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Two inhibitors of glycosylation, 2-deoxyglucose and tunicamycin, depressed the
synthesis of infectious Rous sarcoma virus greater than 100-fold. Under the same
conditions only a two- to threefold decrease in the production of virus particles
was observed. The noninfectious particles had a lower density (1.145 g/ml) in
isopycnic sucrose gradients and lacked the two virion glycoproteins, gp85 and
gp37, found on infectious virions. The four internal structural proteins of the
virus, p27, p19, p15, and p12, appeared to be assembled normally into the
noninfectious virus. Polypeptides related to the Rous sarcoma virus glycoproteins
were immunoprecipitated from pulse-labeled Rous sarcoma virus (Prague strain,
subgroup B)-transformed cells. pr959P, the polyprotein precursor to gp85 and
gp37, was the major protein precipitated from untreated cells. This was absent in
both tunicamycin- and 2-deoxyglucose-treated cells, and a new polypeptide of
molecular weight 57,000 to 58,000 was the major species precipitated. In tunica-
mycin-treated cells this product was unstable and was degraded during a 2-h
chase; in 2-deoxyglucose-treated cells, on the other hand, the polypeptide ap-
peared to be more stable and underwent partial glycosylation. The synthesis and
processing of pr76, the polyprotein precursor to the internal structural proteins of
the virion, occurred normally in both treated and untreated cells. It is concluded
that the unglycosylated env gene product is a polypeptide of molecular weight
57,000 to 58,000.

Rous sarcoma virus (RSV) is an enveloped
RNA virus which derives its lipid bilayer from
the plasma membrane of the host cell. Inserted
into the exterior surface of the viral membrane
are protein spikes consisting of two glycopro-
teins, gp85 and gp37, that are responsible for
attachment and penetration of the virus into a
susceptible host cell (23, 32). In common with
other enveloped viruses, the production of infec-
tious RSV can be abrogated by inhibitors of
glycosylation (9, 19, 29). In previous studies we
demonstrated that high levels of glucosamine
not only prevented the production of infectious
virus, but also inhibited virus particle produc-
tion. The nature of this inhibition was complex
and resulted from secondary effects of the high
levels of glucosamine on cellular metabolism in
addition to an inhibition of glycosylation of viral
polypeptides (7). In contrast, treatment of mu-
rine leukemia virus-producing cells with 2-deox-
yglucose (2-DG), an analog of mannose, resulted
in the synthesis of noninfectious virions (22). In
addition, treatment of RSV-producing cultures
with the potent inhibitor of glycosylation tuni-

camycin (TM) has been reported to result in the
synthesis of virions lacking gp85 and gp37 (29).
Treatment of influenza virus-infected cells

with 2-DG or TM results in the synthesis of a
partially glycosylated or unglycosylated hemag-
glutinin polypeptide, HAo (21, 29). Similar ob-
servations have been made with Sindbis virus
(18), Semliki Forest virus (12, 29), and vesicular
stomatitis virus (5), where intracellular, partially
glycosylated or nonglycosylated polypeptides
have been identified. Initial attempts to find a
similar polypeptide in TM-treated, RSV-in-
fected cells were unsuccessful (29).

In this paper we report that both 2-DG and
TM severely inhibit the synthesis of infectious
RSV without significantly affecting the synthe-
sis of RSV virions. These noninfectious virions
lack both gp85 and gp37. In the presence of
either inhibitor, pr959P, the partially glycosyl-
ated precursor to the two glycoproteins (4, 6, 16,
20, 24, 30), is no longer synthesized, and a new
polypeptide of molecular weight 57,000 to 58,000
has been identified which is specifically recog-
nized by antisera to gp85 and gp37.
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MATERIALS AND METHODS
Tissue culture. Fertile chicken eggs of the C/E

phenotype were purchased from SPAFAS Inc. Pri-
mary and secondary chicken embryo fibroblast cul-
tures were prepared as described previously (8) and
were tested for chick helper factor expression before
use (34). Only cells derived from chick helper factor-
negative embryos were used in these studies.

Subgroup B virus of the Prague strain of RSV (PR-
B), cloned twice on chick helper factor-negative cells,
was used in all the experiments. CeUs were infected at
a multiplicity of infection of 0.1 focus-forming unit/
cell in Hams F10 medium supplemented with 10C4
tryptose phosphate broth, 5C4 calf serum (Biocell Inc.,
Venice, Calif.), and, to enhance adsorption, 2 Lg of
l'olybrene per ml. Duplicate cultures of confluently
transformed cells were treated as described in the text.
Focus assays for infectious transforming virus were
carried out as described previously (8).

Chemicals and radioisotopes. TM was a gener-
ous gift from R. L. Hamill, Lilly Research Laborato-
ries, Indianapolis, Ind. 2-DG was purchased from
Sigma Chemical Co., St. Louis, Mo. Reagents for gel
electrophoresis were obtained from Bio-Rad Inc.,
Richmond, Calif. [ 'H]leucine (Schwarz/Mann, Or-
angeburg, N.Y.; 65 Ci/mmol), "4C-labeled amino acid
(ICN, Irvine, Calif.; 50 mCi/mmol), and ['H]glucosa-
mine (ICN; 6.3 Ci/mmol) were lyophilized before use
and redissolved in the appropriate culture medium.

Preparation of radiolabeled virus. To quanti-
tate the synthesis of virions by treated and untreated
cells, transformed cultures were labeled for 16 h with
["Hluridine (10 ,tCi/ml) in complete growth medium.
Culture fluids were clarified and layered onto a 24 to
48'S continuous sucrose gradient. After centrifugation
for 2.5 h at 40,000 rpm in an SW41 rotor, the gradients
were unloaded from the bottom and the amount of
uridine-labeled virus banding at or near a density of
1.l16 g/ml was determined. The gradient of sucrose
densities for each individual tube was determined from
the refractive index of the sucrose in each fraction.

In studies to determine the effect of inhibitors on
the virion polypeptide profile, transformed cell cul-
tures were preincubated for 5 h in 2-DG or TM and
then labeled for 16 to 20 h in complete growth medium
containing 120 uCi of [ 'H]glucosamine per ml and 16
pCi of '4C-amino acids per ml. The culture fluids were
clarifie(d by low-speed centrifugation (2,000 rpm, IEC
refrigerated centrifuge) and layered onto a discontin-
uous sucrose (24%, wt/wt)-potassium tartrate (40c4,
wt/wt) gradient as described previously (10). Virus
banding at the sucrose-tartrate interface was collected,
diluted in STE (saline-Tris-EDTA [10]) buffer, and
pelletted by centrifugation at 50,000 rpm for 1 h in an
SW50.1 rotor.
Antisera and immunoadsorbents. Rabbit anti-

sera to avian sarcoma virus virions and the major
structural polypeptide, p27, of RSV were prepared by
multiple inoculation of 250 ,ig of protein into New
Zealand white rabbits as described previously (10).
Rabbit antiserum to lectin-purified RSV-PR-B glyco-
proteins was kindly provided by Mike Hayman.
A 10'. (wt/vol) suspension of Formalin-fixed, heat-

killed Stahphylococcus aureus (Cowan 1 strain), pre-
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pared as described previously (2, 15), was used as an
immunoadsorbent for antibody-antigen complexes.

Immunoprecipitation of intracellular polypep-
tides. For pulse-chase experiments confluently trans-
formed cells seeded in 35-mm culture dishes were
washed and incubated for 1 h in leucine-free Hams
FIO nutrient medium containing the desired concen-
tration of inhibitor. The culture fluids were then re-
placed with 200 ul of the same medium containing
[H]leucine (1 mCi/ml), and the plates were incubated
at 37°C for 15 min with frequent rocking. At the end
of this time the radioactive medium was removed and
replaced with 1 ml of ice-cold lysis buffer (1) (in the
case of a pulse plate) or with warm complete growth
medium (in the case of a pulse-chase plate).
The medium was removed from chase plates at

various times, and intracellular polypeptides were re-
leased by addition of ice-cold lysis buffer. The lysates
were sonicated briefly to shear any released DNA and
then centrifuged for 5 min in a Beckman Microfuge. A
volume of 100 Il of lysate and sufficient antiserum to
precipitate all viral proteins present were incubated
for 1 h at 37°C, and then 100 lA of S. aureus immu-
noadsorbent was added. After a further 30 min at room
temperature, the immune complexes were washed
twice with lysis buffer and once with 20 mM Tris-
hydrochloride (pH 8.0) before dissociation in gel
buffer.
Polyacrylamide gels. Purified virion polypeptides

and immunoprecipitated proteins were separated on
discontinuous slab gels as described previously (10).
Acrylamide concentrations of 10, 12, and 5 to 20%
gradients were used as described in the figure legends.
Radiolabeled polypeptides were localized after Coo-
massie brilliant blue staining either by slicing each
lane into 1-mm-thick sections and counting in a tolu-
ene-Omnifluor scintillation fluid containing 10% Pro-
tosol or by the quantitative fluorographic procedure
of Laskey and Mills (17).
The molecular weights of viral polypeptides were

determined by comparing the migration of these pro-
teins with that of protein standards electrophoresed in
adjacent wells. The protein standards used in these
experiments were myosin (200 kilodaltons [kd]), f8-
galactosidase (116.5 kd), phosphorylase B (94 kd),
bovine serum albumin (68 kd), ovalbumin (43 kd),
carbonic anhydrase (30 kd), soybean trypsin inhibitor
(21 kd), and lysozyme (14.3 kd) (Bio-Rad Inc.).

RESULTS

Inhibition of infectious RSV production
by 2-DG and TM. Initial experiments were
performed to determine the effect of different
concentrations of 2-DG and TM on the replica-
tion of infectious RSV. Confluently transformed
monolayers of chicken embryo cells were treated
with 0, 5, 10, and 20mM 2-DG or 0, 0.25,0.5, 1.0,
and 2.0 ,ug ofTM per ml for a total of 12 h. Cell
monolayers were washed at 7 and 8 h after
initiation of treatment, and virus produced be-
tween 8 and 12 h was harvested for infectivity
assays. The results of such an experiment are
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TABLE 1. Effect ofglycosylation inhibitors on
synthesis of infectious RSV

Virus titer Efficiency of
Inhibitor (FFU/mnl) replicationb

2-DG (mM)
0 1.3 x 106
5 3.4 X 103 0.003
10 3.3 x 103 0.003
20 3.0 x 103 0.002

TM (tg/ml)
0 1.3 x 106
0.25 1.1 x 104 0.008
0.5 7.4 x 103 0.006
1.0 8.2 x 103 0.006
2.0 4.8 x 103 0.004

aInhibitors were added to cell monolayers con-
fluently transformed with RSV-PR-B. Cells were
washed twice at 7 and 8 h posttreatment; then virus
released in the 8- to 12-h period was harvested and
assayed in a focus assay to determine the titer of the
virus. FFU, Focus-forming units.

bEfficiency of replication = titer of virus produced
in presence of inhibitor/titer of virus produced in
absence of inhibitor.

summarized in Table 1. All concentrations of 2-
DG reduced the production of infectious virus
more than 300-fold. As little as 0.25 ,ig of TM
per ml inhibited synthesis of focus-forming virus
greater than 99% and addition of 2 jig resulted in
almost a 300-fold reduction. In the case of 5 and
10 mM 2-DG infections, virus production re-
covered to within 20% that of untreated cultures
within 12 h ofremoval ofthe inhibitor, indicating
that inhibition was not merely the result of a
toxic effect on the cells. Infectious virus produc-
tion in cultures treated with as little as 0.25 ,tg
ofTM per ml continued to decline during the 12
h after removal of the drug even though the cells
showed no apparent toxic effects (data not
shown). Washing of the monolayers at 7 and 8
h after initiation of treatment was found to be
essential for accurately assessing the effects of
2-DG and TM on infectious virus synthesis. In
the absence of these washes low levels of inhi-
bition (5- to 10-fold) were observed, which may
reflect the delayed release of previously synthe-
sized focus-forming virus. This may explain the
poor inhibition observed by Schwarz et al. (29)
after 8 h of treatment of RSV-infected cells with
TM.

Effect of glycosylation inhibitors on vir-
ion synthesis. Previous studies on the inhibi-
tion of RSV glycoprotein synthesis by glucosa-
mine showed that virus particle production was
completely abrogated (7, 9). The effect of 2-DG
and TM on virion production was therefore in-
vestigated. Confluently transformed cells were
treated for 4 h with either 10 mM 2-DG or 1 ,ug

of TM per ml, and then the medium was re-
placed with medium containing 100 MCi of
[3H]uridine per ml in addition to the inhibitors.
Virus produced during the next 16 h was iden-
tified as a peak of uridine label in isopycnic
sucrose gradients. The results of such an exper-
iment are shown in Fig. 1. A peak of radioactivity
at a density of 1.16 g/ml was observed after
centrifugation of untreated supernatants (Fig.
1A). Smaller but significant peaks of uridine-
labeled virus were observed in the supernatants
of treated cells. In both cases, however, the virus
peak had shifted to a less dense region of the
gradient, such that virions produced in the pres-
ence of 1 jig of TM banded at a density of 1.145
to 1.15 g/ml. This shift in density is similar to
that described by Rifkin and Compans (23) after
the removal of the external glycoproteins ofRSV
with proteases.
The two- to threefold reduction in total

amount of uridine-labeled virions produced in
the presence of 2-DG (32% of control) or TM
(52% of control) in these experiments was con-
firmed by quantitative competition radioimmu-
noassays (data not shown). A comparison of the
reduction in infectious virus (100- to 200-fold)
with that of virions (2- to 3-fold), in the presence
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FIG. 1. [3H]uridine-labeled virus synthesized in

presence ofglycosylation inhibitors. Chicken embryo
cultures, confluently infected with RSV-PR-B, were
untreated as controls (A) or were treated uwith I t±g of
TM per ml (B) or 10 mM 2-DG (C). [3Hjuridine (10
uCi/mln) was added after 4 h and all culture fluids
u'ere harvested 16 h later. After clarification in a low-
speed centrifuge, the supernatants were loaded onto
a continuous 24 to 48°/k sucrose gradient and proc-

essed as described in the text. The density of sucrose
in each fraction was calculated from the refractive
index of that fraction.
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of these glycosylation inhibitors indicates that a

significant number of noninfectious virions are

synthesized. The nature of these virus particles
was investigated (see below).
Noninfectious virions lack gp85 and

gp37. To determine the polypeptide composi-
tion of the noninfectious virions synthesized in
the presence of 2-DG and TM, infected cells
were labeled with 4C-amino acids and [3H]glu-
cosamine. Double-labeled virions were purified
as described in Materials and Methods, and the
virion-associated polypeptides were resolved in
12% sodium dodecyl sulfate-polyacrylamide gels.
The results of such an experiment are shown in
Fig. 2 and 3. The polypeptide profile of virions
synthesized by untreated cells (Fig. 2A and 3A)
is characteristic of RSV, with two glucosamine-
labeled glycoproteins, gp85 and gp37, in addition
to the non-glycosylated peaks of p27, p19, p15,
and p12. In contrast, virions synthesized in the
presence of either 2-DG (Fig. 2B) or TM (Fig.
3B) lacked both glycoprotein peaks, despite the
fact that the internal structural protein peaks
appear to be comparable to those of untreated
virions. Furthermore, no new polypeptides could
be observed in the noninfectious virus, indicating
that if a non-glycosylated polypeptide is synthe-
sized in treated cells, it is not associated with the
virus particle at a detectable level.
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FIG. 2. Virions synthesized in the presence of 10
mM 2-DG lack gp85 and gp37. Control infected cells
(A) and infected cells treated for 4 h with 10 mM 2-
DG (B) were labeled for a further 16 h with [3H1-
glucosamine (0) and "C-amino acids (0). Virus re-

leased in this period was purified, and the labeled
polypeptides were separated as described in the text.
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FIG. 3. Virions synthesized in the presence of2 yg
of TM per ml lack gp85 and gp37. Control infected
cells (A) and infected cells treated for 4 h with 2 pg of
TM per ml (B) were labeled and processed as de-
scribed in the legend to Fig. 2.

A non-glycosylated polypeptide of 57 to
58,000 kd is synthesized in 2-DG- or TM-
treated cells. Inhibition of glycosylation in in-
fluenza virus-infected cells results in the synthe-
sis of a non-glycosylated hemagglutinin, HAo
(21, 28). To determine whether a similar poly-
peptide was synthesized in RSV-infected cells
treated with these inhibitors, intracellular virus-
coded proteins were immunoprecipitated with
rabbit antisera to the virion glycoproteins or to
the virus core polypeptide p27. Cells, uniformly
transformed by RSV-PR-B, were pulsed for 15
min with [3H]leucine, lysed immediately or in-
cubated for 2 h more in medium containing
excess unlabeled leucine, and then lysed as de-
scribed in Materials and Methods. Leucine-la-
beled polypeptides immunoprecipitated by rab-
bit antibody to RSV glycoproteins were sepa-
rated on 5 to 20% gradient polyacrylamide gels
as shown in Fig. 4A. The major polypeptide
immunoprecipitated from pulse-labeled, un-

treated cells was pr95W, the incompletely glyco-
sylated precursor to gp85 and gp37. A minor
band of pr76, the precursor polyprotein to the
internal structural proteins of RSV, is also ob-

A

dif
ofk~~~~b

%"
I

lemomor- =I

--

I
VOL. 32, 1979



416 STOHRER AND HUNTER

JI)NICAMYCIN

4.i 21 E : z [J- '

FIG. 4. Auitoradiogram of a 5 to 20%l polyacrylamide slab gel resolving [3H/leucine.labeled proteins

immunoprecipitated from RSV-infected cells treated with 2-DG and TM. Duplicate cultures of infected cells

uwere treated for 4 h with each of the various concentrations of inhibitors shoun; the medium was then

remoLed and replaced with leucine-deficient medium containing the same level of inhibitors. After a further

incubation for I h the medium u'as replaced uwith 0.20 ml of the same medium containing [3H/leucine (I mCil
nil,), and the cells were pulse-labeled for 15 min. One plate of each pair was lysed immediately (pulse [P/I) to

the other, complete growth medium was added, and incubation was continued for a further 120 min (pulse-

chase [PC'j), when it was also lysed as described in the text. Lysates were immunoprecipitated as described

in the text with antisera to the virion glycoproteins (A) or the major structural protein of the virion, p27 (B).

A control plate of uninfected, untreated chicken embryo cells was labeled and chased in an identical manner

and is shown in lane N, PC.

served due to the presence of a low level of
contaminating antibody to one of these compo-
nents. The antigenic determinant recognized on

pr76 is type specific, since after immunoprecipi-
tation of cells infected with viruses of either
subgroup A or C, a pr959P polypeptide band is
observed in the absence of a pr76 band (data not
shown).

After the 2-h chase period much of the radio-
activity in the pr959P band is lost, and diffuse

bands corresponding to its cleavage products,
gp85 and gp37, are observed.

Cells pulse-labeled in the presence of TM or

2-DG lack a major polypeptide band at 95 kd.
Instead, a new major polypeptide band is ob-
served with a molecular weight of 57,000 in TM-
treated cells and 58,000 in 2-DG-infected cells.
This polypeptide appears to be lost from TM-
treated cells during the 2-h chase (Fig. 4A, PC
tracks), without the appearance of any new pol-

J. VIROL.
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ypeptides, indicating that the non-glycosylated
polypeptide is turned over. On the other hand,
the similar sized product found in 2-DG-treated
cells increases in molecular weight in the 2-h
chase period, producing a heterogeneous protein
band (Fig. 4A, 10 mM 2-DG, PC track). This
may indicate that partial glycosylation of the 58-
kd product can occur. The 57- to 58-kd poly-
peptide is immunoprecipitated only by antise-
rum directed against the RSV glycoproteins and
is not observed when either treated or untreated
cells are immunoprecipitated with antibody to
the major structural protein, p27, of RSV (Fig.
4B). In this case the major polypeptide observed
after a 15-min pulse is pr76, and during the 2-h
chase the intensity of this band is significantly
reduced, with the concomitant appearance of a

band corresponding to p27. Neither glycosyla-
tion inhibitor appears, therefore, to interfere
with the synthesis or processing of the precursor

to the internal structural proteins of RSV.

DISCUSSION

This is good evidence that the envelope gly-
coproteins, gp85 and gp37, of RSV are required
for infectivity of these viruses (3, 13, 23, 31).
Indeed, the antigenically different glycoproteins
of different virus subgroups (11, 21, 32) deter-
mine the host range of any particular virus. The
severe reduction we observed in the synthesis of
infectious RSV in cells treated with either inhib-
itor of glycosylation is consistent with this con-

cept, since both 2-DG and TM might be ex-

pected to prevent the production of the glyco-
sylated forms of gp85 and gp37. In a previous
study we showed that high levels of glucosamine
could inhibit RSV replication; however, this
amino sugar has profound effects on other as-

pects of cellular metabolism in addition to inter-
fering with glycosylation (14, 27). In addition,
treatment of RSV-infected cells with glucosa-
mine was previously shown to block both infec-
tious virus and virion synthesis (7, 9). This is in
contrast to the results reported here for both 2-
DG and TM and may reflect the complex nature
of glucosamine inhibition. Despite the fact that
infectious virus synthesis is inhibited by more

than 99.0% at even the lowest concentrations of
2-DG or TM used in these experiments, virion
synthesis was reduced only twofold in the pres-
ence of 1 ,ug ofTM per ml or threefold in 10 mM
2-DG (Fig. 1). This observation is consistent
with that reported for the PR-C strain of RSV
in studies with TM (29). The small reduction in
virion production may reflect the slightly de-
pressed rate of protein synthesis observed in 2-
DG- or TM-treated cells (data not shown).
The high level of noninfectious virus synthesis
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in the presence of either 2-DG or TM is in
contrast to that observed with fowl plague virus
(29), Semliki Forest virus (29), Sindbis virus
(18), and the San Juan strain of vesicular sto-
matitis virus (5), where virion synthesis is either
completely abolished or reduced greater than
90C/_.
In these viruses it appears that the virion

glycosylated proteins or a glycosylated cellular
protein is necessary for virus assembly. RSV, on
the other hand, appears capable of assembling
virions at high efficiency in the absence of gly-
cosylation. Furthermore, these noninfectious
virions appear to lack any detectable gp85 and
gp37, although they contain normal proportions
of the internal structural polypeptides p27, p19,
p15, and p12. The noninfectious virions, pro-
duced in the presence of 2-DG or TM, therefore
resemble RSV(-) or SR-NY8 virions in which
genetic lesions prevent the synthesis of glyco-
proteins (13, 24, 33).
The WSN strain of influenza virus is similar

to RSV in the synthesis of virus particles under
conditions where glycosylation is blocked. Nak-
amura and Compans (21) found that virions
lacking both hemagglutinin and neuraminidase,
or their non-glycosylated counterparts, were
produced from WSN-infected MDBK cells
treated with TM. In the presence of 10 mM 2-
DG, however, WSN virion synthesis was re-
duced 30- to 40-fold. In contrast, we have ob-
served essentially the same level of virion syn-
thesis with both 10 mM 2-DG and 2 jig of TM
per ml. If, however, the concentration of 2-DG
was increased from 10 to 20 mM, a significant
reduction (>20-fold) in virion synthesis was ob-
served. A similar reduction was observed at low
levels of 2-DG (0.25 mM) if pyruvate was sub-
stituted for glucose as a source of carbon in the
culture medium (unpublished data).

It is of interest that the virions synthesized in
the presence of either 2-DG or TM possessed a
significantly lower density than virions from un-
treated cells. Similar observations have been
made by Schwarz et al. (29) in their studies on
RSV and by Nakamura and Compans (21) for
influenza virus made in the presence ofTM. The
reduction in virion density (0.01 to 0.015 g/ml)
we have observed is essentially the same as that
seen after removal of the virion glycoproteins by
protease (23).
The two virion glycoproteins of RSV are de-

rived from a single polyprotein precursor mole-
cule, pr959P, (4, 6, 16, 20, 24, 30). This partially
glycosylated molecule is the major virus glyco-
protein observed in pulse-labeled cells after im-
munoprecipitation with suitable anti-glycopro-
tein or anti-whole virus antisera (Fig. 4). In the
presence of both 2-DG (10 mM) and TM (0.25
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to 2.0 ,ig/ml) a new polypeptide of molecular
weight 57,000 to 58,000 is specifically precipi-
tated by antiserum to the virion glycoproteins
from cells labeled in a 15-min pulse of [3H]leu-
cine. No radioactivity is observed in the region
of pr950" and no other new virus-specific bands
are observed, which suggests that the 57- to 58-
kd protein is the non-glycosylated polypeptide
backbone of the pr959P. Furthermore, only the
57- to 58-kd polypeptide was observed in 2-DG-
or TM-treated cells pulsed for short periods (2
min) or treated with the protease inhibitors to-
lylsulfonyl phenylalanyl chloromethyl ketone
(100 ,Lg/ml), tolylsulfonyl-L-lysine chloromethyl
ketone (100 ,ug/ml), and phenylmethylsulfonyl
fluoride (250 ,ug/ml) (unpublished data). The
fact that the polypeptide is immunoprecipitated
from both 2-DG- and TM-treated, PR-B-in-
fected cells but not from uninfected cells and
that it is specifically precipitated by anti-glyco-
protein antiserum and not anti-p27 antiserum is
strong evidence that this is indeed the non-gly-
cosylated translation product of the env gene.
During a 120-min chase period the radioactiv-

ity associated with the pr95WP band in untreated
cells is reduced (Fig. 4, 0 TM, PC), and diffuse
bands corresponding to its completely glycosyl-
ated cleavage products, gp85 and gp37, appear.
Different effects of a 120-min chase period are
observed in TM- and 2-DG-treated cells. At all
levels ofTM a significant reduction in the radio-
activity associated with the intracellular 57-kd
band is observed in the chase, with no apparent
appearance of new products. Since this ungly-
cosylated polypeptide is not observed after a
chase in virions synthesized in the presence of
TM (Fig. 3B), it appears that the disappearance
of the band is due to degradation by cellular
proteases. Unglycosylated forms of the fowl pla-
gue virus hemagglutinin and WSN hemaggluti-
nin also appear to be highly susceptible to deg-
radation by proteases, such that HAo of fowl
plague virus can only be identified in the pres-
ence of the protease inhibitor tolylsulfonyl-L-
lysine chloromethyl ketone (29).
The 58-kd polypeptide found in 2-DG-treated

cells, on the other hand, appears to be more
stable, and after the 120-min chase a diffuse
band with increased molecular weight (58,000 to
75,000) in addition to the 58-kd protein is ob-
served in immunoprecipitates with anti-glyco-
protein antiserum. We have interpreted this to
mean that additional sugars are being added to
the polypeptide during the chase period. 2-DG
probably inhibits glycosylation at the level of
the sugar transferases, where it could act as a
competitive inhibitor for mannose (26). Since 2-
deoxy-2-fluoro-mannose inhibits glycosylation

without being incorporated into the acceptor
proteins (25), the sugar analogs may block trans-
fer of mannose to the (N-acetylglucosamine)2-
dolichol intermediate. The latter might, how-
ever, still transfer to the protein its two N-ace-
tylglucosamine residues to which additional
sugars might be added during the 2-h chase
period. The intracellular location of the polypep-
tides observed after 2-DG and TM treatment
both in the pulse and after the chase remains to
be determined.
A question still remains as to why Schwarz et

al. (29) were unable to identify an unglycosylated
polypeptide in their studies. It is possible that
the 57- to 58-kd polypeptide lacks any type-
specific determinants and can be recognized only
by antibodies directed against group-specific de-
terminants. The antiserum used in this study
was raised against a lectin-purified gp85-gp37
complex and recognizes predominantly group-
specific determinants (M. Hayman, personal
communication). Antisera raised against whole
RSV virions precipitate pr950" efficiently but
precipitate the 57- to 58-kd protein less effi-
ciently (unpublished data), which may reflect
the titer of group-specific antibodies in the se-
rum.
The conclusion that the 57- to 58-kd poly-

peptide represents a non-glycosylated transla-
tion product of the env gene would be further
supported by the identification of an identical
polypeptide from the in vitro translation of 28S
mRNA from virus-infected cells or 28S frag-
mented viral RNA; such studies are currently in
progress.
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