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A, A brief history of RNA tumor virology:
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"The molecular biology of tumor viruses", 9“3
Ed. J. Tooze, Cold Spring Harbor Laboratory (1973).

RNA TUMOR VIRUSES
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(Gross, Oncogenic Viruses, Permogon Press, 1970)

X
B. Morphology and chemistry of virus particles (Table 1)@ - g Ct bud)
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C. Definitions of biological behavior/in vitrof (Tables 2 & 3)

--—transformation and focus assay ® p’“’if‘, - (L» G

---permissive ves. non-permissive cells (% SVYio)
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B. The basis for the provyirug hypothesis (Temln,B H.m, Science
sy b, DRASLe et 192:1075, 1976; Temin, PNAS 69:1016, 1972). -
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/ Adv. Virus Res. 17:129, 1972; Sarngadharan, M.G., Allaudeen,
Vs H.S. and Gallo, R.C., Methods in Cancer Research 7:426, 1976;
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ASY s also forthcoming reviews by Verma, Taylor, and Weinberg in
A BBA Reviews in Cancer, 1977).
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| -=—is reverse transcriptase a viral gene product?
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i:u;: ek _ R Drost & Baltimore, Nature 251:27, 1974) and
~ (au]\ifé‘“ ™ deletion mutants (Hanafusa et al., Science
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(1) physical structure, three enzymatic activities,
templates, and primers
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1o prpet ~ 100" beore, (3) problems posed by the natural template: primer

VSMTR__——————“"‘_ AGY o kasel 17— LR (Taylor et E_l.:; ICN-UCLA Symposium IV, p. 161,
TP ELT rihes = Spet 1976; Haseltine & Baltimore, ICN-UCLA Symposium
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~-—-""'short stop'" DNA (for sequence, see

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

pramepm ~ ---the "transcriptional leap"
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~--terminal redundancy

x\_;'z/——(/_ ) —-——making full length c¢DNA (Rothenberg &
KK B —eghwiy  Baltimore, J. Virol. 21:168, 1977)
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—---how does reverse transcriptase work in vivo?
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— T synthesis in the cytoplasm (Varmus et al.,
PNAS 71:3874, 1974)
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< 253:507, 1975 and J. Mol. Biol.
106:337, 1976)
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E. Transcription of proviral DNA to RNA

--~is an integrated template required? <F'
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~--what is/are primary transcript(s)? (see below, IV)
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F. Translation, assembly, budding of virus, transformation
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The Vviral genome

Definition of its structure:
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physicochemical analysis: subunits

and low molecular WEight RNA'S
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, et al., J. Virol, 16:397, 1975)
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Ravkse Billeter et al., PNAS 71:3560, 1974)
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primer (see above, II C)
D. Genes and their definition
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translation in vitro (see below, IV B)
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~--genetic recombination (Kawai & Hanafusa, Virology 49:37, 1972;
om i Bernstein et al., Virology 70:206, 1976)
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F CM,)&\.{ wt -
— ; 4y et al., PNAS 73:3952, 1976)
—r 7 5“:77“/ - P ’ ASY < D¥) ¢t RNV
~ . . NIk
- A ks e mngp ~--heteroduplex mapping (Junghans et al., PNAS, in press) g 1kh
+ Src ¥ UM Covn nerm- (000 bpae, ’/::—-——-—\:_..“Q
L doticw B sk et ---restriction endonuclease mapping (Shank et al., unpublished) 4

€ pl P C x RAV-B —> g‘twb:f

S(f:TS —— le‘fl‘\'\'te Cw\,_f.\‘((

$re + - 4 ) $o - deoe { Corgunn donts,.
L v C B C { FAL RNy
f‘{ b g wl ut teny 2. Goce - fece D it ForoA,
?49 P~ r‘17-2 2.0 2 fooe —coce  CSGlan 01(7—»»&‘
£y FE

5y {

D —

“w

| .
e e R e B -y !




a&\ -~ ?,v")v/U,
v - 32%
IV. Gene expression and regulation / .éd:/t" - /{f
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A, Problems in permissive cells: differing amounts of gene products
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M"f ~--size and sequence composition of viral RNA's (Bishop et al.,
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Cell 9:579, 1976)

--~analysis of products of tramslation in vivo and in vitro
(Vogt et al., J. Mol. Biol. 96:471, 1975; Pawson e et al.,
J. Virol. 19 950, 1976; Oppermann et al., unDubllshed)

Yt o B
A e
The tentative model: precedents and problems Surﬁjw«l« gheva A Yo 285

- .NOCL—C—C&. SRl
DZZ&K 'ié\"}‘S et D* Blocks to viral gene expression in non-permissive cells f
- ik
256 vk 1 176 K& > o b gy
i) U ‘*E’ Hughs 439 g
s M.“% 2% % e mechanisms of reversion (Frankel et al., Science 191;1264,
bzfs] - l—-- "”"L“ 1976; Deng et al., Virology 76:313, 1977 65:522, 1974)
t 4{ S'*c ton } Sve. gEnc
AN
e ‘l_ 7,@4,.,{"'; Codl u‘-l-u«fk.,“& -0 a/‘l—a&\
- F. A model for study of hormone action: glucocorticoids regulate n/
'vmwmm{luma e dd, the rate of synthesis of MMIV RNA (Young et al., J. Virol. 0‘5’71‘_
(/—AVM +Lﬁ\f Rw’I‘vI\NA 21 139, 1977; Ringold et al., submitted to pNAS) (va)
7 gresithi o, Zw f:u»vku. Ui -”*Zl j Pami e ————
Pt rate lLLﬁL\a( bl . )
CHLE ki ,}ag;//! Transfgmlng genes nel - g &ﬁmxm
ento ?ch r-ﬂuq?
A. Definition and functions of the avian src gene e g T ;.Ju)

w,mwwwmwﬂ Ut "4 et flad

Asi: {,577/,1,,1” oy B. Manifestations of transformation of fibroblasts by the srec gene:

o\msaﬁm
conAw&PT 3¢ =-growth, morpholgglcal and surface changes
§ L i . ]
fr R"}/ML {&:f;m x ~dissolution ;f/(yto:. eleton (microfilaments, microtubules)
o Fabadin (Wang & GoldWerg, PNAS 73:4065, 1976; Edelman & Yahara PNAS

7,.,44&47&5&00‘”\- 73:2047, 1976; Ash et et al., PNAS 473 :3603, 1976)
@ _,w{x:t jcleoe ] oK tml “(( T * -— m" L‘?ﬁy‘wq"

[V TRV

C. The transforming gene prevents differentiation of myoblasts
(Holtzer et al., PNAS 72:4051, 1975)
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D. The transforming gene activates transcription of embryonic

globin genes (Groudine & Weintraub, PNAS 72:4464, 1975) oo
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€ oot ‘4411 W,g? n MA-.,(A//’.

V?/t//ﬂ M::,ﬁzﬂ,,_'g Wﬂfl—\—‘-) ‘ZW“*@\

virus (ghattopadhyay et al., PNAS 72:906, 1975)
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Table 1

ASV ALV (or td ASV)
. 6 6
RNA subunit 3.3 x 10 2,8 x 10
Probable genes gag gag
pol pol
env env
src
Viral proteins » gp85, gp37 same as ASV
RT (a<B)
p27, pl9, pl5
pl2, plo
Biological effect Leukosis,
in wvivo Sarcomas other tumors
Biological Assay Fibroblast "Plaques" (some
Transformation strains)
Table 2
Biology of principal avian viruses
Virus Permissive
—==us (Avian) Cell
nd ASV T R
td ASV (or ALV) (src’) T R
rd ASV (env ) T+ R
(non-infectious particles)
td ASV + rd ASV T R

Table 3

(phenotypic mixing)

Biology of principal murine C-type viruses

Virus Permissive (Murine) Cell

MuLV (td) Y

MSV (rd) R (e pent vlo)

MSV + MuLV T Rf (phenotypic mixing)
ASV = avian sarcoma virus; ALV = agvian leukosis virus

MSV =

nd = non defective v

td = transformation defective
rd = replication defective

Msv

1.9 x 10

gag
sre (?)

2
(Found as

pseudotype of
MLV)

Carcomas

ribroblast
Transformation

MuLV

3 x10

gag
pol
env

gp70, gp45
RT (1 subunit)

p30, 459, pl5
p15(E), pl2, pl0

Leukemias

Cell Fusion
(XC cells)

Non-Permissive
{Mammalian) Cell

+ -
v R
- R-
R

(no particles)

T = Aremsfrton

<

Ro= et et

murine sarcoma virus; MuLV = murine leukemia virus



Table 4

Host Range ASV env gene

Chicken Type

1>
Te)
=
j

c/A
C/B
c/c
c/D
C/E
c/0

+ 4+
+4+++ 0+
+4++ 1+ +
+ 401+ ++
+ 04+ + o+

e.g. C/A
c/o
+

chicken "bars" subgroup A virus
"bars" nothing
susceptible

Table 5

Host Range MuLlV Strains

Cell N-tropic B-tropic Xenotropic

na

Fu= NIH Swiss Mouse + - -
R
Fv -t BALB/c¢ Mouse - + -

Human Cells - - +
b

_ n
Fv-i - - —

R " RAS‘(S(ZLL«.L{ Jﬂ%lw
lju -4 CL‘.A,MW ﬂ—



INFECTION 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)

INTEGRATION OF VIRAL DNA CIRCLES

TRANSPORT OF VIRAL DNA
INTO THE HOST GENOME (9—24 hours)

TO THE NUCLEUS

\

'SYNTHESIS OF VIRUS-SPECIFIC RNA, SYNTHESIS OF VIRAL PROTEIN IN POLYSOMES,
ADDITION OF POLYADENYLATE, CELL TRANSFORMATION, VIRAL ASSEMBLY

TRANSPORT TO CYTOPLASM AND RELEASE ([after 24 hours)

[after 18 hours)
Moo Py = W R L WS
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