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Analysis of the NS4 Region of Japanese Encephalitis virus K94P05
Isolated from Korea

Eun-Jung Kim, Jae-Hwan Nam, Yong-Kenun Park' and Hae-Wol Cho*

Div. of Arbovirus, Dept. of Viral Desease, National Institute of Health, Seoul 122-020, and
"Dept. of Microbiology, Korea University, Seoul 136-075, Korea

To investigate the NS4 region of JEV, NS4 c¢cDNA of K94P05 (JEV strain isolated from
Korea in 1994) was amplified by RT-PCR and analyzed by sequencing PCR product. Genomic
size of NS4 was 1212bp and nucleotide sequence was compared with that of other JEV strains.
Nucleotide homology between JaOAr582 and K94P05 was 91.1% and that between Beijing and
K94P05 was 89.8%, respectively. But the nucleotide sequence of E region of JaOAr582 and K
94P05 showed 97.0% homology and that of Beijing and K94P05 did 95.8% homology.

NS4 protein was expressed as a form of fusion protein by a prokaryotic expression system.
The induced fusion product showed a lower molecular weight than predicted size and remained
insoluble. The NS4 protein might be cleavaged by E. coli protease. Concluding above results,
high hydrophobicity of the NS4 protein supported the fact that this protein played a role as a
membrane component and the poor nucleotide sequence conservativity among JEV strains
suggested that this region might be important to adapt each viral growth environment.

Key Words: Japanese encephalitis virus, NS4 gene, Thioredoxin fusion expression system
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dEH A nlo]2] A flaviviuse] £33 po-
sitive sense RNA viruso| t}. & 7] v <d-& 1987 =
= AAHAEY [1,2] 3271 <F 11kbsl genomic
RNAE= &hte] ORFZE o] Folz glomn, njo]z]
2~ A Eo] 5-C-prM-E-NS1-NS2a,b-NS3-NS4a,
b-NS3-3'9] A2 coding®lo] At} upo}z Ad
A E M FEoA = genome =7]9) RNATre| W
A= o] RNAZF mRNAS] 988 3o 3t
A1) {1 peptide = translation® 11 o] peptides} TF
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Al 10779 Hlo] 3 2 T2 2 processing™ & R
2 A Aok [23] o]F vtol g 2o FRE F
AeteE 72 2hlAe C (capsid), prM =E M
(membrane), E (envelope) @A o], 5742] nj3-
Z g zlo] gl s@thol & typel capo] o),
3te] &= poly A tailo] itk C @A e =77}
14kd9l @714 Tl 24 nucleocapside] +2&
o) F= Aot} prtM2 19kde] Fhul A 2 A] A
Zuje] nlolg 2 YA E BHHA] o
M A o} H A o, M T 4 & 8kde] A
A gkl Al 2 nlo] 2] A enveloped} A dlol &3
2T}, Enveloped] 8 wh#dQl E w2
gko] 53kd o] 1L 3t 7] 9] glycosylation siteE 7}

A
=
=
h

>

T
A

Il



U=, o] FA L uloly A QIR 2YUI} A
I 3 e vtelgla &Aoo B A%
WSS vtolei 2o AR 7S getn
SATE [4,5] W2 DA NS12 npolz] 2o 7+
FE AEZY, AE T A ZH) Y= RE b}
o2 2 §)Atell A HhA Hr}. NS2A9}F NS2B thal =z
vl T2 A 9] processingol] T =] gl
o2 B [6,7], NS3 ©elA .2 protease
233} F ]l triphosphatase /helicase &4 o) gt}
S5 el AL AdEN g wlo]H A duldZ S
& WA Z A RNA dependent RNA polymerase =
delA A} [8]. ©]F NS4 gl o] A ial 7%
| delAE eizl vk A9 gk e fla
vivirusel] o gt Ao Z A8l NS4 Tl o
viral replication complex% 2ZH£8} 41}, NS39} NS5
S o] membrane’doll M Ee 91X & A&
T UEF ste o2 F&5 3 glor} [9], NS4
sl o] Az 7% 2 X s
w3 QA th w3l NS4 A e NS4A 9}
NS4BE processing= o 7|52 st RO Z A|A|
=3 3= NS4B o)l #A)8l= hydrophobicdt
otplictt A Fo] signal® #H-8-8fa] RER (rough
endoplasmic reticulum)l] 22l &}+= signal proteasesi]
o8l cleavage¥ = RO 2 AR T glov}9] &
Al SR E vhe gtk agln H2 S g
21 (live vaccine)© 2 7jutd QB ¥ ulojy A
¢l SA14-14-2 strain [10]9) A& wild typeSl SA14
strain¥} B] Wt BF 1570 9] ofn)x=ibo] 2] 3y
AL [11], o] EF 5709) Wol7} Bl 73 G|
A Lol o]F 1717} NS4 9 2o A 2Aw
3 Yo o] 27} uho]#] 29} attenuationol] &
g 7l E ot

wEbA], B Aol A= NS4 B oo tat 24
< A3 FulelM 28 dEH G nlojg Az
Q1 K94P052] NS4 2ol th gk G7] N2 A
st 2 RelFE0 vlwstn, AT 2 A
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. JE Virus 2!
)

A o]y A 19941 of] oA E-g
d FE AR 4d HE 2 32 & in-
vitrogenAtell A A 2F Tl 3= pTrsFuse} GI724E5
AH&-38} 9 o}, pTRXFusi= PL promoter 22 8} gl
& thioredoxin % 3 AE £33 1 o}

2. RNA £2] 2! ¢cDNA%IA, RT-PCR

RNA+= Guanidine thiocyanate kit (Promega,
Madison, W& AH-&-sto] E2)atgieh HEH oz
dojx]= RNA pelletS 10 ple] DDWol| 350
cDNA 4ol AH&-3stitt. £2l ¢ RNAS X 3e
£9% 8ul, RT buffer (5x) 4ul, dNTP (2.5mM)
4ul, random Hexamer (50 Az Units, Boehringer
Mannheim Mannheim, Germany) 1ul, DTT (0.1M)
2ulE A1 70 Coll A SRR wESAI7 2 Aol F
&3] gdrh o] WHg-Eo reverse transcriptase
(SuperScript ™ I1, 200 units) 1 pl-& ¥ 743k & 42
ZEo M 30% vE-E F 95Tl SEZL B3
A 2000 AAFetal AgaHect

A ¥ cDNA 2ul, mixed dNTP (2.5mM) 5ul,
sense and antisense primer (20um) 2ul, 10 X PCR
buffer 10ul, Taq polymerase 2.5 units (Boehringer
Mannheim)ol] pfu enzyme2 0.25 unitS 3 7}slx
HA) ol 100ul0] HEH FHFE AR
¢] PCR mixtureZ Perkin-Elmer-Cetus thermal cycl-
er (Model 9600 Norwalk, CT)Z (94C 1%, 55C
138, 72T 3%, 30 cycles) ZE3F & ulx] 2 cycle
oA FE3 polymerization timeS 7] 93}
72°Col A 10837 1 cycled ¥Fgslgth. ZEo)
£ PCR products= ethidium bromideE X 33}
1.5% agarose gelo| A runningsle] 2215t ). A}

Table. 1. Primers used in this study

Primer Sequence Position
EJl 5'-AGCAGGTCTAGAATCAGCCATTGTCTTCATAGAG-3' sense
EJIR 5-CCCCGTCGACCTACCTTTTCAAGGAGGGCTTATC -3' antisense
NS3R 5-CTTCGAGAGCCCATTCGGTGT -3' antisense
NS4R 5-GTTTTCTCTAGCATCCCGTA-3 antisense
NS5 5-GGGATCTAGAGAAAACCAAAG-3' sense
NS6R 5'-CCATAATGAAGTGTCGCCA-3' antisense
NS7 5-TACATGCTCCCTGGATGGCAAG-3' sense
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43 primert= Table 1 o Yeh) ot
3. ZZAMZ2| cloning
ZEZ%9 PCR AHE S
Carlsbad, CA)E AH&sle] 829 stglon, ol &
A g A A XbalSall2 2 double digestionste] U
2+ band F7]E X7 insertion  H-E &olsly
th o]& thA] A8l expression vectorZ clon-

Structural

[T [

= TA cloning kit (Invitrogen,

ing S}, B4 Al 91N
expression vectorlﬂ 29} insertion o %

o} A A scheme-& (Fig. 1)} 22},

%%11

srols

ER_%‘

4. Automatic sequencing

2z9E Lrdguiolesel §A4F ¥4

&t7] 9}3Fa] ABI PRISM 377 DNA sequencer® A}
&} o} Dye-terminator labeling W) o 2 wb-2-3}

Nonstructural

NS1-2A NS2B

1L

NS3

NS4A-4B

NS5
A~ B Xba I
' - ANSal I
PCR product EJIR -A
MCS8 MCS
T T
PCR ™ ]I NS4
3.9kb —
T4 Ligase
Xba NS Sal T
MGI ThioredxiMerml»
pTrxFus
3.6 kb
expression vector \
T4 Ligase
NS4
MTG [Thioredoxin I j Iteﬁ»
pEJ 2
4.8 kb

Fig. 1. Schematic diagram showing the construction of plasmid for expression
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7] $15te] E 2 ¥ plasmid 1 ug, oligo 3.2 pmol 1
pl, reaction mixture (Perkin Elmer) 9.5 pl& &34
220 WE A3ty 90TA 20%3F 1 cycle,
96T, 10 &, 55T 30%, 60T 483t 25 cycle-g vt
oo}cgq +-3-% Centri-Sep Z ¥ vw]g] DDW
750 W= 4 ol X 1A 2F o} WA Bl re-
constitute A7) F ¥H2-H AEE A ajeli G4
< A8

<%
s

5. Expression

F2Y A7t doE GI 7242 RMG-AGAR
H ol R) o streakingdte] 30T oA &} F4 bk
SR 1842 % 2709 A2 Adke) 1 mio)
RM mediao| A T}A] 9FA] viF 8hdT} (225 rpm,
30C). 18AJZF i F % 047]"1 0.5 mli-& # 3l
10ml2] induction mediac)] ¥ 31 A5500] A o] &3
=7} 050 o] E wizbA kst (225 .
30C). 3%/ 059 o293 vkl = 1ml &
# 3t eppendorff tubeol] LjI’_ 13 000 rpm, 4(,
10 Bt 945 st AZAL vz 9
pellet-S T =0 sample & HJ\—}O]-?\"}\ C]— Hyg e Yo
Hjckle]l 22 FTJl 1000 gml HEE tryp-
tophans 7}l FE8le], o] & 1A 7kmlc) o 9}
e i o g wjkd Sl A 1 mI¥ sl ¢
A7 & Baste B3 & 53] A (T=
1,2,3,4,5).

6. SDS-PAGE2} Western Blot

e BYPgoz HAo)x sampleo]] osmotic solu-
tion-S 500 p¥ 7}t Y-8 =31 sonicatorE
o] &3}o] 103% +4 o 2 3 sonicationdt 1 FA
3| AH )7} (dry icefethanol bath) 37 oA =o]
= A& Zh7F 39 wkE 4233 13,000 rpm, 4°C
1A 1083 A4S A o] FAA dolx
= BFAH pelletE w2 H3zle] 20T Fu
@l A G Fol AMESAT AEdow o
o] 7l samples} pellet’} B} 2 2 o)Al sample 2}2} o))
loading dye § &%= 4i0] 95TolA SEF &
T 25919 B33h loading 3tk A7 F
< 35 mAol A ¢F 1 A]Z}F 59t loading dye7} WA
w7l Al3gE thE Western blotE 93
NCM membrane-& 1 31 50mAo| A ¢F 247+ ot
transferA] Z{ T}. transfer7} ¢ NCM membrane&
blocking buffer (3% BSA in TBS)ol] @231 1A 3F
&<t shaking & TBSTol 5EA 23] washing3ts

2

primary antibody (anti-thio antibody 1:5000 di-
lution in TBST: thioredoxinel] T3 antibody)S
347 Aestech o TBST| s¥4 23
washing ¥ secondary antibody?] goat-anti mouse al-
kaline phosphataseE 1:2000 © % TBSTol| 3]
shad 1 AJZE F<F WA A T thA] TBSTE 23],
TBSE 3xta] A& 5 t}A] Alkaline phophatase
buffer (AP buffer)Z o] FU. o7]d] AP
buffer 10mig NBT 66 plet BCIP 33 wl& 7}8lo
PAA BEO FUA 1087 WAL B
31 D.D.W.E 7}3le] E50] FHA] w12 g
A AR

%

20 W M

1. JEV gene2| cloning

K94P052] NS4 geneg primer EJIZ} EJIR A&
shol 1212 bpe} AHE-S B9 & F2YstAc)
(Fig 2).

2.497) MLel H|®

2 ¥ 3] njo 2] & K94P059] NS4
Aol 97l MEE AJAA F7] Mol g
JaQar582 straing 7152 2 3l automatic sequen-
cinge. g A3 st}

FrYE gF Atel9] variationdl] o} g A}ol &
Sloll &} 27 2] clone-g )4t S & sequencingdla]
98 AT FAagon Az Ha% P
primer® AHE3to] AAE Pee) G71ALE &
A3lAhth. g7 Y ulawol = DNASIS program

M

Fig. 2. Amplified K94P05 NS4 cDNA by RT-
PCR M: 1 Kb ladder.
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1 80

JaOAr ¢ TCAGCCATTAGCTTCATAGAGGTGCTCGGTCGCATGCCTGAGCATTTCATGGGAAAGACGCGGGAAGCTTTAGACACCAT
KOAPOS & "t tr ettt teeet st Aceee e A
Bejing © tttttUGTtrtttrereteteteseeseesess Qrevrrr e  CRRRREEEERR
L ALY TR D A REE R
SALA, 14,25 "t @ ettt ttTtrttUeeteeteeeeiiiiiiit i
81 160
JaQAr : GTACTTGGTTGCAACGGCTGAGAAAGGCGGGAAAGCACACCGAATGGCTCTCGAAGAGCTGCCAGATGCACTGGAAACCA
KO4PO5 B Ve RRERERRER Arcrreerees Treerrensrennns gt Tt At CoCT T G
Beijing ¢ tttitccttcc Qe  CRERRREREEE oo et
SAl4 B R AR EREEEEREEEE:
SAI4, 14,20 “rrrrrrrr e R A ERRRREERREEE
161 240
JaOar : TCACACTTATTGTTGCCATTACTGTGATGACAGGAGGATTCTTCCTACTAATGATGCAGCGAAAGGGTATAGGGAAGATG
KO4POS ¢ ttcccce Crrge Qerrrr e GrrrQr e e
Beijing YL s LR R R R R PR R R PR R PR oot
SAA oz e R R AR GA* -
SALA, 14,25 © 5t e e Qe r ottt et
241 320
JaOAr : GGTCTTGGAGCTCTGGTGCTCACGCTAGCTACCTTCTICCTGTGGGCGECAGAGGTTCCTGGAACTAAAATAGCAGGGAC
KO4POS : - Ag e [CEERERERRE PIRTSLERRE T PCELR R R R R R R R R PP PRRRRE PLEREERES G T
Bejing ¢ ttitctcttuiees [CEEE R RRE R R LR RREETRERTE Qe
SALA  p e PO R R TS A LEREEERRTRERRY
SALd,14,2: *trirereeeeees A ATt RRREEREREREEES
321 400
JaOAr : CCTGCTGATCGCCCTGCTGCTGATGGTGGTGCTCATCCCAGAACCEGAARAACAGAGGTCACAGACAGATAACCAACTGG
K94P05 .T.A ........................................................... e e,
BeJing AT TTCtTTUeTTtTeeeeseesseiaiiiiiiiiii FRRRERRRRTS
SALA ¢ ettt s
SALA, L4, 25 * 1t e r ettt
401 480
Ja0Ar : CBBTGTTTCTCATCTGCGTCTTGACCGTGGT TGGAGTGGTGGCAGCAAACGAGTACGGEATGCTAGAGAAAACCAAAGCA
KOAPOB &t  t et tttreneeeseeeeeeeeai e
Bejing ¢ cttcttttireee  CRRRREEEREPERRRRP PR R PRERPREREE TR CRRRRRERERR,
QAL p rrrreeeeeeees R R PR R PR PR R SRR EREEERE R [CEEREERERRRS
SAL4,14,2: *trrrrrriereeees R PCEREERERRPS G

Fig. 3. The comparison of nucleotide sequence of K94P05 with other JEV strains(means same nucleotide).
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JaOAr
K94P05
Beijing
SA14
SA14,14,2:

JaOAr
K94P05
Bejing
SA14
SA14,14,2:

JaOAr
K94P05
Bejing
SA14
SA14,14,2:

JaOAr
K94F05
Beijing
SA14
SA14,14,2:

JaOAr
K94P05
Beijing
SA14
SA14,14,2:

JaOAr
K94P05
Beijing
SA14
SA14,14,2:

481 560

* GATCTCAAGAGCATGTTTGTCGGAAAGACGCAGGCATCAGGGCTGACTGGATTGCCAAGCATGGCACTGGACCTGCETCC

561 640

S T Qe CRR CRREERREER LRl AR A O CRRRER

641 720

: TCACCACATCGCTAGCCTCAATTAACTCACAAGCTGGCTCATTATTCGTCTTGCCACGAGGCGTGCCTTTTACCGACCTA

721 800

: GACTTGACCGTTGGCCTCGTCTTCCTTGGCTGTTGEGETCAAATCACCCTTACAACGTTTCTGACAGCCATGGTTCTGGC

801 880

: GACACTTCATTATGGGTACATGCTCCCTGGATGGCAAGCAGAAGCACTCAGGGCTGCCCAGAGAAGGACAGCGGCTGGAA

881 960

* TAATGAAGAATGCCGTTGTTGACGGAATGGTCGCCACTGATGTGCCTGAACTGGAAAGGACCACCCCTCTGATGCAAAAG

Fig. 3. Continued.
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961 1040
JaOAr - AAAGTCGBACAGGTGCTCCTCATAGGGGTAAGCGTAGCAGCGTTCCTCGTCAACCCTAATGTCACCACTGTGAGAGAAGC
KO4POS & ~--rcee- L) CRRRRREERRE T PP Crrergigt e  LERRRERRERY Qrreeee ARRREEEE G
Beijing
SAl4 B L T
SALA, 14,2 *rrrrttrrrr e

1041 1120
JaOAr * AGGGGTATTGTGTACGGCEGCTACGCTCACTTTGTGGEACAATCEAGCCAGTECCETCTGGAATTCCACCACAGCCACSS
KQ4POS @ T Qe cccccceee Adg C AT Crrrre e [CERERERRTPEPPRR C T
Beijing : '''C° R R R  CRRERREERRRTRE Tereee
SAl4 PRI T I T S AP
SA14,14,2: " 0

1121 1200
JaOAr * GACTCTGCCATGTTATGCGAGGTAGCTACCTEGCTGGAGETTCCATTGCTTGGACTCTCATCAAGAACGCGGATAAGCCC
KOAPOS  : trreeeeerees LERRRERE LRREERRS A R PR PR PR ERPPRPRPP P Troeeeeees
Beijing
SAL4 S e Cror R R R PP R R PP R PRPRPP Teeeeeees
SA14,14,2: “trrorerriee Qe Qr e e

1201 1212
JaOAr : TCCTTGAAAAGG
K94P05
Bejing
SAl4 S
SA14,14,2: "tccrrereee

Fig. 3. Continued.

= o] &3l HIJL A3} JaOAr strain®} K94P05
straing ¥ wA| & 1212709 F7)% 10577} @
zlata] 8.66%<] E‘ic’]zra B, o5 19747}
transversion} %} t}. Beijing strain3} B] mA] K94P
05 G715 124707} W35 o] 10.23%2] MWo] &S
Hiorn,

&< X1 Beijing strain@} = 1671 2] ofn] = AF
o] 2 421%2] WMol &S Bt} (Fig. 4).

4. U

e

&l ciulEl o)

H A
[ R | T’__ﬁ'i

Expression vectorQl pTrxfusi= multicloning site
ﬂ%2MMWMmeQﬁq0@. o] ¥ FAAIF =9H u thioredoxino] &= E

3).

ofolcth M &4

=2 T

A G714l 7] 28k PROSIS =7
We olgdte] obrdt IS 2 npolg A
Fo} opnl it Y-S v Btk JaOArS82
strain?} H] x50 A] K94P05 strain®] o}uv]y- Ab wio]
= 40470 9] olml e AVSE 12702 2.97%9) Hol

whqwéqmmnWMmaﬁH&HEW}m
=5 4E Hlol#} 229 NS4 F-1AS F2YE ins-
erioncd = A FEALE HEsle] Yok A2
o] A7) & ¥la 3} FAo GG BML
sto] F3bell £ 5 (stop codon)o] A H Y=
A ] o R} B3 ) 29 insertion & 2 &
°1P%}HMMMm4f4&°°¥UWw]
23 NS4 gl 2 & 43KDas) Bx}akg 71z

e o e

e

-203 -



JaOAr
K94P05
Beijing
SA14
SAl4,14,2:

JaOAr
K94P05
Beijing
SAl4

SA14,14,2: -

JaOAr
K94P05
Beijing
SAl4
SA14,14,2:

JaOAr
K94P05
Beijing
SAl4
SA14,14,2:

JaOAr
K94P05
Beijing
SA14
SA14,14,2:

JaOAr
K94P05
Beijing
SAl4

1 80

: SAISFIEVLGRMPEHFMGKTREALDTMYLVATAEKGGKAHRMALEELPDALETITLIVAITVMIGGFFLLMMQRKGIGKM
S T R N I Ty Geeveen (¢ BRI IR

81 160

: GLGALVLTLATFFLWAAEVPGTKIAGTLLIALLLMVVLIPEPEKQRSQTDNQLAVFLICVLTVVGVVAANEYGMLEKTKA

161 240

: DLKSMFVGKTQASGLTGLPSMALDLRPATAWALYGGSTVVLTPLLKHLITSEYVTTSLASINSQAGSLFVLPRGVPFTDL

241 320

¢ DLTVGLVFLGCWGQITLTTFLTAMVLATLHYGYMLPGWQAEALRAAQRRTAAGIMKNAVVDGMVATDVPELERTTPLMQK

321 400

: KVGQVLLIGVSVAAFLVNPNVITVREAGVLVTAATLTLWDNGASACWNSTTATGLCHVMRGSYLAGGSIAWTLIKNADKP

SA14,14,2: ----
Fig. 4. Comparison of deduced amino acid sequences between K94P05 and other JEV strains.
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143
87

50
35

27
21

TO T1 T3 T4T5 P N2

Fusion product

s

* Thioredoxin

Fig. 5. Western blot of expression product M :marker, N1: Negative cortrol (A Tryptophan), T0: Time 0 sam-
ple (no induction), T1~T5: Inducd fusion product, P: Positive control (A NS4 gene), N2: Negative control

(A TrxA gene).
B2 o gE e wel g BxEe o 55KDa
olth. rejvt BT Ao 2L shal tha

Aol Bd 5 it} 5FA 9t o] W7} thioredoxinol| T
T o gAj e} vhg-2 shed AlRbell me} 1 oFo)
7t gt AR Hol Wde] EEHD Y-S
glstd o (Fig. 5).
il Eh

FlavivirusZ £ E-0] ] 1% el a o] NS4 thl
Aol s = AFE virt A gla QY
vtrolgj 29 A9 @7 A go] wra A
= w@x] gt} o] mRA s NS4 Boje] BAg
Y3 A AR T E2 59 K94P05 NS4 H-¢)
o] FRAAE F2dste A7IME S 2HsGn

2 Bl 59 vluste Bt 4714 dg A
Az Iy EE3 K94P052] NS4 dr)e=
JaOArS82% (19821 R7jolA He), dB)e} )
WA & F7) 1212703 105707} # 5k 91.1%9)
A4 (homology)S ¥.9 31, BeijingF (1949d
At ol A e, F)ehe 124709 Eist |
s}sta] 89.8%2] 4140l 912tk JaOArs822= s}
Beijings> A}l©] 2] homology+ 96.1%% T} |79
H3hE Al who] Y AFE ko] A QA Aold A
A Ao 71Rig Aolget A4 & 4 2
o shA Rt 22 8 FalE npoje 40 E AR
el dig 971949 $A[14,15] oAM= Beij-
ing7 9= 96.8%, JaOArS825 9} 97.4%<] =2
homology & B9 o2 2 o] NS4 B-971 5435 &

== (strain)

dAwlole] Mzteh Hiolgt MztETh o4y NI
o= B2 Wals) 919l o ofu| - Abo & x]5hy]

S W= 247} JaOArS825E 8= 97.0%, Beijing
Fo}= 958%2] =& homologyE Ho g7) ®
7F d 5% 3rd codon $1 Aol oS &
%tk Al vol el 2570 U4 Aol & gl A
oz gelA 3ol [15] <8 Wt vhole 29
welga slso dee nlAA e Aow
wolth o] Aoz nl2o] Buj o] NS4 X9
@70] Agahis HgelA Wk A Lol
7}\40;_ xgﬂA@ =1ne:] c}uu;d,] ;qxﬂx%o T
ol 2 We) glone o e 9] vl
A qd ulo] 2] 22| codon usage WY& W=

ol A sk= A &

NS4 iz o} AA 7]5& FAste Euxt
GriAg 2 Ba gl F3bo FARE YHAF
E #3% 4ds Alxsded Tde] AR
hydrophobic®l Tl A of
solublllty Bogt= AAHo] glo] FAd HelE

Batuat Abget Fol o, mE AbEo] 1
X hydrophobicslod X 9% E.coli A&Ho g &

U ¥ A= &9k1, %3 cDNA insert sizeo] =4
A o = e AR &2 BAEFS 7}1‘
Suo] BHd e Bde 5 UAAT RS in-
complete translation®] 1} proteolytic degradanon A
#d Aolt} [16]. kAW sequencing A} mu-
tationol] 9j] FAFAF| YAHA A& g
915l 7] wjFoll & AHEo] E.coli proteaseo]]
ol&) cleavage®] = Ho|g} A AW, fusion pro-
tein 2 gko] A& Z I foreign hydrophobic se-
quence?] T.9}°] E.colioll toxicd 9l7] @ &9
A 2o} ohE flavivirus of] gk A5 g
NS4 region ] ol &= B FA] o] =& hydrophobic

vector pTrxfus7} B2
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opal =4t M Ee] EA) 3k ol A o] signalo] ¥ o]
host®] endoplasmic reticulumol] 1% signal pep-
tidaseol] ]} NS4AS} NS4B= cleavage® v} &
o LEHE wpolzi A9l KMPOSAA = o)A
signal sequence7} £ & olm At AE BN
S 2REH FAstd ot o) HEA e cleavage
€ YojuA] @& Aoz Bl

o]Fe] A@olMe Y uto]2 2o NS4
99 971 MEE 2AsAT o] B9 Wo
7b Ashd AA dde Tz 9L x|
A #5E ¢ F UdAen ofreA g EA
A5 EUE hydrophobicity® 2A}E £ A3
La/do]l v)%- 743le] o}mli: membrane span-
ning domain ©} & Zojeh= AL & 5 9)
AT} EF, o] NS4 Tz o] NS3, NS5 thul ) 3}
%7 replication complexE o] F1 F thula o
2 83t localizationd] &g u)A 3 9= s
Ae 7HA 3 ke Bart gloeng o] Heo)
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