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INHIBITORY SFFECT OF INTERFERON ON RIBONUCLEIC ACIDOF POLIOMYELITIS
AND LOUPING ILL VIRUSES

0Z-Following is the translation of an article by
N. A. Ivanova and i. Ya. Polyak, Department of Virology,
Institute of Experimental Medicine, AMN USSR, Leningrad,
published in the Russian-language periodical Voprosy
Virusologii (Problems of Virology), No 11, 1966, pages

1--It was submitted on 20 Jun 1964.g

It has been established that the mechanism of' the protective
a~tion of interferon is connected with its inhibiting influence on
the reproduction of virus within the cell. However, at which stage
ot virus reproduction the activity of interferon is directed (repli-
cation of nucleic acids, synthesis of protein, composition of nucleic
acids and protein) has not been revealed. Most probable is the in-
fluence of interferon on the process of replication of nucleic acids,
though many authors refute the possibility of the direct influence
of interferon on viral RNA (Ho Mont 07, Grossberg /47, Holland /&7,
Somner, Prinzie, Denys 27, Shonne, Mayer, Cokol, Vilcek N7, and
others ffi, 27).

In the present work evidence is presented of the direct influence
of interferon on RNA, isolated from the poliomyelitis and louping ill
viruses.

Materials and Methods

We used the louping ill virus (obtained from the Rockefeller
Foundation in the USA in 1944) in the form of a 10% brain suspension
of infected mice and the poliomyelitis virus type I, strain Magoni,
enriched on primary tissue culture of human fetus kidney or on trans-
planted Detrolt-6 culture.

After the interaction of the studied viruses, taken in a concen-
tration of 1--3 g ID50o with interferon their residual activity was
determined in diminisking 30-fold dilutions by means of intracerebral
titration on mice (louping ill virus) or on a tissue culture of
Detroit-6 (poliomyelitis virus). With each dilution of the poliomyelitis
virus 4--5 test tubes, or 1 flasks were infected with a tissue culture,
and with the louping ill virus - 3 mice each* The LDso and TCD 50 were

calcu.ated by the method of Reed and Mench (1938). For infection of
the ssue cultures the virus was incubated with the cells for one hourp
afte which the nonadsorbed virus was removed by a double washing with
a pr.•sphate-buffer physiological solution (pH 7.2).
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RNA was i-solated from the viruses by the method of Girer and
Shrazmn (1956). The isolated aqueous preparation was alkalized with
a 5% solution of soda to a pH of 7.0--7.2 and brought to the required
ionic concentration with a 6-5 M solution of sodium chloride. For
infection of tissue cultures we used RNA in a 1 M solution of NaCl,
for the infection of mice - an 0.15 M solution of NaCI. Contact of
RNA with the cells lasted for 20 minutes (Ellem, Kotler), after
which the solution of RNA was removed by washing with a phosphate-
buffer physiological solution. The tissue culture was infected with
1--2.5 lg ID 5 0 of RNA, which approximated a working dose of the
initial virus. Titration of the infectious activity of the resulting
preparations of RNA was conducted in a similar manner to the titra-
tion of the corresponding viruses.

The specificity of RNA preparations was determined in control
tests after a 30-minite contact with 10--30 g/iml of RNase, which
ensured the complete inactivation of RNA. Wd used a primary mono-
layer tissue culture of chick embryo and a transplanted culture of
Detroit-6.

All the investigations were conducted with homogeneous interferon,
obtained on a monolayer culture of chick fibroblasts, infected with
the virus of Japanese encephalitis (strain No 47), in medium No 199.
For cultivation of the virus we used a 1200 ml flask, into which
6ýpOO LD5 of virus was introduced. Four days after infection the
cultural fluids from individual flasks were mixed, then cleared by
lb-minute centrifuging at .,000 rpm, after which the virus was inac-
tivated by 1-hour heating at 600. Activity of interferon was deter-
mined in a series of dilutions with a coefficient 2 on test tube
cultures of chick fibroblasts relative to 50 TCD50 of the vesicular
stomatitis virus. The average titer of interferon corresponded to
a dilution of 1:32 and did not change after 6--12 months of storage
at 40° Interferon was used in a dose of 16 active units, ioe., in
a dilution of 1:2.

In all the tests the control was cultural fluid with non-infeo-
ted tissue culture of chick fibroblasts which had been subjected to
similar treatment.

The following variants of interaction of viruses and their RNA
with interferon were studied.

1. Interferon was introduced into the tissue culture 24 hours
prior to its infection with viruses or their RNA. Yrior to infection
the liquid phase of the tissue culture together with the interferon
contained in it was removed and the culture washed twice with a large
volume of buffer solution.

2. Interferon was Introduced into the tissue culture immediately
after adsorption of virus or RNA*
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3. Interferon was introduced 24 hours prior to infection, and
then additionally immediately after adsorption of the infectious
material. In the latter case the constant presence of interferon
in the tissue culture was ensured.

4. The direct influence of interferon on infectious material
was studied under the conditions of preliminary contact of interferon
and RILA or homologous virus at 370 prior to the introduction of
various dilutions of this mixture into the tissue culture. After a
brief period of contact between them the mixture of viruses or RNA
with interferon was titrated by the method described above. In the
control the infectious material interacted with normal cultural
fluid.

Results Obtained and Discussion I

In series I of the tests we looked into the possibility of
intracellular blocking of infectious RNA by interferon. For this pur-
pose we studied the multiplication of virus in a tissue culture of
chick fibroblasts, treated with interferon 24 hours prior to infection
with Louping ill virus (2 1g LD5o/0.00 .1) and its RNA (1.7 lg
L'P0/0.O3 mI)o In the culture treated with interferon tbavirus was
not revealed 24 hours after infection with the stated infectious
material, while in thp control tissue culture the quantity of virus
ocpnprised l.o Ig LDso/0.03 .1 during infection with virus and
1.3 1g LD0/O.O5 .1 after infection with RNA. In 3 days the content
of virus in the test culture comprised lob and 2.3 Ig LDg0/0.0 3 ml
against 4.5 Ig LD50/0.03 ml in the control (Table 1).

Thus, under the influence of interferon# Introduced into a
tissue culture of chick fibroblasts 24 hours prior to infections there
was a distinct slowing down of synthesis of virus both following the
introduction of louping ill virus into the culture and also of its
Infectious RNA.

An inhibiting effect for interferon was observed also in respect
to the infectious process induced by the RNA of the poliomyelitis
virus on a culture of chick fibroblasts which were not sensitive to
the poliomyelitis virus.

According to Holland ZU, Yu. Z. Gendon 0, and others, RNA
of the poliomyelitis virus, which had been introduced into a non-
sensitive culture, causes only one cycle of multiplication of virus,
since newly synthosised infectious viral particles are not able to
take root in the new cells and cause infection.
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Table I

Dynamics of quantitative accumulation of infectious RNA and louping
ill virus in a tissue culture or ohiok fibroblAnta during Interaction
with Intarforon which was introduced 24 nlours prior to infection

I , LD Wo.0.,.3.. %.

IMIsJIKII IEMN IlytIMO~rOllN 0 .

uaTe9.aa Kyjtbtyr' s 3 4 mA
0 AO 30Pa~ennoow

a 24RWU

P11K womo~Jian o. 1,7 S'opMaJabRaN Kyjib- , 4.6 0
ro SoUe4WAH T TypaSeanan EKRA-

nwrepqiepofl 0 1,30

cuorox~ suei.I ? PaJ OaNR 1.5 3.0
BMpyc mOTiaA. 2.0 hjopwaubnan xy~b., 1.5 4.5 0c~oro snne*&"I Ir)lypa.'Iban XCRA

01" 1 I•;KOC 0 2.3 2,2

Key: (a) Infectious material; (b) Dose (1g LDo/0.0 3 ml); (c) Tissue
culture treated 24 hours prior to infection; (d) Concentration of
virus in ig LDso/o.o3 .1. exposed by intracerebral infection of mice

in; (e) 1 day; (f) 3 days; (g)Amount of Ig LD50 of virus* inhibited
by interferon in 3 days after infection: (h) RNA of louping ill;
(i) Virus of louping Ill; (J) Normal cultural fluid; (k) Interferon.

Titration of the poliomyelitis virus, induced by the introduction
of'RNA in a tissue culture of chick fibroblasts, was carried out on a
tissue culture of Detroit-6 which was sensitive to the virus. In con-
trast to intact virus, infectious RNA induced the synthesis of polio-
myelitis virus in a culture or chick fibroblasts. Regardless of the
dose of RNA# used for the infection of cells of chick fibroblasts# the
infectious activity was completely suppressed by interferon& If its
introduction preceded the infection@ If the interferon was introduced
immediately after infection of the culture, suppression of RNA activity
was not observed (Table 2).

For clearing up the problem of whether or not interferon was
capable of the destruction or blocking of infectious viral RNA, tests
were set up on the direct interaction of interferon with RNA from the
viruses of poliomyelitis and louping ill. These were investigated
simultaneously with homologous viruses taken in the corresponding doses.
Results of the interaction in vitro at 370 were determined by titration
on a sensitive tissue culture of Detroit-6 (for the poliomyelitis virus)
or by intracerebral infection of mice (for the virus of louping ill).
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Table 2

Inhibiting action of interferon on RN'iA of the poliomyelitis virius
(strain lhagoni type I) in interferon-homologous tissue culture of
chick fibroblasts

- - 1 NOJIU4CC ampye..i Hl.. Ky,oTb

CO am-Necull m TIrncleym .ya•bypy SIt. Kavya:m7 Ž-II_

*I H I4Jl, leII r(a)II

64: ; 1.A

A.

________________ muaiMutm 1NwcMA 8-.
1.3 Ko.qecjmo sypyca a HMA' 2. 0 0 "0

Hajinqne WurnN•dauns Olnoxa He? ,o0.ua
2,0 KoanecrnO mnUpyca a HAW 3.0 0 3.2 I 0 0 0

3.0- To me 4.0 0 - 0 0 0an aming~ Varnftlay Man Helojm~an
1.0 KOmuqecTuomupYca aHn.o 2.5 2.3 0 0 0Horimllle varnonans -- noxnan

io' Concentration of virus was determined in 24 hours after Infection
by means of titration of cultural fluid on Detroit-6 tissue culture
which is sensitive to the poliomyelitis virus.

Key: (a) Dose of RNA in ig ID 0; (b) Index studied; (c) Amount of
"virus in 3g ID_ following administration into tissue culture; (d)
of normal cult&al fluid; (e) interferon; (f). 24 hours; (g) immediately
after infection; (h) 24 hours before and after Infection; (1) Control
(untreated tissue culture); (J) RNA plus RNase; (k) 10-100 ID50 of
virus; (1) Amount of virus in ID50  (a) Presence of inhibition;
(n) Same; (o) Complete. (p) None.

The redults of the interaction of interferon with RNA of the
poliomyelitis virus are presented in Table 5. The control virus did
not lose infectious activity after preliminary contact with interferon,
while RNA completely lost its cytopat io activity after 5 minutes and
more of contact with interferon at 37 4*

Complete disappearance of infectious properties was also observed
after the direct interaction of interferon with RNA of the louping ill
virus along with preservation of aotivity of homologous virus under
the saw onditions (Table 4),



Table 3

Influence of preliminary contact at 370 of interferon with poliomlye-
litis virus and its RNA on their cytopathio activity in a tiunue
aulture of Detz'oit-6

C Y

IS BN- 1.7 Ilwrep4'epox 1.7 0
PYC oania y sa1 30 1,7 0

CA P11K 1.0 11Tep4wpom W 0 P0o
Hopu*.ibmaxa KyR,#!Paab- 30 1.0 6
PHK-23a 0 1.0

.211 B.. 1,6 11Tep42epong) 1.5 0
PC Hopmeanbman xyJI psAb. 30 3,6 0

tax WCHAKOCTbLW

CP11K 1,0 HHnTep4pepomw;) 0 1,0
1.0 Hopmalbuman my ypamb. 30 1,0 0

PHK-aaa 0 1.0
3& BO- 1.0 HIR~ep~iepong) 1 .0 9

}IOpuaJ11bnan XY ypaiab- 1,0 0
San XmHAXOCMh.M

Hnlep4.eposO 0 2,0
Hopusbaxqya K7paxb. 2.0 0

GP11K 2.0 P11K-gsa (i. 30 0 2,0
4, V BN- 1,8 Hxrep4'epoi$) .1.,6 0

PYC .- 5
Hopmexhmn yi pa-5 .

PH MU~ep4oepon pb 'I's1.

P1K- r 30 0 1.6
.5s DR.- 1.5 Hwrep4iepau$ 3P1 .5 0

P7C HoPuSabhna Xy~bqyp8Ab. 5 . 0

C;P1K 2.0 Hi epImepo 0 2.0
HoPuaJ~buKyabpah 5 2,0 0

PHHK~aaa&*%T 30 0 2,0

Key: (a) No. of test, (b) Infectious material; (o) Infecting done
(lg LDbO/0.03 MI) (dj Investigated preparations; (a) Tim. of contact

at 370.(in minute.); (f) Titer of virus after contact with the stated
strain (lg TCD 60 / 0 .3 mi); Cg) Amount of inhibited infectious dome& of
virus (Ig LD; (h) Virus; (1) RNlA; (J) Interferon; Wk klozwim
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Table 4

Influence of preliminary 30-minute contact at 370 of interferon with
louping ill virus and its RNA on their infectious activitys revealed
by means of intracerebral infection of white mice

2 Pe3AIJTBTW~2- nr
i pow.sM RA .u. ... •:

HccaeAYeNwdA upetnapat TS 9 pS.CACNKM

Ia ((ROuLb•
-1 -2' 3

I& Bx- 1.7 HHTep(pepo. (.) ZI, 'I/ '1/ S .
PYC

HopMaqbka. yHa yA paSAb- 8/2 % a 0/ 2,3

PH K-a3a QV 0/8 0/ 0 0.2 H 2.5 HHTeppepoHo) . -Il *I .* I 0.

SHopmaAbHa g xyYA ypAA.- 9 /g o/s O i 2.5H.2s 2MA.KOpCUO I

2 HHTepoepoH/ 0 0/8 0/ 0SH K-asaa(Q3) 1. , / o/: 0 ,
BT p , /8 8 .5 0,

HopMalbuaff xy.!,;ypaab, 23 0/8 2,3
H8N )KHAKOCTbv

PH K-a3a ( ./ */: 0/, */S 0.
31- 2.3 HUrTep4eposS 1  . %1. 0

H HopMaAbnaa Ky.ibTypaJb 8, 1/, */l 2.3
HIENX JICAKOCTVWj

PHI( 1.7 Husnp~epon .40 0/8 0/9 0/3 0
HOPUSAibI.aN* KyJ~rTYPSAib* . 'a i 1.7

* . ~ naa 2,u a~oc¢(•
PHK-a&a3 %O 0/3 0

4 B- 15 HmTPoep O;-, %ym lya, /.• / 1.5
PYC Hop a•bnaxocyA) 'yikb % 1"PHK 2,0 Hnrep4qpou- 0 /9 0/8 @ 0

HopuabNbSaa Ky'ypabT ,, 8 /, 14 % 2,0Na. M(NKOC~b) *'•., *•

PHK-) %H 2/8 %/p 0

Note: Numerator - number of sick mice# denominator - total number of
mice in test.
Key: (a) No. of test; (b) Infectious material; (c) Dose of infectious
material (in ig LD5 0/ 0 .0 3 ml); (d) Investigated preparation; .(e) Results
of titration on mice after contact in dilutions of; (f) Infectious
activity after contact with stated preparations (in 1g LDooo0 * =l);
g) Virus; (h) RMA; (1) Interferon; (J).Normal cultural fluid;
k) RNase.
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In view of the inactivation of viral RNA following direct contaot
with interferon in the tests in vitro, the thought arose concerning
the presence of admixtures of RNase in the cultural fluid of infected
tissue cultures which was the subs6rate of the interferon utilized.

According to data from the literature, the amount of RNase in
infected cultures does not change or is even reduced in comparison
with the control of Kovacs 2V (1956).

Therefore the absence of activity in respect to viral RNA in the
control tests with normal cultural fluid creates a foundation to
connect our observations of suppression of infectious RNA in vitro
with the participation of interferon.

Conclusions

1. ýInterferonj obtained by means of infectiop of cells of chick
fibroblasts with the virus of Japanese encephalitis' displayed an
iphibiting activity in respect to infectious RNA from the viruises of
poliomyelitis and louping ill following direct action in vitro. Inac-
tivation of RNA of the louping ill virus was established in tests on
the intracerebral infection of mice, and the virus of poliomyelitis -
on a culture of chick fibroblasts which were not sensitive to polio-
myelitis virus.

2. The capacity of interferon to inactivate infectious viral
RNA during direct interaction with it outside of a tissue culture
makes it po3sible to assume that the same mechanism lies at the
basis of the protective effect of interferon.
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