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Studies in the development of Japanese encephalitis
vaccine: expression of virus envelope glycoprotein
V3 (B) gene in yeast

H. FUJITA,l H. SUMIYOSHI,2 C. MORI,3 S. MANABE,4 M. TAKAGI,5 I. YOSHIDA,6
K. MORITA,7 I. FUKE,3 K. FUKAI,8 & A. IGARASHI9

A safe, effective and economical vaccine is required for the prevention of Japanese
encephalitis (JE), a disease with high mortality and grave sequelae, which is prevalent in
Japan and other countries in east, south-east and southern Asia. As the initial step to
produce a second-generation vaccine, recombinant DNA technology was utilized to
express the JE virus envelope glycoprotein V3 (E) gene in yeast cells.

This report describes the construction of a yeast expression vector in which a cDNA
clone covering the V3 gene was connected to the acid-phosphatase promoter of a yeast
vector plasmid. Successful expression of the V3 gene was detected by ELISA and Western
blotting using monoclonal antibodies against JE V3. Immunization of mice with the V3
antigen expressed in yeast produced limited but definite levels of anti-JE antibodies which
could neutralize JE virus. The results are an encouraging step in the development of a
practical second-generation JE vaccine.

The causative agent of Japanese encephalitis (JE) is
a virus belonging to the mosquito-borne group of
flaviviruses, with a single-stranded RNA genome of
positive polarity and relative molecular mass (Mr) of
approximately 4 x 106 (1). The virion contains three
structural proteins: a 58 x103 Mr envelope glyco-
protein (V3, or E), a 14 x 103 Mr core protein (V2, or
C), and a 7 x 103 Mr membrane protein (VI, or M)
(2-4). The envelope glycoprotein V3 (E) is considered
to play an important role in the initial step of virus
infection of host cells, and neutralizing antibodies
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against V3 are capable of preventing JE virus
infection in vertebrates including humans (5). A
vaccine containing formalin-inactivated JE virus has
been developed and is widely used in Japan for
preventing the disease. Because the vaccine has to be
prepared from infected mouse brains, great care is
needed to purify the virion used as the immunogen in
order to avoid possible allergic demyelination (6).
This makes the final product too expensive for wide-
scale use in immunization in the developing countries
of east and southern Asia where JE is mostly
prevalent at present (7, 8).

Since genetic engineering techniques have been
applied to produce various biologically active
materials including virus vaccines in prokaryotes or
lower eukaryotes (9-11), we tried to express the V3
protein gene of JE virus in yeast cells.

MATERIALS AND METHODS

Preparation of JE virus RNA

A wild strain of JE virus, JaOArS982, isolated
from Culex tritaeniorhynchus mosquitos captured in
Osaka Prefecture in 1982, was grown in Aedes
albopictus clone C6/36 cells (12). The virus was
partially purified from infected fluid by polyethylene
glycol precipitation and ultracentrifugation. Virus
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RNA was extracted with phenol and purified by
sucrose-gradient sedimentation followed by ethanol
precipitation, as already described (13).

Synthesis of double-stranded cDNA and cloning

The procedures have been detailed elsewhere (14).
Briefly, the virion RNA was first poly-A-tailed by
poly-A polymerase and ATP followed by phenol
extraction and ethanol precipitation. The first strand
of cDNA was synthesized on the poly-A-tailed virion
RNA using oligo(dT) primer and reverse trans-
criptase. After incubation with the mixture of RNase
H, DNA ligase, and DNA polymerase I followed by
phenol extraction and ethanol precipitation, the
second strand cDNA was synthesized by T4 DNA
polymerase. The double-stranded cDNA was
methylated and ligated to Bam HI linkers. After
digestion with Bam HI, the cDNA fragments were
inserted into the Bam HI site of the Escherichia coli
plasmid pUC13 (32) and the recombinant DNA was
used to transform E. coli strain DHI (33).

Nucleotide sequencing ofJE virus genome RNA

Sequences of JE virus cDNA clones have been
determined by the dideoxy-chain-termination
method (15, 16), and the sequenced region of 3000
nucleotides near the 5' end of JE virus-RNA (14) was
shown to cover the coding region for the structural
proteins by comparing its nucleotide and amino acid
sequences with those of other flaviviruses (14, 17,
18).

Construction of yeast expression vector plasmid for
JE virus V3 (E)

One of the JE virus cDNA clones, S22, which
covers the V3 gene and contains an Ml ul site 49 bases
upstream from the 5' end and a SphI site 7 bases
upstream from the 3' end of V3 gene (14), was
inserted into the pUC1 3 plasmid to construct plasmid
pS22 and amplified. The pS22 plasmid was digested
with EcoRI and MluI, blunt-ended by T4 DNA poly-
merase, and connected to XhoI linkers in order to
create a XhoI site. The resulting plasmid was digested
with SphI and BamHI, blunt-ended by T4 DNA
polymerase, and inserted with universal terminator'
to construct plasmid pS22XS (Fig. 1).

After amplification in E. coli JM83, the pS22XS
plasmid was digested with XhoI and SalI, and the
resulting DNA fragment of 1600 bp including V3
gene was inserted into the XhoI site of yeast
expression vector YEpI33PCT to construct pJEV3
(Fig. 2). YEpl33PCT had been constructed from the
shuttle vector YEpl3 (19) by inserting a PHO5
promoter region from the yeast pPHO5 gene (20) and

a Pharmacia, Biotechnology International, Uppsala, Sweden.
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Fig. 1. Construction of plasmids pS22 and pS22XS.

a TRP1 terminator region with adjacent ARS (auto-
nomous replication sequence) from YRp7 (21). Since
the pJEV3 strategy was to utilize the first ATG codon
of the V3 gene itself which is 72 bp downstream from
the PHO5 promoter, another plasmid, pJM105, was
constructed in order to utilize the ATG initiation
codon of the PHO5 structural gene itself which was
connected to the V3 gene with 2 amino acids from the
PHO5 gene, 2 amino acids from the junction region
and 16 amino acids from VI gene (Fig. 2). XhoI and
SalI sites on either end of LEU gene from YEpl 3 were
removed by inverting the direction of the fragment.
The initiation ATG codon of PHO5 gene was
connected to the reading frame of the V3 gene by
filling the XhoI site with T4 DNA polymerase.

Transformation of Saccharomyces cerevisiae with
yeast vector plasmid and isolation of trans-
formants
S. cerevisiae SHY4 (ATCCb No. 44772) with gen-

etic markers ura -, trpl-, leu2 -, and his3 - (22)
was transformed with the yeast expression vectors
described above by alkali cation treatment (23), and

b ATCC, Rockville, MD, USA.
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Fig. 2. Construction of expression vector plasmids
pJEV3 and pJM 105.

plated on leucine-free SD agar (0.67%1 Difcoc yeast
nitrogen base without amino acids, 2% dextrose, 2%
Bacto Agar, 20 mg/ml each of uracil, tryptophan,
and histidine). Transformants of leu+ phenotype
were isolated and assayed for the expression of V3
gene product.

Expression of the V3 gene product by yeast
transformants

Clones of yeast transformants, selected as

described above, were incubated for 24 hours at
30 OC in 40 ml of Burkholder medium (24) supple-
mented with 20 mg/l each of uracil, tryptophan, and
histidine and containing 1.5 g/l of KH2PO4. After
centrifugation and washing, the cells were transferred
into 400 ml of the above medium containing 1.5 g/l

' Difco Laboratories, Detroit, Ml, USA.

of KCl instead of KH2PO4, and incubated for 48
hours at 30 IC. The cells were collected and
resuspended in 80 ml of 50 mmol/l phosphate
buffer, pH 7.2, containing 100 itg/ml of Zymolyased
and 1.2 mol/l sorbitol. After incubation for 30
minutes at 30 'C, the cells were collected and
resuspended in 10 ml of 100 mmol/l phosphate
buffer, pH 8.5. The cells were disrupted by vortex
mixing, and spun down at 10 000 g for 10 minutes to
get a crude supernatant extract. The antigenic titre of
V3 in the sample was determined by the sandwich
ELISA (25) using anti-JE virus, Nakayama strain,
mouse IgG as catching antibody, and horseradish
peroxidase (HRPO)-conjugated anti-JE V3 mouse
monoclone, NARMA 16 (26) as detecting antibody.
The titre of the test samples was normalized using a
reference JE antigen R-181 from the National Insti-
tute of Health of Japan as a standard (100 units).

In order to check the activation of PHO5 pro-
moter, the acid-phosphatase (APase) activity in the
induced yeast extract was measured in 0.5 ml of the
yeast culture. Cells were collected and washed,
followed by adding 0.5 ml of 50 mmol/l acetate
buffer, pH 4.0, and 0.5 ml of 0.64 mg/ml p-nitro-
phenyl phosphate. After 10 minutes of incubation at
35 'C, the reaction was stopped by adding 1 ml of
10% trichloroacetic acid. Colour density, developed
by adding 2 ml of saturated sodium carbonate, was
measured at X = 420 nm.

Polyacrylamide gel electrophoresis (PAGE) and
Western blotting

Specimens were solubilized by 1% sodium dodecyl
sulfate (SDS) and 1% 2-mercaptoethanol in
125 mmol/l Tris-HCI, pH 6.8, at room temperature
for 20 minutes, followed by separation on 10%
discontinuous PAGE in the presence of 0.1% SDS
(27). Antigenicities of the separated polypeptides
were examined by Western blotting (28, 29). Electro-
phoretic transfer of separated polypeptides from the
gel to a nitrocellulose membrane was carried out
using a Bio-Rade transblot TM cell. Antigenic poly-
peptides on the membrane were reacted by an anti-JE
V3 mouse monoclone, NARMA 16 (26), followed by
the reaction with HRPO-conjugated anti-mouse-IgG
goat IgG and visualization with 4-chloro-1-naphthol.
Immunization of mice and assay of antibody titres

A group of 10 mice were intraperitoneally
immunized six times at 1 week intervals with 100
ELISA units each of crude extract from yeast cells
expressing JE polypeptides. As a positive control,
another group of 10 mice were immunized with
standard JE vaccine following the same schedule and

d Kirin Brewery Co. Ltd., Tokyo, Japan.
' Bio-Rad Laboratories, Richmond, CA, USA.
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using 3 ELISA units of antigen for each injection.
One week after the last immunization, the mice were
bled and their sera were pooled before testing for
antibody titres by the neutralization (N) test (30) and
haemagglutination-inhibition (HI) test (31).

RESULTS

Expression ofJE virus V3 gene product in yeast cells
transformed by yeast expression vectors
S. cerevisiae was transformed with the V3 ex-

pression vector plasmid pJEV3 and the transform-
ants were isolated and assayed for the expression of
V3 gene products. Only a small amount of V3 was
detected by ELISA.

Since the pJEV3 strategy was to utilize the first
ATG codon of V3 gene which was somewhat far from
the PHO5 promoter, another plasmid, pJM105, was
constructed in order to utilize the ATG initiation
codon of the PHO5 structural gene itself, which was
connected to the V3 gene in order to make a fusion
protein (Fig. 2). Transformants of S. cerevisiae with
this plasmid pJM105 were selected and tested for
their V3 production, and the result with one of the
clones is shown in Table 1. Along with the cultivation
in phosphate-free medium and induction of acid-
phosphatase activity, the ELISA titre of JE V3
increased. Although the cell density reached a plateau
after 24 hours of culture, the ELISA titre continued
to increase up to 48 hours.
Another extract was prepared from similarly

induced pJM105-transformant by suspending the
cells in 100 mmol/l phosphate buffer, pH 8.5, and
disruptedf for 15 minutes. After centrifugation at
17 000 g for 1 hour, the supernatant was centrifuged
through discontinuous layers of 20% and 50%
sucrose and fractionated. Peak fractions of high
ELISA titre were pooled and the polypeptides were
separated by SDS-PAGE followed by Western
blotting. The result (Fig. 3) showed that the induced
pJM105-transformant produced a polypeptide with
antigenic epitope reacting with an anti-JE V3 mono-
clone. The relative molecular mass of the polypeptide
was 53 x 103, similar to that of the JE virion V3
protein, and agrees well with the Mr of 53 334
calculated from the expected amino acid sequence of
V3 protein (14).
The V3 protein produced in the yeast cells was used

to immunize mice along with the reference JE vaccine
and the immunogenicities were compared. The
results (Table 2) show that the yeast extract could
produce the anti-JE HI antibodies, as well as
neutralizing antibodies, although the titres were
significantly lower than those obtained with the
purif'ied JE vaccine in current use.

f Using Beads Beater from Biospec Products Co., Bartlesville,
OK, USA.

Table 1. Production of JE V3 antigen in yeast cells
during 48 hours of cultivation

Cultivation Cells/ml Acid phosphatase
time (h) (x 106) activity (OD420) JE V3 antigen'

0 6.1 0.034 2.4
5 1 6 0.530 30
10 43 1.335 27

1 8 63 1.785 37

24 71 1.935 57

30 72 2.160 31

48 58 2.160 81

ELISA titre.

S - _ I | S IS 4

Fig. 3.Detection of V3 gene product made in yeast cells
by SDS polyacrylamide gel electrophoresis and Western
blotting. Lane 1: JE virion; lane 2: yeast V3 (E); lane 3:
normal yeast extract.
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Table 2. Comparison of immune responses of mice immunized with V3 (E) expressed in yeast cells or with purified
JE vaccine

Neutralizing antibody titre by Hi titre by

Immunogen Nakayama Beijing- 1 JaOArS982 Nakayama Beijing- 1

YeastV3 (E) 117 48 59 80 80

JE vaccine 50 100 3800 3400 2560 640

DISCUSSION

The results have shown that the JE virus V3 (E)
protein gene can successfully be expressed in yeast
cells and that the product appears to carry at least
some of the antigenicities and immunogenicities of
intact V3 (E) on the native virion. One of the
problems encountered during the study was the
apparent cleavage of the gene product during the
extraction and purification procedures, which was
probably due to yeast proteases. The possibility of
cleavage was noticed when several preparations

showed bands of reduced Mr by Western blotting.
Although the product underwent such cleavages, it
still appeared to retain some of the antigenicities.
Further studies are now necessary to purify the gene
products and for their reconstruction to some highly
organized structure similar to intact V3 (E) on the
virion so that higher antigenicities or immuno-
genicities may be obtained. Studies are also required
to identify the nucleotide sequence coding the
antigenic epitopes eliciting virus neutralizing anti-
bodies, and to minimize the size of the cDNA
fragment which can make such epitopes.
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RI-SUMI

MISE AU POINT D'UN VACCIN CONTRE L'ENCtPHALITE JAPONAISE: EXPRESSION DU GtNE
DE LA GLYCOPROTtINE D'ENVELOPPE V3(E) DU VIRUS DANS UNE LEVURE

L'encephalite japonaise (EJ), maladie virale grave
entrainant une forte mortalite et d'importantes sequelles,
est due a un flavivirus transmis par les moustiques, le virus
de l'enc6phalite japonaise. Bien que la maladie ne soit
maintenant plus aussi prevalente qu'auparavant au Japon,
les epidemies d'encephalite japonaise provoquent encore
des deces et des invalidites dans de nombreux pays en
d6veloppement de l'Asie du Sud-Est et de l'Asie orientale et
meridionale. La premiee etape de la preparation d'un
vaccin anti-EJ de deuxieme generation, qui doit etre a la fois
sfir, efficace et economique, a e de tenter d'exprimer le
gene de la glycoproteine d'enveloppe V3(E) du virus de
l'encephalite japonaise dans des cellules de levure, par des
techniques de genie genetique.
Un clone d'ADNc prepare a partir de l'ARN genomique

du virus EJ, et suppose couvrir la totalite du gene V3, a et
modifie de faqon a possider des sites appropries de coupure
par les enzymes de restriction et un codon de terminaison

universel, et a e insere dans un plasmide vecteur du c6te
C-terminal par rapport au promoteur (PH05) de la phos-
phatase acide inductible. Ce plasmide a e utilise pour
transformer les cellules de levure, et les transformants
obtenus ont e cultives en milieu pauvre en phosphate,
de fa$on a activer le promoteur PH05 et a entrainer
l'expression du gene V3(E). Les transformants possedant un
vecteur d'expression pJEV3, dans lequel le premier codon
ATG du gene V3 etait relie au promoteur PH05 par l'inter-
mediaire d'un fragment d'insertion de 72 paires de bases, ne
donnaient que des taux a peine decelables du produit du
gene V3 apres induction. Toutefois, en utilisant un autre
plasmide, dans lequel le codon d'initiation ATG du gene de
structure PH05 lui-meme etait utilise et relie au gene V3 par
l'intermediaire de 18 restes acides amines en vue de produire
une proteine de fusion, une quantite significative de
proteine V3(E) a 6t6 obtenue dans les cellules induites
comme on l'a mesur6 par ELISA. On a montre par immuno-
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transfert (Western blot) que la proteine obtenue possedait la
meme masse moleculaire relative que la proteine V3 et en
conservait au moins certains sites antigeniques. L'immuni-
sation de souris au moyen de l'extrait de levure transformee
et induite entrainait la production de taux d'anticorps anti-
EJ decelables par neutralisation et par inhibition de

l'hemagglutination, bien qu'en quantites tres inferieures a
celles obtenues avec le vaccin anti-EJ actuel.
Ces resultats peuvent etre consideres comme un debut

prometteur sur la voie de la mise au point d'un vaccin anti-
EJ de deuxieme generation.
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