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Expression of Envelope Glycoprotein E of Japanese Encephalitis Vims using Bombix mori
Nuclear Polyhedrosis Virus

Yoshikazu AIRA

Department of Virology, Institute of Tropical Medicine, Nagasaki University (Professor:
Akira Igarashi) R

Abstract: In order to prevent and control Japanese encephalitis' (JE) in presently
vepidemic areas, development of the second generation JE vaccine using recombinant
DNA technology has been postulated by the World Health Organization (WHO). Toward
this ijective, the author tried to express JE virus envelope glycoprotein (E) using Bom-
bix mori nuclear polyhedrosis virus as a baculovirus expression vector. The cDNA seg-
ment approximately corresponding to the entire E protein gene was prepared from E. coli
plasmid pUCI13 inserted with ¢cDNA fragment S22, which covers entire E protein gene
with its flanking sequences on both ends. The E protein gene cDNA was then modified
and inserted to the transfer vector plasmid pBF 48 which carries baculovirus polyhedrin
gene promotor and terminal regions with their flanking sequences. In the resulting
recombinant vector plasmid, the E protein gene should be linked to the polyhedrin gene
promotor and the terminator in correct orientation. The DNAs from the recombinant vec-
tor plasmid and wild type baculovirus were co-transfected to BmN cells and recombinant
virus was obtained by homologous recombination. In the BmN cells infected with one of
the several recombinant viruses, expression of a protein was detected by the SDS-PAGE
and Western blotting using an anti-E protein monoclonal as well as anti-JE virus
polyclonal antibodies. The molecular weight of the expressed protein was estimated as 53
K daltons, similar to the value of JE virus E protein. Five out of the 9 mice immunized
with the recombinant viurs-infected BmN cell homogenate showed weak neutralization ac-
tivity to JE virus in their sera. In contrast, none of the sera from mice immunized with
uninfected cell homogenate showed positive neutralization. The result seems to be the

promising first step toward the second generation JE vaccine in the future.

Key words: Japanese encephalitis virus, Envelope glycoprotein, Gene expression, Recombi-

nant DNA, Nuclear polyhedrosis virus, Second generation vaccine
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BARE (JE) mBARCE - CLEE TIHERD
HtaoBEEYRHCTE D, FEEOERT v
Thb, VztFa FAZOEETOT, B
A VF, 2=, AVSVARELBT TR
WTHBED LELERIITIC L - TE L DFEE &
BEENKEEBENREL TR, HEM bk
efE L 7o > T3 (Umenai ef al., 1985). HA
TR~ 7 ARBEROTE(LER Y 7 5~
DEFESh, PMEREEYHL L LTRABCER
IhER, BRBZCE L TEACTHDRESR
INTKEY, BIERLBEALRDDRIEr 1
(Hammon et al., 1971). BHEG BA L RHEO A
MR 77 v HEEL, KRERELT - &R,
ERRBDEND sl LWE LB (Paik, 1983).
FEREOTNELARKAE Y 7 F v & LT RS
NAA L -BHRESEEYACCEEL, ARTHD
EHEL TS (LN, 1983): Lo L nB|iTo
L7 79 v ROIREY 75 v &%, BIEAKRBR
DT LTV BERRAR EEIC R T H AR R bR
A E LCABRBER S 7010k 7 7 7 Vi RO
HHEEO SICMEL D 5. ZOMBELERT D
CEGETREZ By AV Rl gty 75~
BHETALENEREERE (WHO) LT
EREIh TV 5.

HABMA Y AL 275 w4 L 2EHCE L
(Westaway et al., 1985), ZDOBHZIZEEY 1 L
A, FUSOA LR, F=EYA VAL AEh
EMIC R B CER e RR AT SR T
A AAREERT S (Shope, 1980; Monath,
1986). BAME Y1 4 A MEFFICIT~ v — &
BB TALA, TFAALTANLA, £V bR
R 7 AN AERFETHD, 77 ETTNADHET
o subgroup = L C\% (Porterfield, 1980,
1986). 7 I €A A AXERY 40-50 nm D4t
WA BT ARRORT T, T & 400 HO (+)
1A RNA »EERFLTH. vAAARFOD
BEEABL LR, REAE (VI i M),
H7r FEAE (V2 %7k O, SEEEEAE
(V3 Fix E)YPWFEETS (Westaway, 1980).

AARRAE Y A v 2 OBEERE 2L TE M &H
HooFa3H 8K, C EHEOSTFEIN UK,
E ZAEOS TR 53K TH5H = L TR
%éhf\nb (Shapiro et al., 1971; Kitano ef al.,
1974; Takegami et al., 1982). FEiZ, < 2mD
77 EVA A ATDOWTIREDHEET RNA oif
BEFI0EN Sh, BEEAE (C, M, E)RU,
FFHEAEEAE TH5 NSI, ns2a, ns2b, NS3, nsda,
ns4b, NS5 % WET2EHO—Hicw Lix&Hs
fEBAE T\ % (Rice ef al., 1985; Castle et al.,
1985, 1986; Wengler et al., 1985; Dalgarno et
al., 1986; Zhao et al., 1986; Trent ef al., 1987;
Mackow et al., 1987; McAda ef al., 1987). # «
REHARR Y A v ABERO—DTHD JaOArSIs?
TRICOVWTE D ERERTIBH LI &R, BET
RNA % 10,976 BZE L vy, 5 KEOSER T
nonconding region T, ZTHhICOEHEE, BEERQ
HThs C, PreM(M FIBEHE), E, #ET5HE
BRUOFEEEETE CHS NSI, nsa, ns2b, NS3,
nsda, nsdb, NS5 ##RE$ % HEEA 10,296 i &
DR H—HKEZ D open reading frame & LTHE
L, Thic5| & 585 #EHo 3’ {il noncoding
B FET HEL ¥ L (Sumiyoshi et al.,
1986, 1987). —7F, BERL L - TR#HINDLBAE
PR 7 4 L ADERFURMML E BEHECS D,
PG E BEREEREBTA2HESMON T3

(Kimura-Kuroda and Yasui, 1983, 1986). BEF >
E®xuxkic E BEEEBEED cDNA #5475
AN pS22 HEEL BB TORBERYIT-
ey, TOHETEEINCLEAER 7 ACRE
LIcERTRBAV 75 vERRT YA A 2% K S
PRI S L5 IR B b s a » 7o (Fujita ef
al., 1987).

LSEEHZ, ERN74-L LT FamvTa
2 (Baculoviridae) /BT 2 B LAY 1 1L &
(Bombix mori nuclear polyhedrosis virus) z F\-
T E BEHBEOREBRERYT-72. E BEEEDMEE
FHEEEZ S 75 A 1 F pS22 © DNA #HEL
BREBEY IV AABBZEEERA 75 A3 F
pPBF48 i AuALIEE X ¥/, o DNA #%&
BaEEy 1 v AFER T3 o DNA Litc



BmN My vEg» Lo v ARWLET co-
transfect L, 75— Z2¥ETY2vEFrv oA
A% Bl BohfcyavEr v A v AR
BmN fifsicgi &g SDS-PAGE & Western
blotting %T E EEEOREILY @I L.

Western blotting ETBEEEXRLICY) 2 v EF v
PA LAY BmN MICEREIE, TORYM
LAz~ v 2AcRELT E BRECHT AHUE
EEDORELZOMERANL., ARN I LD
KERERCOVCTRBTHLIDOTHS.

REMH LHE

HBRO 74 LR
BEESBHRVAAVAROED ) avEF v oA
A DA L RRAWEE, B Y 2 vEF v by
A r AOfERICi: BmN Mgz Ay, 10%BRESE
Mm#E (FCS)%#&1r TCI0 B i\ T28°C TH
# Lo (BTH, 1987).
BRLAGY A L ALEER T3 2RV B
ALy A N ARERFR LK, ER 60mm ©
~ b ) M L BmN #ilmciEEL, %E 1
BRI, 0.75% 7 #m—2 L1.25% FCS %&tr
TCI0 S TE L, 28C T4—5SHBEE LIH, = - —
PS4 Ly Feals second overlay gL, 7
I —7¥IC X DAE LA (RiHE, 1987).

BABKE Y A L AIEEKRO—D>TH B JaOArS
982 BREHV, BBMIIBAZOHE (BES,
1971) #HZE LT BHK21 flaxmuvir35—7
i X p37C-CHEIE Lic. BHK21 #f139% FCS
&1 Eagle DIEEWE (Eagle, 1959) % A\-T37C
TEEE L.

DNA OBERUUILEF L b4 L ROAES

DNA ©OHEk\ 3 Maniatis ef al. (1982) i
L.

77 A3 F pS22 ik, BEABME A LA
JaOArS982 D HEZF RNA HEEZFD284F )
H2672% H OEFK YT 5 cDNA Mk, S22,
®KBE 75 A ¥ pUCI3 @ Smal site A4
RALESDTHY, TOSBLARPEB A L AD
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E BREYRETHHFIL978F 2 H24T76%F B Ol
HEFITH%S (Sumiyoshi et al., 1986). pS22 %
BEURBE RECERL, Bty vy 2BEHE
ELE (CCl ) T7 523 F DNA »REsom
Lic.

73 A 31 ¥ pS22 @ polylinker site 1< b % &R
5% EcoR1 site #HOBIECHERT5 % CHRE
35791 EcoRl Tt L, Klenow large frag-
ment T blunt end & U7:#% Xho I linker % {Ifn
L self-ligation L7z, KEBE% transform L7c.
B hi: transformant OEASERETEEZD
DNA % &trdh OhBA CTHBEIRLE, 7T A3
F DNA % CsCl #:TH# L. kic E BEREE
ZFD 5 K¥Eflo flanking DNA % HIEk3 57
HIZ, 75 A3 F DNA % E EAEEGTF OB
2 Nk 049 E PR FET 5 AIREEE  Mlul
site CHI¥rL, Bal3l THE{LL7Z. Xbic Xhol
T L7, self-ligation X%, KBE%
transform L7z.Bbhica e = —®@FICEEEL,
alkali-SDS T735 23 F DNA ##EHL,
Dideoxi chain termination # (Sanger et al.,
1977) WX - CED 5 Ko OEERF % T
L7z (K1).

hBEDF5A: K DNA 5% 5 R» E
EOEDBG = FViEW2Z r— v 59 %E0, E
EOBEEIEZFD 3 filo flanking DNA #EIk3
htediz, E BEHEOKIE= Fvo 6 HE LRI
» 5 HIREESR Sph1 site CTiH{L L, Klenow large
fragment T E EHEEEZT® 3 FR¥izr blunt
end & L7:. BFix EcoRI Mibici v 5 Kikw
EcoRI ® cohesive end & LT E BEAEEET
RRRETELBELTEIBL, BETFEARN”Y
% — pBF48 75 2 ¢ FiZiA L, iRz (KIFELH
~N7 &~ pF59 HHE L. Zo, pUC 77 %
iV DNA % Pvul #Hit+snzlwwiv pUC
DNA #»: pBF48 A Zn5s - L&), E &A
BRETOBADEYEDD L5 Ll (K2).
77 A3V pBF48 QMO BREFEAR~Ns 52—
5 A3 F (Maeda et al, 1985) &R, &MmMFE
=¥ promotor FEEEZ O terminal fEiKA %+
ho flanking fEE & 124 %, promotor & ter-
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Construction of Transfection Vector (1)

5' JEV RNA

S 3

E protein gene

GE——————F=| S22 clone cDNA (inserted at Smal site of pUC13 plasmid)
Mlul site Sphl! site

Xhot site
EcoRl site
522 EcoRl site
p
\0 //

EcoRl digestion | Kienow

Xhol linker
Self ligation

Xhol site ‘ D EcoRl site
EcoRl site
Select clone 59

EcoRl site GGCTTACAGT I AATTGTCTGGGAA1

‘ Xhol digestion
LSelf ligation

E protein gene

Fig. 1. Construction of the clone 59 inserted with the cDNA of Japanese encephalitis (JE)
virus E protein gene with its flanking sequences. The cDNA of the E protein
gene with its flanking sequences was first cloned at the Smal site of the
plasmid pUC 13. Details of the procedure were described in the text.

Construction of Transfection Vector (2)

Spht Transfer vector plasmid pBF 48
EcoRl
Polylinker
EcoRl Stul site
Clone 59 :
Promotor Terminator
Sphi digestion | Kienow Homologous Homologous
EcoRl digestion flanking region flanking region

EcoRl ~—= Blunt end Stul digestion

Pvul EcoRI digestion
T Recombination

_— Terminator
Promotor 2

/,/,///
)
9

? Homologous flanking region

Homologous flanking region

Transfection vector pF59

Fig. 2. Insertion of the cDNA of JE virus ‘E protein gene to pBF plasmid vector. The
pBF vector is the transfer vector to produce homologous recombination with Bom-

bix mori nuclear polyhedrosis virus in the infected BmN cells. Details were ex-
plained in the text.



minal $EBORIIZIL polylinker site * & {sHEIClE
MhTws, BRYENETBARBETILD
5 K¥#% promotor EEIZH 5 polylinker site i
Y HIRERCHAL, £0 3 KMt terminal
EEHOBEBICH S Stul site 1= blunt end THEA
15 BonfcYavervib~<s7%—- DNA %
ERLAKETEK TS © DNA LItcEEMmc
co-transfect 4% & homologous recombination @
FETY2vEr v b v A AN IRE, 20D
Ve b A AR LR T B &
TLERETEDIREEAER L LTREIh DRI
EERIh T35 (81H, FAE).

pF59 o DNA #* KkKBEIC
transform L7-f% CsCl 5 CRHB L. F5 23 ¥
pF59 @ DNA 20¢1(1 mg/ml) ¢ BEREEEY A 1L

75 A K

8 ey
Plaque by wild type virus
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A#EHERE T3 o DNA 102(2—3pg) % carrier
DNA 10£1(100pg) &3tz 60pl @ 2 M CaCl, RO
420pl DEBKERE L. ZOE%E 500p ©
2x HBS buffer (50 mM HEPES, 280 mM NaCl, 1.5
mM Na,HPO,, pH 7.12) iz, #3045 =R
WE L., 0] 200pl ZERE 35mm O+ VIl
WCHEERE L. BmM #ROEER 2ml A
27, BI2EERE28 C CHEE LLBICH LUWIBEK
(10% FCS % &1y TC10) &7Zic#al, 28CCT7H
2%, homologous recombination i Xi» THAL
Thiz) avEF Y b oA L AR ST RRERE Y
EER L., ABeERARDK, BmN Mgz
semi-confluent 1ZHEJE X /- ERE 60mm Db Y
m¥4y 100p] HEREL, BE1REE, 0.75% 75
m—2AL1.25% FCS %&¥s TCI0 HEiaERE L,

Fig. 3. Plagues on BmN cells formed by the wild type baculovirus and its recombinant
virus with ¢cDNA insert of JE virus E-protein gene downstream to the polyhedrin
gene promotor. Many dark spots due to the formation of intranuclear polyhedrin
was observed in the plaques of the wild type virus by low-power magnification
(Picture A), while such spots were not observed in the plaques of the recombi-

nant virus (Picture B).
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4—5 A%, VavEF VYA ALRAREBERD
h575—7%FER LI (A, 1986). {EEERD
KZFEHEC L > T, BEFEIVANADT T -7
BEBECLHEEORANTDLNB2, Vv
EF YV IAANRADT T — 7 EFD L 5 BN
DHLRL VO THEIBRSGTEINI NS (K3).
VavEF Y A AR IET S — 2HEET -
7ot BmN HCEEIMA L CRRfEr L7 3¢
TbDEBYAALAL L. YA LARGER
—70CIRIF L, FRCHROREDML 1.
65x108 PFU/ml T®H - 7=,

BABMK A LX E BAEOHRE

Jav ey bEYAAARER 60mm b
Mz LR 7x10° EO BmN Mg HEHE
#1020 TEREL, BE 1RHEO%, 1.25% FCS %»
&ty TCI0 WA INZ C28CTHE L. K
#®2 B HEOMERUEE EFY 0.125 M Tris-HCI,
pH 6.4, 1% SDS, 1% 2A1Ah 7 b=/ =
(2ME) THf# 1, 100°C, 2 7inZd% SDS Hn10% A v
77 YVAT I NS LBERKEEE (SDS-PAGE) I &
DAY T F Ve HHE L (Laemmli, 1970). &
HMBRE LT, BESAGY AL ARER T3 %
g BmN #laRO Y A v AFERHEO
BmN #ifax Ay, BEMRE L CEs B ARRA
T4 ARG, LERERICAELTHEA L
DEEIHICHEY) T F FOUBERCENETS E
EOEORBOFEL RS Iz Western blot-
ting # (Burnette, 1981; Naser and Milten-
burger, 1983) &M L. Z ORIGIL HARKE
TANALHFTBHEY 7 e - vHGERY E BEAE
® linear epitope ERIETHEEBbhzE/ 7
v — vHifk (Kobayashi ef al., 1984; Srivastava ef
al, 1987) #H\T E BABRBROFELR L
fo. VaveFr v b ug L ARBRENCER IR
% E BHEOREXRANB D LLORY 7
o—yvROE/, 7 r— ke, Cappel #H
FITC st~ » IgG v+ IgG # i\ 7
BEHA SR HR L.

I~ DRk
% 10° o BmN #ifaicy 2 v e+ v b vl

Ak LEEW 20 TRE XY, HEX2 QAR
% Freund © incomplete adjuvant S{ES LD
Dy ALY | EOREELE Lz, fER
Balb/c ~=vADEK4BE»LRDTH 1 EMR
TTRIEEMCER L. BESBLE U CIERY
BmN fifa¥ o[ ETYy 2B L. B
BE LTI O BAME Y 75 v (BRAMEY
FHESE) 0.1 ml FEFEOHFECEELL.
Western blotting ¥iC X AREEMNLHTE TS &,
IE0REBIE VY 2 v EF v b o gL ARG
BmN fifghic&ths ARBKE Y1 v 2 E B
BoERK 002 ml ofFfEv 75 vicgEns E
EAHEORICHNTS. BEORER 1 BRI~
v AR @EEGCEmM L, mE25HE L CARRRY
AN AR B EAE R RIE L,

HARRE 74 L RS 2HEMOAE

R~ v AMEDO BARKLE 7 1 LA JaOArS982
st 2 H ARk & ELISA X v #lE
Lic. spRIELAE, BAF0HE BAL, 1971)
*HZELC BHK2l fifax /o7 7 — 7@ F
FEC X > TRIEL, 71 AR EFRBEOLLES
LIcHBBRD 7 7 — 7 BUTH AT D7 7 — 7
BANBREIRICEEXBE L HE L. ELISA
A EER AL 22 REE LicBEREZEE
(Voller et al., 1976) TilE L, —ikiFizix Cap-
pel HB~ 4% & — w8~ v A [gG v ¥
IgG %FAL, FFREDIC L ZTKEED 2 51
EERLcboRBE EHE L.

& R

HBARMKVAILZ E ZEREORR

EE VMRS I AWSDIEES
AR DOWCTREGE BN #ilak Oz OREER+FIC
BABE YA+ 2 E BAESRER L TOH0ED
RBRLT. TOBR, —oDYzvEF YA
LA (No. 4) 675 —7ffifbic X »TEbhT
42537 L7z subclone A A A$TRTITDN
T, vA r A% BmN #ifafic SDS-PAGE &
Western blotting HETHARME 7 1 L AKT5



€/ 7 e - YHEERIGT2EAE RS HR, *
DFFEIE 53K £ b vEHEIRE (K4).
COEBEDS v FRGEHE 2-3 BE Mgt
RLELADL R, BYEMREERFCIRE
ShY, BEEdRoMizic bl Shisn i
VaveEsr v b v L AEE BoN ffamc i
HWahic E EREOREIHEBES AR L -
THHELMCTHZ LR TER, -1

DareFrs b4 L ABRE BmN MRRTHRES
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N7 ZMFEO BRI T 1 L X (CxFF B HALM
BEVAIVBOLALCMFEOPMAR L
ELISA DHERIFICRLILES W THA. MF
FEHRO1:10 T, VavEFrvY b vLA LA
(No. 4) #RE#-2 27 BmN #ilaCREINISE
BfE~v A 9EAFA5E (No. 16, 17, 18, 19, 21)
B AL A v AR B P REEERD B R,
ZOFRO—E (No. 18) (IHEECHFBMETH -
oo FREF LT, BESRE~ Y AR mF
(No. 1—10) WIXBAMAE 7 1 v A3 5 RF0

Western Blotting Pattern of Bombyx mori Cells
Infected with Several Clones of Recombinant Viruses

Lane No. 1 2 3

|
=

Wild type
—infected

Recombinant virus

4 5 6 7

54K

TP
+ 0+ <

uninfected

infected

Fig. 4. The Western blotting pattern of the BmN cells infected with the wild type
baculovirus or the recombinant virus with cDNA insert of JE virus E protein
gene. The nitrocellulose membrane was stained with anti-JE monoclonal antibody
after polypeptides were separated by the SDS-PAGE and electrophoretically

transferred to the membrane.

lane 1, BmN cells infected with the wild type baculovirus

lane 2, no sample

lane 3—6, BmN cells infected with recombinant virus (4—2, 4—3, 4—4, and 4—6
were obtained from independent plaques formed by the recombinant virus No.4)

lane 7, uninfected BmN cells
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Hitkr b bhieh-7c. L Licsi b, MEMRR v A SEoME (No. 11—15) Tix, 1:100 OF
1:100 RO% 1:1000 i23\CikERE, RUEHE RThTXCOMFCHFIEEL D LI, 1:1000
KBRS A AR ¥ 1 L At B RREE AR DMEFRTS 1EDO <7 AME No. 13)
Bdohhiehote. —75, BENRY 75 v EERH~ FELEDRHETH - .

Table 1. Result of the neutralization and ELISA tests on serum from each
mouse in three groups

Result of Result of
neutralization test esuit o
Group .. . Mouse at serum dilution of ELISA test
(Immunizing antigen) number (OD490)
1:10  1:100 1 :1000
Group 1 1 0.0 (=) 6.5 (=) 6.1 (=) 0.188 (—)
2 0.0 (=) 1.5 (=) 4.9 (—) 0.219 (=)
3 0.0 (=) 52 (=) 0.0 (=) 0.152 (—)
Negative ol 4 11.0 (=) 7.7 (=) 8.5 (=) 0.165 (=)
egative contro! B _ B _
(Uninfected BmN cells) 5 0.0 (=) 0.0 (=) 2.4 (—) 0.157 (=)
6 9.1 (=) 1.5 (=) 0.7 (=) 0.233 (+)
7 14.1 (=) 1.5 (=) 7.8 (=) 0.171 (=)
8 0.0 (=) 7.7 (=) 9.3 (=) 0.203 (—)
9 0.0 (=) 1.5 (=) 3.9 (—) 0.179 (=)
10 37.6 (=) 0.0 (=) 15.3 (=) 0.187 (=)
Group 2 11 98.3 (+) 74.8 (+) 13.6 (=) 0.321 (+
Posits trol 12 99.4 (+) 65.0 (+) 3.2 (—) 0.339 (+)
ositive contro
(Commercial JE vaccine) 13 94.2 (+) 100.0 (+) 98.3 (+) 0.333 (+)
14 96.4 (+) 87.2 (+) 42.4 (—) 0.334 (+)
15 87.2 (+) 70.7 (+) 28.0 (=) 0.333 (+)
Group 3 16 51.0 (+) 26.9 (=) 7.8 (=) 0.139 (=)
i 17 64.3 (+) 14.6 (=) 0.0 (=) 0.132 (=)
18 81.7 (+) 20.8 (=) 0.0 (=) 0.230 (+)
éeStNgfolﬁp_ rected 19 58.5 (+) 0.0 (=) 9.3 (=) 0.223 (+)
mN cells infecte
with recombinant 20 28.4 (=) 2.4 (=) 16.4 (=) 0.113 (=)
paculovirus) 21 5L4 (4+) 28.0 (=) 182 (=)  0.264 (+)
22 46.9 (=) 4.9 (=) 3.9 () 0.241 (+)
23 37.9 (=) 2.4 (=) 6.6 (=) 0.238 (+)
24 36.1 (=) 8.5 (=) 9.4 () 0.201 (=)

Group 1, negative control immunized with uninfected BmN cells, group 2, positive con-
trol immunized with commercial Japanese encephalitis (JE) vaccine (Biken), and group 3,
test group immunized with BmN cells infected with recombinant baculovirus inserted
with JE virus envelope glycoprotein gene.

Figures in the neutralization test is the percent plaque reduction compared with the
number of plaques in the control with virus diluent. More than 50% plaque reduction
was considered as positive, and less than 50% as negative neutralization.

The result of the ELISA test was considered as positive when the observed OD was
above 0.220 (twice the OD of diluent only), and negative when the observed OD was
below 0.220.



ELISA T HFREDOBZDOFBHR LEBRKED
2% (0.220) LlbEw/R LicmiENKBRETILSIE
(No. 18, 19, 21, 22, 23) Th-7=DX LT,
EHERBETIL 1T No. 6) BXT, BAEXE
D=y AfE No. 11-15) 13X T 0.320 Lk
DEVBRIEEAR L. - T, FRKkY ELISA
AR Lo~ ATERFEIEF I (No.
18, 19, 21) HHE L, BAMBE T AL
nt, BHESBETRE O~y 2XFME
ELISA #HwBHTh -1,

Z 7

ZOWMEILLMIs BARME Y 7 F v R(EAICHD
FHERE L TOUBEE LB, BECV 75
vELTHES by, BETHRIFCL - TRERS
hWHERBERPEEL LTS LR, BRYETS
AT ebht v A v ALK 2 BT H L A
LLENIDHD, BRABMEYAr 20 E EABRIRS
FE 3K #1 b voOEERETHYH (Shapiro ef
al., 1971; Kitano ef al., 1974; Takegami et al.,
1982; Sumiyoshi et al., 1986, 1987), #*DEETF
DIEERFI2HHERINS 7 ¢ /BRI L
hydrophilicity curve % Sumiyoshi et al. (1986)
DERPLBEMT D EMEWTRT LoD, E
EOHuefs UTHEKE,E L, £ OmMKMLE

Hydrophilic

Hydrophobic
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KETH 0, Bie C RiFn b TR <
teo T, BHEHEKEDOEOE S, S HEg
Hix FOMIBENTL Z itk - THLEEHRKED
EIGEWL, Thick Vs xRETHL00
bhTub, T BRI R\ CRPURECEE S
LTWAELELRTVWAEDT, BIEFHEBEL L
LEAR LB TMNTS L5 ARBEE L, &
HEZMBORRROFLL, BETHRER LI
CAKBEBOERHEYEELETLHLEELA T3
baculovirus DF&{FER L7y, ZORIEHRY
BEmEALTmT oL Bbh s (FiHE, 1987).
DREFRELTL, Autographa

californica nuclear polyhedrosis virus ®%

Baculovirus

(Smith et al., 1983) & Bombix mori nuclear
polyhedrosis virus(BRZAEY A L 2) OF%

(Maeda et al., 1985) ZR&EINTEH, BF
Autographa californica DFRHE L HG BTV
5. L Uleh s Autographa californica 0%t
EEMEL AL TOERR LA TERVOIK LT
Bombix mori nuclear polyhedrosis virus ® % Tt
in vivo ODERPFRELTEID HEEMEL D KED
EOERBENTELFErH S (Maeda ef
al., 1985). Zflitev 75 valEb &\ 5 BEE
BLT, EE1EMc FCS n&uFhbTIckED
EQHOEENPHFTEL LV B TEKSARKY
ANADRERZEAT.

N terminal

Protein E

C terminal

Fig. 5. Hydrophilicity curve of the E protein of JE virus (modified from Sumiyoshi

et al., 1986).
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DNA ##z &% LT® baculovirus DELMIL
it hEWEEbhTw5 (BT, 1987). BAR
RV TLBFEREROEENES KT T baculo-
virus (R Lo L, EEEMREO LN RLT
4 baculovirus OEEEEITEL, VA LALE
FHAOMAERNRL S LRSI L kDT
LAES T %, Baculovirus © DNA %
transfection #EiC & 0 MFICHR DA ¥ ¥ 5 L RS
B LTKRIRD AN AHBAZENTED. L
L7ch bE¥  baculovirus A58 T & 7o\ iR
transfection JET7 A4 A+ A DNA %#EHAEET
LIEEDORETER\EE YL AREE SN
. BERNK A2 E BEABRRTFYELAA
HERSAKTA L ADBECE, Z0VavEF
VAN ARBEBE YA N ADIEETE HEH
Seo C6/36 #Hfa (Igarashi, 1978) WHEELTH,
i, VavervivAArAD DNA % DA
FHCLYA L AGERETER 2. #€-7T,
baculovirus O BARICKI HEETHHEEND
BT n o BB Y 2 v e v P BES
Ay AL AR EALE FOMEYREL TLAR
% DNA EB L LToReEIE - LBbi s,

L@, VaveFry BRESEEY AL AL
X7 BmN fifgs ~ v ACREL T v AME
THABME v A L AT 3% PREE B
B2 1:10 omEFFCRCEEESRE LTRG
7odERN%: BmN MR THRE LB R L TEY
hoHivd LhitwEBbhs Lo 9L 5 ITFE
L, #ofmo 3l ELISA $B#EThH, B
Zodmo 1 (No. 18) EH b hMEETH
stz LisLknbohbomiEs 1:100 3
1:1000 wHRT B LFRA EFMERIIED DI
oD LT, BESRE LTRAVILY 75
BRI 1100 OmBEFRN T 5 EEHIT, 1
1000 DMmFEARTE 5 MLk 1 o MmiF i FMEE
NEsbh, AEOMCHARENFELL.
Western blotting ECOEREENS, BB
vy 5 BT Y 2 v EF v b v AL ARG
BRI TR BED E BAETRRES A
RS R B D, C DREEOBRIEC LA TR
FUEHOZEDHAENMCKERBRIBONI.

DEAE LT, BRIhIBAKLEY AL 2AD E
EOHIMBERCE EE0MRE LTRSCRES
niem - mEER, E BEEESEBAME YA L
ARIFPITAER DN & 3 RITRILFEE 2 Th 7t
Do T fER, BAME Y A L A0RTNCERT
epitope MBEETH D~ 7 AL L » THRASBHEIN
feds -t A REHE L E 2 b s . Kimura-Kuroda
and Yasui(1983, 1986) =i % &, E BEHE LR
A &L 9EDREM S epitope BEEL, %
hoER+5 %/ 78— vHABCEFIEEL L
piEyy ELISA #ifffixfFob o, &vVPig
tMHBA ELISA HAMLFEED L OHNFE
T5. E1IDVavery v L AREMBETR
EIxhfc~ v ADMEBET, dfifks ELISA #i
ROFEEN—FK LWL ORFEET L0, Bxo
= v AL L > TCR#IN E EEELED epitope
DEREBBENHIELTRETLHELELDNS.
v A A AIEREMETRE I~ AD 1TIEA
ELISA B#a R UREETETH D0, ZOH
72 CEM L1 ELISA #RIERD C6/36 #ifa
TRFE Loy A A AR FRRBER LD TH), v
A N ARTDONEECHFET B0 Lie XM
famkoHEs, B UERBXRD BmN #ijgs
BOVRMELETHREERELE BEL LN,
SEOPFEOFEA LY 2 v € v F BREAK
TANLADRTEBINIAAME YA L2 E &
BEMY 2vEF vy b oA L ARBEXE: BmN
Ml FT & K - o ER, TofMETRESI R
=7 ARTS e FRG R EETE e ool Th
i, SHIORYFOEERCTCY 2 F v HBET
B Lt ES S B, Blb, BRINE E BEH
BoBEYHEMTAEC L b A& T2 FRIAIGLE
AERERENTERELTY, 727F v ELTER
ThriediiERsR E BREYEECHEEL
dREiebiou. Eio, BARRME YA L ADR
B35 % epitope 7% linear T7s< conforma-
tional THBETHE, VaVvEF VA LRARK
waifacRBE 3Lt E EAEIR, BAKEY A 2
AR FRCTAEENH IS R ELEEE LR S
FhiciVCEEYRbE, ThEREIRRI1LRE
B3 5 BRI DORENTEINL. K- T



5%, BB Ehic E EREMAY 2vEr v by A
N ARBRMRORERE LB Th L5 TET 5
BN OMERBRT A LD LETHS EBbh
5. BRELIERTEE %L E EHE (Fujita
et al, 1987) LHMBEAMICHEEL T nW5 o &
THo (BEH, #E). FLEREAHEYALAT
DREBRCE - THBEKEDOEAEDEEF 2 EH
RARY2avEFr vy b9 AALRATIRENETAER
B B oRER EERITTL 528, BUkE
EOBDRETFHHEZAAL Y 2 v EFr vy by
ACTEEN LT A BAEV R I L £ % 5%
DECLSTHD (BIH, BE). #-T, BEEF
HBxHEC L ->T E BRHEY BREMIEER LS
PICEEXEBIE, E BABOKL,THEHRE
KEDE N EBbhD N Rfile C Ksfllsc*
hEhETS E BEREEEGTO 5 Kmfls 3
KHEOIMOEHEIR LAY 2 v EF vy by LA
fE3 %2, But, E EAED N R EA LT
MR A BRI D DCNETHAS LBbhs v
TFNARTF VR RET HEEET A RO LT,
E BEOEo C Ko7 v — B RET 5 EE
ZHIER L. E BEAEEET L ABICHEIGAAR Y
2VEF Y MY AAREETLONEV EBbR
. LinUieh s, BEERAITRO>Chio-TiL

ERSNIEOEORERVHB LS. PEOE.

BECH LTESARER L LCamAS RS
e EhH D, SEOWECRIELRAGSFHET
E ZOHTHRHE L. BABEY M 220 E BH
B3 5 A0 R RSB U TRt gn
T/ —VvHEXYACTHEL TG 32
(Kimura-Kuroda and Yasui, 1983, 1986), #7#°
E EAB LD L ZcfzBi3 % epitope ML
LTWBHB LW, fsT, 1 v 7=y
FoA LA (Wiley et al., 1981) HEV A+ w1 L
A (Minor et al., 1983) wB§$ BRI H~T,
TRERFE LI EMTRESEABIR TV A LR
phb. HADHRBERTIE, BABEY 1 12
E BHECHTSE/ 70— viihDiz b A LH
vANLA% SDS MERT 2ME BT 5HEK X
- T Western blotting iz k13 5 R % 4%
L, BARBEY A A A Tge~ v — B 7 A
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NALRERERTT ®/ 7 v — v HHED—DDLH
X DRIEHE % 4 L C\v /o (Srivastava ef al.,
1987). BEHL D/ 7 v — vHifkiL, DR
#HEfzoy E EEE Lo linear epitope Th b,
SDS & 2ME Ui X - T E BERED S
PHE{L LT3 Western blotting B TORIGHEAH
I OREINn - EBbhs. SEOHEC S
WTHBIWCEAEAEMCHARE Y A L AD
E EHETHH LT 5 1-»icit Western blotting
BBV IRIET 5/ 78 — v Hilkefb X578
Tehhotch, TDE/ 7 e — vHEOTBIIIL
E BEHBELEOLZMREBEZIR TSV, fo
T, SHORBERT K THABEY I L2 E

BB BEFHEEY—HS T RES 2B L E

EHEOBRERBEN BRI L k- 1258, BETFOR
BEESEE RO, RIBHRCEEL 5 5 Oh
EELRIEDI, IoT, SEOWETIE E
BHEEETD 5 FMRO 3 KROBUKIEEE
HIBR L RBERI T b ot Lo Liesd
L, SEDERTY avry F EREAGY A L
ADFHACIUEHE N E BABOZRE NS EM
BINDI LRI N, F5EFERLLY 2
VEF Y P ERESAE YA A AL L BmN
#lgc kit s E BEHEOEARUELEEY 1 42
DEFEIR A AR, Th oA MO E
AEORBER THRE L TV ABRE—K LT
(R, 1987, #f&). LA L7z SDS-PAGE
R AGREECLS L, E BABOELEE,
FRUERZYACTHD LTV oEAE (A4,
1986; %M, 1986; #7J, 1987) DEAEIHA
Thieh ot BKMEBAEEEGET 2 HRAAEH
HEBR CHEABDOELRN I FNSH L5 T
b5 (FH, &E).
REETFoMEE LT, (1) SEFR LAY
TIUYEFY PV ANRAE X BEK L B
niBREr EREM~RETH &, (2) BARK
KA A E BOBERIGT O« BB Y
% cDNA % Z3AA 72 DNA Mz ka7 R
HEBRE T > THAME Y 1 A AHT 5 Hitko
E BEREECOTNRRBMEILHERNT 2 2 &, RO
(3) E EnEvREMEERERtcRBEcE s
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Lok zvery by A A ADIERE YT - T
5.

BT BARAE v A v ARETFOBEFRINICOWT
133k« o JaOArS982 #% Fiv -4 (Sumiyoshi
ot al., 1986, 1987) Mfiic, McAda HIT X - CH
(LR DIEEE S| O—H o @E S hier (McAda ef
al., 1987), =o—o>otko E BEOEEETEED
EERTISHRIND 7 3 7 BEESIDE L EN
Thote. RFFERA (1986) (ZHARBE Y 1 LA
R LCHECRREE R R T E 2 7 B — VRO
P B AR 7 A v AR TR & A KENRRD B
NicWEHRE LA, BARL 711215 RNA
TANATHYD DNA YA NLAREXRTEENE
FOBEGFIERLLTVWEEZDRDZ b
HF, 1935F DS o rhIURE & 1982F I B R
iz JaOArS982 ¥kofficdhfngitk s Kit+5 E
EOHBEOT 3 2 BIWCE»rOELMIFELRZ
&, RO D EERA0ELL Elc o G5B TH 7
7FvELTHELD I E0D, SHFFRS BAMSE
» E BAEEoHFICST % epitope X E IR
EET A LB x . # o T JaOArS982 #hx
FotZ DERBERISHTOT TERCHTE
EEbLRD.

& W

A B AMA AT LTSI 8\ THARR
ROPBBRAET S ik, HEx DNA Filfx A
HoHREAKAE Y 7 F v EBART S LEES R
R (WHO IR X » CIEBER T 5. EE

E

B DBERIDLDI, “F.r A LARETHE
BEBEY AL AORBREAGCTHERBME Y 1 1
ADNEEEESE E ofEdEvRAk. ¥ E
EHEEGT L LORMBEOEERICHES T2
cDNA #KBE 775 * 1 F pUCI3 IR A L
pS22 73 A I Fhb, FrEFRL E EREER

| F YT 5 cDNA B A L. 2o DNA

% ARG T promotor fHIK & terminal FHIK
wFhFho flanking sequence & IHIEFT5E
GEFEAFR~7 2 — pBF48 73 A 3 FicilLik,
E BEABEELRFR2LAGRIET promotor R
termimator &REA IR ABRIAYEELL. ©
» DNA »&EEAEMGYA L2 DNA L
BmN #Efaic co-transfect LT homologous
recombination OREBE TV 2 v EF vV b VA LAY
R L7, DX LTBELhfcY = vEF v
A NAD—DOIEG L. BmN fIfaFic RE 2
hi-EBAHBY SDS—PAGE KU Western blot-
ting i X v L. 20X, 7 FEF E K
HELFREA UM 53K £+ v T, E EFEHCH
THE/ 70— vHERPBRBE Y A L2053
LRV 70— vHBERIGT AEAENER LTV
LENHERINL., IOV A EF Y VA AR
R L BmN MERAFLAICRE LI~ v X 9L
5TCIZ BARAE 7 1 v Ast$ 5T oI heE
ENREDLRIDIF LT, ¥4 AFERED
BmN #ifaTRES R~ Y AT NTHARKLE Y
A N AT B FGESRETH - 0. ZORKR
BSBE_MROBERE Y 7 7 v BT B 12D
DBEIEBE—HLBbhS.

2

COWEHic- Tt BmN #ifa, pBF ~z7x—-735 21V, BEESAKVA LV ADSE
B IOERICET S, HEBEY R X LEBRAEEENICARBREREOHH
¥ AECECRBOBEYELET. ERECHIOMFE S » TRIAHERY 2 HiEE
A TECRMEMIEFR B HBCEERIBHOBYRLET. ok, AMECEY
EEIIM R ARABAEDFFESCS O TThh g L.
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