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is a passenger virus present in BN rats, and con-
firmed the notion that MSV (0) belongs to the
family of MSV and contains at least part of the
genome of the original MSV.

Antigenic specificity of MSV (0). Using rat
sera prepared against RLV, MLV, Gross leu-
kemia virus (GLV), and MSV (0), the serological
specificity of MSV (0) was studied. Based on the
neutralization test, MSV (0) was antigenically
distinct from MSV (RLV) (Table 4). Anti-RLV
serum did not neutralize MSV (0) and anti-MSV
(0) serum did not reduce the focus-forming abil-
ity of MSV (RLV). It has been reported that
anti-GLV (C58 G+ virus) serum, obtained from
Lloyd Old, Sloan-Kettering Institute for Cancer
Research, neutralized all known pseudotypes of
MSV (5), yet did not neutralize MSV (0). This
serum is a rat serum prepared against wild-type
GLV from C58BL mice and has a very broad
spectrum. The same serum has been used by
Geering et al. for typing G+ antigens, including
those in naturally occurring leukemia viruses (3).

TABLE 2. Test of inifectivity of supernatant fluid
from inzfected ME cells and susceptibility of
inifected ME cells to challenzge by MSV (RL V)

Infectivity of Test for sus-
supernatant ceptibility

fluid tested on of infected
Culture IME cells to

superinfec-
tion withME NRK 103 FFU of

cells cells MSV (RLV)

ME cells..- 4+b
ME cells + MSV (0).- - 4+
ME cells +RLV... 0
ME cells + MSV (0) + RLV. - - 0
ME cells + MSV (RLV)... + + NTC

a Infectivity absent, -; infectivity detected, +.
bNumber of foci too numerous to couut.
c Not tested.

TABLE 3. Infectivity of virus released from NRK
cells intfected with MSV (0)

FFU per 0.2 ml in fluids tested on
Passagea Helper virus

NRK cells ME cells

0 None 6, 9 O,0
4 None 101, 119 0, 0
7 None 175, 140 0, 0
4b RLV Confluent Confluent

a Culture used consisted of NRK cells plus
MSV (0).

b Passage 4 cells were superinfected with RLV;
two passages later, the fluid was used to test for
infectious virus.

TABLE 4. Neutralization ofMSV (0), MSV (MLV),
and MSV (RLV) by various anztisera

Expt.
no.

1

2

3

4

Treatment

Anti-GLV serumb
Control serumb
Medium

Anti-RLV serum
Anti-MSV (0) serum
Anti-MLV serum
Medium

Anti-RLV serum
Anti-MSV (0) serum
Control serum
Medium

Anti-RLV serum
Anti-MLV serum
Control serum
Medium

Avg FFUa/plate

MISV (MILV) NISV (0)

0 113
83 135
79 127

27
90
9

118
MSV (RLV)

2.3
171
184
185

0.33
12
90
97

MSV (0)

66.
0.66
64
67

96
62
105
98

* Average value of three plates.
Rat sera obtained from Lloyd Old. Anti-GLV

serum was made against C58 (G+) virus.

There was some neutralization of MSV (MLV) by
anti-MSV (0) serum; however, the meaning of
this slight difference remains to be determined.
Anti-MLV serum neutralized MSV (RLV) at a
much higher rate than MSV (0). This is not sur-
prising, since MSV was originally isolated from
MLV. The possibility of the presence of MSV (0)
in MLV stocks cannot be ruled out, especially in
those MLV stocks that have not been purified.

DIscussIoN
The finding that avian tumor virus-like particles

[RSV (0)] are present in nonproducer Rous cells
(1) has recently led to the discovery that these
particles are biologically active (12). As discussed
in this paper, similar viral particles have now been
found in the murine sarcoma-leukemia virus
complex.
Thus far, the biological activity of MSV (0)

can only be demonstrated with NRK cells of
OM rats. Morphological transformation of OM
rat embryo cells was also observed; however, the
foci were too diffuse for quantitative counting.
Valentine and Bader (11) reported that MSV (0)
did not infect their RE cell line, and I have also
failed to infect mouse kidney cells with MSV (0).
The question of whether NRK cells are com-
pletely free from naturally occurring leukemia
viruses remains. This cell line has been reported
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TING

to be negative for CF antigen, with the anti-
leukemia virus sera prepared by Hartley (2). No
type C particles were found among the 300 cells
examined with an electron microscope (H. Duc-
Nguyen, personal communication). More re-
cently, the presence of CF antigen in NRK cells
was tested with the serum prepared by Geering
et al. (3). The result was also negative. Therefore,
it is concluded that NRK cells are free from
known leukemia viruses.

It is not known whether RSV (0) can induce
tumors in a chicken strain in which embryo cells
are known to be susceptible to infection of RSV
(0). An attempt has been made to inoculate,
intramuscularly, 52 thymectomized 3-day-old
OM rats with MSV (0) and 20 thymectomized
3-day-old OM rats with MSV (RLV). During an
observation period of 3 months, none of the rats
infected with MSV (0) developed tumors, whereas
13 of the 20 rats infected with MSV (RLV) de-
veloped sarcomas at the sites of inoculation. On
the other hand, tumor growth was obtained in
young OM rats inoculated with NRK cells trans-
formed by MSV (0), and histologically these
tumors were identical to those of MSB-1 tumors.
Factors such as route of inoculation, gaining
entrance to target cells, and immunological re-
sponse of the hosts often play an important role
in viral oncogenesis in vivo. Work is now in
progress to determine the optimal condition for
induction of tumors in OM rats by MSV (0).
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A virus-induced ribonucleic acid (RNA) polymerase activity was found in L cells
infected with type 3 reovirus. Most of the enzyme is associated with the "large par-
ticle" fraction of the infected cells. The enzyme first appeared at 3 to 5 hr after infec-
tion and increased in amount until 7 to 9 hr. All four ribonucleoside triphosphates
are incorporated in vitro into an acid-insoluble form by the enzyme. The major part
of the product formed in vitro is a double-stranded RNA indistinguishable from
viral RNA by electrophoresis on polyacrylamide gel. Approximately 40% of the
product is a single-stranded RNA of relatively small molecular weight. More than
95% of the nucleotides incorporated into double-stranded RNA by the enzyme are
bound in internal 3'-5'-phosphodiester linkages extending back from both 3'- and
5'-termini of the RNA strands.

The reovirus genome is comprised of probably
ten segments of double-stranded ribonucleic acid
(dsRNA) with a total molecular weight of approx-
imately 14.5 X 106 daltons (23a). These seg-
ments are most likely linked together as a linear
thread in the virion (5, 7), but the linkage is
fragile. Almost invariably, the viral RNA breaks
into the segments on isolation either from infected
cells or from virions (4, 5, 22). As yet, little is
known about the replication of this unique struc-
ture. There is no answer even to the most obvious
question, i.e., whether the dsRNA segments rep-
licate independently of each other and are later
joined together or whether the chain is synthesized
in a single long piece with weak points at certain
predetermined intervals.
To establish answers to such questions in a

mammalian cell system is a formidable technical
task which could be greatly simplified if an en-
zyme were obtained that would perform the syn-
thesis of viral RNA in vitro. In fact, there is al-
ready ample evidence that such an enzyme must
be induced by infection of L cells with reovirus
(12, 20, 23). The present paper describes the isola-
tion of an RNA polymerase from infected cells
that is probably involved in the synthesis of viral
dsRNA.

MATERIALS AND METHODS

Cells and virus. Conditions for growth of suspension
cultures of L cells have been described (11, 23).
Reovirus type 3 was a large plaque variant isolated

from the Dearing strain and was assayed by a plaque
technique (16). Suspension cultures containing 3 to
5 X 105 cells per ml were infected with 20 plaque-
forming units (PFIJ) of virus per cell. After a 2-hr
period at 4 or 25 C to permit adsorption of virus, the
cells were centrifuged, resuspended in warm medium
to a concentration of 5 to 8 X 105 cells per ml, and
placed at 35 C. This time is regarded as time-zero for
an experiment.

Solutions.Tris(hydroxymethyl)aminomethane (Tris)
sucrose-Mg buffer (TSM buffer) contained 0.25 M
sucrose, 0.001 M MgCl2, and 0.01 M Tris-chloride,
pH 8.0; 0.3 M STE buffer contained 0.3 M NaCl,
0.01 M Tris-chloride, pH 7.4, 0.001 M ethylenediamine-
tetraacetate (EDTA); 0.8 M STE and 0.01 M STE
buffers were identical to 0.3 M STE, except that the
NaCl concentration was 0.8 M and 0.01 M, respec-
tively.

Uridine-2-14C-5'-triphosphate (UTP, 48 mc/mmole)
uniformly labeled '4C-adenosine-5'-triphosphate
(ATP, 417 mc/mmole), uniformly labeled 14C-
guanosine-5'-triphosphate (GTP, 300 mc/mmole),
uniformly labeled 14C-cytidine-5'-triphosphate (CTP,
316 mc/mmole), and uridine-5-3H (5 mc/0.05 mg)
were obtained from New England Nuclear Corp.,
Boston, Mass. Snake venom phosphodiesterase,
spleen phosphodiesterase, Escherichia coli alkaline
phosphomonoesterase, and crystalline ribonuclease
were obtained from Worthington Biochemical Corp.,
Freehold, N.J. Pyruvate kinase (rabbit muscle) and
2-phosphoenolpyruvate were obtained from Calbio-
chem, Los Angeles, Calif.

Fractionation of cells. Infected or uninfected cul-
tures were centrifuged, and the cells were washed once
with cold TSM buffer, suspended in two volumes of
TSM buffer, and disrupted with a Dounce
homogenizer. More than 90% of the cells were
broken by this procedure. Nuclei and unbroken cells
were removed by centrifugation at 700 X g for 10 min
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at 4 C, and the supernatant fluid was saved for further
fractionation. For the experiments on localization of
polymerase activity (Table 1), the nuclear pellet was
taken up in two volumes of TSM buffer, again homog-
enized, and the nuclei were removed as before. Further
purification of the nuclei was effected by sedimenting
them through TSM buffer containing 30% sucrose at
700 X g for 10 min at 4 C. Postnuclear supernatant
fractions from the cell homogenates were combined
and centrifuged at 18,000 X g for 30 min at 4 C to
sediment the "large particle fraction" which included
mitochondria and lysosomes. The supernatant fluid
from the large particle fraction was then centrifuged
at 165,000 X g for 30 min to yield a pellet containing
the "microsomal" fraction and a supernatant solution
termed the "soluble fraction." All four of these cellular
fractions were suspended in TSM buffer to give a
final protein concentration of 5 to 7 mg per ml and
were stored at -70 C until required. Protein concen-
trations were determined by Lowry's method (14)
using bovine serum albumin as a standard.
Enzyme preparation. Enzyme was prepared from

the large particle fraction as follows. The fraction was
frozen and thawed twice to disrupt particulate ma-
terial, layered over TSM buffer containing 15% su-
crose, and centrifuged at 18,000 X g for 30 min at
4 C. After carefully removing the supernatant fluid,
it was discarded and the pellet was suspended in TSM
buffer to yield about 1 mg of protein per ml, frozen,
and stored at -70 C. As will be shown later, most of
the virus-induced RNA polymerase was contained in
this fraction. The enzyme was tightly bound to readily
sedimentable cellular material, which was also still
associated with viral dsRNA. Enzyme free of Mg++
was prepared by adding disodium EDTA to a con-
centration of 0.01 M to a portion of crude preparation
followed by centrifugation through Mg++-free Tris-
sucrose buffer containing 15% sucrose. The pellet

was suspended in Mg++-free Tris-sucrose buffer,
frozen, and stored at -70 C. Enzyme activity was
stable for at least 2 weeks in the frozen state.
Enzyme assay. Enzyme was assayed by a modifica-

tion of the method of Baltimore and Franklin (1).
The complete assay system contained, in a total
volume of 0.25 ml: 20 Mmoles of Tris-chloride at
pH 8.0, 3 Mumoles of MgCl2, 0.5 ,uc (0.2Umole) of one
14C-labeled ribonucleoside triphosphate, 0.2 Mumole of
each of the other three ribonucleoside triphosphates,
2.4 ug of phosphoenolpyruvate, 10lg of pyruvate
kinase, 2 Mg of actinomycin D, and 0.5 to 1.0 mg of
enzyme protein. There was no need to add RNA to
prime the uptake of nucleoside triphosphates. This
reaction mixture was incubated at 37 C for 30 min,
and the reaction terminated by chilling in ice. An
amount of 1 ml of cold 0.3 M STE was quickly added
to each reaction mixture, and 0.6-ml portions were
analyzed for total 14C incorporated into trichloro-
acetic acid-insoluble material and for sensitivity to
pancreatic ribonuclease. For analysis of total "4C
incorporated, 0.5 ml of 0.1 M sodium pyrophosphate
and 2 ml of 10% trichloroacetic acid were added to
each sample at 4 C. After 10 min, the precipitates
were collected on glass fiber filters, washed with 5%
trichloroacetic acid, 95% alcohol, and dried at 70 C
in counting vials. Resistance to ribonuclease was
determined on the remaining 0.6 ml of sample by ad-
justing it to contain 0.3 M STE buffer and 5 Mug/ml of
ribonuclease. After incubation at 37 C for 30 min,
the sample was mixed with tricholoroacetic acid,
and the precipitate was prepared for radioactive
assay as just described. The dried glass fiber filters
were immersed in 2 ml of toluene-Liquifluor (New
England Nuclear Corp.) scintillation fluid, and radio-
activity was determined in a Tri-Carb liquid scintilla-
tion counter (16).

Determination of the kinetics of digestion ofpolym-

TABLE 1. Localization of RNA polymerase in infected cells

Amt of nucleotide incorporated (pmoles/mg of protein)a

Fraction 14C-UTP 14C-CTP 14C-GTP

Total After Total After Total After
ribonuclease ribonuclease ribonuclease

Infected cells
Nuclear .......................... 10.4 5.9 3.4 1.1 35.2 24.8
Large particulate ........ ......... 112.8 64.0 77.6 49.4 61.2 36.3
Microsome....................... 9.1 6.8 26.1 9.7 12.9 15.0
Soluble........................... 1.6 1.6 7.6 7.3 5.8 2.1

Uninfected cells
Nuclear.......................... 12.6 3.2 11.1 4.9 15.0 5.2
Large particulate ........ ......... 2.3 2.0 26.1 10.6 2.2 1.7
Microsome ....................... 2.3 2.2 25.2 23.8 19.2 2.5
Soluble.......................... 0.8 0.9 5.7 1.0 1.1 1.0

a The 14C incorporated was converted to pmoles of 14C-nucleotide incorporated, assuming that 1 pc
of '4C corresponds to 1 count/min, and normalized to the protein content of each fraction. The incor-
poration in the nuclear fraction was assayed in the presence of a drop of toluene, to lyse any unbroken
cells, and 10 jig of chromatographically pure deoxyribonuclease.
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