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introduction



SVAi-O v5.rus -  In tro d u c tio n *

The w idespread  use of t i s s u e  c u ltu re s  d e riv ed  from 

monkey kidneys gave r i s e ,  in  th e  1950s ,  to  a number of 

re p o r ts  of in d ig in o u s  monlcey v iru se s  recovered  from 

u n in o cu la ted  c u ltu re s  (Hsiung & &aylorcC,1 961 )•

F req u e n tly , u n in o cu la ted  c u ltu re s  were observed to  

d egenera te  spon taneously  to  g ive  a d i s t in c t iv e  cy topatho logy . 

During p ro d u c tio n  and t e s t in g  of p o lio m y e li t is  v acc in e , 

numerous f i l t e r a b l e ,  t r a n s f e r a b le ,  cy topathogen ic  agen ts 

o th e r th an  p o lio v iru s  werê encountered (Sweet & H illm an, I 960) .

The Sim ian V acuolating  V irus (SV40) was f i r s t  i s o la te d  

from u n in o o u la ted  kidney  c u ltu re s  from rh e su s , cynomolgus 

and p a t as monlceys ( Sweet & H illm an, 1 96O (b ) ;  Hsiung &

G aylord, 19^1) and was found to  be capable of inducing  

tumours in  th e  S y rian  ham ster (Eddy ^  a l ,  I 962) and 

multimamate r a t  (Robson ^  1962)*,

SVRO and th e  c lo s e ly  r e la te d  polyoma v iru s  a re  bo th  

members of th e  Papovavirus group (M elnick, 19^2)# Where 

a p p ro p r ia te , SV40 and polyoma v iru s  w i l l  be d iscu ssed  to g e th e r*



P lh fs ica l and oh end. o a l  p ro p e r t ie s  of SYh.0 v iru s  «

The v i.r icn , i» e ,  th e  e x t r a c e l lu la r  mature v iru s ,  c o n s is ts  

of d eo x y ribonucle ic  a c id  (DNA) con tained  w ith in  a p ro te in  

s h e l l ,  th e  c a p s id . E le c tro n  microscopy in d ic a te s  th a t  bo th  

polyoma v iru s  (M attern  ejfc 196?) and SVlpO (A nderer ê t a l , 

1967) have d o o sahed ra l symmetry and c o n ta in  72 su b -u n its  

or capsomeres (Klug,196.5)* Each v ir io n  may c o n ta in  60 hexamers 

(each c o n ta in in g  6 i d e n t i c a l  po ly p ep tid e  c h a in s)  and 12 

pentam ers (each  c o n ta in in g  5 id e n t ic a l  p o ly p ep tid e  ch a in s) 

(C aspar & K lug,1962). Table A l i s t s  th e  p h y s ic a l and chem ical 

p ro p e r t ie s  of b o th  polyoma and SV40 v iru se so

During th e  course  of p u r i f i c a t io n  of b o th  polyoma 

and SV40 v ir io n sy  * empty* p a r t i c l e s  a re  always observed 

(Craw ford, Crawford & V/atson, 19Ô2; B lack , Crawford &

Crawford, 19&4). 'E m p ty 'p a r tic le s  a re  r e a d i ly  d is tin g u is h e d  

from ' f u l l '  p a r t i c l e s  on th e  bases of t h e i r  low er buoyant 

d e n s ity , low er sed im en ta tio n  c o e f f ic ie n t  and on e le c tro n  

m icroscopic a n a ly s is  u s in g  neg a tiv e  s ta in in g  (B lack , Crawford 

& Craw ford, 1 9^4; A nderer _et a l ,  19&7)»

V ira l  p a r t i c l e s  w ith  a lower buoyant d e n s ity  than  

normal and which co n ta in  sm alle r DNA m olecules th an  normal 

a re  produced in  SVRO (U chida ^  a l ,  1 968jY o sh iik e , I 968; 

Uohida <& W atanabe, I 968) and polyoma (Thorne e t a l ,  I 968; 

B la c k s te in  e t a l ,  I 969) in fe c te d  c e l l s  a t  h igh  in p u t



TABLE A, P h y s ic a l and chem ical p ro p e r t ie s  of SV40 and 

polyoma v iru s e s ,  (from  Green, 1970)

P a r t i c l e  w eight 

( d a l tc n s )

D iam eter of v i r io n  

(nm)

M olecular w eight 

of DNA (d a lto n s )

/•oweight of p ro te in  

% w eight of DNA

BüôyAîit d e n s ity  of 

v i r io n  (g /m l) 

S ed im en ta tion  c o e f f ic ie n t  

of v ir io n  (svedhergs)

8V40

17 xIO

40

3 X 10^ *

88

12

1 .3 4

249'

from  Sebring  e t  “a l j ’ T lT F T  

+ from Koch ^  a l  (1 967)

Polyoma

25 X 10

40-45

2* 9 -3 .4  X 10

88

12

1 .3 4

238X

X from  Crawford & C raw ford (l963)



/u g)

m u l t ip l i c i t i e s  (i«e*  h igh  in p u t v iru s  / c e l l  r a t i o s ) .

These " d e fe c tiv e "  p a r t i c l e s  may be d e le t io n  m u tan ts . Scue 

d e fe c tiv e  SVRO p a r t i c l e s  can induce th e  s y n th e s is  of 

vs.rus s p e c i f ic  p ro te in s  (Uchida e t  a l ,  1$68) and o th e rs  

a re  as oncogenic in  newborn ham sters as f u l l y  in fe c t io u s  

v iru s  (Y osh iike , 1968).

V irus s t r u c tu r a l  p ro te in so  

In  a d d it io n  to  i t s  DNA, th e  SVRO v ir io n  c o n ta in s  one major 

p o ly p ep tid e  of m olecular w eight 43,000 (VF1) which comprises

7Ç/ of th e  t o t a l  p ro te in  in  th e  v ir io n  and f iv e  minor

p o ly p ep tid es  of m olecular w eights 32,000 (VP2; 9 / ) ,

23,000  (VP3; 1(ÿb), 14,000 (VP4; 6 / ) ,  12,300 (W 5; hfo),  

and 11,000 (VP6j 3 /)*  The m olecular r a t i o s  o f th e  po ly p ep tid es  

in  th e  v ir io n  a re  6 ,0 : 1 ,0 : 1 «5 : 1 .3  : 1 .1 : 1 .0  (E stes  _et a l ,

1971) .  Polyoma v iru s  has a  very  s in d la r  c ap s id  p ro te in

complement (R o b lin , H arle  & Dulbecoo, 1971). I n  th e  case of 

SV40 v i r u s ,  th e  number of po ly p ep tid e  chain s of V?1 and VP2 

has been e s tim ated  as 320 and 54 re s p e c t iv e ly ,  c lo se  to  th e  

su b -u n it va lues as p o s tu la te d  by th e  h y p o th esis  th a t  th e re  

a re  72 su b -u n its  in  th e  l i r i o n .  (C aspar & IQug, 1962). This 

d a ta  i s  c o n s is te n t  w ith  th e  id e a  th a t  TFl might be the  p o ly p ep tid e  

f o r  b u ild in g  th e  hexamers and VP2 th e  p o ly p ep tid e  f o r  b u ild in g  

th e  pen tam ers.

V/hen th e  v ir io n  i s  degraded in  a lk a l in e  b u f f e r ,  and 

an a lysed  by v e lo c i ty  c e n tr i fu g a t io n  through a sucrose



g ra d ie n t ,  th e  p o ly p ep tid es  W1 and W 2  rem ained a t  

th e  top  of the  g ra d ie n t whereas th e  th re e  sm a lle s t 

p o ly p ep tid e s  ( VP4, W 3, and VP6 ) sedim ented as a 

complex w ith  th e  v i r a l  DNA (E ste s  1971)^ S im ila r

r e s u l t s  have been o b ta iæ d  by Friedmann (1972) f o r  

polyoma v iru s .

The sm all DNA genomes of polyoma ( F o l le t  & Crawford, 

I 9Ô8 ) and SV40 (S ebring  e t a l ,  1971) a re  e s tim ated  to  

co n ta in  s u f f ic ie n t  g e n e tic  in fo rm atio n  to  code f o r  

about 200,000 d a lto n s  of p ro te in  i f  only one s tra n d  

of th e  v i r a l  DNA i s  t r a n s c r ib e d  in  vivo (se e  l a t e r ) .

The t o t a l  m olecu lar w eight of p o ly p ep tid e  in  th e  v ir io n  

v a r ie s  from 140,000 to  180,000 and would th e re fo re  

s a tu r a te  a very  la rg e  f r a c t io n  of th e  v i r a l  genome. 

There a re  a lso  many p ro te in s  th e  sy n th es is  of which 

a re  induced  by th e  v iru s  and which a re  not considered  

to  be  p a r t  of th e  v iru s  p a r t i c l e ; th e s e  in c lu d e  th e  

tum our, t r a n s p la n ta t io n  and su rfa ce  an tig en s  (B lack  

_et ^  , 1963; Habel <& Eddy, 19&3; T ev e th ia  e t  a l ,  1965; 

T ev e th ia  e t  a l ,  1968) and c e r ta in  enzymes (K it e t  a l ,  

1966; K it ^  a l ,  1967) .  In  o rder to  overcome th e  

d i f f i c u l t y  th a t  v iru s  induced p ro te in s  account fo r  

more th a n  th e  coding p o te n t ia l  of th e  v i r a l  genome, 

one must p o s tu la te  th a t  some components a re  not v iru s -  

coded bu t d e riv e  in s te a d  from th e  h o st c e ll*



U t.

The th re e  sm a lle s t s t r u c tu r a l  p ro te in s  of polyoma 

v ir u s ,  which a re  a s so c ia te d  w ith th e  v i r a l  DNA, c o n ta in  

no try p to p h an  (R ob lin , H arle  & Dulbecco, 1971) and th i s  

f a c t  su g g ests  th a t  th e se  components m g h t be h o s t c e l l  

h i s t  ones®. To d a te , th e re  a re  no known h i s t  ones which 

c o n ta in  try p to p h an  (Bonner jet a l ,  I 968) and th e  m olecular 

w eigh ts  and ly s in e  to  v a lin e  r a t io s  of th e se  th re e  

s t r u c tu r a l  components (R ob lin , H arle & Dulbecoo, 1971) 

a re  c o n s is te n t  w ith  th e  a v a ila b le  d a ta  on h is to n e s  

(B u tle r  jet a l ,  1968), P rea rso n  and Crawford (1972) 

and H ir t  (1972) have re c e n t ly  shown th a t  th e  th re e  

sm a lle s t s t r u c tu r a l  p ro te in s  of bo th  polyoma and 

SV40 have th e  same m o b ility  on g e ls  and s im ila r  

f in g e r p r in ts  as e x tr a c ts  of b a s ic  n u c lea r  p ro te in s  

o b ta in ed  from u n in fe c ted  h o s t c e lls#

V ira l  DMA.

The major p ro p o r tio n  of th e  DNA e x tra c te d  from 

p u r i f ie d  polyoma or SVRO v iru s  i s  in  th e  form of a 

c lo sed  c i r c u la r  duplex (component 1) (Dulbecco & Vogt, 

1963; Weil & V inograd, 1963; Crawford & B lack , 1964) .

I t  VT8.& l a t e r  shown th a t  th e se  m olecules a re  su p e rc o ile d , 

or tw is te d  upon them selves (V inograd, Lebow itz, R ad lo ff , 

Watson & L a ip is , I 963; Bauer & V inograd, I 968) .



S u p e rco ilin g  i s  due to  a d e f ic ie n c y , r a th e r  th an  

’an excess, of Watson -  C rick  tu rn s  in  th e  DNA double 

h e l ix ,  as shown by experim ents w ith  e th id ium  bromide 

( 8“>diaiiiino-6”phenyl"5“*ethylphauantin’idium  bromide ) 

(Crawford & W aring, 196?)^ Ethidium  brom ide i s  a 

p h en an th rid in e  dye which forms a r e v e r s ib le  complex 

w ith  double s tran d ed  DNA. Dye m olecules i n t e r c a l a t e  

betw een th e  base  p a ir s  of th e  DNA, causing  a lo c a l  

unwinding of th e  double h e lix *  A ddition  of in c re a s in g  

amounts of eth id ium  bromide to  su p e rco ile d  DNA r e s u l t s  

in  a g rad u a l removal of su p e rc o ilin g  u n t i l  a non- 

su p e rc o ile d  conform ation i s  o b ta in ed . This would only 

be p o s s ib le  i f  su p e rc o ilin g  was due to  a d e f ic ie n c y  of 

tu rn s  in  th e  double h e l ix .  The d e fic ie n c y  of r i g h t -  

handed (W atson-Crick) tu rn s  in  th e  double h e l ix  can be 

made up f o r  by th e  m olecule adopting  a conform ation  

w ith  rig h t-h an d e d  tw is t s ,  o r su p ero o ils*  F u r th e r  a d d itio n  

of eth id ium  bromide to  su p e rco iled  DNA r e s u l t s  in  th e  

re -ap p earan ce  of s u p e rc o ilin g , th i s  tim e in  a l e f t -  

handed sen se . S u p e rco ilin g  may a lso  be removed by p a r t i a l  

d é n a tu ra tio n , e i th e r  by h e a tin g  to  40 C in  form aldehyde 

(Crawford & B lack, 1964) or a t  pH )1 .6  (v in o g rad  e t  a l ,  

1965)* The su p e rco ile d  form of SV40 v i r a l  DNA has a 

sed im en ta tio n  c o e f f ic ie n t  of 21S a t  pH 8*0#



The component 2 form of polyoma or SVRO DNA c o n s is ts  

' of open c i r c u la r  duplex  m olecules and r e s u l t s  from  th e  

in tro d u c tio n  of a s ing le-^stranded  s c is s io n  of one 

p h o sp h o d ies te r bond in  th e  component  ̂ form of th e  v i r a l  

DNA (v inog rad  a l ,  1965) , This form of v i r a l  DNA has a 

sed im en ta tio n  c o e f f ic ie n t  of 16S a t pHS.O.

Component 3 i s  m ainly degraded c e l l u la r  DNA, which 

has been en cap su la ted  in s te a d  of v i r a l  DNA in  v iru s  p a r t i c l e s  

and has a l in e a r  d o u b le -s tran d ed  s t r u c tu r e  (M ichel, H ir t  Sz 

W eil, 1967; WinocoLir, 1967; Levine & T eresky, 1970),

V irio n s  co n ta in in g  such c e l l u l a r  DNA a re  knov/n as 

p seu d o v irio n s  and, in  th e  case of SV2|-0, appear to  occur 

to  a g r e a te r  e x ten t vrhen th e  v iru s  i s  grown in  prim ary 

c u ltu re  c e l l s ,  r a th e r  th a n  in  c e l l  l in e s  (Levine & T eresky ,

1970).

The r e s t r i c t e d  uptake of eth id ium  brom ide, or i t s  

analogue, propidium  d i- io d id e  (PDl) (Hudson e t a l ,  I 969) ,  

by c lo se d  c i r c u la r  double s tran d ed  DNA m olecules forms 

th e  b a s is  of a convenient method fo r  t h e i r  d e te c tio n  

and i s o la t io n  (R ad lo ff ^  I 967)* VTien e th id ium  broirdde

binds to  DNA,' i t  causes an unwinding o f th e  h e l ix  about 

th e  duplex  a x is .  However, c lo sed  c i r c u la r  double s tran d ed  

DNA m olecules possess  no s i t e  w ith in  th e  m olecule about 

which such an unwinding process could  occur, and th e re fo re  

r e s i s t  th e  uptake of dye in  la rg e  am ounts. C losed c i r c u la r  

DNA duplexes b in d  few er m olecules of d y e /riac leo tid e  th an



open duplexes and, as a consequence of t h i s ,  have a 

h ig h e r buoyant d e n s ity  and can th e re fo re  be r e a d i ly  

sep a ra te d  from th e  l a t t e r  by eq u ilib riu m  d e n s ity  

g ra d ie n t cen tr ifu g a tio n ®

In f e c t io n  of c e l l s  w ith  SVAO.

SV40 can in te r a c t  w ith  c u ltu re d  c e l l s  in  two d i f f e r e n t  

w ays. On th e  one hand, th e re  i s  a p ro d u c tiv e , or l y t i c ,  

response  in  which th e  g re a t m a jo rity  of th e  c e l l s  y ie ld  

progeny v iru s  and d ie .  On th e  o th er hand, th e re  i s  an 

incom plete in f e c t io n  in  which l i t t l e  or no v5.rus i s  

produced and th e  c e l l s  sui'v ive (a b o r tiv e  or non-perm issive 

in f e c t io n ) .  Some of th e se  su rv iv in g  c e l l s  assume a new 

s e t  of s ta b le  p ro p e r t ie s  which c lo s e ly  resem ble th e  

p ro p e r t ie s  of c e l l s  d e riv ed  from tumours and co n tin u o u sly  

express c e r ta in  v i r a l  fu n c tio n s . These c e l l s  a re  s a id  

to  be  transform ed* Which consequence v iru s  in f e c t io n  

produces i s  s o le ly  determ ined by th e  sp ec ie s  of th e  

h o s t c e l l ,  Non-permo-ssive c e l l s  presum ably la c k  some 

fu n o t io n ( s ) ,  of unknown n a tu re , e s s e n t ia l  f o r  v iru s  

r e p l i c a t io n .  Table B l i s t s  th e  c e l l s  th a t  a re  commonly 

used in  s tu d ie s  of l y t i c  in f e c t io n  and tra n s fo rm a tio n  by



Vf,

SY40 and polyoma(

TABLE 2

Lytxc in fe c t io n A b o rtiv e  in fe c t io n

R at, Mouse, HumanMonkey

Polyoma Mouse H'amster

The r e p l ic a t io n  of SYRO v iru s  i s  s tu d ie d  in  e s ta b lis h e d  

monloey kidney  c e l l  l in e s  e .g .  BSC-i, CV-i and in  p rim ary  

A frican  Green Monkey Kidney (aGICK) c e l l s .

The fo llo w in g  se c tio n s  w i l l  d e a l w ith  th e  even ts which 

occur a f t e r  in f e c t io n  of perm issive  c e l l s  w ith  SV 40.virus » 

Events a re  term ed e i th e r  " ea rly "  or " la te "  dependent on 

w hether or not th e y  p recede  th e  onset o f v i r a l  DNA re p l ic a t io n ,

( 1 ) A dso rp tion , p e n e tra t io n  and unco a tin g  of th e  v i r u s .  

Experim ents in  which monlcey c e l l s  were in f e c te d  w ith  

ra d io a c t iv e  SVij-O v iru s  (B arban ti-B rodano , Sv/etly  and 

Koprowski, 1970) have re v ea led  th a t  th e  v iru s  i n i t i a l l y
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becomes a s s o c ia te d  w ith  th e  c e l l  membrane. A dsorp tion

may be lo c a l is e d  a t  s p e c if ic  re c e p to r  s i t e s  on th e  c e l l

s u r fa c e . A fte r  t ra n s p o r t  th rough  th e  cytoplasm , th e  v iru s

p a r t i c l e  e n te rs  th e  c e l l  nucleus v/here th e  v i r a l  DNA i s

uncoated  and where th e  v i r a l  r e p l ic a t io n  events u l t im a te ly

ta k e  p lace*  The t o t a l  amount of f r e e  p a re n ta l  SVRO DNA in

th e  nucleus p ro g re s s iv e ly  decreases  (B arbanti-B rodfm o e t  e l ,

1 9 7 0 ) .H ira i & D e fen d !.(1972) have re c e n t ly  dem onstrated  th a t  a  sm all

p o r t io n  of th e  in fe c t in g  v i r a l  DNA becomes a s s o c ia te d  w ith

h o s t c e l l  DNA by a lk a l i - s t a b le  linlcages* The s ig n if ic a n c e

of in te g r a t io n  during  th e  e a r ly  phases of th e  r e p l ic a t iv e

cy c le  of th e  v iru s  cannot be c le a r ly  a sse ssed  a t  th e  p re sen t

time*

T ai a t ^  (1972) have dem onstrated  th a t  7*"12/o of th e  

c lo se d  c i r c u la r  DNA m olecules from  SV40 v iru s  grown a t  

h ig h  m u l t ip l ic i ty  of in fe c t io n  c o n ta in  a re g io n  in  which a 

new base  sequence has re p la ce d  th e  normal one* These new 

sequences a re  d e te c te d  as non-homology re g io n s  i n  h e te ro d u p lex e s . 

Lavi & Winocour (1972) have a lso  shown th a t  th e  ty p e  of SV2i-0 

DNA sy n th es ised  in  BSC-1 c e l l s  depends upon th e  co n d itio n s  

under which th e  c e l l s  a re  in fe c ted *  V ira l DNA m olecules 

co n ta in in g  sequences homologous to  c e l l  DNA a re  produced in  

c e l l s  in fe c te d  w ith  s e r i a l l y  passaged p la q u e -p u r if ie d  v iru s .
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or w ith  non p la q u e -p u r if ie d  v iru s  a t h igh  m u l t ip l ic i ty ' 

o f in f e c t io n ,  whereas v i r a l  DNA wMoh h y b r id ise s  d e te c t ab ly  

to  h o s t DNA i s  not produced in  c e l l s  in fe c te d  vd-th p laq u e- 

p u r i f ie d  v iru s  or in  c e l l s  in fe c te d  w ith  non p laq u e- 

p u r i f i e d  v iru s  a t  low m u l t ip l ic i ty  of in fe c tio n *  Host c e l l  

DNA might be in c o rp o ra te d  in to  8V40 DNA by a mechanism 

s im ila r  to  p ro d u c tio n  o f lambda tra n sd u c in g  phage* During 

th e  l y t i c  in f e c t io n ,  SV40 v i r a l  DNA would become in te g ra te d  

a t  one or more s i t e s  in to  host c e l l  DNA (as occurs in  th e  

tra n s fo rm a tio n  p rocess  (Sanbrook e t  a l ,  I 968) )* Subsequent 

e x c is io n  would occur by recom bination  a t  a s i t e  v /ith in  th e  

v i r a l  DNA and a s i t e  somewhere on th e  c e l l u la r  DNA* A 

m olecule vi'hich had l o s t  an SYhO sequence and gained  a c e l l u l a r  

DNA sequence would re s u l t*  Presum ably, th e  p la q u e -p u r if ie d  

v iru s  DNA has a lov/ p r o b a b i l i ty  of recom bining w ith  c e l l  

c e l l  DNA (perhaps because g e n e t ic a l ly  homogeneous v i r a l  

DNA can in te r a c t  w ith  only a few s i t e s  on th e  c e l l u la r  

genome), bu t th e  v iru s  DNA which has acq u ired  h o s t DNA 

sequences during  a p rev ious in f e c t io n  has an entmnced 

p r o b a b i l i ty  of recom bining w ith  cellDNA in  a subsequent 

in f e c t io n .  S e r ia l  u n d ilu te d  passage of p la q u e -p u r if ie d  

would th u s  in c re a se  th e  frequency  w ith  which th e  recom bination



event occurs and r e s u l t  in  th e  emergence of p ro g re s s iv e ly  

la rg e r  numbers of v i r a l  DNA m olecules co n ta in in g  sequences 

homologous to  c e l l  DNA* V ira l  DNA m olecules which have 

acq u ired  sequences homologous to  c e l l  DNA may r e p l ic a te  

by com plem entation w ith  "normal" v iru s  m u ltip ly in g  in  

th e  same c e ll*  Hence th e  in c re a se d  p ro d u c tio n  of v i r a l  DNA 

co n ta in in g  sequences homologous to  c e l l  DNA in  c e l l s  

in fe c te d  w ith  s e r ia l ly -p a s s a g e d  p la q u e -p u r if ie d  v iru s  

may be due to  two se p a ra te  e f f e c t s ;  namely, an  in c re a se  

in  th e  frequency  w ith  which th e  recom bination  even ts 

occur and an in c re a s e  in  th e  frequency  w ith  which 

r e p l ic a t io n  of th e  h y b rid  v i r a l - c e l l  DNA m olecules 

which re su lt, from th e  recom bination  event occurs#

The onset of SV40 v i r a l  DNA sy n th e s is  g e n e ra lly  occurs 

12-18 h r  p o s t - in f e c t io n ,  depending on th e  c e l l  system  used* 

H ir t  ( 1966* 1969) dem onstrated  th a t  polyoma DNA r e p l ic a te s  

sem i-co n se rv a tiv e ly  and th a t  the  r e p l ic a t in g  DNA m olecule 

forms a s t ru c tu re  w ith  tv/o branch  p o in ts  and th re e  branches 

much l ik e  th o se  observed w ith  b ac te rio p h ag e  lambda (Tomizav/a & 

Ogawa, 1968) and /X1 74 DNAs (K nippers, 'Ahalley & S insheim er, 

1969)# R e p lic a tiv e  in te rm e d ia te s  have been d e te c te d  in  bo th  

SV40 and polyoma in fe c te d  c e l l s  b y  la b e l l in g  a p p ro p ria te  

c u ltu re s  fo r  sh o rt p e rio d s  w ith  ^H-thym idine (L ev ine, Kyang &
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B illh e im e r, 1970; Bourgaux, Bourgaux-Ramol3^3'  '5: Dulbecco,

1969) .  Levine e t (19?0) have shown th a t  r e p l ic a t in g  SV40 DNA 

c o n s is ts  of m olecules w ith  tv;o branch  p o in ts  , tlire e  branches 

and no 'v is ib le  ends * Two of th e se  b ranches ( r e p l ic a te d  

b ranches)w ere  always equal in  le n g th  and one r e p l ic a te d  branch  

p lu s  th e  rem aining u n re p lic a te d  p o r tio n  were equal i n  le n g th  

to  re la x ed  c i r c u la r  SV40 DNA (1*66 m ic ro n s).

N ew ly -rep lic a ted  SV40 DNA s tran d s  a re  no t c o v a le n tly  

linlced to  the  p a re n ta l  DNA s tra n d s  (Sebring  a t a l ,  1971)*

The absence of a covalen t l in k  between p a re n ta l  DNA and 

n e w ly -re p lic a te d  DNA excludes th e  r o l l in g  c i r c l e  model 

of DNA r e p l ic a t io n  (G ilb e r t  & D re s s ie r , I 968) and in d ic a te s  

in s te a d  th a t  r e p l ic a t io n  of th e  r in g  p roceeds by th e  mechanism 

proposed by C airns ( I 963, I 966) .

The p a re n ta l  s tra n d s  of most r e p l ic a t in g  SV40 DNA m olecules 

a re  c o v a le n tly  lin k e d  c i r c l e s  (S ebring  e t  1971;

Ja e n is c h , Mayer & L evine, 1971)® This f a c t  p re se n ts

c e r ta in  concep tual problem s. During r e p l ic a t io n  o f a c o v a le n tly

c lo sed  duplex , th e  p ro cess  of unwinding th e  two s tra n d s

would n e c e s s a r i ly  in tro d u ce  s u p e rh e lic a l  tu rn s  in to

th e  m olecu le . As r e p l ic a t io n  p roceeds, th e  in tro d u c tio n  of

th e se  tu rn s  would make i t  p ro g re s s iv e ly  more d i f f i c u l t
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(and e v e n tu a lly  im p o ssib le ) to  unwind th e  p a re n t a l strands®

To r e s o lv e . th i s  d i f f i c u l t y ,  i t  i s  n ecessa ry  to  p o s tu la te  

th e  ex is ten ce  of a sw ivel in  th e  u n re p lic a te d  p o r tio n  of 

th e  molecule* Very few r e p l ic a t in g  SV40 DNA m olecules co n ta in  

such a sw ivel (S ebring  e t ^ 1 , 1971) and t l i i s  s tro n g ly  

su g g ests  th a t  th e  sw ivel i s  p re se n t only in te r m i t te n t ly  

d u ring  r e p l i c a t io n .  The s im p lest p o s s ib le  sw ivel would be 

in tro d u ced  by a s in g le - s t r a n d  break* The in te r m it te n t  

sw ivel could  th e n  be envisaged  as th e  a l t e r n a te  a c t io n  of 

a n ick in g  endonuclease and lig a se *  Champoux and Dulbecco 

(1972) have re c e n t ly  dem onstrated th a t  n u c le i of secondary 

mouse c e l l s  c o n ta in  an a c t i v i t y  capable of u n tw is tin g  

c lo sed  c i r c u la r  DNAs w ith  s u p e rh e lic a l  tu rn s*  The enzyme 

a p p a re n tly  a c ts  by in tro d u c in g  a s in g le -s tra n d e d  n ick  inbo 

th e  DNA, form ing a DNA-enzyme complex th a t  allow s th e  s tra n d s  

to  r o ta te  r e l a t i v e  to  th e  h e l ix  ax is  b e fo re  re v e rs in g  th e  

a c t io n  and s e a lin g  th e  b re a k . This enzyme might p o s s ib ly  

se rv e  as a  sw ivel during  v i r a l  DNA r e p l i c a t io n .

I n i t i a t i o n  of r e p l ic a t io n  of the SV40 genome occurs a t  

a s p e c if ic  s i t e  (Danna & N athans, 1972; Thoren ^  a l ,  1972) 

and r e p l ic a t io n  appears to  proceed in  a b i - d i r e c t io n a l  

(Danna Æ N athans, 1973; Bourgaux e t a l ,  1971; F areed  e t 

a l  1972a) d isco n tin u o u s ( fa re e d  & Saltzm an, 1972) p rocess 

(Okasald. a t a l ,  I 968, 1968a ) ,  Concurrent p ro te in  sy n th e s is  

has been shcrwn to  be n ecessa ry  fo r  v i r a l  DNA r e p l ic a t io n  

(K it e t  a l ,  1969; Levine e t . a l ,  1971)»
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The phenomenon of su p e rc o ilin g  of c i r c u la r  DNA i s  

p resu m ab ly -asso c ia ted  w ith  th e  r in g -c lo s u re  step*

Wang, Baumgarten and O livera  (196?) have suggested  th re e  

p o s s ib le  causes*

( 1 ) A p o r t io n  of th e  m olecule i s  unwound a t  th e  tim e of 

r in g -c lo s u re  to  accomodate th e  lig a se #

( 2 ) The number of base p a i r s  p e r h e l i c a l  tu rn  i s  h ig h e r in  

th e  en-vironment of r in g -o lo su re  th an  yd.tro .

( 3 ) The DNA i s  a s s o c ia te d  w ith  a p ro te in  core  a t  th e  tim e

of r in g -c lo s u re  and e x tra c t io n  of th e  DNA r e s u l t s  in  th e  lo s s  

of t h i s  p ro te in  c o re .

( 3 ) Synth e s i s  of v i r a l  RNA*

During p ro d u c tiv e  in fe c t io n  with-SYRO th e re  i s  no 

re d u c tio n  in  th e  r a t e  of h o s t c e l l  RNA sy n th e s is  and no 

method has been found to  i n h ib i t  s p e c i f ic a l ly  h o s t RNA 

m etabolism . T h e re fo re , th e  only way to  examine th e  p a t te rn  

o f v i r a l  RNA sy n th e s is  in  in fe c te d  c e l l s  i s  by  DNA-RNA 

a n n ea lin g . C om petition  h y b r id is a t io n  experim ents showed 

t h a t ,  du ring  p ro d u c tiv e  in f e c t io n ,  c e r ta in  v i r a l  RNA 

sequences appeared  e a r ly  and were sy n th es ised  th roughout 

th e  v iru s  grovfth c y c le ; o th e rs  v/ere d e te c te d  on ly  a f t e r  

th e  onset o f  v i r a l  DNA sy n th e s is  (Oda & Du3.becco, 1968;

Sauer & Kidwai,1 968; Carp _et a l ,  196?; M artin  & A xelrod,

1969; î^Iartin, 1970; Tonegav/a e t  a l  1970; S auer, 1971 ).



. Y.'estphal (1970) showed th a t  SV40 DNA i s  an e f f i c i e n t  

tem p la te  f o r  RNA sy n th e s is  using  33® G qli DNA™dependent 

RNA polymerase® The product (cjRNA) i s  h ig h ly  asymm etric 

and can he used to  p rep a re  sep a ra ted  s tra n d s  of th e  v i r a l  

DNA. The s tra n d  which forms hy b rid s  w ith  oRNA i s  c a l le d  

E-DNA and th e  o th e r i s  c a l le d  L-DNAo

V/hen th e  s e p a ra te d  s tra n d s  of SV40 DNA ar'e annealed  to  RNA 

e x tra c te d  from ly t i c a l l y - in f e c t e d  c e l l s  a t  e a r ly  tim es a f t e r  

i n f e c t io n ,  30^ of th e  sequences of th e  E -s tra n d  e n te r  in to  

hybride. RNA e x tra c te d  a t  l a t e  tim es a f t e r  in f e c t io n  

h y b r id is e s  to  b o th  s tra n d s  of th e  DNA. At s a tu r a t io n ,

3 0 -3 5 / of th e  E -s tran d  and about 7 0 / of the  1 -s tra n d  

sequences anneal to  th e  ENA (Sambrook, Sharp & K e lle r ,

1972) .  The e a r ly  and l a t e  su b se ts  of v i r a l  RNA a re  

t r a n s c r ib e d  from d i f f e r e n t  s tra n d s  of SV40 DNA and 

p o ssess  l i t t l e  o r no m utual com plem entarity#

The f a c to r s  t h a t  b r in g  about th e  s h i f t  in  th e  p a t te r n  

of v i r a l  RNA th a t  occurs as c e l l s  pass from th e  e a r ly  to  

th e  l a t e  s tag e s  of SV40 in f e c t io n  a re  unknown# S ev e ra l 

ex p lan a tio n s  a re  p o ss ib le#

( 1 ) There may be a  change in  th e  p h y s ic a l s t a t e  of th e  

v i r a l  DNA as a consequence of r e p l ic a t io n ,  so th a t  a new 

prom oter re sp o n s ib le  f o r  th e  i n i t i a t i o n  o f l a t e  RNA 

sy n th e s is  becomes a c c e s s ib le  to  RNA polym erases



(2 ) During th e  course of in f e c t io n ,  th e re  imy be a change 

in  th e  s p e c i f i c i t y  of ENA polym erase which m ediates th e  

t r a n s i t i o n  from th e  e a r ly  to  th e  l a t e  p a t te r n  of v i r a l  

ENA s y n th e s is Ê

( 3) I t  i s  loiOYm th a t  8V40 DNA becomes in te g ra te d  in to  

h o s t DNA during  l y t i c  in f e c t io n  (H ira i  & D efend!, 1972) 

and i t  i s  p o s s ib le  th a t  some c la s se s  of ENA are  tra n s c r ib e d  

from  th e  in te g ra te d  v i r a l  ENA sequences under th e  c o n tro l  

of h o s t prom oters or te rm in a to rs .

(Z(-) I t  may be t h a t  prim ary  ENA t r a n s c r ip t io n  from SV40 DNA 

i s  su b seq u en tly  m odified by  p o s t - t r a n s c r ip t io n a l  p ro cess in g  

events and th a t  changes in  such events a re  re sp o n s ib le  f o r  th e  

m odulation of v i r a l  ENA tr a n s c r ip t io n  (A lcn i, 1972).

There i s  evidence th a t  e a r ly  v i r a l  ENA i s  t r a n s c r ib e d  

from DNA which i s  in te g ra te d  w ith th e  c e l l  DMA. The s iz e  

of th e  heterogeneous n u c lea r ENA co n ta in in g  SV40 sequences 

i s  c o n s id e ra b ly  g r e a te r  th an  th e  segment o f th e  v i r a l  genome 

th a t  i s  expressed  e a r ly  (Tonegawa e t a l ,  1970; M artin , 1970).

( l ) P o lype p t ide sy n th e s is  i n  SVifO in fe c te d  ce l l s

SVAO does not re p re s s  th e  sy n th e s is  of h o s t c e l l  ENA 

and p ro te in s  and, so f a r ,  no in h ib i to r  has been found th a t
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in h ib i t s  h o s t c e l l  maox’om olocular sy n th e s is  w ithou t 

s im u ltan eo u sly  in h ib i t in g  v i r a l  r e p lic a t io n *  I t  i s  

p r im a r i ly  fo r  th i s  re a so n  th a t  so l i t t l e  i s  loiown about th e  

sy n th e s is  of SVAO s p e c if ie d  p o ly p ep tid e  s y n th e s is ,  th e  

sy n th e s is  of v iru s  induced h o s t p ro te in s  or th e  assem bly of 

v iru s  p a r t i c l e s .

W ithin th e  f i r s t  10 h r  of in f e c t io n ,  v i r u s - s p e c if ie d  

ENA and v iru s  -  induced T and U an tig en s  can be r e a d i ly  

d e te c te d  (Lewis & Rowe, 1971). Between 12 and 18hr p o s t­

in f e c t io n ,  v i-ra l DNA sy n th e s is  begins and by 2A hr^V a n tig e n , 

a s s o c ia te d  w ith  assem bled c ap s id s ,c a n  be d e te c te d  in  th e  

nucleus (Lewis & Rowe, 1971). In  a d d itio n  to  th e  appearance 

of th e  v iru s  s p e c if ic  a n tig e n s , many enzymes concerned 

w ith  DNA sy n th e s is  in c re a s e  in  a c t i v i t y  d u rin g  th e  e a r ly  

s tag e  of v i r a l  r e p l ic a t io n  (E ck h art, 19&8)*

During th e  f i r s t  12-20 h r  of in f e c t io n ,  th e re  i s  no 

obvious q u a l i t a t iv e  change in  th e  sp ec ie s  of p ro te in  being  

sy n th e s ise d  compared to  th e  p a tte rn s  observed i n  u n in fe c te d  

c e l ls *  I t  would appear th a t  th e  e a r ly  SVAO induced p ro te in s  

a re  sy n th e s ise d  in  r e l a t i v e l y  sm all amounts (Anderson 6 

G -esteland,1 972). S h o r tly  a f t e r  the  onset of v i r a l  DNA 

sy n th e s is  however, th e  sy n th e s is  of 1/P1, VP2 and VP3 can be



observed . A ll th re e  p ro te in s  appear a t  appro^Kiriuately 

th e  same tim e and a re  s jn ith esised  a t  in c re a s in g  r a te s  

th roughout th e  l a t e  p o r t io n  of th e  in fe c t io u s  cycle*

The sy n th e s is  of th e se  th re e  components appears to  be 

co n tin g en t upon v i r a l  DNA s^m thesis (Anderson & G-estelenid, 

1972; S au er, 1972).

CSl V i r u s in duced s y n th e s is  of c e l l u l a r  DNA.

P ro d u c tiv e  or a b o rtiv e  in fe c t io n  w ith  polyoma or SVAO 

can s tim u la te  th e  sy n th e s is  of h o s t c e l l  DNA under s u i ta b le  

c o n d itio n s  (Pulbecoo e t a l ,  1965; Weil e t  a l ,  1965; VTinocour 

e t  ed 1965) ,

SV2|_0 in f e c t io n  of p rim ary  AG-MK c e l l s  o r of CV-1 c e l l s  

(K it e t a l ,  19&7; H i tz i  & L ev in e ,1970) b u t not of BSC-1 

c e l l s  (C-ershen e t  a l .  I 966; R it  z i  & L evine, 1970) induces 

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

(b ) N on-perm issive in f e c t io n

Polyoma induces tumours in  newborn h am sters , mice and 

r a t s  and tran sfo rm s mouse,, ham sters , r a t , and bovine c e l l s  

in  c u l tu r e .  SVAO induces tumours in  newborn ham sters and 

tran sfo rm s ham ster, r a t ,  monkey, bo idne , p o rc in e  and human 

c e lls*  Tumour c e l l s  can be e s ta b lis h e d  in  c u ltu re  and c e l l s  

transfo rm ed  v i t r o  produce tumours i n  a p p ro p r ia te  an im als.
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Transform ed c e l l s  d i f f e r  from t h e i r  normal c o u n te rp a r ts  

in ;

( 1 ) a l te r e d  c e l l  morphology

( 2 ) grovrbh to  h ig h e r c e l l  d e n s i t ie s  form ing m u lti- la y e re d  

co lo n ie s

( 5 ) g r 07/th i n  agar

(а ) in c re a se d  growth r a te

( 5 ) a l te r e d  chromosome number or morphology, o r bo th

(б ) new an tig en s

( 7) in c re a se d  t i ’n s p la n t a b i l i ty  in  a p p ro p ria te  anim als 

i . e .  m alignancy 

(B lack , 1968) .

C e lls  transfo rm ed  by SVAO or polyoma p o ssess  new v iru s  

s p e c i f ic  m olecules in c lu d in g  v i r a l  gene cop ies (Sambrook 

e t  a l , 1968) , v i r a l  HNA (ïïe s tp h a l & D ulbecco, I 968; Gelb 

a l , 1971 ; Oganne e t  a l ,  1973)» v iru s  s p e c i f ic  an tig e n s  

(B lack e t 1963)*

Since th e  p re se n t work r e la te s  only  to  th e  p rocess of 

pe rm issiv e  in f e c t io n ,  non-perm issive in f e c t io n  w i l l  not be 

f u r th e r  d isc u sse d .



Aim of th e  o re  sen t work*

The aim of th e  p re se n t work i s  to  determ ine th e  form  in  

which th e  v i r a l  DNA e x is t s  w ith in  th e  c e l l  and t o  study 

th e  p ro cesses  which th e  v i r a l  DNA undergoes, e s p e c ia l ly  

in  r e l a t i o n  to  th e  v i r a l  assem bly process*
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MATERIALS & METHODS nn

C e ll  growth and v iru s  in fe c t io n

BSG-1 .c e lls  (Plcw L ab o ra to rie s  Ltd»,. S co tlan d ) were grœm  in  

p l a s t i c  p e t r i  d ish es  (90 mni by 14nm; Nuno L td .., Denmark) in  E ag le ’ s 

minimal e s s e n t ia l  medium (E ag le , 1959) c o n ta in in g  1Q/S f o e t a l  o a lf  

serum (B io c u lt L td . ,  S co tlan d ) in  an atm osphere o f 57° GÔ  in  a ir*

The c e l l s  were ro u t in e ly  screened  fo r  th e  p re sen ce  of mycoplasma 

b y  grovrbh on PPLO agar" (B io cu lt L td .,  Bout la n d ; Mycoplasma s o l id  

growth medium), in  an atmosphere of nitrogen©The c e l l s  used in  th e  

p re se n t s tu d y  were f r e e  from  d e te c ta b le  mycoplasma co n tam ination .

The w ild -ty p e  s t r a i n  o f SYkO v iru s  was p la q u e -p u r if ie d  and 

su p p lie d  b y  D r, J ,  W illiam s,, Department of V iro lo g y , Glasgow 

U n iv e rs i ty .  The SVAO s to ck  used in  th e se  experim ents was p rep ared  

by low m u l t ip l ic i ty  (O.OI p f u /c e l l )  passage of th e  v iru s  on 

co n flu en t BSC-1 c e l l s  ; th e  t i t r e  of th e  s to ck  was 9 ,6  % 10^ .pfu/m].*.

C onfluent monolayer c u ltu re s  o f BSC-1 c e l l s  were in fe c te d  w ith 

SVAO v iru s  a t  a m u l t ip l ic i ty  of 1 to  1:00 p f u / c e l l .  A fte r  1 h r  

of a d so rp tio n  a t  57 G,. th e  c u ltu re s  were o v e r la id  w ith 10 ml 

of E ag le ’s medium co n ta in in g  2fo f o e ta l  c a l f  serum .

Tit: r a t  ion  of v iru s

Samples v/ere s e r i a l l y  d i lu te d  and 0 ,2  ml samples of each d i lu t io n  

was overlayed  on monolayer c u ltu re s  o f BSC-1 c e l l s  f o r  90 min 

a t  57 Co The c e l l s  were subsequen tly  o v e r la id  w ith  E ag le ’s medium 

co n ta in in g  2 /  o a lf  serum in  O.65/  noble a g a r . The c e l l s  were fed  

w ith  E ag le ’s medium in  Q .657& agar on th e  9 th  day and p laques were 

counted on th e  12 th  dav .
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I s o la t io n  of r a d io a c tiv e  SVAO n u c le o p ro te in  complex*

Two e x tra c t io n  procedures were employed*. Vdienever 

ra d io a c t iv e  thym idine was used as th e  s o le  i s o to p ic  

t r a c e r ,  complexes were e x tra c te d  from whole in fe c te d  c e l l s  

w ith  t r i t o n  X-100»

To in d iv id u a l  d ishos of BSG-1 c e l l s  in f e c te d  w ith  SVAO, 

ra d io a c t iv e  thym idine was added over th e  i n t e r v a l  hi'

p o s t^ in f 0ction,e A fte r  l a b e l l in g ,  th e  c e l l s  w ere washed tw ice  

w ith  PBS and SVAO n u c le o p ro te in  complexes w ere e x tra c te d  by 

th e  method of Green _et a l  (197'I )•

To each d is h , 1 ml of 0*29/ t r i t o n  X100 ( B r i t i s h  Drug Houses, 

L td*) i n  OfrO'lM tris(hydro% ym ethy l) aminomethane ( t r i s )  -“HCl,,

0*01M e th y le n e d ia m in o te tra -a c e tic  a c id  (EDTA), pH7«9, was

added and in cu b ated  a t  200 f o r  15 min* NaCl was added to  a f i n a l  con*

c e n tr a t io n  of 0,2M* The r e s u l t in g  ly s a te  was c a r e f u l ly  scraped

in to  a c e n tr ifu g e  tu b e  and c e n tr ifu g e d  a t  2 ,500  rev /m in

( l ,5 0 0 g )  i n  a MSB Medium c e n tr ifu g e  f o r  50 min a t  A C ,

The su p e rn a tan t m a te r ia l ,  h e re a f te r  r e f e r r e d  to  as TRITON 

îiXTRis-CT, was s to re d  a t  A C* C e n tr ifu g a tio n  a t  50,000g d id  

no t s ig n i f i c a n t ly  decrees e th e  y ie ld  of a o id -p re o ip i ta b le  

r a d io a c t iv i ty  i n  th e  e x t r a c t ,

bhen ra d io a c t iv e  amino a c id s  were employed, complexes 

were e x tra c te d  from i s o la te d  n u c le i as fo llo w s .  Monolayer 

c u ltu re s  were washed tw ice  w ith  ic e -c o ld  phosphate  b u ffe re d  

s a l in e  (PBS) and th e  c e l l s  were scraped  o f f  th e  d is h  in to



5 .0  Dll o f PBS* The suspension  v/as cen trifu g .-d  a t  1500g 

for* 5 Kin a t 4  G* The c e l l u l a r  p e l l e t  vras re  suspended in  

1*0 ml of 0»5/= Noni-det NP40 (S h e ll  Chemical Go*, U,Ke) 

c on ta in in g  1 mîÆ MgC 1^, O^OIM t r i s -HC1 b u f f e r ,  pH7*9, 0*1 

NaCl and inoubaied  fo r  1 min a t  4  G to  r e le a s e  n u c le io  

The iiixbm,'*e v/as c e n tr ifu g e d  a t  1 500g f o r  5 min a t  2(- G and 

th e  n u c le a r  p e l l e t  was resuspended in  0*5 imL 0*5 / NP40 

c o n ta in in g  0*01 M tr is -H C l b u f f e r ,  pli7*9 and 0,0'lM EDTA©

A fte r  10 Din a t  4  G, th e  NaCl c o n c e n tra tio n  was a d ju s ted  to  

0.2M by th e  a d d it io n  of 2*2M NaCl* A f te r  5 min a t  4  C, th e  

sample was c e n tr ifu g e d  a t  2000g f o r  10 min a t  4  G and th e  

su p e rn a ta n t m a te r ia l ,  which co n ta in ed  th e  complex, was 

removed and s to re d  a t  4  G*

P re n a ra tio n  of la b e l le d  SV40 vi.rus

Tv70 monolayer c u ltu re s  o f BSC-1 c e l l s  were in f e c te d  w ith  

0.01 p f u / c e l l  of SV40 v iru s  and a f t e r  80 h r ,  '^H -leucine or 

% - ly s in e  or ^ ^ G -p ro te in -h y d ro ly sa te  (200 p C i/d is h , 200 p C i/d is h , 

and 25 p G i/d ish  re s p e c t iv e ly  ) was added* At 1 60 h r  p o s t - in f e c t io n ,  

th e  c e l l s  were suspended i n  the  growth medium by sc rap in g  and 

s to re d  a t  4  G f o r  1 iir* The m ixture was c e n tr ifu g e d  a t  1 5000g 

f o r  30 min th e n  th e  c e l l s  were suspended in  2.0m l PBS and 

made 1 /  w ith  re s p e c t to  sodium deoxyoholate* D eoxyribonuclease 

and r ib o n u c le a se  A (Sigma Chemical C orp .) w ere added to  f i n a l  

c o n ce n tra tio n s  of 40 pg/m l and 12 /ag/ml r e s p e c t iv e ly .
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The m ixture was th e n  d isp e rse d  by sonio  v ib ra t io n  th e n  

in cu b ated  .a t 37 G fo r  30 min* C e l lu la r  d e b ris  was removed 

by c e n tr i fu g a t io n  a t  IbpOOOg fo r  30 min a t  4  C. The v i r u s -  

c o n ta in in g  su p e rn a ta n t was underlayed  vrith  2 ml of s a tu ra te d  

KBr s o lu t io n  and c e n tr ifu g e d  f o r  3 h r  a t  40,000 rev /m in  in  

th e  Spinco SY/50.I r o to r  a t  20 0$ The f r a c t io n s  corresponding  

to  th e  low er v i s i b l e  band (SV40 v iru s )  or to  th e  upper 

v i s ib le  band ( ’ empty* s h e l l s )  w ere  s e p a ra te ly  poo led  and 

la y e re d  on to  3*5 ml CsCl (d e n s ity  i *36 g /m l) and c e n tr ifu g e d  

f o r  18 h r  in  th e  Spinco SV256Ti r o to r  a t  2f0,0(X) rev /m in  a t  20 G* 

The v i s ib le  bands co rresponding  to  S740 v iru s  (d e n s ity  1 .34  g/m l) 

or empty s h e l l s  (d e n s i ty  1 @30 g/mO.) were c o l le c te d  and d ia ly se d  

f o r  2 h r  a g a in s t PBS a t  4  C*

%
T y p ica l p r o f i l e s  ob ta in ed  f o r  H -thym id ine  la b e l le d  v iru s

7 IZ
(a ) ,  f o r  "^H-leuoine la b e l le d  v iru s  (b ) and f o r  K -leuo ine  

la b e l le d  ’ empty’ s h e l l s  a re  shown in  F ig  ( i ) .  P r o f i le s  

o b ta in ed  on a n a ly s is  o f s im ila r ly  la b e l le d  m ock-in fec ted  c e l l s  

a re  shown in  each case  ( o •— -o )@
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P re p a ra tio n  o f la b e l le d  81/40 DNA

UK T^-nhosphate

32One hundred nCi of P -in o rg an io  phosphate were added

to  s in g le  p e t r i  d ish es  of monolayer BSC~1 c e l lo  in fe c te d  w ith  

SV4-0 a t  20 h r  a f t e r  in f e c t io n  , and th e r e a f te r  a t  12 h r  in te rv a ls ,  

Three days a f t e r  in f e c t io n ,  SViO DNA was e x tra c te d  w ith  sodium 

dodecyl su lp h a te  (SDS) by  th e  method o f H ir t  ( I 967)* The SV40 

DNA e x tra c t  was made 1 .CM i n  CsCl and s to re d  a t  0 C f o r  30 min* 

Caesium dodeoyl su lp h a te  xras removed by c e n tr i fu g a t io n  a t  

14,000g fo r  10 min a t  2 C. The DNA was c e n tr ifu g e d  in  5o.O 

ml CsCl (d e n s i ty  1 <>52 g/m l) « propidium  d i- io d id e  (PDI; 500 

p g /n i ;  Calbioohem, Los A ngeles, C a l ifo rn ia )  and c e n tr ifu g e d  

f o r  40 h r  in  a  SW50L r o to r  a t  40,000 rev /m in  a t  20 C (Hudson 

e t  a l , 19^9)« The tubes v;ere th en  punctu red  and 6 drop f r a c t io n s  

were c o lle c te d »  F ive  ^ 1  a l iq u o ts  were a p p lie d  to  2 «5 cm IVhatman 

3Mi f i l t e r  d is c s  and assayed f o r  r a d io a c t iv i ty  as d e sc rib ed  

below . The f r a c t io n s  which con ta in ed  su p e ro o iled  SV40 DNA were 

poo led  and d ia ly se d  tw ice  a g a in s t PBS f o r  1 h r ,  PDI was removed 

b y -re p e a te d  e x tra c t io n  w ith  isoam yl a lc o h o l. P u r i f ie d  DNA v/as 

s to re d  a t  -20  C,
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Using  ̂ -thym id ine

BSC-1 ô e l l s  w ere in fec ted , w ith  SV4-0 v iru s  (100 p f u /c e l l )

i luand la b e l le d  26-44 h r  p o s t - in f e c t io n  w ith  C-thyinidi.ne 

(1 «.23 jJiCi/ml) p r io r  t o  e x tra c t io n o f  DNA by th e  method of 

H ir t  ( 1967)® The H ir t  su p ern a tan t was a d ju s te d  to  1.0K in  

CsCl, s to re d  a t  4  C f o r  30 min and c e n tr ifu g e d  a t  14 , OOOg 

f o r  10 min a t  4  The r e s u l t in g  su p ern a tan t m a te r ia l

was d ia ly s e d  f o r  2 h r  a g a in s t 0&01M t r i s  b u f f e r ,  pH7*9p'

0,01 M EDTA, 0,2M NaCl a t  4  C th en  s to re d  a t -2 0  C«

C entr i f u g a t i on t echniques and iso to p e  measurement^^

L inear su cro se  g ra d ie n ts  (3-2Q?o) v/er e p rep a red  co n ta in in g  

OcOIM t r i s  b u f f e r ,  pH7c9, 0,01 M EDTA, 0.2M NaCl* The volume 

of th e  g ra d ie n t was 4 ,0  ml when th e  Spinco SW36Ti r o to r  was used , 

13o0 ml when th e  Spinco SW2&.0Ti r o to r  was u sed , and 3 ,0  ml 

when e i th e r  th e  SV230L, 8W30.1 or SW65L r o to r  was u sed . In d iv id u a l 

c o n d itio n s  of c e n tr i fu g a t io n  a re  d e ta i le d  i n  th e  f ig u r e  le g en d s . 

V e lo c ity  sed im en ta tio n  a n a ly s is  on CsCl was perform ed by 

la y e r in g  0 ,2  ml sa.mples on 3*0 ml CsCl (d e n s i ty  1 ,3 0  g/m l) 

i n  0 ,01M tr is -H C l a t  pH7,9o Samples w ere c e n tr ifu g e d  in  a 

SNfOL r o to r  f o r  3 h r  a t  40,000 rev /m in  a t  20 C and h a rv ested  

as d e sc rib e d  below .

E q u ilib riu m  dye-buoyant c e n tr i fu g a t io n  wo.s perform ed by 

adding 0„2 ml samples to  make a f i n a l  volume of 3*2 ml GsCl



(d e n s ity  1 ,.32 g/m!l.)-PJ}I ( 3OO p g /m l) . C e n tr ifu g a tio n  was c a r r ie d  

out in  a SN50L or SY/3O0I r o to r  a t  40,000 rev /m in  a t  20 Go 

G rad ien ts  were h a rv e s te d  by d i r e c t  tube  p u n c tu re , and 2 

drop f r a c t io n s  were c o lle c te d  on 2&3 cm ?,h a t  man 3M  f i l t e r  

d i s c s .  The d is c s  were washed th re e  tim es in  ic e -c o ld  1 Ĉ'o 

t r i c h lo r o a c e t ic  a c id  and d r ie d  i n  e th a n o l-e th e r , a f t e r  which 

th e y  were coi.inted in  e i th e r  a P h i l l ip s  l iq u id  s c i n t i l l a t i o n  

a n a ly se r or a N uclear Chicago Isooap 300 l iq u id  s c i n t i l l a t i o n  

system . The s c i n t i l l a t i o n  f l u i d  c o n s is te d  of 0 , ^  2 ,5~diphenyl~  

oxazole in  to lu e n e .

E le c tro p h o re s is  in  SDS-polya,crylamide g e ls  •

Ocri-0,2 m3, samples were a d ju s te d  to  1 .Of̂  SDS, 3*0 '̂'

2-m ereap toethano l (NE) and 8M urea  th en  in cu b a ted  a t  70 C 

f o r  1 h r ,

A crylam ide g e ls  (10^ ;̂ 7mm x 70mm) had an acrylam ddeî 

b is -a c ry lam id e  r a t i o  o f 5O: 1 and con ta ined  0 , 07/  

t e tram eth y le th y len ed iam in e  (Koch), 0,1 M phosphate b u f f e r ,  

pH7c2, 0,1/0 SDS, E le c tro p h o re s is  was c a r r ie d  out f o r  3*5 h r  

a t  16 mA/gel® The g e ls  were s l ic e d  l a t e r a l l y  and p repared  f o r  

s c i n t i l l a t i o n  counting  as d e sc rib ed  below .

Gel s l i c e s  were d ig e s te d  by in c u b a tio n  overn igh t a t  60 C 

w ith  0&3 ml of hydi'ogen p e ro x id e . S c i n t i l l a t i o n  f l u i d  (10 m l), 

composed of 3 p a r ts  by volume of to lu en e  c o n ta in in g  0 ,5 /  

2 , 3-d ip h en y lo x aso le  and 2 p a r ts  2-m ethoxyethanol, v;as added
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and samples were counted in  a P h i l l ip s  l iq u id  s c i n t i l l a t i o n  

a n a ly se r  equipped w ith  com puterised quench c o rrec tio n »

The m olecu lar w eights of p ro te in s  were determ ined 

b y  th e  method of S hapiro  e t  a l , ( l9 6 7 )  by coirparing th e i r  

e le c tro p h o re t ic  m o b il i t ie s  w ith  th e  m ig ra tio n  of a s e r ie s  

of p ro te in s  of îcnovm m olecular weightSo Bovi.ne serum alhumin 

(mol w t, 66, 300) ,  carboxypep tidase  (mol vrt» 34?000) ,  ohym otrypsin 

(mol w t* 24, 300) and cybochrome C ( mol w t, 12400 ) w ere used as 

s ta n d a rd s .

Buoyant d e n s ity  of SV40 DNA-zr-ote in  comnlex

T r i to n  e x tra c t  (0®13 m l), p repared  from  SV/j-O v iru s  in fe c te d  

3 .c e l l s  la b e l le d  w ith  H -thym idine, was mixed w ith  0*03 m3, of 

i ZhC-SV40 DNA and made 1 /  w ith  re sp e c t to  g lu ta ra ld eh y d e  ( Koch) 

in  0..01M EDTA, 0.2M NaCl, 0.01 M tr is -H C l b u f f e r ,  pH7*9, and 

in cu b ated  f o r  13 min a t  20 C. 0.1 ml o f th e  m ixture was added 

to  3oO ml of CsCl (d e n s i ty  1*30 g/m l) and c e n tr ifu g e d  fo r  

40 h r  a t  40,000 rev /m in  in  th e  Spinco SN30.1 r o to r .

F r a c t io n s ,  c o lle c te d  by tu b e  p u n c tu re , were assayed  f o r  

r a d io a c t iv i ty  and a l iq u o ts  used fo r  d e n s ity  d e te rm in a tio n .

R adiochem icals

A ll  rad iochem ica ls  were ob ta ined  from  th e  Radiochem ical 

C en tre , Amersliam, England a t  th e  fo llow ing  s p e c i f ic  a c t i v i t i e s ;  

thynddi-ne 62 mCi/mmole; u r id in e  -6-H ^, 3 G i/mmole;
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thyB iidine-6“'H'"̂ ,  26Ci/nmiole; L '-leuoiiie  ̂ 52Ci/]rjnole|

p ro te in  hydr'olysate'-fî'^^p DWOi/matoio. carbon ; L-lysine-4,-5*^'^^

5*N C i/miaole; P - in o rg a n ic  phosphate,, ^OGl/ïmg,

Drugs

Puromycin was ob ta ined  from Serva, Heidelberg® Actinomycin D 

and a ra b in o fu re n o sy lo y to s in e  (a ra -C ) were purchased  from  

Sigma Chem ical Co*, London*

Enzvmes
I 11̂  iwji-gfMjhacewgWn

R ibonuclease (ENase; Sigma Chemical Co*,, Ltdp London),, 200. pg/i[d.> 

in  phosphate b u ffe re d  s a l in e  (P3S) was hea ted  to  83 C f o r  20 min 

to  in a c t iv a te  l a t e n t  deoxyribonuclease  a c t iv i ty *  Pronase 

( Calbioohem,, Los Angel es ̂  C a lifo rn ia ) ,,  200 pg/m l ijri PBS, was 

au to d ig e s te d  f o r  2 h r  a t  37 C to  d e s tro y  la te n t .  DNase a c t iv i ty *  

D eoxyribonuclease was ob ta ined  from S ig m  Chemical Co*, Ltd®, 

London*



RESULTS



I s o l a t i o n 'o f  SV4Û N u cleo p ro te in  Complex

T w enty-five h r*  a f t e r  in f e c t io n  of BSC-1 c e l l s  w ith

3SV40 v iru s ,- Hkthymidine was added f o r  3 hr» The c e l l s

were th e n  t r e a te d  w ith  0 * 2 ^  t r i t o n  and a so lu b le  su p e rn a tan t

e x tr a c t  was p rep ared  as d esc rib ed  in  th e  p reced in g  section®.

52A 0*2 ml sample of th e  e x tra c t  was mixed w ith  P - la b e lle d  

21S (sup ere o ile d )  SVi+O DNA and c e n tr ifu g e d  th rough  a l in e a r

3-2C / su crose  g ra d ie n t .  The r e s u l t s  o f t h i s  experim ent a re  

p re se n te d  in  F ig .1  »

The t r i t o n  e x tr a c t  co n ta in ed  a component which sodim ented 

more r a p id ly  th a n  p u r i f ie d  " ^ ^ - la b e lle d  213 SY40 DNA and which 

accounted  f o r  a l l  th e  r a d io a c t iv i ty  p re se n t in  th e  sample*

The r a p id ly  sedim enting  m a te r ia l  had a sed im en ta tio n  c o e f f ic ie n t  

a t  th e  peak maximum of 4if8, compared w ith  th e  value  o f 213 f o r

3
th e  S'VljO ENA marker*. No R e lab e lle d  m a te r ia l  was d e te c te d  in  

th e  re g io n  of 21S SV40 DNA* I n  m ock-in fec ted  BSC-1 c e l l s - l a b e l l e d  

in  a s im ila r  m anner, n e g l ig ib le  amounts of a c id - p r e c ip i ta b le  

r a d io a c t iv i ty  were p re s e n t in  t r i t o n  e x tra c ts *
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Ydien a soinple of t r i t o n  e x tr a c t ,  iiDxed with, " '^ « la b e l le d  

218 SV4-0-DNA, was an a ly sed  by v e lœ i ty  c e n tr i fu g a t io n  on 

CsCl (F ig .IB ) , the  ^ H -ra d io a o tiv ity  was found to  co-sedim eit 

wit h 'the ^ ^ “la b e l le d  m r f e r  SV40 DNA. Fui^thermore, on 

a n a ly s is  by CsCl propidium  d i- io d id e  buoyant c e n tr i fu g a t i  on,

3
th e  H - ra d io a c t iv i ty  was observed to hs.ve a buoyant d en s ity

co rrespond ing  to  tlm  c lo se d  circuH ar form of SV4D DNA (F ig » 2 ).
\

These r e s u l t s  dem onstrate  th a t  th e  V-|8 nn te  r i a l ,  observed

i n  5 h r la b e l le d  t r i t o n  e x tra c ts  by  sed im en ta tio n  a n a ly s is

on sucrose  g ra d ie n ts ,  con tains 218 SV4-0 DNA, v h ich  is  a s so c ia te d

ivith o th e r  m aorom olecular component s .

In  an a ttem p t to t e s t  fctr* n o n -sp e c if ic  a s s o c ia t io n  of

32SV40 DNA w ith  conponents in  th e  t r i t o n  e :{ trac t, T - l a b e l l e d  

218 SVifO DNA was incu b ated  w ith  a  sample cf t r i t o n  e x tra c t  fo r  

1 hr a t  20 C, Tl^ sed im en ta tio n  p ro p e i t ie s  of th e  218 SVAO DNA 

in  S ucrose g ra d ie n ts  were u n a lte re d  a f t e r  such tre a tm e n t, and 

no complexes were p re s e n t .  S ince th is  experim ent cannot 

d u p lic a te  p re c is e ly  ihe co n d itio n s  in  the c e l l  a t  the  tim e of 

e x tr a c t in g ,  æ me form o f n o n -sp e c if ic  in te r a c t io n  cm not be 

excluded a t  t h i s  p o in t .

Evideace th a t  P ro te in  is  P resen t  i n the Comu le x .

I n  o rd e r to  de term ine  the n a tu re  of th e  n a te r i a l  complexed 

to  SVAO DNA in  the component, the fo llo w in g  exper'insn ts 

were perform ed, A 0.2ml sample of the t r i t o n  e x tr a c t ,  cb ta in ed
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F igo i * S ed im en ta tion  a n a ly s is  of t r i t o n  e x tr a c t  from SVAO 

in fe c te d  c e l l s *  The c e l l s  were la b e l le d  23 h r*  p o s t- i i l f e c t io n  

w ith  ^B-thym idine f o r  3 Iw* b e fo re  h a rv e s tin g ., T P -labelled  

21S SVAO DNA was added as a marker® (A.) C e n tr ifu g a tio n  on 

a  3*”2C^ su cro se  g ra d ie n t was f o r  2 h r., in  a' 8W30L r o to r  

a t  36,000 rev /m in  a t  AC*. (B.) The sample was la y e re d  on 

3 ml CsCl (d e n s i ty  1 *30 g*ml  ̂ ) and c e n tr ifu g e d  f o r  3 h r .  

i n  a  SW3OL r o to r  a t  2|-0,000 rev /m in  a t  20 C*

The m u l t ip l ic i ty  of v i r a l  in p u t was: 10 p f u /c e l l  and th e  

^H-thym idine c o n ce n tra tio n  vms 5 p-Ci/ml®
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F ig *2. Dye-Buoyant a n a ly s is  of t r i t o n  e x tr a c t  from SV40 

in fe c te d  c e lls* . T r ito n  e x tra c t  was p repared  from  SV40“in fe o te d  

BSC-1 c e l l s  as d e sc rib ed  in  F ig .1 .  A 0*2 ml sample of e x tra c t  

v/as mixed w ith  ^ ^ - l a b e l l e d  SV2i-0 DNA (form  1 and form 2) and 

c e n tr ifu g e d  in  CsCl (d e n s i ty  1 .32 g .ml in  PDI (300 ug/m l) 

f o r  40 h r., in  a Spinco SY/30B r o to r  a t 40,000 rev /m in  a t  20 C
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i n  -fche p rev io u s  experim ent, was inouB ated w ith h e a t - t r e a te d  

ENase (10  pg/m l) fo r 15 min a t  20 C, A t l i r th e r  sample of 

th e  t r i t o n  e x tra c t  was in cu b a ted  w ith  p ronase  (10 ,ng/ml) under 

the same conditions®  These two sanp les  were s e p a ra te ly  mixed, 

w ith  - l a b e l le d  218 8740 DNA and o e n t r i f i^  ed th ro u ^ i 5 -2 0 / 

su cro se  g ra d ie n ts  a s  p re \d o u s ly  d e sc rib e d . The r e s u l t s  of 

Ü iis  experim m t a re  shavn i n  P ig , 3*

D ig e s tio n  of th e  complex w iih pronase under d ie ooiÆ itions 

d esc rib ed  gave r i s e  to  a component (P ig . 3A) w ith  a  sed im en ta tio n  

c o e f f ic ie n t  of 398 and more prolonged in c u b a tio n  le d  to  a ib r t l i s r  

re d u c tio n  i n  sed im en ta tio n  c o e f f ic ie n t  (P ig*4)#

In c u b a tio n  of th e  complex w ith  KNase (P ig .3B ) d id  not 

d e c rea se  th e  r a t e  of sed im en ta tio n  of th e  complex and i t  i s  

ev iden t th e re fo re  d ia t  th e  complex did no t c o n ta in  s ig n i f ic a n t  

amounts cf ENA, A s l ig h t  in c re a se  in  tlie  average sedim ei±aÜ.0n 

c o e f f ic ie n t  (483) was observed and is  a t t r ib u te d  to a s s o c ia t io n  

o f th e  CO mplex w it h ENase. A s im ila r  e f f e c t  has been rep act ed 

by Green _et a l  ( l 9 7 l ) .

%
D oiiile la b e l  experim ents were perform ed using  H- 

thym idine and ^ C - p r o te in  h y d ro ly sa te  to  pro % de a d d i t io m l  

evidence th a t  th e  n a te r i a l  a s so c ia te d  w ith  th e  v i r a l  DNA was 

p ro te in  ( F ig ,5 )* BSC-1 c e l l s  in fe c te d  v i th  8740 v iru s  were 

la b e l le d  27 h r  p o s t - in f e c t io n  ? 4 th  % -thym idine and ^^C -p ro te in
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F ig *3. (a ) S ed im en ta tion  of t r i t o n  e x tra c t  a f t e r  In cu b a tio n

w ith  p ro n ase , which was added to  a f i n a l  c o n c e n tra tio n  of 

10 pg /m l and th e  m ixture in cu b ated  f o r  15 min a t  20 C.

(B) S ed im en ta tion  of t r i t o n  e x tra c t  a f t e r  tre a tm e n t w ith  

r ib o n u c le a se ,. which was added to  a f i n a l  c o n c e n tra tio n  of 

10 ^ig/ml and th e  m ix ture  was in cu b ated  f o r  15 min a t  20 Co. 

The t r i t o n  e x tra c t  was p rep ared  from in fe c te d  BSC-1 c e l l s  

as d e sc rib e d  in  Fig#1 and th e  procedures f o r  su cro se  g ra d ie n t 

a n a ly s is  a re  p re se n te d  in  th e  legend  f o r  F ig . l ( A ) .  The arrow 

in d ic a te s  th e  p o s i t io n  of th e  complex in  u n tre a te d  t r i t o n  

e x t r a c t .
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Pig,e4* S ed im en ta tion  of t r i t o n  e x tra c t  a f t e r  prolonged 

exposure to  p ronase»  T r ito n  e x tra c t  was p rep ared  as d esc rib ed  

in  Figo1 and pronase was added to  a  f i n a l  c o n c e n tra tio n  of 

10 p g /m l. The m ix ture  was in cu b ated  f o r  2 hr»  a t  37 C.

A 0»2 ml a l iq u o t  v;as su b seq u en tly  mixed w ith  ^ ^ « la b e l le d  

218 SV40 DNA and analysed  by su crose  g ra d ie n t c e n tr ifu g a tio n

as d e sc rib e d  in  Fig*1



4-1

h y d ro ly sa te  fo r 3 hr end t r i t o n  e x tra c ts  were p r ^ a r e d e

A liq u o ts  (Oo3 ml) were c e n tr ifu g e d  t l i r o u ^  a l in e a r  '^-20/0

sucrose  g ra d ie n t and th e  r e s u l t s  a re  diown in  F ig , 3-i* A

sm all amount of ^ ^ l - la h e l le d  m t e r i a l  was d ise rv ed  to  

3co sed ilient vâth a l - l a b e l l e d  complex. I n  a d d i t io n ,  a

^ ^ G -lab e lled  component was d>served v â th  a 3e d im a ita tio n

c o e f f ic ie n t  of 4ÛS, A la rg e  amount cf ^ C - la h e l le d  m t e r i a l ,

p ro b ab ly  f re e  p ro te in ,  re  m in ed  a t tlie  to p  o f th e  gra^diente

T r ito n  e x tra c ts  of m ock-infected  BSC~1 c e l l s  s im ila r ly  la b e l le d

w ith  C“p ro te in  h y d ro ly sa te  were p rep ared  and a 0*3 ml a liq u o t

was mixed w ith  0 .1  ml of t r i t o n  e x tra c t  from  in fe c te d  c e l l s  

3
l a b e l le d  w ith  H -thym idire as  d esc rib ed  in  F ig , 1 . The m ixture 

was c e n tr ifu g e d  on a l i n e a r  5“2C^ sucrose  g rad ien t and iiie 

r e s u l t s  a re  shown in  F ig ,  5^. A ^ ^ C -lab e lle d  406 component 

was observed along w ith a la rg e  amcunt of ^ ^ C -lab e lled  m a te r ia l  

a t  th e  to p  of the  g ra d ie n t .  I t  was concluded t h a t  the 4OS 

component cbserved in  F ig ,. 5A is  p ro b ab ly  of c e l l u l a r  o r ig in  end 

does no t a r i s e  as a r e s u l t  cf v iru s  in f e c t io n .  S ince i t  vms 

p robab le  th a t  th e  WS component con ta ined  RNA, 0 ,5  ml a l iq u o ts  

of the  t r i t o n  e x tra c t  analysed  in  F ig . 3A were incu b ated  T ïith 

20 pg/ml RNase fc r  1 h r  a t  37 C, hue n an a ly sed  on l in e a r  5-20^ 

sucrose  g ra d ie n ts  (F ig , 5C), The 40S conponait observed in  

F ig . 5A was no lo n g e r p re s m t  but th e  ^ ^ C -lab e lle d  m a te r ia l  

a s s o c ia te d  w ith  the  'I I - la b  e l  led  448 complex was u n a ffe c ted  by



Figo5©' S ed im en ta tion  o f t r i t o n  e x tra c ts  from SV40 -  in fe c te d  

BSC-1 c e l l s  and mock -  in fe c te d  BSC-1 c e l l s  a f t e r  la b e l l in g  

w ith  ^^C- p ro te in  hydro lysate* , (a ) In fe c te d  c e l l s  27 iir* 

p o s t - in f e c t io n  were l a b e l le d  f o r  3 hr», w ith  ^ ^ C -p ro te in  

h y d ro ly sa te  and H^thyrnidine and t r i t o n  e x tra c ts  were 

preparedc. (B) M ock-infeo/ted B'SC-1 c e l l s  were la b e l le d  in  

p a r a l l e l  w ith  ^ ^ C -p ro te in  h y d ro ly sa te  and a t r i t o n  e x tra c t  

was prepared*. (C) The d o u b le - la b e lle d  e x tr a c t  from  in fe c te d  

c e l l s  d e sc rib e d  in  p a r t  (A) above was in cu b a ted  w ith  20 j.ug/ml 

r ib o n u c le a se  f o r  1 hr», a t  37 C», A ll samples were c e n tr ifu g e d  

in  5-20^ l i n e a r  su crose  g ra d ie n ts  f o r  3*25 h rv  in  a Spinco 

SWWTi r o to r  a t  40,000 rev /io in  in  a  Beckman. L2-65B u l t r a c e n t r i f u g e  

a t  4  C». The f i r s t  30 f r a c t io n s  only  out of a t o t a l  of 40 

c o l le c te d  a re  shown due to  th e  la rg e  amount of *^^'*"C-labelled 

m a te r ia l  (10,000 cpm) a t  th e  top  o f th e  g ra d ie n t#

The m u l t ip l ic i ty  o f vii*al in p u t was 10 p f u /o e l l .  The ^E-thymi.dine 

and ^^C -p ro te in  h y d ro ly sa te  c o n ce n tra tio n s  employed were 5 pCi/m l 

and 7«*5 pCi/m l re sp e c tiv e ly »
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t i l l s  tre a tm e n ts  The 40S component is  p robab ly  a r ib o n u c le o p ro te in  

o f  c e l l u l a r  o r l ^ n  whose p resence  in  t r i t o n  e x tra c ts  is  

independent of SV40 in fe c t!o n ,  Tt^ 4^3 - l a b e l l  ed mater* i a l  

occurs oruLy in  SV’4 0 - in fe c te d  c e l l s  and i s  prcbabUy due to p ro te in  

a s s o c ia te d  v ;lth  th e  v i r a l  MA, These r e s u l t s  in d ic a te  "that in  

th e  complex e x tra c te d  w ith  t r i t o n ,  218 SV4Û DNA i s  probably  

a s s o c ia te d  w ith  p ro te in .

The e f f e c t  of s a l t  c o n c e n tra tio n  and d e te rg m t trea tm ent 

on the s eâ i.m en ta tion p ro p e r t ie s  of th e  n u c leop ro tedn  complex is 

shown in  Fig* 6* When die t r i t o n  e x tra c t  was t r e a te d  vdth  

0*5 M NaCl, a  component vfas observed on su c ro se  g ra d ie n ts  w5»th a 

sed im en ta tio n  c o e f f ic ie n t  of 293 (F ig . 6A), T reatnen t with e i th e r  

1*0 M NaCl (F ig , 6B) or w ith o*5/^ 8D8 (F ig , 6C) y ie ld e d  components 

which sed im eited  only  s l i ^ t l y  in  advance of th e  218 8V4-0 DNA 

m arie r, in d ic a t in g  e f f e c t iv e ly  com plete d is s o c ia t io n  of th e  

complex* B inding of p r o te in  to  DNA in  th e  complex i s  s e n s i t iv e  

t o  v a r ia t io n  in  s a l t  c o n c e n tra tio n  and th i s  behav iou r is s im i la r  

t o  t h a t  of th e  polyoma DNA-protein complex in  in fe c te d  Ï/E cel3s 

(Green _et a l ,  1971)*

Treatm ent of the  conplex  w ith  0*25^ deoxycholate fo r  1 hour 

caused p a r t i a l  d i s s o c ia t io n  o f the components of tlie complex 

(F ig . 7A).

A f te r  such t r e a tuent , the  complex was observed to  sedim ent 

h e te ro g en eo u sly  betw een 353 and 213. However more p ro longed
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F ig «.6A S ed im en ta tion  of t r i t o n  e x tra c ts  a f t e r  tre a tm e n t in  

d is s o c ia t in g  co n d itio n s  » (a ) The t r i t o n  e x tr a c t  was a d ju s te d  

to  Ot»5 M NaCl and in cu b a ted  f o r  15 min a t  20 G«= The sample- 

was c e n tr ifu g e d  in  a 5-2(ÿo sucrose  g ra d ie n t a d ju s te d  to  

0..5 M i n  NaCle» (b ) The t r i t o n  e x tra c t  was a d ju s te d  to  1 <>0 M 

in  NaCl and in cu b ated  f o r  15 min a t  20 G», The sample was 

o e n tr ifu g e d  i n  a 5~2C^. su cro se  g ra d ie n t a d ju s te d  to  1^0 M 

in  NaCl* (C) The t r i t o n  e x tra c t  was made w ith  re sp e c t

to  sodium dodecyl su lp h a te  and in cu b ated  f o r  1 h r*  ad 37 C* 

The sample v/as' c e n tr ifu g e d  in  a 5“2CÇ̂o su cro se  g ra d ie n t#

The t r i t o n  e x tr a c t  was p rep a red  from SV 40-infeoted BSC-i 

c e l l s  as d e sc rib e d  in  Fig*1*. ^ ^ P -la b e lle d  21S SV40 H'ïA y/as 

added as m arker and c e n tr i fu g a t io n  was f o r  2 h r*  in  a  Spinco 

SW50L r o to r  a t  36,000 rev /m in  a t  4  G* Thu arrowy in d ic a te s  th e  

p o s i t io n  o f th e  complex in  u n tre a te d  t r i t o n  e x tra c ts *
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F ig 0*7 ® Sedim entation, a n a ly s is  o f t r i to m  e x tr a c t  a f t e r  tre a tm e n t 

with, deoxycholate#  T r i to n  e x tr a c t ,  p rep a red  as d e sc rib ed  i n  

F ig  ©.I was made 0*2^o w ith  re sp e c t to  sodium deoxycholate  

and in cu b a ted  a t  20 C f o r  e i th e r  1 hr#= (a )  o r 1 8 h r  ( h ) © 

T h e re a f te r ,  th e  complex was mixed w ith  ^ ^ - l a b e l l e d  21S 

SV40 DNA and c e n tr ifu g e d  th rough a $-20^ su cro se  g ra d ie n t 

as d e sc rib e d  in  Fig#1o
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treatffisn t ' difisOCX ated  'the complex s t i l l  f i i r t a e r  to  a  m ixture 

o f 25s complex and 2 IS DNA (Fig© 7B)a

A nalysis cf th e  po lypept 1 de c o n s ti tu e n ts  of the oomolexow»S*te**s6yE*.V*ee*i*eie«*iiMT»«hrTïewa.w»*at iiij ju r f iiii i i inmrtr*wiinm irf..#i-,MiM'»iiii w,i wuii iw «iMii * < M p  «I»! iiiiirtBlWi iiinn '«&#'«# «vm wmmt^

A n alysis  of the  p o ly p ep tid e  c a i s t i tu e n t s  cf SVijX) DNA-protein 

complexes exfcractabie vdth T r ito n  X-ICO is  com plicated by the  

p resence  in  th e  e x t r a c ts  of a  p ro te in -o o n ta i. ning component w ith  

a  0edimentatd.on c o e f f ic ie n t  (40S) c lo s e  to  th a t  of die complex.

This component was fourd  to  be cf c e l lu ia r  o r ig in  and d id  n o t a r i s e  

as a r e s u l t  of v iru s  in f e c t io n .  I t  was s e n s i t iv e  to r ib o n u c lease  

tre a tm e n t, b i t  the  enzyme bound to  the SV40 DNA-protein complex 

and pro longed in c u b a tio n  re s u l te d  in  ex ten s iv e  lo s s e s  due t o  

n u c lease  a c t i v i t y  in  th e  T r ito n  e x t r a c ts .

I n  o rder to  deta? mine the s e n s i t i v i t y  cf the 403 comp on m t

t o  actinom yoin D, 3 monolayer c u ltu re s  cf BSC-1 c e l l s  were t r e a te d

w ith  0 ,4  ]pg/ml cf actinom yoin D and a t  v a ry in g  tim es tiie reafte i*

were p u lsed  vdth ^H -leuc ine  f o r  40 min p e r io d s . At th e  a id  o f the

p u lse  p e r io d , each c u ltu re  was e x tra c te d  w ith  t r i t o n  X-100 and

idle e x tra c ts  thus o b ta ined  were analysed  by sucrose  g rad ien t

c e n tr i f u g a t io n .  I n  each<ase, the am cunt of ^ - r a d i o a c t i v i t y

in c o rp o ra te d  in to  the 433 component was approx im ate ly  equivalent

to  t h a t  cbseiw^ed on a n a ly s is  cf an e x tra c t  o b ta in ed  from a c u ltu re  

%
la b e l le d  v d th  H -leu c in e  in  the  absence of actinom yoin D (F ig . 8 , ) ,  

In c o rp o ra tio n  cf r a d io a c tiv e  le u c in e  v/as th e r e f o r e  in s e n s i t iv e  to



5 0 .

F ig *8* E ffe c t o f ac tin o m y cia  D on in c o rp o ra tio n  of

^H'*-leuoine in to  th e  Z|fi8 r ib o n u c le o p ro te in  complex of

t r i t o n  e x tra c ts #  The medium was removed from  2̂  r e s t in g

monolayer c u ltu re s  of BSCM c e l l s  and re p la c e d  w ith  warm

Eagle * 8: medium c o n ta in in g  0»4 j!^g/ml of actinom yoin  D, or

in  th e  case  of one of th e  c u l tu re s ,  w ith  E a g le 's  medium

co n ta in in g  no actinom yoin D (A)# 30 min la te rp , tire

medium was removed from b # th  a d ru g - tre a te d  c u ltu re  (b )

and th e  s in g le  non:drug™ !reated c u ltu re  (a ) and re p laced

w ith  warm le u c in e « fre e  E a g le 's  medium c o n ta in in g  H*-leucine

(20 >iCi/ml) and e i th e r  actinom yoin D or no actinom yoin D»

A fte r  a 40 min exposure to  iso to p e ,, th e  c u ltu re s  were

e x tra c te d  w ith  t r i t o n  X-100# The 2 rem aining d ru g - tre a te d

3c u ltu re s  were s im i la r ly  la b e l le d  w ith  tr- leu o in e  in  th e  p resence  

of actinom yoin  D f o r  4-0 min p e rio d s  a t  70min (C) and I I 0 

min (d ) a f t e r  th e  a d d it io n  o f drug and t r i t o n  e x tr a c ts  

were p rep a red  from each c u l tu r e ,

0 ,2  ml samples of each e x tra c t  were analysed  by  

v e lo c i ty  c e n tr i fu g a t io n  th rough  l i n e a r  5“ 2Qfô sucrose  

g ra d ie n ts  a t  55,000 rev /m in  fo r  50 min in  the  Spinco 

8W56T1 r o to r  a t  4- Cor
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5 2 .

a'ctinom ycia D u rd e r  t i e  co rx iitions employed»

The f i r s t  s tep  iî.i over c curing th e  p? oh le  ms assoc ia ted , v d th  

th e  p resence cf th e  40S component has been  to  develop a, nucOnar 

e x tr a c t io n  p rocechre  y/hich reduced the le v e l cf 2[0S component 

p re s  a i t ,  compared m t h  the T r i to n  e x tra c ts .  U n in fected  r e s t i r g  

c u l tu re s  o f  BSG-1 c e l l s  were incubated  a t  57°C i n  le u c in e - f re e  

Eagle*s medium to  which ^ i- le u o in e  v/as added* A fte r 3 hi*, a 

n u c le a r  e x t r a c t  m s  p repared  and a sample was mixed vdtja an 

a liq u o t of T r ito n  e x tra c t  from SVZjl) v i ru s - in f e c te d  BSC-1 c e l l s ,  

la b e l le d  28*-4i{, h r  p o s t- in fe c t io n  w ith  ' U -thym idine. The m ixture 

was c e n tr i f tg e d  th ro u g h  a l in e a r  5“2Qo su cro se  g ra d ia i t  (Fig.9A )*

A component w ith  sed im en ta tio n  c o e f f ic ie n t  2(-0S v/as cbserved, compared 

to  th e  m rlc e r. L ab e llin g  v d th  H -u rid in e  and C -p ro te in  

h y d ro ly sa te  dem onstrated  the p resence cf ENA in  the 408 m a te r ia l  

(F ig , 93)* The amount cf 408 component o b ta in ed  by the  n u c le a r  

e x t r a c t io n  p rocedure was le s s  th a n  10^ cf th a t  c b ta in ed  by th e  T r ito n  

X-100 procedui'G,

To determ ine  the s e n s i t i v i t y  of th e  n u c le a r  403 component to  

aotinom ycin D, a monolayer c u l tu re  cf BSC-1 c e l ls  was t r e a te d  w ith  

0 .1  jig/ml actinom yoin D fo r 1 h r . The mdium was re p la c e d  w ith 

le u c in e - f re e  E a g le 's  medium co n ta in in g  ^ - l e u c in e  plus 0 ,1  pg/ml 

actinom yoin 1) and the c e l l s  were in cv b ated  fo r 3 h r . A n u c lea r 

exbract was p i'epared  and su cro se  g ra d ia i t  a n a ly s is  (F ig . 90) rev ea led



Figo9e. S ed im en ta tion  a n a ly s is  of n u c le a r  e x tra c ts  from 

uirLnfeoted BSG-1 c e l l s  o. The medium was removed from  3 

r e s t in g  monolayer c u l tu re s  of BSC-1 c e l l s  and re p la c e d  

w ith  warm E a g le 's  medium^ or in  th e  case  of one o f th e  

c u l tu r e s ,  w ith  E a g le 's  medium c o n ta in in g  actinom yoin D 

(Oel pg /m l)o  A fte r  an in c u b a tio n  p e rio d  of 1 h r ,  th e  

medium was removed and re p laced  w ith e i th e r  warm le u c in e -  

f r e e  E a g le 's  medium c o n ta in in g  ^E -leucine  (50 ;iG i/m l) (a )  

or w ith  le u c in e - f re e  E a g le 's  medium co n ta in in g  b o th  

■^H-leuoine (50 ;aGi/ml) and actinom yoin D (O0I pg/m l) (C ), 

or w ith  E a g le 's  medium co n ta in in g  E -u rid in e  (25 ;.’G i/ral) 

and ^^ C -p ro te in  h y d ro ly sa te  (10 piGi/ml) (b ) .. A fte r  a 

3 h r  exposure to  is o to p e , n u c lea r  e x tr a c ts  were p rep a red  

in  each c a se .

I n  th e  case  of e x tr a c t  ( a ) ,  0 J  ml of a t r i t o n  e x tra c t  

p rep a red  from SVifO v iru s - in f e c te d  BSC«1 c e l l s  l a b e l le d  w ith  

 ̂'^^G-thymidine was added as a  maidcer f o r  th e  S%G) nuc leo p ro t e in  

complex®. The e x tra c ts  were th e r e a f t e r  c e n tr ifu g e d  in  5-2 

l i n e a r  su cro se  g ra d ie n ts  f o r  3*>5 h r in  th e  SWAOTi r o to r  of 

a  Beckman L2-65B u l t r a c e n t r i fu g e  a t  40^000 rev /m in  a t  f̂C, 

F ra c tio n s  were c o l le c te d  and j î l  a l iq u o ts  of each were 

assayed  f o r  r a d io a c t iv i ty *



54»

g_Ol X MdO ai^CÏÏHÂHX-0^^

o
CM

o

o

i
Q

Pk

©»"••© gjotx  iMdo nai-Hg

0— ^  g_oi X iMdo cnov omwv-o^^

o

o

i
S

I
1

o o  g_OÏ X aNIGIHn-Hg

0 — 0  g_OTXWdD SLNICnMAHX-D^^

o
CM

o

o ifï

i

@— @g_oix ndD  nai-Hg



55 o

t t e t  only n e g lig ib le  amounts of m t e r i a l  w ere p:' esm t *

Exfcraoln on of c u ltu re s  v /ith  t r i t o n  X 100 demonsbrated, th a t  

th e  in c o rp o râ t!  on of %™leuoine in to  2iOS component was u n a ffe c ted  

by  conoentractions o f  aotinom ycin D as high as 0^4 pg/ml« However, 

th e  n u c le a r  40S componeit i s  s e n s i t iv e  to  the a c t io n  o f  the d ru g . 

Presum ably, new ly -sy n th esised  p ro te in s  become a s so c ia te d  wdth 

preform ed rib o n u c le o p ro te in s  in  th e  cytoplasm  t o  produce a la b e l le d  

4CB component.

However, in  n u c le a r  e x t r a c t s ,  new ly -sy n th esised  p ro te in s  

become a s s o c ia te d  only  v d th  n ew ly -syn thesised  ENA, the syn thesis  

o f which is  s e n s i t iv e  to  actinom yoin D. The poo l of p re -s y n th e s is  ed 

r ib o n u c le o p ro te in  w ith in  th e  nucleus a t  an y  givac time i s  p ro b ab ly  

v e ry  sm a ll. The n u c lea r e x tra c t io n  p rocedu re, coupled vdth the  

use of aotinom ycin D th e re fo re  e l im im te s  in o o rp o r a t im  of 

^H -leucine  in to  th e  408 r ib o n u c le o p ro te in  component ,

The e f f e c t  cf 0 .1  ^g /m l actinom yoin D on th e  p ro d u c tio n  cf 

8V40 DNA-protein complexes was i n i t i a l l y  s tu d ie d  in  T r i to n  ex trac ts*  

8740 v i r u s - in f e c te d  monolayer c u l tu re s  o f  SSC-1 c e l l s  were p re tre a te d  

v d th  ao tinom ycin  D th en  la b e l le d  3 h r vd th  -thym idine . The 

r e s u l t in g  nu c leo p ro t e in  complex was observed  to  have sed im en ta tio n  

c h a r a c te r i s t i c s  id e n t ic a l  to  th o se  cf - l a b e l le d  complex p repared

in  th e  absence cf aotinom ycin D (F ig . lO ) . F u r th e r  experim ents 

dem onstrated  t h a t  0 ,1  ^g /m l actinom yoin D did n o t q u a n t i ta t iv e ly



FigdOfl. S ed im en ta tion  a n a ly s is  o f SV40 n u o le o p ro te in

complex sy n th e s ise d  in  th e  p resence  cf aotinom ycin Do

2 r e s t in g  monolayer c u ltu re s  of BSC-1 c e l l s  were in f e c te d

w ith  81%J0 v iru s  (100 p f u / c e l l ) .  A fte r  27 h i', th e  medium

from each c u l tu re  was removed and re p la c e d  w ith  E ag le ts  medium

c o n ta in in g  aotinom ycin  D (O d ^ / m l )  o r no aotinom ycin  Do

3A fte r  à  T hi' in c u b a tio n  p e r io d , E ^ thym dine  was added 

t o  th e  d ru g - tre a te d  c u ltu re  to  a f i n a l  c o n c e n tra tio n  

o f 5 itC i/m l whereas  ̂^C -thym idine was added to  th e  non 

d ru g - tre a te d  c u ltu re  to  a f i n a l  c o n c e n tra tio n  o f 1*2$ ^Ci/m lo 

The c u ltu re s  were exposedto iso to p e  f o r  3 h r  p r io r  to  

e x tra c t io n  w ith  t r i t o n  %-100» Od ml a l iq u o ts  of th e  2 

t r i t o n  e x tra c ts  were th e n  mixed p r io r  t o  c e n tr i fu g a t io n  

th rough  a 3-2C^ su cro se  g ra d ie n t i n  th e  Spinco SW^éTi 

r o to r  a t  555-000 rev /m in  art 4  G f o r  50 min^
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a f f e c t  s^m theais aP the complex u n ie r the  o o n i i t io n s  employed.

The in c o rp o ra tio n  cf iabeL led  amino a c id s  in to  the  p ro te in s

cd:* SV2i-0 DNA-protein complexes was th e n  s tu d ie d  in  tine p resen ce

of aotinom ycin  D by Deans cf th e  n u c lea r e x tra c t io n  procedur e.

In fe c te d  c e l l s ,  27 h r  p o s t in f e c t io n ,  were t r e a t e d  vdth

3aotinom ycin  D fo r 1 h r  th e n  iabeL led  w ith  H -leuc ine  and 

^G -th y m id in s  in  le u c in e - f r e e  E a g le 's  medium fo r 3 hr <, A nalysis 

o f  th e  n u c le a r  e x t r a c t  on su cro se  g r a d ie i t s  (f ig *  13A) dem onstrated  

t h a t  a la rg e  amount o f  m a te r ia l  la b e l le d  v d th  % - le u c in e  

oosediraented v d th  th e  C - la b e lle d  oon^lex . I t  is  p o s s ib le ,  hov/ev©?, 

th a t  in f e c t io n  w ith  SV4-0 v iru s  might s t im u la te  sy n th es is  cf 408 

component so  a s  to  a l t e r  the s e n s i t iv i ty  to  the  l e v e l  of 

aotinom ycin  B used above. To in v e s t ig a te  th is  p o s s ib i l i t y ,  i t  

was n e ce ssa ry  t o  s tu d y  the  actinom yoin D s e n s i t i v i t y  of ^ i- le u c in e  

In c o rp o ra tio n  in to  th e  n u c le a r  4-08 component in  874-0-infected c e l l s  

in  w hich th e  s y n th e s is  cf the 4-40 v i r a l  n u c le o p ro te in  complex had 

been  suppressed  and in  \# iich , th e re fo re ,  s e le c t iv e  in c o rp c ra tio n  cf 

^H -leuoine in to  ‘the 40S component could be a d iie v e d .

A ];ab inofuranosyloytosine ( ara-C  ) i s  a p o te n t in h ib i to r  of DNA 

s y n th e s is .  I n  o rder to determ ine p r e c is e ly  i t s  e f fe c t  on 874-0 

DNA s y n th e s is , 3 monolaj/er c u ltu re s  cf S72j-O-inf0cted BSC-1 c e l l s  

wore t r e a t e d  v d th  28 )ig/ml ara-C  a t  28 h rs  p o s t in f e c t io n  and 

were pu lsed  v d th  -thym idine a t  varying t in e s  th e r e a f te r  fo r



5 9 .

F ig o ii*  S ed im en ta tion  a n a ly s is  of n u c lea r e x t r a c ts  from 

S740 in fe c te d  BSG-1 c e l l s .

Two r e s t in g  c u l tu re s  of BSC-1 c e l l s  were in fe c te d  w ith  

SV40 v iru s  (100 p f u /o e l l ) *  A fte r  27 h r ,  th e  medium vfas 

removed from each c u l tu re  and re p la ce d  w ith  warm E ag le ’s 

medium c o n ta in in g  actinom yoin D and f u r th e r  incubated*

30 rain l a t e r ,  ar.abinoa^dosinylfuranoside.-; (28. jug/ml) wa,s 

added to  one of th e  cultm ^es (K)* A fte r  a  f u r th e r  30 rain 

in c u b a tio n , th e  medium from bo th  c u ltu re s  was removed 

and. re p la ce d  w ith  4  ml of warm le u c in e - f re e  E ag le ’s 

medium c o n ta in in g  aotinom ycin D (0*1 jiig/m l), ^H '-leuoine 

(50 ;aC i/m l), ^C-thym idine (1*25 /iC i/in l) , and a ra b in o -  

c y to s in y lfu ra n o s id e  (28 ^g /m l) (e )  or no ara-C  ( a ) .

A fte r  a 31rc exposure to  is o to p e , n u c lea r e x tra c ts  were 

p rep a red  and c e n tr ifu g e d  f o r  3*-5 h r th rough  S-SQTo sucrose  

g ra d ie n ts  i n  th e  Spinco SV/ifCTi r o to r  a t  40 ,000 rev /m in  

i n  a Beclonan L2-65B u l t r a c e n t r i f u g e  a t  4  C*

F ra c tio n s  w ere c o lle c te d  and 50 )il a l iq u o ts  o f each 

were assayed  f o r  r a d io a c t iv i ty *
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13 Diin periodso In  each cases tlie p u ls e  v/as terirdna.ted  "by 

e x tr a c t io n  of th e  c u ltu re s  v d th  T riton*  Samples of each

3e x tra c t  were an a ly sed  by CsGl v e lo c ity  sed im en ta tlo n  and ihe H-

r a d io a c t iv i ty  in c o rp o ra te d  in to  218 DNA in  each  c a se  v/as compared

t o  t h a t  o b ta ined  on a n a ly s is  cf an e x tra c t  made from  a p a r a l l e l

3in fe c te d  c u l tu r e  lab  el. le d  w ith H -thym idine in  the a te e ic e  of 

ara-C  (Fig® 12)• Ara-C was observed to  co m p le te ly  in h ib i t  SVliX)

DNA sy n th e s is  a f t e r  30 min of t re a tn ^ n t  *
I;

3S ince ara-C  has no e f f e c t  cn in c o rp o ra tio n  of H -leuc ine  in to

th e  Z[OS component in  u n in fe c te d  c e l l s ,  t h i s  drug v/as used to

s u p re s 8 sy n th es is  of SV40 n u c leo p ro te in  complex so  th a t  in c o rp o ra tio n

of ^ - l e u c i n e  in to  the 408 component could b e  ev alm ted a  BSC-1

c e l l s  were t r e a t e d  as in  Fig® llA  except t h a t  28 ^g /m l ara-C  was

3added 30 min p r iw  to  a d d it io n  cf H-leuoine» Sucrose g ra d ie n t 

a n a ly s is  (F ig . IIB ) dem onstrated  t o t a l  i n l i ib i t i  cn of SV4-0 

n u c le o p ro te in  conplex  and th e  le v e l cf "H -leucine in c o rp c ra tio n  in to  

40s m a te r ia l  was s im ila r  to  th o s e  (b served  in  m in  fe e t ed c e l l s  in  

th e  p re s 01 oe cf 0*1 p.g /m l actinom yoin D ( o . f .  F ig .  $C).

I t  is  concluded  fix)m th e se  r e s u l t s  t l ia t  th e  SV40 DNA-protein

complex M 8 be en i s o la te d  i n  a s t a t e  cf rad io ch en ic  al. p u r i ty  and is

e s s e n t ia l ly  f r e e  of ex traneous la b e l le d  p r o te in s .



62

Fig«.12o i f f  eût of ara-G on SV40 DNA aynthesisc.

At 28 h r  p o s t“ in f e c t io n  w ith  SY40 v ir u s ,  th e  medium was 

removed from 3 monolayer c u ltu re s  of BSG-1 c e l l s  and 

re p la c e d  v /ith  wax*m E ag le ts  medium co n ta in in g  ara-C  • (28 jag/ral)«> 

At 0 min ( b ) , 15 min (C ), and 30 min (d ) t h e r e a f t e r ,  

^Hkthymidine was added to  a f i n a l  c o n c e n tra tio n  o f 5 pGi/m l 

a n d ,in  each c ase , th e  c u ltu re s  were exposed t o  th e  iso to p e  

f o r  15 min and su b seq u en tly  e x tra c te d  w ith  t r i t o n  X-1100*

A p a r a l l e l  8Y2|0 in fe c te d  c u l tu re  was s im i la r ly  la b e l le d  

w ith  ^E-thym idine in  th e  absence of ara-C a t 28 h r  p o s t-  

in f e c t io n  and. a  t r i t o n  e x tra c t  was prepax'ed (a )®.

0 c2. ml samples o f each of th e  above e x tra c ts  were analysed  

by v e lo c i ty  c e n tr i fu g a t io n  th rough  n e u tra l  GsCl (d e n s i ty  

1 e-50 g /m l) in  th e  Spinoo SW50»i r o to r  a t  40,000 rev /m in  

f o r  3 h r  a t  20 G»
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Okc.

C h arac te râ -sa tion  o f  polTlieptideB i n  th e  n u o leo n race in  03 mplex:

7.

SV40 v iru S ” in fe o te d  BSC“1 c e l l s  were exposed to  " le u c in e

i n  the p re sm c e  of actinom ycin  D as b e fo re  and n u c le o p ro te in

complex vas is o la te d  by sucrose  g ra d ie r t  0e n tr i fu g a ü on of

3n u c lea r e x tra c ts*  Tlis H«labeLled ijifS complex vas mixed m th  

p u r iA e d  SVifO v iru s ,  liiich  la d  b em  la b e l le d  vdth C -p ro te in  

h y d ro ly sa te , ard. t h e  p ro te in s  i n  th e  n ix tu re  were d isag g reg a ted  

in  SDS, ME and 8M ui*ea p r io r  to  e le c tro p h o re s is  in  

SDS"polyacrylam ide g e ls  (Pig* 1 3 ). At l e a s t  seven  d is c r e te  

components, in o l id in g  a l l  of th o se  pr* osent the m tu re  v ir io n  

were observed i n  th e  n u c le o p ro te in  complex* I t  lias no t proved 

p o s s ib le  to re so lv e  c le a r ly  tiie  3 v iru s  p ro te in s  VPA? VP3 and 

"VP6 (Barban & doo r, 197l)* The conplex is p a r t i c u l a i l y  r ic h  

in  th e  sm all p o ly p ep tid e s  VPZ|j-6* VPl was a lso  observed  in  th e  

ccmplex b u t th e  ra d io  a c t iv â t  y in  'th is  component was on ly  7^ o f 

th e  t o t a l  r a d io a c t iv i ty  compared m t h  in  th e  mature v irus*  

M ateri-al w ith  a m olecu lar w ei^ it cf 80,000 was clear*ly e v id e i t , 

e s p e c ia l ly  in  th e  n u c le o p ro te in  complex* A component was observed 

(M*¥* 28, 000) w hich d id  not conn g ra te  vâth  any cf the ^ C - v i r a l  

m arker p ro te in s*  M a te ria l from e%periments ^ovm  in  Fig* i t e  gave 

no d is c r e te  peaks in  SDS g e ls*  The percen tag 'e  cf ra d io a c tiv i.ty  

in  the  p ro te in s  in  H -I eue in  e -lab  e l  led  complex has a lso  been compared 

to  th o s e  in  bo th  SV40 v iru s  and empty s h e l l s  la b e l le d  v â th
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Fig«,13* A crylam lde g e l e le c tro p h o re s is  of th e  p ro te in  

components of SVliO n u c le o p ro te m  complex &

^ft“le u c in e  la b e l le d  SVAO n u e leo p ro te in  complex was i s o la te d  

a s  d e sc rib e d  in  Fige.11 (a )  and th e  peak f r a c t io n s  in  th e  

2iit5' reg io n  ( f r a c t io n s  9^10^11 i n  F ig «.11 (a )  ) were pooled©. 

A Qos1 ml a l iq u o t  of t h i s  poo l v/as mixed w ith  p u r i f ie d  

amino a o id - la b e l le d  SYk-0 v iru s  to  provide, m arkers f o r  th e  

v i r a l  coat p ro te in s* . A fte r d is ru p t!o n ^  th e  sample ?/as 

analysed  by e le c tro p h o re s is  on a 10^ acry lam lde g e l 

c o n ta in in g  0*1^ SDS' as d e sc rib ed  i n  th e  M ate ria is  and 

Methods section©

A p o o l was made from th e  corresponding  f r a c t io n s  from 

th e  ara-G t r e a te d  c u ltu re  d e sc rib ed  i n  F ig ,11 ( b ) and was 

s im i la r ly  an aly sed  by  SDS acrylam lde g e l e le c tro p h o re s is  

(■̂Hl cpm X“—“x)
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Figolii-e Aorylamide g e l e le o t r ip h o re s is  of th e  p ro te in  

components of * fu ll^  SV40 v iru s  and SVifO 'em pty’ s h e lls e  

Tvro monolayer o n ltu re s  of BSC-1 c e l l s  were in fe c te d  w ith  

0«,01 p f u /o e l l  of SVZi-0 v iru s  snd^ 80 h r  l a t e r ,  were la h o ile d  

w ith  ^ ii- ly s in e  (200 / iG i/d is h )„ The c e l l s  were h a rv ested  

Bo h r  l a t e r  and 'f u l l *  SV40 v iru s  and 'em pty ' 8VW s h e l l s  

were p u r i f i e d  as d e sc rib ed  as in  th e  M a te ria ls  & Methods 

sec tio n *

A fte r  d is ru p t io n ,  a $0 p i  a liq u o t o f ' f u l l '  v iru s  (a )  

o r ' empty' s h e l l s  (b ) were an a ly sed  by  e le c tro p h o re s is  on 

a 1CÇ̂  acry lam lde g e l c o n ta in in g  0#1^ SDS as d e sc rib ed  in  

th e  M ate ria ls  & Methods s e c t io n .
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w m  1

D istr ib u tio n  of leu c in e  in  purified, •'/irai components

fo of t o t a l  in  co n stitu en t proteinn

Preparation W1 W2 VP3 VP4-6

SVẐ O •virus 75 4 8 11

Empty s h e lls 77' 6 8 4  »

Complex 7 1 6 82

P u r ifie d  SVÎ jO -virus  ̂ SY1\0 * empty’ p a r t ic le s  and SV40 

nu eleoprotein  complex ( a l l  la b e lle d  w ith le u c in e )  

were analysed by SDS-polyacrylamide g e l e lec tro p h o res is  

and th e  amount of r a d io a c t iv ity  dm each of th e  major 

v ir a l components was measured and expressed as a 

percentage of th e  t o t a l  r a d io a c tiv ity  recovered from  

th e  g e l .
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% ~1euoine (Table l ) *

The t o t a l  c o m ts  i n  tiie re g io n  "VP4-6 have b een  ooEbinede»

The H -ra d io a o tiv ity  p r o f i le s  ob ta in ed  on SDS “po lyacry lam ide g e l

a n a ly s is  o f  d is ru p te d  SV^D v iru s  (a )  aid. SV40 * empty’ s h e l l s  (B)

a re  sViavn in  Pig* 14 and a r e  q u a l i t a t iv e ly  s im ila r  to  the  p r o f i l e s  

%

o b ta in ed  w ith  H -leu o in e  la b e l le d  p a r t i c l e s .  The ’ empty’ shel.l^ 

have a reduced c o n ta i t  o f YP4-6 compared w ith  f u l l  v iru s  (Pig* 14 

& T ab le  l ) .

Protein-DNA r a t i o  in  th e  complex*

I t  i s  c le a r  th a t  an unambiguous d e te r rn im tio n  cf the protesLn»* 

DNÂ r a t i o  in  SV40 DNA-protein complexes r e q u ire s  a c o n p le te  cheirical 

a n a ly s is  cf th e  c o n s t i tu e n t  p ro te in s*  S ince i t  has not y e t b e en  

p o s s ib le  to  ach iev e  chemical p u r i f ic a t io n ,  as opposed t o  

rad io ch em ica l p u r i f i c a t io n ,  we have c b ta in ed  a p re lim in ary  e s tim a te  

on th e  b a s is  of th e  buoyant p re p e n tie s  cf complex f ix e d  v i th  

g lu ta ra ldehyde*  The p r in c ip a l  o b je c t io n  to  t h i s  approach is  t h a t  

any con tam inatirg  unl,.abelled p ro te in s  m i# it b in d  to  the complex 

under th e s e  co i'd .itio n s . I n  a n  e ffo r t  to  de term ine  the e x to i t  cf 

random attachm ent o f p ro te in ,  ^ C -la b e L le d  21S SV40 DNA was mixed 

wit h T r i t  on»ex tracted  n u e le o p ro te in  c ompl ex, #1 idh he,d been  labaL led  

w ith  “thym id ine, p r i o r  t o  g lu ta ra ld eh y d e  tre a tim n t • Buoyant 

a n a ly s is  in  CsCl g ra d ie n ts  (P ig . 15) dem onstrated  t h a t  th e  buoyant 

d e n s ity  of th e  complex was 1.42 The ^^G-DPA v/as found a t
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Pigt^15©' Buoyant p ro p e r t ie s  o f SVif-O n u e le o p ro te in  

oomplex a f t e r  f ix in g  w ith  g lu ta ra ld e h y d e .

BSC*“1 c e l l s  were in fe c te d  w ith  81/4-0 v iru s  (100 p f u /o e l l )  

and were l a b e l le d  w ith  5 yO l/xa l of ^H>«thyinidine f o r  3 h r  

p r io r  to  e x tra c t io n  w ith  t r i t o n  X~100ô 0..13 ml. of t h i s  

e x t r a c t  was mixed w ith  30 p i  o f  ̂ *̂*0- la b e l le d  21 S’ 8% 0 

DNA and th e  m ixture was subsequen tly  made 1/  ̂ w ith  re sp e c t 

t o  g lu t  a ra ld  ehyde. A fte r  13 min a t  20 0 , Oo.l ml of 

sample v;as added t o  3 ml o f CsCl (d e n s i ty  1 o30 g /m l) 

and c e n tr ifu g e d  f o r  4-0 h r  in  th e  Spineo S1V50.1 r o to r  a t  

40 ,000  rev /m in  a t  20 G»
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F ig»  1éo S ed im en ta tion  p ro p e r t ie s  o f SV40 n u e le o p ro te in  

complex a f t e r  f ix in g  w ith  g lu ta ra ld eh y d e*

A Oei ml a l iq u o t  of th e  g lu ta ra ld ë iy d e  t r e a te d  

m a te r ia l  d e sc rib e d  in  F ig <>15 was c e n tr ifu g e d  thr-ough. 

a.5*”2CÇo su cro se  g ra d ie n t a t  ^^^0 0 0  rev /nrln  f o r  50 min 

in  th e  Spinee 8W56T1 r o to r  a t  4  C» The arrows mark th e  

p o s i t io n s  in  th e  g ra d ie n t of non g lu ta ra ld e h y d e - t re a t  ed

44S complex (&  ) and 21S 8V2|D DNA
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the bottom  of the tube* F w lh e r ezperim euts (Figv 16) dem onstrated 

t h a t  t te  sedimenta'fcion c o e f f io io i t  of th e  complex did not f a l l  

b e l  or 4t{Us m l i  e a tin g  th a t  no d is ru p tio n  cf the complex was 

prcduced b y  th e  g lu taira ldehyde treatm ent* I n  a d d i t io n , the 

sed im en ta tio n  c o e f f ic ie n t  cf th e  213 *̂"G-»SV40 DNA narfosr was 

u n a lte re d , so t h a t  n o n -sp e c if ic  attachm ent of p ro te in s  to  th e  DNA 

had no t occurred  to  a d e te c ta b le  ex ten t. C a lc u la tio n  on a, w eight 

percen t b a s is  in d ic a te d  d ia t  the percen tage  of p rc td .n  in  SV2̂ jO 

DNA“p r o te in  complexes i s  of the  c rd er of 6o/o and th e  m olecular 

v/eig^t cf th e  complex 5s th e re fo re  in  tlie range 7»5 “ 8*5 x  10^,

Repl5-cati m SVAO DNA can be D e tec ted a s  a N u e leo p ro te in  Complex.

Levine e t  a l  (1970) dem onstrated  t h a t  when SVif.O-infeoted 

AGMK c e l l s  w ere exposed to  -thym idine fo r  p e rio d s  of the ord.er 

o f  5 ndn, l i t t l e  cr no la d io - a c t iv i ty  was r r  esent as 213 SV40 DI%. 

In s te a d ,  a coniponent, vh5ch had the p ro p e r tie s  of a  r e p l ic a t iv e  

in te rm e d ia te  DNA m olecule, was p resen t and had a sed im en ta tio n  

c o e f f ic ie n t  cf 25S.

I n  "view cf th e s e  r e s u l t s ,  sh o rt term  i a b e l l i ig  experim ents 

v/ere p s rfo r  med w ith  3740- in f e c te d  BSC-1 c e l l s  to determ i.ne th e  

n a tu re  cf such r e p l ic a t in g  DNA m olecules i n  t r i 'to n  e x tr a c ts .  Six 

monolayer c u l tw e s  of BSC-1 c e l l s  w ere in fe c te d  w ith 3740 ■viri® and 

30 hr post “in fe c t io n ,  the medium vms removed and rep laced  ? i t  h 2 m3.

Eagle*s medium c a ita in ii-g  % -thym i.dine (80 pC i/m l) in  th e  absence



o f serum. A f te r  5 mm in c u b a tio n  a t  37 G, 1he ra d io a c tiv e  

medium Vfas removed. Tine c e l ls  were th en  washed with. PBS, Hid 

f o u r  of the  d ish es  were overlay  ed v ith  10 ml E a g le 's  medium 

c o n ta in in g  u n la b e lle d  thym idine (5CD pg/m l) and in cu b ated  at 

37 C. The f i f t h  d ish  was e x tra c te d  w ith Oq.2^ t r i t o n ,  w h ils t  

th e  s ix th  was e x tra c te d  vdth  0 . 2 ^  deoxycho la te , which e x tra c ts  

in t r a c e l lu la . r  pools of unencapsul& ted 874-0 DNA (Bouicgaux a l  

1969; Eason & V inograd, 1971)» A fte r  a  5 min c h a se , the f i r s t  

two d id aes  were e x tra c te d , one vdth t r i t o n  and th e  other vdth  

deoxychola te  as d e sc r ib e d  p re v io u s ly . S im ila r ly , a iie : ' a 15 

m n  chase , the  rem aining d ish es  w ere t r e a te d  as in  th e  c a s e  cf 

th e  5 min ch ase .

Samples (0 .2  ml) of th e  th re e  t r i t o n  ex l;rao ts were analy sed  

by su c ro se  g ra d ie n t c e n tr ifu g a tio n  to  d e te c t  th e  p resence  of 

n u e le o p ro te in  complexes and b y  v e lo c ity  a n a ly s is  on CsCl to  

c h a r a c te r is e  the DNA sp ec ie s  p re s e n t .  The deoxycholate  e x tra c ts  

were a lso  an a ly sed  by GsCl v e lo c ity  c e n tr i fu g a t io n .  A nalysis (f  

th e  t r i t o n  e x tra c ts  on su c ro se  g ra d ie n ts  i s  shovm in  P ig . 17.

I n  c e l l s  which in d  been üabêLled w ith  H -thym dine fo r 5 min, 

t h e  t r i t o n  e x tr a c t  con tained  m t e r i a l  w ith  a b ro ad  sed im en ta tio n  

d i s t r ib u t io n  p r o f i le  (V3S-10Œ) (F ig . 17A). G arn ies in  th e  reg io n s  

in d ic a te d  by th e  h o r iz o n ta l  b a rs  were pooled  to  d e te rn d œ  th e  ty p e
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Fig»17e Sed im en ta tion  of t r i t o n  e x tr a c ts  from  87^0™

X
in fe c te d  BSG-1 c e l l s  exposed to  I-M hyiddine th e n  

chased w ith  co ld  thym idineo In fe c te d  c e l l s  30 h r  

post*™ infection were la b e l le d  f o r  5 mi-n (a )  th en  

chased w ith  co ld  thym idine f o r  5 min (b ) and f  cr 

15 min (C)* ^ ^ « la b e l l e d  21S 8774-0 DNA was added as m rk e r  

and sam ples were c e n tr ifu g e d  in  5'“2C^ su cro se  g ra d ie n ts  

f o r  2 h r  i n  th e  8W65D r o to r  a t  36,000 rev /m in  a t  4-G 

in  th e  Beclonan 12-653 u l t r a c e n t r i fu g c o  The h o r iz o n ta l  

b a rs  in  (a )  re p re se n t f r a c t io n s  pooled  f o r  subsequent 

a n a ly s is  of th e  DNA sp ec ie s  p re sen t in  th e s e  reg io n s  

of th e  d is t r ib u t io n »
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o f DNA p* es a i t  in  th e se  pe.rts d? t h e  g rad i eni;, I n  t r i t o n  

e x tr a c ts  o h td n e d  a f t æ  a 5 mi.n c liase  p e riod  (F ig . 17-B)? the 

p ro p o r tio n  of m t e r i a l  w ith h i^ i  S va lues was d im in id ied , but 

a  s ig n i f ic a n t  amount sedim ent ed f a s t e r  ü ia n  th e  448 component 

i n  th e  form  cf a d if fu s e  le ad in g  bouniary*. Afber a 15 min 

ch ase  p e rio d  (F ig , 1?C), th e  t r i t o n  e x tra c t  co n ta in ed  a p o p u la tio n  

o f m olecules w hich appeared  to  be much le s s  p o ly d isp e rse  and which 

c o n s is te d  m ainly  cf 44-8 im te r ia l .  These r e s u l t s  in d ic a te  p ro g re s s iv e  

co n v ersio n  cf ra p id ly -se d im e n tin g  m te ria d . to  the 4-48 component. 

M a te r ia l và th  sed im en ta tio n  p ro p e r t ie s  cf 258 œ  21S SV4-0 DNA was 

not observed in  any s ig n if ic a n t  amount \iien  the t r i t o n  e x tra c ts  were 

an a ly sed  on su c ro se  g r a d im ts .  I t  th e re fo re  poss5.b3.e th a t  th e  

i n t r a c e l l u l a r  pools cf SV4-0 DNA m y  not ocour in  th e  f r e e  s t a t e  bu t 

a re  a s s c c ia te d  w ith  p r o te in .

The p ro p e r t ie s  of DNA p re sen t in  th e  t r i t o n  e x tra c ts  were 

an aly sed  by  CsCl v e lo c i ty  c e n tr i fu g a t io n  and by means cf GsCl-PDI 

g ra d ie n ts  a t  eq u ilib riu m  (F ig , 1 8 ).

These r e s u l t s  dem onstrate  t h a t ,  a f t  a? a  f iv e  min exposure 

3 . .t o  H-thymidine , a la rg e  p ro p o r tio n  cf th e  DNA i n  the t r i t o n  e x tra c t  

was in  th e  form  cf 258 S74-0 DM (F ig . IBa ) .  The 258 DNA was 

p ro g re s s iv e ly  chased in to  218 SV4D DNA (F ig s .  18B, IBC), An 

e s s e n t i a l ly  s im i la r  sequenoe cf e v m ts  was <bserved to  occur i n  

th e  SV4D DNA e x tra c te d  vd th  deoxycholate  i n  agreem ent w ith  the
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Figol8<r Analys'ls of t r i t o n  e x tra c ts  by CsGl v e lo c i ty  

c e n tr i fu g a t io n  and CsCl-PDI buoyant c e n tr i fu g a t io n

X
a f t e r  exposure to  H -thym idine fo llow ed  by chase w ith  

c o ld  thym idineo Three d ish es  of c e l l s ,  3.0 h r  cost™ 

in f e c t io n  w ith  SVAO v iru s ,  were la b e l le d  w ith

X

H -thym idine f  w  5 m in. One d ish  was e x tra c t  edwith 

t r i t o n  f o r  v e lo c i ty  a n a ly s is  (a ) and buoyant a n a ly s is  

(d )» The rem aining d ish es  were washed f r e e  of iso to p e  

and medium c o n ta in in g  co ld  thym idine was added.

A fte r  5 min chase , one d ish  was e x tra c te d  f o r  v e lo o ity (B ) 

and buoyant (e )  analysis©  A fte r  15 min chase , th e  rem aining 

d is h  wa.s. e x tra c te d  w ith  t r i t o n  f o r  v e lo c i ty  (O') and buoyant 

(? )  a n a ly s is .  Per v e lo c i ty  c e n tr i fu g a t io n ,  samples were 

mixed w ith  ^ ^ P - la b e lle d  21S S740 DM and la y e re d  on 3 ml 

CsCl (d e n s i ty  1 ,5 0  g /m l) . C e n tr ifu g a tio n  was perform ed 

f o r  3 h r  in  a SW50L r o to r  a t  000 rev /m in  a t  20 C ,

The arrow in d ic a te s  th e  p o s i t io n  of 21S m arker DNA.

F o r buoyant a n a ly s is  in  CsCl-PDI g ra d ie n ts ,  samples were mixed 

w ith  ^ ^ - l a b e l l e d  21S (form  1 ) and 16 S (form  2) 8740 

DNA and c e n tr ifu g e d  in  CsCl (d e n s ity  1!o52 g/m l)-PD I 

(500 ^g /m l) f o r  40 h r  in  a  S p ine0 SY/5OL r o to r  a t  40,000 

rev /m in  a t  20 C. The arrows In d ic a te  th e  p o s i t io n s  of th e  

m arker DNA s p e c ie s .
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o b serv a tio n s  of Levi.ne ^  a l  (1970)* Howeva', tlie sireill 

ffiolecuüar w e i^ t  DM obseinred in  d io r t  la b e l l in g  and ch ase  

p e rio d s  in  th e s e  exp erim eits  w ith  BSC-1 c e l l s  (F ig , 18A. and 

Figo 17A) were not rq )o r te d  to  occur in  871}J0-infeoted AGMI 

c e l l s  (Levine _et a l  1970)® We cannot a t  p resen t exclude th e  

p o s s i b i l i t y  th a t  th i s  sm all DNA chases in to  218 v i r a l  INA,

Tlie sm all DNA may a l t e r n a t 5.v e ly  a r i s e  from th e  h o st cell!., s in ce  

th i s  m t e r i a l  is  a ls o  observed in  u n in fe c te d  c e l l s  la b e l le d  fo r  

sh o r t  p e rio d s  v i th  % -thym id ine .

A nalysis  cf th e  samples b y  me ms cf CsCl-PDI g ra d ie n ts  a t  

eq u ilib riu m , dem onstrated c le a r ly  the  p ro g re s s iv e  conversion  cf 

25s DNA to 218 DNA w ith  in c re a s in g  tim e cf chase with cold 

thym idine (F ig s . 18D, 18S and 18F). I t  was observed in  F ig . 18D 

th a t  th e  peak of r e p l io a t i r g  SV40 DNA was p resen t as a  broad  

heterogeneous d i s t r i b u t i  on whic h extended to the  218 DNA marker 

p o s i t io n  in  a manner s i in i la r  to  t h a t  re p o r te d  by  Sebring  ard 

coworkers ( 1971) ard b y  Ja e n isc h  & Levine ( 1971 ) ® The d i s t r ib u t io n  

became more cD early re so lv e d  a f t e r  5 and 15 min c h ase  with cold 

thym ictine. The inproved  r e s o lu t io n  ach ieved  by  th is  means a llcw ed  

ac c u ra te  q u a n t i ta t io n  cf the p ercen tage  cf 218 SVAO DNA p resen t 

a t  each tim e in te r v a l  and a com parison i s  drawn \Ath DM e x tra c te d  

from in fe c te d  c e l l s  w ith  deoxycholate a t c o rre sp o id in g  t in e s  (Table 2)



TAELS 2 ,  P e rcen tag e  of 21S SV4-0 DNA in  t r i t o n  & deoxycholate 

e x t r a c t s .

82

Time o f chase P ercen tage  of t o t a l  counts/m in

a f t e r  min in  21 S SVii.0 DNA

exposure to T r ito n  e x tra c t D eoxycholate e x tra c t

5H-thym idine

0 min 14 17

5 rain 26 24

15 min 71 66

55 min 100 100



These r e s u l t s  in d ic a te  ths-t es se n t i  a l l y  the  same p ro p o r tio n  of 

218 874-0 DNA was p re se n t a t cor respond! rg tim es i n  the t r i t o n  

and deoxycholat e . e x t r a c ts .  Fur the r  experim ents to  e s t i  m te  th e  

e f f ic ie n c y  of e x t r a c t io n  of a o id -p re c ip i ta b le  ra d io a c tiv i.iy  

dem onstrated  t h a t  the tvjo e x tra c t io n  procedures gave the  same 

y ie ld  of DNA to  w ith in  f iv e  percmt@  We exd .ude, on th i s  b a s is ,  

the  p o s s ib i l i t y  of s e le c t iv e  e x tra c t!o n  of n u e le o p ro te in  ooiipleaces 

w ith  t r i t o n .  That i s ,  th e  DM e x tra c t  ed i n  th e  fo r m of ̂  complexes 

by  means cf t r i t o n  re p re se n ts  a t  le a s t  the m  jo r  p o r t io n  cf Hie 

DNA e x tr a c t  ab le  w ith  deoxycholate . R e p lic a tirg  form 874-0 DNA 

appeared to  be p re sen t only \h e n  complex was p re se n t v ith  

séd im entation , c o e f f ic ie n t  g re a te r  th a n  7(iiS. To confirm  t h i s  f in d in g  

and to  t e s t  fo r  th e  p re s æ c e  cf 218 v i r a l  DNA th ro u ^ io u t the 

heterogeneous d i s t r ib u t io n  in d ic a te d  in  F ig . 1?A, th e  reg io n s  

in d ic a te d  b y  th e  h o r iz o n ta l b a rs  were an alysed  on CsCl--PDI 

e q u ilib riu m  g ra d ie n ts  (F ig . 19)* R ap id ly  sedim ent!ng m a te r ia l from 

th e  re g io n  in d ic a te d  b y  b a r  *a* co n ta in ed  on ly  r e p l io a t i ig  form 

DNA (F ig , 19A) w hile on ly  c o v a le n tly  o lœ e d  8740 DNA was p resen t 

a t  th e  t r a i l i n g  edge (b a r  *b*) cf th e  p o p u la tio n  (Fig .19B ).

In  o rd e r  t o  determ ine more p re c is e ly  th e  n a tu re  cf th e  complex 

co n ta in in g  the r e p l i c a t i v e  form  cf 874-0 DNA, a c u l tu re  o f BSG-1

T  I

c e l l s  was la b e l le d  vdth C-thymidine fo r 2 h rs  a t  28 I'm

p o s t - in f e c t !  on. The ce ll.s  v;ere su bsequen tly  wadi ed f r e e  of iso to p e



Q!0/-J-©

F ig e!9 »  Buoyant ‘beliaviour of m a te r ia t f r a c t io n a te d  from 

sucrosG g ra d ie n ts  of t r i t o n  e x tra c ts  from SV4-0 in fe c te d

3
BSO-1 c e l l s  a f t e r  exposure t.o IM hym idine f o r  5 min* 

F ra c tio n s  w ere p repared  from th e  experim ent d e sc rib e d  in  

F ig»  1 7 (a )»  Pooled samples in d ic a te d  by the: h o r iz o n ta l  

b a rs  'a '  and ’b ’ were d ia ly se d  f r e e  of sucrose  and a d ju s ted  

to  d e n s ity  of 1 »52 g/ml w ith  CsCl and to  ^00  pg/m l w ith  PDI 

th e n  c e n tr ifu g e d  to  eq u ilib riu m  as d e sc rib ed  in  th e  legend 

to  F ig»l8» (a )  M ate ria l from th e  pool In d ic a te d  by b a r  ' a '  

in  F ig  17(A ). (B) M a te ria l from th e  pooled samples in d ic a te d  

by b a r  *b' in  F ig .  17(a)*
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F ig ,20* Sedim entatiom  a n a ly s is  of r e p l ic a t in g  complex. 

At 28 h r  p o s t - in f e c t io n  w ith  SV40 v iru s ,, a monolayer 

c u l tu re  of BSC-1 c e l l s  was exposed to  -thym id ine  

(1 «.25 pCi/m].) f o r  2 h r .  The c e l l s  were th e n  washed 

f r e e  of iso to p e  and in cu b ated  f o r  a f u r th e r  2 h r  w ith  

warm E a g le 's  medium. A f te r  t h i s  tim e , th e  medium was 

ag a in  removed and re p la c e d  w ith  warm E a g le 's  medium 

co n ta in in g  ^H-thym idine (100 ^ iC i/ra l). The c e l l s  were 

su b seq u en tly  e x tra c te d  w ith  t r i t o n  5C-100 a f t e r  a 3 niin 

exposure to  iso to p e  and th e  e x tra c t  th u s  o b ta in ed  was 

c e n tr ifu g e d  th ro u g h  a 5-2C^ su crose  g ra d ie n t a t  40,000 

rev/mi.n f o r  2»5 h r  in  th e  Spineo SY/40Ti r o to r  a t  4  C* 

The m u l t ip l ic i ty  of v iru s  in p u t was 20 p f u /o e l l
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and inculcated w ith  Kagle^s medium (no serum) f o r  a fm other

2 h iv  A fte r  t h i s  tim e , th e  medium, wan removed and re p la ce d

3w ith  E a g le 's  medium co n ta in in g  H-thym idine* The c e l l s  were

e x tra c te d  w ith  t r i t o n  X-100 a f t e r  a 3 min. exposure to  iso tope*

A nalysis  by su cro se  g ra d ie n t c e n tr i fu g a t io n  of th e  t r i t o n

e x tra c t  re v e a le d  th a t  th e  m a jo rity  of th e  % - la b e l le d  r e p l ic a t in g

”11complex sedim ented around 90S compared to  th e  'O -la b e lle d  448 

complex (F ig * 2 0 ), However, in  th i s  c a se , co n d itio n s  a re  such as 

to  perm it com plete r e s o lu t io n  between th e  r e p l ic a t in g  and 

mature forms of complex*

S y n th es is  of th e  complex in  r e l a t io n  to  v iru s  growth

In  o rder to  e s ta b l i s h  th e  optimum tim e p e rio d  fo r  study ing

SV40 n u e leo p ro te in  complex sy n th es is  in  r e la t io n  to  th e  sy n th e s is

of v i r io n s ,  an experim ent was perform ed to  determ ine th e  r a te

of ^H-thym idine in c o rp o ra tio n  in to  bo th  complex and mature

v iru s  a t  v a rio u s  tim es a f t e r  in f e c t io n .  The fo rm atio n

of in f e c t iv e  progeny v iru s  was a lso  follow ed* AtO> 17,

29, 42, p 63, and 90 h r  a f t e r  in f e c t io n  w ith  SV4-0, a 1hr 

3 . .exposure to  H -thym idine was adm in istered  to  monolayer 

c u ltu re s  of BSC-1 c e l ls *  In  each ca se , th e  p u lse  was te rm in a ted  by 

e x tra c t io n  of th e  c u ltu re s  by  t r i t o n  X-100, An a l iq u o t of each 

e x tr a c t  was c e n tr ifu g e d  th rough a 3-20^ sucrose  g ra d ie n t and th e  

t o t a l  number of counts p e r  c u ltu re  sedim enting  in  th e  44-S re g io n



of the g ra d ie n t was determ ined (F ig * 22)» In  every  ca se ,

th e  r a d io a c t iv i ty  beliavirg as complex accounted fo r a l l

th e  a c id  p re c ip i ta b le  r a d io a c t iv i ty  in  th e  e x t r a c t ,  in d ic a t in g

t h a t ,  a t  a l l  td.mes a f t e r  in fe o tio n , 8V2̂ 0 .DNA was presen t only

as a 445 complex; complexes m t h  a l t e r e d  sedimen t a t i  on

5c h a r a c te r i s t i c s  were net observed. H -thym idine in c o rp o ra tio n  

in to  2|4-S conplex was not d )served  a t 17 h r .  p o s t in f e c t io n ,  b u t  

t h e r e a f t e r  in c re a se d  s lia rp ly  to  a  mximum r a t e  of sy n th es is  a t 

42 h r .  A f te r  th i s  tim e, th e  r a t e  ot' in c o rp o ra tio n  o f  iso to p e  

d eclin e  d .

I n  a  sim iH ar experim ent, Hie c elUs were expcs ed to

%
H -thym idine f o r  2 hi%. a t v a rio u s  tim es a f t e r  in f e c t io n ,  a id  

were su b seq u en tly  h a rv e s te d  aid assay ed  b o th  f o r  in fe c tio u s  v iru s

•z
and f o r  H -ra d io a o tiv ity  behaving as v iru s  (see  a lso  F ig , 22 ),

The p ro d u c tio n  o f in fe c tio u s  v iru s  was f i r s t  no ted  a t  29 

3 . .h r  p o s t - in f e c t io n  and  H-thym idine in c o rp o ra tio n  re a  ched a 

maximal r a t e  of 42 hr p o s t in f e c t io n .  At l a t e r  t im e s , the r a te  

o f  iso to p e  in c o rp o ra tio n  was reduced, A pronounced cy to p a th ic  

e f f e c t  was observed by  51 h r  p o s t in f e c t io n  and b y  90 h rs  a 

y ie ld  o f 10^ p f u /o e l l  was o b ta in ed .



90^

.Fige.22«s S y n th es is  of th e  complex in  r e l a t io n  to  th e  sy n th es is  

of SV40 v ir io n so  At 0^ 17? 29? A2y 51? 65? oiicL 90 hi* a f t e r  in f e c t io n  

w ith  SVA-0 v iru s  ( in p u t m u l t ip l ic i ty  10 p f u / c e l l ) ,  ‘̂ ï^-thymidine 

(20 ^G i/n il) was ad m in is te red  to  monolayer cu ltu i'e s  of B8G-1 c e l l s  and 

th e se  were exposed to  th e  iso to p e  f o r  1 h r  a t  57 G© In  eeioh 

cas Gy, the  p u lse  was te rm in a ted  by e x tra c t io n  of th e  c u ltu re s  

w ith  t r i t o n  X-100*. A 0©2 ml a liq u o t of each e x tra c t  was 

c e n tr ifu g e d  th rough  a 5"2C^ sucrose  g ra d ie n t in  th e  S p ine0 

S?/50*1 r o to r  fo r  2 h r a t  5^,000 rev /m in  a t  A G and th e  t o t a l  

number of co u n ts /m in /o u ltu re  sedim enting in  th e  reg io n  of 

th e  g ra d ie n t was determ ined  in  each case  ( 0 o )©

I n  a p a r a l l e l  experim ent, th e  c e l l s  were exposed, a t  each 

of th e  above tim es p o s t in f e c t io n ,  to  H -thyniidine ( 20 ^G i/m l) 

f o r  2 h r  and w ere subsequen tly  h a rv e s te d  and assayed  bo th  

f o r  in fe c t io u s  v iru s  ( p f u /c u l tu r e ;  Q q ) and fo r

^ - r a d i o a c t i v i t y  in  th e  form of v ir io n s  ( o -  -  — o ) ( th e  

l a t t e r  be ing  determ ined as d e sc rib ed  in  th e  legend  to  F ig ©28 

and exq)r essed  as oounts/m in /cu ltu j?e) »
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The comelex in  r e l a t io n  to  th e  v iru s  assem bly p ro cess  *

' Empty^ s h e l l s  of SYk-0 v iru s  can form  in d ep en d en tly  of th e  

v iru s  jai vivo and serve  as a p recu rso r of in t a c t  v iru s  (Oger,

1972; Ozer & Tegtmeyer,1972)<. The ’ empty* s h e l l s  do not co n ta in  

v i r a l  DNA and have a reduced  con ten t of compared to  ’fu ll*

v iru s  (B lack , Gra\vford & Crawford, 19(^4; E stes  ^  a l,1  971 ;

Ozer, 1972; see  a lso  Table 1 )* I t  i s  p o s s ib le  th a t  th e se  

d e f ic ie n c ie s  would be c o rre c te d  i f  complexes o f th e  kind  

re p o r te d  h e re  were to  combine w ith  * empty* s h e l l s  to  y ie ld  

m ature virus® To f u r th e r  in v e s t ig a te  t h i s  p o s s i b i l i t y  th a t  th e

complex might be an in te rm e d ia te  in  th e  v i r a l  p a r t i c l e  assem bly 

p ro c e ss , p u lse -ch a se  eiKperirnents were perform ed to  determ ine 

w hether th e  la b e l l in g  p ro p e r t ie s  of th e  complex a re  c o n s is te n t 

w ith  such a ro le *

23 monolayer c u ltu re s  of BSC-1 c e l l s  were in fe c te d  w ith  

10 p f u /c e l l  of SV40 v iru s  and a f t e r  42 h r  th e  medium from 

each c u l tu re  v/as removed and rep laced  w ith  2ml of E a g le 's  medium 

co n ta in in g  20 pC i/m l of % -th y m id in e* A fte r  10 min of in c u b a tio n  

a t  37 C, th e  ra d io a c tiv e  medium v/as removed. The c e l l s  were 

washed w ith  PBS and 20 of th e  d ishes were o v e rla id  w ith  10ml 

of E ag le ’s medium c o n ta in in g  excess u n la b e lle d  thym idine and 

in cu b a ted  f u r th e r  a t  37 C, The rem aining 3 c u ltu re s  were e i th e r  

e x tra c te d  w ith  t r i t o n  X-100 or w ith  0®3/  ̂ 8D8 or h a rv e s te d  fo r



Figo23o S y n th esis  o f tb.e complex in  r e l a t io n  to  SY4-0 v iru s  assembly*

23 monolayer c u ltu re s  of BSC-1 c e l l s  were in fe c te d  w ith  10 p f u /c e l l  

of SY4-0 v iru s  and a f t e r  l\2 h r ,  th e  medium was removed and re p laced  

w ith  2 ml of warm E a g le 's  medium contaim m g 20 ^C i/m l of H -thym idine* 

A fte r  10 mill o f in c u b a tio n  a t  37 G, th e  r a d io a c tiv e  medium was 

removed* The c e l l s  were washed ivith PBS and 20 o f th e  d ishes were 

o v e rla id  w ith  10 ml of E a g le 's  medium co n ta in in g  excess u n la b e lled  

thym idine ( 25O ^ g /m l) and incubated  f u r th e r  a t  37 C. The rem aining 

3 c u ltu re s  were e x tra c te d  w ith  e i th e r  t r i t o n  X-100 or w ith  0 .3 /

SDS or h a rv e s te d  f o r  d e te rm in a tio n  of r a d io a c t i v i ty  i n  v iru s  

p a r t i c l e s  (a s  d e sc rib ed  in  th e  legend to  F ig * 2 8 ), SDS e x tr a c ts  w ere 

made from 4 o f  th e  c u l tu re s  to  which excess u n la b e lle d  thym idine had 

been added a t  10,. 20, 30, and 60 min a f t e r  rem oval of th e  ra d io a c t iv e  

thym id ine . T r i to n  e x tra c ts  were made from 8 of th e  c u ltu re s  a t  10,

20, 30, 60, 120, 24-0 and 3^0 min a f t e r  removal of is o to p e . The 

rem aining 8 c u ltu re s  were h a rv e s te d  f o r  d e te rm in a tio n  of ra d io ­

a c t i v i t y  in  SY4-0 v iru s  a t 10 min, 20 rain, 30 min 4-0 rain, 60 min,

120 min, 24-0 min and 3^0 min a f t e r  removal of iso to p e^  The SDS e x tra c ts  

were an a ly sed  by  CsGl v e lo c i ty  sed im en ta tion  as d e sc rib ed  in  F ig .IB  

whereas th e  t r i t o n  e x tra c ts  were analysed  by su cro se  g ra d ie n t 

c e n tr i fu g a t io n  as d esc rib ed  in  F ig «22 . The q u a n tity  of r a d io a c t iv i ty  

p e r ou ltu i'o  sedim enting e i th e r  as 21S SV40 DNA ( in  th e  SDS e x tr a c ts )  

or as SY4-0 448 complex or th e  r a d io a c t iv i ty  p e r c u ltu re  in  th e  i 

form of SY40 v ir io n s  wan determ ined i n  each c a se .
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determ â.nation of r a d io a o t iv i t j  in  v iru s  p a r t io le s c  SBS e x tra c ts  

vfere m de from  4  of th e  c u l tu re s  to  Wnich excess u n la b e lle d  

thym idine had be en added a t  10 min, 20 min, 30 min and 60 min 

a f t e r  removal of th e  ra d io a c t iv e  thym dineo  T r i to n  e;x traots were 

made from 8 of th e  c u ltu re s  a t 10 min, 20 min, 30 min, 60 min,

22jjQ min, and 36O imln a f t e r  removal of 5.sotope„ The rem aining 8 

c u l tw  es were h a rv e s te d  fo r d e te m iiia tio n  of r a d io a c t iv i ty  in  

SV40 v iru s  a t  10 rain, 20 min, 39 min, 40 m.in, 60 min, 120 min,

360 min, and 4-80 min, a f t e r  rem oval of is o to p e .

The SDS e x tr a c ts  were analysed  b y  CsCl v e lo c ity  sed .m en ta tio n  

and the  r a d io a c t iv i ty  sed iraa itin g  as 218 874-0 DNA per c u l t i r  e was 

q u a n t i ta te d , whereas th e  t r i t o n  e x tra c ts  were an a ly sed  by 

c e n tr i fu g a t io n  th rough  l in e a r  3- 20^  sucrose  g ra d ie n ts  and th e  amount 

of r a d io a c t iv i ty  sedim enting  as ij4S oonplex per c u l t  i r e  was 

determ ined  in  each ca se . The amount of r a d io a c t iv i ty  in  SVijX) v irus 

a t  each tim e  was a lso  c a lc u la te d .  The r e s u l t s  obtedned are  shown in  

F ig , 23 .

The amcunt of r a d io a c t iv i ty  in  the complex was observed t o  

re a ch  a naximum value 10 min a f t e r  removal of is o to p e . Over th e  nex t 

40 min o f  in c u b a tio n  th e  va lu e  was observed to  decay b y  a f a c t a ’ 

o f approx im ate ly  8^ ,  T h e re a f te r , the value  decayed only s l i ^ i t l y .  

Over th e  f i r s t  10 min of the chase p e rio d , th e  amount of DNA. 

e x tra c ta b le  by tlie  SDS method, was approxim ate ly  equ ivalen t to  t h a t



e x tra c ta b le  by th e  t r i t o n  method, Hoivever, over the  next 4-0 

min of th e  ch ase  p e r io d , no decay :in th e  q u a n tity  of r a d io a c t iv i ty  

behaving as 218 872(0 DM was observed. This in d ic a te s  th a t  the 

decay in  t r i t o n  e x tra c ta b le  DM observed over ttie pard od 10 min 

to  60 min cf cimse i s  the consequence of a porti.on  of th e  DNA 

being converted  to  a form which is  no lo i 'g e r  e x tra c ta b le  by th e  

n o n -io n ic  d e te rg e n t r a th e r  th a n  cf b e irg  degraded , T r ito n  has 

no e f fe c t  on 874-0 v iru sp  T h is p o r tio n  of th e  DNA rem ains 

e x tra c ta b le  by  SDS, havever. No rad io ac tiv i/b y  could be d e tec te d  

in  th e  form of m ature S72|f) v iru s  u n t i l  a f te r  10 min cf th e  chase 

period#  Between 20 min and 60 min o f the ch9.se  p é rio d es  ra p id  

appearance cf r a d io a c t iv i ty  in to  v iru s  occurs and a f t e r  1 hr of 

chase , th e  r a t e  cf in c re a s e  of r a d io a c t iv i ty  in  the v iru s  over th e  

n ex t 5 hours# Over th e  6 hour chase period., on ly  2% of th e  t o t a l  

874-0 DM (as  e x tra c te d  w ith SDS) la b e l le d  during  the p u ls e  period, 

became en cap su la ted  in to  mature v iru s .  The decay in  the q u a n t i ty  

of la b e l le d  oonplex was cf th e  o rd e r of 8^ over the  sanB p e rio d . 

However, the b u lk  of th e  la b e l le d  complex (9Q*®) was s ta b le  over 

th e  d u ra tio n  of the  ex p erim en t.

The extrem ely  lav e f f ic ie n c y  cf e n c a p s id a ti  on cf th e  v i r a l  

DNA m k es  i t  d i f f i c u l t  t o  ( b ta in  co n c lu s iv e  ev id m ce  cf a  pul.se- 

ohase n a tu re  th a t  th e  n u c leo p ro te in  complex i s  a p re c u rso r of th e  

v iru s  s in c e  decay  of th e  complex is  only s l i g h t .  However, th e
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d a ta  d'Jtaî-ned in  th e  a b a /e  experim ent i s  c o n s is te n t  w ith  

th e  p o s s i b i l i t y  th a t  th e  conplex could be a p re c u rso r  cf the  

f u l l  v i r u s .  The 10 t o  20 min. de lay  in  appearance of r a d io a c t iv i ty  

a f t e r  rem oval of iso to p e  would seem to in d ic a te  a r a t e - l i m i t i % 

s te p  in  v i r a l  ,DNA e n ca p s id a ti on. The d isc rep an cy  between decay 

in  r a d io a c tiv e  complex (8^^) and appearance of r a d io a c t iv i ty  

in  m ature v iru s  (2^) p o s s ib ly  r e s u l ts  from low e f f ic ie n c y  of 

reco v ery  cf v iru s  from th e  c e l l s -

E ffe c t o f puromycin onprotein-D N A  complexes

BSC-1 c e l l s  in fe c te d  w ith SV40 v ir u s ,  were exposed to

i n i t i a t e d  thym idine i n  th e  p resence  of puromycin a t  d i f f e r e n t

tim es a f t e r  a d d it io n  o f th e  drug and p ro te in -M A  complexes were

e x tra c te d  w ith  t r i t o n  X-100. A sharp re d u c tio n  in  in c o rp o ra tio n

of t r i t d a t e d  thym idine in to  t r i to n - e x t r a c ta b le  8740 DNA, s im ila r

t o  th a t  cbserved  in  polyoma v iru s - in f e c te d  c e l l s  (Bourgaux, 1972)

was observed . (T able 3 ) , R ad io ac tiv e  8740 DNA was p re se n t in

protein-DNA complexes v h ich  had a g r e a t ly  reduced average

sed im en ta tio n  c o e f f ic ie n t  (25S) (F ig . 24b) compared w ith  th a t  of

complexes o b ta in ed  in  th e  absence of puromycin (44-S) (F ig , 22(a.) ,

The low m olecu lar w eight DNA in  F ig . 24b was (b.served in

uni.nf eoted c e l l s  t r e a te d  vdt h puromycin and is  "therefore p robab ly

c e J lu lf ir  in  o r ig in ,  More pro longed puromycin t r e a t  nun t  reduced 

"tiie r a t e  cf in c o rp o ra tio n  o f t r i t i a t  ed thym idine in to  such
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5E ffe c t  of puromycin on H«tliymidine in c o rp o ra tio n  in to  21S 

SV40 DNA

Time of puromycin

tre a tm e n t (min) / a l iq u o t  in  21S SV40 DNA

1'9 10200

30 8800

60  : 2700 

90 1500

At 28 h r  p o s t- in fe c t io n , .  2t- monolayer c u ltu re s  of SV40 in fe c te d  

BSC“1 c e l l s  (1;0 p f u /c e l l )  were t r e a te d  w ith  puromycin ( f i n a l  

c o n c e n tra tio n  4  x 10 ^ l ) # At 15#. 3-0#. 60 and 90 min a f t e r  

a d d it io n  of th e  d rug , ^ - th y m id in e  (50 yiCi/ml) was added fo r  

a 30 min period*. At th e  end of each p u lse  p e r io d , th e  c u ltu re s  

were e x tra c te d  w ith  t r i t o n  X-100 and 0*1 ml a l iq u o ts  of each 

e x tra c t  were c e n tr ifu g e d  f o r  3 h r th rough  3ml of CsGl (d e n s ity  

1 *50 g/m l) in  th e  81750*1 r o to r  of a Beckman u l t r a c e n t r i f u g e  

and th e  amount of r a d io a c t iv i ty  sedim enting  as 218 SV40 DNA was

jn  -s j — — • 'I*'—
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Pig*. 24o S edim enta tion  a n a ly s is  of protein-DNA complexes 

e x tra c te d  from pu ro ray c in -trea ted  ( b ) and u n tre a te d  (a )

SV4Û in fe c te d  BSG-1 c e l ls #  Monolayer c u ltu re s  of BSC-1 

c e l l s  were in fe c te d  w ith  SV40 v iru s  (10 p f u / c e l l ) .

At 28 h r p o s t- in fe c tio n ^  th e  medium was removed from 

th e  c e l l s  and re p la ce d  e i th e r  w ith  warm E a g le 's  medium 

c o n ta in in g  puromycin (4  x 10"’S l)  or w ith  E a g le 's  medium 

co n ta in in g  no puromycin*. A fte r  30 min in c u b a tio n  a t  37 C 

■^ff-thymidine was added t e a  f i n a l  c o n c e n tra tio n  of 50 p.Ci/ml 

and th e  c e l l s  were e x tra c te d  w ith  t r i t o n  X-100 subsequent 

to  a 30 min exposure to  th e  iso tope#  Sucrose g ra d ie n t sed­

im en ta tio n  a n a ly s is  of th e  t r i t o n  e x tra c ts  was perform ed

by la y e r in g  0*2 ml samples on to  4*0 ml l i n e a r  5 -2(ÿo

1J
sucrose  g ra d ie n ts ,  'G -lab e lled  21S SV40 DNA was added as 

a  marker* The samples were c e n tr ifu g e d  f o r  50 min a t  

55#000 rev /m in  in  th e  Spinco S?/56Ti r o to r  a t  4  G#
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com plexes, b u t d id  no t a l te i ’ ‘die average sed ijiien ta tio n  c o e f f ic ie n t  « 

SV40 DNA which was oom pletely  fre e  of p ro te in  was m v e r  observed 

a f t e r  puromycin trea tm ent*  These complexes a.re more s e n s i t iv e  

to  tre a tm e n t vd tii deoxycholate  th an  t r i t o n  X-100* The re p o r t  

th a t  p r o te in  b in d in g  to  polyoma DNA in  th e  p resen ce  o f  puromycin 

i s  com pletely  in h ib i te d  (Bourgaux, 1972) may be a t t r ib u ta b le  to 

tM s  d i f f e r m o e  in  e x tra c t io n  procedure* A nalysis of SV^O DNA 

in  th e  "puromycin complex?* by dye-buoyant d e n s ity  gr&idient 

c e n tr i fu g a t io n  in d ic a te d  an in c re a se  in  buoyant d en s ity  and 

th e re fo re  a re d u c tio n  in  th e  number of s u p e rh e lic a l  tu rn s  (Fig* 25a, 

25b ) ,  compared vd th  SV40 DNA from the c o n tro l ex tra c t*  This change 

i s  s im ila r  to  th e  behav iou r cf polyoma DNA under t i e  se c o n d itic n s  

(Bourgaux, 1972). I t  i s  p o s s ib le  t o  in te r p r e t  th e se  r e s u l t s  on 

th e  fo rm atio n  o f such  protein-DNA conplexes in  term s of s p e c i f ic  

b in d in g  ev en ts . The "puromycin DNA" in  th e  in fe c te d  cu). 1 1ms very  

few s u p e rh e lic a l  tu rn s  and fms th e re fo re  a more re lax ed  conform ation 

th a n  * normal* SVAO DNA (U pholt, Gray & V inograd, 1971)* I f  p ro te in  

b in d in g  in  th e s e  circum stances re p re se n te d  a random attachm ent cf 

p ro te in s  p re se n t in  th e  v i c in i t y  of th e  SV40 DNA,' such re la x ed  

m olecules shoul.d b in d  a g re a te r  amount cf p ro te in  and as sunn a h ig h e r 

sed im en ta tio n  c o e f f ic ie n t  th an  *nornnl* S740 DNA (B arc lay  & Nason, 

1972) .  The r e s u l t s  p re sen te d  above in d ic a te  th a t  no such random 

b in d in g  p ro cesses  occur.



10?

Pigc25o Dye-buoyant eq u ilib riu m  d e n s ity  g ra d ie n t a n a ly s is  

of t r i t o n  e x tra c ts#  T r ito n  e x tra c ts  were p rep a red  from 

SVl-O v iru s - in f e c te d  c e l l s  which had been exposed to  

"^IN-thymidine ;in th e  absence (a ) or in  th e  p resen ce  (b ) 

of puromycin as d e sc rib e d  in  Fig#,24* A th i r d  monolayer 

c u ltu re  of SV40 v iru s  in fe c te d  BSC-1 c e l l s  (c )  was t r e a te d  

w ith  puromycin and exposed to  H-thymidine as d e sc rib ed  

in  F ig .24* T his c u ltu re  wa.s th en  washed f r e e  b o th  of 

iso to p e  and th e  drug and incubated  f u r th e r  f o r  2 h r  a t  

37 G w ith  N agle’s medium co n ta in in g  thym idine (250 pg/nü.)» 

The c e l l s  were subsequen tly  e x tra c te d  w ith  t r i t o n  X-100 

f o r  a n a ly s is .  E qu ilib rium  c e n tr i fu g a t io n  was perform ed 

by  adding 0«4 ml samples of th e  a p p ro p ria te  t r i t o n  e x tra c t  

to  a f i n a l  volume of 4o2 ml CsCl (d e n s ity  1 .56 g/ml)*- 

e th id ium  bromide (330 pg/ml)#. An a liq u o t o f - la b e l le d  

SV40 DNA ob ta ined  by e x tra c t io n  of SV40 v iru s  in fe c te d  

c e l l s ,  l a b e l le d  w ith  ^^C-thym idine (i'«0 pC i/m l) 24-45 h r  

p o s t - in f e c t io n  w ith  SDS, v/as added to  each tu b e  to  a c t  as 

a su p e rc o ile d  marker.. C e n tr ifu g a tio n  was c a r r ie d  cut in  

a Spinco N o.50 A1 r o to r  f o r  40 h r  a t  38,000 rev /m in  

a t  20 C.
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Recovery fro  m puromvc m  tre a tm o it »

SV40 v iru s  in f e c te d  ce l3 s  wex"̂  la b e l le d  v d th  t r i t l a t e d  

thym idine in  t h e  p resence of puromycin, washed v d th  E a g le ’s 

medium c o n ta in in g  excess th y m d iœ  an.d in c u b a ted  a f u r th e r  

2 hx-*. Dye-buoyant anal.ysis  of t r i to n - e x t r a c te d  m atexdal 

dem onstrated  th a t  th e  i n i t i a t e d  SYl^O MA was superirnjicsed on 

th e  ^^ G -lab e lled  SY40 DNA marker ( f i g * 25c) • V elocity  

sedim ent a t i  on a n a ly s is  on a n e u tra l  sucrose  g ra d ie n t  (F ig .26) 

re v e a le d  the p resence  of a  p r o të .n-DNA complex w ith  an average 

sed im en ta tio n  c o e ff ic ic m t cf The "puromycin cojiplex" had

th e re fo re  acq u ired  tixe "nox'mal" sedim .entali on c h a r a c te r i s t i c s  

and i t s  c o n s t i tu e n t  DNA had. the  "nom a l"  su p e rh e lix  d e n s i ty .

To determ ine  i f  DNA r e p l ic a t io n  was concerned m th  th e  

in tro d u c tio n  of s u p e rh e lic a l  tu rn s  in  "purom ycin DNA", in fe c te d  

c e l l s  were la b e l le d  w ith  t r i t i a t  ed thym idine in  th e  p resence  of 

puromycin, as b e fo re . The c e l ls  were washed f re e  o f  puromycin 

and i n i t i a t e d  thym id ine, th en  incubated  in  th e  p resence  cf 

5-broniodeoxyuridine. Buoyant eq u ilib riu m  an s .ly s is  in  CsCl 

in d ic a te d  th a t  about o f th e  lab e lled . SV4.0 DNA. had a d en sity  

g re a te r  th a n  the " l ig h t - l ig h t "  - la b  e l led  SV4Û DNA marlier

(F ig . 27 a), which dem onstrated  th a t  ex ten siv e  DNA r e p l ic a t io n  could 

occur under th e se  c o n d it io n s . tThen a ra b in o fu ra n o sy lc y to s in e  

(a ra -C ) was added sim u ltan eo u sly  w ith  5-brom odeoxyuridine no
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Pige 26e S ed im entation  p ro p e r t ie s  of DNA-protein complexes 

from SV40 v iru s  in fe c te d  c e l l s  recovered  from puromycin 

tre a tm e n t0 The e x tra c t  analysed  in  Fig«25 (c )  was mixed 

w ith   ̂^ 'G -labelled  21S SV40 DNA marker and c e n tr ifu g e d  th rough  

a 5” 2C^ su cro se  g ra d ie n t as d e sc rib ed  in  F ig *24»
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F ig u re  27e Buoyant a n a ly s is  of t r i t o n  e x tra c ts  in  GsCl 

g rad ien tso . SY40 v iru s  in fe c te d  BSG«1 c e l l s ,  which had 

been t r e a te d  w ith  puromycin and G}cposed to  H -th]m idine 

fo r  30 min as- d e sc rib e d  in  Fig* 24, were washed f r e e  of 

th e  drug and iso to p e  and were incu b ated  f u r th e r  f o r  2 h r

w ith  E a g le 's  medium co n ta in in g  ara-C (28 ug/m l) ( e ) or

no ara-C ( a) ,  3 -f lu o ro d eo x y u rid in e  (Calbiochem; 15 u g /m3.) 

and 5-brom odeoxyuridine ( Sigmaj 5 ug/ml)* The c e l l s  were 

e x tra c te d  w ith  t r i t o n  and 0»2 ml samples were mixed with'. 

^ ^ G -lab e lled  " l ig h t - l ig h t "  SVẐ O DNA marker p r io r  to  

e q u ilib riu m  d e n s ity  g ra d ie n t c e n tr ifu g a tio n  in  GaCl 

( d e n s i ty  1*75 g/m l) f o r  40 h r  a t  38,000 rev/nn.n in

th e  Spinco 8W50»1 r o to r  a t  20 C*
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t r i t i u m  la b e l le d  DNA of h y b rid  d e n s ity  was observed (Fig*27b)e

in d ic a t in g  th a t  DNA r e p l ic a t io n  was e n t i r e ly  in h ib ite d o  However^

vdaen t r i t o n  ex tiracts  were p rep ared  from ini^eoted c e l l s  to  which

3ara-C  had been added, a f t e r  washing f r e e  o f puromycin and E™ 

thym id ine,dye-buoyant a n a ly s is  of th e  SV40 DNA gave r e s u l t s  

id e n t ic a l  w ith  th o se  in  Pig*23cc The "puromycin DNA" had th e re fo re  

acq u ired  the . "normal" su p e rh e lix  den sity *  Moreover,, th e  

sed im en ta tio n  p ro p e r t ie s  of t h i s  e x tra c t  on sucrose  g ra d ie n ts  

were in d is t in g u is h a b le  from th o se  p re sen te d  in  P ig .26* The 

in tro d u c tio n  of s u p e rh e lic a l  tu rn s  in to  "purom ycin DNA" th e re fo re  

appeared to  occur by a n ic k in g -re c lo s in g  p rocess (Chainpoux & 

Dulbecc.o, 1972) which was independent of DNA re p l ic a t io n ^  In  

a s s o c ia t io n  w ith  t h i s  p ro c e ss , b in d in g  of p ro te in s  ta k es  p la c e . 

S ince b in d in g  of p ro te in s  in  th e  p resence of puromycin occurs 

only  to  a l im ite d  e x te n t , e i th e r  th e  s y n th e s is  of th e se  p ro te in s  

has been in h ib i te d  or th e  p ro d u c tio n  of some f a c to r  concerned 

w ith  th e  assem bly of such complexes has been  in l i ib i te d .  The 

assem bly p ro cess  was n o t, however, s e n s i t iv e  to  ara-C*

DNA-protein complexes in  v iru s  assem bly.

SV40 v iru s  in fe c te d  c e l l s  were la b e l le d  f o r  3 h r  w ith  

t r i t i a t e d  thym idine in  th e  p resence  of puromycin and in ta c t  

SV40 v iru s  was i s o la te d .  No r a d io a c t iv i ty  vraz subsequen tly  

observed in  v iru s  p a r t i c le s  (F ig .28) d e sp ite  th e  p resence 

of la b e l le d  "puromycin DNA" in  th e  c e l l s .  The amount of ra d io a c tiv e
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Fige. 2 8 The e f fe c t  of puromycin on SV2{-0 v iru s  assembly*

0 .2  ml o f ^E-thymid.lne ( 5OO jiG i/m l) was added to  monolayer 

c u ltu re s  of SV40 v iru s - in f e c te d  BSC-1 c e l l s  which had been 

overlayed  30 min p re v io u s ly  ( a t  28 h r  p o s t - in fe c t io n )  v;ith 

4 .0  ml of warm E ag le ’ s- medium co n ta in in g  e i th e r  puromycin 

( « ™ o -  -  ) ( 4 - ^ 1 0  ^  M) or no puromycin x *-="»«•»>)<,

A fte r  5 h r  exposure to  th e  iso to p e , th e  c e l l s  were washed 

tw ice  w irh  co ld  s a l in e  and scraped  in to  2 ml of PBS. The 

samples were th e n  frozen* Excess u n la b e lle d  SV40 v iru s  

in fe c te d  c e l l s  were added as c a r r i e r  and th e  m ix ture  vms 

a d ju s te d  to  1̂ b w ith  re sp e c t to  sodium deoxycho la te . 

D eoxyribonuclease and rib o n u c le a se  A were added to  a 

f i n a l  c o n c e n tra tio n  of 40 A^g/nil and 12 pg/m l r e s p e c t iv e ly  

and th e  m ixture was d isp e rse d  by son ic  v ib ra t io n  th e n  

in cu b ated  a t  37 G f o r  30 min. C e l lu la r  d e b ris  was removed 

by c e n tr i fu g a t io n  a t  15,000 rev /m in  f o r  30 min i n  an MSE 18 

h ig h  speed c e n tr i fu g e .  The v iru s -c o n ta in in g  su p e rn a tan t 

was decan ted  and underlayed  w ith  2o5 ml of s a tu r a te d  KBr 

s o lu t io n  and c e n tr ifu g e d  f o r  3 h r a t  40,000 rev /ïïàn  in  

th e  Spinco SV/50 ..I r o to r  a t  20 C. The f r a c t io n s  corresponding  

to  th e  low er v is ib le  band, com prising SV40 vi.rus,. were 

la y e re d  onto 3*5 ml. CsCl (d e n s i ty  1 ..36 g /m l) and c e n tr ifu g e d  

f o r  18 h r  in  th e  Spinco 8W58Ti r o to r  a t  20 C. G rad ien ts  

were h a rv e s te d  and 5 drop f r a c t io n s  c o l le c te d  of which 50 

were assayed f c r  r a d io a c t i v i ty .  SV40 v iru s  i s  found in  th e  reg io n  

of f r a c t io n  number 14»
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SVi[-0 DNA synthesifsed under co n d itio n s  o f purojnyoin trea tm en t

was Qfo of t h a t  sy n th es ised  in  th e  absence of ihe drug® I f

*puroniycin*”DNA' was encapsu la ted  w t h  th e  same e f f ic ie n c y  es

’normal* SV40 DNA, th en  th e  amount of r a d io a c t iv i ty  beha^dng as

m ature v i r u s  from th e  puromycin t r e a te d  c u l tu re  would be 8^ of

3th a t  observed in  th e  c u l tu re  3 n b elled  v d th  H -thym idine in  the 

absence of d rug . No r a d io a c t iv i ty  v/as observed  i n  f u l l  v iru s  

on a n a ly s is  o f  puromycin t r e a te d  SY^O in fe c te d  c u ltu re s  even 

when th e  experiiioent was re p e a te d , u s in g  te n  tim es th e  p rev ious 

amount of ra d io a c tiv e  thym id ine, Puromycin m i^ it ' i n h ib i t  an 

even t in te rm e d ia te  betw een DNA sy n th es is  and f in a l  v iru s  assem bly. 

To t e s t  t h i s  p o s s ib i l i t y ,  in fe c te d  c e l l s  were la b e l le d  w ith  

t r i t i a t e d  thym idine p r i o r  to  puromycin tre a tm e n t and v iru s  

assem bly d u rirg  puromycin tre a tm en t was examined. An in c re a se 

o f  about fo u r - fo ld  (T able 4) in  the r a d io a c t iv i ty  p resen t in  in ta c t  

v iru s  was observed over a 2 h r  p e rio d . T hat i s ,  v iru s  assenibly 

occurred  under co n d itio n s  of puromycin tre a tm e n t a l th o u ^

"puromycin DNA" was nob encapsu lated . On removal of puromycin, 

r a d io a c t iv i ty  which was fo rm erly  in  "puromycin DNA" was recovered  

in  in t a c t  v iru s  p a r t i c l e s ,  presum ably as a r e s u l t  cf th e  recovery  

events d e sc rib e d  above (se e  Fig® 2 9 ).

We f3.nd no evidence f o r  excharge cf p ro te in s  between preform ed 

protein-DNA complexes and puromycin comp le  f  and t h i s  m y be die
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TABLE 4* Synthes i s  of SVA-0 v iru s  i n  th e  p resen ce  of puromycin

Time of R a d io a c tiv i ty  in

puromycin tre a tm e n t SV40 v iru s

(min) (cpm)

30 80

90 160

150 310

Twenty min p r io r  to  a d d itio n  of puromycin, th re e  d ish es  

of 8740 v iru s  in fe c te d  BSC-1 c e l l s  w ere exposed to

3
H -thym idine (25 ^ C i/m l) . A fte r  10 min, th e  c e l l s  were 

washed f r e e  of iso to p e  and incu b ated  a f u r th e r  10 min 

w ith  E ag le’ s medium co n ta in in g  thym idine ( 25O ^g /m l)«

The c e l l s  were th en  (28 h r  p o s t - in f e c t io n )  t r e a te d  w ith  

puromycin (4  x10 ^  M) and p la te s  w ere h a rv e s te d  a t  30, 90 

and 150 min th e r e a f t e r  as d e sc rib ed  in  F ig ,28* D eterm ination  

of th e  r a d io a c t iv i ty  of STiiO v iru s  ineach  sample was determ ined 

as d e sc rib ed  in  F ig ,2 8 ,
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Fige29* DNA en cap su la tio n  a f t e r  recovery  from puromycin 

treatm ent©  At 28 h r  p o s t - i r f e c t io n ,  2 monolayer cultux*es of 

SV40 In fe c te d  ( lO p fu /c e l l)  BSC-1 c e l l s  were la b e l le d  w ith

■z
H-thym idine (50 ^aCi/jml) f o r  30 mi.n in  the  p resen ce  of 

puromycin (4  % 10 \ l ) .  The medium was th e n  removed from 

b o th  c u ltu re s  and re p la c e d  w ith  warm E ag le ’s medi.um 

co n ta in in g  e i t h e r  pm?omycin ( 4 x 1 0  S i)  ( x —  x) or no 

puromycin ( o ~ -  o ) and excess u n la b e lle d  thym idine

(250 ^ag/ml). The c u ltu re s  were th e n  f u r th e r  incubated  fo r  

5 h r .  The c e l l s  v/ere th e n  h a rv e s te d  and th e  amount of 

r a d io a c t iv i ty  i n  SV40 v ir io n s  was determ ined in  e ad i case* 

F ra c tio n s  from  th e  eq u ilib riu m  g ra d ie n t were c o lle c te d  

d i r e c t l y  onto f i l t e r  d is c s .
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r e s u l t  of c o -o p e ra tiv e  b in d in g  o f c e r ta in  p ro te in s  to  

BNA (B arc lay  & Eason, 1972; Rubin & M oudrianakia, 1972). 

’•Puromycin DNAf has an a l te r e d  su p e rh e lix  d e n s ity  (Bauer & 

Vinograd, I 968) due, i t  appears to  r e s t r i c t e d  b ind ing  of 

p r o te in .  I t  i s  p robab le  th a t  b in d in g  of p ro te in  to  SYI\.0 DNA 

i s  re q u ire d  to  produce a condensed s t ru c tu re  s u i ta b le  fo r  

e n ca p su la tio n  and th a t  s t e r i c  r e s t r i c t i o n s  p rev en t packaging 

o f  ’’puromycin complex^’ *
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DISCUSSION

Ühe experim ents re p o r te d  in  th i s  work show th a t  when

SV'40 in fe c te d  BSC-1 c e l l s  a re  exposed to  r a d io a c tiv e  thym idine,

a l l  forms of la b e l le d  8V40 DNA can he e x tra c te d  in  th e  form

of v i r a l  DNA-protein complexes* A fte r  la b e l l in g  fo r  long p e rio d s  

3w ith  H ^thym idine, a 448 complex was p re se n t which co n ta in ed  only  

21S SV40 DNA* "Ahen s h o r te r  p u lse  tim es were used , DKA-protein 

complexes w ith  h ig h er S values.; were p re s e n t ,  in  a d d itio n  to  42t  ̂

m a te r ia l ,  and which co n ta in ed  r e p l ic a t iv e  form SV40 DNA. In  a 

s im ila r  s tu d y , Green _et a l  (1 971) have dem onstrated  th a t  polyoma 

DNA“p ro te in  complexes can be e x tra c te d  from mouse embryo c e l l s  

in fe c te d  w ith  th e  v i r u s .  In  both  s tu d ie s ,  f r e e  v i r a l  DNA was 

never observed u sing  th e  t r i t o n  e x tra c t io n  p ro ced u re .

The co n c lu sio n  th a t  th e  a l te re d  sed im en ta tio n  p ro p e r t ie s  

of th e  forms of 8V4-0 DNA in  th e  in f e c te d  c e l l  a re  due to  p ro te in  

b in d in g  i s  based  on th e  s e n s i t i v i t y  of th e  complex to  p ro te a se
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d ig e s t io n  and cm la b e l l in g  studi.es vrit h label, le d  amino acids*

I n te r p r e ta t io n  cf th e  p ro te in  la b e l l in g  experim ents were

c o n p lic a te d  due to th e  p resence  of r a d io a c t iv e  rib o n u c le o p ro te in s

of c e l l u la r  o rig in *  However, a f t e r  d ig e s t io n  v /ith  r ib o n u c le a se ,

a v i r u s - s p e c i f ic  component la b e l le d  v i th  C-amino a c id s  was

mere c l e a r l y  evident in  a p o s i t io n  ooir'esponding to  th a t  of 

%
H -la b e lle d  SV40 DM in  double la b e l experim ent s . Tlie double­

la b e l  experim ents do no t c o n c lu s iv e ly  dem onstrate , however, th a t  

th e  la b e l le d  p ro te in  in  th e  44-8 component is  bound to  th e  v i r a l  

DNA and i t  m aybe th a t  the p ro te in s  re p re se n t some other v iru s -

induced component which f o r tu i to u s ly  cosedim ents w ith  the 

3H -la b e lle d  complex. T his p o ss ib i3 .ity might be  exp lored  by neans 

o f a l t e r n a t iv e  p u r i f i c a t io n  and f r a c t io n a t io n  te ch n iq u es .

A p rocedu re  which p e r m ts  rad io ch em ica l p u r i f i c a t io n  o f 

SV4-0 DNA”p ro te in  complexes from in fe c te d  c e l l s ,  and vh ioh  tiie reby  

a l la v s  i d e n t i f i c a t io n  o f  th e  c o n s ti tu e n t p o ly p e p tid e s , has b een  

d e sc r ib e d . A n u c lea r  e x tra c t io n  p rocedure gave y ie ld s  o f  

n u o le o p ro te in  complex equ ivalen t to  about l\.Cfo o f t h a t  cb ta in cd  from 

whole c e l l s .  Actinomycin D was found to  remove a r ib o n u c le o p ro te in  

coBplex vdiich had s im ila r  sedi.inentation p ro p e r t ie s  as th e  SV4-0 

DNA.-protein complex and v h ich  had been  d i f f i c u l t  t o  e lim in a te  by 

o th e r  methods. I t  i s  p o s s ib le  th a t  ih e  p r o te in  co n ten t of the 

complex m i ^ t  liave been a f fe c te d  by  t l i i s  d rug , s in c e  puromycin has



d r a s t ic  e f f e c t s  in. t h i s  re s p œ t»  Ha//ever, sy n th e s is  of th e  

complex were fcrand to  he com pletely  u n a ffe c te d  hy die le v e ls  

of drug employe do Fur the r  studi.es have in d ic a te d  i iia t t h e  

sed im en ta ti on p ix ip e rtie s  o f th e  conplex a re  e n t i r e ly  u n a ffe c ted  

by actinom ycin  concent r a t i  ens as h ig h  as 2®0 j.5g/ml, although the 

r a t e  cf sy n th e s is  of th e  complex begins to d e c re a se . The p ro td .n  

contenb of the  complex c a m o t th e re fb i 'e  be g ro s s ly  modi&ed by 

actinom ycin  D« *

The most s t r ik in g  fe a tu re  o f th e  a n a ly s is  cf th e  p ro te in s  

in  SY40 DNA-protein complexes from in fe c te d  c e l l s  is  th e  con ten t 

of p ro te in s  in  t i e  reg io n  u s u a lly  d es ig n a ted  to c o n ta in  "VPR, 5 

ard  6 . Indeed , th e  p a t te rn s  a re  s im ila r  in  nany re s p e c ts  to  

th o se  o b ta ined  from v iru s  s t r u c tu r a l  complexes p rep ared  from 

p u r i f ie d  v iru s  (A n d e re r- jt a l  1$68; Huang ^  a_l 1972). We f in d  

th a t  VP2 and YP3 a re  c l e a r ly  defined, components v/ith a d d itio n a l 

peaks around m olecular w eight 80,000, 28,000 and p o s s ib ly  about 

22 ,000 . Problems a s s o c ia te d  v a th  e s p e c ia l ly  t ig h t  b in d in g  of VP3 

t o  SV40 DNA re p o rte d  by Huang e t  a l  (1972) were not ev id en t in  t l i i s  

work. These au th o rs  have su g g ested  th a t  VPl may be d e te c te d  in  

v iru s  s t r u c tu r a l  complex p re p a ra tio n s  s in c e  i t  is  p re s e n t in  la rg e  

amounts in  a lk a li-d e g ra d e d  viinis p re p a ra t io n s  and may H ie re fb re  be 

d i f f i c u l t  to  remove e n t i r e ly ,  A s im ila r  ex p lan a tio n  m ight be



co n ce ivab ly  adopted h e re  t o  account fo r  th e  p resence  cf VPl 

in  th e  coiftplexes p rep ared  from n u c le i ,  w tere  v iru s  assem bly 

occurs and where amounts of VPl would b e  co rre sp o n d in g ly  h ig h .

In  an e f f o r t  to  dem onstrate th a t  th e  complexes do not 

appear i n  th e  course of e x tra c t io n , due to  n o n -s p e c if ic  b inding  

o f p ro te in  to  v iru s  DNA, re c o n s tru c tio n  experijnents yrere perform ed 

in  which p u r i f ie d  218 SV40 DNA was in cu b a ted  w ith  t r i t o n  e x t r a c ts .  

The sed im en ta tio n  p ro p e r t ie s  of th e  v iru s  DNA were u n a lte re d  by 

such tre a tm e n t and no complexes were p resen t , Since th e s e  

experim ents cannot d u p lic a te  p re c is e ly  th e  co n d itio n s  in  th e  c e l l  

a t  the tim e  of e x tra c t io n  some form cf n o n -sp e c if ic  in te r a c t io n  

canno t, on t h i s  b a s is  a lone, be excluded. However, SV4-0 HTA 

sy n th e s ise d  in  th e  p resence  of puromycin lias very few s u p e rh e lic a l  

tu rn s  and, th e re fo re  a more re lax ed  conform ation  iiian  * nor mal'

SV40 DNA, I f  p ro te in  b in d in g  in  th e se  c ircum stances rep re se n te d  

a random attachm ent of p ro te in s  to  SV40 DNA, such re la x e d  m olecules 

should b in d  a g re a te r  amount of p ro te in  and assume a h ig h e r 

sed im en ta tio n  c o e f f ic ie n t  th an  ' norm al' 8V4D DNA. Since th i s  v/as 

n o t observed to be th e  ca se , such random b in d in g  p rocesses do n o t 

occur. SV40 'empty* s h e l l s  can fb m  in d ep en d en tly  of t h e  v iru s  

in  v ivo  and can serv e  as a p re c u rso r  of in t a c t  v iru s  (O zer, 1972; 

Ozer & Tegtm eyer, 1972). The p r in c ip le  o f  *enpty* s h e l l s  a c tin g  

as in te rm e d ia te s  in  v iru s  assem bly has been  e s ta b lis h e d  in  th e  case 

of bo th  p o lio v iru s  (Jacobson & B altim o re , I 9Ô8 ) and for th e
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b ac te rio p h ag e  T4- ( Wood e t a l  1971

SV4-0 'enpty* s h e l l s  p o ssess  a l l  of th e  s t r u c t u r a l  p ro t  el rs 

observed to  be p re s e n t in  th e  f u l l  v iru s  b u t do not oonta.in 

v i r a l  DNA and are d e f ic ie n t  in  th e  p ro te in s  VP4j 5 «5: 6 (BDnck, 

Crawford & Crawford, I 96A; Ozer, 1972; E stes  _et 1971) «

These d e f ic ie n c ie s  would be  c o rre c ted  i f  th e  n u o leo p ro te in  complex 

were t o  combine w ith 'empty* p a r t i c le s  to  y ie ld  mature v iru s*  

However, th e  s to ic h io m e try  is  not sim ple s in c e  th e  'enpty* sh e ll?  

a re  m orpho log ica lly  heterogeneous (O zer, 1972) end th e  n u o leo p ro te in  

comp3.0X d e sc rib e d  h e re  co n ta in s  p ro te in s  n o t found In th e  m ature 

v i r u s ,

I t  i s  d i f f i c u l t  to  o b ta in  c le a r  evidence t i n t  th e  complex 

i s  a  p re c u rso r  of th e  v iru s  s in c e  th e  e f f ic ie n c y  o f  en cap s id a tio n  

o f  i n t r a c e l l u l a r  SV40 DNA is  v e ry  lev/* The consequence o f  th i s  2̂  

th a t  decay of complex i s  very s l i ^ t  when a p p ro p ria te  p u lse -ch ase  

experim ents a re  perform ed. The d a ta  o b ta ined , however, is  

com patib le  vdth th e  p o s s ib i l i t y  th a t  ttie  complex, to a sm all ext a r t ,  

i s  a p re c u rso r  o f v i ru s .  I t  has not been p o s s ib le  to  d e te c t  

i n t r a c e l l u l a r  unencapsidated  SV40 DNA in  any form o th e r  th an  as a 

44E DNA-protein complex and, fu rtherm ore , t h i s  form  of Üie v i r a l  

DNA accounts f o r  a l l  th e  nev /ly -syn thesised  unencapsidated  v i r a l  

DNA in  th e  c e ll*  '

On th ia  b a s is  th e re fo re ,  th e re  appears to be no evidence
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f o r  an a l te r n a t iv e  to  th e  complex as th e  source of encaiisidated  

v i r a l  DNAo .Indeed, p ro te in  hindinr; to  % r a l  DNA appears to  he 

an e s s e n t ia l  s tep  i n  th e  p rocess  of 8740 v i r a l  p a r t i c l e  assem bly.

SV4-0 DNA sy n th e s ised  in  th e  p resence  of puromycin was found to  be 

p re se n t in  th e  form of a DNA-protein complex (238) in  which th e  

b in d in g  of p ro te in  had been sev e re ly  r e s t r i c t e d  and was found to  

have very  few s u p e rh e lic a l  tu r n s ,  Puromycin i n h ib i t s  th e  

appearance of ^H-thym idine in to  mature v iru s  p a r t i c l e s ,  d e sp ite  

th e  p resence  of la b e l le d  'purom ycin DNA* in  the  c e l l s .  Experim ents 

were perform ed which dem onstrated  th a t  v iru s  p a r t i c l e  assem bly 

occurs under c o n d itio n s  of puromycin tre a tm e n t, b u t th a t  'purom ycin 

DNA* was no t encap sâàated . I f  th e  puromycin i s  subseq u en tly  removed, 

th e  874-0 DNA wa s observed to  reco v er both  i t s  * normal * p ro te in  

complement (4^}8) and i t s ' ’normal su p e rh e lix  d e n s i ty  and can be 

su b seq u en tly  en cap sid a ted . Since th e se  reco v ery  p ro cesses  can ta k e  

p la c e  in  th e  p resen ce  of ara -C , i t  appears th a t  th e  in tro d u c tio n  of 

s u p e rh e lio a l tu rn s  in to  874-0 DNA can occur by a n ic k in g -re c lo s in g  

p ro cess  which i s  independent of DNA r e p l ic a t io n  and th a t  in  a s s o c ia t io n  

w ith  t h i s  p ro c e ss , b ind ing  of p ro te in s  ta k es  p la c e .  I t  is  

p robab le  th a t  b in d in g  of p ro te in s  to  874-0 DNA i s  re q u ire d  to  

produce a condensed s t ru c tu re  f o r  en cap su la tio n  and th a t  

s t e r i c  r e s t r i c t i o n s  p reven t packaging of th e  puromycin 

complex. However, s in ce  polyoma v iru s  assem bly may 

in v o lv e  a p re lim in a ry  in te r a c t io n  w ith  n u o le o p ro te in



complex w ith  cap s id  p ro te in  (iriedm ann , 1972), th e  p a r t i c ip a t io n  

of th e  p ro te in s  in  th e  complex i s  l i k e ly  to  be more complex 

th a n  s o le ly  to  induce confo rm ational changes in  th e  v i r e l  DNA, The 

sm all amounts of V?1 3ji th e  complex may be s ig n i f ic a n t  in  a 

p o s s ib le  in te r a c t io n  of complex w ith  ' empty* p a r t ic le s *

P ro te in s  d esig n a ted  as p o ss ib le  in te rm e d ia te  s t r u c tu r a l  

elem ents have been VP3 in  th e  case  of SV4-0 v iru s  (Huang _et a l ,  1972) 

and VP6 i n  th e  case of polyoma v iru s  (F riedm ann,1972), S ince 

i t  1ms been found th a t  a l l  p ro te in s  a re  p re se n t in  bo th  'empty* 

s h e l l s  and i n  th e  SV4-0 DHA-protein complex, i t  i s  d i f f i c u l t  to  

s e le c t  w hich, i f  any, of th e  p ro te in s  a re  e s s e n t ia l  assem bly fa c to rs *  

There i s  evidence th a t  th e  b in d in g  of b a s ic  p ro te in s  to  

adenovirus DNA i s  an im portan t s tep  in  th e  p ro cess  of v iru s  assem bly. 

A denovirus i s  i n  th e  form o f an icosahedron  of d iam eter 

70 xpm w ith  232 su b -u n its  or capsomeres (Horne _et 1939;

V a len tin e  ^  1983)* Two types of capsomere have been recogn ised

and d e s ig n a te d  as hexons and pentons (G insberg ^ t  1986), The

hexons have 6 n e a re s t  neighbours and th e re  a re  240 s i tu a te d  on 

th e  fa c e s  and edges of th e  ico sahed ron . The pentons a re  composed 

of a base  and a f ib r e  w ith  a knob on th e  end and th e /  a re  s i tu a te d  

a t  th e  12 ap ices  of th e  ico sahed ron . The components hexons, pentons 

and f ib r e s  may be ob ta ined  as so lu b le  an tig en s  i n  v i ru s - in f a c te d  

c e l l s  and p u r i f ie d  by chrom atography (iCLemperer jct a l ,  1939)* The
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DÎTA i s  p re sen t in  an in te r n a l  co re  of d iam eter 2 f «**33 nm

(Morgan e t a l ,  1959; E p s te in  e t al,, I 98O)* Treatm ent of th e

v i r a l  p a r t i c l e  w ith  acetone re le a s e d  th e  in te r n a l  core of th e  

v iru s  which cou ld  he se p a ra te d  from capsomeres by zonal r a t e  

c e n tr i fu g a t io n  in  a sucrose  g ra d ie n t ( h av e r, Suriano  & Green, 1967)0 

The p ro te in s  a s s o c ia te d  w ith  th e  adenovirus DMA, accounted f o r  a t  

l e a s t  2CÇ0 of th e  t o t a l  v ir io n  p ro te in *  These p ro te in s  were 

r e l a t i v e l y  r ic h  in  a rg in in e  and resem bled h is to n e s  (R u sse ll ,

Laver & Sanderson, 1968)* Adenovirus f a i l e d  t o  mature when c e l l s  

were in fe c te d  in  th e  absence of a rg in in e  (Rouse & S c h le s in g e r . 1967)0 

A rg in ine  d e p r iv a tio n  r e s u l te d  in  th e  s y n th e s is ,  b u t no t th e  assem bly

of most of the  v i r a l  p r o te in s .  These p ro te in s  were assem bled in to

mature v ir io n s  co n ta in in g  DNA a f t e r  a rg in in e  was re s to re d  

( E v e r i t t ,  S andquist & P h il ip so n , 1971)* The only an tig e n  th e  

sy n tlre s is  of which appeared to  be dependent on a supp ly  of 

exogenous a rg in in e  was th e  in te r n a l  or 'c o r e ' a n tig e n  (R u sse ll & 

B ecker, I 968) .

S hort term  la b e l l in g  experim ents in d ic a te d  th e  p resence  of 

n u c le o p ro te in  complexes which con ta ined  r e p l ic a t iv e  form DNA.

The p ro p e r t ie s  and k in e t ic s  o f conversion  o f th i s  25S DNA 

to  218 DNA a re  com patib le w ith  th e  r e s u l t s  re p o rte d  in  AGMEC 

c e l l s  in fe c te d  w ith  SV4.0 (L evine e t a l ,  1970) and in  polyoma- 

in fe c te d  ME c e l l s  (Bourgaux a t I 969)* The 253 SV40 DNA p re se n t in  

ra p id ly -se d im e n tin g  complexes could be chased in to  th e  21S 8740
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M â  p re s e n t  in  th e  448 m a te r ia l .

The very  hi.gh sed im en ta tio n  c o e f f ic ie n t  (90S) of th e  

complex c o n ta in in g  r e p l ic a t iv e  form  DNA su g g es ted  t i n t  th e  

4ifS coup le x  a c te d  as a tem p la te  f o r  the sy n th es is  of t h e  progeny 

s tra n d s  in  th e  r e p l ic a t iv e  in te rm e d ia te . However, p re c is e  

a n a ly s is  o f the  sed im en ta tio n  d is t r ib u t io n s  o b ta in ed  f o r  th e  

n u o le o p ro te in  complexes i s  d i f f i c u l t  to  perform . Charges in  

sed im en ta tio n  b eh av io u r could a r i s e  from  changes in  m olecular 

w eigh t, from changes in  conform ât! on^cr from b o th  o f  th e se  

s im ult an eo u sly .

The o r ig in s  and  n a tu re  o f  the  p ro te in s  in  th e  90S re p lic a ti .n g  

oonplex have n o t been e s ta b l id ie d ,  nor is  i t  known what ro le s  the 

bound p r o te in s  p la y  in  th e  r e p l ic a t io n  p ro cess  p e r  qe . I t  has 

r e c e n t ly  been  re p o rte d  by G reen (1972) t h a t  the polyoma 

n u o le o p ro te in  complex co n ta in s  no endogenous INA polym erase 

a c t i v i t y  and i t  would th e re fo re  appear th a t  a t  le a s t  some of th e  

p ro te in s  p re s e n t in  th e  90S r e p l i c a t i ïg  complex a re  bound te m p o ra rily  

to  th e  DNA and presum ably d is s o c ia te  a f t e r  r e p l ic a t io n  i s  com plete.

The ro le  cf th e  in d iv id u a l p ro te in  components presen t  in  1h e 

448 DNA-protein conplex  has not been c le a r ly  e s ta b lis h e d , bu t i t .  

i s  c le a r  t h a t  a s s o c ia t io n  o f p ro te in  v /ith  SYZf.0 DNA a t the  tim e of 

r in g  c lo su re  has in p o r t  ant consequences in  term s of th e  s u p e rh e lix
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d e n s i ty  o f  th e  c lo sed  c i r c u la r  daughter m o lecu les. I f  d i f f e r e n t  

amounts of p ro te in ,  or a v a r ia b le  number cf ty p es  of p ro te in  

were bound, i t  m ight th en  be p o ss ib le  t o  account fo r  th e  superhelix  

d e n s ity  h e te ro g e n e ity  which e x is t s  in  in tra c e llu Ü .a r  218 SV40 DNl 

in  in fe c te d  c e l l s  (Eason & Vinograd, 1971)#

The 3 sm a lle s t p ro te ir s  (VP4-6) of SV40 or cf Polyoma (VP5™7)

c o n ta in  no try p to p h an , and la v e  ly s in e  and  a rg in in e  co n ten ts

c h a r a c te r i s t i c  of h i  stones (Robin, Harle & D ulbecco, 1971 >

Bourg aux, p e rso n a l comnimicati on d a ta  fo r  Polyoma; B. H ir t  p e rso n a l

oom m unication^data f o r  8740). F i'ea r son & Crawford (1972) have

dem onstrated  t h a t ,  in  th e  case  cf Po3,yoma v iru s  , the p e p tid e  maps

35o f  th e s  e b a s ic  p ro te in s ,  a f t e r  la b e l l in g  v d th  ■'^S-met h i  online, a re  

s im ila r  to  th o se  of u n in fe c ted  h o st c e l l  h i s t  one s .  S im ila r  resuJ-ts 

have been  cb ta in ed  in. th e  case of SV40 v iru s  (B . H i r t ,  Cold Spring  

H arbour Tumour Virus H eetiig  August 1972). A wea3.th o f evidence 

(S te llw agen  & C ole, 1969) suggests  th a t  th e  b in d in g  of h is  tones 

to  DI% in a c t iv a te s  t r a n s c r ip t io n  and H iat th e s e  p ro te in s  a c t  as 

re g u la to ry  m olecules in  gene ex p ress io n . 8740 'c e r e ' complex, 

o b ta in ed  on a llc a lin e  d is s o c ia t io n  of v iru s  p a r t i c l e s  (Andere.r 

e t _al 1967, Huang ^  1972), resem bles th e  443 n u o leo p ro te in

ccmplex in  t h a t  i t  M s a s im ila r  sed im en ta tio n  c o e f f ic ie n b , s im ila r  

s a l t  and d e te rg en t s e n s i t i v i t y ,  ard  s im ila r  p r o te in  com position .

The 'c e r e '  conplex is  a c t iv e  i n  DM-dependent RNA sy n th e s is  w ith
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b o th  C oli INA-dependant RNA polym erase 6ind an RNA polym erase 

from mammalian c e l l s  (Huang, Nonoyania Æ Pagano, 1972)» Hœ/ever, 

th e  te m p la te  a c t i v i t y  i s  much le s s  t i a n  t h a t  of an equal amount 

o f d e p ro te in is id  SV40 comp one rt 1 DNA* DNA-RNA com pétition  

h y b rid isa ti ,o n  experim ents s h Œ ed th a t  th e  MA sy n th es ised  ,in  v j t r p  

w ith  t h e  'co re*  complex as te n p la te  h y b r id ise d  v i t h  only a f r a c t io n  

o f th e  23.S v i r a l  DNA. t r a n s o r ib a b le  m th  the E . C o li RNA pol^aaeras e* 

V ira l  p r o t  d in  appears to  p reven t t r a n s c r ip t io n  o f  some of t h e  v i r a l  

sequences. However, the  fu n c tio n  of th e  prcted.ns i n  th e  

n u o le o p ro te in  oonplex in  term s of v i r a l  gene ex p ress io n  is  n o t  a t 

p re se n t kncwn, b u t on th e  basics of the c lo se  resem blance of th e  

41|8 complex to  t h e  'c o r e ’ cojïplex, resea.rch d ire c te d  a t  t i e  

e lu c id a t io n  o f such f u a c t i  ons would, ap p ea r to  be a p rom is!rg f ie ld  

of s tu d y .
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SUMMARY

SV40 cleoxyribonuoleio a c id  (DNAi) can be e x tra c te d  w ith

t r i t o n  X-100 from p ro d u c tiv e ly  in fe c te d  c e l l s  in  th e  form

of a DNA-protein complex which i s  q u ite  d i s t i n c t  from th e

v iru s  and which has a sed im en ta tion  c o e f f ic ie n t  ,of 44-8 *

A nalysis  of th e  p ro te in s  p re sen t in  th e  complex i s

com plicated  b y  th e  p resence  in  th e  e x tra c ts  of la rg e  amounts

of a r ib o n u c le o p ro te in  component, v/ith a sed im en ta tio n

c o e f f ic ie n t  c lo se  to  th a t  of th e  conplex© However, a n u c lea r

e x tra c t io n  procedure  coupled w ith  th e  use of actinom ycin  D

ab o lish ed  th e  sy n th es is  of th e  r ib o n u c le o p ro te in  component

and, as a consequence of t h i s ,  rad iochem ica l p u r i f i c a t io n  of

^H -leucine  la b e l le d  complex could be achieved© ^Analysis of 

3H“le u o in e  la b e l le d  complex on sodium dodecyl s u lp h a te -  

po lyacry lam ide  g e ls  re v e a le d  th a t  th e  com plexcontained a l l  of 

th e  V irus Capsid p ro te in s  ( 1 ,2 ,3 ,4 ,3 ,  and 6 ) b u t in  g re a t ly  

a l t e r e d  r e l a t i v e  p ro p o rtio n s  from th o se  observed in  mature 

v iru s  p a r t i c l e s .  The complex appears to  be p a r t i c u l a r ly  r ic h  

in  th e  sm all b a s ic  p ro te in s  (4 ,3  and 6 ) .  SV40 'em pty ' p a r t i c l e s  

po ssess  a l l  of th e  s t r u c tu r a l  p ro te in s  observed t o  be p re s e n t 

in  SV40 v iru s  b u t do not co n ta in  v i r a l  DNA and a re  d e f ic ie n t  

in  p ro te in s  4 ,3 , and6 . The above d e f ic ie n c ie s  would be c o rre c te d



■| p o  *

i f  th e  complex were to  combine w ith an ' empty' p a r t i c l e  to

3y ie ld  m ature virus© P u lse -c h ase  experim ents v/ith  H -thym idine 

p rov ided  f u r th e r  data, which v/as c o n s is te n t w ith  th e  p o s s ib i l i t y  

th a t  th e  complex i s  a p re c u rso r  of mature virus©

Short term  la b e l l in g  experim ents w ith  4l-thym i.dine 

dem onstrated  th a t  SV40 DNA m olecules in  th e  course of 

r e p l ic a t io n  were a lso  p re se n t as DNA«"protein complexes (pOS)©

SV40 DNA sy n th es ised  in  th e  p resence  of puromycin was 

found to  be p re se n t in  a DNA-protein complex which had a 

g r e a t ly  reduced sed im en ta tio n  c o e f f ic ie n t  ( 25S) and a lso  

to  have very  few su p e rh e lio a l tu rn s*  I f  th e  puromycin i s  

su b seq u en tly  removed, th e  SV4-0 DMA i s  observed to  reco v er bo th  

i t s  norm al p ro te in  complement (4I1-S) and i t s  normal su p e rh e lix  

density*  S ince th i s  reco v ery  process can 'ttodce p la c e  in  th e  

p resence  of a ra b in o cy to s in y lfu i'an o s id e  (a  p o te n t in h ib i to r  

of SV4-0 DNA r e p l i c a t io n ) ,  i t  th e re fo re  appeal’s th a t  in tro d u c tio n  

of s u p e rh e lio a l tu rn s  in to  SV4-0 DNA occurs b y  a n3.Gld.ng-r e e l os ing 

p ro cess  which i s  independent of DNA. r e p l ic a t io n  and th a t  in  a s s o c ia tio n  

w ith  t h i s  p ro c e ss , b in d in g  of p ro te in s  ta k e s  p la c e 0

Puromycin in h ib i t s  th e  appear’ance of -thym idine in to  

mature v iru s  p a r t i c l e s ,  d e sp ite  th e  p resence  of la b e l le d  

’puromycin-DNA* in  th e  c e lls*  Experim ents were perform ed which 

dem onstrated  th a t  v iru s  p a r t i c l e  assem bly occurs under co n d itio n s  

of puromycin tre a tm e n t, b u t th a t  ' pui’omycin-DNA' v/as not 

en cap su la ted .



I t  i s  pprobable th a t  b in d in g  of p ro te in  to  SVW DNA is  

re q u ire d  to  produce a condensed s t r u c tu r e  f o r  en cap sÿ ia tio n  

and th a t  s t e r i c  r e s t r i c t i o n s  p reven t packaging of th e  

'purom ycin complex' ©
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SV40 d e o x y rib o n u c le ic  a c id  ( PNA ) can 'be e x tr a c te d  w ith  

T r i to n  4—100 from p ro d u c t iv e ly  in f e c te d  c e l l s  in  th e  form  of a 

P F A -p ro te in  complex which i s  d i s t i n c t  from  th e  v i r u s  and which 

h as a s e d im e n ta tio n  c o e f f i c i e n t  of AAS*

A n a ly s is  of th e  p r o te in s  p re s e n t  in  th e  corrnlex i s  com piler 

by th e  p re se n c e  in  th e  e x t r a c t s  of l a r g e  amounts of a r ib o n u c le  

C ;'^protein component w ith  a sed im en ta tio n  c o e f f i c i e n t  c lo s e  to  th a t  

of th e  complex* how ever, a n u c le a r  e x t r a c t io n  p ro ced u re  coupled  

w ith  th e  u se  of a c tin o m y cin  T) a b o lish e d  th e  s y n th e s is  of th e  

r ih o n u c le o p ro te in  component and , as a consequence of t h i s ,  r a d io ­

chem ical p u r i f i c a t i o n  of -  le u c in e  l a b e l l e d  complex cou ld  he

achieved* A n a ly s is  of -  le u c in e  l a b e l l e d  comnlex on sodium

d o d e c y lsu lp h a te  -  p o ly ac ry lam id e  g e ls  re v e a le d  th a t  th e  complex

c o n ta in ed  a l l  o f th e  Vj^rüs o a p s id  p r o te in s  ,( I ,  IT , I I I ,  IV, V,

V I ' ) b u t in  g r e a t ly  a l t e r e d  r e l a t i v e  p ro p o r t io n s  from  th o se  

observed  in  m ature v i r u s  p a r t i c l e s *  The com plex a p p ea rs  to  be 

p a r t i c u l a r l y  r i c h  in  th e  sm all b a s ic  p r o te in s  ( IV, VI )

SV40 'empty* p a r t i c l e s  p o s se s s  a l l  of th e  s t r u c tu r a l  p ro te in s

observed  to  he p re s e n t  in  RMO v i r u s  h u t do no t c o n ta in  v i r a l

WA and a re  d e f i c i e n t  in  p r o te in s  JV and .'I. 'he above

d e f ic ie n c ie s  would be c o rre c te d  i f  th e  com plex were to  combine 

w ith  an ' em pty ' p a r t i c l e  to  y ie ld  m ature v iru s*  'Pulse -  chase  

ex p erim en ts  w ith  -  th y m id in e  p ro v id ed  f u r th e r  d a ta  which was

c o n s is te n t  w ith  th e  p o s s i b i l i t y  t h a t  th e  comnlex i s  .a  p r e c u r s o r  

of m ature  v i r u s .

S hort te rm  l a b e l l i n g  ex p erim en ts  w ith  — thym id ine  dem onstra

t h a t  S9I40 FFA m o lecu les  in  th e  co u rse  of r e p l i c a t i o n  were a ls o  

p re s e n t  a s  P F A -pro te in  com plexes .vf ROd ) .......... ................



oV/lo ;FA s y n th e s is e d  in  th e  p re sen ce  of nurom ycin was found
to  he p re s e n t  in  a T)FA—p ro te in  complex which had a a r e a t ly

reduced  se d im e n ta tio n  c o e f f i c i e n t  ( 253 ) and a ls o  to  have v e ry

few s u n e r h e l ic a l  tu rn s*  Tf th e  purom ycin i s  su b se q u e n tly  removed^

th e  3V40 IFA i s  observed  to  re c o v e r b o th  i t s  norm al p ro te in

complement (44S ) and i t s  norm al s u p e rh e lix  d en s ity *  i jn c e  t h i s

re c o v e ry  p ro c e ss  can ta k e  p la c e  in  th e  p re sen ce  of a ra b in o c y to s in y l

fu ra n o s id e  ( a p o te n t  i n h i b i t o r  of pV40 fFA r e p l i c a t i o n  ) ,  i t

th e re fo re  a p p ea rs  t h a t  in t r o d u c t io n  of s u p e r h e l ic a l  tu r n s  in to

UFA can occu r by a h ic k in g  -  r e c lo s in g  p ro c e ss  which i s  independen t

of hFA r e p l i c a t i o n  and th a t  in  a s s o c ia t io n  w ith  t h i s  p ro c e s s ,

b in d in g  of p r o te in s  ta k e s  p lace*

Puromycin i n h i b i t s  th e  appearance  of % — thym id ine  in to  m ature

v iru s  p a r t i c l e s ,  d e s p i te  th e  p resen ce  of l a b e l le d  *puromycin-fFA*

in  th e  c e l ls *  "Experiments were perform ed which d e m o n s tra te .th a t

v i r u s  p a r t i c l e  assem bly o ccu rs  u n der c o n d it io n s  of purom ycin

tre a tm e n t ,  b u t th a t  *puromycin-UFA was no t en cap su la ted *  I t  i s

p ro b ab le  t h a t  b in d in g  of ,p r o te in  to  3V40 i  s re q u ire d  to  orodu

a condensed s t r u c tu r e  f o r  e n c a p s u la tio n  a n d  th a t  s tp ri '* ’ r e s t r i c t i o n s

p re v e n t p ack ag in g  of th e  ^puromycin com plex'*


