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Avian reovirus multiplies in chicken embryo fibroblasts. Although the avian
virus adsorbs to L cells and is uncoated therein, it does not multiply. In the
nonpermissive infection of L cells with the avian reovirus only four of the
genomic segments of the viral genome are transcribed, L,, M;, S;, and S,, and
these are the same segments that have been designated previously as early
functions in the permissive infection of L cells with type 3 reovirus. When L cells
are co-infected with avian reovirus and type 3 virus all ten segments of the avian
viral genome are transcribed, although there is no synthesis of avian viral
double-stranded RNA. Type 3 reovirus multiplies almost normally in this mixed
infection. The most likely explanation is that a cellular repressor blocks tran-
scription of the six late segments of the avian viral genome and that this
repressor is removed by the co-infection with type 3 virus. A second block

prevents replication of the viral genome.

Replication of the double-stranded (ds) RNA
genome of reovirus in vivo is an asymmetric
process in that all 10 segments of the parental
genome must first be transcribed to provide the
templates for progeny dsRNA synthesis (9).
Transcription is carried out by an RNA polym-
erase which is an integral part of the parental
virion (1, 11) and which is activated by the
uncoating process in the cell (2, 12). There are
two stages in transcription of the parental ge-
nome (8, 17). Four segments called the early
segments are first transcribed, and there is
then a rapid transition to the transcription of
all 10 segments. It has been difficult to estab-
lish any mechanism for the regulation, since all
of the known classes of temperature-sensitive
mutants of the virus go through this same tran-
sition under nonpermissive conditions (3, 5, 17).
Cycloheximide added at the time of infection
permits the transcription of only the four early
segments into functional mRNA’s (6, 20). How-
ever, beyond demonstrating that virus-specific
protein synthesis is essential to turn on tran-
scription of all the parental segments, cyclo-
heximide inhibition has not been particularly
helpful in further analysis of the system.

In carrying out some recent experiments
with an avian strain of reovirus (16) we ob-
served that it would adsorb to L cells and be
uncoated, but there was no replication of the
viral genome. Further analysis of this abortive
infection indicated that only the four early seg-
ments of the avian viral genome were tran-
scribed. When L cells were mixedly infected

with avian reovirus and type 3 reovirus all 10
segments of the avian viral genome were tran-
scribed, although the avian viral genome was
not replicated. The results of this study are
presented here.

MATERIALS AND METHODS

Cells and virus. Primary cultures of chicken em-
bryo fibroblasts (CEF) were prepared from 9- to 10-
day-old embryos and grown in minimum Eagle me-
dium (MEM) supplemented with 10% tryptose phos-
phate broth and 10% fetal calf serum (FCS). When
these cultures became confluent they were trypsin-
ized and used for the preparation of secondary cul-
tures which were used throughout in experiments
with avian reovirus. L cells were grown in suspen-
sion in MEM containing 5% FCS.

The S1133 strain of avian reovirus was used (16,
19). A plaque was picked from an assay of the virus
on CEF and grown up to a large stock by five serial
passages in CEF. The R, strain of reovirus serotype
3 was propagated in L cells (15). Purification, prepa-
ration of labeled virus, and plaque assay for the
avian and R, viruses have been described, as have
the buffers, chemicals, and isotopes (15, 16).

Uncoating of avian reovirus in L cells. 3H-labeled
purified avian reovirions were adsorbed to L cells in
suspension for 2 h at 4°C at a multiplicity of infec-
tion of 100 PFU/cell. Unadsorbed virions were re-
moved by washing the cells with phosphate-buffered
saline. After the final centrifugation the cells were
resuspended in MEM containing 2% heat-inacti-
vated FCS and divided into two. After 3 h of incuba-
tion at 37°C for one culture and 10 h for the other the
cells were harvested by centrifugation, and cyto-
plasmic fractions were prepared (17). These frac-
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tions were mixed with '*C-labeled avian reovirus to
act as a density marker and analyzed on CsCl equi-
librium density gradients.

Preparation of ssRNA from virus-infected cells.
Suspension cultures of L cells were infected at a
multiplicity of infection of 100 PFU/cell with either
R, virus or avian reovirus (titrated in CEF). Virus
was adsorbed for 2 h at 4°C at a cell concentration of
5 x 10%ml, and the cells were then washed with
phosphate-buffered saline and resuspended in MEM
containing 2% heat-inactivated FCS and 0.5 ug of
actinomycin D per ml. The final volume of culture
was 200 ml containing 5 x 10° cells/ml. The cultures
were incubated at 37°C. Virus-specific RNA was
labeled by the addition of 5 uCi of [*H}uridine per ml
for intervals to be later specified. At the end of each
labeling period the cells were centrifuged and
washed with phosphate-buffered saline and the
RNA was extracted with phenol and sodium dodecyl
sulfate at 60°C (16). This RNA was then analyzed by
sucrose gradient sedimentation or used in hybridi-
zation experiments. Single-stranded (ss) RNA from
L cells co-infected with avian and type 3 reoviruses
was separated from dsRNA by precipitation with 1
M NaCl at 4°C overnight and then used for hybridi-
zation.

Hybridization of ssRNA transcripts and poly-
acrylamide gel electrophoretic analysis. Hybridiza-
tion was performed as previously described (17) by
mixing *H-labeled ssRNA extracted from infected
cells with excess '*C-labeled, denatured avian reovi-
rus dsRNA. The resulting hybrids in 0.3 M STES
buffer (0.3 M NaCl, 1 mM EDTA 50 mM Tris-chlo-
ride [pH 7.4), and 0.5% sodium dodecyl sulfate) were
treated with pancreatic RNase (1 ug/ml) at 37°C for
10 min before being applied to polyacrylamide gels
for electrophoretic analysis (17). The purpose of the
RNase digestion was to remove any partial hybrids
between type 3 ssRNA and avian reovirus dsRNA.

Transcriptase activity in SVPs formed in vivo
and analysis of transcripts. Avian reovirus was ad-
sorbed to 3 x 10* L cells at 4°C for 2 h at a multiplic-
ity of 100 PFU/cell (titration carried out on CEF
cells). The virus-cell complexes were incubated at
37°C for 10 h in MEM containing 2% heat-inacti-
vated FCS. A postnuclear cytoplasmic extract was
prepared (17), diluted with 0.05 Tris-chloride, pH
8.0, and centrifuged in an SW27.1 Beckman rotor for
1 h at 25,000 rpm at 4°C. The resulting pellet which
contained the parental subviral particles (SVPs)
was resuspended in 0.4 ml of Tris-chloride, pH 8.0,
subjected to sonic oscillation, and incubated for 2 h
in a 4-ml transcriptase reaction mixture containing
[*HJUTP (17). The labeled ssRNA products of this
reaction were isolated, annealed with excess 'C-
labeled, denatured avian reovirus dsRNA, and ana-
lyzed by polyacrylamide gel electrophoretic analysis
(PAGE) (17).

Isolation of virus from mixedly infected cultures.
Monolayers containing a total of approximately 5.3
x 10* CEF cells (10 plastic bottles, 75-cm?* growth
area/bottle) were co-infected with avian and R, vi-
rus at multiplicities of 100 PFU/cell for each virus.
Adsorption was for 2 h at 20°C. The cells were
washed twice with 10 ml of phosphate-buffered sa-
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line, and then 25 ml of phosphate-free MEM con-
taining 2% heat-inactivated FCS and 5 uCi of 3P,
per ml was added per culture bottle. After 20 h of
incubation at 37°C the cells and medium were re-
moved and centrifuged in an SW27 rotor for 90 min
at 25,000 rpm. Virus was purified from the resulting
pellet as described (15). Control cultures of CEF
were infected with 100 PFU of avian or R, virus per
cell separately and treated in the same way. Simi-
larly, suspension cultures containing 10 L cells
were co-infected with R, and avian viruses at multi-
plicities of 100 PFU/cell for each virus. Adsorption
was for 2 h at 20°C. The cells were washed with
PBS, resuspended in 200 ml of phosphate-free MEM
containing 2% heat-inactivated FCS and 5 uCi of
ZP; per ml, and incubated at 37°C for 20 h. Virus
was then purified. Control cultures of L cells were
infected with 100 PFU of avian or R, virus per cell
and treated in the same way.

Isolation and analysis of dsRNA extracted from
mixedly infected cultures. Monolayers of CEF or L
cells on plastic dishes (60 mm) were co-infected with
100 PFU each of avian and R, virus per cell. Ad-
sorption was for 2 h at 20°C. The cells were washed
with PBS, and 5 ml of phosphate-free MEM contain-
ing 2% heat-inactivated FCS and 5 uCi of 3?P; per ml
was added per dish. After 20 h of incubation at 37°C
the cells and medium were harvested and centri-
fuged in an SW27 rotor for 90 min at 25,000 rpm.
From the pellet the RNA was extracted with phenol
at 60°C in the presence of 0.5% sodium dodecyl sul-
fate and 0.05 M sodium acetate buffer, pH 5.3. NaCl
was added to the extract to give a final concentra-
tion of 0.3 M, and the RNA was precipitated by
adding 3 volumes of ethanol. The RNA precipitate
was dissolved in electrophoresis buffer and analyzed
on 5% polyacrylamide slab gels. Since cellular or
viral ssRNA and tRNA did not interfere in this
analysis of viral dsRNA, there was no need for their
prior separation.

RESULTS

Adsorption of avian reoviruses to L cells.
The rates of adsorption of avian and R, reovi-
ruses to L cells were measured, and the results
are shown in Fig. 1. Both viruses adsorbed at
approximately the same rate and to the same
final extent of 75% in 2 h.

Uncoating of avian reovirus in L cells. To
find whether the avian reovirus was uncoated,
a sample of virus labeled in its RNA with *H
was adsorbed to L cells. After periods of 3 and
10 h at 37°C cytoplasmic extracts were prepared
from the culture, mixed with some '*C-labeled
virus to act as a density marker, and centri-
fuged in CsCl density gradients. After 3 h most
of the adsorbed virus appeared at the SVP
buoyant density of 1.40 g/ml (2, 12, 17) (Fig. 2).
By 10 h after infection the conversion of ad-
sorbed virus to SVPs was essentially complete.

Transcription of the avian viral genome in
L cells. During the course of the permissive
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Fic. 1. Adsorption of avian and R, recviruses to L
cells. Avian virus labeled with *H- and '*C-labeled R,
virus, each at a multiplicity of infection of 10 PFU/
cell, were added together in a volume of 0.2 ml to
monolayers of L cells in 60-mm plastic dishes at
31°C. At intervals the unadsorbed virus was washed
from duplicate plates with phosphate-buffered saline,
its radioactivity was determined, and the percentage
of each virus adsorbed was calculated. Symbols: B,
Avian reovirus; O, R, reovirus.
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Fi1c. 2. Isopycnic centrifugation in CsCl of sub-
viral particles formed by uncoating of *H-labeled
avian reovirus in L cells. Upper panel, SVP isolated
3 h postinfection; lower panel, SVP isolated 10 h
postinfection. '*C-labeled avian reovirus was used as
a density marker and bands at 1.37 g/ml.

infection of L cells with R, virus, transcription
of the parental genome is carried out by the
virion transcriptase which is activated in the
uncoating process (2, 12). Since the avian virus
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was also uncoated by L cells, it would be ex-
pected that its genome would be transcribed by
the avian viral transcriptase under these condi-
tions. The following experiments were done to
test this prediction.

(i) Sedimentation analysis of the avian viral
transcripts. Three cultures of L cells were in-
fected with avian reovirus and placed at 37°C.
Actinomycin D was added to each culture. One
culture was labeled between 2 to 6 h postinfec-
tion with [*Hluridine; the other cultures were
similarly labeled between 6 to 10 h and 10 to 14
h postinfection. At the end of each labeling
period RNA was extracted from the cultures
and analyzed by sedimentation on sucrose gra-
dients, with the results shown in Fig. 3. During
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Fi1c. 3. Sucrose gradient sedimentation analysis
of *H-labeled RNA formed in L cells infected with
avian reovirus. Upper panel, Infected cells labeled
between 2 to 6 h postinfection with [*H]uridine in
presence of 0.5 ug of actinomycin D per ml; middle
panel, labeled between 6 to 10 h postinfection; lower
panel, labeled between 10 to 14 h postinfection. Ar-
rows represent the positions of 28 and 188 ribosomal
RNA and 4S RNA from the cells, and I, m, and s
represent the three size classes of reoviral ssRNA.
Each fraction was divided into two and assayed for
trichloroacetic acid-precipitable *H (®) and trichlo-
roacetic acid-precipitable *H (O) after treatment of
each fraction with 10 ug of RNase per ml at 37°C for 1
h.
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the 2- to 6-h and 6- to 10-h labeling periods
virus-specific ssSRNA of the three size classes, 1,
m and s, was synthesized. The amounts of
ssRNA formed decreased with time after infec-
tion, and during the 10- to 14-h period very
little was synthesized. At no time was there
any synthesis of viral dsRNA, represented by
the open circles in Fig. 3. The avian viral ge-
nome is therefore transcribed but not replicated
in this nonpermissive infection.

(ii) Analysis of the avian viral ssRNA by
hybridization and PAGE. To determine the
nature of the ssRNA formed in the previous
experiment, samples of the RNA analyzed by
gradient sedimentation (Fig. 3; 2- to 6-h and 6-
to 10-h periods) were hybridized with !*C-la-
beled dsRNA that had been extracted from pur-
ified avian reovirus. The resulting hybrids
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were analyzed by PAGE with the results shown
in Fig. 4. Only four of the ten segments of the
avian viral genome, L,, M;, S;, and S,, were
transcribed during both time intervals. These
are the segments we have previously defined as
responsible for early viral functions in the per-
missive infection of L cells with type 3 virus (6,
8).

Thus avian virus cannot multiply in L cells,
because transcription of its genome cannot pro-
ceed beyond the early stage. Relative frequen-
cies of transcription are indicated by the 3H/**C
ratios of the peaks in Fig. 4 (8, 17), and it is
clear that the M; avian viral segment was tran-
scribed with considerably higher frequency
than the other three early segments. A similar
observation was made for early transcription
with type 3 reovirus (6, 8), but there is not yet
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Fic. 4. PAGE analysis of the hybrids formed between '*C-labeled avian dsRNA and *H-labeled ssRNA
synthesized in cells infected with avian reovirus. Upper panel, Infected cells were labeled between 2 to 6 h
postinfection; lower panel, labeled between 6 to 10 k postinfection. Symbols: A, *H-labeled hybrids; A, '*C-
labeled dsRNA segments. L, M, and S are, respectively, the large, medium and small size classes of genomic

segments.
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an explanation for the phenomenon.

In vitro transcription of SVPs isolated from
L cells infected with avian reovirus. When
SVPs are isolated from cells infected with type
3 reovirus and placed in an in vitro transcrip-
tase system, all 10 genomic segments are found
to be transcribed (12). It was therefore of inter-
est to find whether SVPs isolated from L cells
infected with avian reovirus would respond in
the same way. Such viral particles were iso-
lated 10 h after infection and placed in an in
vitro transcriptase reaction mixture containing
[*HJUTP. The resulting *H-labeled transcripts
were hybridized with '“C-labeled dsRNA iso-
lated from purified avian virus, and the hybirds
were analyzed by PAGE. The results are shown
in Fig. 5. All 10 segments were transcribed
with frequencies inversely proportional to their
molecular weights. Digestion of the SVP frac-
tion with chymotrypsin prior to the reaction did
not enhance its RNA transcriptase activity,
suggesting that all the particles had been func-
tionally uncoated in the cells. Similar results
have been found with cores obtained by chymo-
trypsin digestion of purified reovirus and ex-
plained as the unregulated transcription of the
viral genome (14, 17). Thus the restriction ex-
erted in vivo on transcription of the avian viral
genome was reinoved during isolation of the
SVPs.

Analysis of virus and dsRNA formed in CEF
or L cells during mixed infection with avian
R, reoviruses. Since R, virus can grow in L
cells but avian reovirus cannot, we wondered
whether in a mixed infection of L cells with the
two viruses the growth of R, virus might re-
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move the restriction and permit the avian virus
to multiply. CEF were therefore co-infected
with a mixture of avian and R, viruses, or
infected with each virus separately, and the
cultures were labeled with 3?P; as described in
Materials and Methods. Similar experiments
were done with L cells. Twenty hours later the
virus was purified from the various cultures,
and the number of virus particles in each prep-
aration was determined with the results shown
in Table 1. There was no growth of virus in

TABLE 1. Virus yields from CEF and L cells infected
with avian and R, reovirus

Virus yield parti-

Cells® Infecting virus® cles/cell (x 10%°¢
CEF Avian + R, 2.8¢
Avian 16
R, 04
L Avian + R, 1.5¢
Avian 0°¢
R, 7.6

2 CEF, 5.3 x 10® cells were infected; L cells, 10®
cells were infected. See Materials and Methods.

® The multiplicity of infection was 100 PFU/cell
for each virus.

¢ In each case the virus was purified, and the total
yield of viral particles in the purified preparation
was calculated from the absorbancy at 260 nm. As-
suming no loss of virus was incurred during purifi-
cation, the yields of particles per cell were calcu-
lated from these results.

4 No R, virus was detected by plaque titration of
the cell lysate on L cell monolayers.

¢ No avian reovirus was detected by plaque titra-
tion of the cell lysate on CEF monolayers.
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Fic. 5. PAGE analysis of the hybrids formed between '‘C-labeled avian viral dsRNA and *H-labeled
ssRNA formed in vitro with SVPs. The SVPs were isolated 10 h after infection of L cells with avian reovirus.
Symbols: A, *H-labeled ssRNA hybridized with dsRNA; A, '"C-labeled dsRNA segments.
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avian cells infected with R, virus or in L cells
infected with avian virus. The viral yields from
the mixedly infected cultures were approxi-
mately 20% of those from cultures infected with
the homologous virus alone. Thus the yield of
homologous virus was somewhat reduced in
these mixed infections, even though in neither
case was there any growth of the heterologous
virus.

To determine whether the virions obtained
from the mixed infections were genomically the
same as the parental infecting virions, dsRNA
was extracted from the purified preparations
and analyzed by PAGE on slab gels. For con-
trols, dsRNA from R, virus and from avian
virus was run in separate wells. As shown
elsewhere there is no difficulty in distinguish-
ing the segments of avian virus dsRNA from
those of R, virus (16). The virus obtained from
the mixed yield in L cells was exclusively R,
whereas that from CEF was exclusively avian.

Although heterologous virus was not formed
in detectable amounts in the mixed infections,
there was a possibility that the heterologous
genomes might be replicated without being en-
capsidated. Therefore a mixed-infection experi-
ment similar to that just described was done.
The infected cells were labeled with 3°P;, but in
this experiment the total RNA of the cells was
extracted at 20 h postinfection and analyzed by
PAGE as described in Materials and Methods.
If heterologous genomic segments had been
present to the extent of 2% of the corresponding
segments of homologous virus, they could have
been detected in the autoradiograms of the gels.
There was no detectable replication of the het-
erologous viral genomes in the mixed infections
of CEF or L cells.

Transcription of the genome of avian reovi-
rus in cells mixedly infected with avian and R,
reoviruses. It is well known that in L cells
infected with R, virus all segments of the ge-
nome must be transcribed prior to replication of
dsRNA (9). Although the genome of the avian
virus did not replicate in a mixed infection of L
cells with R, virus, it was still possible that the
growth of R, virus might remove the block in
transcription of the avian genome and permit
all its segments to be transcribed. This turned
out to be the case as the following experiments
show.

To demonstrate transcription of the avian
viral genome in cells where R, virus is also
multiplying requires that transcripts of the
avian genome will hybridize specifically with
avian dsRNA in the presence of excess R, viral
ssRNA transcripts. A control experiment was
therefore done to find the degree of cross homol-
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ogy between the two viral genomes. Tran-
scripts of the R, viral genome were made in
vitro using R, viral cores and [PHJUTP in the
transcriptase reaction mixture (17). These tran-
scripts were hybridized to both '*C-labeled R,
viral dsRNA and ''C-labeled avian viral
dsRNA, and the resulting hybrids were treated
with pancreatic RNase to determine the degree
of homology. The hybrids between R, tran-
scripts and dsRNA were stable to RNase, but
the hybrids between R, transcripts and avian
dsRNA were almost completely digested (Table
2). Thus, there was virtually no homology be-
tween the R, and avian viral genomes.

Cells were then mixedly infected with R, and
avian reoviruses and labeled with [*H]uridine
between 2 and 10 h postinfection. The ssRNA
was isolated and hybridized with denatured
avian viral dsRNA, and the hybrids were ana-
lyzed by PAGE. The results show that in the
mixed infection there was no longer a control
on transcription of the avian viral genome, and
all 10 of its segments were transcribed (Fig. 6;
Table 3).

DISCUSSION

Sufficient information has accumulated on
the transcription of the reoviral genome that a
plausible hypothesis can be advanced to explain
its regulation. We have found here that avian
reovirus adsorbs to L cells and is uncoated, but
the viral genome cannot be transcribed beyond
the four early segments. When SVPs were iso-
lated from these cells, however, and placed in

TaBLE 2. Hybridization between *H-labeled
transcripts synthesized in vitro with R , reovirus cores
and “C-labeled dsRNA of avian and R, reoviruses"

“H-la- Resistance to
beled R, "Clabeled Lo ioid RNase ()
tran- Va0 p dsRNA
scripts (pg/m) (ug/ml) sH o
(ug/ml) ‘M8
5 100 2 76
0 100 85
5 100 82 78
0 100 86
5 0 0 1

% The total amount of RNA present in each hy-
bridization mixture was adjusted to 200 ug/ml by
the addition of unlabeled L cell RNA.

% Portions of the hybridization mixtures were in-
cubated with RNase (5 ug/ml) in 0.3 M STES at 37°C
for 30 min. RNase-treated samples and untreated
controls were precipitated with 5% trichloroacetic
acid in the presence of 50 ug of yeast RNA as a
carrier, the precipitates were collected on mem-
brane filters (Millipore Corp.), and their radio-
activity was determined.



Vor. 19, 1976 AVIAN REOVIRUS TRANSCRIPTION 983
S M L
4 3 2 1 3 2 3In
“ Voo } b iy 2

(]

] ]
° °
= 2-10h g
€ a
Q (&)
© 2l S

T «

- hd
{ A 1

100

fraction no

Fi1c. 6. PAGE analysis of the hybrids formed between '*C-labeled dsRNA of avian reovirus and ssRNA
synthesized in L cells co-infected with avian and type 3 reoviruses. The cells were labeled between 2 and 10 b
postinfection with [*H]uridine. Symbols: A, *H-labeled ssRNA hybridized with avian viral dsRNA; A, C-

labeled avian dsRNA.

an in vitro reaction system, all 10 of the genomic
segments were transcribed. This situation is
very similar to that found in the infection of L
cells with type 3 reovirus in the presence of
cycloheximide. Only four segments of the viral
genome were transcribed in the inhibited cells
(6, 8), but when the SVPs were isolated all 10
segments could be transcribed in vitro (12). In
both these cases the restriction placed on tran-
scription of the viral genome in the infected
cells was removed by isolation of the SVPs.
This in vivo restriction on transcription of the
avian viral genome in L cells could also be
removed by co-infecting the cells with type 3
virus, as has been shown in this paper. One
further piece of information is pertinent. Shat-
kin and LaFiandra have shown that under con-
trolled conditions type 3 reovirions can be par-
tially uncoated with chymotrypsin in vitro and
still retain most of their infectivity (10). When
these partially uncoated virions are placed in
an in vitro system all 10 genomic segments are
transcribed. When they are used to infect L
cells in the presence of cycloheximide, only the
early segments are transcribed. These results
together strongly suggest that a cellular func-
tion is involved in regulating transcription of
the reoviral genome.

The simplest way of explaining these various
observations is to suppose that a cellular com-
ponent controls transcription of the reoviral ge-
nome and that this component is a repressor
that regulates the action of the virion transcrip-
tase. Such a mechanism would explain the loss
of control on transcription when SVPs are iso-

TABLE 3. Relative frequencies of transcription of the
genomic segments of avian reovirus in L cells co-
infected with avian and R, reoviruses

3H/"C in the hybrids®

Genomic segment

L, 6.3
L, 4.2
L, 4.0
M, 45
M, 5.4
M, 10.0
S, 5.1
S, 4.8
S, 8.0
S, 7.1

a 3H/'C ratios were determined from the profiles
of Fig. 6 and normalized to a value of 10 for segment
M; (8). These ratios give the relative frequencies of
transcription of the avian genomic segments.

lated from cyclohexmide-treated cells or when
avian viral SVPs are removed from L cells. We
would further have to suppose that one of the
early viral gene products can recognize the re-
pressor and remove it in a permissive infection.
This cannot happen in cycloheximide-treated
cells, however, because no early viral proteins
are synthesized. It would be presumed not to
happen in L cells infected with the avian reovi-
rus, because the early gene product(s) of the
avian virus does not recognize the cellular re-
pressor. Lack of derepression could also result if
the early mRNA'’s of the avian genome were not
translated in L cells, but this is unlikely, since
we have obtained mutants of the avian virus
that will grow in L cells (unpublished observa-
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tions). Complete transcription of the avian
viral genome can occur in L cells, on the other
hand, if the cells are co-infected with type 3
reovirus. The repressor can be recognized and
removed by the early gene product(s) of type 3
reovirus if not by that of the avian virus.

One alternative explanation is that during
permissive infection of L cells an early viral
gene product derepresses a cellular gene, and
the resulting cellular component is involved in
late transcription of the viral genome as a posi-
tive effect, for example, as a component of the
transcriptase. In the nonpermissive infection
with avian virus derepression of the cellular
gene would be presumed not to occur because of
lack of recognition by the avian viral gene prod-
uct(s). This alternative would appear to be less
likely, since it would not explain the unre-
stricted in vitro transcription found with avian
SVPs isolated from L cells. Whatever may be
the precise explanation it seems almost essen-
tial to invoke the participation of a cellular
component in regulating transcription of the
reoviral genome. Reovirus is thus one of a
growing number of mammalian viruses that
are thought to utilize specific cellular functions
in their replication (4, 7, 18).

If a cellular repressor is involved in the reovi-
rus system as suggested above, there is no indi-
cation as to what might be its nature or mecha-
nism of action. The latter would pose a particu-
larly difficult question, since the parental ge-
nome of reovirus never becomes free in the cell
but is transcribed within a subviral structure
which contains the polymerase (2, 12). Perhaps
a repressor might act by altering the conforma-
tion of the polymerase, but the proof of any
such mechanism will probably have to await
the isolation of the hypothetical repressor.

ACKNOWLEDGMENTS

This work was supported by grants from the National
Cancer Institute of Canada and the Medical Research Coun-
cil of Canada.

LITERATURE CITED

1. Borsa, J., and A. F. Graham. 1968. Reovirus: RNA
polymerase activity in purified virions. Biochem. Bio-
phys. Res. Commun. 33:895-901.

2. Chang, C.-T., and H. J. Zweerink. 1971. Fate of paren-
tal reovirus in infected cell. Virology 46:544-555.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

J. VIRroL.

. Cross, R. K., and B. N. Fields. 1972. Temperature-

sensitive mutants of reovirus type 3: studies on the
synthesis of viral RNA. Virology 50:799-809.

. Friedman, M. P., M. J. Lyons, and H. S. Ginsberg.

1970. Biochemical consequences of type 2 adenovirus
and simian virus 40 double infections of African green
monkey kidney cells. J. Virol. 5:586-597.

. Ito, Y., and W. K. Joklik. 1972. Temperature-sensitive

mutants of reovirus. I. Patterns of gene expression by
mutants of groups C, D and E. Virology 50:189-201.

. Millward, S., and M. Nonoyama. 1970. Segmented

structure of the reovirus genome. Cold Spring Harbor
Symp. Quant. Biol. 35:773-779.

. Minor, P. D., and N. J. Dimmock. 1975. Inhibition of

synthesis of influenza virus proteins: evidence for two
host-cell-dependent events during multiplication. Vi-
rology 67:114-123.

. Nonoyama, M., S. Millward, and A. F. Graham. 1974.

Control of transcription of the reovirus genome. Nu-
cleic Acids Res. 1:373-385.

. Schonberg, M., S. C. Silverstein, D. H. Levin, and G.

Acs. 1971. Asynchronous synthesis of the complemen-
tary strands of the reovirus genome. Proc. Natl.
Acad. Sci. U.S.A. 68:505-508.

Shatkin, A. J., and A. J. LaFiandra. 1972. Transcrip-
tion by infectious subviral particles of reovirus. J.
Virol. 10:698-706.

Shatkin, A. J., and J. D. Sipe. 1968. RNA polymerase
activity in purified reoviruses. Proc. Natl. Acad. Sci.
U.S.A. 61:1462-1469.

Silverstein, S. C., C. Astell, D. H. Levin, M. Schon-
berg, and G. Acs. 1972. The mechanism of reovirus
uncoating and gene activation in vivo. Virology
47:797-806.

Silverstein, S. C., D. H. Levin, M. Schonberg, and G.
Acs. 1970. The reovirus replicative cycle: conserva-
tion of parental RNA and protein. Proc. Natl. Acad.
Sci. U.S.A. 67:275-281.

Skehel, J. J., and W. K. Joklik. 1969. Studies on the in
vitro transcription of reovirus RNA catalyzed by reo-
virus cores. Virology 39:833-841.

Spandidos, D. A., and A. F. Graham. 1975. Complemen-
tation of defective reovirus by ts mutants. J. Virol.
15:954-963.

Spandidos, D. A., and A. F. Graham. 1976. Physical
and chemical characterization of an avian reovirus.
dJ. Virol. 19:968-976.

Spandidos, D. A., G. Krystal, and A. F. Graham. 1976.
Regulated transcription of the genomes of defective
virions and temperature-sensitive mutants of reovi-
rus. J. Virol. 18:7-19.

Szilagyi, J. F., and C. R. Pringle. 1975. Virion tran-
scriptase activity differences in host range mutants of
vesicular stomatitis virus. J. Virol. 16:927-936.

van der Heide, L., H. J. Geissler, and E. S. Bryant.
1974. Infectious tenosynovitis: serologic and histo-
pathologic response after experimental infection with
a Connecticut isolate. Avian Dis. 18:289-296.

Watanabe, Y., S. Millward, and A. F. Graham. 1968.
Regulation of transcription of the reovirus genome. J.
Mol. Biol. 36:107-123.



