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Analysis of the Three Dimensional Structure of Envelope Protein of the Japanes
encephalitis virus Isolated in Korea

Jae-hwan Nam, Soo-Lim Chae, Eung-Jung Kim, Kyung-Sik Yoon, Ho-dong Lee,
Hyun-Chul Koh' and Hae-Wol Cho” '

Division of Arboviruses, Department of Viral disease, National Institute of Health, Seoul, Korea.
'Department of Pharmacology, College of Medicine, Hanyang University, Seoul, Korea

Three dimensional structures of envelope protein from Korean isolates and Nakayama-NIH
strain of Japanese encephalitis virus (JEV) were deduced by a computer program (HyperChem 4.0
Chemplus 1.0) based on the data of the three dimentional structure of Tick-borne encephalitis
virus. In the three dimensional structure of envelope protein, neutralizing epitope and T-helper
cell recognition site of C-terminal region of Korean isolates were structually similar to those of
Nakayama-NIH but the N-terminal region was not. Korean JE isolates were compared with
Nakayama-NIH strain by using cross-neutralization antibody test. Neutralizing activities of
Korean isolates derived from guinea pigs were higher than those of Nakayama-NIH strain
against Korean isolates, although the polyclonal antibody titers of Nakayama-NIH showed 1:160
to 1:640 against Korean isolates. According to the results from three dimentional structures and
cross-neutralization analyses, the antigenic difference between Korean JE isolates and Nakayama-
NIH strain may be dependent on structural difference of envelope protein.
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Y. A nfo] 2] A (Japanese encephalitis virus,
JEV)= Flaviviridaedl| 43} positive sense RNA
dlo] 2] A2 A 2F 11,0007 9] nucleotide baseZ 7}

A2 AT} [1,2]. N-terminal 25-E] capsid, mem-
brane, envelope, “12] 1 nonstructural protein 57 7}
8Fte] open reading frameof ©]8jA] WEH o

* Corresponding author

post-translationol] ¢} Ztzk AEEA 7|%&
744 = el A 2 modification ¥ o] 2t} [1,3~5].
£3] envelope protein2 hemagglutination, viral
neutralization, virion assembly, membrane fusion
[6], cellular receptor} virus Abele] AF (7] 5 4
g violz) 2o BN 7% i
g saAT Y Fow dhelez P4 4
F-olt}. o] envelope proteins disulfide bondel} 2]
A4 ergsiEoel glem ARl domaino 2
= 4= v} (domain L, II, III). Central domain [
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M| 589 region (residues 1-51, 137-189, and 285-
302)Q1 120749] ofml=dto g FAJE o] glon,
domain Il residues 52-1367} 190-284% FA 9
finger-like %2 2 loopE ©|F 31 ¢t} En-
velope protein®] C-terminal 28| domain III
(residues 303-395)7} 9l o™ IgG-like T2 & o]
I vk °]E domain z}z} flaviviral group-,
subgroup-, virus specific antigenic determinantt} ep-
itope=9] 7]15& 7H 2 Ao 8]

Rey & (1995)2 tick-borne encephalitis (TBE)
virus®] envelope protein®| crystallographical 33
*=E g4ste] o] d¥do] HH3tm 71 dimer
TF-Z 24 viral membraned} FP 3 LTRE %]
2 9ee A,

2 a7ae o FudA feld
sholelzs 7 Fob @A WA Az A
A+ Nakayama-NIH 39| envelope gene<]
ANEE vm BAsa §RH Aol B B9
©.1, cross-hemagglutination testE &3} ]
Aol 2A) Bee HAsHTh [9~11],

¥ =EdAM e dEHGuto] 2 29} TBE virus
2] envelope gene A}o]9) 5]-11] =AF A4 homol-
ogy”Z} 38.9%c°| W 127)2] cysteine residue’} ZE
Hom #AIn Ye AL ol o] AFHE
SRl BeE ARYD vholH 29 Nake-
yama-NIH®| 32} 28 F4 3t} E3}H 7|5
&< Yelle &9 AXE #9831 cross-neu-
tralization testE A A8k} S E )l wial =
2% Alole] Z31% vw R WHAA v ng A

A8t Tt.
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1. JE Virus % polyclonal antibody2| ZH|

A 29 vhol ) A& 1982, 1987, 1991,
1994, B 1996\ d o] T oA E2 " 3 (K82PO01,
K87P39, K91P55, K94P0S, and K96P10)e} & )
Sl WAl AZFE AE5Q) Nakayama-
NIHFZ AHgstth 2b nlojgj 29 Be] A
% AE+E Cho 5 [9]9] =89 7R A3y =
¥ 3}t}. Polyclonal antibody Al Cho % [9]9] =
EAA ALEE AT LA sl A2

A8

2. Envelope gene2| O}Of LA A

Cho % [9]¢} Nam 5 [10]0] o]} 2F 3 ofn|
w4 4L g AHERtel 213 4o BE3AT

3. Cross-neutralization test

Cross-neutralization test® $¢J3}o] Nakayama-
NIH®} = #2352 K94P05, K87P39S guinea
pigoll 33 W&l w503 polyclonal antibody
g AedEth FAE vloleae 247 100
PFUR A3l Alg3slgon in vitrool| A} 37 C
ol Al B} 90% WS- plaque testE A X3S
o A A" W8 S Cho 5 [13]9) &=l A
AAE I FYSA ALEsk o

4. Computer &4

TBE nlo] 2] 29] 32} -3 g ofn| =4k A g2
internet-s F3te] FE}om YR G vlo) g
29] envelope gene?| GriMgie ATHL
DNASIS ¥ PROSIS (Hitachi)Z A}-8-3}o] 2ol &}
@11, TBE v}o]# 2 envelope protein 3%} F3%2]
A8E gl dEHYG ulo]2| 2 envelope
protein®] 3z} FZ2E FA3}7] $sla] Hyper-
Chem 4.0 Chemplus 1.0 programe (Hypercube Inc.)
& AbeSn AFEE 23Y 72E A8
o AzE FY ¢ 29437 93] RasWin
Molecular Graphics Windows version 2.6 (Intel Pen-
tium Machine)3} Swiss-Pdbviewer version 2.25 &
£3l9 ;. 7+ programe-S internet AtollA] down-
load Wro} Al-8-3}% 21 internet web sitet= ThS
3} 2}

RasMol: www.umoss.edu/microbio/rasmol/

Swiss-Pdbviewer v.2.2: - expasy.hcuge.ch/spdbv/
mainpage.html.

TBE: www.ncbi.nlm.nih.gov
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1. Envelope gene2| 00|l A A £ A

Cho 5 [9]9} Nam 5 [10]°] &j3iA] HFH =
Y F&] ¢} Nakayama-NIHZ=9} envelope protein
oln iz Ak M A3} K96P10/Nakayama:= 10 55
o], K94P05/Nakayama= 7 - 50|, K91P55/Nakay-
ama= 7 #¥#-0], K87P39/Nakayama: 10 ¥ 2o],
K82P01/Nakayama €} A] 10 ¥-Eo] z}o]7} Q)& &
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Table 1. Comparison of amino acid differences in the E protein coding region between Nakayama strain and S
Korean isolates

Amino acid N -> K96' N -> K94 N - K91 N -> K87 N > K82
position

E35 Ala -> Pro

E5I° Val -> Ser Val -> Ser Val -> Ser Val -> Ser Val -> Ser
E63 Ala -> Pro

E129 Thr -> Met Thr -> Met Thr -> Met Thr -> Ile
E209 Lys > A’

E219  His > Asp

E222 Ala -> Ser Ala -> Ser Ala -> Ser

E227 Pro -> Ser Pro -> Ser Pro -> Ser Pro -> Ser Pro -> Ser
E244 Glu > Gln Glu = G '

E262 Leu -> Phe

E270 Ile -> Phe

E273 Glu -> Gly

E312 Lys -5 Asn

E327 Ser -> Thr Ser -> Thr Ser -> Thr Ser -> Thr
E366 Ala -> Ser Ala -> Ser Ala -> Ser Ala -> Ser
E368 Lys -> Arg
E397 His > Tyr

E401 Ser > Arp
E406 Ala -> Pro
E410 Thr -> Ile
E414 Ala -> Val
E424 Ala -> Thr

E435 Asn -> Tyr

E473 Val -> Ile

¢ N; Nakayama, K96; K96P10, K94; K94P05, K91; K91P55, K87; K87P39, K82; KS2P01

® Amino acid position numbers with italic and bold style indicated that these amino acid sequence variations
were characterized to Korean JEV isolates compared with Nakayama strain (E51, E129, E222, E227, E244, E
327, and E366).

¢ Shaded boxs indicate that amino acids with charged polar groups changed into amino acids with nonpolar or
uncharged R group and vice versa.

glstSith (Table 1). 53] o] o]z} gli= o} o FEAHE BoFa dom, 12749 cysteine
4k 2 Regroupd polarity/} W3} & HE L en- residue7t EFL43A Y sle} 6709  disulfide
velope protein 79| Wglo] Foa JFL 72 bridge S @A st vt mapa A BN G whol
Aoz FH ik I ¥e] 59} Nakayama- 229} 32} F&E TBE Hlo]# 29| dataZ &3}
NIHZ-9] envelope protein®] o}m|x-4ke] Wol= o] HyperChem 4.0 Chemplus 1.0 programe& A}-&
% 16041 s o, Sl AFH 2 FHH] 1A (Fig 1), 47
F5 Alo]2] envelope proteine] o}m)=AF A&

?27; U Hjo|2{A envelope protein2| 3k} ET%T}};];]VP 1.92%211 ;j‘}%} '}E‘a—?;j
- Nakayama-NIHZ 9} 2] 3 2o 7} 1.80% o] &
TBE wole]2=o} 48 vlo]a] A (JaOArS Bk [9] @5 R FEY 33 FxE 59
982)°] envelope protein®] o}2] =2t A Q- 38.9% Al e g ot Nakayama-NIHFSH=  N-ter-
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Nakayama

 K94P05

K87P39

K96P10

K91P55

K82P01

Fig. 1. Three dimensional structures of envelope protein of Nakayama-NIH and Korean JE isolates. These
structures were deduced by HyperChem 4.0 Chemplus 1.0 programe and modified by RasWin Molecular Graph-
ics Windows version 2.6 (spacefill in Graphics and structure in Colours). N and C mean N-terminal (blue) and

C-terminal (red) parts respectively.

minal oAl FxAde] A7t UeS A3}
ot (Fig. 1).

3. Envelope protein2| 3X} 72X 2} ME3SIAN 7|

s2 7= F29l 8l

= T
Fig. 2= Nakayama-NIHZ 9} )] Hg]F9]

K
94P052] 7% ¥ envelope protein 33} FZA}of| A
H7}A] envelope proteine] 7123 = Ao

44 743 424 715 dgdE $EL ¥
Al3}4d ). Neutralizing epitope (E373-E399 amino
acid, 14)¥} T-helper cell recognition site (E426-E
457 amino acid, 15)2 ¥z # H ¥ & Nakayama-
NIHZ-9} K94P05 Atelel Ate]7b glleh. 22t
receptor-binding fusion site (E98-E111 amino acid,
16)%} glycosylation site (E154-E156 amino acid, 15)
= 5 dhole ael A 91249 Aol & Lhekd
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Nakayvama— NIH

== receptor- binding fusion site

<= glycosdation site

- |- helper

== Neulralizing epitopes

cell recognition site

Fig. 2. Biological function sites in three dimensional structures of envelope protein were compared with
Nakayama-NIH and K94P05. These structure was modified by Swiss-Pdbviewer version 2.2.

Table 2. PRNT-titer in cross-neutralizing reaction using anti-K94P05 and anti Nakayama-NIH polyclonal

antibodies
Virus Nakayama 2101 Beijing1  K82PO1 K87P30 K91PSS KO4POS KO6P10
Antibody -NIH Jing
Nakayama-NIH 320° 160 160 160 640 160 320 320
K94P0S 160 640 320 1280 1280 640 2560 2560
K87P39 160 320 160 1280 1280 320 1280 1280

* Serum dilution yielding 80 % reduction in plaque number.

itk (Fig. 2).
4. Cross-neutralization test

U A Fal® dEM G nlole) A K94POs9}H
K87P39 ¢} Nakayama-NIHFZ o} 85} guinea
pig2 B TrE o]z polyclonal antibodyE o] &3}
o] cross-neutralization testE A Al SFACh. T B
2|52 7HE 0] polyclonal antibody7} S -z
ol thsle] Nakayama-NIHE 5o}z & A
o F Y9 ¥ FEa5S HaFn dgden
Nakayama-NIH 2 ¥+E0] %l polyclonal antibody
T S Fe 5 dste 23 £35S Ho
3 313t (Table 2).

k
]

Flavivirus®] envelope 7331 3
L 12 ol 4] glen o5& ztzte) Sof

st 7] 5% 7t 1 9lvk. T3 envelope protein&
monomer 5 707} AE3t dimer F+ZE 7FA T
ptM protein?} A st PETA 71 5E F5
T} [8,12,17] &
tein®] 3} 73+ X-ray crystallographic analysisZ
E8ta] 1995 of] &A= Ao} [8].

B =72 TBE virus®t 425 nloje] 29
envelope protein®] ofn|i-At MG ArEAlo)
389%c| TZol F 23 JggS 72 = disul-
fide bond’} L3t HAES o] &8l AFHE
o] &3la] ¥ nlole} 2] envelope protein
o 722 2AAUT. o2 wEen FydA
welsl e vholelsg @A WA AxT
1= /\}‘%‘E]_L_ 9)+= Nakayama-NIHF9}o] 327
2ol & 2HQ1 3} 1 cross-neutralization testE &3}
o) ols} B e TxA Aolsh APAA Aok
AE gRlstdet 2 A7 FHE dEHd
wolel ze) 33 P27} BHE L FHR Fol

TBE virus®] envelope pro-

mm
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7] W& A &3] in vivo FElS] TZE W3}
A F3A g 2 2259 Nakayama-NIHS=
Aolel FEAe] Aol & S S UL

= 8] FE2] envelope protein o}n] =4t 4
71ME e B Aol 1.98%0 g I EeFE
7} Nakayama-NIHF$}o] 3 # x}o] = 1.80%°]t}.
a3y 3 BYFEQ 33 T2 NBHew
E Y3ty vl dto] Nakayama-NIHF9] 3%} 29}
+© N-terminal F-%-o] 2}o]E Holm Ut (Fig
.ol of Fel Aol WHHA ol 2 e}
@ % 98T AR gtk e o] ¥2o)
el AE83 7152 host cell#}2] receptor-
binding fusion site®] 9]z ¥W3}7} AA A2 z}o)
£ noleAE ok HANA Ytk w4
Nakayama-NIHZF 9} K94P05 T oA} o] FEo]
o el glor, & F 85 BHK-210)1 pri-
mary chicken embryo fibroblast cellel] 2 infection
7] g2 2 Aole gl 3oz AT 9l
v} (data not shown). Glycosylation site®] A & &4
715 Hal M= oA 7R EHE 7]Fo] UrE
A QA &3 7] W2 F F Alole] AolE
& 4 gAt (Fig. 2).

C-terminal ¥-#2 F F 2504 33k 737}
£ o] & Holu YA & ¥t} (Fig 1 7 Fig. 2).
o] ¥E-& neutralizing epitope3} T-helper cell re-
cognition site® 7FA] 3L Yl 33 R4 I
F-2]F9} Nakayama-NIHF7} & z}o]E H.o] X
3 Q7] WEe) WHLHQ Ao] oA 2 2
S AR FHE & AU 3 £ F Ko4P0s,
K87P399} Nakayama-NIHZ || t] g} polyclonal an-
tibody & ©]-8-38}a] cross-neutralization test 2 3} =
Y2 F9 Nakayama-NIHFo}o] Z3l=o =
2ol & Holi AT Fuch a2y S E-g
Fo et U Ee]F= THE polyclonal anti-
body7} o 2 F31%5 & Holu &8 &g
G AATH (Table 2). o] &} & Anb= 3abd 72
49| epitope F-E-o] F ufe]H AP RToA]
< T72E BAFa 7] Wi a5 7E
Heog e AR Aztsozd. a8y new-
tralizing epitopeS YEhli= B io] o] REule
obym, A F2/4o] zto] wid % tfol
A EaF R e FEIA I 2 vtol 25 gl
oe BAs o ¥ F3% L Hols Aon A
z+g & gt

U} #-2] 59} Nakayama-NIHZ=2] envelope pro-

.

o

=

o}
=
=z
T
A

teine 770y &2 107 9] olw|x=At Z}ol7t S
£ #9139y 1 (Table 1), | & Z}o] = R-group?)
polarity } charge’} ¥ 5}l ofn| =4t ¥ o) 7} A A
T B 5ol Fx WolE fE Y& A
oz 2HelAG H8E 259 We] FEu}
FaolAe) dgs FAS) e F o B
S A7 2P Aoz Qe ol
EAFE Fotod SudA E2H 1 e i
Ex g uloleg] A& AEHZE envelope proteindl]
M AAHRJ F71ML Y Aot AEAE BT
stz V8o nE 2 Boke] FXRE A
2 A ¢ T e ol XaA o 4N
do Holyt 2T Fx4 WolE FE3 FE
oM B HiolAFE AdAHez =HE
Aoz B4 9o Bepd 1Y 194 HelFn
e ) € ¥ E ulo]z] A envelope proteing]
TFz27F THelA 7HE de] HA s vtolgl s
ZFo] gej 2 Yzted<4 dch. Nakayama-NIH=F7}
FAAAE F B vhole) 2o dstel 3
2 F3%5E BAFn oy on 3z &%
&8} Aol7t sl &2+ 312.¥ envelope pro-
teine] oin|:4lk Wo|7} A& T#AHT Ym U
239 upolg] A7} RNA Hlolg2cdx] F7|&
2 Ed¥olE W] ¢¥o = ©] Nakayama-
NIHF9] Z35& I8 ¢ e sddolF7t
Tl 4 F e JheAdol dES A4S

=

FUA 8 Y2 G utolej Ao AR
WAl A Zell AFEE 3 0= Nakayama-NIHS2]
envelope protein®] 32} & & o|u] WX H Tick-
borne encephalitis viruse] 33} 20| 3} dataE
Abgstel AFE R 2 en S 2T Na-
kayama-NIH 2)}5]9] cross-neutralization testE
AA Gt Fasg vmeted Bvlh AFHZ
F49 = ¥2159 Nakayama-NIHF Alo] 9]
envelope protein®] 332} F7Z+& C-terminal B3
W37 §lov N-terminal 82 3749 Aol
7} it} o] 9} & A}lo| & polarityy} chargez}
2 B3 ojuxitel Axz FP o . C-
terminal ¥-%-¢)] Z x| 3}+= neutralizing epitope3} T-
helper cell recognition sitet= & =}o] 7} 13171 of
Fof cross-neutralization test A3} Nakayama-NIH
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F7t ilﬁ‘%ﬂ%ﬂl Hatdxe F3leS Holu
o]_\—_ ;\]_/\1_9‘ FAH o7 /H!:ﬂ %E]- 2= °]S§C}' 1
Ay S E e F2 TEo]A polyclonal antibody
7F ST el Fol 3] Nakayama-NIHFZ VIS
ozl FAET ¥ £ T35S Bolm Jlon,
T 22 39 Nakayama-NIHF9] envelope pro-
teino] F2A zo)lHE EoFy u, dEHYY
dfolg{ 29] EdMo| o] &7

FZ A WAz
yama-NIHF9} Z3}7
F7F vebd 7heAd ol

L
9% & ol Sduol

e

xo, Mo

dAte 2

FHAAFUH 3i} TRE 23 0}71 98 #
B A2 BEE T4 A7ad o/ AA A4
Hol =4 F
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