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The nucleic acid of Pichinde virus was found to be single-stranded ribonucleic
acid (RNA) as determined by sensitivity to ribonuclease, by alkaline degrada-
tion, by buoyant density in cesium sulfate, and by analysis of the base compo-
sition. The RNA of the virion could be separated into five components which
had sedimentation coefficients corresponding to 31S, 28S, 22S, 18S and 4 to 6S.
The 28S, 18S, and possibly the 4 to 6S RNAs appear to be derived from host cell
components incorporated into the virion, whereas the 31S and 22S components
appear to represent the genome of the virus.

The arenaviruses are morphologically unique
in that they contain multiple electron-dense
granules instead of a discernible core (6, 16, 17,
22). The granules are similar in size and shape
to cell ribosomes, and the possibility exists
that host cell ribosomes may be incorporated
into the virion (16, 17, 19). Pichinde virus, a
member of the arenavirus group, is relatively
stable, and the virus replicates well in tissue
culture (15). The nucleic acids of Pichinde
virus were, therefore, characterized to deter-
mine whether or not host cell ribosomal mate-
rial was incorporated into the mature virions of
members of the arenavirus group.

MATERIALS AND METHODS
Chemicals. Polyethylene glycol 6000 (PEG) was

purchased from Union Carbide Corp., New York.
Phenol, m-cresol and 8-hydroxyquinoline were ob-
tained from Matheson, Coleman and Bell. Diethyl
oxydiformate (DEP) and triisopropylnaphthalene sul-
fonic acid sodium salt (TINS) were purchased from
Eastman Organic Chemical Co., Rochester, N.Y.
Electrophoretically purified bovine pancreatic deoxy-
ribonuclease and ribonuclease A were purchased from
Worthington Biochemical Co., Freehold, N.J. Actino-
mycin D in 200-lsg quantities (lot 025007) was ob-
tained from Calbiochem. Acrylamide, N,N'-methyl-
enebisacrylamide, N, N,N', N' tetramethylene-
diamine (TEMED), and ammonium persulfate were
purchased from Canal Industrial Co., Rockville,
Md. Agarose for electrophoresis were obtained from
Sigma Chemical Co.
Uridine-5-3H(25 Ci/mmole), uridine-2- I4C (50 mCi/

mmole), and Aquasol liquid scintillation fluid
were purchased from New England Nuclear Corp.,
Boston. L-Methionine-methyl- 3H (3.3Ci/mmole) was
purchased from Schwarz/Mann, Orangeburg, N.Y.
Carrier-free orthophosphate 32P was obtained from
Bionuclear, Inc., Friendswood, Texas.
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Buffers and solutions. TNE buffer consisted of
0.01 M tris(hydroxymethyl)aminomethane (Tris)-
hydrochloride, pH 7.4, 0.1 M NaCl, and 0.001 M
ethylenediaminetetraacetic acid (EDTA). TNM
buffer contained 0.01 M Tris, pH 7.4, 0.1 M NaCi,
and 0.001 M MgCl2. PMQN was utilized as the basic
deproteinizing agent and consisted of the following:
500 g of freshly distilled phenol, 70 ml of distilled
m-cresol, 0.5 g of 8-hydroxyquinoline and 55 ml of
0.15 M NaCl. E buffer used for electrophoresis,
described previously (2), consisted of 0.4 M Tris, pH
7.2, 0.02 M sodium acetate, and 0.001 M EDTA. The
3E buffer was three times the concentration of E
buffer. Sucrose solutions utilized for density gradients
were made in TNE buffer.

Media. Growth medium consisted of Eagle mini-
mal medium supplemented with 10% fetal bovine
serum (FBS), 0.75 g of sodium bicarbonate
(NaHCO,)/liter, and antibiotics (100 units of peni-
cillin/ml and 100 Ag of streptomycin/ml). Mainte-
nance medium was composed of Eagle minimal
medium supplemented with 2% FBS, 1.50 g of
NaHCO,/liter, and antibiotics.

Virus. Pichinde virus strain AN3739 has been de-
scribed (15, 28). The virus was passaged once in
BHK-21 cells, and the extracellular fluid from in-
fected cultures was utilized as the source of virus in
all experiments. The titer of the virus stock, assayed
by the plaque counting method (15), was approxi-
mately 2 x 108 plaque-forming units (PFU)/ml.

Cell cultures. BHK-21 cells (26) in growth medium
were seeded into 16-oz (ca. 0.47 liter) prescription
bottles. Three days after seeding the cells were con-
fluent monolayers with approximately 2 x 107 cells
per bottle. HeLa cells were propagated in growth me-
dium as previously described (12).

Infection of cells and preparation of radioactive
virus. Confluent monolayers were infected with virus
at a multiplicity of infection of approximately 2 PFU/
cell. After adsorption of the virus for 90 min at 37 C,
the monolayers were washed once with maintenance
medium, and 25 ml of fresh medium was added to
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each monolayer. Three different radioisotopes were
used to label the viral nucleic acid. 3H-uridine-labeled
virions were grown in the presence of 5 ,ACi of the
radioisotope/ml and 25 Ag each of deoxycytidine and
thymidine/ml. Methyl 3H-labeled virions were grown
in methionine-free maintenance medium containing
methionine-methyl- 3H (15 4Ci/ml). 32P-labeled
virions were grown in phosphate-free maintenance
medium supplemented with 25 ,uCi of 32P-ortho-
phosphate/ml. Extracellular fluids were harvested
72 hr after infection. Extracellular fluids from unin-
fected cells served as controls.

In some experiments the radiolabeled virus was
grown in the medium containing actinomycin D.
Maintenance medium supplemented with radioiso-
tope and actinomycin D (0.05 ,ug/ml) was added to
the cultures after virus adsorption. The extracellular
fluids containing the virus were harvested 48 hr after
infection. Uninfected cultures were used as controls.
In all experiments, however, label was added at the
time of infection and maintained throughout the
entire time of infection.
Concentration and purification ofPichinde virus.

Extracellular fluids were harvested at 48 or 72 hr after
infection and clarified by centrifugation at 1,100 x g
for 20 min, and the virus was concentrated by pre-
cipitation with polyethylene glycol (13). PEG and
NaCl were added to a final concentration of 6.0% and
0.4 M, respectively, and the mixture was held over-
night at 4 C. The precipitate was pelleted by centrif-
ugation at 11,000 x g for 45 min and resuspended
in TNE (3 ml of buffer per 100 ml of original volume).
After sonic treatment at 50 kc for 30 sec, the resus-
pended material was layered on a discontinuous 20
and 50% (w/w) sucrose gradient and centrifuged for
90 min at 30,000 rev/min and 4 C in a Spinco SW50
rotor. A distinct band on the 50% sucrose was ob-
served, and it was collected by puncturing the side
of the tube. The band was diluted to less than 20%
sucrose with TNE, and 10% FBS was added to sta-
bilize the virus. One milliliter of the diluted virus was
carefully layered on a 20 to 50% (w/w) linear sucrose
density gradient and centrifuged at 35,000 rev/min
for 2 hr at 4 C in the SW50 rotor. After centrifuga-
tion, approximately 20 fractions (0.25 ml) were col-
lected from the bottom by using a piercing unit
(Buchler Instruments). The refractive index (n) of
every fifth fraction was obtained using a Bausch and
Lomb refractometer, and the refractive index was
used to calculate the buoyant density. When the
infectious virus titer was to be determined, an 0.05-
ml sample of each fraction was diluted 100-fold in
maintenance medium and stored at -70 C until
assayed.

Isolation of RNA from virus. The fractions of
the linear sucrose gradient which contained the virus
(density = 1.14 to 1.18 g/cm3) were pooled, and the
nuclease inhibitors 2-mercaptoethanol and DEP were
added to 0.1% and 0.2% in the final volume, respec-
tively. Sodium lauryl sarcosinate (SLS) was added
to 1% in the final volume, the mixture was diluted
fourfold in TNE, and the nucleic acid was extracted
as previously described (4) using the PMQN solution
for deproteinization.

Isolation of RNA from cells. Confluent mono-
layers of HeLa cells in 16-oz bottles were labeled for
24 hr with 14C-uridine (2 ,ACi/ml). The cells were
collected and suspended in 0.01 M acetate buffer,
pH 5.1, and the RNA was extracted by the hot phenol
procedure described by Scherer and Darnell (24).
RNA was extracted from uninfected BHK-21 cells

by using a method which was modified from that
previously described by Biswal et al. (4). Cells from
four 16-oz bottles were suspended in 10 ml of TNM,
partially lysed by treatment with 0.05 ml of SDS (10%)
for 5 min at room temp and treated with deoxyribonu-
clease (50 jg) for an additional 5 min to remove most
of the cell DNA. DEP (0.2 ml) and 0.2 ml of 0.25 M
EDTA were added, followed by the addition of 0.5
ml of SLS (10%) and 0.3 ml of SDS. After shaking at
37 C for 5 min, 0.25 g of TINS was added. An equal
volume of PMQN was added and gently shaken at
0 to 4 C for 10 min. The aqueous phase was separated
by centrifugation (6,000 x g, 15 min) and adjusted
to 0.2 M NaCl, and the deproteinization with PMQN
was repeated until the white precipitate at the in-
terface was no longer present. After the final ex-
traction, the aqueous phase was collected, precipi-
tated in two volumes of 95% ethanol at -20 C for at
least 1 hr, and then centrifuged at 18,000 x g for 20
min. The pellet was resuspended in 2 ml of TNM,
deoxyribonuclease (50 Mg) was again added, and the
mixture was incubated at 37 C for 15 min. To remove
the deoxyribonuclease, an equal volume of PMQN
was added, and the mixture was gently shaken at 4 C
for 10 min. The phases were separated by centrifuga-
tion, the ribonucleic acid (RNA) in the aqueous phase
was precipitated, and the precipitate was dried in
the cold and suspended in 1 ml of TNE.

Sensitivity to nucleases. Viral RNA suspended in
TNM buffer was tested for sensitivity to nucleases.
Ribonuclease (20 Ag/ml) or deoxyribonuclease (50 Ag/
ml) was added to the samples of the viral RNA prepa-
rations, and, after 1 hr of incubation at 37 C, acid-
precipitable counts were determined (4).

Velocity sedimentation of viral and cell RNA.
An 0.2-ml sample of RNA was layered on top of 5.0
ml of a 5 to 20% (w/w) linear sucrose density gradient.
A few drops of mineral oil was layered above the
sample to insure uniform distribution of the sample
on the sucrose. "4C-labeled HeLa cell RNA was used
as reference marker. After centrifugation, fractions
(0.15 ml) were collected by bottom puncture of the
tube, and the acid-precipitable radioactivity of each
fraction was determined (4, 5).

Buoyant density of viral RNA in cesium sulfate.
A solution of TNE (pH 4.5) containing 2% dimethyl-
sulfoxide was added to the viral RNA preparation to a
total volume of 4.0 ml. Crystalline cesium sulfate (3.2
g) was added, the refractive index of the solution was
adjusted to 1.3780, and 4.6 ml was covered with 0.6
ml of mineral oil in polyallomer tubes. After centrifu-
gation, the refractive index of selected fractions and
the acid-precipitable radioactivity of each fraction (4)
were determined.

Determination of base composition. The base
composition of RNA species from the virion or from
BHK-21 cells was determined by a slightly modified

62 J. VIROL.



NUCLEIC ACID OF PICHINDE VIRUS

method previously described by Biswal et al. (4).
The 32P-labeled viral or cellular RNA species were
mixed with 500 jug of yeast "carrier" RNA and di-
gested in 0.05 ml of 0.5 M KOH for 16 hr at 37 C.
The hydrolysates were spotted on Whatman 3M
paper for electrophoresis, and the nucleotides were
electrophoresed for 3 hr at 1,500 v in 0.05 M am-
monium formate, pH 3.5. The ultraviolet light-ab-
sorbing spots on the paper were cut out, and the
radioactivity of each was determined.
Polyacrylamide gel electrophoresis. Composite

gels (8 cm in length) of 2.4% polyacrylamide and 0.5%
agarose were prepared using methods previously de-
scribed (7, 27). After polymerization for approxi-
mately 4 hr, the gels were removed to E buffer solu-
tion containing 0.2% SDS. Electrophoresis buffer was
the E buffer containing 0.2% SDS. The gels were
preelectrophoresed at 20 C for 30 min at 5 mA per
tube using a Buchler DC power supply. For electro-
phoresis, 0.05 ml of RNA sample was mixed with
0.005 ml of bromophenol blue in 30% sucrose, and the
mixture was carefully layered on the gel. Electropho-
resis was usually carried out at 20 C and 5 mA per gel
for 2.5 hr. After electrophoresis, the gels were sliced
into 2-mm fractions by using a Gilson gel fractionator,
model B100/GMA/GCB (Middleton, Wis.). A 10%
solution of Bio Solv (Beckman Instruments, Palo Alto,
Calif., was used for elution of the isotopically labeled
materials from minced gel fractions. Ten milliliters of
scintillation fluid was added, and radioactivity of each
gel fraction was measured.

RESULTS

Purification and buoyant density of
Pichinde virus. When BHK-21 cells were in-
fected at an input multiplicity of 1 to 2 PFU/
cell, maximum virus titers of 107 PFU/ml were
consistently observed at 48 and 72 hr after in-
fection. Pichinde virus was concentrated and
purified from extracellular fluids as described
above. To determine the buoyant density,
purified Pichinde virus which had been labeled
with 3H-uridine was centrifuged to equilibrium
in a sucrose density gradient (Fig. 1). Fractions
were analyzed for both infectivity and radioac-
tivity. Maximum infectivity and radioactivity
were recovered at a buoyant density of about
1.15 to 1.16 g/cm3. In some of the experiments
maximum infectivity banded at a slightly
greater density than maximum radioactivity
although the difference was never more than a
single fraction which represented a density dif-
ference of 0.01 g/cm3. In all experiments no
less than 15% of the original quantity of infec-
tious virus was recovered in the fractions con-
taining maximum virus. When culture fluids
from uninfected cells were processed under
identical conditions, a negligible amount of the
radioactivity at the density of 1.16 g/cm3 in the
linear sucrose gradient was observed (Fig. 1).
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FIG. 1. Equilibrium density gradient centrifugation
of 3H-uridine-labeled Pichinde virus in sucrose den-
sity gradient. Partially purified virus (1.0 ml) was
layered on the top of a 4.0-ml 20 to 50%o (w/w) linear
sucrose gradient. The virus was centrifuged in a
Spinco SW50 rotor at 35,000 rev/min for 2 hr at 4 C.
Fractions were collected from the bottom of the tube,
and the radioactivity (0) and infectivity (0) of each
fraction were determined. Radioactivity of purified
uninfected culture fluids (0) was also measured.

Sedimentation characteristics of Pichinde
virus RNA. The nucleic acid which was iso-
lated from purified Pichinde virus was ana-
lyzed by velocity sedimentation in 5 to 20%
sucrose density gradients (Fig. 2). The 3H-
uridine-labeled material was separated into
four components, and the sedimentation co-
efficient of each was calculated using l4C-
uridine-labeled HeLa cell RNA as reference
marker (14). The major component correspond-
ing to 28S was consistently observed as were
the 22S and 4 to 6S components. A minor 18S
species was observed, but often this species
appeared as a shoulder on the 22S peak. The
sucrose sedimentation pattern observed in
Fig. 2 represents RNA extracted from virus
harvested at 72 hr after infection. Identical
sedimentation patterns were observed using
RNA from virus harvested at 24, 48, and 96 hr
after infection.
The fractions collected from the sucrose

density gradient were tested for sensitivity to
enzyme digestion. Figure 2 shows that all frac-
tions were sensitive to ribonuclease but resis-
tant to deoxyribonuclease digestions. These
results suggested that the Pichinde virus nu-
cleic acid is single-stranded RNA.
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Polyacrylamide gel electrophoresis of
Pichinde virus RNA. When 3H-uridine-
labeled Pichinde virus RNA was electropho-
resed in 2.4% polyacrylamide gels for 2.5 hr,
four distinct viral RNA components were ob-
served (see Fig. 6). With HeLa cell ribosomal
RNA as reference, the sizes of these RNA
components corresponded to 31S, 28S, 22S,
and 18S, respectively (2). The low-molecular-
weight component (4 to 6S) observed in su-
crose density gradients (Fig. 2) migrated off
the gel under these conditions (unpublished
data). The major peak corresponded to the size
of 28S, but the 31S, 22S, and 18S segments
were also well resolved. These data, plus those
obtained by sucrose velocity sedimentation,
indicate that the Pichinde virus RNA consists
of at least five components. By using the
method of Spirin (25), the molecular weights of
the components were calculated to be 2.1 x
106 (31S), 1.7 x 106 (28S), 1.1 x 106 (22S), 7 x
105 (18S), and 2.9 x 104 (4S). The 28S, 18S,
and 4 to 6S components are similar in size to
certain species of host cell RNA.
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FIG. 2. Velocity sedimentation of RNA from

Pichinde virus labeled with 3H-uridine. Viral RNA
in TNE was layered on the top of a 5 to 20% (w/w)
linear sucrose gradient, and centrifugation was
carried out at 43,000 rev/min for 3.25 hr at 4 C in a
Spinco SW50 rotor. Two 0.05-ml samples of each
fraction were incubated for 1 hr at 37 C with either
ribonuclease (20 ,g/ml) or deoxyribonuclease (50
,gg/ml) before determination of trichloroacetic acid-
precipitable radioactivity. '4C-uridine-labeled HeLa
cell ribosomal RNA was centrifuged in a separate

Buoyant density of Pichinde virus RNA.
The buoyant density of 3H-uridine-labeled
Pichinde virus RNA in cesium sulfate was de-
termined (Fig. 3). 14C-uridine-labeled HeLa
cell ribosomal RNA was used as a density
marker. When the buoyant density of the HeLa
cell ribosomal RNA was 1.685 g/cm3, the den-
sity of the viral RNA was found to be 1.677
g/cm 3, a value which corresponds to the density
of single-stranded RNA. The density of the
Pichinde virus RNA varied from 1.685 to 1.669
g/cm3 from experiment to experiment.

Identification of host cell ribosomal RNA
in Pichinde virus. Since part of the RNA iso-
lated from Pichinde virions consisted of 28S
and 18S components, the possibility that these
species were of host cell ribosomal RNA origin
was examined by using actinomycin D to in-
hibit the 28S and 188 ribosomal RNAs pro-
duced in the infected cell. Low concentrations
of actinomycin D have been found to inhibit
both the synthesis of the large precursor ribo-
somal RNAs found in the cell nucleus and the
appearance of cytoplasmic 28S and 18S ribo-
somal RNAs (9, 21). Pichinde virus was repli-
cated in medium containing actinomycin D,
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FIG. 3. Equilibrium density centrifugation of

Pichinde virus RNA in cesium sulfate. 3H-uridine-
labeled Pichinde virus RNA (0) was centrifuged for
72 hr at 30,000 rev/min in a Spinco SW50 rotor at 20
C. Fractions were collected by bottom puncture, and
the trichloroacetic acid-precipitable radioactivity of
each fraction was determined. 14C-uridine-labeled
HeLa cell ribosomal RNA was centrifuged in a sepa-
rate tube and used as a density marker (0).

tube and used as a marker. Symbols: 0, 3H-uridine-
labeled Pichinde RNA after no enzyme treatment or
after deoxyribonuclease treatment; 0, 3H-uridine-
labeled Pichinde RNA after treatment with ribonu-
clease.
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and the RNA from resulting virions was ana-
lyzed. It was found that, when the culture me-
dium was supplemented with 0.05 gg of ac-
tinomycin D/ml, the virus titers obtained
48 hr after infection were consistently two- to
fivefold greater than in cultures maintained in
medium lacking the drug (unpublished obser-
vations).
The effect of 0.05 ug of actinomycin D/ml on

RNA synthesis in uninfected cells was mea-
sured by examining extracted RNA by sucrose
velocity centrifugation. Figure 4 shows that
the inhibitory effect of the drug on RNA syn-
thesis was quite marked. In the absence of
actinomycin D the 28S, 18S, and 4S species of
host cell RNA were synthesized. Cells that
were exposed to actinomycin D, however, failed
to synthesize the 28S and 18S ribosomal RNAs.
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FIG. 4. Velocity sedimentation of 32P-labeled
RNA from BHK-21 cells treated with actinomycin
D. Confluent monolayers were maintained for 48 hr
in either Eagle phosphate-free maintenance medium
supplemented with 32p or maintenance medium sup-
plemented with 32p and actinomycin D (0.05 yg/ml).
The cellular RNA was extracted as described in
Materials and Methods. A 0.2-ml sample of RNA
from actinomycin D-treated (0) or untreated cells
(0) was layered on top of a 5.0-ml, 5 to 20% linear
sucrose gradient and centrifuged as described in Fig.
2. Fractions were collected by bottom puncture, and
the trichloroacetic acid-precipitable radioactivity of
each fraction was measured.

These results confirmed the inhibitory effect
of the actinomycin D for host cell ribosomal
RNA (21).
RNA was extracted from virions which were

replicated in the presence or absence of 0.05
gg of actinomycin D/ml. The RNAs were ana-
lyzed by sucrose velocity centrifugation and
polyacrylamide gel electrophoresis. The sedi-
mentation pattern of RNA from virions grown
in the presence of the drug was considerably
altered (Fig. 5). The 28S RNA species was
significantly reduced, and a smaller peak cor-
responding to 30 to 31S was observed. The
18S species was also absent. However, the 22S
and 4 to 6S peaks were essentially unchanged.
The selective reduction in the 28S and 18S
RNA species from virions grown in the presence
of actinomycin D was also observed when the
viral RNA was examined by gel electrophoresis
(Fig. 6). Replication of the virus in the presence
of actinomycin D resulted in virions whose RNA
resolved into 31S and 22S components.

Incorporation of methyl-3H group into
Pichinde virus RNA. Cellular ribosomal and
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FIG. 5. Velocity sedimentation of 32P-labeled

viral RNA synthesized in the presence of actinomycin
D. The 32P-labeled RNA from Pichinde virions grown
in the presence (0) or absence (0) of actinomycin D
(see Materials and Methods) was centrifuged as de-
scribed in Fig. 2. Fractions were collected by bottom
puncture of the tube, and the trichloroacetic acid-
precipitable radioactivity of each fraction was mea-
sured.
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transfer RNAs have been found to contain
methylated nucleotides (10, 29). In contrast,
however, there is no evidence that the nucleo-
tides which comprise the RNAs of animal vi-
ruses are methylated. To obtain 3H-methyl-
ated RNA, Pichinde virus was grown in me-
dium containing methionine-methyl- 3H (see
above), and the virion RNA was analyzed by
sucrose velocity centrifugation (Fig. 7). The
28S, 18S, and 4S components of the viral RNA
contained methylated nucleotides. The 22S
component observed when the RNA was la-
beled with 3H-uridine (see Fig. 2) was not de-
tected under these experimental conditions.
The effect of actinomycin D on the incorpora-
tion of methyl- 3H group into viral RNA is also
shown in Fig. 7. Labeled 28S and 18S RNA
components were almost completely absent
from virions grown in the presence of actino-
mycin D. The 4 to 6S RNA was labeled, how-
ever, and incorporated into the virions.
Base composition of the RNA. BHK cell

RNA from uninfected cells and viral RNA from
virions replicated in the presence or absence of
actinomycin D were labeled with 32P. Different
components of BHK-21 cellular RNA or viral
RNA were separated by sucrose density gradi-
ent centrifugation, and the base composition of
the various RNA components was determined
(Table 1). The base composition of the 28S
component from viruses replicated in the
absence of actinomycin D was similar but not
identical to host cell 28S RNA. Both RNAs had
high guanosine and cytosine (GC) content. The
base composition of the virion 22S RNA was
distinct from either host cell 28S or 18S RNAs.
When the virus was grown in the presence of
actinomycin D, the virion 31S and 22S RNAs
showed a decreased GC content.

DISCUSSION
While these studies were in progress, Peder-

sen reported that the RNA of lymphocytic cho-
riomeningitis virus could be separated into four
components corresponding to 31S, 28S, 22S,
and 18S. He concluded, on the basis of selec-
tive inhibition of the 28S and 18S RNAs with
actinomycin D, that the 31S and 22S RNAs
were virus specified and the 28S and 18S RNAs
were derived from host cell ribosomes (19, 20).
Our findings with Pichinde virus, another mem-
ber of the arenavirus group, in essence confirm
these observations, and we agree with the con-
clusion that host cell ribosomal RNA is incor-
porated into the virion.
The nucleic acid of Pichinde virus clearly

consists of single-stranded RNA. The sensitiv-
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FIG. 6. Polyacrylamide gel electrophoresis of
Pichinde virus RNA synthesized in the presence of
actinomycin D. The 32P-labeled viral RNA synthe-
sized in the presence (0) or absence (0) of actinomy-
cin D were electrophoresed as described in Materials
and Methods. "4C-uridine-labeled HeLa cell ribo-
somal RNA was used as reference.
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FIG. 7. Velocity sedimentation of methyl-8H-
labeled Pichinde virus RNA synthesized in the pres-
ence of actinomycin D. Labeled RNA from Pichinde
virus grown in the presence (0) or absence (0) of
actinomycin D was centrifuged in 5 to 20%o sucrose
density gradients as described in Fig. 2. Fractions
were collected by bottom puncture of the tube, and
the trichloroacetic acid-precipitable radioactivity of
each fraction was measured.
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~ ity to ribonuclease and alkali, buoyant densityo cq m co m in cesium sulfate, and base composition are all
H + -H . characteristics of single-stranded RNA. We

i: CZoo e > oo O ,,:found the RNA of Pichinde virus to be com-
¢ L tet- o. posed of five discernible species when analyzed

z- 5, 0 by sucrose gradient centrifugation and poly-
-U = acrylamide gel electrophoresis. Three of the
>. o o o o o g0species, 28S, 18S and 4 to 6S, appear, at least

+ cif++-H -Hl -H in part, to be of host cell origin. Virions grown
__ve cnO c r0 in the presence of concentrations of actinomy-

cq c- m o cin D, which inhibited ribosomal RNA syn-
thesis in host cells, yielded RNA devoid of
radiolabel in the 28S and 18S components. In
addition, methylated nucleotides were found
associated with the 28S, 18S, and 4 to 6S seg-
ments of virions replicated in the presence of

a:~Co' methionine-methyl-3H; methylation of nucleo-
a, tides is characteristic of cell ribosomal and
Z= transfer RNAs (21).C|M:-0t Cl The data obtained upon analysis of the base

>zce + + + + + 0 composition of the RNA components isolated
C _ 00 v s t C. 0 from virions replicated in the presence and ab-
Q:X -- oto -- sence of actinomycin D also suggested a ribo-

somal origin of the 28S and 18S RNAs. The
base composition of the viral 28S to 31S com-
ponent observed in virus grown in the presence

>x +±+ + ++ , of the drug was completely different than that
.tt o > > e > = observed in virus grown in the absence of the

M co0t - C
Q Qdrug; the percent GC was markedly less. This

4
_ is compatible with a significant portion of the

o e > oo s n = 28S RNA component being ribosomal RNA
o0 o civ3whichis rich in guanosine and cytosine.

o ,,: H+ + ,+ The 22S viral RNA component was also
S Mo Mm found to be altered when the RNA was ex-

tracted from virions replicated in the presence
of actinomycin D. The differences observed
probably represent technical difficulties in ef-

C;z_o_ocq, 7; ficiently separating virion 22S and 18S RNAs
Z ,,, + + + + + ¢^ by sucrose centrifugation. The values of base
X cq o00 CIO v~c'It +, compositions obtained from viruses grown in

X> e6 M' t' M' Cn the presence of actinomycin D would appear
m,:= to more accurately portray the composition of

E_ Q) M.2 the viral 31S and 22S RNAs. These RNAs
(M 0 L -_ 0: = 0 appear to be viral-coded RNAs and correspond

x o o _+o+c± t EE to molecular weights of 2.1 x 106 and 1.1 x 106,
OCe>oo z n : .= trespectively. The RNA responsible for viral-

4 zc coded products, can, thus, be estimated to becS_n_coE > Xabout 3.2 x 106 daltons.
The origin of the 4 to 6S virion RNA is diffi-

cult to determine. A similarity of viral and host
cell 4 to 6S RNA was found by base composi-

.0;;;;CZas =tion analysis, and this RNA was methylated
Q SS S S + r <q5 o (observations indicating a host cell origin).

L Comparisons of the base composition of the
0

>
viral RNA species also suggest that the virion

0c: X ¢ ¢ 4 to 6S RNA is not the breakdown product of
.ne of the larger RNA components. A 4S RNA
can also be extracted from the oncornaviruses
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(3, 8) and visna virus (11). This low-molecular-
weight RNA in the oncornavirus is apparently
a mixture of host cell and viral-specified RNA,
whereas the 4S RNA of visna virus is thought
to be virus specified (11). At present the origin
of the 4 to 6S RNA of Pichinde virus cannot be
stated with certainty.
The nature of the arrangement of the RNAs

within the virion is unknown. Ribosome-like
particles have been observed in electron micro-
graphs of sections of Pichinde virus (17). In
addition, the replication of arenaviruses is inti-
mately associated with ribosome-like inclusions
in infected cells (1, 17), and aggregates of ribo-
some-like particles have been observed at the
site of virus maturation for several arenaviruses
(6, 16, 17). These observations strongly suggest
host cell ribosomes are incorporated into ma-

ture virions and serve as source of the 28S and
18S RNA. The 31S and 22S components then
correspond to the major viral-specific RNAs.
It is not known if these two components are

present as distinct segments, as described for
orthomyxoviruses (20) and diplornaviruses (24),
or if they are breakdown products from a larger
single-stranded molecule with specific weak
points. These points will require further study.
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