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We determined the sites of synthesis of avian sarcoma virus-specific proteins in
infected chicken cells by immunoprecipitation of the products synthesized in vitro
by free and membrane-bound polyribosomes; 85% of Pr76, the precursor of the
viral internal structural proteins (group-specific antigens), was synthesized on
free polyribosomes, and 15% was synthesized on membrane-bound polyribosomes.
Pr92, the glycosylated precursor of the viral glycoproteins (gp85 and gp35), was
synthesized exclusively on membrane-bound polyribosomes, which is consistent
with its role as a membrane protein. When we investigated the site of synthesis
of pp6Osrc, the product of the avian sarcoma virus src gene, we found that 90% was
synthesized on free polyribosomes, whereas 10% was detected on membrane-
bound polyribosomes. The implications of these results with respect to the
subcellular location of pp60src are discussed.

The genome of avian sarcoma virus (ASV)
consists of a single-stranded 38S RNA molecule
having a molecular weight of about 3.4 x 106.
Shortly after infection of susceptible chicken
cells by this virus, a double-stranded DNA copy
of the RNA genome is synthesized by the virion-
associated reverse transcriptase and becomes
integrated into the host cell genome. This inte-
grated proviral DNA then serves as a template
for virus-specific messages, which in turn are
translated into the viral proteins (1, 33).
The following four genes are generally recog-

nized as being on the viral genome: a gag gene
for the viral internal structural proteins, a pol
gene for the reverse transcriptase, an env gene
for the viral glycoprotein, and an src gene, which
is required for the transformation of cells in vitro
and tumor production in vivo. The gene order
has been established as 5'-gag-pol-env-src-
poly(A)-3' (36).
The group-specific antigens are synthesized as

a high-molecular-weight precursor polypeptide
Pr76 (molecular weight, 76,000), which is cleaved
to form the mature internal structural proteins
(34). The 38S RNA species can serve as a mes-
sage for Pr76 (26, 29, 35). The polymerase pro-
tein is apparently synthesized as a 180,000-dal-
ton readthrough product of the gag and pol
genes (Prl80). The message for Prl80 is also
present in the virions as a 38S RNA species (24,
25, 29).

In infected cells, one can identify a 92,000-
dalton glycosylated polypeptide (Pr92), which is
subsequently modified to form Pr90 (5, 10, 16);
after insertion into the plasma membrane, it is

acquired by the virus during the course of bud-
ding from the cell. This precursor is finally
cleaved extracellularly into the mature forms of
the viral glycoproteins gp85 and gp35, which are
linked by disulfide bonds (16, 22). Recently, an
unglycosylated precursor of Pr92 has been iden-
tified in infected cells as a 62,000-dalton poly-
peptide (8, 32). The active message for the env
gene may be a 28S polyadenylylated RNA spe-
cies which contains both env and src gene se-
quences (13, 37).
The product of the ASV src gene has been

identified as a 60,000-dalton polypeptide
(pp6Osrc), which can be translated from a 21S
polyadenylylated subgenomic fragment of viral
RNA, as well as from 21S polyadenylic acid-
containing RNA from ASV-infected chicken
cells (3,28,29; Purchio and Erikson, unpublished
data).

Initial studies in our laboratory on the intra-
cellular location of pp60src indicated that this
protein is present primarily in the cytoplasm of
ASV-infected cells (4). These observations were
based on radio-immunoprecipitation of pp60src
from detergent-fractionated cells, as well as on
immunofluorescent staining of fixed cells.
Rohrschneider also reported a cytoplasmic lo-
cation of pp60src in ASV-infected chicken and
rat cells, based on immunofluorescent tech-
niques (31). Lee et al. examined the distribution
of ASV-specific mRNA's in infected chicken
cells and found that essentially all of the src
message was associated with free polyribosomes,
suggesting that pp6Osrc is not a membrane pro-
tein (19).
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However, an association of pp6Osrc with mem-
branes has been reported. Using electron micro-
scopic immunocytochemistry, Willingham et al.
reported that pp6OSrc was concentrated on the
inner portion of the plasma membrane (38).
Experiments by Kamine and Buchanan indi-
cated that a small 2,000-dalton segment could be
cleaved from pp6oSrc which was synthesized in
vitro by dog microsomes, suggesting that nascent
pp6Osre was thus associated with membrane-
bound polyribosomes (15). More recently, Krue-
ger et al. fractionated cell lysates by differential
centrifugation and found that pp60src cosedi-
mented with cellular membranes (17).
As an alternative approach for determining

the intracellular location of pp6Osrc, we investi-
gated the site of synthesis of virus-specific poly-
peptides in infected chicken cells by immuno-
precipitation of the products synthesized in vitro
by free and membrane-bound polyribosomes,
using antibodies against various viral proteins.
Our results indicate that Pr76, Prl80, and
pp60src are synthesized mostly on free polyribo-
somes, whereas Pr92 is synthesized exclusively
on membrane-bound polyribosomes.

MATERIALS AND METHODS
Cells and virus. Chicken embryo fibroblasts were

prepared from 11-day-old embryos (Spafas, Inc.,
Roanoke, Ill.). The viruses used in these studies in-
cluded the Schmidt-Ruppin strain of ASV, subgroup
D (SRD) (originally obtained from J. Wyke), and
Rous-associated virus 2 (RAV-2).

Production of antisera. Tumor-bearing rabbit
(TBR) serum was obtained from New Zealand rabbits
in which tumors had been produced by injection of
purified Schmidt-Ruppin ASV, as previously de-
scribed (3). Monospecific antibody against the virion
internal structural protein p27 was prepared by inject-
ing rabbits with p27 purified by sodium dodecyl sulfate
gel electrophoresis. Antibody against gp85 was the
generous gift of D. Bolognesi.
Polyribosome preparation. Cells were lysed in

10 mM Tris (pH 7.2)-1.5 mM MgCl2-15 mM KCl by
Dounce homogenization, and sucrose was then added
to 30%. Nuclei were removed by centrifugation at 1,000
x g for 5 min, and the supernatants were fractionated
on discontinuous sucrose gradients, as described by
Morrison and Lodish (23). The pellet was taken as the
free polyribosomes; the material between the 65 and
45% sucrose layers was taken as the membrane-bound
polyribosomes and was further concentrated by cen-
trifugation at 100,000 x g for 1.5 h in a Beckman SW41
rotor. The free and membrane-bound polyribosomes
were suspended in 0.01 M Tris-1.5 mM MgCl2 and
used immediately for in vitro synthesis.
RNA preparation. Subgenomic polyadenylylated

RNA was prepared from virions as described previ-
ously (29). RNA was extracted from membrane-bound
polyribosomes three times with phenol-chloroform-
isoamyl alcohol and chromatographed twice on oligo-
deoxythymidylic acid-cellulose, as described previ-
ously (29).

Cell-free synthesis. mRNA-dependent reticulo-
cyte lysates were prepared as described previously
(27). The reaction was carried out in a volume of 50
IL, and the reaction mixture contained 100 mM KCl,
20mM Tris-hydrochloride (pH 7.4), 2 mM magnesium
acetate, 6 mM 2-mercaptoethanol, 1 mM ATP, 0.1
mM GTP, 2 mg of creatinine phosphate per ml, 0.2
mg of creatinine phosphokinase per ml, unlabeled
amino acids (200,M) minus methionine, 25 ,uCi of
[:5S]methionine (1,000 Ci/mmol; Amersham), 20,IM
hemin, 2 lag of wheat germ tRNA, and either 0.3 ,ug of
mRNA, 10 ll of free polyribosomes (absorbance at 260
nm, 54), or 10 ul of membrane-bound polyribosomes
(absorbance at 260 nm, 63). The cell-free products
were immunoprecipitated as described elsewhere (28),
analyzed on sodium dodecyl sulfate-polyacrylamide
gels (18), and fluorographed as described previously
(6).

RESULTS
Immunoprecipitation ofproducts synthe-

sized by free and membrane-bound polyri-
bosomes from RAV-2-infected chicken
cells. To investigate the sites of synthesis of
viral proteins in infected cells, polyribosomes
were added directly to a messenger-dependent
reticulocyte cell-free system. As a control, we
first looked at the distribution of synthesis of
viral proteins on free and membrane-bound pol-
yribosomes from RAV-2-infected chicken cells.
RAV-2 is a nontransforming leukosis virus
whose genome consists of the gag, pol, and env
genes. Figure 1A shows a polyacrylamide gel
analysis of the polypeptides programmed by free
and membrane-bound polyribosomes in our cell-
free system; the molecular weights of the in vitro
products ranged from 20,000 to 200,000. Immu-
noprecipitation of these products with monospe-
cific antibody against p27 and subsequent poly-
acrylamide gel analysis indicated that the pre-
dominant immune-specific protein was Pr76, the
product of the gag gene and the precursor of the
viral internal structural proteins (Fig. 1B). We
found that approximately 87% of Pr76 was syn-
thesized on free polyribosomes and 13% was
synthesized on membrane-bound polyribo-
somes. A small amount of Prl80, the joint prod-
uct of the gag and pol genes, was also present in
Fig. 1B, track 2.
A polyacrylamide gel analysis of the products

synthesized in vitro and immunoprecipitated by
antibody against the viral glycoprotein (anti-
gp85 serum) is shown in Fig. 1C and D. A small
amount of Pr76 was precipitated from the poly-
peptides synthesized by free polyribosomes due
to some cross-reactivity of the serum with gag
determinants (Fig. 1C, track 2). When we pre-
cipitated the products synthesized by the mem-
brane-bound polyribosomes, we observed a dif-
fuse immune-speciflc band with a molecular
weight of 92,000 (Fig. 1D, track 3) which co-
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FIG. 1. Immunoprecipitation of viral structural polypeptides synthesized by free and membrane-bound

polyribosomes from RA V-2-infected chicken cells. (A) Free and membrane-boundpolyribosomes were isolated
from RAV-2-infected chicken cells. The products synthesized in vitro by these polyribosomes in message-
dependent reticulocyte lysates were subjected to polyacrylamide gel electrophoresis. Track 1, Lysate plus free
polyribosomes; track 2, lysate plus membrane-bound polyribosomes; track 3, Pr76 marker obtained by
translation ofRAV-2 virion 35S RNA. (B) The products made in vitro, as shown in (A), by membrane-bound
and free polyribosomes were immunoprecipitated with monospecific antiserum against p27 and analyzed by
polyacrylamide gel electrophoresis. Track 1, Free polyribosomes plus normal rabbit serum; track 2, free
polyribosomes plus anti-p27 serum; track 3, membrane-bound polyribosomes plus normal rabbit serum; track
4, membrane-bound polyribosomes plus anti-p27 serum; track 5, RAV-2 Pr76 marker. (C and D) Analysis of
products synthesized in vitro by membrane-bound and free polyribosomes, as shown in (A), and immunopre-
cipitated with anti-gp85 serum. (C) Track 1, Free polyribosomes plus normal rabbit serum; track 2, free
polyribosomes plus anti-gp85 serum. (D) Track 1, Pr76 marker; track 2, membrane-bound polyribosomes plus
normal rabbit serum; track 3, membrane-bound polyribosomes plus anti-gp85 serum; track 4, lysate from
[35S]methionine-labeled RAV-2-infected chicken cells plus normal rabbit serum; track 5, lysate from [35S]-
methionine-labeled RA V-2-infected chicken cells plus anti-gp85 serum.

electrophoresed with a 92,000-dalton polypep-
tide immunoprecipitated directly from RAV-2-
infected chicken cells (Fig. 1D, track 5). This
92,000-dalton band has been identified as the
glycosylated precursor of gp85 and gp35, the two
viral glycoproteins (5, 10, 16). We found that
essentially all of the detectable Pr92 was synthe-
sized by membrane-bound polyribosomes; no

Pr92 was synthesized by free polyribosomes.
Immunoprecipitation of polypeptides

synthesized by free and membrane-bound
polyribosomes from ASV-transformed
chicken cells with anti-p27 and anti-gp85
sera. A direct polyacrylamide gel analysis of the
polypeptides synthesized by free and membrane-
bound polyribosomes showed a complex pattern
which was similar to that shown in Fig. 1A.
Immunoprecipitation of these products with
anti-p27 antibody indicated that the majority of
Pr76 was synthesized on free polyribosomes,
whereas a small amount was made on mem-

brane-bound polyribosomes (Fig. 2A).
When anti-gp85 serum was used to immuno-

precipitate the cell-free products, we again found
that some Pr76 was precipitated from the prod-
ucts synthesized by the free polyribosomes; how-
ever, the major immune-specific polypeptide
precipitated by anti-gp85 serum migrated as a

diffuse band slightly slower than the Pr92 pre-

cipitated from SRD-infected chicken cells (Fig.
2B, tracks 5 and 7). This band was found only
among the products synthesized by membrane-
bound polyribosomes. The reason for the slight
difference in electrophoretic mobilities between
the in vivo and in vitro polypeptides may be due
to differences in glycosylation which occur in
vivo and in vitro. No Pr92 was synthesized by
free polyribosomes; these results agree exactly
with our observations on polyribosomes from
RAV-2-infected chicken cells.
Immunoprecipitation of viral polypep-

tides from products programmed in vitro
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FIG. 2. Immunoprecipitation of viral structural polypeptides synthesized by free and membrane-bound

polyribosomes from SRD-transformed chicken cells. (A) The products made in vitro by membrane-bound and
free polyribosomes which were isolated from SRD-transformed chicken cells were immunoprecipitated with
anti-p27 serum and analyzed by polyacrylamide gel electrophoresis. Track 1, Free polyribosomes plus normal
rabbit serum; track 2, free polyribosomes plus anti-p27 serum; track 3, membrane-bound polyribosomes plus
normal rabbit serum; track 4, membrane-bound polyribosomes plus anti-p27 serum; track 5, pp60Or' marker
obtained by translation of virion 21S polyadenylated subgenomic RNA fragments (29). (B) Analysis of the
products made in vitro by free and membrane-bound polyribosomes and immunoprecipitated with anti-gp85
serum. Track 1, pp6Orc and Pr76 marker; track 2, free polyribosomes plus normal rabbit serum; track 3, free
polyribosomes plus anti-gp85 serum; track 4, membrane-bound polyribosomes plus normal rabbit serum; track
5, membrane-bound polyribosomes plus anti-gp85 serum; track 6, lysate from [3"S]methionine-labeled SRD-
infected chicken cells plus normal rabbit serum; track 7, extract from [3"S]methionine-labeled SRD-infected
chicken cells plus anti-gp85 serum.

by polyadenylic acid-containing RNA iso-
lated from membrane-bound polyribo-
somes. The synthesis of Pr92 in vitro presum-
ably results from the completion of polypeptides
already initiated in vivo and from glycosylation
by enzymes associated with the membrane-
bound polyribosomal fraction. If this were the
case, then translation of the mRNA's in this
fraction should result in the synthesis of an
unglycosylated precursor of Pr92, which could
also be recognized by the anti-gp85 serum.
Therefore, we isolated membrane-bound poly-
ribosomes, extracted the polyadenylic acid-con-
taining RNA, translated it in a reticulocyte cell-
free system, and immunoprecipitated the prod-
ucts with anti-gp85 serum. Polyacrylamide gel
analysis of the immunoprecipitates is shown in
Fig. 3. The predominant immune-specific band
was Pr76; no Pr92 was observed. However, a
new band was detected, which had a molecular
weight of 64,000 (Fig. 3, track 3) and was missing
from the products synthesized in vitro by mem-
brane-bound polyribosomes (Fig. 2B, track 5).
The markers used in Fig. 3, track 1, came from

an in vitro translation programmed by a mixture

of 39S, 28S, and 21 S polyadenylated subgenomic
virion RNAs. The 39S species programs the
synthesis of Pr76, whereas the 21S fragment
serves as the message for pp6osrc (25, 29, 35).
The 64,000-dalton band in Fig. 3, track 1, was
programmed by 28S polyadenylated subgenomic
ASV RNA and co-electrophoresed with the
64,000-dalton polypeptide precipitated by anti-
gp serum from the cell-free products pro-
grammed by polyadenylated RNA isolated from
membrane-bound polyribosomes. We now have
evidence that the 64,000-dalton polypeptide
translated from 28S subgenomic viral RNA is
indeed the unglycosylated precursor of Pr92 (P.
Enrietto, A. F. Purchio, and R. L. Erickson,
manuscript in preparation).

In the immunoprecipitation shown in Fig. 3,
Pr76 was more heavily labeled than Pr64,
whereas in Fig. 2B, track 5, Pr76 was barely
detectable. This is because the antiserum used
was raised against gp85 and is much less reactive
toward unglycosylated Pr64. In addition, as
judged by reverse transcriptase assays, viral
cores and particles in the process of budding
from cells concentrate on the 65% sucrose pad,
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FIG. 3. Immunoprecipitation of products pro-
grammed in vitro by polyadenylylated RNA from
membrane-bound polyribosomes, using anti-gp85 se-

rum. Polyadenylic acid-containingRNA waspurified
from membrane-boundpolyribosomes and translated
in a message-dependent reticulocyte cell-free system.
Theproducts oftranslation were immunoprecipitated
with normal rabbit serum (track 2) or anti-gp85 serum
(track 3) and analyzed on 10% polyacrylamide gels.
Track 1 shows Pr76, pp60Jfr, and 64,000-dalton
marker proteins obtained from the in vitro transla-
tion of 39S, 28S, and 21S polyadenylylated subgen-
omic RNAs, which were isolated from purified SRD
virions.

along with the membrane-bound polyribosomes
(unpublished data); these particles would not
have contributed to the products synthesized in
vitro when polyribosomes were used in cell-free
synthesis, but would have released their genomic
RNA during sodium dodecyl sulfate-phenol ex-

tractions, thereby increasing the amount of Pr76
synthesized in the reticulocyte lysate when the
RNA was used to program cell-free synthesis.
Immunoprecipitation of cell-free prod-

ucts by using TBR serum. Figure 4A shows
an immunoprecipitation of the products synthe-
sized by free and membrane-bound polyribo-
somes isolated from SRD-infected chicken cells

when TBR serum was used. TBR serum con-

tains antibody against the virion group-specific
antigens, polymerase, and glycoprotein, as well
as against pp6Osrc (2). TBR serum precipitates
Pr76 from the products synthesized by both free
and membrane-bound polyribosomes in the
same ratio as does anti-p27 serum; Prl80 can
also be seen in Fig. 4A, track 3. The membrane-
bound polyribosomes also synthesized a diffuse
high-molecular-weight band which was specifi-
cally precipitated by TBR serum and migrated
just behind Pr92 which was obtained from SRD-
infected chicken cells (Fig. 4A, track 5). This
band was absent from the proteins precipitated
from the in vitro products synthesized by free
polyribosomes and presumably represented the
glycosylated precursor of the viral glycoproteins.
These results are the same as the results ob-
tained with anti-P27 and anti-gp85 sera (Fig. 2).

In addition to Pr76, Pr92, and Prl80, TBR
serum also precipitated pp6Osrc from the proteins
synthesized by free polyribosomes and a small
amount of pp6)src from the products synthesized
by membrane-bound polyribosomes (Fig. 4A,
tracks 3 and 5). To more clearly demonstrate
the immunoprecipitation of pp6Osrc, we incu-
bated the TBR serum with disrupted virus be-
fore the addition of the labeled in vitro products.
This procedure blocked the precipitation of es-
sentially all of the viral structural proteins but
did not decrease the intensity of the pp6..src band
(Fig. 4B).
Quantitation of Pr76, Pr92, and pp6Our(

synthesized on free and membrane-bound
polyribosomes. To quantitate the amounts of
the viral proteins synthesized on free and mem-
brane-bound polyribosomes, we immunoprecip-
itated equal amounts of trichloroacetic acid-pre-
cipitable material from each in vitro synthesis
with TBR serum and fractionated the precipi-
tates on polyacrylamide gels. The appropriate
bands were located by autoradiography, excised
from the gel, and counted. The supernatants
were re-precipitated to assure that there was an
excess of antibody. Table 1 shows the averages
of two independent determinations; 85% of Pr76
was synthesized on free polyribosomes, whereas
15% was made on membrane-bound polyribo-
somes. Pr92 was synthesized exclusively on
membrane-bound polyribosomes; 90% of p60src
was made on free polyribosomes, whereas 10%
was detected among the in vitro products syn-
thesized by membrane-bound polyribosomes.

DISCUSSION
In this work we investigated the sites of syn-

thesis of virus-specific proteins in ASV-infected
chicken cells with regard to their locations on
free and membrane-bound polyribosomes. The

VOL. 35, 1980
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FIG. 4. Immunoprecipitation ofproducts synthesized in vitro by free and membrane-bound polyribosomes,
using TBR serum. (A) The products made in vitro by free and membrane-bound polyribosomes were
immunoprecipitated with TBR serum and analyzed on 10%o polyacrylamide gels. Track 1, Pr76 and pp6Osr(
marker proteins; track 2, free polyribosomes plus normal rabbit serum; track 3, free polyribosomes plus TBR
serum; track 4, membrane-bound polyribosomes plus normal rabbit serum; track 5, membrane-bound polyri-
bosomes + TBR serum. SRD-infected chicken cells were labeled with [3'S]methionine; lysates were prepared
and immunoprecipitated with normal rabbit serum (track 6) or anti-gp85 serum (track 7). (B) TBR serum (3
,ul) was incubated with 125 ug of Nonidet P-40-disrupted virus for 30 min at 37°C. This blocked serum was
then used to immunoprecipitate theproducts made in vitro by free and membrane-bound polyribosomes which
were isolated from SRD-infected chicken cells. Track 1, pp6Or' marker; track 2, free polyribosomes plus
normal rabbit serum; track 3, free polyribosomes plus blocked TBR serum; track 4, membrane-bound
polyribosomes plus normal rabbit serum; track 5, membrane-bound polyribosomes plus blocked TBR serum.

TABLE 1. Quantitation of viral proteins synthesized
on free and membrane-bound polyribosomesa

Radioactivity (cpm) % of total

Protein Mem- Mem-
Free brane Free brane

bound bound

Pr76 155,400 27,500 86 14
Pr92 Undetectable 2,500 0 100
pp60src 3,960 450 90 10
a The products synthesized in vitro by free and

membrane-bound polyribosomes were precipitated by
using anti-p27, anti-gp85, and TBR sera and fraction-
ated on 10% polyacrylamide gels. The appropriate
bands were located by autoradiography, excised from
the gel, and counted directly with a Packard liquid
scintillation counter. The number of counts precipi-
tated by normal rabbit serum was subtracted in each
case as background. These results represent averages
of two independent determinations; all supernatants
were reprecipitated with the appropriate antiserum to
assure that there was an excess of antibody.

majority of Pr76 (85%), the precursor of the viral
intemal structural proteins (34), was synthesized
on free polyribosomes; approximately 15% of

Pr76 was synthesized on membrane-bound pol-
yribosomes. Although one normally thinks of
Pr76 as a cytoplasmic protein, there have been
reports that some Pr76 in cells is membrane
associated (9). There may be two populations of
Pr76 synthesized in infected cells, some of which
is destined for transport to the membrane. Al-
ternatively, some of these polyribosomes may
attach to membranes during rupture of the cells.
Prl80, the joint product of the gag andpol genes
(24, 25, 29), was observed only in the products
synthesized by free polyribosomes.
The major polypeptide precipitated by anti-

gp85 serum migrated as a diffuse band with a
molecular weight of about 92,000 (Fig. 1D and
2B) and was observed exclusively among the
products synthesized in vitro by membrane-
bound polyribosomes. In the case of RAV-2-
infected chicken cells, the Pr92 synthesized in
vitro comigrated with Pr92 immunoprecipitated
from cells labeled with [35S]methionine in vivo.
In the case of ASV-transformed chicken cells,
the Pr92 synthesized in vitro migrated slightly
slower than the Pr92 labeled in vivo; this was
most likely due to different glycosylation events

J. VIROL.
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occurring in vitro and in vivo.
We also purified polyadenylated RNA from

the membrane-bound polyribosomes, translated
it in a reticulocyte cell-free system, and exam-
ined the products immunoprecipitable with anti-
gp85 serum. No Pr92 was observed; instead, a
new 64,000-dalton band appeared (Fig. 3), which
was absent from the immunoprecipitates of the
products synthesized in vitro by membrane-
bound polyribosomes. Presumably, the glycosy-
lating enzymes were removed during the process
of phenol extraction, and the 64,000-dalton poly-
peptide represented the unglycosylated precur-
sor of Pr92. Such a polypeptide has been iden-
tified in vivo (8, 32), and we now have evidence
from the translation of virion 28S polyadenyla-
ted subgenomic RNA that the 64,000-dalton pro-
tein is related to Pr92 (Enrietto et al., manu-
script in preparation).

There is evidence that membrane-bound pol-
yribosomes are the site of synthesis of proteins
which are secreted from cells or are inserted into
the plasma membrane (12, 14, 30). Our obser-
vation that Pr92 is synthesized only on mem-
brane-bound polyribosomes agrees well with the
idea that the ASV glycoprotein is localized in
the plasma membrane. These results parallel
those of Morrison and Lodish, who found the
mRNA which codes for the vesicular stomatitis
virus glycoprotein exclusively on membrane-
bound polyribosomes (23).
When we studied the site of synthesis of

pp60src, we found that 90% of this molecule was
synthesized on free polyribosomes. Since pro-
teins which remain in the cell sap are usually
synthesized on free polyribosomes (12, 14, 30),
this result is in agreement with previous obser-
vations, suggesting that pp6Osr, is primarily a
cytoplasmic protein (4, 19, 31).
The significance of the 10% of pp6Osrc which

was synthesized on membrane-bound polyribo-
somes is uncertain at this time. As mentioned
above, a portion of these polyribosomes may
attach nonspecifically to membranes during cell
rupture, or the membrane-bound polyribosome
preparation may be slightly contaminated with
free polyribosomes. It is interesting to note that
Morrison and Lodish found that the mRNA's
which code for vesicular stomatitis virus non-
membrane proteins were located in both the
membrane and free polyribosomal fractions (23).
These authors suggested that only those pro-
teins which are destined to become membrane
bound (Pr62) may be able to be located with
absolute specificity.

Recently, Willingham et al. determined that
pp6Osrc is located on the inner surface of the
plasma membrane at the electron microscopic
level by using the ferritin bridge procedure (38).

Krueger et al. also reported an association be-
tween pp6Osrc and membranes by showing that
pp6.src fractionated with plasma membranes
upon differential centrifugation of cell lysates
(17). Although the results presented here suggest
that pp6Osrc is not made on structures usually
associated with the synthesis of membrane pro-
teins, it must be recalled that the synthesis of
membrane proteins on free polyribosomes has
indeed been described previously (20, 21). It is
still possible that a portion of pp6Osrc may be-
come attached to the plasma membrane after
translation. Further experiments to determine
the subcellular location of pp60src, as well as the
site of action of the pp60sr-associated protein
kinase (7, 11), are in progress.
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