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A glycoprotein designated pr9O, which is recognized by anti-gp85 serum, is
present in lysates of pulse-labeled transformed cells. Under chase conditions, a
reduction in the level of labeled pr9O is observed concomitant with the appear-
ance of labeled, cell-associated viral glycoprotein.

The major and minor glycoproteins of avian [3H]fucose label was detectable in gp85 rather
tumor virus, designated gp85 and gp37, respec- than in pr9O (Fig. 2b). Immune precipitates
tively, are disulfide-linked subunits of a virion prepared with both lysates and normal rabbit
substructure that is designated VGP (4). The sera yielded only background levels of radioac-
experiments described in this report were un- tivity in the region of pr9O and gp85 (data not
dertaken to analyze the pathway of VGP bio- shown). These results, taken together, indicate
synthesis. For this purpose, immune precipita- that pr9O is a glycoprotein that is significantly
tion with an antiserum raised to purified gp85 less fucosylated than gp85. As detailed in Fig.
(1) was used as a probe to detect intermediates 2, the pattern of carbohydrate labeling of pr9O
in the synthesis of viral glycoprotein. is qualitatively similar to that of the 110,000-

Figure la shows a sodium dodecyl sulfate molecular-weight glycoprotein that represents
(SDS)-gel electropherogram of an anti-gp85 im- a nonfucosylated precursor to the gp69/71 glyco-
mune precipitate formed with a lysate of protein of murine leukemia virus (5).
chicken embryo cells transformed with the B77 The possibility that pr90 represents a precur-
strain (subgroup C) of avian sarcoma virus. sor to one or both of the glycoproteins of B77
The cells had been pulse labeled for 10 min with virus was then tested by analyzing anti-gp85
[3S]methionine and immediately lysed. Under immune precipitates of pulse-chased B77-trans-
reducing conditions, a major peak of 35S label forned cells. These immune precipitates were
(designated pr9O) was resolved that migrated prepared using volumes of lysates adjusted to
with a lower electrophoretic mobility than the contain equal amounts of trichloroacetic acid-
peak of [3H]fucose-labeled viral gp85. pr9O was precipitable radioactivity. When a 10-min pulse
not detected, however, when normal rabbit label with [35S]methionine was followed by a
sera were substituted for anti-gp85 serum (Fig. 15-min chase with medium containing unla-
lb) or when the immune serum was reacted beled methionine, pr9O, but not gp85 or gp37,
with lysates of [35S]methionine pulse-labeled was detected (Fig. 3a). After a 1-h chase, a
noninfected cells (data not shown). As mea- minor fraction of the specifically precipitable
sured by coelectrophoresis, reduced and alkyl- radioactive counts per minute was detectable in
ated pr90 had a slightly greater electrophoretic gp85 and gp37 (Fig. 3b), whereas after a 3-h
mobility than the VGP of nonreduced chase, the majority of the specifically precipita-
[3H]fucose-labeled B77 virus (Fig. lc). ble radioactivity (defined by the nornal rabbit
To ascertain whether pr9O is glycosylated, sera control shown in Fig. 3d) was detectable in

anti-gp85 immune precipitates, prepared with gp85 and gp37 (Fig. 3c; the ratio of 35S label in
lysates oftransformed cells that had been pulse cell-associated gp85 and gp37 was similar to
labeled for 10 min with [3H]fucose or [3H]- that observed for the gp85 and gp37 of the la-
glucosamine, were analyzed. Approximately beled virus present in the culture medium).
three times as much [3H]glucosamine label The observation that the electrophoretic mo-
was detectable in the cell-associated pr9O as bility on SDS-gel of pr9O was lower than that of
compared with the cell-associated gp85 (the gp85 is consistent with the interpretation that
position of gp85 was defined by the coelectro- gp85 is derived from pr9O by proteolytic cleav-
phoresis with [14C]glucosamine-labeled B77 vi- age. This interpretation implies that the poly-
rus) (Fig. 2a). By contrast, the majority of the peptide moiety of pr90 is larger than that of
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FIG. 1. Electropherograms on 10% SDS-polyacrylamide gels (prepared according to the method of
Laemmli [3D). (a) An anti-gp85 immune precipitate prepared with 106 trichloroacetic acid-precipitable cpm of
a lysate of B,,-transformed chicken embryo cells. The infected cells were cultured on 100-mm tissue culture
di8hes. The methods oftissue culture were as described by Vogt (7). Primary cultures were prepared fr-om 10-
day-old embryos of the inbred SC line (Hyline Farms, Dallas Center, Iowa) which test as CIO, chf(-). After
confluent transformation of secondary cultures, cells were pulse labeled for 10 min in 2 ml of Earle salt
solution supplemented with 100 pCi of[P5S]methionine per ml (>100 Ci/mmol; purchased from New England
Nuclear Corp., Boston, Mass.). Cytoplasmic lysates were prepared as described (4) except that 300 pg of
phenylmethylsulfonyl fluoride per ml and 0.05 M jodoacetemide were added to the lysing buffer. Immune
precipitation was effected by the indirect procedure (2). The immune precipitate was reduced with 01 M
dithiothreitol before electrophoresis. (b) The same as (a) except that normal rabbit sera were substituted for
the anti-gp85 serum. (c) The same as (a) except that the anti-gp85 immune precipitate was reduced and
alkylated before ekectrophoresis. Reduced [3H]fucose-labeled B177virus was coelectrophoresed on the gels in (a)
and (b), and nonreduced [3HJfucose-labeled B77 virus was coelectrophoresed in (c). The positions of viral
gp85, gp37, and VGP are indicated.
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FIG. 2. Electropherograms on 10% SDS-polyacrylamide gels. (a) An anti-gp85 immune precipitate pre-
pared with 2.5 x 105 trichloroacetic acid-precipitable cpm ofa lysate ofB77-transformed cells that had been
pulse labeled for 10 min in 2 ml of culture medium supplemented with 500 IACi of D-[6-3H]glucosamine-
hydrochloride per ml (11 Ci/mmol; New England Nuclear Corp.). (b) An anti-gp85 immune precipitate
prepared with 3 x 104 acid-precipitable cpm ofa lysate ofB7rtransformed cells that had been pulse labeled for
10 min in 2 ml of culture medium supplemented with 500 pCi of D-[6-3H]fucose per ml (12 Ci/mmol; New
England Nuclear Corp.). The immune precipitates were reduced before electrophoresis. Reduced
['4C]glucosamine-labeled B77 virus was coelectrophoresed on both gels, and the positions of viral gp85 and
gp37 are indicated.

gp85. The observed mobilities of pr90 and gp85 ments indicated that the majority of the carbo-
can also be rationalized, however, by assuming hydrate side chains of pr9O were significantly
that the polypeptide of pr9O is either the same smaller than those of gp85, although a minor
size as or smaller than that of gp85, but that the complement was apparently the same size as
mass of the carbohydrate moiety of pr90 is the carbohydrate side chains of gp85 (data not
greater. To distinguish between these possibili- shown). These results cannot exclude the for-
ties, therefore, both pr90 and gp85 were ex- mal possibility that the lower mobility of pr90
haustively digested with Pronase, and the car- relative to gp85 is due solely to a significantly
bohydrate side chains ofeach glycoprotein were greater number of carbohydrate side chains on
sized on a Bio-Gel P-6 column (6); these experi- pr90 that are smaller than or the same size as
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FIG. 3. Electropherograms on 10% SDS-polyacrylamide gels. (a) An anti-gp85 immune precipitate pre-
pared with 130 hdof a lysate ofB7c-transformed cells, pulse labeled as in Fig. la, and chased for 15mi in
compkte medium 199 supplemented with 6.0 x 10-3M unlabeled L-methionine. The immune precipitate was
reduced before electrophoresis. (b) The same as (a) except that the chase was for 1 h, and 155 pl was subject
to immune precipitation. Cc) The same as (a) except that the chase was for 3 h, and 190 ciwas subject to
immune precipitation. (d) the same as (c) except that normal rabbit sera were substituted for the anti-gp85
serum. The total volume ofeach lysate was 4 ml, and the volumes oflysates utilized for immune precipitation
all contained 3 x10o acid-precipitable cpm. Reduced [whJfucose-kbeled B77virus was coelectrophoresed on all
the gels, and the positions of viral gp85 and gp37 are indicated.

those on gp85. Nevertheless, we feel that the apparent heterogeneity of the p70 moiety, as
data are more reasonably interpreted as ndi- judged from its diffuse patter of migration on
cating that pr9O has a larger polypeptide moi- SDS-gels (2), suggest that the p70 moiety is
ety than gp85. Accor-dingly, these data support incompletely processed pr9O.
the view that a proteolytic cleavage step is The finding that gp37 was detected concomi-
involved in the processing of pr9O to gp85. tantly with gp85 on the chase represented in

It should be noted that no component corre- Fig. 3 is consistent with the possibility that
sponding to the previously described p70 moi- pr9O is also a precursor to gp37. The polypeptide
ety, which was specifically precipitable with moiety of pr9O may, for example, correspond to
anti-gp85 serum from lysates of 3H-labeled the uncleaved form of the polypeptide of VGP
aio acid or [3 ]hglucosamine pulse-labeled with the increased mobility of pr9O relative
transformed cells and migrated as a broad peak to VGP (Fig. lc) reflecting a lesser degree of
with a slightly greater electrophoretic mobility glycosylation of the intracellular forin of the
than viral gp85 (2), was detected in the present glycoprotein. Alternatively, the detection of
experimnents wherein transformed cells were gp37 on the chase may simply reflect the fact
pulse labeled for 10 min with ['mS]methionine or that cell-associated gp,85 and gp37 are linked by
[3H]glucosaie(Fig. la and 2a). We have ob- disulfide bonds (4). Tryptic mapping should
served, however, that the p70 moiety, but not serve, however, to clarify the relationship of
pr9O, is specifically precipitable with anti-gp85 pr9O to VGP and, in addition, p70 to pr9O.
serum from lysates of transformed cells pulse
labeled for 2 min with [3H]mannose (data not We thank Bart Sefton for critical commenta and Heidi
shown). The sequential appearance of p70 and Diggelman and Karen Moelling, who have independently
pr9O in anti-gp85 immn preCipitates and the detecte the existence of pr9O, for commuinicating their
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results to us. Barbara Seeburger and Leonard Milewski 3. Laemmli, U. K. 1970. Cleavage of structural proteins
provided excellent technical assistance. during the assembly of the head of bacteriophage T4.

This investigation was supported in part by Public Nature (London) 227:680-685.
Health Service research grants CA-16047, CA-10815, and 4. Leamnson, R. N., and M. S. Halpern. 1976. Subunit
CA-15071 from The National Cancer Institute. structure of the glycoprotein complex of avian tumor

LITERATURE CITED virus. J. Virol. 18:956-968.
5. Naso, R. B., L. J. Arcement, and R. B. Arlinghaus.

1. Green, R. W., and D. P. Bolognesi. 1974. Isolation of 1975. Biosynthesis of Rauscher leukemia viral pro-
proteins by gel filtration in 6 M guanidinium chlo- teins. Cell 4:31-36.
ride: application to RNA tumor viruses. Anal. Bio- 6. Sefton, B. M., and K. Keegstra. 1974. Glycoproteins of
chem. 57:108-117. Sindbis virus: preliminary characterization of the oli-

2. Halpern, M. S., D. P. Bolognesi, and L. J. Lewan- gosaccharides. J. Virol. 14:522-530.
dowski. 1974. Isolation ofthe major viral glycoprotein 7. Vogt, P. K. 1969. Focus assay of Rous sarcoma virus, p.
and a putative precursor from cells transformed by 198-211. In K. Habel and N. P. Salzman (ed.), Funda-
avian sarcoma viruses. Proc. Natl. Acad. Sci. U.S.A. mental techniques in virology. Academic Press Inc.,
71:2342-2346. New York.


