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AN INTRACELLULAR COMPONENT ASSOCIATED WITH

CHIKUNGUNYA VIRUS-SPECIFIC RNA
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Department of Preventi\, e it^dicine, Research Institute for Allcrobial Diseases, Osaka Uni-
\, ersit},, Yamada-kami, Suita, Osaka

(Received Feb, un, y 26,1969)

uA. IMARY A component associated \\, ith Chikungunya virus (ChV) specific RNA
was found in a ITomogenate of BHK-21 cells infected \\, ith ChV. The coin-

ponent, arbitrarily ITamed " X " yields infective RNA after extractioiT of RNA,
but o1\ assay of ChV infectivity it shows 10\\ infectivity. " X " sediments slower in
sucrose gradient columns and is more labile on freezing thaiT mature Ch\I. The
RNA associated \\, itIT " X " is rather labile and seems to be readily accessible from
outside. This component tends to accumulate inside the cells at a late stage of
infection. Clear-cut data sho\*., ing that " X " is a precui. sor of Ch\I have not been
obtained yet.
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INTRODUCTION

In our previous paper on Chikungunya \, Irus
(ChV) from samples of infected suckling mouse
brain (Igarashi, Fukai and Tuchinda, 1967), \\. c
reported that some components, other than
mature virus were found by sucrose gradient
sediment atioi} analysis, from \\. hich infective
RNA could be obtained by phenol extraction.
These components were not found lit CITV
samples from infected tissue culture fluid. In
the latter, only a single component \\, Ith the
same sedimentation rate as mature virus \\, as

f. und to yi. Id infertire RNA (Igar, ^1.1,1968).
Therefore, it seemed interesting to look for

components yielding infective RNA, like those
found in mouse brain, in tissue culture cells
infected \\, ith CITV. This analysis, together
with radioisotopic studies, \\, as necessary to
obtain information on these components and on
the process of intracellular multiplication of

ChV.

MATERIALS AND A1ETHODS

I . Cells

TITe ITost cells used for. \, ITtis multiplicatioi\ \\. ere
the BHK-21 cell line, clone 13 (IVlacPhcrson and
Stoker, 1962). This cell line \\. as 1<indly supplied
by Dr. H. Aoki, Department of NIIcrobiology (chief,
Prof. S. Hotta), 1<0be University, and it was culti-
vated by tlTe technique of Karabatsos and Buckley
(1967). A specimen of the established cell line of
African green monkey kidney, (VERO) was 1<1ndly
sent by Dr. A. Oya, the National Irisitute of Health
of Japan, Tol<yo, and was used for Infectiviq, titra-
tion of \, irus and RNA

2. Pi, '115

Chikungunya \, irus (ChV) African strain at the
175tlt passage level in sucl<ling mouse brain \\, as
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kindly supplied by Dr. S. Ahandrik of the Virus
Research Institute, Bangkok, Thailand. The virus
suspension made from stocl< infected suckling mouse
brains was adapted to BHK-21 cells by 3 successive
inoculations onto monolayers in fluid medium coin-
posed of 0.02% gelatin in Eagle's minimal essential
medium (MEM, 1959), followed by 5 successive
piaque purifications by selection of large piaques.
The piaque isolate was further passaged 3 times
successively on BHK-21 cell monolayers in fluid
media, and then in DCulated into a number of BHK-21
cell monolayers in fluid medium. After 16 hr in-
cubation at 37 C, infected culture fluid was collected

and centrifuged at 700 g for 10 min. The superna-
tant (S, ) was mixed with an equal volume of saturated
ammonium sulfate, pH 7.2. The mixture was kept
in an ice bath for 15 min and then centrifuged at
2,500 g for 15 min. The supernatant was removed,
and the precipitate was dissolved in 115 volume of
S, of BS (0.05 M borate buffe", 0.12 M NaCl, pH
9.0), and centrifuged at 700 g for 10 min. From the
supernatant (S, ), virus was collected by ultracentrifu-
gation at 90,000 g for 60 min. The super natant was
removed and the precipitate was resuspended in 1110
volume of S, of BS. To this suspension, protamine
sulfate was aidded at a final concentration of linglml.
The mixture was kept in an ice bath for 15 min and
then clarified by centrifugation at 700 g for 10 min.
The final supernatant (S, ) \\, as diluted 10 fold with
virus diluent (0.2% gelatin in IVIEiVl), distributed
into a number of tubes and stored at -70 C as \, irus

stock. All the experiments reported in this paper
were carried out using this stocl<.

4. Sucrose gr@ate, ,t seat, "e, tintio"

Samples of 0.5 inI were layered onto 4.5 inI of
10-35% (wlw) sucrose gradient in STE, and cen-
trifuged with an SW-39 or SW-50 rotorin a Beckman
model L ultracentrifuge at 30,000 revjmin for 60 min.
Fractions were collected dropwise from the bottom
of the centrifuge tubes.

The radioactivity of the acid-insoluble fraction
was measured by drying 0.1 inI samples on 2.5 cm
diameter filter paper disks (Toyo Roshi, No. 5 C),
which were then extracted by the method of Bollum
(1966). Radioactivity was counted in a Beckman
liquid scintillation spectrometer, model LS-200 B,
with scintillator consisting of 4 g of diphenyloxazol
in one liter of toluene.

3. Pill, s 1110ci, /at1011 and PI chardtio, ! of a cell fromo-
geli@to

Growth medium was drained from monolayers of
BHK-21 cells and they were in DCulated with stock

Adsorption \\. as carried out at 37 C for 2 hr,
by spreading virus over cell sheets every 30 min.
Then the sheets were washed twice with PBS

(Dulbecco and Vogt, 1954), MEM was added to
them and they were incubated at 37 C. This point
was tal<en as the zero time of infection. After a

certain period of incubation, culture fluid was re-
moved, and the cell sheets were scraped into STE
(0.02 M T"is-HC1, 0.1 M NaC1, 0.001 itI EDTA,
pH 7.6). The cell suspension was homogenized in
a Warmg blendor and centrifuged at 700 g for
10 min. The supernatant was used for sucrose
gradient analysis.

5. Extraction of RNA

RNA was extracted from fractions obtained by
sucrose gradient analysis after dilution of these
fractions to 2 inI with STE. Each sample \\. as mixed
with an equal volume of water's aturated phenol
containing 0,001 M EDTA and I% of sodium dodecyl
sulfate (SDS), which had been kept at 60 C. Extrac-
tion was carried out at 60C for Sinin and

then samples \\, ere cooled in an ice bath and
centrifuged at 1,500 " for 15 min. The aqueous
phase was Teextracted with I inI of water-saturated
phenol and recentrifuged. Phenol was removed
from the second aqueous PITase b}, 3 successive ex-
tractions with ether.

virus.

6. lifectiuty tilia!1011 of CAP alld its RNA

The method LISed \\, as essentially as described
previously (Igarashi and Ttichinda, 1967 ; Igarashi
at a1. , 1967). The titer was presented as PIaque
forming units (FFU) per inI
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7. Reage, its

Undine-5-H' (5 cjmmole) was purchased from
Daiichi Pure Chemicals Co. Ltd. Tokyo. Actino-
my cm S, \\, as generously supplied by Prof. I. Rawa-

of this Institute. Chemical studies onmata

Actinomycin S, showed that it corresponds to
Actinomycin Xg (Furukawa at a1. , 1968). Blochemi-
cal studies of Actinomycin S, demonstrated that its
mechanism of action is similar to that of Actino-

my cm D (Prof. Kawamata, personal communication).
Crystalline pancreatic ribonuclease (RNase) \\, as a
product of worthington Biochemicals Co. Sodium
deoxycholate of Difco Laboratories and protamine
sulfate of Nutritional Biochemicals Co. \\, ere used.



RESULTS

I. Preseiice of all Intrdcel/Winr copy!pO"errt as-
SOCihted torth ChP-specific RNH

In the presence of I 11gjml of Actinomycin
S3, over 957, of cellular RNA synthesis me as-
ured by H'-undine incorporation \\, as inhibited
in non-infected BHK-21 cells as in the case

of FL cells (Mantani at a1. , 1967), and no
prominent radioactive peak of acid-insoluble
material was detected from cell hornogenate by
sucrose gradient analysis. \\!hile the yield of
ChV \\, as not affected at this concentration of

the drug. So that the acid-insoluble count
incorporated was considered as ChV-specific,
when ChV-infected cells were labelled with H3-

uridine in the presence of I 11glinl of Acti-
nomyCin S3.

ChV-infected BHK-21 cells \\, ere labelled

with H'-undine in the presence of Actinomycin
S3, and the cell hornogenate was analyzed by
sucrose gradient sedimentation. The main
peak of radioactivity \\, as found in about the
middle of the gradient column, \\, hile ChV-
FFU sedimented far toward the bottom of the

gradient, so that ChV-specific, acid-insoluble
radioactivity separated from ChV-FFU (Fig.
IA). The component associated with ChV-
specific radioactivity in fraction 7 in Fig. IA
was arbitrarily named the " X "-component.

On the other hand, when the superat ant of
the culture fluid \\, as analyzed under the same
condition, the main radioactive peak was close
to the ChV-FFU peak, sedimenting faster than
" X " (Fig. TB). The faster sedimentation of
ChV-FFU in the experiment shown in Fig. IA
than in Fig. IB may be attributed to the as-
SOCiation of ChV infectivity with some cellular
components.

when a cell hornogenate prepared from in-
fected BHK-21 cells, \\, hich had been kept
frozen at -20 C for 2 days \\, as used, the ra-
dioactive peak around fraction 7 was 118-1110
of that of fre^h material (Fig. IA).
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2. Appearn"ce of the " X "-component of 1173'"g
''nectzo"

To study the nature of the " X "-component,
its appearance during the course of infection
was examined. Replicate cultures of BHK-21
cells were infected with ChV and pulse labelled
for 2 hr at 2 hr intervals after infection. Cell

hornogenates \\, ere prepared after each labelling
period. A sample of each hornogenate was
used for nTeasuring ChV-FFU and radioactivity.
Results are shownin Fig. 2 and Table I. The
virus titer increased from 2 hr to 12 hr after

infection. The incorporation of H'-undine
into the acid-insoluble fraction within 2 hr

labelling period increased with time after in-
feation until 10 hr after infection and decreased

slightly 10-12 hr after infection. The FFU
released during each of the 2 hr periods in-
creased with time until 10 hr after infection and

then decreased slightly in the period 10-12 hr
after infection. The ratio of ChV-FFU re-

leased during the 2 hr period to the H'-count
incorporated \\, as found to increase as infection
proceeded, except for a slight drop in the last
period. At present there are no data on the
rate of incorporation of H'-count into mature
virus particles, but it seems from the data in
Table I, that ChV is produced at most in the
8-10 hr period, followed by the 6-8 hr period
after infection.

The cell hornogenates prepared in the above
experiments were analyzed by sucrose gradient
sedimentation. The results are shown in Fig.
3A-E. The peak of " X " was detectable from
4-6 hr after infection (Fig. 3B) and subse-
quently became more prominent (Fig. 3C-E).
There was another peak of acid-insoluble radio-
activity at fraction 10, and this peak was pro-
minent from an early stage of infection. when
H3-undine labelled RNA extracted from

purified Ch\I was centrifuged under the same
conditions, the H3-peak was found in fraction
10, so that the radioactivity around fraction
10 in Fig. 3 might be attributable to the free
ChV-specific RNA complex.

The radioactive counts corresponding to

" X " and to the RNA-complex are given in
Table 2, showing the approximate amounts of
these compounds labelled within the 2 hr
periods. There was a steady increase both in
the absolute amount of " X " and in its ratio

to the total count incorporated, as infection
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TABLE I. Incorporott'0" of H'-24rz'chite and
ChP-FFU ,. e/eosed dura'fig success!'ue 2 howl'
pel'10ds nitei' 2741ectt'ON

Labelling
period

(hr after
infection)

a ChV-FFU

0.1ml ( jin)

2- 4

4- 6

6- 8

8-10

10-12

4,650

6,651

12,056

17,144

12,817

a values in 6 in I of hornogenate

5.23 x 106

2.55 x 107

I. 29 XIos

2.25 XI8a

9.00 X 107

FFU released

per H3-count
incorporated

8

,13 X102

3.84 XI02

I. 07 XIoa

I. 31 xioa

7.03 x 102
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proceeded. Meanwhile the highest ratio of
radioactivity in the RNA-complex to total count
was in the 2--4 hr period, and the lowest in the
8-10 hr followed by the 10-12 hr period.

If the " X "-component was the precursor or
immature particles of ChV, and if there was no
inefficiency in the step of conversion of " X "
to ChV, there should be some correlation be-
tween the amount of " X " and the efficiency

of production of mature ChV in infected cells.
To test this, tlTe ratio of ChV-PFU released to
the amount of the " X " at eachlabelling period
was measured. These values increased from

the 2-+ hr period until the 6-8 hr period and
than dadined (T, b1.2). Thi^ may, imply that
in the late stage of infection, there is some
overproduction of " X " or inefficiency in the
conversion to mature ChV. Another explana-
tion may be that " X " is not a precursor of
ChV but some kind of by-product which ac-
cumulates inside ChV-infected cells. The fol-

lowing experiment was to clarify this point.

3. P"he and chase experiment
In the presence of Actinomycin S3 ChV-

infected BHK-21 cells were pulse labelled in
th. co"Iy (3-4 h") and hat' (8-9 h") st, g, ^ of
infection with HB-undine. Then the radioac-
tive medium was removed and H3-uridine was

cased out by MEM containing cold uridine

and Actinomycin S, , for 30 min and 60 min.
Cell hornogenates \\, ere prepared and analyzed
by sucrose gradient sedimentation. The re-
SUIts in Fig. 4. indicate that the H'-count in
" X ' ' could not be chased out efficiently either
during the early or the late stage of infection.
The count in the RNA complex in the late
stage of infection was chased out, while that
in the early stage was not. These results
suggest that the H'-count accumulates in " X '
in the late stage of infection. Chasing out of
radioactivity from " X " could not be demon-
strated using longer chasing periods of up to
4 hr.

TABLE 2. Incorpointt'on of H'-"1'1di"e I'"to " X " and the RNA-complex dui'ing successzbe 2 hour
pert'ods after' Infection

4. Assoc!at1'0" of the " X "-coinpo"ent 201'th
Infectt'"e Ch, -RNA

The above experiment did not directly dem-
onstrate a relationship between " X " and ChV.
Hence the next approach was to see whether
the " X "-component could yield infective
ChV-RNA. A cell hornogenate prepared from
fresh BHK-21 cells 16 hr after infection, was
analyzed by sucrose gradient sedimentation.
Each fraction was assayed for its ChV-FFU
and, after RNA extraction, for FFU of in-
fective RNA. The results (Fig. 5A) show that
infective RNA was recovered from fraction 7

with a high titer, while most of the ChV-FFU
sedimented to the bottom. A cell hornogenate

Labelling period
(hr after
infection)

2- 4

4- 6

6- 8

8-10

10-12

countjminl
0.1 inI

H'-count in " X ""

a : values from Fig. 3.
b : not corrected for change in volume during sucrose gradient analysis

89

203

520

1350

1460

ratio to total
H'-countb
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00191

00305

00431

00788

0114

PFU released

per H3-count
in " X "

588 x 104

I. 26 x 105

2.40 XI05

1.67XIOs

6.16 xiO'

H3-count in RNAa

countjminj
0.1 inI

992

950

1976

1836

1428

ratio to total
H'-countb

O. 214

0143

0164

0107

0111
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prepared from the same kind of BHK-21 cells
after storage at -20 C for 2 days, yielded less
(, b. ut 118) miteriv, RNA (Fig. SE), than fre^h
cells. The result in Fig. 5 is coinparable \\, ith
that in Fig. IA, where a high count \\, as found
in fraction 7 of fresh specimen and less in a
specimen from frozen cells.
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presence of Actinomycin S3. Each fraction
from a sucrose gradient was assayed for Its
ChV-FFU, acid-insoluble count, and, after
ort"^cti. n, for RNA-FFU (Fig. 6A). Ther"
was a correspondence between the H'-count
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and the titer of infective RNA around fraction

7, although another H'-peak around fraction
9-10 was visible. The peak of ChV-PFU was
found near the bottom. Part of fraction 7 was

recentrifuged and analyzed under the same
conditions as before. The result (Fig. 6B)
showed that the " X- "-component was a dis-
tinct entity carrying infectinve RNA. The
ChV-PFU in fractions 6 and 7 was inuclT lower

than that expected from the titer of RNA ex-
oftracted. The reason for the appearance

6

A,

11

a small radioactive peak in fraction U in Fig.
6B is not clear, but it might represent a portion
of RNA in " X " which is easily broken off.

Piaque formation by RNA in fraction 7 of
Fig. 6B was completely inhibited, when 10-2
dilution of anti-ChV rabbit serum was present
in the agar overlay medium. Moreover the
PFLi of RNA in fraction 7 was completely
dust". y, d by RN, ^, a Agjm1,15 C, 5 min).

In contrast to the cell hornogenate, when
purified ChV (S5) was analyzed in a sucrose
gradient and each fraction was tested as in
Fig. 5, the PFU of extracted RNA was dis-
tribuned 11k. that of mature ChV (Fig. 7). in
this case only one component carrying in-
fective RNA may be mature ChV, and the
ratio of RNA-PFU to ChV-PFU was 10-4-

10~5, which was far less than in fraction 7 of
Fig. 6B.

5. Other properties of " X "
Further studies were made on the nature of

" X ". As shown in Fig. 8, when a cell horno-
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genate \\, as treated \\, ith RNase before sucrose
gradient analysis, the peak of radioactivity cor-
responding to " X " decreased. At the same
time, the H'-count in the RNA complex also
decreased. The effect of deoxycholate
" X " \\, as different. The H'-peak correspond-
ing to " X " disappeared, while the count in
the RNA-complex increased. This suggests
that RNA was released from " X " by brief
treatment \\, itIT deoxycholate. \\;hen a cell
hornogenate was treated with protamine sulfate,
and clarified by centrifugation, scarcely any
radioactive peak was obtained from the super-
natant on sucrose gradient analysis. This is
contrary to the result for mature CITV, \\, here
the PFU remaines almost entirely in the super-
Datant.

DISCUSSION

on

An intracellular component, arbitrarily de-
signated as " X ", \\, as found and shown by
ultracentrifugation to be a distinct entity as-
SOCiated with ChV-spefific RNA. It sedi-
merited slower in a sucrose gradient than
mature ChV. Using Japanese encephalitis
virus, as a reference of 200 S (Fukai, 1<it ano
and Fukunaga, 1966), the sedimentation coeffi-
cient of mature ChV \\, as estimated as 230 S,
and that of the " X " as 170 S. On the other

hand " X " sedimented more rapidly than Cl}V
in potassium tartrate gradients. This may
imply that " X " despite its smaller size has
a higher density than mature ChV particles.
Using partially purified ChV samples from
ruckling in, us, himn, Ig"",*hi at a1. (1967)
found some components other than mature
ChV, yielding infective RNA. when purified
ChV from infected tissue culture fluid \\, as used,
only mature ChV yielded infective RNA. This
discrepancy can be interpreted by the Intracel-
Iular presence of " X " as a carrier of infective
RNA. In the cytoplasm of chick embryo cells
infected with Semliki Forest virus, Friedman
and Be rezesky (1967) found a possible precursor
particle of 140 S, which \\, as labelled \\, itIT a
I hr pulse, \\, as RNase-resistant and contained
42 S viral RNA. This particle of 34-40 in/{
diameter, \\, hich lacked an outer envelope, \\, as
not infectious under the conditions used for

assaying mature virus. Similar cytoplasmic
structtire were also found in the cases of Sindbis

virus (Ben-Ishai, Goldblum and Becker, 1968)
and western equine encephalitis virus (Sre-
evalsan and Allen, 1968).

The " X "-component yield infective ChV-
RNA when extracted with hot SDS-phenol,
although " X " itself has 10\\, infectivity as
virus, if any. By the cold phenol method, a
lower amount of RNA-FFU \\, as extracted from

" X " also " X " seems to exist primarily in-
tracellular. These results are different from

the case of eastern equine encephalitis virus
avecker and Richter, 1962 ; Richter and
\\recker, 1963), in which infective RNA was
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extracted efficiently by the cold phenol method
from immature particles, and these particles
were also found in infected culture fluid.

At present we have no direct evidence that
" X " is the precursor or an immature form
of ChV. Pulse and chase experiments did not
show that radioactivity in " X " was incor-
POTated into mature ChV. On the other hand
the H3-count in the RNA complex was chased
out in the late stage of infection, but not in
the early stage. This might be interpreted as
showing that in the early stage of infection there
was a multiplication of ChV-RNA template as
an RNA-replication mechanism increasing the
size of the pool of RNA-complex, while in the
late stage the size of this pool did not increase.
This hypothesis could also explain why the
efficiency of virus liberation relative to the total
count was low in the early stage of infection
but increased later.

It seems interesting to see that " X " tended
to accumulate in the late stage of infection,
but the efficiency of virus release relative to
the amount of the ' ' X ' ' labelled during the
2 hr periods decreased from 8 hr after infoc-
tion. These results could be explained in two
ways : One explanation is that " X " is not
a direct precursor of ChV but only a by-product,
the production of which is not related to the
release of ChV, but increases steadily as in-
fection proceeds. By electron microscopy
Mussgay and \\leibe1 (1962) observed a nucleoid
structure of 25 in/4 diameter in the cytoplasm
of KB cells infected \\, ith Venezuelan equine
encephalitis virus, but they are uncertain
whether this structure us a precursor particle.
The other explanation is that although " X "
is a precursor of ChV, the maturation step of
' ' X ' ' into ChV may be blocked or inhibited.
In electron microscopic stdies on a western
equine encephalitis virus-chick embryo cell
system, Morgan, Howe and Rose (1961) 0b-
served precursor particles of 22 inn diameter,
which \\, ere absent in an advanced stage of
infection. Higashi at a1. (1967) reported SImi-
Iar particles seeiT on electron microscopic ex-
amination of VERO cells in a later period of

infection with Ch\I. MCGee-Russel and

Gosztonyi (1967) described a virus core-like
structure in suckling mouse brain infected
with Semiiki Forest virus. Aches on and Tamm

(1967) studied the Semliki Forest virus-chick
embryo cell system by electron microscopy
and reported the presence of the same structure,
and they also noted that accumulation of nu-
cleoid was observed in the late stage but not
in the early stage of infection. Evidently the
possibility that " X " is a precursor cannot be
ruled out even from the negative results of
pulse and chase experiments, because it may
be difficult to chase out when the pool size is
large and is increasing, and when " X " is
treated as a mass population, in contrast to the
case in electron microscopic studies.

In the case of group B arboviruses, Yasuzumi
at a1. (1964) and Y, ^urumi and Tsubo (1965)
reported the presence of dense particles of 20-
25 roll diameter in mouse brains infected with
Japanese encephalitis virus. Using a Kerne-
Toho virus-chick embryo cell system, She-
stopalova at a1. (1964) observed particles of
26-27 inn in diameter in the nuclei and
cytoplasm. No clear-cut relationship
established between these particles and mature
virus particles. Igarashi, Kitano and Fukai
(1963) reported briefly on a slow-sedimenting
infectivity of Japanese encephalitis virus dif-
fering from that of mature virus by sucrose
gradient analysis and L05, j titration in mice.
However, this \\, as not confirmed by our sub-
sequent work using a titration in tissue culture
system and virus preparations from frozen
brains (Igarashi, Fukunaga and Fukai, 1964).
This contradiction may be reconciled by as-

of the ofsumption a componentpresence

like " X " also in Japanese encephalitis virus
system.
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