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Studies on the Inhibitory Activity of 5,6.0ichlor0-1-13.0. ribo.
furanosylbenzimidazole (DRB), Ribonuclease and Proflavine

on the One'sIep Growth Cycle of Mouse Pox Virus
(ECfromelia Virus) in L Cell Tissue Culture*

NOBUKO IKEGAMl, SHIR0 1< ATO AND IUNTARO KAMAHORA

Deptir!111ent o1 Patho!ogj, , the Re5earch Institttte for Microbtt!!
Di, an 583, Orektt 11niuerJity, 05"ka

I'Racei"e, ! for publication, March 19,1960)

SUMMARY

The effects of three metabolic inhibitors, that is, DRB, RNase and proftavine, upon the
one-stej, growth cycle of mouse pox virus (ectromelia virus) in L cell tissue culture were
studied. Infectivity o1 progeny virus (piaque forming unit) aitd coinpleincnt fixing antigen
as well as inclusion body formation were studied in the presence of these compounds. All
three compounds were found to have a considerable inhibitory effect upon the production
of Infectivc virus at concentrations which allow 11nin!libited multiplication of the cells. The
Tilechanism of the action of these compounds were analyzed by clianging the time and
duration of administration of the compounds in the one step cycle of \, irus growth. The
analysis has revealed that the modes of action of DRR and RNase are very similar, while
that of proHavine is very different from that o1 the other two conipounds. The former two
compounds were only effective when the host cells were exposed to them before virus in-
oculatioit, indicating that a metabolic disturbance in RNA callscd in the host cells Is
enough to suppress viral DNA synthesis. These compounds have no significant effects upon the
further \, irus niaturation mechanism. On the contrary, liretreatment of the host cells by
proHavine does not ha\, c aru, noticeable effect Lipon virus multiplication, while the adminis-
ITation of the coinpoiind at any time after \, irus inoculation caused apparent suppression
of the maturation I, rocess of the progeny virus. Niorphologically, proHavinc has little effect
upon the initiation of "B" type inclusion formation. However. most of the "B" type inclu-
sions formed in the presence of proHavine were small and compact, and further develop-
merit to the large granular network-like structure was greatly Inhibited. Profiavine treated "B'
type inclusions gave the same Feulgen positive reaction and positive fluorescent antibody
reaction as those of untreated inclusions. This test Indicates the site of accumulation of viral

components. The removal of profiavine from the system reversibly allowed the further
development of "B" type inclusions and the mattiration of progeny virus

INTRODUCTION

In this laboratory, for. several years, studies on the mechanism of multiplication
or various pox group viruses propagated in tito and in tvio have been carried
out especially from the in orphological stand point <Kat0 1955 ; Kamahora at
at. , 1955 ; Hagiwara and 1< amahora, 1956 ; Furusawa at a!., 1958 ; Kato and

* This report was presented at the Annual Meeting of the Society of Japanese Virologists,
in Tokyo, on October 16, 1959
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Cutting, 1959 ; Kato at a!., 1959). An inclusion named the "B" type has been found
which is in orphologically common to infections of all pox group viruses examined.
The "B" type inclusions were Feulgen positive and also proved to be the site of
viral antigen by Coon's fluorescent antibody technique (Takahashi at a!., 1959 ;
Kameyama at a1. , 1959).

Recently autoradiographic study on the cells infected with pox group viruses
with tritium-labeled thymidine has revealed that most of the sites of aggregation
o1' silver granules in the cytoplasm corresponded to "B" type inclusions <Kato at
a1. , 1960).

Therefore, it is reasonable to regard the "B"type inclusions as the site of
virus production and to assume these viruses to be DNA viruses.

The "B" type inclusion of ectromelia virus was first described by Kato,
Hagiwara and Kamahora (1955). Further histochemical and histoimmunological
studies have revealed that the "B" type inclusions of this virus possess the same
characteristics as those of other viruses. Thus the "B" type inclusions provided
us with a ne\\, method for estimation of the infected cells, and their in orphological
observations allowed us to estimate the stage or degree of infection of the cells
<Kamahora at d1. 1959). Besides "B" type inclusions, ectromelia virus produces
secondary inclusions named the "A" type (Marchal bodies) \\, hich do not seem
to play any essential role in virus multiplication. The appearance of the "A type
inclusion is labile, depending upon the condition of the host cell and its
environment.

The scheme of in orphological development of the two kinds of inclusions is
shown in Fig. I.

In a study on the relationship between cell mitosis and inclusion formation,
Kamahora at a1. (1957) found that the mitosis of cells infected with ectromelia
virus was suppressed by some effect of virus infection.

It is of interest to analyze the correlation between virus growth and cellular
metabolism. In the present report, three metabolic inhibitors, that is, 5.6-dichloro-
I-p-D-ribofuranosylbenzimidazole (DRB), ribonuclease (RNase) and profiavine
were used in the ectromelia virus L cell system in tissue culture.

This is the first trial in which virus inclusions were used as specific indicators
of virus infection of a single cell. The one-step growth cycle of the DNA animal
virus is used for the study of the activity of the compounds.

A short communication of these studies has already been reported <1kegami
at "/., 1959).

IKEGAMl. KATO AND KAMAHORA

Virus suspensions used throughout the present work were the super natants af ter
centrifugation of a 30 per cent liver emulsion of the moribund mice, infected with the
Hampstead strain of ectromelia virus. The infectivity of this material was about 108 PIaque
forming units per in I.

2. Cells

Earle's L cells (derived from mouse fibroblast cells) were maintained by culture on glass

Pir, !$
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4. Metabolic 1'71!1161/01$

I) DRB

The bcnziitiidazolc deli\. ative. 5,6-clichloro-I-a-D-riboiuraiiosyl!>eiizi, nidanole (Dan ) was
kindly provided by Dr. Folkcrs of Merek and Conipany Inc. through the qourtesy o to .
Takagi of Kanazawa University'.

2) RibOn"CIE@*C

This was a commercial prodtict
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EFFECTS OF METABOLIC INHIBITORS ON ONE-STEP GROWTH OF poxviRUS

Development of +wo kinds of inclusion 100 ies
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Fig. I. Scheme of development of two kinds of inclusion bodies and the OPPeoronce
of the "A"' und "B" type inclusions in various cylological procedures.

"B" 310in, reddish purple. "A" stains faint(1) Giemso staining offer methonol fixofion ,
reddish granular on a pole blue back ground.

(2) H-E stdining offer Bouin's fluid fixation s "B" stains hemotoxylinophilic with combined
eosin tinge, surrounded by o halo. "A" 310ins bright red, surrounded by a holo,

(3) Feulgen redcfion = Especially nucleus and "B" show positive redcfion.
(4) Fluorescent on fibody reaction = "B" shows definite fluorescence.

o

Fe ul ge n

3. Culture medium

The growth medium was composed of 95 parts La-Ye Hanks solusion containing O. per
cent Iactoalbumin hydrolysate, 0.1 per cent yeast extract and 5 parts of mactivate ovine
serum and antibiotics (100 units of penicillin and 100 14g of streptomycin per inI).

.
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4. Metabolic inhibitor$

I) DRB

The benzimidazole derivative, 5,6-dichlor0-1-6-D-ribofuranosylbenzimidazole (DRB) was
kindly provided by Dr. Folkers of Merck and Company Inc. through the COLIrtesy o ro .
Takagi of Kanazawa University

2) Ribont, 61e@s,

This was a commercial product. (Worthington Biochemical Corp. ).
3) ProfCuiite

ProHavine ( 3.6-diaminoacridine hydrochloride) was kindly supplied by Prof. Cutting
Stanford University. This was dissolved in Hanks' solution and stored in the dar atof

4'C before use

5. Antiser@

I ) Hyper finm"ite ascites livid of mice
Following the method of Furusawa at @!. previously described (1956),

Stdini

.

mice
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were given two or three intraperitoneal injections of virus materials in activated by ultraviolet
irradiation at weekly intervals. This injection was followed a week later by one injection
of active virus by the same route

Survivors were inoculatcd intraperitoneal!y with Ehrlich ascites tumor cells 10 days after
the last injection. Ascites fluid was harvested from inoculatcd and a clear fluid wasmice

obtained by centrifiigation. This supernatant fluid was heat inactivated at 56'C for 30
minutes and was Lised as the antibody in the determination of complement fixing antigen
Complement fixing titers of the immune ascites fluid were obtained up to 120 times diltition

2) Anti-'21/1$ hamster serum

namsters were irumunized with a 10 per cent emulsion o1 chorioallantoic membrane in-
Iected with ectromelia virus. Immunization procedures were carried out by injection with
active virus three times, at weekly in telvals

3 ) Anti-h, tmJter globulin rabbit $erum

Rabbits were irumunized with globulin of ITormal hainsters. After two injectioils with
Freunds' adjuvant, rabbits were bled by cardiac puncture. The globulin fraction of jin-
in uric rabbit serum was coupled with fluorescence isothior. yanatc according to Marshall's
method (1958)

6. Biological test.

infected cell suspensions o1 at least two or three tissue culture tLibus were pooleLl and
subjected 10 Ircezing and thawin" for more than ten times. 'The centrifuged extracts were
used for the determination of complement fixing antigen and the liteis of infectious virus
was measured by the piaque assay technique

I ) 00/11p!, merit fixation tart

A modification of Ogata's syphilis reaction was ciiiploycd in this test. 10 units of anti-
body in 0.25 ITil and 2 units of guinea pig complement in 0.25 in I were added to tubes each
containing 0.25 inI of serial dilutions (two foldl of antigen. TITe test tubes were stored at
4'0 overnight, and then a hemolytic system, composed of 3 per cent cow red cells
sensitized by 7 units of anti-cow red cell rabbit serum was added

2) Vin, $ a$5@y

The PIaque test for infectious eciromelia virus has been described in detail previously
(Nii, 1959). 5 inI ajiquots of L cell suspension containing about 2.5 x jin cells per inI were
implanted into a 50 inI bottle. Continuous cell sheets were formed after one to two days

After removal of the culture medium, the L cell monolayers were washed twiceculture

with 2 inI of Hanks' solution and then 05 inI of serial dilutions (ten fold) of sample and I
in I of }Tanks' soilition were added to the cell layers. Afer three hours to virusexposure

at 37'0, the extracellular fluids were removed from the cell layers, and the cell sheets were
washed three times and covered with a melted agar ovenav mixture. The bottles were incubated
at 37'0. F1aques were counted on the tenth day. Results were expressed as piaque
forming units per inI (FFU/inI)

A simpler method was also employed for virus assay. After the virus adsorption period,
the cell sheets were cultivated with 5 inI of I. a-Ye Hanks' solution containing 3 per cent
bovine serum in place of the agar overlay. Primary foci forIn ing on the cell sheets were
counted on the fifth day. The results obtained by the two methods were in good accord-
ance for the assay of ectromelia virus

3 ) MDrpho!ogic@I o65eruations

A. 06fer"at ions on inclusion$

Infected cells in the remaining two test tubes, other than those employed for. biological
assay, were used to make a smear preparation. This preparation was fixed with methanol

IKEGAMl, KATO AND KAMAHORA



EFFECTS OF METABOLIC INHIBITORS ON ONE-STEP GROWTH OF poxviRus 61

and stained with Giemsa solution, and was used to count the number of inclusion bearing
cells

B. Histochemica! and histoinzmi, it o10gica! o65eru@tions o71 the inclu$ions

Coverslip cultures were prepared. The Feulgen reaction on the cells was used for
histochemical study, and the indirect fluorescent antibody staining method of Weller and
Coons (1954) for histoimmunological study

7. Experimental procedure

I) Cell Guitarre and addition o1 metabolic inhibitor5
One inI of cell suspension, containing about 2.5 x 105 cells per inI, was implanted

per tube. Tlic test tubes were incubated in the stationary state at 37'C for several days
0.1 inI of I{anks' solution containing various concentrations of eacll metabolic inhibitor was
added to each tube in the experimental group. Control tube received 0.1 inI Hanks' solution
only

The effect of tilese metabolic inhibitors on the cell proliferation was determined by cell
cou, 111ng at daily intervals

2 ) rift, r in o, 111atio"

The culture medium was removed from the test tubes 48 hours after cell implantation
and 0.5 inI of virus suspension having 107.5 FFU/inI was inoculatcd into each ttibc. Two hours
incubation at 37"C was allowed for. virus adsorption, and then the ritediunl containing re-
sidual viruses was decanted, and the cells were w, shecl thice time with Hanks' solution to remove
most of the uriadsorbed \, irus. Samples were taken micen or sixteen hours after virus in-
oculatioit for biological assay

8. Gin, Iffication of experimental grot, pJ

To analyze the In ode of inhibition of the compounds reproduction, the coin-
pounds were added at \. anous time intervals after cell implantation as summarized in Fig. 2

cell 1,010,101ion
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I 1.1
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Fig. 2 Classification of Experiment o1 Groups Depending on the Time Period of
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Untreated infected cultures served as controls. In group I, the compound was added
to the culture tube 24 hours before virus infection, and the cells were exposed to the coin-
pound throughout the experimental period. Groups I(a) and I(b) were adopted only in the
experiments with RNase. In group I(a), RNase was added 20 hours before virus inoculation
and in group I(b) 3 hours before.

The cells in both groups were exposed to RNase until samples were taken for biological
In group 11, the cells were brought into contact with the compound only in theassay

period before virus inoculation, to see if there was an influence of the compound on the cellular
metabolism which might affect virus multiplication. In group 111, the compound was added
to the culture tube only during the period of virus adsorption. Group 111 probably shows
the direct action of the compound on the infectious virus particles and on their adsorption
and invasion into the cells. In group TV, the cells were exposed to the compound from
4 to 16 hours after virus inoculation to see the effect of the compound in the later stages when
the viral components were being synthesized in the cell

RESULTS

I. 1:1'ect of DRB on call 1/10/41'"tinon and o11 "flitJ marl/ill^^altoii
The effect of DRB on cell proliferation is shown in Fig. 3.

10' 'ini
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Fig. 3 Effect of Dose of DRB on Proliferation of L Cells
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EFFECTS OF METABOLIC INHIBITORS ON ONE-STEP GROWTH OF poxviRus 63

DRB at the concentration of 20 117 per InI did not affect cell growth for a
certain period. On the other hand, although, at a concentration of 40 Ag per inI,
cell proliferation was suppressed from the time of its addition, no severe degenera-
Live changes of the cells were noticed microscopically.

These two dosages or DRB, which showed different effects on cell proliferation,
were employed to analyze the action or DRB on virus multiplication. The results
are summarized in Table I.

Table I. Comparison of Percentage of inclusion Be Gring Cells, Complement
Fixing Antigen, and Infectivify in the Experiments with DRB

Dose

1.91ml

o

Experimental

group

20

conlrol

- ---- --.-

^ - -- --

Percentage of
inclusion cells

10/1

n

in

^ --^

o

Samples were token sixteen hours offer virus inoculation

for biological assays

Neither dosage of DRB had any effect on infectious virus particles themselves
or. on their adsorption and invasion into cells in experimental group 111.

In the cultures which were pretreated with 20 Itg per inI (see experimental
groups I and 11), the amount of complement fixing antigen and the number of
inclusion bearing cells were reduced to about half or one third of those in the
untreated cultures. In spite of the remarkable decrease in the number of inclusion
bearing cells, the inclusions which appeared in the treated cell regularly showed
normal developmental features, with a granular and network-like structure just
like the inclusions in the untreated cells (see experimental groups I and 11 in
Fig. 4).

The yield of new infectious virus also decreased to one tenth of the control
value.

The presence of DRB (at the concentration of 20/1g) after virus adsorption
had no significant effect on the formation of the three viral components examined
or. on their development (see experimental group I\/ in Table I and Fig. 4).

I------ -I---:;- ---

TV

40

control

---- --- - -- -^----- -- - --

CF. A

59

n

91

89

note

In{ecliviiy

ipFu/in 11

in

84

IV

32

64

64

I. 7 x I o5

I. 4 x I o4

20

38

78

50

I. 7 x I o4

1.7X103

1.6X105

1.5XIO,64
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32

64

32
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I. 5 x I o4

1.5X105

I. 6 x I o4
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From these results, it seems that some disturbance of cellullar RNA metabolism
caused before virus infection may be responsible for the depressed synt esis o
virus constituents, containing DNA and various antigenic proteins.

Fretreatment with 40 14g per in I of DRB resulted in more inhibition of virus
reproduction in the one-step growth cycle than that \\, ith 20 Ag. Moreovei,
suppressed virus multiplication when 40 ILg (which was toxic to cell proliferation)
was administered after virus infection

2. 1:18t!J of RNttJe o11 cell polyein/ion a"d o11 IIJ'IIJ nit!1111/12ra/ion
Experiments were carried out to ascertain whether a significant relations ip

existed between cellular RNA metabolism and the reproduction of DNA containing
virus.

it is showi} in Fig. 5 that cell proliferation is hardly affected by the presence
of I ing or 2 ing per in I of RNase.

As shown in Table 2, pretreatment of the cells \\, Ith these dosages resulted
in a remarkable reduction in the formation or the three viral components examined.

The "B" type inclusions showing diffuse network-like structure decreased in
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Table 2. Comparison of Percentage of inclusion Bearing Cells, Complement
Fixing Antigen, and infoc*ivi*y in the Experiments with RNase

Experimeniol Percentage of in Ieciiviiy
inclusion cells

1101 ipFu/in 11group

conlrol 79 2.3 x I o4

20 I. 4 X I o3

22 1.5xlO"

28 2.3 x I o3

74 2. 0 X I o4

2. 0 X I 04

65

Coni, o1

D OSe

ing/in I

o

I ing/in I

2mg/in I

?

Samples were token fineen hours aller virus incculoiion
for the biological assay

ITUmber, and the "A"type inclusions were never found in pretreated cells (see
expe"linental g"oups 1< a) and (b) and U in Fig. 6).
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Effects of RNase on Formatinn of Inclusions and Their Development

As with 20 14. of DRB, the presence of RNase after virus adsorption a
little effect on the multiplication of the virus.

The effectiveness of DRB and RNase on virus reproduction was found to be
very similar. However, the latter seemed to have a more rapid in i it ory e ect
because three hours pretreatment was enough to produce the same e ect <ex-
pe"iruental g"oup I (b) in Table 2).
3. 1:1'ectJ of I)10/1a, i"e on cell limit/'81'ajioii gild rill{J multiplication

The doses of profiavine which are and are not effective in inhibiting CG
proliferation are shown in Fig. 7. At a concentration of 0.5 14g per in , CG gro\\ t
was not affected for at least three days, within which time its action on t e one
cycle of virus multiplication had ceased.

A concentration of more than 2.5 Ag per in I of proftavine inhibited CG growt ,
and a granular cellular. fluorescence produced by profiavine was detecta e in t e
cytoplasm under the fluorescence microscopy after addition o a concen ra 10
of more than 5ICg per in I of proflavine.

To study the action of profiavine on virus multiplication, t e experimen s
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Fig. 7 Effect of Dose of PronCvine on Proliferation of L Cells

described above were carried out at botlT concentrations of profiavine. The results
of these experiments are summarized in Table 3.

At the concentration of proflavine employed, there was no inhibition either
of free virus particles or of their adsorption and invasion into the cells (experi-
mental group 111).

in I. the results differed from thoseIn exteriments \\ith 0.5 14g proftavine per
with DRB and RNase in that the yield of ne\\' Infectious virus was suppressed
by both pre- and post-treatment with proHavine <experimental groups I, 11 and
TV in Table 3), and the amount of complement fixing antigen and thc number
of inclusioiT bearing cells were unchanged as compared with the control.

Furthermore, it is or interest to note that "B type inclusions of compact
form \\, ere still observed in considerable numbers at a late stage of one cycle of

multiplication. These inclusions ale usually found at an early stage orvirus

infection in untreated cells (shown in Fig. 8)
\\'hen a concentration of 2.5 14g per in I proHavine was added to the cultures

after virus adsorption CGxperimental group TV), this compound produced a in o1'c

2

67

0.5 .,, g in I

?

25 .,, g in I
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Table 3. Comparison of Percentage of Inclusion Bearing Cells, Complement
Fixing Antigen, and infectivify in the Experiments with Pro^Cvine

Dose

1.91ml

o

Experimental

group

0.5

control

Percentage of
inclusion cells

1961

I

rr

Samples were token sixieen hours offer virus inoculation

for the biological assay

pronounced effect on the production of infectious virus particles than when added
before infection.

However, the formation of inclusions was reduced slightly, as compared with
the decrease in yield of infectious viruses. In the culture both pre- and post-treated
with 2.5 Ag of p"ofiavine (expe"linental group I in Table 3 and Fig. 8), there
was some inhibition of formation of complement fixing antigen and of inclusions,
and all "B" type inclusions were small and compact. These inclusions showed no
diffuse network-like structure, which was usually seen at a late stage of infection
in untreated cells.

To study the suppressive action of profiavine more exactly, it was added to
the culture 4 hours or 6 hours after infection.

Samples were taken at various intervals, and the yield of infectious virus at
each time estimated. The results are ,iven in Fig. 9

There was a small increase in the amount of infectious virus within about

4 hours after addition of the compound, but a further rise in the infective titer
could not be obtained thereafter.

These results sho\\, that the addition of proflavine at any stage after infection
appears to prevent the further production OF the infective virus.

4. T/!e cy!of hemicnl a"of o10iinmt, ?1010gical ob"lintioi! of inchtJioiiJ ill 11/01ai*!e lied!ed fellJ

As mentioned previously, most of the "B" type inclusions observed in proflavine
treated cells \\, ere compact and small even at a late stage of one cycle of virus
g"mad, (Fig. 14), and "A" type inclusions (Ma"chal bodies) could "a"ely be seen
in the presence of 2.5 14g of proHavine I)v sixteen hours'
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To see whether pionavine treated "B" type inclusions represented the main
site of virus multiplication in the cells, like those in the untreated infected cells,
cytochemical and cytoimmunolotrical observations were made on these inclusions.

All proHavine treated "B" type inclusions gave the same degree of Feulgen
positive reaction (Fig. 15) and positive fluorescent antibody reaction as those of
untreated cells. Therefore, the IJresence of proftavine is unlikely to affect the initial
formation or vit. al constituents, but may disturb then. development to infectious
virus particles.

5. Relt!Jnl of i"Aibi/ioi! of I'ill!J In11/1i/J/ifa/1011 41^ leinoi'n/ q/ 1/10/'11'ine

\JITus multiplication in treated cells may recover from the depressed state after
removal of proHavine, because pretreated cells did not undergo so pronounced an
effect on the production of infectious virus as post-treated cells.

To Investigate this possibility, the follo\\. intr experiments were carried out.
Treated cells were cultivated in a mediun containinu proftavine (at a concentration
of 2.5 IJg per in I> 101. the first 8 hours after' infection. The cells \\, ere then \\. ashed
t\\, Ice with Hanks' solution and covered \\. ith a medium free or proflavine for. the
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10/10\\, ing 16 hours' Two kinds of control cultures containing in ecte co s were
prepared simultaneously : throughout the incubation period (the incubation P;40
in these experiments was 24 hours), one was cultivated in a medium containing
PTOfiavine, the other in Its absence.

Samples were taken at appropriate intervals from the cu tures in eac ,r p,
and the number of inclusion bearing cells and the infectivity measure . e resu s
are presented in Figs. 10 and 11.

it was found that the "B" type inclusions in 8 hour proHavine treate CG s
lost their inhibition after removal of the compound ; that is, t lese inc us10
changed from compact to network-like structures (Fig. 16), and the num er o
inclusion bearing cells increased. The yield of new infectious virus rose gra ua y,
in parallel with the changes of in orphological features of the inc usions.
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I. Recovery of Inclusion Formation
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DISCUSSION

5.6 - Dichloro - I - , - D - ribofuranosylbenzimidazole has a chemical structure
analogous to 9-FD-ribofuranosyladenine which is present in ribonucleic acid. it
is known to affect specifically ribonucleic acid biosynthesis. However, there are
only a re\\, blochemical reports on the inhibitory action of DRB on ribonucleic
acid biosynthesis (Tamm at at. , 1957b ; Alitrey at n1. , 1957).

On the other hand, there are many studies on chemotherapeutic effects on
the inhibitory activity of variousvirus diseases. Tamm at n!. worked on

henzimidazole derivatives on the multiplication of influenza virus <1954a, 1954b,
1956a, 1956b) and \, arccinia virus <1957a) in the chorioallantoic membrane ill till'0,
and of poliomyelitis virus in the HeLa cell culture (1957b).

It has been emphasized from their experimental results that DRB has a more
selective inhibitory action on the multiplication o11nfiuenza virus than does vacania
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11. Recovery of the Yield of infectious Virus Particles

virus, because the distui. bance of cellular RNA metabolism induced by DRB
presumably results in a direct suppression of the production of the specific RNA,
which is an important constituent of influenza virus particles.

In our present work, aimed at determining the correlation between virus
multiplication and cellular metabolism, \\, e have observed a decrease in viral DNA
synthesis, probably due to some metabolic disturbance of RNA, induced by the
presence of a 10\\, concentratioi} of DRB, which I}as little SIunificant effect on cell
proliferation or on the multiplicatioiT or the virus after its adsorption.

Similar. phenomenon could also be seen in experiments \\, ith R;*;ase under
the same conditions. These phenomena were not observed by Tamm, and suggest
that normal RNA metabolism may be essential for. synthesis of the components
from which progeny virus particles are made, regardless OF the sort of nuleic acid
present in the virus particles.
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On the other hand, it was also observed in ou^ ex Griments th t th
multiplication or virus during the postadsorptive PIiase was considerabl su ressed
by a ItIgh concentratioil or DRB. This is in support of Tamm's re ort c
the inhibitory action of DRB on the multiplication of vaccinia viru .

The effect or RNase on virus growth has been investI ated on tob
vi"us by Garterman and .I, end. (1957) and Bench (1958), and on inHuen"^ vi"us
by Le Cle, .c (1956). L*, Cle"c plausibly considers that RNase in a act di"ectl
on naked RNA or the parental virus inside the cells within 2 hours arte . th
adsorption, resulting in diminished production of prouen .

However, our results Indicate that a metabolic disturbance of RNA is likel
to lie I. esponsible for a significant inhibition or virus . rowth, even if th
particles are composed of DNA. Our findin. ' is rather in su ort of the h oth
that the virus first induces the formation of nc\\, protein in the infected cell , .h' h
is necessary for the formation of virus precursors : that a distubance of cellular
RNA metabolism \\, ould result in the suppression of this new rotein s nth
which \\, ould, in turn, inhibit virus synthesis.

B"^chet <1955 1956, 1959) ha, repo"ted se, e"al obse"vations on the action
of RNase on living cells using Amoeba and onion root-ti s cells. He coiT I d d
that RNase easily forms a complex with soluble RNA rathei. than with other c H
fraction, and this complex formation inhibits RNA and rotein metabolism.
At a later stage, RNA combined with RNase is bi. oken down in the usual ,

His consideration is in agreement \\, ith our interpretation or the su ) res '
action OF RNase on the multiplication or DNA containin , virus. The I
relationship between cellula^ RNA metabolism and the To aryation of DNA
containing virus has been done studied I>y several invest I at ors. \\'ork has be n
done on T:z phage infectcd bacteria by Volkin and Astrachan <1958, 1959), and
on H, in colts infect, d with var. into virus by I, klik <1959, , I, , c), and I*;ichimu, .^
and Tagap (1959), ittth the aid of rodioisotopes.

Chang (1959) has also established a close relationship between cellular RNA
inctabolism and the synthesis or vaccinia, coxsackie and o110m elitis vii. us us in
bicarbonate-depleted HeLa cell cultures.

ProHavine Is genei. ally kno\\. n to suppress protein synthesis. \, Ve found in the
present experiments that the mode of action of this compound differed from that
of DRB in the process or virus growth. The action of To flavine at a I , I I
Is likely to Interfere \\, ith some reaction in the processes leadin to the rod I'
of infectious virus particle from virus precursors and other viral coin orients
rather than in the I}rocesses initiating their formation. In other \\. ords. it seems t
interfoie \\, ith the maturation process of the pro, ,eny virus.

Thi, finding seems to supp. ,. t the idea of De A{a"s (1955) deduced from th,
suppressive effect of proflavine on phage infected IJacteria (Foster, 1948). Similar
observations have heelT made with other animal viruses (Franklin, 1958 ; Ledinko,
1958, 1959).

However, the possil)illty that proHavine treatment may also interfere \\, ith

the synthesis or some as yet 11nrecoqnized virus constituents in the infected cells

can not I, e neglected.
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Since virus propagation, previously inhibited by a toxic concentration o
proHavine, can be resumed on removal of proHavine, it may be that vira
maturation may involve enzymes and steps not involved in normal OSt CG
metabolism.

most vulnerable to DRB isHowever, the step in virus synthesis which is
probably essential for virus reproduction and appears to be intimately connecte
with metabolism of the normal cell.

Finally, we propose the scheme for' the action or the compounds used as shown
in Fig. 12.
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Fig. 13. Most of the "B" Iype inclusions in
the untreated infected cells had a diffuse

form 16 hours offer virus infection

Fig. 14. The "B" type inclusions in the cells
post-Ireo*ed with 2.5 1.9 of profiavine were
,mall Grid coinpocf 16 hour' offer infection.

Fig. 15. Proflavine treated "B"' type inclusions
shown in this figure gove the some degree

of Feulgen positive reaction us untreated
cells

Fig. 16. The "B" type inclusions in 8 hour
pronCvine treated cells, offer removal of
proflovine, changed from a coinpocl form
to a network. like structure. This figure shows
Ihe inclusions 8 hours offer removal of

profiavine




