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D X A (unpubl i shed rosul t s of J . R . ) . T h u s t h e origin of 
tlioso molécules as well a s t h e D N A ­ d é p e n d e n t D N A 
polymerase romains a n open ques t ion . 
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Six R N A viruses have n o w been s h o w n t o contain D N A polymerase 
activities directed by single-stranded R N A , double-s tranded RNA 
and double-stranded D N A . It is further demons tra ted that D N A -
RNA hybrids, such as synthet ic d C rG, act as even m o r e effective 
templates . 

'ïHK ii­ccnt r epor t s by T e i n i n ' a n d B a l t i m o r e ' of nn B N A ­
diicc lcil D X A polj'inernso in oncogenic R N A viruses havo 
ln'eii coiifiriiR'd a n d e x t e n d c d ' . VVo estobl ished t h a t tlio 
D X A syntlii 'sizcd is c o m p l e m e n t a r y to t h e viral K N A 
uiid tlint D X ' A ­ R X A h y b r i d s a p p e a r as ear ly interniedi­
uti 's of t h e reac t ion . IJoth fca tu ros a rgue compcll ingly 
t ha t viral R X A fu i ic t ions as a t e m p l a t o in t h e syn thes i s 
of the D X A . 

l ' h e R X ' A ­ D X A h y b r i d s do tec ted as p re sumpt i \ ' e inter­
i i iediates a re n o t l ikely to be in t cg ru ted as such iiito tho 
gonunie, an even t necessary t o oxpla in t h e l icr i tably 
s table State of t h e t r a n s f o r i r a t i o n indueed by tlie.sc onco­
genic viruses. T h e r equ i red convers ion of t h e R N A ­DNA 
hybr id iiito a D N A ­ D N A dup lex d e n i a n d s a D N A ­
ilirected D N . \ po lymerase . \Vo a i ready had^ s u g g e s t i \ e 
évidence t h a t D N A s t r a n d s syn thcs ized la to in tho réac­
t ion were ident ica l r a t h e r t h a n c o m p l e m e n t a r y to t h e 
viral R X A . W c set on t t o fiiid t h e DNA­d i rec t ed D N A 
polyniem.­ic implied by thèse obse rva t ions a n d d o t e c l e d ' 
the r e l evan t a c t i v i t j ' in ail six oncogenic vi ruses examin(xl . 
T h o D X A ­ d i r e c t e d j jolymeraso ac t iv i t y t h u s revealed 
liad a n u i n b e r of interest i i ig proper t ies . The re was a 
cloar préférence for doub l e ­ s t r anded D N A a n d , excep t for 
covalen t ly liiiked circles, v i r tua l ly a n y double ­s t raudod 
D X A was accep ted as a t e m p l a t e . I n each case, i t could 
be shown b y a p p r o p r i a t e hybr id i za t ions t h a t t ho D N A 
sMithesized was c o m p l e m e n t a r y to t h e D N A iiscd a s tho 
in i t ia t ing t e m p l a t e . 

W e « è r e still l e f t w i t h t h e proble in of iden t i fy ing tho 
l>olymerization reac t ion which conve r t s t h e D N A ­ R N A 
h y b r i d s in to t h e D N A ­ D N A d u p l e x . T o synthes izo 

n a t u r a l D N A ­ R N A h y b r i d s in a n i o u n t s a d é q u a t e for 
e n z y m a t i c t e s t is still a f o rmidab l e t a sk . T o a\"oid the 
logistio p rob lems involvod we dec idcd to use syn the t ic 
polynucleot ido dup lexes . T h e r e is ample e \ ' idence ' ­ ' of 
the i r i isefulness in s tud ios of D N A a n d R N A synthesis , 
a n d t h o D N A po lymerase of E. coli ha s been shown to 
use t h e syn the t i c r i bopo lymer rA­rU to synthes izo t h e 
deoxyr ibopo lymer dA­dT (réf. 8). A\'e h a ^ e found t h a t 
ce r ta in of t h e s y n t h e t i c dup lexes a re n o t only func t iona l , 
b u t ero super ior t o n a t u r a l t e m p l a t e s b y a lmost two 
ordors of m a g n i t u d e in s t i m u l a t i n g po lymcr iza t ion . This 
f inding leads to an ex t r ao rd ina r i l y usefu l tool for de tec t ing 
t h e enzyme ac t iv i ty . W e suminar i ze hero tho resul t s of 
our i in es t igat ions. 

Comparison of Templates 
' l 'he v i iuses used in t h e p r é p a r a t i o n of enzymes \vere 

av i au myeloblas tos is v i r u s (AMV), fél ine leukaeyi ia virus 
(l^'eLV), Molonoy s a r c o m a v i r u s (MSV), R a u s c h e r Icuk­
aoinia v i rus (RLV) , mouso m a m i n a r y t u m o u r v i rus (MTV) 
a n d a r a t i n a m m a r y t u m o u r v i r u s (RMTV) . Tab le 1 
i l lus t râ tes tho responses of t h e six R N A oncogenic viral 
p r épa ra t i ons to t h e rés iden t R N A t e m p l a t e s (column 1), 
exogenous D N A (column 2), a n d t o t h e h y b r i d duplex 
(column ;i) f o r m e d f r o m p o l y d e o x y a d e n y l a t o a n d polj '­
r iboguany la to (dC­rG). 

Tho s t imu la t i on observed w i t h CEF—DNA is n o t maxi­
ma l bccttuso for purposos of compar i son i t was held a t t h e 
samo level (4 (xg/ml.), a t which t h e réac t ion wi th the 
dC­rO is op t ima l . F o r ail six v i ruses t he re is clear évidence 
of a h y b r i d d i rec ted D N A synthes i s t h a t is d ran ia t ica l ly 
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siipprior t o t he react ions previously s tudied . T h e kinet ics 
of DN'A synthesis wi th tho threo t empla tes (Fig. 1) empha-
size the magn i tude of t he différence in t cmpla to capabih-
tips. When plot ted on tho same scale, tho Bynthotic activi-
tie.s obsen-ed wi th t h e résident viral R N A a n d C E F -
DXA are a lmost t r ivial comparcd wi th dC rG. 

^Ve exnmined the t empla t e rapabi l i t ies of aa inany 
synthet ic polynticleotides as possible. Tab le 2 shows tho 
response to single homopolymers . I t should be no ted 
thn t in this, ns in t he tables to bo discn.ssed, ail mensiire-
meiits involved examina t ions over 20-30 min periods wi th 
samplps t aken every 5-7 min. Tho 5 min values a re 
recorded to pe rmi t be t t e r comparison wi th those cases in 
uliich the kinetics diverge f rom lineari ty a f t e r 10 min . 
In ail cases shown in this and siibseqtient tables, bo th 
complementary deoxyribosido t r iphospha tes wero included 
in t h e assay. one being identified by an a - " P label, a n d 
the other by a ' H label. 

Table 2 demons t r a t e s t h a t of t he r ibohomopolymeis , 
only rC possesses dé tec tab le t empla t e ac t iv i ty and here 
t h e synthesis lasts only for 5 min . I n t h e case of t he 
deoxyribopolymers, poly dC suppor t s extonsive and 
prolonged synthesis of poly dG, a n d some la ter incorpora­
t ion of dC. Al though m u c h smaller , b o t h poly d A a n d 

T » b l e 1 , B r . s p o x s E s OF OHCOOEWIO VIRAI. R N A POLTMERASKS TO ADDED 
D X A A S D A S Y N T H E T I C E N A - D N A H Y B K I D 

piTiolen nticleotlde Ineorroritled In 1 0 mln / lO tig o f 
viral prot«ln 

Polymeras» T e m p l a t e 
N o n e C E F - U N A d C r O 

AMV 2-8 6-3 1 4 0 0 
r*tv 2 1 20 3 0 7 
MSV 1-2 1-2 3 0 0 

E L V 1-5 4-8 1 0 2 0 
MTV 0 1 1-0 8 5 1 
R M T V 0 1 00 21 4 

A "-tniidard i n c u b a t i o n i n l x t n r c of 0-25 m l . c o n l a l n s J2-5 /MHOÏCS T H s - H C l 
3): 3 /<mol rp MgCl , ; 1 0 / i m o l e s K C I ; 2 5 ^wmolrs ( l i l l i iof l i re i tol ; n 04 

//molc^ of nnch of tlie (IPoxyrUinniirleosidf» t r lphof ip l in t r s . T o m o n l t o r t h e 
r eac t inn , i - " r - ( l G Ï P wns \ ised nt a spcc inc a c t i v i t y of 05 c .p .m . /p ino le . 
R c n r t i o n s t h a t w e r e s t l n u i l n t e d by n<idnd t e m p l a t c s wc rc ca r r l cd m i t b y 
iiicliidinff t he t e m p l a t e a t a levcl of 1 0 /iC p e r 0-25 m l . in t h e s t a n d a r d 
lncul->ation m i x t u r e . T h e i n c o r p o r a t i o n s n o t e d n b o v c r ep re sen t t hosc obsc rved 
in 50 /'I. aliquotP cor respond i r . c to 10 //p of v i ra l p r o t c i n . V l n i s p a r t i r i c s 
H i ' p e n d e d In G 01 M Tr i s (pli 8 - : i ) - -0 1 ^! N a C l — 0 002 M K D T A ( T N K ) a t a 
concen t r a t i on of 2-3 uni of v i r a l protein per inl. werc p r c i n c n b a t c d for 10 m i n 
at 0" C lu the presencp of 0-2 pe r c e n t ' N o n i d c i P -40 ' n n d 0 1 M d i th io l l i r c l to l . 
T h e i n c n b a t e d so lu t ion w a s t h e n a d d e d to 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 at a 
levcI of 50 /*g of v i ra l p r o t e i n p e r 0-25 ml . a n d I n r u b a t e d a i 37° C. A f i e r 
i ncubn t lon fo r 10 min. 50 /d. a l i q u o t s wcre w i t h d r a w n and p rocessed for 
d e t c r m i n i n g the a r ld p r ec ip i t ab l e r a d i o a c t i v i t y a s dc^critrcd n l sewhcre ' . T h e 
p;irtirle3 d e s i g n a t r d Iiere as R - M T V were o b t a l n e d from s u p e r n a t a n l flulds 
of ra t m a m m a r y t u m o u r ' , R - 3 5 g r o w n m vitro ai Char les r O z e r <k>., M a y w o o d , 
New J e r s e y . The source of t h e o t h e r v i ru se s a n d the l r n i c l h o d s of pur i f i ca t ion 
h a v e b c e n descr ibed prevIoUBly*; R - M T V wns pnr l f l cd in t h e Bamc w a y as 
t he monl tev mammarv- t u m o u r v i rus . d C rO w a s m n d e b y m l x l n g e q u a l 
a m o u n t s of poly dC a n d po ly rG (100 /»g pe r ml . In 0 01 M Tr te , pH 7-4), 
m a k i n ç the so lu t ion 0-2 M w i t h resi>ect t o NaCl a n d a l lowinc t h e m i x t u r e to 
« t a n d for 15 raln n i r o o m t e m p é r a t u r e . T h e C K F D N A n s e d was m a d c f r o m 
ir^ 'pslnlzed ee lh f r o m ch ick e m b r y o s a c c o r d l n g t o t h e p r o c é d u r e of Glllesple 
a n d 8.8.'». 

Tabte 2. BESPONSE OF AMV-POIYMKRASR TO SINOLE-BTRAHDMI HOMO-
POIY.MERS 

I n c o r p o r a t i o n (pmoles / 
T e m p l a t e 6 i i i ln/10 /ig Tlrnl p r o t e i n ) 

rA tIT ( < 0 1 ) d A ( < 0 1 ) 

rC (10 ( 3 B ) d C ( < 0 1) 
r f î lie ( < 0 1 ) d G ( < 0 1 ) 

r i d C ( < 0 1 ) d O ( < 0 1 ) 

r U (lA ( < 0 1 ) d T ( < 0 1 ) 

(IT (1-2) d A (0' .!) 
ilG d G ( 1 1 0 ) I K ; (0-8) 

d C ( < 0 1 ) d G ( < 0 1 ) 

<n d C (1-2) d O ( < 0 - 1 ) 

(IT d A ( < 0 1 ) d T ( < 0 1) 

T h e compopi t lon of t he re . ic l lon m i x t u r e s wos .is dc sc r ihed for Tab le 1, 
C 'xcept t h n t In ejtch e x p c r i m e n t on ly Iho i w o deoxyr iboal r ie t r i p h o s p h a t e s were 
n* rd whlch c o r r e s p o n d c d t o Ihe t d e n l l t y .md t h e c o m p i c m r n t of Iho bnses in 
t h e t e m p l a t e . T h e t e n i p l n t e c o n r e n t r n t l o n wa» 1 ^/p/O'25 nil . of t he Inr i iba-
t ion m i x t u r e . T h e labels u scd w e r e : ' 1 1 - d A Ï P (115 e . p . m . / n m o l e ) , ' H - d C T P 
(125 c . p . m . / p m o l e ) , " P - d O T P (60 c . p . m . / p m o l e ) , n n d " P - d T T P (110 c . p .m . / 
pn in le ) . 60 of t h e r e a c t i o n m i x t n r e w a s w i t h d r a w n a n d ac id p r e c i p i t a b l e 
r a d l o a c t l T l t y was d e t e r m l n e d a s de8crll>ed' a f t e r 6 m i n of i n c n b a l l o n a t 37° C. 

0 10 20 30 
Min 

l'"i»ï. 1. Kl i ic t l r s of i n c o r p o r a t i o n of a - '* l*-dGTP b y HLA' polymerii^c, 
A O iir» nil . sland.Trd r é ac t i on m i x t u r e \v:i-; n s e d . Ttio spcciflc radio­
a c t i v i t y of o - " l ' - d O T P w a s 00 c . p . m . / p m o l e . M e t h o d s of p r cpn rn l i on cf 
C B F - U N A a n d dC • rG a r e dc5crll)oa m t h e legend t o T a b l e 1. A t llic> 
Ind ica ted t imcs , 60 /d . s a m p i c s wcre w i t h d r a w n a n d Ihe acId precipi t ­

ab le r a d i o a c t i v i t y was d e t e r m l n e d a s d e s c r i b e d ' . 

poly d l stiniii late t he inrorpora t ion of t he corresponding 
complementary miclootidos. 

The abilities of var ions syn the t ic dotible-fitrnndcd DXA 
a n d R N A homopolymers to serve os t empla tcs nrc recorded 
in Table 3. E x c c p t for I C T G , ail s t imnhi te sonie incorpora­
t ion of one of the complementary nucleotide pairs. Of 
those tes ted, rl-rC is clearly t he bcst , followcd by dC'-dG 
and dC-dl . I t is in tercst ing to note t h a t , wi th t he excep­
tion of rC-rG, t he polyribopolymei-s are siiperior t o the 
corresponding deoxypolymers os templa tes . Tab le 4 
compares tho t empla t e capabil i t ies of a •variety of syn­
the t ic D N A - R N A hybr id duplexes. Somo of thèse are 
t h e beat templa tes , no tab ly dC-rG and dl-rC. 

T a b l e 3 . BESPOBSE o r .V^IV-POLTMEIIASB TO SVKTIIETIC DOUBLI-STRANDED 
D N A AUD R N A POIY.MEI'.S 

Incorpor .n t ion (pmolf^s/ 
T e m p l a t e 5 m i n / I O /iti v i ra l p r o t e i n ) 
rA r U d T ( 1 6 0 ) d A ( 0 4 ) 
rC r O d O ( < 0 1 ) dC ( < 0 1 ) 
r l • rC d G ( 1 2 8 0 ) d C (J l ) 

d A • d T d T (OS) d A ( 1 4 ) 
dC • d G d O (20! ) ) d C ( 0 4 ) 
d C d l d O (•24-9) d C ( 2 0 ) 

T h e r eac t i on m i x t u r e s a n d c o n d i t i o n s of r r ; i r t ion ' . « c r e ns dcsc r lbcd fn r 
T a b l e 1. T h e dui>lexes werc p r c p a r e d b y us inp tlic a p j ' r o ] i i:ile p o l y m c r c o m -
p o n c n t s , usiniz t h e n ic lhoi l de sc r ibcd for d C r ( ; (sep icgenit to T a b l e 1). T h e 
speclf lc ac t i v i t i e s of t bc d e o x y r l b o a i d c I r ipbosp l tn t c s imed w e r e t h e s a m e a» 
t hose for T a b l e 2, nnd Ihe a p p r o p r i a t e c o m p l e m e n t a r y pnlr of ' H a n d " P -
lat)elled nuc leos lde t r i p h o s p h a t e s w c r e p ré sen t in e a c h r c n t t i ' i n . 

Table 4. BKsroNSF. o r AMV-roi.YMi-.insK TO SVMHV.TIU HYURIPS 

I n c o r p o r n l i o n (i»nu'les/ 
T e m p l a t e 5 m l n / l O /ig v i ra l p r o t e i n ) 

d A - r O d T (0-,'<) dA ( < 0 1 ) 
d r > T G d G (141(1) d C (10) 
d C - r l d G (14.-.) l ie (l-O) 
d G T < ! d C ( < 0 1 ) (H! ( < 0 1) 
d I rC d C (1 :l) d G (104 «) 
( I T ^ r A d A (0 11) d T (10-.1) 

J'iic ren<-lîf>n mixtures a n d condit ions oi réactions were llie same n-» dus-
cribed In (lie lc(!end to T a b l e 1. T h e hybrids we re picparefi tisini: (lie me lhod 
descril)Cd for iii:il%inî; d C • r(î In Ihe leReml to T n b l r 1. AU other détails nrc ns 
dcseribed in tlie Ie«cnds to T a b l e s 2 a n d 3. 

Therc is a s t r ik ing préférence for d t î T P a n d r G T P as 
subs t ra tes . This recalls an analogoiis s i tnot ion obscrved 
wi th t h e QP replicoso» a n d the DNA-depondont P X A 
polymeraae ' , bo th of which synthesize poly G if provided 
wi th poly C Bfl s t empla te . Tho préférence for dG m a y 
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TIIIIIR 5 . T E S T o r A H V P O L Y H K R I S E T O I N C O R P O B A T S R I B 0 H U C L E 0 T I D E 8 
VHTH BTNTUETIC POLYMUCLEOTIDE TEHPUTES a 

Incorpora t ion (pniolea/OO mIn/IO M viral protelii) S 
Teii iplate Rlbonucleot ldes Deoxyril ionucleol ides 

r «. • rU rU ( < 0 1 ) rA ( < 0 1 ) tlT (73 0) n 
r i • rC rC ( < 0 1 ) rG ( < 0 2) d O (326 0) 

«lA • d T rU ( < 0 1 ) rA ( < 0 1 ) d T ( 9 0 ) a 
a. 

o l i e • d O iQ ( < 0 1 ) rC ( < 0 1 ) dO (lO'J O) 

c lit ' • rO rG ( < 0 1 ) rC ( < 0 1 ) d O (322 (1) c 
ilT rA rA ( < 0 1 ) r l l ( < 0 1) d ï (49 7) a 

Tlie i-Oiictioi) m i x t u r e s niid tlic condi t ions of exi>orlnicntu wr re a» for 
Tnble 1. I lerc , however , r iboside trlpliosiiliates wurc uscd toccl l icr wltli l l ic ir 
deoxy aniilugues. I tei ict ions in llie absence of Ucoxyribosido trii i l tosphutes 
(liive liie Banie reaults . a -" l ' - l t tbe l lcd dcoxyriboside tri)ilioa|)liiilcs and 
'H- label ted riboside t r ip i tosphatcs were used to inonitor t t iepoiyr ibnnucicot idc 
s.x ntliesis, ami t he spécifie act iv i l ies for t he rATI ' , r O T P , rCTl ' . and r t ' T l ' 
were nii a t 120 c.p.ni . /pniolc. Tlio o - " P - d G T P a n d a - " l ' - d T T l ' used to 
fiillow tlie DNA syntl iesis were a t 60 c.p.m./iniiole. 

i nd ica te t h n t guanos inc is tlio 5 ' to imint i s nnd is the re fo re 
il ie f i rs t nuc leo t ide insc r ted . T h i s is in f a c t t he case wi th 
t h e Q[3 rephcQse. 

A s y m m e t r i c Copy ing 

T a b l e s 3 a n d 4 show a m a r k e d n s y m r n e t r y in t h e use 
of t h e s u b s t r a t e s p r o v i d e d . I n no case a r e t h e two com-
p l i -men ta iy nucleos ido t r i p h o s p h a t e s i nco rpo ra t ed w i t h 
eqiial fac i l i ty . T h e a s y m m e t r y , howovor , is n e t absol i i te , 
e\-cii in t h e 5 m i n r e su l t s rocorded in T a b l e s 3 a n d 4. ^Ve 
fonncl t h a t a l t h o u g h thc re w a s a n ini t ia l iJreferonco foi' t ho 
i nco rpo ra t i on of ' ^ P - d T , "H-dA is polynior ized . A v e r y 
siinilar p h e n o m e n o n is o b s e r v e d (Fig. 2) w i t h ' T - d G 
a n d ' H - d C in p o l y m e r i z a t i o n s b y d l - rC . I n somo cases, 
syn thes i s p ro longed for 90 in in or m o r e load» t o e v e n t u a l 
equal iza t io i i of t h c i nco rpo ra t i on of t h o t w o s i ibs t ra tcs . 
I t shouk l bc n o t e d t h a t t h e use of t h e p r e f c r r c d s u b s t r a t e 
(foi' « xamplo , d T T P b y dT- rA or d G T P b y d I rC) is n o t 
s t r iki i igly inf luenced b y t h e p résence of t h e c o n i p l e n i e n t a r y 
nucleos ide t r i p h o s p h a t e in t h e r éac t i on m i x t u r e . As 
e x p c c t e d , t h e r o is s y m m c t r i c a l use a n d a r e q u i r e m e n t for 
t h e p ré sence of b o t h comple in i în t a ry s u b s t r a t e s w h e n a n 
a l t e r n a t i n g copo lymer is used as a t e m p l a t e (Kig. 3). 
H e r e b o t h c o m p l e i n e n t a r y nuc leo t ides a r e i n c o r p o r a t e d 
f r o m t h e v e r y o n s e t a t a l m o s t equa l r a t e s a n d molar i t i es . 
F u r t h e r , un l ike t h o h o m o p o l y m e r i o dup lexes , l eav ing e u t 
o i ther one of t h e c o m p l e m e n t a r y s u b s t r a t e s l eads t o t h c 
éon ip l e t e loss of s j ' n t h e t i e a e t i v i t y . 
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Fiu. 2. Kinet ics of incorporat ion of a - " P - T T P a n d ' H - d A T P by A!«V 
polyinerasc wi th d T rA t empla te . A 0-25 ml . s t a n d a r d réaction m i x t u r e 
was used. Tlie spccillc radioact ivi t ies o f - a - " P - T T l ' nnd ' J I - d A T P were 
110 c .p .m. /pmole and 115 c .p. in . /pmoic. resiwctiveiy. The me thod of 
p répara t ion of t he hybr id t emp la t e is described In tlie ieecnd to Table 1. 
At the iod ica ted t imea, 60 fil. samples wero w i t h d r a w n and tlie acid 

precipi table r ad ioac t iv i ty waa de te rmined as described earlIeH. 

C"^ ' ' H d C 

" P d G ( S i n g l y ) 
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Fig . 3. Kinet ics of incorpora t ion of a - " P - d G T P and ' l i d C T P by A51V 
polymcrase wi th d ( I -C) as t e m p l a t e . A 0 25 ml. s t anda rd r c a d i o n 
mix tu re waa used . The apecific radioact ivl l iea of a - " P - d G T P and ' H -
dOTP were 60 c.p.in./pinolc a n d 110 c .p .m. /pmole respecllvely. At the 
i iuiicatcd l imes, 50 /il. a l iquots were wi t t idrawn and tlie TCA precipitable 
radioact iv i ty was de t e rmined as descr ibed earlier*. Kesuits are expressed 
as pmoics of nucleotide iiicoriM>rated/iO /ig viral prote in . O and x 
indicate the incorporat ion o l j ta ined « h e i i both deoxyrihoiiiicIoïKidB 
t r iphospha tes are présent . A a n d O refcr to tlie incorporaiiun ul)t;tiiied 

when one nucleot ide oiily is présent . 

Inabllity t o Incorporate Ribonuc leo t ides 

I t lias a l r e a d y becn n o t e d ' t h a t t h e oncogenic polymer-
a se s do n o t syn thes ize r i b o p o l j i n e r s us ing tlie \ iral R X A 
a s a t e m p l a t e . I n v iew of t h e v a s t l y super ior t e m p l a t e 
capab i l i t i e s of some of t h o sy i i t he t i c polyiner.s, th is ques­
t i o n w a s ro - examined a n d t h e r e su l t s are recordetl in 
T a b l e 5. E v c n a f t e r 90 m i n , n o s igns of r ibomicleot ide 
inco rpora t ion eoiild be d o t e c t e d w i t h a u y of t h e t e m p l a t e s 
d i i r ing a pe r iod in w h i c h exce l l en t pol jTner iza t ion (last 
cohimi i of T a b l e 5) w a s o e c u r r i n g w i t h t h e deoxyr ibo-
nuc leo t ides . 

Uses for Synthet ic T e m p l a t e s 
A deta i led o x a m i n a t i o n of t h e in t e r ined ia t e s in tho 

r eac t ions m e d i a t e d b y t h è s e s y n t h e t i c d u p l e x e s slioiitd be 
v e r y use fu l for t h e s t u d y of t h e c h c m i s t r y of t h e polynier-
iza t ion a n d t h o f a c t o r s w h i c h d é t e r m i n e i ts a s y m m e t r y . 
E v e n a casua l inspec t ion of T a b l e 1 a n d F ig . l revculn the 
ob \ ious a d v a n t a g o of us ing t e m p l a t e s such as dC rCi fur 
do t cc t ing e n z y m e in eells or v i r u s pa r t i c l es a n d following 
a e t i v i t y d u r i n g pu r i f i ca t ion p rocédu re s . W e ha \ o iiow 
es tab l i shed t h a t oncogenic \ i ruses con t a in D X A pul.v-
mera.se ac t iv i t iea d i r e c t e d b y s ing le - s t i anded 1ÎN.\ , 
doub lo - s t r anded R N A , d o u b l e - s t r a n d e d D X A , a n d D X . \ -
R N ^ h y b r i d s . F u r t h e r , ail oncogenic R X A viiiisea 
e x a m i n e d con ta in ail t h è s e ac t iv i t i e s . T h e miiiiber of 
d i f f é ren t k inds of p r o t e i n molécu les r equ i red t o handlo this 
v a r i e t y of t e m p l a t e s r e m a i n s t o be d e t e r m i n e d . 
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