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Besldes having RNA-dependent D N A polymerase activity, onco­
genic RNA viruses possess a DNA­directed D N A polymerase 
v^hlch is distinguished from previousiy described enzymes of 
this type in preferring double­stranded D N A as template and 
yielding a principally double­stranded product. 

Temin^ a n d Bal t imore" recent ly r epor t ed t h e existence of 
a n RNA-di rec ted D N A polymerase in oncogenic R N A 
viruses. We confirraed thèse findings wi th six oncogenic 
viruses and f u r t h e r es tab l i shed ' t h e following fea tu res of 
the reac t ion : (a) physical a n d chemical character iza t ions 
proved t h a t t h e p roduc t was in fac t a D N A heteropolymer ; 
(6) molecular hybr id iza t ion showed t h a t t h e D N A syn­
thesized was complemen ta ry to t he viral R N A conta ined 
in t he enzyme prépara t ion ; a n d (c) R N A ­ D N A complexes 
were de tec ted as ear ly componen t s in t he polymerizat ion. 
The spécifie complemen ta r i ty of t h e syn the t i c D N A to 
viral R N A a n d the ear ly appearance of R N A ­ D N A 
hybr ids implied t h a t t h e viral R N A func t ioned as a 
t emp la t e in t h e synthesis of t he D N A . 

The her i t ab ly s table s t a t e t h a t character izes cells 
t r ans fo rmed by thèse oncogenic agen t s seems to require 
intégrat ion of t h e newly synthes ized D N A into t h e génome 
of t he cell. I t is unl ikely t h a t t h e R N A ­ D N A hybr ids 
de tec ted as p r e sumpt ive in te rmedia tes in t h e react ion 
can serve th i s purpose . I t is more likely t h a t t he single­
s t r anded D N A has t o be conver ted into its double­s t randed 
équiva lent for in tégra t ion , a conversion t h a t would 
necessi tate a DNA­di rec ted D N A polymerase . W e 
therefore p o i n t e d ' t o t h e need to seareh for suoh a n 
enzyme, e i ther in t h e virion or in t h e infected cell, which 
would p resumab ly be character izod b y i ts abi l i ty t o use 
duplexes t o genera te duplexes . W e have now examined 
six oncogenic R N A vi ruses—Rauscher leukaemia v i rus 
(RLV), Rous sarcoma virus RSV­(RAV­ l ) , av ian myelo­
blastosis virus (AMV), mur ine m a m m a r y t u m o u r virus 
(MTV), Moloney sarcoma vi rus (MSV) a n d t h e féline 
leukaemia v i rus (FeLV)—and encountered a DNA­
directed D N A polymerase in t h e virions of ail of t h e m . 
We repor t here some of t h e proper t ies of t h e react ions 
a n d t h e p roduc t s fo rmed . 

Previous ly ' , we al luded to two observat ions in pro­
longed synthèses t h a t could no t be expla ined solely by t h e 
RNA­d i rec ted D N A polymerase ac t iv i ty we were s tudying . 
The base composi t ion of t h e p roduc t of a n oxtensive 
synthesis seemed to be more identical t h a n complementa ry 
to t he viral R N A . This implied t h a t t h e D N A complé­
ment m a d e ear ly in t h e react ion was subsequent ly used 
as a t emp la t e for t h e fo rmat ion of a complément t o itself. 
I n addi t ion , a l t hough ear ly p roduc t s are ail hybridizable , 
late D N A componen t s appea r t h a t do no t complex to 
viral R N A (unpubl ished observat ions) . The implicat ion 
is t h a t thèse late D N A produc t s are e i ther duplexes or 
single s t r ands identical in séquence to t h e viral R N A . 
Ail th i s suggests t h e présence of a DNA­di rec ted D N A 
synthesis in which t h e D N A fo rmed init ial ly serves as a 
t empla t e for subséquent polymerizat ion. 

Evidence for a DNA­directed D N A Polymerase 
I n t h e exper iment dooumented in Table 1, t he addi t ion 

of e i ther Escherichia coli D N A or mouse embryo fibroblast 

(MEF) D N A resul ts in a s t r ik ing s t imula t ion of ' H ­ d A T P 
incorporat ion. A t r iv ia l exp lana t ion of th i s would invoke 
protect ion by t h e a d d e d D N A agains t nucleolyt ic dégrada­
t ion of t h e D N A synthes ized b y t h e RNA­d i rec t ed poly­
merase . To t e s t — a n d e l iminate—this , a n d a t t h e same 
t i m e provide a more convenient System for s tudy ing t h e 
DNA­di rec ted s tep , it was necessary t o e l iminate t h e 
RNA­d i rec ted ac t iv i ty . This can be done b y des t roying 
t h e résident viral R N A b y previous t r e a t m e n t of t h e 
d i s rup ted vir ions wi th a sui table nuclease. Micrococcal 
nuclease is convenient because it requires Ca"*. I t s 
ac t iv i ty can consequeut ly be readi ly neu t rahzed b y t h e 
spécifie chelat ing agen t ethyleneglycol­6is­(aminoethyl 
e ther ) te t raace t ic acid (EGTA). Fig. 1 shows t h e kinet ics 
of D N A synthesis in four oncogenic viral p répara t ions 
t h a t h a d been p r e t r e a t e d w i t h micrococcal enzyme. There 
is l i t t le residual ac t iv i ty in t h e absence of a d d e d exogenous 
nucleic ac id ; t he addi t ion of D N A leads to a n excellent 
response in ail four enzyme prépara t ions . 

Table 2 shows t h a t t h e DNA­s t imula t ed react ion 
requires ail four deoxyriboside t r i phospha te s as well as 
]V[g2+. x h e last control recorded in Table 2, omission of 
t h e viral enzyme, was included to e l iminate t h e unl ikely 
possibili ty t h a t t h e enzyme we were de tec t ing was présent 
as a c o n t a m i n a n t of t h e micrococcal nuclease used to 
e radica te t h e RNA­d i r ec t ed s tep . 

T a b l e 1 . STIMULATION o r T H E A S I V POLYMERASE B Y D N A 

c . p . m . 
D K A ­ D N A 4 ­ D N A 

E. coli ( 4 0 m ) 6 3 1 3 , 4 6 0 
M E F ( 1 ­ 5 m ) 8 4 0 4 , 3 4 0 

A s t a n d a r d i n c u b a t i o n m i x t u r e o f 1 m l . c o n t a i n s i n ^ m o i e s : 5 0 T r i s ­ H C l 
( î ) H 8 ­ 3 ) , 1 2 M g C I , , 4 0 K C l , 2 d i t l i i o t h r e i t o l , 0 ­ 8 e a c h o f t h e n o n ­ l a b e l l e d 
d e o x y r i b o n u c l e o s i d e t r i p h o s p h a t e s a n d 0 ­ 0 4 l a b e l l e d d e o x y r i b o n u c l e o t i d e . 
I n t h i s e x i ) e r i m e n t , ' H ­ d A T P w a s u s e d a t a s p é c i f i e a c t i v i t y o f 3 3 0 c . p . m . / p n i o l e . 
T h e i n c o r p o r a t i o n s r e p r e s e n t t h o s e o b s e r v e d i n 0 ­ 1 m l . a l i q u o t s , c o r r e s p o n d i n g 
t o 1 5 /^g v i r a l p r o t e i n . V i r u s p a r t i c i e s s u s p e n d e d i n 0 ­ 0 1 M T r i s ( p H 8 ­ 3 ) a t 
3 0 0 m v i r a l p r o t e i n / m l . w e r e p r e i n c u b a t e d 1 0 m i n a t 0 ° C i n t h e p r é s e n c e o f 
0 ­ 2 p e r c e n t ' N o n i d e t P ­ 4 0 ' d é t e r g e n t w i t h d i t h i o t l i r e i t o l a t 3 0 n i M . T h e v i r u s 
w a s t h e n a d d e d t o a s t a n d a r d i n c u b a t i o n m i x t u r e a t a l e v e l o f 1 3 0 / ( g / m l . 
a n d i n c u b a t e d a t 3 7 ° C f o r 3 0 m i n . T h e r e a c t i o n w a s t e r m i n a t e d b y t h e a d d i ­
t i o n o f 0 ' 6 m l . w a t e r a n d 0 ­ 3 m l . t r i c h l o r o a c e t i c a c i d ( T C A ) m i x t u r e ( e q u a l 
v o l u m e m i x t u r e o f 1 0 0 p e r c e n t T C A s o l u t i o n , s a t u r a t e d s o d i u m o r t h o p h o s ­
p h a t e , a n d s a t u r a t e d s o d i u m p y r o p h o s p h a t e ) . A f t e r 1 0 m i n , t h e p r e c i p i t a b l e 
r a d i o a c t i v i t y w a s c o l l e c t e d o n a n i t r o c e l l u l o s e filter, d r i e d , a n d t h e r a d i o ­
a c t i v i t y d e t e r m i n e d i n a l i q u i d s c i n t i l l a t i o n c o u n t e r u s i n g B B O T ­ t o l u e n e 
s c i n t i l l a t i o n fluid. M o u s e e m b r y o fibroblast D N A a n d E. coli D K A w e r e 
e x t r a c t e d f o l l o w i n g t h e p r o c é d u r e o f G i l l e s p i e a n d S . S . a n d a d d e d t o t h e 
r e a c t i o n m i x t u r e s a s i n d i c a t e d . 

T a b l e 2 . E E Q U I E E M E N T S OF D N A ­ D I E E C T E D D N A POLYMEKASB 

' H ­ d A M P i n c o r p o r a t e d 
C o n d i t i o n s ( c . p . m . ) 

C o m p l è t e ( 1 2 m M M g ' + , 4 0 m M K + ) 
1 n% M E F D N A 4 0 4 

­ d C T P 5 5 
­ d G T P 1 5 
­ d A T P 4 1 
­ M g ' + 6 2 
­ V i r a l p o l y m e r a s e 3 0 

E n z y m e r e a c t i o n s w e r e c a r r i e d o u t a s d e s c r i b e d i n T a b l e 1 . T h e v i r u s 
s u s p e n s i o n w a s t r e a t e d w i t h m i c r o c o c c a l n u c l e a s e b e f o r e i n c u b a t i o n a t 3 7 " C, 
a s d e s c r i b e d i n F i g . 1 . T h e s p é c i f i e a c t i v i t y o f t h e ' H ­ d A T P w a s 3 3 0 c . p . m . / 
p m o l e . 



M i n 

F i g . 1. K i n e t l c a o f i n c o r p o r a t i o n o f " H - T T P b y D N A - d i r e c t e d D N A 
p o l y m e r a s e s f r o m (A) I l S V - ( I l A V - l ) , ( B ) A M V , (C) R L V a n d (73) M T V . 
F o r e a c t i r é a c t i o n , a 0 - 2 5 m l . o f a s t a n d a r d r e a c t i o n m i . x t u r e ( T a b l e 1 ) 
w a s u s e d . T l i e s p é c i f i e r a d i o a c t i v i t y o f ' H - T T P w a s 1 - 4 x 1 0 ' c . p . m . / 
p m o l e . Cli iclc e m i j r y o f l b r o b l a s t D N A a t a c o n c e n t r a t i o n o f 3 Aig/0-25 m l . 
r e a c t i o n w a s u s e d a s t e m p l a t e f o r t l i e f o u r D N A - D N A p o l y m e r a s e s . T h e 
D N A w a s p r e p a r e d a s d e s c r i b e d p r e v l o u s l y ^ f r o m t r y p s i n i z e d ch ic lc 
e m b r y o s . T l i e p r é p a r a t i o n , s o u r c e , a n d p u r i f i c a t i o n o f t h e v i r u s e s u s e d 
h a v e b e e n d e s c r i b e d p r e v i o u s i y . T o e l i r a i n a t e t h e R N A - d i r e c t e d r e a c t i o n , 
a i l t h e v i r u s p r é p a r a t i o n s u s e d w e r e s u b m i t t e d t o a n o n - i o n i c d é t e r g e n t 
t r e a t m e n t ( ' N P - 4 0 ' , S h e l l C o . ) f o r 1 0 m i n a t 0° C i n t h e p r é s e n c e o f 0 1 M 
d i t h i o t h r e i t o l i n v o l u m e s o f a b o u t 2 5 T h e ' N P - 4 0 ' c o n c e n t r a t i o n s 
w e r e 0 - 2 p e r c e n t f o r R S V - ( R A V - l ) a n d A M V , 0 1 p e r c e n t f o r R L V , 
a n d 0 - 1 7 p e r c e n t f o r M T V . T h è s e w e r e t h e n d i l u t e d t o 2 5 0 td. f o r 
d i g e s t i o n w i t h n u c l e a s e f r o m Staphylococcus aureus ( W o r t l à n ^ t o n ) ; 
i n e u b a t i o n w a s a t r o o m t e m p é r a t u r e f o r 3 0 m i n in t h e p r é s e n c e o f 
2 4 0 n u c l e a s e / i n l . a n d 0 - 0 0 2 M C a ' ^ . T h e n u c l e a s e a c t i o n w a s s t o p p e d 
b y a d d i n g E G T A f o a f i n a l c o n c e n t r a t i o n o f 0 0 0 4 M . N u c l e o s i d e tr i -
p h o s p h a t e s w e r e t h e n a d d e d a n d i n c o r p o r a t i o n k i n e t i c s f o l l o w e d a t 37^ 0 . 
T h e a m o u n t s o f v i r a l p r o t e i n p e r 3 0 lA.: A, 3 - 7 5 >ig; B, 3 - 9 0 ;<g; C , 
2 - 6 6 ng a n d D, 2 - 8 0 iig. A t t h e i n d i c a t e d t i m e s , 3 0 lA. a l i q u o t s w e r e 
w i t h d r a w n , p r e c l p i t a t e d w i t h T C A i n t h e p r é s e n c e o f 6 0 ̂ ĝ o f E. coli 

R N A a s c a r r i e r , p r o c e s s e d a n d c o u n t e d a s d e s c r i b e d i n T a b l e 1 . 

Nature of the Product 
Tho produc t of a n extens ive synthes is was purif ied b y 

phénol ex t rac t ion a n d alcohol préc ip i ta t ion . I t was t h e n 
subjec ted t o physical a n d enzymological tes ts . Table 3 
shows t h a t t h e acid-precipi table p roduc t can be degraded 
by deoxyribonuclease a n d spleen phosphodies terase b u t 
no t b y r ibonuclease or alkal i . To confirm t h a t it is D N A , 
t h e dens i ty of t h e p roduc t was examined by equil ibr ium 
dens i ty cent r i fuga t ion in CsuSOj a n d t h e resui t is shown 
in Fig. 2. E. coli D N A was included as a densi ty m a r k e r 
(1-426 g cm-^). T h e dens i ty of t h e D N A synthesized in 
response t o t h e addi t ion of M E F D N A is found a t t h e 
same dens i ty (1-420) as M E F D N A . T h e D N A produced 
b y t h e RNA-d i rec t ed reac t ion h a s ' t h e indicated dens i ty 
of 1-450. 

The average size of t h e p roduc t is compared (Fig. 3) 
wi th t h a t of t e m p l a t e in neu t r a l a n d alkal ine sucrose 
gradients . I t is clear t h a t t h e radioact ive p roduc t is 
smaller t h a n t h e D N A used to s t imula to t he reac t ion ; 
the re is no évidence of covalent a t t a c h m e n t of t h e p roduc t 
t o t h e t emp la t e . 

Response t o Various D N A Templates 
Table 4 compares t h e response of t h e AMV D N A -

D N A polymerase t o di f férent D N A templa tes . Unl ike 
t h e thoroughly s tudied D N A - d e p e n d e n t D N A polymerase 

T a b l e 3 . P R O P E R T I E S O F D N A - D I R B O T B D P R O D U C T O F T H E A M V P O L Y H E R A S H 

T C A p r e c i p i t a b l e 
T r e a t m e n t c . p . m . P e r c e n t 

N o n e 8 1 0 1 0 0 
R i b o n u c l e a s e ( 5 0 / i g / m l . ) 7 8 5 9 7 
K O H ( 0 - 3 3 M , 1 8 h ) 7 7 3 9 5 
D e o x y r i b o n u c l e a s e ( 1 2 0 ; i g / m l . ) 1 7 7 2 2 
S p l e e n p h o s p h o d i e s t e r a s e ( 0 - 2 8 u n i t s / m l . ) 1 4 1-7 

T h e p r o d u c t D N A m a d e o n d o u b l e - s t r a n d e d M E F D N A t e m p l a t e w a s 
s y n t l i e s i z e d u s i n g t h e s t a n d a r d i n c u b a t i o n m i x t u r e o n a 1 m l . s c a l e . T h e 
s p é c i f i e a c t i v i t y o f t h e ' H - A T P u s e d w a s 4 , 0 0 0 c . p . m . / p m o l e , A f t e r r e a c t i o n 
a t 3 7 ° C f o r 2 h , t h e p r o d u c t w a s i s o l a t e d b y m a i c i n g t h e r e a c t i o n m i x t u r e 
0 - 4 M w i t h r e s p e c t t o N a C l a n d 1 p e r c e n t s o d i u m d o d e c y l s u l p h a t e ( S D S ) 
a n d e x t r a c t i n g f o r 5 m i n a t r o o n i t e m p é r a t u r e w i t h a n e q u a l v o l u m e o f a 
m i x t u r e o f p h e n o l - c r e s o l ( 1 0 : 1 ) . T h e a q u e o u s p l i a s e w a s l i l t e r e d t h r o u g h a 
' S e p h a d e x G - 5 0 ' c o l u m n ( 0 - 9 x 1 0 0 c m ) a n d t h e p u r i f i e d m a t e r î a l p r e c l p i t a t e d 
w i t h a l c o h o l . I t w a s t h e n d i s s o l v e d in 0 0 1 M T r i s - 0 1 .M N a C l (pH 8 - 3 ) 
( T N b u f f e r ) a n d p o r t i o n s o f t l i i s s o l u t i o n w e r e u s e d f o r I h e d i f f é r e n t e x p e r l -
m e n t s . T l i e d i g e s t i o n w i t h r i b o n u c l e a s e w a s c a r r i e d o n t i n 0 - 5 m l . T N b u f f e r 
f o r 9 0 m i n a t 37" C. D i g e s t i o n w i t h d e o x y r i b o n u c l e a s e w a s f o r 3 h a t 37" C 
i n T N b u f f e r p l u s 0 - 0 0 5 M M g C i j . T h e r e a c t i o n w i t h s p l e e n p h o s p h o d i e s t e r a s e 
w a s In 0 - 0 2 M a m m o n i u m a c é t a t e b u f f e r ( p H 6 - 0 ) a t 3 7 ° C f o r 2 - 5 h in 0 1 m l . 
T h e a l k a l i t r e a t m e n t w a s in 2 0 /<1. i n 0 - 3 3 M K O H f o r 1 8 h a t 3 7 ° C. 

of Kornberg*, thèse oncogenic viral D N A polymerases 
prefer double t o s ingle-s t randed D N A . A part ioularly 
in teres t ing example is tho f 1 D N A , a single s t r and D N A 
qui te similar t o t h a t found in tlie D N A bacter iophage 
(pX174 which has been shown* to be a n excellent t empla te 
for t h e K o r n b e r g enzyme. W e have seen no signs of 
t e m p l a t e func t ion even in extensive incubat ions wi th 
f l D N A . T h e f l - R F D N A , a covalent ly l inked double-
s t r anded circular D N A , is also inact ive . This is not 
surpris ing because a t least one of t he two s t r ands would 
havo to be n icked before repl icat ion could commence. 

T a b l e 4 . RESPO.NSE OF A M V D N A - D N A POLYMERASB TO V A R i o n s D N A 
T E M P L A T E S 

C . p . m . » H - T T P i n c o r p o r a t e d 
D o u b l e - S i n g l e - s t r a n d e d 

D N A N o n e s t r a n d e d o r d e n a t u r e d 
E. coli — 1 , 0 0 6 2 3 9 
M E F 1 3 5 6 3 8 1 3 5 
C E F 7 6 '- 8 8 9 4 0 3 
T 6 1 2 0 2 , 3 2 0 4 6 0 
f l 5 0 — 1 9 
f l - R F 5 0 1 2 8 — 

T h e r e a c t i o n s w e r e i n t h e s t a n d a r d c o n d i t i o n s a n d p r o c e s s e d a s i n T a b l e 1 . 
T h e " H - d A T P h a d a s p e c i & c a c t i v i t y o f 3 5 0 c . p . m . / p m o l e . I n c u b a t i o n s w e r e 
f o r 3 0 m i n a t 3 7 ° C. D N A c o n c e n t r a t i o n s w e r e a b o u t 3 / i g / 0 - 2 5 m l . 

Proof by Hybridization 
Tho response t o qui te d i spara te D N A templa t e s pro­

vides a n excellent oppor t imi ty of deciding b y molecular 
hybr idizat ion w h e t h e r t h e D N A a d d e d is in fac t serving 
as a n ins t ruc t ive agen t in t h e polymerizat ion. The 
required D N A - D N A hybr id iza t ion can readi ly be per-
fo rmed using t h e D e n h a r d t ' modif icat ion of t h e Gillespie 
a n d Spiegelman ' m e t h o d for hybr idiz ing R N A to D N A 
fixed to m e m b r a n e fllters. W e have found (Horowitz 
and S.S., unpubl i shed observat ions) t h a t including the 

RNA Eco/imA 
1̂  = 16601 ( ^ = 1426) 

(p-- 1420) 

F r a c t i o n N o . 

F i g . 2 . C a e s i u m s u l p h a t e e q u i l i b r i u m d e n s i t y g r a d i e n t c e n t r i f u g a t i o n o f 
A M V D N A - D N A p o l v m e r a . s e p r o d u c t . A 1 m l . s t a n d a r d r e a c t i o n 
( T a b l e 1) c o n t a i n i n g 1 3 3 m v i r a l p r o t e i n , 9 ^jg M E F D N A , a n d » H - d A T P 
a t 4 1 X 1 0 ' c . p . m . / p m o l e w a s i n c u b a t e d f o r 2 h a t 3 7 ° C. T h e r e a c t i o n 
m i x t u r e w a s d e p r o t e i n i z e d b y p h é n o l e x t r a c t i o n a t r o o m t e m p é r a t u r e i n 
t h e p r é s e n c e o f 0 - 4 M N a C l a n d S D S 1 p e r c e n t f ina l c o n c e n t r a t i o n . A n 
a l i q u o t o f t h e p u r i f i e d p r o d u c t w a s m i x e d w i t h s a t u r a t e d C s j S O , t o a 
d e n s l t y o f 1 - 5 5 0 a n d c e n t r i f u g e d a t 3 3 , 0 0 0 r . p . m . a t 2 0 ° C f o r 6 0 h i n a 
S p i n c o ' S W - 5 6 ' r o t o r . E. roK D N A {p = l - 4 2 6 ) a n d " P - l a b e l l e d 1 8 S 
r i b o s o m a l R N A (o = 1 - 6 6 0 ) w e r e u s e d a s I n t e r n a i m a r k e r s . A f t e r c e n t r i ­
f u g a t i o n , f r a c t i o n s w e r e c o l l e c t e d f r o m t h e b o t t o m o f t h e t u b e a n d 
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alkaline wash used in t he procédure of 
W a r n a a r a n d Cohen" yields acceptable 
backgrounds . 

Table 5 shows the resul ts of hybr id-
izing eaoh of th ree D N A produots t o 
t he three D N A templa tes used in t he 
synthe t ic react ions. T h e d a t a are 
clear e u t : t h e hybr id izabi l i ty of each 
p roduc t is m u c h superior when chal-
lenged wi th t he D N A ac tua l ly used in 
i ts synthesis . The peroentages of t he 
inpu t counts hybridizod in t h e homo-
logous hybr id iza t ions of Table 5 are 
qui te considérable: 10, 16 a n d 59 per 
cent for t h e mouse, E. coli a n d T6, 
respectively. Fo r tho mouse t h e value 
is surprisingly high in view of t he 
complexi ty of t he génome. W e have 
obta ined similar resul ts wi th chicken 
D N A . Such d a t a suggest t h a t t h e 
D N A polymerase of t h e oncogenio 
viruses is no t copying r a n d o m seg­
men t s of thèse ve r t eb ra t e DNAs . 
Clearly i t would be désirable t o ident i fy 
t he coraponents of t h e génome t h a t 
are being chosen selectively for ampli­
fication. 

Another f ea tu re of t h e hybr id i -
zation expér imenta is exhibi ted in 
Table 6 which examines t h e efîect of 
dena tu ra t ion on t h e abi l i ty of t he synthesized D B A to hybr i -
dize to its homologous t empla t e s . D e n a t u r a t i o n str ikingly 
augmen t s t h e a m o u n t of p roduc t avai lable for hybr id 
fo rmat ion . The resul ts suggest therefore t h a t m u c h 
(70-80 per cent) of t h e D N A synthes ized is in t h e double-
s t r a n d e d s ta te . 

Conclusions 
While e l iminat ing tho rés ident R N A t emp la t e a n 

oppor tun i ty is p resen ted t o examine t h e acceptabi l i ty of 
o ther R N A molécules b y t h e RNA-d i rec t ed polymerase . 
Expe r imen t s along thèse lines will be repor ted la ter . 

The f ac t t h a t t h e DNA-di rec ted polymerases described 
here readi ly accep t—indeed p re fe r—double - s t randed D N A 
as t emp la t e s dis t inguishes t h e m f r o m t h e DNA-depen-
d e n t D N A polymerases so f a r r epor ted . If t h e oncogenic 
viral polymerases are in f ac t t r u e replicases, t h e y should 

T a b l e 5 . H Y B K I M Z A T I O N O F D N A - D I K E O T E D P R O D T J O T S T O V A M O T J S D N A S 

T e m p l a t e f o r s y n t h e t i c D N A 
D N A o n fllter M o u s e E. coli T 6 

M o u s e 8,698 ( 1 0 0 % ) 6 8 7 ( 6 % ) 1 , 4 7 7 ( 2 % ) 
E. coli 4 5 4 ( 5 % ) 7,72t ( 1 0 0 % ) 1 9 7 ( 0 - 4 % ) 
T 6 1 5 2 ( 2 % ) 1 6 8 ( 2 % ) 54,673 ( 1 0 0 % ) 

R a d i o a c t i v e m a t e r i a l i n e a c h h y b r i d î z a t i o n w a s é q u i v a l e n t t o 3 - 3 x 10*, 
4 - 9 X 1 0 * a n d 9 - 4 x 10* c . p . m . f o r D N A s s y n t l i e s i z e d w i t h m o u s e , E. coli, a n d 
T 6 D N A , r e s p e c t i v e l y . T h e n u m b e r s r e p r e s e n t c . p . m . f o u n d p e r 1 5 0 ^tg o f 
D N A o n t h e fllter ; t h o s e i n p a r e n t h è s e s r e p r e s e n t p e r c e n t a g e o f t h a t o b s e r v e d 
i n t h e h o m o l o g o u s h y b r i d î z a t i o n . P r o d u c t s w e r e p r e p a r e d a s d e s c r i b e d i n 
T a b l e 3, a n d d i s a o l v e d In 0 - 5 m l . 0 0 7 x S S C ( 1 x S S C = 0 - 1 5 M N a C l - 0 - 0 1 5 M 
s o d i u m c i t r a t e . p H 7 ) . T h e h y b r i d î z a t i o n r e a c t i o n s w e r e c a r r i e d o u t u s i n g 
D N A i m m o b i l i z e d o n m e m b r a n e ftiters a n d p r o d u c t D N A i n s o l u t i o n i n 2 0 0 lA. 
o f 3 X S S C a t 6 6 ° C f o r 1 2 h . ï o r d e n a t u r a t i o n , 1 0 0 id. o f t h e p r o d u c t w a s 
m a d e 0 - 1 M w i t h r e s p e c t t o K O H a n d k e p t a t r o o m t e m p é r a t u r e f o r 1 0 m i n . 
T h e s o l u t i o n w a s t h e n n e u t r a l i z e d w i t h a n é q u i v a l e n t a m o u n t o f H C l a n d 
d i l u t e d t o a final v o l u m e o f 2 0 0 w i t h a c a l c u l a t e d a m o u n t o f S S C s o l u t i o n 
s o t h a t t h e final s o l u t i o n w a s 3 x S S C . T h e fllters w e r e l o a d e d w i t h 1 0 0 -
1 5 0 fjig o f d e n a t u r e d D N A , a l l o w e d t o d r y a t r o o m t e m p é r a t u r e , a n d t h e n 
t r a n s f e r r e d t o a v a c u u m o v e n a t 8 0 " C f o r 2 h a t a p r e s s u r e o f 2 5 m m H g . 
T h e fllters w e r e p r e - i n c u b a t e d i n D e n h a r d t ' s o l u t i o n ( 0 - 0 2 p e r c e n t b o v i n e 
s é r u m a l b u m i n , 0 0 2 p e r c e ù t ' F i c o l l ' a n d 0 0 2 p e r c e n t p o l y p y r r o l i d e n e i n 
3 X S S C ) a t 6 6 ° C f o r 6 h i m m e d i a t e l y p r e c e d i n g h y b r i d i z a t i o n . A f t e r h y b r i d ­
î z a t i o n f o r 1 2 h . t h e fllters w e r e t a k e n o u t : e a c h w a s w a s h e d o n e i t h e r s i d e 
w i t h 1 0 0 m l . o f 1 0 - ' T r i s ( p H 9 - 3 ) , d r i e d a n d c o u n t e d . C . p . m . flxed i n h o m o ­
l o g o u s h y b r i d i z a t i o n s a r e I t a l i c i z e d . 

3 0 

2 5 

S 
1 5 

1 0 -

F r a c t i o n N o . 

1 0 2 0 

F r a c t i o n N o . 

T a b l e 6 . HTBKIDIZAHONS OF NATIVE AND DENATURED PRODUCT D N A WITH 
TBMPiATE D N A 

D N A 
M o u s e 
E. coli 
T 6 

N a t i v e 
2 , 8 7 8 
2 , 0 9 8 

1 0 , 8 3 4 

c . p . m . 
D e n a t u r e d 

8 , 6 9 8 
7 , 7 2 4 

5 4 , 6 7 3 
T h e s a m e p r o d u c t s a n d c o n d i t i o n s a r e u s e d h e r e a s f o r t h e e x p e r i r a e n t o f 

T a b l e 5 . T h e " n a t i v e " w a a n o t , h o w e v e r , s u b j e c t e d t o t h e a l k a l i n e t r e a t m e n t 
a s in t h e l e g e n d o f T a b l e 6 . 

F i g . 3 . N e u t r a l a n d a l k a l i n e s u c r o s e g r a d i e n t c e n t r i f u g a t i o n o f A M V D N A - D N A p o l y ­
m e r a s e p r o d u c t . A 1 m l . r e a c t i o n e o n t a i n i n g 1 3 3 iig o f A M V p r o t e i n p r e t r e a t e d a s d e s c r i b e d 
i n F i g . 1 , 9 lis o f E. coli D N A , a n d " H - d A T P ( 4 x 1 0 ' c . p . m . / p m o l e ) w a s i n c u b a t e d f o r 
2 h a t 3 7 ° C a n d t h e p r o d u c t p m i f l e d a s d e s c r i b e d i n F i g . 2 . 1 8 0 (ig o f t h e E. coli D N A 
u s e d a s t e m p l a t e a n d a n a l i q u o t o f t h e p r o d u c t o f t h e r e a c t i o n w e r e l a y e r e d o n (A) n e u t r a l 
( 8 - 2 2 p e r c e n t s u c r o s e - O Ol M T r i s ( p H 8 S ) - 0 - 2 5 M N a C l ) o r ( i i ) a l k a l i n e ( 8 - 2 2 p e r c e n t 
s u c r o s e - 0 ' 2 5 M N a O H (pB. 1 2 - 4 ) - 0 0 5 M E D T A ) s u c r o s e g r a d i e n t s . E a c h g r a d i e n t w a s 
p r e p a r e d o n a 0 - 5 m l . c u s h i o n o f 7 0 p e r c e n t s u c r o s e . C e n t r i f u g a t i o n w a s a t 4 0 , 0 0 0 r . p . m . 
a n d 4 ° C f o r 5 - 5 h i n t h e S p i n c o ' S W - 4 1 ' r o t o r . F r a c t i o n s w e r e c o U e c t e d f r o m t h e b o t t o m 
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in i t ia te chains, a f ea tu re t h a t can be examined in synthèses 
wi thy- '^P- label led deoxyribonucleot ides . 

Ail t h e six oncogenic R N A viruses which we h a v e 
examined possess t h e DNA-di rec ted polymerase , b u t th i s 
ac t iv i ty could n o t be de tec ted in five non-onoogenic 
vi ruses: reo, polio, influenza, vesicular s tomat i t i s a n d 
Newoastle disease viruses. 

I t is now clear t h a t R N A oncogenic viruses conta in two 
D N A polymerase act ivi t ies : one which uses s ingle-stranded 
R N A as a t e m p l a t e a n d in the process générâ tes a D N A -
R N A hybr id ; a n d a second, described here, which accepts 
double -s t randed D N A as a t e m p l a t e a n d yields a princi-
pal ly double-s t randed p roduc t . T h e p r i m a r y func t ion of 
t h e l a t t e r m a y be t o amp l i fy t h e oncogenic D N A duplex 
once it is fo rmed . T h e mul t ip le copies so produoed could 
marked ly increase t h e p robab i l i ty of a successful inté­
gra t ion . I t is, of course, still neeessary t o clar ify how 
t h e D N A - R N A hyb r id is conver ted t o t h e D N A - D N A 
duplex, a neeessary react ion which we believe is occurring 
in our prépara t ions . I s a t h i rd ca ta ly t i c func t ion required 
or can one of t h e two act ivi t ies we h a v e a l ready identified 
méd ia te th i s s t ep ? The use of su i tably cons t ruc ted 
D N A - R N A s t ruc tu res should résolve th i s problem. I t 
will be neeessary t o p u r i f y t h e re levant prote ins and 
tack le t h e formidable p rob lem of t h e logistics of p repar ing 
purif ied viruses in a m o u n t s a d é q u a t e for a realistic a t t e m p t 
a t th is k ind of enzymology. 

W e t h a n k D r s P e t e r Modell a n d N o r t o n Zinder for t h e 
f l bac ter iophage a n d t h e R F D N A , D r s J o h n Moloney, 
F r a n k Rauscher , a n d T im O'Connor of t h e Spécial Virus 
Cancer P r o g r a m m e (SVCP) of t h e Na t iona l Cancer 
I n s t i t u t e for help, a n d t h e personnel of t h e laborator ies 
associated w i t h t h e SVCP for the i r coopérat ion. The 
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