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TMMUNOFLUORESCENT STUDIES ON THE LOCALIZATION OF

VIRAL STRUCTURAL COMPONENTS AND SURFACE ANTIGEN

IN FL CELLS INFECTED WITH CHIKUNGUNYA VIRUS

MASANOBU MANTANl and AKIRA TCARASHl

Department of Pathology and Department of Preventive A, ledicine, Research Institute for
NIIcrobial Diseases, Osaka University, Yamada-Kami, Suita, OSal<a

(R, .. Iv"d I"nunfj, 26,1971)

UMATARY Tlie intra-cellular localization of \, ITal structural components of Chi-
kungunya \, irus (CITY) and the viral specific surface antigens of FL cells infected

BIKE>: JotR>:AL V01.14,131-140 1971

witlt ChV \\'ere studied \\, itIT the direct fluorescent antibody technique using rabbit
antisera against purified-Ch\I (anti-V), ChV-hemagglutinin (anti-HA) and the nucleo-
protein core of Ch\I (anti-X) and mouse antiserum against infectious ChV (anti-V-M).

I) Thc HA antigen of ChV, \\, hich contains one of the structural proteins of the
virus, Is localized exclusively in a certain permuclear 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
\^as obscrved around thc cell margin with anti-V, anti-HA and anti-V-M globulin
conjugated \\. It11 fluoTescein-ISOthiocyanate, but not witli anti-X globulin conjugate.
Thesc fluorescent cells \\. ith surface antigen appeared at almost the same rate as cells
\^it Il HA or V antigen observed aftcr fixation.

INTRODUCTION

Two major structural proteins of purified
Chikungunya \, irus (Ch\;) were found by poly-
acrylamide gel electrophoresis. One \\, as asso-
ciated with the ITemagglutinin (HA) and the
other with the nucleoprotein core of ChV,
formerly named X (Igarashi and Fukai, 1969 ;
Igarashi at a1. , 1970 a). The serological pro-
perties of rabbit anti-sera against these struc-
tural components of Ch\; \\, ere also analysed
(Ig^"^^hi ,t a1. , 1970 b).

Chikunguilya virus-specific antigens
previously demonstrated by fluorescence (Man-

tani at a1. , 1967 ; Hahon and Hankins, 1970).
In the present experiments rabbit antisera

^gymst perm. d ChV (anti-\I), ,galnst HA (anti-
HA) and against X (anti-X) and mouse anti-
serum against infectious ChV (anti-V-AD were
used to demonstrate the intraccllular distribu-

tions of the antigens of ChV and ChV-specific
surface antigens by the direct jinmunofluore-
scence method

Fluorescent antibodies ITave already been
used to study the antigens in several enveloped
RNA \, iruses, the S and V antigens of influenza

\\, ere
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(Liu, 1955) and fowl plague viruses (Breiten-
fold and Schafer, 1957), G or NP and HA anti-
gens of Newcastle disease virus (Reda at al. ,
1964) and S and V antigens of Sendai virus
(Zhdan, v at a1. , 1965).

Virus-specific surface antigens of various
viruses have already been demonstrated by
jinmunofjuorescence (Tevethia at a1. , 1965 ;
ITlin, 1967 ; Miyamoto and Kat0,1968 ; Ueda
at a1. , 1969 ; Chen and Purchase, 1970 ; 1<1ein
at a1. , 1970 ; Meyer and BITg, 1970 ; Hahon,
1970) and by jinmunohemadsorption (Fagraeus
and ESPmark 1961 ; Miyamoto and Kat0 1968).

But with regard to arboviruses, there is only
one report of the surface antigen induced by
Venezuelan equine encephalomyelitis virus
(H^h. n, 1970)

5. Preparation of antt'-serum

Four kinds of anti-sera \\, ere used : I) rabbit

antiserum against purified, formal in-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-
malln 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-All \\, ere described previously (Igarashi at
a1. , 1970 a, b ; Mantani at a1. , 1967)

MATERIALS AND A, IETHODS

I. 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 \\, as prepared as described before (Man-
tani, et a1. , 1967)

2. Ceils

The host cell for virus oro\^th \\as a human

amnion cell line (FL). FL cells \\'ere gro^. n in
Eagle's minimum essential medium (lvlEiVl) sup-
piemented \\. Ith 1096 calf serum

6. Prepaidt, 'ore of fluoresce"e conj'ifgnted antibody

The procedures used \\, ere described previously
(Mantani at a1. , 1967). The staining titers of the
anti-V, anti-HA. anti-X and anti-V-M globulin
conjugates were I : 8, I : 8, I : 16 and I : 8, respec-
tively

3. Infection of cells

FL cells were grown in Leighton tubes \\. lib
cover slips. The cells were used after 2 days In-
cubation at 37 C. \'irus \\ as allo\\. ed to become

adsorbed for I or 2 hr at 37 C and then mainte-

nance medium (MEM \\ith 296 calf serum) was
added

7. Staini"g procedm'es 201'th faro, esce"t antibody

The direct fluorescent antibody method \\. as used
throughout to demonstrate Immuno-fluorescence of
V, HA and X antigens and antigen stained \\. Ith
anti-V-IVl serum (Infectious virus antigen) in in-
focied 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 \\'ith fluorescent dye at 37 C
for I hr, to study the surface antigens of FL cells
infected with ChV. The rest of the sample \\. as
dried and fixed with acetone at 4 C for 15 min

Then samples were exposed to each anti-globulin
conjugated \\ith dye at 37 C for I hr. The de-
tails of the procedures \\. ere described previously
(Mantani at a1. , 1967). After observation of fluo-
rescent cells, the preparations \\. ere post-stained
with Giemsa solution. NIOre than 500 cells in

each sample \\, ere examined at random and the
percentage of fluorescent cells \\. as calculated

4. Assay of infect!wity of ",','Ms

Assay \\, as performed by the piaque technique
in an established cell line of green monkey kidney
cells (BSCl) essentially as described previously
(Igar, shi and Tuchinda, 1967). BSCl .ells **,, s
kindly given by Dr. S. Nii of this Institute
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8. Block test 101. sulface tintige, I of cells 1711ected
torth Ch P

removed from LeightonInfected cells were

tubes, and immediately overlayed \\, ith 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, \\, hich
was overlayed \\, ith one of the four kinds of anti-



globulin conjugate, as the second antiserum, and
incubated for 30 min at 37 C. The preparations
\\'crc \\'ashed thoroughly \\ith Hank's solution and
CDVcred with a coverslip \\1111 a drop of mounting
medium. For observation, fluorescence \\. as gen-
erated bay a 250 \\' high pressure nicrcury vapor
lamp (Xikoi, Optical Co. ). These procedures \\CTe
described previously (Mantani at a1. , 1967)

RESULTS

I. Topogr, !15/1y of ,, HH and X n, 1/13eiis
11} experiments at high multiplicity (500 ino1)

of ChV \\ith aiT adsorption period of 211r, V
antigens \\'CTC clearly observed 5 ITr after infoc-
tioiT in the cytoplasm \\, it 11 anti-V globulin con-
Jugatc. All the V antigens \\'ei'e localized ex-
clusivcly In ai, area round Ihc nuclcus (Fig. 3)

lit experiments \\ith anti-HA and anti-Y-\, I
globulii} CONugatcs, the antigens \\. CTC also
local Izcd cxcltisivcly round Ihc 1111clcus as in
expcrimcnts \\It 11 the anti-V globuliiT con-
jugatc (Fig. + and 5). Thcse findings were
consistcnt \\. It Il previous observations (ATan-
talli at a1. , 1967).

On thc o11\CT hand \\'ith thc anti-X globulin
coinugatc, tile \\'1101c cytoplasm of infected cells
bccamc fillcd \\illl bright fluoresccnt granules
of \ antigcn, bct\VCen 5 and 11 ItI' aftcr infoc-
11. n (Fig. 6 ,, rid 7).

Tlic ITUmbcr of these fluoi'CScent cells in-

CTCascd rapidly'. The kinetics of the appcar-
an CG of fillorcsccnt cells are sho\\ n in Fig. I
TITc curves of V, HA and initctions V ai, tigen
111ci'cascd at the same rate till 11 hr after infoc-

11011 \\'hilc the incrcasc of \ antigeit sccmccl to
be slightly' SIo\\'CT.

For IT. orc precise analysis of the dcl;I}, in the
appcarancc of \ antigen, ait c\perlmcnt \\'as
made at 10\\'-multiplicity \\'111T all adsorption
PCriod of I I, r. At thc same time the surfacc

antigens \\'CTC studied witlT thc anti-\' globLilin
cumugatc

.\s SI10\\'IT 111 Fig. 2, the percentages of cells
\\'It IT \ antigens increased gradually till 21 hr
after infection. The percentages of cells with

X antigens incl'eased gradually, but the increase
appeared 2 or 3 hr later than that of \'-anti-
gens
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2. S"ridce anti^, errs of FL cells layfected with
ChF

The percentages of cells with surface anti-
gens, \\, hich was stained with the anti-V globulin
conjugate \\, ithout fixation, increased at the same
rate as that of cells \\, ith 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 I, the percentages of
fluorescent cells stained with anti-V, anti-HA
and anti-V-AT globulin conjugates without
fixation \\, ere almost the same 21 hr after Infoc-

Bright fluorescence was seen around thetion.

cell margin, as shown in Fig. 8.9, 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

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
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3. Degeneratt'on of FL cells tryfected alith ChP
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.
U 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 \\, ith time after infection (Fig.
13 and 14).
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TABLE I. Infozbtt^^" of surface anti;gen of FL cells infected colth ChP by fromo10go"s a"d hetero-
logotts a"ti-sera

Second anti-

globulin
ConJUgate"

anti HA

anti V

anti X

anti V-M

a For details of procedure see text
b bright fluorescence.
c clear fluorescence

d obscure.

e no fluorescence.

Percentage of
fluorescent

cells

+ +" 70%
++ 77.5

o

++ 81

anti HA

_e

First antiserum"

anti V anti X

+"

+

+ +

anti V-M

+d

+

+

(^

FIGURES 3.4,5.6 and 7. Various a, ,tige, ,s if, fixed FL
cells 27 h, byte, ,'"Iectio, , with Ch, (5inoi).

FIGURE 3. Stained with amti-P 7066^^ glob"h
Jug@te.

I

MANTANi, M and A. 10ARASHi, rinmi, "o71,407esce"t studies of Chihr, "g""y@ virus

FIGURE 4.

Jug"te
St@med unth anti-HA rabbit glob"fur con-



FIGURE 5. Stained 00itl, @, it1-7-M mouse g!o611/1/1
cowl, gate.
FIGURE 6 and 7. Stained colth @71t, -X rabbit g/o61, Jin
cow"gate.
lit Fig. 3.4, a, Id 5, bright local, ^ed areas qfj1"o1'esce, ,ce
@, e seer, in the cytopl"s, " round the line!e"s
lit Fig. 6 a, ,d 7, bright JIMo, esce, ,I g, ", I"Ies are dist, I-
buted throughout the cytop!@$7" a, ,d "o IOC@!, zed areas
o1/1"oresce, Ice 11^e those of ,, HA and I'-M on11ge"s
ore see, ,.
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FIGURES 8.9 and 10. Surface @7th^err of ", titxed FL
cells 27 h, cite, illectio, , with ChV (5In of).

FIGURE 8 : stained 00ith @71ti-, g!o6"fin co, yirgote.
FIGURE 9 : stained wit/, anti-HA globul^, I coll-

Jug@Ie

FIGURE 10 : st@i, led toit11 a, ,ti-I'-M ginbM!lit co, ,-
Jug@te.
fir F1!!. 8.9 and 10, bright 111, oresce, ,I areas are seen
at the cell ,"o1gi, ,.

MANTANi, M and A. ICARASHi, Jinmu, ,9/1uo, esce, ,t stud^^s of Chi/tungi, ,, ya virus
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FIGURES 11 and 12. The fluorescent cells in Fig. 77
ore stained with griti-X 8106"!^, I cowl, gate 28 h, byte,
ingfectio". The same cells are shown i, , F1^.. 72 st@med
with Giems@ solution ofte, st@tm, ,g with anti-glob"lzh
cow"gote.

The tic"otic or A@, yolytic cells ^,, F1:g. 72 hone bright
71"oresce"ce in F1:g. . 77. No inclusion boates @, e seen
i" Fig. 12.
FIGURE 13. Unity'ected FL cells stained with Giems@
solution.

BIKEN JOURNAL V01.14 No. 21971



there so that small granules of intense fluore-
scence are seen throughout the cytoplasm of
infected cells.

The curve of the percentage of fluorescent
cells at low multiplicity suggests that X antigen
develops 2 or 3 hr later than V antigen. In
the fowl plague virus system, G-antigen (inter-
nal component of the vinon) was detected earlier
than HA-antigen (Breitenfeld and Sch;ifer,
1957).

In earlier studies on influenza (Liu, 1955),
fowl plague viruses (Breitenfeld and Schafer,
1957) and Sandal iru^ (Zhdan, ^ at a1. , 1965)
the inner component of the viruses was first ob-
served in the nucleus or nucleon of infected

cells and later seemed to be transported into the
cytoplasm. However, more recently Reda at
a1. (1964) reportsd that the inner component of
Newcastle Disease virus is observed in general
exclusively in the cytoplasm, where it is to be
found in juxta-nuclear positions. Moreover
our findings show that the nucleus is not related
to the development of either of the ChV-specific
antigens (HA and X).

The viral RNA of ChV is synthesized
throughout the cytoplasm like X antigen (Man-
tani at a1. , 1967). HA antigens are transported
to the cell margin at an early stage of infection
to form surface antigen. Then X antigens con-
taming viral RNA are transported to the inside
of the cell membrane, where synthesis of ChV
is completed, as revealed by electron micro-
SCOPy (Higa^hi at a1. , 1967). When th^ X anti-
gen moves to the cell membrane, it becomes
covered with HA antigen to form a complete
virus particle, because surface antigens were
not detected by jinmunofluorescence using the
anti-X globulin conjugate.

Hahon (1970) reported a specific surface anti-
gen induced by Venezuelan equine encephalo-
myelitis virus in infected L-929 cells. How-
ever, the relation between this surface antigen
and antigens of structural components of the
virus was not demonstrated. In this report the
anti-V-M conjugate was used to detect cell
surface antigen which was not completely

FIGURE 14. Numerous tic"otic grid A@, yolytic cells
@, e seen 28 fry byte, 1711ectio, , with ChP stained with
Giems@.

DISCUSSION

The present data demonstrate that the HA
antigen of ChV is localized in the same intra-
cellular site as V antigen and infectious virus
antigen. This suggests that these three anti-
gens are almost the same. In this discussion
the term V antigens refers to HA, and infoc-
tious viral antigens. V antigens develop in a
certain localized area round the nucleus in the

cytoplasm and accumulates there, causing in-
tense concentrated fluorescence in the cyto-
plusm between 5 and H hr after infection at
high multiplicity. But at a later stage of infoc-
tion, the intensely fluorescent area in the
cytoplasm became obscure, since infected cells
became picnotic and degenerated. On the
other hand X antigen develops diffusely
throughout the cytoplasm and accumulates

MANTANi, M and A. TCARASHi, Jinmu"o77"oresce"t stud^^s of Chik""ginry@ ofr"s 139



blocked by anti-V or anti-HA sera. But it is
still uncertain whether the cell surface antigen
is 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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