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L y tic  in fe c t io n  o f  h u m a n  c e lls  b y  a d e n o v ir u s  

p ro ceed s by  a  te m p o r a l e x p r e ss io n  o f  g e n e s . C la s s i ­

c a l ly  tw o  p h a se s  h a v e  b een  d efined: a n  e a r ly  p h a se ,  

w h ic h  in c lu d e s  e v e n ts  o c c u r r in g  b efore  th e  o n s e t  o f  

D N A  s y n th e s is  (8 hr), an d  a la te  p h a se , in c lu d in g  

e v e n t s  w h o s e  e x is te n c e  d e p e n d s  o n  th e  o n s e t  o f  D N A  

s y n th e s is .  D u r in g  th e  la te  p h a se  o f  in fe c t io n , h o s t  

c e ll m a c r o m o le c u la r  s y n th e s is  is  p r o g r e ss iv e ly  in ­

h ib ite d  so  th a t  e v e n tu a l ly  o n ly  v ir u s-sp e c if ic  m a cro ­

m o le c u le s  a re  s y n th e s iz e d  (for a r e v ie w , s e e  P h i l ip ­

so n  a n d  P e t te r s s o n  19 7 3 ).

A d e n o v ir u s  D N A  is  tr a n sc r ib e d  in  th e  n u c le u s  

o f  th e  in fe c te d  c e ll by  a n  a - a m a n it in - s e n s i t iv e  p o ly ­

m e r a se  th a t  is  u n d o u b te d ly  a h o s t  e n z y m e  (P rice  

an d  P e n m a n  1972; W a lla c e  an d  K a te s  1972). A t  

e a r ly  t im e s  b oth  D N A  s tr a n d s  a re  tra n scr ib e d ,  

w h e r e a s  a t  la t e  t im e s  th e r e  is  a b ia s  to w a r d s  tr a n ­

sc r ip tio n  o f  th e  L s tr a n d  (G reen  e t  a l. 1 9 70; T ib b etts  

e t  a l. 1 9 7 4 ). T h e  se q u e n c e s  o f  R N A  th a t  a p p e a r  in  

th e  c y to p la sm  c o n s t itu te  a  sp ec ific  s u b s e t  o f  th o se  

foun d  in  th e  n u c le u s  (S h a rp  e t  al.; P h ilip so n  e t  a l.,  

b o th  th is  v o lu m e ), im p ly in g  th a t  e x te n s iv e  p ro ce ss ­

in g  o f  th e  R N A  o ccurs. T h e  d e ta i ls  o f  t h is  se le c t io n  

p ro cess  a n d  o f  th e  m e c h a n ism  for th e  sw itc h  in  

str a n d  b ia s  r e m a in  o b scu re .

T h e  p ro cessed  R N A  th a t  d o es a p p ea r  in  th e  c y to ­

p la sm  ca n  b e  iso la te d  a s  a r ib o n u c leo p ro te in  co m ­

p le x  (L in d b er g  a n d  S u n d q u is t  1 9 7 4 ). A s  d escr ib ed  

e ls e w h e r e  in  th is  v o lu m e  (S h a rp  e t  a l.; P h ilip so n  

e t  al.; C ra ig  e t  a l.) , n u c le ic  a c id  r e a sso c ia t io n  t e c h ­

n iq u e s  h a v e  b e e n  u se d  to  s iz e  th e  R N A  sp e c ie s  an d  

to  m a p  th e  lo c a tio n  o f  th e ir  co r r e sp o n d in g  D N A  

se q u e n c e s . F ro m  su c h  s tu d ie s , th e  p a tte r n  o f  D N A  

e x p r e ss io n  is  e m e r g in g .

R e c e n tly  i t  h a s  b eco m e  p o ss ib le  to  s tu d y  v ir a l  

R N A s fu n c t io n a lly  b y  a s s a y in g  th e ir  a b ility  to  

p ro g ra m  th e  s y n th e s is  o f  th e ir  r e sp e c t iv e  p ro te in s  

in  c e ll- fr e e  s y s te m s . A  c o m p a r iso n  o f  th e  ce ll- fr e e  

p ro d u cts w ith  th o se  s y n th e s iz e d  in  v iv o  p ro v id es  a 

m eth o d  for th e  p o s it iv e  id e n tif ic a t io n  o f  sp ec ific  

m e ssa g e s .

P r o te in s  in  In fe c te d  C e lls

A t la te  t im e s  a fte r  in fe c t io n , h o s t  p ro te in  sy n ­

t h e s is  is  in h ib ite d  so  th a t  v ir u s- in d u c e d  p r o te in s  

can  b e  sp e c if ic a lly  la b e le d  w ith  r a d io a c tiv e  a m in o  

a c id s  (B e llo  a n d  G in sb e r g  1967). A t  le a s t  22  ad en o  

v ir u s-sp e c ific  p r o te in s  c a n  b e  id e n tif ie d  i f  to ta l c e ll  

e x tr a c ts  a re  fr a c tio n a te d  a cco rd in g  to s iz e  on  S D S -  

p o ly a c r y la m id e  g e ls  (T a b le  1). P r e su m a b ly  th e s e

a re  g e n e  p ro d u cts o f  a d e n o v ir u s , b u t it  is  n o t ru led  

o u t t h a t  so m e  co u ld  r e s u lt  from  th e  in d u ctio n  o f  h o st  

g e n e s . A s  sh o w n  in  F ig u r e  1 a n d  rep o rted  p rev io u sly  

(A n d e rso n  e t  al. 1 9 7 3 ), 13 o f  th e s e  p ro te in s  h a v e  

e le c tr o p h o r e tic  m o b il it ie s  id e n t ic a l to  p r o te in s  from  

s im ila r ly  la b e le d  p u r ified  v ir u s  p a r t ic le s . H o w ev e r ,  

d e ta ile d  e x a m in a t io n  o f  th e  k in e t ic s  o f  a p p ea ra n ce  

o f  th e s e  p r o te in s  in  in fe c te d  c e lls  m a k e s  it  a p p a ren t  

t h a t  a t  le a s t  th r e e  p r o te in s  o f  th e  v ir u s  p a r t ic le s  

a re  c le a v a g e  p ro d u cts o f  la r g er  p recu rsor p ro te in s.

T a b l e  1 . A d e n o v i r u s  2 - i n d u c e d  P r o t e i n s

B a n d

d e s i g n a t i o n  M W  R e l a t i o n s h i p  to  v i r i o n

I I 1 2 0 ,0 0 0 h e x o n

1 0 0 K 1 0 0 ,0 0 0 n o n v i r i o n

I I I 8 5 , 0 0 0 p e n t o n  b a s e

7 1 K 7 1 , 0 0 0 ( D N A - b i n d i n g - E , - I C S P - 3 ? )

I l i a 6 6 ,0 0 0 v i r i o n  c o m p o n e n t

I V 6 2 , 0 0 0 f i b e r

I V a , 6 0 , 0 0 0 v i r i o n  c o m p o n e n t

I V a 2 5 6 , 0 0 0 v i r i o n  c o m p o n e n t

5 0 K 5 0 , 0 0 0 n o n v i r i o n

V 4 8 , 5 0 0 c o r e

P - V I 2 7 , 0 0 0 p r e c u r s o r  t o  V I

P - V I I I 2 6 , 0 0 0 p r e c u r s o r  t o  V I I I

V I 2 4 , 0 0 0 h e x o n - a s s o c i a t e d

P - V I I 2 0 ,0 0 0 p r e c u r s o r  t o  m a j o r  c o r e  ( V I I )

- 1 9 , 0 0 0 E 2 — g l y c o s y l a t e d

V I I 1 8 , 5 0 0 m a j o r  c o r e  ( A A P )

1 4 K 1 4 , 5 0 0

1 3 . 5 K 1 3 , 5 0 0

V I I I 1 3 , 0 0 0 h e x o n - a s s o c i a t e d  ( a p p e a r s  

d u r i n g  c h a s e )

I X 1 2 ,0 0 0 h e x o n - a s s o c i a t e d

1 1 . 5 K 1 1 , 5 0 0

U K 1 1 ,0 0 0 ( E 3? )

X 6 5 0 0 v i r i o n  c o m p o n e n t  ( a p p e a r s  

d u r i n g  c h a s e )

X I 6 0 0 0 v i r i o n  c o m p o n e n t  ( a p p e a r s  

d u r i n g  c h a s e )

X I I 5 0 0 0 v i r i o n  c o m p o n e n t  ( a p p e a r s

d u r i n g  c h a s e )

M o l e c u l a r  w e i g h t s  g i v e n  h e r e  a r e  a p p a r e n t  w e i g h t s  a s  d e t e r m i n e d  

b y  S D S - p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  a n d  a s  p r e v i o u s l y  

d e s c r i b e d  ( A n d e r s o n  e t  a l .  1 9 7 3 ) .  T h e  t h r e e  c o m p o n e n t s  ( E , , E., 

a n d  E 3) d e s c r i b e d  b y  W a l t e r  a n d  M a i z e l  ( 1 9 7 4 )  h a v e  b e e n  i n c l u d e d  

f o r  t h e  s a k e  o f  c o m p l e t e n e s s .  T h e  c o r r e l a t i o n  o f  t h e s e  c o m p o n e n t s  

w i t h  t h o s e  o b s e r v e d  b y  u s  ( A n d e r s o n  e t  a l .  1 9 7 3 ) ,  v a n  d e r  V l i e t  

a n d  L e v i n e  ( 1 9 7 3 ) ,  a n d  B a b l a n i a n  a n d  R u s s e l l  ( 1 9 7 4 )  r e p r e s e n t  

o u r  p r e s e n t  b e s t  g u e s s ;  p r o o f  o f  t h e s e  c o r r e l a t i o n s  h a s  n o t  y e t  b e e n  

o b t a i n e d .  T h e  s u m  o f  t h e  m o l e c u l a r  w e i g h t s  o f  t h e  p r e s u m e d  i n ­

d e p e n d e n t  l a t e  c o m p o n e n t s  ( i . e . ,  e x c l u d i n g  V I ,  V I I  a n d  V I I I ,  b u t  

i n c l u d i n g  7 1 K )  i s  8 6 0 ,0 0 0  d a l t o n s ,  o r  a p p r o x i m a t e l y  8 0 %  o f  t h e  

c o d i n g  c a p a c i t y  o f  t h e  v i r u s .  I f  7 1 K  i s  a l s o  c o n s i d e r e d  a n  e a r l y  

p r o t e i n ,  t h e  m o l e c u l a r  w e i g h t s  o f  t h e  k n o w n  e a r l y  c o m p o n e n t s  

s u m  to  1 0 0 ,0 0 0  d a l t o n s  o r  1 0 %  o f  t h e  c o d i n g  c a p a c i t y .
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F ig u r e  1. S D S - p o l y a c r y l a m i d e  g e l  a u t o r a d i o g r a m  o f  [ :!5S ] -  

m e t h i o n i n e - l a b e l e d  p u r i f i e d  v i r u s  a n d  e x t r a c t  o f  i n f e c t e d  

w h o l e  c e l l s .  T h e  g e l  c o n t a i n e d  1 5 %  a c r y l a m i d e  a n d  0 . 0 8 7 %  

b i s a c r y l a m i d e ,  a s  p r e v i o u s l y  d e s c r i b e d  ( A n d e r s o n  e t  a l .  

1 9 7 3 ) .  P a r t s  a a n d  d  a r e  a r t i s t ’s  d r a w i n g s  r e p r e s e n t i n g  a n  

i d e a l i z e d  g e l  i n  w h i c h  a l l  t h e  v i r i o n  c o m p o n e n t s  (a) a n d  

t h e  2 2  v i r u s - i n d u c e d  c o m p o n e n t s  (d) t h a t  w e  h a v e  o b s e r v e d  

a r e  i l l u s t r a t e d .  P a r t s  b a n d  c  a r e  t y p i c a l  o f  t h e  s e p a r a t i o n s  

a c t u a l l y  o b t a i n e d :  (b) [ 35S ] m e t h i o n i n e - l a b e l e d  p u r i f i e d  

v i r u s ;  (c) a  c e l l  e x t r a c t  l a b e l e d  w i t h  [35S ]  m e t h i o n i n e  1 8 - 1 9  

h r  p . i .  ( R e p r i n t e d ,  w i t h  p e r m i s s i o n ,  f r o m  A n d e r s o n  e t  a l .  

1 9 7 3 . )

F ig u r e  2 sh o w s  th e  p a tte r n  o f  p ro te in s  o b serv ed  

a fte r  1-h o u r p u ls e - la b e lin g  w ith  [35S ] m e th io n in e  

a t p r o g r e ss iv e ly  la te r  t im e s  a fte r  in fe c tio n . S y n th e ­

s is  o f  th e  la t e  c la s s  o f  p r o te in s  ca n  be se e n  b y  1 3 -1 4  

h o u rs  a fte r  in fe c t io n , w h e n  th e  sh u to ff  o f  h o st  ce ll  

p r o te in  s y n th e s is  b eco m es a p p a r en t. C o m p a riso n  

o f  t h e s e  p r o te in  p a tte r n s  to th e  p a tte r n  foun d  w ith  

c o n tin u o u s  la b e lin g  r e v e a ls  th a t  th e  m ajor core  

p r o te in  (V II) is  n o t fo u n d  in  th e  p u lse - la b e le d  

sa m p le s . In s te a d , a p ro te in  (P -V II) 15 a m in o  a cid s  

la r g e r  is  se e n . T h is  is  a p recu rsor  to  th e  core pro ­

t e in ,  s in c e  r a d io a c t iv ity  in  P -V II ca n  b e  c h a se d  in to  

core p ro te in  an d  s in c e  P -V II g iv e s  a tr y p tic  f in g e r ­

p r in t  id e n tic a l to  V II b u t w ith  o n e  a d d itio n a l  

m e th io n in e -c o n ta in in g  p ep tid e . ,

P u ls e -c h a s e  e x p e r im e n ts  a lso  sh o w  th a t  p ro te in s  

P -V I (2 7 ,0 0 0  d a lto n s)  an d  P -V III (26,000 d a lto n s)  

a re  u n s ta b le  d u r in g  th e  c h a s e  period . It is  n o w  c lea r  

from  th e  w o rk  o f  S a b o r io  e t  al. (u n p u b l.)  th a t  th e se  

p r o te in s  a r e  p rec u rso rs  to  v ir io n  c o m p o n e n ts  V I  

(2 4 ,0 0 0  d a lto n s )  an d  V III (1 3 ,0 0 0  d a lto n s) , re sp e c ­

t iv e ly .  I t  s e e m s  m o st  l ik e ly  th a t  th e s e  c le a v a g e s  are  

a n  in t im a te  p a rt o f  v ir a l a sse m b ly .

T h e s e  a r e  th e  o n ly  p recu rso rs  th a t  w e  can  find , 

e v e n  u s in g  th e  sh o r te s t  p u lse s  p o ss ib le . H e n c e  w e  

fe e l th a t  la r g e  p recu rso rs  o f  th e  p ic o m a v ir u s  ty p e  

(J a co b so n  a n d  B a lt im o r e  1 9 6 8 ) do n o t e x is t  in  th e  

c a se  o f  a d e n o v ir u s  in fe c tio n .

S e v e r a l p r o te in s  h a v e  b een  fou n d  in  in fe c ted  c e lls  

t h a t  do n o t  u lt im a te ly  en d  up  in  v ir io n s . A t la te  

t im e s  p r o te in s  1 0 0 K , 7 1 K , an d  1 1 .5 K  a r e  o b v io u s  

(F ig . 2). A t  e a r ly  t im e s  it  is  v e r y  d ifficu lt to  se e  

v ir u s-sp e c ific  p r o te in s  a g a in s t  th e  b a ck g ro u n d  o f  

h o st  p r o te in s . T h e  d a ta  in  F ig u r e  2 s u g g e s t  th a t  th e  

7 IK  p r o te in  is  s y n th e s iz e d  a t  e a r lie r  t im e s  th a n

a
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F ig u r e  2 . S D S - p o l y a c r y l a m i d e  g e l  a u ­

t o r a d i o g r a m  o f  a d e n o v i r u s  2 - i n f e c t e d  

K B  c e l l s  l a b e l e d  a t  d i f f e r e n t  t i m e s  a f t e r  

i n f e c t i o n .  T h e  g e l  c o n t a i n e d  1 2 .5 %  

a c r y l a m i d e  a n d  0 . 1 %  b i s a c r y l a m i d e .  A  

p e t r i  d i s h  o f  i n f e c t e d  K B  c e l l s  w a s  

l a b e l e d  f o r  1 h r  i n  m e d i u m  c o n t a i n i n g  

[ :I5S ] m e t h i o n i n e  ( 2 0  /x .C i / m l)  a n d  c a r ­

r i e r  m e t h i o n i n e  (3  / x g /m l ) .  S a m p l e s  

w e r e  p r o c e s s e d  a s  p r e v i o u s l y  d e s c r i b e d  

( A n d e r s o n  e t  a l .  1 9 7 3 ) .  T h e  s a m p l e  

o r d e r  i s :  (a) p u r i f i e d  [ ;i5S ]  m e t h i o n i n e -  

l a b e l e d  v i r u s ;  ( b) m o c k - i n f e c t e d  c e l l s .  

S a m p l e s  c t h r o u g h  o a r e  a d e n o v i r u s  2 -  

i n f e c t e d  c e l l s  l a b e l e d  3 - 4 ,  5 - 6 ,  7 - 8 ,  

9 - 1 0 , 1 2 - 1 3 , 1 3 - 1 4 , 1 5 - 1 6 ,  1 6 - 1 7 ,  1 8 ­

1 9 ,  2 0 - 2 1 ,  2 4 - 2 5 ,  2 7 - 2 8  a n d  3 0 - 3 1  h r  

a f t e r  i n f e c t i o n .  ( p)  M o c k - i n f e c t e d  c e l l s ;  

(q) p u r i f i e d  a d e n o v i r u s  2 .  ( R e p r i n t e d ,  

w i t h  p e r m i s s i o n ,  f r o m  A n d e r s o n  e t  a l .  

1 9 7 3 . )
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th e  o th e r  a d e n o v ir u s  p r o te in s , a n d  i t  s e e m s  to  be  

m a d e  in  s m a ll a m o u n ts  i f  th e  in fe c te d  c e lls  a re k e p t  

in  c y to s in e  a r a b in o s id e  to  p r e v e n t  tr a n s it io n  to  th e  

la te  p h a se  o f  in fe c t io n  (u n p u b l.) .

V a n  d er  V lie t  a n d  L e v in e  (1 9 7 3  ) h a v e  fu n c t io n a lly  

c h a r a c te r iz e d  a 7 2 ,0 0 0 -d a lto n  p ro te in  m a d e  earl}' 

a fte r  in fe c t io n  a n d  in  th e  p re se n c e  o f  c y to s in e  

a r a b in o s id e  a s  a p ro te in  w h ic h  b in d s to  s in g le ­

s tr a n d e d  D N A . I t  s e e m s  lik e ly  t h a t  th is  p ro te in  is  

th e  sa m e  a s  th e  7 1 K  co m p o n e n t d esc r ib ed  above;  

h o w e v e r , d e f in it iv e  p ro o f is  la c k in g . T h e y  h a v e  a lso  

d esc r ib ed  a n  a d e n o v ir u s-sp e c if ic  4 8 ,0 0 0 -d a lto n  

D N A -b in d in g  p ro te in , b u t h ig h e r  r e so lu t io n  g e ls  

h a v e  s u b s e q u e n t ly  sh o w n  th is  co m p o n e n t to  c o n s is t  

o f  a t  le a s t  four s e p a r a b le  p o ly p e p tid e s  o f  s im ila r  

m o le c u la r  w e ig h t  (R o se n w ir th  a n d  A n d er so n ,  

u n p u b l.) . C ir c u m s ta n t ia l e v id e n c e  s u g g e s t s  th a t  

t h e s e  m a y  a r ise  a s  d e g r a d a tio n  p ro d u cts o f  th e  

7 2 ,0 0 0 -d a lto n  p ro te in .

W a lte r  a n d  M a ize l (1 9 7 4 ) find th r e e  a d e n o v ir u s

2 -in d u c ed  e a r ly  p o ly p e p tid es . O n e o f  t h e s e  (E ,)  

p rob ab ly  co rresp o n d s to th e  D N A -b in d in g  p ro te in  

o f  v a n  d er V l ie t  a n d  L e v in e  (1 9 7 3 ). A  se co n d  (E2) 

h a s  a  m o b il ity  s im ila r  to  v ir io n  co m p o n e n t V II  

b u t is  g ly c o sy la te d  a n d  th u s  is  p ro b a b ly  n o t r e la te d  

to  th e  m ajor core p ro te in . A  th ir d  co m p o n e n t (E3) 

m ig r a te s  s l ig h t ly  a h e a d  o f  v ir io n  co m p o n e n t IX  on  

S D S -p o ly a c r y la m id e  g e ls .

B a b la n ia n  a n d  R u ss e ll (1 9 7 4 ) h a v e  u se d  a co m b i ­

n a t io n  o f  g u a n id in e  a n d  p o lio v ir u s  to  p r e fe r e n t ia lly  

in h ib it  h o s t  ce ll p r o te in  s y n th e s is  in  ord er to  m ore  

re a d ily  d e te c t  e a r ly  a d en o -5  p ro te in s . T h e y  find  in  

th is  s y s te m , th a t , in  th e  p r e se n c e  o f  c y to s in e  

a r a b in o s id e , p o ly p e p tid e s  co r re sp o n d in g  in  m o b ility  

to  IC S P -3  (6 4 ,0 0 0 ) , core 1 (4 6 ,0 0 0 ) , p -core 2 (e q u iv a ­

le n t  to P -V II in  a d en o -2 ) a n d  IC S P -5  (1 6 ,0 0 0 )  a re  

p r e fe r e n t ia lly  sy n th e s iz e d . T h u s  t h e s e  p r o te in s  a re  

c a n d id a te s  for v ir u s-co d ed  e a r ly  fu n c t io n s , b u t  

co r re la tio n  o f  t h e s e  a d en o -5  p r o te in s  e ith e r  w ith  

a d e n o -2 p r o te in s  or w ith  sp ec ific  e a r ly  a n tig e n s ,  

su ch  a s  T or P , is  n o t y e t  p o ss ib le .

C u r re n t e s t im a te s  from  h y b r id iz a t io n  e x p e r i ­

m e n ts  s a y  th a t  20% o f  th e  a d e n o v ir u s  D N A  s e ­

q u e n c e s  a r e  r e p r e se n te d  in  c y to p la sm ic  R N A  

(F u jin a g a  a n d  G reen  1970; S h a r p  e t  a l., t h is  v o lu m e )  

a t  e a r ly  t im e s  a fte r  in fe c t io n . T h is  co u ld  en co d e  a t  

m o st  2 0 0 ,0 0 0  d a lto n s  o f  p ro te in . A t  la t e  t im e s  th is  

c lim b s  to  80% or a b o u t 9 0 0 ,0 0 0  d a lto n s  o f  p ro te in . 

T h e su m  o f  th e  m o le c u la r  w e ig h ts  o f  th e  o b serv ed  

in d e p e n d e n t p r o te in s  a t  la te  t im e s  ( i.e ., a ll  e x c e p t  

E 2 an d  E 3) is  8 6 1 ,0 0 0  d a lto n s , w h ic h  th e re fo r e  

a cc o u n ts  for m o s t  o f  th e  e x p e c te d  v ir a l ex p r e ss io n .  

T h is  c o n c lu s io n  a s s u m e s  th a t  n o n e  o f  th e  p o ly ­

p e p tid e s  l is te d  in  T a b le  1 is  a fr a g m e n t  o f  a n y  o f  

th e  o th e r  p o ly p e p tid e s  l is te d , e x c e p t  for th o s e  th r e e  

p a irs  th a t  h a v e  a lr e a d y  b een  id e n tif ie d  a s  b e in g  

p recu rso r  a n d  product. H o w e v e r , s tu d ie s  o f  th e  

s y n th e s is  o f  p r o te in s  in  in fe c te d  c e l ls  do n o t p ro v id e  

d ire c t p ro o f o f  w h e th e r  t h e s e  p r o te in s  a r e  v ir u s  

coded.

A sse m b ly  o f  a d e n o v ir u s  o ccu rs in  th e  n u c le u s ,  

n e c e s s ita t in g  tr a n sp o r t  o f  c o m p le ted  p ro te in  c h a in s  

from  c y to p la sm ic  r ib o so m es th r o u g h  th e  n u c le a r  

m em b ra n e . A  m a jo r ity  o f  th e  p recu rso r  p ro te in s ,  

P -V II, P -V III a n d  P -V I, la b e le d  d u r in g  a  3 -h o u r  

p u lse  a t  24  h o u rs  a fte r  in fe c t io n , is  fo u n d  in  th e  

n u c le u s . H e n c e  w e  th in k  th a t  th e  p r o ce ss in g  s tep  

is  n o t in v o lv e d  in  tr a n sp o r t o f  th e  p ro te in s  in to  th e  

n u c le u s . In  fa ct, P -V II, P -V III a n d  P -V I p ro te in s  can  

be fou n d  in  v ir u s  p a r tic le s . W e ca n  fo llo w  th e  fa te  o f  

th e  p recu rso rs in  c o m p le ted  v ir io n s  by p u r ify in g  

v ir u s  from  c e lls  la b e le d  for 3 h o u rs  a t 2 4  h o u rs a fte r  

in fe c t io n , fo llo w ed  b y  c h a se  p er io d s o f  0 , 3 , 6 , 12, 

an d  2 4  h ou rs. T h e  n o n c h a se d  v ir u s  p rep a ra tio n ,  

w h ic h  h ad  a  n o rm a l d e n s ity  for v ir u s  o f  1 .3 4  g /m l  

in  C sC l, h a s  a ll  th r e e  p recu rso r  p ro te in s  a s  w e ll a s  

th e ir  p ro cessed  c o u n te r p a r ts  V , V II an d  V III  

(F ig . 3). A s  th e  c h a se  p eriod  in c r e a se s , th e  ra d io ­

a c t iv i ty  in  a ll  th e  p recu rso rs  d ecr ea ses . T h is  sh o w s  

th a t  a t le a s t  so m e  o f  th e  p recu rsor  c le a v a g e  occurs  

o n ly  v er y  la te  in  th e  a s s e m b ly  — a fte r  th e  v ir io n  

h a s  a ssu m e d  its  fin a l d e n s ity . T h is  r a ise s  th e  

p o ss ib ility  th a t  th e  c le a v a g e  e n z y m e  m ig h t  b e  a  

v ir io n  p ro te in . H o w ev e r , a t te m p ts  to  d e m o n str a te  

c le a v a g e  in  v itr o  b y  in c u b a tio n  o f  v ir io n s  h a v e  so  

far b een  in c o n c lu s iv e . In  a d d it io n  to  ou r o b ser ­

v a t io n s  w ith  co m p le te  v ir u s  p a r t ic le s , I sh ib a sh i an d  

M a ize l (1 9 7 4 ) a n d  S u n d q u is t  e t  a l. (1 9 7 4 ) h a v e  

rep o rted  th a t  in c o m p le te  v ir u s  p a r t ic le s  th a t  lack  

D N A  c o n ta in  th e  p recu rso r  p ro te in s .

A ll th e  r e s u lts  ta k e n  to g e th e r  s u g g e s t  th a t  th e  

p r o ce ss in g  o f  th e  p ro te in s  m a y  be an  in te g r a l p art  

o f  th e  la te  s ta g e s  o f  v ir a l a s se m b ly , b u t th e y  do 

n o t r u le  o u t  th e  p o s s ib ility  t h a t  th e  c le a v a g e s  a re  

tr iv ia l  a r t ifa c ts  a n d  n o t e s s e n t ia l  for p rod u ction  o f  

in fe c t iv e  v ir u s . T h is  q u e s tio n  co u ld  b e  a n sw e r e d  i f  

p a r tic le s  co u ld  be p rep a red  th a t  h a d  only u n ­

p ro cessed  p ro te in s . C a u tio n  m u s t  b e  e x e r c ise d , h o w ­

e v e r , s in c e  o n ly  o n e  in  1 0 -1 0 0  v ir u s  p a r t ic le s  is  

in fe c t io u s , so  th a t  lo o k in g  a t  th e  b u lk  o f  th e  p a r t ic le s  

m ig h t  b e m is le a d in g . A  n u m b e r  o f  d iffer en t co n ­

d it io n s  do, h o w e v er , a lte r  th e  c le a v a g e  process.  

In c u b a tio n  o f  in fe c te d  c e lls  a t  42°C  or in  th e  p resen ce  

o f  p ro fla v in  r e s u lts  in  g r e a t ly  red u ced  a sse m b ly  o f  

p a rtic le s . U n d e r  th e s e  co n d itio n s  th e  p r o ce ss in g  o f  

P -V II is  s u b s ta n t ia l ly  red u ced  in  b o th  r a te  and  

e x te n t . A lso , in  in fe c te d  C V -1  c e l ls  a s se m b ly  o f  

a d e n o v ir u s  is  v e r y  poor (B a u m  e t  a l. 1 9 7 2 ) an d  P -V II  

is  n o t p ro ce sse d  (u n p u b l.). H o w ev e r , in  th e s e  c e lls  

s y n th e s is  o f  a l l  v ir io n  p r o te in s  is  red u ced  up  to  

fiv efo ld  co m p a red  to  s y n th e s is  in  in fe c te d  K B  c e lls ,  

an d  l i t t le  i f  a n y  fiber a n d  P -V I p ro te in s  a re m ad e  

(G rod zick er e t  a l. 19 7 4 ). N o n e th e le s s  th is  c a s e  o f  

a b o rtiv e  in fe c t io n  a g a in  sh o w s a c o r re la tio n  b e ­

tw e e n  d e f ic ie n t  a s s e m b ly  a n d  a  la ck  o f  p r o ce ss in g  o f  

P -V II. T h e  m o st  w e  ca n  sa y  is  th a t  th is  c ircu m ­

s ta n t ia l  e v id e n c e  s u g g e s t s  th a t  c le a v a g e  o f  th e  

p recu rso rs  is  in v o lv e d  in  v ir a l m a tu r a tio n .

V i r u s  A s s e m b l y



5 8 4 J .  L E W I S  E T  A L .

2m 21 21 1

F ig u r e  3 . T h e  c o m p o n e n t s  o f  y o u n g  A d 2  v i r i o n s .  A  c u l t u r e  

o f  4  x  1 0 s c e l l s  w a s  i n f e c t e d  w i t h  4  x  1 0 10 P F U  A d 2 .  B e g i n ­

n i n g  a t  2 6  h r  p . i . ,  t h e  c e l l s  w e r e  l a b e l e d  f o r  3  h r  ( 1  m C i / 1 0 0  

m l  o f  m e d i u m  c o n t a i n i n g  ~ 3  / A g / m l  m e t h i o n i n e ) ,  f o l l o w e d  

b y  a  c h a s e  p e r i o d  i n  m e d i u m  c o n t a i n i n g  1 5  j i g / m l  n o n ­

r a d i o a c t i v e  m e t h i o n i n e .  A f t e r  0 ,  3 ,  6  a n d  1 2  h r  o f  c h a s e ,  

s a m p l e s  w e r e  r e m o v e d  f r o m  t h e  c u l t u r e  a n d  f r o z e n  a s  c e l l  

p e l l e t s .  W h e n  a l l  s a m p l e s  h a d  b e e n  c o l l e c t e d ,  v i r u s  w a s  

p u r i f i e d  f r o m  e a c h  s a m p l e  b y  t h e  s t a n d a r d  m e t h o d  ( A n d e r ­

s o n  e t  a l .  1 9 7 3 ) ,  i n c l u d i n g  f r e o n  e x t r a c t i o n ,  s e d i m e n t a t i o n  

t h r o u g h  C s C l  o n t o  a  s h e l f ,  a n d  e q u i l i b r i u m  C s C l  b a n d i n g .  

E a c h  s a m p l e  w a s  f u r t h e r  p u r i f i e d  b y  s e d i m e n t a t i o n  

t h r o u g h  a  l o w - s a l t  s u c r o s e  g r a d i e n t .  S u f f i c i e n t  c o l d ,  p u r i ­

f i e d  v i r u s  w a s  a d d e d  a t  t h e  b e g i n n i n g  o f  p u r i f i c a t i o n  t o  

f o l l o w  t h e  v i r u s  b a n d  v i s u a l l y .  A l l  o p e r a t i o n s  w e r e  d o n e  

b e t w e e n  0  a n d  4 ° C .  A n  a l i q u o t  o f  t h e  p u r i f i e d  v i r u s  w a s  

d i s r u p t e d  i n  S D S  s a m p l e  b u f f e r  a n d  a n a l y z e d  b y  p o l y ­

a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s .  A  s e c o n d  a l i q u o t  w a s  s u b ­

j e c t e d  t o  a n a l y s i s  b y  e q u i l i b r i u m  C s C l  d e n s i t y  c e n t r i f u g a ­

t i o n .  V i r u s  f r o m  a l l  f o u r  s a m p l e s  g a v e  a  s i n g l e  s y m m e t r i c  

p e a k  o f  d e n s i t y  1 .3 4  g / m l  w i t h  n o  s i g n i f i c a n t  a m o u n t  o f  

m a t e r i a l  b a n d i n g  e l s e w h e r e  i n  t h e  g r a d i e n t .

C e ll-fr e e  S y n th e s is  o f  A d e n o v ir u s  P r o te in s

S tu d ie s  o f  th e  s y n th e s is  in  v iv o  o f  v ir u s- in d u c e d  

p o ly p e p tid e s  h a v e  id e n tif ie d  m a n y  o f  th e  p r o te in s  

t h a t  a re  p r e s u m p tiv e  a d e n o v ir u s  g e n e  p rod ucts. 

H y b r id iz a tio n  e x p e r im e n ts ,  d e p e n d in g  o n  th e  u se  

o f  sp ec ific  D N A  fr a g m e n ts  p rod u ced  b y  r e s tr ic tio n

e n z y m e s , a r e  le a d in g  to  a  d e ta ile d  p ic tu re  o f  th e  

sp e c ie s  o f  v ir a l m R N A  fou n d  in  th e  cy to p la sm  o f  

in fe c te d  c e lls .  I t  sh o u ld  b e  p o ss ib le  to  c o r re la te  

th e s e  v ir a l m e s s a g e s  w ith  th e ir  p ro te in  p rod ucts  

by t r a n s la t in g  sp ec ific  v ir a l m R N A s in  o n e o f  th e  

c e ll- fr e e  p r o te in -s y n th e s iz in g  s y s te m s  r e c e n t ly  

d e v e lo p e d  (se e  L a s t  an d  L a s k in  1 9 7 2 ). W e h a v e  

u t il iz e d  th e  s y s te m  fir st  d esc r ib ed  by  S c h r e ie r  an d  

S ta e h e lin  (1 9 7 3 ) to  a n a ly z e  th e  p ro d u cts  from  ea ch  

o f  s e v e r a l s iz e  c la s s e s  o f  a d e n o v ir u s  m e ssa g e .

T h e  in co r p o r a tio n  o f  la b e le d  a m in o  a c id s  in to  

p o ly p e p tid e s  in  th e  fr a c tio n a te d  m a m m a lia n  ce ll-  

free  p r o te in  s y n th e s is  s y s te m  o f  S c h r e ie r  and  

S ta e h e lin  is  s t im u la te d  b y  c y to p la sm ic  R N A  iso la te d  

from  K B  c e lls  la t e  a fte r  a d e n o v ir u s  in fe c tio n  

(A n d e rso n  e t  a l. 1 9 7 4 ). U n d e r  o p tim a l co n d itio n s , a  

50-fjil r e a c t io n  m ix  w ill  in co r p o r a te  3 X 1 0 6 cpm  o f  

[35S ] m e th io n in e , o u t  o f  a  to ta l in p u t  o f  2 0  X  1 0 6 

cp m  [35S ] m e th io n in e , in to  a c id - in so lu b le  m a te r ia l.  

A b o u t 0 .2  x  1 0 6 cpm  is  in co rp o ra ted  in  th e  a b sen ce  

o f  ad d ed  m R N A , an d  o n ly  a  fr a c tio n  o f  th is  is  p ro te in  

s y n th e s is  s in c e  th e  in co r p o r a tio n  is  o n ly  s l ig h t ly  

d e p ressed  b y  c y c lo h e x im id e .

T h e  p o ly p e p tid e  p ro d u cts o f  c e ll-fre e  s y n th e s is  

w e r e  a n a ly z e d  b y  p o ly a c r y la m id e  g e l e le c tr o p h o re s is .  

A n  a u to r a d io g r a m  o f  [35S ] m e th io n in e - la b e le d  

p o ly p e p tid e s  is  sh o w n  in  F ig u r e  4. Id e n tif ic a tio n  o f  

p o ly p e p tid e s  is  by  c o m ig r a tio n  w ith  d isru p te d  

a d e n o v ir u s  v ir io n s  (F ig . 4 a ) a n d  w ith  e x tr a c ts  o f  

in fe c te d  c e l ls  la b e le d  in  v iv o  w ith  [ 35S ]  m e th io n in e  

(F ig . 4 f ) .  In  th e  a b se n c e  o f  ad ded  R N A , th e  m ajor  

p o ly p e p tid e  sy n th e s iz e d  is  ra b b it  g lo b in , b u t it  is  

s e e n  o n ly  in  s m a ll a m o u n ts  (F ig . 4b). S y n th e s is  

p ro g ra m m ed  by c y to p la sm ic  R N A  from  u n in fe c te d  

c e lls  (F ig . 4c) prod uced  a  co m p lex  p a tte r n  o f p o ly ­

p e p tid e s , r e s e m b lin g  th e  p a tte r n  from  u n in fe c ted  

c e ll  e x tr a c ts  la b e le d  in  v iv o  (F ig . 4d ). C y to p la sm ic  

R N A  from  c e l ls  la te  a fte r  in fe c t io n  (F ig . 4 e )  pro ­

g r a m s th e  s y n th e s is  o f  th e  v ir io n  c o m p o n e n ts  h ex o n  

(II), p e n to n  b a se  (III), fiber (IV ), m in o r  core (V ) and  

th e  h e x o n -a sso c ia te d  co m p o n e n t (IX ). In  v iv o , th e  

v ir io n  co m p o n e n ts  V I a n d  V II (m ajor core) and

V III are d e r iv e d  from  p recu rso r  p o ly p e p tid es  

(P -V I, P -V II an d  P -V III) (A n d erso n  e t  a l. 1973;  

S a b o r io  e t  a l., u n p u b l.) . T h e  c e ll-fre e  p ro d u ct co n ­

t a in s  p o ly p e p tid e s  m ig r a t in g  w ith  th e s e  th r e e  p re ­

cu rso r  p o ly p e p tid e s , b u t n o t  w ith  th e  v ir io n  co m ­

p o n e n ts  V I, V II an d  V III. In  a d d itio n , th e  c e ll-fre e  

p rod u ct c o n ta in s  p o ly p e p tid e s  th a t  m ig r a te  w ith  

se v e r a l o th e r  p o ly p e p tid e s  (1 0 0 K , 1 1 .5K ) se e n  in  

e x tr a c ts  o f  in fe c te d  c e l ls  b u t  n o t in  th e  v ir io n s .  

P o ly p e p tid e s  c o r r e sp o n d in g  to v ir io n  co m p o n e n ts  

I l ia ,  IV a , a n d  IV a 2 a n d  to th e  n o n v ir io n  p o ly p e p tid e  

5 0 K  m a y  b e p r e s e n t  in  th e  c e ll- fr e e  prod uct, b u t th e y  

are n o t w e ll  en o u g h  r e so lv e d  or p r e s e n t  in  la rg e  

e n o u g h  q u a n tity  to  m a k e  c e r ta in  id e n tif ic a t io n  

p o ssib le .

R N A  p r e p a r a tio n s  is o la te d  18, 2 4  a n d  30  h o u rs  

a fte r  in fe c t io n  a ll  g a v e  q u a li ta t iv e ly  s im ila r  

p o ly p e p tid e  p a tte r n s .

T h e  in  v itr o -s y n th e s iz e d  p o ly p e p tid e s  p u ta t iv e ly
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F i g u r e  4 .  S D S - p o l y a c r y l a m i d e  g e l  a n a l y s i s  o f  t h e  p r o d u c t s  

o f  t h e  m a m m a l i a n  c e l l - f r e e  p r o t e i n  s y n t h e s i s  s y s t e m  o p t i ­

m i z e d  f o r  a d e n o v i r u s  R N A  a s  p r e v i o u s l y  d e s c r i b e d  ( A n d e r ­

s o n  e t  a l .  1 9 7 4 ) .  I d e n t i f i c a t i o n  o f  v i r a l  p o l y p e p t i d e s  i s  p r o ­

v i d e d  b y  (a) [ 35S ]  m e t h i o n i n e - l a b e l e d  p u r i f i e d  A d 2  v i r i o n  

p r o t e i n s  a n d  ( f )  A d 2 - i n f e c t e d  H e L a  c e l l s  l a b e l e d  2 4 - 2 5  h r  

p . i .  U n i n f e c t e d  H e l a  c e l l s  ( 1 - h r  p u l s e  o f  [ 35S ] m e t h i o n i n e )  

a r e  i n c l u d e d  f o r  c o m p a r i s o n  (d). T h e  c e l l - f r e e  s y s t e m  w a s  

p r o g r a m m e d  w i t h  (b )  n o  R N A ,  (c) 1 2  /x g  u n f r a c t i o n a t e d  

c y t o p l a s m i c  R N A  f r o m  u n i n f e c t e d  K B  c e l l s ,  a n d  (e) 1 2  /xg 

u n f r a c t i o n a t e d  c y t o p l a s m i c  R N A  i s o l a t e d  3 0  h r  a f t e r  i n ­

f e c t i o n  o f  K B  c e l l s  w i t h  A d 2 .

id e n tif ie d  a s  h e x o n  (II), fib er  (IV ), m in o r  core (V ), 

p recu rso r  to  m ajor core (P -V II) a n d  co m p o n e n t

IX  h a v e  b e e n  fo u n d  to h a v e  tw o -d im e n s io n a l  

tr y p tic  p ep tid e  p a tte r n s  v e r y  s im ila r  to  th o se  o f  th e  

co r re sp o n d in g  co m p o n e n ts  from  v ir io n s  or from  in ­

fec te d  c e l ls  (A n d e rso n  e t  a l. 19 7 4 ).

W e c a n n o t  d ra w  a n y  c o n c lu s io n s  a b o u t th e  r e la ­

t iv e  a m o u n ts  o f  th e  a d e n o v ir u s  m e s s a g e s  from  th e s e  

e x p e r im e n ts , s in c e  it  is  n o t  l ik e ly  t h a t  a ll sp e c ie s  

a re tr a n s la te d  w ith  th e  sa m e  e ff ic ien cy  an d  s in c e  

w e do n o t  k n o w  th e  e ff ic ien cy  for a n y  sp e c ie s . Q u a li ­

t a t iv e ly ,  h o w e v e r , ,we c a n  sa y  t h a t  th e  p red o m in a n t  

c e ll- fr e e  p ro d u cts  a re  th e  fiber (IV ) a n d  IX  p ro te in s.  

T h is  c o n tr a s ts  w ith  th e  fa c t  t h a t  h e x o n  is  th e  m ajor  

p r o te in  b e in g  s y n th e s iz e d  in  in fe c te d  c e l ls  a t  la te  

t im e s . It is  p o ss ib le , th o u g h , th a t  h e x o n  is  u n d e r ­

r e p r e s e n te d  in  th e  c e ll- fr e e  p ro d u cts  b e c a u se  it  is  

th e  la r g e s t  p r o te in  m a d e  a n d  h e n c e  i t s  s y n th e s is  

w ill  b e m o st  s e n s i t iv e  to  a b e r r a t io n s  o f  t r a n s la t io n ,  

su ch  a s  p r e m a tu r e  r ib o so m e  t e r m in a t io n  or R N a s e  

a tta c k  o n  th e  m e sse n g e r . T h is  a r g u m e n t  c a n n o t  be  

a p p lied  to  a  co m p a r iso n  o f  th e  a m o u n t  o f  fiber  

p rod u ct w ith  th e  o th e r  a d e n o v ir u s  p r o te in s  o f  lo w er  

m o le c u la r  w e ig h t . H e n c e  th e  r e la t iv e  e x c e s s  o f  fiber  

s y n th e s is  s e e m s  r e a l, s u g g e s t in g  th a t  i t s  m e s s a g e

is  e i th e r  m o re  a b u n d a n t th a n  o th e r s  or h a s  a  

m a r k e d ly  g r e a te r  fr e q u en cy  o f  tr a n s la t io n  in  v itro . 

P u r if ic a t io n  o f  sp ec ific  m R N A  sp e c ie s  is  n eed ed  to  

a n sw e r  th is  q u e stio n .

C e ll-fr e e  s y n th e s is  o f  a d e n o v ir u s  p r o te in s  h a s  

a lso  b e e n  d e m o n str a te d  by E ro n  e t  a l. (1 9 7 4 ) an d  

W e s tp h a l e t  a l. ( th is  v o lu m e ) an d  b y  S a b o r io  e t  al. 

(u n p u b l.)  u s in g  e x tr a c ts  from  a s c ite s  c e lls . T h ese  

g ro u p s h a v e  fu r th e r  ch a r a c te r iz e d  th e  c e ll-fre e  

p ro d u cts b y  im m u n o p r e c ip ita t io n , u s in g  a n tis e r a  

d ire c ted  a g a in s t  p u r ified  v ir io n  co m p o n e n ts . W e  

h a v e  a ls o  d e m o n str a te d  th e  s y n th e s is  o f  th e  m ajor  

v ir io n  c o m p o n e n ts  ( id e n tif ie d  b y  e le c tr o p h o re tic  

m o b ility )  in  a n  S -3 0  s y s te m  d er iv ed  from  w h e a t  

g erm  (A n d e rso n  e t  a l. 19 7 4 ). T a k e n  to g e th e r , th e s e  

r e s u lts  in d ic a te  th a t  t r a n s la t io n  fa cto rs sp ec ific  

for a d e n o v ir u s  m R N A  a r e  n o t re q u ir ed  for th e  

s y n th e s is  o f  a d e n o v ir u s  p ro te in s .

S ize  C la sse s  o f  A d e n o v ir u s  m R N A  P ro g r a m m in g

th e  S y n th e s is  o f  S p e c if ic  A d e n o v ir u s  P r o te in s

D is t in c t  s iz e  c la s s e s  o f  a d e n o v ir u s  m R N A , a s  

a ssa y e d  by  h y b r id iz a t io n  to  A d 2  D N A , h a v e  b een  

rep o rted  b o th  e a r ly  a n d  la te  in  in fe c t io n  (P a r so n s  

e t  a l. 1971; P a r so n s  a n d  G r ee n  1971; L in d b erg  e t  a l

19 7 2 ). T h e s e  d iffer en t s iz e  c la s s e s  o f  R N A  a p p ea r  to  

h y b r id iz e  to  d iffer en t fr a g m e n ts  o f  A d 2 D N A , so  

th a t  th e y  a re  p r e su m a b ly  d is t in c t  p o p u la tio n s  o f  

se q u e n c e s  (C ra ig  e t  a l., t h is  v o lu m e ). S in c e  w e  n ow  

h a v e  a fu n c t io n a l a s s a y  for sp ec ific  m R N A  sp ec ie s ,  

w e c a n  d e te r m in e  th e  s iz e  d is tr ib u t io n  o f  ea ch  

a s s a y a b le  m R N A . L a te  a d e n o v ir u s  R N A  w a s  

fra c tio n a te d  b y  s e d im e n ta t io n  th r o u g h  a su cro se  

g r a d ie n t  c o n ta in in g  fo rm a m id e . E a c h  fra c tio n  o f  

th e  g r a d ie n t  w a s  tr a n s la te d , an d  th e  p rod u ct w a s  

a n a ly z e d  by  p o ly a c r y la m id e  g e l e le c tr o p h o r e s is  

(F ig . 5). M e sse n g e r  R N A  for e a c h  o f  th e  te n  v iru s-  

sp ec ific  p o ly p e p tid e s  p r e v io u s ly  id e n tif ie d  w a s  

fou n d  in  o n ly  a  fe w  a d ja c en t g r a d ie n t  fra c tio n s. A  

v a r ia b le  n u m b e r  o f  a d d it io n a l b a n d s  w e r e  se e n  w ith  

e a c h  fra c tio n  o f  R N A . S o m e o f  t h e s e  m ig h t  b e  th e  

p rod u ct o f  r e m a in in g  h o s t  m R N A , or o f  m R N A  for  

a s  y e t  u n id e n tif ie d  v iru s-co d ed  p ro te in s . M ost  

l ik e ly ,  th e  m a jo r ity  o f  su c h  b a n d s  r e p r e s e n t  th e  

p re m a tu r e  te r m in a t io n  o f  th e  s y n th e s is  o f  la r g er  

p o ly p e p tid es .

T h e  m R N A  for e a c h  o f  th e  a d e n o v ir u s  p ro te in s  is  

p r e s e n t  in  o n ly  a few  a d ja c en t g r a d ie n t  fra c tio n s ,  

s h o w in g  th a t  th e  s p e c ie s  a r e  h o m o g e n e o u s  an d  th a t  

g ro ss  a g g r e g a t io n  is  n o t a p ro b lem  u n d er  th e s e  

c o n d itio n s . T h er e  a re  se v e n  d is t in c t  s iz e  c la s s e s  o f  

A d 2 m R N A , e a c h  o f  w h ic h  p ro g ra m s th e  s y n th e s is  

o f  e i th e r  o n e  or tw o  o f  th e  te n  a d en o v iru s-sp e c if ic  

p o ly p e p tid e s  t h a t  w e  id e n tify  a m o n g  th e  c e ll-fre e  

p rod u cts. S in c e  m a n y  o f  th e  a d e n o v ir u s  p o ly p e p tid es  

a re  tr a n s la te d  from  d iffe r e n t  m R N A s, th e y  ca n n o t  

a ll  a r ise  from  a s in g le  p o ly p e p tid e  p recu rsor , w h ich  

is  c o n s is te n t  w ith  o u r fa ilu r e  to  find  su ch  a p recursor  

in  v iv o . F u r th e r m o r e , th e s e  r e s u lts  sh o w  th a t , in  

te r m s  o f  fu n c t io n a l m R N A , d is t in c t  s iz e  c la s s e s  o f
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F ig u r e  5 . S D S - p o l y a c r y l a m i d e  g e l  a u t o r a d i o g r a m  o f  t h e  i n  v i t r o  p r o d u c t s  p r o g r a m m e d  b y  f r a c t i o n a t e d  A d 2  m R N A .  R N A  

w a s  f r a c t i o n a t e d  o n  f o r m a m i d e - c o n t a i n i n g  s u c r o s e  g r a d i e n t s  a c c o r d i n g  t o  t h e  m e t h o d  o f  U .  L i n d b e r g  ( p e r s .  c o m m .) .  R N A  

s a m p l e s  w e r e  p r e p a r e d  b y  i n c u b a t i o n  o f  1 v o l .  R N A ,  1 v o l .  1 0 X  b u f f e r  ( 1  m L i C l ,  0 . 0 5  m E D T A ,  2 %  S D S  a n d  0 .1  m T r i s  p H  

7 . 4 ) ,  a n d  9  v o l s .  f o r m a m i d e  ( B D H  C h e m i c a l s )  a t  3 7 ° C  f o r  5  m i n  i n  o r d e r  t o  d e n a t u r e  t h e  R N A .  T h e  R N A  w a s  t h e n  d i l u t e d  

w i t h  a n  e q u a l  v o l u m e  o f  I X  b u f f e r ,  a n d  2 . 0  m l  o f  s o l u t i o n  c o n t a i n i n g  1 6  A a60 u n i t s  o f  R N A  w a s  l o a d e d  o n t o  a  3 6 - m l ,  5 - 2 0 %  

l i n e a r  s u c r o s e  g r a d i e n t  m a d e  i n  I X  b u f f e r  c o n t a i n i n g  5 0 %  v / v  f o r m a m i d e .  T u b e s  w e r e  s p u n  i n  t h e  S W 2 7  r o t o r  ( S p i n c o )  a t  

2 7 , 0 0 0  r p m  f o r  4 0  h r  a t  4 ° C .  T h e i r  c o n t e n t s  w e r e  c o l l e c t e d  t h r o u g h  a  f l o w  c e l l ,  a n d  t h e  a b s o r b a n c e  a t  2 6 0  m ^c  w a s  r e c o r d e d .

E a c h  f r a c t i o n  ( 1 .6  m l )  w a s  p r e c i p i t a t e d  w i t h  t w o  v o l u m e s  o f  e t h a n o l  a f t e r  a d d i t i o n  o f  N a C l  t o  a  c o n c e n t r a t i o n  o f  0 . 5  m 

a n d  o f  E. coli r i b o s o m a l  R N A  t o  1 5  /L tg /m l . A f t e r  a  s e c o n d  e t h a n o l  p r e c i p i t a t i o n ,  t h e  r e m a i n i n g  f l u i d  w a s  r e m o v e d  b y  b r i e f  

l y o p h i l i z a t i o n .  E a c h  f r a c t i o n  w a s  d i s s o l v e d  i n  5 0  /xl H aO  a n d  s t o r e d  a t  — 2 0 ° C .  T h e  m a m m a l i a n  c e l l - f r e e  s y s t e m  w a s  p r o ­

g r a m m e d  w i t h  3 - 1 2  ^ il  R N A  f r o m  e a c h  f r a c t i o n ,  a n d  t h e  p r o d u c t s  w e r e  a n a l y z e d  o n  S D S - p o l y a c r y l a m i d e  g e l s .  T h e  g e l  

p a t t e r n  i s  s h o w n  a l i g n e d  w i t h  t h e  o p t i c a l  d e n s i t y  p r o f i l e  f r o m  t h e  s u c r o s e  g r a d i e n t ;  f r a c t i o n  n u m b e r s  a r e  g i v e n  a t  t h e  b o t ­

t o m  o f  t h e  f i g u r e .  T h e  c e l l - f r e e  p r o d u c t  p r o g r a m m e d  b y  u n f r a c t i o n a t e d  c y t o p l a s m i c  A d 2  m R N A  ( c o l u m n  T )  a n d  a n  i n  v i v o  

l a b e l e d  s a m p l e  o f  A d 2 - i n f e c t e d  H e L a  c e l l  p r o t e i n s  ( c o l u m n  A ;  s a m e  a s  F i g .  4 f )  a r e  s h o w n  f o r  c o m p a r i s o n .

m R N A  r e p r e s e n t  th e  e x p r e ss io n  o f  d is t in c t  v ir a l  

g e n e s .

T h e  p o te n t ia l co d in g  c a p a c ity  o f  e a c h  m R N A  ca n  

b e e s t im a te d  from  it s  s e d im e n ta t io n  c o n s ta n t . T h is  

is  o n ly  a p p r o x im a te , s in c e  th e  fo r m a m id e  tr e a tm e n t  

u sed  h e r e  w o u ld  n o t  b e  e x p e c te d  to  d e s tr o y  a ll R N A  

s tr u c tu r e , so  th a t  s e d im e n ta t io n  r a te  w ill  n o t n e c e s ­

s a r ily  b e  d e te r m in e d  b y  s iz e  a lo n e . H o w ev e r , th e  

a p p r o x im a te  co d in g  c a p a c ity  o f  t h e  m R N A  a n d  th e  

s iz e  o f  th e  p r o te in (s )  cod ed  by  th e  m R N A  a re  co m ­

p ared  in  T a b le  2. T h e  m R N A s  for h e x o n  (II), m in o r  

core (V ), IX  an d  th e  1 1 .5 K  p r o te in  e a c h  h a v e  a  

co d in g  c a p a c ity  a p p r o x im a te ly  e q u a l to  th e  s iz e  o f  

th e  p o ly p e p tid e  p rod uct. O n  th e  o th e r  h a n d , th e

m R N A s for m ajor co re  p recu rso r  (P -V II) an d  p en to n  

b a se  (III) a re  r e s p e c t iv e ly  fiv e  a n d  tw o  t im e s  as  

la r g e  a s  r e q u ir ed  to  s y n th e s iz e  t h e s e  p ro te in s . T h e  

P -V I a n d  1 0 0 K  p r o te in s  a r e  en co d ed  b y  m R N A s o f  

th e  sa m e  s iz e , an d  su c h  a n  m R N A  w o u ld  h a v e  su f ­

f ic ie n t  co d in g  c a p a c ity  for b o th  p o ly p e p tid es . T h e  

fiber a n d  P -V III p r o te in s  a re  a lso  s y n th e s iz e d  from  

m R N A s o f  th e  sa m e  s iz e , a n d  su c h  a n  m R N A  m ig h t  

h a v e  su ff ic ie n t  co d in g  c a p a c ity  for b oth  p o ly p ep tid es .

C y c lo h e x im id e  c a n  b e u sed  to  in h ib it  th e  s y n th e ­

s is  o f  la t e  a d e n o v ir u s  R N A  an d  to  e n h a n c e  th e  

s y n th e s is  o f  e a r ly  a d e n o v ir u s  R N A  (C ra ig  an d  

R a sk a s  1 974). R N A  is o la te d  from  c e lls  tr e a te d  w ith  

c y c lo h e x im id e , b o th  u n in fe c te d  an d  a fte r  a d e n o v ir u s
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T a b l e  2 .  C o m p a r i s o n  o f  t h e  M o l e c u l a r  W e i g h t  o f  S o m e  V i r u s - s p e c i f i c  P r o t e i n s  w i t h  t h e  

A p p a r e n t  C o d i n g  C a p a c i t y  o f  T h e i r  m R N A s

P r o t e i n  - M e s s e n g e r  R N A

c o m p o n e n t

M W

( d a l t o n s ) s n u c l e o t i d e s

c a l c u l a t e d  

d a l t o n s  o f  

p r o t e i n

1 0 0 K n o n v i r i o n  c o m p o n e n t 1 0 0 ,0 0 0 2 7 4 5 0 0 1 6 5 , 0 0 0

P - V I p r e c u r s o r  t o  V I 2 7 , 0 0 0 2 7 4 5 0 0 1 6 5 , 0 0 0

I I I p e n t o n  b a s e 8 5 , 0 0 0 2 5 4 0 0 0 1 4 5 , 0 0 0

I I h e x o n 1 2 0 ,0 0 0 2 3 3 2 0 0 1 2 0 ,0 0 0

P - V I I c o r e  p r e c u r s o r 2 0 ,0 0 0 2 1 2 8 0 0 1 0 3 , 0 0 0

I V f i b e r 6 2 , 0 0 0 1 9 2 2 0 0 8 2 , 0 0 0

P - V I I I p r e c u r s o r  t o  V I I I 2 6 , 0 0 0 1 9 2 2 0 0 8 2 , 0 0 0

V c o r e -1 4 8 , 5 0 0 1 6 1 7 0 0 6 2 , 0 0 0

I X h e x o n - a s s o c i a t e d 1 2 ,0 0 0 9 4 0 0 1 5 , 0 0 0

1 1 . 5 K n o n v i r i o n  c o m p o n e n t 1 1 , 5 0 0 9 4 0 0 1 5 , 0 0 0

1 1 K e a r l y  p r o t e i n 1 1 ,0 0 0 2 2 3 0 0 0 1 1 0 ,0 0 0

S e d i m e n t a t i o n  v a l u e s  (S )  a r e  a p p r o x i m a t e  a n d  w e r e  d e t e r m i n e d  f r o m  F i g s .  4  a n d  5 ,  u s i n g  t h e  g r a d i e n t  f r a c t i o n  g i v i n g  

t h e  l a r g e s t  a m o u n t  o f  i n c o r p o r a t i o n  i n t o  t h e  g i v e n  c o m p o n e n t .  S t a n d a r d s  w e r e  t h e  2 8 S , 1 8 S  a n d  4 S  R N A s  p r e s e n t  i n  

t h e  c y t o p l a s m .  N u c l e o t i d e s  p e r  R N A  s p e c i e s  a n d  t h e  c o d i n g  c a p a c i t y  i n  d a l t o n s  o f  p r o t e i n  w e r e  c a l c u l a t e d  f r o m  t h e  

a p p a r e n t  S  v a l u e ;  n o  c o r r e c t i o n  w a s  m a d e  f o r  p o ly ( A )  c o n t e n t .  T h e  R N A  s p e c i e s  c o r r e s p o n d i n g  t o  m o s t  o b s e r v e d  v i r a l  

p e p t i d e s  w e r e  d i s t r i b u t e d  i n  a  f e w  f r a c t i o n s  o f  t h e  g r a d i e n t s .  T h e  m e s s a g e  f o r  t h e  e a r l y  1 1 K  c o m p o n e n t  w a s  m o r e  

b r o a d l y  d i s t r i b u t e d  (6  f r a c t i o n s ,  1 7 - 2 6 S ) .  A s s u m i n g  e a c h  m e s s a g e  r e p r e s e n t s  a n  i n d e p e n d e n t  R N A  s p e c i e s ,  t h e  o b s e r v e d  

s p e c i e s  o f  l a t e  m e s s a g e  a p p a r e n t l y  a c c o u n t  f o r  7 5 %  o f  t h e  t h e o r e t i c a l  c o d i n g  c a p a c i t y  o f  3 4 ,5 0 0  n u c l e o t i d e s .

in fe c t io n , w a s  u se d  to  d ir e c t  p r o te in  sy n th e s is .  T h e  

ce ll- fr e e  s y n th e s is  p ro d u cts w e r e  a n a ly z e d  b y  

S D S -p o ly a c r y la m id e  g e l e le c tr o p h o r e s is  (F ig . 6 ).

T h e  o n ly  o b v io u s  p o ly p e p tid e  fo u n d  sp e c if ic a lly  in  

th e  p rod u ct o f  in fe c te d  R N A  is  o n e  o f  1 1 ,0 0 0  d a lto n s .

T h e  e a r ly  R N A  an d  u n in fe c te d  R N A  w e r e  fra c ­

t io n a te d  b y  se d im e n ta t io n  th r o u g h  su c r o se  g r a d i ­

e n t s ,  th e  v a r io u s  fr a c tio n s  w e r e  u se d  to  p rogram  

c e ll- fr e e  p r o te in  s y n th e s is ,  a n d  th e  p ro d u ct w a s  

a n a ly z e d  b y  p o ly a c r y la m id e  g e l  e le c tr o p h o r e s is  

(F ig . 7). T h e  1 1 ,0 0 0 -d a lto n  p o ly p e p tid e  m R N A  w a s  

fou n d  in  a  b road  p ea k  s e d im e n t in g  a t  2 0 S . W e h a v e  

n o t d e te c te d  a  co r re sp o n d in g  p r o te in  b y  a n a ly z in g  

w h o le  c e ll  e x tr a c ts  la b e le d  a t  e a r ly  t im e s  a fte r  

in fe c t io n . T h e  E 3 p r o te in  o f  I s h ib a s h i a n d  M a ize l  

(1 9 7 4 ) co u ld  p o ss ib ly  co rresp o n d  to  th is  p ro te in . W e  

do n o t  y e t  k n o w  i f  th e  e a r ly  11K  p r o te in  is  d ifferen t  

from  th e  1 1 .5 K  p r o te in  p rod uced  from  la te  R N A  

(and  fo u n d  in  v iv o); h o w e v e r , th e y  a p p ea r  to  h a v e  

s l ig h t ly  d iffe r e n t  e le c tr o p h o r e tic  m o b il it ie s , a n d  it  is  

c le a r  t h a t  th e  e a r ly  a n d  la te  s p e c ie s  a re  en co d ed  by  

d iffe r e n t-s iz e d  m R N A s, 2 0 S  an d  9 S , re sp e c tiv e ly .

If, h o w e v e r , th e  p r o te in s  a re  id e n tic a l,  th e n  th e  

s y n th e s is  or p r o c e ss in g  o f  th e  m e s s e n g e r  m u s t  be  

d iffer en t a t  e a r ly  a n d  la te  t im e s .

P r e su m a b ly  o th e r  e a r ly  a d e n o v ir u s  p o ly p e p tid es  

a re  h id d e n  b y  th e  b a ck g ro u n d  o f  h o s t-sp e c ific  pro ­

t e in  s y n th e s is  s e e n  in  F ig u r e  6 . T o s tu d y  m e s s a g e s  

for th e s e  p o ly p e p tid e s , it  w ill  b e  n e c e s sa r y  to  se le c t  

a d e n o v ir u s-sp e c if ic  m R N A  b y h y b r id iz a t io n  to A d 2  

D N A . T h e s e  e x p e r im e n ts  a re  in  p ro g ress.

T h e  m e s s a g e s  id e n tif ie d  so  fa r  b y  t h e s e  tr a n s la ­

t io n  e x p e r im e n ts  a r e  l is te d  in  T a b le  2, an d  from  

th e s e  d a ta  w e  c a n  a sk  w h a t  p o rtio n  o f  th e  g e n o m e  

k n o w n  to  be e x p r e sse d  a t  la te  t im e s  is  a cco u n ted  

for b y  t h e s e  R N A  se q u e n c e s . T h e  to ta l a v a ila b le

se q u e n c e  a t la te  t im e s  is  80% o f  3 5 ,0 0 0  b a se  p a irs ,  

or 2 8 ,0 0 0  n u c le o t id e s .

I f  w e  a s s u m e  th a t  ea c h  o f  th e  m e s s a g e s  l is te d  in

a  b e

— «p— —’

F i g u r e  6 . S D S - p o l y a c r y l a m i d e  g e l  a n a l y s i s  o f  t h e  p r o d u c t s  

o f  m a m m a l i a n  c e l l - f r e e  p r o t e i n  s y n t h e s i s  p r o g r a m m e d  w i t h  

(c) 1 7  /jig u n f r a c t i o n a t e d  c y t o p l a s m i c  R N A  f r o m  m o c k -  

i n f e c t e d  K B  c e l l s  a n d  ( b) 1 7  fxg u n f r a c t i o n a t e d  c y t o p l a s m i c  

R N A  f r o m  K B  c e l l s  1 8  h r  a f t e r  i n f e c t i o n  w i t h  A d 2 .  B o t h  

m o c k - i n f e c t e d  a n d  A d 2 - i n f e c t e d  K B  c e l l s  w e r e  t r e a t e d  w i t h  

c y c l o h e x i m i d e  a t  1 2 . 5  /M g /m l  f r o m  1 - 1 8  h r  a f t e r  i n f e c t i o n .
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F ig u r e  7 . S D S - p o l y a c r y l a m i d e  g e l  a u t o r a d i o g r a m  o f  t h e  p r o d u c t s  o f  c e l l - f r e e  p r o t e i n  s y n t h e s i s  p r o g r a m m e d  b y  f r a c t i o n a t e d  

R N A .  T h e  f r a c t i o n a t i o n  o f  t h e  R N A  o n  s u c r o s e  g r a d i e n t s  i s  a s  d e s c r i b e d  i n  t h e  l e g e n d  t o  F i g .  5 .  T h e  R N A  p r e p a r a t i o n s  u s e d  

f r o m  m o c k - i n f e c t e d  c e l l s  (a) a n d  f r o m  c e l l s  e a r l y  i n  A d 2  i n f e c t i o n  (b) a r e  t h e  p r e p a r a t i o n s  d e s c r i b e d  i n  t h e  l e g e n d  t o  F i g .  6 .

T a b le  2 is  m o n o c is tro n ic , t h a t  is , e n c o d e s  o n ly  th e  

p o ly p e p tid e  id e n tif ie d  w ith  it  in  th e  ta b le , th e n  th e  

la t e  p o ly p e p tid e s  w e  id e n tify  in  ou r c e ll- fr e e  p rod uct  

to ta l 5 1 2 ,0 0 0  d a lto n s  o f  p ro te in , r e p r e se n te d  b y  

2 6 ,0 0 0  n u c le o t id e s . T h is  e s t im a te  a lso  a s s u m e s  th a t  

p o ly (A ) se q u e n c e s  c o n tr ib u te  l i t t le  to  th e  s iz e  o f  

t h e  R N A  a n d  th a t  th o se  n u c le o t id e s  n o t co d in g  pro ­

t e in  a r e  n o t co m m o n  to  se v e r a l m R N A  m o le c u le s .  

T h e  r e m a in in g  p o ly p e p tid e s  l is te d  in  T a b le  1 th a t  

a re in d u ce d  la te  a fte r  in fe c t io n  b u t h a v e  n o t y e t  

b een  id e n tif ie d  in  o u r  c e ll- fr e e  p ro d u ct to ta l 3 4 8 ,0 0 0  

d a lto n s  o f  p ro te in , r e q u ir in g  9 5 0 0  n u c le o t id e s  to  

e n co d e  th e ir  s e q u e n c e s . I f  th e  S  v a lu e s  from  th e  

fo r m a m id e -c o n ta in in g  g r a d ie n ts  tr u ly  r e flec t  th e  

m o le c u la r  w e ig h t s  o f  th e  m R N A s, th e n  th e  re ­

m a in in g  p o s s ib ility  is  t h a t  so m e  p a irs  o f  p r o te in s  are  

en co d ed  b y  s in g le  m R N A  m o le c u le s .

I f  so m e  a d e n o v ir u s  m e s s a g e s  c o n ta in  th e  in fo r ­

m a tio n  for m o re  th a n  o n e  v ir a l p ro te in , th e y  n eed  

n o t  b e  p o ly c is tr o n ic  in  th e  s e n s e  o f  Escherichia 

coli lac m R N A . S e v e r a l p ro d u cts  co u ld  b e tr a n s la te d  

a s a s in g le  u n it  a n d  la te r  c le a v e d . T h is  s e e m s  

u n lik e ly ,  a s  d isc u sse d  ab o v e. A n o th e r  a lte r n a t iv e  

is  th a t  c y to p la sm ic  p r o c e ss in g  o f  th e  R N A  is  req u ired  

to  a llo w  in it ia t io n  o f  s y n th e s is  o f  a se co n d  p ro te in  

p roduct. I t  sh o u ld  b e  p o ss ib le  to  d e m o n str a te  c o n ­

c lu s iv e ly  w h e th e r  or n o t  a n y  a d e n o v ir u s  m e s s a g e  is  

p o ly c is tr o n ic  by  a n a ly z in g  th e  in  v itro  tr a n s la t io n  

p rod u cts o f  in d iv id u a l m e s s a g e s  p u r ified  b y  h y ­

b r id iza tio n  to  r e s tr ic t io n  e n z y m e  fr a g m e n ts  o f  A d2  

D N A , a n d /o r  b y  g e l e le c tr o p h o r e s is .

C o u p le d  P r o te in  S y n th e s is  fro m  S V 4 0  D N A

A n o th e r  ap p ro a ch  to  th e  id e n tif ic a t io n  o f  v ir a l  

g e n e  p ro d u cts  is  to  t r a n s la te  R N A  m a d e  b y  in  v itro

tr a n sc r ip t io n  o f  th e  D N A . T h is  h a s  b een  p a r tic u la r ly  

u s e fu l in  s tu d y in g  b a c te r io p h a g e s . I t  h a s  n o t y e t  

b e e n  p o ss ib le  to  do a n a lo g o u s  e x p e r im e n ts  w ith  

t h e  h o m o lo g o u s  D N A -d e p e n d e n t  R N A  p o ly m e r a se s  

in  e u k a r y o t ic  sy s te m s . H o w ev e r , in  sp ec ific  ca se s  

h e te r o lo g o u s  c o m b in a t io n s  c a n  b e  u se fu l. T h e # .  coli 

R N A  p o ly m e r a se  fo r tu ito u s ly  tr a n sc r ib e s  th e  

c o m p le te  e a r ly  s tr a n d  o f  S V 4 0  D N A  (L in d stro m  and  

D u lb ecco  1972; K h o u r y  a n d  M a r tin  1972; S a m b ro o k  

e t  a l. 1 9 7 2 ), y ie ld in g  e a r ly  m R N A  an d  th e  se q u en ce  

c o m p le m e n ta r y  to  la te  R N A . W ith  p o ly o m a  D N A  

a s  t e m p la te , b o th  s tr a n d s  ca n  b e tr a n scr ib e d  

(K a m e n  e t  a l., th is  v o lu m e ). B y  c o u p lin g  th is  

tr a n sc r ip t io n  to  c e ll- fr e e  t r a n s la t io n  w ith  a l l  E. coli 

c o m p o n e n ts , so m e  m ajor ca p sid  p r o te in  o f  p o ly o m a  

ca n  b e  s y n th e s iz e d  (C raw ford  a n d  G e s te la n d  1973). 

T h e  a n a lo g o u s  S V 4 0  p rod uct d o es n o t c o n ta in  v ir io n  

p ro te in  se q u e n c e s , a s  ex p e c te d  from  th e  fa c t  th a t  

o n ly  e a r ly  R N A  is  m ad e. T h e  S V 4 0  p ro d u cts  are  

m o stly  s m a lle r  th a n  4 0 ,0 0 0  d a lto n s  a n d  a re  very  

h e te r o g e n e o u s , m a k in g  in te r p r e ta t io n  d ifficu lt  

(C raw ford  e t  a l. 1 970).

In  a n  a t te m p t  to  g e t  c lo ser  to  h o m o lo g o u s  co n ­

d it io n s , w e  h a v e  a d ded  v ir a l D N A , E. coli R N A  

p o ly m e r a se  a n d  e x tr a  tr ip h o s p h a te s  to  th e  m a m ­

m a lia n  c e ll- fr e e  s y s te m  u se d  ab ove.

In co rp o ra tio n  o f  a m in o  acid  in to  p o ly p e p tid e  w a s  

s ig n if ic a n t ly  s im u la te d  b y  S V 4 0  D N A , b u t n ot by  

A d 2 D N A . A  s ta n d a rd  50-/x\ in co rp o ra tio n  m ix  

in co rp o ra ted  1.2 x  1 0 6 cp m  o f  [35S ]m e th io n in e  in  

th e  p r e se n c e  o f  2 0  /x g /m l S V 4 0  D N A  form  I. In ­

co rp o ra tio n  in  th e  a b sen ce  o f  D N A  w a s  0 .2 7  x  1 06 

cpm . A n a ly s is  o f  th e  c e ll- fr e e  prod uct b y  S D S -  

p o ly a c r y la m id e  g e l e le c tr o p h o r e s is  (F ig . 8 ) r e v e a le d  

a n u m b e r  o f  p o ly p e p tid e s , n o n e  o f  w h ich  a re  s y n ­

th e s iz e d  in  th e  a b se n c e  o f  S V 4 0  D N A . D isr u p te d
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F i g u r e  8 . S D S - p o l y a c r y l a m i d e  g e l  a u t o r a d i o g r a m  o f  p r o d ­

u c t s  o f  p r o t e i n  s y n t h e s i s  d i r e c t e d  b y  D N A .  A  s t a n d a r d  a s ­

s a y  c o n t a i n e d  i n  5 0  /x 1 t h e  f o l l o w i n g  c o m p o n e n t s :  0 . 2 5  A 260 

u n i t s  r i b o s o m a l  s u b u n i t s ,  5  fi\  p H  5  e n z y m e  ( c o n t a i n i n g  6 5  

f ig  p r o t e i n  a n d  4  f ig  R N A ) ,  1 2  f ig  3 0 - 4 0 %  s a t u r a t i o n  

( N H 4)2S 0 4 p r e c i p i t a t e d ,  D E A E - p u r i f i e d  i n i t i a t i o n  f a c t o r s ,  

a n d  5 0  f ig  4 0 - 7 0 %  s a t u r a t i o n  ( N H 4)2S 0 4 p r e c i p i t a t e d  

i n i t i a t i o n  f a c t o r s .  T h e  p r e p a r a t i o n  o f  t h e s e  c o m p o n e n t s  i s  

d e s c r i b e d  i n  A n d e r s o n  e t  a l .  ( 1 9 7 4 ) .  T h e  o t h e r  i n g r e d i e n t s  

w e r e  2 . 0  m M  A T P ,  0 . 6  m M  G T P ,  0 .4  m M  C T P ,  0 . 4  m M  U T P ,  

2 0  m M  c r e a t i n e  p h o s p h a t e ,  4 0  f ig /m \  c r e a t i n e  k i n a s e ,  6 0  

f ig /m l  R N A  p o l y m e r a s e  ( g i f t  o f  D r .  B .  A l l e t ) ,  3 0  m M  T r i s -  

H C 1  p H  7 . 6 ,  1 0 0  m M  K C 1 ,  5 . 6  m M  M g ( O A c ) 2 , 0 . 3  m M  d i -  

t h i o t h r e i t o l ,  3 0  fiM e a c h  o f  1 9  a m i n o  a c i d s  m i n u s  m e t h i ­

o n i n e ,  2  fiM  [ 35S ] m e t h i o n i n e  a t  g r e a t e r  t h a n  1 0 0  C i / m M ,  

a n d  D N A  a s  i n d i c a t e d  b e l o w .  I n c u b a t i o n  w a s  f o r  9 0  m i n  a t  

3 5 ° C .  T h e  c e l l - f r e e  s y s t e m  w a s  p r o g r a m m e d  w i t h  n o  D N A  

(b) a n d  w i t h  2 0  / A g /m l  S V 4 0  f o r m  I  D N A  (c). D i s r u p t e d  

a d e n o v i r u s  2  i s  s h o w n  f o r  a  c o m p a r i s o n  o f  m o l e c u l a r  

w e i g h t  (a).

a d e n o v ir u s  is  sh o w n  for a co m p a r iso n  o f  m o le c u la r  

w e ig h t . T h e  c e ll- fr e e  p rod uct in c lu d e s  p o ly p e p tid es  

o f  7 0 ,0 0 0 , 6 0 ,0 0 0 , 5 0 ,0 0 0  an d  4 0 ,0 0 0  m o le c u la r  

w e ig h t , a s  w e ll a s  v a r io u s  s m a lle r  p o ly p e p tid es .  

T h e se  p r o te in s  m u st  n o w  b e co m p a red  w ith  p ro te in s  

from  S V 4 0 - in fe c te d  or - tr a n sfo rm e d  c e lls ,  p a r ­

t ic u la r ly  th e  T a n d  U  a n tig e n s . T h e  p red ic tio n  th a t  

co u p led  s y n th e s is  from  p o ly o m a  D N A  sh o u ld  y ie ld  

ca p sid  p r o te in s  is  b e in g  te s te d .

T h e  co u p led  s y s te m  o f  tr a n sc r ip t io n  a n d  tr a n s ­

la t io n  d esc r ib ed  h e r e  s e e m s  m o re  p r o m is in g  th a n  

th e  p re p a r a tio n  o f  S V 4 0  cR N A  fo llo w ed  b y  tr a n s ­

la t io n  by  m a m m a lia n  co m p o n e n ts  in  a se p a r a te  

re a c tio n . In  th e  la t te r  c a s e , th e  la r g e s t  p o ly p e p tid e  

s e e n  is  5 0 ,0 0 0  m o le c u la r  w e ig h t  a n d  th e  p red o m i ­

n a n t  p ro d u cts  a re v e r y  sm a ll p o ly p e p tid e s  (L ew is

1 973). A s  y e t  n o n e  o f  t h e s e  p o ly p e p tid e s  h a v e  b een  

id en tifie d .
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