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A ,  A b r i e f  h i s t o r y  of RNA tumor v i ro logy :  Elferman and Bang & ALV 
c- Rous and RSV (4SV) 

B i t t n s r  and MMTV 
Gross and MuLV 

,--c 

(Gross, Oncogenic P i r u s e s ,  Permogut-1 ?ress, 1970) 
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C. Definitions of biological behavior!in vitro1 (Tables 2 & 3) 
I -  

# -FcL.* #- &. G.6.:. .- ---transformation and focus assay 

---permissive vs. non-permissive cells (-$5 v '1 o I 
---replication-defective and transformation-defective a# 

I-f"- ++- x?,-wL-f+> . 

viruses b 
he& L.+ t"-.r>,%- W'n-&, 

I &, CL;, c, 11. Replication 

A. Absorption and penetration: surface determinants of host 
' 1 3  range - cell receptors and virus envelope glycoproteins (Tables 4 & 5) 

-1 c6-. (7 b - y )  &,,, . & w , K u J  - pkdLhi '  tL-lthlLC( -9 v;Lu- +T&3 
CV\V - & k L C  - u. a&*& 

d t y Z  M ,c- ( -  X h V ' ,  k C r i 4 & . +  '1 

, r t  ~ ~ 4 
' k  c /n  </& .. U L C  ply 

B. The basis for the provirus hypothesis (Ternin, H.R, Science 
192:1075, 1976; Temin, PNAS 69:l 16, 1972). 

-' LLL4 * 
-z 

s s  fi.r 4 ' \  ul I 944 
, pJA"LG b \* ir-(C 

u.r hc, a k,-?b 
---Inhibitor experiments 

---BUdR sensitizes the viral genome to light (Boettiger & 
Temin, -- Nature 226:1211, 1970). 

C. Reverse transcriptase (Reviews: Temin, H.M. and Baltimore, D., 
Adv. Virus Res. 17:129, 1972; Sarngadharan, M.G., Allaudeen, 
H.S .  and Gallo, R.C., ?lethods in Cancer Research 7~426, 1976; 
Green & Gerard, Progress in Nucleic Acid Res. 14:158, 1974; 
also forthcoming reviews by Verma, Taylor, and Weinberg in 
BBA Reviews in Cancer, 1977). 

--- 

"(ccc'rL. W + 4 W  hU\b 

virion associated polymerases 

---direct demonstration of viral DNA in infected cells: 

z-- 

i jJr"""'~ c+Jw' 
4 PC2l-U 

-nucleic acid hybridization (Neiman, Science 
178:750, 1972) 
-transfection (Hill & Hillova, Virolopy 49: 

309, 1972) 
?&&7 33 

p- r(c )&A __$ ,,fi--- 

pzccfll-*RJ_: s'&- [v- - L - h L  3 

+-, &Lb /1\.%S. -4 -&--) 'b -- 
---is reverse transcriptase a viral gene product? 

-_e_arly coordinate ts mutants (Verma, Fiason, 
Drost & Baltimore, Nature 251:27, 1974) and 
deletion mutants (Hanafusa et al., Science 
177:1188, 1972) 

9,- 

p&-&b.,,l.< d-VJ-2 

t ~ p - 7 .  l'"? 3s-z Fh r +R -- CCaL. . 

.- 
f ---how does reverse transcriptase work in vitro? -- I ._ V l n l k t J  

~ p4.k b 
(1) physical structure, three enzymatic activities, 

templates, and primers 

for molecular biologists 
Ir. CLL 47- 

f - 1 T t -  Be- CY m e,wA - .\ti4 
3 at., 5. 

c- AT ._ *-4- 

- 
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ELL.+ - \c-g"Gbhc q+( I- 

y(\*,& 

3 

/ P h t  S L L J  

1 e y+--7 - too* L A ,  (3) problems posed by the natural template: primer 
(Taylor et al., ICN-UCLA Symposium IV, p. 161, shiRNh- C ~ W    LA^ 1" 3 t ~ b 4  

* r p L d A ; (  t &-3 - z S p P -  I 
< t l ~ , ~  T r p  - i!rj-he 

1976; Haseltine & Baltimore, ICN-UCLA Symposium 
IV, p. 175, 1976) 

c+ "'I 
( pt. L h L J  ---location of the primer near the 5' end 

-I& --- "short stop" DNA (for sequence, see e) -7- i 
'&hu y k 5 . C c w  - 

Shine et al., and Maxam et al., PNAS, 
in press 1977) 

c--_-v-- -- 4 -- h 

/ 

---the "transcriptional leap" 

---terminal redundancy 

---making full length cDNA (Rothenberg 6 -ATx* - q t ' v h ;  *+TIrhc L( Baltimore, J. Virol. 21:168, 1977) 

---initiating the second ("plus") strand 

- frin3\'p" 

b~ 'Z t A  rvh:+ 1 I dy) - ,&-T St"$ h*--y-c 
* 7 G ' 3 )  

+&t? - %f(&-3 J J  

- ? k L d L  . p i i k r , ~ \ t r ,  bkZ k-u wc\ starvr-=.,,~LL . 

. 1  

v \ / I  X ' I  , , i L ' J L  
A- x z by$, a-7 c,, ! - kt L+q,,**., - ; -L$-fi 67 d " " k  

---how does reverse transcriptase work in vivo? 
,t k., - pi~l ~ i - ~ ~ , i ,  ,ocp-~$ Lc,ra h.++L;~l L + , ~  

synthesis in the cytoplasm (Varmus et. al., 
PNAS 71:3874, 1974) 

Forms of DNA: permuted linear with fragmented 

/ J y &  %'  -= - -- 
@ k E l k U J U a ~ ~ ~ ~  . -  

, c r  \tna-.~p p-G +rdn'-P p-, k 

Fa""\ - CL-L;GII L.4-d. plus strands '*, u. S V ' Y C ,  

-t\i 
# covalently closed circles in 

nucleus (Guntaka etal., Nature 
253:507, 1975 and J. Mol. Biol .  

EE-1 r p+&* - IO' p s  = 
--- 

#A 106:337, 1976) V L - ~ T L ~ L ~  <- 
: $1 5' -- _ _  - - 

1 D. Integration 

' @ ? 

'"' 

W ---requirements and mechanisms 
3 '  4 b  3' L- 

L N tropic vs. B tropic viruses (Review: 
Lilly & Pincus, Adv. Canc. Res. 17:231, 1973) jTable5) 

~ ---th-e- .- 

v... ,,,-T 1.1 
7&jlL.& s4fx y c - c l ' r u l  

W-'l ,h" 4' b Jb % ,CIH S * h & I  -3 m ( y s \ i ~  

sc;;;s;i, TGG 

L,'t J. 2 - - fq&i MSV L ~ c ~ * u * t l i V l l n  2z3c 

VSV pseudotypes reveal intracellular block 
wV(fi,,bh) (Huang et &. , J. Virol. 12:659, 1973) 

/q+iicA=.-J L % L L J ( f +  w 0 r  - NL.lni, n,. sa&/ kr H J d  tU impaired integration ( Jolicove & Baltimore, 
v b S A  bd : k . 5 , ,  - PNAS 73:'K, 1976) 

LT'7- C - ? N  h .tl Ll  ICb4 & A'.tm+tJrlk-ktr_j.$:til ? P i l l  ?+V"*i.b5 6 .&<, , r; L L s d . . 6 , , - & C I L ,  + 
E. Transcription of proviral DNA to RNA 

---is an integrated tempLate required? \ 

---host RNA polymerase IT is r e s p o n s i h l c  (Ryno - et a l . ,  PNAS 

/ €5 (g 
E -I 

/ 

71:2782, 1975)  

---what is/are primary transcript(s)? ( see  below, IV) 
+@b\'.-p, d l r , L C n _ r L l  y L . 4 s  t @-, c-gc\ 

F. Translation, nssembly, budding of v-lrw, trnnsformation 
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'7c 5 111. The viral genome ; : 1 J - c i w r  

A ,  Definition of its structure: physicochemical analysis: subunits 
and low molecular weight RWA's 

electron microscopy shows 5'-5' 
linkage of subunits (Bender & 
Davidson, Cell 7:595, 1976; Kung 
et a1 J. Virol. 16:397, 1975). 

& 

--" - H K c. I) 
PZcbliL., ~ 41 d c 3 

H 6 c 9  IT. -------- 
6-c- l+ 

B. The subunits are identical: T1 oligonucleotide fingerprinting 
P * t "  

y (Beeman et al., PNAS 71:4254, 1974; 2-  0 & . . 4 k  -- - 
Billeter et al., PNAS 71:3560, 1974) - RN$< 

c;, /A,$ ' I' cl. A,, 
7- - &,&L&Jq . c .Zzh+-t - Cu-rp".-r< c$+ 

$1, &A+ t&*.-./t_-&$. = e-:%:/ 7 0 hL( V.%'t.&. 

6 v'K--uM - / o o o o  
-\);fN3tZlk C. Additional structural features: poly(A) at 3 '  end (Wang & Duesberg, 

i 
- J. -- Virol. 14:1515, l974);capped 5' 

- era1 -.' Nature 257:618, 1975); 
primer (see above, I1 C )  

$'J f$+-#.- 4,a. LCb A u q  end (7mGpppG%Cp---) (Furuichi 

I). Genes and their definition 

---e (see above) - h +-+*~df - 
*x A r i * c % 4 *  

yx ---E<ts mutants (Hunter et al., Virology 69:35, 1976) and 
translation in vitro (see below, IV 13) 

4 p ' 7 b  - - 
--- - env: deletion mutants (Rawai & Hanafusa, -- PNAS 70:3493, 1973) 

host range determinants (Table 4) 
t?&4 \1 21"I' 

--- - src: ts and deletion mutants (Martin, Nature 277:1021, 1970; 
(&= b + X  /ZNALLIb'(. Vogt, Virology 46:939, 1971) 

#43V -73 @Aid 

2 .  

Q 
E. Mapping 
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IV, Gene 

A. 

B. 

4 

expression and regulation 

Problems in permissive cells: dif fe'ring amounts of gene products 
/ c-y 

internal cistrons 
Y 

Experimental approaches 

---size and sequence composition of viral RNA's (Bishop et al., 
_.- 

ICN-UCJA Symposium VI, p. I, 1976; Weiss, Baker et a l . ,  
unpublished 1 

---immunoprecipitation of polyribosomes (Mueller-Lantzsch and Pan, 
Cell 9:579, 1976) 

---analysis of products of translation -- in - vivo and -__I_ in vitro 
(Vogt -gt al., J. Mol. aiol. 95:471, 1975; Pawson e t  SI., 
J. Virol. l9:950, 1976; Oppernann et ai., unpubl i shed)  

-- /- 

_ .  
cc:/i"A .̂ ,3"ry* & -growth, morphological and surface changes 

-dissolution of,++t$tasl&leton (microfilaments, microtubules) 
' ) t *  3 q  k S R . / + / $ 2  4 /""+ atti*; 



D. The transforming gene activates transcription of embryonic 
globin genes (Groudine & 

Are there other transforming genes (e.g., for leukemia, carcinoma,/ R& 

Graf et al,, ICN-UCLA Symposium IV, p .  321, 1976). 

+ g L  4p'd"'";,M""--m 
etc.) (Rosenberg & Baltimore, ICN-UCLA Symposium IV, p .  311, 1976; 2% 

bfi *- 

lv.? F.w-&r &4-fi,'h,, 
'( i- 

,.;t, ce J m * ( L &  
u u d L ;  

VI. Endogenous viruses e+' !,ill& + -& f 

'esenous viruses 

chromosomal site of an endogenous murine 
et al., PNAS 72:906, 1975) -- - 

PNAS 73:1260, 1976).  

ruses : the RD-114 story 

The baboon virus and the origin of man (Benveniste & Todaro, 
- 

independently regulated oncogenes? 

(Stehelin et al., Nature -- -- 
tt -- et al., - Cell, in press, 1977; Spector 
Varmus et s., ICN-UCLA Symposium IV, 



Table 1 

RNA subun i t  

Probable  genes 

V i r a l  p r o t e i n s  

ASV - 
6 3 . 3  x 10 

MSV ALV (or  t d  ASV) - 
6 1.. 9 x 10 6 2.8 x 10  

eaa 
src (?) 

same as ASV ? 
(Found as 
pseudotype of 
MLV) 

MuLV - 
6 3 x 10 

B i o l o p i c a l  e f f e c t  Leukosis 
-- i n  v ivo  Sarcomas o t h e r  tumors Car comas Leukemias 

Plaques" (some r i b r o b l a s t  C e l l  Fusion B io log ica l  Assay F ib rob la s t  I 1  

Transformation s t r a i n s )  Transformation (XC c e l l s )  

Table 2 

Biology of p r i n c i p a l  avian v i r u s e s  

Virus  

nd ASV 

Permi s s ive Non-Permissive 
(Avian) C e  11 I (Mammal i an Ce 11 

T+ R+ T+ R-7  
t d  ASV ( o r  ALV) (src-) T- R+ T- .-)(no p a r t i c l e s )  

r d  ASV (env-) T+ R- T+ R- 
(non-infect ious p a r t i c l e s )  

t d  ASV + r d  ASV T+ R+ 
(phenotypic mixing) 

Table 3 

Biology of p r i n c i p a l  murine C-type v i r u s e s  

Virus  Permissive (Murine) C e l l  

MuLV ( t d )  T- R+ 

MSV ( r d )  T+ R- ( v ~ t  p-f;&) 

MSV + 

ASV = 
MSV = 
nd = 
t d  = 
rd  = 

1 

MuLV T+ R+ (phenotypic mixing) 

a v i a n  Sarcoma v i r u s ;  ALV = avian  l eukos i s  v i r u s  
murine sarcoma v i rus :  MuLV = murine leukemia v i r u s  
non de f c a c t  i ve  
t r a n s  f o rmzt ion  d e  €e c t i v e  
r e p l i c a t i o n  de fec t ive  



Table  4 

Host Range 

Chicken Type 

ASV env gene - 

- + + + +  
+ - + + +  
+ + - + +  
+ + + - +  
+ + + + -  
+ + + + +  

e.g. C/A = chicken ''bars" subgroup A v i r u s  
C/O = "bars" nothing 
+ = suscept ib le  

Table 5 

Host Range MuLV S t r a i n s  

C e l l  N-tropic B-tropic Xenotropic 

- - FV-c rl.! N I H  Swiss Mouse + 
i v  -I BALB/c Mouse - + - Lb 

Human Cells + 
I 



INFECTlON OF A PERMISSIVE HOST BY AVIAN SARCOMA VIRUS 

ABSORPTION AND PENETRATION SYNTHESIS OF RNA-DNA HYBRIDS 
AND DOUBLE-STRANDED VIRAL DNA 
IN CYTOPLASM (0-6 hours) 

4 4 

TRANSPORT OF VIRAL DNA 
TO THE NUCLEUS 

INTEGRATlON OF VIRAL DNA CIRCLES 
INTO THE HOST GENOME (9-24 hours1 

SYNTHESIS OF VIRUS-SPECIFIC RNA, 
ADDITION OF POLYADENYLATE, 
TRANSPORT TO CYTOPLASM A N D  RELEASE (after 24 hours) 
[after 18 hours1 

SYNTHESIS OF VIRAL PROTEIN I N  POLYSOMES, 
CELL TRANSFORMATION, VIRAL ASSEMBLY 
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