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STRUCTURAL COMPONENTS OF CHIKUNGUNYA VIRUS!
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Department of Preventive Medicine, Research Institute for Microbial Diseases, Osaka
University, Yamada-kami, Suita, Osaka

(Received February 20, 1970)

UMMARY Studies were performed on the structural proteins of Chikungunya
S virus (ChV), some components derived from it and an intracellular component
associated with ChV-specific RNA (the ““ X “-component), by electrophoresis in
polyacrylamide gels. The results, supported by morphological and biochemical evi-
dence, showed that ChV contains 2 major structural proteins. One of them is as-
sociated with hemagglutinin, and the other with the core of ChV. The molecular
weights of these proteins, estimated from their mobilities in polyacrylamide gels con-
taining sodium dodecylsulfate, were 53,000 for the hemagglutinin protein and 30,000
for the core protein.

Pronase treatment of ChV (density 1.24 g/cc) yielded smooth-surfaced particles
(density 1.20 g/cc), which seemed to have an intact core surrounded by a membrane
containing phospholipid, but which were devoid of hemagglutinin. Further diges-
tion seemed to remove the membrane. On treatment with Tween 80 and ether,
small but heavy hemagglutinin (density 1.28 g/cc) was released from ChV. The
fundamental structure of the hemagglutinin seemed to be a hollow circular or
hexagonal cylinder with a diameter of 3 my. Treatment of ChV with Nonidet
P40 yielded small, light hemagglutinin (density 1.19 g/cc), which seemed to retain
part of the membrane containing phospholipid.

The ““ X ”’-component was shown to contain the core protein of ChV as its major
protein component, but it was not found to have the phospholipid membrane.
The results are compatible with the idea that the “ X’ component is a nucleo-
protein core of ChV accumulating in ChV-infected BHK21 cells.

1. A part of this work was performed during a train- Microbiology, Faculty of Medicine, Chiang-Mai
ing course in Microbiology in 1969 held in this University, Chiang-Mai, Thailand.
Institute by the Government of Japan and arranged 3. Participant in the course from Taiwan Serum and
by the Overseas Technical Cooperation Agency. Vaccine Laboratory, Taipei, Taiwan.

2. Participant in the course from the Department of
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INTRODUCTION

The presence of an intracellular component
associated with Chikungunya virus (ChV)-
specific RNA was identified in BHK21 cells
infected with ChV. The component was
arbitrarily named the “ X (Igarashi and
Fukai, 1969). Some of the basic characteristics
of the ¢ X » were also reported, supporting the
idea that the “ X ” is a nucleoprotein core of
ChV (Igarashi, 1969; Igarashi, Fukuoka and
Fukai, 1969). There are several reports on the
structural proteins of other group A arboviruses
and of their nucleoprotein core found in in-
fected cells, using polyacrylamide gel electro-
phoresis (Friedman, 1968; Hay, Skehel and
Burke, 1968; Sreevalsan and Allen, 1968).
To confirm this idea, it was necessary to clarify
the structural proteins of ChV and the “X 7.
This paper reports results of a study on these
structural proteins, together with some mor-
phological and biochemical studies on com-
ponents derived from ChV.

MATERIALS AND METHODS

1. Virus

Chikungunya virus (ChV), African strain was ob-
tained from Dr. S. Ahandrik of the Virus Research
Institute, Bangkok, Thailand. The stock of seed

virus was prepared as described before (Igarashi and
Fukai, 1969).

2. Cells

The host cell for virus growth was a baby-hamster
kidney-cell line (BHK21), clone 13 (MacPherson and
Stoker, 1962). The cell line was obtained from Dr.
H. Aoki of the Department of Microbiology, Kobe
University, and was grown by the method of Kara-
batsos and Buckley (1967). An established cell line
of African green monkey kidney (VERO) was sup-
plied from Dr. A. Oya of the National Institute of
Health of Japan, Tokyo, and was grown as described
previously (Igarashi and Tuchinda, 1967).

3. Purification of ChV

The method was as described before (Igarashi,
1969). Cell growth media were removed from con-
fluent sheets of BHK?21 cells. The cell sheets were
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washed twice with PBS (Dulbecco and Vogt, 1954),
and were inoculated with the seed virus at an input
multiplicity of 5 PFUJcell. Virus adsorption was
carried out at 37 C for 2 hr, spreading virus over cell
sheets every 30 min. Then, cultures were added
with Eagle’s minimal essential medium (MEM,
1959), and incubated at 37 C. When *H-uridine
labeled ChV was necessary, MEM containing 1 y.g/ml
of Actinomycin S; was used as virus phase medium.
To obtain 3H-valine, or 4C-valine labeled ChV, the
content of amino acids except glutamine was reduced
to 1/10 of the ordinary amount and Actinomycin Sy
was added to 1 pg/ml. In both cases labeling was
performed from 2 hr after infection, while Actino-
mycin was added from Ohr. To prepare C-
choline labeled ChV, BHK21 cells were preincubated
for 2 hr before ChV infection, with **C-choline in
MEM containing 1/10 the ordinary amount of vita-
mine mixture.

At 16 hr after infection, infected fluid (F), about
600 ml volume, was collected from infected BHK21
cells (about 9x 108 total cells). The F was centri-
fuged at 700xg for 10 min. To the supernatant
(8,) was added an equal volume of saturated am-
monium sulfate, pH 7.2. The mixture was kept in
an ice bath for 15 min and then centrifuged at 4,000
x g for 20 min. 'The supernatant was removed, and
the precipitate was dissolved in S,/lO volume of BS
(0.12 m NaCl, 0.05 M borate buffer, pH 9), and the
solution (P,) was centrifuged at 700 X g for 10 min.
The supernatant (S;) was centrifuged at 90,000 x g
for 60 min. The supernatant was removed and the
pellet was resuspended in 53/10 volume of BS. To
the suspension (P,), P4/10 volume of protamine sul-
fate (10 mg/ml in BS) was added. The mixture was
kept in an ice bath for 15 min, and then centrifuged
at 700 xg for 10 min. About 6 ml of the super-
natant (S;) was then layered onto 25 ml of a 10-359,
sucrose gradient in STE (0.1 m NaCl, 0.02 m Tris-
HCI, 0.001 m EDTA, pH 7.6), and was centrifuged
in an SW-25.1 rotor of a Beckman model L ultra-
centrifuge at 25,000 rev/min for 75 min. A bluish-
white light scattering band was observed at a little
below the middle of the gradient (Fig. 1). The band
was sucked into a syringe equipped with a long needle
with an L-shaped tip, and was used as the prepara-
tion of purified ChV after dialysis against an appro-
priate buffer.

4. Preparation of infected cell homogenate

BHK?21 cell sheets were harvested 16 hr after in-



fection with ChV. Cell sheets were scraped into
STE to make a suspension of approximately 3 x 107
cells/ml. The suspension was homogenized in a
Teflon homogenizer, and was centrifuged at 700 x g
for 10 min. The supernatant was used for further
analysis.

5. Extraction of RNA

Specimens in STE were mixed with an equal
volume of 809 phenol containing 0.001 M EDTA
and 29, sodium dodecylsulfate (SDS). Extraction
was carried out in a 50 C water bath for 3 min.
Then the specimens were cooled in an ice bath, and
centrifuged at 1,500xg for 15min. The water
phase was extracted with 809, phenol containing
0.001 m EDTA for 2min at room temperature.
The mixture were recentrifuged and phenol was re-
moved from the second water phase by 3 successive
extractions with ether.

6. Infectivity titration of ChV and its RNA

The methods were the same as described before
(Igarashi and Tuchinda, 1967 ; Igarashi, Fukai and
Tuchinda, 1967). Titers are presented as plague
forming units (PFU) per ml.

7. Hemagglutination (HA) and hemagglutination-
inhibition (HI) test

The HA activities of ChV and components derived
from it and the HI titer of immune sera were assayed
by the method of Clarke and Casals (1958), using
goose red blood cells suspended in VAD 6.0. The
method was slightly modified for use in a microtiter
system (Sever, 1962). Antiserum against ChV was

prepared in adult mice as described before (Igarashi,
1969).

8. Sucrose gradient sedimentation

Specimens of 0.5 ml of ChV, its components or
cell homogenates were overlayed onto 4.5 ml of a
10-359% sucrose gradient in STE, and were cen-
trifuged in an SW-39 rotor of a Beckman model L
ultracentrifuge at 30,000 rev/min for 60 min. Twelve
fractions were collected dropwise from the bottom
of each tube.

Specimens of 0.2 ml of RNA were layered onto
4.8 ml of a 5-209, sucrose gradient in STE, and were
centrifuged in an SW-65T1 rotor of a Beckman model
L2-65B ultracentrifuge at 55,000 rev/min for 80 min
at 10 C. Fifteen fractions were collected dropwise
from the bottom of each tube.

Specimens to measure acid-insoluble radioactivity
were prepared by drying 0.1 ml of each fraction on a
2.5 cm diameter filter paper disk (Toyo Roshi, No.
5C). Disks were then extracted by Bollum’s method
(1966). Specimens labeled with *C-choline were
not extracted with ethanol and ether. Dried disks
were immersed in 10 ml of toluene scintillator fAluid
(4 g of diphenyloxazol in one liter of tolucne). The
total radioactivity of each fraction was measured by
adding 0.1 ml of specimen to 10 ml of Bray’s solu-
tion (1960). Counts were recorded in a Beckman
model LSC-150B liquid scintillation spectrometer.
With specimens doubly labeled with 3H and 4C,
automatic quenching control (AQC) was put on in
the machine with an external standard of y-ray ir-
radiation.

9. Polyacrylamide gel electrophoresis

The method of Summers et al. (1965) and Strauss
et al. (1968) was followed with slight modifications.
The gel mixture contained final concentrations of
7.5% acrylamide, 0.5% N, N’ methylene-bisacryl-
amide, 0.19% SDS, 0.1 M sodium phosphate buffer,
pH 7.0, 0.0349, N, N, N’, N’ tetramethylethylenedi-
amine and 0.079, ammonium persulfate. The mix-
ture was deareated and poured into 5 X 80 mm glass
tubes, held vertically and stoppered in one end, to
make 5x50mm gel columns. The mixture was
carefully overlayed to a height of 3 mm with distilled
water to give a flat surface to the gel. The gel were
allowed to polymerize for 3 hr at room temperature.
Gels were prerun with an electrophoresis buffer
(0.1 m sodium phosphate, pH 7.0, containing 0.1,
SDS), at 5 mamp/gel for 2 hr at room temperature.

Specimens for electrophoresis were dialyzed against
0.01 m sodium phosphate buffer, pH 7.0, in the cold,
and then solubilized by incubation with 1% SDS
and 1% 2-mercaptoethanol at 37 C for 1 hr. The
solubilized specimens were then dialyzed against
0.01 M sodium phosphate buffer, pH 7.0, containing
0.19% SDS and 0.1% 2-mercaptoethanol at room
temperature overnight. One-fifth volume of 609,
sucrose containing bromophenol blue was mixed
with the dialyzed specimen, and 0.1 ml of the mix-
ture was applied on the polyacrylamide gel column
in the glass tube.

Electrophoresis was performed at room tempera-
ture for 4 hr at 5 mamp/gel. After the run, gels
were removed from the glass tubes, fixed in 209,
sulfosalicylic acid, and stained with Coomassie
brilliant blue R 250 and then destained in 7%, acetic
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on NP40 treatment, another hemagglutinin
was liberated, which was small and light and
retained part of the membrane containing
phospholipid. The hemagglutinins liberated
by both T'ween 80-ether and NP40 contained
only the slower moving component of 2 major
structural proteins of ChV.

3. Protein component associated with the core
of ChV

1) Pronase treated ChV.

Pronase is known to ‘“ shave off ” the outer
projections of Semlike Forest virus in media of
low ionic strength (Osterrieth, 1965; Calberg-
Bacq and Osterrieth, 1966). Purified ChV
labeled with ®H-valine was dialyzed against
0.0l m sodium phosphate, pH 7.0, and the
resulting specimen was incubated with 100 ug/
ml of pronase at 37C for 60 min. The reaction
was stopped by adding 1/10 volume of 2 M
NaCl and the specimen was analyzed by sucrose
gradient sedimentation. Acid-insoluble radio-
activity sedimented to fraction 7, while acid-
soluble radioactivity (difference between total
and acid-insoluble counts) remained at the top
of the gradient (Fig. 4C). Fraction 7 was
analyzed by polyacrylamide gel electrophoresis.
A single band was obtained corresponding to
the faster moving band of intact ChV (Fig. 2C
and 7B). When a purified ChV specimen
labeled with 3H-uridine and '4C-choline was
treated with pronase as above and analyzed by
sucrose gradient sedimentation, both the acid-
insoluble 3H- and MC-counts sedimented to
fraction 7 as a single peak (Fig. 8B). With
intact ChV, both sedimented to fraction 5
(Fig. 8A). When the same pronase-treated
ChV specimen was analyzed by CsCl density
gradient centrifugation, both the 3H- and
UC-counts were found as a single peak at a
density of 1.20 g/cc (Fig. 9A). Thus the
protein component responsible for HA,
present on the cutside of the ChV particle, was
digested by pronase, leaving a core particle
retaining the membrane containing phospho-
lipid. This conclusion was supported by the
results on the RNA extracted from pronase-

A -1.30
41.25
o 4120
) 11.15
S 6r
X —~
E 3
s 4 e
£
£ e
\m oL ., |
= c
< jol
3 a
S -~ _n"‘\..‘__’—&v
2
z 5 11.35
§ 16} 41.30
E 11.25
2 12f 1120
_5 12 \\ .
3 11.15
© 8f
(&)
<T
4r
r-= S . ;
1 5 10 15 20
Bottom Fraction No. Top

Ficure 9.  CsCl density gradient centrifugation of 3H-
uridine and YC-choline labeled specimens.

(A) Pronase treated ChlV/

(B) Fraction 7 on sucrose gradient sedimentation of
the supernatant of a cell homogenate from BHKZ2T cells
infected with ChV in the presence of Actinomycin Sy

O O acid-insoluble radioactivity of *H
@®--—--- ® acid-insoluble radioactivity of **C
: - density

treated ChV. Although the ChV-PFU and
HA were greatly decreased by pronase treat-
ment, the PFU of extracted RNA remained
fairly high (Table 1). On sucrose gradient
analysis of RNA extracted from *H-uridine
labeled and pronase-treated ChV, 2 single
peak of 45 3 was obtained, the value being
the same as that of intact ChV-RNA (TFig. 10).

2) Core released by NP40.

As already described, when *H-valine labeled
ChV was treated with NP40 and then analyzed
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TaBLE 1. HA and PFU of ChV and PFU
of RNA extracted from i, before and after
treatment with pronase

HA of PFU of eifrgct‘éfd
ChV ~ Chv oXiack

Original ChV 640 5.0x10° 1.1x10°
Pronase-treated ChV® <20 1.5x10% 7.0x10*

¢ Pronase 100 p#g/ml in 0.01 M phosphate buffer, pH
7.0, at 37 C for 60 min.

10

Acid-insoluble counts /min/0.1mi x10-2

o Il 1 1 )
1 5 10 15
Bottom Fraction No. Top

Figure 10. Sucrose gradient sedimentation of RNA
from pronase treated ChV labeled with *H-uridine.
(@] O acid-insoluble radioactivity
Vertical arrows : position of OD,g peak of mouse
brain RN A added as a marker

by sucrose gradient sedimentation, another
peak of S3H-counts appeared in fraction 7
besides that near the top (Fig. 4D). Fraction
7 was removed to analyze its protein component
by polyacrylamide gel electrophoresis. 'The
result showed that fraction 7 contained one
polypeptide with the same mobility as the faster
moving component of intact ChV proteins
(Fig. 5B). However, after NP40 treatment of
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ChV labeled with H-uridine and 4C-choline,
both the 3H- and 4C-counts remained at the
top of the sucrose gradient on centrifugation
(Fig. 8C). Thus the core particle released by
NP40 treatment seemed to have no phospho-
lipid membrane, and probably no viral RNA,
although it contained the core protein of ChV.

From the above results it seems that ChV has
2 major structural proteins. One is localized
at the membrane and responsible for HA, and
has a slower mobility in SDS-polyacrylamide
gel.  The other seems to be associated with the
core structure of ChV and has a faster mobility.
The mobilities were compared with those of
bovine serum albumin and cytochrome c, and
the relationship between the molecular weight
and the mobility of proteins in SDS-polyacryl-
amide gels was applied (Shapiro et al., 1967).
The molecular weight of the membrane or
HA protein of ChV was estimated as 53,000
and that of the core protein as 30,000.

4. Protein component of the “ X

In a ChV-BHK system, a possible intracel-
lular nucleoid component of ChV, arbitrarily
named the “ X, was shown to accumulate
in the late stage of infection. One purpose of
this work was to identify the protein component
associated with the “X”, The “X ”-com-
ponent was prepared from ChV-infected
BHK21 cells. Cells were labeled with 3H-
valine from 2 hr after infection in the presence
of 1 ug/ml of Actinomycin S;. A cell homo-
genate was prpared 16 hr after infection. The
homogenate was centrifuged and the super-
natant was analyzed by sucrose gradient
sedimentation. In addition to the count near
the top of the gradient, there was a peak of
acid-insoluble count in fraction 7, corres-
ponding to the position of the “ X ** (Fig. 11A).
The distribution of radioactivity was not
affected by treatment of the supernatant from
the cell homogenate with 0.19, NP40 at room
temperature for 10 min before sucrose gradient
analysis (Fig. 11B). 'The peak fraction of the
“ X" was pooled, diluted 4 times with 0.01 M
phosphate buffer, pH 7, and then cencentrated






lating in the infected BHK21 cells.
5. Morphological observations on the com-
ponents derived from ChV

The biochemical studies described above
indicated a mechanism of degradation of ChV.
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Ficure 13, Polyacrylamide gel electrophoresis of SEl-
valine labeled ChV and “C-valine labeled *“ X .
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® -@ radioactivity of “C

To verify this, morphological studies were
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made by electron microscopy. ChV was
treated with Tween 80-ether and subjected to
CsCl density gradient centrifugation. The HA
peak obtained was then examined by electron
microscope. Fine particulate or granular
structures of variable size were seen with a small
hollow circular or hexagonal cylinder of 3mg
diameter as their fundamental unit (Fig. 14).
The same kind of fundamental structures were
sometimes observed on the outside of ChV
particles (Fig. 15).

When ChV was treated with pronase (100 ug/
ml in 0.01 M phosphate buffer, pH 7, at 37C
for 60 min), this outer part of the envelope
seemed to be removed, leaving a smooth-
surfaced particle (Fig. 16). These particles
still seemed to retain their membrane con-
taining phospholipid, because, when the action
of pronase was not stopped by adding NaCl,
several particles were seen in an apparently
more advanced stages of digestion. That is,
the phospholipid membrane seemed to be
separated from the core, or partly removed or
completely removed leaving a naked core.
(Figs. 17A and B). The appearance of this
core seems very much like that of the “ X -
component reported before (Igarashi et al.,

1969).

FiGure 14.  Electron wmicrograph of hemagglutinin liberated by Tween 80 and

ether treatment of ChV.
300,000

Magnification :
Scale: 100 mu

>

Ficure 15, Electron micrograph of purified ChV.

Magnification :
Scale: 100 mp

104 BikeEn JourNAL Vol. 13 No. 2 1970

300,000












DISCUSSION

There are several reports on the structural
proteins of group A arboviruses. Strausset al.,
(1968 ; 1969) observed 2 structural proteins in
the Sindbis virus, a membrane and a core.
Yin and Lockart obtained the same result, but
Horzinek and Mussgay (1969) reported the
presence of a third minor core protein. Fried-
man (1968) found 3 structural proteins in the
Semliki Forest virus, a membrane, a major
core and a minor core, although Hay et al.
(1968) identified one membrane and one core
protein. Sreevalsan and Allen (1968) reported
that there were 2 structural proteins in western
equine encephalomyelitis virus. Our results
on the structural proteins of ChV showed that
there are 2 major components, one associated
with the membrane and respo
nsible for HA, and the other
associated with the core. The
intracellular structure, formerly
named the “X”°, possessed
the core protein. We did not
demonstrate the presence of a
third minor core protein, al-
though it is possible that it
exists. 'The molecular weights
estimated for these 2 structural
proteins of ChV were in fairly n
good agreement with the values . a
reported for Sindbis
proteins (Strauss et al., 1969).

From biochemical and mor-
phological  studies the
structures of materials derived
from ChV by various treat-
ments, we postulate a model
of the structure of ChV and
the modes of action of several
agents on it (Fig. 18). Hemag-
glutinin of high density (1.28
g/cc) is liberated by treating
intact ChV (density 1.24 g/cc)
with Tween 80 and ether fol-
lowed by CsCl density gradient
centrifugaticn. The hemag-

Heavy
HA
(1.28g/cc)

Membrane‘
protein

virus

on

F1Gure 18.
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glutinin has one of the 2 structural pro-
teins of ChV. The molecular weight of the
protein is estimated as 53,000. On pronase
treatment, this protein is digested out, leaving
a smooth-surfaced core as in the case of Sem-
like Forest virus (Osterrieth, 1965; Calberg-
Bacq and Osterrieth, 1966). This particle
(density 1.20 g/cc) has another protein of ChV,
Le. core protein with a molecular weight of
30,000 together with ChV-RNA and phos-
pholipid membrane. On further digestion,
this smooth-membrane may gradually be
removed leaving a naked core, with an ap-
pearance closely resembling that of the X -
component. On NP40 treatment ChV was
separated into a core and hemagglutinin of
low density (1.19 g/cc) which seemed to possess

ChV -infected BHK21cell culture

Ie
Fluid Cell

% (NP20)

Intact
Chv
(1.24g/cc)
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protein
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RNA

(Phenal

>>  Phospholipid

.
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A model of the structure of ChY and the effects of various

degradation procedures.



part of the phospholipid membrane together
with HA protein. ChV-RNA also seems to be
released by NP40, remaining at the top of the
sucrose gradient. Treatment of the “X”
with NP40 did not seem to release its RNA.
The state of ChV-RNA inside the core may
differ when the nucleoprotein core is enclosed
in a phospholipid membrane.

There are several reports on multiple hem-
agglutinins of group A arboviruses, having
different densities on CsCl density gradient
centrifugation. Mussgay and Rott (1964)
reported that on T'ween 80 and ether treatment
of Sindbis virus, small hemagglutinin of high
density (1.27 g/cc) was obtained. They also
showed that the density of incomplete virus
was 1.19 g/cc, while that of complete virus was
1.24 g/cc. Our data are compatible with these
values if the hemagglutinin released by NP40
is considered as part of the envelope with HA
protein and phospholipid membrane. Faulk-
ner and McGee-Russel (1968) found 2 hemag-
glutinins in Semliki Forest virus preparations.
One of them (density 1.24 g/cc) was complete
virus, while the other (density 1.205 gjcc)
consisted of empty particles or fragments of
envelopes. Using the same virus, Hay et al.
(1968) reported that a component of 1.25 g/cc
incorportated both uridine and valine and
contained 2 kinds of proteins, while a com-
ponent of 1.21 g/cc incorporated only valine
and contained only membrane protein. Faulk-
ner and Dobos (1968) and Aaslestad, Hoffman
and Brown(1968) reported 3 kinds of hemag-
glutinins having different densities in CsCl
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