DESCRI PTI ON VEST N LE VI RUS VACCI NE, AND METHOD FOR PRODUCTI ON THEREOF
Technical Field [0001] 5The present invention relates to an artificial
signal peptide enabling high secretion expression of virus-like particles
of West Nile virus, a recombinant expiessipdqoyector conprising a nucleic
acid encoding a West Nile virus-derived protein including the signal
peptide, a tWEHEfBEIRANVIRGS DORCOENED Al NETHQP , FOR pP ROIGET DON nef hedo bf
virus-li keI.e%%rt.iccl ez:,.of:L West Nile virus by using the transformant, West
Nile virus VACHiGe &dFt& ning virus-1ike particles obtained by the method
and the lifk@oiBackground Art 15 [0002] West Nile fever is a systemc
acute fever .disease caused by infection with West N le virus_ (WWV).

Cccasi ofal |y, t HES PrESety 488 dd@gredsties the aBeartafigdpdosd ddpdt em to

cause | et halo iRl RoRARG Hign WM et s Wrdehy disstitinbutred iy AR TiCa, 20

M ddl e Ea?t?p part cr)lf E(}r gllpe,l%Russi a,e Il% a,x¥)l n ongléll a and t ﬁéllll %e. The
virus is wainitigilesd cdnifeprtopddat ed rng,am inefcerbionnt egpiresween Gaator
species a vect.or and bi.rds, (W, and donestic)  as.an anplification

an - Dy e Ao S i raRe NG Skt e R, Piars Hhddrea

acci dent alpritastis: i2%1mdswE@hel 29 YnaWNYeiphv ade d aaratanaF orfEinge Maz 8 i gNew
York, USA, and has continuously been expanding since_then. It was confirnmed

that ndf e DFaveSEeT pér B3RENREIST Ardhogd oy VilkaiseAd kef Pagfiiedissr dfast year
(2007) thRuUughqyt i t: hel i a [0 r Qhl for the
public health. %%lwgg%v%ﬁiu%éﬁgg?hﬁu%a%%nggggh%g?'e@i%sﬁt ?&%lfghga\}\:org} d at
present. [Vé@@3he contaimdeng theus-ldies pamtés legr opdganiednbef thiee meitihusl t 0
Asi an cou%tnr(i %h i ncl lédi ng Japan has been feared, and practicalization of

- human vaccine has é(eri desired. while 35 culture Vero cell-derived virus

i nacti vat iBazkagetindedr@re being urgently devel oped at present, there is an
i ncreasi ng need for the devel opnent of a subunit vaccine that can be
producéd é)pé)lzﬂ at a low cost without using a biosafety level 3 virus in

the production i8R 3104k ; fir [ ed;l e Ni|e
regi on of Uganda, Africa, in f9§75 gnwg%%acs&c?‘ftgd%?g% eﬁc%rslga%% F%g%%d
Fl avi vi ri dae indieidbi dnalwiithi Hes tgdlids @iomspdiivt) .dotaceaioidllFhetkéructure

of virus p%rrtui cl.es__consi %ét?z of a sph% ical /o itructure wherein a ca%si d
protein (CHE dERPIE BOMSTVE dife 109) CORKIA IRRANCHSS SYBIED &Rd 2 oFFpi d
bi | ayer mamvhane sswirowrdiing itdies SpRRVI cal wsteugt dietrIBeLLEPid ARADEANE
includes two kinds of proteins: envelope protein (E protein) and nmenbrane
pr ot ei RY( MpEdEe st MPgEdt 6ith Buggpeod Réigias dndia, Indonesia and the

like. The virus is maintained and propagated by an infection
ring between Culex species as a vector and birds {wild and
domestic) as an amplification animal. During the process,
human, horse and domestic animals become accidental hosts.

25 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

30 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

35 culture Vero cell-derived virus inactivation vaccines are
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/'5 precursor prMprotein and cleaved with a protease called furin to becone
a mature protein. [0005] The present inventors previously reported a

- - production method of JEV VIP, conprising introducing an expression vector

20 cont aipl I r i 4 i '
Japanese SRCSBAITTI S U1 P JEY T nre ar et ercel 1o Ul For o Fhe

obt ai ned teedstor negte cddve bophdrar vebta nguvinus -vadeiparthal esa )
secreted in the nedi pat ent. docunent 1). wever. nqQ report. h ever
boon made TRl T oo R T o DAY ST T R FetY pheth
docurment 3:vifué- 2008h&EASdnen: dat etdp document 1. Agrawal, A G, L. R

Petersen, J. Infect. Dis., 188: 1-4 (2003) Disclosure of the Invention 30
Probl erfs t%°®%] Sol ved by the Invention [0006] An obj ect of the

present 1 nvent iy |gad OePLOVT 1o, o I ghy SCLE AN, REOCLICH BILABOPOG LYY

VLP useful as a safe and econom cal WAV vacci ne conponent’, thereby”en
t he 35 delErbpaenin ahdB ttabd eisupphys Df i\t vaeelorg #nother obj ect of the

present ipgyvention,is t rovi a. VWV DNA vaccine capable of producjng the
D o ement | SRELY VTR THELD¥ 1 PHER o VeSO TR g HEoBPBBT bl 0007]
5The presené snvesters &avel cendeetetc] & enshytsss Uslt es spghapjastenpt to
achi eve the af orenenti oned objects and succeeded in effici %]%'lgg secreting

VI P i nl0a HeHRGHIBY YRRFRHUCE nefRPl @ xpFeseipn (v aerotetdht b &d DA
fragment gngoding PkPA €l rot.ein, of ; i Adhpe.,gcell, and
/o culti vattlgn?gi Fh%}p% tal ne?ﬁ%%%ﬁ%’ed&g&éﬁ ?Webﬂie%(ﬁfr]n Mor eoﬂl/%r, t he
present isventongimgviehé ospiderbat] snexpected| yLhe hedfict memiboreror secreti on

efficiency_of VLP can be remarkably inproved as conpared to_ the native full
engt h of TRarSeauERe PRIt o A TP ho ey S TSRl P Rapt e F de S B bpet r eam
of the isapiMpkiotehd. protein Meppsesen} . i WeHeitavies garlicdad 41rd her
st udi es based on these findings and conpleted the present invention.
15 precursor prM protein and cleaved with a protease called furin
to become a mature protein.
[0005]
The present inventors previously reported a production
method of JEV VLP, comprising introducing an expression vector
20 containing a cDNA fragment encoding prM protein and E protein
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
25 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
30 Problems to be Solved by the Invention
[0006]
An object of the present invention is to provide a high
secretion producticn method of WNV VLP useful as a safe and
economical WNV vaccine component, thereby enabling the

35 development and stable supply of WNV vaccine. Another object
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[ 0008] Accordingly, the present invention provides 20 [1] a signal peptide
conprising an am no acid sequence the sane or substantially the sane as the
am no acid sequence of the following (a) or (b) (a) the am no acid sequence

shown by QLD NO 1 (b) a partial amno acid se C f the,amno acid
25 sequen?g 8betﬁgegﬁggelﬂgﬁﬁgﬁﬂgdlfag% %Bﬂ%+$%i%g#§? st2¢He"4ni no acid
sequence shpublby o@nmprodact dgN@hel b fordent2bnad VIM dlredtHYICA €1 Ba BCHhEdy .
substantially consisting of a base_sequence encoding the signal peptide of
t he abovelféhfi BhedOf Y}1I3bhe3Praod@ee Nile virus-1ike particle expression
vector conpph9ing a nucleic acid conprising a base sequence encoding the
signal peptide of the above-nentioned [1], and prMprotein and E protein
derived from WeSheNpresentusnventpsd have ansidnaead obtemside bytudies in

t f oLmat.i i h t f .t he above-nentj| d [3]; 5
et hod of 2hr SaceRRD EOVaERERTP ey he P rR TR R RSB a rk nyebtbedRring
the transforedntcoénthe sbovetiegt vnpedn 4]meandmregovet ta@udiNgr 8- i ke

particle secreted in a medium 5 [6] a West Nile virus-like particle
obt ai ned BYPERESHBRhBACHPTt Renbpdleldent PEhetirigpent [gncediggt PRMl e vi rus

vacci ne coRBELShNEntNg PRLEEEhCoR! ylie; REOVEs NERLEENSGL f] a3qan acti ve
ingredient;  [8] a st Nile virus vaccine conprising the vector of the
/ 0 above- fishtivatdng3fhasonhasdnedverangfednedt cehhdinhehé¢ ikedi&hf ect of the

| nventi on By, gonnecting the signal, peptide of the present jnyention
15t o paPoSPebEr e ERBFFR ot PEPRF AP S AATE ahered or T PG TRt he
efficiencyheffbemaaibﬁnoﬁnéeaxétﬁ§ﬁ|éﬂfﬁéié@@feéfonLchéﬁfbénrémQQﬁébEﬂ'|
can be inproved. Therefore, a secretion expression vector containing the

signal peptPiBYan8SaCREREPE BRI Bhenkdbivey PrM ptersth ainEl predesnces
corl | nee o oy boyar b o SeRati Vel g SO e S A P R PR 1°
vacci n&& BrMeprpeséni ption of the Drawi ngs T o
The present inventor have conducted further studies based
on these findings and completed the present invention.r
[0008]
Accordingly, the present invention provides

20 [1] a signal peptide comprising an amino acid sequence the
same or substantially the same as the amino acid sequence of
the following (a) or {(b)

(a) the amino acid sequence shown by SEQ ID NO: 1
(b) a partial amino acid sequence of the amino acid

25 sequence of the above-mentiocned (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]:

30 [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

35 of the above-mentioned [3];



[ 0010] 25Fig. 1 shows pol ypepti des encoded by reconbi nant expression
vectors (pWPMEL - pWPMEL4). Fig. 2 shows the results of Wstern bl ot
of WNV E protein expressed and secreted by HEK293 T cells harboring

reconbi nant. exp i.on rs _(pWP - PVWPMVEL4), wherein the.left chart

30 shows gﬁé ée@%ﬁ?ggop%aééggﬁﬁggﬁogE%?SFhﬁfggoyéFﬁg—gﬁggiﬁ%ﬁgbﬁie'

sol ubi |'i zicogpttheiae kulandihgethieghtragbabkmahews et bher abolt smeht Véskar n

bl ot of t proteins secreted in,a culture medium In the upper left chart
and the uggér PPGhEeERYPEINGn R YikpanddkccRBERSILPt PECTPERY DER) anti body
was used asdauge primary antibody, and in the lower left chart and the

| ower right chart, anti-M protein polyclonal antibody was used as a

pri marys anfilbédfestnNiRe Fiigusedike, ppriviahd Moshonethbypbbetmehbodf oF
protein, i r i.n, respectively. 5Fig. 3 shows the results
of conpar?ggL8E§%%h@eg§gg%%§hqéﬁrSA met hod of quantified E proteins

secret ed [ ]aacUesyr aidedivituby vBEK283Tcesblks shagbehengakeconbi santhe
expressi on,vectors ﬁpWPgE - pWPMEL4), .wherein 402 nonocl onal anti body was
used as a’pPVRar§ EACrS ;jﬁﬁﬂtaﬁi g" 3°khBRsiPAESPESDFEs of Vestern blot of
WV E proteing geptesssd By -HEKZQ3L a8l l:érl\r}g@EQQﬁbnEhEEGQEPbPaBE £xaression
vectors (pWPMEL, 7, 9, 12, pWPME388A, pWPME406A).” An anti-Japanese

encepha?i gPsvermgatiorey 4a1i Bedpnrwastivediagradpenfary anti body, wherein E
and prM show %ﬂg RQsitions of E /5 protein and prMprotein, respectively.
Fig. 5 shows the resul'ts of conparison by the sandwi ch ELI SA net hod of
gquanti fi edfEeptobéi nhesearvenedonn a cul ture medi um by HEK293T cells

har bori ng 56&%gbinant expression vectors (pWMEL, 7, 9, 12, pWPME388A,
meNE406Aﬂ, rein 402 20 nonocl onal anti body was used as a prinmary

ant i body. BvFE8nné egk t : rLgan | ‘
ELI SA net hod of yuantifFggﬁgssﬁgtS?ﬁ?g?nﬁgggﬁeggﬁglEﬁgrg?%?%ﬁgaiﬁggﬂggg?OSﬁ&
densi t y5 git&dite Poly@iotefiggaomprised v mmt aroseior eindl §rprotedn o WEU} u
by HEK293 el aarhoring.a-25 r nbinan Xpr.essi.on_vector WP . I
o o o R R e e Bl e R T 0 R Bt BUCRE oT Ll i |
a cul tureined hoshy cHEK223% el ksphatbari npheréL6oaDi AagkcLXPIESSI On vect or |
(pWPMEL12) . The left charts show virus-like particles contained in sanple i
fracti ons ®EBTRPEACReNELTPT1 CPBL2ARGPBhEDRI GRENEBRaPERT4ABW dNFUS- NRRelC |

particl esaeent aheedihh $aMPLectEagt LARS W Sk ty 1 FLQ. shows the |
results o? quantifiéa?i%n b? ?E% sa%g§dgﬁbggF%%Hn%%hgée%%lEE%?OFQ?ns in

each sanpbeeppietion of a WNV VLP highly secreting or producing cell

line, and moreover, the vector itself can be used as a WNV DNA

p
By

vaccine.
Brief Description of the Drawings
[0010]
25 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 - pWPMEl4), wherein the left chart

30 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 proteins 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

35 primary antibody, and in the lower left chart and the lower
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after sucrose density gradient centrifugation of the protein 35 secreted in
a cul ture medi um by HEK293T cells harboring a reconbi nant expression
vector (pWPME12). A shows the results obtained by using WNY-11 as a

trappin 0 d t i nt i shows th results
obtaneg ggbﬁgugga%@ %?¥ant|§§8$eg§ ggﬁkggﬁﬁﬁ% gﬁgXBO§¥ 4nd Hﬁ? afti Body
as a b5 depe“@maar[y antibody. Cishols Fhguresulks i aameds yhaisi fige 402

anti body as .rappi antlgod and 402 anti body as a detection antibody. D
shows theppgg P?SOBEaFnEEO ?léS|ﬁ§M4B§OEﬁPPb689 HsPROt®APpi ng anti body and
WNY- 11 antebp@wta$eaydetectlon anti body. E shows the density of each sanple
io fraction. Fig. 9 shows the results of a plaque decrease assay of
WAV by 4Usi ng th§1§er§nﬁbpwﬁoﬁ§é FRAUAL e fwCPRPRRYsENkey pahei shedwivher ei n

th Iy t ot al 3 [
15E|ZerTgEgﬁgab%%EggFesgﬁgggg l%gﬁﬁg?? ESt%EH%ﬁS?SFeE %8o$ FHitB§%$es:ion

| evel of mNd1Umkéyp&EKEQB@scaﬁﬁerhambbmsagdﬁasomylgaﬁﬂl@ﬁprégsibhfugatiOn
of the prgtein_secr in a e di um by CHO Kl (parent strain) and
each clongegggFanpﬁgﬁgﬁ a @%ﬁhﬁg eegﬁﬁﬁﬁﬁﬁ1¥QﬁeW%Pﬂcé we#l Japhiksdy20
encephal i ks mséusaéJEVbramgkpothmggdysed as a primary antibody. Best Mode
for Carrying out the Invention [0011 The present invention

provi d& a S|gngﬁgpeﬂtﬁﬁéwﬁthﬁlQﬁ52£t§e@feWE©hepnobb@ti@ﬁ WRVVENV VLP. The
ﬁk?nil peBEb@@lﬁQ”@&E§8§se Héﬁb9§§ céflgohggbgr%% ugnce shown, by SEQ 1D

fino acrd sequanced ARt sequence

of the abexgrﬂsﬁuoonedctars ¢pWBME$;n@,aB IEastpWhHEaBBNP pRPdEseguence
shown by am no, aci.d an amino aci d, sequence the sane or

subst ant i & |ynFﬁeJ§8ﬁBea‘§ ?ﬂseah?ﬂata&.a?tgeauéﬂw of 1t HRORBOYES nBAed onad
(a) or (b pk8R3z} antibody, wh@i@mntﬁean§U$§MaQBb@|fﬂet s§@g8?§anOEaC'd

sequence" is 35 the am no acid sequence of the above-nentione a) or (b)
15 protein and prM protein, respectively.

Fig. 5 shows the results of comparison by the sandwich
ELISA method of quantified E proteins secreted in a culture
medium by HEK293T cells harboring recombinant expression
vectors (pWPMEl, 7, 9, 12, pWPME388A, pWPME406A}), wherein 402

20 monoclonal antibody was used as a primary antibody.

Fig. 6 shows the results of comparison by the sandwich
ELISA method of quantified E proteins in each sample fraction
after sucrose density gradient centrifugation of the protein
secreted in a culture medium by HEK293T cell harboring a

25 recombinant expression vector (pWPME12).

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

30 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 guantification by the
sandwich ELISA method of E proteins in each sample fraction
after sucrose density gradient centrifugation of the protein

35 secreted in a culture medium by HEK293T cells harboring a

5



wherein one to several (2, 3, 4 or 5) amno acids are substituted, deleted,
added or inserted, which has a significantly hi gh WAV VLP secretion ability
as conpared to WAV native signal sequence. 5 [0013] When

ami no. aci decProt8pESPRRBR; SEoR et B TREPURI el F e e e Freebe

phyS|cochebtaaheﬁrbpeﬁbuﬁg wRgr-1exaspherrappshit dht9poay antnangchds ako
classified into the same group such as aromatic amno acid (Phe, Trp,

Tyr), ali BhEEFECRAPROARER O@xla B 2howe | ehe \ap§ulipy| et abnemd RA¥| dsin,
Asn), basygyamngna¢hda(L4s. aAEQathﬁb aﬁﬁhgbﬁyagh804@§'QHQQLBHaA%B anlno
aci d having a hydroxyl group (Ser, , amno acid having a s

chai n (@ fetestApr, agbibodr Wbomﬂdtln@erdamk?et@abbtmlmmpnesllngt4@3

predicted e_substitution of i ds_does not change
t he phenot%@gbobp aﬁr%térﬁpPlng ang&@g@yvgp.V§55nﬁﬂglgeﬁg 88b8titution).
Specific d&a&pteSnOéntmEoﬁyGSGDV@ﬁ@W@ €l Nbe 61 €s SUPSA inad i @ enyehd?
known in the g 20 and described in various docunents (see, for exanple,
Bowi e et aftibedyeAgea 552PPingsantibopyodny) WNindh antikedy asi @

(sequence)jeltgC t deI t e i t he
substitution, gg?ét?gﬁaggdlnse?t?%%@%stﬁ%ta%é§%$%nfgp$§é¢|%¥?§d as long as
the WAW VEPas&épati on ablllty of the 25 orlglnal signal peptide is
substantial ly L Nt aj subst ed” neans having a
significantly E?gﬁ gc?e? g%ﬁlF?F? g EaétBZEQBBanFaaaFS ?ﬁﬁaHanve

si gnal seyNwnbe aﬁ1mthhboeéﬁhm3efhﬁoagbn@mﬁahdzéaqu@aﬁeW§hOm@kEV SEQ ID
NO 1 corresponds to an am no acid sequence of the 99th .- 123rd (i.e.

ami no aci BETELGhEPmEREARAPY thEr SREUN HEPHi WaF 6fLpEsfiprbfethet Blaguani no

acid re5|ﬁuﬁgeknlghghgpgbgggnbfog hgglgolyproteln precursor (GenBank
Accession No. AAF20092.2) of West N le 35 virus NY99-fl am ngo382-99 strain

(Lanci ®fti, R ElgetlalShOWSctQBCE?SQ8ES 2338o@B37¥ 150098y WeshBankblot
AcceSS|on AF196835 v n of . have been reported so far,
and new ni anPEV|r8§e§%%glngéVE? gl@gvﬁilngRarﬁﬁggﬁﬁtgfggﬁo?HSFPS?hus, an
am no aci deasfugngeagoenespendiriguatiba abovBe pbotBNhi 888depalt FaULAr

sequence of _the NY99- flan1n80382-99 strain in such other nutant WAV strains
is al so efBbRPESsBEILHN RE CHOpELanPrErny eheaiameaBdi A8cChcFdosequence” of

t he 5'gnabcEQEREQQdORntQes@Egﬁgﬁkebnﬁgaigﬁstwgéggphe?ngi 5%% % 8 escr

straln ot her than the N199-fl am ngo38 rarn 1 nc 0 descri bed
in "Tabt eehtephakbélis Gibuset(JaV), aAﬂubddyTwap.uNbd.abyg.primééy. 493- 500,
2004 and ghg L é The above-nentioned "substantially the sane am no acid
sequence" noB acquired easily by obtaining a sequence of each Accession

No. shownBebttiediabbe endrdehgr BuRI BEet haveatieaponding region. /5 [0015]
The length of the anmino acid sequence of the signal peptide of the present
|nvent|on[pglaé5|rably 15 amino acids in the shortest and 25 amino acids |n

e eram s (hoT[EbERBBAY 1A9AL BAIPIAOL ARE L180A0) 20LRP18E 8, HPLE 2

preferably, the e am no acid sequence nal ~pepti

15 - 195 opeltelilB anpducaapdspfnﬁw§ ﬁLéfer%héysﬂ@hal]ﬁbpﬂndm)emmpkﬂses

Theref ore, when tE *substantially nm no a0|g s§8u§nce cont ai ns
SkQ

doteti o add: tiBh GRS ABARP: oA L8y skRRRGCE. shovh b

(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

30 (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

35 the amino acid sequence of the above-mentioned (a) or (b},

6



25 acids, the nunber thereof is desirably within a range affording the
above-nentioned preferable full-length after alteration. Wen an am no acid
is added or inserted, the kind of the amno acid to be added or inserted is
not parti¢ularl:y Limted | ong ,as the ,full LlLength after. the addition or
30 insertﬁgﬁﬁ%ﬁ%lgh%:% iﬁgﬁﬁgggbé?é-#énﬁiSEeg)p? BPaBfdFafigE [0016]

The si gnalsubepititdeedf, tedepkeeseatdeayert inBegandal #bibd paedyced by a known
pepti de synthe%Ls neéhod“ for_exanple, a solid Ehase synt hesi s process and
a |iquid prnEsedvathddi 8188 PNycdds spasedion aRélikvorsatrBraged ke anm no
acid sequemee nat-heeeafi gnhi g%@gﬁ@&ephe obj ect of use of the peptide, which
is for efficient secretion of VIP froma host cell, the peptide is
provi defl d90d3IN-termi nal region of a polyprotein precursor produced by
culturing a tra r i 5_expression_vector contai,ning a
nucl ei ¢ acid en@%%ﬁnggphgggﬁggﬁgggr?Hﬁhg?ggnapﬁgonﬁgﬁ i E€88F4“Eonsi sts of a
nucl ei ¢ acodtedmsr ssbegiaubase sEquaecemeneodind,the pepuiederawhich is
operably linked to a pucleic acid encoding prMprotein and E proftein
consti t ut "AgtRE 58j§g? gEpginal amippepefigr & the ph¥sérecheidseilon al so

provi des gopsekabad nigkebgafsld, substanthally Senshelbngoehsa base
sequence encodi ng the above-nentioned signal peptide of the present
i nvent PonCclpssd fiedubstantheal Bpmeogsioupi AYchf Asneanmathat aminanarddaci d

nt Eon<LAEEd Fiegubstanthal Pameonsbupl agcbf >thiat Awinanangdacl
Sequence of “The Pangt hepri QB BF ng hrBsant &l Aot R s TAGr A8Adal ned in

the N-terpofalr eegnonacatthéGlhhansplM pagtei Bmane EcRHOYEWB) Akgd His),
pol yprotein, precursor, which is produced by a suitable host cell harboring
a suitablgcéﬁﬁFe§§FBH F6etor Ceenp AR ngalhBoaBEYE Raviepcaabvdregyadper abl y

| i nked togaonpclieke,aghd)enepdihRI,ER ' R0t €l d r Ly :
Therefore? gxgnéles of t%e segggnggaghg?w%gﬁ %egggﬁgafﬁgg ?ﬁggﬁeqﬁagpgic
aci d bési A& -t Rerba¥hrseMasncandntbdi Agkeheasi hramepepondd. of It hes pr esent

i nvention._i ; ipitiating AIG codon, a restrjction.enzynme recognition 25
sequence PhggagggglgbéFeéhFiﬁg g%ﬁggglPﬂeoﬁuéPghcSé@?&afo ﬁgodﬁﬁggFrean1of

t he pronotieessequenhengt @heelheassiypa b@CEOEr@teihe(ﬂpétﬂeﬁﬁb95r§aﬂ§9EeiC
acid encodi%% prM protein of WNV, and the |like. The nucleic acid nmay be a
DNA or anZPBRRC B8Fi8 BRBRSRNAUEAORh mePRECH 1h prafRiencef given to DNA. The

nucl ei ¢ api-dsBRYa0¢vEAOUR 8 oS ticard et i$hig! : t | &l
acid is d%uble s?raXded,liF ﬁhy be dou61élsf§%%%%%q%§gﬁ %%ﬁ@?eﬂgtggﬁd%E%RNA
or DNAZRNANHyBepgripedlip SBTheubasecsmguencéseacofbngekhepabpvBoweat eened
signal peptide of the prese LN [ ' ot particular|ly linjted as
long as | Egénggg 38?’a?€2r ?58h5¥§?b02?9gﬁ§ of @hﬁpaﬁ?n@m%%?da%%ﬁuences of
the above{megtknney skgBabspeptida,olicl BecAr 85enhskR¥eAl i @Re MBER: aodesired

si gnal pegéide is conpletely 5 the same as a part of a polyprotein

pr ecur sor °SefliEnEULEE 1Ry 181 { HelgbAPPaBF e iWRRTEL PRI A5, natbRastseqlente
encodi ng 1 h@; 8BHNGsaghHoSEgUEREeRREN Lpedy, by, Pek ogpand the Iike
and usi ng, aé.a teﬁplatg, cDNA prepaygg g?%ﬁ%?ﬁgngéﬁgggggzkg ngthe Vi rus
st rai n25 SoEhgnpthodipgsaddpeptadeoils sithstanvialdyomhynaashgdal Tepti de but

al so a bas ¢ ncodi. n rM,protein and.E protein.of VWN\V_can be
obt ai ned a?ugggésgﬁgﬁngPﬁéngﬁgPﬁg s@?@ﬁ?iﬁﬂvb?gaapF?ﬁﬁFgéﬁaﬁE%Ee?l%h
nucl ei c asédreﬂﬁeﬁiagisﬁgyabtpeahbﬁeésh@Mﬁ?QrQHfESFEHE hgBgi8sshnam no
aci d sequences can be prepared with ease. /5 [0018] On the ot her
hand, in E%ﬁE?HE?anowggf the expression efficiency in a host cell, it is
general lyrppehgrable to select a codon highly frequently used for the host
cell to be

30 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

35 virus NY99-flamingo382-99 strain {Lanciotti, R. S. et al.,
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used. The data of use frequency of codon in various biological 20 species
can be obtained fromthe genetic code use frequency database di scl osed, for
exanple, in the home page of Kazusa DNA Research Institute

http:// .kazusa,qr.jplLcadanlindex. htm ). For cgnversi.on of a base
gequgncewg#lggégﬁdgﬁ éjgﬁﬁﬁ"ggagn Eégg;rééﬁ@ﬁé?kogcgﬁﬁgégnhggt celf, t he
ful'l -1 engiir1osgusnce @ind PaEl 8hes ast IRNCRINETpdesi 8836068t Ederk$, and

chem cal ly synthesized by a DNA/ RNA automatic synthesizer, or partly
over | appi R§YoFMU§EDNAVaKEEt SERGLAS YyAtlhadrgeBeafeupdnpiet adtey RORLmerhod.

[0019] 30The,pr esent; hAvent 00 cAl.80 Ar aykdes A WAN VLB expr ggsion vect or

containing the ove- nentione I gnal pepti e present I nvention, and
a nucl ef c regitd coedppiasitigudalbasegsequencé eheodllyad-pikmpngbese-a9d E
protein derived f.rom : re, the "@ﬁ e sequence encodi ng prM protein of
T 35 meRRE s BRsEUERqRLHES BREGANGNY BEGacnA Sonpirsi RGCHRPATERS. taci d
sequence the Sa®seantdbslgnthal bumkham$aBEadsdl Beqaghee aekd+He04enea 1
shown by SEQ ID NO._ 3. The "base sequence encoding E protein of WN\V" neans

a base se§§ehdeeepéodhfgPacpepteilRvedipPisi nExanrbaf not akhe megarhcBNY he

5 pall ] [ SEQ I D
N s, [oBR0 o R T an2e T PAT TRy IR BhaRE e

t he aniimo dasicdibedueénc&Tahdwn Iy oSERQLED, NG. D3 ear aSEQ Ri. NO. F)op./ Medn
am no aci d._sequ havi.ng honnl.qg f _pot _l.ess than about 80% .
preferabl%yﬁdf ﬁggg)théﬁgéégﬂf g@&@ %B%etgﬁeﬂéﬁﬁblyT Bt2 %%%‘Wﬁ%%}%%%@t_
95% part |“@Mb&ﬂ:'a¥1tﬁé@ﬁ.?’r abky sBRk hessot AandabedheBédr wahhpkhacamikregaci d
sequence shown by SEQ ID NO 3 (or SEQ I D NG and the |ike can be

ment i oned S2E31%T BY ChéAbdRégy" ansaAgcRCLaPToCRg BECERBAONANPd sbokdués

| denti cal (B giBhLAnLOGRLL MG LAPRHA0 XA AR EesLdyeg PN the optiml
al i gnnent where two am no aci d Sequences are i'ghed usrng a mat hemati ca
al gori thm[kRAwA in the technical field (preferably, the algorithmcan
consi der introd%%ti n_of 20 g%gs on.one or. both of the_seguences for the

best alignment) PPheCagich PLr TR ABLEE 4 iAcFaAYeRGeaRTah RoS48P8 si i | ar

in its physieghercgakher pREEENES i ndBALE¥AMRLESsAchIG a8l BRiA6I HBids
classified in the sanme group as the original amno acids in, for exanple, a
cl assi fi cali SResphicriestoanfe 225 aafiopepsitisorad thrad ontesat i oht of the

amno aci B Easieniderrn neonosle SEhERCEPr St 8108, 6L ReasiFER under the
f ol | owzmg peefertbdys the length of the amino acid sequence of the
signal peptide is 15 ~ 19 or 21 - 25 amino acids, more
preferably 15 - 18 amino acids.
Therefore, when the “substantially the same amino acid
sequence” contains deletion, addition or insertion of amino
25 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
30 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

35 process, based on the information of the amino acid sequence
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30 (an expectation value = 10; gaps are allowed; matrix = BLOSUVGZ;
filtering = OFF) using a honol ogy scoring al gorithm NCBI BLAST (Nati onal
Center for Biotechnology Information Basic Local Al i gnnment Search Tool).

Q her alg or -de l.0 of C|dseuene|s,
exenpl i fi gﬁdﬁ%]gg%y anlq}altvglc&?ﬂ %fng%lesgﬁ% sg% % klgrel rﬁa 5?‘ gh
Acad. ScifolJSA £ 00t ert8 78 GBATL rl X983 )W hiise af g i 4 hmsas ¢é1ppr p@g@t ed in

NBLAST and X%%i% rggrramévcgrm on 2.0) (Altschul et al., Nucl ei ¢ Aci ds
Res. , Y43 A% Yo TR} e 9h NedtIRGkyPReteln J.

VoI Bl of prdfsr A d D)o [T B COTLMBA S IEOTRANA S 1R CA

programin a GCG software packKage] gorithmdi sc
Mller, 5C,@FRES@OT11VQ¢C(11988)G[WYSJ & gordidim |a3’:11d1(ﬁnthatqecthm ALl GN

program(v Rart of a nce nt, software
package] ; Eglﬁlé% gori't hr#%elg} sé} oS Bt H Pt %O&S QC (if '@tqlc
Sci. USA, c&ﬁnpmgzm&a(s@%@qqemes algatiddmties pdﬁﬁﬂd@ra&ﬁdﬂi nman FASTA

programin_a % ackage], etc.,. and these nay be also preferably
used. [00ZHSX 1% TUHE G AT RNPEeLend tdiantand |15 t he

sane as therewdno @Q&&l%%%@%hé&&iﬁﬁm NG 3 (or SEQID NG 5)" is
an am no acid se uence having an identity of not |ess than about 80%

preferadly not afare abddig E@U%erm)rleletﬂlﬁmqirdma kan about

95%  parti r n ess. n about ,97% th_the am no
aci d sequeir:lg.i:B *om%gb&%é%q%%%@ Ci%igf(aor Jﬁ%}i RO ‘%0’#235] base  The
"protein Wamm@mmmmmlﬁwmtﬁ@da@ Ipepdivis e @ the
am no acid_se ence shown by SEQ 25 ID NO 3 (or SEQID NO 5)" means a

protein coMpti g“’avr?’&iﬁ% aéﬁe&eseqﬁéﬁ’§€a§ﬁﬁ§tléﬁt FEPEy StRBIs akE BSanite
af or ement ioRad AT 00 rAF | 152 AUBRCRIEIYMY Pt SEQ AP rdPh i3 ri¥e FEQ 'd%et'\'ﬁ’e 5).

and havi ng substantially identical activity as a proteln conprising

am no aéi @tﬁﬁ:eﬁ%@ SHsuRINSEQiID BBINGCE (DHrtIBEQignaIOpePtide of

" Subst ant igld QQ{H |V|ty t he case f rotein . is, for
exanple, an activity t ClaHv anlgoen clonfnoorq: SR %f&%ﬁpﬁoméﬂ‘ﬁr{alhas

mat ur ed asrddiprot (e:tthezaﬁﬂmatrhepﬂM Igﬁ:ot&lda tahﬁi E)fpr%tréﬁ@i eI iaS pd1Q¥p AR €,
adsorption to infected host, 35 cell, red blood cell coagul atl on-activity

and the | iBEECUT Qs YHIGRIS RIRMGEHIPY fedits ahde ¢ cgdtl Viatrbes iarge
qualitati @'%fﬁ@olﬁ?@pr@ﬁl‘ﬂrprﬁc&ﬁci?:d?({é)rt:{kgr%%\ﬁ% tv'eo %%bl% Gid V'ct 'des

are preferably equivalent (e.g about out 2- Id)
quant i t?4t iSRe T O risirsifsh tas & ai@daientacdfd encoding the prM protein and
E protein of WNV. Therefore, examples of the sequence that can
be contained in the nucleic acid besides the base seguence
encoding the signal peptide of the present invention include
initiating ATG codon, a restriction enzyme recognition
25 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
30 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]

35 The base sequence encoding the above-mentioned signal
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5 activity and protein nolecular weight may be different. [0024] The
prMprotein (E protein) to be used in the present invention includes, for
exanple, a protein conprising (1) an anm no acid sequence shown by SEQ I D
NGO 3 (or | i / r.ei. .Qr r pref er.abl bout, 1 - 30,
nmore prefér bll;#eagc?utt@f P%fgé%gt iﬁQﬁV%%%rlgmprlef glroa BT 19u%é§%yaltilfrite§ 4 or
5)) am no acildnces dél eeedrat)s,amfamma ragisd a34Qunenaa ys BEWR Hay 28EQd D NO
3 (or SEQa!gggKI 5) wherei ?Pefgf nore (preferably about 1 - 30, nore

pref er abl y ASoftCHCNCEF, Odt ithe PPAYSTEeptereesoisyonal pepéide of the 4 or
5)) ami no pacistsranevaddedn.(3Wnan ankeg; agidss Hggngépﬁ*ﬂ@éﬂigycéﬁb&@ew 3
(or SEQ ID NO 5) wherein one or nore (preferably about 1 - 30, re

pr ef er aBl &b &@nel as gopagt (0f wope lypatsedll precursevesequedced ofd aory 5))
am no aci e | F ino 20 i_d_sequence sho b EQ I D NO
3"(or St0 To G " iiETs Wiy BRATHRD 8 HAEeC SRRSO s R YIng RS, ¢

pr ef er abl ymdbouclid- séguesidd lcamibe phehkenabl vyl PCRSevehal GAd 3hed 1QkD) )
am no acids are.substituted b t her _amno acids, (5) a conbination of such
am no aci §Sed\féhifes 2% B PEE, SHMReRTER3ERNE TR dheegaBrmd ci KNA

inserted, cdehkelcedi9hsSwhshiihut eduas RBALLQNEL §Q@¥§ta§l§@l}1§0§jtlt1%8nn8 the

insertion, deletion or substitution is not particular Imted as long as

t he actfvioRyYoR SienailnPestigienbaitnadso 802sEe36BNNcare0dhngdinkl prtt ei n
(or E protei -Of C dir I i fi by Reverse

Transcrip §§§¥%§|$ﬁgygsgg8ﬁ§ﬁ% gg?%&b%gghggeg%gﬁgg %tétbgngﬁbreviated as

" RT- PCR néepedd)ingndnusheg sBlacpbiepandd af peimarvisedsetteskaohuyWildias a
tenpl at e. SL%;G pr .Rrotein nd E protein are continuously encoded in 35
the WW g6 enﬁﬂ%g 8n5&8Pﬁ3 BERtpFECePAVARG B1pferent &8RIkBS plepared at
once by degiigd Agia RehyiehceaPabhepel p2eRhirbY B9+ Bage sequence covering
the coding regions of the both. Mreover, when a sequence in the WNV genone
is utiFFng 48la base sequence encodi ng the signal peptide of the present
.5 invention, spnc h i.gnal._pept.id i;ng_reqion i resent inmmediately
before the codiﬁg ?géigﬁﬁgg gﬁﬁﬁprébe?ﬁ%ggﬁgg?ﬁ% 8 ggn%QESSXBEeB?éBBred at
once. [0028ffiBianplyesnoh hbetDNAlancadi ng peNeptolei pré@erEopeoksin) io

i ncl ude a_DNA ontaiHing a gise sequence shown by SEQ ID NO 2 (or SEQID
NG 4), aSBRRCGofit SPAPRGPEBIYe TSEGUEREL YL HRESh BT aPgeBORFt ReAL to be

conpl eneniaey.chaha gganesseuol Fheqhasey S68UENSSEn SDIQWE&PJYOI%Q):[%I%%C(%, (or

SEQ I D NGO 4) under stringent conditions, and encoding a protein ng a
15 subgf? afPE&rPy cdanbecabtadned fyomothkegaeheténenbienedepfiepuehein (or E

protein), 43 L. ke. anpl es of .th Dgﬁ capabl e of bri di zi ng
to the baseeggéggngégg%gaﬁdbyfggéﬁn%mﬁéF'268r%EE Pﬁﬁhﬁﬁgﬁ)oﬁngéFu§?ringent
condi ti on®NAneksdarbhATIaent guieng a base sequence

(http://www.kazusa.or.jp/codon/index.html). For conversion of

a base sequence in accordance with codon use frequency of the

25 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 0ligoDNA short
chains synthesized are connected by PCR method.

[0019]

30 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”

35 means a base sequence encoding a protein comprising an amino
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20 having not |ess than about 70% preferably not |ess than about 80% nore
preferably not | ess than about 90% and particularly preferably not |ess

t han about 95% honol ogy to the base sequence shown by SEQ ID NO 2 (or SEQ
I D NO 4) and the, Like. e | ogy.. f : uen i.n, the present 25
speci fication caﬁuﬁe%%aF§%|§?§%pﬁgiﬁﬁgﬁgégﬁégéigaﬁ§%|%F%%na§|§ ISR
BLAST ( NatdaddmhlseGeeter bbtowBi dyeSmooliogwol:nf3ar nBhéonbBasi sefraeakeAl | gnent

Search Toaql)_ under the foll ow gndi ti ons (expectancy=10; gaps are
aIIomabIeFﬁEQ41 iﬁgpéﬂFeﬁﬁtEﬁngygfe@f?nﬁi?n&?&ﬁ §€8F§£9§)?HE%5HﬁKb§iof 30
ot her al g@iridteTm b@m@%ﬁ@&ﬁ*gn%na ahamel egy ok ebasaceequancamRr eferably

i ncl ude the above-nmentioned honol ogy cal cul ation algorithms of am no acid
sequencé iSPEtSindipdd Ymkige B ame0 @37t hay Brilgioz aciien seanepeec showet &gy SEQ
accordinglﬁpN@:ng.hod 35 known per se or a nethod based thereon, for
exanpl e, a netho described in Ml ecular Coning, 2nd edition (J. Sanbrook
et al., Cdi®28dring Harbor Lab. Press, 1989) and the |ike. Wen a

comercially avgﬁkggle“library i,s, used, hybrigization an Be conduct ed
according to t h&Smit'fod 2HeSer Phed PRIREEnSY ﬁ&FPGﬁa&§HU§ Cate#chéd the
thereto. Hyliricdizzati eeqeencer eherably beocandwet.ed yadesyph Ig;fmldwo%t Ighygent

condi ti ons. ) Exanpl es of the stringent conditions include a
hybri di¢ a@3Po R EgcBiCaR SRIBRESE heydingmec koorildelsodi mwtcilesst éhaat 45C,

and then gpne Qr gipre ti f [ in 0. ChBo1% SDS at C..and
the |ike. ThoseBg?’o %%%%??gggrﬁﬁkiggﬁﬁetégp 8§§§§agﬁfy %@f%ser%%§h8gﬁ red
st ri ngencyoty lappr apanabbloytc88’gi perthevsalktl yc pregptradliivono®f 1ess than

hybridi zation salytion, the tenperature of hybridization reaction, probe
concent r af°oMt %ﬁdbewﬁéﬁgﬁﬁ? AHEEr aGF-ShSRiCERS 8WPd'¥a§ﬁ@nIFSNFEa§tion
tine, salt(ogosgEentibalioon 5f awas inRg.1 1Was kiaRg peemRekabues and the |ike.

[ 0028] A DNA encoding prMprotein and E protein can be obtained from

WAV geddne as nmEffPencB8CERSPEY”| Mepgsaks &afé9si(Bl e ofo apdneoastiducesa dDNA
encodi ng t (. f r.qt,ei .protei.n b em cal | .
9 AQ%HEESQ& ?%gEQmﬁlaQr¥bpaﬂl.o@e%%%pgé&gn%&ﬁ% %cggtffs&gg%ﬁaﬁﬁing

synt hesi zing a in, or connecting, , par
ol i goDNA ¢her bpthaiais adygnhesitz ethe renewadvaihagacdtl cegsiehdek AgGea

full-1ength.DNA by conbining chem,cal synthesis or PCR nmethod is that, as
25 menti oﬁ‘ﬁ&@f&ﬁf}vé@ﬁe ac BAVHERG tHé s aat I L dBSIEndd &her terbnigril

I ength of fikedgqpecesabding the Lhedhashn bhe Wi i W2l QnP
introduced} [Oogg?eThe DNchaned gé nment i oned aggsgbggﬁggg%ggg Hgg ﬁg, or

30 aftéf GREEsCroRNR PF Botdsoli thicoseangones| asetbe beditt Bdrigommeat)i.nker
oS ool 1 odgISRUNNG SRLIS PUAOIE LS U piNEn EO S16ad) 00 5! anel
i ndi vi duality chgsédchiehdyadr @ropgat-aesi, N ahbe eaboye el ihiconad emdegrn by using
suitable %%iﬁgi% g%gi%ie%ni%n%helggﬁ%rbrgh a%% %gg %Q%gaggﬁ'amino acids
in, for example, a classification similar to the
25 aforementioned classification of the signal peptide of the
present invention.
[0021]
Homology of the amino acid sequences in the present
specification ¢an be measured under the following conditions
30 (an expectation value = 10; gaps are allowed; matrix =
BLOSUM&2; 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

35 by an algorithm disclosed in Karlin et al., Proc. Natl. Acad.
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[ 0030] Then, the obtained DNA encodi ng "signal peptide-prMprotein-E
protein" polyprotein precursor, after introduction as necessary of ATG as a
translation initiation codon into the 5 5' term' nal side, and TAA, TGA or

TAG as a t4ansl at, t d&%“] ter nal,.side, i.s ligated t

t he domstér%amlﬁ%A ar%)rso(rgr')l%t@? i 7 (tsl(t})igt gsorolrﬁ%c}t orlrﬁiprg)sfi ‘%f?
restricti om efmAsT andl KEDWST I;g:a:sﬁcamﬂ‘(eretrfsimﬁi a&.iogn (inlitddartdlorecedons and
transl ati (i]]t'op codons can be added to usi n%r?c?é ]approprl ate synthetic DNA

adapt er . R&S 11 A% IR I Zdv? it 1Ry WP Bt r oduced
into the 531@1%@ i hRSRISSAHENGe ANCOG N dhe B%'ogﬁa' RePlOe the 3'
side of a base sequence encoding E prot ein, respectivély. [0031] Usef ul

expr essifont V& orld himc [aldio gl e ids w@qwaftminlEs@hmEtlmr@mm 1(re ag ,

PSS RS B DS L

p51115) ; |Mus]d@_tr ,C EIAB TOH els:mmlm asresty ([Crd.s ag@@fxtrtﬁacc)ls ani mal ceI | 20

expressi on, rPI asmds (e.qg., pAl- 11, pXTl, pRc/CW, pRc/ RSV,

pcDNAI / Ned)3© H%%&%W%&rmﬁé@ésa%@c@wh&cmé@t G PaFicivlas
bacul ovi rus da: %egu%’ﬂﬂpv,alﬁ%@nt Ay fRar | 197 $inS UGk AS i@l rovirus,
vacci nia virus, enovirus; ‘and the like. 2 The r onot er y be any

pronot g¢, Hedlemgdasin ey sappredpralate Hroc -t h@tﬁost?‘&qa@ed Sid. e XfBEgs 8 St:he

£ h h I f
Pnerude GRS orater B (s SRl ekt ARt 8ot i Grora T TR

pronot er , p@%@dany&mr@g&imlgdﬁjww@mmage% RS\ ( Raust &a;re@%a\y 134S)
pronot er, MuLV I eyy nmurjne | eukem a virus) LTR, HSV-TK (sinple herpes

virus thy@dheis -er and the like are used. Among these, CAG
pronoter impgygferable. Wien the host is a bacteriumof the genus Bacill us,
the 35 5201 pronoter, the 5202 pronoter, the penP pronpoter and the |ike
are préferred. More prngferaiig hdde i“@Hgi@@staciﬂleselallm@eprS@Mthh&me

Bt er e A2 BPTRC il A5 RO el, SO LD e Beteied
and the |ide® ae No:efsgrr dd an amino acid sequence having an identity of
not less than about 80%, preferably not less than about 90%,
more preferably not less than about 95%, particularly
20 preferably not less than about 97%, with the amino acid
sequence shown by SEQ ID NO: 3 (or SEQ ID NO: 5).
[0023]
The “protein comprising an amino acid sequence
substantially the same as the amino acid sequence shown by SEQ
25 ID NO: 3 (or SEQ ID NO: 5)” means 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
30 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

35 cell, red blood cell coagulation activity and the like.
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[ 0032] Useful expression vectors include, in addition to the above,
those optionally harboring an enhancer, a splicing msignal, a polyA
addition signal, a selection marker, an SV40 replication origin

(her ei naf t. i t Q be . abbr.evi at ed V. on) and the like. As
exanpl es og%qisg%tetllg‘?? Fon dbr‘?%ftlrtl%é:l’e1 L di’r[ﬁi?ﬁllso%%lait 3%?321&%%3 15efE @& einafter
somet i mes dua ke aatiedyi athed samedhf ThemeEbot| exatr 68TXhel €6b6EaRbht ioned

anpicillin is resistant gene (hereinafter sonetinmes to be abbrevi ated as
anpr), nedMfcint HES §anBEedereble FaHIrL-ents dRedi-meSPOY L - Bbbritevi at ed as

neor, AlyRH stanfy)an he, 4 e QN | n.p i cylar, n a
dhfr_deficient Chines hg)rlr%t b a?é%@%&%%f% - )fg%gﬁr%i %qﬁ:?egsi %El%o%t%a%\(g%emth
the dhff 2Cigend vagncherogledot mod eqanllegr wed ghdir gety pendidderaingso be

sel ected ygy 12 t hym di ne-free nedium [0033] WAV VLP can be

pr oduced g[y cul'turing a transformant obtained by transform ng a host with
an expressi on Vati=oprb peoittdinni(BY paotethnei €caded ue@@PinSitne areaset
sequence encoding the signal peptide of the present invention, prMprotein
and E prot@YFtion inclyEes, Rest $XpRellGded PEPteLEmsIBPriféss Jdit aml e for

sect et | 0N ARILSRION GRS RAGLA biymseh hPeNgenus @ackkbusy 39.yegst. an

.
insect cell, an insect,” an aninmal ce an ani mal
bact er i?a ohemied ng@mgs oBagiorleud prrdlerrad L v abomstadpl-e 30Bavbireup redietriabily

M 114, 20 and t [ ~Useful yeasts.i.ncLude, for ex |l e,
Saccharon;%%%ﬁég‘ceﬁ@ﬁigﬁgélAﬁgf? R%f%%f&?lNA§7flfﬁyeﬁﬁ 3%Ea§d 408r12,
Schi zosacdhar emices apdase aNEYAEIEZ cand (NEYER03Minki chiia pastiehice KMékn and
the like. 003%} Usef ul _insect cells include, for exanple, Spodoptera 5
frugi per d&Yc &t (& NOs| 1B) , (ORMGEEQe P §8¢i vad " heSRithene @Xi RE&ESti ne of

Tri chopl usiadiieradigh aBlovgny! -cebl, %%&bV?Qe%EQqug %ﬂ@u%flT?'§BOp%%§ﬁ§ n,
cell derived from Manestra brassicae, cell derive rom Esti gmeha~acr ea,
and t hés| megec myedensbiti dned seiverratlhd 2vi Bus 4i 9TASNPVamdhenathdsviares i s

oV, LSRR LS S 15 UG5, RIS ol Sl Lo c51 ) and e
cell and tSmQ ITkelo: 5) whelddghubnensectdrenqbideerben yexaspker a karva of
Bonbyx nori and the |iKke.

more preferably about 1 - 10, still more preferably 1 -

several (2, 3, 4 or 5)) amino acids are inserted, (4) an amino

20 acid sequence shown by SEQ ID NO: 3 (or SEQ ID NO: 5) wherein
one or more (preferably about 1 - 30, more preferably about 1
- 10, still more preferably 1 - several (2, 3, 4 or 5)) amino
acids are Substituted by other amino acids, (5) a combination
of such amino acid sequences, or the like.

25 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.

[6025]

30 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

35 the WNV genome, DNAs encoding prM protein and E protein can be

13



/5 [0035] Useful animal cell includes, for exanple, cells such as
CO0s-7, Vero, CHO, CHO (dhfr-), CHO K1, L, AtT-20, GH3, FL, HEK293, NI H3T3,
Bal b3T3, FMBA, L929, 5P2/0, P3Ul, B16, P388 and the like. Preferably,

HEK293, he 1 k re . us 20 but_.th nimal, celd .is.not limted
t her et 0. G&éﬂa@e&g attthg)ngr(ﬁ %é'la,deer?&r%%%ng Vi rlénse?abapg e {%réar?éné) i%té’lﬂ%taem
(e.g., noussse rsqueanalebidovestierp tamdeelinhowerdonschifc kel ®adH.he |i ke can
be nentio d.c%pOSG 25Transformati ogn can be carried qQut accaording to the
kind of hoSFSH SecsPERnfe SHAMERESH IR TSy Yo R BENS. Utilized mactderi um

of the gemMisdBatidudiscanRRtHANHO IR YeriamPe thl aeeidance with
the nmethod described in Mlecular & General Genetics, vol. 168, 111 (1979)
and t hed| Reerggyveastsiogs Fde rsdigiadr et ifdsr coddmgl ¢ edilvnadeordamsembni t h

prioc. Nt 1 g el s R | R TN of by Bl Rl Wik isa
cell and arar ndewi beaprepareansftoromed,. for 35 exanple, according to a

met hod deS@réhbﬁd in Bio/Technol ogy, 6, 47-55 (1988) and the |ike.
An ani nal can be transforned, for exanple, in accordance with the

met hod descr i bed:yahpPalsh & rKegak wNaCRIC JangiN el PPt eX! (@i §S .Shi n
Sai bo Kogaku Ji kkenpgr gt ocol o (New CeCI I Er(%g?)%lgje?i&ngeExpe(ri rren%gIO%e:L%h

Prot ocdP) 3162 CRGOSPtmislinched HapeSinganesive, sbowd ol 650 IWoNO:52,
to0 o), PR, LR, SR SRl RIS ppgacoordance
Publ i shi n@)lyH(x2@kes A t0G@3 Homplementary chain sequence of the base
sequence shown by SEQ ID NO: 2 {or SEQ ID NO: 4) under
stringent conditions, and encoding a protein having a
15 substantially identical activity to the aforemenﬁioned prM
protein (or E protein), and the like.

Examples of the DNA capable of hybridizing to the base
sequence shown by SEQ ID NO: Z{or SEQ ID NO: 4) under
stringent conditions include DNA containing a base sequence

z0 having not less than about 70%, preferably not less than about
80%, more preferably not less than about 90%, and particularly
preferably not less than about 95%, homology to the base
sequence shown by SEQ ID NO: 2 (or SEQ ID NO: 4} and the like.

The homology of the base sequence in the present

25 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=0ON; match score=1; mismatch score=-3). Examples of

30 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

35 known per se or a method based thereon, for example, a method

14



A transformant can be cultured in accordance with a known net hod accordi ng
to the kind of the host. For culture of a transformant with the
genus Bacillus as a host, for exanple, the nediumto be used for the

culture i k% nreber %bm%cmw EATRAT b BN (o DRI e

preferably contains a carbon source, trogen source an |n
subst ance and tOmvédl |Sm,mWnHalrbmeIm®ce§$&|s3s fQBB@hea@KIKJWﬂ’]}é C]_fl}@z When a

t ransf or mant erc es _of t&g?ﬂ arb n_sour,.ce incl u%t gl, cose,. dextrin,
sol ubl e stAFTKIEG rlé’sé‘vélﬂr & éaré’x&r?pl‘Jé?dof YiE 196 ZRittioeg SRrs i ce
include i REMgARStedOhcRBLFANNG TWOTHANGRE hSMC Reads ramaRNi um$al 4S,s Y iats,
salts, corn steep |liquor, gptone casein, neat extract, soybean cake,

pot at o axfeaRe lapd tarsed kbersie -oxHibradisatioe Pﬁbrgaﬁf@r@hbst kace
include calgidnacehl ok Illt‘}m %'rtlé% Logen phesphate, magnesium chloride
he I"u

and 25 the like. In a %?C m may contain a yeast extract,
vitamns, a gromlampdesoblfnghfeasttm‘nn@ndtt I&enkiuk&on'ﬁh&nﬂfﬂdldémahas a pH of
preferabl)f1 i.,s culture generally at about

- about 8., At f
30 - about y% lcjjT'\‘ latéﬁ’glu%éélc l&Bo&Ela%}S%rpm(W?gﬁémng LA/ SRELAM on and
stirring mayxrake9 Be 38eperfiQiMlen one orﬁ%@f@l€ of 6Pew§§ﬁiﬁg118r

culture of a transformant with yeast as a host ude Bur m ni mum
medi um?? SB -REdiSEOc kit 8D B 6580 cardnihe h.“ckel ar‘ilﬁlqsme a1 kecdifheryredi um

has a pH %klﬂﬁefﬁr%E%Sé fO%%n cas? g“%dggs urege§ %%efgkggggggggegerally

at about 20 - about r "about 2 °h ré ne
aeration @Mrgpmlarmgymjnaalgangbehﬂersfadn:nedncentratlEnaﬂsﬁl hgb@ﬁdtlaatfmﬂl um

for cul tur of .a_transfor nant th a ect,,cell, or inse¢ct as a host

i ncl ude Grg’ce s Pﬁsggﬁ %ﬁﬁ?ﬁﬁﬁgﬁﬁﬁoﬁ |§¥§’F§}d§66f598%ﬁ?€&tﬂfph BEOREdi ti ve
such as 5domaehitvatedn}0¥rbew Nengehymangethesl m&%ma%&ﬁ LRGPl kG - ThE
medi um has a pH of preferably about 6.2 - about 6. 4. I furé is per formnmed

gener alf y TRECEB60t tane, f §alibsoncent rakdoen Qfdbl?§hlwger wagbdagsary,

aeration aRgnatihl,l ggamytﬁes% e perforned. Exanples of the medium for
culture of atransfornant wt 0 an animal cell as a host include m ni num

essenti al [#&Bdm (MEM, Dul becco's nodified Eagle nedium (DVEM), RPM 1640

medi um 199 madEU nd thﬁ i ke, containing about 5 - about 20% of fetal
bovine serum T dPOFCRA29aPEN BEOhENePRE & RESLELB carpbat oBtatnedur e

is perform&@mgwwergbhbmét @bﬁéht&%n%@Cabo%Eout160£éfgis@b88és£§1e gbout 60
hr. Were necessary, aeration and stirring may al so be perforned.

Wien t Ré ﬁ8§1f5t|r§cén aaﬁ’i-\]ﬁalencé?dtlrléln§§€n|fc11én|l@algths ofbpaMnedoteém and E
g RO b g R
obt ai ned. by PCR mbmhbhe ghave ymareel apiivgVbPigabNhe saeeretadihi the medi um
of a tra“%EOr 81zed ex%£§C§&$§£?£5¥ of constructing a full-length DNA
by combining chemical synthesis or PCR method is that, as
25 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
30 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

35 enzyme, linker, ligase and the like.
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[0038] In the present invention, noreover, a transformant may be 25
cultured in a nediumcontaining fetal bovine serumas nentioned above.
However, fromthe aspects of renoval of a risk factor such as bovi ne viral
di arr hea v,kgm](BVDV) that enters fetal bovine serumto contam nate cells
and the i renmoval of inpurity such as bovine-derived protein and the 30
like in an at t erffiten,o tgierpiitfayl ree dNA [P quutiirfg Catiigor 1s teegpit iafed-prepnoni cal
aspect, a i Lul t.uring a transformant th serumfree

accl i mati | 5 g? sIEloCllprrogtf(:”;L ablkif)lt}?gdjqc AL FIEENHES i AT BRFRIEHEBhed
Exanpl es, ast riscqpeiny ad a1® abtaitraNer-_aherant &aldn Homran Adheignt
cell 35 by acclimation in a serumfree nedium since it facilitates

mai nt endnce, PASSHGY didqrasnd I8%ur S ahdAG @r‘@sfaortﬁf@@ﬁla[tmg]stop
P oecr el EniPUN X AGHI IALY) (G BB I ShDYARIENAG,

known per se. For exanple, VLP can gr épare terl ng are
medi um (exafr a?cémqmcmeﬂ |JqU|aj)su1¢atérﬂ)\ﬁecgmamjrecnmlmMyglmtswgotael ns, and

applying t mlq sucro radl ent ri fugati on. [0040] The
WAV vacci rftél‘eso 6 &eeglez rﬁfﬁ M V 15371893518?: active

i ngr edi entirirt iart B0 witd ey farﬁzl Etrrfarizailaﬁrl(@)\ﬂ @Qdﬁ“@é@o&ﬁé cape el IacRiddy, for
exanpl e, WAV vaccine can be produced as in the follown t hough not

i ni t ed®t AiSdIH an appropyip tey Stm’él"ﬁté&rw}ﬁ Reemtiesn pﬁgtﬁréatageémrantl gen
are suspended ftdy SBR A RHERE AhdySHY oo SO0 Bl o2

tissue culture | IC]UI d and th hosphate fser ed
sal i ne) t@lgia/@fa a/élaﬂ@ne;m@dc%@nnqdomg W@re;llgela&smpy:,ld& \ﬂal@:ftml% 37

anti gen zed with a conventi i,muobi lizer tq also
i mobi | i zé t { % PSS S RERESET9 Eggl?rﬂoé:?l&f' trﬁépeﬁﬁ&fﬁ’lel%yzer
i ncl ude ZQOmeJ]‘aI i n, phenol gl ut ar di al dehyde, P-propi ol actone and the

| i ke. The imuobi]izer my be add to an antigen before preparation of a
vacci né’st ock sH3f5Un Spresdded veckorsc dngd usieo ek asaridsi geriyeds from

25Then, am&%ﬂao%ﬁoglétl édlp%%@lrzlz ;%%3%59\,\%%&@'% %%Icli% solution. A

vacci ne stock solution is SO tﬁét t he anpunt
of the antilgemiids tdeelwmlfa@nmmachmfsmldms t(e .igndueerani, bedys,
preferably 10 30

productio fford | n|t f or .exanpl e - 20 pg/nd

pg/m, i nEl)aCt %r gt ey SSBH gnt 3derf§|6’5‘r Xteiac?frr de-g- vagéiﬁljrg'sé’ﬁﬁt oo,

stabi | i zer niskatt peflantdxgires sheat plesnstdanqe . of. vg@glslﬁep@@qi agna%gvggglas
an auxiliary to enhance i nmunogenicity may be added. As the stabili zer,

sacchar? dELPERF SN & LESTa&iSc 1§ - Be - mPRAGHRe d PAPAS 1ilhe PXLuv BRE/ Chivier al  oi

35 veget abke Qishs ik%ﬁhI%N%@ U, EQIRQUR ag%%n%%ghte 3ﬂphage, insect
viral vectors such as baculovirus (e.g., BmNPV, AcCNPV); animal
viral vectors such as retrovirus, vaccinia virus, adenovirus;
and the like.

25 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,

30 RSV (Rous sarcoma virus) promoter, MoMulLV (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

35 SPOl promoter, the SPO2 promoter, the penP promoter and the

le



mur anyl di peptide derivative, thynosin, interleukin and the |ike can be
menti oned. [0042] A vaccine solution is dispensed in a container wwth a 5
sui tabl e volune, for exanple, about 0.5 - 20 m vial, and the container is
tightly sealied and Msed 85,8 vaccine. Such vaccine may be a liquid or
freeze-dried after dispensing and used as a dry preparation. [0043] .1()The
vacci ne of the pfhegerithd hestit iien yemsthe theo @HON ed crotersulthectpdin t he sane

manner as w er.al ines. .For aml about, 0.2 - 0.5 m, of a

vacci ne fcﬁr% Ogl{r%)et% o'set%cean e pﬁ?ﬁboﬁe%e%’ﬁn%q?%é’cﬁﬂ%tﬁ £nd 3hg Jdkeyangout

1 - 4 weeksrdfidreratbl s. A dry preparation is dissolved in sterile distilled
15 water and the |like before inoculation to the original volunme and

t her eaf fer used WHo4de host issiagedngecdxmieddsi dhey @etlohedadm winogoveant or

and Vi rus sector oMl nghd hdataye TR gnad signal peptide of the 20
a ba

present invention, and a nucleic acid conprising se sequence encodi ng
prM proteilW0&7d E protein of WNV can efficiently secrete WNW VLP in the

human body aft er i,ni stratian thereof tq h , I,t can.he used as what is
cal led a DNA vagcs%(r%‘ieﬂ.l BB eTarad €55 8ﬁcﬁn§#%'h&d’s,a%§& s (5P tihén

net hods anrtbove)e thidse efptikesd 1R0MAHPOHS Née GlinOlendiRgh A4, US $Batili € known
to those of, ordinary skill in the art and, for exanple, Experinental

Medi ci 8, S8 i Sl Wagdditdemnisdedadss geelerdriapy maYkBoSHAR BYYE:
Exper i mentyal, INedi+Gige. 18 %ﬁﬁ% Fess| Anal.ysi s
Experi ment lglat hofd\?}%&% 1,nal 97, ﬁggﬂf&%ﬁﬁ%ﬁ@lﬁggy%ﬁb&%'g% r?é’rl%;?f ) ne
Ther apy Dé&Véloprent aRek ddwec . ibendbBekexhMBSle4968 ahd thketikenamerused for

ref erence.;. I f the, ngn-virus vector .suitable for .DNA vacci nes
i ncl ude, ﬁiu%&g#péfﬁ%a G FTRE PSS FEBRAS ,re]&f‘@rf%\‘?,r SOUTBRIEH O R t r ogen,
St r at agenebbreGAGERd Geneihllg, mk¥o2@xatel®K) aedithantikeampicillin

Representative virus vector includes virus vectors such as reconbi nant

adenovilf us eFEPRH GFFcarid e naifiEer spaetimea [op, bropbibxsiviiagedDRA Vi ruses
such as deh@x) 9ah@_gmfgéiﬁ%ééEétaﬁggr‘%géugg?ﬁgfﬂgfﬁﬁogbﬁ%ﬁﬂn& FUS: K

herpes virus, vaccinia virus, pox Vi o virus, srndbis Vvirus
Hemaggl ut iadpdrievd afieduasomeddpa@418Vva8sihtianh) i amdnbdef itkencynvbeus (H V)

and the lh@%t%%%e%NA Erﬂér #8u gr?EQ ggngddhkggégkicient Chinese
hamster (CHO-dhfr”) cell is used in combination with the dhfr
20 gene as the selection marker, a target gene can also be
selected using a thymidine-free medium.
[0033]
WNV VLP can be produced by culturing a transformant

obtained by transforming a host with an expression vector

25 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,

30 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

35 cerevisiae AH22, AH22R", NA87-11A, DKD-5D and 20B~12,
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/0As a nethod for introducing the DNA vaccine of the present invention into
human, -an in vivo nethod including directly introducing a DNA vaccine into
t he body, an ex vivo nethod including taking out a certain cell from human,

extracel | W ay;l.y, J [ a % ' kN t and.i s .returning

the cell irﬁﬂg%ﬁ%gg%%gg%gxg%FhggyéﬁeﬁgggTE%bn%ﬁ?igﬁggg?égf géﬁ%ﬁaSociety of

Gene Ther s to@ae KHér, apydDevel apient Resear ch Handbook, NTS, 1999).

AccordingJ%§3hﬁe in vivo nethod, the DNA vaccine of the present invention
ed

i s dissol a suitable solvent (buffer such as PBS and the |ike,

saline, 20 sterijserwat hs8ke. belskethbiaad, byoti bkaapion whbhogibilter etc.
as necessary, filled in an aseptic container to give an injection, which is
admi ni st edédtipawdranchy i(Bfeceildn, Mifeeceldndanyvednfapmn bheomidnt i onal

carrier and:the;likgra r addition, @ vacci.ne al so be
encl osed in 25 a Fi%gsgﬁggﬁgggﬁgﬁaah?fpggbhi?gygr E%@%r?%%}v g trem an
adni ni st eegd af awidHdpllipdsomd, obtainddrhyetiusiron whmeberhi pessaecasg

i nacti vat ed.Henmaqql ut.inating Virus of Japan J (Experinental Medicine,
extra iss33}1b§§gng§cEEPHU%SGFQB@HQ Fﬁé?épyég%%%kgkgggﬁ9939 ¥eansgene &
Expr essi omefidbyiskis wB8nExper vieat Mt ResipvYORRREK + HO 9 rud hes Dy m@cci ne

of the present invention can be adm nistered to the nuscle, skin, nasal
cavi t y 1an#SERE Y iiReechs cehéseingiludenBenbstx @olkiipBf eell ohBmit hedl) aand

phosphor i Ci al ¢ p&ecipifati ho - de n h

met hod | nglhgdil%g%di rﬂé%:l%rf‘gg Iéﬁ] %(gjf%%nhg?l { vg%%?en’éﬁléﬁt?'age#?u?% y&g];?(gg a
tiny gl as§€RLiiBé)an8fCheckilkeandndhehgikieke can be mentioned. [0046]

- Whil e the dose ﬁf %hﬁ DNA vgchne of thg gresent i nvention varies dependi ng
on the adm ni st PAETEEN FAPGEES BNGdHART stPAL FEATRLENOR, LAWK nP§t Parby
manner angogdiie ahiikehel tiks _general ly about 500 pg - about 50 ng, preferably
about 500 pg - about 1 ny, per adult based on the gene. [0047] The
presen€5iAQg§§ﬂon is explained in nore detail in /o the follow ng by

referring to Ex , ol n c t limtative
Exanpl es [0048]%%§gﬁglgﬂ?hégogég%ighcggdggboﬁg?néggﬂgggfegg}%ﬁ VackofS 15
expr essi NnGOBANV, d¥eirvedCHOYL aCEO Sdpfial) pefHd-del seguence;2pr MEPy atej n and E

tei P | at t ted_f VWAV, ( VWNE NY99 d
P he SanbEER937 . MERPTRY BREBaEY  ar L0  Sehi oy Fata: "ipeveres™
transcri pthantheagticen Wase P91 FEdumks 3 Supes-SeT | plg 20, 8NBse. Hi & av&Lse

transcri ptase glnvitro en Life Technol ogies, Carlsbad, CA). The coding

r egi on2of PiketoBt anavalWRwleDlA nas aapltefedhpyePER by using a

conpl ementary phi set. . se C h . ID_NO. 6 and SEQ I D

N0 7) - The Sbt AP nEAPeR S a e ag i Seht SR CREL AT B P aRIoSRGY . S angen
(e.g., mouse, rat, rabbit, sheep, swine, bovine), chicken and
the like can be mentioned.

[0036]

25 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.

30 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

35 example, according to a method described in Bio/Technology, 6,

18



25 subcloned to pBluescript plasmd. Using the obtained plasmd as a
tenplate and a prinmer set conplenentary to the base sequence encoding a
si gnal sequence defective in one amino acid fromthe am no term nal side

(one base gegiencessl e group consisting of SEQID NGs: 8 - 21
and one base 30 geqﬁn?ﬁf%ﬁ&q{)ﬁyﬁ%EQ D NO 22), DNA fragnment was

anplified by PCRn Hremaipldefliledarr dgmintansde ragllg| dioad etxamg 1eg gl

expressi on, _vect or CAGGS) .t o give 14, kind egi;.re ombi nant expressi_on
vect or s e%p%ceosrsf{l)aﬁbc(egiw tglfqﬁ%r%ﬁx%éj\ﬁsﬁﬁl} r Tg)p FERGER, (GNilprot ei n
and E protRigi gV ,- 3& RVAMELD .8, Th il I94Ghe Koofa kRO RERE g6 RRceded
by the obt PCR product is shown in Fig. 1. [0049] Exanple 2

i ned
consi dePatﬁ?ﬂ’f’ Seldi Fmminsesgtinge Esqprdmen tiady iFFgtocedgdy h 2/BrRi6T r(dRgsS) ,
sui t abl e fQu,1S; i i r i exXfHes si-on ct,Qr.S+:0. 5 pQg)
obt ai ned I:lQ{l Ex%g{r;ﬁﬁsv\}% glr#%érs’o ucmogﬁ%ﬂE@%T%gél I%L%( ééfg ‘usi ng
Eugene 6 (Roche AD agriostli carBaselt rafwifiorarddandpr Alkbepl48 Hn, adhe reekl-s

wer e wash wi,ce with osphat.e buffered saline (PBS), and sqlubilized
i o ot 1 ferRl R el e Los i s et S0pALE. SRined0
di ti ot hreitaic mRes1sediiwg)dogemly sul fate(SDS), 0. 1% bronophenol bl ue and

10% gl ycergol . On the other hand, the culture supernatant was filtered (0.45
pm por é%siZO3M 1 1i pore, Bedford, MA), and subjected to an

| i f ' 4 1N, 5 resid
ul tracentritugaty QN Sl e QL r%ﬁ.%% TR HAG o Haggiaxggggaing

0 f
solubilized wth the a?gjr ement i onegjeso U%Iu] i'Zi ng solution.” [
to a conva@stthodhlagrettidahg tthe tWHV-Kiinke gfartthieclhestobt ai ned i n t he above were

subj ected to SDS: PAGE, t20 menbrane transcriptiqn angb West ern bl ot using an
anti body. Speci Fi%aldV.tyFFofdi i WaerSrdmanty iy b1 GePRERUSakd cifd us as

separ at ed gpmetsti,n AWES dxa e, Red hd oy ibay hsdf Ireer irde CRRYR)-"grbr ane
filter gM | 1ipore). As primary antibodi es, an anti-Japanese encephalitis

virus (IEVredfEdbedy & Haauddodedininy.eadpsadii hiony bhe madiwni prepevakin
pol ycl onal-sptikedy EX, Di.e r ed,_a a.secondary
ant i body, canti -lr ab)l:éit aI gG ( ioél??él“,’ og%tgr , W%O%g%%]'uagt ggo\%%faﬁlc

hor ser adi stibsdreodedzsel whs Udde:, Rorldhurinee seercea rgCifore aentyroArRr siFam

et oot od By 4 TRSROUS ool RGTB)EF P ELi FRFHP TORY6CILBaRYSe rAGucose,
expressi omeoft rtifg WHb1ke shamidn| endielsweahdv #hious egCehRiparl eXPLegsi on
vectors is shown in Fig. 2. :
20 nitrogen source include inorganic or organic substances such
as ammonium salts, nitrate salts, corn steep liquor, peptone,
casein, meat extract, soybean cake, potato extract and the
like; and examples of the inorganic substance include calcium
chloride, sodium dihydrogen phosphate, magnesium chloride and
25 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
30 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
35 generally at about 20 - about 35°C for about 24 -~ about 72 hr.
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[ 0051] 35Moreover, according to the nethod described in Kojim, A, A
Yasuda, H. Asanuma, T. Ishikawa, K. Yasui, T. Kurata. J. Viorl 77: 8745 55
(2003), E protein antigens secreted in the culture media was conpar ed

bet ween t g cakovRORQNEd JTRIAET iaVEl RGVINRARL LRk S%'teOBE YERL AL bY

sandwi ch ELI SA o nethod usi ng a nonocl onal anti"body ( 402 protein
anti gen. Egsagilfeisc g1 eEmsﬂépﬁlﬁoanpmg§ngemeieab@mndSﬁswm@na with

m cropl at g orpo e S¢iences, MA) cqated with 402
ant i body. %%hgpbg%ﬁdcﬁﬂgrggéln %%Fi gené %@Fg é Eﬁ? g 54623855 body

(TVB; DAK@e@:mm Iapﬁmcmxmhezra:tgz s@@plbmemmw@amd an hﬂdﬁ@ﬁs@r a8diceh as
per oxi dase _a ¥6§tr te. Conparison of secretion amounts of the WW-1ike
partlcléslﬁ gﬁ s 8&8ﬁb?ﬁ§HP-éﬁﬁr§§§|&ﬁk@ec?8ﬁstﬁ§ dh&@n i BhEi g.

3. 10052] bfinnaddict ko e09iraankbigXBERRY Gn2Veckba.( BYRVES
pWPME406A) obtalneg gy@hddlngﬁglanlne%to i redi atel y g Fe?wgtar§§£5uanlno

aci d of ré@o@@nﬁmﬂmaﬁqgaaaﬁaddyva¢t@b@uWMRWEG dod pMBNE?Bmerabpu@d&c@dysand
th I t
o, Sr0 e5elon Litel e, cqmatgd berueen  varl gvs L egenhl Ran corpcael o

vectors by the oo above-rentio 4

and 5. FronItheEaam@Q@btsf mhewmsdﬁumndo&h&hlthﬁelemghhtaﬁnsfﬁﬂﬁanGQQQRCG
greatly affects e ression and secretion of WNVIike particles. [0053]
25 Exarp nalsw&géloaﬁ WROLPAR TR AAFE] E§SEPLéRACTLEH UM

m cr oscchMEM), DulH2eco? GO MR &R b ae XBHESS kR i UeC PR ohkained in
Exampl e 1 was |ntfbduc§a i nto HEK293T ?gll S, én t e n!gyﬁﬁgiagkggllected

48 hr | at 8divHe é@ﬁl@@@é@ﬂhﬁﬂﬁuﬁhWaélﬁﬁbt@p@daQleg &50un15wklhbpute) and
' fied o f ticl
Obt o ned B Syt brovars sertroThe redthEnal 3 i SEREFHGERRAY of

obt ai ned by renoving protéin sma S
| ess thanab@@tkﬁaﬂmabeuapﬁl|edulbuﬁ@ ﬂéQ@émfw&méﬂC@@ﬁ@rﬁﬁnﬁléﬂ ghagt ent

centrlfug%tlon (150, OOOX%% 14 hr). The density and E protein 35 antigen
amount 18f “SafpT e2PPREt #8is fox %PP%MN%? me@Rd 60dvor dihgreonenessary,

above- menticeaed obl LSA @%tlIiQQngAﬁtaS/hﬁlrs%SBIet pe?rPeRkqQf E protein antigen
was observed in sanple fraction 9 having a density of 1.11 and sanple

fraction 4 havi Whea @éﬁsb@?toﬂslamGEPEmgl 6? tBap8Qeaic animaA Lew

I I d di
The two SSoGFe Practrine 5 RRCERiB ARed LR ot nECAnBUE By SaphadE G 25

col um (HcpnapntAmmBihanmﬂmmﬁrﬁnﬁEbﬁﬁdnﬁﬁﬂérC@éﬂ@ﬁépgbﬂaéﬁlngndoﬁd&t@bﬁb”
antlgen Wand mammalian milk oxr chicken egg is obtained.
In the above manner, WNV VLP can be secreted in the
medium of a transformant or extracellularly.
[0038]
In the present invention, moreover, a transformant may be
25 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
30 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

35 by acclimation in a serum-free medium, since it facilitates
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/o eluted with phosphate buffered saline and preserved at 4C. The obtai ned
purified antigen was subjected to negative staining with sodi um
phosphot ungstate using a grid coated with copper formvar. The speci nen was

observed wdifh @l 1200 26cClagt AR MEN8eane  BLaghhy FokyanJapan) .

As a result, /5 sanmple“fraction 9 was confirmed to have nany particles with
di anet er dff0a%dut 30 nm and having a spherical structure (Fig. 7, right

side). On the o hand,. i,n.sanple fraction 4, rticle di anet er about
S5 s i e v SRS e 1 TR A R 2 B LEN 55 bR kamee

occasi onaldurisden Py @ méthdd kekbimside) sc[.00bs§T Exanpl.e, 4vEDi L9Repanal ysis
for inducing WNV-1ike particle neutralization antibody The reconbi nant
expr ess? oRTFEXGA PAPITELE g8 Redechveseex arpiam (REsTrFeldddeed i nto

HEK293T calil$,iBng o ai r.otel.n f.ge SUbj t Q_sucrose
density gré'léﬁ? ggn?%?%ﬁ%aﬁ?%ﬁmF%QS?&grsgﬁgbggf 5??%6%%’155%5%98§?&F985)
Accor di ng the tigslizbove- sectriosredeBisi Sk wethddntsanpte ifugetions with high
cont ent o% 54 rrotein anti gen having 30 neutralization epitope were found by
usi ng MNY—P aAtibody (WNV neutralization antibody) and 402 anti body

(non-neutralizaﬂm@nwantw@@&ihea%famhbb%ééséﬁ& GARtHEE oAl caRthlady whet vip
detection. As a result, when the WNY-11 anti body was used as an anti body

for capfufé &Rdashidft iBeapPIientdétedn amouRt3ISUSEAR1ERH Bobprowntier med in
sanpl e fraghhen+3 (densit ¥; fr i . (depsity 1.11)
(Fig. 8A). On th% otﬁgéb%gﬁé?ig%énfgﬁeé€§ﬁé§?'aﬁﬁ?bgﬁgé%é% g%é %%tibody
wer e used Pasdareidbedy ihotheagblilewdnd, othanghbady famidetiechieertot he

content of E pr in.antigen-in sanple fraction.,5. decreased as 5 conpared
to the use only%% ﬁﬁYﬁ§f 3ﬁ??88§yggﬁﬁﬂtlgﬁ-BVFl¥ﬁ88n§ﬁtPQI?E&ﬂﬁ@ﬁ 8pFt ope
recogni zedulspeW¥dlini & sanpeatf sach a8 3nseedkotie Balkessihikadnthat in

sanpl e fraction 5. [0056] Exanple 5 Consideration of induction property of
/0 neutt aPbFdfiron tdfciodtlture Liggidgapduhe fikeri 6% PrampdengPBENDI e

fracti ons 3ndagnachl RdredaUn S1alh el JHhe! BetAaL: At JBANCLL9N, 8,
neutralization antibody in nouse was posglb e“was consi dered. °To Eé )
speci fi ¢, BAEB/ aewsssarwas ai Nacapee tonégkhy maynbei 2enobs 16 wedewwthha

adj uvant - conj ugat.ed -like.,particles.(about 300.ng, 1/16 of ~weight of
fornulati%%noFgﬁéﬁgﬁiggm@ﬁgé&ﬁﬁﬁft%? @&%8iﬁ@mPglg&ﬁgnfﬁﬁts?eHé§ interval s.
At 3 weekstiiemirke thegend . Muahgatsopr ARt {@hbBatl i 28r aphibegy titer of
the i nmuni zed nouse was determ ned by plague decrease assay. As a 20

resul t 20 t hermedda,i phencied gl rpdailtebydelvA-pkeppal ettbes angressed
neutralizatiQn aphsbodyBi1 2,04 9Ral e8! a4k o gg'aﬁggégi before

preparation of a vaccine stock solution, or added to a vaccine
stock solution.
[6041]

25 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 pg/ml, preferably 10

30 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

r

35 vegetable oil, alum, aluminum compound, bentonite, silica,
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Exanpl e 6 Establishnment of transforned cell [0058] 25 (1) Establishnment of
adherent transforned cell Single layer CHO-K1 cells after 7 passages
were spread the day before transfection on 960 mmdish at 1:5, 1:10 or 1:20
split, andmihenfiexdi Pt RWAMEL ) j o] i 3Q - %

conf | uent QellsaﬁAfter cﬁﬁiure%ﬁg&gg%ga;gﬁﬁg%%%% ggﬁggﬁﬁgﬁﬁghégFjaqg?ngle

| ayer, the-ide |@andiee memtidongd.1: 5, 1:10 or 1:20, and cultured in a
selectionﬂﬁﬁﬁérncontaining Blasticidin S (BS) (10 pg/m) in a 9100 mm di sh
for 8 days (nmedi umwas changed once). 24 colonies grown in the selection
medi um wer e t akeén viaecd ngericdidtiion dwp diRiheged Hansl @ored i@ 2 3% 124, wel |

pl at e and furtQﬁ& cul.tured in a selection nedium &hereafter sel ection

medi um CoMtHiiHE BLUTPne o C&Rlfe GOME Rede yrR&dTd Miadromdythe

passagi ng dohti2dwald taldia.y 3wl el e fnd a %]a% g di sh,,and the
obtained cells were cryopresérved. The anmount of WN E proteinn the

medi um 5 RIS MaY Bife a24-4plild piratfeeane Blnield agitatre diapemedsiy echd
accordi ng {4 FLISA, _F%S,dpc}:% %@étﬁ%% was sel ected, which showed the maxi mum
n, t /

producti on anount. e colony #22 cells were subcloned by a limt
dilution méxHad according to a conventional nethod, and clone #22.6 cells
and sub-clone /q #22.6.6 cells were sel ected, which showed the maxi num WV
E protéfn produ% oY ACEHBEs Odc CHFIPRESES LELNSRNLRCE. MY o octipareds 6o

resul ts ofa expriest ah AR SRGCHAR! A8 RE keI hg en parent
cells and eachjclone by Véstefn glo?. FOOS&?hlggpgggicgﬁfgg%ioﬁ of “Adher ent

t r ansf or mE&ag@le i abosituf-2r ee Onddimdmet a vactheeadber ente dogre #2206 cel | s

or sub-clQng : 15 reserved in the abgye-nentioned (1) were

pl aced back Fﬁ%%?%ﬁgﬁgggﬁﬁp%éﬁégfﬁ'gontéiﬁﬁWﬁslé%pG%ﬁPth §ng YESKEBS, and
20 the grdwtterwad sconhi drpdpbypankdiehni 8ydf 8508ved4iRaseagese E%gléiiﬂf%um
containingﬁ%p pa/ EF ﬁn 10% FBS and CHO-S-SFM || nedi um cont ai ni ng
jiglm ‘BSYRETE %f']fle& Enitie DEherendirCUdAditRe toelthe waigisallt woddmen t he
resul ti ngamediuwerehirtal! yseant ai ning 5% FBS) for two passages to initiate
acclimation in 25 a serumfree nmedium Thereafter, the cells were cultured
in a medi URCAddt ai ni ng the same anount of CHO S-SFM 11 nedi um (G BCO)

contai ning 10 pgl BS. f wo _Qr _npre. passages, .and the FBS concentration

and ratio of Flgkgkgd?8n§%€%§sﬁ%gﬁugﬁF§ aeipg3§3&r8§ KECFOr36PReR1tHE cel | s

wer e det avkedofr) onvhheiaintuteel baskebicpicpehbiung i yhkh BB?EiBeeﬁ%”t .t hout
y

addition of a trypsin-EDTA solution, they were continuous passaged only
in CHO?S- BERCPI tne8VEnt 1Ren 2hRe 2gPUGLR 16T 2aERE €EMPEiwABIf Bnbatgrowth to

about 5 - s&Bu¥ntBSLRALWEhHB ﬁ&ﬁbgﬁogékhsaﬁh Pgbg %Eintg%nwﬁ§%égﬁe35 passage

of 1 - 2 x 105/ m) and the cells were capab passage in medi um by
pi pet ti ngeffRejently sedgetet WNHaVéPadol that bdmin hosgr aficbree nmedi um The

cells wer ALt a and, conpl ete acclimaiion (Full-Adapt) cells
t hat shomggﬁgb%%?%agﬁaﬁ gﬁ%ﬁgfgﬂtgoﬁggéﬂfi%gl§aPo eBuBEdnﬁﬁewP?EeéSS and
best accl cedfiedna( Buat vAdaphy.cell s that showed growh of not less than 1 x

106/ mL for 10 cgns%cutive tines were cr¥opreserved (#22.6S and #22.6.6S
ceIIs)?s referable 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,

30 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, PCDNA3.1, pZeoSV,

35 PBK-CMV (Invitrogen, Stratagene), pCAGGS (Gene 108, 193-200
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In addition, since the adherent CHO cells showed radical property change of
becom ng non-adherent cells during the /o acclimtion process in a
serumfree medium they had a possibility of decreasing the production
amount of @rEIIPYN POt Tiike i RepPrasessatToUSyiass! LaRLES Efl@ﬁﬁ%@re”t
cells #22.6S were cloned and re-cloned. The cloning nethod fol l'owed a
convent i on@T eSOt wa\RY assingsemtigagitowmdereiviting ,/ Fescoviinats amd

non- adher gife CElYes S a epenpde the,.cell densit the nunber
of cells sown per m?gﬁﬁmgggggtﬁlgb g?glgg%gmgﬁdsﬁéovlﬁ‘é%%c?ﬁ% gFowi ng

cl ones werde fyrefeertent imtinpvsehect adehoomrtiig weldns-wistsb cli asednwihers of
cells sgwqmaand theé&;oductLon amunt of protein was_exam ned by EL|ISA and

| FA. 20° However, ‘rifele WaSHEE 3 JdidSanP Rotiiddshl EOdirf didlSe Fen@bds t he

sel ected pliunal, ceakegland rsithng 9ness HusiEingl ofapl i gaRilhi ty [0060] The
present invention can efficiently secrete and produce 25 VLP of WAV, and
can st abl yTERAREeE@ncy wadsisndS Iy W ¢t dilkiengnth 8NYL Piasisacaac bieve

i ngredi entp 3t s3] cost and with safety. In addition, the WA\ VLP
secretion expression vector of the present invention itself can be used as
a DNA vacdiO®egf WAV. This application is based on a patent
application No. ,2007-290169 filed in Japan iling date: Novenber 7, 2007),
t he coﬁ%ent s of AfhifcHe %é’di o0 pOE&CEH R % E*IIt“Ie k8PeVRCCERS RE Thea signal
pepti de comHesitnd raRndfiono iagiod heRaWeNGe the vIJEmRkhsHbsLanLiahly the
same as theg am no acid sequence of the 5 following (a) or (b) (a)
the ami no Ud&eFHdaqdetcoddisdng By DEBQVRDCNDe into the beHy,aapaetd ativam no
aci d sequgRee & i i enc i a) gnprising at | east
the ami no aci ﬁsé&%ﬁ?@h hg\%n?lg‘gsg%lﬁn% gt&% aﬁl&%f(lﬁ- ff@?“r?‘ﬁmin'm i sol at ed
nucl ei ¢ aexdrsuisstledatrdlyy iodarsidstiing af DiAbasecieguence eheoding thg si gnal

peptide_of claim1. 3. A \West, N le vitus-like particle expression vector /5
conpri gf ng e;%urﬁ?@‘ln& (F%lgcf:&\ﬁoﬁﬁftps ithg g’oﬁlé(sémge&ll}@n&ék@nEBBi kg mrEtirgadl
pept | de- of(cal.aizapkn §od iRty Rirotehd ahdBod! Okehd dRERYBG DEOMINERLAN I o

Vi rus. 4. A transfornmant obtained by transformation with the vector 20
of cl ai m RessarghySiandposk pMdgucild§a -WeAeeNrténgi kasthekénpaivbcihethod,

conpri si ngyeulhdar i,ng.Lhe trangto % f.claim.4,  and recovering a
virus-like particle secreted in B Pgmlglventmh 18741858 ved In"a
sultable solvent (buffer such as PBS and the like, saline,

20 sterile water etc.), sterilized by filtration with a filter
etc. as necessary, filled in an aseptic container to give an
injection, which is administered to human by injection.
Injection may contain a conventional carrier and the like as
necessary. In addition, a DNA vaccine may also be enclosed in

25 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

30 Experiment Method, YODOSHA, 1994). The DNA vaccine of the
pPresent 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

35 injection of DNA vaccine intracellularly using a tiny glass
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25 6. A West Nile virus-like particle obtained by the nmethod of claimb5.
7. A West Nile virus vaccine conprising the particle of claim30 6 as an
active ingredient. S. A Wst N le virus vaccine conprising the vector of

claim 3 astate aoid hd naredi ema &k %iRd mihed efediieyieting Vest Nile
fever, conprising admnistering an effective amobunt of the vector of claim
3 to a subj¥el10. A nethod of preventing West Nile fever, conprising

adm ni stering arm@jlfeecgﬂé/%%g) t AT rticles of claim6 to
a subject. SEQUENCE LI STIN <l1H1fO>tq£eapd(;llh%L \é}g%é&ee?gfn%}& ?%e%ﬁé&
Di rect or - Gemegrat i@f Watienalegerstingiten dfhd riddiciydBiseasesgethe Resear ch

Foundati_o or M.craqhial Diseases of, Qsaka University <120> Vaccine for
Vst Niﬁeq$%?h l%ﬁﬁ#ﬁhﬁﬁuﬂFéﬁoﬁiwﬁﬁﬁﬁﬂﬁﬁﬁﬁﬂ¥%ﬁﬂn?aaﬂﬁg>a@§;§f§ didm, Ji
2007- 2901685 <gdrler 2007 -7 50lB0Ry 22 HAR> SRkt I MRASIaR s 1
<211> 25 <212> PRT
Hg - about 1 mg, per adult based on the gene.
[0047]
The present invention is explained in more detail in
10 the following by referring to Examples, which are not to be
construed as limitative.
Examples

{0048]

Example 1 Production of recombinant expression vector

15 expressing WNV-derived mutated signal peptide sequence, prM

protein and E protein

Polyadenylated RNA was extracted from WNV (WN-NY99), and

using same as a template and 15 nucleotide poly (dT})primer, a
reverse transcription reaction was performed with SuperScript

20 RNase H reverse transcriptase (Invitrogen Life Technologies,
Carlsbad, CA). The coding region of the obtained WNV cDNA was
amplified by PCR by using a complementary primer set (base
sequences shown by SEQ ID NO: 6 and SEQ ID NO: 7). The
obtained PCR product was digested with BglII and XhoI, and

25 subcloned to pBluescript plasmid. Using the obtained plasmid
as a teﬁplate 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

30 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 -

35 pWPMEl4). The structure of polypeptide encoded by the obtained
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<213> Artificial <220> <223> signal peptide <400> 1 Ser Ser Lys G n Lys Lys
Arg Ay Ay Lys Thr Ay Ile Ala Val Met 151015 Ile Gy Leu Ile Ala Ser Val
Gy Ala 2025 <210> 2 <211> 501 <212> DNA <213> West Nile virus <220> <2$1>
CDS <222> HCR prdbll) i4Q0xwh did 86e qto tot aac ttc caa ggg aag gtg atg
atg acg gta a:ﬁ got 48 Val Thr Leu S(é}‘r3 Asn Phe G n Gy Lys Val Met Met Thr
val Asn AIl@01015 act gao gto aca gat gto ate acg att Goa aca got got gga

aag 33096Egyh§%832vabolgﬁdé§gt¥8h BkeslgﬁailSeé%gdghéeé%gné%athXnéys Asn

length within range suitable for secretion

5 Various recombinant expression vectors (0.5 1Hg) obtained
in Example 1 were introduced into HEK293T cells (2x10%) using
Fugene 6 (Roche Diagnostic, Basel, Switzerland). After 48 hr,
the cells were washed twice with phosphate buffered saline
(PBS), and solubilized with a solubilizing solution containing

10 50 mM Tris-HC1 (pH 6.8), 100 mM ditiothreitol, 2% sodium
dodecyl sulfate(SDS), 0.1% bromophenol blue and 10% glycerol.
On the other_hand, the culture supernatant was filtered (0.45.
pm pore size, Millipore,lBedford, MA), and subjected to an'
ultracentrifugation treatment at 40,000xg for 30 min. The

15 residue was solubilized with the aforementioned solubilizing
solution.

[0050]
According to a conventional method, the WNV-like
particles obtained in the above were subjected to SDS-PAGE,

20 membrane transcription and Western blot using an antibody.
Specifically, protein was separated by 10% PAGE, and the
separated protein was transcribed to a polyvinyl difluoride
(PDVF) membrane filter (Millipore). As primary antibodies, an
anti-Japanese encephalitis virus (JEV) antibody that cross

25 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,

30 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]

35 Moreover, according to the method described in Kojima, A.,
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202530 eta tgc att gtc aga gca atg gat gtg gga tac atg tgc gat gat actl144

Leu
act

Gu
tgc
Lys
tea
Arg
aac
Lys
aca
Ser

got

Cys Ile Val Arg Ala Met Asp Val Ay Tyr Met Cys Asp Asp Thr 354045 ate
tat gaa tgo oca gtg ctg tog get ggt aat gat oca gaa gaol92 Ile Thr Tyr

Cys Pma \zalsddau Her rAbackday Asn 1AsH kBA, CGkU ASRuR05800Katargac st gt tgg

aca aa a tc tac agg _tat gga aga240 I'Te Asp Cys Trp Cys Thr
Ser Al"glo\?; 4|5-&r5g %Wnéiry EAP@O%@?«@?%GWQ@Saé@cm@eglcaneg@ecao

aga ege,13eiree g a $ie ! B oL¥S iR a4 H's Ser Arg
Ser Arg %rglé Sg%d%%uw%%r C\%/)g\g) %%gogggc%%%ngéaeoacOggamgaglgéo act eta gcg
aag aafgésg@gtgime trggoabd 336 tGerpThs skios @GeytClrs Ber sEhowhien ALasAsn Lys

gas extol KBl LR AT BIR RpavRAodT g toyR BEleedn epdiden Gy
Trp lle 115392)@1‘251&%191@99Ea@%oﬁéhngﬁﬁth@bngoﬁe%bgbgbﬁdgﬁé19@_;0agt0 att
tgg atgcroplate (Corning Incorporated Life Sciences, Acton, MA)
coated with 402 antibody. The bound E protein antigens were
detected using 402 antibody (TMB; DAKO Corp., Carpinteria, CA)
10 conjugated with horseradish peroxidase as a substrate.
Comparison of secretion amounts of the WNV-like particles

between various recombinant expression vectors is shown in Fig.
3.

(0052}

15 In addition, recombinant expression vectors (pWPME388A,
PWPME406A) obtained by adding alanine to immediately after
starting amino acid of recombinant expression vectors pWPME1
and pWPME7 were produced, and the expression level was
compared between various recombinant expression vectors by the

20 above-mentioned method. The results are shown in Figs. 4 and 5.
From these results, it was found that the length of signal
sequence greatly affects the expression and secretion of WNV- \
like particles.

[0053]

25 Example 3 Observation image of WNV-like particles by electron

microscope

The recombinant expression vector pWPME12 obtained in
Example 1 was introduced into HEK293T cells, and the medium
was collected 48 hr later. The collected medium was filtered
30 (0.45 pm, 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

35 antigen amount of sample fractions 1 - 17 were measured
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Leu Arg Asn Pro Ay Tyr Ala Leu Val Ala Ala Val Ile Gy Trp Met 130135140
ott ggg ago aao aco atg cag age gtt gtg ttt ec gtg ate ttg eft480 Leu Gy
Ser Asn Thr Met G n Arg Val Val Phe Val Val Leu Leu Leu 145150155160 ttg
gt g gco nacgelrdiag agosdt Lewv¥aheAlaoBed ArashymedBbdl65as2dRs Besgdli>
167- <212> PRT_<213> West Nile virus <400> 3 Val Thr Leu Ser Asn Phe dn
Ay Lys VA PEEK mét ETRrof@iinnvRnAlgens vass opserRes VAl sanplaspragt ione OThr

1e Pro Thiaolhs 4 acforihyeh 292530 LanOus sebecvel o gadkaghel Asp vl

Gy Tyr

Met CysS As hr 354045 1|

Cys Pro Val” Leu Ser Al a

Gy Ain AdsnBreyGof A5|d65(155@0 6) -

5

10

15

20

25

30

35

{0054]

A low molecular weight mixture was removed from E protein
antigen contained in the two sample fractions 4 and 9 obtained
in the above by Sephadex G-25 column (Hiprep:; Amersham
Pharmacia Bioteck) chromatography, and E protein antigen was
eluted with phosphate buffered saline and preserved at 4°C.
The obtained purified antigen was subjected to negative
staining with sodium phosphotungstate using a grid coated with
copper formvar. The specimen was observed with a JOEL 1200 Ex
electron microscope (Hitachi, Tokyo, Japan). As a result,
sample fraction 9 was confirmed to have many particles with
diameter of about 30 nm and having a spherical structure (Fig.
7, right side). On the other hand, in sample fraction 4,
particles (diameter about 25 nm) having various forms and
coated with a staining fluid were occasionally seen (Fig. 7,
left side).

[0055]
Example 4 Epitope analysis for inducing WNV-like particle

neutralization antibody

The recombinant expression vector pWPMELl2 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-11 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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Ile As s Tr s Thr Lys Ser Ala Val Tyr Val Arg Tyr Ay Arg 65707580
Cys ThP Ezs ThP g?g H s Sgr Arg Arg Ser Arg Arg Ser Leu Thr Val 859095 G n
Thr Hs Ay GQu Ser Thr Leu Ala Asn Lys Lys Ay Ala Trp Met 100105110 Asp
Ser Thr L)@ldAI%aHTﬂim A clyirorl éu (Maindiysy Thri1@ urSer, Bap .| 1 enlihd28iBaLeu
Arg Asn y rAla &31 Alg Ala val Ile Ay Trp Met 130135140 Leu
Ay Ser “%n ‘1% k@ﬁf“ aphiLosely wad G2 @é\&ln?@@lyw@rmyﬁg@w@leo

Leu Val A|aamammg4 &owrc%mr@%n@@ dhtipbly 103 qe2l2z BN £313> Vest
Nil e virus <220> <221> S ) _ )
content of E protein antigen in sample fraction 5 decreased as

5 compared to the use only of WNY-11 antibody (Fig. 8B-D). The
neutralization epitope recognized by WNY-11 in sample fraction
3 seems to be less than that in sample fraction 5.

[0056}

Example 5 Consideration of induction property of

10 neutralization antibody

Using plural fractions including sample fractions 3 and 5§
prepared in Example 4, whether or not induction of
neutralization antibody in mouse was possible was considered.
To be specific, BALR/c mouse was intraperitoneally immunized

15 twice with adjuvant-conjugated WNV-like particles (about 300
ng, 1/16 of weight of formulation of Japanese encephalitis
vaccine to human) at 7 day intervals. At 3 weeks from the
second immunization, neutralizétion antibody titer of the
immunized mouse was determined by plaque decrease assay. As a

20 result, the mouse immunized with purified WNV-like particles
expressed neutralization antibody at a high level (Fig. 9).
[0057]

Example 6 FEstablishment of transformed cell
[0058]
25 {1) Establishment of adherent transformed cell

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 pg) was introduced
into 30 - 40% confluent cells. After culture for 2 days before

30 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 @100 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

35 24 well plate and further cultured in a selection medium
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<222> (1).. (1503) <400> 4 ttc aao tgc ctt gga atg age aac aga gac ttc ttg
gaa gga gtg tot48 Phe Asn Cys Leu Gy Met Ser Asn Arg Asp Phe Leu Au Gy

Val Ser

151015 gga gca aca tgg gtg gat ttg gtt etc gaa ggo gao ago tgo gtg

act 96 Ay Aerddwtdr sofadctidh Vet defit LG i d BASP SRErOxst¥el ThL
202530 ate atg tot aag gac aag cot ace ate gat gtg aag atg atg aat atgl44

Ile Met
gcg gee
Asn Leu
t o0 acc
Lys Ala5
gac cca
Al a Phe
gga eta

10
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30

35

sére il Wl 194E g Ihrangvwe Asp pedsagiggvem Iﬁbt24As~‘i¢ll\]hth3ﬁzml45a /%iag
NG G VR el TR e Gl R PGB R b e
agxymrapryrvab clheaceocany gfaWydargpradtiNalinSeheAspdiat Ser Thr
GO T TR e 2 4t o d L 788 W S/ At oL P AR SR A p Pr o
ValcdysiiAig td 1@ sA ValnB2R0Un iR 208k 202 188 99 W9 G HA A ARG T 9C
ttttheggmoaxaiamaung%%:oa u0c3t3i60n amount. Then, the colony #22 cells were

subcloned by a limit dilution method according to a

conventional method, and clone #22.6 cells and sub-clone

#22.6.6 cells were selected, which showed the maximum WNV E

protein production levels according to ELISA. Fig. 10 shows

comparison results of expression and secretion of E protein

antigen between parent cells and each clone by Western blot.

[0059]

(2) Acclimation of adherent transformed cell in serum-free

medium

The adherent clone #22.6 cells or sub-clone #22.6.6 cells
cryopreserved in the above-mentioned (1) were placed back in
F12K medium (GIBCO) containing 10 pg/ml BS and 10% FBS, and
the growth was confirmed by maintaining for 3 - 4 passages.

F12K medium containing 10 pg/ml BS and 10% FBS and CHO-S-SEM
IT medium containing 10 ug/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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Val
att
Thr
ttg
du
gtg
Ser
aga
Ser
gga
Val
t ao
Met
gac

Asp Arg Ay Trp Gy Asn dy Cys Gy Leu Phe Ay Lys Ay Ser 100105110
gac aca tgo gee aaa ttt gee tgc tot acc aag goa ata gga aga384 Ile Asp
Cys Ala Lys Phe Ala Cys Ser Thr Lys Ala lle Gy Arg 115120125 ace ate

aaa gagsaateats ahg madlgmabgt pgigeetahy, t thegt Geeat 43dgdar tbl BaleU LysS
Asn |le s Tyr. du Val Ala Il e Phe Val H s 130135140 gga coa act act
gag tggcléﬁ@aaég dHc2t §ETHPoTREE BEGiETt gERmste @y wexe Thertierval Qu

e 1 1 a a ggg
1o agb are att oot “orp ooo por Toae e SR A e R M AR §%Phe

||l e TRPOPRE @rawphacPrd 8efd0T4ml 1663187&311751\8&:7@/ gficr ahgrtmoggat gess t at

Ihes Upflanbasd 8cfftnidl of8neERotanly  £8YhE) Parf sheVaded it thcatt ac
gtg angtai’nt:sgt thggalagaﬂsaﬁ/rﬂr gf&erlﬁqbdéeezlﬁ@sjp;&mmf&m W@ Tyr Tyr Val

Thr Val Thr 5 0 a tto ttg tc cat cgt gag tgg ttc atg
etc a85y8P eé%F%?é %885 2s°8%a%F92 16 ls).

In addition, since the adherent CHO cells showed radical
property change of becoming non-adherent cells during the
10 acclimation process in a serum-free medium, they had a
possibility of decreasing the production amount of antigen
protein in this process. Thus, acclimated non-adherent cells
#22.65 were cloned and re-cloned. The cloning method followed
a conventional method. However, since the growth of the
15 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.
20 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
25 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. 1In addition, the WNV VLP secretion expression

vector of the present invention itself can be used as a DNA

vaccine of WNV.

30 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.

30



Lys
tgg
Ser
ttt
du
gga
Leu
act
Lys
cag
Lys 4
act
Al a

Thr
ago
Al a
gag
Pro
get
H s
gtc
Leu

Phe Leu Val H's Arg Gu Trp Phe Met Asp Leu Asn Leu Pro 210215220
agt got gga agt act gtg tgg agg aac aga gag acg tta atg720 Trp Ser
Ay Ser Thr Val Trp Arg Asn Arg Au Thr Leu Met 225230235240 gag
geHl ieas cao gee acg aag cag tot gtg ata gca ttg ggc768 A u Phe Qu
Hs Ala Thr Lys Gn Ser Val Ile Ala Leu Ay 245250255 tea caa gag
ctg cat caa got ttg get gga gee att cot gtg816 Ser Gn Gu Ay Al a
Gin A &l Al I Rr. I ago aac
aag o R e ot Go1a o e Jaaveeee 1 e
THT S(Bla}fqallaétlb/edihL%lgsa@,es az75280288.noagaigt gegagnaty ogaah&aa ttg

ttg a e gc gtc912 Arg Val Lys Met Qu Lys Leu G n Leu
STRYBEE @y

coo
Asp

10

15

20

25

30

35

y Thr 90295300 tgt tea aag get ttc aag ttt ott ggg
gca gac (aoatg@t aﬂﬁ@%%c@ﬁs sSefuchye AhawRheylysoPhe keu §I y Thr Pro
Thr Sly HIS 305310315320
(b) a partial amino acid sequence of the amino acid
sequence of said (a), comprising at least the amino acid

sequence shown by amino acid NOs 11 - 25.

2. An isolated nucleic acid substanttally consisting of a base

sequence encoding the signal peptide of claim 1.

3. A West Nile virus-like particle expression vector
comprising a nucleic acid comprising a base sequence encoding
the signal peptide of claim 1, and prM protein and E protein

derived from West Nile virus.

4. A transformant obtained by transformation with the vector

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

2s an active ingredient.

9. A method of preventing West Nile fever, comprising

31



ggc
Val

cot
Ser
act
Asn
ttg
Pro
ate
Hi s
ace
Leu
ttt
Ser

act gtg gtg ttg gaa ttg cag tac act ggo aog gat gga cot tgol008 Gy Thr
Val Leu Gu Lou Gn Tyr Thr Ay Thr Asp Sly Pro Cys 325330335 aaa gtt
ate tog tea gtg got tea ttg aao gao eta aog oca gtgl056 Lys Val Pro Ile
Ser Valdmflrai Serriley A6 re AStiete Biodito ofalt 340348350 G0Q 1808, t G- ot C
gtc aac C t ttt gtt tea gtg gee acg gee aacll04 Ay Arg Leu Val Thr Val
Pro Pie “Val Ala Thr Ala Asn 355360365 get aag gtc otg att gaa
gaa cca coo ttt gga gac tea tae atall52 Ala Lys Val Leu Ile Qu Leu GQu
Pro Phe Gy Asp Ser Tyr Ile 370375380 gtg gtg ggc aga gga gaa caa cag
aat cakl cdt mﬁij@%@faagqum@tg Vel s tvalile fe&reg" Gopr@risGing G n |le Asn

ceorbriii b 8, L BN R S 0 e Al e T

Lys Gof AllaiG re 40541 QA5 saga eta goo get eta gga gao aca got tgg gao
gga tea gtt ggal296 Arg Leu Ala Ala Leu Sly Asp Thr Ala Trp Asp Phe Sly
Val dy 420425430
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ggg gtg ttc ace tea gtt ggg aag get gtc cat caa gtg tto gga ggal344 Sly Val
Phe Thr Ser” Val Ay Lys Ala Val Hs Gn Val Phe Ay Sly 435440445 gca ttc
cgc tea otg ttc gga ggo atg too tgg ata acg caa gga ttgl392 Ala Phe Arg Ser
Lou Phe Gy Gy Met Ser Trp Ile Thr Gn Ay Lou 450455460 ctg ggg got etc
ctg ttg tgg atg gchE%E@Ezﬁs t cgt gat egg to001440 Lou Sly Ala Leu Lou Leu
Trp Met Ay Ile Asn 6 p Arg Ser 465470475480 ate get etc acg ttt
et c Y¥a dipén ggermggated bt TletYreetoc-Gtrezi @f ¢ t 001488 |1 e Ala Leu Thr Phe Leu Al a
et
)

val Sly ¥t fr&i‘f F}E” % 2 8 495 gtg aac gtg cac got 1503 Val
Asn Val biierd dag‘g 523 °ﬁ5 %ﬁlgéij&e ‘Eﬁ%‘é PRT <213> West Nile virus <400>

° Ph(?ZOés Vacg%és fol?%stcﬁiye \!'\l/tr?t}s a% Ii;}et odnoprI;o%L.Jc'?\r? thtla:) re‘;laeme Leu Gu G y val - Ser
<130> 091319 '

150> JP 2007-290169
51> 2007-11-07

<160> 22
<Y1 Patentln version 3.3

2100 1

21> 25

<A12> PRY

213> Artificial

220>
<{223> signal peptide

<400> 1
?er Ser Lys Gln %ys Lys Arg Gly Gly %gs Thr Gly 1le Ala ¥gi Met

Ile Gly Leu 1le Ala Ser Val Gly Ala
20 25

<210 2

211> 501

<212> DNA

<213> West Nile virus

220>
<221> (DS
<222>  (1).. (501)

400> 2
gtt ace ote toet aac tte caa gge aag gte atg ate acg gta aat got 48
¥a! Thr Leu Ser ésn Phe Gln Gly Lys ¥SI Met Met Thr Val ?gn Ala

act gac gitc aca gat gitc atc acg att coca aca got got gga aag aac 96
Thr Asp Val ggr Asp Val ile Thr éée Pro Thr Ala Ala géy Lys Asn

cta tec att gtc aga gea atg gat gte gea tac atg tze gat gat act 144
l.eu Cys éée Val Arg Ala Met igp Val Gly Tyr Met Sgs Asp Asp Thr

atc act tait gaa tgc cca gty ctp tog got gpt aat gat cca gaa gac 192 .
[ie ggr Tyr Glu Cys Pro ggi Leu Ser Ala Gly ggn Asp Pro Giu Asp

atc gac tgt teg tec aca aag ica goa gic tac gic agg tat gga aga 240
éée Asp Cys Trp Cys ;gr Lys Ser Ala Val ggr Yal Arg Tyr Gly ggg

tEc acc aag aca Cgc cac tca aga cge agh cgg agg tca ctg aca gig 288
Cys Thr Lys Thr égg His Ser Arg Arg ggr Arg Arg Ser Leu ggr Vali

cag aca cac gea gaa age act cta gog aac aag aag ggf got tgg atg 336
GiIn Thr His ?é5 Glu Ser Thr Leu ?ég Asn Lys Lys Gly ?;g Trp Met

n



151015 Ay Ala Thr Trp Val Asp Lou Val Leu GQu Sly Asp Ser Cys Val Thr
202530 Ile Met Ser Lys Asp Lys Pro Thr Ile Asp Val Lys Met Met Asn Met
354045 du Ala Ala Asn Leu Ala Qu Val Arg Ser Tyr Gys Tyr Leu Ala Thr
505560 Val Ser Asp Leu Ser Thr Lys Ala Ala Cys Pro Thr Met Ay Qu Al a

65707580 Hi s Pro Ala Phe Val Cys Arg G n dy Val
8590 Vaf @%E)Ecér]@a%;%trfgﬁ %)‘Z Aﬁ'ﬁ &a éﬁgs‘i‘tg] y B8 Phe' Ay Lys Gy Ser
10010511011l e Asp. Thr 1 s Ser Thr Lys Ala lle Ay Arg

1151 u Asn Val Ala lle Phe Val Hi s
TSoLRR TS ot el ﬁ%%?ﬁ it 5 ééré%b’éﬁ By A Tyr Ser Thr Gn val dy

1451501*5‘5160 Ala Thit36G n Ala A y4rg Phe Ser Ile Thr Pro Ala Ala Pro Ser

TYT 6tt gee age aas acc atg cag aga gtt gtg ttt gte gtg cta ttg ctt 480
leu Gly Ser Asn Thr Met Gin Arg Val Val Phe Val Val Leu Leu Leu
145 150 1565 160
ttg gte goc cea got tac age 501
Leu Val Ala Pro Ala Tyr Ser
165
Q210> 3
211> 167
<212> PRT
<213> VWest Nile V|rus
400> 3

Yal Thr Leu Ser ésn Phe Gin Gly Lys ¥SI Met Met Thr Val Asn Ala
15
Thr Asp Val Thr Asp Val lie Thr lle Pro Thr Ala Ala Gly Lys Asn
20 25 30
Leu Cys [le Val Arg Ala Met Asp Val Gly Tyr Met Cys Asp Asp Thr
35 40 45
tle Thr Tyr Glu Gys Pro Val Leu Ser Ala Gly Asn Asp Pro Glu Asp
50 55 60
11a Asp Cys Trp Cys Thr Lys Ser Ala Val Tyr Val Arg Tyr Gly Arz
65 70 75 80
Cys Thr Lys Thr Arg His Ser Arg Afg Ser Arg Arg Ser Leu Thr Val
85 90 95
GIn Thr His Gly Glu 8er 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 Gy Tyr Ala Leu Val Ala Ala Val lle Gy Trp Met
135 140

130

Leu Gty Ser Asn Thr Met Gin Arg Val Va!l Phe Val Val Let Leu Leu
145 150 160

Leu Val Ala Pro Ala Tyr Ser
165

210> 4

211> 1503

<212> DNA

<213> West Nile virus

220>
2}



165170175 Thr Leu Lys Leu Ay Gu Tyr dy Gu Val Thr Val Asp Cys GQu Pro
180185190 Arg Ser Ay Ile Asp Thr Asn Ala Tyr Tyr Val Met Thr Val Ay Thr
195200205 Lys Thr Phe Leu Val Hs Arg Au Trp Phe Met Asp Leu Asn Leu Pro
210215220 Trp Ser Ser Ala Gy Ser Thr Val Trp Arg Asn Arg A u Thr Leu Met

225230235240 Gu Phe Au GQu Pro Hs Ala Thr Lys G n Ser Val Ile Ala Leu
Ay %§2§§§erGnGIuGIyAIaLequsGnAIaLeuAIaGIyAIaIIePro
VaI 260265270 A u Phe Ser Ser Asn Thr Val Lys Leu Thr Ser Ay His Leu Lys

028 Val Ly n Ley Lys Gy Thr Thr Tyr Gy
il SRR Bl R Sl Waplt o Y W7 A0 AT s e 6
H s 1305310315320 Ay Thr Vab Leu 15 Leu Gn Tyr Thr Ay Thr Asp Gy

Pro g@ﬁca%? ?’g:é %e?' gat ttg gtt ctec gaa gge gac age tge gte act 96
Gly Ala Thr ;rp Val Asp Leu Val Lgu Glu Gly Asp Ser ggs Val Thr
2

ate atg tot aag gac aag cot acc atec gat gte aag atg étg aat atg 144
ITe Met Ser Lys Asp Lys Pro Thr 1le Asp Val Lys Met Met Asn Met
.35 40 45
gag gcE £66 aac ctg geoa gag gic cge agt tat tge tat ttg got ace 192
Glu Ala Ala Asn Leu Ala Glu Val Arg Ser Tyr Cys Tyr Leu Ala Thr
_ 50 55 60
gtc age gat cte toc ace aaa got gog tgo cog ace atg gga gaa got 240
Val Ser Asp Leu Ser Thr Lys Ala Ala Cys Pro Thr Met Gly Glu Ala
65 70 15 80
cac aat gac asa ogt got gac coa got tit gte tgc-aga cea gga gty 288
His Asn Asp Lys Arg Ala Asp Pro Ala Phe Val Cys Arg Gin Gly Val
85 90 95
gtg gac agg gge tge gec aac ggc tgo gga cia ttt ggo aaa gea age 336
Val Asp Arg Gly Trp Gly Asn Gly Cys Gly Leu Phe Gly Lys Gly Ser
100 105 110
att gac aca tge goc aaa ttt goo tzc tot acc aag goa ata gga aga 384
Ile Asp Thr Cys Ala Lys Phe Ala Gys Ser Thr Lys Ala Ife Gly Arg
115 120 . 125
acc atc ttg aaa gag aat atc aag tac gaa gtg geoc att ttt gte cat 432
Thr Ile Leu Lys Giu Asn Ile Lys Tyr Glu Yal Ala Ile Phe Val His
130 135 140
gea cca act act gte gag tce cac gga aac tac toc aca cag gt gga 480
Gly Pro Thr Thr Val Giu Ser His Giy Asn Tyr Ser Thr Gln Yal Gly
145 150 155 160
gec act cag goa zge aga ttc age ate act oot geg geg cot toa tac 528
Ala Thr Gin Ala Gly Arg Phe Ser Ile Thr Pro Ala Ala Pro Ser Tyr
165 170 175
aca cta aag ctt gga gaa tat gga gag gtz aca gtg gac tgt gaa cca 576
Thr Leu lys Leu Gly Glu Tyr Gly Glu Yal Thr Val Asp Cys Giu Pro
180 185 190
cgg toa geg att gac acc aat gea tac tac gt atg act gtt gga aca 624
Arg Ser Gly lle Asp Thr Asn Ala Tyr Tyr Val Met Thr Val Gly Thr
195 200 205
aag acg tte ttg etc cat cgt gag tgg tte atg gac otc aac ctoc cot 672
Lys Thr Phe Leu Val His Arg Giu Trp Phe Met Asp Leu Asn Leu Pro
210 215 220 _
tge age agl got ema agt act gty tee age aac aga gag acg tia alg 720
Trp Ser Ser Ata Gly Ser Thr Val Trp Arg Asn Arg Glu Thr Leu Met
225 230 235 240
gag ttt gag gaa coa cac goo acg aag cag tot ptg ata goa ttE geo 768
Glu Phe Glu Glu Pro His Ala Thr Lys GIn Ser Val |le Ala Leu Gly
245 250 2565
tca caa gag gpa pot otz cat caa pot ttg got gga goc att oot gte 816
Ser GIn Glu Gly Ala Leu His GIn Ala Leu Ala Gly Ala |le Pro Val
260 265 270
gaa ttt tca age aac act gtc aag ttg acg tog get cat tig aag tgt 864

Glu Phe Ser Ser Asn Thr Val Lys Leu Thr Ser Gly His Leu Lys Cys
275 280 285

@



340345350 Ay Arg Leu Val Thr Val Asn Pro Phe Val Ser Val Ala Thr Al a Asn
355360365 Ala Lys Val Leu Ile Gu Leu Gu Pro Pro Phe Gy Asp Ser Tyr Ile
370375380 val Val Gy Arg Ay Au Gn Gn lle Asn His Hs Trp H's Lys Ser
385390395400 Gy Ser Ser Ile Gy Lys Ala Phe Thr Thr Thr Leu Lys Ay Ala
G n 405410415 Arg Leu Ala Ala Leu Ay Asp Thr Ala Trp Asp Phe Ay Ser Val

Ay 420422630 Gl YeaVB iz I eGla ARhatGeY (hyS A@ Val H's Gn Val Phe dy
Gy ﬁ@ %244(}%4 %aggﬁhégx&r@x%s%rgﬁeﬁ%ﬁ éiit l|gy5§3y Met Ser Trp Ile Thr Gn Sly

Leu 456%55460 Leu 3% Ala Leu Lé¥ Leu Trp Met Ay Ile Asn Ala Arg Asp A g

Ser 424704 taA80 abed @t N3k @4t FPkcaPRE abeelhs Ahd VabgySly Ay Val Leu Leu Phe
Leu %Eﬁeréli&@z#gﬂih@%ﬁ\ﬁab LaAsHy Vel g;«sﬂma Wb dhr Gly }gég

gge act gtz gtz tte gaa ttg cag tac act gge acg gat gga oot tgeo 1008
Gly Thr Val Val %Sg Giu Leu Gin Tyr ggg Gly Thr Asp Gly ggg Cys

aaa gtt oot atc tog toa gtz got toa titg aac gac cta acg cca gtg 1056
Lys Val Pro éig Ser Ser Val Ala gig Leu Asn Asp Leu ggg Pro Val

ggc aga ttg gto act gt aac oot tit gtt tca gtg gco acg goe aac 1104
Gly Arg %gg Val Thr Val Asn ggg Phe Val Ser Val Qég Thr Ala Asn

got aag gic otg att zaa ttz gaa cca ccc ttt gga gac tea tac ata 1152
Ala %%8 Val Leu lle Glu %ig Glu Pro Pro Phe gég Asp Ser Tyr lle

- gte gte ggc aga gga paa caa cag atc aat cac cat tgg cac aag tot 1200
Val Val Gly Arg Gly Glu &In GIn lle Asn His His Trp His Lys Ser
385 390 395 400

gga agc age att ggc aasa geo ttt aca acc acc otc aza gga gog cag 1248
Gly Ser Ser 1le gég Lys Ala Phe Thr 1?6 Thr Leu Lys Gly éig Gin

aga cta geoo get cta gza gac aca got igg gac tit gea toa gtt gea 1296
Arg Leu Ala 2%8 Leu Gly Asp Thr éig Trp Asp Phe Gly igg Val Gly
2

ggg gtg tte ace toca git gzg aag get gic cat caa gtg tto gga gga 1344
Giy Val igg Thr Ser Val Gly kﬁg Ala Val His GIn Xié Phe Gly Gly

goa tic cgo tea otg ttc gga gge atg tec tgg ata acg caa gpa ttg 1392
Ala zgg Arg Ser Leu Phe iég Gly Met Ser Trp Lég Thr Gln Gly Leu

cte geg got oto otg ttg tegg atg ggo aic dat got ot gat age too 1440
Leu Gly Ala Leu Leu Leu Trp Met Gly Ile Asn Ala Arg Asp Arg Ser
465 470 475 430
ata got ctc acg tit ctc gea gtt gea zpa gttt ote ete tte cte too 1488
He Ala Leu Thr Phe Leu Ala Val Gly Giy Val Leu Leu Phe Leu Ser

485 490 495
gte aac gig cac got 1503

Val Asn Vat His Ala
500

210> 5

Q211> 54

212> PRT

<213> VWest Nile virus

400> 5
?he Asn Cys Leu g%y Met Ser Asn Arg ?Sp Phe Leu &lu Gly ¥gl Ser

Giy Ala Thr Trp Val Asp Leu Val Leu Giu Gly Asp Ser Cys Val Thr
20 25 30

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

cY



500 <210> 6 <211> 34 <212> DNA <213> Artificial <220> <223> prinmer <400> 6
aaaaaagat c tcgatgtota agaaaccagg aggg34 <210> 7 <211> 37 <212> DNA <213>
Artificial <220> <223> primer <400> 7 aaaaactcga gcaaaagagt gttcagotog
toottca37 <210> 8 <211> 39 <212> DNA <213> Artificial

Glu Ala Ala Asn Leu Ala Glu Val Arg Ser Tyr Gys Tyr Leu Ala Thr
50 55 60
Val Ser Asp Leu Ser Thr Lys Ata Ala Oys Pro Thr Met Gly Glu Ala
85 70 75 80
His Asn Asp Lys Arg Ala Asp Pro Ala Phe Val Oys Arg Gln Gly Val
85 90 85
Val Asp Arg Gly Trp Gly Asn Gly Cys 81y Leu Phe Gly Lys Gly Ser
100 105 110
fle Asp Thr Cys Ala Lys Phe Ala Cys Ser Thr Lys Ala fle Gly Arg
15 120 125
Thr ile Leu Lys Glu Asn 1le Lys Tyr Glu Val Ala !le Phe Val His
130 135 140
Gly Pro Thr Thr Val Glu Ser His Gly Asn Tyr Ser Thr Gin Val Gly
145 150 155 160
Ala Thr @In Ala Gly Arg Phe Ser lie Thr Pro Ala Ala Pro Ser Tyr
165 170 175
Thr Leu Lys Leu Gly Giu Tyr Gly Glu Yal Thr Val Asp Cys Glu Pro
180 185 190
Arg Ser Gly lle Asp Thr Asn Ala Tyr Tyr Val Met Thr Val Gly Thr
195 200 205
lys Thr Phe Leu Val His Arg Glu Trp Phe Met Asp Leu Asn Leu Pro
210 215 220
Trp Ser Ser Ala @ly Ser Thr Yal Trp Arg Asn Arg Glu Thr Leu Met
225 230 235 240
Glu Phe Glu Glu Pro His Ala Tar Lys GIn Ser Val Ile Ala Leu Gly
245 250 255
Ser Gin 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
MgValWSMN:MULwlﬁquLaJUsGW'mrTm1&r&yvm
290 : 205 300
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 Gin Tyr Thr Giy Thr Asp Giy Pro Cys
325 330 335

Lys Val Pro [le Ser Ser Val Ala Ser Leu Asn Asp Leu Thr Pro Val
(5



<220> <223> primer <400> 8 agtgctggta ccatgeggag ctcaaaacaa aagaaaaga39
<210> 9 <211> 39 <212> DNA <213> Artificial <220> <223> primer <400> 9
gct at eggt a ccat gagctc aaaacaaaag aaaagagga3d9 <210> 10 <211> 36 <212> DNA
<213> Artificial <220> <223> prinmer <400> 10 atcaatggta ccatgtcaaa
acaaaagaaa g@ggaSG <210> 11 <211> SS <212> DNA <213> Artificial <220>
<223> prinmerT<400> 11 aéﬁﬁggggta cca ﬁhaaca aaagaaaaga ggagga36 <210> 12

<211> 36 <212> DNA <213> Artifici al
Giy Arg égg Val Thr Yal Asn ggg Phe Val Ser Va! gég Thr Ala Asn

Ala Lys Val Leu lle Glu Leu Glu Pro Pro Phe Gly Asp Ser Tyr lle
370 375 380

Val Val Gly Arg Gly Glu Gin Gln |te Asn His His Trp His Lys Ser

385 7390 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 lle Thr Gin Gly Leu

450 4585 460

Leu Gly Ala Leu Leu Leu Trp Met Gly |le Asn Ala Arg Asp Arg Ser
465 470 475 430

e Ala Leu Thr Phe Leu Ala Yal Gly Gly Val! Leu Leu Phe 1eu Ser
485 490 495

Val Asn Val His Ala
500

210> 6

211> 34

<212> DHNA

213> Artificial

{2200
<223> primer

<400> 6
aaaaaagatc togatgtcta agaaaccagg aggg 34

210> 7

Q1 37

<212> DNA

<213> Artificial

{2200
<223> primer

<4005 7 .
aaaaactcga pcaasaagapt gttcagcicg lootica 37

210> 8

<211 39

<212> DNA

Q1P Mrtificial

<220
223> oprimer

€y



<220> <223> primer <400> 12 cggeggggta ccat gcaaaa gaaaagagga ggaaag36 <210>
13 <211> 39 <212> DNA <213> Artificial <220> <223> prinmer <400> 13
cggagcggt a ccat gaagaa aagaggagga aagaccgga39 <210> 14 <211> 39 <212> DNA
<213> Artificial <220> <223> prinmer <400> 14 agctcaggta ccat gaaaag
aggaggaaag accggaatt39 <210> 15 <211> 39 <212> DNA <213> Artificial <220>
<223mtptisnetcatedddf>ctihadRangageg a ccat gagagg aggasmgacc ggaattgca39 <210> 16
<211> 40 <212> DNA <213> Artificial

210> 9

211> 39

212> DNA
<213 Artificial

<2207
223> primer

400> 9
gotateggta coatgagetc aaaacaaaag aaaagagga 39

<2107 10

<211> 36

<212>  DNA

213> Artificial

{2200
<223> primer

<400> 10
atcaatggta ccatgtcaaa acaazagaaa agagga 36

210> 11

21> 36

<212> DNA

213> Artificial

<2200
223> primer

<400> 1
aatcggeeia ccatgaaaca aaagaaaaga ggagga 36

210> 12

<211> 36

<212> DNA

<213 Artificial

220>
<223> oprimer

400> 12
cggogegeta ccatgoasaa gaaaagagga ggaaag 36

210> 13

211> 39

<212> DNA

213> Artificial

{2205
223> primer

<400> 13
cggageggta ccatgaagaa aagaggagga aagaccgga 39

210> 14

211> 39

<212> DNA

213> Artificial

220>
223> primer

<400> 14
agctcaggta ceatgaaaag aggaggasag accggaatt 39

M



<220> <223> primer <400> 16 aaacaaggta ccat gggagg aaagaccgga attgcagtca40
<210> 17 <211> 36 <212> DNA <213> Artificial <220> <223> prinmer <400> 17
caaaagggta ccatgggaaa gaccggaatt gcagto36 <210> 18 <211> 36 <212> DNA <213>
Artificial <220> <223> prinmer <400> 18 aagaaaggta ccat gaagac cggaattgca
gtcatg36 <210> 19 <211> 39 <212> DNA <213> Artificial <220> <223> priner
<400z10491;maaagaggt a ccat gaccgg aattgcagtc atgattggc39 <210> 20 <211> 38

<21%%P <213> Artificial <220>

Q13> Art|f1clal

220>
<223> oprimer

400> 15 )
tcaaaaggta ccatgagagg aggaaagacc ggaattpca 39

10> 16
<211> 40
<212> DNA
<213> Artificial

220>
<223> primer

<400> 16
aaacaaggta ccatggpage aaagaccegga attgeagica 40

Q10> 17
211> 36
<212> DNA
213> Artificial

220>
223> primer

400> 17
caaaagggta coatgggaaa gaccggaatl goagte 36

<210> 18
<21 38
<212> DNA
Q13> Artificial

220>
223> nprimer

<400> 18
aagaaaggta ccatgaagac cggaattgca gioatg 35

Q210> 19
211> 39
<212> DHNA
213> Artificial

220>
223> primer

<400> 19
aaaagaggta ccatgaccgg aattgeagts ateattzsc 39

210> 20
211> 38
<212> DNA
213> Artificial

{2205
223> primer

400> 20
acagetggta coatgaacct atgeatigtc agageoaat 38
Qe 2
211> 39

8



<223> prinmer <400> 20 acagctggta ccatgaacct atgcattgtc agagcaat 38 <210> 21
<211> 39 <212> DNA <213> Artificial <220> <223> prinmer <400> 21 tgttggggta
ccat gt cagc agtotacgtc aggtatgga39 <210> 22 <211> 39 <212> DNA <213>
Artificial <220> <223> priner <400> 22 ggcacacteg agttaagcgt gcacgttcac

9929840330

Q13> Artificial

220>
223> primer

<400> 21
tettegeeta coatetoage agtetacgte apetatgza 39

210> 22
211> 39
<212> DNA
213> Artificial

<2205
223> primer

<400> 22
ggoacacteg agttaagegt goacgticac gagaggaa 35

@



