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Bunyamwera virus-induced polypeptide synthesis in BSC-1 cells has been
studied using polyacrylamide gel electrophoresis and autoradiography. Four
virus-induced polypeptides were identified. Their molecular weights were 200 x
106 (L), 128 x 106 (Gi), 31 x 106 (G2), and 23 x 106 (N). Pulse-chase experiments,
short labeling experiments, and experiments using amino acid analogs failed to
show evidence of polypeptide processing by proteolytic cleavage. Analysis of the
kinetics of synthesis ofthese polypeptides showed that a clear division into early
and late categories could be made, the onset of synthesis of polypeptide N
preceding that of polypeptides G1 and G2. The rate of synthesis of polypeptides N
and L rapidly reached a peak and then declined. Polypeptides G1 and G2 were
made for several hours; their rate of synthesis then declined. All four polypep-
tides then continued to be made in relatively small amounts for many hours.

Bunyamwera virus was first isolated from
Aedes mosquitoes captured in Semliki Forest,
Uganda (13). It is the type species of the arbovi-
rus genus Bunyavirus and of the family Buny-
aviridae, which includes more than 80 different
viruses serologically related to the type virus
(reviewed in 10). Recent studies on the virions
of Bunyaviruses (1, 7, 8, 10) indicate that they
contain single-stranded RNA, probably in three
segments, and that they are enveloped with
two surface glycoproteins. The internal ribonu-
cleoprotein contains two polypeptides, one of
high molecular weight.
This paper reports the results of studies on

the kinetics of virus-induced polypeptide syn-
thesis in BSC-1 cells infected with Buny-
amwera virus. Experiments designed to inves-
tigate polypeptide processing are also de-
scribed.
Bunyamwera virus (Smithburn strain) was

obtained from J. S. Porterfield and cloned by
three sequential isolations from single plaques.
Virus stocks were grown from individual
plaques in BSC-1 cells to prevent the accumula-
tion of defective interfering particles.
The time course of virus-induced polypep-

tide synthesis was followed in experiments
where infected cells were pulse-labeled with
[35S]methionine at various times after infec-
tion. An autoradiogram of 8% acrylamide gels
is shown in Fig. 1. Similar results were ob-
tained using gels of higher and lower acrylam-

ide concentrations and 5 to 15% gradient gels.
Four virus-induced polypeptides were identi-
fied. Using vesicular stomatitis virus (Indiana
serotype), Sendai virus, and reovirus type 3
polypeptides as markers, the molecular weights
of these polypeptides were estimated to be 200
X 103, 128 x 103, 31 x 103, and 23 x 103. As these
molecular weights were almost identical to
those of the four structural polypeptides of La
Crosse virus, which is serologically related to
Bunyamwera virus (10), the nomenclature
adopted for the La Crosse virus polypeptides (7)
was applied to the Bunyamwera virus-induced
polypeptides. Thus, the largest of these poly-
peptides was termed L; the smallest, N; and the
two intermediate-sized polypeptides, GI (128 x
103 daltons) and G2 (31 x 103 daltons). As poly-
peptide L was synthesized in only small
amounts and as it comigrates in gels with at
least one host polypeptide, we only tentatively
identify it as a virus-induced polypeptide.
These virus-induced polypeptides could be di-

vided into early and late categories according to
their rates of synthesis at various times during
the virus growth cycle (Fig. 2). Thus, the syn-
thesis of polypeptide N was first detected at 2 h
postinfection (p.i.). Its rate of synthesis then
increased, reaching a peak at about 4 h p. i.; the
rate subsequently declined. On the other hand,
the synthesis of polypeptide G1 started late in
the virus growth cycle, at about 4 h p.i. The
rate of synthesis of this polypeptide was then
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FIG. 1. Autoradiogram showing polypeptide synthesis in infected cells. BSC-1 cells were infected at an
input multiplicity of 40 PFUlcell. Cells were labeled for 1 h with [35S]methionine (100,000 mCi/mmol;
Radiochemical Centre, Amersham) at various times after infection. Before labeling, the cells were washed
with Dulbecco phosphate-buffered saline. The label was then added in phosphate-buffered saline; in the
pulse-chase experiment, the label was removed and the cells were washed and incubated further in Eagle
medium containing 100 times the normal amount of methionine. After labeling, cells were scraped into 0.001
M Tris-hydrochloride, pH 9.0. Samples were then boiled for 2 min in 1% mercaptoethanol and 2% sodium
dodecyl sulfate and subjected to electrophoresis in acrylamide gels using the discontinuous sodium dodecyl
sulfate buffer system ofLaemmli (5); gels were run and processed for autoradiography as previously described
(9). (a) Time course, times at which labeling started are indicated (hours p.i.); (b) pulse-chase experiment:
(U) uninfected cells; (P) 1-h pulse, starting at 8 h p.i.; (C) 1-h pulse as (P) followed by 3-h chase.
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FIG. 2. Kinetics ofsynthesis ofpolypeptides N and
G1. Cells were labeled for 15 min with
[35S]methionine starting at the times indicated
(hours p.i.). After electrophoresis and autoradiogra-
phy, densitometer tracings were prepared with a

Joyce-Loebl densitometer; the peaks were cut out and
weighed. Infection, labeling, electrophoresis, and
autoradiography were done as described in the leg-
end to Fig. 1.

maintained at a constant rate until 8 h p.i.,
when it declined. The onset of synthesis of poly-
peptides L and G2 was difficult to determine, as

these polypeptides comigrated with host poly-
peptides, although it was clear that the rate of
synthesis of polypeptide L was maximal at 4 h
p.i., like that of polypeptide N. In some autora-
diograms polypeptide L was detected as early
as 3 h p.i., well before the onset of synthesis of
polypeptide G1. The kinetics of synthesis of
polypeptides G2 and G1 appeared to be similar;
in many experiments, however, polypeptide G2
was not detected in autoradiograms. The rea-

sons for this are not clear.
A decline in host protein synthesis com-

menced at about 5 h p.i.; by 7 h p.i. host synthe-
sis was almost totally abolished. Virus-induced
polypeptides continued to be made in relatively
small amounts for many hours, the synthesis of
all four polypeptides being still detectable at 22
h p.i. (results not shown). Examination of
stained gels showed that only polypeptide N
was made in sufficient amounts to be detected.
This polypeptide was first visible as a stained
band in gels of samples taken at 4 h p.i.; the
intensity of the stained band reached a maxi-
mum in gels of samples taken at 7 h p.i., and no

further increase in intensity was noted in gels
of later samples (results not shown). Under the
conditions used in these experiments, the pro-

duction of infectious virus was first detected at

about 7 h p.i. and continued until about 30 h
p.i.
The possibility that the Bunyamwera virus-

induced polypeptides were derived from a
higher-molecular-weight precursor or precur-
sors, as is the case with picornaviruses (3) and
togaviruses (11), was investigated using sev-
eral experimental approaches. The effect of
amino acid analogs on polypeptide synthesis in
infected cells was determined. It was assumed
that incorporation of these analogs into the pu-
tative precursors would interfere with process-
ing, leading to the appearance of these precur-
sors in gel profiles. Accordingly, infected cells
were treated for a short time with the amino
acid analogs p-fluorphenylalanine and cana-
vanine and were then labeled with [5S]methio-
nine in their presence. No high-molecular
weight precursors were observed (results .not
shown). Labeling of infected cells for short
periods (4 min) gave rise to the same polypep-
tide profile as longer labeling periods, no high-
molecular-weight precursors being observed
(Fig. 3). Pulse-chase experiments (1-h pulse fol-
lowed by a 3-h chase) revealed that no changes
in polypeptide mobility occurred during the
chase period (Fig. 1). Finally, comparison of
autoradiographs of virus-induced intracellular
polypeptides (labeled for 15 min) and virion
polypeptides Gi and N showed no significant
mobility differences (Fig. 4).
Experiments with La Crosse virus have

shown that the two intermediate-sized virion
polypeptides G1 and G2 are glycosylated (7).
Labeling of infected cells with [14C]glucosamine
showed that the analogous Bunyamwera virus-
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FIG. 3. Densitometer tracing showing intracellu-
lar polypeptides detected after short labeling periods.
Infected cells were labeled for the times indicated
starting at 7 h p.i. After electrophoresis and autora-
diography as described in the legend to Fig. 1, densi-
tometer tracings were prepared with a Joyce-Loebl
densitometer.

VOL. 24, 1977



400 NOTES

Top of~gel Dye front
FIG. 4. Densitometer tracings showing intracellu-

lar and virion-associated polypeptides G1 and N.
Virus particles were prepared by labeling infected
cell monolayers from 4 to 24 h p.i. with [35S]methio-
nine; the medium was then removed and centrifuged
at 500 x g for 15 min, and the resulting supernatant
was layered over a 20% sucrose cushion and centri-
fuged at 35,000 rpm for 2 h in a 50 Ti swing-out
rotor. The pelleted virus particles were resuspended
in a small volume. Infected cells were labeled for 15
min starting at 6 h p.i. Electrophoresis and auto-
radiography were done as described in the legend to
Fig. 1. Polypeptide G2 was not resolved in this ex-

periment.

induced polypeptides were also glycosylated
(results not shown).
Bunyamwera virus-particles have been

shown to contain three genome segments (7).
The demonstration of four virus-induced poly-
peptides coupled with our failure to find evi-
dence of polypeptide processing by proteolytic
cleavage suggests that there may be processing
at the level of mRNA synthesis. We note that
the molecular weights (7) of the three genome
segments (2.9 x 106, 1.8 x 106, and 0.4 x 106)
provide a coding capacity approximately 25% in
excess of the total molecular weight of the four
polypeptides. It is therefore possible that the
virus could code for at least one polypeptide
more than those resolved in the experiments
reported here. Such a polypeptide could escape
detection by comigration with another virus-
induced polypeptide or by being synthesized in

very small amounts.
A clear pattern of temporal control of virus-

induced polypeptide synthesis has been shown
in this study. This pattern of synthesis is unlike
that reported for any other RNA virus, al-
though temporal control of virus-induced poly-
peptide synthesis occurs during the growth cy-
cle of influenza viruses (6, 12). It is of interest to
note that biochemical and genetic evidence sug-
gests that the Bunyaviruses, like the influenza
viruses, possess segmented negative-strand
RNA genomes (1, 2, 7, 8, 10).
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