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DESCRI PTION  WEST NI LE VI RUS VACCI NE, AND METHOD FOR
PRODUCTI ON THEREOF Technical Field [0001] s The
present invention relates to an artificial signa
peptide enabl i ng hi gh secPBECRAFBIPN essi on of

YE@%§ gﬁ% exﬁ%%ﬁéﬁ%%ﬁggv?§@ MET% rlsﬁggpgoﬁﬂg?e?% THEREOF

ﬂﬂbhileﬁQDGu@gda West Nile virus- derlved protein
|nclud|ng the signal peptide, a transfornmant harboring
®%He vector, a producti on nethod of virus-Ilike

parti gies Q%se%%sﬁn§%h€1¥hrHélgﬂegsﬁémhﬁ'H%tlflClal signal
tranSforant West Nile virus vaccine Contalnlng

pﬁpﬁkﬁaldnebéanguhheb ebcaehe@nngpt@§$mnnunf wmﬂnsﬁk;ke

| i Back 0002] _Vest. Nle fever
RS SuleoTeluroal SBhte SHESGAD By i BRI yector

AdbgiriNing W husleYWWVaci@ceasbomad |y, Wéé\te NMid WS rus-derived
i nvades .and grows in the central nervous systemto
PEatsen Heck lBHaFHenéhEH@FtP%Pt¥@ﬁ/|% Wﬁ%ﬁﬁ%Prmant harboring

ﬂﬂénﬁéé%%&eda'Eréﬁﬁb€§onzﬁe®ﬁggl§fE@ffus$¥¥ﬁe(Haﬂ%ﬂamg% of

Russi a, Indla I ndonesia and the |ike. The virus is
Wit Milise o Lamg pnfopagageuhbyta@mfm:emm@,n Wedthdglile virus

V%bne ch %%E% ni%%c ?§Pg ailoeﬁéP{lé-éE gé&ﬁé%%:by'%he method

as an N~ ani na
ammbaﬁ&sl;kbunan horse and donestic ani mal s becone
acci dent hosts. 25 In sumer 1999, WAV i nvaded and
e RaY ﬁF ed in New York, USA, and has
Jdinuously been expanding since then. It was
confirmed that nore than 2300 persons were infected by
the éﬁ@@toNlSepiemeer ipast syebem{Q0o7yte hrasiRghslitseEtse caused

%H% e%utR &%%t RE§5”91§u§e@m9ﬁﬁ pr%%%%qbkggl§hethe

U& 30" vaccine f uman oes no
veDeiust HHVane wadl drawspiesent. cef 068 ndinders tdyestem to cause

circ tances, propagation_of, the virus to
et BE8 1 EEEaTRY Ly dpart Rusl DoGRAAF LRI ted in Africa,

MIROt ¢Rldtzatiher ef EHHBPeVaﬁﬁe§§aha§n@§£n Be&dd@d.a and the
while 35 culture Vero cell-derived virus inactivation

hidkeoi n€beavérus beimylntgyemd pribwiapadted pyesaninfection
Itsiu SeltSredR 'c‘[ﬁr g‘aa%ka@@legegg L 0f Loy dGYE RN (AR P and

nit vacci
domestic) as an ampllflcatlon animal. During the process,

human, horse and domestic animals become accidental hosts.

In summer 1999, WNV invaded and was indigenized in New
York, USA, and has continuously been expanding since then. It
was confirmed that more than 2300 persons were infected by the
end of September last year (2007) throughout the United States,
thus causing a serious problem for the public health. A WNV
vaccine for human does not exist in the world at present.
[0003]

Under the circumstances, propagation of the virus to
Asian countries including Japan has been feared, and
practicalization of human vaccine has been desired. while

culture Vero cell-derived virus inactivation wvaccines are
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produced safely at a | ow cost w thout using a

bi osafety level 3 virus in the production step. 5

[0004] WAV was first isolated in the West Nile region
beindlgangkent 1 Afdews,opad HI3prasenits thassi fisednt bncreasing

bel opg to th Flaviviridae famly falviviru nus
nEFnL S it SRIHRETE OF Phe PPt TRECOREVEPRE Can be
pPaatb&d esa £ONSI St S Ofovd EfteRiiGRbuito uSt hYChUb@oMALEEY Nevel

a capsid protein (C protein) is bonded to one (+)
3criarns RNA #Ae ugr Lan$t®H-i pid bilayer nenbrane
[ﬁgg%funding the spherical structure. The lipid

ane includes two kinds of proteins: envel ope
pr ot eWMv (v priteditn)isdrtedenir ahe pesteNnleéMepgdori of . Uganda,

rotejn |j roduced as a .15 precutsor prM protein
Ag% C%fe%%etgl tH %ﬁcé%%%%ﬁgﬁf{zﬁ %ﬁﬁPHg ?% ngone a
FIRG U Er DAL ef &ni 1P0RD]vikie Uy efehls |(RvaPbatent document 1) .
reviously reported a production nethod of JEV VLP,

ng nPEFeFHEre ¥ okt shPadit iodste SSNGA sfscPér @ gpherical

i f G [ I . Ot el
SEPOLEL L ST, Sgamr, el U G50y eh 20ME o
onai fA) clkedin RNAItimisgdrs @ndaiandd ptidabdfleyeedmenblrane

and harvestin irus- lik articles_ (VL t.ed |
sEREorat o (oS S S A e eozher LRSS e d
1RasuBY¥Er t s e Hi@sl o f g tidithd:0 drive 1¥peppedtiet honEOprotein)

WAV subunit vacci ne. patent, docunent 1:
app- pepbpanesANGt ¢igh- PAtRiftddbuneMt PIotagRalw Praduesd as a
t o oA Sy 2188 1= 3 :
ppeeirset, Sl rotein et witio brotpalithalted furin
tbybthemé nzent ture pOROBIn.An obj ect of the present
[h§¥ﬁgtion is to provide a high secretion production
d of WNV VLP useful as a safe and econonical WV

vacci nge CoARoOEENt intdier ey wnablduid t kepdrtdeval ppseattion
and stable sqﬁsly of WAV vaccji ne. Another object 2 of
meRBOgr e5edtV i WwRnt FIFPT SR P iQeBICA NANGTDRAPFSEEiL AR Vector

oEAREEL 200 PERyct iy MRA AN Rs gkt roreds
of Japanese encephalitis virus (JEV) into an animal cell,
culturing the obtained transformed cell and harvesting virus-
like particles (VLP) secreted in the medium (patent document
1). However, no report has ever been made relating to the
production of WNV subunit vaccine.
patent document 1: JP-A-2004-65118
non-patent document 1: Agrawal, A. G., L. R. Petersen, J.
Infect. Dis., 188: 1-4 (2003)
Disclosure of the Invention
Problems to be Solved by the Invention
[0006]

An object of the present invention is to provide a high
secretion production method of WNV VLP useful as a safe and

economical WNV vaccine component, thereby enabling the

development and stable supply of WNV vaccine. Another object
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s The present inventors have conducted intensive
studies in an attenpt to achieve the aforenenti oned
obj ects and succeeded in efficiently secreting VLP in

o2 FREI YR Hynt NMAAUUCI 1) 1) £ LPROGITEOB KROLBRA vaccine
containing a DNA fragment encoding prM protein and E
Cppabpbe nobf PYRNUEHRG Bl aafoeenerdiionethd B dul theanigpl body.

0 j . | in the nmedi um
M%%?%05%?$gfﬂ%5%?@§%ﬁ%ﬂﬁg¥%§%ors have found that,
[obexXpectedly, the formation or secretion efficiency

of VLP can be renarkabl i mproved as c ared to the . .
nat@v"éh? LﬁPJFe?f%%HP‘é‘%r&ﬁ%‘IS ﬁ&eﬁ@@d‘l{ﬁﬂe _nBﬁnﬁ?Y%r?Eﬁdles in

aR 8t08@bt Peptisedreatird atﬂb&teh@ﬁmi%eah@b? 8cPEMind succeeded
protein. The present inventor have conducted further

int eff beivpisky semretiexe ithdinngs mgddugohpl énegodheing an
! [.on ] C i ngl e

-RhESSF Lol Ve R oA o il RSt eRLESERL, o

pastaih nandch coseopion et tWNY isde aor anthsfianeilal | gndhe

.th ' id f.ot f ol i
cBELTBTCIa] e A sth i SSOLHEE Shibin By tREGPR! Ry
MdrebPerd €3¢ thAd s NOLAGID rEe HURRC € ohdl BRa8 AReRBEEtedly,

25 sequence of the above-nentioned (a), conprising at
theafermgielormhos et el isuy adifde ishewn oy VaRi Aenakedraieerkably
: = ; | SOl gl [ Ntk
RT3 o o R RS e g CPRe o yaar | comence

opeplV dey od 1 t dvei radp oy esigrexit ipeped del locdBed3patéam of the
jle virus-like particle expression vector conprising
PR nBEtPeFt™aci d conprising a base sequence encodi ng

the stgaabro&epit denintdie ey eomenitteaedulrtheraBtuidd based
protein and E protein derived fromWst N le virus;

ongthgse r i bremMmnd RAHET 95y theapseseRat LBNSRELANt he
[Mggg?r 3s of the above-nentioned [3]; 3 [5] a nethod
of producing a West Nile virus-like particle,
conprAscogdinglyy i e thheedarenshoemironoproledes
ove-nentioned . [4], and r.ecovering a virus-like
(At B Eabar et bt 1

B BHE by R BT A i1 BT 0a *fdSt SREAHENCe the
s¥heUsT| sesPanti £l By o ek By the retihedaefid tBGuence of
RLE TEmas" S L )

(a} the amino acid sequence shown by SEQ ID NO: 1

(b) a partial amino acid sequence of the amino acid
sequence of the above-mentioned (a), comprising at least the
amino acid sequence shown by amino acid NOs 11 - 25;
[2] an isolated nucleic acid substantially consisting of a
base sequence encoding the signal peptide of the above-
mentioned [1]:
[3] a West Nile virus-like particle expression vector
comprising a nucleic acid comprising a base sequence encoding
the signal peptide of the above-mentioned [l], and prM protein
and E protein derived from West Nile virus;

[4] a transformant obtained by transformation with the wvector

of the above-mentioned [3]:
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[7] a West Nile virus vaccine conprising the particle

of the above-nentioned [6] as an active ingredient;

[8] a West Nile virus vaccine conprising the vector of
5hea %@tﬁB@VSfE?E&d@@fﬁb[éﬂwéﬁ%?legﬂ#ﬂﬁﬁé—ﬂgm%dbﬁBklcle,
and the like fect of "the Invention [000
ceprnéstpAgcuhbusig@atheeprani omarte qfr édeneby ﬁ@ef@ﬁh@honed

n, c rotei

W70 8r8 B RERL R T SRI SER S e Rt 2R o
meﬁuuacellular secretion of VLP in a host cell can be

I_gpr oved heref or e, secretion expressi vect or
EOnPalRFhoNERE B BT L Hep e Lol GPhAIted BY Gggmethod of
taacadbie-ReM psREEI pspnd E protein is useful for the

20. preparation of a WN VLP highly secreting or
[BloaubrRg Beéle virwe, vageimmrewyarisinge thecperticdel pf the

b f.iDescription
aB?Qe ﬁe SQF%ES?GYW%%S$%2ﬁ?ﬁ¥¥%'ﬁ%gﬁ?\&% pdl ypept i des
[6mcadﬁdsbmeEeonbruantacemnﬁenmmprlsmﬂg(mhe (eBbELof the

WPMVEL4 . hows the results of V@stern bl ot of
VRERGPELERAY Ebratedtl St b ot i tHekp03 T
aﬁglkﬁehgghgring reconmbi nant expression vectors
pWPMEL - pWPME14), wherein the left chart 30 shows
E ﬁéCFe§§IF eofnV@RELem bl ot of the prot ei ns obt ai ned
[%$09 olubilizing the cell, and the right chart shows
the results of Wstern bIot of the proteins secreted
in a Byltqneeueﬂm@nthel$igﬂmiLgﬂpﬂidaﬁdf ¢hear prasdnthénvention

Luppger [ ht chart, anti- Japanese en halitis viru

B BVPoaHBRB5 8y e HEbEeds 8 BENpPEREF Y aRERbBayEokRER Of WY,
the theitouwrey! 6ft rehadtidnhidetowriel 14h1kIRecEBRibn of VLP
anti-M Eroteln pol ycl onal anti body was used as a

ipr prP§tafieiboayn P9 %Wqﬂf%ﬂﬂ e?heEefQFf% afdSRFERBRPN
t f ei

ekPEesPash! V88EoE| conPL M MG LR M RLBICHRANASY PP 5

acadpancsdmngyprmepsah@mmchuiELmawuﬁﬂﬁum$ ofsequdntofi ede

a, nucleic

oEePPetEa PRt T o IR v high i ety ol pipiicing cell

14 p¥PMEhd- mpYEMEd4) | tH@%@ﬂbﬂQ@:é@l@@a@ﬂ@ﬂe aledbadya WNV DNA
vaccine.

Brief Description of the Drawings

[0010]

Fig. 1 shows polypeptides encoded by recombinant
expression vectors (pWPMEl - pWPME14).

Fig. 2 shows the results of Western blot of WNV E protein
expressed and secreted by HEK293 T cells harboring recombinant
expression vectors (pWPMEl - pWPME14), wherein the left chart
shows the results of Western blot of the proteins obtained by
solubilizing the cell, and the right chart shows the results
of Western blot of the profeins secreted in a culture medium.
In the upper left chart and the upper right chart, anti-
Japanese encephalitis virus (JEV) antibody was used as a

primary antibody, and in the lower left chart and the lower
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was used as a primary antibody. 10 Fig. 4 shows the
results of Western blot of WNV E proteins expressed
by HEK293T cells harboring reconbi nant expression

rvghtothafp)\PMeti-M, pSotdih ORMEMIBA, pUEMoEYOAhs vhBd as a
antl-Jaganese encephal itis virus (JEV) antibody was
PadBETYs AN hLBPHar y taktiS ddP i ier 8 nPEMafRd pl MPRAGWEDe

pbhe+pesikt | b@nﬁ 'Q_ioLEeﬂé 5% &b+ @ I%J}é Vg gtreltem

respectively. 5 shows the results of conparison
regpereizahiwi ch ELISA met hod of quantified E proteins

secre i HEK293T cell s .
harbo?? g ?e%%g |nan %?%?%ssf%%co%&%ﬁﬁﬁgn(%%PﬁEF,S??dWICh

E8.I SA2me pMPVES 8 84y a P GA)protteaingl eAQ2t2d in a culture
nDnocIonaI anélbod was used as a primary anti body

meddumeby BEE2PRE ¢ mt@%ﬁomﬁq%\bwnﬁe@maweﬁ
vEELSAsMBLREUE Of - QﬁW@ﬁEf4Pd'¢%é¥é¥ﬁ”4ﬁi hﬁn%@qgnéﬁngh%lbody

fraction after sucrose density gradien
WeenﬂﬁﬁﬁugataomrbmaIYmﬁmﬁthﬂyy secreted inaculture

cpr oLk Toni VELTH (OVPEADIC g o7 BRBG BEcbtr BV &

pnbtemﬂsOBKprGH@@@Sb@fHEHQB3T|@ElMﬂﬂﬂdﬂﬁd&in@eﬁéebﬁﬁlhﬁnt
a culture nedium by HEK293T cells harborin

SEREGABIAANY SEkPF 2s B Ect or pBVEPHEM E?ﬁgAsePWPME406A)-

A6hant $-ShPNhYEE Usndd hien Pardd chexalscqmtwme%tllﬁoagmge used as
fractions 30 with density 1.16, and the right charts

asheWmeryusntikedy parhexs igs R GmchinmreY shews &gl positions of E
o] i i shows the results
pggﬁgggngﬁ?mégﬁlé?gﬁ%l%%1 éé%e\éij%léﬁISA met hod of E
prot eFng.iH sﬁ@hssﬂM@lfeéuIﬂHIdﬁ]cdﬁﬁdﬁis@thgsehe sandwich
it r adi nt cen ation of the protein
B e AT et o 1 B g e Ger Heteps In 2 culture
mBak BAr bPgHEK 29 58 Coab @&mr&m S.de%nﬂb%taert (egz}f\?a@é@m

A shows the results obtaine usi ng as a

VeEhpBPngPURME bodyr ahd Wm@b@ﬁ%@ o STV F R ant Whedgin 402
mBnSPPYGal Nent 854 #? cgn&g #¥%§ t}%oggtlbody
an 2 as as

as a trapping
det ecFign én$h®mﬂythé:ﬁﬂnn&isluf|uamydris@htayneﬂebyandw1ch

T ERoay ot B GO 1R dn P Lon R, AETPLey Fraction

a@@é@lBﬁgr@yeU&éﬁﬁhfﬁnbréﬂﬂéﬂﬂ“ﬁédﬁ%ﬁiu@%@ﬁ%bﬂgfaﬁhebBQMteln
and WNY-11 anti body as a detection antib { E shows
ar

SeRECHEAST R y2 oFUBHEte Jearpiun fy HEEK@93Gh cell boring a

recombinant expression vector (pWPME1l2).

Fig. 7 shows electron microscopic images of WNV-like
particles secreted in a culture medium by HEK293T cells
harboring a recombinant expression vector (pWPME12). The left
charts show virus-like particles contained in sample fractions
with density 1.16, and the right charts show virus-like
particles contained in sample fractions with density 1.11.

Fig. 8 shows the results of quantification by the
sandwich ELISA method of E proteins in each sample fraction
after sucrose density gradient centrifugation of the protein

secreted in a culture medium by HEK293T cells harboring a
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Fig. 9 shows the results of a plaque decrease assay of

VWAV by using the serum of nouse i nmmunized with

WNV-|i ke particles, wherein the serum used was
rabbidb e6anh de £ Hfe P& DS Ere FHBDEfPWEMEIRE .t OAAEh&Fs 3the results

wells. 15 Fig, 10 shows the results of conparison b
OPERLREA BYoesing WRE Ekpressitirirave gt irdy| pred WNY-11 as

aPaktLe fénaéﬁ@{b§&fr0%e shdGRSkthy gegqgfégt obtained by using
centri ugatl on O he pr oteln secrete In a cu?t ur%
WNEdIL Unahyillehily Kis (parenpistg antitady each 40Ropetibody as a
acclimted | a,ser free diu erej . .
oBFERL TRt Do GaP or e, TS, PR RS ESb Paiped oy vl 02
aH8€Hod§ as pi i fBapypimdtahodbdyBesid Moge asheh beadk ¥isng
out the Invention [0011] The present invention

dgkactdes ankie@y- pébiShest hehirgrulss ShEpdRp@nPY using 402
[ f ygﬁé- : Qe S R de KSe
a?%?g?§% gﬁi%dtaC|dMégéﬁggggﬁéﬂgﬁkiby S%% F%Q%%FH?;éfb§
detpatioal anmibodnci & ségwentbeoflenhétanbhoeachdsample
fseggence of the above-nentioned (a), conprising at
f855t°the anino acid sequence shown by am no acid NGs

11 - £by. 08 SWov€)tte ardnd @acict se@plence Heersage @ksay of
substantially the sane as the am ng acjd _sequence  of

WK eb¥hRFEOFerR? oPRENT AT dloyss) imyedeer Wéite, WNNslike

pagtbeian! i @hd Ye e Sane: A N REIWh S @0URREs abd tBR plaque
the am no acid sequence of the above-nentioned (a) or

nppper6ighehei poonk ¢H Iewalld- (2, 3, 4 or 5) anino
added .or. i nser

aci ds_.are ubsti t ut.ed, del.eted ed
i chepas 30 TRt P A S ARy Tore aan B BRctern blot
ofibthét yxpsesohpar Bsivé D MWNALLMNe Tiaghdlclsequgnee. subrose
éOOlS% Wien, "substantjally the sane am no acid )
deBghERCBradtemt P AL SHHMIA AT G JP REOXfiR0 SREFAEeft in a
ch3td8si hedldm 1§y EHEKT O(FdVert iH Rl )aERE c@ehd chBne
the physi cochemcal properties. For exanple,
asghsmatedi on af semimol zre deediom| adwirfdied angtioJapenese

suc S ti.C 1N Ci (P@S [
SHET LR YL 8 P Y o B iy
apolibodam no acid (A n, Asn), basic am no acid (Lys,
Arg, H.s) , X
Best' Mode’ for Carrying out the Invention
[0011]

The present invention provides a signal peptide for high
secretion production of WNV VLP. The signal peptide comprises
(a) the amino acid sequence shown by SEQ ID NO: 1;

(b) a partial amino acid sequence of the amino acid
sequence of the above-mentioned (a), comprising at least the
amino acid sequence shown by amino acid NOs 11 - 25; or

(c)an amino acid sequence the same or substantially the
same as the amino acid sequence of
the above-mentioned (a) or (b).

[0012]
Here, the “substantially the same amino acid sequence” is

the amino acid sequence of the above-mentioned (a) or (b),
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acidic amno acid (G u, Asp), am no acid having a
hydr oxyl group (Ser, Thr), am no acid having a snal
side chain (dy, 15 Ala, Ser, Thr, Met) and the like

whabebe sROttONSSvetdl i @, w,edy @tre<$ t hatinbh@cids are
substitution of such simlar am no acids does not

sehahgeuted pheREspe added prot@iseriede. WhprBsBrGaki ve
t fi f
D L T o e el T Raoga™rd
WiHenatiye 20i amall desgpreroesd i n vari ous docunents (see,
xanple, Bowe et al., Science, 247: 1306-1310
%Qg%g When an am no acid (sequence) is

SUbSthﬁéhﬁ etsulsiet Siech 10ry ivisersad, akbhiaopastiti eaquehcéhe
substitution, deletion or insertion is not
cpakaiesl %ﬂﬁwtltﬂﬁﬁ@édbfasth%@@l@@ e ANV EVEP deeisabPby

s?ﬁ%héLthf?ﬂQe fHéE' néﬂéﬁ¥a thdﬁhpﬁlcochemlcal

stanti a tal ne The stantfl a
prepatbiesd" Ehaamgah@aengsabstghutnoanofyaMLgh acids
ecre%ton abi | i y at_| east as co%g %he native d
?aﬁé %%c‘é kY SVASK 0 i SSTEEOS‘% G g&fgo act
(sRgyengg, shewn, byl SEQ IR NRinb @@rlﬁeaagadSLeho ale, Val),
am no acid sequence of the 99th - 123rd (i.. am no
Pa¢RPsaRERM ?%d G PHBRoRE S éFARRaR Cofl rSiLwﬁr Arg, His),

aeiaiel Bt 86 20ci @M @ 2G b ), e Sl Wes ald ot RaviRS! heAYlr8ky1
t he polyproteln precursor '(GenBank Accession No.

gAARR0092r 2) Tlof ) N%ﬁmlnwlayxﬁshnwmmg NYsoefllagiidgo8B2ing (Gly,
traLn_ (Lanci 7 SC|en

a3hr 35 0etoPE Hiod )y e A, sy bR MERRE g R oS, It is

phBaycradi ands tie Wb dHIME1tiesn ofepachedisg 1bar amand acids
nem1nutant virus strains will also be found one after
dgfdt Aetr. ch 3R, the RRAT YRS &d%éq@%ﬁé@léoﬁﬂe§ponBFﬁ§ervatlve

aﬁ@néh§c§@0¥§b§%i%ﬂ%iéH¥“j @@EE&@HEaéx %M§Q08f0{héhe
NY99-f| am ngo382-99 strain in such er mutant VWV

psesarmative a@@m@n@@n@a@@@tlwtxm ag@b@@hhtkmww imethe art,
(of uence of the signal - pe .
aﬁﬁngegg}fg 1g ousfgaﬁﬁﬂents s% fo EFaaﬁ%e, Bowie et

e presen |nven ton es “of e mitan
alt|asoiehbey 24man 13&54¢&m0f¢mnxng038ﬂhsﬁ sﬁramﬂno ac1d
i ncl ude thpose zo described iin "Table |I" of Ebe
(8pagpnCehnt s Jsubgohtutady. dadrfed r( &Pse$§§dzoéhezaealtlon

o@nghéh§u$égftuﬁﬁ§1aQ%&%ﬂE&Hhﬁ@%%sem%ﬁ%%ﬁ%@th@k|ﬁak@@cularly

same am no acid sequence" can be acquired easil
lonibedi ag Bor@qentee INeAER Ascassiion Rbildhowali hhe

ob§i18P! §: ggh dSLSL ML NG SR 1S018SRY B8+ 58HLAT: 1

“substantially maintained” means having a significantly high
secretion ability at least as compared to the native signal
sequence of WNV.

[0014]

The amino acid sequence shown by SEQ ID NO: 1 corresponds
to an amino acid sequence of the 99th - 123rd (i.e., amino
acids from immediately before N terminal of prM protein to 25
amino acid residues in the upstream) of the polyprotein
precursor (GenBank Accession No. AAF20092.2) of West Nile
virus NY99-flamingo382-99 strain (Lanciotti, R. S. et al.,
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Is [0015] The length of the am no acid sequence of the
signal peptide of the present invention is desirably
15 amino acids in the shortest and 25 am no acids in

sthentongess: 1333-prefEr allon)haseanharghBeatbesntign 20
am no aci ds. More 20 preferably, the length of the

ABh?P B3 aki dl‘@éxyuér@@éa@fwt RE WEVghaVepléfmm deeperiel sogar, and
ng& %&t q% fH% al@reggrﬁgpﬁdlg e &§t§P1£%bther

ore 'substanti a e sane
ThusnOamcamhnseﬂmehcﬂ&pmnnkamm&r@epehdmng addthe oabove-

nsertion of  anino 25 acids n her eof _ |
T I LN e oSl A LIPS AR LI
sPrgigrabl sudnldriengtt aft ey akt-ahiaki 8. a¥¥8NeRBompassed in
amno acid is added or inserted, the kind of the

thei heukgtantir by ddedage |aﬁ§@10t é¢ids sparepaefl | efil Brgysignal

pe#%%gdoﬁst%é)gg%rﬁerf{]%rﬁ}é{j t_'LO ngt E%Qr%v%f tcl)']f @géjlrﬁd%t WNV

i nserti Int ment 1 oned
spreierather riamye. thed 0016)}- fﬂamﬂﬂg@@ﬁQ péptitdeinf ibhkude those

resent |nve i can e rodu ed by known
aBEGE fia s le Bl i Bl B BprE: S sBmr oJpnggee- Med.
ey} hesis) progesso@nd 4 id d:hféh@&%esynﬂi@sék&ow&_s—mentloned
process, based on the information of the anrno aci d

“sehsbarkiaBlY Hteotang mminay a6t o Feagspeel spnuke afquired
%El?‘f%’% &@%Oﬂ C&é %%eilfgnc%f fJfCi %% %%EEEE%Bg R5. WYown in

pept i de i's provi as an
thet Balpi @adnd ede oermifniang dhep rotreiespopdéngr segipnoduced
[Bé gtlturing a transformant harboring an 5 expression
tebr contai ning a nucleic acid encoding the

pr ecurserlemiiet &b n dHe MG Liatiacisegeenskesbs eﬁeas1gna1
nucl eic acid conprising a base sequence_encoding,t
PpEpLfAEeCt vl tPFRS eripratfinF 1amKed des1&2RMY| é?calaérle “acids

16NERdi B PEM Prot @i se and o fifeiin ¢eRstbhykbsRy tf@
g

object VLP. 10 Therefore, the present invenfion also
ppeﬁerdbSyamasraolemqnhrunham(than &0s absnanbicably More

Si s f bas S ence .encodi.ng the
pERERETRLAT: et ORah o GRS B skdigpee of the
shﬁﬂ@!ﬂtp@ptldi@rﬁs Isubstandd @il ¥ censimshiongcolis, neans

at an_amno acid (excluding initiating met hi oni ne
PrespraaR}y 157 ot hef AP 1374 no aci d sequence of the

si gnabL RERELAS, Ofherd %@r‘%a&&%&ww%@sseﬂe amino acid

contained rn the NFterm na
sequence” contains deletion, addition or insertion of amino

acids, the number thereof is desirably within a range
affording the above-mentioned preferable full-length after
alteration. When an amino acid is added or inserted, the kind
of the amino acid to be added or inserted is not particularly
limited as long as the full-length after the addition or
insertion falls within the above-mentioned preferable range.
[0016]

The signal peptide of the present invention can also be
produced by a known peptide synthesis method, for example, a
solid phase synthesis process and a liquid phase synthesis

process, based on the information of the amino acid sequence
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region (other than prMprotein and E protein) of a
pol yprotein precursor, which is produced by a
suitabl e host cell harboring a suitable expression
theekel . CoOMpry st # hakpe ugreigeacikdtR8 gRSF ALY which is
| inked to a nucleic acid encoding the prMprotein and
ferpeéféracat TRVCeTher e br@V ddhpinem ¢f hosé seddenthe
. scar i ned. i ngt ycl-ei i.d [
T R PP B o I D ® SR TS, R8Ty E8eein
ppeesesbri pvedtced bynctwbeurimg td atrang fArGacadbarbaring an
restriction enzyne recpgnition 25 sequence that, .
SFREFPPLAPeROTFght FORLEIIAE hUi T add oL 67EREIng the
pleWisEbeAMREré e PRONMMLET e SERIENE & Rfsiaf se¥BT 8Ssleleic acid
vector or the upstreamof a nucleic acid encoding ng
¥

cprBréFAnef aVRRSe aeEuenee | $eeding thee Pept idei dwiaghbés
r 0 r ;
BT L8N 0 EI N0 UGS, Y Bt ana =

pdotiblie sbnahiedting silnglabptatanded. When the nucleic
acid | daubl e stranded, it, may be doubl e stranded
DA, BBEEFEOTS( - BhtIetr 800 or TR RGR RySFI BFOFa8Er) a0
i3514hedbase1 seqULREE SEHH MG 41N8, akAa sHERAL ofed base
signal 9 peptide of the present invention is not

sgaHeneal arF9ding: terl akeveumptdonad gdeeadt esptifieept the

prE@R5Eat Ho0nt ._OfHet]{ée, a@u%g,taﬂ 'iQﬁi?%SHgﬁét%th ” means

above- nent 1 oned signal "'peptide of the” present

thatenati eninthenid (keschwdlisg givaltipapmodesthiocaipeetrebydue)
the,same_as a part_of .a pol yprotein,precursaqr .

LB ehEa o hangmEay e AT YN Fathel Rehdde of

theqpeaeenenendtNgi el s ab i el rerlUeNeReC AR tbeminal

obtai ned by PCR nethod and the Iike and using, as a

TEgAPPat @ThEDNANBR apEf s ¢ 13 Jemdinite iRNACToR pRéyProtein

pHeEUS sBET alRi cRUED %'P&E?éjed %Sfdav 39RUS HBINCRA h¥Pboring
only a signal peptide but al so a base sequence

aesuotirhdeperbres ot en verith £ qrmutmisingf tWEVabavebeucleic acid

obt al ned. at, once. _De di ng on,the selection of a .

OBt B Vs baUERG L0 2 BT TS BE o g "hegRalt Brotein and
Epepbtees bavinyg. difHareadrd, ergihplet o@Mthe 864Gence that can
sequences can be prepared with ease. 15 [0018] On the

bgt reptRaRE iR ERnshdelets rist Rarddesp Pgge sequence

cpbbergnetel Bt etide 44 S RO KARKLEO Bt uce
ipékfiatdngeATG codon, a restriction enzyme recognition
sequence that facilitates ligation of the nucleic acid to the
downstream of the promoter sequence of an expression vector or
the upstream of a nucleic acid encoding prM protein of WNV,

and the like.

The nucleic acid may be a DNA or an RNA, or a DNA/RNA
chimera, with preference given to DNA. The nucleic acid may be
double stranded or single stranded. When the nucleic acid is
double stranded, it may be double stranded DNA, double
stranded RNA or DNA:RNA hybrid.

[0017]

The base sequence encoding the above-mentioned signal
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used. The data of use frequency of codon in various

bi ol ogi cal 20 species can be obtained fromthe genetic

code use frequency database disclosed, for exanple,
pbﬁtﬁh@ HeNEhPagee HEnKazhidh t VA iResRAr A rkASLI LYE® 1imited

(http://ww. kazusa. or. j p/ codon/index. htm ). For .
agohPBEsRBN1 Bf JeREBRIERS s eftiedic £ ian sdéddraaneaywpththe amino
a??_ﬁoerﬁgﬁén EEAYENCHe oafd?éwn?—m L] %g'glnalt ggﬁtide of the

ul'l -I'éngth sequence of a nucleic acid”encoding a
psegrat pepéndions Glem caldepispedt béghaddpbyt BdONYE RMAnpletely

utomatic synthesi zer, or_ partly overl appi ng ol i goDNA
EBRoPETC CAifi oPB i fost AN EH e Corin GEEEH B T PERTHBRRBACT anY
olf00A8] av301dbee Pes et rd IVENtd B SR gRkdvkdencadyWy the
VLP expression vector containing the above-nentioned

agipRapchpserdecre PR Bp ctiminas & F6R, mghlogd and the like
C : ac n |

2L E o R ae £ P G eriRs e SRURET R ERY EnBRE mun

ofbabe siguenseraiwodiSughpmdthodt ésnadfrfaiiddeodd sEars not

ST Dt IR T LR e
pirBeedfil 8Ad BCHELSEO EHNE aMBhah e SRaliReNOat3onthe

"base sequence encoding E protein of WNV' neans a _
Dpreedipguencehenzotrdigl e Gt ATEFNFCAYeRgean2ahtiAdeic

> j3d el ~ ‘ i e S
e P e S o e 1230
apgnbhecldnsaguentes serudre oapesteahtwidhl paske sane as
[PEE am no acid sequence shown by SEQ ID NO 3 (or SEQ

Rﬁl 5)", to an am no acid sequence having a '

honol ogytBé setet essnd haih ahaidi BQ%: ipheber abkyeRpltession

| ess than about 90% npre preferably not |ess than
cibbGLe05Y, 1haf t PRt F¢ L prick eragsperel e psefrgable to

20 Tt . .

SBBNG Lacerdn GO T R G R R IRR T pat SR o be
ugert i difeel. dats e eyse’ Homoluegyy wEansdanr ani vat¥pusfbiological
am no _acid gesidues %d ntical or simlar to aIIf

SBYEF PEpprRgPAnT o™ HeTH Hedt duiss G5 tfe CEFET HEF Trequency
dakbpaBENH i ¥BE6 Sed WOf ST dbariSliel SeUeRCesmar pagkl giedazusa
using a mat hematical algorithmknown in the technica
DNReREsepreretadtitut®e al gorithm can consi der

(hREROAYGHAr ORa Plisa 20r 9APA- MLIPNG % B1)Of FO8 conversion of
Sequerices T0r tIe Dest dirTyrnreris).
a base sequence in accordance with codon use frequency of the

host cell, the full-length sequence of a nucleic acid encoding
a signal peptide is chemically synthesized by a DNA/RNA
automatic synthesizer, or partly overlapping oligoDNA short
chains synthesized are connected by PCR method.
[0019]

| The present invention also provides a WNV VLP expression
vector containing the above-mentioned signal peptide of the
present invention, and a nucleic acid comprising a base
sequence encoding prM protein and E protein derived from WNV.

Here, the “base sequence encoding prM protein of WNV”

means a base sequence encoding a protein comprising an amino
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The "simlar amno acid" refers to an am no acid

simlar in its physiochem cal properties, and

exanpl es include anmino acids classified in the sane
agiQupe@sSchbe €Hd Osdd AMAbACNAS alily, ther sexanpketha amino
classification simlar to the 25 aforenEQtioned
el dsSPETRRET oY the HYnd WEpti-deTBe tHaSe pFedeshce
ehEM&EBJ;Oﬁ pt002] sPralwanmoind he b%@en%e@%'egcéegi”léeeﬁ?ﬁg a
I'n the present specification can be measured under
prheeinl t@v«pngsmdam i amigno I idarseapacktathen sembuer=

a Immdlmnlx—BUBU filterin

e IEERAEIE Mttty Sooring dr Forcuhm oRuah S Adpn by swo
ION8bE opal Cbnter for Bi ot echnol ogy Information Basic

Local Alignnent Search Tool). Qher algorithm for
[8@?@3n1n|ng honol ogy of the am no acid sequence is

exemphifigd 3§m£ﬁbfﬁbfﬁQggddéﬂﬁénéﬂESQ%%q1bﬂl§a%hbnsgﬁe as the
al ., Proc. Acad 11" Sci . USA, 90: 5873-5877

aploe3acid h$@q1a$rg<c¢ i $fmwn sby rfgesr gy élOsd 3 i(9oxNBERSTDaN@: 5)”,
BLAST prog% verS|

2R e adPa hayehol Madind o Hobiiiy B Bov ness, phan

an a gori

abbatl esed pﬁef&iﬁ%fﬁmﬂbﬁﬂléﬁs ,thhn MdcutBicols.,, mé8e preferably
444-453 s (1970) _éThls algorithmis |ncorporjﬁed i n
neApleesgharti AT AF s RIS SR fIet SZAPAY 8P Hﬁ?s than

agb§E|9$§d WeWeks éﬁﬁhoP@&ld”sedggﬂdgash$wnl 1§EQ ID NO: 3
88) [This algorithmis incorporated in AL

proéE@nin@@m oh 2nd)thehi ke san ﬁ@rﬂne@ftloale(iec
sequepge. al “19 ar S%gmx{.é’?r{[se §%%§§%eka a%fa'a%gﬁl'tg@léoremdues

di scl osed’ i n Aca
iUSALi8al oZ44imP¥48 (A WR) Jvkrlsapigey ianimo ecid residues in

i hcor oraied {n an FQﬁgA programin alng sof twar e
thECRRGOTL b L1TNERRE (HRERE TP FEVITA §6 15t GEALEIRS are
a%i@ﬁed[ggggﬁ a1$h%$%ﬁhiiégf”éﬂ&dklﬂﬁﬁfkd@%anna%h@ technical

sequence substantially the sane as the amno acid

fiedderhpeeshvanl vy @E@Qammt@ (Ce?rn BRI mNdntgpducgion of
AR O SnE BB PR P e e W e e Topdy Bhent )

Ther esmmeiarabﬂnyn@oaci@'SSréfmnfs ahown $htincparctiidcsiatllyr in
eferabﬁ% | ess than abou 979@ w th tqg am nQ
&C3d

iﬁgi 5 YSigGR RO SRS 1 3TN0, ¥ TR Ssp@Glg9Roamino

aeldsl 8983kified in the same group as the original amino acids
in, for example, a classification similar to the
aforementioned classification of the signal peptide of the
present invention.

[0021]

Homology of the amino acid sequences in the present
specification can be measured under the following conditions
(an expectation value = 10; gaps are allowed; matrix =
BLOSUM62; filtering = OFF) using a homology scoring algorithm
NCBI BLAST (National Center for Biotechnology Information
Basic Local Alignment Search Tool). Other algorithm for
determining homology of the amino acid sequence is exemplified

by an algorithm disclosed in Karlin et al., Proc. Natl. Acad.
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The "protein conprising an am no acid sequence
substantially the sane as the am no acid sequence

shown by SEQ 25 ID NO 3 (or SEQID NO 5)" neans a

Spiot BN, CBODT5873958UW2MEQBB)aqm%1%e®Q@@Qchm is 1ncorporated
substantially the sanme as the aforerrentl oned am

I BCNBLASE R X SHOTR BRPEIRD | TNGL0P Cob) SBOEFBING St al.
NaEi1e2RdnBRYE NG SUDSE A 4] 13 dodantdgaly ;aghi gut;»sreehma

protein conprising the amno acid sequence shown
dgElesdeml\mEte%mn%QalDrl\IG Hol." Sdledt-antiBal I4§r4 -453

490) AL UL N O G0 S B W B B8 Bk 1 o

ep(;o*sefﬂwa\henpa&ki@é] mraﬁlﬁbc&&ﬂbhpmts@l@seamdnt lMgers and
rotein is, for exanp

i ke, d that of E
MASoF p CORTOR. | AT GbLehl HUEbIS Tas B Bbg gl |
iiﬁggggbme& actavidy guhidhe Wk&ionl2 . 0FuRstiant ial bYpart of

i cal means that these activities are
aqUéri sagueety ahegweent Stfdneinsr @ackage]ef anhelgorithm

bo act|V|ties AL Pr |y .eq |vaI
% X??eaboutp%agso? aaolo'L{t fc?col éftﬁb ?’Céﬁlan tat ﬁ%
ZﬁAQt—DHSBSl(IEBE&)S t Tiei ©€xd erdr iathnb 1a;(3tlln\dotry>oaﬁdeﬂr ohebfn FASTA

nmol ecul ar \NEI% ma be dlfferent [0024 The prM
PpPEteTnip R pfF @eﬁ“’?ﬁ YF DPALEFS!In & p these may be

aiggeﬁgéggrégﬂ,uggéd for exanple, a pr ote| n conprising
(1) an amno acid sequence shown by SEQ ID NO 3 (or

[BBZ2ID NO. 5) io vvherel n one or nore (preferably about

L o1 gl S BELELAD o A0yt dorth e a1y

taeesdméeaedthé Zamiarmo amm) ssejthree udnee SYoBEQ 0P S8 3 (or
SEQ I D NO 5) wherein one Qr nore ) ,
SFBr éPe‘?“ablg ) ApbYitan amRy arﬁindesﬁr‘%lreé’rcfogﬁv&ﬁ&u?nlldentlty of

nd@, 18551 thdR AB6E: PE&f egﬁkélﬁér]ablys%\(ﬁr alesE?thdn 4b8Lt 90%
5)) amino acids are an am no aci d sequence

mghewArpyeSEOL Y DNNO, 1 8sg d?harer_ac?qlm NG® ,5pamfercenlﬁlréryre
oSk EPRTLY PG CLERE olP dinchs ) AR BT SRS Yoty

séqoenbg) sAOWNObRACSES BD eNO nsEtr tcad SHOM)I DamiCanmsno 20

&,ﬁig sequence shown by SEQ ID NO 3 (or SEQ ID NGO 5)
[WHéréin one or nore (preferably about 1 - 30, nore

pref ergbl Ypf‘@@é‘ln leompAibig idd MR RIakeablgnte-
several (2, 3, or ) am’no acids are substituted

SB9S§ﬁhéFaéhanh%tc$@F§e, 35)the @snizionadisch seguesngeh shawaoby SEQ
I%Ckgzsnggpc§§Q £5 ﬁ@? éfJ“heans a protein comprising an
amino acid sequence substantially the same as the
aforementioned amino acid sequence shown by SEQ ID NO: 3 (or
SEQ ID NO: 5), and having substantially identical activity as
a protein comprising the amino acid sequence shown by SEQ ID
NO: 3 (or SEQ ID NO: 5).

“Substantially identical activity” in the case of prM
protein is, for example, an activity to change conformation of
E protein when it has matured as M protein, and the like, and
that of E protein is, for example, adsorption to infected host

cell, red blood cell coagulation activity and the like.
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25 When an am no acid sequence is inserted, deleted or
substituted as nentioned above, the position of the
insertion, deletion or substitution is not

~papbtant 8l Wy lidBdeikas heRgs asathenaski ¥etyvoties are
protein is_ maintained. [0025 30 DNA encodi ng prM _
appbdibrbiyoky EEhs ctaser) &he E8n 9ach dpf eth¢ pbove-mentioned

bl r Pt - Ral yner I O_
S s R R S N
ahettho2*Johad, usingrRYA ijregparced aicitomsasuchugsstbekentent of

as a t late. Si.nce .prMprotein_and E tein
AR P LTS b PGS 5 h BT 1A e Ae TR g Ao B E PBRARE
[eogading prMprotein and E protein can be 13 prepared

at once by designing a priner, capabl e of anplif%ing a
base TogueRt X0 nd BT TEIE) ngor BFi BASot Nt RS bt Rsent
i%éﬁgﬁfg 'if{@ﬂlj%s,s%ie%fardglet,h% ; tggﬂo%mb§ising (1) an
utilrzed as a base sequence encodi ng the signa
apepoi deidf sedpeepre semiwrs Oyn\&8Qt iITONNOsi Bcdotrh8EQi §haNO: 5)

Lide codi ion i i myedi gfel y _bef
BB e b g SR Hhoutd habe ol GFEeranty
abeupr epar eg, adt ONCenodH PR SoedIR! @s -oketrbeaDNA2, 3, 4 or

encoding prMprotein (or E protein) 1o include a DNA
S¢OnRBERP RCH Dadke drfRivch siidwithpsee ppifoseguenrge shown

bggggb%l% 4)3 g DN O qidY Y JnRase nsedueBeenbhat

I'dizes with a conplenentary chai n sequence of the
(basEerskelvemeeushbwn 3, SEPd Prderabllyr aBB@Ll D NOLO4)still

under tri.nge condi tiaons,, and encqodi-ng a_protein
mRBGT R RS E bh At AT, | Bentcdl ol £YT0S SRuas are
adtiedenen] i gneghpid aPidtRidudrfe Ehpwat BynpEQaNd Nbe 3 (or
| i ke, Exanples of the DNA capable of hybridizjing to
SERelBal@: gL i By TSES |(BrRd&erabdy 3kerFpino 30/

mékeuﬁgéfer§$1§r§5$ﬁtQpﬂﬂiﬁd}"E%ﬂlﬁChHQ% BM@f%QBE@&”h”Q
a base sequence 20 having not |ess than about 70%
spvetalalbly Bot4|@ssdkhanigsowciBoreminseptefier 46) yan amino

not, I ess than_.about. 909 \r ty cul ar r ef.er abl .
2fop pEREehiniutt ol e RaRBny (' pt,ABLR0% 87 Hnerein
ogequentershopre byrHQ [dDNR 12 { @0, SEQreDpMefe4pbandabout 1
the |ike._ The honol ogy of the base sequenc% iﬂ t

h
“preseftidh BpEeiRTRERIAN L SRR ded uS|n@re5)) amino
a%gael Qg¥ §1§‘ﬂ>§f@i1§3'&é’c§‘|bﬁ|&ﬂ{éf h iNSBla BAST (6Naki eBAbination

nter for Bi otechnol ogy
of such amino acid sequences, or the like.

When an amino acid sequence is inserted, deleted or
substituted as mentioned above, the position of the insertion,
deletion or substitution is not particularly limited as long
as the activity of protein is maintained.

[0025]

DNA encoding prM protein (or E protein) of WNV can be
directly amplified by Reverse Transcriptase-Polymerase Chain
Reaction (hereinafter to be abbreviated as “RT-PCR method”)
and using RNA prepared from a virus stock of WNV as a template.
Since prM protein and E protein are continuously encoded in

the WNV genome, DNAs encoding prM protein and E protein can be
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Informati on Basic Local Alignnent Search Tool) under
the follow ng conditions (expectancy=10; gaps are
allowable; filtering=ON, match score=l; m snmatch
psepheed3rt &HeaMbesdei@linyg herprah@or ichbaBle0of amplifying a
determ ne a honol ogy of base sequence preferably
bpfig| §EEUERES aboVRr Himit et HatbITsg) o8l edl 5hﬁoﬁoth

h a
PGB LRe%, 210,850 SERUENGA BACALT oL TRANER s o

bﬁeehedqesnkaomccpxéxn@etlm sa:tgr@tlhmpb;asied ofth&heopretent
.exangl 14, de %ide %FUE%Y glon gr ¢
A R 2 oﬁ“&ﬁe S0 B B Po R L0 G5 SpFdgCRarBoPtesen
ihAbdiRresg, bdH8Hy e dheidd kesgiWhienfaproopreretial | Yhe three
avai |l able library is used, hybridization can be

CeBnatiEPelic REFRHTFY 2 e et hod described in the
(bBskfuction 5 manual attached thereto. Hybridization

can preferably be conducted under highly stringent

condl Ex@msleEx@frptle@ NA t¢recastimingat peotdiini ¢dpg E protein)

de ybri dlzatlon reactlon i n 6xS sodi
bR B G/ U TR AR AT 5 TS ey KBS V0P Bhor B MO 2
(btnBEQOf_FDV\HShI ag, i & AR xSSEihgl% BaSeakegbencantdhat
the like. Those of ordinary skill in the art can
h¥9§ﬂﬁyzaajﬁ%th% %P%R%ﬁW%RF%ﬁWﬂﬁﬁ@ﬁbfeﬁyence of the base

sé&ﬁéﬁ@é' ah&ly KPaseh Nep tie: SAl fo.L LRy @b‘ 0g)0finder

hybri di zati on Solution, the tenperature of
shybroghacoofiteansi oand perobeding e @votatiinohavpngbe

s|BOgLRe s DYTDCL 1 ofc F ored gl fupr izt 1.0R 45 o edehLaNp i
I ITE, oncen |on 0 hing, washing
pteﬁﬁenamureEapﬂot@En }kﬁnd[ﬁKHHﬂik%.DNA encoding prM

protein ang rotein_can be obtain
%sagg

en
as neRFRAOR viehe | PN Z?scaﬁ%lepééfs%éﬂ él@&zzﬁg 56 t8° 280 ase
seglshEHCEhwNY efEQd B NG N fdM IsHeng Roef 491 Mhder

protein and E Pprotein by chenmically synthesizing a
SPRANGRAEF ncobdlbopmect i ehide NPCROfEIRGAI pabRise sequence

hg§§5 aRBk”ﬂ Cons%ﬁﬁF $E%t &hal _ ené?ﬁ@%ﬁ&%egﬁsgh%han about

tage of |ng a
SO%nbmbregpcéEarahlysmwmrméss tHad%E&dnﬂlﬁm% , andhgbrtasularly

25 d he cod b be
PABLFERBUVOUET TRES ¥R THGH 1Tk TERgey ACoePe Rgse

sbgubh@ehgﬁéwh%y ¥hh chp Lfe: Bensy ised qu@rol nyjodueedne like.
The homology of the base sequence in the present
specification can be calculated using homology calculation
algorithm NCBI BLAST (National Center for Biotechnology
Information Basic Local Alignment Search Tool) under the
following conditions (expectancy=10; gaps are allowable;
filtering=ON; match score=1; mismatch score=-3). Examples of
other algorithms to determine a homology of base sequence
preferably include the above-mentioned homology calculation
algorithms of amino acid sequence in a similar manner.
[0027]
Hybridization can be conducted according to a method

known per se or a method based thereon, for example, a method
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The DNA cl oned as nenti oned above can be used as is,
or 30 after digestion with a restriction endonucl ease
or addition of a linker as desired, depending on the
dpseposed ofn i NSL asel a MWEon DY) encodidigishgnal. pefbrdek et
DNA encodi ng, pr M protein and DNA encaodi ng E Erotein
akre ?ﬂH@V$Eﬁ%@$yH%ﬁQﬁﬁuﬁaQ1u%F%%Fe ﬁ@§§9eéndiﬁ fhéilke. When a

c8RA¥ B PENT § 0Dk DICRL 10 151N g S Widkeab! %gb;%"ih&%ﬁ%ﬁ@ﬂ 8an be
enzyne, linker, ligase and the like. 15 [0030] Then, :
cohduobedi aecoBiMe nod dihgy negihgealdeseptibge pnMche instruction

r ot ein- rotei.n" polyprotei.n.precursor, after
oA TS RerERet et LA F B ARRE TR B ke B rapiy be
condttaéd oindet o gt dthe iyt toenditdlonsi.de, and TAA,
TGA or TAG as a_translation stop codon into_the 3
t er mi FadmRl @R, of sthe eIt FETddhrtOrSe dRFLfea2

hPHPIB £5t 1 ar SMEL AN 61BN RRS | QR MRGL @h1BY 1 H8/B8d8um
restriction enzyne and a DNA |igase. The translation

cibrétal i an £0ihnsnandhenanskabromoseopimesions washiey in

add [ Si an opri ate, synt heti ¢ DNA adapter..
0ntt Soridr Ho1 5% s AR h AR R Y T e o, ipgry
skillothucelde i sito ddre &isilst drljafsta thase deedquedcetringency by
encodin%tthe si gnaj si de of

eptide _and the 3 a. base )
2BBHORHE moﬁ?w@agr@teeﬁiltr ESpEEntFayon phoBYprigization
s&B8t Ubn EXPRE LR MAGLY D f MEJUIAQ A3 Wnd$cdeti ¥8d probe
from Escherichia coif (e.g., pBR322, pBR325, pUCl2,

cpuceBirat phrs v esbeleksnady f mymbBacidfl s seabehy | Bybridization

p 0, . pP5 o] ' riv d
b 8elron CL oS eondrtit s BB VESHIRG R bl Y
tphpsnatsré eayd , tipFakilkddac) ; ani mal cell 20 expression
E@ggids (e.g., pCAGSS, pAl-11, pXT1l, pRc/CQW,
[B SV, pcDNAI/ Neo); bacteriophages such as X phage;

| NSeCh DNA ' ShcH@LAPSrb Ushbtas rbagld @Vigrdse(i@. 8an be obtained
BNPV, AcNPV); animal viral vectors Such as

Tremr BYV rgenonaces mentiqnes algsifovi Atisis ahdothpessilkke to
bRt PGP" o Zg;er?%%dﬁ'g%a&ye Hiréﬁt@tl%rn B olfoﬁgMggﬁé%e'li:%rand E

appropria t use 0O express t
pexaaph eby Whileemi ¢l hpsdyrithesi zamigra DA Ichaiaef olr connecting,

o) BB SE2nbcl e, GO0 PLATOL S, R Sel TP 5
s{AYhOSEHAH OVITHES )a d¥=@ialger o£3eoRSYriReYagSar EQIB-1length DNA
by Conbibing chamical synthesis Or BCR method is that, as
mentioned above, the codon to be used can be designed over the
full length of the gene according to the host into which the
gene is to be introduced.

[0029]

The DNA cloned as mentioned above can be used as is, or
after digestion with a restriction endonuclease or addition of
a linker as desired, depending on the purpose of its use. When
DNA encoding signal peptide, DNA encoding prM protein and DNA
encoding E protein are individually cloned, they are ligated

in the above-mentioned order by using suitable restriction

enzyme, linker, ligase and the like.
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| eukem a virus) LTR, HSV-TK (sinple herpes virus

thym dine kinase) pronoter and the |i ke are used.
Anmong these, CAG pronoter is preferable. Wen the
[AO8D]is a bacteriumof the genus Bacillus, the 35

SPO1 onmoter, the SPO ronoter,, the penP pronot er
2nd  BBSR 6Ehe \ PR BT I (RO HETROLPeP L de-pr
pY888t n-EherEHODN PriveDyF ot dite RECuMNROLe et Rt EBBuction

pronoter, the ADH pronoter and the i ke are
apr BEEPFEArY SOWRTHG tae ddstanslaii omdaditigslion chdon into the

poké?ﬁfﬁ{;bﬂ Q{&gog%g%] z%g,ef u(‘%p JAr e efs and f%'aglg%sn stop

are preferred. | expressi on vec
cbdohuiietoi thadslf ttermima ) heidegbdwee,lilgatee mpttheabbynstream

or|n an enhancer splicing .o Si naI A
Ohdti PFBROSERmT S SR dels Sareen Jrcsasoby 881G &
respki 688 bRNeWE 1Bk nar{cmea epNraftiefaskometrhaesrhfs Ption
abbreviated as SV40 ori) and the |ike. As exanples of

ippeigbliert FofCRar¥ed tr%ﬂﬂ%ﬁﬁ%ﬂﬂﬂ%ﬂﬂ@ codopsasangbaeadded
SSIFReRASLEEoRRiRt LR DR W llassyery,
ugeihez(.hgrECRlaim eadwsomst,) neseyt maye beblinevioatieddasnto the 57
R R
“iifeottn Do rep ot e G SR et v

[08é4!in conblnatlon mnth the dhfr 20 gene as the

I e :
ol ng ST Ry a e PR R AN e BlotiaScugeyila rom
Epr:bémeﬁlbycallit Lﬂuglg. @BR%f @BRBAS, ebCalnedubyl) ;
ransform ng a, host ex reSS|on vect or
oL BRTATR Tt o e e i B i Bt Gage - sBiRLARe PTPS,
pemgom nglaémedsi @aed vare piidie ya‘astthe(ep@ese@tsmgyeptsms) ;

rotein and E  protein. Useful hosts iInclude, for
l@iﬁﬁ‘gl gell horras iemIRl aBH dss d&-6t-inoR FesrBas) anasiepl cell

e§§r@§§i§ﬁ'¢‘ﬂ§£1<§§]e(é§e§‘us r@%ﬁdé U%Al-%q ygﬁgt%i, nch/gl\r'{\é,

i hsect cel an 1 nsect I mal “cel
pRhéRBVkepcmEKiLmeémuﬁhﬂdEEﬂﬂbpﬂm@e@e@u&hBa@|Nlphage; insect

vkgg uvec‘:tors such as baculovirus (e.g., BmNPV, AcNPV); animal

viral vectors such as retrovirus, vaccinia virus, adenovirus;
and the like.

The promoter may be any promoter, as long as it is
appropriate for the host used to express the gene.

For example, when the host is an animal cell, useful
promoters include CAG promoter, B-actin promoter, SRa promoter,
SV40 promoter, LTR promoter, CMV (cytomegalovirus) promoter,
RSV (Rous sarcoma virus) promoter, MoMulV (Moloney murine
leukemia virus) LTR, HSV-TK (simple herpes virus thymidine
kinase) promoter and the like are used. Among these, CAG
promoter is preferable.

When the host is a bacterium of the genus Bacillus, the

SPOl1 promoter, the SPO2 promoter, the penP promoter and the
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exanple, Bacillus subtilis M 114, 207-21 and the I|ike.
Usef ul yeasts include, for exanple, Saccharonmyces 35
cerevi siae AH22, AH22R , NA87-11A, DKD-5D and 20B-12,
11keSehézpsatehasdm/ces ponmbe NCYC1913 and NCYC2036,
Pi chi astoris KMrl, and th I|k 0034] Usef ul
nsectneBITAS T e NS e GHO8,ABHOERR Y bhe PGk
pheMetpel densetAp (Bfodidl, ﬂ&@m br@%@é@daaaoahbhﬁlke are
m d- intestine of Trlchoplu5|a ni, H gh FiveTM cel
pgefpyeadfrom an egg of Trichoplusia ni, cell derlved
from S S hivedyLr n
acrea&ﬁgﬁd{§ %?iéhggﬁlﬁé%ﬁ%%h?%%%éth EggﬁggéggﬁssromOter’
the MNPp’rtheaartdfmdvtmmsu}ee BrdPY reiferusef.ul i nsect
[ﬁﬁbé? i ncl ude Bombyx nori N cell (BmN cell) and the
7 Useful Sf cells include, for exanple, Sf9 cel
(ATCQysERbLL 7dsdp re s 2dn GRIdt ¥ e udekeinUsafRtkion to the
i nsects include, for exanple, a |larva of Bonmbyx nori
apAdet h’éhP%"*ReOPTl%OIE@b]%]hagﬁéﬁ}lngamWh@@ICIeru nél geéscing

xa e rQ,
=t hp et RIS S S e e i SV40
erleiﬁ;oEWﬁgiﬁZEhe%a(ftd%ldbmeBlﬁLesPESSbeaabbtthlated as
Prefera EK29 and_the lik are us sed
S0bar] retantiai LG P ROCTPLRR 84 Fher 8t oeChEoR HATker,
daﬂyagbfon@f@afédwﬁés@sg@{& I @{a%lwa&&we@bme&mbgnto be
nouse, rat, rabbit, sheep, sw ne, bovine),

aéhirgkéﬁt%das tFRET Keethat trxatent MBHed TepdsEeRt) poampicillin
% ngﬁégﬁ hON (16 A0 8 FAL 'sech&hLi LG i ”Qb Qebfbted as

ost |n accordance wth a publlc y known
ampf*wxhedmyuﬂneﬂeaumumhcehgegenuheBamnthercaumémumes to be

f or n,accordance with the
ahBE AR EER o7 pite i e Corir el ah e, Cebn bt e oo dre
méf8ioAdd. (I Parviduike,| ken 30dXeastic€aBibet Chinese
transforned, for_exanp Ie in accordance with the

haBEREE AESCTIBER )i vt HESSPR Eﬁz(}ﬁ’ﬁpé@?tl%l"’1‘1f94the dhfr
gifé:a %8€hé1§§ﬂéctf§1§%?alﬁ?§£m Witg e%C' e[n]QS B Vghso7ée

1929 (1978) and t
sehsetéedcanihe arthmmxdxnﬂhfﬁaﬁ'medlum
[0033]

WNV VLP can be produced by culturing a transformant
obtained by transforming a host with an expression vector
containing a nucleic acid comprising a base sequence encoding
the signal peptide of the present invention, prM protein and E
protein.

Useful hosts include, for example, those suitable for
secretion expression such as bacterium of the genus Bacillus,
yeast, an insect cell, an insect, an animal cell, an animal
and the like.

Useful bacteria of the genus Bacillus include, for
example, Bacillus subtilis MI114, 207-21 and the like.

Useful yeasts include, for example, Saccharomyces

cerevisiae AH22, AH22R™, NA87-11A, DKD-5D and 20B-12,
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35 exanple, according to a nethod described in

Bi o/ Technol ogy, 6, 18 47-55 (1988) and the |ike. An.
animal cell can be transforned, for exanple, in
Sabdepdancka nbohycehepamid O YdE9dB bed NOYSADB6, KBgakia

eeri xtra i ssue 8, Shin Salbo Kogaku
p%%%?@ﬁsgg%tg ‘gg%NE Engi neeri ng Experi ment al

[Postpcol ), 263-267 (1995) publ i shed by Shuj unsha, or
Virology, Vol. 52, 456 (1973). An animal can be
t r ans¥ofhel, 1nspcleamidise inci udeeof@anesampieh Shedoptera

I
RO T e hoi B0y T 547 AR Er e Pebma St o-
1beesuimer©ﬂ Tni dloohdaic er i High Fiowd' d@ﬂlhd@rlved from an
accord he, ki nd of the hqgst. FEor culture
o35 AL b Pehtr LS id e Gisin Gsran e, E2hn HehHEEeS piassicae,
cexanpkei véder fasli pie 1gndiy usedsf, obntiheneul i HEechs nd5
preferably a liquid medium In addltlon the nmedi um
m%?*é%%?%‘%l‘\}h%rﬁ% rfélre\lscdfso&"?N?Uur céhen Hhe rogess is BmNPY,
uSQEL £€i n At chcl g@%tr&hﬁ gm ﬁmc,@eu and
are necessary for the gromﬁ 0 a transformant.
tExahpkes dfsefhd &4 bedlsodnciéudac! fide efampwbke, Sf9 cell (ATCC

bt b SRR L hgedi8Bar ca i ncl ude | nor gani c

or OrgeafEl sulsd anduel, F>rabRBRpUB) sal 18rvai & ab8ubyx
salts, corn steep liquor, peptone casei n, neat
maxirakd  theyhidir cake, potato extract and the Iike:
[9@g5?xanples of the inorganic substance include
cal cium chloride, sodium di hydrogen phosphat e,
gne@$@ﬁmbrﬁmwm&k3Qﬁii 2ndlivglelsi, kéor| pxandi e} onellidesuch as

nggz\;h%pr oo (#ha L Tt %8%}@ ikgtm’u%zi%a@

HHKDQ'BprmZETE,T azi:l;bﬂmutmszx a&ggtgt, spzﬁ\otraasiprma@; P388
is cultured generall at about 30 - about 40C for

28Boke 6l tkanodireteaRty, WABFEI Aecedlal, anridts ol kngre used

bet i R NGh TRY1 3ée°-'lQL bes %ﬂoqﬁﬁnqrt@edth@i—aﬂe' es of the
medium for culture of a transformant wwth yeast as a

host Aﬁcth&kﬁﬂiﬂﬂ&mﬂmﬂmmahsnMamhlﬁedabhnsﬁﬁﬁnbdauagenlc system

ont ai 0.5% cas 0 a and the |jke. The di um
(§99" 2RI O PR Apiedos" SwifiE  bEFied] t FRlEE and
t]perii)kére@bﬁfb@emﬁftaJdmedat about 20 - about 35C for
[88?8} 24 - about 72 hr. 19

Transformation can be carried out according to the kind
of host in accordance with a publicly known method.

A bacterium of the genus Bacillus can be transformed, for
example, in accordance with the method described in Molecular
& General Genetics, vol. 168, 111 (1979) and the like.

Yeast can be transformed, for example, in accordance with
the method described in Methods in Enzymology, Vol. 194, 182-
187 (1991), Proc. Natl. Acad. Sci. USA, Vol. 75, 1929 (1978)
and the like.

An insect cell and an insect can be transformed, for

example, according to a method described in Bio/Technology, 6,
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Where necessary, aeration and stirring may al so be
perfornmed. Exanples of the nediumfor culture of a
transformant with an insect cell or insect as a host
4iTrObudeéS8Bacehd thsetike Medi um appropriately

suppl emented Wi th an additive such as s inactivated ,
058 bili RBIERLURF AhaeThes | HeAnShRFTaR (G900 CrRiE L, in
aedrdahBaswatAHpé REehed add el 6 Jaibbabhakud.(Cell
Culture is perforned generally at about 27C for about

F391ngesings, deysra yere hectsiduripibrekegedit dadken Protocol
(fels” EbAg ﬂﬁgéggém d OIEe - PRI RS 19 %@-ﬁgg; {ib95) ,

or culture a transformant wth 10 an ani mal
pablashedt biynghutlenshaj nemm Esselmigyl Vioddi om, @REM(L1973) .

Dul begco' s.nodi fied Eagle di um ( M. RPM 1640

i cBE 28R o S A T T e e Bp g gosordance
wabautha0feehofiedas chOvédei s a1 i e difumrAasganPl Animal
of preferably about 6 - about B. Culture is perforned

(§¥ReFPuPLYSBENGbo(£09%) 30C - about 40C for about 15 -
(abayy 60 hr. \Were necessary, aeration and stirring
may al so be perforned. When the host is an aninal, a
t ransfehrgnahpnpint scambraineld freginia tacaowsgence with a known

ferti,l ized accor.di ng, t onvent.i onal nethod and
mgEhGd, AGEPTIRHEES Brectriy Tordit ISHE - 20 and |
mammakbancil tkrorof hh cketh €89 toktiaimete bBntilBEBacillus as
above manner, WAV VLP can be secreted in the nedium

AofOFty r SAET BFAEALS or LR tRREEM iahsy usedoder fhet galture is

pReeseRb1iNYeNt 40Ny MDIBAYEr 1l k@RI HAr MBAL MBYi B pSferably
cuitured’in a nedium containing fetal bovine serumas

cpaheinaed abuvhen $wewer a frridmaden saspeces eh fspoyahic

risk_fiact or,such ags. hovine viral _diarrhea, virus
sAhoierCenare Ehe et S o B oAtk i dinaty” B BREndFEvER of
acekrbas@admihe. | idseaamplleanfalchef cafpuohi Eypusdehigslude glucose,
bovi ne-derived protein and the 30 |ike in _an atte

t t
AFETIithpl FPyURI RS AP pUFIFIRIR 1381 Sthép 1ikgrgexamples of the

n€€eBgEhCcabuaspestc1 @i A d e Wil NG GlitUsR9t8nces such
transformant with serumfree acclimation is al so

agr ehepabliy sases, MstursTridldds,i rcarine stelepwlignbironpdptone,
R N
lskepnmafideexamdl e oSitiee idof@niild tAlRsand@ include calcium
cg&égg gfﬂ%ﬁ@;ﬁﬁf@ﬁ%ﬁ%ﬁggééngﬁ%éﬂﬂé&%ﬁen%%négﬁum chleride and
the like. In addition, the medium may contain a yeast extract,
vitamins, a growth promoting factor and the like. The medium
has a pH of preferably about 5 - about 8. A transformant is
cultured generally at about 30 - about 40°C for about 6 - about
24 hr. Where necessary, aeration and stirring may also be
performed.

Examples of the medium for culture of a transformant with
yeast as a host include Burkholder minimum medium, SD medium
containing 0.5% casamino acid and the like. The medium has a

pH of preferably about 5 - about 8. Culture is performed
generally at about 20 - about 35°C for about 24 - about 72 hr.

19



10

15

20

25

30

35

VLP secreted in a nmedium (extracellularly) can be

purified by a nmethod known per se. For exanple, VLP

can be s prepared by filtering a recovered nedi um
Whexer neetbahny, | agratd)orn cmcémme:ximg malyealkar baepghformed.

pr ot eL.ns nd applying ,the to suerose densi t .
gr adi ﬁ?mggﬁ?r?fuagﬁiéﬁgl Gﬁ? valci ﬁ@nﬁ?of%ﬁnt with
afr eaestti B¥ENt bPNi gt 1S é/\m\és\éLEindl@déS GaAcacki YBsect
ingredient in an amount sufficient to provide

MpAWHR| RPPTARELR LRI FUEPkastendashpidh mva@aié@pﬁ@ gafh as
:LchtE?{ngé'&egO“asbéﬂ 5 Adesd Al UM Fnet RauEN 'a ha §8de.  The

hereto e present Invention ur| 'ed as an
madiigehaar @ p&u@@am@tbnablaz sdlornt6 . Queh absuan 6| dot dfwlture
ol uti on, tlssu Lculture liquid

.salt and
1B RETeR opeRiEnble, S PSS ENAPE BUPREr dd- about 5 days.

WhakenaceOsgiyp fevaCiCImenrst Gl r5andt meR. al¥Bepe performed.
necessary, a vacci ne antigen nay be imvohbilized wth a
conveFERBRAES | Hhobie iR U T Sulikissi Pifzé thansferment with

t e r f i n
o8 EEUL A 20T AT Pk IR Becet gt
(MBEM) t hBulbégeo’ sTmdeﬁnﬂﬂIBagie wawlum JdOMEMD , aRPMI 1640
en f or tian ,of a o CC|ne st pc
nBBL L1 95 REdiht SRS e b BorREi R BgThBRlr, 5 - about
2D004£] felsl Thenina sanegine Tﬁéombdﬁiﬁﬂnuhhg NaisHdbf UWbEsferably

fo give a vaCC|ne sql ution. A vaccine stock sol ution
aPeug Put e@ORbr8 - exampiige \901St ﬁepégr@%dt BaRe bl umurbout

§~th [ h CLik NE fi
i St oy 57 6daeti it WS & ini (Eepopleessary,
aexahpbe, and- siznrlpgﬁqﬂmaxpr@fsexm perafoz‘meplg/ m, in a

pr ot o) For preparatlon of vacci.ne

soluswgng pﬁgﬂ% i |zefn%h§F'po entlg e8%heat animal is

obesisédnteonfa qukﬁuaﬂ(feﬁftladjzlé‘da@t;ga&caﬁrduﬁg| tary
to enhance. i nmmunogenicity may be added._As the
CopEpR 9Bl @%E}&‘Pi%r?H%sbr%ﬂdu’aﬁ?ﬁog%?aélc}aﬁe%‘élng conditions,

H&nﬁéﬁﬂgﬂlaﬁ\smiﬂ@ &dj iyiaten @ qg;erﬁl o®ichinda.vegetabl e
oi |, alum alum num compound, bentonite, silica, 21

mur an/f @h@e@b¢vﬁamﬁnnanﬂ|WN¥ VILBY wegi ke sapeetedknn the
n8afhhee L1ke,oan. he ent aned., [G042L A vacci ne

spense a contalner w
[0038]

In the present invention, moreover, a transformant may be
cultured in a medium containing fetal bovine serum as
mentioned above. However, from the aspects of removal of a
risk factor such as bovine viral diarrhea virus (BVDV) that
enters fetal bovine serum to contaminate cells and the like,
removal of impurity such as bovine-derived protein and the
like in an attempt to simplify a WNV VLP purification step,
and economical aspect, a method including culturing a
transformant with serum-free acclimation is also preferably
used. As described in the below-mentioned Examples, it is
preferable to obtain a non-adherent cell from an adherent cell

by acclimation in a serum-free medium, since it facilitates
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5 suitable volunme, for exanple, about 0.5 - 20 n
vial, and the container is tightly sealed and used as
a vaccine. Such vaccine may be a liquid or
maieeerance ehafdage dspenrssngudntreusédths drdnyformant.
[ﬁgggﬁration. [0043] 10 The vacci ne of the present
tion may be inoculated to a subject in the sane

rrannevmsSavsﬁétegfmefai RGN g@extiface18x28P1 ) akQUbe
0.2 - 5 m of a vaccine for one dose can be

P%Hbéh@%ﬁ@é@llsﬁﬁmm%‘@j PEL S2-t| hes @fampbek VLR epn be
PUEBKSee B SRS R L R R, TpRa et

llqwrdlatmowemayermpwnmqﬂeunlamoM@aghtapdotbensafaed applying
sed 0044 Si nce an, expr.essi on,.vect or

thE st IR o T AT oty chatiougatisa.

[@DOYE- nEntloned signal peptide of the 20 present

invention, and a nucleic acid conprising a base
sequeRee BRE ot s M Tpridiceiny esed tE LBV EREL ANOFORRRL RGNV VLP

agfihchently. ﬁ?&f{dfenw 'aE IAJde RuFen 98% gf:tgF_omde

adm ni stration thereof uman, It can e use
imdvanit€g. (SﬂdaaiLmaDN& vioclBeam§5ePr@N%r%¢¢@ane can be

oPHRGEE 90 IBEGs AP e ka8 BTS20, ehBBeco.

KnowwLp cof hase ;Q_fes(ﬁrﬁ:l riafvsérﬁﬁldnl prumltfm@daéts andant0fen are
exanpl e, , Experinental Medicine, extra issue, basic

SHBeRRReiciBra RS eNtheTaly a5y GBOSRREO1g08a 1t solution,

| r ra e
PR AL e e r e IR g, e

(pdosplapbm Sotfeted ofalGared Trerdpy, aeyaeCIherapyck solution

De¥glggnegtagesearch(;bngo k, eNT%' 1 991andth d th

a 6" USed "TOrY 1 ef efence: @?ar%ﬁ s 8fy e ROR>vi 8% i a
cyeestotisnkl atneol0ri zdNA o/ adaiondsmiobguee, thut saeeipot

limted to, pcDNA3. 1, pZeoSV, 35 pBK-CW (Invitr
S?%F%P%@%h%§er?R§¥33§¥€@€ﬁ8519§ t?QSl@@®b1%22%39§&§§h%ﬁm

e. sent ect0 [

e R S VP hebBELYdE ond M rhe
like. | iKe igpwdiifliced payvf be eﬁdnpbeanD&mtyg¢ms@@f@w@h

e OXIC ed retr.ovirus, ,adenovi.rus,
aga a vaccin ck solution ded to a wvaccin
%%no aSSOCIated vf%us cjnerpes virus, agg hfa ccine

s¥bEKSsOPOXidn S US, p0|I0 virus, sindbis virus,
[0041?glut|nat|ng Virus of Japan, SVv40, human

Then, a vaccine stock solution is diluted to give a
vaccine solution. A vaccine stock solution is diluted, for
example, with PBS so that the amount of the antigen in the
vaccine will be sufficient to induce antibody production to
afford immunity, for example, 1 - 20 ug/ml, preferably 10
pg/ml, in a protein content. For preparation of a vaccine
solution, a stabilizer that potentiates heat resistance of
vaccine and an adjuvant as an auxiliary to enhance
immunogenicity may be added. As the stabilizer, saccharides
and amino acids can be mentioned. As the adjuvant, mineral oil,

vegetable o0il, alum, aluminum compound, bentonite, silica,
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i mmunodeficiency virus (HV) and the Iike and RNA

virus can be nentioned. [0045] 10 As a nethod for

i ntroduci ng the DNA vaccine of the present invention
mupény hudipepiaide ndeit wos tnietdyodt Hymelsidi, ndnteéirieckliyy and the

I, troducin%ﬁa DNA %Eccine into the body, an ex vivo
1 EEhoa™ i eI B yP%eki ng out a certain cell from human,
[espacel lularly introducing a DNA vaccine into the

cell and 15 returning the cell into the body and the

| i ke Bariefelineniebredn (lad dimpe@scSodiney contedper with a

1 , T py., | ORIRA sealk,gh ok
S§#§§B¥%9B§f %bgﬁgﬁﬁéhggﬁgae |n1%ﬁ&§@3etﬁ§d?wa?ﬁ§9 nd the
cyateiner of st hixglpt bg estaiarl entd arseds ati sselavednen aSuch

sui tabl e sq%vent (buf fer such aséﬁﬁsdﬁg%_the l.i ke, .
VESFIHg, ™21 RE et i TeINH 17 €97 G 2§ byt spensing and
ubblt 83t 4 0Ar W prepatdti®i. etc. as necessary, filled in

an aseptic container to give an injection, which is
[88f3hi stered to human by injection. Injection may

cont ai ti ' [ :

meceothe yAPEHEE 10 le (R d5eRls, rention Hy2Be tnoculated to
aenubgsed im 2Be asdmeosomemede wiftha dengird Ibivieaygénes. For

nmenbr ane,. and adm ni stered s an HVJ-Iliposone
SBETRI AP BIF Ui or of- T AB- 19pGsREGRE ToRactivdpgg can be
stieaagghebhsny i NgoMhTatsedf1 Japanr inddél)at GEoRer inentaleeks

_Medi cine, extra issue, basic technique of gene o
ipReFEPYS - YADOBHA PLEFgGatioand§eAd SEOEXBResB| dherile distilled
whpabyshs BR. EXPRLiBBAL Mot OOESHA (1294)-i oThe1 DVA1 ume

vacci ne of the present invention can be adm ni"stered
and thereaftée,us&dn, nasal cavity and the like. As

ﬁg X vivo nethod, a |I|ipofection nethod, a

[g éghoric aci d-cal ciumcoprecipitation nethod, a

DEAE- dexté ain n@khioss s Boratdiatb 4 NGladivigud meetto?Sand virus
injection of DNA vaccine intracellularly using a tin

VgF §§) 99“?%b%i%%dt@?@9W9W@im%ﬂﬁ¥QQﬁ9I%H&@aéa@eﬁéige %f the
p?%géhgn§gven£9914?] alyg]'é enﬁ@_l.eeid;osa%di(?:{ %nﬁa‘éc blge
of t ependi t he

e present Invention varies ng on
sedpencst eatdPding apgétprotadmandti gtiadeimettfo@NV can

1 ni ti the lLik it L |1
EEThTeahEP 4S8 dR0 e iR I e Fumdp BtnPSRERE L)
adhodt straviopethagedbt thwsadnon tie @genee ¥4i’ks what is

called a DNA vaccine.

Preferable production methods, administration methods and
the like of these non-virus vector and virus vector are known
to those of ordinary skill in the art and, for example,
Experimental Medicine, extra issue, basic technique of gene
therapy, YODOSHA, 1996; Experimental Medicine, extra issue,
Transgene & Expression Analysis Experiment Method, YODOSHA,
1997; ed. Japan Society of Gene Therapy, Gene Therapy
Development Research Handbook, NTS, 1999 and the like are used
for reference. Examples of the non-virus vector suitable fdr
DNA vaccines include, but are not limited to, pcDNA3.1l, pZeoSV,
pBK-CMV (Invitrogen, Stratagene), pCAGGS (Gene 108, 193-200
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The present invention is explained in nore detail in
lo the following by referring to Exanples, which are
not to be construed as limtative. Exanples [0048]
(ERAp) eandPEbeutikeon &epresemthtaNe wipnesveohovetnorudes

d
v!ucfug)(gégt?gkg%?m ?§rfev @) %]t. e adse &ru%ggt ﬁggfagarus and

sequence, ein an proteln
tRNAl WS . eﬂpemtﬁd:a‘]rlqzm Y eWHmNYE9) DNandlruseﬁgs@c&ﬁT&as

as a,teppl.ate and, 15 nuc| eoti de pol y(dT)pri ner,
P g8 Set PR LRT b F ity 1AARAGYohT Uahts FRPROPREACHAERD virus,

hSWBeESGL Lk, 2@a£@§ﬁ¥h*¢i@ﬁﬁr§ﬁ»$Rﬁﬁ§ﬁ§'E%@%% virus, sindbis
(Invitrogen Life Technologles Carl sbad, CA). The
VéeéﬁngH?@@g@hubindﬁh@@Bﬂa‘mﬁede\/WP@DNASMQ, Auphnfi ed

iBaboTREe R DA TN Bk T RGBTy i reoan be

mehtabned. PCR product was digested with Bglll and Xhol,
? 5 subcl oned to pBluescript plasm d. Using the
[gﬁ af ned plasmd as a tenplate and a prinmer set

conpl gEEAtAEYhE® £ BASDAIREINERER PREOGLBE1AeSbENhe
sequence defective in one amino acid fromthe am no

Preﬁﬁﬂhams@@r'él%n@tﬁadénmumens aliget @@thﬁdomnchedlng

1 d e base_ 30
A AL SR TN NGEIs R F PR RaRT g oF vivo
manpbdfledludqngxfakﬂﬁgadunﬂa1beriaﬁma@ﬁ&ntfmﬁm hu?an,
b d to a nra on vector (pCAGGS) to
B R RCh TR LT oY IR R, DN JReearen 10B6: bFe cefl and
r@XPFESHG NEhS| Gl SRMIGNRE HRN/ régldathlea&tlkeubaﬁ be mentioned
Iength prM protein and Eﬂprote|n (pWPMEI 35

(B9PMVEARID TPelaty (f (e fTheslapyeplGede @h@@éem Bgvehepment
R%%%Qk?ﬁdHaggbgg%QFNTE““%99 Shﬂgﬁokﬁlﬁbgto the[994§1vo method,

e 2 Consi derati’on of 'sign de sequerice
thavDN@ V$e¢@n¢1dﬁtﬁh&]pnaaymtsumwahkeohoﬁssdﬁsebloed51n a

reconbi n n res tors 5
SYBEaPhE SO A BS.eo0 Fheoliikoosgline,
sﬁ@kiﬁe(@%&@ﬁ)et@lrK)sﬁ%ﬂ%ﬂﬁ%é@ %@OQHQt@b@QBﬁS%hEh a filter
Basel , SMAtzerIand After 48 hr, the cells were

ei@shed ROFRESIIN dife a@uﬁfsepéachpnﬁémepsey give an
S8 ER IR, DR a0 ARt ton
Idﬂ@@bi@megaplqodﬂérnxhlﬂnnventlonal carrier and the like as
necessary. In addition, a DNA vaccine may also be enclosed in
a liposome made of a lipid bilayer membrane, and administered
as an HVJ-liposome obtained by fusion of the liposome and
inactivated Hemagglutinating Virus of Japan (HVJ)
(Experimental Medicine, extra issue, basic technique of gene
therapy, YODOSHA, 1996; Transgene & Expression Analysis
Experiment Method, YODOSHA, 1994). The DNA vaccine of the
present invention can be administered to the muscle, skin,
nasal cavity and the like. As the ex vivo method, a
lipofection method, a phosphoric acid-calcium coprecipitation
method, a DEAE-dextran method, a method including direct

injection of DNA vaccine intracellularly using a tiny glass
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dodecyl sul fate(SDS), 0.1% bronmophenol blue and 10%
glycerol. On the other hand, the culture supernatant
was filtered (0.45. pmpore size, MIIlipore, Bedford,
tivBe, anddtiseib] Biot edarid t@re lulker asanbei fiegat poad.
[ggggﬁ)ment at 40,000xg for 30 min. The is residue was
ilized with the aforenentioned sol ubilizing

sol utwenle [ 005 WoAe o diny DNA &Facenvienbirotak peébedt
the WNV-1ike, particles obtained in the above were

iUBPEEPRIVE Bl SDSIeRRE inp P ehisr 2B IREgRS_FLPRI BATIRE/
agﬁ§5§59r£%£EnL§%{Kb&”]éﬂﬂﬂﬂl ath%ChBhﬁ@klXndpEHéelfke, it

was separ ated by 10% PAGE, an separated protein
imagetenasly i deeht ©5C0 poj YVIa‘]WjUtdIEFU mgr,l Qeef(aP@v’Fy about 500
menbrane fjlter (MI] ant i bodi es,
Hdn~ aRPYE Jaghre erenacée"g]r;]qE %?a}sedo‘\?) é@? ant i body

[t)bav]cross 25 reacts with WAV and an ant|-M protein

pol ycl onal antibody (IMEENEX, San. D ego, ,CA) we
used, TBﬁdP£§S§n§eé@rY@é‘r§/‘—o%n’t$ b%’é@/lah‘h?ﬁj FBbE‘PFeI &Gtall in
thBl #g! ’oﬁ%@‘f&f%dfé-}rfﬂ ] HEaEgdmpeh Neiss! aiShot to be
per oxi dase was "use um nescence, ECL reagent
coAstrsieamakhdrimeici at Bret ech, Pi scat away, NJ) was used,
ESo a?d the | um nescence was detected by a LAS1000

'ﬁa system (Fujifilm Tokyo, Japan) The
[evpBgssion of the WW-like particles between vari ous

r econbi nant expression vectors is. shown inp FI%
Exanpig 1 3P ngeuchian opfmr@mmmnantf BXPREERLOR RSk hed

ekﬁrégbkﬂe WﬁV+def¥%éﬁ masiday éi néﬁag@gg%gé sbglibkawa, prm

K —Yasur, —Korata. 3 Viort—77—87%4 ((2003)7E
prgpbteennaathq{emt@e@r eted in the culture medi a was

conmpa b n t Qve- t

reconglgg%%&&fr;?%%gs%@v%% g%sjc 3%06 %gin %E EKNSNY% » and
usthbodansi ag a tamord onadndrms bﬂﬁ;&e(ode&a)e Polk( rin?o)pemer, a
antigen, Specjfically, E protein antigens Wer(lg1 und
rﬁgreﬁae LraperbhP & (XSRS Mo Bt Superscript
RRELENAESre AN £ MNscGRked WﬁhblﬂgggéﬁtLPPQyTeaﬁﬁblogles,
bound E protein antigens were detectéd using 402
Camilsbedy CAMB; THAKG@CHMY. re@alopu rfeiha, obipined WNV cDNA was

e ish b at

BT ERRNCy choR B LR S R R R R ShE ™ Base
sea;ntencbe%hbeﬁmyansm@rmumr et e Iy IEXPpIoesSion The

vectors is_shown in Fig.
obtained PCR product wag digested with BglII and XhoI, and

subcloned to pBluescript plasmid. Using the obtained plasmid
as a template and a primer set complementary to the base
sequence encoding a signal sequence defective in one amino
acid from the amino terminal side (one base sequence selected
from the group consisting of SEQ ID NOs: 8 - 21 and one base
sequence shown by SEQ ID NO: 22), DNA fragment was amplified
by PCR. The amplified fragment was subcloned to a mammal
expression vector (pCAGGS) to give 14 kinds of recombinant
expression vectors expressing signal sequence having a
particular length, prM protein and E protein (pWPMEl -
PWPME14). The structure of polypeptide encoded by the obtained
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3. [0052] 15 In addition, reconbi nant expression

vectors (pWPME388A, pWPME406A) obtai ned by addi ng

alanine to immediately after starting am no acid of
PCBcprmbinant iexphegsiion Kerct dr.s pWPMEI  and pWPME7 wer e
[Qgggiced, and the expression |level was conpared

en various reconbi nant expression vectors by the

EZ8mBheve- neitd ierad tinhed. sihaalepubt $dar Se§hoEe iaving
Figs. 4 and 5. Fron1these results T was found that
1epgthety f TRNGR13 PEEALEY ORf f ect s t he
expre n i Ghes. -
[oossfﬁfi‘z’%u%xﬂeéﬁ%ﬂéﬁer ﬁ‘%’%ﬁ# s oF W[ [g) oPtained
ipaEkbumbds bywetecimtwodun&d(lﬂ&@pémmﬁé3ﬂeceﬁﬁsnaﬁk105 using

FERBPBac iRt oot ERIOHE el TE e ng i haal iy Bere 48 e,

tgel ketl edwdBe maéraé@rtwﬂctée Vﬁ_Q:IH eHephard Bbrffased saline
filtered 30 (0.45 p MIlipore) and purified

(PBPormazPdovoRenbhbsrd ited sayubiiljsrieg. sv«ﬂavtppﬁecontalnlng
a a r [ I 1
5@ ecﬁ 2 ﬁ§%|ﬁ§$g§ﬁ%lec aﬁﬁgé?gﬁ%ﬁo eﬁggg t han 88
dbdacykeselé@pé(%@SXD QL.OL¥ 89apliensdc bdse dedsilf§ glycerol.

O REPCHLUR T ot B S5 G GUPSBIRE tof PEakgrEoTed (0-45

uinr pete08szd, -MillN 1esee NERsAfRd, ) ac:@@ﬁdlsngjte@ttebeto an
above-nentioned, ELI SA nethod. As the resul t,
uéFrECﬁPBféf?ﬂ%ﬁ&?%é%F%%Em%BééFVé@'pﬁo§§nﬁpé ﬁpa@%Pon The
rBavhng @agegélﬁﬂifizéd%&uﬁPQj§9@Eb%é&%§%Eb9@d4sBQMbﬂgl21ng
a density of 1.16 (Fig. 6). 5 [0054 I ow nol ecul ar
Sméughonn1xture was reaned fromE proteln antigen
[Begpﬁined in the two sanple fractions 4 and 9 obtai ned
e above by Sephadex G 25 colum (Hi prep; Amersham
Phar naetarding eck)a churoratgnaihyne taod , Etnreotmivnllke
antigen was o0 eluted with phosphate_ huffered sal
Pﬁﬁ*al%}%%e?%%ll%%d B thheRPavitd® FuPircEgdanPi 58?1 PAGE

m@ﬁﬁr§HQJ€§£§Qc££b€¥%ﬁ“éﬁ69Wégﬁgﬂﬂ'Eid@ h@l%%dbﬂnhntlbody
phosphot ungstate using a grid coated with “coppe

Spechvaralivie ppedervamssaisy@tesd by (L9 %a PAGEL aadotEg
sEheekron PHeossopss (HAAN mlP!0a $3RWiny1 8iB1uoriae

(PDVF) membrane filter (Millipore). As primary antibodies, an

anti-Japanese encephalitis virus (JEV) antibody that cross
reacts with WNV and an anti-M protein polyclonal antibody
(IMGENEX, San Diego, CA) were used, and as a secondary
antibody, anti-rabbit IgG (Pierce, Rockford, IL) conjugated
with horseradish peroxidase was used. For luminescence, ECL
reagent (Amersham Pharmacia Biotech, Piscataway, NJ) was used,
and the luminescence was detected by a LAS1000 imaging system
(Fujifilm, Tokyo, Japan). The expression of the WNV-like
particles between various recombinant expression vectors is
shown in Fig. 2.

[0051]

Moreover, according to the method described in Kojima, A.,
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is sanple fraction 9 was confirmed to have many
particles with dianeter of about 30 nm and having a
spherical structure (Fig. 7, right side). On the
Rot Kepuandil. i hszammre Ts a‘kﬂhidqawa, Kpanisclies T( dKameter J.
t,25 hayi r| rns an coat e
vEBRERTHS TN e tel @Yt Bl Bl GRRG 890bhgain ehe
chettirsi fejial @@55(]:om1ﬁ(rﬁé’m|}:£ét4ve'ém ttcme am&byﬁweﬁt&eﬁed
i nducing WNV-1i ke particle neutralization antibo X
r?ﬁeeFaesﬁbrﬁ%ﬂ@bé&%m%s%$Rﬁ?%ﬁ%ﬁﬁmvﬁymPWElﬁyOﬁﬁﬁ#ﬂéa RLISA
mé2hb3 2Bk £g 1a WRSH &L S RAUCRE iR, W@6%93¥ocﬁlb§otéﬂg antigen.
the obtained E protein antigen was subjected
sucrogeedéﬁs¢aylgxaﬁlnﬁﬂtexnﬂﬂnhﬂgﬁyﬂIw@metbogndeus1ng a
actions 1 cordlng 0,the
mggggéfﬁ%%t?%%e %ﬁj%ﬂfrné anﬁF é Factén C&f?h MA)
cbhgthﬁmtBHHODfaﬁiiﬁdﬂyﬂI1Ta@tbg&ﬁdhEVpﬁgtéﬂn antigens were
neutrallzatlon ﬁgltope were found by using WNY-11

dgherbsdy s 1A fre AR kot | GRBHnt FPIBnd 4@zpinteria, CA)
c8nbL898¥d (0o NeHdAldZat I ANHRRAYL as saRkibafy .

for Capture or antibody for detection. As a result,
Camearifen V- aqcmtlm@nqmmséd thes WAV - émkebpdytigles
oEEREUAEvaRGRN AOLEROMAO!AELEL BV &I SPT in pig.
3and sanpl e fractlon 5 (denS|ty 1.11) (Fig. 8A). On the

§égg hand, when the WNY-11 anti body and 402 anti body

[ used as antibody for capture and/or antibody for

det ecth 08dd 1 HEork 0N WM Pl Rid sa Bk %BthsS waﬁms 8A,
fraction 5 decreased as 5 conpared to the use only

pWi@%ht@%@lyn%qtﬂ@/ BRUID afeaingedor dmmedipdaly after
|
sERLLERS LAEROuZed B MG, 0, A8 SSiBA L@t oPs pwemEl

Seens ess t 1N sa ctio
ahQO0PBPME Exwand eptodiorsd, deral itdie @&pr@@@dbnomepémpeaky

of 1o.neutralization antibo _ Lbln |ural, fractions
CPRRATORNGS SUrTR VAT HRS i $FSPRAN ROCLOTS by the

aB%8Phendi oM@ tRefhdd . n@he‘&@%QﬁtgnaQE sHSHﬁr§h|?ﬁéé°n4 and 5.

anti body in nouse was possi ble was considered. To

Frpachrees BARE) S nosevatastaund aperti ftblﬁeélengthnﬂﬁnszgdal

oh b ecapp iy mans s vagh sl M Lk gachiel £%or -

likpapeseiehesphal itis
[0053]

Example 3 Observation image of WNV-like particles by electron

microscope

The recombinant expression vector pWPMEl2 obtained in
Example 1 was introduced into HEK293T cells, and the medium
was collected 48 hr later. The collected medium was filtered
(0.45 pym, Millipore) and purified (Biomax-100 membrane filter,
Millipore). WNV-like particles obtained by removing protein
small molecules having a molecular weight of less than 100 kDa
were applied to 10-45% (w/w) sucrose density gradient
centrifugation (150,000xg, 14 hr). The density and E protein

antigen amount of sample fractions 1 - 17 were measured
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vaccine to human) at 7 day intervals. At 3 weeks from

the second inmunization, neutralization anti body

titer of the inmmunized nouse was determ ned by pl aque
adeordasg hsshlje #Asowe2Benisisulad RIHSArD@sdodamubhs zZdte result,

artlc e xpressed

2nBHEE AT 24 PORCGHE | BOGYES “oh T Segel Irrgroag, fraction 9
nhQ953] a Edenpi £y 6o £st abl i streiimpafe tiransfiohmadhaelihg a

[ 0058] 25 ili Est abl i shment of adherent transforned
deBELtY Al &- LayF1TH®K cells after 7 passages were

[§@gg?d the day before transfection on 960 nm di sh at
1:5,71:10 or 1:20 split, and the next day, pWPMEl1l2 (5

pPg) m&slowtmgb@c@ﬁariW&igHK)ming%anmaH wemoved| fsom E protein

A ter cul t s, before 30

a ﬁaﬁg F89 ?1n? %éﬁ?% %wﬁef%ﬂﬁ E} 1gn%1 16n8 9 obtained
1ih 28e andvéuwuwplhade:a csei&&idlommdilwe@onmmsngm

Bl asticidin S (BS) (10 pg/n1) |n a (pl00 mndish for 8
PhagancinuBl O ohD, EhERP TR, LS siees o SRhipRD was

e [ [ C o
SRRk L 66 LD SEFDLCHL R v
Toel pbredned puskfeedi awt gat ums ?EBJL(JW@eﬂf tt@r negatlve

el.ection diu contalnln Th [& fter e
SEa RGP SR O i lrar T, L o gppeed witn
cpbgte, farmﬁamel|THAEﬁpédﬂménawEkO@b&ﬁrdeﬂhwlﬂhdath@EL 1200 Ex
obtained cells were Hg reserved. The anDunt of

WAV,
SESHF5PBI RIFROPAEPFe i Ul U 1 17RAT -2485ef | TeSULE,
ekn?&@ gpdcB1¥R! b @é@t@omxﬁ@@% athveaeRfydigagttieles with
SA, and colony #22 was sel ected, which showed the _
drxameﬁam pEodbevf oAl ammd H&f@mg tawesmrdmal#.@zr@értwe (Fig.

u tio

§gg§n§g% oné?y éh her acddngngg%ﬁgg ggg%gg 4
psuﬂnlc[Leee (dmaﬁéﬁeﬁ 5b@@tt I 35 vxm)e et ey eﬂa,rl\ﬂimlSC Hoshewadd
t he maxi ﬁro ei n. production | evel.s accor |n%
oG LR SALFRo agn shk LR St Topeen (F18.
19%Rr egak®n and secretion of E protein antigen between
parent cells and each clone by Western blot. [0059]
[9@5@2) Acclimation of adherent transformed cell in

T%}S%.@ efro%mlngu%q%#@ 1 EEE' §a9£1cle

n@hmvelﬂeatnonedntibompre placed back in

The recombinant expression vector pWPMEl2 obtained in
Example 1 was introduced into HEK293T cells, and the obtained
E protein antigen was subjected to sucrose density gradient
centrifugation to give sample fractions 1 - 11 (Fig. 8E).
According to the above-mentioned ELISA method, sample
fractions with high content of E protein antigen having
neutralization epitope were found by using WNY-11 antibody
(WNV neutralization antibody) and 402 antibody (non-
neutralization antibody) as antibody for capture or antibody
for detection. As a result, when the WNY-11l antibody was used
as an antibody for capture and an antibody for detection, a

peak could be confirmed in sample fraction 3 (density 1.16)
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F12K nmedi um (G BCO containing 10 pg/mM BS and 10%
FBS, and 20 the growth was confirnmed by maintaining
for 3 - 4 passages. F12K nedi um containing 10 pg/ n
aB§ aadpl@@ﬁf&ﬁirwmi5}{méhéﬂﬂw Mllhwedmuguceﬁoainhmgtﬂé)other

nRRAE ubPeLraE TR TG doinr ot Rarpy vere tfed as

, anenbadpi Agr SdapBHle fAId W Has: &ﬁﬁﬁsbe HRitbi@i6n, the
i

acclimation in 25 a serumfree um_Thereafter, the
CeBFPRTwRF ef RFRER Y AT Wethddl empdst rAckgonhs dampeased as
CQHBHEédOEO% SSEM A, i 1&%%% 9”t ?"&E' Ngelf)) . The
jragl BS for two or &%re passages,
ncchcehllatl@m %@mtwpﬂinEQﬁgﬂiKE@.h&dmwﬁkﬂ&rengsaﬂphélﬁraction

creas alf t.he cel I's re.detached
fr%ﬁ??heoc% ﬂﬂggkwﬂvﬁl H AP %& ?%g(g) even
[a06BDput addltlon of a trypS|n EDTA solution, they

wer e contlnuously passaged only in CHO-S-SFM I |
Exauplitn S WA e r@itdminh Ot 1pHECESPN sPAREFEYIe0t gr owt h

nbQtabout ot Porn - 76 /m with viable cells of not
6 ssage of 1 - 2 x 105/m) and the
cel | sUsene m%mmﬂﬂefnﬁctiuhqxinuimdihg Bbmpmedfuatbyons 3 and 5

Lpettin he d to _hav nated in a
pB gg é‘?r%é P‘F;re R ﬁ’he""tf%egcﬁ? wer &° %unlflﬁ Ft1B8s8Eged,
naﬂﬂrabﬂbéei@namﬂﬂibﬁﬁy'Qﬁl&ﬁiﬁée-&@%pbbséﬁbﬂé %Bgtcon81dered.
showed omﬁh of 1 x 106/ m consecutlvel£ for
TaoPe FPResiCaftPiiyg BRHEs v dRtesest eaﬁﬁilzem@unlzed
ti/hat @W@?K%ﬂéﬁng%téoemvthéﬁg m@@igg f%o&@ 300
consecutive t1inmes weré <Cryopreserve F
ngp2161650Eef¢ight 1ot dadintilatiosi w@eJapenadheeBQEpﬁhlltls

di_gal fob
Lo P 621 LPRGECE SHAN0CH O P T e

séooadsammmixmmdlthe_szama@naanp@*@aupl Lit¥robf the
decrea5| the roductlon anmpunt of antig protein
ipRuphFed e%a%%%eﬁlﬁaﬁeaeﬁﬁ@ﬁﬁec@?ﬁ@y As a
régd165 Ve Ein&léli]eﬂmﬁﬂﬁie‘?f QJl‘%‘?le@urI%?ceEll fRDg: BB ;EQgtlcles
followed a conventional nethod. However, since
e@Péﬁﬁﬁe@fnqwﬁxakiZﬁﬁﬂqnnﬂnbmbOd@na&dhehegh teves $Hoged) .
[569? dependency on the cell density, the nunber of
e % sown per well was set to 3, 10, 30 and 100.
ERespEet 6 vEsgrblisgmehanes wearspoehedessinl |y
é@%ﬁ ted fromthe wells with Tess nunber of cells
[ ! and the production amount of protein was
(exansaesh il tSA ndindrAnt 20.HAvBYREG Lheie was not

found any noticeabl e difference between
Single layer CHO-K1 cells after 7 passages were spread

the day before transfection on @60 mm dish at 1:5, 1:10 or
1:20 split, and the next day, pWPME12 (5 ug) was introduced
into 30 - 40% confluent cells. After culture for 2 days before
formation of a single layer, the cells were split at 1:5, 1:10
or 1:20, and cultured in a selection medium containing
Blasticidin S (BS) (10 pg/ml) in a ¢1l00 mm dish for 8 days
(medium was changed once). 24 colonies grown in the selection
medium were taken by a penicillin cup method, transferred to a

24 well plate and further cultured in a selection medium
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the selected plural clones and sub-clones. Industri al

Applicability [0060] The present invention can

efficiently secrete and produce 25 VLP of WAV, and

(bgresifablry selppt yosubeditm veentiaigsingf BNV Tbateaftay, the
an

t VLP as an.active ingredient at .a |aqw cost
s uer & Rl AR Ph Radr o JRaioRelL plate,
cexelaspilane wadtarodhothe Erasenind ieNtoRR ineselkltanwere
be used as a DNA vaccine of WNV. 30 Thi s application
GrYOpZEEETERda pHteMTUPH iFatftn ENprotedp7inobhggmedium

cuitkedeinidapag £hliing geiee &QWQ?Q&QJ?@&%Q%7LBS h@% ured
contents of which are incorporated in fall herein. 5
agicgirdg ng1 Lo AEBT §hal ape pto teny dti iveingedrecdmidno wadich showed

h .0r substanti_all e sa as e
cRETHENS "B R 80 SHRTREN o KBS PTBpP 85 agiLs were
stibe 1amiedobach dlﬁlﬁgﬂ e@tmshmmf@ﬁ]o%@ddaﬂ&@ngé to(B) a

tial, ' id sequence of the am_no aci
cEBisehcenat BaFaota) NGRS HF < ddast ArHe SarRone
4201, @ . 6SeqUEECHe SBONE] DYr 881 Neh AU SH R dL ke géxii'ngmfzwgv E

An isolated nucleic acid substantially consisting o
rreseinspgadncbiencoeials theceiding teemlildd . .of Ftgai b 1shows
A ' L rus-1i rticle expression vector .
PrefefSoh PheTLln 8 e e b st SRR Brotetn
as¢eduencbeenecodi pgrettecsl pvadndepidieleheCc by Mekteafdblot.
rIEI\)/I rotein and E protein derived fromWst Nile
[@P 3@ 4. A transformant obtained by transformation

(2t Rckbhem¥eebAr of 28410 r&h @l R ahs R rrr RN 1 serum-free
producing a West Nile virus-like particle, conprising
meditfri ng the transformant of claim4, and recovering

o WTFLRAFRERL s e R et n e PP B Et 6 6 conts
cafyopckabnvéd In thé\ésibowne+eemt farsed/adli RereoppaicednBack in
F&B% Rg&ti{u%l G(‘G?éca aéggltgjgnfngsloamga nhl \1/368 iarr11 ' ?L%i%elg‘tB'S, and
the growth was confirmed by maintaining for 3 - 4 passages.
F12K medium containing 10 ug/ml BS and 10% FBS and CHO-S-SFM
IT medium containing 10 pug/ml BS were mixed in the same amount
and the cells were cultured in the resulting medium (finally
containing 5% FBS) for two passages to initiate acclimation in
a serum-free medium. Thereafter, the cells were cultured in a
medium containing the same amount of CHO-S-SFM II medium
(GIBCO) containing 10 pg/ml BS for two or more passages, and
the FBS concentration and ratio of F12K medium were gradually
decreased by half.

When the cells were detached from the culture flask by
pipetting with PBS(-) even without addition of a trypsin-EDTA
solution, they were continuously passaged only in CHO-S-SFM IT
medium. When the growth of the cells was fine (growth to about

5 - 10 x 10°/ml with viable cells of not less than 95% by
passage of 1 - 2 x 10°/ml) and the cells were capable of
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8. A West Nile virus vaccine conprising the vector of
claim3 as an active ingredient. 35 9. A nethod of
preventing West Nile fever, conprising 31

Pagpa o sterimey radieff dot ipigedroogt thevhweveciodgefl to have

' 0, —a subject. 10. .met hod, of ventin t

a%ﬁeﬁ%g%éerl,n ca(t)rrérjerﬂlugll1 nfgrese A %lrlflm St e'?kil%gcg%fsef‘feeﬁ %}Yg\ec%er

pas®adied of andeconpls=d idee-1daiattiiohes Fudf -aHapt) 6c&édla that
subj ect. 32 SEQUENCE LI STI NG <110>, Japan_as

SRS EHREG 137 Thet 30" 4BLoF CCBRERRI TolY Rk DR more times
ahdshd it - Of i RGH i tD%§%§%§chﬁ§sR€ﬁ§§rQﬂowed growth of

Foundation for Mcrobial D seases of Osaka University
nefj 2bess/adeamel forl0fémil KprelQi comseandt vt hHodnesd were

' e <13 9 <150>,JP 2007-290169
c%@ﬁﬁ&%%}%%ql(%%%do}figég Pa grsn) n version 33
<210>Td =diltiaih s3> HART adk21i3ntAcHOf celldk sk@wdd radical
<223> signal peptide <400> 1 Ser Ser Lys.Gn Lys Lys
PIPRERLY) %P‘J_%/) fheqgming &oRradbsreptt ceils qprimg the

addBifdtid®bide N a el MhinOr¥edl fedfurd tﬁg%%ag a
<211> 501 '<212> DNA <213> West Nile virus <220>
peoiibi gy of decreasing the production amount of antigen

protein in this process. Thus, acclimated non-adherent cells
#22.6S were cloned and re-cloned. The cloning method followed
a conventional method. However, since the growth of the
acclimation non-adherent cells showed high dependency on the
cell density, the number of cells sown per well was set to 3,
10, 30 and 100. Respective growing clones were preferentially
selected from the wells with less number of cells sown, and
the production amount of protein was examined by ELISA and IFA.
However, there was not found any noticeable difference between
the selected plural clones and sub-clones.
Industrial Applicability
[0060]

The present invention can efficiently secrete and produce
VLP of WNV, and can stably supply subunit vaccines of WNV
containing the VLP as an active ingredient at a low cost and
with safety. In addition, the WNV VLP secretion expression
vector of the present invention itself can be used as a DNA
vaccine of WNV.

This application is based on a patent application No.
2007-290169 filed in Japan (filing date: November 7, 2007),

the contents of which are incorporated in full herein.
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<222> (1).. (501) <400> 2 gtt acc ctc tot sac ttc caa
ggg aag gtg atg atg acg gta eat get 48 Val Thr Leu
Ser Asn Phe Gn Ay Lys Val Met Met Thr Val Asn Ala 1
Cbaims15 act gac gtc aca gat gtc etc acg att eta aca
got get gga aag aac 96 Thr Asp Val Thr Asp Val lIle
Thr Ile Pro Thr Ala Ala Ay Lys Asn 20 25 30 eta tgc

lathA gignayapgesisidd g:cg@trzgﬂgug;gﬁn taatina)t gctLgc:sgqhegaé the same
act 144 Leu Cys Ile Val R Vval

ORefulyEANEH Wsp T %33“@46334%% é‘ﬂ&@t" P&Edgéﬁqtlﬁﬁc?eaf the

fgggo‘ggggt@g get @ggf eat gat cca gaa gac 192 |Ile Thr
Cys Pro Val Leu Ser Ala Gy Asn Asp Pro Qu

Asp 5©a55t16@ @m@l@aa,citcgtsetcgigzrlogac sheanaky £68 §PaNgtcl

{2 94 294 R 90000 20 1R iR 068 THB Qffnlfhci

Ség“‘*?ﬁi oo 288 @”'s%ﬁmsﬁ%ﬁf%?ea@?:s%& A Ag
gﬁ’(gw%ekuL Bfhre G\?é?/ : 'gcag aca cgc gga

gas ago act eta gcg aac aag aag ggg get tgg atg 336

Gn Thr Hs Ay Qu Ser Thr Leu Ala Asn Lys Lys Gy
2A énﬁpo}\/eteQO@lqb@qﬁrlq ﬁ)u@ct@né:g@léc’c ceagigsééngcat a base

%%Q téé éﬁt‘go%]r Arg %‘}ag’%eia t ysoﬁ lé%l erloTl\rSSr

IIe 115 120 125 ttg agg aac cot gga tat gcc ctg gtg
43

o P S 5 1698 Bt enetrestien To60ess

céﬂ rﬁ&in 08 ﬁ@%ﬂé&@*éﬁ&ﬂfﬂdhp¥¥%1 adthaset gellibn8E€encodin
g@g cta?tg ctt 480 Leu Gy Ser n Thr I\/Ettﬂén Arg J

| syana prieevei dev0f |@hp i d /L Apdl #5M pgotssn1gpd Et protein

d%%?"%gff%gfg%%t%ﬁp . Leu Val Ala Pro Ala Tyr

4. A transformant obtained by transformation with the wvector

of claim 3.

5. A method of producing a West Nile virus-like particle,
comprising culturing the transformant of claim 4, and

recovering a virus-like particle secreted in a medium.

6. A West Nile virus-like particle obtained by the method of

claim 5.

7. A West Nile virus vaccine comprising the particle of claim

6 as an active ingredient.

8. A West Nile virus vaccine comprising the vector of claim 3

as an active ingredient.

9. A method of preventing West Nile fever, comprising
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<212> PRT <213> West Nile virus <400> 3 Val Thr Leu
Ser Asn Phe Gn @y Lys Val Met Met Thr Val Asn Ala 1
5 10 15 Thr Asp Val Thr Asp Val Ile Thr Ile Pro Thr
aghanibhe A §g Lz AsFeQ0L RS @@ uritow fOfdel vecvalr AfgcARam 3 to

t. 4 Val Ay Tyr Met Cys Asp Asp Thr 35 40 45 Ile
aq/%}lb?%‘?t(; u Cs Pro Val Lou Ser Ala Ay Asn Asp Pro
Qu Asp 50 55 60 Ile Asp Cys Trp Cys Thr Lys Ser Al a
Val _Tyr Val Arg Tyr Ay Ar 65 70 75 80 Cys Thr  Lys
1¥hr AAPGERPS Shr PTGt i BdeShr 1 iARy T8IFTL o EOTRF 19ART8S
a8fiA9st & Idhin R Er G i@ it THE kel AiduAshik¥Sph¥icles
Ay Ala Trp Met 100 105 110 Asp Ser Thr Lys Al a Tﬁr
ofirglaym boto\alswysedhy A u Ser Trp Ile 115 120 125
Lou Arg Asn Pro Ay Tyr Ala Lou Val Ala Ala val Ile
Ay Trp Met 130 135 140 Lau Ay Ser Asn Thr Met Gn
Arg Val Val Phe Val Val Lau Lou Leu 145 150 155 160
Leu Val Ala Pro Ala Tyr Ser 165 <210> 4 <211> 1503
<212> DNA <213> West Nile virus <220> (2) <221> CDS
<222> (1).. (1503) <400> 4 ttc aao tgc ctt gga atg
age aac aga gac tto ttg gaa gga gtg tot 48 Phe Asn
Cys Leu Ay Met Ser Asn Arg Asp Phe Leu Au Gy Val
Ser 1 510 15 gga gca aca tgg gtg gat ttg gtt cto gaa
ggc gac ago tgo gtg act 96
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Gy Ala Thr Trp Val Asp Leu Val Leu AQu Ay Asp Ser
Cys Val Thr 20 25 30 ate atg tot aag gac aag cot ace
ate gat gtg sag atg atg aat atg 144 1le Met Ser Lys
Asp Lys Pro Thr Ile Asp Vval Lys Met Met Asn Met 35 40
45 gag 03gulIeoL 18A/ks Ot g goa gag gto ago agt tat tgo tat

R got acel)192D GQu Ala Ala Asn Lau Ala Qu Val Arg
e Nata%}@ﬁ ;ﬁ&ﬁu@% L SR AR T 50 55 60 gto ago gat ate
The R&GaraCBurd&donOfof Mg&glaﬂ QedeJofadskaat g gga gaa get 240
UniverslitySer Asp Leu Ser Thr Lys Ala Ala Cys Pro Thr Met
120> VacSrheY oAbkt Al 18 vBRs 4 nbBoBE: préRGine ke sGRC aaa cgt get gac
cca get ttt gtg tgcaga caa gga gtg 288 Hi s Asn Asp
<130> 0919195 Arg Ala Asp Pro Ala Phe Val Cys Arg Gn Ay Val 85
150> o D6-8Bbree gt g gac agg ggc tgg ggc aac ggo tgo gga ate ttt
151> 200131;1007aaa gga ago 336 Val Asp Arg Ay Trp Ay Asn Ay
go> 22 &ys Gy Lau Phe Gy Lys Gy Ser 100 105 110 att gac
ace tgc goo aaa ttt goo tgc tot ace aag goa ata gga

<170> Pate&g‘a v88i SHe Asp Thr Cys Ala Lys Phe Ala Cys Ser Thr
o> 1 Lys Ala lle Ay Arg 115 120 125 ace ate ttg aaa gag
<211> 256 aat ate aag tar gaa gtg goo att ttt gto cat 432 Thr
o R qea]Leu Lys Qu Asn Ile Lys Tyr Gu Val Ala Ile Phe
Val 130 135 140 gga ore act actt gtg gag tog cac

220> ac tac too ace cag gtt gga 480 dvy Pro Thr Thr
223 s'g'%glpepéﬁ Ser Hs Ay Asn Tyr Ser Thr Gn Val Ay 145
<400> 1 150 155 160 goo act cag goa ggg aga tto ago ate act
a Thr Gn Ala Ay Arg

Ser Ser Ly%ﬁ'”%g’sq&gm*h %?”"Aﬁg ’ﬁaﬁ%ﬁl Beor Tyr 165 170 175
ace ate aag ott gga gaa tat gga gag gtg aca gtg gac .

Y/ Thr Leu Lys Leu Gy Qu Tyr Ay Qu
e &Iy Leu%/%ep_% ?Er\q}gﬁmiéga Cys Gu Pro 180 185 190 ogg tee ggg
att gac ace aat goa tac tac gtg atg act gtt gga aca

o> 9 624 Arg Ser Ay Ile Asp Thr Asn Ala Tyr Tyr Val Met

211> 501Thr Val @y Thr 195 200 205 aag acg ttc ttg gtc cat on

<212>  DNA ttc atg gac ate aac etc cot 672 Lys Thr Phe

@ wesﬁﬁﬂe'&ﬂ?s Hs Arg Qu Trp Phe Met Asp Leu Asn Leu Pro
210 215 220

<220>

<221> DS

222> (1)..(501)

<400> 2

gtt acc otc tot aac tic caa ggg aag gitg atg atg acg gta aat got 48

Val Thr Leu Ser ésn Phe Gin Giy Lys Val Met Met Thr Val Agn Ala
1

act gac gtc aca gat gic atc acg att cca aca gct got gga aag aac 96
Thr Asp Val Thr Asp Val Ile Thr |le Pro Thr Ala Ala Gly Lys Asn

20 25 30
cta tgc att gtc aga gea atg gat gtg gga tac atg tge gat gat act 144

Leu Cys lée Val Arg Ala Met isp Val Gly Tyr Met Cys Asp Asp Thr

atc act tat gaa tgc cca gtg ctg tcg got ggt aat gat cca gaa gac 192
Ile Thr Tyr Glu Cys Pro ggl Leu Ser Ala Gly égn Asp Pro Glu Asp
50

atc gac tgt teg tgc aca aag tca goa gic tac gic agg tat gga aga 240
Ile Asp Cys Trp Cys Thr Lys Ser Ala Val Tyr Val Arg Tyr Gly Arg :
65 70 15

tgc acc aag aca cgc cac tca aga cgo aght cgg agg tca ctg aca gtg 288

Cys Thr Lys Thr Agg His Ser Arg Arg ggr Arg Arg Ser Leu Tgr Val

cag aca cac gga gaa agc act cta gog aac aag aag gegg got teg atg 336
Gln Thr His Gly Glu Ser Thr Leu Aéa Asn Lys Lys Gly Ala Trp Met

M



tgg agc agt got gga agt act gtg tgg agg aac aga gag

acg tta atg 720 Trp Ser Ser Ala Ay Ser Thr Val Trp

Arg Asn Arg Gu Thr Leu Met 225 230 235 240 gag ttt

gag gaa ace cac goo acg aag cag tot gtg ate gca ttg

gac age actgga% gZ@&aA? Hht Ec’thegtga% Qaléaapircg)t I ¢ A aSéﬁhr Lys Gn Ser
Asp Ser ThiVals Alld &hr AraTykeen Yal yys27hb GR5Wr 255/ let ea caa gag gga get
1Mot g cat caa'et ttg get 'Hga goo att act gtg 816 Ser

ttg age aadhdd o tht Ghdothlgly de@Ucd S ofd 2t Alsdutk €U Aa Ay Ala lle

Leu Arg AsiPPro Afalyr 260Le20B A7(la \gadlet iy Ttrdlat age aac act no aag
ttg acg t’85g ggt cat t & aag tgt 864 du Phe Ser Ser

ctt geg agd\Sdd alhbtz\bad agh\eBt fteuttTRE gGedta BAeyotti s bu Lys Cys 275

%Zgﬁlv Sen &0 o8 t(G:la) Arggal Yed hgﬂ&g Vait lggu @%Ja#eg)ne ttg cag ttg aag
gga se Oace tat ggc gtc 912 Arg Val Lys Met G u Lys

ttg gtg scd.oda €@ trclaey Lys Ay Thr Thr Tyr Ay Wil 290 295 300

Leu Val Alg fo M2B" 28 get ttc aag ttt ott ggg act ccc gca goo
sea ggt coo 960 Cys Ser Lys Ala Phe Lys Phe Leu Gy

@105 3 Thr Pro Ala Asp Thr Gy H's 305 310 315 320 ggc act

11> j679t.0 gtg ttg gaa ttg cag too act ggo sag gat gga act
<212> PRTtgc 1008 Gy Thr Val Val Leu Gu Leu Gn Tyr Thr Qy
21 Wesﬂ'ﬁ'r‘e)wbs Gy Pro Cys 325 330 335 aaa gtt cot atc tog
400> 3 tca gtg get ton ttg sac goo eta acg coo gtg 1056 Lys

Pro a Ser Lou Asn Asp Lou Thr

fal Thr Le‘PIS“d A@%\Fheﬁ'ﬂ)a'gﬂs %d‘et Eféc,rh \fféAgntAdagtc act gtc see cot

' ttt gtt tea gtg gcc acg goo aae 1104 Gy Arg Leu Val

Pr h Ala Thr Ala Asn 355
Tr Asp Vaég@ gaﬁi Théagg gft :rhc Aiﬁ géa tg gaa coo ccc ttt
gga gee tea tee ate 1152 Ala Lys Val Leu Ile GQu Leu

Leu Cys Ilg\lal'i £k RIaPJePA(ﬁgaI s Yyl CgeXsp %(p mh! € 370 375 380 gtg

C agaa g a'can 46ag ate eat coo cat tgg cac
sagtot 1200 Val vVal Gy Arg Ay Gu Gn Gn lie Asn

e The wHsR &L $ro WaP LA S kM1 oRh 43R 39PAs395 400 gga age ago
att ggc am@a goo ttt Sem ace ace etc aaa gga gcg cag

1248 dy Ser Ser Ile @y Lys Ala Phe Thr Thr Thr Lou
He Asp Cyb-Y 6k YnrAly@ séA Ala 405yA D M B cRORzeta goo get eta gga
gac acd@d get tgg goodttt gga teadgtt gga 1296

Cys Thr Lys Thr Arg His Ser Arg Afg Ser Arg Arg Ser Leu Thr Val‘
85 90 95
Gln Thr His Gly Glu Ser Thr Leu Ala Asn Lys Lys Gly Ala Trp Met
100 105 110
Asp Ser Thr Lys Ala Thr Arg Tyr Leu Val Lys Thr Glu Ser Trp lle
115 120 125
Leu Arg Asn Pro Gly Tyr Ala Leu Val Ala Ala Val lle Gly Trp Met
130 135 140

Leu Gly Ser Asn Thr Met GIn Arg Val Val Phe Val Val Leu Leu Leu
145 150 160

Leu Val Ala Pro Ala Tyr Ser
165

210> 4

<211> 1503

<212> DNA

<213> West Nile virus

<220>
@



Arg Lau Ala Ala Lau Gy Asp Thr Ala Trp Asp Phe Gy
Ser Val Ay 420 425 430 ggg gtg ttc arc tea gtt ggg
aag got gtc cat caa gtg tic gga gga 1344 Gy Val Phe
Thr Ser Val Gy Lys Ala Val Hs Gn Val Phe Gy Ay
oo1> cps 435 440 445 goo ttc ego tea ctg tto gga ggc atg tee
222> (1.t@@3eta acg coo gga ttg 1392 Ala Phe Arg Ser Lou Phe
00> 4 Gy Gy Met Ser Trp Ile Thr Gn Ay Leu 450 455 460
ttc aas tecCltt) e BRLaaCL g‘i(',: SroltbDadh bk @k Qot90C age eat get cgt
Phe Asn Cysgat Gaggt Seeesd 4dkQhsp EhéLl.eLGEIyG Al @l lsSeu Leu Lou Trp Met Ay
1 Il eSAsn Ala Arg Bsp Arg Ser W65 470 475 480 ate get
gga goa acablel r@CHt HiglgtOt& FPBcThd add e BGAYIt @Y etCc ttc etcC
Gly Ala ThrtTewe Vall 488 Leul ek Loty Gu ElouksiTher CRh&!I Teu Ala Val Gy Ay Val
18u Leu Phe L&U Ser 485 499 495 gtg aae gtg coo got
atc atg tot1ldaf dac ABbctABH adadat EHlizSaad\bta abDiht ag210>14 <211> 501
Ile Met ggkmas,p Lmﬁwﬁ%uie& Ae ¢! LwiggéMﬁ fspdlet <400> 5 Phe Asn Cys
Leu Gy Met Ser Asn Arg Asp Phe Leu u dy Val Ser 1
gag gog gccoaad Otgldoa g4l ?G AdcaaeTiat tie gs\tad gcﬁeﬁ» Loui®al Lou Gu Qy
Glu Ala A"’A@TJ'-@@%'E'S& alAte SethivrZge 55 8pMae Met Ser Lys Asp Lys
Pro Thr ['te Asp Val Lys Met Met Asn Met 35 40 45 (4)

gtc age gat(@tel tony azg {3) 0%13 lestArg B8r Tyr Cys Tyr
Val Ser Asp EJS‘}SJ ﬁﬁ ?ig %gg 5“"\/5‘1 Giseépaééap Lou Ser Thr Lys Al a
. tsProThr l\/thI GIuAIa 65%7580 H s Asn

cac aat gac 04_ cg\g% Ets ‘E)agﬁl Q\/al s Arg Gn Ay
His Asn Aspf? @639 Eﬁ? y%,’-\ré p Ay Asn Ay Cys Ay
Lou Phe Gy L S GI Ser 100 105 110 IIe Asp Thr Cys

ol fop 2§§°ég§h%y ﬁ’lﬁeég%'% ﬁ L G The Bjse @ e ay Arg

att gac aca tgc goc aaa tit gec tge tot acc aag gca ata gga aga 384
Ile Asp }'?g Cys Ala Lys Phe %8 Cys Ser Thr Lys %g Ile Gly Arg

acc atc ttg aaa gag aat atc aag tac gaa gtg goc att ttt gtc cat 432
Thr Ile Leu Lys Glu Asn HeLw'WrGh:hIAMlIeHwValMs
130 140
gga cca act act gtg gag tcg cac gga aac tac tcc aca cag gti gga 480
Gly Pro Thr Thr Val Giu Ser His Gly Asn Tyr Ser Thr GIn Val Gly
145 150 155 160
geo act cag gea ggg aga ttc age atc act oot gog gog cct tea tac 528
Ata Thr GIn Ala Gly Arg Phe Ser lle Thr Pro Ala Ala Pro Ser Tyr
165 170 175
aca cta aag ctt gga gaa tat gga gag sgtg aca gig gac gt gaa cca 576
Thr Leu Lys Leu Gly Glu Tyr Giy Glu Val Thr Val Asp Cys Glu Pro
180 185 190
cgg tca ggg att gac acc aat gca tac fac gtg atg act gtt gga aca 624
Arg Ser Gly Ile Asp Thr Asn Ala Tyr Tyr Val Met Thr Val Gly Thr
195 200 205
aag acg ttc ttg gtc cat cgt gag tgg tic atg gac ctc aac ctec oot 672
Lys Thr Phe Leu Val His Arg Glu Trp Phe Met Asp Leu Asn Leu Pro
210 215 220 '
tgg agc agt got gga agt act gig tgg agg aac aga gag acg tta atg 720
Trp Ser Ser Ala Gly Ser Thr Val Trp Arg Asn Arg Glu Thr Leu Met
225 230 235 240
gag ttt gag gaa cca cac goc acg aag cag tct gtg ata gea ttg gge 768
Giu Phe Glu Glu Pro His Ala Thr Lys Gln Ser Val lle Ala Leu Gly
245 250 255
tca caa gag gga get otg cat caa got ttg got gea goc att cet gig 816
Ser Gin Glu Gly Ala Leu His GIn Ala Leu Ala Gly Ala |le Pro Val
260 265 270
gaa ttt tca agc aac act gtc aag ttg acg tecg ggt cat tig aag fgt 864
Glu Phe §$g Ser Asn Thr Val Egg Leu Thr Ser Gly gég Leu Lys Cys

@



115 120 125 Thr Ile Lou Lys G u Asn Ile Lys Tyr Qu
Val Ala Ile Phe Val H's 130 135 140 dvy Pro Thr Thr
Val Qu Ser Hs Ay Asn Tyr Ser Thr Gn Val Ay 145
150 155 160 Ala Thr Gn Ala Gy Arg Phe Ser Ile Thr
Pro Ala Ala Pro Ser Tyr 165 170 175 Thr Lou Lys Lou
aga gtg aadChty géd aha Tyar caftig ﬁ%a\@h acBhiet YalgtAsp @©¢s G u Pro 180
Arg Yal LYSl@S Gi@@Ség;}gG'sé?u L@ﬁ”l s $¥rValasn Ala Tyr Tyr Val
Met Thr Gy Thr 5 200 205 Lys Thr Phe Lou Val

tgt tca aagHiat Ay epe GFtuctTiegx 4oh Asn B8u Pro 210 215
Gys Ser Lynpbig Ph&l'?@ Prgeheu § rTh'AEE’cg ‘@9@ IL'@ Val Trp Arg Asn Arg
tthI u Thr Lg; Met 225 230@235 240 G1E(8Phe Au du Pro

gec ac cag ?§ EG g8 fteenl a P8u Ay 245 250
Gly Thr Va gﬁ %ﬁ et Asp B% Gn AalouAady
Al a IIe Pro VaI 260 265 270 GI u Phe Ser Ser Asn Thr

aaa gLt ooy Hct ? ngﬁj ;;E %@r’m a @ﬁgéﬁg s 275 280 285
Val P A
Lys Va r° . ang( 0330 Le—tiou Lys Ay Thr Thr
Va 2 0 292 300 %é a Phe Lys Phe
tt Y54
i 1 Lesrésﬁéu ool & ol oot s 108 515 53 20
y Thr Val 3wal Lou tsou G n Tyr Thr @y Thr Asp
s 222 330 335 V | e Ser Ser Val
t %’? ali, Proyd
g o ok b Aaehe Aol e P e T el S50 S75 350
370 Gly Arg I_35fu VaI Thr V&P Asn Pro Phe Val Ser Val Ala
%g;} 6Q,3689 tgﬁéﬁg Yt Valpdeau 11 e Gu Lau
AR ga%g?ﬁ%nro& %« is ?s%égrSeH e 370 375 380 Val
385 Val GI§9°ArgGIyGI 95GnGnIIe4°%sn His Hs Trp H's

gga age aglh)ﬁ% g2 haa oo Bt 3acd Az A40Qaa £ VoeSRE Semsgl le Ay Lys Al a
Gly Ser SePhiz GThl‘.ys'lma’ Ph&hr [bat]hrLlyes Ll QAYAIaaGIG n 405 410 415

aga cta gec get cta gga gac aca got igg gac ttt gga toa git gga 1296
Arg Leu Ala Ala Leu Gly Asp Thr ﬁlg Trp Asp Phe Gly igg Val Gly

ggg gte ttc acc tca git ggg aag gct gic cat caa gtg tic gga gga 1344
Gly val Zhe Thr Ser Val Gly Iizg Afa Val His Gin Xzé Phe Gly Gly

gea ttc cge tca ctg tic gga gge atg tcc igg ata acg caa gga ttg 1392
Ala ige Arg Ser Leu Phe Gég Gly Met Ser Trp ‘!fég Thr GIn Gly Leu

ctg ggg got cte ctg ttg tgg atg ggc atc aat got cgt gat agg toe 1440
Leu Gly Ala Leu Leu Leu Trp Met Gly Ile Asn Ala Arg Asp Arg Ser
465 470 475 480
ata got ctc acg ttt cotc goa gtt gga gga gtt ctg cte ttec cte tee 1488
lle Ala Leu Thr Phe Leu Ala Val Gly Gly Val Leu Leu Phe Leu Ser

485 490
gtg aac gtg cac gct 1503

Val Asn Val His Ala
500

Q210> 5

<211> 501

<212> PRT

<213> West Nile virus
400> 5

|1°he Asn Cys Leu gly Met Ser Asn Arg ?Sp Phe Leu Glu Gl_y \{gl Ser
Giy Ala Thr Trp Val Asp Leu Val Leu Glu Gly Asp Ser Gys Val Thr
20 25 30

Ile Met Ser Lys Asp Lys Pro Thr 1le Asp Val Lys Met Met Asn Met
35 40 45

4



Arg Lau Ala Ala Lau Gy Asp Thr Ala Trp Asp Phe Gy
Ser Val Ay 420 425 430 Ay Val Phe Thr Ser Val Qy
Lys Ala Val Hs Gn Val Phe Ay Gy 435 440 445 Al a
Phe Arg Ser Leu Phe Ay Ay Met Ser Trp Ile Thr G n
Gy Lau 450 455 460 Lau Ay Ala Lau Lau Lau Trp Met
Ay Ile Asn Al a Ar%; Asp Arg Ser. 465 470 475 480 Ile
Glu Ala Alapfep Levghia gj\grvapﬁé Sealyr %TWéF” Heya y val Lau Lau Phe
Lau Ser 5 490 495 aI Asn Val H's Ala 500 <210> 6

11> 34 <21 Artificial <220> <223>
vl Ser Aspplref‘ nEr I HPO’é&A@ Cé%%ﬁ TQ geltcel Y dydipt cta agaaaccagg aggg
34 <2 O> 7 <211> 37 <212> DNA <213> Artificial

> <2 Ogr % ct cga gcaaaagagt
His Asn Asp gyf et ij’ gé &%Vﬁf“ 510" Qqéglp 39 <212> DNA
<213> Artificial <220> <223> prinmer (6) <400> 8
Val Asp Arg Qlt gerttﬂg gh &9%9&99%%%&4@?@&%% aagaaaaga 39 <210> 9
tle Asp Thr Cys Ala Lys Phe Ala Cys Ser Thr Lys Ala lle Gly Arg
115 120 125
Thr Ile Leu Lys Glu Asn |le Lys Tyr Glu Val Ala lle Phe Val His
130 135 140
?Lg Pro Thr Thr Val ?Iu Ser His Gly Asn {yr Ser Thr GIn Val Gly
Ala Thr Gln Ala Gly Arg Phe Ser Ile Thr Pro Ala Ala Pro Ser Tyr
165 170 175
Thr Leu Lys Leu Gly Glu Tyr Gly Giu Val Thr Val Asp Cys Glu Pro
180 185 180
Arg Ser Gly Ile Asp Thr Asn Ala Tyr Tyr Val Met Thr Val Giy Thr
185 200 205
Lys Thr Phe Leu Val His Arg Glu Trp Phe Met Asp Leu Asn Leu Pro
210 215 220
Trp Ser Ser Ala Gly Ser Thr Val Trp Arg Asn Arg Glu Thr Leu Met
225 230 235 240
Glu Phe Giu Glu Pro His Ala Thr Lys Gin Ser Val Ile Ala Leu Gly
245 250 255
Ser Gln Glu Gly Ala Leu His Gin Ala Leu Ala Gly Ala lle Pro Val
260 265 270
Glu Phe Ser Ser Asn Thr Val Lys Leu Thr Ser Gly His Leu Lys Cys
275 280 285
Arg Val Lys Met Glu Lys Leu Gln Leu Lys Gly Thr Thr Tyr Gly Val
290 : 295 300
Cys Ser Lys Ala Phe Lys Phe Leu Gly Thr Pro Ala Asp Thr Gly His
305 310 315 320

Gly Thr Vai Val Leu Glu Leu Gln Tyr Thr Gly Thr Asp Gly Pro Cys
325 330 335

Lys Val Pro Ile Ser Ser Val Ala Ser Leu Asn Asp Leu Thr Pro Val
()



<211> 39 <212> DNA <213> Artificial <220> <223>
prinmer <400> 9 gctatcggta ccatgagctc aaaacaaaag
aaaagagga 39 <210> 10 <211> 36 <212> DNA <213>
Artificial <220> <223> prinmer <400> 10 atcaatggta
cg@t gt caaa acagpagaaa agaggg 36 <210> 11 <211> 36
<212> DNA <213> Artificial <220> <223> prinmer <400>

o we i 9 G902 LSRR RRESRRTVT, 020" 220> s

prinmer <400> 12 cggcggggta ccat gcaaaa gaaaagagga

Ala Lys va9E33 M§QJJég%g W%%g@%i%aaégTw<@;2> DNA  <213>

370 Awtl | CI &f5 <400> 13

Val Val Gly Arg Gly Glu Gin GIn lle Asn His His Trp His Lys Ser

385 390 395 400

Gly Ser Ser lle Gly Lys Ala Phe Thr Thr Thr Leu Lys Gly Ala GIn
. 405 410 415

Arg Leu Ala Ala Leu Gly Asp Thr Ala Trp Asp Phe Gly Ser Val Gly

420 425 430
Gly Val Phe Thr Ser Val Gly Lys Ala Val His Gin Val Phe Gly Gly
. 435 440 445
Ala Phe Arg Ser Leu Phe Gly Gly Met Ser Trp Ile Thr GIn Gly Leu
450 455 460

Leu Gly Ala Leu Leu Leu Trp Met Gly Ile Asn Ala Arg Asp Arg Ser

465 470 475 "~ 480

lle Ala Leu Thr Phe Leu Ala Val Gly Gly Val Leu Leu Phe Leu Ser
485 4390 495

Val Asn Val His Ala
500

210> 6

211> 34

<212> DNA

213> Artificial

<2200
<223> primer

<400> 6
aaaaaagatc tcgatgtcta agaaaccagg aggg 34

Qi 7

211> 37

<212> DNA

213> Artificial

<220>
<223> primer

400> 7
aaaaactcga gcaaaagagt gttcagctcg teettea 37

210> 8

211> 39

<212> DNA

<213 Artificial

<2200
223> primer

(6)



cggagcggta ccat gaaaaa aagaggagga aagaccgga 39 <210>
14 <211> 39 <212> DNA <213> Artificial <220> <223>
prinmer <400> 14 agctcaggta ccat gaaaag aggaggaaag
accggaatt 39 (7) <210> 15 <211> 39 <212> DNA <213>
400> 8 Artificial <220> <223> prinmer <400> 15 tcaaaaggta
agtgctagtacieaieqgeng atrgaeagy aeargesec ggaattgca 39 <20> 16 <211> 40
<212> DNA <213> Artificial <220> <223> priner <400>
210> 9 16 aaaoaaggta ccat gagagg aaagaccgga attgcagtca 40
SR 38,<210> 17 <211> 36 <212> DNA <213> Artificial <220>
Q13> Artf2d8> prinmer <400> 17 caaaagggta ccat gggaaa
990 gaccggaatt gcagtc 36 <210> 18 <211> 36 <212> DNA

9235 primdl3> Art i ficial

<400> 9
gotatcggta ccatgageotc aaaacaaaag aaaagagga 39

<210> 10

211> 36

<212> DNA

213> Artificial

<220>
<223> primer

<400> 10
atcaatggta ccatgtcaaa acaaaagaaa agagga 36

<210> 11

211> 36

<212> DNA

213> Artificial

<220>
<223> primer

<400> 11
aatcggggta ccatgaaaca aaagaaaaga ggagga 36

210> 12

211> 36

<212> DNA

<213> Artificial

<220>
223> primer

<400> 12
cggoggegta cocatgoaaaa gaaaagagga ggaaag 36

<210> 13

211> 39

<212> DNA

213> Artificial

<2205
<223> primer

<400> 13
cggageggta coatgaagaa aagaggagga aagaccgga 39

210> 14

211> 39

<212> DNA

213> Artificial

<220>
223> primer

<400> 14
agctcaggta ccatgaaaag aggaggaaag accggaatt 39

D



<220> <223> prinmer <400> 18 aagaaaggta ccat gagagc
cggaattgca gtcatg 36 <210> 19 <211> 39 <212> DNA
<213> Artificial <220> <223> priner <400> 19
aaaagaggt a ccatgaccgg aattgcagtc atgattggc 39 <210>
20 <211> 38 <212> DNA <213> Artificial <220> <223>
%?i ;g primer <400> 20 acagctggta Ocatgaacct atgcattgtc
- 195 pyaagagcaat 38  <210> 21 <211> 39 (8) <212> DNA <213>
213> ArtiArdialfi ci al <220> <223> priner <400> 21 tgttggggta
290> ccatgtcagc agtctacgtc aggtatgga 39 <210> 22 <211> 39
<293 primel2> DNA <213> Artificial <220> <223> prinmer <400>
00> 15 22 ggcacactcg agttaagcgt gcacgttcac ggagaggaa 39 (9)

tcaaaaggta ccatgagagg aggaaagacc ggaattgca 39

<210> 16

Q211> 40

<212> DNA

213> Artificial

<220>
<223> primer

<400> 16
aaacaaggtia ccatgggagg aaagaccgga attgcagtca 40

Q210> 17

Q211> 36

<212> DNA

<213> Artificial

<220>
223> primer

<400> 17
caaaagggta ccatgggaaa gaccggaatt geagte 36

<210> 18

211> 36

<212> DNA

213> Artificial

<220>
<223> primer

<400> 18
aagaaaggta ccatgaagac cggaatigea gteatg 36

210> 19

211> 39

<212> DNA

213> Artificial

<220>
<223> primer

<400> 19
aaaagaggta ccatgaccgg aattgeagtc atgatigze 39

<210> 20

<211> 38

<212> DNA

213> Artificial

220>
<223> primer

<400> 20
acagctgeta ccatgaacct atgcattgtc agagcaat 38
Q10> 21
Q211> 39

®



12>
213

<220>
<2235

<400>

DNA
Artificial

primer

21

tgttgeegta ccatgicage agictacgtc aggtatgga

<2100
Q211>
212>
<213

<220>
<223>

<400>

Artificial

primer

22

gegcacacteg agttaagegt geacgticac ggagaggaa

)

39

39



