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BIKE\ JOURNAL 6,197,203 (1963)

Effects of Actinomycin on Growth and

Hemagglutinin Production of Vaccinia Virus

YosHiHisA Fullo

Delay!!"e"! of B, 'o10gJ^, I, tin, !!I of Srie, !CF, 0, "An U, liren!0^, 0$"A"
(Rece!\, ed Jul I'llb/!milo, !, Onob, I 14. 1963)

The action or actiiluruycin, ait inhibitm or RNA synthcsis. 1111 11cmaggluiinii, pinduciion, ,
type inclusion body LOTmalion, and virLis yielcl in I. cclls infectctl \\, jilt \, accinia \, irus, was litvcstiga -
cd. The following resulis \VCrc tibiaincd.

I. TITe grownT or \, accinia \. Irus and Ilcmagglutiiiiii I, rodtictiun \VCI'c cumplciely 111 n ,iteC y
the addiiion or actinomycin to \, irus-InkcLcd cells.

2. Conccniiations or aciinomycin \\'hicli SLIPprcssccl litc glowi11 o1' \'Irus alld 11cma. g u i
production permittcd B type Inclusion I'Ddy formation.

3. Eight hours exposure orlTosicclls 10 aciin. myciit bciurc \. Irttliiiieciiuiilta, I a 511ghi c cc u
itemagglLitiniii production but liti* Ircaini"it I inhibitccl B Iypc 111clusion hotly formaljolt at, c \'Irus
yield, suggesting that viral DN/\ synihcsis nlay dcpciicl on it OSI cell 1<\,\ syiiihc*15 anti that \cmag-
glutinin production may not dcpcnd on host cell I{NA syitihc*is.

4. Actinomycin inhibited B Iypc inclusion hocly Ibimatioii, Iluntagglutiniit productiuit, all
virLis yield witcn added witl, in +, 8, and 20 hours r'spcctivcly after \. iral innciion

Suiti:\IARY

Actinomycin is known to be one of the polypeptide antil)lotics whiclT inhibtt
growth of mammalian cells and graiTT-positive bacteria. It has I)een reportc
that actinomycin inhibits DNA-dependent RNA synthesis of mammalian cells
(Reich at a!., 1961) and the enzyme activity from these cells (Goldberg and Rabi-
nowitz, 1962) . Recently, Reich at a!. ( 1962) reported tlTat actinomycin inhil)ited
orowth of DNA viruses I)ut not of RNA viruses infecting mammalian cclls.

The inhibitory action of actinomycin o1T DNA-dependent RNA synthesis Is
due to its action in binding DNA which is a primer in RNA synthesis. This strong
bindino' is maintaincd durino' tiltracentrifugatioiT (Rauen at a1. , 1960), zone-electro-
phoresis (Kawamata and Tmanishi, 1960), and dialysis (Kitk, 1960).

The present paper reports the action of actionomycin on Itemagglutinin pro-
ductioiT and B type inclusion bo^, formation which are useful indicators of viral
protein and DNA syntheses respectively (Kato at a!., 1959, 1960). Results are
rriven on the yield of viruses in L cells infected with vaccinia \, Iruses, whose genetic
material is DNA.

INT'RODUCTION
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TITe vaccinia \, irus Liscd in the present work \\, as the HA+ substrain or Ihc IHD strain described
prcviou*by, (Ftiji0,1962). Twenty foul ITouis after inoculatioil of \, iruses into L cells, the infected
cells were frozen and thawed. After centrifugation at 3,000 rpnt for. 10 minutes, the supernatant
was used as Ihe viral sample. Approximately 1.5 x 10' virus paincles per bottle were inoculated into
L cells.

fryer!,, 14J lilya!jolt

Infectiviiy \\, as tiltated in L cells by tlle 50 per cent ei, dpoint method in tube Litrations (Tcl050)
Monolayer cultures containing 2.0x105 L cells \\, ere prepared in a series or 15xlOO mm test tubes
The culture media \\, ere removed from the tubes anc10.1 in I of \, Iral sample \\, as added to the cells
Four test tubes were LISed for each dilution or \, iral sample. After the cells had been incubated at
37'C for 2 hours to permit adsorption of virus, 1.5 n, I of medium were added to eacll tube. Cyto-
pathic changes in monolayer cultures in the test tubes were observed macroscopically and nticro-
SCOPically tlTrough the glass wall. Doses producing filly per cent cytopathic changes were calculat-
ed by Reed and A, Iuench's menlod from the number of test tubes SITUwing cyropathic changes during
a 7-day observation period

A, IATERIAL AND METHODS

Fullo

71,511e '11/11!If

Approximately 1.0x 105 L cells \\, CTC clispcrscrlinincdiuin ill a square bottle coniaiiiing a 10x
30 min coverslip. 'U, c medium was a 11. ixture or YLH solutioiT (consisting or Hallk's balanced
sali solution, 0.5 per cci, I Iacialbumiii 11ydrolyzate aitd 0.1 per cent ycast exii'act) \viih 5 pel' cent
bovine scrLim. litFccted cells were culltired in YLH solution containing one per cent call settim

Hanagg/1111"in in, ajio, ! and Ilemad, o11,110"

Twololcl serial dilutions or viral suspensions were I)reparcd in phosphate bufferecl saline (PBS)
at pH 72. To 0.1 inI of caclt dilution was added an equal volumc or PBS containing a suspcil$10n
o12 per cent red blood cells or selected fowls. I\tier shakiitg, Ihc mixiurcs were kept at room ICm-
petature for one itour aiTd their patterns \VCre recordcd. Tite Itemagglutiiiaiioil titer was expresscd
as the reciprocal of inc higltesi dilution showing complete aggluiination. Titers were recorded as
HA tinits per milliliier of the original suspension. Hemadsorpiion was carried out by Ihe methods
described previously (Fuji0, 1962)

ACii"ringyCi"

The actinomycin used in the present work was crystal1111e actinomycin S (Daiichi Seiyaku
Pharmaceutical Co. , Lid). Because o11he water insolubility or this antibiotic, the stock solution
(1.0 instml) was prepareclby dissolving 10.0 ntg of the antibiotic in 1.0 inI or ethanol an<1 diluting
the solution with 9.0 inI or distilled \valet. it \\, as theit stored in a refrigerator

I. ayect of 1031-tied/men! coilft ac/mono, cm ON Ih8 inunj!Inca!ion of aaccinin" airtt$

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 horn. incubation period, hema, 'o1utinin production, B type
inclusion body formation, and the yield of viruses were examined. The results

RESULTS



Concentration HA titerICUbeof Actinomycin I i er e

Table I. Effect on Vaccinia Virus of Post-treatment with Actinomycin

EFFECTS OF ACT1:<0\IVCIN ON \, r\CGINl, \ \!IRUS

00 11glml
O. I

0.5

I .O

5.0

10.0

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.
k HPmadsorption was seen

of this experiment are shown in Table I. 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 XI07 TclD, o respectively.
Fiu. I sho\\, s hemadsorption and B type inclusion body formation in cells infected
with viruses. B type inclusion body formatioit \\, as inhibited significantly I>y 10.0
14gjml of actinomycin. The gr'owth of the virus was also inhibited when actinomy-
cm was added to the media. At a concentration of 1.0 11gjml of actinomycin,
the yield of viruses was reduced to one hundredth of that in the control. Hemag-
glutinin production was completely inITibited by 1.0 11gjml of actinomycin (Fig. 2).
It is interesting that B type inclusion body formation was more resistant to actino-
my cm than hemagglutinin production and virus yield.

2. Elec/ of pie-!led!me111 of ac/11:07i!yci?I o11 millijplicatioi! of aaccinia '11/1J

The cells were exposed to actinomycin for 8 hours, \vashed twice, and incu-
bated for a furtha. 16 ILOurs in medium without the antibiotic. The pretreated

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

40

20

< I 01+,*

< 10

<10

< 10

I ' type inclusionbody formation

93.6

I 99.8
91.0

57.2

6.5

Virus yieldjtube

Infectivity titer I '
1.5 x 107

7.5 x I 05

7.5 x I 05

1.5 x 105

3.4 x 104

1.5 x 103
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1000

5.0

5.0

1.0

0.23

0.01

Concentration

of Actinomycin

00 "gjml
O. I

0.5

I .O

50

100

HA titerItube

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 16
hours before being infected cells. Observed 24 hours after virus infection

40

40

40

20

20

10

B type inclusion

(%) I
91.0

83.2

65.0

45.5

9.1

2.6

Virus yiedljtube

Infectivity titer

5.2 x 106

5.2 x I 05

75xI04

9.9 X I 03

9.9 x I 03

7.5 x 102

%

I000

10.0

1.4

0.2

0.2

I 0.01
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celLs were then infected with viruses. An 8-hour pulse 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
14glml (Fig. 3) . Pre-treatment of actinomycin resulted in inhibition of virus yield
which increased in proportion to the concentration of antibiotic.

3. Elect of the lime of addition of ac!momycin on Ihe mode of inhibition

At various intervals after viral infection, actinomycin was added to the medium
at a final concentration of 10.0 14gjml, \\, hich 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 it, as 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-

The exposure of free virus particles to a concentration of actinomycin suf-tion.

ficient to prevent virus multiplication (10.0 11glml) did not cause any inactivation
of virus.

200

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

Hour at which

actinomycin was
added (10.01, glml)

Control

2

4

6

8

10

12

14

16

18

20

22

24

HA titerItube

40

< 10

< 10

< 10

' I 0<'I*

10

10

20

20

40

40

40

40

I B type inclusion
I body formation
I (%)

85.2

2.6

42.6

52.3

73.1

80.8

82.8

1.5 x 105 viruses were inoculated into each tube. Actinomycin was added
at various intervals after viral infection

* Hemadsorption was seen

Infectivity titer I

Virus yieldltube

1.5 x 107

1.5 x 104

1.5 x 104

1.5 x 104

4.5 x I 04

75x I04

4.5 x 105

15x106

3.0 x 106

3.0 x 106

15X107

2.5 x I 07

2.5 x 107

%

100.0

O. I

O. I

O. I

0.3

05

30

10.0

20.0

20.0

100.0

152.0

152.0



Reich at a/. (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 s n-
theses for prolonged periods. The results reported in this paper show that concent-
rations of actinomycin \\, hich 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 witlt hemagglutinin production and viral proteiiL synthesis for
maturation but not \\, ith viral DNA synthesis.

After. 8 hours exposure to actinoinycin B type inclusioiT 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 sugoests that
host cell RNA may play an important role in vaccinia virus multiplication.

Actinoinycin Inhibited B type inclusion body formation when added within
4 hours after viral infectioiT and hemagglutinin production when added within 8
hours after viral lifection. 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
at a/. (1960) obtained evidence wit1\ 5.6-dichloro-I-fi-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-

Ikegami at a!. ( 1960) found that DRB and RNase wei e only effective \\, hen
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, in10ht 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 PUTomy-
cin, an inhibitor of protein synthesis, that early protein synthesis was necessary
for. vaccinia viral DNA synthesis (Fujio, unpublished). Hanafusa (1961) 11as
shown that DNA polymer ase activity became maxima1 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 \, irus synthesis had reached a stage when it was no longer inhibited by
actinomycin. It must IJe noted that exposure of free virus particles to a conceiit-
ration of actinomycin sumcient to prev3nt virus multiplication (10.0 14gjml) did

EFFEC'LS OF ACT'INOA-IYCIN O\ \;AGCINiA VIRUS

DISCUSSION

virus.
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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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Fig. I. Hemadsorption or fowl red bioocl cells around I. cells infectctl willI HA+ vaccinia
Giemsa staining. x 400viruses

Hemadsorption and B type inclusion body formatioil are seen
Fig. 2. Inhibition of hemadsorpiion by post-treatment of actinomycin around L cells infected

with HA+ \, accinia viruses. Giemsa staining. x 400
Hemagglutinin production was completely inhibited but B type inclusioiT body formation

was tinaiTecied by 1.0 11glml or actinomycin
Fig. 3. Hemadsorption around L cells infected willt HA+ \, accinia \, it Lis after pre-treatmcni or

actinomycin. Gicmsa staining. x 400
Hemagglutinin production was uriafi'ectecl but B type inclusion body formation was

significantlyinhibited by 8 hours exposure to 5.011gjmlof actinomycin before \, iralinfeciion

EFFECTS OF ACTINO;\{YCIN ON \IACCINIA \JiRUS
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