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Sensitive radioimmunoassays were developed for avian type C viral gag gene-
coded proteins. These assays were used to examine the restriction to virus
production by avian embryo cells and mammalian cells transformed by avian
sarcoma viruses. The results indicate that although a high-molecular-weight
primary translational product of the gag gene is expressed, its cleavage and
processing are incomplete. Furthermore, analysis of intermediate cleavage
products provided information regarding the order of sequences coding for the
individual viral proteins within the avian type C viral gag gene.

Studies of avian RNA tumor viruses have led
to the identification of four distinct regions of
the viral genome. These include genes coding
for the RNA-dependent DNA polymerase, the
envelope glycoprotein, and several lower-mo-
lecular-weight proteins synthesized in the form
of a common precursor (7, 28). These regions of
the viral genome have been designated poi,
env, and gag, respectively (2). A fourth viral
gene, src, has been implicated in malignant
transformation (8, 16, 19). The relative posi-
tions of the known structural genes from the 5'
to 3' end of the avian sarcoma virus genome
have tentatively been established as gag-pol-
env-src (15, 30 to 32).

Several approaches have been used to map
regions of the gag gene of type C RNA viruses
coding for individual viral structural proteins.
One technique that has been applied to studies
of avian type C viruses has been the use of
pulse-labeling experiments with pactamycin-
treated, virus-infected embryo cultures (9, 28,
29). The results of these studies have provided
suggestive evidence for the presence ofa 19,000-
molecular-weight protein (p19) at the amino-
terminal end of the avian type C viral gag gene
product and a 15,000-molecular-weight protein
(p15) at its carboxy terminus.
An approach used in mapping the mamma-

lian type C viral gag gene has involved the ap-
plication of competition immunoassays, specific
for individual viral proteins, to the analysis of
the components of the gag gene precursor pro-
tein and its intermediate cleavage products (3).

The possibility that the gag gene of avian type
C viruses might be mapped by an approach
analogous to that used for the mammalian type
C viral genome was suggested by the demon-
stration that certain chicken embryo cells (5, 6,
25), as well as several avian tumor virus-trans-
formed mammalian cell lines (9, 22), express
gag gene translational products in the absence
of infectious virus production. In the present
study, such cells were analyzed by competition
immunoassay for the presence ofgag gene pre-
cursor polypeptides and their intermediate
cleavage products in an attempt to order ge-
netic sequences coding for individual viral pro-
teins within the avian type C viral gag gene.

MATERIALS AND METHODS
Viruses. Avian myeloblastosis virus (AMV) in

chicken plasma, supplied by J. Beard, and the Pra-
gue strain of Rous sarcoma virus (Prague RSV),
from University Laboratories, were obtained
through the courtesy of J. Gruber, Office of Re-
sources and Logistics, National Cancer Institute.
Chicken embryos and avian sarcoma virus-trans-

formed cell lines. Leukosis-free chicken embryos
were obtained from SPAFAS Inc., Norwich, Conn.
Several RAV-0-positive chicken embryos (line 100)
were a gift of L. B. Crittenden, U.S. Department of
Agriculture Regional Poultry Research Laboratory,
East Lansing, Mich. A clonal Schmidt-Ruppin RSV-
transformed rat kidney cell line, SR-NRK, and the
XC cell line, originally derived from a Wistar rat
tumor induced with Prague RSV, have been de-
scribed (23, 27).

Preparation of cell extracts. Embryo cell extracts
were prepared by homogenization of minced 12-day
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whole embryos for 30 s in an equal volume of 0.01 M
Tris-hydrochloride (pH 7.8), 1 mM EDTA, 0.01 M
NaCl, 1 mM dithiothreitol, and 10% glycerol. Em-
bryo cell homogenates and tissue culture fibroblasts
resuspended in the same buffer were subjected to
sonic treatment for 30 s (Biosonic II sonic oscillator)
and centrifuged at 20,000 rpm for 30 min in a Beck-
man type 30 rotor. Post-microsomal supernatants
were tested for protein by the method of Lowry et al.
(18), divided into equal portions, and stored at
-700C.

Purification of viral proteins. Viral proteins were
purified from density gradient-purified AMV. Virus
was disrupted in 0.1 M Tris-hydrochloride (pH 9.0)
buffer containing 1.0% Triton X-100, sonically
treated for 30 s, and centrifuged at 20,000 rpm in a
Beckman type 30 rotor for 30 min. The process was
repeated, and the pooled supernatants were dialyzed
overnight against 200 volumes ofBET buffer [0.01 M
N,N-bis- (2-hydroxyethyl)-2-amino-ethanesulfonic
acid (pH 6.5), 0.001 M EDTA, and 0.5% Triton X-
100]. Solubilized proteins were applied to a phospho-
cellulose column (1.5 by 5 cm; Whatman P11, H.
Reeve Angel and Co., Clifton, N.J.) equilibrated
with BET. The column was washed with 50 ml of
BET, and 2-ml fractions of a 0.0 to 0.5 M linear KCl
gradient were collected. Individual viral structural
proteins were localized by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) or
competition radioimmunoassay as previously de-
scribed (4, 5, 13, 17, 20, 22, 26).
Unbound proteins in the wash containing pre-

dominantly p12 were lyophilized, resuspended in 0.2
ml of 0.05 M Tris-hydrochloride buffer (pH 8.5) con-
taining 0.01 M dithiothreitol, 0.002 M EDTA, and
8 M guanidine hydrochloride (GuHCl), applied to
an agarose A-0.5 (100 to 200 mesh) (Bio-Rad Prod-
ucts, Richmond, Calif.) column (1.5 by 90 cm), and
subjected to gel filtration in the presence of sodium
phosphate buffer (pH 6.5) containing 6 M GuHCl
and 0.01 M dithiothreitol. Fractions eluting at the
same molecular-weight regions as l25I-labeled AMV
p12 marker were dialyzed against Tris-hydrochlo-
ride buffer (pH 7.5) containing 0.01 M NaCl and
0.1% Triton X-100, divided into equal portions, and
stored under liquid nitrogen.

Proteins eluting from phosphocellulose between
0.01 and 0.05 M KCl were concentrated with a hol-
low fiber device (Bio-Rad Products) and subjected to
further purification by gel filtration on an Ultrogel
AcA 54 column (1.5 by 90 cm; LKB Products, Rock-
ville, Md.) in 0.01 M Tris-hydrochloride buffer (pH
7.5) containing 0.1 M NaCl and 0.1% Triton X-100.
Fractions co-chromatographing with an 125I-labeled
AMV p27 marker were divided into equal portions
and stored under liquid nitrogen. Viral p19 eluting
from the phosphocellulose column between 0.1 and
0.2 M KC1 was further purified by agarose gel fil-
tration in the presence of 6 M GuHCl as described
above for p12. Viral p15, eluting from phosphocellu-
lose between 0.2 and 0.4 M KCl, was dialyzed
against 0.01 M Tris-hydrochloride buffer (pH 8.5)
containing 0.001 M EDTA and 0.1% Triton X-100
and applied to a DEAE-cellulose column (1.5 by 5
cm; Whatman DE52) previously equilibrated with

the same buffer. The column was washed with the
same buffer, and p15 eluted in the wash fraction
while the major contaminants adhered to the col-
umn.

Radioimmunoassays. Viral proteins were labeled
with 125I (14 mCi/mol; Amersham/Searle, Arlington
Heights, Ill.) by the chloramine T method (12). Dou-
ble-antibody competition radioimmunoassays were
performed as described previously (23). Serial two-
fold dilutions of purified proteins, detergent-dis-
rupted virus, or tissue homogenates were tested for
the ability to compete with 125I-labeled viral proteins
for binding limiting amounts of porcine antisera
prepared against AMV proteins. Reaction mixtures
(0.2 ml) contained 0.01 M Tris-hydrochloride (pH
7.8), 0.4% Triton X-100, 0.001 M EDTA, 1% bovine
serum albumin, and either 0.05 M NaCl (p27 and
p12 immunoassays) or 0.3 M NaCl (p19 and p15
immunoassays). Unlabeled antigen and antisera
were incubated at 37°C for 1 h. 125I-labeled antigen
was added with incubation at 37°C for 3 h and then
at 4°C for 18 h. Goat antiserum against porcine
immunoglobulin G (0.025 ml) was then added to
each reaction. After incubation for 1 h at 37°C and
an additional 6 h at 4°C, the precipitate, obtained by
centrifugation at 2,500 x g for 15 min, was counted
in a gamma scintillation counter. All antisera were
generously provided by R. Wilsnack through the
Office of Resources and Logistics, National Cancer
Institute.

Agarose gel column chromatography. Cell ex-
tracts were analyzed by agarose gel filtration in the
presence of 6 M GuHCl according to previously de-
scribed procedures (10). Briefly, around 25 mg of cell
extract was lyophilized, resuspended in 0.2 ml of
0.05 M Tris-hydrochloride (pH 8.5), 0.01 M dithio-
threitol, 0.002 M EDTA, and 8 M GuHCl, and ap-
plied to an agarose A-5 column (1.5 by 90 cm) in the
presence of sodium phosphate (pH 6.5)-6 M GuHCl-
0.01 M dithiothreitol buffer. Fractions (0.5 ml) were
dialyzed for 18 h against 0.01 M Tris-hydrochloride
buffer (pH 7.8) containing 0.1% Triton X-100 and
tested at serial twofold dilutions in competition im-
munoassays for individual viral proteins.

RESULTS
Molecular-size analysis of type C viral anti-

gens expressed in RAV-0-positive chicken em-
bryo cells. The four avian tumor virus struc-
tural proteins isolated in the present study
were 125I-labeled by the chloramine T procedure
as described in Materials and Methods. Each
was shown by SDS-PAGE molecular-size anal-
ysis to exhibit a high degree of radiochemical
purity. Further, all four labeled antigens could
be over 90% precipitated by antibody to AMV,
but not by control sera prepared against type C
viruses of mammalian origin. Competition im-
munoassays developed by use of these 125I-la-
beled proteins were highly specific for each in-
dividual protein (data not shown). In initial
studies, embryo cells of line 100 chickens,
known to be constitutively positive for RAV-0
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TABLE 1. Type C viral antigen expression in chicken
embryos and avian tumor virus-transformed

mammalian cellsa

Level of viral protein (ng of anti-

Cells tested gen/mg of cell extract)

p27 p19 p15 p12

RAV-0-positive
chicken embryos

6091 1,230 1,040 800 700
6092 1,650 1,170 910 740
6093 995 700 560 450

SPAFAS embryo cells
7320 307 250 10 150
7321 40 35 <2 20
7322 250 155 <2 110
7324 490 340 <2 230

Mammalian fibro-
blast cultures

XC 85 60 50 40
SR-NRK 65 45 40 30
NRK <2 <3 <2 <0.5
a Extracts were prepared and assayed by serial twofold

dilutions in competition immunoassays for viral protein as
described in the text. The results represent mean values
from three separate determinations.

production, were tested by competition immu-
noassay for avian type C viral antigen expres-
sion. Each of three individual embryos exam-
ined expressed p27, p19, p15, and p12 at rela-
tively high levels (Table 1). Several extracts
were pooled and subjected to molecular-size
analysis by agarose gel filtration. The main
peaks of p27, p19, p15, and p12 antigenic re-
activity were observed at molecular weights of
27,000, 19,000, 15,000, and 12,000, respectively
(Fig. 1). A minor portion of the p19 antigenic
reactivity chromatographed at a molecular
weight of 15,000, consistent with an earlier re-
port of the breakdown of p19 into a 15,000-
dalton moiety (11).

Expression and molecular-size analysis of
type C virus-coded proteins in virus-negative
chicken (SPAFAS) embryo cells. In an at-
tempt to internally map the avian RNA tumor
virus gag gene, a number of randomly selected
virus-negative SPAFAS chicken embryos were
tested for viral antigen expression. The major-
ity of the embryos examined were characterized
by relatively high levels of p27, p19, and p12
(Table 1). In contrast, despite the similar sensi-
tivity of the immunoassay for pl5, three of the
four representative embryos shown lacked de-
tectable reactivity, whereas in the fourth em-
bryo the level of p15 expression was at least 15-
fold lower than that of the remaining gag gene
proteins. The detection of p15 in one embryo
was consistent with previous findings that
some SPAFAS embryos contain low levels of
immunologically reactive p15 (6). These find-
ings confirm and extend the previous results of

Smith et al. (22) demonstrating coordinate
expression of p27 and p19, in the absence of
detectable p15, in embryo cells of selected
inbred chickens.

In an effort to characterize intermediate
cleavage products of the gag gene-coded precur-
sor, several SPAFAS embryo extracts contain-
ing high levels of p27, p19, and p12 were pooled
and subjected to molecular-size analysis (Fig.
2). The absence of detectable p15 immunologi-
cal reactivity in partially purified column frac-
tions confirms the results obtained with crude
extracts, indicating noncoordinate gag gene

a
0
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FIG. 1. Molecular-size analysis of avian type C
viral antigen expressed in the RAV-0-positive line
100 chicken embryo cells. Twenty-five milligrams of
cell extract, prepared as described in the text, was
subjected to agarose gel filtration in the presence of6
M GuHCl (10). Fractions were tested at serial two-
fold dilutions as described in the text in competition
immunoassays for the following avian type C viral
proteins: (A) p27; (B) p19; (C) p15; and (D) p12.
Results are expressed as the percentages oftotal anti-
genic reactivity per fraction. Molecular-weight stan-
dards included tracer amounts of '251-labeled bovine
serum albumin (69,000), AMV p19 (19,000), and
AMV pl2 (12,000).
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2S'8'R' Molecular-size analysis of viral protein
expression in SR-NRK cells indicated that the

> o > extent of precursor protein cleavage was lim-
t t t t ited. A 75,000-molecular-weight precursor con-

20- A _ training antigenic reactivities of all four gag
proteins was detected (Fig. 3). In addition, in-
termediate precursor cleavage products of ap-O 10 - n proximately 35,000 to 40,000 daltons containing
reactivity for p12 and p27 and a 60,000-molecu-

___________1_______________ lar-weight intermediate cleavage product con-
H_ taining p27, p19, and p12 were observed. A less

.. 20 B _ pronounced peak containing p12 and p19 was
detected at a molecular weight of about 30,000.

2z 10 ffi _ These findings are consistent with the resultsI] obtained by analysis of viral antigen expression
Hr D > in SPAFAS chicken embryo cultures and, in

* _____I________________________.__ addition, provide evidence for the possibility
that p19 and p12 occupy adjacent positions

<4 within the primary translational product of the
gag gene. However, because of the minor na-

20 ' I §,I ,§
0 ai a~ 0

60 80 100 120 140 f f

Fraction Number 20

FIG. 2. Molecular-size analysis of avian type C
viral antigen expression in SPAFAS chicken embryo 10L
cells. Extracts were prepared, chromatographed, and
tested in competition immunoassays for (A) p27, (B)
p19, and (C) p12 as described in the legend to Fig. 1.

Z20W
expression in SPAFAS embryo cells. The re- B
mailing three gag-coded antigens were primar- _
ily detected in fractions eluting at high molecu- B 10
lar weight relative to standards. The highest--
molecular-weight component (60,000) competed > C
in immunoassays for p27, p19, and p12. In addi-
tion, a peak containing p12 and p27 in the 40 C
absence of p19 was detected at a molecular W

weight of 35,000 to 40,000. These results suggest cE
the terminal location ofp15 within the gag gene & 20
product and, in addition, indicate that p12 and c
p27 occupy adjacent positions. m-i r I

Analysis of virus-coded proteins and inter-
mediate cleavage products in avian sarcoma 20- D
virus-transformed mammalian cells. To fur-
ther study expression and to define the relative
order of the viral structural proteins within the 10
precursor protein, the above studies were ex-
tended to analysis of type C viral antigen __________,__
expression in mammalian cells nonproduc- 60 80 100 120 140
tively transformed by avian sarcoma viruses.
Analysis of the XC and SR-NRK cell lines indi- Fraction Number
catedrelativelyhigh levels.ofexpresl

FIG. 3. Molecular-size analysis of avian type C
cated relatively high levels of expression of all viral antigen expression in SR-NRK cells. Extracts
four gag gene products (Table 1). In contrast, a were prepared, chromatographed, and tested in com-
control culture of normal rat kidney cells lacked petition immunoassays for (A) p27, (B) p19, (C) p 5,
detectable reactivity in any of these assays. and (D) p12 as described in the legend to Fig. 1.
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ture of this latter peak, it is not possible on the
basis of this evidence alone to conclusively
establish this portion of the sequence.

DISCUSSION
It has previously been established that sev-

eral nonglycosylated avian type C viral struc-
tural proteins, synthesized in the form of a
high-molecular-weight precursor protein, are
coded by a viral gene designated as gag (2, 21,
28). In the present study, the gag gene-coded
precursor polypeptide was shown to include an-
tigenic reactivities corresponding to each of
four avian type C viral structural proteins, p27,
p19, p15, and p12. The virus-coded nature of
these proteins was indicated by the fact that
each was demonstrable in avian tumor virus-
transformed mammalian cells and by the find-
ing that sera from hamsters bearing avian sar-
coma virus-induced tumors contain antibodies
directed against all four proteins (unpublished
observations). The possible existence of a fifth
low-molecular-weight avian type C virus-coded
structural protein (p10) of 8,000 to 10,000 dal-
tons has been proposed (10). In the present
studies, the isolation of a 10,000-molecular-
weight protein immunochemically distinct
from the other viral proteins was not achieved
using either AMV or the Prague RSV. More-
over, the experimentally determined molecular
weights of the gag gene precursor and each of
the intermediate cleavage products detected
could be accounted for by their known gag gene
components.
The use of molecular-size analysis and ra-

dioimmunoassays provides an approach for the
localization of individual virus structural pro-
teins within precursor polypeptides (3, 24). The
location of p15 was deduced from an examina-
tion of its expression in avian cells. Embryo
cells of one particular line of inbred chickens
(line 6) were previously reported to lack p15
while expressing p27 and p19 (22). In the pres-
ent study, a number ofrandomly bred SPAFAS
embryos also were shown to express gag gene
proteins p27, p19, and p12 in the absence of
detectable p15. This situation would most likely
arise from a mutation located toward the 3' end
of the gag gene and hence the carboxy-terminal
end of the precursor protein. A terminal posi-
tion for p15 within the gag gene translational
product is further indicated by the isolation ofa
precursor from SPAFAS embryo cells contain-
ing p27, p19, and p12 in the absence of p15.
Immunological analysis of the avian gag

gene-coded 76,000-dalton precursor and its in-
termediate cleavage products provides a means
of further ordering the genetic sequences cod-

ing for viral structural proteins within the
avian RNA tumor virus gag gene. The isolation
from several types of avian virus antigen con-
taining cells of an approximately 40,000-molec-
ular-weight protein immunologically reactive
in competition immunoassays for both p12 and
p27 indicates that these two proteins occupy
adjacent positions within the gag gene product.
In addition, there was evidence of a less pro-
nounced peak containing immunological reac-
tivity of p19 and p12 at approximately 25,000 to
30,000 daltons, suggesting that p19 and p12 are
also adjacent. Earlier mapping studies, in
which immunoprecipitates prepared from
pulse-labeled and pactamycin-treated avian
type C virus-infected cells were analyzed, sug-
gested the localization of p19 at the amino-
terminal end, with p27 in the center and p15 at
the carboxy terminus of a 76,000-dalton precur-
sor (9, 28). The demonstration that, of the major
internal proteins of AMV and Prague strain
RSV, only p19 was found to have a blocked
amino terminus further suggests its location at
the amino-terminal end of the gag gene pri-
mary translational product (14). The avian
type C viral gag gene-coded precursor sequence
most consistent with the present as well as
previous (9, 29) results is NH2-p19-p12-p27-p15-
COOH. However, conclusive demonstration of
this sequence will require the isolation and de-
tailed characterization of each of the gag gene-
coded intermediate cleavage products.
The present findings have implications re-

garding the restriction to endogenous avian
leukosis virus expression in both virus antigen-
positive chicken embryo cells and avian sar-
coma virus-transformed mammalian cells. In
both cell types, post-translational cleavage of
the primary gag gene product was incomplete.
Moreover, leukosis virus-negative, SPAFAS
chicken embryo cells were shown to express
p19, p12, and p27 in the absence ofp15. The lack
of p15 immunological reactivity could be attrib-
utable either to a partial deletion of this region
of the genome or to a mutation in the viral
genome causing premature termination of
translation. The finding of defective cleavage of
RSV gag gene-coded polyprotein precursors in
nonproductively infected mammalian fibro-
blasts is consistent with a previous report by
Eisenman et al. (9) and argues for a cell-coded
origin of the cleavage enzymes. Furthermore,
the fact that the gag gene precursor in cells
productively infected with RAV-0 undergoes
complete post-translational cleavage argues
that the endogenous RAV-0 gag gene may code
for a defective precursor polyprotein that is not
recognized by the cellular cleavage enzymes.
This could result from amino acid substitutions
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in the primary structure of the precursor or,
alternatively, may be a consequence of confor-
mational changes resulting from the lack of
p15.

ACKNOWLEDGMENTS
We thank M. Barbacid for helpful discussions and Peggy

Williams for excellent technical assistance.
This research was supported in part by Public Health

Service contracts NOI-CO-25423 and NCI-3-73-3212 from
the Virus Cancer Program ofthe National Cancer Institute.

LITERATURE CITED
1. August, J. T., D. P. Bolognesi, E. Fleissner, R. V.

Gilden, and R. C. Nowinski. 1974. A proposed nomen-
clature for the vision proteins of oncogenic RNA vi-
ruses. Virology 60:595-601.

Baltimore, D. 1975. Tumor viruses. Cold Spring Harbor
Symp. Quant. Biol. 39:1187-1200.

3. Barbacid, M., J. R. Stephenson, and S. A. Aaronson.
1976. gag gene of mammalian type-C RNA tumour
viruses. Nature (London) 262:554-559.

4. Bolognesi, D. P., R. Ishizaki, G. Huper, T. C. Vana-
man, and R. E. Smith. 1975. Immunological proper-
ties of avian oncornavirus polypeptides. Virology
64:349-357.

5. Chen, J. H., and H. Hanafusa. 1974. Detection of a
protein of avian leukoviruses in uninfected chick cells
by radioimmunoassay. J. Virol. 13:340-346.

6. Chen, J. H., W. S. Hayward, and H. Hanafusa. 1974.
Avian tumor virus proteins and RNA in uninfected
chicken embryo cells. J. Virol. 14:1419-1429.

7. Duesberg, P. H., S. Kawai, L. H. Wang, P. K. Vogt, H.
M. Murphy, and H. Hanafusa. 1975. RNA of replica-
tion-defective strains of Rous sarcoma virus. Proc.
Natl. Acad. Sci. U.S.A. 72:1569-1573.

8. Duesberg, P. H., and P. K. Vogt. 1970. Differences
between the ribonucleic acids of transforming and
nontransforming avian tumor viruses. Proc. Natl.
Acad. Sci. U.S.A. 67:1673-1680.

9. Eisenman, R., V. M. Vogt, and H. Diggelmann. 1974.
Synthesis of avian RNA tumor virus structural pro-
teins. Cold Spring Harbor Symp. Quant. Biol.
39:1067-1075.

10. Fleissner, E. 1971. Chromotographic separation and
antigenic analysis of proteins of the oncornaviruses.
I. Avian leukemia sarcoma viruses. J. Virol. 8:778-
785.

11. Fletcher, P., R. C. Nowinski, E. Tress, and E.
Fleissner. 1975. Chromatographic separation and an-
tigenic analysis of proteins of the oncornaviruses. III.
Avian viral proteins with group-specific antigenicity.
Virology 64:358-366.

12. Greenwood, F. C., W. M. Hunter, and J. S. Glover.
1963. The preparation of '31I-labeled human growth
hormone of high specific activity. Biochem. J. 89:114-
123.

13. Hayman, M. J., and P. K. Vogt. 1976. Subgroup-specific
antigenic determinants of avian RNA tumor virus
structural proteins: analysis of virus recombinants.
Virology 73:373-380.

14. Herman, A. C., R. W. Green, D. P. Bolognesi, and T.
C. Vanaman. 1975. Comparative chemical properties
of avian oncornavirus polypeptides. Virology 64:339-
348.

TYPE C VIRAL gag GENE EXPRESSION

15. Joho, R. H., M. A. Billeter, and C. Weissmann. 1975.
Mapping of biological functions on RNA of avian
tumor viruses: location of regions required for trans-
formation and determination of host range. Proc.
Natl. Acad. Sci. U.S.A. 72:4772-4776.

16. Kawai, S., and H. Hanafusa. 1971. The effects of recip-
rocal changes in temperature on the transformed
state of cells infected with a Rous sarcoma virus
mutant. Virology 46:470-479.

17. Laemmli, U. K. 1970. Cleavage of structural proteins
during the assembly of the head of bacteriophage T4.
Nature (London) 227:680-685.

18. Lowry, 0. H., N. J. Rosebrough, A. L. Farr, and R. J.
Randall. 1951. Protein measurement with the Folin
phenol reagent. J. Biol. Chem. 193:265-275.

19. Martin, G. S. 1970. Rous sarcoma virus: a function
required for maintenance of the transformed state.
Nature (London) 227:1021-1023.

20. Pal, B. K., and P. Roy-Burman. 1975. Phosphoproteins:
structural components of oncornaviruses. J. Virol.
15:540-549.

21. Rohrschneider, J. M., H. Diggelmann, H. Ogura, R. R.
Friis, and H. Bauer. 1976. Defective cleavage of a
precursor polypeptide in a temperature-sensitive mu-
tant of avian sarcoma virus. Virology 75:177-187.

22. Smith, E. J., J. R. Stephenson, L. B. Crittenden, and S.
A. Aaronson. 1975. Avian leukosis-sarcoma virus
gene expression: noncoordinate control of group spe-
cific antigens in virus-negative avian cells. Virology
70:493-501.

23. Stephenson, J. R., E. J. Smith, L. B. Crittenden, and S.
A. Aaronson. 1975. Analysis of antigenic determi-
nants of structural polypeptides of avian type C tu-
mor viruses. J. Virol. 16:27-33.

24. Stephenson, J. R., S. R. Tronick, and S. A. Aaronson.
1975. Murine leukemia virus mutants with tempera-
ture-sensitive defects in precursor polypeptide cleav-
age. Cell 6:543-548.

25. Stephenson, J. R., R. Wilsnack, and S. A. Aaronson.
1973. Radioimmunoassays for avian C-type virus
group-specific antigen: detection in normal and virus-
transformed cells. J. Virol. 11:893-899.

26. Suni, J., A. Vaheri, and E. Ruoslahti. 1973. Radioim-
munoassay of avian RNA tumor virus group-specific
antigens. Intervirology 1:119-126.

27. Svoboda, J. 1960. Presence of chicken tumor virus in the
sarcoma of the adult rat inoculated after birth with
Rous sarcoma tissue. Nature (London) 186:980-981.

28. Vogt, V. M., and R. Eisenman. 1973. Identification of
a large polypeptide precursor of avian oncornavirus
proteins. Proc. Natl. Acad. Sci. U.S.A. 70:1734-1738.

29. Vogt, V. M., R. Eisenman, and H. Diggelmann. 1975.
Generation of avian myeloblastosis virus structural
proteins by proteolytic cleavage of a precursor poly-
peptide. J. Mol. Biol. 96:471-493.

30. Wang, L. H., P. Duesberg, K. Beemon, and P. K. Vogt.
1975. Mapping RNase T,-resistant oligonucleotides of
avian tumor virus RNAs. J. Virol. 16:1051-1070.

31. Wang, L. H., P. Duesberg, S. Kawai, and H. Hanafusa.
1976. Location of envelope-specific and sarcoma-spe-
cific oligonucleotides on RNA of Schmidt-Ruppin
Rous sarcoma virus. Proc. Natl. Acad. Sci. U.S.A.
73:447-451.

32. Wang, L. H., D. Galehouse, P. Meelon, P. Duesberg,
and W. S. Mason. 1976. Mapping oligonulceotides of
Rous sarcoma virus RNA that segregate with polym-
erase and group-specific antigen markers in recombi-
nants. Proc. Natl. Acad. Sci. U.S.A. 73:3952-3956.

79


