u

) <

The University of Osaka
Institutional Knowledge Archive

Tale Effect of Viral DNA Synthesis of Poxvirus upon
Nuc lear DNA Synthesis of Synchronized FL Cells

Author (s) gﬁ?:gnl, Masanobu; Miyamoto, Hiroyuki; Kato,

Biken journal : journal of Research Institute

Citation | ¢, “yicrobial Diseases. 1968, 11(2), p. 71-90

Version Type|VoR

URL https://doi.org/10.18910/82867

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



Biken Jourman Vol 11, 71-90, 1968

EFFECT OF VIRAL DNA SYNTHESIS OF POXVIRUS UPON
NUCLEAR DNA SYNTHESIS OF SYNCHRONIZED FL CELLS

MASANOBU MANTANI, HIROYUKI MIYAMOTO and SHIRO KATO

Department of Pathology, Research Institute for Microbial Diseases, Osaka University, Osaka

(Received April 4, 1968)

UMMARY The relationship between the cell cycle of FL cells and the multiplica-
S tion of cowpox virus and ectromelia virus was studied in a synchronous cell
culture using double thymidine treatment and autoradiography of SH-thymidine.

Nuclear DNA synthesis of the synchronizing cells showing viral DNA synthesis
was definitely, but not completely, suppressed, and occurred exclusively during the
physiological “ S phase of these cells. The mitotic figure could also be seen in
some cells showing viral DNA synthesis. No disturbance in the chronology of
nuclear DNA synthesis in cells showing viral DNA synthesis was observed. The
cell cycle did not affect the multiplication of these viruses,

INTRODUCTION

The occurrence of viral DNA synthesis in the
cytoplasm of cells infected with poxvirus has
been shown by autoradiography of 3H-thymi-
dine. (Magee 1960, Karo et al. 1960a, b,
Camrns 1960).  For such studies the poxvirus
has the advantage that viral DNA synthesis is
easily distinguishable from nuclear DNA syn-
theis in cells at a cellular level by autoradi-
graphy of 3H-thymidine. However the inter-
pretations by previous authors of the effect of
virus infection upon nuclear DNA synthesis
are somewhat conflicting. Thus Cairns (1960)
reported that at least during the first 9 hours
after infection, the cell continues to produce its
own nuclear DNA, while Magee (1960) found
that infected cells ceased making DNA soon
after viral DNA synthesis is complete. Karo
et al. (1960a, b) concluded that nuclear DNA
synthesis is suppressed in virus-infected cells,
since the number of silver grains in the nuclei

of cells showing viral DNA synthesis is never
as high as that in the nuclei of cells without
viral DNA synthesis. These observations were
qualitative. Quantitative analysis of auto-
radiograms of cells infected with cowpox virus
revealed that immediately viral DNA synthesis
begins, nuclear DNA synthesis is suppressed
(KaTo et al. 1962, 1964). Quantitative analysis
of autoradiograms of poxvirus infected cells
has been extended to the interaction between
cells and oncogenic poxviruses such as Shope
fibroma virus (Karto et al. 1965, 1966a), and
molluscum contagiosum agent (TaNIGAKI and
KaTto 1967). It was concluded that nuclear
DNA synthesis of cells showing viral DNA
synthesis of poxviruses, whether oncogenic or
nononcogenic, was definitely suppressed (Karo
et al. 1966b). KiT ef al. (1963) also observed
suppression of nuclear DNA synthesis in cells
infected with vaccinia virus using both auto-
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radiographic and biochemical methods.

We have, however, noticed that nuclear
DNA synthesis of cells showing viral DNA
synthesis did not cease completely, although it
was suppressed, as shown in a figure in the
paper of Kato et al. (1964). In other words,
there was some nuclear DNA synthesis in
cells showing viral DNA synthesis.

The significance of this nuclear DNA syn-
thesis in cells showing viral DNA synthesis can
be explained by studying the following pos-
sibilities: (1) Nuclear DNA synthesis pro-
ceeded slowly for more than the period of the
physiological S phase; (2) Nuclear DNA
synthesis occurred at random throughout both
the S and G phase, due to disturbance of meta-
bolism induced by virus infection; (3) The
degree of nuclear DNA synthesis was lowered,
while the cycle of nuclear DNA synthesis was
not affected.

With recent improvements in methods for
synchronization of cells (TERasHIMA and ToL-
MAacH 1961, Xeros 1962, Bootsma et al. 1964)
more precise analysis of this problem is pos-
sible. In the present study, cells synchronized
by double treatment with excess thymidine
(BooTsmMa et al. 1964) were used to clarify the
relationship between the cell cycle, nuclear
DNA synthesis and viral DNA synthesis.

MATERIALS AND METHODS

1. Virus

Cowpox virus (LB red strain carrying the “A”v~
marker) and ectromelia virus (Hampsted strain carry-
ing the “A”v* marker) were used. FL monolayer
cultures were infected with virus. Twenty four
hours later infected cell suspensions were made by
policeman and sonicated (Kubota 200 watt, 9KC,
10 min). After centrifugation at 3,000 rpm for
20 min, the supernatant fluids were stocked at
—70°C as virus material.

2. Virus titration

Cowpox virus and ectromelia virus were routinely
assayed on chick fibroblast cultures (CF) with agar
overlay using five 50 ml prescription bottles (sam]l
bottle) for each dilution. Plaques were stained with
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0.02 per cent of neutral red at 72 hrs for cowpox and
at 6 days for ectromelia virus and were visible to the
naked eye. The multiplicity of infection (moi) was
then determined as the ratio of CF plaque-forming
units (PFU) to the number of cells present at the
time of infection.

3. Preparations of cloned cells

The FL cell line was maintained as monolayer
cultures in rubber stoppered 200 ml glass prescrip-
tion bottles (large bottle). The growth medium con-
sisted of Eagle’s minium essential medium (MEM)
and 10 per cent calf serum with 100 IU penicillin
and 0.10 mg streptomycin per ml. Monocellular
suspensions were prepared by 0.029% EDTA
(ethylene diamine tetraacetate) in PBS (phosphate
buffered saline). The number of cells in the cell
suspension to be used was counted in hemocyto-
meter. Five hundred cells per ml of each suspen-
sion to be cloned were seeded in Petri dishes. The
cells were incubated for 7 days at 37°C in an environ-
ment of controlled humidity and CO, pressure.
During this period the fluid was replaced twice by
fresh growth medium. Then each colony was
transfered to the small Petri dishes using OKUMURA’s
method (OKuMURA et al. 1964, Oxumura 1967).
These procedures were repeated three times. The
clones were transfered to the large bottles.

4.  Treatment with excess thymidine and assay method
in Leighton tubes

The cloned celis were dispersed in 70 Leighton
tubes with cover glasses on the bottom.

After one day, growth medium was replaced by
medium containing 2.5 ma thymidine (Nutritional
Biochemicals Corporation). After 20 hrs, the cul-
tures were washed three times with Hanks’ solution
and again incubated at 37°C for 20 hrs. Then they
were again treated with excess thymidine. After
this double treatment fluid was replaced by normal
growth medium. Replacement of medium and
washing procedures were performed as fast as pos-
sible at 37°C.

For assay of synchronization, the percentages of
cells synthesizing DNA was determined in cultures
by pulse labeling with tritiated thymidine. As
shown in Fig. 1, the cover slips of two Leighton
tubes were taken out every two hours after removal
of the second thymidine solution. One hour before
taking out the coverslips, the growth media of the
two Leighton tubes were replaced by prewarmed



medium containing 1 gc *H-thymidine per ml
(specific activity 5 ¢/mM). During exposure of cells
to *H-thymidine solution, for 1 hr, Leighton tubes
were kept in a water bath at 37°C.  Then cover slips
were washed with Hanks’ solution and cells were
fixed with methanol. These cover slips were auto-

radiographed.

5. Virus infection of synchronous cultures in Leighton
tubes

As shown in Fig. 1, another series of Leighton
cultures treated with excess thymidine was infected
either with cowpox virus or ectromelia virus.

Four cultures were infected with virus every 2
hours after removal of excess thymidine (T'dr). After
one hour’s adsorption, cells were washed three times
with Hanks’ solution and incubated with growth

medium. Seven and nine hrs after infection, the
cover slips of two Leighton tubes were taken out.
One hour before taking out the cover slips, the
growth medium was replaced by prewarmed medium
The concentration of the

isotope and all subsequent procedures were as in

containing *H-thymidine.
the assay of noninfected synchronous cultures.

6. Autoradiography

Cover slips were treated with 2 per cent perchloric
acid at 4°C for 40 min to remove unincorporated
*H-thymidine.
ried out with Kodak N'TB2 nuclear emulsion.

Dipping autoradiography was car-
The
Giemsa was employed
for post staining to demonstrate the “ B * type in-
clusions of poxvirus.

exposure time was 3 days.

The percentages of labeled
cells and mitoses was estimated on at least 500 cells.
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Ficure 1 Schemes of experiment on double thymidine treatment and virus infection in Leighton tubes. Two

Leighton tubes were used at each point.
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7. Virus titration of infected synchronous cultures in

50 ml prescription bottles (small bottles)

Cloned cells were dispersed in 16 small bottles.
Double thymidine treatment was carried out as
described above. Autoradiography of 8H-thymidine
in assay of synchronous cultures was carried out as
As shown in Fig. 2, one, three, eleven and
twenty hours after treatment with excess thymidine,

follows.

cells from two small bottles were submitted to
autoradiography. One hour before removal of cells,
the growth medium was replaced by medium con-
taining 1 pc of *H-thymidine, as mentioned above.
Then cells were rinsed twice with PBS and removed
from the glass by EDTA treatment. Cells were
centrifuged at 1,000 rpm for 10 min and resuspended
in acetic-alcohl fixative (one part acetic acid and 3
parts ethyl alcohol) and recentrifuged at low speed.
The fixative was decanted and fresh fixative was
introduced to wash the cells. The procedure was
repeated three times. Then one droplet of this
fixed cell suspension was placed on a clean cold cover
slip on the surface of which the suspension quickly
spread out.
the cover slip, as mentioned above.

With the other half series of synchronous cultures,

Autoradiography was carried out on

experiments were made on virus infection, as shown
in Fig. 2. The procedure used for virus infection
was the same as that in the Leighton tubes. Nine
hours after infection, cells were harvested for virus
titration.

RESULTS

1. Synchronous synthesis of nuclear DNA of
FL cells

Synchronous synthesis of nuclear DNA of
cells was similar to that reported by BooTsma
et al. (1964). Pulse labeling with tritiated
thymidine showed that after double thymidine
treatment, 80-90 per cent of the cells were in
the S phase between 3-4 hrs after removal of
excess Tdr and less than 109, of the cells were
in the S phase between 14-23 hrs after removal
of excess Tdr (Figs. 3 and 4). Fig. 3 shows
the kinetics of the percentages of uninfected
labeled cells and mitoses after removal of
excess Tdr. The experiment in Fig. 3 was
carried out as a control for cowpox virus in-
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Bottles were used for measuring infectivity of progeny virus at each point.
virus infection
removal of samples for assay

3H-thymidine

growth medium



fection. The experiment in Fig. 4 was carried
out as a control for ectromelia virus infection.
The peak of the mitotic burst in Fig. 3 occurred
between 15 and 17 hrs after removal of excess
Tdr and in Fig. 4 between 11 and 13 hrs after
removal of excess Tdr, The period of the S
phase and the mitotic index in Fig. 3 are slightly
different from those in Fig. 4. This may be
because the cell line of Fig. 4 was cloned from
that of Fig. 3 (which had been cloned once by
the method described before). Figs. 13, 14
and 15 show synchronous FL cells in the S
phase, in mitosis and in the G, period, res-
pectively.

2. Effect of cowpox wvirus on nuclear DNA
synthesis of synchronous FL cells

These experiments were designed to compare
the nuclear DNA synthesis of synchronous FL
cells infected with virus with that of non-
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Figur 3 Effect of double thymidine treatment on
percentages of FL cells in S phase and in mitosis.
This experiment was done as a control of the FL
cell-cowpox virus system.
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infected cells. Cowpox virus was inoculated
at 7x 108 PFU per ml. One half ml of the
virus inoculum was introduced into each Leigh-
ton tube. There were about 3x10% cells in
Leighton tube just after removal of excess T'dr
and the number increased to about 6x103
cells 20 hours after removal of excess Tdr.
Therefore, multiplicity of infection was about
10 and decreased to about 5 later. At each
point, cells were divided into 3 groups, that is,
cells showing cytoplasmic DNA synthesis,
cells showing both cytoplasmic and nuclear
DNA synthesis and cells showing only nuclear
DNA synthesis. Since the areas of cytoplasmic
viral DNA synthesis correspond exclusively to
the “B” type inclusions of poxvirus (Karo
et al. 1960a, b, 1964), the term “ B ” type in-
clusion-bearing cells (‘B ”-bearing cells) is
henceforth used to represent cells showing
cytoplasmic DNA synthesis. The percentages
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Ficure 4 Effect of double thymidine treatment on
percentages of FL cells in S phase and in mitosis.
This experiment was done as a control of the FL
cell-ectromelia virus systems.
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of cells in each group were counted as follows.
(1) Percentage of ‘B -bearing cells among
total cells. (2) Percentage of B ’’-bearing
cells with labeled nuclei in total ““ B -bearing
cells. (3) Percentage of cells without “B”
inclusions but with labeled nuclei in total
cells without “B” inclusions. Cells with
labeled nuclei with grain counts above ten per
nucleus were considered to be labeled. The
percentages were calculated from more than
500 randomly selected cells. These percen-
tages are plotted in Figs. 5 and 6. The per-
centages of cells with labeled nuclei in the

control noninfected synchronous culture were
also counted and are plotted in these figures.
There were 709, to 909, “ B ’-bearing cells
throughout the experiment, although the per-
centage was a little higher in Fig. 6 than in
Fig. 5. Thisindicates that the cycle of nuclear
DNA synthesis does not affect viral DNA
synthesis in the infected cells. On the other
hand, the three curves for the kinetics of the
percentages of cells with labeled nuclei are
almost identical. Thus nuclear DNA syn-
thesis of cells with and without “B " inclu-
sions in infected synchronous FL cells can
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Infected samples were taken 7 hrs.
after infection with cow-pox virus
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infected samples were taken 9 hrs.
after infection with cow-pox virus.

Ficure 5 and 6 Effect of viral DNA synthesis upon nuclear DNA synthesis of synchronous FL. cells infected

with cowpox virus.

The percentages of “ B ’-bearing cells in the infected culture are also shown.
g g

Multiplicity

of infection is between 10 and 5. Percentages of non-infected cells with labeled nuclei are plotted from Fig. 3.
Cells with grain counts above 10 per nucleus were taken as labeled.

--x non-infected cells with labeled nuclei
® “ B " -bearing cells with labeled nuclei
A ““B?* -bearing cells
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proceed in the physiological S phase of these
cells.

To compare the number of silver grains per
nucleus in cells bearing “ B ”’ inclusions with
that of control uninfected cells, the cells with
labeled nuclei with a grain count above 50
rather than 10 per nucleus, were counted as
labeled this time. The kinetics of the per-
centages of labeled nuclei are shown in Fig. 7.
The peak of the percentage of ““ B ”-bearing
cells with labeled nuclei became low, while the
curve of the kinetics of the percentages of
control uninfected cells with labeled nuclei
remained almost unchanged. Thus nuclear
DNA synthesis of “ B ”’-bearing cells proceeds
slowly in the physiological S phase.

3. Effect of ectromelia virus on nuclear DNA
synthesis of synchronous FL cells

An experiment similar to that with cowpox
virus was carried out with the ectromelia virus-
synchronous FL cell system. The ectromelia
virus was inoculated at 4x 108 PFU/ml. One
half m! of the virus inoculum was introduced
into each Leighton tube. There were about
2x 105 cells per Leighton tube was just after
removal of Tdr and the number increased to
about 4.5x105 cells at the time of the last
virus inoculation which was 22 hrs after removal
of Tdr. Therefore the multiplicity of infec-
tion was about 10 and decreased to about 5
later. Subsequent procedures were the same
as those described for the experiment with
cowpox virus infection.

There were 70-90%, of ““B “-bearing cells
throughout the experiment, although the per-
centage was higher in Fig. 9 than in Fig. 8.
The cycle of nuclear DNA synthesis does not
affect viral DNA synthesis of the infected cells.

Cells with labeled nuclei with grain counts
above ten per nucleus were considered as
labeled. The three curves of the kinetics
of percentages of cells with labeled nuclei are
again similar (Figs. 8 and 9).

The inhibition of nuclear DNA synthesis by
virus infection was studied (Fig. 10). The
highest percentage of cells showing nuclear
DNA synthesis were observed 7 hrs after
removal of excess T'dr in the control uninfected
FL cells and 8 hrs after removal of excess Tdr
in infected FL cells taken out 7 hrs after in-
fection, and 10 hrs after removal of excess Tdr
in infected cells taken out 9 hrs after infection.
Grain counts were made on these samples, on
50 randomly selected nuclei. As shown in
Fig. 10, nuclear DNA synthesis of “B”-
bearing cells in the samples examined both 7
hrs and 9 hrs after infection, was definitely
suppressed.

4. Effect of cell cycle upon multiplication of
cowpox virus

The above experiments show that the cell
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cycle does not affect viral DNA synthesis.
Next, the infectivity of virus in synchronous
FL cells infected with cowpox virus was studied
using 50 ml prescription bottles (small bottles).
The experimental procedure was described in
methods. The inoculum was 0.3 ml of virus
of 1.5x10% PFU/ml.  After the second thymi-
dine treatment there were 1x10% cells per
small bottle. As shown in Fig. 11, the titer
of the progeny virus was 2.4-6.8 x 108 PFU/ml,
regardless the stage in the cell cycle.

Thus, the stage of the cell cycle has no effect
on either viral DNA synthesis or the yield of
progeny virus.
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Infected samples were taken 7 hrs.
after infection with ectromelia virus.

5. “B7-bearing cells with mitotic figures
The mitotic index of infected cultures was
less than 19,. However, “B” inclusions
showing active viral DNA synthesis can be seen
in some mitotic cells including cells in pro-
phase, metaphase, anaphase and even telophase.
The frequency of appearance of ““ B "-bearing
mitotic cells in metaphase seems very high.
Since the number of mitoses encountered in
the sample is very small, statistical analysis was
difficult. Table 1. shows the ratio of “B -
bearing mitotic cells to total mitotic cells seen
in the cowpox virus-synchronous FL cell
system. The percentages calculated from
Table 1, are plotted in Fig. 12. The time of
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Ficure 8 and 9 Effect of viral DNA synthesis upon nuclear DNA synthesis of synchronous FL cells infected
with ectromelia virus. The percentages of ““ B ”’-bearing cells in the infected culture are also shown. Multi-
plicity of infection is between 10 and 5. Percentages of non-infected cells with labeled nuclei are from Fig. 3.
Cells with grain counts above 10 per nucleus are taken as labeled.
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Frcure 12 Change with time in percentage of cells
with “B” inclusions among those with mitotic
figures in cowpox virus-synchronous FL cells.
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highest frequency of appearance of “B”-
bearing mitotic cells seems similar to that of
the mitotic cells in control uninfected cells
shown in Figs. 3 and 4.

Thus some ‘‘ B ”’-bearing cells can undergo
mitosis.

DISCUSSION

1. Effects of viral DNA synthesis upon nuclear
DNA synthesis in poxvirus-infected cells

As mentioned in the introduction of this
paper, at present autoradiography of 3H-
thymidine seems to be the best technique to
study the relationship between viral DNA
synthesis and nuclear DNA synthesis in pox-
virus-infected cells and biochemical assays
which only give information on infected cells
as a whole, only reveal the general tendency of
metabolism. Furthermore, biochemical find-
ings depend largely upon the state of nuclear

80 Biken JourmaL Vol. 11 No. 2 1968

DNA sysnthesis in the cells before virus in-
fection. The effects of proliferation of pox-
virus upon uninfected cells should also be
considered. Quantitative analysis of auto-
radiograms of poxvirus-infected cells revealed
that nuclear DNA synthesis in cells in which
viral DNA synthesis has begun is suppressed
(Kato et al. 1964). The present work con-
firms this with cowpox virus and ectromelia
virus.

2. Cycle of nuclear DNA synthesis in cells
showing viral DNA synithesis

There are no previous reports on this pro-
blem. The present experiments showed that
slow nuclear DNA synthesis occurred in cells
showing viral DNA synthesis, but only in the
physiological S phase and it was never initiated
in the G phase. Thus thereis no chronological
disturbance in nuclear DNA synthesis in cells
showing viral DNA synthesis.

3. Effect of the stage of the cell cycle upon virus
multiplication

Preliminary experiments using cold shock
suggested that viral DNA synthesis of cells
infected with either ectromelia virus or herpes
virus occurs regardless of host nuclear DNA
synthesis (Karto et al. 1961). Cytoplasmic
viral DNA synthesis of poxvirus was found to
occur when nuclear DNA synthesis of the host
cells had been inhibited by Mitomycin C
(Kato et al. 1961, MaGeE and MILLER 1962),
by low temperature (Kato and Mivamoro
1964) or by physiological regulation in liver in
vivo (Kato et al. 1963). The present work
showed that neither viral DNA synthesis nor
viral multiplication was affected by the stage
of host nuclear DNA synthesis.

4. Relationship between cellular mitosts and
poxvirus infection

The effect of poxvirus infection upon mitosis
has been studied by many investigators with
contradictory results. Poxvirus is known to
cause marked proliferation of cells. Some
Therefore,

poxviruses even produce tumors.



the problem of the effect of poxvirus on mitosis
should be divided into two cases, that is; 1)
the case of animal tissue or cell populations
infected with poxvirus in which not all cells
are infected with poxvirus, at least not all at
once, 2) the case of single cells infected with
poxvirus. The former case, is discussed in the
paper of KaTo et al. (1965). With regard to
the latter case, it is unlikely that cell division
proceeds normally in cells showing viral DNA
synthesis in which nuclear DNA synthesis is
definitely suppressed. In fact, a decrease in
the incidence of mitoses after poxvrirus in-
fection has been reported by several investiga-
tors (Kamanora et al. 1957, Kit et al. 1963,
Koziorowska and Wrobparsky 1966). The
present work confirmed that there was a de-
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Ficure 14  Autoradiogram of non-infected synchronous FL cells 12 hrs after

removal of excess thymidine.

Various stages of mitotic figures are seen.

Cells are not labeled. Cells in interphase are also seen (G,, S and G; phase).
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FiGgure 15 Autoradiogram of non-infected synchronous FL cells 20 hrs after
removal of excess thymidine. No nuclei are labeled with *H-thymidine
(G, phase).

Ficures 16 and 17 Autoradiogram of synchronous FL cells infected with
ectromelia virus. Ten hrs after removal of excess thymidine. Fig. 16 shows
FL cells 7 hrs after infection. Fig. 17 shows FL cells 9 hrs after infection.
All nuclei and also ““ B”’ inclusions were well labeled.

Arrow shows ‘““B” inclusions.
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Figure 18 Autoradiogram of synchronous FL cells infected with ectromelia
virus. Twenty hrs after removal of excess thymidine. Seven hrs after in-
fection. No nuclei were labeled, while “ B ” inclusions were well labeled.
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TFroure 20, 21, 22 and 23 Autoradiograms of synchronous FL cells infected
with cowpox virus. Mitotic figures with labeled “ B inclusions in cyto-
plasm of cells. TFL cells in metaphase with labeled “B” inclusions.
(Figs. 20, 21 and 22) FL cells in anaphase with labeled *“B” inclusions

(Fig .23).

90 BikenN JourNAaL Vol. 11 No. 2 1968





