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We examined the patterns of host cell and virus deoxyribonucleic acid (DNA)
synthesis in synchronized cultures of KB cells infected at different stages of the cell
cycle with herpes simplex virus (HSV). We found that the initiation of HSV DNA
synthesis, we well as the production of new infectious virus, is independent of the
S, G1, and G2 phases of the mitotic cycle of the host cell. This is in contrast to data
previously found with equine abortion virus. Because HSV replicates independently
of the cell cycle, we were able to establish conditions that would permit the study of
rates of HSV DNA synthesized in logarithmically growing cells in the virtual
absence of cellular DNA synthesis. This eliminates the need for separation of
viral and cellular DNA by isopycnic centrifugation in CsCl. We found that HSV
DNA synthesis was initiated between 2 to 3 hr after infection. The rate of DNA
synthesis increased rapidly, reaching a maximum 4 hr after infection, and decreased
to 509, of maximum by 8 hr. Evidence is also presented which suggests that HSV
infection can inhibit both the ongoing synthesis of host DNA as well as the initia-

tion of the S phase.

Lawrence (23; Bacteriol. Proc., p. 170, 1969)
showed recently that the synthesis of equine abor-
tion virus (EAV) deoxyribonucleic acid (DNA) in
synchronized cultures of KB cells was initated
only at the time corresponding to the S phase
(DNA synthesis) of KB cells. Thus, when cells
were infected during the S phase, viral DNA
synthesis began shortly after infection. On the
other hand, when KB cells in the G1 or G2 phase
were infected, viral DNA synthesis was postponed
until the next S phase began. These observations
suggested that EAV DNA synthesis depends on
certain cellular events occurring only during the
S phase of the mitotic cycle.

The above studies raised the possibility that all
herpesvirus infections are characteristically linked
to the host cell cycle. Indeed, some years ago,
Stocker and Newton (33) suggested that herpes
simplex virus (HSV) infection might be linked to
the events of the mammalian mitotic cycle; and,
more recently, Goodheart (12) suggested that
latency may be related to mitotic activity in the
cell. Furthermore, Nahmias et al. (25) reported
that phytohemagglutinin, an inducer of leukocyte
proliferation, appeared to be essential for replica-
tion of HSV in leukocyte culture, suggesting that

leukocytes must be in a particular growth phase
to be susceptible to infection with HSV.

In this paper, we examine the patterns of HSV
and host cell DNA synthesis in synchronized
cultures of KB cells infected at different stages
of the cell cycle with HSV. We present evidence
here which shows that the initiation of HSV
DNA synthesis, as well as the production of new
infectious virus, is independent of the S, G1, and
G2 phases of the mitotic cycle of the host, in con-
trast to that found with EAV. Second, because
HSYV replicates independent of the cell cycle, we
were able to establish conditions that would
permit HSV DNA synthesis in logarithmically
growing KB cells in the virtual absence of cellular
DNA synthesis.

MATERIALS AND METHODS

Cell culture. Suspension cultures of KB cells were
propagated in Eagle’s minimal essential medium
(MEM) modified for suspension culture and supple-
mented with 109, calf serum. The cells were main-
tained in continuous logarithmic growth phase, by
daily feeding at concentrations varying from 10°
to 3.0 X 105 cells per ml. Cell counts were performed
in triplicate in a hemocytometer.

Virus. HSV (HF strain) obtained from John Flana-
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gan (Duke Univ.) was plaque-purified. High-titered
virus stock preparations to be used for infection
of suspension cells or virus purification procedures
were prepared as follows. Monolayer cultures of KB
cells grown in 32 oz (ca. 960 ml) bottles containing
Eagle’s MEM supplemented with 1097 calf serum were
infected at an input multiplicity of 5 to 10 plaque-
forming units (PFU) per cell. The cells were harvested
after 24 hr, washed with phosphate-buffered saline
(PBS), pH 7.2, and concentrated by centrifugation
(10 min at 800 X g). The cell pellet was diluted with
PBS to a final concentration of 2 X 107 cells per ml,
sonically treated three times at 15-sec intervalsin a
60 w MSE Sonifier (Measuring and Scientific Equip-
ment, Ltd.,, London) and centrifuged at 5,000 X g
for 30 min to remove cell debris. The resultant super-
natant fluids which exhibited titers ranging from
5 X 108 to 10° PFU/ml were stored at —100 C until
retrieval. Virus preparations were partially purified by
a modification of the procedures of Flanagan (9).

Titration of virus. Plaque titrations were performed
in plastic petri dishes essentially by the procedure of
Flanagan (9).

Cell synchronization. Suspension cultures of KB
cells were synchronized by the double-thymidine-
block method (4) as modified by Bello (2). In essence,
KB cells in suspension culture were treated with 2 mm
thymidine for 18 to 20 hr, centrifuged at 800 X g for
10 min, resuspended in a fresh warmed medium at
37 C to reverse the thymidine block, and then allowed
to grow for an additional 9 to 12 hr. At this time, 2
mM thymidine was again added for 18 to 20 hr. Ex-
periments were started after reversal of the second
thymidine block.

The doubling time for randomly growing KB cells
is about 24 hr. After synchronization with excess
thymidine, however, cell division is considerably
shortened, and the average doubling time is only about
16 hr (2).

Rate of DNA synthesis in synchronized cell cultures.
Pulse-labeling experiments were carried out by incu-
bating 5.0 ml of infected or uninfected KB cells
(generally 1.5 X 10° to 2.0 X 105 cells/ml) with 2.5
uCi of thymidine-methyl-*H (3H-TdR, specific activity
6 Ci/mmole, Schwartz BioResearch, Inc.) in a shaker
bath at 36 C. Incorporation of label was stopped at
the end of a 60-min period by pipetting the cells into
iced PBS. The cells were then collected by centrifuga-
tion at 800 X g for 10 min and resuspended in 5.0 ml
of cold 59, trichloroacetic acid for 20 min. The result-
ing precipitate was washed three times with 5%, tri-
chloroacetic acid and dissolved in 0.1 N NaOH.
Samples were added to 10 ml of Aquasol (New
England Nuclear Corp.) and counted in a Packard
Tri-Carb liquid scintillation spectrometer.

Labeling methods and DNA preparation. Tritium-
labeled cellular DNA was obtained from synchronized
uninfected or infected KB cells by incubating the
culture in medium containing 3H-TdR (0.25 uCi/ml)
for various periods of time as indicated. Labeled cells
were pelleted, washed, and concentrated by centrifu-
gation. Cellular or viral DNA was extracted from the
pellet by a modification of the method described by
Marmur (24); in our procedure, Pronase (autodigested
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for 2 hr at 37 C) was added at a concentration of 1
mg/ml to the sodium dodecyl sulfate (SDS)-disrupted
cells (14). Although it has been reported by Becker et
al. (1) that SDS completely releases herpes simplex
DNA from viral coat protein, Pronase treatment was
included to insure the release of as much viral DNA
as possible.

Cesium chloride density gradient centrifugation.
Cesium chloride density gradient centrifugation in a
Spinco no. 40 fixed-angle rotor (8) was employed to
separate virus DNA from cellular DNA. Approxi-
mately 5,000 to 10,000 counts/min of labeled and
purified DNA (1 to 10 ug) was diluted in SSC (0.15
M sodium chloride, 0.015 M sodium citrate, pH 7.0)
and mixed with 4.0 ml of 0.01 M tris(hydroxymethyl)-
aminomethane (Tris; pH 8.0)-buffered CsCl. The
final buoyant density was adjusted to 1.7111 g/cm?.
After centrifugation at 33,000 rev/min at 25 C for 60
hr, seven-drop samples were collected from tubes
punctured at the bottom and deposited on Whatman
3 mm filter discs (diameter, 2.3 cm). The discs were
dried, washed with cold 59, trichloroacetic acid,
rinsed with acetone, and assayed for radioactivity in
10 ml of Spectrofluor (Amersham/Searle) scintillation
fluid. About 70 fractions were collected from each
tube. Every tenth fraction was utilized for the deter-
mination of refractive index and buoyant density.

RESULTS

To determine whether initiation of HSV DNA
synthesis depends on the S phase of the cell cycle,
we divided a synchronized suspension of KB cells
(2 X 10° cells/ml) into five replicate cultures. The
cultures were infected at different times in the cell
cycle with an input multiplicity of 200 PFU of
HSV per cell. At this input multiplicity, greater
than 959, of the cells were infected. Flanagan
(9) reported that more than 859, of the KB cells
were infected with about 10 times less herpesvirus
than we used in our experiments. The rate of
DNA synthesis in each of the cultures was
measured over a 24-hr period by 1-hr pulses with
SH-TdR.

Figure 1 shows that the cells in an uninfected
control culture entered S phase shortly after re-
versal of the thymidine block. The rate of DNA
synthesis in these cells increased rapidly for 3 to
4 hr, then decreased to approximately 8%, of the
maximum value by 10 hr. This low rate of cellular
DNA synthesis remained constant until about 12
to 14 hr after removal of TdR, and then a second
round of cellular DNA was initiated. The cell
number in this culture remained constant for 9 to
10 hr after thymidine reversal and then doubled.
These results are essentially the same as those
previously reported by Bello (2) for KB cells.

Figure 2A shows that, when a culture was in-
fected 3 hr after thymidine reversal or during the
S phase, the rate of DNA synthesis at 4 hr oc-
curred at only 409, of the rate noted in the unin-
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FiG. 1. Rate of DNA synthesis in a synchronized
uninfected culture of KB cells. The rates were deter-
mined by pulse-labeling 5.0-ml cell samples with 3H-
thymidine for 1 hr and treating as described in the text.

fected control at this time (Fig. 1). Then, in
contrast to the uninfected culture, a second
period of DNA synthesis began 5 to 6 hr after
thymidine reversal, reached a maximum by 6 to
7 hr, and continued at a decreasing rate until 12
hr into the cell cycle. Figure 2B shows that, when
cells were infected 5 hr after synchrony began
(late in S phase), a second period of DNA syn-
thesis began 7 to 8 hr into the cell cycle and
reached a maximum rate at 9 to 10 hr.

The data presented in Fig. 2C show that, when
infection took place 8 hr after reversal of the
thymidine block, a time when cellular DNA syn-
thesis was at, or approaching, a minimum rate,
an unscheduled round of DNA synthesis began
approximately 2 to 3 hr after infection of the cells.
Essentially similar results were obtained when in-
fection took place at 7 or 9 hr after reversal. In
cells infected 11 hr post-thymidine reversal (Fig.
2D), a round of DNA synthesis began at about
the time when the second S phase normally oc-
curred in uninfected cultures; however, neither
the rate nor the amount of DNA synthesized was
as great as that observed in the control culture
(Fig. 1). It is apparent, therefore, that an un-
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scheduled round of DNA synthesis (presumable
viral) always occurs 2 to 3 hr after infection of
synchronized KB cell cultures with HSV, regard-
less of when in the cell cycle infection takes place.
Viral growth cycle. To substantiate the idea
that initiation of HSV DNA synthesis was in-
dependent of the phases of the cell cycle tested, a
one-step growth curve was carried out in syn-
chronized cultures infected at different stages of
the cell cycle. If the initiation of viral DNA syn-
thesis were dependent upon some event occurring
only during cellular S phase, infection of syn-
chronized cells at times other than S (for example
during G2) would delay the synthesis of viral
DNA until the cells reached the next S phase. This
delay would be reflected by a prolongation of the
latent period in the viral growth cycle.
Synchronized cultures of KB cells were infected
at 3, 5, 8, and 11 hr after thymidine reversal, and
the time-course of infectious virus formation was
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Post Reversal

A Infected 3 Hr.
L Post Reversal |
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Post Reversal
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L Post Reversal |

CPM H3-Thymidine Incorporated into DNA/ 5 ml cells / hr. x 102
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FiG. 2. Rate of DNA synthesis in synchronized
cultures of KB cells infected with HSV at different
times in the cell cycle. A suspension culture of KB
cells was synchronized by the double-thymidine-block
method. The cells were then divided into four replicate
cultures in fresh medium at a cell concentration of
2 X 10° per ml. Cultures were infected at the different
stages of the cell cycle with an input multiplicity of
200 PFU per cell. The rate of DNA synthesis was
determined by pulse-labeling 5.0-ml samples with 3H-
thymidine for 1 hr.
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followed. In each case, increases in progeny virus
were detected 6 hr after infection, and the max-
imum titer was reached by 11 or 12 hr after infec-
tion. Furthermore, there were no significant dif-
ferences in the maximum titer measured in each
preparation. Thus, no matter when in the mitotic
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FiG. 3. Growth curve of HSV in synchronized KB
cells infected 8 hr after thymidine reversal. The curve
was constructed by removing cell samples at the time
0, infection and every 2 hr thereafter for 14 hr. The
cells were washed three times in PBS, sonically treated,
and assayed for infectious virus.
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cycle the cells were infected, a normal cycle of
viral replication ensued. For the sake of sim-
plicity, only one representative viral growth cycle
(cells infected at 8 hr after thymidine reversal) is
shown in Fig. 3. These data reflect the idea that
KB cells can support HSV replication during any
period of the cell cycle tested. It therefore seems
likely that the second round of DNA synthesis
(shown in Fig. 2A-D) actually represented viral
DNA synthesis.

Separation of cellular and viral DNA. The next
series of experiments was performed to determine
the identity of the DNA made after infection of
synchronized cells. Separation of herpes DNA
from cellular DNA was first reported by Kaplan
and Ben-Porat (18). We obtained better resolution
of these two classes of DNA by using the methods
of Flamm et al. (8). Purified DNA, extracted
from uninfected and HSV-infected KB cells, as
well as from partially purified virus, was sub-
mitted to equilibrium sedimentation in a CsCl
gradient under the conditions described above.
DNA from uninfected synchronized KB cells
labeled with *H-TdR from 1 to 9 hr after thymi-
dine reversal (Fig. 1) showed a single tritium
band in the CsCl gradient which had an average
buoyant density of 1.700 g/cm?® (Fig. 4A). This
density, which corresponds to a guanine plus
cytosine (GC) content of 429, is identical to that
reported for KB cell DNA by Ginsberg et al. (11).

Most of the tritium-labeled DNA extracted
from partially purified virus (Fig. 4B) had an
average buoyant density of 1.725 g/cm? in CsCl
(679 GC content) and was considered to repre-
sent HSV DNA. This value conforms with the

8
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FiG. 4. Separation of cellular and viral DNA by isopycnic centrifugation in CsCl. (A) DNA prepared from
KB cells incubated in *H-thymidine-containing medium for 9 hr after reversal of thymidine block, i.e., DN A made
during the S phase. (B) DN A prepared from partially purified virus isolated from infected randomly growing KB
cells incubated in 3H-thymidine-containing medium for 24 hr. (C) DNA prepared from KB cells infected at the
time of thymidine reversal and incubated for 9 hr in 3H-thymidine containing medium.
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density reported for HSV DNA by Roizman and
Roane (29) as well as Russell and Crawford (30).
Approximately 209, of the labeled material ex-
tracted from viral DNA preparations banded at
about 1.700 g/cm3. This second peak may repre-
sent small molecules of cellular DNA which were
not degraded completely by deoxyribonuclease
added during purification of the virus (22).

Figure 4C shows the results of isopycnic CsCl
centrifugation of DNA extracted from syn-
chronized KB cells which were infected 1 hr after
thymidine reversal and labeled with *H-TdR for
9 hr. After infection, two bands of tritium label
were detected, one corresponding in buoyant
density to KB DNA (Fig. 4A) and another cor-
responding in buoyant density to viral DNA
(Fig. 4B).

These results clearly demonstrate that our
methods are quite adequate for the separation
and identification of host and viral DNA.

CsCl analysis of the DNA of synchronized cells
infected at different times in the cell cycle. Syn-
chronized cultures of KB cells were infected with
HSV at an input multiplicity of 200 PFU /cell at
5, 8, and 11 hr after reversal of the TdR block,
times which corresponded to S, G1, and G2,
respectively. Labeled *H-TdR was added to the
cultures 1 hr after infection. The infected cells
were then incubated in the presence of label for
an additional 8 hr. The 1-hr delay in adding the
label after addition of virus meant that none of the
DNA synthesized during the first hour after infec-
tion (presumably all host) would be labeled. The
DNA from infected preparations was extracted,
purified, and analyzed by isopycnic centrifugation
n CsCl.
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The radioactive profiles obtained from the CsCl
gradients are shown in Fig. 5A-C. As the time of
infection was delayed after the cells were syn-
chronized, there was a progressive increase in the
amount of viral DNA synthesized in proportion
to the amount of cellular DNA. When cells were
infected 5 hr after thymidine reversal, 649, of all
newly synthesized DNA was viral DNA. When
the cells were infected 8 hr after thymidine re-
versal, the percentage of newly synthesized DNA
that was viral increased to 869,. When cells were
infected at 11 hr, it appeared that only viral DNA
was synthesized. These data substantiate the idea
that the second round of DNA that occurs in
synchronized KB cells after infection (Fig. 2) is
mainly viral.

All of the data presented in this study indicate
that the initiation of HSV DNA synthesis, as well
as the production of new infectious virus, is in-
dependent of the host cell cycle. Therefore, KB
cells are capable of supporting HSV replication
during all phases of the mitotic cycle studied.
Our findings for HSV are in direct contrast to
those reported for EAV (23).

It is of some interest that when cells were in-
fected 11 hr post-thymidine reversal (Fig. 5C),
i.e., 2 hr before initiation of the second S phase in
uninfected KB cells (Fig. 1), there was no detect-
able host cell DNA synthesis in the infected cell.
This finding implies that HSV infection prevents
the normal initiation of cell DNA synthesis in
synchronized KB cells. This idea was suggested
by Roizman and Roane (29) who studied HSV
infection of randomly growing cells. In contrast to
our finding, Kaplan and Ben-Porat (18) showed
that the decrease in the rate of cellular DNA
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FI1G. 5. Analysis of DNA isolated from snychronized KB cells infected with HSV by isopycnic centrifugation in
CsCl KB cells were divided into three separate cultures at a cell density of 2 X 105 per ml and infected as in the
text. (4) DNA isolated from cells infected at 5 hr after thymidine reversal. Tritium-labeled thymidine was added
at 6 hr, and the cells were incubated for an additional 8 hr. (B) DNA isolated from cells infected at 8 hr post-
thymidine reversal, labeled at 9 hr, and incubated for an additional 8 hr. (C) DNA isolated from cells infected at
11 hr after thymidine reversal, label added at 12 hr, and incubated for an additional 8 hr.
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synthesis after infection with pseudorabies (a
herpesvirus) was not due to the inability of the
infected rabbit kidney cells to enter into the S
period of the growth cycle. They found instead
that only ongoing cellular DNA synthesis was
inhibited. Our observation that host DNA syn-
thesis is inhibited by HSV during the first S period
(Fig. 2A) suggests that HSV infection can inhibit
both the ongoing synthesis of host DNA as well
as the initiation of S phase.

Replication of HSV DNA in synchronized KB
cells. The experiment shown in Fig. 5C indicated
that only viral DNA was synthesized after infec-
tion of synchronized KB cells at 11 hr into the cell
cycle. This suggested that employing these tech-
niques we might be able to quantitate various
aspects of HSV DNA synthesis directly in log-
growing cells and eliminate the need for separa-
tion of the two classes of DNA (viral and cellular)
by isopycnic centrifugation in CsCl.

To verify that our pulse-labeling technique
could actually be used as a direct measure of viral
DNA synthesis, we combined the methods of
pulse-labeling and isopycnic centrifugation in one
experiment. For this experiment, we chose to
study the rate of DNA synthesis because this
parameter has been well characterized (28, 29,
31). The conditions employed were identical to
those described for Fig. 5C. Cultures of KB cells
were infected with 200 PFU /cell 11 hr (G1) after
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synchrony began, a time when residual host cell
DNA synthesis was at a minimum. Samples were
processed at 1-hr intervals for the determination
of rates of DNA synthesis and infectivity. Figure
6A shows that by 9 to 10 hr into the cycle DNA
synthesis in uninfected cells is reduced to approxi-
mately 69, of the maximum. The initial increase
in the rate of viral DNA synthesis was detected
in pulse-labeled samples within 2 to 3 hr after
infection (13 to 14 hr post-thymidine reversal)
and rapidly reached a maximum by 4 hr after
infection (Fig. 6B). At this point there was still
no detectable increase in infectious virus (Fig.
6B). By 8 hr after infection, the rate of viral DNA
synthesis had decreased to 509, of the maximum,
and approximately 75 %, of the total new infectious
virus particles were already made. KB cells which
had been infected 11 hr after thymidine reversal
were also incubated in the presence of *H-TdR
from 1 to 9 hr after infection and isopycnic
centrifugation studies were carried out on the
purified DNA. The results of this experiment
were indentical to those previously presented in
Fig. 5C. Virtually all of the tritium counts re-
covered had the buoyant density of viral DNA.
In parallel experiments, cells were infected with
HSV 11 hr into the cell cycle and pulse-labeled
with 3H-TdR during three successive periods of
the infectious cycle: 1 to 3, 3 to 6, and 6 to 9 hr
after infection, Figures 7A-C illustrate that only
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FiG. 6. Rate of DNA synthesis in uninfected and infected synchronized cultures of KB cells. The conditions
employed were essentially the same as in Fig. 1 and 2. (A) Uninfected KB cells. (B) Culture infected at 11 hr post-
thymidine reversal. The viral growth curve was constructed as in Fig. 3.
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FiG. 7. Analysis of DN A isolated from synchronized KB cells infected with HSV by isopycnic centrifugation in
CsCl. Cells were infected with HSV at 11 hr after synchrony began. At various times, 200-ml portions were incu-
bated in 3H-thymidine-containing medium for the following periods: (A) DN A extracted from cells incubated 1 to
3 hr postinfection; (B) 3 to 6 hr postinfection; (C) 6 to 9 hr postinfection.

HSV DNA was synthesized during these time
periods of labeling. No newly synthesized host
DNA was detected. Furthermore, this experiment
indicates that HSV DNA synthesis began 1 to 3
hr after infection of the cells. This time agrees
with the time indicated by our direct pulse-
labeling experiments (Fig. 6B) which also indi-
cated that HSV DNA synthesis began 2 to 3 hr
after infection. Identical experiments were per-
formed on synchronized cells infected with HSV
8 hr into the cell cycle. All of the cellular DNA
which was synthesized during the 1 to 9-hr period
(Fig. 5B) was actually synthesized within the first
3 hr after infection. Approximately 109, of the
total DNA synthesized during this early period
had the buoyant density of viral DNA. Further-
more, only HSV DNA was synthesized during
the 3 to 6 and 6 to 9 hr periods of labeling. These
experiments give us confidence that we can follow
HSV DNA synthesis exclusively in pulse-labeled
synchronized cells infected 11 hr into the cell
cycle.

DISCUSSION

This communication presents evidence that the
initiation of HSV DNA synthesis is independent
of the events of the KB cell cycle. Our data indi-
cate that, no matter when infection took place
during the mitotic cycle, viral DNA synthesis be-
gan 2 to 3 hr after infection in each case and
proceeded at approximately the same rate.
Similarly, the formation of new infectious particles
of HSV was also shown to be independent of the
host cell cycle.

These findings are in general agreement with

the work of other investigators on HSV and other
members of the herpesvirus group. For example,
Ben-Porat and Kaplan (3) working with pseu-
dorabies virus showed that contact-inhibited
rabbit kidney cells, which are presumably in G1
phase, supported viral growth with a normal time
course for viral DNA synthesis. In addition, it
has been shown that HSV is capable of replicating
during the late G2 period or in metaphase (26,
34) of the cell cycle. However, it has been reported
that mitotic HEp-2 cells will absorb but not
replicate HSV (27). Such cells regain their
capacity to support viral multiplication after
mitosis.

Our present results are in direct contrast to
those reported for EAV by Lawrence (23) who
observed that initiation of EAV DNA synthesis
could only take place during the S phase of the
KB cell cycle. Although these viruses are both
classified as members of the herpesvirus group on
the basis of a number of similar features, there
are also significant differences between EAV and
HSV. For example, there is a large difference in
the DNA base composition of HSV and EAV.
The molar percentage of GC is 67, for HSV but
only 56, for EAV (7). It is apparent from all of
these results that one cannot generalize about the
biochemical events that occur during infection by
members of the herpesvirus group as it is presently
constituted.

As for other DNA viruses, the data of Cairns
(6) and Groyon and Kniarzeff (15) indicate that
the synthesis of vaccinia DNA does not depend
on the mitotic phase of the host cell. In addition,
Salzman et al. (32) showed that in vaccinia-
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infected monolayer cells viral DNA synthesis can
be initiated in most cells of a population, regard-
less of whether the cell is making DNA at the
time of infection. Hodge and Scharff (16) report
that, when synchronized cultures of HeLa cells
were infected with type 5 adenovirus, the synthesis
of viral DNA was independent of the growth
cycle. Our results with HSV infection of syn-
chronized KB cells are in accord with those re-
ported above for vaccinia virus and adenovirus.

The second point of this communication is that
we can create conditions that allow us to follow
HSV DNA synthesis directly in logarithmically
growing KB cells in the virtual absence of cellular
DNA synthesis. This situation arises when syn-
chronized KB cells are infected with HSV during
G1. As pointed out by Roizman (28) and Kaplan
(17), the most significant problem associated with
kinetic studies of herpes DNA synthesis in rapidly
growing (unsynchronized) cells is that host DNA
synthesis persists for several hours after infection.
This meant that an accurate determination of viral
DNA required separation of viral from host DNA
by centrifugation in CsCl. At best only a fraction
of each species of DNA is obtained. We analyzed
the rate of HSV DNA synthesis by a direct
method, trichloroacetic acid precipitation of
SH-TdR pulse-labeled extracts, and compared
these data to those obtained from duplicate
preparations subjected to isopycnic centrifugation
in CsCl. We found HSV DNA synthesis in KB
cells was initiated between 2 to 3 hr after infec-
tion. The rate of DNA synthesis increased rapidly,
reaching a maximum 4 hr after infection, a time
when no increase in progeny virus was detectable.
Eight hours after infection, the rate of viral DNA
synthesis decreased to 509, of the maximum, and
75%, of the total new virus was already made.
These results agree substantially with those re-
ported by Roizman and Sydiskis (unpublished
results appearing in reference 28) and Roizman
and Roane (29).

Several other ways are presumably available to
study HSV DNA synthesis in mammalian cells
in which cellular DNA synthesis is at a minimum.
Kit and Dubbs (20) suggested that it would be of
great advantage to have a system in which cells
retained their capacity to support viral replication
while host-cell chromosomal DNA synthesis was
either eliminated or at least minimized. They
described three potentially useful cell-virus sys-
tems which included (i) primary monolayer cul-
tures of rabbit kidney or rabbit embryo cells, (ii)
cold-shocked suspension cultures of mouse
fibroblasts, and (iii) a cell line of mouse fibroblasts
(L-M-TK™) from which the enzyme thymidine
kinase has been deleted. As mentioned previously,
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Ben-Porat and Kaplan (3) used contact-inhibited
primary monolayer rabbit kidney cells to ad-
vantage to follow pseudorabies DNA synthesis in
the virtual absence of host cell DNA synthesis.
The second system mentioned (cold shock) has
undesirable side effects on cells. Kit and Dubbs
(20) found that during the first 7 hr at 37 C after
cold shock, the rate of incorporation of *H-TdR
into host DNA was greatly reduced. However, it
took 30 hr of incubation at 37 C for the cell
population to recover completely from the cold-
shock treatment. Furthermore, although these
cells supported vaccinia growth, it was at a some-
what retarded rate.

The desirability for studying virus infection in
exponentially dividing cells has been pointed out
by Ginsberg (10) and by Graham (13). They sug-
gest employing rapidly growing (suspended) cells
because optimum synthesis of host as well as viral
macromolecules and maximum yield of virus
occur in these cultures.

The last system mentioned for studying viral
DNA synthesis when cellular DNA synthesis is
at a minimum involved the use of exponentially
growing L-M cells which are deficient in thymi-
dine kinase (TK—; reference 21). Because the un-
infected L-M (TK™) cells lack thymidine kinase,
they cannot incorporate *H-TdR into cellular
DNA. However, a virus-specific thymidine kinase
(5) is induced in L-M (TK™) cells after infection
with vaccinia virus, and, since this virus replicates
in the cytoplasm, *H-TdR is incorporated almost
entirely into cytoplasmic viral DNA. However,
this system is probably not useful for studying a
DNA virus such as HSV which replicates in the
nucleus for the following reason. The virus-
specific thymidine kinase which is also induced
after HSV infection of L-M (TK~; reference 19),
would provide a pool of labeled thymidine
monophosphate in the nucleus that would be
utilized in the synthesis of host as well as viral
DNA.

The procedure we have reported in this paper
provides a simple and reliable means for studying
HSV DNA synthesis in rapidly growing cells
without interference by host DNA synthesis.
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