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Although a glycoprotein with an approximate molecular weight of 43,000 is
associated with purified virions of the Bryan high-titer strain of Rous sarcoma
virus propagated on R(-)Q cells, these virions lack gp85, the major glycoprotein
of the avian tumor virus envelope. As measured by immune precipitation with a
specific antiserum, gp85 does not accumulate to detectable levels in R(-)Q cells.

The Bryan high-titer strain of Rous sarcoma
virus (BH-RSV) is a defective virus that pos-
sesses the capacity to transform avian cells in
culture, but not to direct the synthesis of infec-
tious progeny virus (9, 10). Infectious pseudo-
types of BH-RSV can nevertheless be produced
by propagation of BH-RSV on chicken embryo
cells that are positive for the chick helper factor
(chf) (11, 17). The progeny virus, designated
BH-RSV(chf), has the same envelope properties
as the subgroup E endogenous leukosis virus
that can be rescued from chf( +) chicken embryo
cells. Because the BH-RSV that has been prop-
agated on chf(-) cells lacks gp85, the major
glycoprotein of avian tumor viruses, whereas
BH-RSV(chf) does not (14), and because the
expression of the subgroup E-specific form of
the viral glycoprotein is detectable in unin-
fected chf(+) but not chf(-) chicken embryo
cells (5, 8), it would follow that the synthesis of
this glycoprotein in BH-RSV-infected chf(+)
cells is specified by one or more genes of the
host cell rather than of the superinfecting vi-
rus.
Whereas the major envelope glycoprotein of

the infectious pseudotype BH-RSV(chf) is ap-
parently not coded for by the genome of BH-
RSV, it has not been established whether this
genome codes for a structurally related glyco-
protein that cannot be assembled into the viral
envelope, perhaps as a result of some defect.
Consistent with the possibility that no such
component is synthesized, however, is the ob-
servation that the 35S subunits of the RNA of
BH-RSV are smaller than those of nondefective
avian sarcoma viruses (2, 15). The smaller size
of the RNA may in turn reflect a deletion of
some or all ofthe genetic information coding for
the viral glycoprotein. An obvious corollary to

the deletion hypothesis would postulate the ab-
sence of structures related to gp85 in cells lack-
ing chf that are infected with BH-RSV.
Experiments described in this report were

undertaken to determine whether the synthesis
of gp85 proceeds in a helper-virus free line of
BH-RSV-infected quail embryo cells, desig-
nated R(-)Q (4). For this purpose, an antise-
rum elicited to the purified gp85 of the
subgroup C strain of Prague RSV, but reactive
with the gp85s of viruses from subgroups A
through E (5, 13), was used as a probe for the
detection and quantitation of viral glycoprotein
synthesis.

MATERIALS AND METHODS
Cells and viruses. The development of Japanese

quail cell lines infected with BH-RSV has been pre-
viously described (4, 12). These lines were obtained
from colonies arising from single infected cells in
soft-agar suspension culture. Two lines are in regu-
lar culture and have obtained passage levels of 280
and 86, respectively: (i) R(-)Q clone 3, which pro-
duces noninfectious BH-RSV [hereafter designated
BH-RSV(-)Q], and (ii) R(+)Q clone 4, which pro-
duces infectious BH-RSV(RAV-60), subgroup E
[hereafter designated BH-RSV(+)Q]. R(+)Q clone 4
is presumed to produce infectious virus as a conse-
quence of an initial superinfection with the helper
virus present in the original infecting stock. As a
standard subgroup E virus, BH-RSV(RAV-0) (16),
which had been propagated on quail embryo cells,
was employed as a marker in electrophoresis experi-
ments.

Radioactive labeling. To obtain isotopically la-
beled virus for subsequent structural analyses,
R(-)Q and R(+)Q cells, which had been transferred
2 days before and seeded at 4 x 106 cells per 100-mm
plastic culture dish, were labeled for 12 h in the
following medium: Eagle minimal essential me-
dium, 90% deficient in amino acids and lacking glu-
cose, but supplemented with 10 mM fructose as en-
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ergy source, 500 ,±Ci of [3H]glucosamine per ml (D-
[6 -3H]glucosamine hydrochloride; >10,000 mCi/
mmol; Amersham Buchler, GmbH, Braunschweig,
West Germany), and 50 1ACi of [14C]protein hydrol-
ysate per ml (Amersham Buchler, GmbH) as well
as 5% heat-inactivated calf serum.

For purposes of labeling cells to be lysed for im-
munoprecipitation, media either deficient for glu-
cose but supplemented with fructose and [3H]glu-
cosamine at 200 MCi/ml or deficient in amino acids
and supplemented with 200 ,uCi of [3H]protein hy-
drolysate per ml (Amersham Buchler, GmbH), were
employed. After a labeling interval of 12 h, plates
were washed three times with phosphate-buffered
saline and frozen at -70 C until the lysates were
prepared.

Purification of virus. (i) Supernatant fluids were
clarified by centrifugation in a Sorvall centrifuge at
6,000 rpm for 15 min. The virus was then pelleted by
centrifugation for 60 min at 35,000 rpm in a Spinco
SW50.1 rotor. The resultant pellet was gently sus-
pended in standard buffer (3) with a Bransonic 12
sonifier and layered on a 5-ml linear preformed gra-
dient of 24 to 48% sucrose (wt/wt). The virus was
then sedimented to equilibrium for 16 h at 40,000
rpm in a Spinco SW50.1 rotor. Virus was pelleted
out of sucrose solution by centrifugation for 90 min
at 25,000 rpm in a Spinco SW27 rotor. The proce-
dures of pelleting and sedimentation on sucrose gra-
dients were repeated two more times except that the
penultimate sedimentation on sucrose gradient was
for 2.5 h at 40,000 rpm in a Spinco SW50.1 rotor.

Analysis of the structural polypeptides of puri-
fled virions. The procedures followed for the recov-
ery, by phenol extraction, of the polypeptides of
purified radioactively labeled virions were as de-
scribed in Duesberg et al. (3). Viral polypeptides
were analyzed by electrophoresis on sodium dodecyl
sulfate (SDS) gels (5% acrylamide concentration)
(3); the methods of slicing of gels, as well as determi-
nation of radioactivity in individual slices, were as
described previously (7).

Isolation of gp85 from cell lysates. Cellular ly-
sates were prepared as described (6) except that 1%
(wt/vol) deoxycholate as well as 1% (vol/vol) Nonidet
P-40 were included in the lysing buffer which also
contained 0.15 M NaCl and 0.01 M Tris-hydrochlo-
ride, pH 8.1. Nuclei and large membranous frag-
ments were removed by centrifugation for 10 min at
12,000 rpm in a Sorvall centrifuge. For the detection
of cell-associated gp85, immune precipitation with
rabbit anti-gp85 serum was effected by the indirect
method as described previously (6). In certain exper-
iments, before precipitation with anti-gp85 serum, a
preprecipitate was formed in cell lysates by the ad-
dition of 20 ,.g of human serum albumin together
with an equivalence concentration of goat anti-albu-
min serum (purchased from Antibodies Incorpo-
rated, Davis, Calif.). This step was performed to
remove any labeled proteins that might adhere non-
specifically to an antigen-antibody lattice.

RESULTS
Analysis of viral structural polypeptides.

Particles ofBH-RSV(-)Q are noninfectious (4).
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By contrast, R(+)Q cells yield titers of the in-
fectious pseudotype, BH-RSV(+)Q, which are
of the order of 10c focus-forming units/ml when
supernatant fluids are assayed on avian cells
susceptible to infection with subgroup E virus
(unpublished observations). It has been previ-
ously reported that BH-RSV propagated on
chf(-) chicken embryo cells is noninfectious
(11) and, in addition, lacks the envelope glyco-
protein gp85 that is associated both with infec-
tious pseudotypes of BH-RSV and with nonde-
fective avian sarcoma viruses (14). To test if a
comparable structural difference obtained for
BH-RSV(-)Q and BH-RSV(+)Q, analyses of
the polypeptides of each virus were carried out.
For this purpose, R(-)Q and R(+)Q cells

were labeled with a mixture of [3H]glucosamine
and ['4C]amino acids. The virus released into
the media ofthe labeled cultures was then puri-
fied by a succession of equilibrium and velocity
sedimentations on sucrose gradients. The dou-
ble label was used to provide a means to di-
rectly compare the ratios of glycoprotein to to-
tal protein in the two virus preparations. The
profiles of the final equilibrium sedimentations
are shown in Fig. 1. As judged by the relative
amounts of [14C]amino acid label associated
with purified virions, R(-)Q cells produced
only about 40% of the amount of virus that was
produced by R(+)Q cells cultured under similar
conditions. The greater than twofold increase
in yield of physical particles from the R(+)Q
cells is presumed to reflect the replication in
these cells of RAV-60, which must then be pres-
ent in excess of BH-RSV(RAV-60) in superna-
tant fluids of R(+)Q cells.
The gradient patterns shown in Fig. 1 also

indicated that a significant level of glucosa-
mine label was associated with both virus prep-
arations although, as normalized to the
amounts of amino acid label, approximately
30% more glucosamine label was associated
with BH-RSV(+)Q. After their recovery by
phenol extraction, the viral polypeptides were
then resolved on SDS polyacrylamide gels. To
compare relative levels of glucosamine-labeled
proteins to amino acid-labeled proteins in the
two virus preparations, samples for electropho-
resis from each gradient were adjusted to con-
tain equal amounts of ['4C]amino acid radioac-
tivity. After electrophoresis of the polypeptides
of BH-RSV( +)Q, two major peaks of glucosa-
mine label corresponding to gp85 and gp37 were
detected (Fig. 2a).
With BH-RSV(-)Q, a small peak of amino

acid label (fractions 20 to 25, Fig. 2b) is de-
tected at a position on the gel comparable to the
position of the gp85 of the BH-RSV(+)Q; this
peak contains approximately 20% of the amino
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FIG. 1. Equilibrium sedimentations on sucrose

density gradients of (a) BH-RSV(+)Q labeled with
[3H]glucosamine and [WC]amino acids. (b) BH-
RSV(-)Q labeled with [3H]glucosamine and
['4C]amino acids. The peaks at fractions 6 corre-

spond to a density of 1.16 g/cm3.

acid label associated with the gp85 of BH-
RSV(+)Q (Fig. 2a). It is not known at present
whether this peak represents glycoprotein,
since the background of glucosamine label in
this region of the gel precludes identifying with
certainty any glucosamine moiety covalently
bound to the polypeptide. Nevertheless, these
structural analyses do indicate that, in compar-
ison with an infectious pseudotype, BH-
RSV(-)Q possesses little, if any, glycosylated
gp85.
The only clearly resolved peak of glucosa-

mine label detected in the electropherogram of
the polypeptides of BH-RSV(-)Q (fractions 36
to 45, Fig. 2b) had an electrophoretic mobility
slightly less than the gp37 of BH-RSV(+)Q.
Use of the viral glycoproteins (resolved in Fig.
2a) as molecular weight markers served to as-

sign an approximate molecular weight of 43,000
to this component, and so we have designated it
gp43. The origin of the low level of the glucosa-
mine label trailing the gp43 peak is not known.

J. VIROL.

As label is also detected between the two glyco-
protein peaks in the electropherogram of the
glucosamine-labeled BH-RSV(+)Q, the radio-
activity may represent cellular glycoprotein
which co-purifies with virus.
Expression of viral structural protein by

R(-)Q and R(+)Q cells. Experiments were
next undertaken to ascertain whether R(-)Q
cells express a moiety antigenically related to
gp85. To test for the presence of cross-reacting
material, immune precipitation was effected
with an anti-gp85 serum using a lysate of
cells that had been labeled with [3H]amino
acids.
No peak of label was detected co-migrating

with the ['4C]amino acid-labeled gp85 of BH-
RSV(RAV-0) virus that was co-electrophoresed
to serve as positional marker in the gel (Fig.
3b). The peaks designated al, a2, and a3 corre-
spond to the nonspecifically precipitating pro-
teins described previously (6); these peaks are
invariably detected when immune precipitates
(either specific or nonspecific) are formed in
lysates of infected or noninfected cells that had
been labeled with [PH]amino acids. By contrast,
a small but quantitatively significant peak of
label, representing approximately 0.05% of the
total trichloroacetic acid-precipitable counts/
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FIG. 2. Electrophoreses of (a) BH-RSV(+)Q re-

covered from fractions 5 to 7 of the gradient in Fig.
la. (b) BH-RSV(-)Q recovered from fractions 5 to 7
of the gradient in Fig. lb. The peaks migrating
ahead ofgp37 correspond to the viral internal poly-
peptides; the positions of the major internal polypep-
tide p27 are indicated.
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a against disrupted B77 avian sarcoma virus (un-
81 -published observations). The major viral inter-
; p27 nal polypeptide, p27, was approximately 50%

4 al 1 reduced in lysates of R(-)Q cells compared to
its level in lysates of R(+)Q cells. The isolation

:- Al qp85 | 4 of cell-associated viral polypeptides indicates
gP5

103 that lysates of R(-)Q cells are not in some
.i fl2 Jgeneral way refractory to the recovery by the

2 A.I technique of immune precipitation of viral.'\l ,.' i.. * 1 \ ~structural protein; this in turn strengthens the
argument that the absence of labeled gp85 in

%I_....... Am \-. immune precipitates reflects a lack of accumu-
N @ *elation of this glycoprotein.
X a2As is evident in Fig. 3, a relatively high
E 02.background of label is detected in the region of

ub 8- I the gel corresponding to the position of gp85
In ~ al when immune precipitates prepared from ly-

p27 sates of amino acid-labeled cells were analyzed.
l This label presumably represents cellular pro-

311 gp85 tein nonspecifically bound to the antigen-anti-
3- * | body lattice. In the electropherograms pre-.I \, asented here, formation of a preprecipitate of
2-I1 * . J albumin-antialbumin prior to the formation of

the anti-gp85 immune precipitate served to re-
-I . ; * . duce the background radioactivity relative to

I *..,,.~_~":'r~thebackground detected in anti-gp85 immune
... precipitates prepared by omitting the prepre-
102030 To 50 60 7 D capitation step. Nevertheless, it is apparentI0 20 30 4 50 6 7 that the remaining background would be suffi-

FRACTION (2mm) cient to obscure an amount of amino acid-la-
FIG. 3. Electrophoreses of anti-gp85 immune pre- beled gp85 in R(-)Q cells that is small relative

cipitates prepared with: (a) 106 trichloroacetic acid- to the level in R(+)Q cells. This consideration is
precipitable counts/min of a lysate of [3H]amino important in the context of viral protein syn-
acid-labeled R(+)Q cells. (b) 106 trichloroacetic acid-
precipitable counts/min of a lysate of [3H]amino thesis by R(-)Q cells sice, as already noted,
acid-labeled R(-)Q cells. Prior to specific precipita- the level of virus production by these cells is
tion, preprecipitates of albumin-antialbumin were reduced relative to the level of production by
formed in each lysate. ["Clamino acid-labeled BH- the superinfected cells.
RSV(RAV-0) was co-electrophoresed on each gel and As a more sensitive test for gp85 synthesis in
the positions of viral gp85 and p27 are indicated. R(-)Q cells, immune precipitates were pre-

pared from lysates of cells labeled with
min in the volume of lysate used for immune [3H]glucosamine. A peak of glucosamine-la-
precipitation, was detected co-migrating with beled gp85, representing approximately 0.45%
viral gp85 after electrophoresis of the anti-gp85 of the total trichloroacetic acid-precipitable
immune precipitate prepared from the lysate of counts/min subject to immune precipitation,
R(+)Q cells (Fig. 3a). This peak was not de- could be specifically precipitated from the ly-
tected when normal rabbit sera were substi- sate of the R(+)Q cells (Fig. 4a, comparison
tuted for the anti-gp85 serum (data not shown), with the normal rabbit sera control shown in
although, as expected, equivalent levels of Fig. 4c). No comparable moiety was resolved
peaks a1, a2, and a3 were detected. The specifi- when the anti-gp85 immune precipitate pre-
city of the immune precipitation and the co- pared from a lysate ofR(-)Q cells was analyzed
electrophoresis with viral gp85 therefore serve (Fig. 4b) although, as was the case in Fig. 4c, a
to identify this peak as gp85, whose synthesis minor peak was detectable co-migrating with
must have been induced by superinfecting with the gp85 marker. A minor peak was also re-
RAV-60 helper virus. solved, however, when the immune precipitate
Despite the nondetectability of amino acid- prepared with the lysate of R(-)Q cells and

labeled gp85 in lysates of R(-)Q cells, nongly- normal rabbit sera was analyzed (Fig. 4d), sug-
cosylated virion internal polypeptides could be gesting that the peak detected in Fig. 4b, 4c,
recovered from these lysates by immune precip- and 4d represented a glycoprotein that nonspe-
itation with an antiviral serum prepared cifically binds to an antigen-antibody lattice.

VOL. 18, 1976
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FIG. 4. Electrophoreses of (a) an anti-gp85 immune precipitate prepared with 106 trichloroacetic acid-
precipitable counts/min of a lysate of [3H]glucosamine-labeled R(+)Q cells. (b) An anti-gp85 immune
precipitate prepared with 106 trichloroacetic acid-precipitable counts/min of a lysate of [3H]glucosamine-
labeled R(-)Q cells. (c) The same as a, except normal rabbit sera were utilized. (d) The same as b, except
normal rabbit sera were utilized. (e) The same as a, except a preprecipitate of albumin-antialbumin was

formed prior to the anti-gp85 immune precipitate. (f) The same as b, except a preprecipitate of albumin-
antialbumin was formed prior to the anti-gp85 immune precipitate. ['4C]amino acid-labeled BH-RSV(RAV-
0) was co-electrophoresed on each gel, and the positions of viral gp85 and p27 are indicated.

Additional evidence for the lack of cross-reac-
tivity of this glycoprotein and gp85 followed
from the observation that formation ofa prepre-
cipitate of albumin-antialbumin served to clear
from the lysate of glucosamine-labeled R(-)Q
cells any detectable label that adhered to an

anti-gp85 precipitate and co-migrated with
viral gp85 (Fig. 4f). Formation of the prepre-
cipitate in the lysate ofthe glucosamine-labeled
R(+)Q cells, however, did not serve to reduce
significantly the level of labeled gp85 in the
anti-gp85 immune precipitate (Fig. 4e).

DISCUSSION
Recent electron microscopy observations

have indicated that BH-RSV(-)Q lacks at least
the greater part of the spikelike surface projec-
tions that are associated with nondefective
avian tumor virus (1, 12). As would be pre-
dicted from this result, resolution on SDS poly-
acrylamide gel of the polypeptides of BH-
RSV(-)Q showed a striking reduction in the

level of gp85 in comparison with the level of
gp85 associated with an infectious pseudotype.
We assume that the noninfectivity of BH-
RSV(-)Q is a consequence of this lack of gp85.
Whether the lack of gp85 on BH-RSV(-)Q is

absolute is as yet unknown; a polypeptide, mi-
grating with the approximate mobility of viral
gp85 but reduced in amount relative to the
polypeptidyl moiety of the gp85 of BH-
RSV(+)Q, was detected in the electrophero-
gram of the polypeptides of BH-RSV(-)Q. Lit-
tle, if any, glucosamine label is associated with
this component, however, so that if it is struc-
turally related to the gp85 of infectious avian
tumor virus then it is probably a non- or incom-
pletely glycosylated form of the latter. The ob-
servation that the component does not migrate
with the greater mobility expected for an in-
completely glycosylated form ofgp85 but rather
co-migrates with the gp85 of the infectious BH-
RSV(+)Q virus raises the possibility, however,
that the polypeptide is a nonvirus-related quail
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x
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cell protein that either binds to virions or co-
purifies unbound.
Also co-purifying with virions of BH-

RSV(-)Q is a glycoprotein which, on the basis
of its electrophoretic mobility on SDS gel, we
have designated gp43. The fact that gp43 was
not detected in the electropherogram of the
polypeptides ofBH-RSV(+)Q may indicate that
either the gp85 or gp37 that are coded for by the
genome of RAV-60 had a higher affinity than
gp43 for the same site on a virion substructure.
Alternatively, gp43 may be present in virions of
BH-RSV(RAV-60) though not in virions of
RAV-60. Since, in supernatant fluids of R(+)Q
cells, the latter is in excess of the former, the
peak of gp37 may obscure the peak of gp43 on
an SDS gel electropherogram of purified BH-
RSV(+)Q.

Glycoprotein gp43 may represent (i) a non-
virus-related quail cell glycoprotein that
contaminates preparations of purified BH-
RSV(-)Q, or (ii) a fragment of gp85 coded for
by the remnant of a partially deleted segment
of viral RNA that had once specified the syn-
thesis of gp85. Experiments in progress to ana-
lyze the antigenic composition of isolated gp43
may serve to distinguish these possibilities, al-
though the observation that gp43 was not spe-
cifically precipitated with anti-gp85 serum from
intracellular lysates of R(-)Q cells perhaps it-
self argues for no determinants common to both
gp43 and gp85.
To ascertain whether the lack of gp85 associ-

ated with virions of BH-RSV(-)Q derives from
an assembly defect or a biosynthetic lesion,
immune precipitation with an anti-gp85 serum
was used as a probe for the synthesis of gp85 in
R(-)Q cells. The results of these experiments
indicated that isotopically labeled gp85 did not
accumulate to detectable levels in R(-)Q cells
even though identical methods of analysis suf-
ficed for the detection of labeled gp85 in R(-)Q
cells superinfected with RAV-60. These find-
ings suggest that gp85 is not synthesized by
R(-)Q cells, but a number of qualifications
must attach to this interpretation of our
results.
One is the possibility that gp85 is synthesized

at a level below detection. Quantitation is par-
ticularly difficult with immune precipitates
prepared from lysates of amino acid-labeled
cells since a relatively high level ofbackground
label is invariably associated with these precip-
itates. Experiments with amino acid labeling,
nevertheless, suggested that synthesis of gp85
in R(-)Q cells does not occur. This interpreta-
tion was strengthened by the results obtained
with glucosamine labeling wherein the sensi-
tivity would have been sufficient to resolve a

peak of glucosamine-labeled gp85 containing
greater than 5 to 10% of the radioactivity asso-
ciated with the gp85 in the lysate of the super-
infected cells. Thus, if synthesis of glycosylated
gp85 does proceed in R(-)Q cells, the level of
synthesis must be of the order of 10-fold less
than the level that obtains in the RAV-60 su-
perinfected R(-)Q cells.
A second possibility that cannot presently be

excluded is that rapid catabolism of newly syn-
thesized gp85 (but not of the newly synthesized
virion internal polypeptides) proceeds in R(-)Q
cells and prevents accumulation. Since gp85
accumulation does occur in the R(+)Q cells,
this possibility seems unlikely, although one
could suppose that BH-RSV codes for a defec-
tive form of gp85 that is subject to rapid degra-
dation by a cellular protease. A similar line of
reasoning must also allow for the possibility
that BH-RSV codes for a form of gp85 that does
not possess antigenic determinants recognized
by the anti-gp85 serum. Antibodies in this se-
rum react with both the type-specific determi-
nants on the gp85 ofsubgroup C virus as well as
the group-specific determinants on the gp85 of
virus of all subgroups (5, 13). Any interaction
between the anti-gp85 serum and a putative
gp85 in R(-)Q cells would be expected to in-
volve the group-specific determinants. The na-
ture and number of these determinants on the
gp85 of nondefective virus are as yet unknown,
however, and, if they are not numerous, a rela-
tively minor alteration in amino acid sequence
or carbohydrate content associated with the
gp85 of BH-RSV(-)Q could result in its non-
recognition by the anti-gp85 serum.

It should be emphasized that the possibilities
of a greatly reduced level of cell-associated
gp85, or the specification of an atypical form
(one that is nonantigenic or highly susceptible
to proteolysis), still imply an anomalous pat-
tern of synthesis. The qualifications discussed
here assume special significance only in terms
of the predicted consequence of a model which,
based on the size of viral RNA, postulates that
BH-RSV represents a deletion mutant lacking
the genetic information coding for gp85 (2, 15).
Clearly any one ofthese qualifications is incom-
patible with such a model. At present, there-
fore, while we feel that the data presented here
strengthen the argument for the deletion hy-
pothesis, the point is still unresolved and will
likely remain so until methods for the transla-
tion in vitro of the full complement of viral
RNA become available.
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