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SUMMARY

The action of actinomycin, an inhibitor of RNA synthesis, on hemagglutinin production, B
type inclusion body formation, and virus yield in L cells infected with vaccinia virus, was investigat-
ed. The following results were obtained.

1. The growth of vaccinia virus and hemagglutinin production were completely inhibited by

the addition of actinomycin to virus-infected cells.

2. Concentrations of actinomycin which suppressed the growth of virus and hemagglutinin
production permitted B type inclusion body formation.

3. Eight hours exposure of host cells to actinomycin before viral infection had a slight effect on
hemagglutinin production but this treatment inhibited B type inclusion body formation and virus
yield, suggesting that viral DNA synthesis may depend on host cell RNA synthesis and that hemag-
glutinin production may not depend on host cell RNA synthesis.

4, Actinomycin inhibited B type inclusion body formation, hemagglutinin production, and
virus yicld when added within 4, 8, and 20 hours respectively after viral infection.

INTRODUCTION

Actinomycin is known to be one of the polypeptide antibiotics which inhibit
growth of mammalian cells and gram-positive bacteria. It has been reported
that actinomyecin inhibits DNA-dependent RNA synthesis of mammalian cells
(Reich et al., 1961) and the enzyme activity from these cells (Goldberg and Rabi-
nowitz, 1962). Recently, Reich et al. (1962) reported that actinomycin inhibited
growth of DNA viruses but not of RNA viruses infecting mammalian cells.

The inhibitory action of actinomycin on DNA-dependent RNA synthesis is
due to its action in binding DNA which is a primer in RNA synthesis. This strong
binding is maintained during ultracentrifugation (Rauen et al., 1960), zone-clectro-
phoresis (Kawamata and Imanishi, 1960), and dialysis (Kirk, 1960).

The present paper reports the action of actionomycin on hemagglutinin pro-
duction and B type inclusion body formation which are useful indicators of viral
protein and DNA syntheses respectively (Kato et al., 1959, 1960). Results are
given on the yield of viruses in L cells infected with vaccinia viruses, whose genetic
material is DNA.
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MATERIAL AND METHODS

Viruses

The vaccinia virus used in the present work was the HA-+ substrain of the IHD strain described
previously (Fujio, 1962). Twenty four hours alter inoculation of viruses into L cells, the infected
cells were frozen and thawed. After centrifugation at 3,000 rpm for 10 minutes, the supernatant
was used as the viral sample. Approximately 1.5 x 108 virus particles per bottle were inoculated into
L cells.

Infectivity titration

Infectivity was titrated in L cells by the 50 per cent endpoint method in tube titrations (TCIDS0).
Monolayer cultures containing 2.0 x 105 L cells were prepared in a series of 15 x 100 mm test tubes.
The culture media were removed from the tubes and 0.1 ml of viral sample was added to the cells.
Four test tubes were used for each dilution of viral sample. After the cells had been incubated at
37°C for 2 hours to permit adsorption of virus, 1.5 ml of medium were added to each tube. Cyto-
pathic changes in monolayer cultures in the test tubes were observed macroscopically and micro-
scopically through the glass wall. Doses producing fifty per cent cytopathic changes were calculat-
ed by Reed and Muench’s method from the number of test tubes showing cytopathic changes during
a 7-day observation period.

Tissue culture

Approximately 1.0x 105 L cells were dispersed in medium in a square bottle containing a 10x
30 mm coverslip. The medium was a mixture of YLH solution (consisting of Hank’s balanced
salt solution, 0.5 per cent lactalbumin hydrolyzate and 0.1 per cent yeast extract) with 5 per cent
bovine serum. Infected cells were cultured in YLH solution containing one per cent calf serum.

Hemagglutinin titration and hemadsorption

Twofold serial dilutions of viral suspensions were prepared in phosphate buffered saline (PBS)
at pH 7.2. To 0.1 ml of cach dilution was added an equal volume of PBS containing a suspension
of 2 per cent red blood cells of sclected fowls.  After shaking, the mixtures were kept at room tem-
perature for one hour and their patterns were recorded. The hemagglutination titer was expressed
as the reciprocal of the highest dilution showing complete agglutination. Titers were recorded as
HA units per milliliter of the original suspension. Hemadsorption was carried out by the methods
described previously (Fujio, 1962).

Actinomycin

The actinomycin used in the present work was crystalline actinomycin S (Daiichi Seiyaku
Pharmaceutical Co., Ltd). Because of the water insolubility of this antibiotic, the stock solution
(1.0 mg/ml) was prepared by dissolving 10.0 mg of the antibiotic in 1.0 ml of ethanol and diluting
the solution with 9.0 ml of distilled water. It was then stored in a reflrigerator.

RESULTS

1. Effect of posi-treatmeni with actinomycin on the multiplication of vaccinina virus

After a viral adsorption period for 2 hours without actinomycin, the cultures
were washed and media containing various concentrations of actinomycin were
added. After a 22 hour incubation period, hemagglutinin production, R type
inclusion body formation, and the yield of viruses were examined. The results
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Table 1. Effect on Vaccinia Virus of Post-treatment with Actinomycin

Sfogc;?;;?‘:i)z?n HA titer/tube Eoctj);’P?o:*r;:el:iSé?\n Virus yieldfeube
(%) Infectivity titer %

0.0 ug/ml 40 93.6 1.5% 107 100.0
0.1 20 99.8 7.5%105 5.0
0.5 < 1Q¢H* 91.0 7.5x105 5.0
1.0 <10 91.0 1.5%x 105 1.0
5.0 <10 57.2 3.4x 104 0.23
10.0 <10 6.5 1.5x 103 0.01

1.5 x 105 viruses were inoculated into each tube. Actinomycin was added 2
hours after viral infection and was present throughout the 22 hour period.
* Hemadsorption was seen.

of this experiment are shown in Table 1. Twenty four hours after viral infection,
hemagglutinin titers, the proportion of cells having B type inclusion bodies, and
the virus yield were 40 HA units, 93.6 per cent, and 1.5 x 107 TCIDj;, respectively.
Fig. 1 shows hemadsorption and B type inclusion body formation in cells infected
with viruses. B type inclusion body formation was inhibited significantly by 10.0
ugfml of actinomycin. The growth of the virus was also inhibited when actinomy-
cin was added to the media. At a concentration of 1.0 ug/ml of actinomycin,
the yield of viruses was reduced to one hundredth of that in the control. Hemag-
glutinin production was completely inhibited by 1.0 yg/ml of actinomycin (Fig. 2).
It is interesting that B type inclusion body formation was more resistant to actino-
mycin than hemagglutinin production and virus yield.

2. Effect of pre-treatment of actinomycin on multiplication of vaccinia virus

The cells were exposed to actinomycin for 8 hours, washed twice, and 1ncu-
bated for a further 16 hours in medium without the antibiotic. The pretreated

Table 2. Effect on Vaccinia Virus of Pre-treatment with Actinomycin

;ﬂ‘;?;;ﬁ‘;’c?n HA titerjtube Eog);P?o:”rr;:;Ltlisé?ln Virus yiedlfeube
(%) Infectivity titer %
0.0 pg/ml 40 91.0 5.2% 106 100.0
0.1 40 83.2 5.2x 105 10.0
0.5 40 65.0 7.5x 104 1.4
1.0 20 45.5 9.9%x 103 0.2
5.0 20 9.1 9.9x 103 0.2
10.0 10 2.6 7.5x102 0.0}

6.6 x 104 viruses were inoculated into each tube. Cells were cultured with
actinomycin for 8 hours and were maintained without the antibiotic for [6
hours before being infected cells. Observed 24 hours after virus infection.
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celis were then infected with viruses. An 8-hour puise of actinomycin to host cells
had a slight effect on hemagglutinin production, but this treatment inhibited B
type inclusion body formation and virus yield (Table 2). B type inclusion body
formation was significantly inhibited by an 8-hour exposure of actinomycin at 5.0
ug/ml (Fig. 3). Pre-treatment of actinomycin resulted in inhibition of virus yield
which increased in proportion to the concentration of antibiotic.

3. Effect of the time of addition of actinomycin on the mode of inhibition

At various intervals after viral infection, actinomycin was added to the medium
at a final concentration of 10.0 ug/ml, which was sufficient to inhibit hemagglutinin
production, B type inclusion body formation, and virus yield. The effect of acti-
nomycin on the expression of thcse characters was examined 24 hours after viral
infection.

As shown in Table 3, actinomycin inhibited B type inclusion body formation
when added within 4 hours and hemagglutinin production when added within 8
hours after viral infection. These facts suggest that hemagglutinin production
was inhibited longer than B type inclusion body formation and the expression of
these characters may be initiated by the synthesis of new RNA after viral infection.
Actinomycin inhibited the virus yield when added within 20 hours after viral infec-
tion. The exposure of free virus particles to a concentration of actinomycin suf-
ficient to prevent virus multiplication (10.0 ug/ml) did not cause any inactivation
of virus.

Table 3. Effect on Vaccinia Virus of Time of Addition of Actinomycin

Hour at which B type inclusion Virus yield/tube
actinomycin was HA titer/tube body formation -
added (10.0pg/ml) (%) Infectivity titer ! %
Control 40 85.2 1.5x 107 100.0
2 <10 2.6 1.5x 104 0.1
4 <10 42.6 f.5x 104 0.1
6 <10 52.3 1.5x 104 0.1
8 < 10¢* 73.1 4.5x 104 0.3
10 10 80.8 7.5x 104 0.5
12 10 82.8 4.5%x 105 3.0
14 20 — 1.5% 106 10.0
16 20 — ' 3.0x (06 20.0
18 40 — 3.0x 106 20.0
20 40 — 1.5%x 107 100.0
22 40 e 2.5x107 152.0
24 40 — 2.5x 107 152.0

1.5 x 105 viruses were inoculated into each tube. Actinomycin was added
at various intervals after viral infection.
* Hemadsorption was seen,
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DISCUSSION

Reich et al. (1962) reported that actinomycin at appropriate concentrations
selectively suppressed RNA synthesis in L cells. Concentrations of inhibitor which
diminish RNA synthesis by 99 per cent permit substantial protein and DNA syn-
theses for prolonged periods. The results reported in this paper show that concent-
rations of actinomycin which completely inhibit hemagglutinin production and
virus yield permit B type inclusion body formation, which is an indicator of viral
DNA synthesis. This suggests that the action of actinomycin in decreasing RNA
synthesis is related with hemagglutinin production and viral protein synthesis for
maturation but not with viral DNA synthesis.

After 8 hours exposure to actinomycin B type inclusion body formation and
virus yield in host cells was inhibited but hemagglutinin production was not in-
hibited completely. This suggests that viral DNA synthesis but not hemagglutinin
production may depend on host cell RNA synthesis. Thus, this suggests that
host cell RNA may play an important role in vaccinia virus multiplication.

Actinomycin inhibited B type inclusion body formation when added within
4 hours after viral infection and hemagglutinin production when added within 8
hours after viral infection. Thus in cells infected with the virus, new RNA which
plays a specific role in viral DNA synthesis and hemagglutinin production may
be synthesized, and actinomycin may affect this new RNA synthesis. Tamm
et al. (1960) obtained evidence with 5,6-dichloro-1-8-D-ribofuranosylbenzimida-
zole (DRB), of an inhibitor of RNA synthesis, and found that synthesis of new
RNA was necessary for the replication of two DNA viruses, vaccinia and adeno-
virus. Ikegami et al. (1960) found that DRB and RNase weie only effective when
L cells were exposed to them before ectromelia virus infection, indicating that a
metabolic disturbance in RNA in the host cells was enough to suppress viral DNA
synthesis. Sheek and Magee (1961) demonstrated the formation of an RNA-
containing body in the nucleus very soon after infection and suggested that such
a nuclear area, rich in RNA, might migrate into the cytoplasm. They considered
that the RNA-protein template established by the viral gene in such an area might
direct the synthesis of enzymes for viral synthesis. It was also found with puromy-
cin, an inhibitor of protein synthesis, that early protein synthesis was necessary
for vaccinia viral DNA synthesis (Fujio, unpublished). Hanafusa (1961) has
shown that DNA polymerase activity became maximal 6 hours after infection of
cells with vaccinia virus.

When actinomycin was added 20 hours after viral infection, viral growth
could not be prevented by the inhibitor. This seems to show that at this time the
process of virus synthesis had reached a stage when it was no longer inhibited by
actinomycin. It must be noted that exposure of free virus particles to a concent-
ration of actinomycin sufficient to prevent virus multiplication (10.0 ug/ml) did
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not cause any inactivation of virus. This suggests that the inhibitory action of
actinomycin is exerted on some early steps in the maturation process.
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EXPLANATION OF PHOTOGRAPHS

1. Hemadsorption of fowl red blood cells around L cells infected with HA+ vaccinia
viruses. Giemsa staining. X 400
Hemadsorption and B type inclusion body formation are seen.
2. Inhibition of hemadsorption by post-treatment of actinomycin around L cells infected
with HA+ vaccinia viruses. Giemsa staining. % 400
Hemagglutinin production was completely inhibited but B type inclusion body formation
was unaffected by 1.0 ug/ml of actinomycin.
3. Hemadsorption around L cells infected with HA+ vaccinia virus after pre-treatment of
actinomycin. Giemsa staining. X400
Hemagglutinin production was unaffected tut B type inclusion body formation was
significantly inhibited by 8 hours exposure to 5.0 ug/ml of actinomycin before viral infection.
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