25  pe r  c e n t . t r y p s i n  in t r is  b u f f e r e d  s a l i n e  was prepared by 

,add ing  2 . 5' gm o f  t r y p s i n  t o  I l i t e r  o f  t r i s  s a l i n e  and s t i r r i n g  t h e . m ix t u r e  

■constant ly  a t  - 3 7 C  f o r  I h r .  The s o l u t i o n  Jwas then f i l t e r  s t e r i l i z e d  

th rough  an 02 Selas f i l t e r  and s to red  f r o z e n .  I t  was observed t h a t  t r y p s i n  

thus prepared  was i n a c t i v a t e d  when a l lowed  t o  remain a t  room tempera ture  

f o r  4 t o  8 hours .  . T h e r e f o r e ,  ca re  was taken t o  f r e e z e  the  t r y p s i n  

immed ia te ly  a f t e r  use.

• Prepar a t i o n  and T e s t i nq o f  C h ic k - Embryo F i b r o b l as ts

The eggs used th rou g ho u t  t h i s  research were ob ta ined  .from the Montana 

■ S ta te  -Col <lege poul t r y  fa rm .  They were i ncubated w i t h  t h e '  l a r g e  end up a t  

9 9 . 9 ' F in a w a t e r - s a t u r a t e d  atmosphere.  Pr imary  c u l t u r e s  o f  c h i c k  embryo 

, f i b r o b l a s t s  were p repared f o l l o w i n g  a m o d i f i c a t i o n  o f  the  p rocedure  des­

c r i b e d  by Cunningham ( ]963 )  f rom eggs . incubated  .9 t o  11 days.  .T h e - la r g e
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end o f  the  egg w a s . s t e r i l i z e d  w i t h  a I . per  cen t  s o l u t i o n  o f  i o d in e  i n . e t h a ­

n o l .  The swabbed end o f  the  egg was then cracked and the  s h e l l  removed 

f rom o v e r  the  a i r  space w i t h  s t e r i l e - f o r c e p s .  . The u n d e r l y in g  membranes 

were pee led away w i t h  a second p a i r  o f  s t e r i l e  f o r c e p s .  The embryo was 

removed by g ra s p in g  i t  a round the neck w i t h  a p a i r  o f  s t e r i l e  curved f o r ­

ceps .  The embryo was then p laced  in a s t e r i l e  100 mm p e t r i  d i s h  and i t s  

head and v i s c e r a  removed. . I f  the  embryo was hemorrhagic o r  deformed, i t  

was d i s c a rd e d .  .The e v i s c e r a t e d  embryo was then fo rced  th rough  a 10 ml 

s y r i n g e . i n t o  a 12$ nil Er lenmeyer f l a s k  c o n t a i n i n g  25 rril o f  t r i s  b u f fe re d  

s a l i n e  and a T e f l o n  coated s t i r r i n g  b a r .  The con ten ts  o f  the  f l a s k  were 

s t i r r e d  r a p i d l y  f o r  about  2 m inu tes  t o  f r e e  as many b lood  c e l l s  as p o s s i b l e .  

A f t e r  2 m inu tes  the  chunks o f  embryo were a l lowed  t o  s e t t l e  ou t  o f  suspen­

s i o n , . a n d  the  superna te  was .decanted.  , T w e n t y - f i v e  ml o f  0 .25  per cent  

t r y p s i n  was then added t o  the  f l a s k  and the  c o n t e n t s . d i g e s t e d  w h i l e  being 

• s t i r r e d  r a p i d l y  f o r  20 min .  The l a rg e  chunks were a l lowed  t o  s e t t l e  out  

a f t e r  t h i s  t i m e , . and the  superna te  was.decanted through a doub le  l a y e r  o f  

s t e r i l e  cheese c l o t h  i n t o  a c e n t r i f u g e  tube c o n ta in in g  10 ml o f  medium' 199»

. The c e l l s  were then c e n t r i f u g e d  a t  3200 r . p .m .  in an I n t e r n a t i o n a l  c l i n i c a l  

c e n t r i f u g e  f o r  15 min.  .The supernate  was removed by -aspi r a t i o n  and d i s ­

ca rded .  . The-cel  I s  were  suspended by v ig o ro u s  p i p e t t i n g  in 20 ml o f  medium 

T99 and f i l t e r e d  aga in  th rough  a d o u b l e - l a y e r  o f  cheese c l o t h .  ,Three ml o f  

t h i s  f i n a l  c e l l  suspension was then p l a t e d  i n t o  100 x 20 mm Falcon p l a s t i c  

t i s s u e  c u l t u r e  d ishes  c o n t a i n i n g  10 ml o f  medium 199» The cel  I s  were  i n c u ­

bated a t  37 C in an,atmosphere o f  5 per  cen t  CQg in a i r .  Whenever h an d l in g
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c h ic k -e m b ry o s "o r  c h i c k  f i b r o b l a s t s  wh ich  were to  be used t o  grew RSV, care  

-was taken no t  to- ,mix o r  in any way cross, con tamina te  the  ce l  I s  o f  one em­

bryo  w i t h  ' t h o s e ’o f  a n o th e r  because o f  p o s s i b l e  v i r a ] : ( R u b i n ,  .igbOa) r e s i s ­

tance ,  T h e r e fo re ,  a l l  m a t e r i a l s  f o r  each embryo were -handled s e p a ra te l y .

. A f t e r  t h e ' p r i m a r y  c h i c k  f i b r o b l a s t  c u l t u r e s  were incuba ted  f o r  2 days,

. the  med'i um was removed and 10 ml o f  f r e s h  med i urn '199 was added t o  each 

p l a t e ;  24 hours T a t e r ,  secondary c u l t u r e s  were -p repared  in the  f o l l o w i n g  

manner, .The medium was a s p i r a t e d ' o f f  the  -cel l s . ,  .again keep ing the  m a t e r i ­

a l s  u s e d ' f o r  the  c e l l s  f rom one embryo separa te  f rom those u s e d . f o r  a n o th e r .  

Four nil o f  0,25 per cen t  t r y p s i n  was p la ced  -.in ,each p e t r i  d i s h ,  and the  

p l a t e s incubated  a t  37. C f o r  "]'5 t o  .20 min .  A f t e r  t h i  s t im e ,  . the c e l l  s were 

-d is p e rs ed  by g e n t l e  a s p i r a t i o n  th rough  a 5 ml p i p e t t e  and the  suspension 

p laced  in a c e n t r i f u g e  tube c o n t a i n i n g  8 ml o f  medium 199. .The c e l l s  f rom 

p l a t e s  o f  the  “same embryo were pooled a t " t h i s  p o i n t .  .The c e l l s  were cen­

t r i f u g e d  a t  3200 r . p .m .  in -an I n t e r n a t i o n a l  c l i n i c a l  . c e n t r i f u g e  f o r  15 min.  

A f t e r  the  superna te  was removed the  c e i l s  were suspended in 20 ml o f  medium 

199" and coun ted m i c r o s c o p i c a l l y  us ing a hemocytometer ,

.For each embryo a se t  o f  secondary c u l t u r e s  was p repared  which con­

s i s t e d  o f  (a) two 60 mm petr- i  d ishes  w i t h  5 ml o f  medium and I O^ ch ick .em ­

b ryo  f i b r o b l a s t s  p e r . p l a t e ;  (b) two 100 mm p e t r i  d ishes  w i t h  10 ml o f  medium 

and 4 X r l O ^ 'ch ick -embryo  f i b r o b l a s t s  p e r  p l a t e ;  and (c)  two 100 mm p e t r i  

•dishes- w i t h  i 0 ml o f  medium and .6 x I O^ c h i c k  embryo f i b r o b l a s t s  per  p l a t e .

. The -60 mm p l a t e s  were used f o r  t e s t i n g  the  embryo f o r  r e s i s t a n c e ,  e i t h e r  

v i r a l  o r  g e n e t i c ,  and the  l a r g e r . p l a t e s  were used e i t h e r  f o r  e x p e r im e n ta t i o n
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■or  f o r ' v i  ra l  t i t r a t i o n .  . T h e -p la te s  w i t h ' t h e '6  'x  IO^ c h i c k  (embryo f i b r o ­

b l a s t  i n i t i a l  i n o c u l a t i on were ■ ready f o r  use o r  t r a n s f e r  w i t h i n .4 - days;

; h o w e v e r , , t h e - p l a t e s  w i t h  an inoculum o f  4 x TO^ c h ic k  embryo f i b r o b l a s t s  

were not  ready f o r  use b e fo r e  7 days.

The p rocedure  used . f o r  t e s t i n g  the  r e s i s t a n c e  of. :embryos t o  v i rus 

i n f e c t i o n  was t h a t  o f  Rubin : ( i g 6 0 ) . Immedi a t e l y  a f t e r  p l a t i n g , . t h e  2 smalI 

p e t r i  d i s h e s - f r o m  each embryo were i n o c u la te d  w i t h  RSV(B). One p l a t e  f rom 

each ' s e t  was i n o c u la te d  w i t h  1000 to !  1500 focus  fo rm in g  u n i t s -.(FFU) o f  

v i r u s ,  and the  .remain ing pi  ate." f rom each se t  was i n o c u la te d  w i t h  '100 t o  

300 ' FFU o f  v i rus - .  A f t e r  i n c u b a t io n  o v e r n i g h t ,  , the  -supernate was removed 

i f rom each p l a te - a n d  the  medium rep laced  w i t h  5 ml o f  agar o v e r l a y  medium 

(see a b o v e ) , A f t e r  the  medium had s o l i d i f ied ,  the  p l a t e s  were again incu ­

ba ted ,  On day 4 a f t e r  i n f e c t i o n ,  . the p l a t e s  w i t h  1000 t o  1500 FFU o f  v i r u s  

were removed and the  number o f  f o c i  e s t im a te d  by m i c r o s c o p i c a l l y  scanning 

20' per  c e n t  o f  the  area o f  the  p l a t e .  . I f  t h e r e  were le s s  than 1000 foc.i  

•on The p l a t e ,  , the-embryo  was judged r e s i s t a n t  and d isca rded  a f t e r  the  num­

be r  o f  f o c i  had t e e n ' re co rd ed . I f  t h e re  were 1000 o r  more f o c i  on the 

p l a t e ,  , the embryo was used . f o r - e x p e r im e n t a t i o n .  On day 7 a f t e r  i n f e c t i o n ,  

..the number o f  f o c i  , was coun ted 'o n  the  pl  a te  r e c e iv in g  100 t o  300 FFU o f  RSV 

and ' t h i s  number recorded .

-Pre p a r a t i on• o f  Mouse Emb ryo  F i b rob I as t s  '

. Mice '15 tO '1 8 'd a y s  i n t o  pregnancy were k i l l e d  by c e r v i c a l  d i s l o c a t i o n .

A ' I  p e r  cen t  ' s o l u t i o n  o f  i o d in e  in e thano l  was then poured over  the  dead 

:an Im a l . . .An i n c i s i o n  was made a long  the  le n g th  o f  the abdomen, ,being c a r e fu l
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ne t  t o  e n t e r  the  p e r i t o n e a l  c a v i t y .  .The s k in  was then pee led  away f rom the  

abdomen o f  the  mouse, and the  'abdominal c a v i t y  was opened w i t h  a p a i r  o f  

s t e r i l e  s c i s s o r s .  . The - u te ru s  was removed and p laced  in a ste.r i I e -pet r  i 

d i s h .  One end o f  each horn o f  the  u te ru s  was then c u t ,  and the  embryos 

f o r c e d  ou t  o f  t h e - c u t  end.  Each embryo was decap,i t a ted and e v i s c e r a t e d .

The p rocedure  used f o r  d i s p e r s i o n ,  t r y p s i n i z a t i o n  and p l a t i n g  o f  mouse 

embryo f i b r o b l a s t s  was the  same as t h a t  desc r ibed  p r e v i o u s l y - f o r  c h i c k  

embryo f i b r o b l a s t s .

P r e p a r a t ion and. Source o f  V i r u s  Stocks

The Bryan h ig h  t i t e r  s t r a i n  o f  Rous sarcoma v i r u s ,  .RSV(B), ,was ob­

t a i n e d  : f rom :Dr .  W..R.  Bryan a t  the N a t io na l  I n s t i t u t e s  o f  H e a l t h , Bethesda, 

,Mary land .  ,The I yoph.i I i zed s tock  was des igna ted  by Bryan as CT933 • -One 

v i a l  was suspended in I ml o f  t r i s  s a l i n e  and 0.1 ml i n j e c t e d  i n t o  the  wing 

web o f  each o f  s i x  4 week o ld  c h i c k s .  A f t e r .  9 days the  tumors were pee led 

f rom the  wing o f  the  ch ic k e n s .  The g ross p a th o log y  o f  these  tumors seemed 

t o  resemble - tha t  d esc r ibe d  by Rous and Murphy (1 913a ) . They were s o f t ,  

f r i a b l e  tumors surrounded and i n f i l t r a t e d  w i t h  a t r a n s l u c e n t ,  v iscous  f l u i d  

wh ich  showed s p lo tc h e s  o f  green and b r o w n , ,p ro b a b ly  due t o  hemorrhage.  The 

tumors were not  e ncapsu la ted .  The w e ig h t  o f  the  pooled tumors was 46.23 gm.

V i r u s  was e x t r a c t e d  f rom these tumors us in g  -a m o d i f i c a t i o n  o f  the  

tech n iq ue  o f  R u b i n -(1955) .  -One p a r t  tumor c e l l s  was mixed w i t h  10 p a r t s  

o f  c o ld  t r i s  s a l i n e  c o n t a i n i n g  10 p e r  cen t  c a l f  serum and l ^ g / m l  o f  hya- 

1u ro n id a s e .  The m ix t u r e  was homogenized in  the  co ld  f o r  I min.  in  a War ing 

b lendfer .  The homogenate was c e n t r i f u g e d  f o r  15 min.  a t  5000 x g in a
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r e f r i g e r a t e d  c e n t r i f u g e .  The superna te  c o n t a i n i n g  the  v i r u s  was decanted 

and s to re d  in sealed g la s s  v i a  Is  on d ry  i c e .  Secondary c u l t u r e s  o f  c h i c k  

embryos were in o c u la te d  w i t h  0 . I ml o f  t h i s  v i r u s  p r e p a r a t i o n .  These c e l l s  

•were t r a n s f e r r e d  4 t im es  a t  2 day i n t e r v a l s .  .At: the  t im e o f  h a r v e s t i n g ,  

the  c e l l s  had become la r g e  and rounded w i t h  some g ia n t  c e l l s  appear ing  as 

d esc r ibe d  by Temin and Rubin (1958) .

The v i r u s  was ha rves ted  a cc o rd in g  t o  the  procedure  o f  Vogt  (1965) .

-The c e l l s  were scraped f rom the  p e t r i  d ishes  and pooled w i t h  t h e i r  super-  

na tes .  The poo led c e l l s  and supernates were then p laced  in  an ice  ba th  

and so n ica te d  f o r  5 m inu tes  in the  c o ld  us ing  a Ratheon Model DFTOl sonic  

o s c i l l a t o r .  ,The s o n ic a te s  were then d i s t r i b u t e d  in 0 . 1 , . 1 , 5 ,  o r  10 ml 

q u a n t i t i e s  i n t o  ampules wh ich  were sealed and p laced on d ry  i c e .

The Schmid t-Rupp in  s t r a i n  o f  Rous sarcoma v i r u s , RSV(SR), was su p p l ie d  

b y -D r .  R. J .  Huebner o f  the  Na t iona l  I n s t i t u t e s  o f  H e a l th .  The sample re ­

ce ived  was o r i g i n a l l y  sent  t o  Huebner by Dr .  C. G. A h ls t r om  from Lund,

. Sweden. The sample rece ived  here was A h l s t r o m 's  tumor pool #16 .  Th is  

sample was d i l u t e d  1:10 and 0.1 ml used t o  i n f e c t  secondary p l a t e s  o f  c h i c k  

. f i b r o b l a s t s .  The RSV(SR) s tocks  were p repared  e x a c t l y  as the  RSV(B) s tockg 

on t i s s u e  c e l l s .  Nor RSV(SR) s tocks  were prepared  f rom tumors.

Rous a s s o c ia te d  v i r u s  was i s o l a t e d  f rom our  s tock  o f  RSV(B) by the  

p rocedure  o f  Rubin a nd ■V o g t ■(1962) .  RSV(B) was d i l u t e d  t o  10“ ^ FFU/ml and 

I ml o f  t h i s  d i l u t i o n  p laced  on secondary c h i c k  embryo f i b r o b l a s t s .  Four 

days a f t e r  i n f e c t i o n  the  c e l l s  were t r a n s f e r r e d , a n d  4 days l a t e r ,  the  

v i r u s  was ha rves ted  f o l l o w i n g  the  above p rocedure  f o r  h a r v e s t i n g  RSV f rom .
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t i s s u e  c u l t u r e .  By i n t e r f e r e n c e  assay (Rub in and Vogt ,  1962),  the  t i t e r  

' o f  "the Rous a s s o c ia te d  VJrus (RAV) s tock  was es t im a ted  t o  be about I x I 

i n t e r f e r e n c e  u n i t s / m l .

- Methods -of V i rus Assay

RSV was assayed a c c o rd in g  t o  the  p rocedure  o f  Temin and. Rubin (1958) 

as m o d i f ie d  b y , R u b i n ' ( 1 9 6 0 a ) . ,Secondary c u l t u r e s  o f  t e s te d  c h i c k  embryo 

f i b r o b l a s t s  .were p repared  as desc r ibed  p r e v i o u s l y  (P r e p a r a t i o n  and T e s t in g  

o f  Ch ick  Embryo F i b r o b l a s t s ) , excep t  t h a t  the  c e l l s  were suspended ,to a 

c o n c e n t r a t i o n  o f  2 x I O^Vml and 5 ml o f  t h i s  suspension added t o  each 60 mm 

p e t r i  d i s h  t h a t  was t o  be used.  I t  was found t h a t  o n l y  p l a s t i c  p e t r i  

d ishes  would g i v e  s a t i s f a c t o r y  c e l l  sheets and f o c i  f o r  the  v i r u s . a s s a y .

.The d e s i re d  d i l u t i o n  o f  v i r u s  was then added in a t o t a l  volume o f  0.1 ml ,

. and the  pi  a tes  a l l  owed t o  incuba te  overn i g h t .  The f o l  I ow-i.ng. morn i ng the  

medium was removed f rom each p l a t e  and 5 ml o f  o v e r la y  medium 199 was added 

t o  each p l a t e .  - Seven days a f t e r  i n f e c t i o n  the  number o f  f o c i  on each p l a t e  

vwas counted u s in g .a n  a u to m a t i c  co lony  c o u n te r .  Al I v i r u s  t i t r a t i o n s  were 

run i n  d u p l i c a t e  w i t h  the  f i n a l  t i t e r  b e i n g . t h e  average o f  2 p l a t e s .  When 

p r e p a r in g  c e l l s  f o r  v i r u s  assay ,  i t  was found t o  be very  im po r tan t  t o  work 

• rap i d l y - s o  t h a t  the  c e l l s  were not  ou t  o f  the  in c u b a to r  more than 2 h rs .  

a t  a t im e .

The in te r fe re n c e .m e th o d  o f  assay (Rubin and V og t , .  1962) was used t o  

t i t e r  RAV. Th is ,method  makes use o f  the  f a c t  t h a t  a c e l l  which has been 

i n f e c t e d  w i t h  RAV w i l l  n e i t h e r  suppor t  the  growth o f  nor  be t rans fo rmed  by 

RSV (Rubin and V o g t , . 1962) .  Secondary c h i c k  embryo f i b r o b l a s t ; c u l t u r e s
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were ‘p re pa re d .a s  above"and i n f e c te d  w i t h  10 f o l d  d i l u t i o n s  o f ' RAV in a 

• t o t a l  volume-’o f  0,1 ml . . For  each p l a t e  i n f e c t e d  w i t h  RAV,, I p l a t e  remained 

u n i n f e c te d  t o  serve as a c o n t r o l .  A f t e r  4 days a l l  p l a t e s  were t r a n s f e r r e d ,  

t h e - c e l  Is  in  one 60 mm p l a t e  be ing d i v i d e d  between 2 new 60 mm p l a t e s .

Four days l a t e r  the  c e l l s  were r e - t r a n s f e r r e d  and c h a l lenged  w i t h . RSV.

• For each d i l u t i o n  o f  RAV, t h e re  were 4 p l a t e s , ,2 wh ich  were i n f e c te d  w i t h  

RAV and 2 wh ich  served as the  u n in fe c te d  c o n t r o l s .  . Each o f  the  4 p l a t e s  

was then c h a l l e n g e d , w i t h '100 t o  300 FFU o f  RSV. A f t e r  o v e r n ig h t  i n c u b a t io n ,  

o v e r l a y  medium was added. Seven days l a t e r , t h e  p l a t e s  were examined f o r  

f o c i .  The p l a t e  c o n t a i n i n g  the h ig h e s t  d i l u t i o n  o f  RAV which  reduced the 

number o f  f o c i  by a t  l e a s t  ^O per cen t  o f  the  c o n t r o l  was cons ide red  the 

end p o i n t .  ,The t i t e r  o f  RAV was then expressed as t h e - r e c i p r o c a l  o f  t h i s  

d i l u t i o n .

. I s o l a t i o n  o f '  T rans fo rm ed , Non-Produc ing- Clones

Transform ed, non -p roduc ing  (NP) c lones  were f o c i  wh ich  con ta in ed  t r a n s ­

f o r m e d . f i b r o b l a s t s  t h a t  d id  not  re lease  any v i r p s .  ..These -c lones  .were•se­

le c t e d  by i n f e c t i n g  secondary c h i c k  embryo c e l l s  w i t h  10 o r  fewer FFU o f  

RSV(B)" p e r  p l a t e .  .The c e l l s  were o v e r la y e d  w i t h  medium 199 c o n ta in in g  a 

1:50 d i l u t i o n  o f  a n t i -RSV(B) serum. , On day 7 a f t e r  i n f e c t i o n , , w e l l  i s o l a t e d  

f o c i  were p icke d  f o l l o w i n g  the  p rocedure  o f  V o g t ■(1964^1. P ipe t tes . .were  p r e ­

pared f o r  . p i c k i n g  t h e ; f o c i  by p u l l i n g  the  t i p  o f  c a p i l l a r y  p i p e t t e s  ou t  t o  

f i n e - p o i n t s .  . The f o e i were p i c k e d , , w h i l e  be ing observed under a d i s s e c t i n g  

mic roscope,  by t e a r i n g  a c i r c l e  in the  l a y e r  o f  c e l l s  around the  focus  w i t h  

a - p i p e t t e .  The focus  .was then ,sucked  i n t o  the  p i p e t t e  and t r a n s f e r r e d  t o  a
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■ p l a t e - c o n t a i n i n g  ’ IO^ -secdndary mouse - embryo f i b r o b l a s t s  in  medium 199. 

Ant i -RSV serum-was then added t o  the  medium to  a - d i l u t i o n  o f  1 :50.  Since 

j the  mouse-'-f i b r o b l a s t s  w i l l  ■ not  suppo r t  the  growth o f  ‘ RAV, , the  use o f  them 

as f e e d e r  c e l l s  helped reduce the  p o s s i b i l i t y  o f  i n f e c t i n g  the  NP cel Is  

w i t h  RAV o r  RSV ' (Temin , , 1962) „  , A f t e r  7 t o  10 days,  t h e s e - f o e i •w e re •t r a n s ­

f e r r e d ,  I t  was p o s s i b l e  t o  m a in ta in  these c e l l s  f o r  o n l y  3 o r  4 t r a n s f e r s  

- (20^30 da:ys) „ - A f t e r  t h i s  t im e ,  '.the - cel I s were d i f f  i c u l t  t o  t r a n s f e r  be­

cause o f  the  l a r g e  number o f  g i a n t  c e l l s  p r e s e n t .  . T h e s e - c e l l s  were t e s te d  

- f o r  Yfirus p r o d u c t i o n  , a f t e r  tgo t r a n s f e r s  by i n o c u l a t i n g  secondary c u l t u r e s  

o f  c h i c k  f i b r o b l a s t s  w i t h !  ml o f  the  - sup.e m a te -  f rom ' the  - c l  ones.  By f o l ­

low ing  t h i s  p ro c e d u re , .85 pe r  cen t  o f  the  c lones  p icked  proved t o  be non- 

p roduce rs .

An a l t e r n a t i v e  method f o r  p i c k i n g , . t e s t i n g , , a n d  in duc in g  f o c i  was de­

ve lo pe d .w h ich  had severa l  advantages .  F i r s t , , a  f e e d e r  l a y e r  was not  neces­

sa ry ;  s e c o n d , .g f o c i  cou ld  be handled on I p e t r i  d i s h ;  and t h i r d , . l e s s  than 

0 ,5  ml o f  medium was re q u i r e d  per  f o c u s .  Small p l a s t i c  c y l i n d e r s  were 

-prepared wh ich  w e r e -6 ,mm h igh  and had an i n t e r n a l  d iam e te r  o f  5 mm. A f t e r  

s t e r i l i z a t i o n  in e th y le n e  d i o x i d e , ,5 o f  these  c y l i n d e r s  were p laced in a 00 

mm p l a s t i c  t i s s u e  c u l t u r e  p e t r i  d i s h .  Three-ml o f  '2 per  cen t  agar in  t r i s  

b u f f e r e d  s a l i n e  was then p i p e t t e d  around the  c y l i n d e r s .  ,Each c y l i n d e r  was 

then , f i l l e d  h a l f  f u l l . w i t h  medium 199 us ing a c a p i l l a r y  p i p e t t e .  'Foci were 

then p icked  and I '■ focus  p i aced i n s id e  -each c y l i n d e r .  - T h e ■c y I i n d e r s  were 

t h e n ' f i l l e d  the  r e s t  o f  the  way w i t h  medium and incubated a t  37 . C in an 

. atmosphere o f  5 per  cen t  COg i n . a i r .  Successfu l  growth was ob ta ined  w i t h



34

'90 pe r  cen t  o f  t h e - f o c i  p i c k e d .  ,Foci  co u id  be m a in ta ined  f o r  2 weeks w i t h i n  

the  c y l i n d e r  i f  the  medium was changed every  '3 o r  4 days.  They could  a l s o  

-be - tested  and i n d u c e d .w i t h i n  . the c y l i n d e r .  No v i r u s  d i f f u s e d  between the  

f o c i  d u r in g  t h i s  p e r i o d  o f  time-.

■ P r e p a r a t i o n  .of Ant  i serum

A nt ise rum  a g a in s t  .RSV was prepared  a cco rd in g  to  the procedure  o f  Rubin 

(1960a) w i t h  ' the e x c e p t io n  t h a t  10,000 FFU were used as the  i n i t i a l  inocu­

lum, ,The v i r u s  was p laced  in  t he -w ing  web o f  4 to  6 week o l d  c h i c k s .  .Tu­

mors were -ev iden t  by 5 - to  7  days a f t e r  i n j e c t i o n .  A f t e r  the  tumors were 

re je c te d  o r  showed marked d eg e ne ra t io n ,  the  b i r d s  were i n j e c t e d  w i t h  1 0 ^

'FFU i n t r a v e n o u s l y  and b le d  t o  death 3  t o  4 weeks l a t e r .  . A t tempts  to  p r e ­

pare aht i -RSV(SR) serum in t h i s  manner f a i l e d .

• E x c e l l e n t  an t i -RSV .sera may a l s o  ^be prepared by i n j e c t i n g  0.1 ml o f
■7

' RAV,,o r  about  10' i n t e r f e r e n c e  u n i t s ,  i n t r a v e n o u s l y  i n t o  week o ld  ch ic k s  

and b le e d in g  them 4 t o  6 w e e k s - l a t e r  (V o g t ,  .1963) .

Prepa r a t i on o f • F l uo rescen t  Labe led Ant  i serum

The p rocedure  o f  Vogtcand Rubin ' ( I g B l )  was f o i l  o w e d . f o r  the  p r e p a r a t i o n  

o f  f l u o r e s c e n t  l a b e le d  a n t i b o d y .  -Only a n t i s e r a  which  would n e u t r a l i z e  90 

pe r  cen t  o f  the  v i r u s  a t  a 1:100 o r  g r e a t e r ,  d i l u t i o n  were -used. .Ten-ml o f  

s a l i n e  was p laced  in a 125 ml f l a s k  a long  w i t h  a T e f l o n - c o a te d  s t i r r i n g  b a r .  

The s a l i n e  was p laced  in  an ice bath  o v e r  a magnet ic  s t i r r e r  and s t i r r e d  

f q r  5 min.  . Ten ml o f  a n t i s e ru m  was then added and the  m ix t u r e  s t i r r e d  f o r  

10 min.  A f t e r  t h i s  t im e ,  10 ml o f  s a tu ra te d  (NHit) 2 ^ 4 ' was s lo w ly  added
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dropwi  se.  .The m ix t u r e  o f  s a l i n e , , s e r u m  anci'.'(NH4) 2SO4 was s t  i r red  f o r  30 

min,  .The p r e c i p i t a t e d  gamma g l o b u l i n  was then removed by c e n t r i f u g a t i o n  

' a t '5000 x . g ' f o r  10 min .  in  a- r e f r i g e r a t e d  c e n t r i f u g e .  The sediment was 

resuspended in h a l f  s a tu r a te d  (NH4) a n d  r e - c e n t r i f u g e d .  T h is  sediment 

was subsequen t ly  d i s s o l v e d  in 10 ml o f  0 .05  M sodium c a r b o n a te -b i c a rb o n a te  

- b u f f e r ,  , pH 8 .5 ,  and d ia l y z e d  24 h rs .  a g a in s t  4 changes o,f 100 volumes o f  

the  c a r b o n a te - b i ca rbona te  b u f f e r .  F l u o r e s c e i n ! s o th io c y a na te  on c e l i t e  10 

per  cen t  ( C a l i f o r n i a  B iochemica l  C o r p o r a t i o n , ,Los Angeles) was then added 

t o - t h e  d i a l y z e d  gamma:g lpbul in  t o  a c o n c e n t r a t i o n  o f  25 mg f l u o r e s c e i n -  

i s o t h i c y a n a t e  per  10 ml o f  gamma g l o b u l i n ' ( R i nderknech t ,  1,962). The m ix ­

t u r e  was ^shakdn..a t  room tem pera tu re  f o r  10 min.  and the  excess dye removed 

by c e n t r i f u g a t ion .  .The l a b e l ed a n t i  serum was then d ia l y z e d  in the  c o l d 

a g a in s t  100 volumes o f  pH 6 . 5 ,  0 .02  M phosphate b u f fe re d  s a l i n e - u n t i l  no 

' . f lu o rescence  cou ld  :be -de tec ted  in  the  d i a l y z i n g  f l u i d ,  ,Ten ml o f  d ia l y z e d  

f  I uorescen t  a n t i  serum was then adsorbed t w i c e - f o r  I hour p e r io d s  a t  - room
O

tem pe ra tu re  w i t h ,250 mg o f  l i v e r  powder and once w i t h  10°  normal tes te d  

c h i c k  f i b r o b l a s t s .  The la b e le d  a n t ise ru m  was s to red  f r o z e n  in the dark 

u n t i I ■used.

• L i v e r  powder was p'repared by g r i n d i n g  25 t o  30 gm o f  bee f  l i v e r  w i t h  

an equal volume o f  s a l i n e  in  a Waring b le n d e r  a t  4 C. -The c o n te n ts  o f  the  

b le nd e r  were then poured i n t o , a  2 l i t e r  beake r and 4 volumes o f  acetone 

were added, -The p r e c i p i t a t e  was then c e n t r i f u g e d  and washed w i t h  s a l i n e  

u n t i l  ho hemoglobin was v i s i b l e  in the  supe rna te .  The washed p r e c i p i t a t e  

was suspended i n ,a n ,e q u a l  volume o f  s a l i n e , a n d  4 vo lum es-o f  acetone were
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'added.  A f t e r  the  suspended m a t e r i a l ; h a d  s e t t l e d ,  the  superna te  was d i s ­

c a r d e d , a n d  4 .more volumes e f  acetone were added. Th is  ace tone-suspens ion  

was then ha rves ted  us in g  a Buchner f u n n e l . The p r e c i p i t a t e  was washed 

w i t h  severa l  I i t e r s  o f  acetone-and . d r ied a t  3 7 ' C. The l i v e r  powder was 

s to r e d  in a r e f r i g e r a t o r  u n t i l  used.

• F l uo rescen t  S t a i n i n g  o f  V i rus I n fe c te d  -Cel I s

V i r u s  i n f e c t e d  cel I s .were s ta  i ned w i t h  f  I uorescer i t  ■ I abel ed . a n t ib o dy  

a cc o rd in g  t o  the  p rocedure  o f  Vogt and Rubin (1961 ) .  . Secondary c u l t u r e s  o f  

c h i c k  f i b r o b l a s t s  were prepared  and i n f e c t e d  as p r e v i o u s l y  desc r ibed  excep t  

t h a t  two 18 x 18 mm, ,number '0 c o v e r s l ip s  were p laced in t h e  bot tom o f  each 

60 mm petr- i  d i s h .  -The - c o ve rs l  ips were prepared  by w ip in g  them g e n t l y  w i t h  

t i s s u e  paper  and s t e r i l i z i n g  them in a hot  a i r  oven.  Any f u r t h e r  m an ipu la ­

t i o n ;  i »e . , wash ing,  o n l y  reduced the  a b i l i t y  o f  c e l l s  t o  adhere t o  the  s u r ­

f a c e - o f  the  c o v e r s h ip s .  F r o m l  t o  4 days a f t e r  i n f e c t i o n ,  the  c o v e r s l ips 

we,re removed f rom the  p e t r I  d ishes  and the  medium d ra ined  f rom t h e i r  s u r ­

f a c e .  They were then p la ced  in  small  s t a i n i n g  j a r s  c o n t a i n i n g  t r i s  s a l i n e  

and soaked i f o r  5 min.  A f t e r  t h i s ,  they  were removed, f rom the  j a r s  and the  

t r i s  s a l i n e  d ra ine d  f rom them. They were then p laced in  a w a te r  sa tu ra te d  

chamber. .The chamber c o n s i s te d  o f  a - l a r g e  p e t r i  d ish  w i t h  a w a te r  soaked 

p i e c e ' o f / f i l t e r  paper in  the  bot tom and a bar  o f  s t a p le s  r e s t i n g  so t h a t  

the  c o v e r s l ips  cou ld  be p laced  o n : t h e  t i p s  o f  the  s t a p le s .  One drop o f  

f l u o r e s c e n t  l a b e le d  a n t ise ru m  was d e l i v e r e d  t o  each ^coversl  ip f rom a c a p i l ­

l a r y  p i p e t t e .  The chamber c o n t a i n i n g  the  c o v e r s l ips was r o ta te d  so t h a t  

the  serum coated  the  e n t i r e  s u r f a c e - o f  t h e - c o v e r s l ip s .  ,The chamber and
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covers !  i p s -were - i ncub'ated a t  37, C ' f o r ' I O min .  The -covers !  ips  were removed 

f rom the  -chamber and,washed f o r  two >5 m in .  i n t e r v a l s  in  f r e s h  t r i s  s a l i n e .  

.The ' c o v e r s ! ips were then mounted on mic roscope s l i d e s  no g r e a t e r  than I ;mm 

t h i c k ,  us in g  a mount ing f l u i d  c o n s i s t i n g  o f  5 pe r  cent  0 . I : M phosphate 

• b u f f e r .  (pH • 7*0) i n :gl y c e ro l  . - T h e ' s l i d e s  were examined f o r  f l u o r e s c e n t  

s t a i n i n g  under a - ^ e i t z --.SM model m ic roscope e q u ip p e d .w i th  a d a r k - f i e l d  con­

denser and an u l t r a - v i o l e t  l i g h t  source .  The BG12 f i l t e r  p lu s  the  S t re u -  

s c h e ibe f i l t e r  were used between the  l i g h t  source-and th e  condenser.  .The 

orange O G l , . 2 .5  mm b a r r i e r  f i l t e r s  :were used in the eye p i e c e s .  Wi th  the  

t r i n o c u l a r  head, t h e r e  was not  enough l i g h t  a l lowed  th rough  the  monocular  

arm f o r  pho tographs  to  be taken u s i n g . t h i s  mri ctoscope.

,The f l u o r e s c e n t  la b e le d  serum was t e s te d  f o r  s p e c i f i c i t y  ( I )  by 

s t a i n i n g - n o b - i n f e c t e d  c h i c k  f i b r o b l a s t s , ( 2) by b lo c k in g  the  su r face  a n t i ­

gen on I n f e c t e d  cel I s  by a 10 min.  p r e - t r e a t m e n t  o f  the  c e l l s  w i t h  s p e c i f i c  

n o n - f l u o r e s c e n t  a n t ise ru m ,  and ( 3) by a t t e m p t in g  - to s t a i n  i n f e c t e d  c e l l s  

w i t h ; I a b e l e d  normal ch icken  :serum.

P re p a ra t i o n  o f  P u rom yc in1 Stock S o lu t ions

Purbmycin d i h y d r o c h lo r i d e  was o b ta in ed  f rom the  N u t r i t i o n a l : B iochemi-  

c a l s  C o r p o r a t i o n , , C le ve land ,  ,Ohio.  . Stock s o l u t i o n s  were p repared  by d i s ­

s o l v in g  the  puromyc in i n  complete  199 ' t o -a  c o n c e n t r a t i o n  o f  IpbzA gZ m l . 

,These s o l u t i o n s  were s to red  f ro z en  and were thawed j u s t  b e fo r e  use and

re f ro z e n  im m ed ia te ly .
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P repa ra t  i gn o f  A c t  i nomyc i ru:D Stock 'Sol u t  ions

A c t i nomycin  'D was a g i f t  o f  M e r c k , . Shar p : and Dome Research 'L a b o r a t o r i e s ,  

West P o i n t , .Pa. Ac t inomyc in^D was d i s s o l v e d  in 50 p e r  cen t  r e d i s t i l l e d  

e thano l  in  doub le  d i s t i l l e d  w a te r  t o  a c o n c e n t r a t i o n  o f  100/K.g/ml ' ( V i g i e r  

and Gol d^,  1964).  . T h e - a c t i nomycin; D was s to red  in the  dark  a t  -20 C and 

d i l u t e d  t o  the  d e s i re d  c o n c e n t r a t i o n  j u s t  p r i o r  to  use.

• P roces s ing  o f  C e l l s  f o r  S c i n t i l  I a t  i on Count i rig

A f t e r  the  i n c o r p o r a t i o n  o f  H^ -Leuc ine ,  c e l l s  were t r y p s i n i zed and re ­

moved f rom suspens io n  by c e n t r i f u g a t i o n .  .The r e s u l t i n g  p e l l e t  o f  c e l l s  was 

suspended in  t r i s - s a l i n e  and r e c e n t r i f u g e d .  Th is  p e l l e t  o f  wahsed cel I s 

was suspended in 'I ml o f  c o ld  t r i s - s a l i n e , a n d  t o  t h i s  s u s p e n s io n , . ]  ml o f  

c o ld  IM t r i c h l o r o a c e t i c  a c id  (TCA) was added. The c e l l s  immed ia te ly  formed 

a w h i t e  p r e c i p i t a t e  wh ich was washed 3 t imes  w i t h '2 ml o f  c o ld  IM TCA.

Between each w a s h i n g , . the  p r e c i p i t a t e d  c e l l s were c e n t r i f u g e d  t o  m in im ize  

• loss  o f  c e l l u l a r  m a t e r i a l .  A f t e r  the  t h i r d  TCA washing,  4 ml o f  a s o l u t i o n  

o f  -a bso lu te  e t h a n o l : e t h e r ,  ,3:1 , was added t o  t h e  p r e c i p i t a t e . . . F o l l o w in g  

cen t  r ’i f u g a t i  on,  , e th e r -  was added • t,o the  p re c  ip i t a t e .  A f t e r  sepa r a t i n g  the  

p r e c i p i t a t e ' f r o m  e th e r  by c e n t r i f u g a t i o n ,  the  p r e c i p i t a t e  was p laced a t  

56 'C f o r  d r y i n g .  The d r i e d  m a te r ia l  was d ig e s te d  in 0 .5  ml o f  IN NaOH in , a  

b o i l i n g  w a te r  ba th  f o r  30 min.  . One- ten th  ml was the n  p laced  in a co un t in g  

v i a l  c o n t a i n i n g  20 ml o f  s c i n t i l l a t i o n  f l u i d .  A c o n t r o l  c o n s i s t i n g  o f  0.1 

ml o f  I N NaOH-in :20 ml o f  s c i n t i l l a t i o n  f l u i d . w a s  used f o r  background 

c o u n t in g .
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The s c i n t i l l a t i o n  f l u i d : w a s  .designed f o r  the  suspension o f  aqueous 

s o l u t i o n s  and c o n s i s te d  -o f :

I , 4 - Dioxane -360 ml
Toluene -360 ml
A b s o lu te  Ethanol 216 ■ml
2 , 5 - 0 i p h e n y lo x a z o le (PPQ) 5 gm
N aph tha lene 80 gm



' RESULTS

. RSV1 Tumors iri Chickens

V i r u s  was i n j e c t e d  i n t o  the  wing web o f  ch ickens  as p r e v i o u s l y  des­

c r i b e d  ( M a t e r i a l s  and M e thods ) . ,F igu re  I shows an i n t a c t . RSV(B) tumor 14 

- days a f t e r  i n j e c t i o n  o f  the  v i r u s .  ,The tumor measured :9 .5 by 5 cm. T issue  

w i t h i n  the  tumor was d i s c o l o r e d .  The tumor was s o f t  arid f r i a b l e  as d i s ­

cussed p r e v i o u s l y  ( M a t e r i a l s  and Methods).  The general  c o n d i t i o n  o f  the 

ch icken  was ve ry  poor .  The b i r d  e x h i b i t e d  c o n s id e ra b le  w e ig h t  lo ss  and 

somnolescence as w e l l  as lo ss  o f  comb c o l o r  as desc r ibed  by Rous (1911b).  

Upon pos t  mo.rt.um e x am ina t io n ,  the  l i v e r  e x h i b i t e d  d i s c o l o r a t i o n  and con­

t a i n e d  la r g e  y e l l o w  b l o t c h e s  c h a r a c t e r i s t i c  o f  v i r u s  invo lvem ent  (Rous,

. 19Mb) .

I n c c o n t r a s t  t o  t h i s  marked p a th o lo g y ,  b i r d s  c h a l lenged  w i t h  RSV(SR) 

developed tumors much more s l o w l y .  Four weeks was re q u i re d  . f o r  tumors to  

reach a s i z e  o f  2 x 3 c m , , and many remained the  s i z e  o f  a hazel n u t .  These 

tumors regressed  more - f r e q u e n t l y  than d id  RSV(B) induced tumors;  however, , 

i f  they  d id  not  reg ress ,  the  b i r d  e v e n t u a l l y  became i l l , , e x h i b i t e d  w e igh t  

I o s s , and d led .

■ RSV I n f e c t i o n s  in  T issue  C u l t u r e  C e l l s

F igu res  2 and 3 , show t y p i c a l  RSV(B) and RSV(SR) f o c i  r e s p e c t i v e l y .

The c e l l s  were i n f e c t e d . a n d  o v e r Iayed as p r e v i o u s l y  des c r ibe d  ( M a t e r i a l s  

and Methods).  . A f t e r  i n c u b a t io n  f o r  7 days,  they  were s ta in e d  f o r  pho to ­

g raph ing  by p l a c i n g  3 o r  4 drops o f  an 0.15  pe r  cent  aqueous s o l u t i o n  o f  

n e u t r a l  red d i r e c t l y  on the  o v e r la y  agar .  . A f t e r  2 to  2^ h r s . , ,enough o f



F ig u re  I .  RSV(B) Tumor 14 Days a f t e r  I n f e c t i o n .

the  s t a i n  had been taken up by the c e l l s  t o  a l l o w  c l e a r  d i s t i n c t i o n  o f  the  

f o c i  f rom the  su r round ing  monolayer.  For  r o u t i n e  c o u n t in g ,  the f o c i  were 

u s u a l l y  not  s t a i n e d .  As may be seen in  F igu re  2, RSV(B) f o c i  were sm a l l ,  

d i s t i n c t  p i l e s  o f  c e l l s  on the monolayer;  whereas,  RSV(SR) f o c i  were l a r g e ,  

d i f f u s e  c e n te rs  o f  i n f e c t i o n  which were no t  a lways e a s i l y  d i s t i n g u i s h e d  

f rom the  monolayer ( F i g u r e  3 ) .

F igu re  4 i s  a p i c t u r e  o f  an RSV(B) focus  m agn i f ied  30 t im e s .  Note the 

clump o f  rounded c e l l s  wh ich  have l o s t  c o n t a c t  i n h i b i t i o n  (V og t ,  1963).  

F re q u e n t l y  these clumps o f  c e l l s  would p u l l  away f rom the  r e s t  o f  the mono- 

l a y e r ,  as t h i s  one has done, and e v e n t u a l l y  f l o a t  away under the  o v e r la y  

medium le a v in g  a p laque .  N o t ice  a l s o  t h a t  around the edge o f  the focus i t  

i s  p o s s i b l e  t o  d i s t i n g u i s h  the deep ly  s t a i n e d ,  la rg e ,  rounded,  v i r u s  i n ­

f e c t e d  c e l l s  f rom the  u n in fe c te d  c e l l s  o f  the  monolayer.  In c o n t r a s t ,
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F ig u re  3. RSV(SR) F o c i .
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F ig u re  5- RSV(SR) Focus M agn i f ied  30X.
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■ F ig u re  5 -shows an RSV(SR) focus  under the  same c o n d i t i o n s .  I t  was imposs i ­

b l e  t o  d i s t i n g u i s h  the  c e i l s  o f  the  focus  f rom those o f  the  monolayer .  In 

f a c t ,  i t  was im p o s s iB ie - to  - c o u n t ' RSV(SR) ’ f o c i  a c c u r a t e ! y us ing  a microscope 

because o f  the  l a r g e , d i f f u s e  n a tu re  o f  the  f o c i .  , C e l l s  w i t h i n  RSV(SR)

■ f o c i  were f r e q u e n t l y  l a r g e r  than those o f  t h e - m o n o l a y e r , b u t  were seldom 

rounded o r  s tacked l i k e  the  c e l l s  in  RSV(B) f o c i ,

. F ig u re  6 , however,  shows t h a t  RSV(SR) c e l l s  d id  e v e n t u a l l y  become 

rounded and tended t o  lo se  c o n ta c t  i n h i b i t i o n .  ,F ig u re  6 i s  a 100 x magni­

f i c a t i o n  o f  RSV(SR) c e l l s  20 days a f t e r  i n f e c t i o n .  Here i s  seen the cha rac ­

t e r i s t i c  morphology o f  e s ta b l i s h e d  RSV(SR) c e l l s .  . Very few g i a n t  c e l l s  

eve r  developed i n \ RSV(SR) c u l t u r e s .  These RSV(SR) c e l l s  co u ld  be .mainta ined 

th rough  ’ 16 - t r a n s f e r s  o r  about  90 days in  t i s s u e  c u l t u r e .  , In ! c o n t r a s t ,

. F ig u re  7 shows.a p i c t u r e  o f  20 day o l d  e s ta b l i s h e d  RSV(B) c e l l s  m agn i f ied  

100 t im e s .  .Note the  la r g e  degene ra t ing  g i a n t  c e l l  near the  c e n te r  o f  the  

pho tog raph .  C h a r a c t e r i s t i c a l l y , RSV(B) c e l l s  f i r s t  had the  appearance o f  

s m a l l , g r a n u l a r ,  rounded c e l l s , s o m e  o f  wh ich  may be seen around the  edges 

o f  the  -g ia n t  c e l l  in  F ig u re  7. These c e l l s  a l s o  resembled the  e s ta b l i s h e d  

RSV(SR) c e l l s  o f  F ig u re  6 . H o w e v e r , a f t e r  2 o r  3 t r a n s f e r s , . a la rg e  number 

o f  g i a n t  c e l l s  were -found i a; RSV(B) c u l t u r e s .  By the  -seventh t o  - tenth 

t r a n s f e r ,  g i a n t  c e l l s  became.; the -dom inan t  c e l l  t ype . , „ and because they  d id  

not  d i v i d e , c e l l  t r a n s f e r  was no lo n ge r  p o s s i b l e .  T h e r e f o r e , RSV(B) c e l l s  

cou ld  be m a in ta ined  in c u l t u r e  o n l y  50 t o  60 days.
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F igu re  6 . E s ta b l i s h e d  RSV(SR) C e l l s  M agn i f ied  100X.

F igu re  7- E s tab l i s h e d  RSV(B) C e l l s  M agn i f ied  IOOX.
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■ Heat - I n a c t i v a t i on o f  RSV(B) and RSV(SR)

T h e"p u rp o se -o f  these  expe r im en ts  was t o  dete rm ine  the  s t a b i l i t y  of 

each v i r u s  t o  t i s s u e  c u l t u r e  c o n d i t i o n s .  The v i r u s e s  were d i l u t e d  in p r e ­

warmed, comple te  medium 199 and p laced  in  a t i s s u e  c u l t u r e  in c u b a to r  a t  37 

C in a w a te r  s a tu r a te d  atmosphere o f  5 p e r  cen t  COg in a i r .  .At va r io us  

t im es  samples were taken and s to red  on d ry  ice  u n t i l  the  number o f  s u r v i v i n g  

v i r u s  p a r t i c l e s  cou ld  be d e te rm ined .  Zero t im e  was the t im e  o f  a d d i t i o n  o f  

the  v i r u s  t o  medium 199«

, F ig u r e  8 g ives  the  r e s u l t s  f rom these  expe r im en ts .  . RSV(B) was more 

• s ta b le  t o  t i s s u e  -cul t u r e  condi t i o n s  t h a n . RSV(SR). The s h o u l d e r ' on the 

RSV(B) cu rve  between' 0 and 4 h rs .  was p ro b a b ly  due to  v i r u s  agg rega t ion  

(Hanafusa ejt. _a]_., .1964b) . Heat i n a c t i v a t i o n  cons tan ts  f o r  the  2 v i r u s e s  

cou ld  be e s t im a te d  us in g  an equ a t ion  d e r i v e d  by Rubin (1955 ) :

Vt  = number o f  v i r u s  p a r t i c l e s  s u r v i v i n g  a t  t im e t  
V0 = number o f  v i r u s  p a r t i c l e s  a t  t im e 0 
t  = t im e  in m inu tes  a t  37 C 
K = heat  i n a c t i v a t i o n  co n s ta n t

S u b s t i t u t i n g  the  a p p r o p r i a t e  data f rom F ig u re  8 i n t o  t h i s  e q u a t i o n ,  the  

heat  i n a c t i v a t i o n  c o n s ta n t  f o r  RSV(SR) (I<sr) was found t o  be 8.85 x ICT^ 

min.™' . The heat  i n a c t i v a t i o n  co ns ta n t  f o r  RSV(B) (Kg) between 4 and 12 hrs.. 

was 2 .96  x :10™3 min .™'.  , The assumpt ion was made t h a t  t h i s  p o r t i o n  o f  the  

RSV(B) curve  rep resen ted  the  i n a c t i v a t i o n  o f  s i n g le  RSV(B) p a r t i c l e s .  .The 

Kg o f  RSV(B) between 4 and 12 h rs .  was found  t o  be n e a r l y  3 t imes g r e a te r  

than the  Kg between 0 and 4 h r s . ,  i n d i c a t i n g  t h a t ,  i n i t i a l l y ,  the  • i nac t  i va*- 

t i on o f  c l u s t e r s  o f  2 t o  3 v i r u s  p a r t i c l e s  was being  measured.
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. Heat I p a c t i v a t i on o f  RSV(B) and RSV( SR) .

Open c i r c l e s  rep resen t  da ta  f o r  RSV(SR); c lo se d  c i r c l e s  rep re  

sent  da ta  f o r  RSV(B). , Each p o i n t  is  the average o f  2

■exper iments.
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Figure 8 .  Heat In a c t iv a t io n  o f  RSV(B) and RSV(SR)

RSV(B)

RSV(SR)

Hours a t  37 C



By s e t t i n g  V0 equal t o  2 and Vt  equal t o  I ,  the  h a l f - l i f e  o f  each 

v i  rus cou ld  be - c a l c u la t e d  us I ncj the  above e q u a t i o n .  ,The h a l f - 1  i f e  -of 

RSV(B) was found t o  ,be 234 min .  and t h a t  o f  RSV(SR), , 7 8 . 4  min .  T h e re fo re ,  

under these  expe r im en ta l  c o n d i t i o n s ,  RSV(B) was n e a r l y  3 t im es  as s t a b le  

as RSV(SR) .

A n t i  gen ic  Rel a t i o n s h i p ; Between RSV(B) and' RSV(SR)

A' s tudy .was  made o f  the  a n t i g e n i c  r e l a t i o n s h i p  between RSV(B) and 

RSV(SR) us ing  serum n e u t r a l i z a t i o n  t e s t s  and f l u o r e s c e n t  a n t ib o d y  s t a i n i n g  

o f  i n f e c t e d  c e l l s .  Since the  loss  o f  i n f e c t i v i t y  o f  a / v i r u s  due t o  t r e a t ­

ment w i t h  a n t i s e ru m  p ro b a b ly  r e s u l t s  f rom the  i n t e r a c t i o n  o f  a n t i b o d ie s  

w i t h  those  a n t ig e n s  on the  v i r u s  r e s p o n s ib le  f o r  a d s o r p t i o n  t o  the  cel  I 

and subsequent  r e l e a s e - o f  v i r a l  n u c l e i c  a c id  (Rub in ,  1957; G r a n o f f , 1965) , 

the  serum n e u t r a l i z a t i o n  t e s t  would i n v o l v e  a l i m i t e d  number o f  a n t i g e n s .

The f l u o r e s c e n t  a n t ib o d y  s t a i n i n g  would not  be l i m i t e d  t o  these few a n t i g e n s ,  

and thus should have a b e t t e r  chance-o f  d e t e c t i n g  whatever common a n t ig e n s  

migh t  e x i s t  on t h e -2 v i r u s e s .  . However, i f  the  v i r u s e s  have o n l y  a few 

a n t i g e n s  in common, and these  few are  not  in vo lved  w i t h  i n f e c t i v i t y , t h e y  

would not  be de te c ted  by these  expe r im en ts  because the  amount o f  labe le d  

a n t ise ru m  which  cou ld  be adsorbed t o  a c l u s t e r  o f  viruses woul d be too 

■ l im i te d  t o  be de te c ted  by f l u o r e s c e n t  m ic roscopy .

. Serum n e u t r a l i z a t i o n  t e s t s  were per fo rm ed f o l low ing  the  method o f  

F r iese n  :and Rubin ■(I 96 I ) .  An t ise rum heated t o  56 C f o r  30 m in .  and prepared  

as p r e v i o u s l y  d esc r ibe d  ( M a t e r i a l s  and M e thods ) , was d i l u t e d  in  medium 199 

and warmed t o  3 7 . C. , A known q u a n t i t y  o f  v i r u s  was p laced  in  the  d i l u t e d
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a n t i s e ru m  a n d - i n c u b a t e d - f o r  40 min.  . A f t e r  t h i s  t i m e , t h e  amount o f  a c t i v e  

v i r u s  was dete rm ined  by focus  a s s a y ' ( M a t e r i a l s  and .Methods). The c o n t r o l  

c o ns i s t e d  o f  v i r u s  d i l u t e d  in 199 and incubated  f o r  40 min .  a t  3 7 ;C.

The r e s u l t s  o f  such an expe r im en t  a re  shown in F igu re  9 , .where the  

f r a c t i o n  o f  n o n - n e u t r a l i zed v i r u s  is  p l o t t e d  a g a in s t  the  d i l u t i o n s  o f  a n t i ­

serum, .There  was o b v i o u s l y  no n e u t r a l i z a t i o n  o f  RSV(SR) by t h i s  serum,.

,even a t - d i l u t i o n s  wh ich  i n a c t i v a t e  99 pe r  cen t  o f  the  RSV(B) p re s en t .  

T h e re fo re ,  , t h e ' RSV(B) a n t i g e n s  w h ic h  were  r e s p o n s ib le  f o r  i n f e c t i o n  .were 

not  the  same as those  p re s e n t  on .RSV(SR).

RSV(B) and' RSV(SR) i n f e c t e d  c e l l s  were then s ta ine d  w i t h  f l u o r e s c e n t  

l a b e le d  ant i -RSV(B) serum ( M a t e r i a l s  and Methods).  Serum wh ich  gave,good 

f l u o r e s c e n c e - o n 'RSV(B) c e l l s  gave no f I u o r e s c e n c e -on RSV(SR) c e l l s ,  again 

■showing no a n t i g e n i c  r e l a t i o n s h i p  between the  2 v i r u s e s .

Vpgt (1964b)' has shown t h a t  RSV(SR) may be n e u t r a l i z e d  by an t ise rum 

a g a in s t  a s t r a i n  o f : RSV(B) o t h e r  than t h a t  used in t h i s  l a b o r a t o r y .  However, ■ 

. Huebner e t  a I , , ( 1964). have found a s o lu b le  a n t ig e n  in RSV(SR)-InBuced tumors 

f rom both  hamsters and ch ickens  which s t i m u l a t e s  complement f i x i n g  a n t i ­

bod ies  t h a t  c ross  re a c t  w i t h  RSV(B) tumor and v i r a l  a n t i g e n s .  . Th is  a n t ig e n  

:seems t o  be a group s p e c i f i c  s o lu b le  a n t i g e n ,  a s . i t  has been found in a l l  

, a v i a n  I e u k o s is  v i r u s e s  t e s t e d .

U n f o r t u n a t e l y , , d u e  t o  e i t h e r  the  poor a n t i g e n i c i t y  of .  RSV(SR) o r  the  

l i m i t e d  amount o f  a n t ig e n  a v a i l a b l e ,  i t  was not  p o s s i b l e  t o  t e s t  f o r  RSV(B) 

n e u t r a l i z i n g  a n t i b o d i e s  in a n t i -RSV(SR) serum. . Such^a t e s t  would be h i g h l y  

d e s i r a b l e  s ince  Andrews .(1933) has shown t h a t  v i r u s e s  e x i s t  w i t h i n  the
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F ig u re  S_. N e u t r a l i z a t i g n  o f  RSV(B) arid RSV(SR) w i t h ' A n t i -RSV(B) Serum.

Open c i r c l e s  re p re sen t  the  s u r v i v i n g  f r a c t i o n  o f  RSV(SR), and 

the  c lo sed  c i r c l e s  rep resen t  the  s u r v i v i n g  f r a c t i o n  o f  RSV(B). 

H a l f  f i l l e d  c i r c l e s  a re  p o i n t s  w h e r e -RSV(B) and RSV(SR) va lues

a re  i d e n t i c a l .
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Figure  9 .  N e u t r a l i z a t io n  o f  RSV(B) and RSV(SR) w ith  Anti-RSV(B) Serum

RSV(SR)

Z 0.60

RSV(B)

1:800 1:200 1:100
Serum D i lu t io n
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a v ia n  l e u k o s i s  ,group wh ich  w i l l  i n d u c e -RSV n e u t r a l i z i n g  a n t i b o d i e s ,  bu t  

wh ich  a re  not  themselves n e u t r a l i z e d  by ant i -RSV serum.

'■ D e fec t ! ve ne ss  o f  RSV(B) and RSV(SR)

Hanafusa e t  a l . (1963) showed t h a t  RSV(B) was d e f e c t i v e .  Since many 

o f  the  p r o p e r t i e s  o f  RSV(B) were shown t o  be dete rmined by the  h e lpe r  v i r u s  

■ (Hanafusa e t  ;aj_., 1964; Rub in ,  1964; Vog t ,  1965 ; Hanafusa, 1965),  e x p e r i ­

ments were c a r r i e d  ou t  t o  t e s t  f o r  d e fe c t i v e n e s s  in. RSV(SR). . For  RSV(SR) 

to  be d e f e c t i v e , i t  should depend upon the  presence o f  a h e lp e r  v i r u s ,  i . e „ ,  

RAV, f o r  m a t u r a t i o n ,  and t h e r e f o r e  fo rm non -p roduc ing  (NP) f o c i .  . E x p e r i ­

ments were designed t o  t e s t  f o r  each o f  these  p r o p e r t i e s .

I f  the  h e lp e r  v i r u s  wh ich  m ig h t  be c a r r i e d  by RSV(SR) were l i k e  RAV,

. i t  would producei no m o rpho log ica l  a l t e r a t i o n s  o r . c y top a tho g en ic  e f f e c t  on 

i n f e c t e d  c e l l s ;  hence, the  most s e n s i t i v e  t e s t  f o r  the presence o f  a h e l p e r  

v i r u s  would u t i l i z e  i t s  a b i l i t y  t o  induce v i r u s  p ro d u c t i o n  in  NP c lones .

• The i n f e e t idn o f  even I NP c e l l  w i t h  the  he I per  v i rus w o u ld lead to  the 

- r e p l i c a t i o n  and m a tu r a t i o n  o f  bo th  the  h e lp e r  v i r u s  and the  d e f e c t i v e  v i r u s .  

A f t e r  severa l  c y c le s  o f  r e p l i c a t i o n ,  the  p re sen ce -o f  a ve ry  small  number o f  

h e lp e r  v i r u s e s  would r e s u l t  in  the  p r o d u c t i o n  o f  a l a rg e  number o f  h e lp e r  

and d e f e c t i v e  v i r u s e s .  ■The-presence -of a h e lp e r  v i r u s  would then b e . e v i ­

denced by the  presence o f  f o c u s - p r o d u c in g ,  mature RSV in  the  supernate  o f  

cel  I s  -which p r e v i o u s l y  gave r i s e  t o  no RSV.
I

. An expe r im en t  was .designed t o  t e s t  f o r  the  presence o f  a h e lpe r  v i r u s  

in  yRSV( SR) by i n d u c t i o n .  . Several  f o c i  were p icked  f rom RSV(B) i n f e c te d  

c e l l s  as des c r ibe d  in M a t e r i a l s  and.Methods.  A f t e r  2 t r a n s f e r s ,  ,0.5 ml o f



■ the  ' superna te  -from the-NP c e l Is  were t e s t e d - f o r  t h e - p r e s e n c e - o f 1 RSV(B) and

■ t h e re fo re , .  , i n d i  r e c t i y . f o r  the  p r e s e n c e - o f  RAV. E ig h t  o f  t h e s e -NP c lones  

w e r e ^ s e l e c t e d . f o r  i n d u c t i o n  as shown■i r r T a b l e - I I .  Immed ia te ly  be fo re  i n ­

d u c t i o n ,  the  s u p e rn a te - f ro m  each o f " t h e s e  c lones  was aga in  t e s t e d , : f o r 'RSV(B) , 

and "as ev idenced by the  - superna te  c o n t r o l  1(Tab le  I I ) ,  ,no v i rus was d e te c te d .

. In icase - t h e - RSV(SR) h e lp e r  v i r u s  m igh t  be p resen t  in  c o n c e n t r a t i o n s

no t  exceeding  t h a t  o f  RSV(SR) i t s e l f ,  6 o f  the  - c lones  were  i n f e c t e d . w i t h

h' IO - FFU o f  RSV(SR) ( T a b l e -I I ) .  Seventy - two  hours a f t e r  i n f e c t i o n ,  the  

supernate-was removed and t e s te d  f o r  the presence o f  v i rus by focus  fo rma­

t i o n .  Qf the  6 c lones  induced , .6 produced v i r u s .

. T a b l e ' l l .  , I n d u c t i o n i o f . Non-Producers.
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■ Non-Producer 
■ Number

• Supernate 
" Cont ro l

-RSV(SR) .RSV(SR)
IO4 FFli ' 10"°  d i l u t i o n

RAV
10 '^  d i l u t i o n

I Oa + b NTc 'NT
: 2 ■ 0 -NT 0 +

• '3 0 + NT ■ NT
■4 0 + NT NT
-5 0 + 0 NT
6 0 + o • NT
7 'NT .NT 0 +
8 , 0 + NT NT

-RSV(SR) I O '6 0
' Con t ro l

(a) 0 = no v i r u s  f o u n d : i n  0.5 m l ■o f  the  mediurn
,(b) + = v i  rus •found in 0 .5  ml o f  the  medium -
:(c)  NT = no t  •t e s t e d .
,(d) 0 .5  ml o f a 10"°  d i l u t i o n  o f  RSV(SR) was t e s t e d : f o r the  presence -of

RSV(SR)

The p o s s i b i l i t y  a l s o  e x i s t e d  t h a t  a n y ; RSV(SR) h e lp e r  m ig h t ,  , l i k e  RAV, 

be p re s e n t  in  ve ry  h ig h  c o n c e n t r a t i o n s .  , T h e r e fo re ,  4 c lo n es  were i n f e c t e d
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w i t h  a -IO ^ d i l u t i o n  o f  RSV( SR) ( T a b l e ■ ( ! ) „  None o f  these c lones  produced 

f o c i  w hen - tes ted  J l  h rs .  l a t e r .  As a p o s i t i v e  c o n t r o l  t o  show t h a t  these 

c lones  were i n d u c i b l e ,  2 were i n f e c t e d  w i t h  a 10~3 d i l u t i o n  o f  RAV (Tab le  

I I ) . Both o f  these c lones -p roduced  v i r u s  a f t e r  i n d u c t i o n .

The r e s u l t s  in  Table  I I in d ic a te . !  t h a t  i f  RSV(SR) was d e f e c t i v e ,  the 

h e lp e r  v i r u s  was p re s e n t  a t  c o n c e n t r a t i o n s  c lo s e  to  t h a t  o f  RSV(SR) i t s e l f .  

,They a l s o  i n d i c a t e  t h a t  RSV(SR) m igh t  e i t h e r  m u l t i p l y  in  RSV(B) NP c e l l s ,  

o r  se rve  as a h e lp e r  and thus induce v i r u s  p ro d u c t i o n  in RSV(B) NP c e l l s .

In o r d e r  t o  ana lyze  f o r . t ke  presence o f  a h e lpe r  v i r u s  in  low d i l u t i o n s  

o f  RSV(SR) , and t o  .determine whe the r o r  no t  RSV(SR) cou ld  serve as a h e lp e r  

f o r  RSV(B), the  superna te  f rom some-of  the  induced c lones  (Tab le  I I )  was 

d i l u t e d  so as t o  g i v e  v a r io u s  numbers o f  f o c i  on t e s t  p l a t e s .  ,The f o c i  

were then p icke d  i n t o  w e l l s  as d esc r ibe d  e a r l i e r  ( M a t e r i a l s  a n d •M ethods) .

. RSV(B) f o c i  were p icked  f rom areas a d ja c e n t  t o  RSV(SR) f o c i  whenever p o s s i ­

b l e  in o rd e r  t o  in c rease  the  chance o f  co n ta m in a t i n g  the  RSV(B) focus  w i t h  

h e lp e r  v i r u s  f rom RSV(SR).

Tab le  I I I shows t h a t  bo th  RSV(B) and RSV(SR) were produced by some o f  

the  RSV(B) non-p roducers  induced w i t h  RSV(SR); t h a t  a l l  bu t  I RSV(B) focus  

f rom RSV(SR) induced c lones  f a i l e d  t o  re lease  v i r u s ;  t h a t  a l l  RSV(SR) f o c i  

produced v i r u s  even when p icked  f rom uncrowded p l a t e s ;  and t h a t  al l :  RSV(B) 

f o c i  wh ich  a rose  as a r e s u l t  o f  RAV i n d u c t i o n  y i e l d e d  v i r u s .  These r e s u l t s  

lead t o  the  f o l l o w i n g  c o n c lu s io n s .  F i r s t ,  l i k e  o th e r  members o f  the  av ia n  

l e u k o s i s  group o f  v i r u s e s  (Rub in ,  1 9 6 4 ) , ,RSV(SR) can serve as a h e lp e r  f o r  

RSV(B). Second, . RSV(SR) i s  no t  d e f e c t i v e .  -The second c o n c lu s io n  is



■ Tab le  - I I I .  . V i r u s  P ro d u c t io n  by Foci Obta ined f rom Induced NP Clones.

5&

Number and
Types o f  Foci . Type o f

• Focus 
.'Number

■ Focus 
Morpho loqy

NPd
Number

On P la te  f rom 
Which Focus 
Was Picked

Vi rus 
Produced 
by Focus

I Ba I 6SR Tl B 0=
2 B I 22SR 62B 0
'3 .3 6 •53 0
4 ■B 6 'SB 0
5 B ■ 6 8SR 164b 0
.6 ■B 6 -.8 SR 1:64b 0
7 "B 6 8SR T64B 0
8 B 6 8SR T64b 0
9 :B 6 8SR-164b 0

10 B . 6 8SR 164b ■o
11 B I, 22SR 62B SR & B
12 B, I .22 SR 62 B 0
13 -SRb 4 64 S R SR
14 SR 3 32SR SR
15 .SR I 22SR 62B SR
16 SR I 6SR TlB -SR
17 .SR .6 ■8SR•I 24b SR
18 SR '5 27SR SR
19 SR 5 27SR ..SR
20 SR 5 •27SR SR
21 ■ B 2 333 B
22 'B 2 33B B

'23 -B 2 '3 3 B B
24 -B 2 33B B

: B -  Focus morphology co r respond ing  t o  t h a t  o f  RSV(B)
' SR- = Focus morphology c o r respond ing  t o  t h a t  o f  RSV(SR)
0 = -No v,i ru.s p roduced
NP Number r e f e r s  t o  the  non -p roduce r  number in Tab le  I l  o f  the 
induced c lo n e  whose -supernate was used as a source o f '  v i r u s .

(a)
(b) 
Ce) 

:(d)
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"S t rengthened by the  o b s e rv a t i o n s  t h a t  no f o c i  w i t h  the morphology o f .'RSV(SR) 

we re - found  -to be non -p roduce rs ,  and t h a t  a l l  RSV(B) f o c i  d e r i v e d  f rom RAV- 

induced c lones  co n t in u ed  t o  produce v i rus .

. RAV I n t e r f e r e n c e  w i t h ' RSV. R e p l i c a t i o n

Since d e fe c t i v e n e s s  was not  found t o  be a p r o p e r t y  o f  RSV(SR), ,an 

exper im en t  was designed to  t e s t  the  s u s c e p t i b i l i t y  o f  RSV(SR) t o  RAV i n t e r -  

- fe rence ,  Secondary c h i c k . f i b r o b l a s t s  were i n f e c te d  w i t h  2 - f o l d  s e r i a l  

d i l u t i o n s  o f  RAV. - The i n f e c t e d  c e l l s  were - t r a n s fe r r e d  4 days a f t e r  i n f e c ­

t i o n ,  and ^again 4 days l a t e r .  A t  t h i s  t im e the c e l l s  were cha l lenged  w i t h  

a known amount o f  RSV(B) and RSV(SR). Con tro l  u n in fe c te d  c u l t u r e s  were 

t r a n s f e r r e d  the  same as RAV i n f e c te d  c e l l s  and cha l lenged  w i t h  the same 

q u a n t i t i e s  o f  RSV(B) and RSV(SR).

The r e s u l t s  o f  t h i s  exper im en t  a re  shown i n . F i g u r e  10. ,The h ig he s t  

d i l u t i o n  o f  RAV wh ich  induced i n t e r f e r e n c e  to  -RSV(B) was . 10™^. T h e re fo re ,

, the  t i t e r  o f ' RAV used in t h i s  exper im en t  was IO^ i n f e c t i o u s  u n i t s / m l .  Al -  

though t h e re  seemed t o  be some i n t e r f e r e n c e  w i t h  RSV(SR) a t  a RAV d i l u t i o n  

:o f  0 .5  x IO"8 , t h i s  was o f  d o u b t fu l  s i g n i f i c a n c e .  .T h e re fo re ,  i t  was con­

c luded  t h a t  RgV(B) and1 RSV(SR) showed s i m i l a r  degrees o f  s u s c e p t i b i l i t y  t o  

RAV i n t e r f e r e n c e .

Growth o f - RSV(B) and RSVCSR) i n .;Chick  F l b r o b l as ts

E igh teen  to  <24 h r . c u l t u r e s  c o n t a i n i n g  10& secondary c h i c k  f i b r o b l a s t s  

were exposed t o  10& FFU o f  RSV(B) o r  I O^ FFU o f  RSV(SR) i n . a  t o t a l  volume 

o f  I ml f o r  I h r . , a t  37 C. A f t e r  t h i s  t im e ,  each p l a t e  was washed once
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F ig u re  10. RAV I n t e r f e r e n c e  w i t h  RSV(B) and RSV(SR) i n f e c t i o n .
..

Open c i r c l e s  rep resen t  the data  f o r  RSV(B), and X1s rep resen t

the  data  f o r  RSV(SR). Each p o i n t  is  the  average o f  2 p l a t e s .

The r e s u l t s  a re  p l o t t e d  as FFU o f  RSV on RAV in f e c t e d  c e l l s

d i v i d e d  by FFU o f  RSV on t h e  c o n t r o l  c e l l s .  Those p o i n t s

p l o t t e d  as < ^0 .1  FFU RAV a re the  r e s u l t s  f rom c e l l s  com- 
FFU Con tro l

p l e t e l y  r e s i s t a n t  t o  i n f e c t i o n  w i t h  4,000 FFU o f  RSV(B) o r  

RSV(SR) .
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Figure 10. RAV In te r fe re n c e  w ith  RSV(B) and RSV(SR) In fe c t io n

RSV(B)

RSV(SR)

0.01 ---------------------- L _
Control 0 .5  x 1 0 '°

D i lu t io n  o f  RAV



w i t h  2 ml o f  warm medium 199• F ive  ml o f  warm 199 was then added t o  each 

p l a t e  and t h e - c u l t u r e s  incubated  a t  37 C in a wa te r  s a tu ra te d  atmosphere 

■of 5 p e r c e n t  CQ2 in a i r .  P la te s  were removed a t  the  des igna ted  t imes f o r  

sampl ing .  , The ■ superna tes  f rom d u p l i c a t e  p l a t e s  were poo led and s to red  in 

'sea led  ampules on d ry  ice  u n t i l  they  were t i t e r e d .  The number o f  c e l l s  on 

each p l a t e  was dete rm ined  arid the average o f  d u p l i c a t e  samples was used to  

c a l c u l a t e  focus  fo rm in g  u n i t s / c e l  I ( F F U /c e l I ) .

- F i g u r e -Tl g ives  the  r e s u l t s  o f  such an expe r im en t .  The ra te  o f  

v i r u s  re le ase  between 12 and 24 h rs .  a f t e r  i n f e c t i o n  can be c a l c u la t e d  

• f rom the  f o l low ing  e q u a t i on:

Iog V t2 -  log V t ] '  _ K

V t j  = F F U /c e l I a t  t ime t j

■ V t 2 = F F U /ce l I a t  t i m e ^ t2 
‘ *■

t  = Time in h rs .

. K Rate c o n s ta n t  f o r  in c rease  in v i r u s  
re lease

By s u b s t i t u t i n g  va lues  f rom F igu re  I I i n t o  t h i s  e qu a t ion ,  the  va lue  o f  K 

' f o r  RSV(B) i n f e c t e d  c e l l s  was c a l c u la te d  t o  be I .08 x I 0 ”  ̂ FFU/cel I / h r .  

and K f o r  RSV(SR) i n f e c t e d  c e l l s  was 1.18 x 10""^ FFU/cel 1 / h r .  T he re fo re ,  

v i r u s  p r o d u c t i o n  by bo th  c u l t u r e s  inc reased a t  a pp ro x im a te ly  the same r a te  

between 12 and 24 h rs .  a f t e r  i n f e c t i o n .  A t  24 h r s . , the  ra te  o f  v i r u s  

p ro d u c t i o n  decreased : f o r  bo th  se ts  o f  c e l l s  and f i n a l l y  reached a maximum 

a t  36 h rs .  a f t e r  i n f e c t i o n .  RSV(B) i n f e c t e d  c e l l s  m a in ta in e d  t h i s  maximum 

r a te  o f  v i r u s  p r o d u c t i o n  f o r  48 h r s . ; however,  . RSV(SR)' p r o d u c t i o n  decreased
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‘ F i qure - I I . Growth Curves o f  RSV(B) and =RSV(SR).

The open c i r c l e s  rep resen t  da ta  f o r  RSV(SR), and th e  c losed  

c i r c l e s  re p re sen t  data f o r  RSV(B) . For com para t ive  purposes 

the  curves  were drawn on the  same graph.  The r i g h t  margin 

c o n ta in s  the  o r d i n a t e  va lues  f o r  RSV(SR) , and the  l e f t  margin 

those  f o r  RSV(B). Note the  va lues  a t  any p o i n t  d i f f e r  by I 

t o  2 I o g s .

• \

. /-
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Figure 11. Growth Curves of RSV(B) and RSV(SR)

-ORSV(SR) 

- *  RSV(B)

Sample Time in Mrs. A f t e r  In fe c t io n
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-be tw een<36 and 4 8 -h rs .  a f t e r  i n f e c t i o n .  Indeed,  as w i l l  be seen below, 

RSV(SR) v i r u s  p ro d u c t i o n  g e n e r a l l y  decreased n e a r l y  a lo g  between 24 and 

4 8 ' h r s .  a f t e r  i n f e c t i o n ,  whereas RSV(B) p r o d u c t i o n  was m a in ta ined  a t  a 

maximum le v e l  f o r  up t o  .9 6 ' h r s .

Notekbhe d i f f e r e n c e  in the  amount o f  t o t a l  v i r u s  produced b y . RSV(B) 

a n d -RSV(SR) a t  any g iven  t im e .  To ta l  RSV(B) FFU was always I t o  2 logs 

. g r e a t e r  than t h a t  o f  RSV(SR). T h is  d isc re pa n cy  was a l s o  t r u e  o f  v i r u s  r e ­

lease  f rom e s ta b l i s h e d  RSV(B) and RSV(SR) cel  I s . ( s e e  b e lo w ) .  There would

seam t o  be something l i m i t i n g  the  amount and not  the r a t e  o f  RSV(SR)

p r o d u c t i o n  t h a t  k e e p s . i t  below t h a t  o f  RSV(B).

Vi rus Rel ease by ; Est a b ! I shed RSV Cel I s

Es tab l  i shed-RSV(B) o r  RSV(SR) c e l l s  were ob ta ined  by i n f e c t i n g  IO^ 

secondary c h i c k - f i b r o b l a s t s  w i t h  IO^ FFU o f  e i t h e r  RSV(B) o r  RSV(SR) .

A f t e r  i n c u b a t io n  f o r  4 t o  5 days, the i n f e c t e d  c e l l s  were t r a n s f e r r e d .  In 

o r d e r  t o . m a i n t a i n  e s ta b l i s h e d  RSV c e l l s ,  t r a n s f e r s  were made every  5 to  7

days.  .The medium was u s u a l l y  changed on the  t h i r d  o r  f o u r t h  day a f t e r

t r a n s f e r .  . E s ta b l i s h e d  RSV c e l l s  were never used f o r  e x p e r i m e n t a l •purposes 

p r i o r  t o  the  t h i r d  t r a n s f e r .

To measure v i r u s  re lease  by these c e l l s , d u p l i c a t e  p l a t e s  were p re ­

pared f o r  each samp Ie  , t ime.  I n i t i a l l y ,  . I ce l Is  were p i aced in each 60 

mm p e t r l  d i s h .  . A f t e r  18 t o  24 h rs .  o f  i n c u b a t io n ,  the  medium was removed 

f rom the  p l a t e s  and each washed once w i t h  2 ml o f  warm '199- A f t e r  wash ing,  

,5 ml o f  warm medium 199 was p laced  in  the  p l a t e s , . and they  were incubated 

in a w a te r  s a tu ra te d  atmosphere o f  5 per  cen t  COg in a i r  a t  37 C (ze ro



' .ti lme)"' A t : s p e c i f i e d  t im e i n t e r v a l s ■sample p l a t e s  w e r e ■removed f rom the  

■ incubato r ,  superna tes  f rom d u p l i c a t e  p l a t e s  poo led ,  and the  number o f  c e l l s  

p e r  p l a t e  de te rm ined .  .Pooled supernates  were s to red  in sealed ampules on 

'd ry  ice  u n t i l  t h e i r  v i r u s  c o n te n t  cou ld  be dete rmined by focus  assay.

■ The r e s u l t s  o f  such an exper im en t  a re  g iven  in F ig u re  12. Both RSV(B), 

and RSV(SR) c e l l s  d i s p la y e d  a ra p id  re lease  o f  v i r u s  between 0 and 8 I h r s . 

RSV(B) cel  I s - appeared t o  r e a c h ' t h e i r  maximum ;v i rus re lease  p o i n t  between 

8 and 16 h rs .  , The amount o f  v i r u s  re leased  by RSV(SR) c e l l s  con t inued  t o  

inc rease ,  bu t  a t  a -much s lower r a t e ,  between 8 and 16 h rs .  . Maximum" RSV(SR)

1 r e I ease was o b ta in ed  by 16 h rs .

. Both RSV(B) 1 and- RSV(SR) v i r u s  re lease  decreased a f t e r  16 h rs .  .w i th  

RSV(SR) dec reas ing  a t  a g r e a t e r  r a te  than RSV(B). . A s w i l l  be seen l a t p r ,  

a r a p id  decrease in v i r u s  p r o d u c t i o n  a f t e r  reach ing  a maximum le ve l  was 

c h a r a c t e r i s t i c  o f  RSV(SR) i n f e c t e d  c e l l s ,  w h e re a s -RSV(B) v i r u s  p ro d u c t io n  

a lways decreased a t  a much s lower r a t e .  The I log o r  g r e a t e r  d i f f e r e n c e  

in the  amount o f  RSV produced was a l s o  c h a r a c t e r i s t i c .  ,Fo r  any g iven t im e ,  

t h e r o  was a lways a t  I eas t  10 t imes more RSV(B) produced p e r  c e l l  than t h e r e  

-was RSV(fSR) . 1

,E f fe c t  o f  I n c r e a s i n g -C o n c e n t r a t i on o f  Puromycin on  Cel I ! D i v i s i o n  and V i ru s  
P ro du c t io n

When s tud y in g  the  e f f e c t s  o f  a m e ta b o l i c  i n h i b i t o r  such as puromycin 

(PU) on a v i r u s  r e p l i c a t i n g  system wh ich  r e q u i r e s  c o n s ta n t  v i a b i l i t y  o f  

the  cel  I , i t  i s necessary to -de te rm ine  the  c o n c e n t r a t i o n  o f  the  i n h i b i t o r  

•.which w,i I I produce th e  g r e a t e s t  i n h i b i t i o n  o f  v i r u s  r e p l i c a t i o n  w i t h  the

64
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F ig u re  12. V i rus Rel ease by Estab l  I shed- RSV(B) and RSV(SR) Cel I s .

Open c i r c l e s  rep resen t  the  da ta  f o r  RSV(B) v i r u s  re lease ,  and 

the  c lo sed  c i r c l e s  t h a t  f o r  RSV(SR) . The l e f t  hand margin 

c o n ta in s  the  sca le  f o r  the  RSV(B) o r d i n a t e ,  and the  r i g h t  

hand marg in c o n ta in s  the  s c a le  f o r  the  RSV(SR) o r d i n a t e .

Each p o i n t  i s  the  average o f  2 p l a t e s .

X
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Figure  12. V irus  Release by E stablished  RSV(B) and RSV(SR) C e l ls

RSV(SR)

Sample Time in Mrs. A f t e r  Washing
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l e a s t  damage t o  the  c e l l s .  In o rd e r  t o  do t h i s ,  secondary c u l t u r e s  o f  

c h i c k  f i b r o b l a s t s  were prepared  ( M a t e r i a l s  and Methods). One set  o f  p l a t e s  

was i n f e c t e d  w i t h  IO^ FFU o f  RSV( B) in  I ml o f  medium 199 f o r  I h r .  These 

p l a t e s  were then washed once w i t h  2 ml o f  medium 199 ( z e r o  t im e ) .  A f t e r  

t h i s ,  .2 ml o f  199 c o n t a i n i n g  v a r io u s  c o n c e n t r a t i o n s  o f  PU were added to  

each p l a t e .  For each c o n c e n t r a t i o n  o f  PU, 2 p l a t e s  were p repa red .  The 

v i r u s  t i t e r s  were dete rm ined  24 h rs .  a f t e r  i n f e c t i o n  by p o o l i n g  the super-  

na tes  o f  p l a t e s  c o n t a i n i n g  the  same c o n c e n t r a t i o n s  o f  'PU. A s e r ie s  o f  non- 

i n f e c t e d  c o n t r o l  p l a t e s  were t r e a t e d  e x a c t l y  as above.,

F ig u re  13 phows t h a t  i n f e c t e d  and n o n - i n f e c te d  c e l l s  respond s i m i l a r l y  

t o  i n c re a s in g  c o n c e n t r a t i o n s  o f  PU. Maximum i n h i b i t i o n  o f  c e l l  d i v i s i o n  

occu r red  when 2 / t g / m l  o f  PU were in c o rp o ra te d  i n t o  the  medium. At  concen­

t r a t i o n s  o f  PU g r e a t e r  than l y ^ g / m l , d eg e n e ra t i v e  changes such as v a c u o l i ­

z a t i o n  and roughening o f  the  c e l l  s u r fa c e  were noted.  I f  c o n c e n t r a t i o n s  

o f  PU g r e a t e r  than I t o  2ytg/m1 were l e f t  in  c o n ta c t  w i t h  the  c e l l s  l o n ge r  

than 24 h r s . ,  the  c e l l s  d ied  and e i t h e r  s lo ughed , f rom  the  p l a t e s  o r  d id  

no t  s u r v i v e  t r y p s i n i z a t i o n .

■In a n t i c i p a t i o n  o f  extended exposures o f  i n f e c te d  c e l l s  t o  PU,.ce l  I 

■counts were per fo rmed on p l a t e s  exposed t o ^lzAgZml o f  puromyc in  f o r  0 t o  

, 96 h r s .  a f t e r  i n f e c t i o n .  ,,As may be seen in  F igu re  14, c e l l  d i v i s i o n  was 

c o n s id e r a b l y  r e ta r d e d ,  and no decrease  in  c e l l  numbers was noted u n t i l  96 

h rs .

• F ig u re  15 i l l u s t r a t e s  the e f f e c t  o f  in c re as ing  c o n c e n t r a t i o n s  o f  PU 

on v i r u s  p r o d u c t i o n  24 h r s . a f t e r  L r i f e c t i o n . ,One/ tg/ml  o f  PU i n h i b i t e d
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. I n h i b i t i o n  o f  Ce-I I Growth by Puromyci n .

Open c i r c l e s  rep resen t  u n i n f e c te d  c e l l  coun ts .  Open t r i a n g l e s  

re p re sen t  i n f e c t e d  c e l l  c o u n ts .  .Each p o i n t  i s  the  average num­

b e r  o f  c e l l s  on d u p l i c a t e  p l a t e s .
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Figure  13. I n h ib i t io n  o f  Cell Growth by Puromycin

A  In fec ted  Cel I s

n in fec ted  Cel I

Concentra t ion  o f  Puromycin ^<g/ml
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■ F ig u re  - 14 . Exposu re -o f  I n f e c te d  Cel I s f o r  Extended P e r iods  o f  Time to
o f  "Puromyc in .

Open c i r c l e s  rep resen t  c e l l  coun ts  f rom  p l a t e s  t r e a te d  w i t h  i j

IzAgZml o f  puromyc in .  Closed c i r c l e s  re p re sen t  c e l l  counts  

f rom c e l l s  no t  exposed t o  puromyc in .  Each p o i n t  rep resen ts  I

the  average number o f  c e l l s  on d u p l i c a t e  p l a t e s .
X . .:
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Figure 14. Exposure o f  In fec ted  C e l ls  f o r  Extended Periods o f  Time 
to  Iy *g /m l  o f  Puromycin

U ntreated C e l ls

PU-t re a te d  C e l ls

Time in Mrs. A f t e r  In fe c t io n
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F ig u re  15. I n h T b i t i on o f  24 Hr. V i rus P roduc t ion  by Inc rea s in g  Concent ra ­
t i o n s  o f  Puromyc in .

Open c i r c l e s  re p re sen t  the  amount o f  v i r u s  produced by RSV(B) 

i n f e c t e d  c e l l s  24 h rs .  a f t e r  i n f e c t i o n  when v a r io u s  c o n c e n t ra ­

t i o n s  o f  PU were added a t  the  t im e  o f  i n f e c t i o n .  Each p o i n t  

i s  the  average o f  2 expe r im en ta l  p l a t e s .  \
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Figure  15.
I n h ib i t io n  o f  2k  Hr. V irus  Production by Increasing Concentrations of Puromycin

Concentration o f  PuromycinygZmi



v i r u g  p r o d u c t i o n  b y .^ 8 -p e r  c e n t .  Maximum i n h i b i t i o n  was o b ta in ed  w i t h  4 

■and 'S/^g /ml  .

• One/c-g/ml o f  PU was s e le c te d  f o r  use in v i r u s  i n h i b i t i o n  exper iments  

as t h i s  c o n c e n t r a t i o n  reduced v i r u s  -p ro d uc t io n  by n e a r l y  2 logs  ( F ig u re  15) 

and a I I owed -cel I s u r v i v a l  f o r  extended p e r io d s  o f  exposure ( F ig u r e  14) ;

:w h e r e a s , , c e l l  damage was noted w i t h  c o n c e n t r a t i o n s  o f  2y^g/ml  o r  more o f  PU,

K i n e t ics  o f  t h e .S up p re s s ion  o f  T w e n ty - fo u r  Hour V i rus P r o d u c t i on by Puromyci n .

C e l l s  were i n f e c t e d , t r e a t e d  w i t h  PU and sampled as desc r ibed  in the 

p re v io u s  s e c t i o n  w i t h  the excep t  ion t h a t  J / ^ g / m l  o f  PU was used a t  a l l  

t im es ,  and t h a t  p l a t e s  were i n f e c te d  w i t h  2 x IO^ FFU/ml o f  RSV(SR) s ince  

t h i s  was the  maximum amount o f  v i r u s  o b t a i n a b l e .  . Zero t im e  was the t ime 

o f  w a s h in g . th e  i n f e c t e d  c e l l s .  PU was added a t  the  des igna ted  t im es ,  and 

remained ,in c o n ta c t  w i t h  the  c e l l s  unt  i I .'..the t ime o f  samp l ing .  C o n t ro ls  

c o n s i s te d  o f  v i r u s  i n f e c t e d  c e l l s  not  exposed to  PU. PU was added to  the  

c o n t r o l s a t  the  t im e  o f  sampl ing in o r d e r  t o  om it  any d is c re p a n c ie s  which 

m ig h t  occu r  d u r in g  t i t r a t i o n  o f  t h e  samples due to  the presence o f  PU.

, F ig u r e  16 i l l u s t r a t e s  the  e f f e c t  o f  the  t im e o f  a d d i t i o n  o f  PU on 

' RSV(B) and RSV(SR) i n f e c t e d  c e l l s  24 h rs .  a f t e r  i n f e c t i o n .  ,PU appeared t o  

have stopped c e l l  d i v i s i o n  a t  the  t im e  i t  was added. T h e r e f o r e , ■even 

though, samples.were not  counted f o r  4 t o  20 h rs .  a f t e r  exposure  to  PU, the  

r e s u l t i n g  inc rease  in c e l l s  per  p l a t e  resembles t h a t  o f  a normal growth 

cu rve  w i t h  a g e n e ra t i o n  t im e  o f  20 t o  24 h r s .  The c e l l s  d id  not  expe r ie nce  

a l a g - p e r i o d  as they had been in c u l t u r e  18 t o  24 h rs .  b e fo r e  the  exper iment  

began.
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■Figure 16 . E f f e c t  o f  t h e  Time - o f  Add1 1 i on o f  Puromycin on 2k Hr.  V i r u s  
P r o d u c t i on by RSV(B) and RSV(SR) I n fe c te d  Cel I s .

Open c i r c l e s  rep resen t  da ta  f o r  RSV(B); c lo sed  c i r c l e s  re p re ­

sen t  da ta  f o r  RSV(SR). Each p o i n t  i s  an average o f  4 e x p e r i ­

ments.  .The expe r im en ta l  f l u c t u a t i o n  found a t  48 h rs .  was no t  

so e v id e n t  here .  The lower group o f  X1s connected by .a sol id 

l i n e  rep resen ts  a t y p i c a l  cu rve  o f  c e i l  coun ts  o f  PU t r e a t e d  

c e i l s  d u r in g  an e xpe r im en t .  One^Ag/ml o f  PU was used*- a t  a l l

;,v:

t im e s .
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F ig ure  16.
E f fe c t  o f  the Time o f  A d d it io n  of Puromycin on 24 Hr. V irus  Production  
____________________by RSV(B) and RSV(SR) In fec ted  C e l ls______________

RSV(SR)

•RSV(B)

T im e  P u ro m y c in  Added i n  M rs .  A f t e r  I n f e c t i o n

'er o
f 

C
ell s/P

I at
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T w e n ty - fo u r  h r .  v i r u s  p r o d u c t i o n  was i n h i b i t e d  in  the 'same m anne r - fo r  

bo th  RSV(B) and RSV(SR) i n f e c t e d  cel  I s ( F i g u r e  -16) . ' .The -data wef:e p l o t t e d  

as - focus fo rm in g  u n i t s  pe r  c e l l  :■ (FFU/cel  I )  , ,pe r  cent  o f  the  c o n t r o l  in 

o r d e r  t o  compare the  degree o f  i n h i b i t i o n  o f  v i r u s  p r o d u c t i o n  among p l a t e s  

w i t h ' d i f f e r i n g  numbers o f  c e l l s .  , F i g u r e  16 ■ shows t h a t  t h e r e  was a t  l e a s t  

• one "PU s e n s i t i v e - e v e n t  o c c u r r i n g  between 0 and 12 h rs .  a f t e r  i n f e c t i o n .

„ Th i s  i s  no t  s u r p r i s i n g  as the  l a t e n t  p e r io d  o f  bo th  v i r u s e s  was about  12 

h r s ,  ,There Was a l s o  a - PU s e n s i t i v e  even t  wh ich  occur red  between I'2 and 24 

h rs ,  a f t e r  i n f e c t i o n ,

; K i n e t i c s  o f  the  Suppr e s s i on o f  F o r t y - e i g h t  Hour V i rus P ro d u c t io n  by 
Puromyc in '

The e f f e c t  o f  i n h i b i t o r s  on 24 h r .  and 48 h r .  v i r u s  p ro d u c t i o n  has 

been shown t o  be -q u i te  - d i f f e r e n t  (Golde and V i g i e r ,  . 1963;  V i g i e r  and Golde; 

1964;  Temin, 1963, . 1964a) . T h e re fo re ,  v i r u s  i n f e c te d  c e l l s  were exposed 

t o 'PU as desc r ibed  above and sampled a t  48 h rs .  F igu re  I 7 g ives  the re ­

s u l t s  o f  these expe r im en ts .  The 2 v i r u s e s  behaved d i f f e r e n t l y  a t  t h i s  

t im e ,  , Some i n h i b i t i o n  was noted between O and 4 h rs .  a f t e r  i n f e c t i o n  w i t h  

RSV(B) a f t e r  wh ich t im e v i r u s  re le ase  inc reased  to  a maximum a t  20 h rs .  

RSV(SR) v i r u s  re lease  was l i m i t e d  b y 'PU i f  i t  was added b e fo re  16 h r s . , as 

i f  the  amount o f  v i r u s  re leased  was p r o p o r t i o n a l  t o  the  amount o f  p r e c u r s o r  

p r o t e i n  produced up t o  the t ime RU was added, bu t  th e re  was no lag to  i n d i ­

c a te  the  n e c e s s i t y  o f  i n i t i a t i n g  the  s y n th e s i s  o f  the  p r o t e i n  as the re  was 

w i t h  RSV(B). A s u r p r i s i n g  r e s u l t  was t h a t  the  presence o f  PU seemed to  

s t i m u l a t e  v i r u s  re le ase  f rom RSV(SR) c e l l s .  -Note t h a t  a f t e r  4 h rs .  the
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F ig u re  11 . E f f e c t  o f  the  Time o f  Add i t i o n ' o f  Puromycin on 48 Hr.  V i rus 
P ro d u c t io n  by RSV(B) arid RSV(SR) In fe c te d  Cel I s.

F i l l e d  c i r c l e s  rep resen t  the  data  f o r  RSV(SR) i n f e c te d  c e l l s .  

Open c i r c l e s  rep resen t  the  da ta  f o r  RSV(B) i n f e c t e d  c e l l s .

- Because o f  the  v a r i a b i l i t y  noted  f rom expe r im en t  t o  expe r im en t ,  

the  r e s u l t s  o f  independent  exper imen ts  were averaged;  Each 

c losed  c i r c l e  r e p re s en ts  the  average o f  3 expe r im en ts .  Each 

open c i r c l e  re p re sen ts  t h e  average o f  5 expe r im en ts .

A t y p i c a l  cu rve  showing c e l l  coun ts  f rom I o f  the  exper iments

i s  shown a t  the  bo t tom o f  the  f i g u r e .  The r i g h t  hand margin 

g iv e s  the  u n i t s  o f  measure, the  t imes o f  sampl ing a re  i d e n t i c a l

used th rou g ho u t  the  e xpe r im en ts .  Al I t im es  a re  g iven in h rs .

\

w i t h  those  o f  t h e  v i r u s PU was

a f t e r  i n f e c t i o n .
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E f fe c t  o f  the Time o f  A d d it ion  of* Puromycin on 48 Hr.
by RSV(B) and RSV(SR) In fec ted  Ce lls

V i rus Production

-#  RSV(SR)

RSV(B)

C ells

T im e P u ro m y c in  Added i n  M rs .  A f t e r  I n f e c t i o n

ier o
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amount ■' o f  v i r u s  re-1 eased by RSV(SR) i n f e c t e d  c e l l s  was 1.6 t o  6 t imes t h a t  

re leased  by the  c o n t r o l  c e l l s .  T h is  was in marked c o n t r a s t  t o  the -behav ior  

o f  PU t r e a t e d  RSV(B) c e l l s  in wh ich  the  amount o f  v i r u s  re leased  approached 

bu t  never exceeded t h a t  o f  the  c o n t r o l s .  F o r t y - e i g h t  h r .  v i r u s  re le ase  by 

■ RSV(B) c e l l s  appeared t o  be 8 hrs-. beh ind  t h a t  o f  RSV(SR) c e l l s .  For 

e x am p le , ,RSV(B) re lease  d id  not  approach l i n e a r i t y  u n t i l  8 h r s .  a f t e r  i n ­

f e c t i o n ,  whereas re lease  was l i n e a r  f rom t im e  0 w i t h  RSV(SR). A lso ,  v i r u s  

re lease  approached a s t a t i o n a r y  phase between 12 and 16 h rs .  w i t h  RSV(SR) 

c e l l s ,  bu t  no t  u n t i l  between 20 and 24 h rs .  w i th .  RSV(B) c e l l s .

The inc rease  in v i r u s  p r o d u c t i o n  by PU t r e a t e d  RSV(SR) c e l l s  cou ld  be 

e x p la in e d  in 2 ways.  . E i t h e r  the  a d d i t i o n  o f  PU s t im u la te d  a massive re lease  

o f  p re - fo rmed  v i r u s  p a r t i c l e s ,  o r  the  c o n c e n t r a t i o n  o f  PU used. . (]yk.g/ml) was 

s u f f i c i e n t  t o  upset  a m e ta b o l i c  ba lance  between the c e l l  and the  v i r u s  in 

such a way t h a t  what p r o t e i n  s y n th e s is  was t a k i n g  p la ce  would c o n t r i b u t e  

m a in ly  t o  v i r u s  p r o d u c t i o n .

In Tab le  IV a re  l i s t e d  the  amounts o f  v i r u s  re leased  pe r  c e l l  f rom the  

■con t ro ls  o f  4 sepa ra te  expe r im en ts  o f  the  k in d  desc r ibed  above. V i r u s  re ­

lease  pe r  c e l l  s tayed n e a r l y  the  same o r  rose s l i g h t l y  between 24 and 48 h rs .  

in  RSV(B) i n f e c t e d  c e l l s .  In c o n t r a s t ,  v i r u s  p ro d u c t i o n  in. RSV(SR) i n f e c t e d  

c e l l s  c o n s i s t e n t l y  d r o p p e d , n e a r l y  90 pe r  cen t  in  some-exper iments,  f rom a 

h igh  a t  24 h rs .  t o  a low a t  48 h rs .  T h e r e fo re ,  ■ PU seemed t o  be s t a b i l i z i n g  

v i r u s  p r o d u c t i o n  by RSV( SR) c e l l s  by p r e v e n t in g  the decrease which n o r m a l l y  

occu r red  between 24 and 48 h rs .  a f t e r  i n f e c t i o n . ,
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Table  IV. V i r u s  P r o d u c t i on by 24 and448 Hr. C o n t r o l s

RSV(B) ■ RSV(SR)
Exper iment 24 h r . .  V i r u s 48 h r ;  V i r u s 24 h r .  V i r u s 48 h r .  V i ru i

Number ' Pr o d u c t i on P roduc t  I on ■ Product  ion ■ Product  ion

I 3 .0  X--IOaJ t a) 2 .0  x 10") 1.1 x I O ^ 5 . 2  x 10
■2 7.0 x . IO"2

2 .0  x 10“ 
5 .2  x 1 0 " 1

‘ 1,9 x 10" 
2 .4  x 10"!

I .2 x 10"2 1.7 x 10" ;
3 :9.8 X 10"; 1 .6 . x  10" ;
4 1.2 x :10 U 9.3 X 10 ^ I .1 x - IO"2

(a) V i r u s  p r o d u c t i o n  as F F U /c e l I „

I f  the  a d d i t i o n  o f  PU t o  RSV(SR) c e l l s  s t a b i l i z e d  v i r u s  p ro d u c t io n  

■ r a t h e r  than induced a sudden re lease  o f  v i r u s  p a r t i c l e s  f rom th e -c e l  I ,  the  

s t a b i l i z a t i o n  m ight  l a s t  ove r  a long p e r i o d  o f  t im e .  . T h e r e f o r e , .an e x p e r i ­

ment was c a r r i e d  o u t . a s  b e f o r e ,  excep t  t h a t  v i r u s  samples .were taken a t  '24, 

48,  72, and 96 h rs .  The r e s u l t s  o f  t h i s . e x p e r i m e n t  a re  shown in F igu res  18 

th rough  2 1.

In F ig u re  -18, 48 and 96 h r .  v i r u s  p r o d u c t i o n  by RSV(SR) c e l l s  was 

severa l  f o l d  h ig h e r  than t h a t  o f  the  c o n t r o l  wh ich  was se t  a t  100 per  c e n t . 

T h is  i n d i c a t e s  t h a t "PU s t a b i l i z e d  v i r u s  p ro d u c t i o n  a t  c l o s ^  t o  i t s  maximum 

le v e l  r a t h e r  than induced a sudden re le a s e - f r o m  the c e l l s .  Note a l s o  t h a t  

the  72 h r .  cu rve  d id  no t  show s i g n i f i c a n t l y  more v i r u s  p r o d u c t i o n  by PU 

t r e a t e d  c e l l s  than by c o n t r o l  c e l l s .  In a n t i c i p a t i o n  o f  a 48 h r .  d r o p . i n  

v i r u s  p ro d u c t i o n  by the  c o n t r o l , . t h e  medium was changed on a l l . :  R-SV(SR) 

c u l t u r e s  a t  48 h rs .  in an a t te m p t  t o  inc rease  v i r u s  p r o d u c t i o n  by the  con­

t r o l  . The p rocedure  was s u c c e s s fu l ,  f o r  by 72 h rs .  v i r u s  p ro d u c t i o n  by the  

-co n t ro l  n e a r l y  reached t h a t  o f  the 1PU t r e a t e d  samples.

,T h is  is  .more c l e a r l y  i l l u s t r a t e d  in F ig u re  19. Here, the  v i r u s  

re leased  f rom c e l l s  t r e a t e d . a t  t h e - s t a t e d  t im e  w i t h  PU was p l o t t e d  a g a in s t
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F ig u re  18. E f f e c t  o f  E x te n d e d .P e r io d s ' ' o f  Exposure to  Puromyc i n on V i r u s
P r o d u c t i on by RSV( SR) I n f e e te d  Cel I s .

X1s re p re s e n t  48 h r ,  samples;  open squares re p re sen t  72 h r .  

samples;  and open t r i a n g l e s  rep resen t  96 h r .  samples. For 

conven ience ,  the  sample t im e  i s  l i s t e d  o p p o s i t e  the  l a s t  

p o i n t  oh the  cu rve  re p re s e n t in g  the c o r respond ing  group o f  

samples.  Each symbol i s  the  average o f  2 p l a t e s  re p re s e n t in g

the  poo led  samples o f  2 expe r im en ta l  p l a t e s .

was used th ro u g h o u t .  Al I t im es  are g iven in  h rs .  a f t e r

i n f e c t i o n .

PU
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Figure 18. E f fe c t  o f  Extended Periods of Exposure to Puromycin on V irus  Production
by RSV(SR) In fec ted  C e l ls

96 Hr.

72 Hr.

Tim e P u ro m y c in  Added i n  H r s .  A f t e r  I n f e c t i o n
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' F ig u re  19. .Main tenance  o f  RSV(SR) P ro d u c t io n  by Puromycin  T rea ted Cel I s .

Open c i r c l e s  re p re sen t  samples t r e a t e d  w i t h  PU a t  ze ro  t im e ;

X1s re p re s e n t  samples exposed t o  PU a t  8 h r s .  a f t e r  i n f e c t i o n ;  

open t r i a n g l e s  rep resen t  an average o f  a l l  p l a t e s  exposed t o  

PU a t  12, 16, 20, and 24 'h rs .  a f t e r  i n f e c t i o n .  F i l l e d  squares 

connected by a d o t te d  l i n e  rep resen t  c o n t r o l  samples no t  ex­

posed t o  PU. One^tg/ml o f  PU was used a t  a l l  t im es .  Al I t im es  

a re  in  h r s .  a f t e r  i n f e c t i o n .  %
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Figure 1 9 .
Maintenance o f  RSV(SR) Production by Puromyc in Treated C e l ls

12-24 Mrs.

M Control

8 Mrs.

O Mrs.

Sample T im e in  Mrs .  A f t e r  I n f e c t i o n
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the /sam ple  t im e i n , o r d e r  fo  'obtain ■ some • idea o f  the-amount o f  i n h i b i t i o n
i

and the  s t a b ! T i t y  o f  v i r u s  re lease-when -PU was added t o  t h e - i n f e c t e d  cel Is.. 

- , I f 'PU was Jdded :at  0 ' t im e  to. RSV(SR) i n f e c t e d  c e l l s ,  vbrus  re lease  was 

c o n s t a n t l y  s u p p re s s e d ,a b o u t '2 logs ;below t h a t  o f  maximum v i r u s  re le ase  

•■(12-2^ h r .  curve)  w i t h  no n e t - g a in  in v i r u s  p ro d u c t io n  o c c u r r i n g  ove r  the  

-96 h r .  ,pe r iod ,-  . I f  "PU was added a t  8 h r s . , v i r u s  re le ase  was a g a in  -con­

s t a n t l y  suppressed below t h a t  o f  c e l l s  t r e a t e d  w i t h 'PU a t  12-24 h r s . , bu t  

• showed a s i i g h t  inc rease  over  the  4  day -p e r idd .  S tab i  I i t y  o f  v i r u s  re lease  

was noted i n - a l l  samples .when,PU was added between I Z and 2 4 'h rs .  w i t h  the  

-maximum amount o f  v i r u s  re lease  o c c u r r i n g  in these samples.  The c o n t ro l  

c u l t u r e s  showed^the expected decrease in v i r u s  re lease  between 24 and 48 

h rs .  - However, changing the  medium a t  48 h rs .  seemed to  p r o v id e  .mater ia l  

f o r  a new mound o f  v m r u s . s y n t h e s i s , . f o r  by 72 h r s . . t h e  c o n t r o l  c e l l s ,  were 

■shedding-as -much-vii irus as t h e -PU t r e a t e d  c e l l s .  However, 48 h rs .  a f t e r  

t h e m e d iu m  change (96 hr . .sample) , ,  v i r u s  p r o d u c t i o n  by the  c o n t r o l  c e l l s  

hpd once - a g a in ■decreased .

.F ig u r e s  .20 a r i d '21 g i v e  the  same data  f o r  RSV(B) i r i f e c te d  c e l l s .  In 

' F i g u r e '20 i t  may be seen t h a t  48 and 72 h r . . v i r u s  p r o d u c t i o n  behaved.as 

expected f r o m  F ig u re  -17. ■ However, . a t  -9.6 , h r s . , v i r u s  p r o d u c t i o n  exceeded

t h a t  ■ o f  t h e - c o n t r o l  : b y -5 t imes., muph - as i t  had done p r e v i o u s l y  wi th  RSV(SR)
■ .

■ c e l l s ,  .An e x p la n a t - io n  f o r  t h i s  may be d e r i v e d  f rom F ig u re  21 . .Here -aga in  

t h e - v i r u s  re leased  by c e l l s  exposed To-sPU a t  v a r io u s  t im es  wa,s p l o t t e d  

a g a in s t  the  t i m e - a t  wh ich  samples were  take n .  -.. The - c o n t r o l  c e l l s  showed:a 

r i s e  in the-amount  o f  v i r u s  re leased  between .24 and 48 h rs .  and a drop
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F iq u re  20. . E f f e c t  o f  Extended Per iods  q f  Exposure to  -Puromycin on V i r u s  
P ro d u c t io n  by; RSV(B) In fe c te d " :Cei I s ; -

Open t r i a n g l e s  re p re sen t  the  da ta  f rom '72 h r .  samples; X1S re 

p re s e n t  the  da ta  f rom 48 h r .  samples; and open squares re p re ­

sent  the  da ta  f rom $6 h r .  samples.  The sample t imes a re  w r i t  

ten  o p p o s i t e  the  l a s t  p o i n t  on the curve  r e p re s e n t in g  the

-co r respond ing  group o f  samples.  ,OneytgZml o f  PU was used a t
%

a l l  t im e s .  A l l  t imes a re  in  h r s .  a f t e r  i n f e c t i o n .
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Figure 20.
E ffec t  of Extended Periods of Exposure to Puromycin on

Virus Production by RSV(B) Infected Cells

72 Hr.

Time P urom yc in  Added in  Mrs .  A f t e r  I n f e c t i o n
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F ig u re  21: .Ma I n tenancy o f  RSV(B) P roduc t  I on by Puromyc! r r ' I r e a t e d  C e l l s .

Open c i r c l e s  rep resen t  samples t r e a te d  w i t h  PU a t  ze ro  t im e ;  

f i l l e d  c i r c l e s  re p re sen t  samples t r e a te d  w i t h  PU a t  4 h r s „ ;  

dpen squares re p re sen t  samples t r e a te d  w i t h  PU a t  8 h r s . ; 

open t r i a n g l e s  re p re sen t  samples exposed t o  PU a t  12 h r s . ;

X1s rep resen t  16 h r .  exposures t o  PU; f i l l e d  squares rep resen t  

samples g iven  PU a t  20 h r s . ;  f i l l e d  t r i a n g l e s  rep resen t  samples 

g iven  PU a t  24 h r s . ; f i l l e d  squares connected by a d o t te d  l i n e  

re p re sen t  c o n t r o l  d a ta .  OnezAgZmI o f  PU was used th ro u g h o u t .

Al I t im es  a re  in  h r s .  a f t e r  i n f e c t i o n .
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Figure 21 . Maintenance o f  RSV(B) Production by Puromycin Treated C e l ls

Control

16 Mrs.

12 Mrs.

8 Hrs.

4 Hrs.

Samp I e  T ime in  H r s .  A f t e r  I n f e c t i o n



between ?2 'and  g6 Mrs. .T h is  d r o p :was matched -by an inc rease  rn v i r u s  re -  

■ I ease -by 20 and 24 h r .  t r e a t e d  c e i l s  so t h a t  by g6 h rs .  the  PU t re a te d

c e l l s  were p roduc ing  more -v,i.,inus than the  c o n t r o l .  Note a l s o  t h a t  f o r  n e a r l y  

a l l  t im e i n t e r v a l s ,  v i r u s  re lease  inc reased between 24 and 48 h r s . .and then 

e i t h e r  remained steady o r  decreased as d id  the  c o n t r o l .  .The -except ions 

.were ce l  I s t r e a t e d  w.i t h  'PU a t  0,  20, and 24 h rs .  a f t e r  i n f e c t i o n . ' These 

showed a decrease in v i r u s  re lease  between 24 and 48 h r s .  . The -20 and 24 

h r ,  samples then rose -to maximum v i r u s  r e le a s e .b y  72 h r s .  w h i l e  the  samples 

g iven  iPU a t  0 h r s .  c o n t in u ed  t o  d e c l i n e  in v i r u s  re lease  g i v i n g  f u r t h e r  

i n d i c a t i o n  t h a t  something necessary f o r  48 h r .  v i r u s  p r o d u c t i o n  was sup­

pressed between O a n d  4 h r s .  -Maximum v i r u s  re le ase  by PU t r e a t e d  c e l l s  

never s i g n i f i c a n t l y  exceeded the  maximum o f  the  c o n t r o l  c e l l s  i i i  RSV(B)■o r  

RSV(SR)• i n f e c t e d  c e l l s  even though v i r u s  re le ase  may have been ma in ta ined  

over  lo n g e r  p e r io d s  o f  t im e .

- E f f e c t  o f  I nc reas i  nq Concent r a t  ions o f  Puromycin on 48 Hr.  Vi rus -Product  i on, 

The r e s u l t s  in  the  p re v io u s  s e c t i o n  suggested t h a t  a c o n c e n t r a t i o n  o f

. a f t e r  i n f e c t i o n  was a b le  t o - s t a b i l i z e  v i r u s  p ro du c t  i o n . a t  near maximum - le ­

vel  s ..for extended p e r io d s  o f  t im e due, .perhaps,  to-some p h y s i o l o g i c a l  j u g -  

- g l i n g  -which ■ i n h i b i ted c e l l u l a r  p r o t e i n  s y n te h s is  w ! t h o u t  a p p r e c ia b l y  

a f f e c t i n g  v i r a l  p r o t e i n  s y n th e s i s .  I f  such was the case,  h ig h e r  concen­

t r a t i o n s  -of PU m ig h t  be -expected t o  suppress 48 h r ,  v i r u s  p ro d u c t i o n  'because 

o f  inc reased s.uppresss.ion o f  p r o t e i n  s y n th e s i s .  .To t e s t  t h i s  hypo the s is ,  

. c e l l s  were p repared .and  i n f e c t e d . a s  d e s c r ib e d  in the  p re v io u s  sect ion. .  ,A t

- o f  PU a d m in i s te re d  t o  RSV(SR) i n f e c t e d  c e l l s  between 16 and 24 h rs .



16 h r s .  a f t e r  i n f e c t i o n  v a r io u s  c o n c e n t r a t i o n s  o f "PU were added to  d u p l i ­

c a te  p l a t e s .  C o n t r o l s  c o n s i s te d  o f  i n f e c t e d  c e l l s  no t  t r e a t e d  w i t h "PU.

.At" '48 h r s .  the  supem a t e s  were harves ted  arid the number o f  cel  Is  per  p l a t e  

-determined as p r e v i o u s l y  d e s c r ib e d .  •

C o n c e n t ra t i o n s  o f  PU g r e a t e r  than lyM-g/ml i n h i b i t e d  r a t h e r  than s t a -  

b i I i zed 48 h r .  v i r u s  p r o d u c t i o n ,  as may be seen in F ig u re  22.  ' As would be 

p r e d i c t e d  . ' f rom 'F igu res  .1 7 and 20, a l l  c o n c e n t r a t i o n s  o f  PU had an i n h i b i ­

t o r y . e f f e c t  on RSV(B) p r o d u c t i o n  a t  48 h r s . ,  a l t ho u gh  the  amount o f  i n h i b i ­

t i o n  inc reased es t h e -PU c o n c e n t r a t i o n  was inc reased .  Again v a c t i o l i z a t i o n  

and roughening o f  the  edges was noted in c e l l s  t r e a te d  w i t h  2/«.g/ml o f  PU. 

E x ten s ive  damage and k i l l i n g  was noted on c e l l s  t r e a te d  w i t h  more than 

2y«.;g/ml o f  ■ PU'.

.E f f e c t  o f  Puromycin on V i r u s  Rel ease: b y , Establ  i shed Rous :C e l Is

E s ta b l i s h e d  Rous c e l l s  were -p repa red  as desc r ibed  p r e v i o u s l y .  .Two se ts  

o f  c e l l s  were -used per  v i r u s .  -One se t  composed the  e xpe r im en ta l  group and

the  o t h e r  s e t , t h e  c o n t r o l s .  D u p l i c a te  p l a t e s  were p repared  f o r  each sam­

p le  t im e .  A t  ze ro  t im e ,  .each p l a t e  was washed once w i t h  2 ml o f  warm me­

dium 199« .To each expe r im en ta l  p l a t e  was added .lyu-g/ml o f "PU in a t o t a l

volume o f  2 ml .  To each c o n t r o l  pi  a te  /was added 2 ml o f  199 - Samples were 

taken a t  the  t im es  des igna ted  i n , F ig u r e s  23 and 24. ,Ce l l  coun ts  were made 

- and : the  -number o f  FFU o f  RSV in the  superna tes  was de te rm ined .

F ig u re  2’3 shows the  r e s u l t s  o f  t h i s  .exper iment  w i t h "  RSV(B) c e l l s .  ,The 

•con t ro l  c u l t u r e s  d i s p la y e d  normal v i r u s  re lease  over  the  p e r io d  o f  24 h rs .

• Note - t h a t  maximum v i r u s  p r o d u c t i o n  was ach ieved  a b o u t ■12 t o  14 h rs .  a f t e r

92





■ 'F igu re  22. E f f e c t  o f  I increasing Concent r a t  i ons o f  Puromyc in on 48 Hr. 
V i rus P roduc t  io n .

Open c i r c l e s  rep resen t  the  da ta  f o r  RSV(B) and the  c losed  

c i r c l e s  t h a t  f o r  RSV(SR). The broken p o r t i o n s  o f  the graph 

rep resen t  p o i n t s  o f  d i s c o n t i n u i t y  due t o  changes in the 

o r d i n a t e  s c a le .  .Each p o i n t  is  the average o f  2 p l a t e s .
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Figure 22. E f fe c t  o f  Increasing Concentrations of Puromycin 
on 48 Hr. V irus  Production

RSV(SR)

RSV(B)

Puromycin Concentration iny.g/ml





,

F ig u re  23. E f f e c t  o f  Puromycin on V i r u s  Re le ase 'b y  E s ta b l i s h e d  RSV(Ei) C e l l s

Open c i r c l e s  rep resen t  c o n t r o l  data and the  c lo sed  c i r c l e s  

re p re sen t  da ta  f rom PU t r e a t e d  c e l l s .  ,The sample t ime is  

g iven  in  h r s .  a f t e r  i n i t i a l  washing o f  the  c e l l s .  Each p o i n t  

i s  the  average o f  2 p l a t e s  and rep resen ts  t h e  pooled super-  

na tes f rom d u p l i c a t e  samples.  x
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Figure 23. E f fe c t  o f  Puromycin on V irus  Release by Established RSV(B) C e l ls

Control

PU-Treated C e l ls

Sample Time in Mrs.
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E f f e c t  o f  PuromycIn on' V i rus Re!ease by Es tab l  i shed RSV(SR) 
CeT I s .

Open c i r c l e s  re p re sen t  c o n t r o l  da ta ,  and the  c losed  c i r c l e s  

re p re s e n t  da ta  f rom PU t r e a t e d  c e l l s .  ,The sample t im e is  

g iven  in h r s .  a f t e r  i n i t i a l  washing o f  the c e l l s .  , Each 

p o i n t  i s  the  average o f  2 p l a t e s  and rep resen ts  the  pooled 

. stipe m a t e  s f rom dupl i c a te  samples.
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Figure  24. E f fe c t  of Puromycin on V irus  Release by Established RSV(SR) C e l ls

Sample Time in Mrs.



wash ing .  . I n i t i a l  v i r u s  re lease  w i t h  PU t r e a t e d  c e l l s  was s lower  than t h a t  

o f  t-fie c o n t r o l  c e l l s ,  . w i t h  maximum, re le as e  be ing achieved by 6 h rs .  a f t e r  

wash ing,  ,6 t:o 8 '.hrs. b e fo re  t h a t  o f  the  c o n t r o l  c e l l s .  Exper imenta l  and 

• con t ro l  cel I s  bo th  showed decreased ra te s  o f  v i r u s  re le ase  f o l lowing the 

maximum re le ase  p o i n t ;  however, t h e - r a t e  o f  decrease was g r e a t e r  w i t h  the  

PU t r e a t e d  c e l l s  than w i t h  the  c o n t r o l s .  Note t h a t  the maximum amount o f  

v i r u s  produced b y 'PU t r e a t e d  c u l t u r e s  was 7.5 FFU pe r  IO c e l l s ,  whereas 

t h a t  o f  the  c o n t r o l s  was 40 FFU per  10 c e l l s ,  5 t imes t h a t  o f  the  PU 

t r e a t e d  p fates. . .  •

F igure-2 '4 g ives  the  r e s u l t s  o f  the  same type  o f  expe r im en t  w i t h  RSV(Sji) 

c e l l s .  I t  wou ld appear t h a t  PU had no e f f e c t  on v i r u s  re le as e  by these 

- c e l l s .  Note t h a t  a maximum v i r u s  re lease  o f  3.5  FFU per  10 c e l l s  was 

reached between 6 ’and 8 h r s .  a f t e r  wash ing.

. P r o t e i n .S y n th e s !s b y ; RSV(B) and RSV(SR) I n f e c t e d . Cel Is

Secondary c h i c k . f i b  rob l a s t s  were i n f e c t e d  w i t h  IO^ FFU o f  RSV(B) o r  

IO^ FFU o f  RSV(SR) in a t o t a l  volume o f  I m l .  A f t e r  I h r . ,  each p l a te 'w as  

washed once w i t h  2 ml o f  warm 199, and 1.8 ml o f  warm '199 was added t o  each  

p l a t e  - (ze ro  t i m e ) .  D u p l i c a te  p l a t e s  were p r e p a r e d . f o r  each sample - t ime.  

• C o n t r o l s  c o n s i s te d  o f  u n i n f e c te d  secondary c h i c k  f i b r o b l a s t s  prepared and 

t r e a t e d  l i k e  the  v i r u s  i n f e c t e d  c e l l s .  A t  the  t imes des igna ted  in F igu res  

26 and 2 7 , . I . Oy-C o f  t r i t i a t e d - le u c in e  was added t o  the  a p p r o p r i a t e  i n f e c t e d  

and c o n t r o l  p l a t e s .  -Four hrs.. l a t e r  the  medium was removed and the  number 

o f  c e l l s  per  sample was de te rm ined .  The c e l l s  were then t r e a t e d  as des­

c r i b e d  p r e v i o u s l y  f o r  s c i n t i l l a t i o n  c o u n t in g .  . Samples were counted -on a
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• Packard T r i - C a r b  s c i n t i l l a t i o n  c o u n t e r „ D L - Ie uc in e  -(5400 mC/mM spec i f i e  

a c t i v i t y )  l a b e le d  on the  f o u r t h  and f i f t h  carbons- :was o b ta in e d  f rom New 

-E n g la n d -N u c le a r .C o r p . , . Bos ton,  Mass.

. To check the  c o u n te r  f o r  p r o p o r t i o n a l  co un t in g  o f  t r i t i u m ,  2 - f o l d  

s e r i a l  d i l u t i o n s  o f  t r i t i a t e d  th y m id in e  were prepared in IN NaOH and 0.1 

ml p la ced  i n . 20 ml o f  s c i n t i l l a t i o n  f l u i d  f o r  c o u n t in g .  F i g u r e . 25 shows 

t h a t  the  number o f  coun ts  per  m inu te  were p r o p o r t i o n a l  t o  the  amount o f  

la be l  p re s e n t  in  the  sample.  The e f f i c i e n c y  -of co un t in g  was between 2.5 

and 3 .0  per  c e n t .

The r e s u l t s  o f  an expe r im en t  w i t h  RSV(B) i n f e c t e d  c e l l s  a re  g iven  in 

F ig u re  26.  ' There w e r e -2 c y c le s  o f  p r o t e i n  s y n th e s i s .  The f i r s t  began a t  

z e ro  t im e  and was completed by 8 h r s . , re ach in g  a maximum between 2 and 4 

h r s .  a f t e r  i n f e c t i o n .  The second began 8 h rs .  a f t e r  i n f e c t i o n  and con­

t i n u e d  u n t i l  20 h r s .  a f t e r  i n f e c t i o n .  On the  bas is  o f  these  da ta ,  i t  is  

d i f f i c u l t  t o  de te rm ine  w he the r  o r  no t  the  r i s e  in l e u c in e  i n c o r p o r a t i o n  

between 20 and 24 h rs .  re p re sen ts  a new c y c le  o f  p r o t e i n  s y n th e s i s .

F ig u re  27 shows the  same-data f o r  RSV(SR) i n f e c t e d  c e l l s .  Aga in,  

t h e r e  were 2 c y c le s  o f  p r o t e i n  s y n th e s i s .  The f i r s t  began a t  ze ro  t im e 

and t e r m in a te d  a t  12 h rs . '  The second began a t  12 h rs .  and con t in ued  

th rough  24 h rs .  The inc reased  l e u c in e  I n c o r p o r a t i o n  noted  in F igu re  26 

between 20 and 24 h rs .  was not  found in RSV(SR) i n f e c te d  c e l l s .

Comparison o f  these  2 f i g u r e s  shows t h a t  bo th  RSV(B) and RSV(SR) 

s y n th e s is  r e q u i r e s  an e a r l y  inc rease  in  p ro te in -  s y n th e s is  by the  i n f e c t e d  

c e l l s ,  p ro b a b ly  i n d i c a t i v e  o f  the  f o r m a t i o n  o f  e a r l y  v i r a l  s y n t h e t i c  

enzymes. Al:so, a second cycle; -  o f  p r o t e i n  s y n th e s is  was re q u i r e d ,  t h i s



I
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b e i n g  p e r h a p s  v i r a l  a n t i g e n  o r  c o a t  p r o t e i n ,  a s  i t s  s y n t h e s i s  c o r r e s p o n d e d  

t o  t h e  t i m e  o f  f i r s t  s i g n i f i c a n t  v i r u s  r e l e a s e  ( F i g u r e  1 1 ) .





F ig u re  25.  . .Standard T r i t i urn.Curve.

Each p o i n t  is  the  average o f  3 one minu te  coun ts  o f  the  sample.  

The background count  averaged 37 CPM a t  the  s t a r t  and the

■ f in i s h  o f  c o u n t in g  the  se t  o f  samples. Each p o i n t  was c o r r e c te d
\

f o r  background b e fo re  be ing  p l o t t e d .
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Figure 25. Standard T r i t iu m  Curve
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■Figure 26.

4

' P r o t e i n - Synthes Is  by RSV(B) I n f e c te d  Cel I s .

The X.'s connected by a d o t t e d  l i n e  rep resen t  ami no a c id  i n c o r ­

p o r a t i o n  i n t o  p r o t e i n s  o f  c o n t r o l  c e l l s .  The f i l l e d  c i r c l e s  

connected by a s o l i d  l i n e  rep resen t  amino a c id  i n c o r p o r a t i o n  

i n t o  p r o t e i n s  o f  RSV(B) i n f e c t e d  c e l l s .  Each p o i n t  rep resen ts  

poo led samples o f  d u p l i c a t e  p l a t e s .  Each sample was counted 

f o r  3 one m inu te  i n t e r v a l s  and the average p l o t t e d  on the  

g raph .  The average background count  was 39 CPM a t  the  s t a r t  

and f i n i s h  o f  c o u n t i n g .  For purposes o f  s t a n d a r d i z a t i o n ,  the  

average sample coun ts  were c o r r e c te d  t o  the  number o f  c e l l s  

per  p l a t e  assuming each c e l l  i n c o rpo ra te d  equal  q u a n t i t i e s  o f

the  amino a c i d .
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Figure  26. H^-Leucine Inco rp ora tio n  in to  RSV(B) In fec ted  C e l ls

RSV(B)

X  Control

Time Hj -Leucine  Added in Hrs. A f t e r  In fe c t io n





F ig u re  2 7 . P r o te i n  S yn thes i s  by RSV(SR) I n fe c te d  Cei I s .

The X1s connected by a d o t t e d  l i n e  rep resen t  amino a c id  i n c o r ­

p o r a t i o n  i n t o  p r o t e i n  o f  c o n t r o l  c e l l s .  The f i l l e d  c i r c l e s  

connected by a s o l i d  l i n e  re p re sen t  amino a c id  i n c o r p o r a t i o n  

i n t o  p r o t e i n  o f  RSV(SR) i n f e c t e d  c e l l s .  Each p o i n t  rep resen ts  

poo led samples o f  d u p l i c a t e  p l a t e s .  , Each sample was counted 

f o r  3 one m inu te  i n t e r v a l s  and the average p l o t t e d  on the 

g raph .  The average background count  was 39 CPM a t  the  s t a r t  

and f i n i s h  o f  c o u n t i n g .  For  purposes o f  s tandard  compar ison,  

the  average coun ts  per  sample were c o r r e c t e d  t o  the  c e l l  count  

p e r  p l a t e  assuming equal amino a c id  i n c o r p o r a t i o n  i n t o  each

cel I .
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Figure 27. H^-Leucine Inco rp ora tio n  in to  RSV(SR) In fec ted  C e l ls

RSV(SR)

Control

Time Hj -Leucine  Added in Hrs. A f te r  In fe c t io n
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^ E f f e c t  o f  A c t inomycin D i on V i rus -P r o d u c t i on

The expe r im en ts  u s i n g - A c t i nomycin D(AD) were very  -p r e l i mi nary .  ,The 

"e xper im en ts  were per fo rmed -main ly  t o  see i f  the  - r e s u l t s  o b ta in ed  by V i g i e r  

and Gol d^ (1964) and-.Temin >(1963) cou ld  be - repeated us ing RSV(SFt), .A 

m a jo r  d i f f e r e n c e  between the  t i s s u e  c u l t u r e  systems o f  these a u tho rs  and 

t h a t  :us.ed. in  t h i s  l a b o r a t o r y  was t h a t  V i g i e r ,  Gol de and Tenii n used E a g le ' s  

medium.

Secondary c u l t u r e s  o f  c h i c k ' f i b r o b l a s t s  were prepared  and i n fe c te d  as 

in the  PU e xpe r im en ts .  At  v a r io u s  t imes  - a f t e r  i n f e c t i o n r AD was added t o  

the  c u l t u r e s  f o r  the  s t e te d  t im e  i n t e r v a l s .  The c e l l s  were washed once 

-w i th  -2 ml o f  warm medium 199 and incuba ted  in 2 ml o f  199 a t  37 C u n t i l  

sampled a t  48 h rs ,  a f t e r  i n f e c t i o n .

Tab le  V, The E f f e c t  o f  IyAgZml o f  Ac t inom yc in -D  on 48 Hr .  V i r u s  
P ro d u c t io n  by RSV(B) and RSV(SR) I n f e c t e d ; Ce ! I s .

. I n t e r v a l  o f ’ Exposure t o  
AD in H r s . . A f t e r  I n f e c t i o n

F F U /ce l I 
■ RSV(B)

F F U /ce l I 
RSV( SR)

'•% Con tro l  
RSV(B)

% ,Contro l  
RSV(SR)

O -  5 I . I x I O " 4 - - ( a ) 0.02
5 - 1 0 6 .3x10-5 -"i 0.01 —

10 -  15 ‘1 . I xTO"4 -  - 0 .02 — —

15 -  20 9.2x'.10"j 9 .3x10-5 1.70 4 .3 8
20 -  -30 3 .7x10-3 I . 5 5 x 1 0 7 0.69 7.30
30 -  35 5 .0x10-2 3 . 7 0 x l 0 - 4 9.00 •17.40

-C on t ro l 5.4x10-1 2.10x10-3 100.00 100.00

(a.) No RSV(SR) was d e tec ted in c e l l s t r e a t e d  w i t h  AD a t  these t imes.

. From, Tabl e V i t  may -be •seen t h a t  I A g /m l  o f  AD added any t im e f rom 0

t o  30 h rs .  a f t e r i n f e c t i on i n h i b i ted  48 h r .  v i r u s  p r o d u c t i o n . However,

Tab le  Vl i n d i c a t e s  t h a t  48 h r .  v i r u s  p r o d u c t i o n  by RSV(SR) i n f e c t e d  c e l l s  

was not  a p p r e c ia b l y  i n h i b i t e d  by exposure  t o  0 .1 / k g /m l  o f  AD. .Th is  was



in  c o n t r a s t  t o  the  - resul  t s  of. Temin »(1.96,3) and GoTde and V ig ie r "  (1964) who 

'o b ta ined  90 p e r  cen t  o r  g r e a t e r  i r r e v e r s i b l e  i n h i b i t i o n  o f  v i r u s  p r o d u c t i o n  

w i t h  "0,2 and 0 . 1X*-g/ml o f  AD r e s p e c t i v e l y .

.Tab le  aVT. The E f f e c t  o f  0 .  IzAgZmV o f  :;Act inomycin. D on 48 Hr.  Vi rus 
Product  ion by RSV(SR) ' I n f e c t e d  C e l l s .

. I n t e r v a l  o f  Exposure 
t o  AD in  Mrs. a f t e r  
I n f e c t  ion ■ FFUZcel I ■' % o f -Cont  ro)

0 - 8 1.86 x 10“ 2 . 95
8 - 1.6 • 1 . 7 6 -x TO"? 90

■i:6 -  24 1.16 x IO "2 59
24 -  32 2.10 x IO "2 '107

'32 -  40 6 .82  x 10"? 34
40 - 48 3.20 x TO"2 163

. - Contro l I .96 x IO "2 100

These r e s u l t s  i n d i c a t e  - tha t  the  a d d i t i o n  o f  lytug/ml o f  AD t o  RSV(B) 

o r  RSV(SR) i n f e c t e d  c e l l s  f o r  s h o r t  i n t e r v a l s  a f t e r  i n f e c t i o n  i n h i b i t  48 

hr.,  v i r u s  p r o d u c t i o n ,  bu t  t h a t  the  a d d i t i o n  o f  0 . T^gZml o f  AD t o  RSV(SR) 

i n f e c t e d  c e l l s  f o r  8 h r .  i n t e r v a l s  s h o r t l y  a f t e r  i n f e c t i o n  had no e f f e c t  

on 48 h r .  v i r u s  p r o d u c t i o n .



- DI SCUSSION

I n j e c t  ion o f  l a r g e  doses o f  e i t h e r  RSV(B) o r  RSV(SR) i n t o  the -w ing  

web o f  c h ickens  produced e s s e n t i a l l y  the  same r e s u l t s  w i t h  the  excep t io n  

t h a t  RSV(B) i n f e c t e d  b i r d s  developed tumors more r a p i d l y  and d ie d  sooner 

than. RSV(SR) i n f e c t e d  b i r d s .  .Th is  cou ld  perhaps be e x p la in e d  by the  f a c t  

t h a t  RSV(B) i n f e c t e d  c e l l s  c o n s i s t e n t l y  produced more v i r u s  than RSV(SR) 

i n f e c t e d  c e l l s  ( F i g u r e s  I l  and 12) . By rap. id v i r u s  re lease  as w e l l  as 

cel  I u l  a r  p r o l i f e r a t i on, RSV(B) would be expected  t o  overcome the  h o s t ' s  

defense Mechanisms more r a p i d l y  t h a n . RSV(SR) wh ich  induced the  re lease  o f  

o n l y  one-h und red th  as much v i r u s  as RSV(B). . In t h i s  respec t  i t  i s  i n t e r ­

e s t i n g  -as w e l l  as p a ra d o x ic a l  t o  c o n s id e r  the  p r o d u c t i o n  o f  immune -serum 

by i n f e c t e d  b i r d s .  I t  was never d i f f i c u l t  t o  p repare  serum a g a in s t  RSV(B) 

wh ich  n e u t r a l i z e d  v i r u s  a t  d i l u t i o n s  o f  1:100 o r  g r e a t e r  ( F i g u r e  9) • How­

e v e r , , a t  no t i m e - d i d  b i r d s  i n f e c t e d  w i t h  RSV(SR) y i e l d  a n t i  serum, wh ich 

would n e u t r a l i z e  v i r u s  even a t  d i l u t i o n s  as  low as - I j l O .  Vogt  a l s o  re ­

p o r te d  t h a t  he had d i f f i c u l t y  in  in duc ing  apt i-RSV(SR) a n t i b o d i e s  in 

:ch i c kens (Vog t ,  .1964):) .

'■ .D e sp i te  t h e - f a c t  t h a t  the  majo r  p a t h o j o g i c a l  ■ d l f f e r e n c e s  in the  i n t a c t  

b i r d  were the  t im e  o f  tumor development and the  lack  o f  humoral a n t ib o d y  

p r o d u c t i o n . a g a i n s t  RSV(SR), i n f e c t e d  c h i c k  f i b r o b l a s t s  responded q u i t e  

d i f f e r e n t l y  t o  the  2 v i r u s e s .  As ev idenced in F ig u res  2 and 3, the  f o c i  

■ produced by v i r u s  i n f e c t e d  c e l l s  were -q u i te  - d i s t i n g u i s h a b l e ,  the  RSV(B) 

f o c i  be ing  sharp,  d i s t i n c t  a reas on the  p e t r i  d i s h ,  and the  RSV(SR) f o c i  

be ing  r a t h e r  vague, d i f f u s e  areas o f  v i r u s  i n f e c t i o n .  An e x p la n a t i o n  o f  

t h i s  d i f f e r e n c e  may be found in F igu res  4 and 5.  Here i t  may be seen t h a t



RSV(B) f o c i  ( F i g u r e  4) were composed o f  clumps o f  rounded c e l l s  wh ich had 

stacked on top -of one a no the r  due t o  the  lo s s  o f  c o n ta c t  i n h i b i t i o n  (Aber ­

crombie and Heaysman, 1954)„  . In  c o n t r a s t ,  F igu re  5 shows t h a t  RSV(SR) f o c i  

so n e a r l y  resembled the  monolayer t h a t  they  cou ld  not  be e a s i l y  d isce rned  

m i c r o s c o p i c a l l y  f rom normal c e l l s .  Indeed, th e re  was ve ry  l i t t l e  lo ss  o f  

c o n ta c t  i n h i b i t i o n  in RSV(SR) f o c i  even a f t e r  9 days in c u l t u r e .  The mor­

pho logy o f  RSV(SR) f o c i ■resembled the  "morph f "  f o c i  o f  Temin (1960) in 

t h a t  bo th  types  o f  f o c i  were composed o f  c e l l s  whose morphology was o n ly  

s l i g h t l y  a l t e r e d  and bo th  showed ve ry  l i t t l e  s t a c k i n g .  RSV(SR) f o c i ,  how­

e ve r ,  appeared t o  be l a r g e r  than "morph f "  f o c i .

F u r t h e r  d i f f e r e n c e s  in the  b eh a v io r  o f  RSV(B) and RSV(SR) in fe c te d  

c e l l s  were found upon exam ina t ion  o f  e s ta b l i s h e d  RSV(B) and RSV(SR) c e l l s .  

RSV(SR) i n f e c t e d  c e l l s  e v e n t u a l l y  became rounded and showed lo s s  o f  con­

t a c t  i n h i b i t i o n  ( F i g u r e  6 ) .  Very few RSV(SR) g i a n t  c e l l s  were found.  How­

e ve r ,  RSV(B) i n f e c t i o n  a lways  re s u l t e d  in  the  fo r m a t i o n  o f  l a r g e  numbers o f  

g i a n t  c e l l s  ( F i g u r e  7 ) .  S e r ia l  passage o f  RSV(B) c e l l s  was o n l y  p o s s ib le  

as Iogg as the  m a j o r i t y  o f  c e l l s  were no t  g i a n t  c e l l s .  . A f t e r  about  60 days 

in c u l t u r e ,  g i a n t  c e l l s  became p redominan t  and f u r t h e r  t r a n s f e r  o f  RSV(B) 

c e l l s  became im p o s s ib le .  RSV(SR) c e l l s  remained t r a n s f  er rab ' l  e f o r  about  

90 days a f t e r  wh ich  t im e  they  underwent  the  normal d eg e n e ra t i v e  changes 

wh ich  accompany the  lo s s  o f  non-estab' l  i shed c e l l  l i n e s .

D i f f e r e n c e s  between RSV(SR) and RSV(B) p a r t i c l e s  were -found upon ex­

posure  o f  bo th  v i r u s e s  t o  37 C f o r  extended p e r io d s  o f  t im e .  RSV(B) was 

a p p ro x im a te l y  3 t im es  more s t a b le  than RSV(SR) ( F ig u re  8 ) .  The heat  i n ­

a c t i v a t i o n  c o n s ta n t  f o r  RSV(B) (Kg) was c a l c u l a t e d  t o  be 2 .96  x IO"3 min- ' .



Other wo rke rs  have o b ta in e d  va lues  for . Kg '©f 2 .9  x min-  ̂ i (Dougherty ,

l;9@l) and 4 .5  x 10*3 min~^ i (Rub in ,  1 9 5 5 ) . '  The d i f f e r e n c e s  in these va lues  

were p ro b a b ly  due t o  ' t h e  ^use-e,f d i f f e r e n t  suspending media,  as the v i r u s e s  

used were a l l  o f  the  Bryan h igh  t i t e r  s t r a i n .  .The medium used in t h i s  

l a b o r a t o r y  was medium 1 9 9 , whereas t h a t  used by Rubin w a s . E a r l e ' s  p lu s  1.0 

per  cen t  horse serum and c h i c k  embryo e x t r a c t ,  and t h a t  used by Dougherty

'was 0.01 M phosphate b u f f e r e d  s a l i n e  pH 7 .0  p lu s  2 per  c e n t  horse serum.

. No pub I i shed heat  i n a c t i v a t i o n  c o n s ta n ts  f o r  RSV(SR) were a v a i l a b l e  f o r  

compar ison .  ' .Perhaps the  g r e a t e r  heat  s t a b i l i t y  o f  RSV(B) a long w i t h  the

p r o d u c t i o n  o f  l a r g e r  amounts o f  v i r u s  were im po r tan t  f a c t o r s  in  rende r ing

RSV(B) more pa thogen ic  f o r  ch ickens  than RSV(SR) in s p i t e  -of the  presence 

- o f  humoral a n t i b o d i e s  i n "RSV(B)' i n f e c t e d  b i r d s .

. Serum n e u t r a l i z a t i o n  t e s t s  i n d i c a t e d  t h a t  RSV(B) a n d : RSV(SR) possess 

d i f f e r e n t  n e u t r a l  I z a b l e -an t igens  ( F i g u r e  9 ) .  The v a l u e - o f  t h i s  t e s t  was 

l i m i t e d  due t o  the  absence o f  a n t i -RSV(SR) s e r a , , a s  r o n r e c ip r o c a l  c ross 

n e u t r a l i z a t i o n  has been shown t o  take  p la c e  w i t h  a n t i s e r a  a g a in s t  many o f  

the  members o f  the  av ia n  l e u k o s i s  complex (Andrews,  1933; B e a r d , . 1:957) • 

However, RSV(SR) and^RSV(B)uace not  c o m p le te ly  a n t i g e n ! c a l l y u n r e la te d ,  as 

they  share common s o lu b le  o r  tumor ■ a n t i g e n s -.(Huebner e t 'a_L, 1964) . A lso ,  

Vogt  ( 1964b) has found t h a t  a n t i -RSV(RAV 2) sera w i l l  c ross  reac t  to  some 

e x te n t  w i t h  RSV(SR).

.A p r o p e r t y  o f  RSV(B) wh ich  must be c o n t i n u a l l y . k e p t  in. min<d in any 

d i s c u s s io n  o f  t h i s  v i r u s  i s  i t s  d e fe c t i v e n e s s  (Hanafusa e t  a l_ . , 1963). Al I 

a t te m p ts  t o  ‘f i n d  ev idence  - f o r  d e fe c t i v e n e s s  in RSV(SR) f a i l e d .  No h e lp e r



v i r u s  cou id  be d e tec ted  ( T a b l e s . I I and I I I ) ,  and no 1NP'c lones  could  be 

i s o l a t e d  (T ab le  I I I ) .  RSV(SR) cou ld  serve  as a Helper  v i r u s  f o r  RSV(B), 

b u t  the  RSV(B) induced by RSV(SR) was s t i l l  d e f e c t i v e ,  and o n l y  produced 

mature p a r t i c l e s  when contamina ted  by RSV(SR) (Tab les  I I and i l l ) .  ,The 

f o c i  produced by RSV(SR) induced RSV(B) were p h e n o t y p i c a i I  y RSV(B); the reby  

s u p p o r t i n g  R u b in ' s  c o n t e n t i o n  ,(1964) t h a t  the  phenotype o f  the  converted  

c e l l s  was dete rm ined  by the  RSV genome and not  i n f lu e n c e d  by the  he lpe r  

v i r u s ,  .Rubin -(1964) ■ a l s o  found thaf:RSV(SR) couId  muI t i p l y  in the  absence 

o f  a h e lp e r  v i r u s  and was t h e r e f o r e  no t  d e f e c t i v e .

The t i t e r  o f  R A V ih th e  RSV(B) s tocks  in  t h i s  l a b o r a t o r y  exceeded t h a t  

o f  RSV(B) by a t  l e a s t  TO f o l d  ( M a t e r i a l s  and -M ethods ) . T h is  means t h a t  f o r  

every  RSV(B) p a r t i c l e  produced by an i n f e c t e d  monolayer,  10 RAV p a r t i c l e s  

were p roduced.  .C o ns ide r in g  t h a t  RSV(B) i n f e c t e d  c u l t u r e s  produced 10 to  

100 t im es  as much RSV as d id  RSV(SR) i n f e c t e d  c u l t u r e s  ( F ig u r e s  Tl and 12), 

and assuming t h a t  t h e re  were TO i n f e c t i o u s  u n i t s  o f  RAV f o r  each FFU o f  

RSV(B), t h e r e  would be TOO t o  TOGO i n f e c t i o u s  u n i t s  o f  v i r u s  (RSV(B) p lus  

RAV) re leased  f rom RSV(B) i n f e c t e d  c e l l s  f o r  each FFU o f  RSV(SR) re leased 

■by RSV(SR) i n f e c t e d  c e l l s .  ,These numbers may prove t o  be im po r tan t  in 

•d is c u s s in g  d i f f e r e n c e s  in  the  response -o f  i n f e c te d  c e l l s  t o  v i r a l  i n h i b i t o r s

,The f a c t  t h a t  p r i o r  i n f e c t i o n  o f  c h i c k  f i b r o b l a s t s  w i t h  RAV i n t e r f e r e d  

w i t h ' RSV(SR) i n f e c t i o n  ( F i g u r e  TO) is  p a r t i c u l a r l y  i n t e r e s t i n g  in l i g h t  o f  

the  r e p o r t s  of. Rub i n , (1964) and Hanafusa (1965) t h a t  RAV i n t e r f e r e n c e  was 

most e f f e c t i v e  a g a in s t  s t r a i n s  -o f  RSV wh ich  were a n t i g e n i c a l l y  s i m i l a r  to  

the  i n t e r f e r i n g  RAV. Rubin ' (1964) re po r ted  t h a t  p r i o r  i n f e c t i o n  o f  c e l l s



w i t h  RAV I ,enhanced t h e i r  s u s c e p t i b i l i t y  t o  RSV(SR). On the  b a s i s  o f  t h i s  

ev idence  and the  f a c t  t h a t  p r i o r  i n f e c t i o n  o f  c e l l s  w i t h  RAV I induced i n ­

t e r f e r e n c e  a g a in s t  RSV(RAV I)  bu t  no t  a g a i n s t  R!>V(RAV 2 ) ,  Rubin suggested 

t h a t  i n t e r f e r e n c e  was due t o  the  p ro du c t  ion o f  v i r a l  coa t  p r o t e i n  which 

was a b le  t o  p re v e n t  super i n f e c t  ion by a v i r u s  w i t h  s i m i l a r  coat  p r o t e i n .  

Only v i r u s e s  s h a r ing  n e u t r a l i z a b l e - a n t i g e n s  were c o n s idered  s u f f i c l e n t I y  

' r e l a t e d  - fo r  i n t e r f e r e n c e  t o  occu r  (Rub in ,  .1964) .  .S ince  the  RSV(B) and 

RSV(SR) used in  t h i s  l a b o r a t o r y  d id  no t  share n e u t r a l i z a b l e  a n t ig e ns  

( F i g u r e  9 ) , the  i n t e r f e r e n c e  w i t h  both  RSV(SR) a n d .RSV(B) i n f e c t i o n  by 

?RAV was c o n t r a r y  t o  R u b in ' s  h y p o t h e s i s , , s u g g e s t i n g ^  t h a t  a n t i g e n ic  s i m i ­

l a r i t y  was not  the  o n l y  p r e r e q u i s i t e  f o r  i n t e r f e r e n c e .  Of c o u r s e , i t  i s  . 

p o s s i b l e  t o  a r g u e - t h a t  the  RAV i s o l a t e d  in  t h i s  l a b o r a t o r y  possessed neu­

t r a l  i z a b le  a n t i g e n s  in common w i th- bo th  RSV(B) and -RSV(SR), However, such 

a p o s s i b i l i t y  i s  e x t re m e ly  remote., s ince  the  RAV used here was i s o l a t e d  

f rom RSV(B) c u l t u r e s  wh ich  were found t o  be d e f e c t i v e  (Tab les  I I -and I I I) 

and wh ich  were used as a n t ig e n s  to  s t i m u l a t e  the  a n t ise rum  used f o r  the  

n e u t r a l i z a t i o n  t e s t s  ( F i g u r e  9 ) .  By v i r t u e - o f  being d e f e c t i v e , , t h e  coat  

o f  the  RSV(B) had t o  be produced under the  d i r e c t i o n  o f  the  RAV.p,resent . In 

the  c u l t u r e , a n d  s ince  th e  a n t ise rum  n e u t r a l i z e d -RSV(B) and no t  RSV(SR),

. RSV1(SR) ,and RAV cou ld  not  share any n e u t ra l  i z a b le  a n t i g e n s .  .T h e re fo re ,  

.a l th o u g h  p r o t e i n  coa t  - p r o d u c t i o n  may be necessary f o r  i n t e r f e r e n c e  t o  take  

-p la ce ,  the  coa t  be ing produced need not  be a n t i g e n i c a l l  y l i k e  t h a t  o f  the  

s u p e r i n f e c t i n g  v i r u s .



' Normal g ro w th -c u rv e s  o f  RSV(B) and -RSV(SR) ' . (F igure  11) i rid i ca ted  t h a t  

the  i n t r a c e l l u l a r  even ts  le a d in g  t o  the  p r o d u c t i o n  o f  bo th  v i r u s e s  were 

p ro b a b ly  s i m i l a r .  .However, RSV(B) p r o d u c t i o n  a lways exceeded t h a t  o f  

RSV(SR) and remained a t  maximum l e v e l s  f o r  lo n ge r  p e r io d s  o f  t im e  (F ig u r e  

•11,! . Table  -I V) , . Both v i ruses were • re leased  f r o m  es tab l  i shed Rous c e l l s  a t  

a p p ro x im a te l y  the  same r a t e ,  bu t  once aga in  RSV(B) p r o d u c t i o n  exceeded 

RSV(SR) p r o d u c t i o n  ( F i g u r e  12) .  .Rubin ( ig 6 4 )  suggested t h a t  the  f a c t o r  

l i m i t i n g  the  r a te  and the  amount o f  RSV(SR) p ro d u c t i o n  was the  a v a i l a b i l i t y  

o f  p r o t e i n  c o a ts .  T h is  sugges t ion  was based upon h is  f i n d i n g  t h a t  the i n -
I

f e c t i o n  o f  RAV I c e l l s  by RSV(SR) r e s u l t e d  in more ra p id  -p ro d uc t io n  o f  

g r e a t e r  q u a n t i t i e s  o f  RSV(SR). These r e s u l t s  were not  s u b s t a n t i a t e d  in 

t h i s  l a b o r a t o r y ,  .As s ta te d  p r e v i o u s l y , .RAV in f e c t e d  c e l l s  d id  not  y i e l d  

' f o e i upon i n f e c t i o n  -wi th RSV(SR). .A ls o ,  as may be seen in F ig u re  11, 

' ,RSV(SR) was produced a t  the  same ra te  as RSV(B), Th is  f i n d i n g  was espe­

c i a l l y  s i g n i f i c a n t  in l i g h t  o f  an expe r im en t  by -Hanafusa e_t aj_. ( 1964b) 

wh ich  showed t h a t  the  ra te  and t im e  o f  RSV(B) p ro d u c t io n  was i d e n t i c a l  t o

t h a t  o f  RAV, T h e r e f o r e , t h e r e  appeared t o  be no steps  l i m i t i n g  the  ra te
i ;

o f  RSV(SR) p r o d u c t i o n  t h a t  were not  a t  t h e  samb t ime o p e r a t i n g  in RSV(B)

i n f e c t e d  c e l l s .  T h is  would suggest  t h a t  the  q u a n t i t y  o f  RSV i n f e c te d  c e l l s  

was l i m i t e d  by the  amount o f  p r o t e i n ,  n u c l e i c  a c id  a n d /o r  r ibosomes aval  Ta­

b l e ' f o r  use in v i r u s  s y n th e s i s ,  and t h a t  the  ra te  o f  p r o d u c t i o n  o f  v i r a l  

• p re c u r s o rs  was the  same f o r  bo th  RSV(B) a n d -RSV(SR).

. That  the  d i f f e r e n c e  in f i n a l  v i r u s  t i t e r  was not  due t o  d i f f e r e n c e s  

in the  m u l t i p l i c i t y  o f  i n f e c t i o n  is  shown in F igu re  12. .,Even though the



number o f  e s t a b l i s h e d  RSV(B) and RSV(SR) c e l l s  was the - same, . v i r u s  p r o ­

duc t  ion b y ; RSV(B) cel  I s  s t i l l  exceeded t h a t  o f  the  RSV(SR) cel  I s  by> a 

f a c t o r  o f  :10 o r  more. The 3 f o l d  d i f f e r e n c e  in heat  s t a b ! I i t y  o f  t h e -2

v i r u s e s  d id  not  appear  s u f f i c i e n t  t o  accoun t  f o r  10 t o  100 f o l d  d i f f e r e n c e

in v i r u s  p roduc t io n . ,

In a t t e m p t i n g  t o , s t u d y  the  r o l e  t h a t  p r o t e i n  s y n th e s is  p la y s  in RSV 

r e p l i c a t i o n , v i r u s  growth  in PU t r e a t e d  c e l l s  was compared w i t h  t h a t  in 

u n t re a te d  c e l l s .  For t h e s e ' s t u d i e s ,  cel  I s  were exposed t o  j y k g /m l  o f  PU, 

,as t h i s  c o n c e n t r a t i o n  produced the  g r e a t e s t  r e d uc t io n  in  v i r u s  p ro d u c t io n  

( F ig u r e  15) and c e l l  d i v i s i o n  ( F ig u r e s  13 and 14) w i t h  the  l e a s t  c e l l  

• damage,

The e f f e c t  o f  PU on 24 h r . . v i r u s  p r o d u c t i o n  was e s s e n t i a l l y  the  same 

f o r  b o t h ' v i r u s e s  ; ( F i g u r e  16 ) .  . Marked suppress ion  o f  v i r u s  p r o d u c t i o n  was 

noted between 0 and 12 h rs .  a f t e r  i n f e c t i o n ,  bu t  a f t e r  12 h r s . , v i r u s  p r o ­

d u c t i o n  ^appeared t o  inc rease  w i t h  the  t im e  o f  a d d i t i o n  o f  PU. Th is  sug­

gested  t h a t  t h e re  -might be 2 PU s e n s i t i v e  even ts ;  one o c c u r r i n g  be fo rd  12 

h r s , . a f t e r  i n f e c t i o n  and the  o th e r  o c c u r r i n g  a f t e r  12 h rs .  , Exper iments 

s u b j e c t i n g  the  ce l  I s  t o  4 h r .  pu lses  o f  H ^ - Ie u c in e  a t  v a r io u s  t imes a f t e r  

i n f e c t i o n  con f i rm ed  t h a t  t h e r e  were 2 c y c le s  o f  p r o t e i n  s y n th e s i s  in newly 

■ in f e c t e d  cel  I s  (F ig u re s  .26 and 27 ) ,  . These eye Ies were app r o x i mateIy  the  

■same f o r  bo th  v i r u s e s ,  excep t  t h a t  they  were completed 4 h r s .  . I a t p r  in 

RSV(SR) i n f e c t e d  c e l l s  than i n . RSV(B) i n f e c t e d  c e l l s .  From the  r e s u l t s  o f  

t h e 'PU expe r im en ts  ( F i g u r e  16) ,  i t  appears t h a t  bo th  c y c le s  o f  p r o t e i n  

s y n th e s is  were n e c e s s a r y ' f o r  v i r u s  p r o d u c t i o n ,  and t h a t  the  amount o f  v i r u s



produced between 12 and; 2 4 -fersu. a f t e r  i nfec i t  i on was p r o p o r t  io na l  t o  the 

■amount o f  p r o t e i n  s yn thes ized  d u r i n g ' the  - second c y c le  o f  p r o t e i n  s y n th e s is  

. T h e - f a c t  t h a t  PU i n h i b i t s  v i r u s  p r o d u c t i o n  markedly between 0 and 12 h rs .  

a f t e r  i n f e c t i o n  wou ld lead t o  the  sugges t ion  t h a t  the p r o t e i n s  syn thes ized  

between 0 and 12 h rs .  were those  necessary ' f o r  e a r l y  even ts  such as un­

c o a t i n g ,  n u c l e i c  a c i d  r e p l i c a t i o n , . a n d  p r o t e i n  coat  cod ing ;  whereas the 

f a c t  t h a t  v i r u s  p r o d u c t i o n  between 12 and 24 h rs .  inc reased as the  t ime 

a l lo w e d  f o r  p r o t e i n , s y n t h e s i s  in c reased ,  suggests t h a t  t h e ‘p r o t e i n s  p ro ­

duced-.dor i ng the  second c y c l e  o f  s y n th e s i s  were  the. c o a t  p r o t e i n s  o f  the  

- v i r u s .

.Gplde and V i g i e r  (1963) per fo rmed exper im en ts  s i m i l a r  t o  the ones 

ment ioned I iere excep t  t h a t  they  used 5 - f  I uorou rac i I t o  a f t e r  RNA s y n th e s i s .

;They o b ta in e d .a  l i n e a r  in c rease  in v i r u s  p r o d u c t i o n  w i t h  t h e  t im e  o f  a d d i ­

t i o n  o f  5 - f I u o r o u r a c M f rom ze ro  t im e  t o  10 h rs .  a t  wh ich t im e  v i r u s  p r o ­

d u c t i o n  by 5 - f I u o r o u r a c i I  t r e a t e d  c e l l s  was equal t o  t h a t  o f  the  un t re a ted  

c o n t r o l s .  T h is  showed t h a t  the  - 5 - f I u o rou r a c i I  s e n s i t i v e  even t  c o n t r o l l i n g  

24 h r .  v i r u s  p r o d u c t i o n  was comple te  by 10 h rs .  a f t e r  i n f  a c t  I  d a .  . Thei.r re ­

s u l t s  wou ld  i n d i c a t e - t h a t  the  i n f o r m a t i o n  decoded f rom th e  v i r a l  o r  hos t  

genome in the  f i r s t  10 h rs .  a f t e r  i n f e c t i o n  was s u f f i c i e n t  t o  conduc t  bo th  

c y c le s  o f  p r o t e i n  s y n th e s i s  observed in F ig u re s  26 and 27.  T h e i r  data  a re  

i n  good agreement w i t h  the  -e s t im a t io n  t h a t  e a r l y  pro te i -n  s y n th e s i s  occurs 

between 0 and 12 h rs .  a f t e r  i n f e c t i o n .  I f  t h i s  is  t r u e ,  and'.RNA s y n th e s is  

is  no t  necessary f o r  10 h rs .  f o r  24 h r .  v i r u s  p r o d u c t i o n ,  then the  second 

c y c l e  o f  p r o t e i n  s y n th e s i s ,  shown in F igu res  26 and .27, must, occu r  under

1 1 6
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the  d i r e c t i o n  o f  e i t h e r  a s t a b le  messenger o r  -newly s y n thes ized  v i r a l  

■genomes.

. T h e - e f f e c t  o f  i n h i b i t o r s  on 24 h r .  v i r u s  p r o d u c t i o n  has been d iscovered  

t o  be d i f f e r e n t  f rom t h e i r  e f f e c t  on 48 h r .  v i r u s  p r o d u c t i o n  (Golde and

T h e re fo re ,  the  e f f e c t  o f  PU on 48 h r .  v i r u s  p ro d u c t i o n  was s t u d ie d .  .A g a in ,

f e e t  ion ,  and remained in c o n ta c t  w i t h  the  c e l l s  u n t i l  v i r u s  samples were 

taken .  RSV(SR) v i r u s  p r o d u c t i o n  inc reased l i n e a r l y  w i t h  t h e " t im e o f  PU 

a d d i t i o n  u n t i l  16 h rs .  a t  wh ich  t ime-maximum v i r u s  p r o d u c t i o n  was main­

t a i n e d  ! ( F i g u r e -I 7 ) .  RSV(SR) p r o d u c t i o n  by PU t r e a te d  c e l l s  exceeded t h a t  

o f  the  c o n t r o l  c e l l s  by 5 t o  7 t im es .  .A l though  the re  was v a r i a b i l i t y  in 

the  r e s u l t s  f rom exper im en t  t o  expe r im en t ,  the  maximum v i r u s  p ro d u c t io n  by 

PU t r e a t e d  c e l l s  was a lways g r e a t e r  than t h a t  o f  the  c o n t r o l  c e l l s  by a t  

l e a s t  4 t im e s .  . The - same type  o f  expe r im en t  per formed us ing  RSV(B) i n f e c te d  

c e l l s  gave markedly d i f f e r e n t  r e s u l t s .  There appeared t o  be a s l i g h t  lag 

in v i r u s  p ro d u c t i o n  between 0 and 8 h r s . , f o l l o w e d  by a l i n e a r  inc rease  

w i t h  the  t i m e - o f  PU a d d i t i o n  u n t i l  20 h r s . ,  ( F i g u r e -I 7 ) .  Here aga in ,  the  

r e s u l t s  f rom exper imen t  t o  exper iment  were v a r i a b l e  bu t  t h e r e  was g e n e r a l l y  

s l i g h t l y  l e s s  v i r u s  p r o d u c t i o n  b y 'PU t r e a t e d  c e l l s  than by c o n t r o l  c e l l s .

. The Inc rease  in 48 h r .  RSV(SR) p r o d u c t i o n  by PU t r e a t e d  c e l l s  cou ld

V i g i e r ,  . 1963 ; ■ Bader,  1 9 6 4 ; . V i g i e r  and Golde,  1964; T e m i n , . 1963 and 1964a) .

o f  PU was added t o  the  i n f e c t e d  c e l l s  a t  v a r io u s  t im es  a f t e r  i n -

.be due t o  2 t h i n g s .  .E i  t h e r - t h e  "PU s t im u la t e d  a rap id  re le ase  o f  v i r u s ,  o r  

the  c o n t r o l  c e l l s  decreased r a p i d l y  in  v i r u s  p ro d u c t i o n  between 24 and 48 

h rs .  a f t e r  i n f e c t i o n ,  and PU p reven ted  t h i s  drop f rom o c c u r r i n g  in the



expe r im en ta l  c e l l s .  - T a b l e 1IV in d i c a t e s  t h a t  th e re  was indeed.a  l a r g e - d e ­

crease  in  v i  rus p r o d u c t i o n  by; RSV(S-R) ' i n f e c t e d  cel I s between 24 and 48 h rs .  

,which 'Was not  found in RSV(B) i n f e c t e d  c u l t u r e s .  T h e s e - r e s u l t s  mere ly i n ­

d ic a te d  t h a t  t h e re  was a -decrease  in RSV(SR) p r o d u c t i o n ;  they  d id  not  ru le  

ou t  the  p o s s i b i l i t y  o f  a sudden inc rease  in RSV(SR) p r o d u c t i o n  by PU 

t r e a t e d  c e l l s .  , Exper iments  i n wh I c h 1 RSV(SR)' p ro d u c t i o n  b y /PU t r e a te d  c e l l s  

was measured -aver a 4 day p e r io d  showed t h a t  the  inc reased l e v e l s  o f  v i r u s  

•p roduc t ion  were m a in ta ined  . f o r  a t  l e a s t  -96: h rs .  ( F i g u r e  - 18) . . .Therefore,  a 

sudden f l u r r y  o f  v i r u s  re le a s e  d id  ne t  seem l i k e l y .  ,A ls o ,  fe e d in g  the  con­

t r o l  c e l l s  a t  48 h r s . . r e s u l t e d  in an inc rease  in c o n t r o l  v i r u s  p ro d u c t io n  

: to  , le ve l  s n e a r l y  equal t o  those  o f  PU t r e a t e d  cel I s-,.(F i g u res :I8 and -19) 

i n d i c a t i n g  t h a t  PU t r e a tm e n t  s t a b i l i z e d  RSV(SR) p ro d u c t i o n  a t  near maximum.

I  eve Is  ( F igu re  -19) ,  whereas c o n t r o l  c e l l s  underwent  a 48 h r . ,  c y c l e  o f  i n ­

c reased ,  , f o l  I owed by decreased,  v i r u s  p ro d u c t  ion.- That  such was not  the  

case .w i th  RSV(B) i n f e c t e d  c e l l s  may be seen in F igu res  20 and 21. . RSV(B) 

p r o d u c t i o n  appeared t o . b e -co n s ide ra b ly  more s t a b le  than RSV(SR) p ro d u c t i o n  

, ( F i g u r e s  19 and 2 1 ; ^Table IV ) .  . However , . PU d id  m a in ta in  .96 h r .  RSV(B) p r o ­

d u c t i o n  a t  maximum l e v e l s  w h i l e  c o n t r o l  v i r u s  p ro d u c t i o n  decreased.  I t  is  

i n t e r e s t i n g  t h a t  t h e r e  appeared to  be - some i n h i b i t i o n  o f  48 h r .  RSV(B) 

p r o d u c t i o n  by ,-PU.

. T h e - s t a b i l i z a t i o n  o f  RSV(SR) p r o d u c t i o n  by PU cou ld  be -exp la ined by a 

mechanism i n v o j v i n g  c o m p e t i t i o n  between the  i n f e c t i n g  v i r u s  p a r t i c l e  and 

The c e l l  f o r  amino a c id s  o r  r ibosomes.  C ons ide r ing  the  f a c t  t h a t  maximum 

RSV(SFi) p r o d u c t i o n  was o n l y  0.05 FFU p e r  c e l l  : (average va lue  o f  Table IV ) ,
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the  p e -may • have -been ' r e l a t i v e l y  few s i t e s  ,devoted . to v i r a l  p r o t e i n  s y n th e s is  

•eompared to - t h o s e - d e v o te d  t o  - c e l l u l a r  p r o t e i n  ^syn thes is .  .Keeping in mind 

t h a t  min imum i n h i b ' i to. ry  'concent  r a t  i ons o f  PU were used, . the  "p.robabi I i t y  

t h a t  any p o l y s o m e -a f fe c te d  b y 'PU was in v o lv ed  in .ice I l u l a r p  ro te im  s y n th e s is  

must have been g r e a t e r  t h a n ' t h e - p r o b a b i l i t y  t h a t  i t  :was synthes i z i n g i RSV(SR) 

" p r o t e i n ,  . I m  o t h e r  w o rd s , . i f  t h e re  ’was an  e q u i l ib r iu m  e s t a b I i shed between 

■the i n f e c t i n g  v i rus and the  i n f e c t e d  cel I s , , i t  m ight  be r e f l e c t e d  in the 

^amount o f  v i r u s  re leased  by the  - c e l l , and cou ld  be a l t e r e d  by env i ronmenta l  

'■ f a c t o r s  as shown in F ig u re s !  2 and 19.  Tf t h i s  e q u i l  i b r iu m  were weighted 

i n ' f a v o r  o f  the  cel  I ,  changes caus ing shor tages  in  n u t r i t i o n a l  ' f a c to rs -  

w i t h i n  t h e -e e l  I .  .would r e s u l t s  in  le ss  v i r u s  p r o d u c t i o n .  However, i f  c e l l  

d i v i s i o n  was h a l t e d ,  and t h e r e f o r e  the  - syn thes is  o f  c e l l u l a r  components 

retarded-,  ■ i t  m ight  be p o s s i b l e  t o  m a in ta in  the  e qu i l  ib r iu m  e s ta b l i s h e d  

between the  v i r u s  and the  i n f e c t e d  c e l l  a t  t h e - t im e  o f  r e t a r d a t i o n .  ..PU at.

. low c o n c e n t r a t i o n s  cou ld  serve  as the  a r r e s t i n g  agent and s top >cell u l a r  

and v i r a l  s y n t h e t i c  p rocesses  a t  o r  near the  e q u i l ib r iu m  ; l e v e l s  es tab i  i shed 

by the  t im e  o f  PU a d d i t i o n . ,  .PU cou ld  . then m a in ta in  the  e.qui I ib r iu m  b y  p r e ­

v e n t in g  t h e - e s t a b l i s h m e n t . o f  new s i t e s  o f  v i r a l  o r  c e l l u l a r  p - ro te in ' s yn the ­

s i s .  ,Th is  .would account  f o r  the  main tenance o f  near maximal RSV(SR) p ro -  

d u c t i o n  b y  the  - a d d i t i o n  o f  PU a t  16 t o  .24 h rs .  a f t e r  i n f e c t i o n .  I t  is  

s ign  i f i c a n t  a t  t h i s  p o i n t  t h a t  s t a b le  o r  s l i g h t l y  i n c re a s in g  v i r u s  p roduc­

t i o n  was found ove r  a .96 h r .  p e r io d  when PU was added to.'RSV(SR) i n f e c te d  

cel  I s 12 h r s .  .o r  more a f t e r  i n f e c t  ion " ' (F ig u re  -19) .

• -RSV(B) b e h a v io r  in  the  presence -o f  PU may-a lso  be a c c o u n te d - f o r  by 

- the -above -hypo thes is . .  .However, d i f f e r e n c e s  in ' t h e .b e h a v io r  o f  RSV(B) ;and



RSV(SR) 'we,re ' f o un d -w h ic h  m ig h t  be e x p la in e d  by c o n s id e r in g  t h a t  RSV(B) 

T n f e c t e d -cel I s '-produced 40 t o  400 t im es  morb -v i rus  than RSV(SR) ' c e T ls  

.-(Tpb'l e - TV) . "There -we re -ev i dent  I y more s i t e s  o f  v i rus .synthes i s i n RSV(B) 

i n f e c t e d  c e l  I s • than in RSV(SR) i n f e c t e d  ce l l s - ;  t he re fo re . ,  one m igh t  expect  

some v l r a ! ' i n h i b i t i o n  i f  'PU was added as RSV(B) p ro d u c t i o n  ,was reaching 

maximal l e v e l s .  ' T h is ,  in f a c t ,  i s  .what was .found I f  PU was added a t  20 o r  

24 h r s , a f t e r  i n f e c t i o n  ( F i g u r e '2 1 ) .  . However, RSV(B) p r o d u c t i o n  was .able 

t o  -i ncrease - to  maximum equi I i b r  i urn I  eve-1 s i n the  presence -of PU by 72 hrs*  

and m a in ta in  t h i s  le v e l  th rough  96 -h rs . . (F ig u re s  20 and, 21) . Tb: s .would

1 2 0

d i t i o n s  a t . a  level ' .where-maximum v i r u s  p r o d u c t i o n  cou ld  b e - e s t a b l i s h e d  and

z a t i o n  p rocess .  A r i s e  - in v i r u s  p r o d u c t i o n  between-24 and 48 h rs .  a f t e r  

i n f e c t i o n  in c e l l s  t r e a t e d . w i t h  PU a t  4 t o  16 h r s . . ( F i g u r e  21) cou ld .be  

i n d i c a t i v e  -of  the  expans ion o f  v i r a l  s y n t h e t i c  p rocesses to  n o n - f u n c t i o n ing 

r i b o s o m e s , . e s t a b l i s h i n g  maximum v i r u s  p r o d u c t i o n  a t  whatever l e v e l s  were 

p o s s i b l e  in the  presence o f  PU.

I f  the  maintenance o f  maximal ; l e v e l s  of. RSV(SR) p r o d u c t i o n  -were d u e -tp  

a f o r t u i t o u s  . s e le c t i o n  o f  a c o n c e n t r a t i o n  o f  PU which a l low ed  e s ta b ' l ishment 

and m a in tenance -o f  a p h y s i o l o g i c a l  e q u i l i b r i u m  between c e l l u l a r  and v i r a l ,  

p r o t e i n  s y n th e s i s ,  , then h i g h e r  c o n c e n t r a t i o n s  o f  PU might  be - expected to  

i n h i b i t  c e l l u l a r  and v i r a l  p r o t e i n  s y n th e s i s  t o  a p o i n t  where the  m a in te ­

nance e q u i l i b r i u m  was upse t .  ,T h is  was the -ca se  when 2y t g / m l  o r  more o f  PU

i n d i c a t e o f ■PU was s u f f i c i e n t  t o  s t a b i l i z e  env i ronmenta l  con-

m a ln ta In ed ;  Go lde (1962) has shown t h a t  r a p id  re lease  of- f r e e  -nuc leo t ides  

occurs  w i t h i n  4 h rs .  b f t e r  i n f e c t i o n  w i t h  RSV(B), i n d i c a t i n g  ;a depolymer- i -

?
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were 'added to  c e l l s  a t  .16 h rs .  . a f t e r  i n f e c t i o n  ( F i g u r e  2 2 ) .  . F o r t y - e i g h t  

h r .  v i rus p r o d u c t i o n  :was i n h i b i t e d  by $5 t o  -99 p e r  c e n t .

.Because f U  a d d i t i o n  d u r in g  the  f i r s t  24 .h rs ., o f  i n f e c t i o n  was a b le  t o  

s t a b i l i z e  RSV(SR) and t o  some extend RSV(B) p r o d u c t i o n ,  exper im en ts  were 

designed t o  de te rm ine  the  e f f e c t  o f  PU on-e-stabI i shed RSV(B) a nd "RSV(SR) 

cel  I s .  .PU had no e f f e c t  on v i r u s  p ro duc t  ion by RSV(SR) ■ cel I s ^ F i g u r e  -24) ..

■ However, i t  had q u i t e  a n o t i c e a b l e  e f f e c t  on v i r u s  p r o d u c t i o n  by e s ta b l i s h e d  

RSV(B) c e l l s  . ( F i g u r e -23) . Not o n l y  was RSV(B) re leased  more s lo w ly  when .RU 

was a d d e d , ,bu t  the-maximum amount o f  v i r u s  produced in the  p resence -o f  PU 

was o n e - f i f t h  t h a t '  o f  the  c o n t r o l  s. A ls o ,  the  ra te  o f  v-i rus p ro d u c t io n  

decreased more r a p i d l y  and a t  an ear l  i e r  t im e  in ' the p resence  o f  'PU. .The 

-d.i f f e r e n c e  (n the  b e h a v io r  o f  e s ta b l i s h e d  RSV(B) and RSV(SR) c e l l s  in  the  

presence o f  PU cou ld  be e x p la in e d  I n -2 ways.  F i r s t ,  t h e r e  may be a PU 

s e n s i t i v e  even t  r e q u i re d  f o r  RSV(B) p r o d u c t i o n  in e s ta b l i s h e d  c e l l s  t h a t  

i s  no t  r e q u i re d  f o r  RSV(SR) p r o d u c t i o n .  Or, second, the p r o d u c t i o n  o f  TOO 

t im es  more i n f e c t i o u s  u n i t s  o f  v i r u s  per  cel  I by RSV(B) c e l l s  than by RSV(SR) 

c e i l s . ( F i g u r e  12) means t h a t  m o r e - p r o te in  was used per  u n i t  o f  t ime f o r  

RSV(B) s y n th e s i s  than was used . f o r  RSV(SR) s y n th e s i s .  T h e r e fo re ,  RSV(SR) 

c e l l s  cou ld  c o n t i n u e  to -p ro d u c e  v i r u s  a t  normal l e v e l s ' ) : g n g e r  under c o n d i ­

t i o n s  o f  I i mi ted  p-rote i n ^synthesis than cou ld  RSV(B) c e l l s .  Th is  would 

n e c e s s i t a t e  a p remature  decay in v i r u s  p r o d u c t i o n  by e s t a b l i shed RSV(B) 

c e l l s  due t o  d e p l e t i o n  o f  rese rve  p r o t e i n  wh ich  m ight  no t  be expected t o  

o c c u r  in. RSV(SR) c e l l s .

The r e s u l t s  o f  i n h i b i t i o n  o f  v i r u s  s y n th e s is  by t h e  -presence o f  IyAgZml
I

" o f  AD - in  the  c u l t u r e s  f o r  5 h r .  i n t e r v a l s  d u r in g  the  f i r s t  24 h rs .  a f t e r
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i n f e c t i o n  were ve ry  t e n t a t i v e .  However, '  Tab le  'V ind icates- ,  in good agree­

ment w i t h  Temin ( ig 6 3 )  and. V i g i e r  and Goide (1964 ) ,  tha:-t t h e r e  -was an 

i r r e v e r s i b l e -AD s e n s i t i v e ,  t h e r e f o r e  DNA dependent ,  event  o c c u r r i n g - w i t h  in 

t h e - f i r s t  35 hrs-. a f t e r  i n f e c t i o n .  , T h e - r e s u l t s  i n Table V I ,  wh ich i n d i c a t e  

no J r r e v e r s i b l e  i n h i b i t i o n  o f  RSV(SR) by O. I y t  g / m l ■o f  AD1d u r in g  t h e ' f i r s t  

48 h rs .  a f t e r  i n f e c t i o n ,  were not  in  agreement w i t h  the  r e s u l t s  o f  the 

above a u th o r s .  .Whether t h i s  d i f f e r e n c e  was d u e - to  the  use o f  RSV(SR) i n ­

stead -of  RSV(B) in t h i s  l a b o r a t o r y ,  o r  the  use o f  d i f f e r e n t  t i s s u e  c u l t u r e  

media i s  no t  known. . However, the  e f f e c t  o f  even low c o n c e n t r a t i o n s  o f  -AD 

on both  i n f e c t e d  and normal c h i c k ^ f i b r o b l a s t s  was severe and no t  a lways 

■ r e v e r s i b l e .  I t  would appear t h a t  AD, even in small q u a n t i t i e s ,  is  -extremely 

t o x i c  and . t h a t  i t  would be - d i f f i c u l t  t o  t e l l  whether AD was a f f e c t i n g  spe­

c i f i c a l l y / DNA dependent  even ts ,  o r  w he the r  v i r a l  i n h i b i t i o n  was mere ly the  

r e s u l t  o f  the  general  breakdown o f  c e l l u l a r  p rocesses.

The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  i n d i c a t e  t h a t - t h e r e  a re  d e f i n i t e  

" d i f f e r e n c e s  be tween ,RSV(B) a n d -RSV(SR) . .However, the  p r o p e r t y  o f  de fe c ­

t i v e n e s s ,  wh ich  was found in  RSV(B), bu t  no t  in  RSV(SR), may be r e s p o n s ib le  

in isome w ay . f p r  most o f  these  d i f f e r e n c e s ,  i n c l u d i n g  d i f f e r e n c e s  in heat 

s t a b i l i t y ,  a n t i g e n i c i t y  and p a th o g e n ic i t y .  . I t  is  a - p r o p e r t y 'w h i c h . m u s t  be 

cons ide red  in d is c u s s in g  the  d i f f e r e n c e s  in  the  t o t a l  amount o f  v i r u s  p r o ­

duced by i n f e c t e d  c e l l s  and the  d i f f e r e n c e  -in the  response o f  v i r u s  p r o ­

d u c t i o n  t o  RU and AD. The d i f f e r e n c e  in  focus  morphology,  however, was 

independent  o f  d e f e c t i v e n e s s .  .Th is  p r o p e r t y  was d e f i n i t e l y  under the con­

t r o l  o f  the  RSV genome -and no t  i n f lu e n c e d  by the  presence o f  a h e lp e r  v i r u s .
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Al though th e re  -were d i f f e r e n c e s  between t h e '2 v i  ruses,  t h e re  were a l  sep 

p r o p e r t i e s  wh ich  they  shared and wh ich  the re fo re . ,  must e i t h e r  be shared 

w i t h " RAV o r  be - independent o f  i t .  .These in c luded  the  - ra te  o f  v i r u s  p r o ­

d u c t i o n  by newly i n f e c t e d  and - e s ta b l i s h e d  c e l l s ;  the  r e s p o n s e - o f  2.4 h r .  

v i r u s  p r o d u c t i o n  t o  PU;:and the  dependence-of  v i r a l  r e p l i c a t i o n  on an ,AD 

s e n s i t i v e  e v e n t .  These s i m i l a r i t i e s  I n d i c a t e  t h a t  bo th  s t r a i n s , a n d  p e r ­

haps a l l  s t r a i n s ,  o f  RSV r e p l i c a t e  in the  same manner. T h e re fo re ,  even 

though i t  is  no t  p o s s i b l e  a t  the  p re s e n t  t im e  t o / s e l e c t  the  model o f  re ­

p l i c a t i o n  wh ich  i s  used b y , RSV, i t  is  f a i r l y  c e r t a i n . t h a t  the  e a r l y - e v e n t s  

in the  c y c le  o f  v i r u s  r e p l i c a t i o n  w i l l  be the  same in a l l  s t r a i n s  o f  RSV 

re g a r d le s s  o f  w he the r  o r  no t  they  c a r r y  s u f f i c i e n t  i n f o r m a t i o n  f o r  p roduc ing  

t h e i r  own c o a t  p r o t e i n .



SUMMARY

'The - M o Ib g  i-ca I p r o p e r t i e s  o f  2 . s t r a i n s  o f  'Rous =Sercoma vi rus. ,  the  

Bryan h igh  = t i t e r  s t r a i n ,  . RSV ( B:) , and -the" Sehmidt-Rupp I n s t ra in . ,  RSV(SR) , 

w.e-.re compared wi th  respec t  t o  _ij2 v i t r o  and _i_n v i v o  p a thogen ic  i t y , focus 

.morpihol o,gy, a n t i g e n i c  p ro p e r t ie s . ,  heat  s t a b i l i t y ,  d e f e c t i v e n e s s ,  growth 

fates-,  v i r u s . p r o d u c t  ion ,  . p r o t e i n  s y n th e s i s  a f t e r  i n f e c t i o n ,  r e a c t i o n  t o  

puromyc in  (PU) and r e a c t i o n  t o  Aet inomyc in D (AD ) .

■. RSV(B) was found t o  induce -tumors and death  more ra p id )  y in  ch ickens  

t h a n .RSV(SR). A ls o ,  RSV(B) i n f e c t e d  c e l l s  were not  m a in ta in e d  in t i s s u e  

c u l t u r e  as long as RSV(SR) c e i l s  due to  development o f  l a r g e  numbers o f  

g i a n t  c e i l s  in  RSV(B) c u l t u r e s .

The -focus morphology o f  the  2 v i  ruses were markedly  d i f f e r e n t .  RSV(B) 

■ foc i ,were  d i s t i n c t  c l u s t e r s  o f  c e l l s  on the .mono la ye r  showing marked loss

o f  c o n t a c t  I n h i b i t i o n .  RSV(SR) f o c i ,  in  c o n t r a s t ,  w e r e - d i f f u s e  c l u s t e r s
'

o f  cel. I s show i ng l i t t l e . - i f  any -loss o f  c o n t a c t  i n h i b i t i o n .

. R S V ( B )  i n f e c t i o n  s.t i muiated  - an t  i body p ro d u c t i o n  i n .  ch icke ns  much b e t t e r  

than d id  R S V ( S R )  i n f e c t i o n .  .The R S V ( B )  p a r t i c l e s  were found t o  c a r r y  a 

n e u t r a l i z a b l e - a n t igen t h a t  was not  p re s e n t  on the  R S V ( S R )  p a r t i c l e s .  The 

v i r u s e s  a l s o  d i f f e r e d  in t h e i r  heat  s t a b i l i t y . .  R S V ( B )  was 3 t imes more 

- s t a b le  t o  t i s s u e  c u l t u r e  c o n d i t i o n s  than R S V ( S R ) .

- .D e fe c t i v e n e s s  was found t o  ,be a p r o p e r t y  o f  RSV(B) , bu t  no t  o f  RSV(SR) . 

. In  t h i s  respec t  i t  was i n t e r e s t i n g  t h a t  RSV(SR) cou ld  serve as a .he lper  f o r  

RSV(B) , p r o d u c t i o n .  . Focus fo r m a t i o n  by RSV(B) andvRSV(SR) was i n h i b i t e d  

e q u a l l y  by p r i o r  i n f e c t i o n  o f  c h ic k  f i b r o b l a s t s  w i t h  Rous a ss o c ia te d  v,i rus 

(RAV) .
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■: The ' r a t e - o f  v-i rus p r o d u c t i o n  in .both 'newl y i n f e c te d  .and .estab l  i shed 

■ RSV(B) and RSV(SR) ce l  I s  was i d e n t i c a l ,  .However, the-amount  o f  RSV p re ­

duced by RSV(B)' i n f e c t e d  -cel Is  was a lways -10 t o  100 t im es  g r e a t e r  than t h a t  

produced b-y 'RSV(SR) c e l l s .  I f . g r o w t h  c u rves  were compared under i d e n t i c a l  

! c o n d i t i o n s ,  bo th  RSV(B) and RSV(SR) e x h i b i ted e q u a l ‘ l a t e n t  per iods. ,  and 

reached maximum v i r u s  p r o d u c t i o n  a t  n e a r l y  the  same t i m e .  . RSV(B)' p roduc­

t i o n  was a lways more - s ta b le  t h a n . RSV(SR)' p r o d u c t i o n .  W i th  respec t  t o  v i r u s  

r e p l i c a t i o n ,  bo th  s t r a i n s  appeared t o  ’ r e q u i r e  2 c y c le s  o f  p r o t e i n  isynth.es!§ 

W,i t h i n  the  f i r s t  24 h r s . a f t e r  i n f e c t i o n .  The - e f f e c t  o f  low c o n c e n t r a t i o n s  

o f  PU on .24 h r .  v i r u s  p r o d u c t i o n  was t h e  same f o r  RSV( B)' and RSV(SR) . How­

eve r ,  48 h r .  v i r u s  p r o d u c t i o n  r e a c te d  d L f f e f enp ly ' . ' to  t h e  i n h i b i t o r .  .For ty- !  

e i g h t  h r .  RSV(SR) p r o d u c t i o n  was s t a b i l i z e d  a t  maximum l e v e l s  o f  v,i rus p r o ­

d u c t i o n  .byvRU; ;wheTeas, 48 h r .  . RSV(B): p r o d u c t i o n  was si i g h t l y  i n h i b i t e d  h y  

'PU. I t  was no t  u n t i l  c o n t r o l  RSV(B) p r o d u c t i o n  began t o  - decrease -between 

72 .and -96 h r s .  . a f t e r  i n f e c t i o n  t h a t  RSV(B) s t a b i l i z a t i o n  becam e-ev iden t .

. a t  high c o n c e n t r a t io n s  .(I^A g/m l)  was found to  i n h i b i t  RSV(B} and 

RSV(SR) p ro d u c t io n  i f  added during  t h e - f i r s t  35 h r s . a f t e r  i n f e c t i o n .

.E a r l y  a d d i t i o n s  o f  a l e s s e r  q u a n t i t y  o f  AD* (OeJzAgZml1)' had no e f f e c t  on 48 

■h r .  v i r u s  p r o d u c t i o n  by RSV(SR).

.Mechanisms, . u t i l i z i n g  d e fe c t i v e n e s s  and t h e  assumpt ion t h a t  a ••physio­

l o g i c a l  e q u i l i b r i u m  e x i s t s  between v i r u s  p r o d u c t i o n  and c e l l u l a r  r e p l i c a t i o n ,  

were proposed t o  e x p l a i n  d i f f e r e n c e s  in  t h e  b e h a v i o r  o f .  RSV(B) and, RSV(SR) .
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