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N T T BINHURRAL, ASHEST 1 56
eBERIL T B, JF it — 417 o ETNIX 47
HARM, ALK PP TR A A RIE, Eid
B 0 e EZE A ELISA N4, 1 DO 1%
SREIEAT T PURRALAE R AR 45 AR it —
A 5r M JEV E 5 1 454 L5 Ty fig DL B2 Wil 77
AL DR TR v e (1 SR Al

1 #MR57%

1.1+

JERL pET32a-E(#% B & K ) J5U A% 2% 3K 50,
PGEX-6P-1 H 1 [B VR 27 [t v IRV 84 B AT 5 P £
7. SA0REE N DI B = A TR CRE)VH
B ZA®] . PCR P Hyalitb A [T GR 70 &0 B L i
TR TR PR A ). T4 DNA B85 H MBI
NF). AN GRRIC(IRDye700, ZL(0)HIEHi IgG
Pk, LA ERRICIRDyYe700, Z1(0)[1EHTE 1gG
LRI H Rockland fb2% G ik F ARl . Rt JEV
SA14-14-2 BRFHVE ML H 565 DY 42 B K27 1 SURE 0%
TN . EE RO ph R R AR A R R
1.2 pGEX-EMREFRIZHRME S FRiX

MG O % % 1) SA14-14-2(GenBank % [ifi 5 4
AF315119)[1) E JEPIRZ AT IR T 41, 0 45 /38 T 15
wE B — X5 . 51 )P 5 A, EF3pl: 5
TTAGGATCCCTGGGCAAGGCCTTTTCAACAAC

ATTGGTCGCTAAG 3'. fE L35I % 5 i 51 A
BamH 1 BV £, A5 TFUE514 5505 I\ Xho 1 1
PIAL fUCH R ik 0 W D) 47 250, 519t Bl
Invitrogen A &) & . %5984 77 Y dw b B 1T
292~402 LRI M B, UL pET32a-E AR AR
AT PCR 3. PCR X N4 F K : 94°C 4 min;
94°C 30's, 55°C 30s, 72°C 1 min, fff¥F 35 &%
72°C 10 min. PCR P*#)%¢ BamH 1+ Xho 1 *§1)
P, 52 [FFE RS D) AL BE 1Y) pGEX-6P-1 34T %
¥, ¥EACKIAF W DHSa, 4L T4 Y) 2 PCR
Yeatn 4ok pGEX-EM, FFK 41 ki 4L K
FF# BL21. KA B2 A 1A, Ok 1) 3 42
B ALY M O AT B REEMEMN TS
100 mg/L 2N H A& 1 LB Kigedkh, 37°CHi 7R
WG, %1 0100 BRh T3 LB Kigedirh, 4gk4d
R 7% 2 0 B K W1 (4 0=0.5~0.7), I IPTG &5,
BRSO G A 1720 A5 PBS HA, KRR
Ji 12 000 t/min B0y, 20 & EEMULE, 12%
SDS-PAGE Fill i1 ..
1.3 ERELEERREIT

H TR BT B RALER, Wik T 14 4
A EMMANE, 4k E37~ES0, X485
RN 16 MEIEERR, HHEES 8 MEIERER
1). b7 KX EAIE, xF I P2 Ak
(FAb R R A EARAT B A T A ), 5 v AT 37 i

3', EF3p2: 5'

ACACTCGAGTTAAGCATGCAC-

EIN BamH T AL SR Xho T 4755

Table 1 Designed short peptides and synthesized DNA sequences which encoding the short peptides

Peptide name

Peptide sequence

DNA sequence

E37 LKMDKLALKGTTYGMC*
E38 KGTTYGMCTEKFSFAK?*?
E39 S TEKFSFAKNPVDTGHG™
E40 *SNPVDTGHGTVVIELSY**
E41 ZITVVIELSYSGSDGPCK**
E42 SGSDGPCKIPIVSVAS**
E43 *PIVSVASLNDMTPVG*
E44 *LNDMTPVGRLVTVNPF*
E45 SRLVTVNPFVATSSANS*
E46 *'VATSSANSKVLVEMEP*
E47 *¥KVLVEMEPPFGDSYIV*
E48 PFGDSYIVVGRGDKQP*”?
E49 *VGRGDKQINHHWHKAG*™
E50 »NHHWHKAGSTLGKAFS**

5’ gatcc ctgaaaatggacaaactggetctgaaaggeacaacctatggeatgtgt taac 3
5’ gatcc aaaggcacaacctatggceatgtgtacagaaaaattctcgttcgegaaa taac 3’
5’ gatcc acagaaaaattctcgttcgcgaaaaatceggtggacactggtcacgga taac 3’
5’ gatcc aatccggtggacactggtcacggaacagttgtcattgaactctccetac taac 3’

5’ gatcc acagttgtcattgaactctcctactctgggagtgatggeeectgcaaa taac 3”

5’ gatce tetgggagtgatggeecctgeaaaattecgattgtttcegttgegage taac 3

5' gatce attccgattgtttcegttgegagectcaatgacatgaccecegttggg taac 3’
5’ gatce ctcaatgacatgacceecgttgggeggetggtgacagtgaacccectte taac 3’
5’ gatce cggetggtgacagtgaaccecttegtegegacttcecagtgecaactca taac 3'

5’ gatcc gtegegacttccagtgecaactcaaaggtgetggtegagatggaacee taac 3/
5’ gatcc aaggtgetggtcgagatggaaccecccttcggagactcetacategta taac 3
5’ gatcc cccttcggagactcctacatcgtagttggaaggggagacaageagatce taac 3’

5’ gatcc gttggaaggggagacaageagatcaaccaccattggeacaaagetgga taac 3’

5’ gatcc aaccaccattggeacaaagetggaageacgetgggeaaggecttttca taac 3’

The DNA sequences illustrated are all sense strands. When the sense and antisense oligo-nucleotides annealed they would form a cohesive

BamH | site at 5’ terminus and a cohesive Xho | site at 3’ terminus.
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JiRE pGEX-6P-1 28 BamH [ « Xho 1 X[ 1)
(RIS 73 ) 538 KR 35 XU A% T R4, B4 ¥
2ol U) % 5 J5 iy 4 4 pGEX-E37 & pGEX-ES0, %%
A JFORLE b B0 IR A AR AT B =] I LA UE
JPA. s FEALTOR A7 & KA 1 BL21. K
FOEW MR T4 100 mg/L 2 %75 % 211 LB 1
g, 37TCHEFREWE, %1 1100 R0 T8 it
LB Kige gk, 4kalsh % 20 H A KO (A o= 0.5~
0.7), M IPTG #ATH S, HFEWELIEH 120
AR PBS HE, B AR5 12 000 r/min &0,
I3 EIERTIE, 12% SDS-PAGE K il 245 100 .
AT K R A B 25 BEH IR Sepharose 4B
RediPack > 1 )2 HT £ (Pharmacia Biotech)4fift,, ##
VEPBRIZ AT, aifbE e e s &, AN
PR ITR Rl 5 B 22 P R R Ak, —20°C IR AF
aifb B s A
1.5 MBERGIAIEHE

Y58 PR R AL E45(353~368) LLAL 1A )
XA, AT T 5w KA MR aitk, g%
B, My 2 ML, 4 E45-1
(355~366), &) DNA 41 E45-1: 5' gatccg-
tgacagtgaaccecttcgtcgegacttecagtgectaac 37 . % ¢ H
[f) ¢ fif E47 (369 ~384). E48 (377 ~392). E49
(385~400)fE{EAH B S A IEIR, T DOl AT 2k
ATHRRL, e HReAT 2y h 3G 2 5% 17 41 E48-1
(377~384). E48-2(385~392), & &[] DNA J# 41
394 E48-1: 5’ gatceccctteggagactectacategtataac 3/
E48-2: 5' gatccgttggaaggggagacaageagatctaac 3'. 2R
J5 FEREAT 414> E49-1(393~400). E49-3(387~~498).
E49-4(389~396). k[ DNA J7 414351l A E49-1:
E49-2:

5’ gatccaggggagacaagcagatcaaccaccattggeacaaataac 3',

5" gatccaaccaccattggcacaaagetggataac 3’ ,

E49-3: 5’ gatccgacaagcagatcaaccaccattggtaac 3'. [
BT LB 1, AR5 1% 1.4 JTEEETRIG SRR IA
JORL (R 3t e ik 2l

E47(369~384)

E48=377~392=
E49=385~400=

i subdivide

E48-1=377~384;
E48—2=385~392=

E49-1(393~400

E49-2(387~398

E49—3=389~396=

Fig. 1 The identified epitopes E47, E48, E49 were subdivided

1.6 RInFtEEAB GST-E39. GST-E45-1. GST-
E48 1 GST-E49 ;&89 &

fili & 25 (4 GST-E39. GST-E45-1. GST-E48 I
GST-E49 4lifhi% 1.4 Jrid 7kt 4T, o i aife
A B ORI R 1 gL 5584 b IR RIS A BIR A
FLt, R TS S 6~8 S MEYE BALB/c
NS H 100 pg/ R, &R 2 RS A 4RI K
PGB FLAL I Al AL Bl A B s e %, 55 2 4K
RS im 10 ROR ML B, -20°CORAF 4.
1.7 HRIZENIE
1.7.1 gl & & GST-ETN 5 % ¥t JEV SA14-
14-2 BRFHPE L 1) S OV . A2 SDS-PAGE
o, WEENRAHIR A YERIB b, 5% R L 4°C B 1
A, PBST ¥k 3 #i, A 11100 7B S dit JEV
SA14-14-2 FEBHPE T, = AEH 1h, PBST % 5
Wi JE, A1 05000 R LA 2RI BT A
IgG Pk, #6 37°CHEA 1 h, PBST BEitdk 3
W, T PBS MEYUEIE 2 ¥k, FH Odyssey MU 41
AN S R G AT .
1.7.2 KGO K& 22 (15 JEV BH I3 19 S
SR AR R IR St AR B IF) 1.7.1.
1.8 ELISA &1
1.8.1  F R IRl G 2 S % Bl JEV SA14-14-2 Bk
F P L3750 90 9% S S PE . 0.1 mol/L B R 6 9% b
W (pH 9.6)4F 24k 1) K ik il & 25 F14% 10 mg/L 1 &=
8% ELISA #, 4°Cid i, H 1% BSA 37°C & 4]
3 h. M5 H PBST(PBS & 0.1% Tween 20) ¥k 3
W, BN 1100 BB JEV BRI, 37°CA1EH
1 h, PBST ¥ 5 #i; JIA 115000 Fiks ) HRP bz
IC PR IgG ik, 37°CHEH 1h, PBST ¥t 5 i,
A TMB & (4% .5 15 min, 50 wl/ L 2 mol/L
H,SO, 21, 450 nm KM F A 0.
1.8.2 A W HTFh & & H GST-E39. E45-1. E48
H1E49 M35 5 6 IR fe 2 S vk, H 0.1 mol/L
T IR £ 22 W (pH. 9.6) K & B Ik 3% 10 mg/L (1) &=
4% ELISA A, INAS LU FRRS 1) BTl & B A 1
75 (1/50, 1/100, 1/200, 1/400, 1/800), [A]i ¥ &
G 9% BT DL A B PTG 85 1 GST-SRBD3 IfiL i
MBI IR SRR, Pt s EA
GST-SRBD3 IfiLif5 5% PL JEV MLEA Y. —HT i
A 125000 B 1) HRP #rid = Pt Bl 1gG Piik,
37°CAEH 1 h, PBST ¥ 53, fIA TMB {0 E
15 min, 50 wl/ L 2 mol/L H,S0, & 1l:, 450 nm
WA & A {H.
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1.9 Rgt&EARRELEPFRE

W& AR A E O o D RIE RS, 25
> 13 000 t/min 5 min Ji7, BATWH RNV . K
Ji4t 56°C 30 min K3, M 11 8 EIAfELLMRE, L
SRR 200 TCID;, (1) JEV WA, & 37CHRAH
7% 30 min. ARJE AN TG E FRE BHK21 41 )i
(1196 FLET IR, & 37 CHLFf 1 h JG s EiRA
W, 1640 SEAERTIRILAR AL TR, B H WAL
AT . AR JEV SA14-14-2 Bk P I35 kB 2 )
W, TR /N RS AT PBS by B PRSI . & B
MIFEARI G 4 ANEALSEE, 3 R W L2404

TG
2 % R

2.1 EMMREFRIES RIEENTEDH

PCR /=) 5i B %2 15 844 pGEX-6p-1 Ji5 £l
JF# W, 5 GenBank 1 4RIE [ SA14-14-2 FE X B
JPA 564 —80. EA IR pGEX-E#% A6 1 = B
BL21 J5, #S$&Rik, 4 12% SDS-PAGE 73 #7, #
B H RS DL AR e Rk . RIA W53 1 i
AN 38 ku, ST/ —S(K 2a). HE D
e R, FikphA & GST-ENGE#% JEV [H
PR T AI(E 2b), M 2 iTRLEH, & 3 4
ST, HED A BT IA I H 8 A R TS

)
S

ku

40
33
24

Fig. 2 SDS-PAGE and Western blot analysis of
the expressed fusion protein GST-EIII
(a) SDS-PAGE analysis of the expressed fusion protein GST-EII .
1: Induced GST as a control; 2: Supernatant of induced bacteria lysis;
3: Sediment of induced bacteria lysis; M: Protein molecular mass
marker. Arrow indicated the expression of fusion protein GST-E I .
(b) Western blot analysis of the expressed fusion protein GST-E I .
Antibody was rabbit sera anti-JEV. /: GST-E Il ; 2: GST; M: Protein

molecular mass marker.

22 ERRBMESERRFESLHL
i 5 5 TR (R SEAZ P IR 28R K i me o 28 R TA 2%

1 pGEX-6p-1, )34 56 3% W 45 4 i )5 1) 56 4% 1E
fifi. AR X i % 0 pGEX-E37 & pGEX- E50,
YRR LG £ BL21L, S RE, &
SDS-PAGE 7 & W] H (3L R 3 T RIE. HT
;) 2k 7 R 5 T SDS-PAGE 4 #t (K
3a). AR KRS B E A EH K Sepharose 4B
RediPack 2% 12 #T 4 (Pharmacia Biotech)4lift,, A~
TR R U R B Bl 2 R e Al (8] 3D).

(a)
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Fig. 3 Expression and purification of short
peptide fused protein
(a) SDS-PAGE of expressed short peptide fused protein. (b) SDS-PAGE
of purified short peptide fused protein, M: Protein marker; G: GST
control; 37~ 50: Recombinant fusion proteins GST-E37~GST-E50.

23 EMMEEBAEBREIE S 5ELISA
S

HF B A BLISA 45 kW, RIAM
fill & 5 1 GST-E39 (305 ~320). GST-E45 (353 ~
368). GST-E47(369~384). GST-E48(377~392)#
GST-E49 (385 ~402) ¥ fie ¥ JEV BH 4 i3 Fr 13 1
(K 4 F1E 5). 1T E47. E48 fil E49 & — N4
M2 IERRIF 5], h T BUR AL EEE DRtk X
B, R BRSSPI gy, e H e 2
REW, ZXEH 2 MR, @&
GST-E48-1(377~384) 1 GST-E49(385~402) (%] 4)
etk JEV PHME M IR, A, Xt E45 HEAT AN
(P4l 7y, B IED g SR, GST-E45-1(355~
366)HEML JEV BH 2 L3 AT il 5 (K 4).
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Fig. 4 Western blot analysis of the reactivity of JEV immunized rabit sera to short peptide fusion protein

M: Protein molecular mass marker, G: GST control, 37~50: Recombinant fusion protein GST-E37 to GST-E50, 45-1 ~49-3: Recombinant fusion

protein GST- E45-1 to GST-E49-3.

0.50-

0
37 38 39 40 41 42 43 44 45 46 47 48 49 50 GST
Short peptide-fused protein

Fig. 5 ELISA analysis of the reactivity of JEV
immunized rabit sera to short peptide-fused
protein GST-E37 to GST-E50

37~50: Recombinant short peptide-fused protein GST-E37~GST-ES0.

GST: GST control.
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24 EMnERAMIEE

FHE E S S EIN AKX Rk A & A
28 JEV BHYE I35 8 H B ERZE & ELISA 94, LK
Wit A e R e e, R & E
E39. E45-1. E48-1 FIl E49 4 NI R, E£hifE
Kl (K 6).
2.5 Ft&E%EBK GST-E39. GST-E45-1. GST-E48
N GST-E49 B RIZ R 1%

fili & 2K 11 GST-E39. GST-E45-1. GST-E48 All
GST-E49 Zealifb S yie /N U6 T Sz il , @A
BRI IR AL BE ELISA BREEAT 40 B i, X 2Ll & 4
JRBEIF T/ = A0 AH N AT IR RS e pidAs,  Hot

STPEGDSYIV*
E48-1 *VGRGDKQINHHWHKAG*™

E49

Fig. 6 Schematic diagram of epitope mapping results of EIIl domain

W RE T 1 200[LA PIN fE =2 AFHYE, PINfEH<
2 0E, PINE=AL A fH— 2 B AL A
E)/(B3 1k B IR 100 RSB A (H — 275 F AL A
D1 7), za AR P PR R A7 5 5
A R S g2 SR
2.6 fREPIALE

3WAIEST, e GST-E39 41/ B IR A i
Al LA JEV S 207 BHK21 4080 L A8, i
PRI A 10 32(18 8d). BT IEV i Il
S BHPENTE,  BH P 3 A E 2 R R AR, 1%
M3 TP T 10 64, i oAt 80 R 1 v ) R
RENL 52 21 BH 2 PR B RN VE . I I v A B B 5
WL 8a, i Sk ) LA IE 5 B9 il vty o B 401
I IR FE R B 8e, 8F, Sk HTAN).

0.7F
0.61
0.5

Aus

0.3r

0.2r
0.1 B——

P

——#

=G

1/200 1/400 1/800

Sera dilution

1/50 1/100

Fig. 7 ELISA analysis of the reactivity of sera against
fusion proteins to the synthetic short peptides
E39, E45-1, E48, E49: Mouse sera against GST-E39, GST-E45-1,
GST-E48, GST-E49, respectively. Normal mouse:Not immunized mouse
sera. SRBD3: Mouse sera against fusion protein GST-SRBD3. e—e: E39;
A—A: E45-1;m—m: E49;0—o0: E48;/A—/\ Normal mouse;o—0: SRBD3.
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Fig. 8 Neutralizing antibody titers in sera from the

immunized mice measured by protecting of BHK21
cell from 100 TCIDs, JEV challenge in vitro
(a) BHK21 cells infected by JEV with no sera preincubation. (b) BHK21
cells infected by JEV preincubated with 32 times diluted rabit sera
against JEV. (c¢) and (d) BHK21 cells infected by JEV preincubated with
16 and 32 times diluted mouse sera against protein GST-E39. (e) and (f)
BHK21 cells infected by JEV preincubated with 16 and 32 times diluted

normal mouse sera.

3 #

AR PERIE T EINX A, &b = Pyn)
Bt JEV MERA, uEM T EMMARAE & th b i &
fr. AT EMMEIEDURRAL, Wit &
KT — 4 & s IR kRS e A
BB IEV 2P0 IKRLA B C AT, 45 R
FW, FhAE A E39(305~320). E45(353~368).
E47(369 ~384). E48(377 ~392) 1 E49(385~400)
Aed% JEV BH P 13 Fr 400 . E45. E47. E48 Al
E49 & — M ES MR F Y, P HEN 353~
400 ZHEIR X 02 BT R A7 A0 # IXCIa. ik —
LR A e A £ W, E %4 E39 (C“TEKFSF-
AKNPVDTGHG™). E45-1(VTVNPFVATSSA®),
E48-1 ("PFGDSYIV**) 1 E49 (VGRGDKQINHH-
WHKAG “) 4 A~ 1k o Ji & A . LA I 5 a0

Kolaskar 1 Kulkarni-Kale M50l fr) [X 4k T ) 2% 47
E289 ~313. E355~362 fE{EPi R £ AL, DL K
Kolaskar 1 Tongaonkar " Jff Yt il [¥] E379 ~387.
E391~399 & X I bt Jm R AL A At ok, (B8
AL BUR R AT T A i 5 e, A
WUz FH Rl -G 2 18 1 R 5 1) 5 v EAMEX E S
ST T R WRAAEE, 8X L) REdEAT
T, S5 B39 A i% &5 Mk i b A s
A

ARSI ELISA R UER, 4 ASRATRLG &
FI4IRE T/ U= 2R AH B A IR R s e pidd, L
PTG, 1 SRR W T 4558 PR = 3
A R e R . % 1) - Rl A P il v
AT AL, S5 K, GST-E39 fufedl /iR
B LI 00 R 8 BEARE ek () R R A 1 32,
I H R 22 A7 E39(305 ~320) My AHE 5T 1 % E .
Seif 25 I I 1) 45 M o R % AL E373~399, L E48
(377~392)Fl E49(385~400) & &, {HLEAWI5 T
GST-E48 I GST-E49 % 41/ UK A 035 3%
MELE d o AE . (HABRBEHERR TR AR AL A7
16, S3HTA M L2 E Pt GST-E48 F1 GST-E49 I35
W R T e S PR i A A 0%, T fE
GST A& —AN I il k2.

FRHE NCBI H' JEV EII [ —4E &5 fgta0Hr, %
SE K R R B39 7E B 2% W) 45 44 (A7, L
Bl o e gk S X, nTLUEH E39 {7 T E
WA TSR RIE . %R AT BEAL T 41 i 52
WGl T BAR T S AR G A, B %R AL S Bt
Oy 454 Ja vAs T B AR 25 1D R 2 M 4% v A
WREFIER . ARSI Z5 M EOE A Al — PR
FE. A OC T E39 P v AR AT 1) A ICKS A 1)
T BN &85 Dhe it — D5/ h JEV By 1
BB I B JERE

Fig. 9 The site of identification antigen epitope E39
in JEV EIll conformation
Yellow line/yellow domain was the site of identified antigen epitope
E39.
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Abstract Japanese encephalitis virus (JEV) (family Flaviviridae, genus Flavivirus) is an arbovirus of public
health importance. The envelope glycoprotein of JEV is associated with viral attachment and fusion with host cell,
determine the virus’ s hemagglutination ability, cellular tropism, viral virulence, and induction of protective
immune response. The domain [l of envelope protein (E protein) is an important region in inducing neutralizing
antibodies against JEV. In order to study the antigenic structure of domain [l on E protein, domain [l of the
envelope protein was expressed by fusion with GST in a pGEX-6p-1 vector. Western blot demonstrated that
expressed fusion protein could be recognized by anti-JEV sera. To map the antigenic epitope of this region, a set of
14 partially overlapping short peptides spanning the domain [l were designed and expressed in fusing with GST.
Then Western blot and ELISA reactivity of these short peptide fusion proteins to anti-JEV sera were surveyed,
respectively. Four linear antigenic epitopes, E39 (C*TEKFSFAKNPVDTGHG™), E45-1 (**VTVNPFVATSSA*),
E48-1 (*"PFGDSYIV*) and E49 (**VGRGDKQINHHWHKAG*) were identified. Immunization of mice with
epitope fusion proteins revealed that all four proteins could elicit short peptide specific antibody. And in wvitro
neutralization test verified that E39 was linear neutralizing epitope. This result provides important basis for further
structural and functional study of domain [l of JEV envelope protein, and development of diagnostic techniques

and vaccines.
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