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Study on the Basic Morphology of Japanese Encephalitis Virus:

The isolation of purified hemagglutinin and the detection
of core membrane

Mitsunobu AKASHI
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(Chief : Prof. Kaoru HAYASHI)

ABSTRACT : The isolation of hemagglutinating and complement fixing components from the
disrupted Japanese encephalitis virus with Tween 80 and ether was performed successfully
by the method of the precipitation of hemagglutinins (projections) with concanavalin A.
The purified hemagglutinating (HA) and complement fixing (CF) components were obtained by
the centrifugation of the precipitate and the supernatant in the discontinuous density gradient
of cesium chloride. The purified hemagglutinating component showed a major polypeptide
in 10 % acrylamide gel electrophoresis and revealed the aggregation of fine projections by
electronmicroscopic observation. It was found that the CF components contained the nucleocap-
sid and membranous structure (core membrane) by the electronmicroscopic observation. The
core membrane was distinguished from the membranous structure at the basis of projections
(basal membrane). The CF components showed a major and a minor polypeptides which
were considered to correspond to the nucleocapsid and the core membrane respectively. The

biological properties of HA and CF components were also examined.

The isolation of hemagglutinating (HA) and complement fixing (CF) components
from certain arboviruses was made previously by some workers (Mussgay et al. 1964,
Horzinek et al. 1969, Bose et al. 1970). However, the isolation of both components
from Japanese encephalitis (JE) virus was not performed sufficiently. It was found that
certain RN A viruses were agglutinated with concanavalin A by Calafat et al. 1972, Stewart
et al. 1973, Becht et al. 1972, and Oram et al. 1971. In this study, an attempt
was made to isolate the HA and CF components from JE virions by using concanavalin A.
The purified HA and CF components obtained by the centrifugation in discontinuous density
gradient of cesium chloride solution were examined morphologically by electronmicroscopy.

The fine structure and the biological properties of these componets are presented in this

paper.
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MATERIALS AND METHODS

Purification of JE virus: Nakayama NIH strain of JE virus was used throughout the
experiment. The history of that strain was unknown, but the strain underwent 49 passages
intracerebrally in the suckling mouse brain in this laboratory. The purification of the

virus was performed with procedure described in the previous paper (Ueda, 1976).

Disruption of the virus: Treatment with Nonidet P40 (NP40): The disruption of
the virus treated with NP40 was carried out according to the procedure described by
Appleyard et al. (1970) and Kéairidinen et al. (1971). NP40 dissolved in 0.01 M tris
saline pH 8.4 and the purified virus suspension were mixed at the ratio of 1:1 in
volume and shaken at 4°C for 30 minutes. . The mixture was kept in ice bath until use.

Treatment with Tween 80 and ether: The disruption of the virus particles treated
with Tween 80 and ether was performed by the modified procedure described by Mussgay
et al. (1964), Horzinek et al. (1969) and Dold et al. (1969). Equivalent volume of Tween
80 dissolved in 0.01 M tris saline pH 8.4 and the purified virus suspension were mixed
and shaken at 4°C for 20 minutes. Then, the mixture was added with an equal volume
of ether, and shaken again at 4°C for 10 minutes. The ether phase was separated by
centrifugation at 1,500 rpm for 5 minutes. The residual ether in aquous phase was
removed by carefully streaming nitrogen gas.

Treatment with Tween 20: The disruption of the virus treated with Tween 20
was carried out by the procedure described by Webster et al. (1969). Equivalent
volume of Tween 20 dissolved in 0.02 M bicarbonate buffer pH 10 and the purified
virus suspension were mixed and shaken at 4°C for one hour. The disrupted virus
preparation was kept in ice bath until use.

Treatment with Silica gel: The purified virus suspension was added with silica gel
No. IV (Nakarai chemicals Co.) at a proportion of one tenth volume and shaken for 30
minutes at 4°C. The mixture was filtered with filter paper. The filtrate was stored at
—75°C until use.

Biological assay methods: Infectivity: The assay for the infectivity was performed
by the procedure of hemadsorption negative (HAD~) plaque described by Mifune et
al. (1975). Monolayer cells of BSC—1 grown in 60 mm petri dishes were inoculated
with the virus and allowed to adsorb at 37°C for | hour in a 5 % CO. atmosphere.
Then, monolayer cells were covered with 4.5 m! of maintainance medium. After incubation
at 37°C for 48 hours, the cells were challenged again with Newecastle disease virus (NDV)
at a Moi of more than 10 PFU per cell. The plates were incubated at 37°C for an
additional 18 hours. At the end of incubation, the culture medium was discarded and
2 ml of 0.5% sheep red cells suspended with physiological saline was added to examine
for the hemadsorption onto the cells. The negative plaques were counted in the background
of a confluent layer of sheep red cells.

Neutralization test: The diluted antiserum of rabbit or immune ascitic fluid was mixed

with an equivalent volume of an appropriate dilution of JE virus suspension to give
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approximately 200 plaques per dish. The mixture was incubated at 37°C for 90 minutes. The
surviving viruses after neutralization were assayed in BSC—1 cells by HAD" plaque method
previously described by Mifune et al. (1975). Neutralization antibody titer was expressed
as the reciprocal of antiserum or immune ascitic fluid dilution showed the 50 % reduction of
HAD- plaques.

Hemagglutination (HA) and Hemagglutination inhibition (HI) test: The procedure
was performed by the microtiter method modified from the technique of Clarke and Casals
(1958).

Complement fixation (CF) test: The microtiter method modified from the technique

of Lennette et al. (1969) was carried out.

Preparation of immune ascitic fluid: Male adult mice were inoculated intraperitoneally
with 0.5 ml of the antigens. The antigens were injected 3 times at intervals of 6 days.
After 2 weeks from the first injection of the antigen, the mice were inoculated with the
.ascitic tumor cells into the peritoneal sac. Further, 2 weeks later, ascitic fluid was

harvested and centrifuged to remove the tumor cells.

Treatment of the disrupted virus with concanavalin A: The disrupted virus with NP40,
Tween 20 or Tween 80 and ether was mixed with one fourth volume of concanavalin A
dissolved at an adequate concentration in phosphate buffered saline (PBS). After incubation
at 25°C for 1 hour, the mixture was centrifuged at 2,500 rpm at 4°C for 15 minutes. The
supernatant was stored at —75°C until use. The precipitate was washed twice with PBS
at 4°C by centrifugation and dissociated with 0.5 M « —methylmannoside in PBS at a
proportion of original volume. The residual insoluble substance was removed by centrifugation
at 2,500 rpm at 4°C for 15 minute. The solubilized precipitate was harvested and kept at
—75°C until use.

Cesium chloride (CsCl) density gradient centrifugation: The discontinuous gradient of
CsCl was prepared by layering carefully at a proportion of 1.5 ml of p=1.450 solution, 0.9
ml of p=1.350 and p=1.210 solutions of CsCl in 0.01 M tris HCI containing 0.001 M EDTA
pH 8.0 respectively. On the top of the gradient, 0.9 ml of the disrupted virus preparation
was overlaid. The centrifugation was performed in the SW 50.1 Roter with Beckman
Ly—65B, at 39,000 rpm for 180 minutes. The fractions were collected by 15 drops from
the bottom of tubes and dialyzed against tris-saline pH 8.0 at 4°C for 18 hours.

SDS-polyacrylamide gel electrophoresis: The purified virus, hemagglutinating and
complement fixing components were assayed by 10 % polyacrylamide gels electrophoresis.
The procedure was performed by slightly modified method described by Weber et al.
(1969). The test specimens were added with the equivalent volume of 50 2% glycerol,
2 9% sodium dodecyl sulfate (SDS) and 4 % 2—mercaptoethanol (2ZME) in 0.02 M
phosphate buffer pH 7.2. The mixture was boiled at 100°C for 2 minutes and cooled
in water, then added with a drop of 0.05 % bromphenol blue (BPB). The treated
specimens were layered on the top of 10 % acrylamide gel columns (9 cm high with 0.5
mm diameter). Electrophoresis was performed 3 mA per column for 10 to 14 hours. The

running buffer was used 0.1 M sodium phosphate buffer containing 0.1 % SDS. The
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gels were stained with 0.01 % coomassie brilliant blue and scanned at 605 nm wave with the
microdensitometer. The gels were stored in 20 % methanol 7.5 % acetic acid solution.
Electronmicroscopic observation: A carbon coated microgrid was placed on a drop of the
specimen. After drying in air, the grid was washed 2 or 3 times with cacodylate buffer pH
7.4. The fixation was carried out with 4 % paraformaldehyde solution pH 7.3 and washed
2 or 3 times with 1 % ammonium butfer pH 7.3. Negative staining was performed with
3 2% phosphotungstic acid (PTA) solution pH 7.4 or 3 % uranyl acetate (UA) solution.
The PTA—~UA double staining method as described by Hayashi et al. (1972) was also made.

RESULTS

Effect of detergents on the hemagglutination (HA) activity

The disruption of the purified virus with NP40, Tween 20 or Tween 80 and ether
did not affect on the HA activity. The HA titer of the specimens rised slightly with 0.01%
NP40 treatment and much more rising of HA titer was observed in case of Tween 80 and
ether treatment (Table 1).
Concentration of concanavalin A for the precipitation of HA components

The disrupted purified virus preparation with Tween 80 and ether was treated with
various concentration of concanavalin A as described in materials and methods. An adequate
concentration of concanavalin A was obtained at a proportion of 120 ug or 240 ug  per
ml for the precipitation of HA components. However, the lower HA titer in the
supernatant remained. It was considered due to the partial disruption of the virus with
Tween 80 and ether treatment (Table 2).
Concentration of @ — methybmanoside for the dissociation of HA components fromthe precipitate
with concanavalin A

HA components precipitated with concanavalin A were released with varions concentra-
tion of a—methylmannoside. The HA activity was recovered sufficiently by addition of 0.5
M or 1 M a—methylmannoside (Table 3).
Characteristics of HA and CF components separated by the treatment of concanavalin A from

the disrupted virus preparation

Table 1. Effect of nonionic detergents and ether on the hemagglutination
activity of JE virus (Nakayama NIH strain)

Final Nonidet P40 Tween 20 Tween 80/Ether
concentration of

0 : < . o .
detergents (%) (at 4°C/30min.) (at 4°C/60min.) (at 4°C/20, 10min.)
0 512 64 512
0.01 1024 — 512
0.1 512 32 1024
1 Hemolysis Hemolysis 2048

2 Hemolysis Hemolysis Hemolysis
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The disrupted virus, the supernatant and the precipitate dissolved with 0.5 M «
— methylmannoside were centrifuged in discontinuous density gradient of CsCl as described in
materials and methods. HA and CF components in the disrupted virus preparation could
not be clearly fractionated. Hewever, the both components in the supernatant and the
precipitate were successfully separated from each other. Although the supernatant frequently
contained the both components, the precipitate showed only HA activity by the careful
treatment of concanavalin A (Fig. 1 and Fig. 2). Furthermore, it was indicated that
the disrupted virus preparation showed the optimal pH in HA reaction changing from pH
6.4 to pH 6.2 or 6.0 (Table 4).

Electronmicroscopic observation

The purified virus particles were disrupted remarkably by the treatment of Tween
80 and ether. The inner substances (nucleocapsid) and the envelope were aggregated as

seen in photos. 1, 2, 3 and 4. The precipitate having HA activity contained the

Table 2. Hemagglutination and complement fixation activity of the precipitate
and supernatant separated by the treatment with various concentration
of concanavalin A

Final Titer
concentration of - e
concanavalin A Supernatant Precipitate
(pg/ml) e ———— R e
. HA CF HA CF
0 1024 8 0 0
60 32 8 512 0
120 16 2 512 4
240 4 2 256 4

Remarks: (1) The disrupted JE virus was obtained by the treatment with Tween
80 and ether as described in materials and methods.
(2) The precipitate was resuspended with original volume of phosphate
buffered saline containing 0.5M a—methylmannoside.

Table 3. Concentration of a—methylmannoside for the dissociation of the
hemagglutinating components precipitated with concanavalin A

Concentration of Titer
a—methylmannoside e —_— — —_— _
(Mol.) HA CF
0 256 32
0.01 16 0
0.05 128 2
0.5 512 4
1.0 512 4

Remarks: (1) The disrupted JE virus with Tween 80 and ether was trated with 120ug of
concanavalin A per ml and separated into the precipitate and supernatant.

(2) The precipitate was resuspended with the original volume of phosphate

buffered saline containing various concentrations of @—methylmannoside.




Table 4. Effect of pH ranges on hemagglutination activity of the dissociating
components from the precipitate obtained by treatment with Concanavalin A

pH HA titer
6.6 8
6.4 32
6.2 512
6.0 256
5.75 64
1350 =
v E
1250 %
: 5 1024 ¢ )
Starting material 1150 = Starting material
5 < 256
1080 2 6
. 64}
Z 16} a7
=4 AR
1 2 3 4 5 0 41l 41
Tube number: 1 2 3 4 5 6 78 9 10N
1.350 =
= T £ Tube number
:g I ¥ 1.250 ,[ 5 256+
2 Supernatant 1150 E ; 64 Supernatant
E 1050 ~ ©
< 2 16
= s
i
12 3 4 5 6 7 8 9 10 - 0
Tube number 1 2 3 4 5 6 7 8 10 I
1.350 :E Tube number:
5 64 Precipitate 1150 é ; 256 Precipitate
- 1050 = . 64t
S 16+ 3]
2t - 16}
© B
=4 = 47
0 O 7737256 78950
Tube number Tube number
Fig. 1. Sedimentation pattern of the disrupted Fig. 2. Sedimentation pattern of the disrupted
JE virus, the supernatant and the JE virus, the supernatant and the
precipitate in discontinuous density precipitate in discontinuous density

gradient of CsCl (experiment 1). gradient of CsCl (experiment 2).
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aggregation of fine projections (fraction No. 5) and free fine projections among aggregated
ones (Fraction No. 6) as seen in Photo. 5 and Photo. 6 respectively.  Rope-like
aggregations were observed in Fraction No. 8 and No. 9 obtained from the fractionation
of the supernatant having CF activity. It was considered to be nucleocapsid (Photo. 7
and Photo. 8). It was a surprising and remarkable finding that the aggregation of
membranous structure was observed in Fraction No. 9 and No. 10 obtained from the
fractionation of the supernatant as seen in Photo. 9, 10, 11, 12 and 13. The similar
membranous structure and the aggregation of nucleocapsid could be observed, after the
purified virus was treated with silica gel and fractionated by centrifugation in the discontinu-
ous density gradient of CsCl as described in materials and methods (Photo. 14). The mem-
branous structure was observed more clearly in the preparation kept at 4°C for a long time
(over six months) and spontaneously released the nucleocapsid as seen in Photo. 15. The
double layer form was also observed in the purified virus preparation as seen in Photo. 16.

Analysis of polypeptides of JE virus

The disrupted virion showed four major and a minor polypeptides.  The last (rapidly
scanned) polypeptide might be contaminated. The middle major polypeptide among three
major one was usually eliminated by the purification of the HA and CF components.
The HA component showed a major polypeptide (peak No. 3). The CF components
showed a major and a minor polypeptides (peak No. 2 and No. 1). From the judgement of
sedimentation pattern in discontinuous density gradient of CsCl (Fig. 1 and Fig. 2), it was
considered that the peak No. 2 in the CF components might be nucleocapsid and the peak
No. 1 might be membranous structure (Fig. 3).

Properties of antibody induced by HA and CF components

The immune ascitic fluid was obtained as described in materials and methods.

(@)

605 nm

OPTICAL DENSITY

2 A 3
DISTANCE(cm)

disrupted viricns e 951

IIA componerts
Cr components

Fig. 3. Polyacrylamide gel electrophoresis of disrupted JE
virions, HA and CF components.
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Photo. 1. Disrupted purified JE virus
with Tween 80 and ether
(magnification 1:140,000).

Photo. 3. see Photo. 1.

Photo. 2.

Photo. 4.

see Photo. 1.



Photo. 5.

Photo. 6.

The aggregation of fine projections observed in Fr. No. 5 of the
precipitate (magnification 1:140,000).

o A RS e T . s :
The free and aggregated projection observed in Fr. No. 6 of the
precipitate (magnification 1:140,000).

19
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Photo. 8.

. e
i wf;;jy o gﬁ,%“

P oy &

The rope-like structure of nucleocapsid observed in Fr. No. 8 of
the supernatant (magnification 1:140,000).

The aggregation of rope-like structure of nucleocapsid observed
in Fr. No.9 of the supernatant (magnification 1:140,000).
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It was interesting to note that HA component was able to induce the neutralization antibody
as well as Hl antibody, but no CF antibody. In contrast, CF components induced CF
antibody but no neutralization nor HI antibody (Table 5).

Table 5. Production of neutralization, hemagglutination inhibition and complement
fixation antibodies in immune mouse ascitic fluid against fractionated components

— antibody titer

R Test
Antibody ~. . NT HI o cF
Antigen v HA v HA CF v

Immune MATF ) .

K 64 128 64 <2 <2 2
against HA components
Immune MAF )

e <4 <2 <2 <2 4 8
against CF components
Hyperimmune rabbit serum R .

] ) >256 640 1280 <2 16 64
against JE virus
Nonimmune MAF <4 <2 <2 <2 <2 <2

Remarks: V¥ -ooooeens complete virions
MAF: - mouse ascitic fluid
DISCUSSION

Many workers attempted to isolate successfully the envelope having HA activity and
inner core substances having CF activity from the virions of Sindbis virus (Mussgay, et al.
1964, Bose et al. 1970), Semliki Forest virus (Kéiridinen et al. 1971), and Venezuelan
equine encephalitis virus (Horzinek et al. 1969). So far as JE virus was concerned, the
isolation of the both components from the virion particularly from the amount of the purified
virus was performed sufficiently., Recently, it was demonstrated that concanavalin A, a
phytagglutinin derived from jack beans, binds specifically to saccharides with the terminal
a— D— mannopyranosyl, a«— D— glucopyranosyl or 83— D— fructofuranosyl residues.
Glycoprotein representing structural components of enveloped virus reacts with concanavalin
A (Carafat et al. 1972; Stewart et al. 1973). It was also found that the cells infected
with myxoviruses (Becht et al. 1972), arboviruses (Oram et al. 1971) particularly JE
virus (Yoshinaka et al. 1975) were agglutinable with concanavalin A. In this study, it
was attempted to isolate HA and CF components from the virion and the both components
could be isolated successfully from the disrupted JE virions with Tween 80 and ether by the
agglutination of hemagglutinin with concanavalin A. It was considered that concanavalin A
allowed to agglutinate rapidly and selectively the projections in the disrupted virus prepa-

ration. The HA component precipitated with concanavalin A showed a major polypeptide
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in acrylamide gel electrophoresis, and .evealed an aggregation of fine projections by
electronmicroscopic observation.

The supernatants having CF activity which have been obtained after the treatment of
concanavalin A contained the aggregation of nucleocapsid and membranous structure named
as “core membrane” by the author. The core membranes revealed electron dense shells as
seen in Photo. 9, 10, 11, 12, 13, and 14. These membranous structures (core membrane)
were clearly different from the membranous structure at the basis of projection which was
proposed to name “basal membrane” by Ueda (1976). It was considered that these core
membranes surrounded closely the nucleocapsid of the virions. This finding might have been
similar to the capsidal shell demonstrated in Sindbis virus by Horzinek et al. (1969). On the
other hand, Igarashi et al. (1970) had reported that the core of Chikungunya virus was
surrounded by a membrane containing phospholipid devoid of hemagglutinin. It was, how-
ever, considered that the core membrane stated by Igarashi et al. (1970) might correspond
to the membranous structure of JE virion at the basis of projections (basal membrane)
as it was observed previously by Ueda (1976). The supernatant obtained after the treatment of
concanavalin A showed a major and a minor polypeptides in 10% acrylamide gel electrophoresis
as shown in Fig. 3. The major and the minor polypeptides might be nucleocapsid and
membranous structure (core membrane) respectively. Kitano et al. (1975) reported that,
when the disrupted JE virus with NP40 was centrifuged in the equilibrium density gradient by
adding solid CsCl to the virus preparation, the top fraction contained amorphous substance
(however, there was no presentation of that component) showing the smallest polypeptide
in acrylamide gel electrophoresis. He suggested that this smallest polypeptide might be a
membrane protein embedded in the envelope. Taking into consideration the smallest
polypeptide stated by Kitano et al. (1975), it may correspond to the core membrane which
was clearly distinguished from the membranous structure (basal membrane) associated with

the envelope at the basis of projections demonstrated previously by Ueda.

SUMMARY

The treatment of disrupted JE virion with concanavalin A was effective to isolate
the HA and CF components. The aggregation of fine projections was revealed in HA
components, whereas the CF components contained the nucleocapsid and core membrane
distinguished trom the membranous structure at the basis of projections. The biological

properties of these both components were also presented.
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AARSE Y A L ADEAGECHIT 58 MR SRR T O 08, #ik & SRIBEORR
WAKAR (RBF R EEEF TN ¥ A L AW

Concanavalin A 3R &R HE ST 53, glycoprotein % A3 % enveloped RNA w7 1
A% LRIV T 5 bR T E e, OB FIN LT, Tween 80 and ether THEEE L
T HARRGSE 7 A A0 0 MR RO FRS A MRS A2 BEL, T Hikt o ¥ A BRSO
ECHRL DRULE 1T - 7o MIEREEEMER S X BBAAYIC projection O ETHB 2 LHHRL, 7
i~ polypeptide 2B T 52 L &Bodic, —Ti, RS EHERSE nucleocapsid &
membrane BEMOHA TH B = L2 BHEMCH L, »OFRFERICHYMT 5 polypeptide HIEH]
Ehiz, membrane fii% core membrane &N, X Xy LA L7 envelope D IEEE (basal
membrane, unit membrane) LiIWiB L DOTHL - LRI LT, Ak DEFEEE LR D
FIRTHD, HAEBET A L ADEEBECH LG REARR L b0 Th o, MFREHIER) T~
VAT RIET D L MEBREEIIHIEUAR L i et L X < A X R, R ATk RH S h
Teinoteo SRR LT, A TERS TREE Lic< v A CdE S E oA X h, M
BRI UL R PUA DR LD bR » e & OHFEZH RN 74 A A 0 REYph e
HEDBPIER D OB EBE B LD LD TH D,

IR 18% 15 11—28H, 1976423



