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Cells infected with wild-type Sindbis virus contain at least two forms of
mRNA, 26S and 49S RNA. Sindbis 26S RNA (molecular weight 1.6 x 106)
constitutes 90% by weight of the mRNA in infected cells, and is thought to
specify the structural proteins of the virus. Sindbis 49S RNA, the viral genome
(molecular weight 4.3 x 10"), constitutes approximately 10% of the mRNA in
infected cells and is thought to supply the remaining viral functions. In cells
infected with ts2, a temperature-sensitive mutant of Sindbis virus, the messenger
forms also include a third species of RNA with a sedimentation coefficient of 33S
and an apparent molecular weight of 2.3 x 106. Hybridization-competition
experiments showed that 90% of the base sequences in 33S RNA from these cells
are also present in 26S RNA. Sindbis 33S RNA was also isolated from cells
infected with wild-type virus. After reaction with formaldehyde, this species of
33S RNA appeared to be completely converted to 26S RNA. These results
indicate that 33S RNA isolated from cells infected with either wild-type Sindbis
or ts2 is not a unique and separate form of Sindbis RNA.

In cells infected with group A arboviruses
(alphaviruses), at least two species of virus-
specific single-stranded RNA are manufactured
(4, 15, 16). In the case of Sindbis virus, these
two species of RNA have sedimentation coeffi-
cients of 49S and 26S. Sindbis 49S RNA is the
viral genome and has a molecular weight of 4.3
4 0.3 x 106 (3, 13). Sindbis 26S RNA has a
molecular weight of 1.6 x 106 and consists of
one-third of the viral genome (13).

It has been determined that 26S RNA func-
tions as a messenger in the infected cell (5, 8,
12). Since 26S RNA has only one-third of the
coding capacity of the genome, it is expected
that the other two-thirds of the viral functions
are specified by other species of Sindbis-specific
mRNA. Kennedy (5) and Mowshowitz (8) de-
scribed a second species of Sindbis mRNA
having a sedimentation coefficient of 33S and a
molecular weight of 2.2 to 2.4 x 10g. Rosemond
and Sreevalson (12) described several species of
mRNA smaller than 26S RNA in infected cells.
In an earlier publication (14), we obtained
indirect evidence for the existence of a species of
single-stranded RNA with a molecular weight of
2.8 x 106 which contains two-thirds of the base
sequence information present in 49S RNA but
none of the information present in 26S RNA.

I Present address: National Institutes of Health, National
Institute of Allergy and Infectious Diseases, Bethesda, Md.
20014.

We hypothesized that this species of RNA
functions as a messenger in infected cells.

In this paper, we support the evidence that
26S RNA is the predominant messenger in cells
infected with Sindbis virus, and we show that
49S RNA, the viral genome, serves as the second
form of messenger in infected cells. We also
present evidence that Sindbis 33S RNA is a
structural variant of 26S RNA and not a sepa-
rate species of Sindbis-specific RNA. No other
unique species of RNA was detected in prepara-
tions of mRNA.

MATERIALS AND METHODS

Except as described below, the materials and
methods used in these experiments have been previ-
ously described (13). These include the methods for
sucrose gradient and formaldehyde sucrose gradient
velocity sedimentation, analytical and preparative
acrylamide gel electrophoresis, and hybridization-
competition.

Isolation of Sindbis-specific polysomes. Chicken
embryo fibroblasts were infected with Sindbis virus as
previously described (13). The cells were labeled with
[5-_3Hluridine (specific activity 22.4 Ci/mmol) for
various periods of time and/or with ["4C]amino acids
(Schwarz hydrolysate, specific activity 50 mCi/mmol)
for 2 min. In some cases, the cells were treated with 50
tig of cycloheximide per ml (Nutritional Biochemicals
Corp.) for 7 min before harvesting the infected cells.
The flask of cells was rapidly cooled to 0 C in an

ice-water slurry, and the cells were washed three times
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in ice-cold 0.01 M Tris, 0.01 M KCI, and 0.0015 M
MgCl, (pH 7.4). The cell monolayer was scraped off
the surface of the flask with a rubber policeman into
0.5 ml of the same buffer. After 10 min at 0 C to allow
the cells to swell, the cells were homogerized with 10
to 15 strokes of a glass Dounce homogenizer. Nuclei
and unbroken cells were removed by centrifugation at
1,000 x g for 8 min at 0 C. The supernatant was made
0.5% with respect to deoxycholate (Matheson, Cole-
man & Bell), and particulate material was removed
by sedimentation at 10,000 x g for 10 min. The
polysomes and other cytoplasmic material present in
the clarified supernatant were sedimented in a linear
15 to 40% sucrose gradient in the above buffer for 2.25
h (unless otherwise stated) at 40,000 rpm and 1.5 C in
the Spinco SW40 or SW41 rotor.

If the gradient was to be analyzed for radioactivity,
it was first pumped through a flow cell in a Gilford
recording spectrophotometer to determine the posi-
tion of the monosome band. The material in each
fraction was precipitated with trichloroacetic acid
and counted in toluene-fluor scintillation fluid.

If the labeled RNA in the gradient containing
Sindbis-specific polysomes was to be analyzed by
velocity sedimentation, the gradient was first frac-
tionated directly into 2-ml beakers containing 20
lAiters of 10% sodium dodecyl sulfate (SDS). The
RNA from selected fractions was subjected to sucrose
gradient velocity sedimentation (14) for 4.5 h at
40,000 rpm in the Spinco SW41 rotor.

Preparation of mRNA from infected cells. To
prepare mRNA, polysomes were sedimented through
a sucrose gradient such that those consisting of more
than 10 ribosomes were pelleted in the centrifuge
tube. The gradient above the pellet was carefully
removed by aspiration, and the pellet was resus-
pended in 0.2 ml of 0.01 M Tris, 0.01 M KCl, and
0.0015 M MgCl2 (pH 7.4). The solution was made 0.01
M in EDTA to release the mRNA from ribosomes and
100 Ag/ml in dextran sulfate (Sigma Chemical Co.) to
inhibit RNase. To separate the released mRNA from
nucleocapsids present in the polysomal pellet, the
material was sedimented in a sucrose gradient, as
described above, for the sedimentation of polysomes
with the exception that the time of centrifugation was
increased to 3 h. The gradient was collected in beakers
containing 20 sliters of 10% SDS, and a volume of
each fraction was counted for radioactivity. The RNA
in the pooled fractions was made 0.2 M in potassium
acetate (pH 6.0) and precipitated with 2.5 volumes of
ethanol overnight at -20 C. The RNA was resus-
pended in 0.01 M Tris, 0.06 M NaCl, 0.001 M EDTA,
and 1% SDS (pH 7.2) and extracted twice with
phenol-chloroform (9) at 0 C and twice more at room
temperature. The RNA was then subjected to electro-
phoresis in an acrylamide gel as previously described
(13).

Preparation of Sindbis 33S RNA. Sindbis 33S
RNA was prepared from chick cells infected with
either wild-type Sindbis virus of ts2.
When the source of the 33S RNA was cells infected

with wild-type Sindbis (HR), total cellular RNA was
prepared as previously described (13, method A, but
without diethyl oxydiformate). The RNA was sub-

jected to sedimentation in a 15 to 30% sucrose
gradient in 0.01 M Tris, 0.06 M NaCl, 0.001 M EDTA,
0.2% SDS (pH 7.2) for 4.5 h at 40,000 rpm and 23 C in
the Spinco SW41 rotor, and the fractions correspond-
ing to Sindbis 26S RNA and 33S RNA were pooled
together. The RNA was precipitated with ethanol,
and the resuspended RNA was subjected to prepara-
tive gel electrophoresis (13). The fractions containing
33S RNA were combined and the RNA was concen-
trated by ethanol precipitation.
When the source of the 33S RNA was cells infected

with ts2 at 39 C, polysomes were prepared and
subjected to sedimentation, as described above. The
fractions containing polysomes with 4 to 10 ribosomes
were made 1% with respect to SDS, and the samples
were extracted with phenol-chloroform (9). The spe-
cies of 33S RNA was purified by electrophoresis in a
preparative acrylamide gel (13).

Preparation of viral nucleocapsids. Nucleocap-
sids were isolated from detergent-treated Sindbis
virus which had been purified as previously described
(10). The virus solution was diluted threefold in 0.01
M Tris, 0.01 M KCl, and 0.005 M EDTA (pH 7.4), and
Triton X-100 (Sigma Chemical Co.) was added to a
final concentration of 0.5%. The nucleocapsids were
sedimented in a 15 to 40% sucrose gradient in the
same buffer for 3 h at 40,000 rpm and 1.5 C in the
Spinco SW40 rotor. The fractions containing the
nucleocapsids were pooled and stored frozen.

RESULTS
Polysomes of infected cells. Polysomes pre-

pared from cells infected with Sindbis virus
served as the source of the mRNA in these
experiments. It was therefore important to ana-
lyze the size of these polysomes and to deter-
mine if they were involved in protein synthesis.
When cells infected with wild-type (HR

strain) Sindbis virus were briefly labeled for 2
min with "4C-labeled amino acids, the sedi-
mentable radioactivity was associated primar-
ily with monosomes, disomes, and trisomes
(Fig. 1), indicating that these structures were
involved in protein synthesis. Smaller amounts
of amino acid label were incorporated into
larger polysomes. The polysomes were also la-
beled with [3HJuridine which was added at 30
min after infection in the presence of ac-
tinomycin D (in order to label only virus-
specific RNA). In addition, the uridine label
was incorporated into viral nucleocapsids which
sediment at 140S. In these gradients, most of
the nucleocapsids sedimented slightly faster
than trisomes and at the position shown by bar
b in Fig. 1. Relatively little amino acid label was
associated with nucleocapsids after only 2 min
of labeling.

In cells infected with certain mutants of
Sindbis virus (ts2, ts5, tsl3, and tslO6), the
synthesis of viral nucleocapsids is temperature
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sensitive (1, 2, E. Strauss, personal communica-
tion). When polysomes were prepared from cells
infected with ts2 at the restrictive temperature,
uridine label was found in polysomes as ex-

pected, but relatively little uridine had been
incorporated into nucleocapsids (Fig. 2) (nu-
cleocapsids, if present, would be found near

fraction 27 in this gradient). These polysomes
were also labeled with amino acids in a 2-min
pulse showing that all classes of ts2 polysomes
were involved in protein synthesis.
Because polysome preparations from cells

infected with ts2 were free from large amounts
of nucleocapsids, we were able to calculate the
relative amounts of [14C ]amino acids to [3H ]uri-
dine incorporated into each class of polysomes.
Thus, in Fig. 2, the ratio of [14C ]amino acid to
[3H ]uridine label increased as the polysomes got
larger. This was expected on the basis that
larger polysomes contain a greater total length
of polypeptide chains per unit length of mRNA
than do smaller polysomes. The "4C-to-3H ratio
in the polysomes of Fig. 1 could not be calcu-
lated due to the presence of large amounts of
nucleocapsids in the gradient (see below). How-
ever, these results suggest that polysomes from
cells infected with wild-type Sindbis virus are

smaller than polysomes from cells infected with
ts2.

Furthermore, to show that polysomes were
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FIG. 1. Polysomes from cells infected with wild-
type Sindbis virus. 1.5 x 107 chicken embryo cells
were infected with wild-type (HR) Sindbis virus and
labeled with 20 uCi of [5-3H]uridine per ml from 0.5
to 4.5 h after infection and with 100 MCi of [14C lamino
acids per ml (Schwarz hydrolysate) for 2 min before
cell harvesting. The polysomes were prepared and
sedimented. The bars labeled a, b, c, and d refer to
certain fractions which were pooled for analysis of the
labeled RNA (see Fig. 4). The arrow on the right in
this and all other figures represents the top of the
gradient. Symbols: -, [3H]uridine label; ------
[14C]amino acid label.

FRACTION NUMBER

FIG. 2. Polysomes from cells infected with ts2. The
experimental procedures were as described in the
legend to Fig. 1 with the exception that the cells were

infected with ts2 at 39 C. Symbols: -, [8Hjuridine
label; -----, ['4Clamino acid label.

not degraded during the isolation procedure, we

prepared polysomes from uninfected cells after
a brief labeling period with amino acids. Most
of the sedimentable radioactivity was associ-
ated with large polysomes consisting of five or

more ribosomes, whereas relatively little label
was in monosomes or disomes (Fig. 3). More-
over, as shown below, the RNA isolated from
polysomes of infected cells was usually unde-
graded. These results indicate that, under the
conditions of infection, polysomes from cells
infected with either wild-type Sindbis or ts2

were smaller than those from uninfected cells.
Characterization of the RNA from gra-

dients of Sindbis-specific polysomes. Poly-
somes labeled with [3Hluridine were prepared
from cells infected with wild-type (HR) Sindbis
virus and subjected to velocity sedimentation in
a sucrose gradient. In this gradient, the profile
of 3H radioactivity was similar to the one shown
in Fig. 1. Four different samples of this gradient
were pooled as shown by the bars labeled a, b, c,
or d in Fig. 1, and the structures in these
samples were disrupted with SDS. The RNA in
each sample was sedimented in a linear sucrose

gradient in the presence of E. coli rRNA (Fig.
4). Sample (a), which apparently consisted of
large polysomes, and sample (b), which con-

sisted of trisomes, tetrasomes, and viral nu-

cleocapsids, contained both Sindbis 26S RNA
and 49S RNA (Fig. 4[a] and [bI). On the other
hand, samples (c) and (d), which consisted of
monosomes and slower sedimenting structures,
respectively, contained primarily 26S RNA
(Fig. 4[c] and [d]). The interpretation of these
results is complicated by the presence of large
amounts of nucleocapsids which sedimented
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faster than 140S throughout the bottom half of
the gradient containing the polysomes. For
example, it was shown that after EDTA treat-
ment and resedimentation of the material in
Fig. la, 35% of the 3H label was in viral
nucleocapsids. This observation and the data

FRACTION NUMBER

FIG. 3. Polysomes from uninfected cells. A culture
of uninfected chicken embryo cells was labeled with
100 ACi of [3H]amino acids per ml (Schwarz hydroly-
sate) for 2 min before cell harvesting. The polysomes
were subjected to velocity sedimentation, as described
in the legend to Fig. 1 with the exception that the time
of centrifugation was reduced to 2 h.

FRACTION NUMBER

FIG. 4. Characterization of the RNA from gradi-
ents of Sindbis-specific polysomes. Chick cells in-
fected with wild-type Sindbis virus were labeled with
20 MCi of [5-3H]uridine per ml from 0.5 to 4.5 h
postinfection. The polysomes were prepared and sedi-
mented, and the gradient was collected for analysis of
the RNA. The RNA in each of the four samples,
corresponding to the regions of the gradient shown by
bars a, b, c and d in Fig. 1, was subjected to
sedimentation in a 15% to 30% sucrose gradient at
40,000 rpm and 23 C for 4.5 h in the Spinco SW41
rotor using '4C-labeled E. coli rRNA as markers.
Symbols: (a-d) -, 'H-labeled Sindbis-specific RNA
in bars a-d of Fig. 1, respectively; -----, "4C-labeled E.
coli rRNA.

shown in Fig. 4 probably indicate that the large
majority of the 49S RNA in these gradients of
Sindbis-specific polysomes was in the form of
nucleocapsids, whereas most of the 26S RNA
was associated with ribosomes.
The RNA in each of the samples (a) through

(d) was treated with RNase to detect the
presence of labeled double-stranded RNA. Only
sample (d) contained RNase-resistant RNA,
and this was shown to consist of the three forms
of Sindbis replicative forms (RF) (13) (data not
shown). The conclusion was that only sample
(d) contained the Sindbis replicative intermedi-
ates.
mRNA in cells infected with wild-type

Sindbis virus. To isolate mRNA, polysomes
from cells infected with wild-type Sindbis virus
were sedimented such that those consisting of
more than 10 ribosomes were pelleted in the
centrifuge tube. For this experiment, the cells
were treated with cycloheximide to increase the
average size of the polysomes (7) and to reduce
the relative amounts of nucleocapsids in the
pelleted material. The polysomes in the pellet
were dissociated with EDTA, and the compo-
nents were sedimented in a sucrose gradient to
separate released RNA (i.e., mRNA) from nu-
cleocapsids (Fig. 5). The polysomal pellet con-
tained relatively little uridine label in nu-
cleocapsids as shown by the small amounts of
3H radioactivity sedimenting with the nu-
cleocapsid marker. Figure 5 shows as well that
the RNA released by EDTA was associated with
structures (presumably RNA-protein com-
plexes) sedimenting at approximately 35S to
40S (sample I), and at 60S to 70S (sample II).
After deproteinization, the RNA in each of
samples I and II was subjected to acrylamide gel
electrophoresis (Fig. 6). Sample I consisted
primarily of 26S RNA (Fig. 6[a]), whereas 49S
RNA was the predominant species of RNA in
sample II (Fig. 6[b]). Other species of Sindbis
mRNA could possibly be present in sample II
since another band (or bands) could be hidden
under the leading side of the 49S RNA peak in
Fig. 6(b). Approximately 10% of the label in the
mRNA fraction (samples I and II) was in 49S
RNA. These results indicate that 26S RNA is
the predominant species of mRNA in infected
cells, but that 49S RNA has messenger function
as well.
mRNA in cells infected with ts2. Since the

virus-specific polypeptides synthesized in cells
infected with ts2 are different in size from the
polypeptides synthesized in cells infected with
wild-type Sindbis virus (17), we characterized
the species of mRNA in ts2-infected cells. The
mRNA forms were subjected to electrophoresis

555VOL. 14, 1974



SIMMONS AND STRAUSS

I7

x X
C

E E

t4-4

2-2'

FRACTION NUMBER
FIG. 5. Disruption of polysomes with EDTA. 1.5 x

107 chicken embryo cells were infected with wild-type
(HR) Sindbis virus and labeled with 20 ACi of [5_3H]-
uridine per ml from 3 to 5 h after infection. Seven
minutes before cell harvesting, the medium was made
50 Aglml with respect to cycloheximide to increase the
average size of the polysomes. The polysomes were
sedimented at 40,000 rpm for 2 h 15 min and 1.5 C in a
Spinco SW40 rotor, and the polysomes in the pellet
were treated with EDTA. The material was subjected
to velocity sedimentation. 14C_labeled purified Sind-
bis nucleocapsids were added as a marker. Bars
labeled I and II refer to certain fractions of the
gradient which were pooled for analysis of the RNA by
acrylamide gel electrophoresis (see Fig. 6). Symbols:
-, [3H]uridine label,; -----, l4C_labeled Sindbis nu-
cleocapsids.
in an acrylamide gel using purified Sindbis 26S
RNA as marker (Fig. 7). They consisted primar-
ily of 26S RNA and of small amounts of another
species of RNA with an apparent molecular
weight of 2.3 x 10". This second species ofRNA
has been detected previously in cells infected
with Semliki Forest virus or with Sindbis virus
(6) and in mRNA preparations from these
infected cells (4, 8). Although little 49S RNA
was detected in this preparation of mRNA, we
have found 49S mRNA in other preparations of
polysomes from cells infected with ts2 at either
the restrictive or permissive temperature.
Characterization of Sindbis 33S RNA. The

species of RNA with a molecular weight of 2.3 x
10" (33S RNA) was isolated from polysomes of
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FIG. 6. mRNA from cells infected with wild-type
Sindbis virus. The RNA in each of samples I and II
(Fig. 5) was subjected to acrylamide gel electrophore-
sis. "4C-labeled E. coli rRNA were added as markers
and the direction of electrophoresis was from left to
right. Symbols: (a) and (b) -, 'H-labeled Sindbis
mRNA in sample I and in sample II, respectively;
-,--1C-aeeEE. coli rRNA.
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FIG. 7. mRNA from cells infected with ts2.
Chicken cells infected with ts2 at 39 C were labeled
with 20 ,Ci of [5-3H]uridine per ml from 0.5 to 3.25 h
postinfection. The mRNA fraction was isolated and
the RNA was subjected to acrylamide gel electropho-
resis using purified 32P-labeled Sindbis 26S RNA as
marker. Symbols: -, 3H-labeled ts2 mRNA; ------
32P-labeled purified Sindbis 26S RNA.
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cells infected with ts2 at the restrictive temper-
ature and purified by preparative gel electro-
phoresis. A hybridization-competition experi-
ment using 33S RNA was performed to deter-
mine whether or not this form of Sindbis-
specific RNA was separate and distinct from
Sindbis 26S RNA. When 33S RNA was hybrid-
ized to Sindbis double-stranded RNA, unla-
beled 26S RNA was able to effectively compete
with it for the sites on the complementary
strand of the double-stranded RNA (Fig. 8).
Only about 10% of the base sequences in 33S
RNA were not in competition with excess unla-
beled 26S RNA. The curve for the control
experiment where 26S RNA was hybridized to
Sindbis double-stranded RNA in the presence
of increasing amounts of unlabeled 26S RNA is
also shown in Fig. 8. These results indicate that
at least 90% of the base sequences in 33S RNA
from cells infected with ts2 are also present in
26S RNA. It is unclear whether the 10% non-
homology between 26S and 33S RNA represents
a real difference between these molecules or is
due to contamination of the 33S RNA prepara-
tion with fragments derived from 49S RNA.

If, as the hybridization-competition results
indicate, 33S RNA is a structural variant of 26S
RNA, denaturation of this form of RNA should
convert it to 26S RNA. For the following experi-
ment, 33S RNA was isolated from total cellular
RNA after infection with wild-type Sindbis
virus and was purified by electrophoresis in a
preparative acrylamide gel. The native form of
the RNA was subjected to sucrose gradient-
velocity sedimentation with E. coli rRNA as
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FIG. 8. Hybridization-competition experiments
with 33S RNA. 108 chicken embryo cells were infected
with ts2 at 39 C and labeled with 250 MCi of H 32PO4
per ml from 0.5 to 4.5 h postinfection. The 33S RNA
was isolated from polysomes. The annealing mixtures
contained 20 ng of double-stranded RNA (13), 2 ng of
"2P-labeled 26S or 33S RNA, and various amounts of
unlabeled purified 26S RNA. The RNA was hybrid-
ized as previously described (13). Symbols: 0, Hy-
bridization of 32P-labeled 33S RNA; 0, hybridization
of 32P-labeled 26S RNA.

markers (Fig. 9). In agreement with its size
estimated by gel electrophoresis, the RNA had a
sedimentation coefficient of 33.5S. However,
when the purified RNA was denatured by
heating in formaldehyde, it sedimented with an
apparent molecular weight of only 1.4 x 106
(Fig. 10). After reaction with formaldehyde,
Sindbis 26S RNA sedimented with this same
apparent molecular weight (13). It appears,
therefore, that when 33S RNA from cells in-
fected with wild-type Sindbis virus was dena-
tured with formaldehyde, it was converted to
26S RNA.

DISCUSSION

Polysomes isolated from cells infected with
either wild-type Sindbis virus or ts2 appear to
be smaller, under the conditions of infection,
than polysomes of uninfected cells. This is in
contrast with the results obtained on polysomes
of cells infected with poliovirus (11).

Sindbis 26S RNA is the predominant messen-
ger in cells infected with either wild-type Sind-
bis or ts2. Kennedy (5), Rosemond and Sree-
valsan (12), and Mowshowitz (8) have reported
similar conclusions. We found that Sindbis 49S
RNA serves as messenger as well, but to a
lesser extent than 26S RNA. The majority of the
49S RNA in our gradients containing Sindbis-
specific polysomes was found in nucleocapsids,
whereas the majority of the 26S RNA was
probably associated with ribosomes.
Mowshowitz (8) also presented evidence that

49S RNA possesses messenger activity. In her
experiments, treatment of the polysomes with
EDTA or puromycin caused a decrease in the
amounts of 49S RNA associated with fast-sedi-
menting structures and a corresponding in-
crease of 49S RNA in structures sedimenting at
140S with viral nucleocapsids. Although it was
assumed that the 49S RNA was released from
polysomes, it is possible that some or all of the
newly appearing 49S RNA in the 140S material
was due to an altered sedimentation behavior of
nucleocapsids in the presence of EDTA. We
have found that fast-sedimenting structures do
contain significant amounts of nucleocapsids
which can be released by EDTA treatment. In
our gradients, released 49S RNA sediments as a
ribonucleoprotein complex at 60 to 70S versus
140S for nucleocapsids (or for released 49S RNA
in the experiments of Mowshowitz [8]), and can
be distinguished from nucleocapsids. It is also
noteworthy that released 26S RNA sedimented
as a ribonucleoprotein complex of 65S in the
experiments of Mowshowitz (8), versus 35 to
40S in our experiments. The reason for these
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FIG. 9. Sedimentation of 33S RNA in sucrose gra-
dients. Chicken cells were infected with wild-type
(HR) Sindbis virus and labeled with [5-3H]uridine
from 0.5 to 4.5 h postinfection. The 33S RNA was

isolated from total cellular RNA and subjected to
velocity sedimentation as described in the legend to
Fig. 4. Symbols: -, 3H-labeled 33S RNA; ------
"4C-labeled E. coli rRNA.
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FIG. 10. Sedimentation of 33S RNA after reaction
with formaldehyde. 33S RNA was prepared, dena-
tured by heating in the presence offormaldehyde (12),
and sedimented in a formaldehyde-sucrose gradient
for 10.5 h at 40,000 rpm and 23 C in the Spinco SW40
rotor. Formaldehyde-treated E. coli rRNA were used
as markers. Symbols: -, 3H-labeled formaldehyde-
treated 33S RNA; -----, "4C-labeled formaldehyde-
treated E. coli rRNA.

differences in sedimentation coefficients is not
clear. It may be due to the different sedimenta-
tion conditions or to the use of different host
cells.

In vitro and, by inference, in infected cells,
26S RNA codes for the structural proteins of the
virus (D. T. Simmons and J. H. Strauss, J.
Mol. Biol., in press; R. Cancedda and M. J.
Schlesinger, Proc. Nat. Acad. Sci. U.S.A., in

press). In infected cells, the remaining viral
functions seem to be coded for by 49S RNA.
The proteins specified by the 49S RNA genome
are not known but they presumably include one
or two RNA replicases and regulatory proteins
needed in small quantities. In lysates of rabbit
reticulocytes, 49S RNA specifies eight or nine
polypeptides ranging in molecular weight from
60,000 to 180,000 (D. T. Simmons and J. S.
Strauss, in press). It is not known if these poly-
peptides are synthesized in infected cells.
A 33S RNA species from arbovirus-infected

cells was first detected by Levin and Friedman
(6) and shown to have messenger activity by
Kennedy (5) and by Mowshowitz (8). We have
confirmed the existence of a 33S RNA species
and its apparent messenger function. However,
our results indicate that 33S RNA is not a
unique species of Sindbis RNA. When 33S RNA
isolated from cells infected with wild-type Sind-
bis virus was denatured with formaldehyde, it
appeared to be completely converted to 26S
RNA. Hybridization-competition experiments
indicate that 33S RNA from cells infected with
ts2 shares at least 90% of its base sequences with
26S RNA.

In a previous publication (14), we presented a
model for the replication of Sindbis-specific
RNA which showed the synthesis of a hypothet-
ical unique species of single-stranded RNA
(molecular weight 2.8 x 106) equivalent to
two-thirds of the genome. A rigorous search for
this species of RNA has failed. We have aban-
doned the possibility that 33S RNA is the
molecule in question. If this RNA molecule is
ever released from the template, it must be
rapidly degraded.
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