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UMMARY The intra-cellular localization of viral structural components of Chi-
kungunya virus (ChV) and the viral specific surface antigens of FL cells infected
with ChV were studied with the direct fluorescent antibody technique using rabbit
antisera against purified-ChV (anti-V), ChV-hemagglutinin (anti-HA) and the nucleo-
protein core of ChV (anti-X) and mouse antiserum against infectious ChV (anti-V-M).
1) The HA antigen of ChV, which contains one of the structural proteins of the
virus, is localized exclusively in a certain perinuclear site in the cytoplasm, correspond-

ing to the position of V antigen.

2) The X antigen, the nucleoprotein core of ChV,

is diffusely distributed throughout the cytoplasm. 3) Viral specific surface antigen
was observed around the cell margin with anti-V, anti-HA and anti-V-M globulin
conjugated with fluorescein-isothiocyanate, but not with anti-X globulin conjugate.
These fluorescent cells with surface antigen appeared at almost the same rate as cells
with HA or V antigen observed after fixation.

INTRODUCTION

Two major structural proteins of purified
Chikungunya virus (ChV) were found by poly-
acrylamide gel electrophoresis. One was asso-
ciated with the hemagglutinin (HA) and the
other with the nucleoprotein core of ChV,
formerly named X (Igarashi and Fukai, 1969 ;
Igarashi et al., 1970 a). The serological pro-
perties of rabbit anti-sera against these struc-
tural components of ChV were also analysed
(Igarashi et al., 1970 b).

Chikungunya virus-specific antigens were
previously demonstrated by fluorescence (Man-

tani et al., 1967 ; Hahon and Hankins, 1970).

In the present experiments rabbit antisera
against purified ChV (anti-V), against HA (anti-
HA) and against X (anti-X) and mouse anti-
serum against infectious ChV (anti-V-M) were
used to demonstrate the intracellular distribu-
tions of the antigens of ChV and ChV-specific
surface antigens by the direct immunofluore-
scence method.

Fluorescent antibodies have already been
used to study the antigens in several enveloped
RNA viruses, the S and V antigens of influenza
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(Liu, 1955) and fowl plague viruses (Breiten-
feld and Schifer, 1957), G or NP and HA anti-
gens of Newcastle disease virus (Reda et al.,
1964) and S and V antigens of Sendai virus
(Zhdanov et al., 1965).

Virus-specific surface antigens of various
viruses have already been demonstrated by
immunofluorescence (Tevethia et al., 1965;
Irlin, 1967 ; Miyamoto and Kato, 1968 ; Ueda
et al., 1969 ; Chen and Purchase, 1970 ; Klein
et al., 1970; Meyer and Birg, 1970; Hahon,
1970) and by immunohemadsorption (Fagraeus
and Espmark 1961 ; Miyamoto and Kato 1968).

But with regard to arboviruses, there is only
one report of the surface antigen induced by
Venezuelan equine encephalomyelitis virus

(Hahon, 1970).

MATERIALS AND METHODS

1. Virus

Chikungunya virus (ChV), African strain was
obtained from Dr. S. Ahandrik of the Virus Re-
search Institute, Bangkok, Thailand. The stock of
seed virus was prepared as described before (Man-
tani, et al.,, 1967).

2. Cells

The host cell for virus growth was a human
amnion cell line (FL). FL cells were grown in
Eagle’s minimum essential medium (MEM) sup-
plemented with 109 calf serum.

3. Infection of cells

FL cells were grown in Leighton tubes with
cover slips. The cells were used after 2 days in-
cubation at 37 C. Virus was allowed to become
adsorbed for 1 or 2hr at 37 C and then mainte-
nance medium (MEM with 29 calf serum) was
added.

4. Assay of infectivity of wvirus

Assay was performed by the plaque technique
in an established cell line of green monkey kidney
cells (BSCl) essentially as described previously
(Igarashi and Tuchinda, 1967). BSCl cells was
kindly given by Dr. S. Nii of this Institute.
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5. Preparation of anti-serum

Four kinds of anti-sera were used: 1) rabbit
antiserum against purified, formalin-inactivated
ChV (anti-V), 2) rabbit antiserum against hemag-
glutinin of ChV (anti-HA), 3) rabbit antiserum
against the nucleoprotein core of ChV after for-
malin treatment (anti-X) and 4) mouse antiserum
against ChV (antiV-M). The procedures for pre-
paration -of anti~V, anti-HA and anti-X and of
anti-V-M were described previously (Igarashi et
al., 1970 a, b; Mantani et al,, 1967).

6. Preparation of fluorescene conjugated antibody

The procedures used were described previously
(Mantani et al,, 1967). The staining titers of the
anti-V, anti-HA, anti-X and anti-V-M globulin
conjugates were 1:8, 1:8, 1:16 and 1:8, respec~
tively.

7. Staining procedures with fluorescent antibody

The direct fluorescent antibody method was used
throughout to demonstrate immuno-fluorescence of
V, HA and X antigens and antigen stained with
anti-V-M serum (infectious virus antigen) in in-
fected FL cells. Infected cells on coverslips were
washed with Hank’s solution. Then some of each
sample was immediately exposed to each anti-
globulin conjugated with fluorescent dye at 37 C
for 1 hr, to study the surface antigens of FL cells
infected with ChV. The rest of the sample was
dried and fixed with acetone at 4C for 15 min.
Then samples were exposed to each anti-globulin
conjugated with dye at 37C for 1hr. The de-
tails of the procedures were described previously
(Mantani et al.,, 1967). After observation of fluo-
rescent cells, the preparations were post-stained
with Giemsa solution. More than 500 cells in
each sample were examined at random and the
percentage of fluorescent cells was calculated.

8. Block test for surface antigen of cells infected
with ChV

Infected cells were removed from Leighton
tubes, and immediately overlayed with one of the
four kinds of antiserum (anti-V, anti-HA, anti-X
and anti-V-M) as the first antiserum. After 30
min contact at 37 C in a vapor saturated chamber,
each sample was divided into four parts, which
was overlayed with one of the four kinds of anti-



globulin conjugate, as the second antiserum, and
incubated for 30 min at 37 C. The preparations
were washed thoroughly with Hank’s solution and
covered with a coverslip with a drop of mounting
medium. For observation, fluorescence was gen-
erated by a 250 W high pressure mercury vapor
lamp (Nikon Optical Co.). These procedures were
described previously (Mantani et al, 1967).

RESULTS

1. Topography of V, HA and X antigens

In experiments at high multiplicity (500 moi)
of ChV with an adsorption period of 2 hr, V
antigens were clearly observed 5 hr after infec-
tion in the cytoplasm with anti-V globulin con-
jugate. All the V antigens were localized ex-
clusively in an area round the nucleus (Fig. 3).

In experiments with anti-HA and anti-V-M
globulin conjugates, the antigens were also
localized exclusively round the nucleus as in
experiments with the anti-V globulin con-
jugate (Fig. 4 and 5). These findings were
consistent with previous observations (Man-
tani et al., 1967).

On the other hand with the anti-X globulin
conjugate, the whole cytoplasm of infected cells
became filled with bright fluorescent granules
of X antigen, between 5 and 11 hr after infec-
tion (Fig. 6 and 7).

The number of these fluorescent cells in-
creased rapidly. The kinetics of the appear-
ance of fluorescent cells are shown in Fig. 1.
The curves of V, HA and infections V antigen
increased at the same rate till 11 hr after infec-
tion while the increase of X antigen seemed to
be slightly slower.

For more precise analysis of the delay in the
appearance of X antigen, an experiment was
made at low-multiplicity with an adsorption
period of 1 hr. At the same time the surface
antigens were studied with the anti-V globulin
conjugate.

As shown in Fig. 2, the percentages of cells
with V antigens increased gradually till 21 hr
after infection. The percentages of cells with

X antigens increased gradually, but the increase
appeared 2 or 3 hr later than that of V-anti-
gens.
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2. Surface antigens of FL cells infected with
ChV

The percentages of cells with surface anti-
gens, which was stained with the anti-V globulin
conjugate without fixation, increased at the same
rate as that of cells with V antigen, as shown in
Fig. 2. Twenty-one hr after infection, in-
fected cells were stained with anti-V, anti-HA,
anti-X and anti-V-M globulin conjugates with-
out fixation to demonstrate the surface antigen.
At the same time block tests were carried out
with anti-V, anti-HA, anti-X and anti-V-M
sera.

As shown in Table 1, the percentages of
fluorescent cells stained with anti-V, anti-HA
and anti-V-M globulin conjugates without
fixation were almost the same 21 hr after infec-
tion. Bright fluorescence was seen around the
cell margin, as shown in Fig. §, 9, and 10. But
no fluorescent cells were seen when infected
cells were stained with anti-X globulin con-
jugate without fixation.

Bright fluorescence around the margin of
cells stained with anti-V, anti-HA and anti-V-
M globulin conjugates was not inhibited by pre-
incubation of the sample with anti-X rabbit
serum. But anti-V, anti-HA and anti-V-M
sera inhibited the fluorescence of infected cells
stained with any of the anti-globulin conjugates
without fixation.

3. Degeneration of FL cells infected with ChV

Fig. 11 and 12 show results on the same
sample of FL cells infected with ChV, 21 hr
after infection. The fluorescent cells in Fig.
11 stained with the anti-X globulin conjugate
are stained with Giemsa in Fig. 12. There are
no inclusion bodies. Several picnotic cells
still have bright fluorescence at a late stage of
infection. The number of these karyolytic
cells increased with time after infection (Fig.

13 and 14).
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blocked by anti-V or anti-HA sera. But it is
still uncertain whether the cell surface antigen
1s identical with HA antigen, or whether it is
a component of HA antigen.

We observed picnotic and karyolytic cells at
a late stage of ChV infection. No inclusion
bodies were formed on ChV infection, so it is
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