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A, A brief history of RNA tumor virology:
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Tumor Virus Minicourse
Harold E. Varmus, M.D.

/Cb)(“‘yr‘Wj
G )>4—:~—vf’
i
=% po
Y

"The molecular biology of tumor viruses", 93
Ed. J. Tooze, Cold Spring Harbor Laboratory (1973).

RNA TUMOR VIRUSES
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prehensive Treatise 2:3-48 (1975).
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2:91-130 {(1975).
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Temin, H.M., "Mechanism of cell transformation by
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Ellerman and Bang & ALV
«— Rous and RSV (A<v)
Bittner and MMTV

Gross and MulV

[

(Gross, Oncogenic Viruses, Permogon Press, 1970)
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B.  Morphology and chemistry of virus particles (Table 1)@ C- g (4 bug)
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C. Definitions of biological behaviorf_i_rl vitro] (Tables 2 & 3)
»

-——transformation and focus assay T"-w-» r el

---permissive vs. non-permissive cells (c_i_ SVyo)
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---replication-defective and transformation-defective ox

viruses \
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A. Absorption and penetration: surface determinants of host
range ~ cell receptors and virus envelope glycoproteins (Tables 4 & 5)
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B. The basis for the &%%??dg “'I(;t 'e’?'fs ”('f"&m} H.ﬁ‘:, Science
192:1075, 1976; Temin, PNAS 69:1d16, 1972). _
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——-Inhibitor experiments

N . RS
(—"  —--BUdR sensitizes the viral genome to light (Boettiger &
Q“I'J(*M] 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., Methods in Cancer Research 7:426, 1976;
Green & Gerard, Progress in Nucleic Acid Res. 14:188, 1974;
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e < +preced or virion associated polymerases

also forthcoming reviews by Verma, Taylor, and Weinberg in
BBA Reviews in Cancer, 1977).

——-direct demonstration of viral DNA in infected cells:
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H—:.M 3 -nucleic acid hybridization (Neiman, Science
: 178:750, 1972)
s uils 4% [ 3 . —-transfection (Hill & Hillova, Virology 49:
e N Y P (L e 309, 1972)
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--—-is reverse transcriptase a viral gene product?

ety Mate "Ef,.jf:{z«.“») -~early coordinate ts mutants (Verma, Mason,
— i‘;‘;‘ ety R Drost & Baltimore, Nature 251:27, 1974) and
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deletion mutants (Hanafusa et al., Science

Y — @ 177:1188, 1972)
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' rv"*‘“""' 106" b, (3) problems posed by the natural template: primer
(Taylor et al., ICN-UCLA Symposium IV, p. 161,
1976; Haseltine & Baltimore, ICN-UCLA Symposium

TRy~ AGP  fo kskel 17— ERNA

TP R v iy ~ - Srftf
- f&mrrp__“?m_mf v, p. 175, 1976)
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_ + pen Sbiend] ~--location of the primer near the 5' end
' i ; ms«.buuu{] - 7 \ :
e %) P ‘%&W‘“‘Hﬁ. -—=""short stop" DNA (for sequence, see
% Shine et al., and Maxam et al., PNAS,
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in press 1977)

—--the "transcriptional leap"

framse (hile T Forming Trotige)
: . 3 s € M = TA Mgt 4}
- AT oy Dl - e -6) ---terminal redundancy
CuL) O
Feewr Al LZJ;:\{./" ) ——-making full length cDNA (Rothenberg &
RN, R e i Baltimore, J. Virol. 21:168, 1977)
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—--how does reverse transcriptase work in vivo?
\ (57 (L.~ Pew Gopid, <Al with hybudtinctns

~ Lels - synthesis in the cytoplasm (Varmus et al.,
@ o P AT AT A PNAS 71:3874, 1974)
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IS 'éM ) ' Forms of DNA: permuted linear with fragmented
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' S e e to* b nucleus (Guntaka etal., Nature
< DNA o o e 253:507, 1975 and J. Mol. Biol.
. v 106:337, 1976)
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o st TS D i ﬁ‘H( Lilly & Pincus, Adv. Canc. Res. 17:231, 1973) i'l‘able 5}
: i . ] ——

VSV pseudotypes reveal intracellular block
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_~¢1~,_~§]f~‘~ < M§V (utvlh) (Huang et al., J. Virol. 12:659, 1973)
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E. Transcription of proviral DNA to RNA

[F
--~is an integrated template required? <
e A.I“\U A J\:w\a-aat'h'-\. F"I‘J
i TwREE -—-host RNA pol 1T is i
i VI w2 polymerase is responsible (Rymo et al., PNAS
£V 71:2782, 1974)

~-—-what is/are primary transcript(s)? (see below, IV)
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F. Translation, assembly, budding of virus, transformation
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e ITI. The viral genome

A, Definition of its structure: physicochemical analysis: subunits

and low molecular weight REA's
’“Z/( Aprvvinn £, B
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— - Aty electron microscopy shows 5'-5'
+ tgdr x linkage of subunits (Bender &
PR x Davidson, Cell 7:595, 1976; Kung

et al., J. Virol. 16:397, 1975)
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N B. The subunits are identical: Tl oligonucleotide fingerprinting
¢ {ASLI ¢ f\w 9. Dﬂﬂ, P v x (Beeman et al., PNAS 71:4254, 19743
e X« G T = Compianloy < Billeter et al., PNAS 71:3560, 1974)
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Ledbnpe? =X G, Additional structural features: poly(A) at 3' end (Wang & Duesberg,
J. Virol. 14:1515, 1974); capped 5'
8" ppelig e A e nn Pe end (7mGppmepCp———) (Furuichi
et al., Nature 257:618, 1975);
primer (see above, II C)

D. Genes and their definition

--=pol (see above) — 13 wfrong - oo ek
"‘%?\ structinwt proes

xx ——-8agt “ts mutants (Hunter et al., Virology 69:35, 1976) and
translation in vitro (see below, IV B)

pre
~=—env: deletlon mutants (Kawai & Hanafusa, PNAS 70:3493, 1973)
host range determinants (Table 4)

faa g 2ees
---grc: ts and deletion mutants (Martin, Nature 277:1021, 1970;
A= b+x RAAL (6. Vogt, Vlrologz 46:939, 1971)
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E. Mapping
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--—genetic recombination (Kawai & Hanafusa, Virology 49:37, 1972,
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BT 6 6T 500 ~ gurgis bomuce om il Bernstein et al., Virology 70:206, 1976)
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—

AV v ¢ RNV

A
- Ak Leks e nog ~---heteroduplex mapping (Junghans et al., PNAS, in press) ; b

Ikb
+ Src &y DiC Cormnen~ /00 brac,
L dstanc B prsrrnd ggebie ‘““'d“ -—-restr;ctlon e;d(;:\ucleas(? mapping (Shank et al., unpubllshed} IJ
RAV-B l‘?ﬂw‘ﬂ_f 2 3 = PiiiRweg o elaiyg
- Gl el ox = G pe T8 Conele
$ e <+ - o< ) Sto - Lteoc {Cgu\f“ Verts,
: B ., ’ ™ v
FalY C g C { FAY. P vu
f"{ ot wl Lt tony 2 boce - beco Declivicck Forcn,
7"9 P17‘/ f17“ 2 270 ») fuie —tCete Cstrb by, Uw-z—.,ﬁ‘
[ T
, ”{ y Ir
N -



2, 3w/
Lo - ¥
IV. Gene expression and regulation ”‘ it
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A, Problems in permissive cells: differing amounts of gene products

f"”“g“‘l‘"« (Tee *‘j‘i N internal cistrons
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— ] # ---size and sequence composition of viral RNA's (Bishop et al.,
A IR e ICN-UCLA Symposium VI, p. 1, 1976; Weiss, Baker et al.,
silety - A unpublished )
ex~ gl
\ .(S I ) ~—-immunoprecipitation of polyribosomes {(Mueller-Lantzsch and Fan,
'3~ Cell 9:579, 1976)
% \ --~analysis of products of translation in vivo and in vitro
(Vogt et al., J. Mol. Biol. 96:471, 1975; Pawson e et al.
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J. Virol. 19 950 19"6 Oppermann et al., um:ubllshed)
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A. Definition and fuactions of the avian src gene
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s {,577/,1,,1” i B. Manifestations of transformation of fibroblasts by the src gene:
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A Myesin
Con Artept X ~-growth, morpholgglcal and surface changes
SRAl s M 23, 3¢ g
e SRAB Ll &&:Iry: X ~dissolution ;f/(to:. eleton (microfilaments, microtubules)
o Fabadin (Wang & GoldWerg, PNAS 73:4065, 1976; Edelman & Yahara PNAS
7 buc ™ ¢7fc5u¢rm. 73:2047, 1976; Ash et et al., PNAS 73:3603, 1976)
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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) y Zi
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a A. The evidence for the oncogene-virogene hypothesis (Todaro & Huebner
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Mk oV o PNAS 73:1260, 1976). .
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Table 1

ASV ALV (or td ASV) MSV MulV
6 6 6 6
RNA subunit 3.3 x 10 2.8 x 10 1.9 x 10 3 x10
Probable genes gag gag gag gag
pol pol src (?) pol
env env env
src
Viral proteins » gp85, gp3l7 same as ASV ? gp70, gp4s
RT (a<B) (Found as RT (l_ggbunit)
p27, pl9, pl5 pseudotype of p30, g9, pl5
pl2, plo MLV) p15(E), pl2, plo
Biological effect Leukosis,
in vivo Sarcomas other tumors Carcomas Leukenias
Biological Assay Fibroblast "Plaques" (some ribroblast Cell Fusion
Transformation strains) Transformation (XC cells)
Table 2
Biology of principal avian viruses
Virus Permissive Non-Permissive
—_ (Avian) Cell {Mammalian) Cell
nd ASV T R 5 R
td ASV (or ALV) (src ) T ﬁ+ T~ R~ {(no particles)
rd ASV (env ) T R ™}
(non-infectious particles)
td ASV + rd ASV ™ K
(phenotypic mixing) ,T.? 'trmvvff L Y
Table 3 R o= sl

Biology of principal murine C-type viruses

Virus Permissive (Murine) Cell
- _+
MuLV (td) T R
MSV (xd) " R (MPM[{,@,)
MSV + MuLV T R (phenotypic mixing)
ASV = avian sarcoma viruys; ALV = avian leukosis virus
MSV = murine sarcoma virus; MuLV = murine leukemia virus
nd = non defectcive
td = transformation defective
rd = replication defective



Table 4

Host Range ASV env gene

Chicken Type A B C D E

Cc/A - + o+ + +

C/B + -+ + +

c/c + + - + +

C/D + o+ o+ - +

C/E + + 0+ + -

c/o + + o+ + +

e.g. C/A = chicken "bars" subgroup A virus
C/0 = "bars" nothing
+ = susceptible

Table 5

Host Range MuLV Strains

Cell N-tropic B-tropic Xenotropic
Fuae™ NIH Swiss Mouse + - -
_ b
Fy~t BALB/c¢ Mouse - + -

Human Cells - - +
_ b
Fu-i - — —
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INFECTION OF A PERMISSIVE HOST BY AVIAN SARCOMA VIRUS

(®

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

INTEGRATION OF VIRAL DNA CIRCLES

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

TO THE NUCLEUS

T

NS

S_YNTHESIS 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 s & T aetdn A IOy el



ERNA 1 Eufs Eee RY Ry

Gungs 1
hnCWPG.PCP_/___g%._I_l . P_Q‘ f enyv \l/ t sre 4 ._._;(n}‘ IJOH 31

Mutetiing: * : r—o—o P ELEE o GARCo]—— AP
mRNA% ARy ‘3SS°

Al N P UV VTS § 13
\l' A S W VY I 1T

reballe 1° : pr 76 / \I pr 20 ) _-__’!_ L

1;?:1% l A .l(,“k) \L |

weprodvlls: o1q p27, pls,}épn. A (bsSK) 3?9‘@3?37) Waknwon

lh&Tl;nS: COI'C fO"’t;n’ R’Ucﬁe fun“n'fé“ aw‘.«e ‘V\.ch‘Tf.h + "dt.u +¢'\d“¢'(

| AnT\ . stre ¥ Trons formalinn
4ems, asse (-8) - t:éf&;:m oof Eb“ T

PNAbmln’ (pra

klebes. 12— 9 8 7 & 5 4 3 2 o

gl U ! 1 1 ! i \ 1 1 KX

CIRUCTURE AMD  FUNCTIN OF THE AVIRN SARCGOMA YRVS GENOME



