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SUMMARY: Large amounts of high molecular weight polypeptides were detected
in "'aged™ chick embryo fibroblast cells infected with Sindbis virus,
These polypeptides were shown to be virus specific by several criteria.
At least some of the above polypeptides were shown to be precursors to
smaller viral structural proteins by a pulse-chasc experiment.

INTRODUCTION: At present, the exact mode of formation of arboviral
proteins in infected cells is far from clear. Virus specific polypeptides with
molecular weights higher than those of the structural proteins have
been detected in chick embryo fibroblast (CEF) cultures infected with
wild-type Sindbis (SB) virus (1,2,3,4). One of these polypeptides has
been shown to accunulate in infected cells incubated with an inhibitor
of chymotrypsin (3)., Also, Schlesinger and Schlesinger identified a
precursor protein for one of the viral envelope proteins (5). Large
virus specific polypeptides have been detected in CEF cultures infected
with certain temperature sensitive (ts) mutants of SB virus, e.g, ts-11,
ts-13 (1,4). Presumably these high moleuclar weight proteins are pre-
cursors to the smaller viral proteins. However, no direct evidence has
been published to indicate that all the structural polypeptides originate
in infected cells from precursor proteins. The present report deals with
experiments which demonstrate that high molecular weight polypeptides
can be accunulated in infected CULF under certain conditions. Evidence is
presented suggesting that these polypeptides may serve as precursors for
the viral structural proteins.
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MATERIALS AND METHODS: CEF and llela cell cultures were prepared by methods

similar to those described earlier (6,7). CEF cultures were used at the end
of one or seven days of incubation at 37°C. 'Aged" cultures refer to those
that were maintained at 37°C for seven days after seeding without addition

of fresh medium. The details regarding the methods used for infecting cells
with the virus, and the growth medium used, are published elsewhere (7). Both
the HR and ts-2 strains of SB virus were used. The methods for obtaining stock
suspensions of the labeled or unlabeled virus have been described previously
(7.

Eagle's medium of low ionic strength (0.075M NaCl) was used instead of
regular medium in experiments involving the pulse and chase of labeled
proteins in infected cells, This hypotonic medium inhibits maturation of SB
virus in CEF infected cells (8). Therefore, this procedure ensured a minimal
loss of labeled virus from the infected cells during the chase interval.

Actinomycin D was obtained as a gift from Merck, Sharp, and Dohme, West
Point, Pa. It was used at a concentration of 5 pg per milliliter of medium.

3H-L-leucine (specific activity 115,000 mCi/mM) and Hc.L-1eucine
(342 mCi/mM) were obtained from Amersham and Searles, Chicago, I111.

Isotopically labeled proteins from infected and uninfected cells were
isolated and electrophoretically analyzed on 7.5% polyacrylamide gels by methods

similar to those described earlier (9).

RESULTS AND DISCUSSION: Group A arboviruses replicate poorly in CEF "aged"

in vitro (10,11). Thus, cultures "aged" for seven days at 37°C yielded virus which
was only 10% of that produced in cultures "aged" for one day. Incubation with
actinomycin D or trypsinization relieved the viral inhibitory state of the "aged"
cultures (10,11). Inefficient cleavage of the primary viral polypeptides (high
molecular weight proteins) may be one of the reasons for the reduced yields of
virus in "aged" cultures. If this is true, high molecular weight proteins should
be the predominant species in "aged'" cultures infected with SB virus. The elec-

trophoretic patterns of labeled polypeptides appearing in one and seven day old

25



Figure 1.
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CEF infected with SB virus were determined to test such a possibility and the
results are presented in Figure 1. Distinct peaks of radioactivity corresponding
to the two major structural polypeptides of the virus (membrane and core) are

seen in the pattern from one day old cultures. However, no distinct peaks
corresponding to the ahove proteins are seen in the pattern from seven day

old cells. A majority of the labeled proteins appear to migrate in the gel with
mobilities slower than those of the structural proteins. The possibility that they
represent host proteins appears unlikely since labeled proteins (14C~1eucine) from
uninfected cells migrated in the gel differently.

The following approach was used to establish that the high molecular weight
proteins appearing in "aged" CEF were virus specific., The species of viral proteins
synthesized should be similar. regardless of the type of host cells used for infecting
with SB virus, Conversely, the species of viral proteins synthesized in the same
host should be different depending on the type of SB virus mutant used, Recently, a
strain of Hela cells (lela-R) has been shown to support the growth of SB virus (7).
Therefore, we compared the types of viral proteins synthesized in Hela cells infected
with the wild-type and the ts-2 mutant of SB virus. The results of such an analysis
is shown in Figure 2, The predominant species of proteins synthesized in cells infected
with wild-type virus were larger than the two structural proteins (Figure 2A).
However, the major species of proteins appearing in ts-2 infected cells were
polypeptides 1 and 2, The relative electrophoretic mobilities of these two
proteins, as observed here, were similar to those reported by other workers
(1,2,3). Additionally, it can be seen that the high molecular weight proteins
observed in infected llela cells possess electrophoretic mobilities different from
those in uninfected cells. This, coupled with the observations on the types of proteins
in Hela cells infected with the mutant virus, suggests that the high molecular weight
proteins appearing in Hela cells are probably virus specific. The species of high
molecular weight proteins observed in "aged" CEF cells were similar to thosc observed
in Hela cells (compare Figures 1A and 2A) and therefore should also be specified by

the virus,
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Figure 2.
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Electrophoretic patterns of proteins synthesized in Hela-R cells
infected with SB virus and its mutant. Hela cell cultures

(4 x 106 cells/culture) were infected with SB virus

or the RNA* mutant ts-2. The cultures infected with SB virus

were incubated at 37°C for 4 hours in leucine-free medium con-
taining 5 pg actinomycin D/ml, and then exposed to “H-leucine

(50 pCi/culture) for 30 minutes., The cultures infected with

the ts-2 nutant were incubated at 27°C for 4 hours in leucine-fee
medium containing actinomycin D. Then the cultures were rapidly
warmed and incubated with fresh medium at 42°C for 1 hour.

Tritiated leucine (50 pCi/culture) was added to the cultures

and incorporation was allowed to occur for 1 hour at 42°C.

Proteins from uninfected cells labeled with 14C-leucine (10 uCi/culture)
were prepared under conditions similar to those used for infected
cells at 37°C or 42°C. Samples were prepared and analyzed by
electrophoresis under conditions similar to those described in the
legend to figure 1. (A) 14C-leucine labeled proteins from uninfected
plus 3H-leucine labeled proteins from SB virus infected Hela cel%s

at 37°C. (B) 1%C-leucine labeled proteins from uninfected plus <H-leucine
labeled proteins from ts-2 infected Hela cells at 42°C,
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Figure 3, Virus specific proteins labeled during a pulse and subsequent
chase, Four "aged" (seven days old) CEF cultures were infected
with SB virus and incubated at 37°C for 4 hours in leucine-free
growth medium containing 5 pg actinomycin D/ml. They were then
exposed to SH-leucine (250 pCi/culture) for two minutes. At
the end of the pulse the cultures were washed several times with
cold phosphate buffered saline. The cultures were then incubated
at 37°C with hypotonic mediuwn containing 100 ug. unlabeled leucine/ml,
Two cultures were harvested at the start and the rest at two hours
after the chase began, The methods and conditions used for pre-
paring labeled proteins from "aged'" CEF cultures infected with the
ts~2_nutant were the same as those described in the legend to figure
2. 1l4c-1abeled leucine (10 pCi/culture) was used for labeling the
ts-2 infected cultures at 42°C. The proteins were prepared for
electrophoresis and zmalyzed under conditions similar to those des-
cribed in Figure 1. (A) 3fi-leucine lableld meems from SB virus
infected CEF cells 0 minutes after chase plus 1%C- leucme labeled pro-
teins from ts-2 mutant infected CEF cells at 42°C, (B) SH-leucine
labeled protﬁms from CEF cells at the end of two hours after the
chase plus 14C- legcme labeled protelﬁ from SB virions.
) ] Hy O-==ec=w- C.
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It is possible that the high molecular weight proteins accumulating in "aged"
CEF infected with SB virus may represent precursor proteins for the structural
polypeptides. To test such a possibility the following experiment was done. A
pulse-chase experiment with 3H-leucine was performed in "aged" cells after infection
with SB virus. In this experiment actinomycin D was used to release the "aged" CEF
from the viral inhibitory state. The results of such an experiment are shown in
Figure 3. The predominant species of polypeptides appearing during the pulse period
{two minutes) consisted of proteins with electrophoretic mobilities similar to those
of the two major polypeptides appearing in ''aged" CEF infected with ts-2. The
structural proteins (membrane and core) were poorly labeled under the above conditions.
However, after a two hour chase with unlabeled leucine, about 85% of the label
appearing in the high molecular weight region of the gel was confined in the region
of the structural proteins. This suggests that the high molecular weight polypeptides
detected during the pulse period may serve as precursors to the structural proteins.

The present results do not permmit us to make any valid conclusions about
Actinomycin D reversal of reduced SB virus production by '"aged" CEF. Regardless
of the exact nature of the actinomycin D effect, the results presented here
represent direct experimental evidence suggesting that structural proteins of
SB virus probably originate from high molecular weight polypeptides. The
approximate molecular weights of the two major species of high molecular
weight proteins observed in Figure 3 are 130,000 daltons and 120,000 daltons
respectively. Proteins possessing similar molecular weights have been
observed in cells infected with some RNA* mutants, e.g. ts-2 (1,2,3). The
present results show that the high molecular weight proteins detected in cells
infected with the ts-2 mutant are identical in their electrophoretic mobilities
to those found during a brief labeling period of cells infected with the wild-
type. Additionally, we have shown here that the label present in such high
molecular weight proteins appears in the structural proteins subsequent to a
period of chase. Recent evidence indicates that a 26 to 285 fom of viral RNA

can function as a messenger in infected cells (7,12)., If a messenger of that
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size were to be translated monocistronically the approximate size of the
theoretical protein would be 180,000 daltons. Based on this reasoning, the
molecular weight of the largest protein observed here may be too small to
represent the entire messenger. This anomaly may be due to the following
reasons, Detemination of the molecular weights of large proteins by
electrophoresis on polyacrylamide gels may not be accurate since mobilities of
proteins above 100,000 daltons could not be directly proportional to their
molecular weights, Alternatively, there may exist a large segment in the 26
to 285 RNA which is not translated in vivo. The present results do not
provide any evidence on how the smaller viral proteins originate from the high

molecular weight precursors,
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