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Separation of Structural Protein of Japanese Encephalitis Virus

by Column Chromatography
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Abstract: Attempts were made to separate structural proteins of Japanese encephalitis
(JE) virus from purified and disrupted virion or virus-infected Aedes albopictus, clone
C6/36, cell homogenate. The specimens were applied on the columns containing various
materials, such as glass wool, DEAE-Sephacel, Sepharose 4B and 6B, Sephadex-G 150,
and Hydroxylapatite with various elution buffers. The eluted peak fractions of ODag
were further analyzed by polyacrylamide gel electrophoresis in the presence of sodium
dodecyl sulfate (SDS-PAGE) followed by Coomassie Brilliant Blue (CBB) staining. In
several fractions, the presence of a protein band was identified by SDS-PAGE with
estimated molecular weight (Mw) of 54K, which corresponds to the envelope glycoprotein
V3 (E) of JE virus. These fractions were obtained from disrupted virion by Sepharose 6B
or Sephadex G-150, and also from infected cell homogenate by Sepharose 6B or Hydroxyl-
apatite columns. These fractions were associated with virus antigenicities measured by
the ELISA. The best separation of V3 (E) was observed in Sepharose 6B column frac-
tions obtained from the virion disrupted by SDS and 2-mercaptoethanol (2ME). While,
disrupted but unfractionated virion showed 2 stained bands with Mw of 54K and 8K, the
latter corresponded to virion membrane protein V1 (M).
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INTRODUCTION

Japanese encephalitis (JE) virus is a member of the family Flaviviridae with single-
stranded RNA genome of 42S, and was also classified as mosquito-borne group B
arbovirus (Friedman, 1968; Shapiro et al., 1971). The viral envelope contains glycoprotein
V3 (E) with Mw of 54K, and membrane protein VI (M) with Mw of 8K. While, viral
nucleocapsid contains core protein V2 (C) with Mw of 14K (Stollar, 1969; Shapiro et al.,
1971). So far several procedures have been documented to isolate and separate envelope
glycoproteins without loss of their biological activities or antigenicities for other
flaviviruses or alphaviruses of Togaviridae (Trent, 1977; Hashimoto and Simizu, 1979;
Yamamoto and Simizu, 1980; Poliquin and Shore, 1980; Omar and Koblet, 1985).

For JE virus, Takegami ef al. (1982) separated V1, V2, and V3 by SDS-PAGE and
renatured V3 antigenicities by removing SDS by ion-exchange resin. However, the
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recovery of the V3 appeared to be relatively low. In this paper we tried to isolate struc-
tural proteins of JE virus, especially, V3 from purified virion as well as virus infected
cells by several column chromtography using suitable buffer system.

MATERIALS AND METHODS

Cells: Aedes alhopictus, clone C6/36, cells (Igarashi, 1978) were grown at 28°C as
mass culture in spinner bottles as described before (Srivastava et al. 1987).

Virus: A wild strain of JE virus, JaOArS982 (Hori et al., 1986), was inoculated to
the cell culture. Virion was concentrated and purfied from infected fluid by polyethelene
glycol precipitation and ultracentrifugation through sucrose gradients in STE buffer (0.1 M
NaCl, 0.01 M Tris-HCI, 0.001 M EDTA, pH 7.4) as described before (Srivastava et al.,
1987). Fractions of 0.6 ml volume were collected by an ISCO density gradient fractionator
model 640 and peak fractions of ODy5, were used as purified virion.

Cell homogenate: Infected C6/36 cells on microcarrier (Cytodex-1, Pharmacia, Sweden)
were collected after 7 days of infection and homogenized in STE buffer containing 0.1%
SDS or 1% Nonidet P-40, using a glass-homogenizer. The homogenate was centrifuged at
3,000 rpm for 15 minutes at 4C, and the supernatant was used as the source of the virus
proteins.

Column Chromatography. Glass wool column chromatography (1.5x12cm) of disrupted
virion was performed according to Yamamoto and Shimuzu (1980). Hydroxylapatite column
(1.5x12cm) was used to separate detergent-solubilized infected cell proteins by gradient or
step-wise elution with phosphate buffer containing 0.1% SDS. DEAE Sephacel column
(1.6x15cm) was used to separate proteins from disrupted ‘Virion or infected «cell
homogenate as anion exchanger by NaCl gradient in elution buffer containing 0.1% NP40.
Sephadex-G 150, Sepharose 4B and Sepharose 6B columns (all 1.5 X 65cm) were utilized for
gel filtration of proteins from disrupted virion or cell homogenate. Jacketed columns (Phar-
macia, K16/20 or K16/70) were packed with gel suspension in appropriate buffer system.
The specimen was equilibrated with the same buffer, while outer jacket was circulated
with cooling water at 4°C. Specimen of approximately 1ml volume was applied and was
eluted with either by the gradient system or the same buffer which was used for the
equilibration at flow rate of 10—12 ml/hr. ODyg of the elute was continuously recorded by
Toyo UNICON 540M and fractions of 5ml volume were collected by a fraction collector,
Toyo SF-100P.

ELISA: The procedure as described by Voller et al. (1976) was used, with anti-
flavivirus monoclonal antibody at 1:16,000 dilution as catching antibody and the same
monoclonal antibody which was conjugated to horseradish peroxidase by Wilson and
Nakane’s method (1978) as detecting antibody at 1:1000 dilution, respectively.

SDS-PAGE: Slab gel method (Studier, 1973) with discontinuous buffer system (Laem-
mli, 1970) was used with 10% gel (acrylamide : bisacrylamide ratio of 30 : 0.8) in 1mm
thickness. Specimens were sloubilzed under reducing condition in 0.125M Tris-HC], pH 6.8, -
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containing 2% SDS and 1% 2ME by heating at 100°C for 1 minute. After electrophoresis,
the protein bands were visualized by staining with 0.1% CBB in 10% acetic acid and 30%
methanol by diffusion, followed by destaining in 10% acetic acid and 30% methanol.
Chemicals: Acrylamide, bisacrylamide and 2ME were the products of Wako Pure
Chemicals Industries Ltd. Japan. The peroxidase, type VI, was purchased from Sigma
Chemicals Co. Ltd. Hydroxylapatite was the product of Bio Rad Co., and Sephadex G-150,
Sepharose 4B and 6B were purchased from Pharmacia, Sweden. '

RESULTS

Table 1 summarizes the experimental results using various column materials and buffer
systems. Glass wool column did not adsorb almost any proteins from the disrupted virion,
and the single peak eluted by Na(Cl gradient did not show virus antigenicities. Nor the pro-
tein bands corresponded to the structural proteins of JE virus were identified by the SDS-
PAGE. Similar negative results were also obtained by DEAE Sephacel and Sepharose 4B
chromatography of disrupted virion or cell homogenate, although 3 peaks of ODyg were
recorded. Sepharose 6B gel filtration of the purified virion disrupted by SDS and 2ZME
eluted by STE containing 0.1% gave 4 OD peaks, with ELISA antigen and V3 band in
the third peak (Fig. 1 & 2). Also, 3 OD peaks were separated from infected cell
homogenate by Sepharose 6B column using borate buffer containing 0.1% NP40 and chas-
ed with 1M NaCl. In this case, ELISA antigen and V3 band were found in the 1st OD
peak which was contaminated with other proteins as well. On the other hand, the same
column could not give fractions with ELISA antigens or V3 band from disrupted viron or
infected cell homogenate when elution was performed with phosphate buffer containing
0.1% NP40, although 2-3 OD peaks were observed. Sephadex G—150 column could also
separate purified virion disrupted by NP40 into 5 OD peaks by elution with 0.1M NaCl,
0.01M Tris-HClL, 0.1% NP40, pH 7.4. In this case, ELISA antigen and V3 band were
observed in the third peak, however, the V3 band was not clear enough. Also, Hydroxyl-
apatite column could separate proteins from infected cell homogenate into 4 peaks by gra-
dient elution with phosphate buffer. Although the ELISA antigen and V3 band were found
in the third peak, they were contaminated with some other bands of possible celtular pro-
teins. On the other band, step-wise elution of similar infected cell homogenate by the
same column separated the proteins into 3 peaks, but none of them was associated with
ELISA antigen or V3 band.

Comparative evaluation of the results in Table 1 shows that the best preparation of
JE virus V3 was obtained by gel filtration of purified virion disrupted by SDS and 2ME
and fractionated by Sepharose 6B column eluted by STE containing 0.1% NP40, pH 7.4.
The peak fraction with ELISA antigen and V3 protein was analysed by the SDS-PAGE
(lane 2 in Fig. 2) along with control starting material of the purified virion which was
disrupted with SDS and 2ME (lane 1, Fig. 2) followed by the CBB staining. In Fig. 2, con-
trol virion in lane 1 showed two bands with Mw of 54K and 8K for V3 and V1 but V2
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Table. 1 Separation of JE virus structural proteins by various columns and buffers

Size Separation of virion

Column Sample Buffer & pH

(cm) structural proteins

Glass wool 1.5%12 | virion 0 — 1 M Na(l gradient in | single OD peak
disrupted 0.01 M Tris-HCI, 0.001M | ELISA(—)
by 1% NP40 EDTA, 1 % NP40 SDS-PAGE(—)

DEAE Sephacel | 1.6x15 | Virion 0 — 1 M NaCl gradient in | 3 OD peaks
disrupted 0.01 M Tris-HCI, 0.001 M | ELISA(~)
by 1% NP40 | EDTA,0.1% NP40 SDS-PAGE(—)

DEAE Sephacel | 1.6x15 | infected 0 — 1 M NaCl gradient in | 3 OD peaks
cell 0.005 M potassium ELISA(—-)
homogenate phosphate, 0. 1% NP40, SDS-PAGE(—)
in STE pH 8
1 % NP40

DEAE Sephacel | 1.6x15 | virion 0 — 1 M NaCl gradient in | 3 OD peaks
disrupted 0.005 M potassium ELISA(—)
by 1% NP40 pkﬁogphate, 0.1% NP40, SDS-PAGE(—-)

p

Sepharose 4 B | 1.5% 65 | virion 0 —1 M NaCl in 3 OD peaks
disrupted 0.01 M Tris-HCI ELISA(-)
by 1% NP40 |0.001 M EDTA, pH 7 SDS-PAGE(—)

Sepharose 6 B 1.5% 65 | virion 0.1 M NaCl in 4 OD peaks
disrupted 0.01 M Tris-HC], one of them was
by 1% SDS, 0.001 M EDTA, ELISA(+)and V 3
1% 2ME 0.1% NP40, pH 7.4 in SDS-PAGE

Sepharose 6 B 1.5x 65 | infected 0. 005M sodium 2 OD peaks
cell phosphate, 0. 1% NP40, ELISA(—-)
homogenate pH 7, chased by 1 M SDS-PAGE (—-)
in STE NaCl in above buffer
disrupted
by 1% NP40

Sepharose 6 B | 1.5%x65 | pooled 0.005 M potassium 3 OD peaks
virion phosphate, 0.1% NP40 ELISA(-)
disrupted pH 8, chased by SDS-PAGE(—)
by 1% NP40 1 M NaCl in the
in STE above buffer

Sepharose 6 B 1.5%65 | infected 0.01 M borate buffer, 3 OD peaks
cell 0.1% NP40, one of them was
homogenate pH 9, chased by ELISA(+)and V3
in STE 1 M NaCl in the in SDS-PAGE
disrupted above buffer
by 1% NP40.

Sepharose 6 B | 1.5x65 | infected 0.05 M phosphate 3 OD peaks
cell buffer, 0.1% % NP40 ELISA(—)
homogenate pHY, chased by 1 M NaCl | SDS-PAGE(—)
disrupted in the above buffer
by 1% NP40

Hyrdoxylapatite | 1.5x 15 | infected 0.001—0.25 M sodium 4 OD peaks,
cell phosphate buffer one of them was
homogenate 0.1% SDS, 0.1 M PMSF | ELISA(+)and V3
in STE pH 7.4 in SDS-PAGE

1 % NP40

Hydroxylapatite | 1.5x15 | infedted eluted by 0.001 M, 3 OD peaks
cell 0.005 M and 0.5 M ELISA(—)
homogenate sodium phosphate, SDS-PAGE (—)
in , 0.1% SDS, pH 7.4
by 1% SDS

Sephadex G-150 | 1.5x65 | virion M Na(Cl 5 OD peaks,

disrupted
by 1% NP40

0.1
0.01 M Tris-HCI,
0.1% NP40, pH 7.4

one of them was
ELISA(+)and V3
in SDS-PAGE
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Fig. 1. Elution pattern of purified JE virion disrupted by SDS and 2ME from Sepharose 6B. One ml
of the purified JE virion was solubilized by 1% SDS and 1% 2ME at room temperature for 5
minutes and then applied on the column (1.5%65cm) of Sepharose 6B equilibrated with STE
with 0.1% NP40, pH 7.4 and eluted with the same buffer.
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Fig. 2. SDS-PAGE of purified virion (lane 1) and fraction 19 from Fig. 1 (lane 2). Specimens were
solubilized by 2% SDS and 1% 2 ME at 100°C 1 minute in 0.125 M Tris-HCI buffer, pH 6.8,
before electrophoresis.
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could not be visualized by the staining of the gel. On the other hand, lane 2. fraction 19
from the gel filtration, showed only a single band of Mw 54K for V3.

DISCUSSION

In our laboratory, structural proteins of JE virus have been separated by SDS-PAGE
(Srivastava and Igarashi, 1985; Srivastava ef al., 1987), and tried to isloate V3 as
Takegemi et al. (1982) reported. Also we have experienced that separation of solubilized
JE virus was not efficient by using isoelectric focusing as reported by Trent (1977), and
Hashimoto and Simuzu (1979). The former procedures were not efficient in the recovery
of V3 protein, and the latter required quite a long time and the separation of each struc-
tural proteins was not clear.

We examined the combinations of several columns with several buffer systems in
order to separate the V3 protein from purified virion or infected cell homogenate. As
described in the Results, gel filtration by Sepharose 6B column gave best separation of V3
with antigenicities. This method is simple and efficient for large scale purification of the
envelope glycoproteins without loss of its antigenicity. Therefore, this method might be ap-
plicable to other group of arboviruses with slight modification in elution buffer.

The reason why V2 was not stained well by SDS-PAGE in the control preparation
before fractionation is not clear. However, purified virion under electron micrography showed
that the preparation consisted of mostly complete particles (Srivastava and Igarashi, 1987).
Our previous finding showed that the mobility and staining of V2 in SDS-PAGE as well as
its reactivity with polyclonal anti-JE mouse serum was reduced for the virion disrupted
under reducing condition compared with nonreducing condition (Srivastava et al., 1987).
Through our present studies, we used the SDS-PAGE for the specimens prepared under
reducing condition. The negative finding of V2 in the SDS-PAGE result might have some
relationship with this findings. Since Takegami et al. (1982), however, showed clear stain-
ing of V2 protein for Nakayama strain of JE virus in SDS-PAGE, our negative result
might also be due to the difference in the virus strain used in the experiments. These
questions should be answered by using radiolabeled virion or more sensitive detection
method like Western blotting.
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