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The synthesis of cellular DNA was measured in synchronized L cells after
reovirus infection. Initiation of the synthetic phase of the cell cycle was

completely inhibited in cells infected 8 h before the beginning of DNA synthesis.

The inhibition of cellular DNA synthesis after
reovirus infection appears to be selective for the
replicative, but not the transcriptive function of
cellular DNA (7, 11). This inhibition is not
related to detectable modifications of the integ-
rity of the DNA template, activity of specific
enzymes involved in DNA synthesis, or the
levels of certain DNA precursor pools (5, 13).
Recent evidence (3, 10, 13) relating the time of
the beginning of the inhibition of DNA synthe-
sis to the multiplicity of infection strongly
suggests that the inhibition process is specifi-
cally related to a virus-specific function and is
not the result of cell necrosis. Inhibition ofDNA
synthesis by reovirus is reflected in a decrease in
the number of DNA chain initiation events (R.
Hand and I. Tamm, 1973, Abstr. Annu. Meet-
ing Amer. Soc. Microbiol., p. 211, 1973), but not
in the rate of DNA chain growth (5, 8, 9). This
report shows that synchronized L-cells fail to
enter the DNA synthetic phase (S phase) of the
cell cycle when they have been infected with
reovirus for 8 h.

Suspension cultures of strain L-929 mouse
fibroblasts and the Dearing strain of type 3
reovirus were used in all experiments. The
growth and maintenance of cell cultures and the
production, purification, and assay of virus
have been described previously (13). The proce-
dure for synchronization of cells in suspension
culture was similar to that described by Little-
field (12). Every 72 h cells were centrifuged and
resuspended to a concentration of 5 x 105
cells/ml in fresh prewarmed basal Eagle me-
dium containing 10% fetal calf serum. An exces-
sive decrease in the pH of the growth medium
due to high cell concentration was prevented by
growing cells in flasks which were not sealed
airtight and by reducing the sodium bicarbon-
ate concentration from 2.2 g/liter to 1.5 g/liter.

'Present address: Department of Bacteriology, School of
Medicine, University of North Carolina, Chapel Hill, N.C.
27514.

Greater than 70% of the cells were synchronized
by this method as determined by mitotic index,
and cells maintained under these conditions
remained synchronized from one medium
change to the next. These cells entered the S
phase 8 h after resuspension in fresh medium. A
synchronous wave of cell division occurred ap-
proximately 24 h after resuspension resulting in
a twofold increase in cell number. Thus, the
block appeared to occur during the early G-1
phase of the cell cycle.

Since the inhibition of DNA synthesis begins
approximately 8 h after reovirus infection in
asynchronous cultures at a multiplicity of 10
PFU/cell (7), synchronous cultures were in-
fected using 10 PFU/cell immediately after
resuspension in fresh medium, 8 h before entry
into the S phase. At selected time intervals after
infection, samples were removed from infected
and control cultures. Each sample was pulse
labeled for 30 min with [3H]thymidine (0.5
oCi/ml). At the end of the labeling period the
DNA was extracted by the method of Colter et
al. (2). The quantity ofDNA in each sample was
determined by the method of Burton (1) and the
radioactivity was measured by liquid scintilla-
tion counting.
DNA synthesis in control cells began approxi-

mately 8 h after resuspension in fresh medium
(Fig. 1). The duration of linear incorporation of
thymidine into DNA of control cells corre-
sponded to that determined for the S phase of L
cells (12). In contrast to the control, reovirus
infection completely prevented the entry of
synchronized cells into the S phase of the cell
cycle. A significant background level of thymi-
dine incorporation into DNA was detected in
control and infected cultures before 8 h postin-
fection. This incorporation should be a function
of DNA synthesis that was occurring in the
asynchronous fraction of the cell population of
each culture. The inhibition of this incorpora-
tion between 7 and 9 h after infection provided a
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FIG. 1. DNA synthesis in synchronized L cells. At

time 0 synchronized cells were resuspended in fresh
prewarmed medium and infected with 10 PFU/cell
(closed circles), or uninfected (open circles). At the
times indicated 2.5 x 107 cells were removed from
each culture and pulse-labeled with [WHjthymidine.
The specific activity of each sample was then deter-
mined.

convenient internal control in the experiment
since inhibition of DNA synthesis occurred at
this time in asynchronous cultures (7).

It is clear that the initiation of the S phase of
the cell cycle is prevented when sychronous cell
cultures are infected with low multiplicities of
reovirus 8 h before the beginning of DNA
synthesis. An earlier report (6) demonstrated
partial inhibition of DNA synthesis when syn-
chronized cells were infected with reovirus 4 or 6
h before the beginning of the S phase. Recent
studies have confirmed these observations
(manuscript in preparation). However, the oc-
currence of events early in the S phase which
are relatively insensitive to reovirus infection
(6) appears not to be the case. If reovirus
infection occurs early enough (8 h before initia-
tion of the S phase), cellular DNA synthesis can
be completely prevented. The results presented

here must also be considered in light of the
method of synchrony used which provides an
uninterrupted entry into the S phase, thus
exposing the sequence of events preceding the
initiation of DNA synthesis to the inhibitory
effects of reovirus infection. It has been shown
that less than 10% of the cells in reovirus-
infected suspension cultures exhibit detectable
cytopathology by 8 h after infection (4). For this
reason, it is unlikely that the inhibitory effects
seen in these experiments were the indirect
result of cell necrosis.

This work was supported by the American Cancer Society
institutional grant 13-68, American Cancer Society research
grant VC-108, and the Oklahoma University Faculty Re-
search Fund. J.E.S. was supported by Public Health Service
training grant #GM00926 from the National Institute of
General Medical Sciences.

LITERATURE CITED
1. Burton, K. 1956. A study of the conditions and mech-

anisms of the diphenylamine reaction for colorimetric
estimation of deoxyribonucleic acid. Biochem. J.
62:315-323.

2. Colter, J. S., R. A. Brown, and K. A. 0. Ellam. 1961.
Observations on the use of phenol for the isolation of
deoxyribonucleic acid. Biochim. Biophys. Acta
55:31-39.

3. Cox, D. C., and J. E. Shaw. 1970. Reovirus alteration of
cellular DNA synthesis. Ann. Okla. Acad. Sci. 1:28-37.

4. Ensminger, W. D., and I. Tamm. 1969(a). Cellular DNA
and protein synthesis in reovirus-infected L cells.
Virology 39:357-360.

5. Ensminger, W. D., and I. Tamm. 1969(b). The step in
cellular DNA synthesis blocked by reovirus infection.
Virology 39:935-938.

6. Ensminger, W. D., and I. Tamm. 1970. Inhibition of
synchronized cellular deoxyribonucleic acid synthesis
during Newcastle disease virus, mengovirus, or reovirus
infection. J. Virol. 5:672-676.

7. Gomatos, P. J., and I. Tamm. 1963. Macromolecular
synthesis in reovirus infected L cells. Biochim. Bio-
phys. Acta 72:651-653.

8. Hand, R., W. D. Ensminger, and I. Tamm. 1971. Cellular
DNA replication in infections with cytocidal RNA
viruses. Virology 44:527-536.

9. Hand, R., and I. Tamm. 1972. Rate ofDNA chain growth
in mammalian cells infected with cytocidal RNA
viruses. Virology 47:331-337.

10. Hand, R., and I. Tamm. 1973. Reovirus: effect of nonin-
fective viral components on cellular deoxyribonucleic
acid synthesis. J. Virol. 11:223-231.

11. Kudo, H., and A. F. Graham. 1965. Synthesis of reovirus
ribonucleic acid in L cells. J. Bacteriol. 90:936-945.

12. Littlefield, J. W. 1962. DNA synthesis in partially syn-
chronized L cells. Exp. Cell Res. 26:318-326.

13. Shaw, J. E., and D. C. Cox. 1973. Early inhibition of
cellular DNA synthesis by high multiplicities of infec-
tious and UV-irradiated reovirus. J. Virol. 12:704-710.

° ° Control
-*--* Infected

I,I,,,7 _-

761NOTES


