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Infection of baby hamster kidney cells (BHK-21/13) with Saint Louis encephalitis
(SLE) virus depressed the rate of protein and ribonucleic acid (RNA) synthesis
until viral RNA synthesis began 6 hr postinfection (PI). Virus-directed RNA synthe-
sis was subsequently inhibited until 12 hr PI when virion maturation began. The
rate of protein synthesis reached a peak 6 hr PI and was subsequently depressed
until just before the onset of virion maturation. Density gradient analysis of phenol-
extracted RNA from actinomycin-treated infected cells indicated that, at 6 to 8
hr and again at 12 to 20 hr PI, three species of viral-specific RNA were synthesized.
The most rapid sedimenting form (43S) was ribonuclease-sensitive and had a base
composition similar to the RNA isolated from mature virions. The 20S RNA species
was ribonuclease-resistant and had a sedimentation coefficient and base composi-
tion similar to the replicative form associated with other arbovirus infections. The
26S RNA was ribonuclease-resistant (0.2 ug/ml, 0.1 M NaCl, 25 C, 30 min) and had
a nucleotide base composition closer to the 20S form than to the values for 43S
RNA. Five-minute pulse labeling of infected cultures during the period viral RNA
synthesis was maximal resulted in labeling of only the 20S to 22S RNA fractions.
With pulse-labeling periods of 10 min, both the 20S and 26S RNA species were
radioactive. Periods of radioactive labeling of as long as 15 min were required be-
fore the 43S form was radioactively labeled. These results suggest that the 20S and
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26S RNA may be intermediate forms in the synthesis of 43S viral RNA.

The synthesis of viral-directed ribonucleic acid
(RNA) in cells infected by group A arboviruses
has been studied intensively (8-10, 17, 20, 21, 28,
29). Replication of viral RNA by these viruses is
initiated within the 2nd hr after infection, with
the formation of three distinct types of RNA
which have sedimentation coefficients of approxi-
mately 40S, 26S, and 20S, respectively (10, 17, 20,
27-29). It is generally agreed that the 40S RNA
is infectious and represents newly synthesized
single-stranded RNA to be incorporated into
progeny virions (10, 20, 27, 28). The nature and
function of the 20S and 26S RNA associated
with the synthesis of group A arbovirus RNA
are not yet thoroughly understood (8, 9, 27, 28).

In contrast to the rapid replication of the group
A arboviruses, the formation of complete dengue
(31) and Saint Louis encephalitis (SLE) virus, a
group B arbovirus, does not begin until 12 hr
after infection. This feature of SLE virus replica-
tion raises a number of questions about its
mechanism of replication, since its general proper-
ties and genome are similar to those reported for
group A arboviruses (10, 22, 28). This report

represents the beginning of a study on the bio-
chemistry of SLE virus replication in BHK-21/13
cells. In this communication, we report some of
the general features of SLE viral RNA synthesis
in the infected cells.

MATERIALS AND METHODS

Cells and media. Baby hamster kidney cells (BHK-
21/13; 15) obtained from the American Type Culture
Collection were grown in a lactalbumin tryptose-
phosphate broth medium (23) modified by the addi-
tion of yeastolate to a final concentration of 0.1%,.

The stable pig kidney cell line designated PS (13),
used for virus production and plaque assay, was re-
ceived from E. G. Westaway. These cells were grown
in monolayer roller bottle cultures in medium 199 (18)
supplemented with 109, calf serum.

All cell growth medium contained 200 units of
penicillin per ml, 100 ug of streptomycin per ml, and
5 ug of fungizone per ml.

Virus. The large plaque mutant of the P-15 strain of
SLE virus (19) was obtained from W. McD. Hammon
of the University of Pittsburgh. Before use in these
experiments, the virus was passed eight times and
plaque purified twice in PS cells. Seed virus was pre-
pared by inoculating PS cultures in cylindrical roller
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bottles at a multiplicity of infection (MOI) of 5 plaque-
forming units (PFU) per cell. Adsorption was allowed
to take place at 37 C for 1.5 hr, fluid containing the
unadsorbed virus was removed, and growth medium
containing 2.1 mg of NaHCO; per ml was added.
Thirty-six hours later, cells and supernatant fluid
were harvested and the cells were disrupted at 20 kc
with a Biosonik II sonic oscillator for 1 min at 4 C.
The virus suspension was clarified by centrifugation at
8,000 X g for 15 min and stored at —70 C.

Virus assay. The infectivity of SLE virus prepara-
tions was assayed by plaque formation on monolayers
of PS cells (33).

Hemagglutination titers (HA) of virus were de-
termined by use of gander erythrocytes as described
by Clarke and Casals (5).

Determination of infective centers. For infective
center assay, confluent BHK-21 cell monolayers were
infected with SLE virus at MOI values ranging from
5.2 to 97.1. Virus was allowed to adsorb for 1.5 hr at
37 C, the monolayers were rinsed three times with
phosphate-buffered saline (PBS), growth medium was
added, and the cultures were incubated at 37 C for 4
hr. The medium was then removed, the cultures were
washed three times with PBS and trypsinized, and the
cells were enumerated with the aid of a hemocytom-
eter. The cells in suspension were washed two times
with PBS by centrifugation and were resuspended in
5 ml of SLE antiserum diluted 1:10 in medium 199
without serum. This antiserum had a titer of 1:320 by
neutralization test against 100 PFU of virus. The cell-
antiserum mixture was incubated at room temperature
for 30 min, cells were diluted in growth medium, and
0.2-ml volumes were plated on monolayers of PS cells.
A 0.5-ml amount of overlay medium was added to fix
the cells to the PS cell monolayer, and the cultures
were overlaid for plaque formation.

Assay of infectious RNA. Monolayer cultures of
PS cells were washed with warm PBS and then were
osmotically shocked by successively washing with
PBS which contained 0.3, 0.6, and 0.9 M Na,SO,.
RNA was diluted in ice-cold Ca*- and Mg*-ion-
deficient PBS which contained 500 ug of diethy-
aminoethyl (DEAE)-dextran per ml, and six cultures
were inoculated with 0.2 ml of each dilution. Infected
cultures were incubated at 27 C for 20 min and then
were washed consecutively with PBS which contained
0.6 and 0.3 M Na,SO, and PBS alone. After the last
wash, the monolayers were overlaid for plaque for-
mation. The standard deviation of infectious RNA
titers obtained by this assay technique was 2.91.

Concentration and partial purification of SLE viras.
Monolayers of PS cells were infected at an MOI of 10
in medium containing 0.5 ug of actinomycin D per ml.
After adsorption, the cultures were fed with medium
which contained 0.5 ug of actinomycin and 0.1 uc of
3H-uridine or 100 uc of 32P per ml and were incubated
for 40 hr. Medium and cells were collected, sonic
treated, and clarified by centrifugation. Saturated ice-
cold ammonium sulfate in 0.1 M tris (hydroxymethyl)
aminomethane (Tris)-hydrochloride buffer (pH 7.5)
was slowly added to the clarified virus suspension to a
final concentration of 2.0 M. The resulting precipitate
was centrifuged at 8,000 X g for 15 min, dissolved in
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109, of the original volume of TE buffer [0.01 M Tris-
hydrochloride, 0.001 M ethylenediaminetetraacetic
acid (EDTA)], and filtered through a G-25 Sephadex
column at 4 C with TE buffer. The virus-rich eluate
was added to a magnesium pyrophosphate gel slurry
(24). Virus was eluted from the gel with 0.4 M potas-
sium phosphate buffer (pH 7.0). A 5-ml amount of
this concentrated, partially purified virus was then
layered on 35 ml of a linear potassium tartrate gradient
(30 to 50%, w/v, potassium tartrate in TE buffer
which contained 0.29, bovine albumin) and was
centrifuged in the SB-110 rotor of an International
B-60 centrifuge at 80,000 X g for 20 hr at 4 C. Frac-
tions (1 ml) were collected from the bottom of the
tube and were assayed for HA, plaque formation, and
radioactivity.

Replication of SLE virus and viral RNA., Mono-
layer cultures of BHK-21 cells were infected at an
MOI of 25 PFU in 0.5 ml and were incubated for 1.5
hr at 37 C for adsorption. The cells were then washed
three times with PBS to remove extracellular virus, the
growth medium was replaced, and the cultures were
incubated at 37 C. At the indicated times, cells from
four cultures were scraped off the glass into the me-
dium, and a sample of the suspension was stored at
—70 C for assay of viral infectivity. Infectious RNA
was extracted from the remainder of the culture with
phenol-SDS (17) and was stored at —70 C until
assayed for infectivity.

Estimation of rates of protein, RNA, and deoxy-
ribonucleic acid (DNA) synthesis. Normal and in-
fected cultures were pulse-labeled by addition of *H-
uridine, *H-leucine, or *H-thymidine (10 uc per cul-
ture) for 1 hr at various times after infection. RNA,
protein, and DNA were extracted by a modified
Schmidt-Thannhauser procedure (25). RNA was
estimated by the orcinol method (12), protein content
was determined by the method of Lowry et al. (14),
and DNA was determined by the diphenylamine re-
action (4).

Extraction of RNA from infected cultures and
purified virus. BHK-21 cells were infected at an MOI
of 20 in the presence of 0.5 ug of actinomycin per ml.
At 2- to 4-hr intervals postinfection (PI), cultures
were pulse-labeled with either *H-uridine (10 uc per
bottle) for 1 hr or #P (100 uc per bottle) for 30 min.
Cytoplasmic RNA was then extracted from the cul-
tures with SDS-phenol at 37 C by the method of
Mecs et al. (17). Phenol was removed from the
aqueous phase with four ether extractions, and the
RNA was precipitated by the addition of 6 volumes of
ice-cold ethyl alcohol. This mixture was maintained
at 4 C for 18 hr; the precipitate was dissolved in LTM
buffer (11) which contained 1 mg of bentonite per ml
and was stored at —70 C until analyzed.

RNA was extracted from purified virus for sucrose
density gradient centrifugation analysis with water-
saturated phenol at 25 C (32).

Sucrose density gradient sedimentation. A 0.5-mg
amount of radioactive RNA dissolved in 0.5 ml of
LTM buffer was mixed with 0.25 pg of BHK-21 cell
ribosomal RNA and layered over a 12-ml linear su-
crose gradient (15 to 309, w/v, sucrose; 0.1 M NaCl;
0.01 M Tris-hydrochloride, pH 7.5; 0.001 m EDTA).
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Centrifugation was at 38,000 rev/min (160,000 X g)
for 20 hr in an SB-283 rotor of an International model
B-60 ultracentrifuge.

Fractions of 0.25 ml were collected by piercing the
bottom of the tube. RNA in alternate fractions was ex-
amined for ribonuclease sensitivity by incubation
with 0.2 ug of ribonuclease per ml for 30 min at 25 C.
After incubation, 5 mg of bovine albumin was added
and the acid-insoluble material was precipitated by
addition of an equal volume of 10%, trichloroacetic
acid. The precipitates were collected on B-6 membrane
filters (Schleicher and Schuell Co., Keene, N.H.),
washed with 10 ml of 5%, trichloroacetic acid, dried,
placed in scintillation vials, and covered with 10 mi of
toluene scintillation fluid [6.0 g of 2,5-diphenyl-
oxazole, 0.2 g of 1, 4-bis 2-(5-phenyloxazalyl)-ben-
zene per liter of toluene].

Fractions to be examined for optical density (OD)
and total radioactivity were treated as follows. A 0.1-
ml amount of each fraction was removed and added
directly to scintillation vials which contained 10 ml of
Triton-toluene scintillation fluid [333 ml of Triton-x-
100 (Rohm & Hass Co.); 8 g of 2-(4’-z-butyl-phenyl)-
5-(4”-biphenyl)-1,3,4-oxidiazole; 0.5 g of 2-(4-
biphenyl)-6-phenyl-benzole; and 667 ml of toluene].
The remaining 0.150 ml was diluted with gradient
buffer and analyzed for OD at 260 nm.

Sedimentation values of RNA isolated from in-
fected cells and purified virus were estimated by the
method of Martin and Ames (16) with BHK-21
ribosomal RNA as a marker.

Base composition of various types of viral RNA.
Various types of viral-specific %2P-labeled RNA from
infected cells and partially purified virus were isolated
and purified by the methods described above. Base
composition analysis of the #P-labeled RNA was
performed by high-voltage paper electrophoresis of
alkaline hydrolysates in pyridine-acetate buffer at pH
3.5 (26).

Chemicals. Uridine-5-3H (20.1 c¢/mmole), :H-
leucine (2.0 c/mmole), and *H-thymidine (5 ¢/mmole)
were purchased from Schwarz Bio Research Inc.
Carrier-free #P was purchased from the Cambridge
Nuclear Corp. Bovine pancreatic ribonuclease A was
obtained from the Worthington Biochemical Corp.
Actinomycin D was obtained through the courtesy of
Merck Sharp and Dohme Research Laboratories.

RESULTS

Sensitivity of BHK-21 cells to SLE virus. It
was essential to determine the input multiplicity
necessary to initiate virus replication under one-
step growth curve conditions. To determine the
percentage of cells capable of releasing SLE virus,
confluent monolayers of BHK-21 cells were in-
fected at input multiplicities ranging from 5.2 to
97.1 PFU per cell. The fraction of cells which
formed plaques was not appreciably affected by
increasing the input multiplicity (Table 1).
Eighty-seven to 959, of the cells from cultures
infected at input multiplicities from 5.2 to 97.1
initiated infectious center formation.
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Time course of formation of infectious RNA and
mature SLE virus. The growth of SLE virus in
BHK-21 cells is shown in Fig. 1. The latent period
lasted for approximately 11 hr and was followed
by a phase of rapid increase in virus from the
12th to 24th hr, at which time the virus titer was
2 X 108 PFU per ml. Synthesis of infectious
RNA was initiated 6 hr PI and was subsequently
delayed until virion maturation began. Of special
interest is the observation that synthesis of infec-
tious RNA is initiated 6 hr before the onset of
virion maturation and is complete 12 hr before
maximum virus titers are produced.

Influence of SLE virus infection on overall
synthesis of RNA, DNA, and protein. The effects
of SLE virus infection at high multiplicities on
synthesis of RNA, DNA, and protein are shown

TABLE 1. Infectious center formation by BHK-21
cells infected with SLE virus at various
input multiplicities

TPRETID T Porming mietony ceent”
5.2 87 = 9.1
10.4 89 + 8.0
27.0 92 + 8.1
46.0 93 + 7.0
97.1 95 + 4.0

@ Values are means and standard deviations of
four determinations.
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FI1G. 1. Time course of SLE virus and infectious viral
RNA synthesis. IRNA, infectious RNA.
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in Fig. 2. The results of these pulse-labeling ex-
periments indicate that, 2 hr after infection at an
MOI of 100, protein synthesis is 709, normal and
RNA synthesis 609, normal. Infection of cultures
ata multiplicity of 50 depressed the rates of protein
and RNA synthesis to a greater extent than did
infection with 100 PFU per cell. The rate of
RNA synthesis in the infected cultures increased
sharply at 6 hr PI to a rate 12 times that of the
noninfected control. RNA synthesis was then
depressed until the 16th hr PI, when it increased
to reach a rate nine times the control at 18 hr.
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F1G. 2. Effect of SLE virus infection on the synthesis
of protein, DNA, and RNA in BHK-21 cells. Symbols:
O, MOI of 50; @, multiplicity of infection 100; non-
infected control.
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The rate of protein synthesis increased gradually
from the 2nd hr to reach a rate 1.5 times the con-
trol at 8 hr PI. Protein synthesis was depressed
until just before the initiation of virion matura-
tion at the 10th hr PI. Maximal rates of protein
synthesis were reached 14 hr after infection. The
rate of DNA synthesis in the infected cultures
did not change significantly until cytopathic
changes began to appear 18 hr PIL.

SLE virus growth and RNA synthesis in actino-
mycin-treated cells. Growth-curve experiments
were performed in BHK-21 cultures in the
presence of actinomycin D, at concentrations
from 0.05 to 1.0 ug per ml, in order to determine
whether SLE viral synthesis was suppressed by
this inhibitor of DNA-dependent RNA synthesis.
The duration of the latent period and the final
yield of virus were not affected by actinomycin D
at concentrations as high as 0.50 ug/ml (Fig. 3).
Therefore, synthesis of viral RNA could be
studied under conditions in which cellular RNA
synthesis was inhibited.

Figure 3 compares the synthesis of RNA in
virus-infected and in noninfected actinomycin-
treated cultures. At 8 hr PI, the rate of RNA
synthesis in the infected actinomycin-treated cul-
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Fi1G. 3. Stimulation of RN A synthesis in actinomycin-
treated BHK-21 cells after SLE virus infection. Infected
cultures containing 0.5 ug of actinomycin per ml were
exposed to 10 uc of *H-uridine for 1 hr at the indicated
interval. The RNA was extracted (25) and measured by
the orcinol method (12).
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tures was fourfold greater than in the uninfected
actinomycin-inhibited culture and one-sixtieth
that of nontreated cells. Immediately after the
early stimulation, synthesis of RNA in the in-
fected cells was depressed until 14 hr PI, when it
had increased to a rate threefold greater than that
observed in the cultures treated only with actino-
mycin.

Comparison of the rates of total RNA synthesis
in SLE virus-infected actinomycin-treated (Fig.
3) and actinomycin-free (Fig. 2) cultures reveals
that SLE viral RNA synthesis is biphasic, with an
early phase beginning during the second half of
the latent period and a late phase which is con-
comitant with virion maturation. Data from re-
peated experiments indicate that early viral RNA
synthesis is delayed for 1 to 2 hr in the actino-
mycin-treated cultures. However, the late phase
of RNA synthesis in the treated and non-treated
cultures is initiated at the same time in the infec-
tion sequence.

Sedimentation characteristics of SLE viral RNA.
A sucrose gradient profile of H3-uridine-labeled
RNA extracted from partially purified SLE virus
is shown in Fig. 4, with accompanying 285 and
165 BHK-21 ribosomal RNA. This gradient con-
tained a total of 7,100 counts/min, of which 5,700
counts/min, approximately 80%, sedimented in a
symmetrical peak. Assuming that the sedimenta-
tion coefficient is proportional to the distance trav-
eled from the meniscus during centrifugation (16),
SLE viral RNA was calculated to have a sedi-
mentation coefficient of 43S.

Sucrose gradient analysis of RNA extracted
from actinomycin-treated infected cells. Figures 5
and 6 show the results of experiments which
characterize the sedimentation coefficients of
RNA synthesized during SLE viral replication.
The radioactivity profile of RNA from cultures
infected for 6 to 12 hr showed three major peaks
not observed in the profile of RNA from non-
infected cells. The fastest sedimenting peak (43S)
was ribonuclease-sensitive and identical in its
sedimentation characteristics to the RNA iso-
lated from purified virus; presumably, it is newly
synthesized progeny viral RNA. The slower
sedimenting RNA was resolved into two ribonu-
clease-resistant species which have sedimentation
values of 26S and 20S, respectively. The 20S
RNA is presumably a double-stranded molecule
similar to the replicative form associated with the
synthesis of picornavirus (1-3, 5) and arbovirus
(9, 10, 21, 27) RNA. Resistance of the SLE
virus-directed 26S RNA species, labeled by 1 hr
of exposure to *H-uridine, to hydrolysis by 0.2
ug of ribonuclease per ml indicates that this
molecular species is distinct from the 26S form
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FIG. 4. Sedimentation profile of *H-uridine-labeled
RNA from purified SLE virus. After sedimentation and
fractionation on sucrose gradients, the acid-precipitable
radioactivity and OD at 260 nm of each fraction were
measured. The OD.s, markers at 28S, 16S, and 4S are
Jrom BHK-21 cells. Symbols: O, trichloroacetic acid-
precipitable counts per ml; @, ODsy . The bottom of
the gradient is to the left of this and other figures.

found in group A arbovirus infections (10, 27-29).
Preliminary experiments indicate that the 26S
RNA labeled early in SLE infection is digested by
higher concentrations of ribonuclease (20 ug/ml)
to 20S and 8S fragments (unpublished data).

The times of appearance of the 43S, 26S, and
20S forms were analyzed (Fig. 5 and 6). At 6 to
8 hr PI, the 43S single-stranded RNA was the
most prominant species, although 26S RNA and
20S RNA were present. From the 10th to 12th hr
PI, very small amounts of ®*H were incorporated
into the 43S and 26S species, indicating that
single-stranded RNA was not being formed, al-
though a large amount of 18S to 20S RNA was
still being synthesized. Beginning at 12 to 14 hr
PI, synthesis of 43S and 20S to 26S RNA was
again initiated and continued uninterrupted with
the formation of large amounts of 43S RNA and
smaller amounts of the 20S and 26S ribonuclease-
resistant forms. These results are in agreement
with the data of Fig. 1 to 3, which indicate that
viral RNA synthesis begins 6 hr PI and is sub-
sequently delayed for 4 hr. Formation of large
amounts of single-stranded progeny viral RNA
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F1G. 5. Sedimentation profile of *H-uridine-labeled RNA from BHK-21 cells infected with SLE virus in the
presence of 0.5 ug of actinomycin D per ml. At the indicated intervals PI, 10 uc of *H-uridine was added for 2 hr;
the RNA was extracted by the phenol-SDS method and was sedimented in a 5 to 30%, sucrose gradient for 20 hr
at 160,000 X g. Fractions were collected and the acid-precipitable radioactivity before (@) and after ribonuclease
treatment (O) was determined. The designations 16S and 28S indicate the OD peaks of ribosomal RN A.



VoL. 3, 1969 SYNTHESIS OF SLE VIRUS RNA 391
e e l e

I ! X . %

x

40 10 o -E

N

Je . . g_
Lol ) ) )

FRACTION

FiG. 6. Sedimentation profile of 3H-uridine-labeled RNA from SLE virus-infected cells. RNA was labeled, ex-
tracted, and sedimented as described in the legend to Fig. 5. (@) Trichloroacetic acid-precipitable counts before
(@) and after (O) ribonuclease treatment. The designations 16S and 28S indicate the OD peaks of ribosomal RNA.

did not begin until viral maturation commenced,
about 11 hr after infection.

Sequence of the development of viral RNA forms.
Between the 14th and 16th hr PI, when the rate of
viral RNA synthesis was maximal, sequential
development of the RNA forms was studied by
varying the duration of the *H-uridine pulse
(150 uc per bottle) from 2.5 to 15 min (Fig. 7).
The RNA from cultures pulsed for 15 min had a
radioactive profile similar to that of the cultures
pulsed for 1 hr, except that the 26S peak was more
prominent with the shorter pulse time. The 43S
RNA peak was less prominent with a 10-min
pulse and was not labeled at all in cultures pulsed
for 2.5 and 5.0 min, respectively. The only types
of RNA taking up the label in cells pulsed for
2.5 min were the ribonuclease-resistant 20S to
22S forms. Radioactive RNA isolated from the
cultures pulsed for 5 min contained both the 20S
and 26S ribonuclease-resistant forms.

Base composition of various types of viral RNA.
Viral RNA extracted from 32P-labeled partially
purified virus was analyzed for its base content.
SLE viral RNA was rich in purine bases, with
adenine as the major nucleotide residue (Table 2).
The base composition of 43S RNA isolated from
infected cells during the latent period and that of
43S RNA isolated during viral maturation were
similar and resemble virion RNA.

The base ratios of 20S and 26S ribonuclease-
resistant RNA were distinct from those observed
for 43S and virion RNA. The base values ob-
tained for the 20S molecules formed early and
late were similar and approximate the composi-

tion expected for a base-paired molecule (Table
2). The base content of the 26S viral-specific
ribonuclease-resistant form was different from
that observed for 43S RNA, 20S RNA, or the
values calculated for a simple base-paired mole-
cule. For all four nucleotides, the 265 RNA was
closer to the observed 20S base composition
values and the values calculated for a duplex or
triplet form than to those observed for the 43S
forms.

DISCUSSION

SLE viral-directed RNA synthesis is initiated
6 hr after infection and is subsequently suppressed
until virion maturation begins. It has previously
been reported that, during the 12-hr latent phase
of type 2 dengue virus, RNA synthesis is required
6 hr before the onset of virion maturation (30,
31). The overall rate of RNA synthesis in the
dengue-infected cells is not stimulated until virion
maturation begins, thus indicating that either the
rate of synthesis or the amount of early RNA
required for dengue virus replication is less than
that required during the early period before for-
mation of complete SLE virions. The requirement
of group B arboviruses for RNA synthesis for an
extended period before virion maturation is dis-
tinct from the synthesis of group A arbovirus
RNA, which is initiated shortly before complete
virions are formed and continues uninterrupted
during viral replication (20, 27). There are several
reasons why group B arboviruses may require
RNA synthesis for an extended period before viral
maturation. Early formed RNA may (i) be pre-
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nuclease treatment was determined.
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TABLE 2. Base composition of various types of virus-specific RNA
Nucleotides per 100 nucleotides®
Source of RNA Fraction
Uridine Guanosine Cytosine Adenosine
Purified SLE virus......... . 43S 21.4(£0.2) 26.2(£0.1) 21.7(£0.2) 30.7(£0.4)
Infected cells
7-10Hr PI............. .. 43S 21.7(£0.5) 26.5(£0.7) 21.5(£0.3) 30.3(+0.4)
208 26.4(£0.3) 22.8(+0.5) 24.6(£0.7) 26.2(=%0.5)
16-199 Hr PI.... ... ... ... 43S 21.9(+0.5) 26.8(£0.5) 21.7(x0.4) 29.6(£0.5)
26S 24.5(£0.3) 23.5(£0.2) 23.6(+0.4) 28.4(£0.5)
208 26.8(£0.2) 23.1(£0.3) 23.5(x0.2) 26.6(£0.4)
Calculated values based on
viral RNA
Duplex (1+, —1)...... ... 20S 26.1 23.9 23.9 26.1
Triplet 2+, —1).......... 26S 24.5 24.3 23.1 27.6

s Values are means and standard deviations of seven determinations.

dominantly composed of negative strands used
for formation of the double-stranded replicative
form (RF, 20S species) which is preferentially
formed before large amounts of the positive strands
are synthesized, (ii) be messenger RNA used to
form polyribosomes for the synthesis of viral en-
zymes and coat proteins required before virion
maturation, or (iii) be precursor viral RNA which
eventually will be coated. During the early phase
of SLE virus RNA synthesis, 43S RNA, 26S
RNA, and 20S RNA are formed, although only
small amounts of infectious RNA are synthesized.
These observations are consistent with the inter-
pretation that early formed 43S RNA is com-
posed of small amounts of positive-strand RNA
which is infectious and negative strands utilized
for formation of the double-stranded 20S replica-
tive form. The results presented here are not
sufficiently precise to differentiate an asymmetric
synthesis of the RF form as suggested for dengue
virus (30). Preliminary studies with cytoplasmic
fractions from SLE virus-infected cells indicate
that viral polysomes are formed and are active in
protein synthesis 6 hr after infection.

Analysis of the RNA extracted from infected
cells revealed that the three species of viral-
specific RNA formed during the early and late
phases of viral RNA synthesis are similar. The
largest species has a sedimentation coefficient of
43S, is ribonuclease-sensitive, and has a sedi-
mentation profile and base composition similar
to the RNA isolated from purified SLE virus.
Viral-specific single-stranded RNA isolated from
group A arbovirus (9, 22, 28) and that from den-
gue virus (a group B arbovirus; 30)-infected cells
or virions have similar sedimentation profiles,
base compositions, and sensitivities to ribonu-
clease.

The ribonuclease-resistant 20S RNA isolated

from SLE virus-infected cells appears to be similar
to the 16S to 20S RNA replicative form char-
acteristic of dengue virus (30) and most group A
arbovirus infections (9, 10, 17, 21, 27). The 16S
RNA which Western equine encephalitis virus
makes is reported to be ribonuclease-sensitive
(29).

The RNA synthesized by SLE virus includes a
26S species distinct from dengue viral RNA
which is virtually devoid of species which sedi-
ment at 26S (31) and group A arbovirus 26S
RNA, labeled through long exposure to *H-
uridine, which has a base composition similar to
single-stranded 40S RNA and is ribonuclease-
sensitive (9, 17, 28). The exact nature and function
of the 26S form synthesized during replication of
SLE virus RNA have not yet been resolved. Our
preliminary experiments indicate that SLE virus
26S RNA labeled after 1 hr of exposure to 3H-
uridine is digested by ribonuclease (20 ug/ml) to
acid-precipitable fragments (unpublished data)
similar to those of the 26S RNA made by
Semliki Forest virus (SFV; 8, 9). Short radio-
active-precursor pulse experiments with SLE
virus-infected cells revealed radioactivity to be
first associated with the 20S form, then the 26S
form, and finally the 43S virion precursor RNA.
Short-pulse precursor experiments with SFV-
infected cells revealed similar results (9, 10),
except that the rate of 43S appearance in the SLE
virus-infected cells was slower. It is not inconsis-
tent with our data to suggest that the 20S SLE
virus and the 26S SLE virus are involved in
synthesis of progeny single-stranded RNA. How-
ever, it is not yet possible to define their exact
function. The 26S RNA formed by SLE virus is
distinct from group A virus 26S RNA in its in-
creased resistance to ribonuclease, its base com-
position which is similar to 20S RNA, and its
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slower rate of labeling. Although some similarities
do exist between the various types of 26S RNA
associated with the replication of group A and
group B viral RNA, there are significant differ-
ences in the temporal relationships of RNA
synthesis to virion formation and in the types of
RNA characteristic of SLE virus infection to
indicate that there are fundamental differences in
the mechanisms by which these viruses multiply.

ACKNOWLEDGMENT

This investigation was supported by Public Health Service
grant Al 07047-02 from the National Institute of Allergy and In-
fectious Diseases.

10.

11.

12,

13.

14.

LITERATURE CITED

. Baltimore, D. 1968. Structure of the polio-virus intermediate

RNA. J. Mol. Biol. 32:359-368.

. Baltimore, D., and M. Girard, 1966. An intermediate in the

synthesis of poliovirus RNA. Proc. Natl. Acad. Sci. U.S.
56:741-748.

. Bishop, J. M., G. Koch, and L. Levintow. 1967. Biological and

physicochemical aspects of poliovirus-induced double
stranded RNA, p. 355-374. In J. Colter (ed.), The molecu-
lar biology of viruses. Academic Press, Inc., New York.

. Burton, K. 1953. A study of the conditions and mechanisms

of the diphenylamine reaction for calorimetric estimation
of desoxyribonucleic acid. Biochem. J. 62:315-323.

. Clarke, D. A., and J. Casals. 1958. Techniques for hemag-

glutination and hemagglutination inhibition with arthropod
borne viruses. Am. J. Trop. Med. Hyg. 7:561-573.

. Darnell, J. E., M. Girard, D. Baltimore, D. F. Summers, and

J. V. Maizel. 1967. The synthesis and translation of polio-
virus RNA, p. 375-401. In J. Colter (ed.), The molecular
biology of viruses. Academic Press Inc., New York.

Dulbecco, R., and M. Vogt. 1954, Plaque formation and iso-
lation of pure lines with poliomyelitis viruses. J. Exptl. Med.
99:167-182.

Friedman, R. M. 1968. Replicative intermediate of an arbo-
virus. J. Virol. 2:547-552.

. Friedman, R. M., and L. K. Berezesky. 1967. Cytoplasmic

fractions associated with Semliki Forest virus ribonucleic
acid replication. J. Virol. 1:374-383.

Friedman, R. M., H. B. Levy, and W. B. Carter. 1966. Replica-
tion of Semliki Forest virus; three forms of viral RNA pro-
duced during infection. Proc. Natl. Acad. Sci. U.S. 56:440-
446.

Homma, M., and A. F. Graham. 1963. Synthesis of RNA in L
cells infected with mengo virus. J. Cellular Comp. Physiol.
62:179-192.

Hurlbert, R. B., H. Schmitz, A. F. Brumm, and V. R. Porter.
1954, Nucleatide metabolism. II. Chromatographic separa-
tion of acid soluble nucleotides. J. Biol. Chem. 290:23.

Inoue, Y. K., and R. Ogura. 1962. Studies of Japanese B en-
cephalitis virus. III. Propagation and assay of Japanese B
encephalitis virus in a stable cell line of porcine kidney cells.
Virology 18:500-501.

Lowry, O. H., N. J. Rosebrough, A. L. Farr, and R. J. Rand-
dall. 1951. Protein measurement with the Folin phenol re-
agent. J. Biol. Chem. 193:265-275.

TRENT, SWENSEN, AND QURESHI

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

J. VIROL.

Macpherson. 1., and M. Stoker. 1962. Polyoma transforma-
tion of hamster cell clones—an investigation of genetic
factors affecting cell competence. Virology 16:147-151. .

Martin, R. G., and B. N. Ames. 1961. A method for deter-
mining the sedimentation behavior of enzymes: application
to protein mixtures. J. Biol. Chem. 236:1372-1379.

Mecs, E., J. A. Sonnabend, E. M. Martin, and K. H. Fantes.
1967. The effect of interferon on the synthesis of RNA in
chick cells infected with Semliki Forest virus. J. Gen. Virol.
1:25-40.

Morgan, J. F., H. J. Morton, and R. C. Parker. 1950. Nutrition
of animal cells in tissue. I. Initial studies on a synthetic
medium. Proc. Soc. Exptl. Biol. Med. 73:1-8.

Nagai, K., G. Sather, and W. McD. Hammon. 1965. Plaque
studies with certain group B arboviruses. III. St. Louis virus
on chick embryo tissue culture, Proc. Soc. Exptl. Biol. Med.
118:1065-1069.

Pfefferkorn, E. R., and B. W. Burge. 1967. Genetics and bio-
chemistry of arbovirus temperature-sensitive mutants, p.
403-426. In J. Colter (ed.), The molecular biology of vi-
ruses, Academic Press Inc., New York.

Pfefferkorn, E. R., B. W, Burge, and H. M. Coady. 1967. In-
tracellular conversion of the RNA of sindbis virus to a
double-stranded form. Virology 33:239-249.

Pfefferkorn, E. R., and H. S. Hunter. 1963. Purification and
partial chemical analysis of sindbis virus. Virology 20:433-
445.

Polatnick, J., and H. L. Bachrach. 1964. Production and puri-
fication of milligram amounts of foot-and-mouth disease
virus from baby hamster kidney cell cultures. Appl. Mi-
crobiol. 12:368-373.

Schito, G. C. 1966. A rapid procedure for purification of bac-
terial viruses. Virology 30:157-159.

Schmidt, G., and S. J. Thannhauser. 1945. A method for de-
termination of desoxyribonulceic acid, robinucleic acid and
phosphoproteins in animal tissues. J. Biol. Chem. 161:83-89.

Sebring, E. D., and N. P. Salzman. 1963. An improved pro-
cedure for measuring the distribution of P3204 among nu-
cleotides of ribonucleic acid. Anal. Biochem. 8:126-129.

Sonnabend, J. A., E. M. Martin, and E. Mees. 1967. Viral
specific RNA’s in infected cells. Nature 213:365-367.

Sreevalsan, T., R. Lockart, Jr., M. L. Dodson, Jr., and K. A.
Hartman. 1968. Replication of Western equine encephalo-
myelitis virus. I. Some chemical and physical characteristics
of viral ribonucleic acid. J. Virol. 2:558-566.

Sreevalsan, T., and R. Z. Lockart. 1966. Heterogeneous
RNA’s occurring during the replication of Western equine
encephalomyocarditis virus. Proc. Natl. Acad. Sci. U.S.
55:974-981.

Stollar, V., R. W. Schlesinger, and T. M. Stevens. 1967. Stud-
ies on the nature of dengue viruses. III. RNA synthesis in
cells infected with type 2 dengue virus. Virology 33:650-658.

Stollar, V., T. M. Stevens, and R. W. Schlesinger. 1966. Stud-
ies on the nature of dengue viruses. II. Characterization of
viral RNA and effects of inhibitors on RNA’s synthesis.
Virology 30:303-312.

Watanabe, Y., and A. F. Graham. 1967. Structural units of
reovirus ribonucleic acid and their possible functonal sig-
nificance. J. Virol. 1:665-677.

Westaway, E. G. 1966. Assessment and application of a cell
line from pig kidney for plaque assay and neutralization
tests with twelve group B arboviruses. Am. J. Epidemiol.
84:439-546.



