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PRODUCTION OF INTERFERON BY SOME ARBCOR
VIRUSES OF GROUP A f

F. I, Xrshov, E.B ., Tazulkhova and 2, V, Krmcl'eva, "Ivanovskii®
Institute of Virusology of USSR Academy of Medical Sciences:

Dept.. of microbiology of the Central Institute for Advanced Traine
ing of Physicians, Moscow

Prior to performing any investigation involving the antivirus
u inhibitory agent interferon the latter has first to be obtained in

highly purified state, Among the best producers of interferon are
the group A of arbor viruses, Previously studied viruses of this

group, namely Sindbis, Chikunguniya and KEE (1-4), are also dise

) tinguished by high sensitivity to the action of interferon. These
proﬁ:rties, coupled with the ability of arbor viruses of group A
to céuse rapid disintegration ¢f the usual cell cultures and their
accurate enumerability using the plaque method, render these !
viruses extremely useful prototypes for investigation of the pro-
duction and action of interferon.

» | It was sought to ascertain the optimal conditions for maximal

prodixction of interferon by chick embryo Sfibroblasts which had been

infected with the eastern equine encephalomyelitis (EEE), Venezuelan

equine encephalomyelitis (VEE) and Semliki forests {SF) viruses,

Material and methods

VIRUSES. The arbor viruses KEE, VEE and SF were obtained from
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the‘virus museum of the "Ivanovskii" Institute of Virusolopy. The
viruses were serially transferred on chick embryo fibroblasts. AL
theitime of the investigation EEE had gone through 5, VEE through 2i
aru SF through four serial transfers, Culture flnid collescted 2L v
aftgr infection of the cells was used as the virus-containing material,

The infectious titer of the viruses ranged 168 - 109 plagque~forming
units (PFU) per ml.

| Cells. In most of the experiments use was made of a culture

of éhick fibroblasts whichlad been prepared by trypsinization of
lﬂ-éay embryos, The cells were suspended in lactalbumin hydrclysate
conéaining 10% heated ox serum and antibioties at a demsity of 1~1§
miléion cells per ml, Aliquots of 10 ml of the suspension were
poufed into Carrel's dishes. After formation of a cell layer {(after
2h-é8 hr) the dishes were used for production or titration of inter-

feron.

‘ Production of interferon., To produce interferon use was

made of various amounts of native viruses and of viruses whose
infectious properties had been attenuated or eliminated. In the
latﬁer case the viruses were heated at 56° C for 60 min or at 65°
for 30 min, In another series of tests the viruses were inactivated
by ultraviolet rays UV-applied f;;r2-16 min from a BUF=15 mercury quarts
1 amp set at a distance of 25 e¢m from a Petri dish which contaired § ml
of varua suspension,

We also testcd our modification of the method of double infection

of Lolla (5)r first the culture was treated with 2 ml of UV-inactivated

viru;, and 1=S hr later the cells were reinfected with intact virus,

L i




Chick embryo fibroblasts which had been infected in various ways
weré jncubzted for 24 hr, and then the culture fluids were collected
i . heaied at 659 for 3¢ min. Special experiments showed that this
treatrment. completely inactivated the viruses without decreasing the
titers of frierferon,

Titraticr of interferon, Activity of the interferons obtained

wag tested apainst virus EEE, Twice-diluted specimens of interferon

weré placed in Carrel's dishes for 2L hr and then the cells were washed
with Haw?e - ylion and infected with 100-150 PFU of EEE virus per
dish, Contact of virus ard cells lasted for _ hr and then the virus
was drawr off with a pipet, and the culture was washed with Hank's
solﬁtion and covered over with agar,

Compositicn of the covering layer was as follows: 0,8 ml
Hayﬁs solution &, 0.2 ml of Hay's solution B, 0,2 ml of 1actaibumin
hyd;olysate, 0.3 ml of ox serum, and 0.2'm1 of chick embryo extract.
Thesz of the modium was adjusted to 7.& with sodium bicarbonate, and

0.3 ml Tris butfer and 2 ml 2¢ Difco agar were added. The dishes were

incubated at 37° C for 2 hr, and then the cells were stained with
neutral red. Activity of interferon was determined from the degree of

irhibition of plaque formatiorn by the EEE virus,

Results
Determination of the dynamics of ircrease in interferon during

the course of the viral intection following massive infection of cells

showed that interferon first appeared in the culture fluid 6-8 hr
§ 3=
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after cessation of contact of virus with cells and coincided temporally

with the end of the cycle of virus multiplication., The titer of in=-
terferon steadily increased ard reached a maxium at the 2Lth hr, when
one usually noted total destruct..n. of the cells of the infected culture,
To study the connection between the production of interferon and the
density of irfection use was made of the same doses of the selected
viruses, viz, 107, 105 and 10° PFU per dish which were equal to between
1 énd 0,000l PFU per cell, The results of thse experiments are given

in the Table,

The interferon yield is in direct relationship to the amount of
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virhs introduced, Yor instance, doses equal to 0,0001 PFU per . 1l
induced virtually no formastion of interferon, However, with a dose of

1 PFU per cell its titers were low, It is noteworthy that the abiliiy
of Fhe three tested viruses to produce interferon was approximately
ideﬁtical. The same pattern was observed on using partially inacte-
ivated (by ultraviolet or by heating) virus: with increase of the
grade of ipactivation of the virus its interferon-producing activity
dec}ined. Heating at 6S°C for 30 min not only rendered the virus
completely non-infective but also abclishe ™ its capacity to produce
interferon,

The best method of producting highly active interferor was the

method of successive infection of cells with partially inactivated
and intact virus (see Table).

In the light of the foregoing data, the first infection was
done with viruses inactivated by 2-min irradiation, and the second

one with intact undiluted virus (107 ~ 10 PFU per dish). The

opticnl interval between the two infections was 3 hr, By observing
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the stated conditions, one obtaired hirhly active interferon which

was capable in the case of VEE virus of inhibiting 73-98% of the

play ues at a dilution of 1:6L0., Increase or dscrease of the interval

between the infections led to a decrease of the titers of the inter=-
feron produced. In cases where the first infection was performed wi th
viruses irradiated for longer then a min the amount of inierferon pro=
duced was likewise lower. A similar rosult was obtained on using
diluted virus for the second infection,

When the KEE ard VEE viruses were used for infecting established
oell lires of human and murine origin (cells A-l and KEM#) the yield

of interferon was negligible, For example, even after using the method
of double int'ection the titers of the interferon produced did not ex~

¢
ceed{l:h - 1:81,

Discussion of the results

:
While all three arbor viruses tested (KEE, VEE and SF) produced
interferon, the best producer was the VEE virus, which with various
modes of infection reg srly evoked formation of interferon at rather
hipher titers than the other viruses (see Table), The best reference
virus is probably the KEE virus, which is highly sensitive interferon
and produces easily countable large plaques on a monolayer of chick

embryo fibroblasts,
The decrease of infectivity resulting from simple dilution or

inactivation of viruses regularly led to decrease in the interferon

titers, This rule does not, however, extend to briefly (2 min)

#KEM = cells of mouse embryo - Translator
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irxfadiated viruses, which are actuaily somewhat better producers of
interferon than unirradiated ones (see Table), It maybe that this
resﬁlt is due to the fact that even in the case of 99.9 -~ 99.99%
inactivation of viruses that is observed in these cases, the residual
fraction of active virus is reasonably high (2 x 100 -~ 2 x 105 PFU per
dish), so thst in combination with a larpe amount (approx. 2 x 108 PFU
per;dish) of the inactivated virus conditions are fawvorable fa pro-

duction of interferon,
i

‘ A direct link between production of interferon and density of
1nt’€ction with arbor viruses was discovered some tims ago _(_6) for
the KEE-cell system, This phenamenon is apparently commected with
the fact that with small doses of infection the interferon which is
produced, on the one hand, successfully protects uninfected cells and
on the other hand inhibits the production of new interferon in the
infe.::ted cells (7).

With viruses KEE, VEE and SF which had been completely inactivatad

by heating, there was no production of interferon, as was found also
in r;‘spe.ct of other arbor viruses of group A (8-11). The maximal
y:lolci of interferon was observed following double infection of cells.
| According to & repart (), the preliminary cortact with in-
activ‘lted virus would, so to speak, prepare the cells for subsequent
{ntensive elaboration of irterferon after infection of them with un-

treated virus, There is an undoubted synergism between the action
of active ard inactive forms of the virus, though the details of the
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) mghaﬁim of this process are unknown.
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Summg:z

\
1. The KEE, VEE and SF viruses rapidly produced interferon in

chick embryo fibroblasts,

2, Maximal titers of interferon in the culture fluid were
obtained by using the method of double infection of the cells with

the partially inactivated followed by the intact virus,

Ry Received H&y 25, 1965

Footnote of p.3kL

1
Activity of interferon in these cases was assessed from cytopathic

effect on hamologous cells.
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Activity of interferons obtained following various modes of

1nrection1
VIRUS VIRUS USED TITER OF INTER=
PRODUCT MG FOR INFECTION FERON
INTERFERON
KEE 107 pFU/m?
105 PFU/ml
: 103 PFU/ml
VEE 107 PFU/ml
105 PFU/ml
103 PFU/nl :
. sr 107 PFU/ml |
105 PFU/l I
10° PFU/ml
KEE HEATED ;
at 50° fcr 60 nin.g
at 65° for 30 min, |
VEE at 65° for 30 min.
at 65° for 30 min,
: KEE UV-irradiated for

2 min,
L min.
8 nin,
16 min,
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TABLE (Contd,)

VIRUS : VIRUS USED TITFR 0% IiTER= o |
Y FOR INFECTION FERON . -
INTERFERON )
VEE | UV-irradiated for
y
2 min
\ 10 min
KEE Irradiated for - N
2 nin : F
VEE Irrad, for 2 min '
|
Irradiated contimuously
fors ‘
3 hrs,
e Lo
‘: 5 "

.Connotationsi

.+++3+ denctes inhibition of 90-100% of plaques

e n " L] 61_90‘ n "
- L] ] L] h1-601 n L]
* L] ] T 21404 L] L]
- " L] v Oe20% L] [

. 1Haan ragult of three idertical experiments,

2 Untreated virus was used in this seriss of experiments,
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